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1.1

Chapter 1
Introduction to CrimeStat

Crim eS tat® is  a  spa t ia l s t a t is t ics  package tha t  can  ana lyze cr im e in ciden t  loca t ion
da ta .  Its  pu rpose is to provide a  var iety of tools for  the spa t ial ana lysis of cr ime incident s
or  other  poin t  loca t ions .  It  is  a  st and-a lone Windows® XP Professional® p rogram tha t  can
in t er face with  mos t  desktop  geograph ic in forma t ion  sys t ems  (GIS).  It  is  des igned  to
oper a te wit h  la rge crime in ciden t  da ta  set s collected by met ropolitan  police depa r tmen ts. 
However , it  can  be used for  other  types of applica t ion s in volving poin t  loca t ion s, such  as
the loca t ion  of ar rest s, m otor  veh icle crashes, emergency m edica l service pick ups, or
facilit ies (e.g., police s t a t ion s).

Use s of  Spa tial  Statis t ics in  Crime  Ana lysis

Most GIS packa ges, such a s MapIn fo®, ArcView ®, ArcGIS ®, AR C/ IN FO®,
Atlas*GIS ™, and  Mapt itude®, h ave very sophis t ica ted da ta  base opera t ion s.  They do not ,
however , have st a t ist ical m et hods oth er  than  mea ns a nd s tanda rd devia t ions  of var iables . 
For  most  purposes, GIS can  provide gr ea t  u t ilit y for  cr im e ana lysis , a llowin g t he plot t in g of
differen t  inciden t  loca t ions a nd t he ability to select  su bset s of the da ta  (e.g., inciden t s by
pr ecinct, inciden t s by tim e of da y).  Most  cr ime a na lyst s visua lly inspect incident  maps
and, based on their  exper ience, draw conclu sion s about  sh ift s over  t im e, ‘hot  spots’ and
oth er pat tern s suggested by th e data .

There a re t im es, h owever , when  a  more quant it a t ive approach  is  needed.  F or
exam ple, an  ana lyst  wish ing to exam ine pa t t erns of st reet s r obber ies over t ime will need
indices which documen t  how the r obber ies may have sh ifted .  For a  neighborh ood showing
an  appa rent  sudden increase in au to th efts, ther e needs to be a qua nt itat ive stan dar d to
defin e the ‘typica l’ level of a u to theft s.  In  assign in g police car s to pa t rol pa r t icu la r  major
a r ter ies, t he cen ter  of min im um t ravel n eeds to be  iden t ified in  order  to maximize response
t ime t o ca lls for  service.  For r esea rch, a s well, quant ificat ion  is im por tan t .  In  examining
cor rela tes  of bu rglar ies, for exa mple, a  resea rcher  needs t o det er mine t he exposure level,
namely how many res idences or commercial bu ildings exist  in a  community in order  to
establish  a  level of bu rglary r isk .  Or  a  pr ecinct  may want  to ta rget  area s for  wh ich t her e is
a  h igh  concent ra t ion  of in ciden t s occur r in g wit h in  a  shor t  t im e (‘hot  spots’).  While some of
these ana lyses  can  be condu cted with  GIS  quer ies, quant ificat ion  can  a llow a  more p recise
ident ifica t ion  and t he ability to compa re differen t  types of inciden t s.  In  sh or t , th ere are
many uses for qu ant it a t ive a na lysis  for  wh ich a  st a t ist ical p rogra m becomes impor tan t .  

Th e  Cr i m eS t a t  III Spat ia l Stat i s tics  Program

Crim eS tat is a  tool des igned to provide st a t ist ical summar ies and m odels of cr ime
inciden t  da ta .  The tool k it  p rovides  cr ime ana lys t s and  resea rchers  with  a  wide range of
spa t ia l s t a t is t ica l procedures tha t  can  be linked to a  GIS.  The procedures va ry fr om the
simple to some very sophist ica ted ‘cu t t ing edge’ rou t ines .  The r easoning is t ha t  differen t
audiences vary in their  needs a nd r equ irem en ts.  Th e program sh ould be of ben efit t o
d ifferen t  organ iza t ions .   For  many cr ime ana lys t s, s imple descr ip t ions  of the spa t ia l
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dis t r ibu t ion  will be sufficien t  wit h  the a im bein g pr actical inter ven t ion  over  a  sh ort  t ime
per iod.  F or t hese per sons, m any of th e t echn iques pr ovided in  Crim eS tat will be
unnecessa ry.

For  other  ana lyst s, s t a t is t ica l t ools  can  supplement  a  much la rger  GIS effor t , such
as t he Regiona l Cr ime Analysis  Sys tem  (RCAGIS) th a t  wa s developed by the U.S.
Depar tmen t  of J ust ice in coopera t ion  wit h  a  number  of police depar tmen ts in  the
Baltim ore-Washington  met ropolita n  a rea  (USDOJ , 2000).  For other  resea rchers, even
more dema nding techn iques ma y be needed to detect t he un derlying spat ial str uctu re as a
mea ns for  formula t ing a  tem pora l-spa t ia l theory.  A pa t t er n  in  and of it self has lit t le
mea ning un less it  is lin ked to some fra mework.  The ability to qua nt ify rela t ionsh ips  wit h
a  lar ge am ount  of da ta  can  addr ess p roblems  tha t  pr eviously were a voided and can  be a
firs t  st ep in  developin g an  explana tory fr amework  or in ter ven t ionis t  st r a tegy.  Crim eS tat
a t t em pt s t o addr ess both  types of needs by pr oviding st a t ist ics in  a  ‘toolbox’ fra mework . 
We recogn ize tha t  today’s exot ic s t a t is t ica l t echniques may become tomorrow’s pract ica l
diagnostics an d want  th e progra m t o be useful for m an y years.

In p u t a n d Ou tp u t

Crim eS tat is a full-featu red Windows®XP Professional® p rogram us ing a  graph ica l
in ter face wit h  da tabase and expanded sta t is t ica l fu nct ion s.  I t  can  read files in  va r iou s
form at s - dBase® (III, IV, or V), which is a comm on file form at  in deskt op GIS progra ms,
ArcView  Sh ape (shp) files, MapIn fo da ta  (da t ) files, an d files conforming t o the ODBC
st anda rd, such  as E xcel, Lotus 1-2-3, Microsoft  Access, and P aradox  (Bor lan d.Com, 1998;
ESRI, 1998a ; Micr osoft , 1999).  In  addit ion , m any ot her  GIS packages, such  as Mapt itude®

can  read ‘dbf’, ‘sh p’, ‘bna’ or  ‘mif’ files.

Output  in clu des both  displa yed tables, which  can  be pr in ted as text  or  copied to a
word p rocessin g pr ogra m, and gr aph ical ou tpu t .  Crim eS tat can  wr it e gr aphica l object s to
the ArcView ®, ArcGis® , MapIn fo®, and  Atlas*GIS ™ GIS  p rograms and can  wr it e
in ter pola t ion files  to th ese progra ms, t o progra ms t ha t  rea d Ascii gr id files  (e.g., Vertical
Mapper®), and  to the S urfer® for Win dows and  ArcView S pat ial Analyst© pr ogra ms (Golden
Softwa re, 1994; ESRI, 1998a ; 1998b; 1998c; 1997; MapInfo, 1998).   

S ta ti st ic al R ou ti ne s

Crim eS tat III in clu des rout in es for :

T yp e  of d i s ta n c e m e a s u r em e n t
Dir ect  dis t ance
Ind irect  d is t ance
Network  dis tance

S p a ti a l d ist r ib u ti on
Mean center
Standard dis t ance devia t ion
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Sta nda rd deviationa l ellipse
Median  center
Center  of min imum d is tance
Direct iona l mean  and var iance
Convex H ull
Moran’s I spa t ial au tocor relat ion  index
Geary’s C spa t ial au tocor relat ion  index
Moran  Cor relogram

Dis tance  ana lysi s
Nea rest  neighbor a na lysis
Ripley’s K st a t ist ic
Assign  pr imary point s t o seconda ry point s
With in  pr imary file dis t ance mat r ix
Bet ween  pr imary file and seconda ry file dis t ance mat r ix
Bet ween  pr imary file and gr id d ist ance mat r ix
Bet ween  seconda ry file and gr id d ist ance mat r ix

Hot  spo t  ana lysi s
Mode
Fuzzy m ode
Nea rest  neighbor h ier a rchical clust er ing
Risk -ad jus ted nea rest  neighbor h ier a rchical clust er ing
Spa t ial a nd t empora l an a lysis of cr ime rou t ine (STAC)
K-mea n  clus ter ing 
Anselin’s loca l Moran  test

Int er p ola ti on
Sin gle va r ia ble va r ia ble kernel densit y in terpola t ion
Duel var ia ble va r ia ble kernel densit y in terpola t ion

Sp a ce-t im e  ana lysi s
Knox index
Mantel index
Cor relat ed wa lk m odel

J ourney-to -Cr ime  an a lysi s
Calibra te J ourney-t o-cr im e funct ion
J ourney-t o-cr im e est im at ion
Dra w crime tr ips

Cr im e Tr a vel  Dem a n d : Tr ip  Gen er a ti on
Skewness dia gn ost ics
Calibra te model
Ma ke prediction
Bala nce predict ed or igin s & dest in a t ion s
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Cr im e Tr a vel  Dem a n d : Tr ip  Di st r ib u ti on
Calcula te obser ved or igin-dest ina t ion  t r ips
Calibra te im pedance funct ion
Calibra te or igin-dest ina t ion  model
Apply predicted origin-dest ina t ion  model
Compa re observed and p redicted or igin-des t ina t ion t r ip lengths

Crime  Tra vel  Dem a nd : Mode  Sp l i t
Calcula te m ode sp lit

C r im e  Tr a v el  D em a n d : N et w o r k  As si gn m e n t
Check for  one-way st reet s
Crea te a  t r ansit  network  from pr imary file
Network  ass ignment

Many of t hese rout in es a llow va r ia t ion s yield in g a n  even  la rger  number  of st a t is t ics
to be  ca lcu la ted.  Also, Crim eS tat has Dynamic Da ta  Exchange (DDE) capa bilit ies so tha t  it
can  be a ccessed from with in  anoth er  pr ogra m.

Crim eS tat is a p rogra m tha t  specializes in  the ana lysis of poin t  loca t ions.  Over t he
years, m any s ta t is t ica l t ools  have been  developed for  ana lyzing poin t  loca t ion s.  Many of
these h ave either  not  been im plemented a s compu ter  progra ms or wer e collected t ogeth er
as par t  of a  specialized  st a t ist ical syst em .  They have been  typically unavailable t o cr ime
ana lyst s a nd t he m ajor  st a t ist ical packa ges (e.g., S AS ®, S PS S ™, S ystat®) do not in clude
these r out ines.  Consequ en t ly, we have collected t hose t ha t  a re m ost  appropr ia te for  crim e
ana lysis  and detect ion  and orga nized them in to a  sin gle package wit h  a  common gr aphica l
in ter face. Th ey r epresen t  a  wide va r iet y of tools t ha t  can  be u sed for crim e a na lysis . 
Crim eS tat can  also an alyze zona l dat a by tr eating them  as ‘pseudo’ points.  For example,
the cent roid of a  census t r act can  be t r ea ted as a  point  and a  value a ssocia ted wit h  the
t ract  (e.g., it s popula t ion ) can  be t r ea ted as an  In tensit y va lu e (see chapter  3).

P rogram Requ ireme nts

R e qu ire d  Ha rd w a re  a n d Op e ra ti ng  Sy st e m

Crim eS tat III was developed for  the Windows®XP Professional® oper a t ing syst em,
though it  will a lso work wit h  the Windows®2000®, or  Windows®N T ® opera t ing system ; it  is
not  hardware dependent  so tha t  any processor  tha t  can  run  Windows XP
Professional/ 2000/ N T  will su ffice. Some of the rou t ines  can  a lso run  on  the Windows®95® 
(Micr osoft , 1995) or  Windows® 98®  (Microsoft , 1998c) oper a t ing sys tem s.  H owever , the
pr ogram wa s n ot designed aroun d n or fully tested for  those oper a t ing system s.  I t  is h ighly
recommended tha t  the progr am be run  on a  more cur ren t  version  of Windows.

While it  can  run  on a  rela t ively slow computer  (e.g., 250 MH z clock speed) with
limited RAM (e.g., 64 MB), it will run  much bet t er  on a  1.6 GH z computer  (or  fas ter ) with
more t han  256 MB of RAM.  The fas ter  the processor  used, t he qu icker  the program will
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run .  The m ore RAM th e compu ter  has, t he qu icker  the program will run .  The program is
ver y in ten sive wit h  respect t o ca lcula t ions .  Some of the s t a t ist ics produce very la rge
mat r ices (e.g., the t r ip d ist r ibu t ion r out ines  in  the Cr ime Tr avel Demand m odule). 
Dependin g on  the size of the da ta  files tha t  will be processed, t here may be hundreds of
millions of calcu la t ion s on any one run .  It  is  cr it ica l, therefore, t ha t  the computer  be fast
and have sufficien t  amounts of RAM.  The progr am was designed on an  Windows® XP
Professional® syst em with  1 GB of RAM running a  single pr ocessor 1.6 GHz compu ter .

For  most  of the simple st a t ist ics, a r easona bly fast  compu ter  will be adequa te.
However, severa l of the t r ip dist r ibut ion  rou t ines  will pu sh  the limits  of most  compu ter
sys tems. The cur ren t  32 bit  Windows opera t in g sys tem has a  maximum limit  of 4 Gb of
RAM (actua l and vir tua l).  With  a  t r ip  dis t ribu t ion  ma t r ix, t here a re M x N  cells  where M
is t he number  of rows (or igins) and N  is t he number  of columns (dest ina t ions). With  8 bit s
being assigned t o a  number , pra ct ica lly a  squ are mat r ix of about  10,000 x 10,000 would be
close t o the theoret ica l ma ximum a llowed.  Aside from t akin g a very long time to be
ca lcu lat ed (days, if not  weeks ), th e st orage space required  to sa ve such a  mat r ix will be
very la rge.   In  shor t , t he size of the files tha t  can  be processed will depend on the
pa r t icula r  rout ines  bein g run . 

Crim eS tat is a  mult i-th rea ded a pp lica t ion  wr it t en  to ta ke adva ntage of mult iple
pr ocessors  if the hardwa re and opera t ing syst em su pport  multiple pr ocessors .  The
progr am is  designed to be  mult i-t h readin g which  means tha t  it  will t ake adva ntage of
mult iple  pr ocessor s u sin g Windows® XP Professional®, Windows® 2000®, or  Windows® N T ®. 
Th ese oper a t ing sys tem s support  two pr ocessor s. Windows2003 S erver® suppor t s  up to four
processors.   Thu s, if th ere ar e two processors a nd Windows® XP Professional® or  Windows®

2000® is t he oper a t ing sys tem , Crim eS tat will calcula te r out ines  in  about  ha lf th e t ime.  If
th ere ar e four  processors a nd Windows® 2003 S erver® is t he oper a t ing sys tem , Crim eS tat
will ca lcu la te rou t ines  in  abou t  a  quar ter  of the t ime.  The mult ip les  a re not  exact  s ince
pr ocessin g t ime m ust  be a lloca ted for  inpu t  of da ta  and ou tpu t  of t ables . 

For small da ta  set s, t h is fea ture is  not im por tan t  as m ost  runs will be very qu ick. 
However , for  la rge da ta  set s (e.g., 3000 cases or  la rger ), t he speed of calcu la t ion s become
im por tan t .  F or  exa mple, on  a  1.6 GHZ sin gle-processor  Pentium  M ® computer  wit h  1 GB of
RAM running Windows® XP Professional®, it  t ak es about  4 minut es to complete a near est
neighbor a na lysis  on 14,853 cases in volving the calcula t ing of dist ance from every point  to
ever y other  point  mult iple t imes (for d iffer en t  neighbors ).  On  a  sim ilar  1 GH z du a l-
p rocessor  Pentium ® compu ter  wit h  1 GB of RAM running Windows® XP Professional®, it
t akes about  2 min utes to complete the same task.  Slower  sys tems will p roduce
cor respondin gly s lower  t im es.  The la rger  the file tha t  is  bein g processed, t he more cr it ica l
becomes the calcula t ing efficiency of th e compu ter .  

If a  police depa r tment  is expect ing to run  lar ge dat a  set s,  it would benefit t hem to
pu rchase fast  multiple-processor compu ters with  lot s of RAM and fast  ha rd disk s t o speed
calcu la t ing t imes.  The evolu t ion of new processor s is  moving in  th is d irect ion a nywa y so
tha t  a  multi-processor compu ter  will become the norm in t he next couple of year s.
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Re qu ire d S oftw are

Crim eS tat needs a  Windows environment  to opera te.  The progr am was designed for
a  Windows® XP Professional®/ 2000®/ N T ® opera t in g sys tem so it  is  bet t er  opt im ized for
tha t  sys tem .  In  pa r t icula r , Windows® XP Professional®/ 2000®/ N T ® has  two fea tu res  tha t
a llows Crim eS tat to run  more efficient ly.  Fir st , it  is a m ulti-th reading oper a t ing syst em
and can  u t ilize mu ltiple pr ocessors , as m ent ioned a bove.  Neither  Windows® XP Hom e®,
Windows® 95® nor  Windows® 98® can  u t ilize mu ltiple pr ocessors .   Second, it a ddr esses
mem ory in  a  more efficient  wa y, as a  la rge flat  block.  Windows® 95® cannot  handle cache
mem ory a bove 64 MB.  Win dows 98 can  handle RAM above 64 MB, but  st ill has poorer
memory management  than  N T .  Consequ en t ly, for  the same m achin e, Crim eS tat will run
more efficien t ly (i.e ., more qu ick ly) in  XP Professional®/ 2000®/ N T ® t han  in  older  or  more
limited operat ing systems.

Crim eS tat is a  st and-a lone pr ogra m.  Hen ce, it  does  not r equ ire a ny oth er  pr ogra m
other  than  a  Windows oper a t ing syst em.  However , to be ma ximally useful, th ere sh ould be
an  accompa nying GIS pr ogra m.   While poin t  da ta  can  be obta ined  from a  non-GIS system
(e.g., census files in clu de la t /lon  coordin a tes for  the cen t roid of cen sus un it s), t he use of the
GIS to assign  the coordin a tes is  a lm ost  necessa ry.  Fur ther , m any of t he outpu t s of
Crim eS tat a re for  GIS progr ams.  Thus, t o view an  ellipse or  to view a  th ree dim ension a l
in ter pola t ion p roduced by Crim eS tat will require a n  appr opr iat e GIS pa cka ge.

Insta l ling  the  P rogram

Crim eS tat comes compr essed  in a  zipped  file ca lled Crim eS tat.zip .  To inst a ll the
progr am, it  is  necessa ry t o have a  compression  progr am tha t  recogn izes the ‘zip’ format :

1. Cr ea te a  dir ectory u sin g Win dows Exp lorer and  copy the file to tha t
dir ectory.

2. Double click on t he file na me in  Explorer.  When  the name Crim eS tat.zip  is
visible in  the dia log box name field , double click  the name wit h  the left
mouse bu t ton.  Crim eS tat will be inst a lled in  tha t  dir ectory.

3. The pr ogra m help menu can  a lso access t he manua l.  For t h is fea ture to
work, however , it  is im por tan t  the cha pt er s of the m anua l be kept  in  the
same d irectory as  the p rogram.

Ad di ng  an  It e m  t o th e  S ta rt  Me n u

To add Crim eS tat t o the s t a r t  menu:

1. Click on t he S tart  bu t ton in  Windows  followed by S ettings t hen  T askbar. 
Click on S tart M enu Program s followed by Add .  

2. In  the dia log box, click on Browse, poin t  to the directory wher e Crim eS tat
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resides, a nd click on it s n ame followed by Open . When  the name Crim eS tat is
in t he dia log box na me field, click on t he N ext bu t ton .  

3. Double-click on the folder  to which  Crim eS tat is t o be ass igned. 

4. F ina lly, t ype a  name for  Crim eS tat (e.g., CrimeSta t ) followed by Finish .

Adding  an  Icon  to  the  Desktop

To add Crim eS tat to th e deskt op: 

1. Double-click on My Com puter.  

2. Double-click on the dr ive in  which  Crim eS tat r es ides followed by the
dir ectory t ha t  it  is in  (it m ay be sever a l levels  down ).  

3. Click once on  the name Crim eS tat with  the left  but ton  an d t hen h old down
the r igh t  mouse bu t ton. 

4. Wh ile hold in g t he r igh t  mouse bu t ton , scroll to Create S hortcu t.  

5. The name S hortcut to Crim eS tat will be pla ced a t  the en d of th e lis t  of files.  

6. Highlight  the na me by clicking on  it once.  Hold th e left  mouse but ton  down
and d rag th is n ame on to th e desktop.  

7. You  can  r ename it  Crim eS tat by click in g on  it s icon  wit h  the r igh t  mouse
bu t ton followed by R enam e.   

8. Alter na t ively, you  can  use Win dows Exp lorer to crea te a  sh or tcu t  and t hen
dra g th e short cut  to th e deskt op.

In s ta lli ng  th e  S am p le  D at a S e ts

There ar e four  sam ple data  sets th at  can  be used to ru n t he progra m, also in ‘zip’
form at .  Since the dat a a re simulat ed, th ey should not be used for r eal applicat ions:

1. Sam pleDa ta.zip .  The da ta  a re sim ula ted in ciden t  poin ts from Ba lt im ore
City and Baltimore Coun ty in Mar yland.1  They a re pr ovided t o a llow a  user
to become fam iliar  wit h  the program qu ickly.  However , ult imately, the va lue
of the p rogram mus t  be t es ted  on  rea l da ta , r a ther  than  simula ted  da ta .  

2. J tcSam pleDa ta.zip .  Ther e a re t hree files of sim ula ted da ta  for  use wit h
the J ourney-t o-crim e rout in e (chapter  8):

A. J tcTest1.dbf - A sim ula ted da ta  set  of 2000 robber ies in  Ba lt im ore
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County tha t  can  be used  for  ca libra t ing a  t r avel demand  funct ion . 
Each record has a  cr im e loca t ion  and a  residence locat ion  of the
offender . 

B. J tcTest2.dbf - A sim ula ted da ta  set  of 2500 burgla r ies in  Ba lt im ore
County tha t  can  be used  for  ca libra t ing a  t r avel demand  funct ion . 
Each record has a  cr im e loca t ion  and a  residence locat ion  of the
offender .

C. S erial1.dbf  - A simulat ed da ta  set  of the loca t ion  of seven in cident s
commit ted by a  sin gle ser ia l offen der .  To become fam iliar  wit h  the
jou rney t o cr im e rout in e, t hey ca n  be t r ea ted as eit her  robber ies or
burglar ies.

3. Correlate dWalk.zip .  These a re t h ree files of sim ula ted da ta  for  use wit h
the Cor rela ted Wa lk  Analysis  rout in e (chapter  9):

A. T estS erial1.dbf  - A simu lat ed da ta  set  for  an  algor ith mic offender wh o
comm itted 13 incidents.

B. T estS erial2.dbf -A simu lat ed da ta  set  for  an  algor ith mic offender wh o
comm itted 12 incidents.

C. T S erl13.dbf  - A simu lat ed da ta  set  for  a r ealist ic offender wh o
comm itted 13 incidents.

4. BaltCoun tyZon es .zip .  Ther e are two files of da ta  on  cr ime incident s by
zone for  Balt imore Coun ty, Md.  They a re exam ples u sed in  the cr ime t ravel
demand module (chapter  11-17):

A. BaltOrigin s.dbf  - a  da ta  set  on  532 or igin  zon es in  both  Ba lt im ore
County an d t he City of Balt imore from t he lat e 1990s.  Ther e are da ta
on  cr im es or igin a t in g fr om each  zon e and demogr aphic, economic a nd
land use variables associated with  th ose zones.

B. BaltDest.dbf - a  da ta  set  of 325 dest in a t ion  zon es in  Ba lt im ore Cou nty
only.  Ther e are da ta  on  cr imes  occur r ing in ea ch  zone and
demogra phic, economic an d lan d use var iables associated with  th ose
zones.

To in sta ll any of t hese sample da ta  files, it  is  necessa ry t o have a  compression
progr am tha t  recogn izes the ‘zip’ format :

1. Cr ea te a  da ta  dir ectory u sin g Win dows Exp lorer and  copy the files  to tha t
dir ectory.

2. In Win dows Exp lorer, double-click on it s name and then  follow the
instr uctions.

S te p -b y-S te p  In s tru c tio n s
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1.9

This manua l will go th rough t he pr ogra m st ep-by-st ep t o addr ess h ow it can  be used
by a  cr im e mappin g/a na lysis  un it  wit h in  a  police depar tment .  Chapter  2 provides a  qu ick
guide for  a ll the da ta  defin it ion  and p rogram rou t ines  and chap ter  3 p rovides  deta iled
ins t ruct ions  on  set t ing up  da ta  to run  with  Crim eS tat.  The stat istical rout ines are
descr ibed in  pa r t s I I, II I, a nd IV.  Par t  II  pr esen t s a  number  of st a t ist ics for spa t ia l
description, par t III pr esents  a n um ber of sta tistics for spa tial modeling, while par t IV
pr esen t s a  cr ime t ravel dem and m odu le.  The d ifferen t  st a t ist ics a re pr esen ted a nd
deta iled exam ples of each t echnique a re shown.

Op tio n s

There is an  opt ion  tab tha t  a llows t he sa ving an d loading of pr ogra m pa rameters
and t he set t ing of colors  for  ea ch of ma in  hea din gs: Da ta  setup, Spa t ia l descr ipt ion, a nd
Spa t ia l modeling.  One can  a lso ou tpu t  sim ula ted da ta  du r ing the simula t ion  runs; th is
will be expla in ed in  the appropr ia te sect ion .

S h ort  Ap plic at io n s

The manua l also includes a  number  of applica t ions condu cted by other  resea rchers
and ana lyst s. These a re presen ted as one page sidebars in  the va r iou s chapter s.  Most  of
these a re from cr imina l just ice. But , app licat ions  from oth er  fields  have a lso been  included. 
The a im is t o sh ow the diversit y of applica t ions t ha t  resea rchers a nd a na lyst s h ave used
wit h  the va r ious r out ines in  Crim eS tat.  

On-lin e  He lp

In a ddition, ther e is on-line help for t he progra m.  There is a Help bu t ton  tha t  can
be push ed to access  a ll the h elp it em s.  In  add it ion, t he progra m has cont ext -sen sit ive h elp. 
On  any pa ge or rout ine, t ypin g F1 will pop u p a n  appropr ia te help item .  The on-line help
can  a lso access the p rogram manual.  For  t h is  to be ava ilable, be sure to s tore the chapter s
of the manua l in  the sam e d irectory a s t he p rogram.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



1.10

1. The da ta  were sim ula ted by a  random number  genera tor  followin g t he dis t r ibu t ion
of severa l t ypes of cr im e in ciden t s.  Because the da ta  were selected by a  random
genera tor , the poin t s  do not  necessa r ily fa ll on  s t reet s  or  even  s tay with in  the
boundar ies of Ba lt im ore City a nd Ba lt im ore Cou nty; some even  fa ll in to the
Chesapeake Ba y!  Th eir  purpose is  to provide a  sim ple da ta  set  so users can  become
familia r  with  the p rogram.

En dn ot e s for Ch ap te r 1
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Chapter 2
Quickguide to CrimeStat

Th e followin g a re qu ick  in st ruct ion s for  the use of Crim eS tat®III , pa ra llelin g the
online help menus in  the pr ogra m.  Deta iled inst ruct ions sh ould be obta ined  from chapt ers
3-17 in  the documen ta t ion.  Crim eS tat has five basic groupings in seven teen  pr ogra m tabs
an d one option t ab.  Ea ch t ab lists r out ines, options a nd pa ra met ers:

D a t a  s et u p

1. P r imary file
2. Seconda ry file
3. Referen ce file
4. Measuremen t  pa rameter s

S p a ti a l d escr ip ti on

5. Spa t ia l d is t r ibu t ion
6. Dista nce ana lysis I
7. Dista nce an alysis II
8. ‘Hot Spot’  an alysis I
9. ‘Hot Spot’ an alysis II

S p a t i a l  m od e li n g

10. In ter pola t ion
11. Space-t ime ana lysis
12. J ou rney to cr ime es t ima t ion

C r im e  Tr a v el  D em a n d

13. Tr ip  genera t ion
14. Tr ip  dis t r ibu t ion
15. Mode split
16. Network  ass ignment
17. F ile worksheet

O p t i on s

18. Saving parameter s, colors and opt ion s

Figure 2.1-2.18 show the t en  opera t iona l tab screen s with  examples of da ta  inpu t
and  rou t ine select ion .
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2.2

I. D ata  Se tu p

P rim ary  Fi le

A pr im ary file is  requir ed for  Crim eS tat.  It  is a  poin t  file with  X and Y coordin a tes . 
For  exam ple, a pr ima ry file could be th e loca t ion  of st reet  robber ies, each of which  have an
associa ted X and Y coordin a te.  Th er e can  be a ssocia ted weigh t s or  in ten sit ies , though
these a re opt iona l.  Ther e may be time references, th ough t hese a re opt iona l.  For example,
if the poin t s a re the loca t ions of police st a t ions, then  the int ensity var iable could be th e
number  of ca lls for  ser vice a t  each  police st a t ion  while the weight ing var iable could be
service zones.  More t han  one file can  be selected.  The t ime r eferen ces a re u sed in  the
space-time an alysis rout ines and ar e by hour s, days, weeks, mont hs, or years.

S e le c t F ile s

Select  the pr imary file. Crim eS tat can  read ASCII, dBase®III/IV/V ‘dbf’, ArcView®

‘shp’, and  MapInfo® ‘da t ’ files, Micr osoft  Access 'm db' files and files formats tha t  correspond
to the ODBC standard in ter face.  Select  the type of file to be  selected. Use the browse
but ton to sea rch for  a  par t icu la r  file name. If the file type is  ASCII, select  the type of da ta
sepa ra tor  (comma, semicolon , space, ta b) and t he number  of colum ns. ODBC files ha ve to
be defined for t he par ticular  compu ter on which it ru ns.  See cha pter 3 for inst ru ctions on
definin g ODBC files . Use the br owse bu t ton t o sea rch for t he file name. 

Varia ble s

Define the file tha t  con ta ins t he X an d Y coordin a tes . Crim eS tat can  accep t  va lues
associated with  th e X an d Y coordina tes.  These ar e called In tensities or  Weights . 
Essen t ia lly, these a re two differen t  types of weight s tha t  could  be used. If weight s or
in tensit ies a re bein g u sed, defin e the file tha t  conta in s these va r ia bles. Cer ta in  st a t is t ics
(e.g., spa t ial au tocor relat ion , loca l Moran) require in tensity or  weight  values a nd m any
oth er  st a t ist ics can  use in ten sit y or  weigh t  values. It  is possible to ha ve both  an  in ten sit y
var iable a nd a  weigh t ing var iable, t hough  the u ser  sh ould be cau t ious in  doing th is t o avoid
'double weight ing'.  If a  t ime va r iable is used, it m ust  be an  int eger or r ea l nu mber  (e.g., 1,
36892).  Do not  use format ted da tes (e.g., 01/01/2001, October  1, 2001).  Convert  these t o
real nu mbers before using the space-time an alysis rout ines.

Co lu m n

Select  the va r ia bles for  the X and Y coordin a tes respect ively (e.g., Lon, La t , Xcoord,
Ycoord). If weights or inten sities ar e being used, select t he a ppropriat e var iable na mes. If a
t ime va r iable is used, select  the appr opr iat e var iable name.

Mi ss in g  va lu e s

Iden t ify whet her  ther e a re a ny miss ing values .  By defau lt , Crim eS tat will ign ore
records wit h  blan k va lues  in a ny of the eligible fields or  records wit h  non-numer ic values
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     Figure 2.1:

Primary File Screen
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2.4

 (e.g., a lphanumer ic character s, #, *).   Blanks  will a lways be excluded u n less t he user
selects <non e>.  There are 8 possible options:

1. <blank> fields a re au toma t ically excluded.  This is  the defau lt
2. <n o n e > indicates tha t  no records will be excluded.  If th er e is a  blank field,

Cr imeSta t   will t r ea t  it  a s  a  0
3. 0  is excluded
4. –1  is excluded
5. 0  an d –1  indica tes t ha t  both  0 an d -1 will be excluded
6. 0, -1 an d 9999  indica tes t ha t  a ll th ree values (0, -1, 9999) will be excluded
7. An y  other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it

(e.g., 99)
8. Multiple  numer ica l va lues  can  be tr ea ted a s m issing va lues  by typing t hem,

sepa ra t ing each  by commas (e.g., 0, -1, 99, 9999, -99)

Direct ional

If the file cont a ins d irectiona l coordin a tes (an gles), define t he file na me and va r iable
name (colum n) tha t  con ta ins  the direct iona l mea su rements.  If direct iona l coordina tes a re
used, t here can  be an  opt iona l distance var iable for  the measu rement .  Define t he file name
and var iable name (colum n) tha t  con ta ins  the dist ance var iable.

Type of  Coordin ate S yste m a nd  Data U nits

Select  the type of coordina te syst em.  If the coordina tes a re in longitudes a nd
lat itu des, t hen  a  sph er ica l system is being used a nd da ta  un its  will au tomat ica lly be
decimal degrees.  If th e coordina te syst em is pr ojected (e.g., Sta te Pla ne, Un iversa l
Transverse Mer ca tor  – UTM), then  da ta  un its  can  be in feet (e.g., St a te Pla ne), met ers
(e.g., UTM), miles, k ilomet er s, or  nau t ical m iles.  I f th e coord ina te syst em  is d irectiona l,
then  the coordin a tes a re angles and the da ta  un it s box will be bla nked out .  F or  dir ect ion s,
an  addit iona l distance var iable can  be used.  This m easu res t he dist ance of the inciden t
from a n origin locat ion; th e units a re un defined.

Ti m e  un it s

Define the u n it s for the t ime va r iable.  Time is  defined in  ter ms of hours, days,
weeks, m onths, or  years.  The defau lt  va lu e is  days . Note, on ly in teger  or  rea l n umbers can
be used (e.g., 1, 36892).  Do not  use  format ted da tes  (e.g., 01/01/2001, October  1, 2001). 
Convert  these t o int eger or r ea l nu mbers before using th e spa ce-t ime a na lysis r ou t ines .

Se co n da ry F ile

A seconda ry dat a file is optiona l.  It is also a point  file with  X an d Y coordina tes.  It
is usu a lly used in  compa r ison  with  the pr ima ry file. Ther e can  be weight s or int ensit ies
var iables  associa ted, though  these a re opt iona l.  For  example, if the pr imary file is t he
loca t ion  of motor  veh icle theft s, t he secondary file could  be the cen t roid  of cen sus block  
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   Figure 2.2:

Secondary File Screen
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2.6

groups t ha t h ave the populat ion of th e block group a s th e int ensity (or weight ) variable.  In
th is  case, on e could  compare the dis t r ibu t ion  of motor  veh icle theft s wit h  the dis t r ibu t ion  of
popula t ion  in , for  exa mple, t he Ripley's "K" r out in e or  the dua l k ernel densit y est im at ion
rout ine.  More than  one file can  be selected. Time u nits  a re not  used in  the seconda ry file.

S e le c t F ile s

Select  the seconda ry file. Crim eS tat can  rea d ASCII, dba se '.dbf', ArcView '.shp' 
MapInfo 'da t ' files, Micr osoft  Access 'm db' files and files formats tha t  correspond to the
ODBC standard in ter face.  Select  the type of file to be  selected. Use the browse bu t ton  to
search  for  a  par t icu la r  file name. If the file type is  ASCII, select  the type of da ta  separa tor
(comma, semicolon , space, ta b) and t he number  of colum ns. ODBC files ha ve to be defined
for  the pa r t icu la r  computer  on  which  it  runs .  See chap ter  3 for  ins t ruct ions  on  defin ing
ODBC files . Use the br owse bu t ton t o sea rch for t he file name. 

Varia ble s

Define the file t ha t  con ta ins the X and Y coordina tes . If weigh t s or  in t ensit ies  ar e
bein g used, define the file tha t  con ta ins t hese va r iables . Cer ta in  st a t ist ics (e.g., spa t ia l
au tocorrela t ion , loca l Moran) requir e in tensit y va lu es and most  other  st a t is t ics  can  use
in tensit y va lu es.  Most  other  st a t is t ics  can  use weight s. I t  is  possible to have both  an
in ten sit y var iable a nd a  weigh t ing var iable, t hough  the u ser  sh ould be cau t ious in  doing
th is to avoid 'double weight ing'.  Time u nits  a re not  used in  the seconda ry file.

Co lu m n

Select  the va r ia bles for  the X and Y coordin a tes respect ively (e.g., Lon, La t , Xcoord,
Ycoord).  If ther e a re weight s or  in ten sit ies bein g used, select  the appropr ia te va r iable
names.  Time units  a re not  used in  the seconda ry file.

Mi ss in g  va lu e s

Iden t ify whet her  ther e a re a ny miss ing values .  By defau lt , Crim eS tat will ign ore
records wit h  blan k va lues  in a ny of the eligible fields or  records wit h  non-numer ic values
(e.g., a lphanumer ic character s, #, *).   Blanks  will a lways be excluded u n less t he user
selects <non e>.  There are 8 possible options:

1. <blank> fields a re au toma t ically excluded.  This is  the defau lt
2. <n o n e > indicates tha t  no records will be excluded.  If th er e is a  blank field,

Cr imeSta t   will t r ea t  it  a s  a  0
3. 0  is excluded
4. –1  is excluded
5. 0  an d –1  indica tes t ha t  both  0 an d -1 will be excluded
6. 0, -1 an d 9999  indica tes t ha t  a ll th ree values (0, -1, 9999) will be excluded
7. Any other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it

(e.g., 99)
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2.7

8. Multiple  numer ica l va lues  can  be tr ea ted a s m issing va lues  by typing t hem,
sepa ra t ing each  by commas (e.g., 0, -1, 99, 9999, -99)

Type of  Coordin ate S yste m a nd  Data U nits

The seconda ry file must  ha ve the sam e coordina te system an d dat a u nits a s th e
pr ima ry file.  This select ion  will be blan ked  ou t , indica t ing tha t  the seconda ry file ca r r ies
the same defin it ion  as the pr im ary file.  Dir ect ion a l coor din a tes (angles) a re not  a llowed for
the seconda ry file.

Re fere n ce  Fi le

For  referencing the st udy ar ea , th ere is a r eference grid a nd a  reference or igin.  The
reference file is used in  the r isk-ad just ed n earest  neighbor  h iera rch ica l clus ter ing rou t ine,
jou rney-to-cr ime es t ima t ion  and in  the s ingle and dua l va r iable kernel density es t ima t ion
rout ines .  The file can  be a n  ext er na l file tha t  is in pu t  or can  be crea ted by Crim eS tat.  It  is
usu a lly, th ough  not a lwa ys, a  gr id which is  over la id on the study a rea .  The r eferen ce or igin
is  used in  the dir ect ion a l m ean  rout in e. The file can  be an  ext erna l file tha t  is  in put  or  can
be crea ted by Crim eS tat. 

Crea te re feren ce  grid

If a llowing Crim eS tat to genera te a t ru e grid, click on 'Creat e Grid' an d th en input
the lower  left  and u pper  r igh t  X and Y coordin a tes  of a  rectangle placed over  the s tudy a rea . 
Cells  can  be defined either  by cell size, in the same coordina tes and da ta  un it s a s t he
pr im ary file, or  by t he number  of colu mns in  the gr id  (the defau lt ).  In  addit ion , a  reference
or igin can  be defined  for  the direct iona l mea n  rou t ine.  The r eference grid can  be saved an d
re-used. Click on 'Save' a nd en ter  a  file name.  To use an  a lr eady saved file, click  on 'Load'
and t he file na me.  The coord ina tes a re saved in  the r egist ry, but  can  be r e-sa ved in  any
directory.  To sa ve to a pa r t icu lar  directory, with  the Load screen  open , click on 'Sa ve to file'
and then  en ter  a  dir ectory a nd a  file name.  The defau lt  file extension  is  'r ef.

Inp u t e xt e rn al file

If an  ext erna l file tha t  stores the coordin a tes of ea ch  gr id  cell is  to be  used, select  the
name of the r efer en ce file. Crim eS tat can  read ASCII, dBa se '.dbf', Ar cView '.shp', MapInfo
'da t ' files, Microsoft  Access  'mdb' files and files formats t ha t  cor respond t o the ODBC
standard in ter face. Select  the type of file to be  selected. Use the browse bu t ton  to sea rch  for
the file.  If the file type is ASCII, select  the type of da ta  sepa ra tor  (comma, semicolon , space,
t ab) and t he number  of colum ns. ODBC files ha ve to be defined  for  the pa r t icu lar  compu ter
on which it ru ns.  See cha pter 3 for inst ru ctions on defining ODBC files. Use th e browse
bu t ton t o sea rch for t he file name. 

 A reference file tha t  is  read in to Crim eS tat need  not be a  t rue gr id (a  mat r ix with  k
column s an d l rows).  H owever , a n  ext erna l r eference file tha t  is  read in  can  only be outpu t
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   Figure 2.3:

Reference File Screen
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to S urfer for Windows since the other  ou tpu t  formats – ArcView , MapIn fo, Atlas*GIS ,
ArcView S pat ial Analyst , and ASCII gr id r equ ire t he r eferen ce file to be a t rue gr id.

Refere nc e o rigin

A reference or igin  can  be defin ed for  the dir ect ion a l m ean  rout in e.  The reference
or igin  can  be assigned to: 

1. Use th e lower-left corn er defined by th e minimu m X an d Y values. This is th e
defau lt

2. Use the upper -r igh t  corner  defined by th e maximum X and Y values
3. Use a  differ en t  origin  point .  With  the la t t er , the u ser  must  define t he origin

Me as u rem e n t P ara m e te rs

Th e m ea su rem en t  pa ramet er s page defines  the m ea su rem en t  un it s of th e cover age
an d th e type of dista nce measu rem ent t o be used. There ar e thr ee component s th at  ar e
defined:

Area

Firs t , define t he geogra ph ica l ar ea  of the st udy ar ea  in a rea  un its  (squ are miles,
square nau t ica l m iles, square feet , square kilometer s, square meter s.)  Ir respect ive of the
da ta  un its  tha t  a re defined for  the pr ima ry file, Crim eSt a t  can  convert  to var ious a rea
measu rement  un its . These u n its  a re used in  the nearest  neighbor , Ripley's "K", nea rest
neigh bor h ier a rchica l clus ter ing, r isk -ad just ed nea rest  neigh bor h ier a rchica l clus ter ing,
St ac, and K-means clust er ing rout ines.  If no area  un it s a re defined, t hen  Cr imeSta t  will
define a  rectangle by th e minim um and m aximum X and Y coordina tes.

Len gth  of stre e t n e tw ork

Second, defin e the tota l lengt h  of the st reet  network wit h in  the study a rea  or  an
appropr ia te compar ison  network (e.g., freeway sys tem) in  dis t ance un it s (miles, n au t ica l
miles, feet , kilometers, meters.) The len gth  of the st reet  network is u sed in  the linear
nea rest  neighbor r out ine.  Ir respective of the da ta  un it s t ha t  a re defined for  the pr imary
file, CrimeStat  can  convert t o dista nce measu rem ent u nits. The distan ce units sh ould be in
the same m et r ic as  the a rea  un it s (e.g., m iles  and squ are m iles /met er s a nd squ are m et er s.)

Ty pe  o f d is ta n ce  m e a su re m e n t

Third , define h ow dist ances a re to be ca lcu lat ed.  Ther e are th ree choices:

1. Dir ect  dis t ance
2. Ind irect  (Manha t tan) d is tance
3. Network  dis tance
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          Figure 2.4:

Measurement Parameters Screen
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Di rect

If dir ect  dis t ances a re used, each  dis t ance is  ca lcu la ted as the shor test  dis t ance
between  two poin t s.  If the coordina tes a re sph er ica l (i.e., lat itu de, longitude), then  the
sh or test  direct  dist ance is a 'Gr ea t  Circle' ar c on  a  sph ere.  If the coordina tes a re pr ojected,
then  the short es t  dir ect  dis t ance is a  st ra ight  line on a  Euclidea n  pla ne.  

In d i r ec t

If in dir ect  dis t ances a re used, each  dis t ance is  ca lcu la ted as the shor test  dis t ance
between  two poin t s on a  gr id , t ha t  is  wit h  dis t ance bein g con st ra in ed to the hor izonta l or
ver t ica l d ir ect ion s (i.e ., not  dia gon a l.) Th is  is  somet im es called 'Manha t tan ' m et r ic.  I f the
coordina tes ar e spherical (i.e., lat itude, longitu de), th en th e short est indirect dista nce is a
modified r igh t  angle on a  spher ical r igh t  t r iangle; see  the documen ta t ion for m ore deta ils. 
If the coordin a tes a re projected, t hen  the shor test  in dir ect  dis t ance is the r igh t  angle of a
r igh t  t r iangle on  a  two-d imens iona l p lane

Net w ork  d ist a nce

If network d istances a re used, each  dist ance is ca lcu lat ed a s t he sh or test  pa th
bet ween  two point s u sin g the net work.  Alter na t ives t o dist ance can  be u sed in cluding
speed , t r avel t ime, or t r avel cost .  Click on 'Network pa ramet er s' a nd iden t ify a n et work file. 

T ype of netw ork

Net work files can  bi-dir ect iona l (e.g., a TIGER file) or  sin gle direct iona l (e.g., a
t ransport a t ion m odelin g file).  In  a  bi-dir ect iona l file, t r avel can  be in  eit her  dir ect ion.  In  a
single direct iona l file, t r avel is on ly in one dir ect ion .  Specify th e type of network t o be used.

N etw ork in pu t file

The network file can  eith er  be a shape file (line, polyline, or  polylineZ file) or  another
file, either  dBase IV 'dbf', Microsoft  Access  'mdb', Ascii 'da t ', or  an  ODBC-complia n t  file. 
The defau lt  is  a  shape file. I f the file is  a  shape file, t he rout in e will k now the loca t ion s of
the nodes.  For  a  dBase IV or  other  file, the X and Y coordina te var iables of the end  nodes
must  be defined. These a re called the "Fr om" node a nd t he "En d" node.  An opt iona l weigh t
var iable is a llowed for  a ll types of file0073. The rou t ine iden t ifies nodes a nd segm ents a nd
finds t he short est  pa th .   If th er e a re one-way st reet s in  a  bi-directiona l file, the flag fields
for t he "Fr om" an d "To" nodes should be defined.

N etw ork w eight field

Norm ally, each segmen t  in  the net work is n ot weigh ted.  In  th is case, the r out ine
calcu la tes  the short es t  dis t ance bet ween  two point s u sin g the dist ance of each segm en t . 
However , each segmen t  can  be weighted by t ravel t ime, speed  or t r avel cost s.  If tr avel t ime
is  used for  weight in g t he segm ent , t he rout in e ca lcu la tes the shor test  t im e for  any r oute
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bet ween  two point s.  If speed is u sed for  weigh t ing the segmen t , the r out ine conver t s t h is
in to t r avel t im e by divid in g t he dis t ance by t he speed.  F in a lly, if t r avel cos t  is  used for
weigh t ing the segmen t , t he rou t ine ca lcu la t es  the rou te with  the smalles t  t ot a l t r avel cos t . 
Specify the weight ing field t o be used a nd be  su re t o indicate t he m ea su rem en t  un it s
(dist ance, speed, t r avel t ime, or t r avel cost ) at  the bot tom of the page.  If ther e is n o
weight ing field ass igned, th en  the rou t ine will ca lcu lat e using dista nce.

From  one-way flag and  T o one-way flag

One-way segm ents can  be iden t ified in  a  bi-d ir ect ion a l file by a  'flag' field  (it  is  not
necessa ry in  a  single direct iona l file).  The 'flag' is a  field for  the end  nodes of the segment
with  va lues  of '0' and  '1'.  A '0' ind ica tes  tha t  t r avel can  pass  th rough  tha t  node in  either
d ir ect ion  whereas a  '1' indica t es  tha t  t r avel can  on ly pas s from the other  node of t he same
segment  (i.e., t r avel cannot  occur  from another  segment  tha t  is connected t o the node).  The
defau lt a ssu mpt ion  is for  t r avel to be allowed t h rough ea ch  node (i.e., th ere is a '0' assumed
for  each  node). F or  each  one-way s t reet , specify the fla gs  for  each  end node.  A '0 ' a llows
t ravel fr om any con nect in g segm ents whereas a  '1' on ly a llows t ravel fr om the other  node of
the sa me segment . Flag fields tha t  a re blan k a re assu med t o a llow t ravel to pa ss in  eith er
dir ect ion .

From N ode ID and  T oN ode ID

If the network is  sin gle dir ect ion a l, there a re in dividua l segm ents for  each  dir ect ion .
Typica lly, two-way st reet s h ave two segmen ts, one for  each  direct ion .  On t he other  hand,
one-way s t reet s have only one segm ent .   The FromNode ID and the ToN ode ID iden t ify
from which  end  of the segmen t  t r avel should occur .  If no Fr omNode ID an d ToNode ID is
defined , the r out ine will chose the firs t  segmen t  of a  pa ir  tha t  it  finds , whet her  t r avel is in
the r igh t  or  wrong direction .  To ident ify cor rect ly t r avel direct ion , define t he Fr omNode and
ToNode ID fields.

T ype of coord inate system

The type of coordina te syst em for  the network file is th e sa me as for  the pr ima ry file.

Measurem ent un it

By defau lt, t he sh or test  pa th  is in t erms of dist ance.  However , each segm ent  can  be
weighted by t ravel t ime, t r avel speed, or t r avel cost .  

1. For t r avel t ime, t he u n it s a re m inutes , hour s, or  unspecified cost  un it s.   

2. For speed, th e units a re miles per hour  an d kilomet ers per hour.  In the case
of speed  as a  weigh t ing var iable, it  is a u toma t ically conver ted in to tr avel t ime
by dividin g the dist ance of th e segm en t  by t he speed, keep ing un it s cons tan t .  
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3. For  t r avel cost , th e un its  a re undefined a nd t he rou t ine iden t ifies rou tes by
th ose with  th e smallest total cost.

N etw ork graph  lim it

Fin a lly, the number  of gr aph  segm ents to be  ca lcu la ted is  defin ed as the network
limit .  The defau lt is 50,000 segmen ts.  Be sure tha t  th is number  is sligh t ly grea ter  than  the
number  of segm ents in  you r  network.  Note: usin g n etwork dis t ance for  dis t ance
ca lcu la t ions  can  be a  s low process, for  example t ak ing up  to severa l hours  for  ca lcu la t ing an
en t ire m at r ix.  Use only if more p recision is  needed or for  the net work ass ignmen t  rout ine
in t he cr ime t ravel dem and m odu le.

Sa vin g P ara m e te rs

All th e in pu t  pa ramet er s can  be saved.  In  the opt ions  section , ther e is  a  ‘Sa ve
pa rameters’ but ton .  A pa rameters file mu st  have a ‘pa ram’ exten sion .  A sa ved pa rameters
file can  be re-loaded  with  the ‘Load  parameters ’ bu t ton .

II. Spat ia l Descr ipt ion

Th e spa t ia l descr ipt ion sect ion ca lcula tes  spa t ia l descr ipt ion, d ist ance ana lysis , and
'Hot Spot'  stat istics.  The 'Hot Spot'  stat istics ar e on t wo separa te ta bs.

Spat ia l Dis tribut ion

Spat ia l dis t r ibu t ion p rovides  st a t ist ics t ha t  descr ibe t he overa ll spa t ia l dis t r ibu t ion. 
These a re somet imes  ca lled cen t rogra ph ic, globa l, or  firs t -order  spa t ial st a t ist ics.  Ther e are
four  rou t ines  for  descr ibing the spa t ia l d is t r ibu t ion  and two rou t ines  for  descr ibing spa t ia l
au tocorr ela t ion .  An inten sit y var iable a nd a  weigh t ing var iable can  be u sed for  the firs t
th ree rout in es.  An  in tensit y var ia ble is  requir ed for  the two spa t ia l a u tocorrela t ion
rout ines; a weight ing var iable can  a lso be u sed for  the spa t ia l au tocorr ela t ion  indices.  All
outpu t s can  be saved as text  files.  Some output s can  be saved as gr aphica l object s for
import  int o desktop GIS progra ms.

Mean Center  and Standard Dis tance  (Mcsd)

The mean  cen ter  and standard dis t ance defin e the a r it hmet ic m ean  loca t ion  and the
degr ee of dispersion  of the dis t r ibu t ion .  The Mcsd rout in e calcu la tes 9 s t a t is t ics :  

1. Th e sample size
2. The minim um X and Y values
3. The maximum X and Y values
4. The X and Y coordina tes of the mean  center
5. The st anda rd deviat ion  of the X and Y coordina tes
6. The X and Y coordina tes of the geomet r ic mean
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 Figure 2.5:

Spatial Distribution Screen
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7. The X and Y coordina tes of the harmonic mean
8. The stan dar d dista nce deviation, in m eters, feet a nd m iles.  This is th e

st anda rd deviat ion  of the dist ance of each  poin t  from the mean  center .
9. The circle ar ea defined by th e stan dar d dista nce deviation, in squa re met ers,

squar e feet a nd squa re miles.

Th e t abu la r  out pu t  can  be pr in ted and t he m ea n  center  (mean  X, mea n  Y), th e
geomet ric mean , th e har monic mean , th e stan dar d deviations of th e X an d Y coordina tes,
and the s t andard dist ance devia t ion can  be out pu t  as graphical objects to ArcView '.sh p',
MapIn fo '.mif' an d At las*GIS '.bna ' formats.  A root  name sh ould be provided.  The mean
cen ter  is ou tpu t  as a  poin t  (MC<root nam e>).  The geomet r ic mea n is outpu t  as a  point
(GM<root nam e>).  The ha rmon ic mean  is  ou tpu t  a s a  poin t  (HM<root nam e>). The
st anda rd deviat ion  of both  the X an d Y coordina tes is ou tpu t  as  a r ectangle (XYD<root
nam e>). The st anda rd dist ance devia t ion  is ou tpu t  as  a circle (SDD<root nam e>).

Standard Deviat ional  El lipse  (Sde)

The standard devia t ion a l ellipse defin es both  the dispersion  and the dir ect ion
(orienta tion) of th at  dispersion.  The Sde rout ine calculat es 9 sta tistics:

1. Th e sample size
2. The clockwise angle of Y-axis r ota t ion  in degr ees
3. The ra t io of t he lon g t o the shor t  axis a ft er  rota t ion
4. The st anda rd deviat ion  a long th e new X and Y axes
5. Th e X an d Y axes len gth
6. The area  of th e ellipse defined by th ese axes 
7. The st anda rd deviat ion  a long th e X and Y axes
8. The X an d Y axes length  for a  2X sta nda rd deviationa l ellipse
9. The area  of the 2X ellipse defined by th ese a xes

The tabular  ou tpu t  can  be pr int ed a nd t he 1X and 2X st anda rd deviat iona l ellipses
can  be ou tpu t  as graph ica l object s  to ArcView ‘shp’, MapInfo ‘mif’ and  At las*GIS ‘bna’
formats .  A root  name shou ld  be p rovided .  The 1X s tandard  devia t iona l ellipse is  ou tpu t  as
an  ellipse (SDE <root  name>).  The 2X st anda rd devia t iona l ellipse is ou tpu t  as a n  ellipse
wit h  axes tha t  a re t wice a s la rge a s t he 1X st anda rd devia t iona l ellipse  (2SDE<root  name>). 
If dat a a re norma lly distr ibut ed, th en th e 1X sta nda rd deviationa l ellipse will capt ur e
appr oximat ely 68% of th e cases an d th e 2X sta nda rd deviationa l ellipse will capt ur e
approximate 95% of the cases; however , any pa r t icula r  dis t r ibu t ion  may devia te
considerably from norma l and the actua l percen tages  may va ry.

Me d ia n  Ce n te r  (Mdn Cnt r )

The median  center  is the int er section  of the median  of the X coordina te and t he
median  of the Y coordina te.  This is t he appr oximate middle of the dist r ibut ion .  However ,
the m edian  center  is depen dent  on t he a xis of or ien ta t ion, so it should  be u sed with  cau t ion. 
The MdnCnt r r out ine out put s 3 stat istics:
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1. Th e sample size
2. The median  of X
3. The median  of Y

The tabu lar out put  can  be print ed and t he median center  can  be out put  as a
gr aphica l object  to ArcView ‘shp’, MapInfo ‘mif’ or   At la s*GIS ‘bna’ files.    A root  name
should  be provided.  The media n  cen ter  is  output  as a  poin t  (MdnCn t r<r oot  name>).

Center  o f Minimum Dis tance  (Mcmd)

The center  of minim um dist ance defines t he poin t  a t  which  the dist ance to a ll other
points is at a  minimum .  The Mcmd r out ine out put s 5 stat istics:

1. Th e sample size
2. The mean  of the X and Y coordina tes
3. The number  of iter a t ions r equired  to ident ify a cent er
4. The degr ee of er ror  (tolerance) for  stoppin g t he it era t ion s
5. The X and Y coordina tes defining t he cen ter  of minim um dist ance.

The tabu lar out put  can  be print ed and t he center  of minimum  dista nce can  be out put
as a  gr aphica l object  to ArcView ‘shp’, MapInfo ‘mif’ or   At la s*GIS ‘bna’ files.    A root  name
should  be provided.  The cen ter  of min im um dis tance is  outpu t  as a  poin t  (Mdn<r oot
name>).

Direct ional Mean an d Var iance  (DMean)

The angula r  mean  and var ian ce are pr oper t ies of angula r  measu rements. The
angu la r   mean  is  an  angle defin ed as a  bear in g fr om t rue Nor th : 0  degr ees.  The dir ect ion a l
va r ia nce is  a  rela t ive in dica tor  va rying fr om 0 (no va r ia nce) to 1 (m aximal var ia nce).   Both
the angular  mea n  and t he directiona l var iance can  be calcula ted eit her  th rough  angular
(directiona l) coordina tes or t hr ough X an d Y coordina tes.  

If the pr ima ry file cases a re direct iona l coordina tes (bear ings/an gles from 0 to 360
degr ees), t he angu la r  mean  is  ca lcu la ted dir ect ly from the angles.   An  opt ion a l d is t ance
var iable can  be in cluded.  In  th is case , the direct iona l mea n  rout ine will ou tpu t  five
sta tistics:

1. Th e sample size
2. The unweigh ted mea n  angle
3. The weighted mea n  angle
4. The unweighted cir cu la r  va r ia nce
5. The weighted circu lar  var ian ce.

On  the other  hand, if the pr ima ry file inciden t s a re defined in X an d Y coordina tes,
the angles a re defined r ela t ive to th e r eferen ce or igin (see Referen ce file) an d t he angular  
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mean  is  conver ted in to an  equa t ion .  In  th is  case, t he dir ect ion a l m ean  rout in e will ou tpu t
nine sta tistics:

1. The sa mple size;
2. The unweigh ted mea n  angle
3. The weighted mea n  angle
4. The unweighted cir cu la r  va r ia nce
5. The weighted cir cu la r  va r ia nce
6. The mean  d is tance
7. The int er section  of the mean  angle and t he mean  dist ance (direct iona l mea n)
8. The X and Y coordina tes for  the t r ian gula ted m ean
9. The X and Y coordina tes for  the weighted t r ian gula ted m ean

The directiona l mean  an d tr iangulated mean  can  be saved as a n ArcView  ‘shp’,
MapIn fo ‘mif’, or  Atlas*GIS  ‘bna’ file.  The unweighted dir ect ion a l m ean  - the in ter sect ion  of
the mean  angle and t he mean  dist ance is ou tpu t  with  the pr efix ‘Dm’ while the unweight ed
t r iangula ted mea n  locat ion  is outpu t  wit h  a  ‘Tm ’ pr efix.  The weighted t r iangula ted mea n  is
out put  with  a ‘TmWt’ prefix.  The tabular  out put  can  be print ed.  

Con ve x h u ll (Chu ll)

The convex hu ll dr aws a  polygon  aroun d t he out er  point s of the dist r ibu t ion .  It  is
usefu l for  viewin g t he shape of the dis t r ibu t ion .  The rout in e outpu t s th ree st a t is t ics :

1. The sa mple size;
2. The number  of point s in  the convex hu ll
3. The X and Y coordin a tes for  each of the poin t s in  the convex hu ll

The convex hu ll can  be saved as  an  ArcView 'sh p', MapIn fo 'mif', or  At las*GIS 'bna '
file wit h  a  'Chull' pr efix.

Spat ia l Autocorre la tion  Indices

Spa t ial au tocor relat ion  indices iden t ify whet her  poin t  loca t ions a re spa t ially rela ted,
eit her  clu stered or  dispersed.  Two spa t ia l a u tocorrela t ion  in dices a re ca lcu la ted.  Both
require a n  int ensity var iable in t he pr ima ry file.

Moran ’s  “I” (Moran I)

Moran’s “I” st a t ist ic is the classic indica tor  of spa t ial au tocor relat ion .  It is a n  index
of covar ia t ion  between  d ifferen t  poin t  loca t ions  and is  simila r  to a  p roduct  moment
cor rela t ion  coefficien t , va rying fr om –1 to +1.  The Moran’s I rout in e ca lcu la tes 6 st a t is t ics :

1. Th e sample size
2. Mora n’s “I”
3. The spat ially ran dom (expected) “I”
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4. The sta nda rd deviat ion of “I”
5. A s ign ificance t es t  of “I” under  t he a ssumption  of norma lity (Z-t es t )
6. A s ign ificance t es t  of “I” under  t he a ssumption  of r andomiza t ion  (Z-t es t )

Valu es of I gr ea t er  t han  the expected  I in dica te clu ster in g while va lu es of I les s than
th e expected I indica te disper sion .  The significance test  indica tes wh ether  these differences
are grea ter  than  what  would be expected by chance.  The t abular  ou tpu t  can  be pr int ed.

Ad ju st  for sm a ll  d ist a n ces

If checked, small dis t ances a re adjust ed so tha t  the m aximum dis tance weight ing is
1 (see documen ta t ion  for  det a ils ).   Th is  ensu res  tha t  I will n ot  become excessively la rge for
poin t s t ha t  a re close t ogeth er .  The defau lt set t ing is no adjus tment .

Ge ary ’s  “C” (Geary C)

Gea ry’s “C” st a t ist ic is a n  a lter na t ive indicator of spa t ia l au tocorr ela t ion .  It  is a n
index of pa ired compa r ison bet ween  differ en t  point  locat ions a nd va r ies from 0 (similar
va lu es) to 2 (d issim ila r  va lu es).  The Geary’s C r out in e calcu la tes 5 s t a t is t ics : 

1. Th e sample size
2. Gea ry’s “C”’
3. The spa t ial r andom (expected) “C”
4. The st anda rd deviat ion  of “C”
5. A s ign ificance t es t  of “I” under  t he a ssumption  of norma lity (Z-t es t )

Valu es of C less tha n t he expected C in dica te clu ster in g while va lu es of C gr ea t er
th an  th e expected C indica te disper sion .  The significance test  indica tes wh ether  these
differences a re grea ter  than  what  would be expected by chance. The t abular  ou tpu t  can  be
print ed.

Ad ju st  for sm a ll  d ist a n ces

If checked, small dis t ances a re adjust ed so tha t  the m aximum dis tance weight ing is
1 (see documen ta t ion  for  det a ils ).   Th is  ensu res  tha t  C will n ot  become excessively la rge or
excessively sm all for  poin t s t ha t  a re close t ogeth er .  The defau lt set t ing is no adjus tment .

Moran Corre logram

The Moran  Corr elogra m calcula tes the Moran 's "I" index (not a djust ed for  sm all
dis t ances) for  differen t  dis t ance in terva ls /bin s. Lik e The user  can  select  any n umber  of
dis tance inter va ls.  The defau lt  is 10 dist ance inter va ls.  

Ad ju st  for sm a ll  d ist a n ces

If checked , small dist ances a re adjus ted so th a t  the maximum weight ing is 1 (see
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documen ta t ion for  deta ils .)   This en sures  tha t  the I  va lues  for  individua l dist ances won't
become excess ively large or excessively small for poin t s t ha t  a re close toget her . The defau lt
value is no ad just ment .

Sim ula t ion  of confidence in t e rva l s

A Monte Car lo s imula t ion  can  be run  to es t imate approximate confidence in terva ls
a roun d t he "I" va lue.  Specify the n umber  of sim ula t ions  to be run  (e.g., 100, 1000, 10000).  

O u t p u t

The out put  includes:

1. Th e sample size
2. The maximum d is tance
3. The bin (in terval) number
4. The m idpoin t  of the dist ance bin
5. Th e "I" va lu e for  the dis t ance bin  (I[B])

and  if a  s imula t ion  is  run :

6. The m inimum "I" valu e for  the dist ance bin
7. The m aximum "I" valu e for  the dist ance bin
8. The 0.5 per cent ile for  the dist ance bin
9. The 2.5 per cent ile for  the dist ance bin
10. The 97.5 per cent ile for  the dist ance bin
11. The 99.5 per cent ile for  the dist ance bin.

The two pa irs  of per cent iles (2.5 an d 97.5; 0.5 an d 99.5) crea te an  appr oximate 5%
and 1% confidence int erval. The m inim um and m aximum "I" values crea te an  envelope.

The tabula r  resu lt s can  be pr in ted, saved to a  t ext  file or  saved as a  '.dbf' file .  F or
the la t t er , specify a  file name in  the "Save r esu lt  to" in  the dia logue box.

Gr a p hi ng  th e "I: va lu es by d ist a nce

A graph  is  produced  tha t  shows  the "I " va lue on  the Y-axis  by the d is tance bin  on  the
X-axis .  Click  on  the "Graph" bu t ton .  The graph  displays  the reduct ion  in  spa t ia l
au tocorr ela t ion  wit h  dis t ance.  The graph  is u seful for  selectin g the t ype of ker nel in  the
Single- and Du el-ker nel in terpola t ion  rou t ines  when the pr ima ry var iable is weight ed (see
Interpola t ion).

Dista nc e Analysis  I

Distance ana lysis  pr ovides  st a t ist ics about  the dist ances between  poin t  loca t ions .  It
is useful for  ident ifying th e degree of clus ter ing of poin t s.  It  is somet imes  ca lled
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 Figure 2.6:

Distance Analysis I Screen
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second-order  ana lysis. The d istance rou t ines  a re divided in to two pa ges. On t he firs t  pa ge,
ther e a re four  rout ines  for  descr ibin g pr oper t ies  of the dist ances. 

Neares t  Ne ighbor Analys is  (Nna)

The nea rest  neighbor in dex pr ovides a n  approximat ion  about  wh et her  point s a re
more clus tered or disper sed t han  would be expected on the bas is of chance.  It compa res t he
average dis t ance of the nearest  other  poin t  (nearest  neighbor ) wit h  a  spa t ia lly r andom
expected dis t ance by divid ing the em pir ical a ver age nea rest  neigh bor dis t ance by the
expected r andom dis tance (the nea rest  neighbor in dex).  The nea rest  neighbor r out ine
requires  tha t  the geogra ph ica l ar ea  be ent ered on the Measu rement  Parameters pa ge an d
tha t  direct  dist ances be used. The Nna  rout ine calculat es 10 stat istics: 

1. Th e sample size
2. The mean  nearest  neighbor  dist ance 
3. The st anda rd deviat ion  of the nearest  neighbor  dist ance 
4. The min imum d is tance
5. The maximum d is tance
6. The mean  random dist ance (for  both  the bounding recta ngle and t he user

input  a rea , if pr ovided
7. The mean  disper sed d istance (for  both  the bounding recta ngle and t he user

input  ar ea, if provided)
8. The nearest  neighbor  index (for  both  the bounding recta ngle and t he user

input  ar ea, if provided)
9. The standa rd er ror of the nea rest  neighbor in dex (for  both  the boundin g

recta ngle and t he user inpu t a rea, if provided)
10. A significance test  of the nearest  neighbor  index (Z-test )

The tabular  resu lts  can  be pr int ed, saved to a t ext file, or  sa ved as  a  ‘dbf’ file.

N u m b er  of n ea r e st  n ei gh b or s

The K-nearest  neighbor  index compa res t he avera ge dista nce to the K t h  nearest  other
point  with  a spa t ially ra ndom expected dist ance.  The u ser  can  indica te th e nu mber of K-
nea rest  neigh bors t o be calcu la ted, if more t han  one are t o be calcu la ted. Crim eS tat will
ca lcu lat e 3 st a t ist ics for  each  order  specified:

1. The mean  nearest  neighbor  dist ance in m eters for  the order
2. The expected n earest  neighbor  dist ance in m eters for  the order
3. The nearest  neighbor  index for  the order

The Nna  rou t in e will u se the user -defin ed area  un less none is  provided in  which  case
it  will u se the boundin g r ectangle. The tabula r  resu lt s can  be pr in ted, saved to a  t ext  file or
out put  as a  ‘dbf’ file.
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Line ar Ne ares t  Ne ighbo r Ana lysis

The linea r  nea rest  neighbor in dex pr ovides a n  approximat ion  as t o whether  point s
a re more clu stered or  dispersed a lon g r oad segm ents than  would  be expected on the basis  of
chance.  It  is  used  with  ind irect  (Manha t tan) d is tances  and requ ires  the inpu t  of the tota l
length  of a  road  network  on  the measurement  pa rameters  page (see Measurement
Parameters).  If indirect d ist ances a re checked  on  the measu rement  pa rameters pa ge, then
the linear  nearest  neighbor  will be ca lcu lat ed when the Nn a  box is checked.  The linea r
nearest  neighbor  in dex is the ra t io of t he empir ica l a verage linear  nearest  neighbor  dis t ance
to the expected linea r  random dist ance. The Nna  rou t ine ca lcu la tes  9 s t a t is t ics  for  the
linea r  nea rest  neigh bor index:

1. Th e sample size
2. The mean  linear  nearest  neighbor  dist ance in m eters, feet  and m iles
3. The min im um dis tance between  poin t s a lon g a  gr id  network
4. The maximum dis tance between  poin t s a lon g a  gr id  network
5. The mean  random linear  dis t ance
6. The linear  nearest  neighbor  index
7. The st anda rd deviat ion  of the linear  nearest  neighbor  dist ance in m eters, feet

and m iles
8. The st anda rd er ror  of the linear  nearest  neighbor  index
9. A t -t est  of the difference between  the empir ica l an d expected linea r  nearest

neighbor  d is tance

N u m b er  of l in ea r  n e a r es t n ei gh b or s           

Nna  can  ca lcu la te K-neares t  linea r  neighbors  and compare th is  dis tance the average
linea r  dist ance to the K t h  nea rest  oth er  poin t  wit h  a  spa t ia lly random expected dis t ance. 
The user  can  in dica te the number  of K-nearest  linear  neighbors to be  ca lcu la ted, if more
than  one are t o be calcu la ted. Crim eS tat will ca lcu la te 3 s t a t is t ics  for  ea ch order  specified: 

1. The mean  linear  nearest  neighbor  dist ance in m eters for  the order
2. The expected linea r  nearest  neighbor  dist ance in m eters for  the order
3. The linear  nearest  neighbor  index for  the order

Ed ge cor r ect ion  of nea r est  n eig h bor s

The nearest  neighbor  ana lysis  (eit her  a rea l or  linear ) does not  adju st  for
under est ima t ion  for  inciden t s n ear  the bounda ry of the st udy ar ea .  It is possible th a t  there
ar e nearest  neighbors out side the boun dar y th at  ar e closer th an  th e measu red near est
neighbor .  The nearest  neighbor  ana lysis  has th ree edge correct ion  opt ion s: 1) n o
adjustm ent – th is is th e defau lt; 2) an  adjustm ent t ha t a ssum es the stu dy ar ea is a
rectangle; an d 3) an  adjust men t  tha t  assumes the study a rea  is a  circle.  The r ectangular
and circu lar  edge cor rect ions a djus t  the nearest  neighbor  dist ances of poin t s n ear  the
border . If a  poin t  is  closer  to the border  (of either  a  rectangle or  a  cir cle) than  to the
measu red n earest  neighbor  dist ance, th en  the dist ance to the border  is taken  as t he

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



2.23

adju st ed nea rest  neigh bor dis t ance. 

Riple y’s  “K” Statis tic  (Riple yK)

Ripley’s “K” sta t is t ic com pares the number  of poin t s wit h in  any dis t ance to an
expected n umber  for  a  spa t ially ra ndom dist r ibut ion .  The empir ica l count  is t r ansformed
in to a  square root  funct ion , ca lled  L, and  is  adjus ted  for  or ien ta t ion  (see documenta t ion  for
more deta ils).  Va lu es of L t ha t  a re gr ea ter  than  the upper  limit  of the sim ula t ion s in dica te
concen t r a t ion  wh ile va lues  of L les s t han  the lower  limit  of t he s imula t ions indica t e
dispersion. L is calcula ted for  each of 100 d ist ance int er vals (bins). The RipleyK r out ine
calculat es 6 sta tistics:

1. Th e sample size
2. The maximum d is tance
3. 100 d ist ance bins
4. The dist ance for ea ch bin
5. The t ransform ed st a t ist ic, L(t), for ea ch dist ance bin
6. The expected random L under  complete spa t ia l r andomness, L(csr )

In  add it ion, Crim eS tat can  est imate t he samplin g dis t r ibu t ion  by running spa t ia lly
random Monte Ca r lo s im ula t ion s over  the study a rea .  If one or  more spa t ia lly r andom
simulations a re specified, th ere ar e 6 additiona l sta tistics:

7. The min im um L va lu e for  the spa t ia lly r andom sim ula t ion s
8. The maximum L va lu e for  the spa t ia lly r andom sim ula t ion s
9. The 0.5 percen t ile L va lu e for  the spa t ia lly r andom sim ula t ion s
10. The 2.5 percen t ile L va lu e for  the spa t ia lly r andom sim ula t ion s
11. The 97.5 percen t ile L va lu e for  the spa t ia lly r andom sim ula t ion s
12. The 99.5 percen t ile L va lu e for  the spa t ia lly r andom sim ula t ion s

The tabular  resu lts  can  be pr int ed, saved to a t ext file, or  sa ved as  a  ‘dbf’ file.

Edge  correc t ion  o f R ip ley’s  K  sta t i s t i c

The defau lt  set t in g for  the Ripley’s “K” sta t is t ic does not  adju st  for  underest im at ion
for  inciden t s nea r  t he boundary of t he s tudy a rea .  However , it  is  possible t ha t  t here a re
point s out side t he study a rea  boun da ry tha t  a re closer  than  the sea rch r adiu s of the circle
used to enumera te the “K” sta t is t ic. The Ripley’s “K” sta t is t ic h as th ree edge correct ion
options: 1) no adjustm ent – th is is th e defau lt; 2) an  adjustm ent t ha t a ssum es the stu dy
area  is a r ectangle; and 3) an  adjus tment  tha t  assu mes t he st udy ar ea  is a circle.  The
rectangula r  and circu lar  edge cor rect ions a djus t  the Ripley’s “K” st a t ist ic for  poin t s n ear  the
border . If the dist ance of a  poin t  to the border  (of eith er  a  rectangle or  a  circle) is sm aller
than  to th e r adiu s of the circle used t o enu mer a te t he “K” st a t ist ics, then  the poin t  is
weigh ted  inver sely p ropor t iona l t o t he a rea  of t he sea rch  r adius tha t  is  with in  the border . 
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Output in term ed iate re su lts

Ther e is a  box labeled  “Ou tpu t  in ter media te r esu lt s”.  If checked, a  sepa ra te dbf file
will be ou tpu t  tha t  list s t he int ermedia te ca lcu lat ions.  The file will be ca lled
“RipleyTempOu tpu t.dbf”.  There are five out put  fields:

1. The poin t  number  (POIN T), sta r t ing at  0 (for t he firs t  point ) an d proceeding
to N–1 (for  t he Nth  poin t )

2. The sear ch r adius in m eters  (SEARCHRADI)
3. The coun t  of t he number  of other point s t ha t  a re wit h in  the sea rch r adiu s

(COUN T)
4. The weight  assigned, ca lcu lat ed from equa t ions 5.24 or  5.28 above (WEIGHT)
5. The count  t imes the weight  (CTIME SW)

Assign  P rimary P oints  to Se con dary P oints

This r out ine will a ss ign each pr imary point  to a seconda ry point  and t hen  will su m
by the number  of pr imary point s a ss igned to each  seconda ry point .  It  is u seful for  add ing
up t he number  of pr imary point s t ha t  a re close to each  seconda ry point .  For exa mple, in the
crime tr avel deman d module, th is rout ine can  assign incidents t o zones as t he module uses
zona l t ot a ls .  The r esult  is  a coun t  of p rimary poin t s a ssocia t ed  with  each  seconda ry poin t . 
It  is also possible to su m differen t  var iables sequ ent ially.  For example, in  the cr ime t ravel
demand module, both  the number  of cr im es or igin a t in g in  each  zon e and the number  of
cr imes  occur r ing in  each  zone a re needed .  Th is  can  be accomplished  in  two runs.  F ir s t,
sum the in ciden t s defin ed by t he or igin  coordin a tes to each  zon e (secondary file).  Second,
su m the in ciden t s defined by t he dest ina t ion coordin a tes  to each zone (also seconda ry file). 
The r esu lt  would  be t wo columns, one showing t he number  of origins in  each seconda ry file
zone and t he second sh owing the number  of dest ina t ions in  each  seconda ry file zone.

Th er e a re t wo met hods for  ass igning the pr imary poin t s t o th e seconda ry.

N ea r e st  n ei gh b or  a s si gn m e n t

Th is r out ine a ss igns each p r imary poin t  to th e seconda ry poin t  to which it  is closes t . 
If there a re two or  more secondary poin t s tha t  a re exa ct ly equa l, the assignment  goes to the
first one on t he list.

P oi n t -i n -p o lyg on  a s si gn m e n t

This r out ine a ss igns each pr imary point  to th e seconda ry point  for  wh ich it  falls
wit h in  it s polygon  (zone).  A zone (polygon) sh ape file must  be provided a nd t he r out ine
checks which  secondary zone each  p r imary poin t  fa lls  with in .

Zone  fi l e

A zon a l file must  be provided.  This  is  a  polygon  file tha t  defin es the zon es to which
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the pr ima ry point s a re assigned. The zone file sh ould be th e sa me as t he seconda ry file (see
Secondary file).  F or  each  poin t  in  the pr im ary file, t he rout in e iden t ifies which  polygon
(zone) it  belongs  to and  then  sums the number  of poin t s  per  polygon .

Na m e of a s s igned  var iab le

Specify the n ame of the summed var iable.  Th e defau lt  name is  FRE Q.  

Use w e igh t ing  fi l e

The pr im ary file records can  be weighted by a nother  file.  This  would  be usefu l for
cor rect ing the tota ls from the pr ima ry file.  For example, if the pr ima ry file were robbery
inciden t s from a n  ar rest  record, th e su m of th is var iable (i.e. th e tota l nu mber  of robber ies)
may pr oduce a biased d ist r ibu t ion  over  the seconda ry file zones because the pr imary file
was n ot  a  random sa mple of a ll inciden t s (e.g., if it cam e from an  ar rest  record wh ere the
dis t r ibu t ion of robbery ar res t s is  not t he same a s t he dist r ibu t ion of all r obber y inciden t s).  

The seconda ry file or  another  file can  be used t o adjus t  the su mmed t ota l.  The
weight ing var iable sh ould have a field tha t  ident ifies the ra t io of the t rue to the measu red
count  for  each  zon e.  A va lu e of 1 indica tes tha t  the summed va lu e for  a  zon e is  equa l t o the
tr ue value; hence no adjustm ent is needed.  A value great er th an  1 indicat es tha t t he
sum med value needs to be adjusted upwar d to equa l th e tru e value.  A value less tha n 1
indica tes t ha t  the su mmed valu e needs t o be ad just ed downwa rd t o equa l th e t rue value.

If another  file is  to be  used for  weight in g, in dica te whether  it  is  the secondary file or ,
if another  file, the name of the other  file.

N am e of assigned  weighted variable

For a  weigh ted su m, specify the n ame of the va r iable.  Th e defau lt  will be ADJ FRE Q. 

S a v e  r es u lt  t o

For  bot h  rout in es, t he outpu t  is  a  'dbf' file. Defin e the file name.  Note: be careful
about  using th e sa me name as t he seconda ry file as t he sa ved file will have th e new
var iable.  It is bes t  to give it  a  new name.

A new va r iable will be added to th is file tha t  gives t he number  of pr imary point s in
each  secondary file zon e and, if weight in g is used, a  secondary var ia ble will be added which
has t he a dju st ed frequ en cy.

Dis tan ce  Analy s is  II

On the second Dis tance Analysis  page, t here a re four  rout in es tha t  ca lcu la te dis t ance
ma tr ices:
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 Figure 2.7:

Distance Analysis II Screen
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D is ta n ce  Ma tri ce s

1. From ea ch pr imary point  to every other  pr imary point
2. From ea ch pr imary point  to each  seconda ry point
3. From ea ch pr imary point  to th e cent roid of each r eferen ce file gr id cell.  This

requires a reference file to be defined or u sed.
4. From ea ch seconda ry point  to th e cent roid of each r eferen ce file gr id cell.  This

requires a reference file to be defined or u sed.

Cr im eSta t  can  ca lcu la te the dis t ances between  poin t s for  a  sin gle file or  the
dis tances bet ween  point s for  two differ en t  files.  These m at r ices can  be u seful for  examining
the frequ en cy of differ en t  dis t ances or  for  pr oviding dis t ances for a noth er  pr ogra m.

Wit h in  file p oin t-to-p oin t (Ma tr ix)

This rou t ine out pu t s t he dist ance between  each  poin t  in t he pr ima ry file to every
other  poin t  in  a  specified dis t ance u n it  (miles, n au t ica l m iles, feet , k ilometer s, or  meter s.) 
The Mat r ix ou tpu t  can  be saved as  a  Crim eSt a t  dist ance file which  can  be used t o speed  up
raw ca lcu lat ions (see Dista nce opt ions u nder  Data  Set up). The Ma t r ix ou tpu t  can  a lso be
sa ved to a t ext  file. 

From  a ll  p r im a r y file p oin ts  to a ll  secon d a r y file p oin ts  (IMa tr ix)

This  rout in e outpu t s the dis t ance between  each  poin t  in  the pr im ary file to each
poin t  in t he seconda ry file in a  specified dist ance un it (miles, na u t ica l miles, feet ,
kilometer s, or  meter s). The IMat r ix outpu t  can  be saved as a  Cr im eSta t  dis t ance file which
can  be used t o speed  up r aw ca lcu lat ions (see Dista nce opt ions u nder  Data  Set up).  The
IMa t r ix ou tpu t  can  a lso be saved to a t ext file.

From  p r im a r y p oin ts  to g r id  (PG Ma tr ix)

This  rout in e outpu t s the dis t ance between  each  poin t  in  the pr im ary file to the
cen t roid  of each  cell in  the reference gr id .  A reference has  to be defined  or  p rovided  on  the
Reference file pa ge.  Again , th e dist ance un its  must  be specified (miles, nau t ica l miles, feet ,
kilometers, or  meters).  The out pu t  can  be saved as  a  Crim eSt a t  dist ance file which  can  be
used to speed up raw ca lcu la t ion s (see Dis tance opt ion s under  Data  Setup). The outpu t  can
be sa ved as  a  Crim eSt a t  dist ance file which  can  be used t o speed  up r aw ca lcu lat ions (see
Dist ance opt ions u nder  Data  Set up).  The out pu t  can  a lso be saved to a t ext file.

From  secon d a r y p oin ts  to g r id  (SG Ma tr ix)

This  rout in e outpu t s the dis t ance between  each  poin t  in  the secondary file to the
cen t roid  of each  cell in  the reference gr id .  A reference has  to be defined  or  p rovided  on  the
Reference file pa ge.  Again , th e dist ance un its  must  be specified (miles, nau t ica l miles, feet ,
kilometers, or  meters).  The out pu t  can  a lso be saved to a t ext file.
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    Figure 2.8:

'Hot Spot' Analysis I Screen

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



2.30

clus ter s  a re t r ea ted  as separa te poin t s  to be clus tered  in to th ird -order  clus ter s , and  so on . 
H igher -order  clus ter s will be ident ified on ly if the dist ance between  their cent er s a re closer
than  the n ew threshold dis t ance. 

The tabular  resu lts  can  be pr int ed, saved to a t ext file, or  ou tpu t  as a  '.dbf' file.  The
graph ical r esu lt s can  be outpu t  as either  ellipses or a s convex hu lls (or  both ) to ArcView
'.shp', MapInfo '.m if' or  At la s*GIS '.bna ' files.  Separa te file names must  be selected for  the
ellipse  out pu t  and for the convex hu ll out pu t . 

The rou t ine out pu t s six resu lts  for  each  clus ter  tha t  is ca lcu lat ed:

1. The h iera rch ica l order  and t he clus ter  number
2. The mean  center  of the clus ter  (Mean  X and Mea n  Y)
3. The standard devia t ion a l ellipse of the clu ster  (the rota t ion  and the lengt hs of

the X and Y axes
4. The number  of poin t s in  the clus ter
5. The area  of the clus ter
6. The density of the clus ter  (poin t s divided by ar ea)

Nn h t hr eshold  d ist a nce

The th resh old dist ance is th e search  rad ius  a round  a pair  of poin t s.  For  each  pa ir  of
points, the routine determines wheth er th ey ar e closer together  th an  th e sear ch r adius.
Th ere a re two wa ys  to determin e a  th reshold dis t ance: 

R andom  nearest neigh bor d istance

Firs t , th e sea rch  dist ance is chosen  by th e random n earest  neighbor  dist ance.  The
defau lt  va lu e is  0.1 (i.e., fewer  than  10% of the pa ir s could  be expected to be  as close or
closer  by chance.)  Pa ir s  of poin t s t ha t  a r e closer  t ogether  t han  the th reshold  dis t ance a re
grouped  together  whereas pair s  of poin t s t ha t  a r e grea t er  t han  the th reshold  dis t ance a re
ignored .  The smaller  the significan ce level tha t  is selected, the smaller  the t h reshold
dist ance and, usua lly, th e fewer  pa irs  will be selected.  On t he other  hand, choosing a h igher
significance level, the lar ger t he th resh old dist ance and, usua lly, th e more pa irs  will be
selected.  H owever , t he h igher  the sign ificance level ch osen , t he gr ea ter  the likelihood tha t
clus ter s could  be chance group ings.  

Th e slide ba r  is  used to adjust  the sign ificance level.  Move the slide ba r  to the left  to
choose a  smaller  th reshold  dis tance and  to the r igh t  to choose a  la rger  th reshold  dis tance.

Fixed  d istance

Second, a  fixed dist ance can  be select ed.  The defau lt  is 1 mile.  In  th is case , the
sea rch  radius u ses t he fixed dist ance and t he slide bar  is inopera t ive.
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N n h  m i n i m u m  n u m b er  of p o in t s

Th e m in imum number  of poin t s r equ ired for  ea ch clust er  a llows t he u ser  to specify a
min im um number  of poin t s for  each  clu ster . The defau lt  is  10 poin t s.  Rest r ict ion s on the
number  of clust er s can  be placed by definin g a  minimum number  of point s t ha t  a re
requ ired.  If ther e a re t oo few point s a llowed, then  ther e will be m any ver y sm all clus ter s. 
By increasing th e number  of required  poin t s, the number  of clus ter s will be redu ced.

El l ip s e ou t p u t

Th e resu lt s can  be outpu t  gr aphica lly a s an  ellipse to ArcView '.shp', MapInfo '.m if'
or  At la s*GIS '.bna ' files.  The prefix will be 'NNH1' for  the fir st -order  ellipses, 'NNH2' for
the second-order  ellipses, and 'NNH3' for  the t h ird-order  ellipses.  Higher -order  ellipses will
on ly index th e number .

Ou tp u t s iz e for N n h  ell ip ses

The cluster out put  size can  be adjusted by th e lower slide bar .  This specifies th e
number  of ellipse st anda rd deviat ions t o be ca lcu lat ed for  each  clus ter : one st anda rd
devia t ion  (1X - the defau lt  va lu e), on e and a  ha lf s t andard devia t ion s (1.5X), or  two
standard devia t ion s (2X).  The defau lt  va lu e is  one st andard devia t ion .  Typica lly, one
st anda rd devia t ion  will cover  more t han  ha lf the cases wh er ea s t wo st anda rd devia t ions will
cover  more than  99% of the cases , though  the exact  percen tage will depend  on  the
dist r ibut ion .  Slide t he bar  to select  the number  of st anda rd deviat ions for  the ellipses.  The
output  file is  saved as Nnh<n umber><root  name>.  Th e number  is  the order  of the
clus ter ing (i.e., 1, 2…) while the root  name is provided by the user .

Rest r ict ions on t he number  of clus ter s can  be placed by defining a m inim um number
of poin t s t ha t  a re required .  The defau lt is 10.  If there are too few poin t s a llowed, then
ther e will be m any ver y sm all clus ter s.  By increasin g the n umber  of requ ired poin t s, t he
nu mber of clusters will be reduced.

C on v ex h u l l cl u st er  ou t p u t

The clu ster s can  a lso be  outpu t  as convex h u lls to ArcView '.shp', MapInfo '.m if' or
Atla s*GIS  '.bna ' files.  Specify a  file name.  The name will be outpu t  wit h  a  'CNN H1' pr efix
for  t he fir s t-order  clust er s , a  'CNNH2' p refix for  t he second-order  clust er s , and a  'CNNH3'
pr efix for  the th ird -order  clus ter s.  Higher -order  clus ter s will index on ly the number .

N n h  si m u l a t i on  r u n s

A Monte Car lo s imula t ion  can  be run  to es t imate the approximate confidence
in terva ls  a round  fir s t -order  Nnh  clus ter s ; second- and  h igher -order  clus ter s  a re not
simulat ed sin ce their s t ructure depen ds on fir st -order  clus ter s.  The u ser  specifies the
number  of sim ula t ion r uns a nd t he Nnh clus ter ing is ca lcula ted for  randomly ass igned da ta . 
The ran dom out put  is sort ed and percentiles are calculat ed. The out put  includes the

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



2.32

number  of firs t -order  clus ter s, t he a rea , the n umber  of poin t s, a nd t he den sit y. Twelve
percen t iles a re iden t ified for  these st a t is t ics : 

1. The min im um for  the spa t ia lly r andom sim ula t ion s
2. The maximum for  the spa t ia lly r andom sim ula t ion s
3. Th e 0.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
4. The 1s t percen t ile for  the spa t ia lly r andom sim ula t ion s
5. Th e 2.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
6. The 5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
7. The 10 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
8. The 90 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
9. The 95 percen t ile for  the skpa t ia lly r andom sim ula t ion s
10. The 97.5 percen t ile for  the spa t ia lly r andom sim ula t ion s
11. The 99 percen t ile for  the spa t ia lly r andom sim ula t ion s
12. The 99.5 percen t ile for  the spa t ia lly r andom sim ula t ion s
These can  a llow eigh t  a  one-ta il or  two-ta il significance test .  For exam ple, for  a  5%

one-ta il t est , use t he 95 t h  per cent ile whereas for  a  5% two-ta il t est , use t he 2.5th  and 97.5th
percent iles.  The simu lat ed da ta  tha t  is used  can  be viewed by checking th e 'Dump
simulat ion  da ta ' box on  the Opt ions t ab.

Risk-Adjus ted N ea rest  N eig hbo r Hierarchic al  Spatial  Clus tering  (Rnnh )

The r isk-adju sted nearest  neighbor  h iera rch ica l spa t ia l cluster in g r out in e gr oups
poin t s t ogether  on t he ba sis  of spa t ia l pr oximit y, bu t  the gr oup ing is a dju st ed accord ing to
the dist r ibu t ion of a baseline va r iable.  Th e r out ine r equ ires  both  a  pr imary file (e.g.,
robber ies) an d a  seconda ry file (e.g., popu la t ion).  For t he seconda ry var iable, if an  in ten sit y
or  weight  var iable is to be used, it sh ould be specified.

The user  select s a  th resh old pr obability for  groupin g a pa ir of poin t s t ogeth er  by
chance and  the min imum number  of poin t s  tha t  a re requ ired  for  each  clus ter , and  an  ou tpu t
size for  displa ying t he clu ster s wit h  ellipses.  In  addit ion , a  kernel densit y m odel for  the
seconda ry var iable m ust  be specified. The t h reshold d ist ance is deter mined by the t h reshold
proba bilit y a nd the gr id  cell densit y produced  by the kernel densit y est im ate of the
seconda ry var iable.  Th us, in  a rea s with  h igh  densit y of the seconda ry var iable, t he
thresh old dist ance is sm aller t han  in a reas with  low den sity of the seconda ry var iable.

The r out ine iden t ifies  fir st -order  clust er s, r epresen t ing groups of point s t ha t  a re
closer  together  than  the th reshold  dis tance and  in  which  there is  a t  leas t  the min imum
number  of poin t s specified by th e user . Clust er ing is h iera rchica l in  tha t  the firs t -order
clus ter s  a re t r ea ted  as separa te poin t s  to be clus tered  in to second-order  clus ter s , and  the
second-order  clus ter s a re t r ea ted a s separa te poin t s t o be clus tered int o th ird -order  clus ter s,
and so on .  Higher -order  clus ter s will be ident ified on ly if the dist ance between  their cent er s
a re closer  than  the n ew threshold dis t ance. 

The tabular  resu lts  can  be pr int ed, saved to a t ext file, or  ou tpu t  as a  '.dbf' file.  The
graph ical r esu lt s can  be outpu t  as either  ellipses or a s convex hu lls (or  both ) to ArcView
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'.shp', MapInfo '.m if' or  At la s*GIS '.bna ' files.  Separa te file names must  be selected for  the
ellipse  out pu t  and for the convex hu ll out pu t . 

The rou t ine out pu t s six resu lts  for  each  clus ter  tha t  is ca lcu lat ed:

1. The h iera rch ica l order  and t he clus ter  number
2. The mean  center  of the clus ter  (Mean  X and Mea n  Y)
3. The standard devia t ion a l ellipse of the clu ster  (the rota t ion  and the lengt hs of

the X and Y axes
4. The number  of poin t s in  the clus ter
5. The area  of the clus ter
6. The density of the clus ter  (poin t s divided by ar ea)

Rn nh  th resh old  d ist a nce

The th reshold  dis t ance is  the confidence in terva l a round a  random expected dis t ance
for  a  pair  of poin t s .  However , un like the Nnh  rou t ine where the th reshold  dis tance is
const an t  t h roughou t  t he s tudy a rea , t he th reshold  dis t ance for  t he Rnnh  rou t ine is  ad just ed
inver sely pr opor t iona l to th e dist r ibu t ion  of the seconda ry (ba seline) var iable.  In  a rea s with
a  h igh densit y of th e seconda ry var iable, t he t h reshold d ist ance will be sm all wher ea s in
areas with  a  low den sity of the seconda ry var iable, th e th resh old dist ance will be lar ge.  The
defau lt t h resh old probability is 0.1 (i.e., fewer  than  10% of the pa irs  could be expected t o be
as close or closer  by cha nce.)  Pa ir s of point s t ha t  a re closer  toget her  than  the t h reshold
dis tance ar e grouped toget her  wh er ea s pa ir s of point s t ha t  a re grea ter  than  the t h reshold
dist ance are ignored.  The smaller t he significance level th a t  is selected, th e sm aller t he
th reshold dista nce and, usua lly, th e fewer pa irs will be selected.  On th e oth er ha nd,
choosin g a  h igher  sign ificance level, the la rger  the th reshold  dis t ance and, u sua lly, the more
pa irs  will be selected.  However, th e h igher  the significance level chosen , th e grea ter  the
likelihood t ha t  clus ter s could be chance groupin gs.  Move th e slide bar  to the left  to choose a
sm aller t h resh old dist ance and t o the r igh t  to choose a  lar ger t h resh old dist ance.

R n n h  r i sk  p a r a m et er s

A dens ity es t imate of the secondary var iable mus t  be ca lcu la ted  to ad jus t  the
threshold dis t ance of th e pr imary var iable.  Th is is  done t h rough  ker nel den sit y est imat ion. 
The r isk  pa ramet er s t ab defines  th is m odel.  The seconda ry var iable is  automa t ically
assu med t o be th e 'at  r isk' (baseline) var iable.  If an  int ensity or  weight  var iable has been
used in  the secondary file, it  should  be checked. The user  specifies a  method of in terpola t ion
(normal, un iform, quar t ic, t r iangu la r , and  nega t ive exponen t ia l kernels ) and  the choice of
ba ndwidt h  (fixed in ter va l or a da pt ive in ter va l).  If an  ada pt ive in ter va l is u sed, t he
minim um sa mple size for  the ban d widt h  (sea rch  radius) mu st  be specified.  If a  fixed
in ter val is u sed, t he size of the in ter val (radiu s) must  be specified a long with  the
measurement  un it s (miles, n au t ica l m iles, feet , k ilometers, m eter s).  F in a lly, the un it s of
the ou tpu t  den sity mu st  be specified (squ ared m iles, squ ared n au t ica l miles, squared feet,
squared kilometer s, squared meter s).
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The r out ine overlays a  50 x 50 gr id on the study a rea  and calcula tes a  ker nel densit y
est im ate of the secondary var ia ble.  The densit y is then  re-sca led to equa l t he sample size of
the pr im ary var ia ble.  F or  each  gr id  cell, a  cell-specific th reshold  dis t ance is  ca lcu la ted for
groupin g a pa ir of poin t s t ogeth er  by chance.  The th resh old pr obability selected by th e user
is applied t o th is cell-specific th resh old dist ance to pr odu ce a  th resh old dist ance tha t
cor responds to the cell-specific confidence in terva l.  Pa ir s  of poin t s  tha t  a re closer  than  the
cell-specific th reshold dis t ance are select ed for  firs t -order  clus ter ing.

R n n h  m i n i m u m  n u m b er  of p o in t s

Th e m in imum number  of poin t s r equ ired for  ea ch clust er  a llows t he u ser  to specify a
min imum number  of poin t s for ea ch clust er . The defau lt  is 10 point s. Third, t he outpu t  size
for  t he clust er s  can  be adjust ed  by the second s lide ba r .  These a re the number  of s tanda rd
deviat ions defined by the ellipse, from one st anda rd deviat ion  (the defau lt va lue) to th ree
st anda rd deviat ions.  Typica lly, one st anda rd deviat ion  will cover a bout  65% of the cases
whereas t h ree st anda rd deviat ions will cover m ore than  99% of the cases.

El l ip s e ou t p u t

Th e resu lt s can  be outpu t  gr aphica lly a s an  ellipse to ArcView '.shp', MapInfo '.m if'
or  At la s*GIS '.bna ' files.  The prefix will be 'RNNH1' for  the fir st -order  ellipses, 'RNNH2' for
the second-order  ellipses, and 'RNNH3' for  the th ird -order  ellipses.  H igher -order  ellipses
will on ly index th e number .

Ou tp u t s iz e for R n n h  ell ip ses

The cluster out put  size can  be adjusted by th e lower slide bar .  This specifies th e
number  of ellipse st anda rd deviat ions t o be ca lcu lat ed for  each  clus ter : one st anda rd
devia t ion  (1X - the defau lt  va lu e), on e and a  ha lf s t andard devia t ion s (1.5X), or  two
standard devia t ion s (2X).  The defau lt  va lu e is  one st andard devia t ion .  Typica lly, one
st anda rd devia t ion  will cover  more t han  ha lf the cases wh er ea s t wo st anda rd devia t ions will
cover  more than  99% of the cases , though  the exact  percen tage will depend  on  the
dist r ibut ion .  Slide t he bar  to select  the number  of st anda rd deviat ions for  the ellipses.  The
output  file is  saved as Rn nh<n umber><root  name>.  Th e number  is  the order  of the
clus ter ing (i.e., 1, 2…) while the root  name is provided by the user .

Rest r ict ions on t he number  of clus ter s can  be placed by defining a m inim um number
of poin t s t ha t  a re required .  The defau lt is 10.  If there are too few poin t s a llowed, then
ther e will be m any ver y sm all clus ter s.  By increasin g the n umber  of requ ired poin t s, t he
nu mber of clusters will be reduced.

C on v ex h u l l cl u st er  ou t p u t

The clu ster s can  a lso be  outpu t  as convex h u lls to ArcView '.shp', MapInfo '.m if' or
Atla s*GIS  '.bna ' files. Specify a  file name.  The name will be outpu t  wit h  a  'CRNNH1' pr efix
for t he first-order clust ers, a 'CRNNH 2' prefix for t he second-order clust ers, and a
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'CRNNH3' pr efix for t he t h ird-order  clus ter s.  H igher -order  clus ter s will index only t he
number .

R n n h  si m u l a t i on  r u n s

A Monte Car lo s imula t ion  can  be run  to es t imate the approximate confidence
in terva ls  a round  fir s t -order  Rnnh  clus ter s ; second- and  h igher -order  clus ter s  a re not
simulat ed sin ce their s t ructure depen ds on fir st -order  clus ter s. The u ser  specifies the
number  of simulat ion  runs a nd t he Rnn h clus ter ing is ca lcu lat ed for  randomly ass igned
dat a.  The ra ndom out put  is sort ed and percentiles are calculat ed. The out put  includes the
number  of firs t -order  clus ter s, t he a rea , the n umber  of poin t s, a nd t he den sit y.  Twelve
percen t iles a re iden t ified for  these st a t is t ics : 

1. The min im um for  the spa t ia lly r andom Rn nh sim ula t ion s
2. The maximum for  the spa t ia lly r andom Rn nh sim ula t ion s
3. The 0.5 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
4. The 1 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
5. The 2.5 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
6. The 5 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
7. The 10 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
8. The 90 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
9. The 95 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
10. The 97.5 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
11. The 99 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s
12. The 99.5 percen t ile for  the spa t ia lly r andom Rn nh sim ula t ion s

The sim ula ted da ta  tha t  is  used can  be viewed by ch eckin g t he 'Dump sim ula t ion
da ta ' box on  the Opt ions t ab.

‘Ho t Spot’ Analy s is  II

The ‘Hot Spot’ Ana lysis II tab includes thr ee different  rout ines:

1. The Spa t ial a nd Tem pora l Ana lysis of Cr ime modu le (STAC)
2. K-Mea ns clust er ing
3. Anselin ’s  loca l Moran  st a t is t ics

Spatia l a n d Te m pora l An aly s is  of Crim e  (STAC)

The Spa t ia l a nd Tempora l An a lysis  of Cr im e (STAC) r out in e is  a  va r ia ble-dis t ance
clust er ing rou t ine.  It  in it ia lly groups  poin t s t ogether  on  the basis  of a  const an t  sea rch
radius, but  then  combines  clus ter s t ha t  overlap. On the STAC Pa rameters t ab, define a
search r adiu s, t he m in imum number  of poin ts t ha t  a re r equ ired for  ea ch clust er , and a n
ou tpu t  size for  displaying the clust er s  with  ellip ses . The r esult s  can  be p rin t ed , s aved  to a
text  file, ou tpu t  as a  '.dbf' file , or  outpu t  as ellipses or  as convex h u lls (or  both) to ArcView
'.sh p', MapIn fo '.m if' or  Atlas*GIS  '.bna ' files
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    Figure 2.9:

'Hot Spot' Analysis II Screen
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The rou t ine out pu t s six resu lts  for  each  clus ter  tha t  is ca lcu lat ed:

1. The h iera rch ica l order  and t he clus ter  number
2. The mean  center  of the clus ter  (Mean  X and Mea n  Y)
3. The standard devia t ion a l ellipse of the clu ster  (the rota t ion  and the lengt hs of

the X and Y axes
4. The number  of poin t s in  the clus ter
5. The area  of th e ellipse
6. The density of the ellipse (ellipse point s divided by ar ea)

S T AC  p a r a m et er s

The STAC paramet er s t ab a llows the select ion  of a  sea rch r adiu s, t he m inimum
number  of poin t s, t he scan  type, t he boundary defin it ion , t he number  of sim ula t ion  runs,
an d th e out put  size of th e STAC ellipses.

S T AC  sea r c h  r a d i u s

The sea rch r adiu s is  the dist ance with in  the STAC rout ine sea rches .  The defau lt  is
0.5 miles.  A 20 x 20 gr id  is  over la id  on the study a rea .  At  each  in ter sect ion  of a  row and a
column, the rou t ine coun ts  a ll poin t s  tha t  a re closer  than  the sea rch  rad ius .  Over lapping
cir cles  are combined  to form va r iable-s ize clust er s . The smaller  t he sea rch  r adius tha t  is
selected, t he fewer  poin t s will be selected.  On the other  hand, ch oosin g a  la rger  sea rch
area , th e more poin t s will be selected.  However, th e lar ger t he sea rch  area , th e grea ter  the
likelihood  tha t  clus ter s  cou ld  be chance group ings .  On  the STAC Parameters  t ab, type the
sea rch  radius in to the box an d indica te the measu rement  un its  (miles, nau t ica l miles, feet ,
kilometer s, m eters).

S TAC sc a n  typ e

The scan  type is th e type of grid over laid on t he st udy ar ea .  Ther e are two choices:
rectangula r  (defau lt ) an d t r iangula r . 

S T AC  bou n d a r y

The study a rea  boun da r ies can  be defined from t he da ta  set  or t he r eferen ce grid .

S T AC  m i n i m u m  n u m b e r  of p o in t s

Th e m in imum number  of poin t s r equ ired for  ea ch clust er  a llows t he u ser  to specify a
minim um number  of poin t s for  each  clus ter . The defau lt is 5 point s. If there are too few
poin t s a llowed, t hen  there will be many very small clu ster s.  By increasin g t he number  of
required points, the nu mber of clusters will be reduced.  On th e STAC Par am eters t ab, type
the m in imum number  of poin t s each clust er  is r equ ired to ha ve.  
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Ou tp u t s iz e for S TAC el li p ses

Th e clust er  out pu t  size of the ellip ses can  be a dju st ed by t he lower  slide ba r . 
The rout in e will ou tpu t  one st andard devia t ion  (1X), one and ha lf s t andard devia t ion s
(1.5X), and t wo st anda rd devia t iona l (2X) ellipses. Typically, if the da ta  a re r andomly
dis t r ibu ted, on e st andard devia t ion  will cover  about  50% of the cases whereas two standard
deviat ions will cover m ore than  99% of the cases; however , th e actua l percentages may
differ . 

On the STAC Parameter s t ab, Slide the ba r  to select  the number  of st andard
deviat ions for  the ellipses.  The ou tpu t  file is sa ved as  ST<root nam e>.  The r oot  name is
pr ovided by the user .

C on v ex h u l l cl u st er  ou t p u t

The clu ster s can  a lso be  outpu t  as convex h u lls to ArcView '.shp', MapInfo '.m if' or
Atla s*GIS '.bn a ' files . Specify a  file name.  Th e n ame will be outpu t  wit h  a  'CST' pr efix.

S T AC  si m u l a t i on  r u n s

A Monte Car lo s imula t ion  can  be run  to es t imate the approximate confidence
in terva ls  a round the STAC cluster s. The user  specifies the number  of sim ula t ion  runs and
the STAC clus ter ing is ca lcu lat ed for  randomly ass igned da ta .  The r andom out pu t  is sort ed
and per cent iles  are calcula ted. The outpu t  includes  the n umber  of clus ter s, t he a rea , the
number  of poin t s, a nd the densit y.  Twelve percen t iles a re iden t ified for  these st a t is t ics : 

1. The min im um for  the spa t ia lly r andom sim ula t ion s
2. The maximum for  the spa t ia lly r andom sim ula t ion s
3. Th e 0.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
4. The 1s t percen t ile for  the spa t ia lly r andom sim ula t ion s
5. Th e 2.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
6. The 5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
7. The 10 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
8. The 90 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
9. The 95 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
10. Th e 97.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
11. The 99 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
12. Th e 99.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s

These can  a llow eigh t  a  one-ta il or  two-ta il significance test .  For exam ple, for  a  5%
one-ta il t est , use t he 95 t h  per cent ile whereas for  a  5% two-ta il t est , use t he 2.5th  and 97.5th
percent iles.  The simu lat ed da ta  tha t  is used  can  be viewed by checking th e 'Dump
simulat ion  da ta ' box on  the Opt ions t ab.
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K-mean s  Cluster ing  (KMeans)

The K-means clu ster in g r out in e is  a  procedure for  par t it ion in g a ll the poin t s in to K
groups in  wh ich K is  a  number  ass igned by the u ser . The r out ine finds K seed locat ions in
wh ich point s a re a ss igned to th e n ea rest  clus ter .  The defau lt  K is  5.   If K is  sm all, the
clus ter s will typica lly cover  la rger  a rea s.  

The tabular  resu lts  can  be pr int ed, saved to a t ext file, or  ou tpu t  as a  '.dbf' file.  The
graph ical r esu lt s can  be outpu t  as either  ellipses or a s convex hu lls (or  both ) to ArcView
'.shp', MapInfo '.m if' or  At la s*GIS '.bna ' files.  Separa te file names must  be selected for  the
ellipse  out pu t  and for the convex hu ll out pu t . 

In i t ia l  c lu st er  l oc a t ion s

The rout in e st a r t s wit h  an  in it ia l guess (seed) for  the K loca t ion s and then  conducts
loca l opt imiza t ion. The u ser  can  modify th e loca t ion of th e in it ia l clus ter s in  two wa ys:

1. Th e separa t ion bet ween  the in it ia l clus ter s can  be in creased or  decreased. 
Ther e is a  sepa ra t ion  sca le wit h  pr e-defined values from 1 to 10; the defau lt  is
4.  Th e u ser  can  type in  any number , however  (e.g., 15).  Increasin g the
number  increases t he separa t ion  bet ween  the in it ia l clust er  locat ions while
decreasin g the n umber  decreases t he separa t ion.  

2. The u ser  can  also define t he initia l loca t ions and t he nu mber of clust ers , K,
wit h  a  seconda ry file.  The r out ine t akes K from t he number  of point s in  the
seconda ry file and t akes  the X/Y coordina tes of the poin t s a s t he init ial seed
loca t ions . 

Ou tp u t s iz e for K -m ea n s ell ip ses

For  both  methods, t he clus ter  ou tpu t  size of the ellipses can  be ad just ed by th e lower
slide ba r .  The rout in e will ou tpu t  one st andard devia t ion  (1X), on e and ha lf s t andard
deviat ions (1.5X), an d t wo st anda rd deviat iona l (2X) ellipses. Typica lly, if the da ta  a re
randomly distr ibut ed, one st anda rd deviat ion  will cover a bout  50% of the cases wh ereas t wo
st anda rd deviat ions will cover m ore than  99% of the cases; however , th e actua l percentages
may d iffer . 

Slide the bar  to select  the number  of st andard devia t ion s for  the ellipses.  The outpu t
file is saved a s KM<root nam e>. The root  name is provided by the user .

C on v ex h u l l cl u st er  ou t p u t

The clu ster s can  a lso be  outpu t  as convex h u lls to ArcView '.shp', MapInfo '.m if' or
Atla s*GIS '.bn a ' files .  Specify a  file name.  Th e n ame will be outpu t  wit h  a  'CKM' pr efix.
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 Anse lin 's Loc al Moran  (L-Moran )

Anselin 's  Loca l Moran  st a t is t ic app lies  the Moran 's  "I" s ta t is t ic t o individua l poin t s
(or  zones ) t o a sses s whether  pa r t icu la r  poin t s/zones  are spa t ia lly r ela t ed  to the nea rby
poin t s (or  zones.) The s t a t ist ic requires  an  int ensity var iable in t he pr ima ry file.  Un like the
globa l Moran 's "I" st a t ist ic, th e loca l Moran  is applied to each  individua l point /zone.  The
index point s t o clus ter ing or  disper sion  relat ive to the loca l neighborh ood.  Point s (or  zones)
wit h   h igh "I" valu es have an  in ten sit y value t ha t  is h igher  than  their  neighbors  wh ile
poin t s wit h  low "I" va lu es have in tensit y va lu es lower  than  their  neighbors.  The outpu t  can
be pr int ed or ou tpu t  as a  '.dbf' file.

Ad ju st  for sm a ll  d ist a n ces

If checked , small dist ances a re adjus ted so th a t  the maximum weight ing is no h igher
than  1 (see documenta t ion  for  deta ils.)   Th is  ensures tha t  the loca l "I" won 't  become
excessively la rge for  poin t s t ha t  a re gr ouped together .  Th is is  the defau lt  set t ing.

III. Sp atial  Mode ling

The spa t ia l modeling sect ion  condu cts  ker nel densit y est imat ion , journey to cr ime
calibr a t ion  and est imat ion , and spa ce-t ime analysis  ana lysis .

Interpolation

The in ter pola t ion  tab a llows est imates of point  densit y usin g the ker nel densit y
sm ooth ing met hod. Ther e a re t wo types  of ker nel densit y sm ooth ing: one a pp lied t o a s ingle
dist r ibut ion  of poin t s a nd t he other  applied t o two differen t  dist r ibut ions.  Ea ch  type ha s
var ia t ions on the m et hod tha t  can  be selected.  Both  types  requ ire a  referen ce file tha t  is
over la id on the study a rea  (see Referen ce File).  The ker nels a re placed over each poin t  and
the dis t ance between  each  reference cell and each  poin t  is  eva lu a ted by t he kernel fu nct ion .
The in dividua l k ernel est im ates for  each  cell a re summed to produce an  overa ll est im ate of
den sity for  tha t  cell.  The in tensity an d weight ing var iables can  be used in t he ker nel
est ima te.  The den sit ies can  be convert ed int o pr obabilit ies.

Single  Kerne l  Dens i ty  Est imate  (Kerne lDens i ty )

The single ker nel densit y rout ine es t imates the den sit y of poin t s for  a  sin gle
dis t r ibu t ion  by over la ying a  sym met r ica l sur face over  each  poin t , eva lu a t in g t he dis t ance
from the poin t  to each  reference cell by the kernel funct ion , and  summing the eva lua t ions  a t
ea ch r eferen ce cell.
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     Figure 2.10:

Interpolation Screen
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File t o be i n ter p ola ted

The est im ate can  be applied to eit her  the pr im ary file (see Pr im ary file) or  a
seconda ry file (see Seconda ry File).  Select which file is t o be int er pola ted.  The defau lt  is
the P r imary.

Meth od  of in ter p ola ti on

Ther e a re five types of ker nel dis t r ibu t ions t ha t  can  be u sed t o est imate t he den sit y
of the point s.  F our  of the five dis t r ibu t ions  overlay a  circle a roun d each gr id cell a nd a ss ign
weight s t o th e point s with in  the gr id cell.  Th e five types va ry in  the weight s t hey a ss ign  to
near by points:

Ker n el t h a t a ssi gn s w eig h ts  for en ti r e st u d y a r ea

1. The normal kernel over la ys  a  normal d is t r ibu t ion  over  each  poin t , which
then  exten ds  over  the en t ire study a rea  defined  by the r eferen ce file.  This is
the defau lt  ker nel fun ction.  The dist r ibu t ion  exten ds  in  a ll dir ections a nd is
limited only by the st udy ar ea .

Kernel s  tha t  a s sign  w e igh t s  w i th in  a  speci fi c  ci rc l e

2. The u n iform  ker nel weight s a ll poin t s with in  the circle equ a lly.   

3. The qua rtic  ker nel overla ys a n  inver ted bell-sh ape su r face tha t  exten ds  only
for  a  limited dis t ance from ea ch poin t ; th e weight s for  point s with in  the circle
decline wit h  dis t ance, bu t  gradu a lly.  

4. The t ri an g u la te d  (or  conica l) kernel over la ys  a  cone over  ea ch gr id  cell; t he
weight s for poin t s with in  the circle decr ea se consis t en t ly wit h  dis t ance.  

5. F ina lly, th e negat ive  expone nt ia l (or  peaked) kernel over lays a  sh arply-
decreasin g function over  the gr id cell; the weight s for  point s with in  the circle
decrease very rapid ly with  dis t ance.  The five met hods produce similar  resu lt s
alth ough th e norm al is genera lly smooth er for a ny given bandwidth.

C h oi ce of b a n d w i d t h

The kernels  a re applied to a  limit ed search  dis t ance, ca lled 'bandwid th '. For  the
normal k ernel, bandwid th  is  the st andard devia t ion  of the normal d is t r ibu t ion .  F or  the
unifor m, quar t ic, t r ia ngu la r  and nega t ive exponent ia l k ernels , bandwidth  is  the radiu s of a
cir cle for  t he sea rch  dis t ance.  For  a ll t ypes , la rger  bandwid th  will p roduce smoother  density
estimat es and both  ada ptive and fixed ban dwidth  int ervals can  be selected.
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Ad a p t i v e b a n d w i d t h

An ada pt ive ban dwidt h  dist ance is ident ified by th e minim um number  of other
poin t s found wit h in  a  cir cle drawn around a  sin gle poin t .  A cir cle is  pla ced around each
point, in t ur n, and t he ra dius is increased un til th e minimu m sa mple size is reached.  Thus,
each  poin t  has a  differen t  bandwidt h  int erval.  This is t he defau lt ba ndwidt h  set t ing.  The
user can m odify th e minimu m sa mple size.  The defau lt is 100 points.

Fixed  ba n d w id th

A fixed bandwidt h  dis t ance is a  fixed in ter val for ea ch poin t .  The u ser  must  define
the int erval and t he dist ance un its  by which  it is calcu lat ed (miles, na u t ica l miles, feet ,
kilometer s, m eters).

O u t p u t  u n i t s

Specify th e density un its  as point s per  squ are mile, per  squ ared n au t ica l miles, per
squ are feet , per square kilometers, or  per  squ are meters.  The defau lt is point s per  squ are
mile.

Use in tensi t y  va r ia b le

If an  in ten sit y var iable is  in ter pola ted, then  th is box should  be checked.  

Use w e igh t ing  va r ia b le

If a  weigh t ing var iable is  used in  the in ter pola t ion, t hen  th is box should  be checked. 

Ca lcu la te d en sit ies or  p r oba bi li ti es

Th e den sit y est imate for  ea ch cell can  be ca lcula ted in  one of th ree ways:

1. Ab so lu te  d e n si ti e s. This is t he number  of poin t s per  grid cell an d is scaled
so tha t  the sum of a ll grid cells equa ls t he sample size. Th is is  the defau lt .

2. R e la ti ve  d e n si ti e s.  For each grid cell, th is is the absolu te density divided by
the grid cell ar ea  and is expressed  in t he ou tpu t  un its  (e.g., poin t s per  squ are
mile).

3. P r ob ab ili ti e s.  This is  the propor t ion  of a ll inciden t s t ha t  occur  in  the gr id
cell.  The sum of a ll grid cells equa ls a  pr obability of 1.

Select  whether  absolu te densit ies, r ela t ive densit ies, or  probabilit ies a re to be  outpu t
for  each  cell. The defau lt is a bsolu te densit ies.
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O u t p u t

The resu lt s  can  be ou tpu t  as a  S urfer for Windows file (for  both  an  ext erna l or
crea ted reference file) or  as an  ArcView  ‘sh p’, MapIn fo ‘mif’, Atlas*GIS  ‘bna ’, or  ArcView
S pat ial Analyst© file (only if the r efer en ce file is  crea ted by Crim eS tat).

Du al Ke rn e l De n si ty  Es tim at e  (Du e lKern e l)

Th e dua l ker nel den sit y rout ine compa res  two differen t  dis t r ibu t ions  involving t he
pr ima ry an d seconda ry files.  A ‘firs t ’ file and ‘second’ file need t o be defined . The
compar ison a llows the ra t io of the fir st  file divided by the second file, t he  loga r it hm of the
ra t io of the firs t  file divided by the second file, the difference between  the firs t  file and
second file (i.e., firs t  file – second file), or  the su m of the firs t  file and t he second file.

File t o be i n ter p ola ted

Iden t ify which  file is to be th e ‘firs t  file’ (pr ima ry or  seconda ry) and wh ich  is to be th e
‘second file (pr im ary or  secondary).  Th e defau lt  is  Pr im ary for  the fir st  file and Secondary
for  the second file.

Meth od  of in ter p ola ti on

Ther e a re five types of ker nel dis t r ibu t ions t ha t  can  be u sed t o est imate t he den sit y
poin t s.  F our  of the five over la y a  cir cle a round each  gr id  cell and assign  weight s to the
point s with in  the gr id cell.  The five types vary in the weight s t hey ass ign to nea rby point s:

Ker n el t h a t a ssi gn s w eig h ts  for en ti r e st u d y a r ea

1. The normal kernel over la ys  a  normal d is t r ibu t ion  over  each  poin t , which
then  exten ds  over  the en t ire study a rea  defined  by the r eferen ce file.  This is
the defau lt  ker nel fun ction.  The dist r ibu t ion  exten ds  in  a ll dir ections a nd is
limited only by the st udy ar ea .

Kernel s  tha t  a s sign  w e igh t s  w i th in  a  speci fi c  ci rc l e

2. The u n iform  ker nel weight s a ll poin t s with in  the circle equ a lly.   

3. The qua rtic  ker nel overla ys a n  inver ted bell-sh ape su r face tha t  exten ds  only
for  a  limited dis t ance from ea ch poin t ; th e weight s for  point s with in  the circle
decline wit h  dis t ance, bu t  gradu a lly.  

4. The t ri an g u la te d  (or  conica l) kernel over la ys  a  cone over  ea ch gr id  cell; t he
weight s for poin t s with in  the circle decr ea se consis t en t ly wit h  dis t ance.  

5. F ina lly, th e negat ive  expone nt ia l (or  peaked) kernel over lays a  sh arply-
decreasin g function over  the gr id cell; the weight s for  point s with in  the circle
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decrease very rapid ly with  dis t ance.  The five met hods produce similar  resu lt s
alth ough th e norm al is genera lly smooth er for a ny given bandwidth.

C h oi ce of b a n d w i d t h

The kernels  a re applied to a  limit ed search  dis t ance, ca lled 'bandwid th '. For  the
normal k ernel, bandwid th  is  the st andard devia t ion  of the normal d is t r ibu t ion .  F or  the
unifor m, quar t ic, t r ia ngu la r  and nega t ive exponent ia l k ernels , bandwidth  is  the radiu s of a
cir cle for  t he sea rch  a rea .  For  a ll t ypes , la rger  bandwid th  will p roduce smoother  density
estimat es and both  ada ptive and fixed ban dwidth  int ervals can  be selected.

Ad a p t i v e b a n d w i d t h

An ada pt ive ban dwidt h  dist ance is ident ified by th e minim um number  of other
poin t s found wit h in  a  cir cle drawn around a  sin gle poin t .  A cir cle is  pla ced around each
point, in t ur n, and t he ra dius is increased un til th e minimu m sa mple size is reached.  Thus,
each  poin t  has a  differen t  bandwidt h  int erval.  This is t he defau lt ba ndwidt h  set t ing.  The
user can m odify th e minimu m sa mple size.  The defau lt is 100 points.

Fixed  ba n d w id th

A fixed bandwidt h  dis t ance is a  fixed in ter val for ea ch poin t .  The u ser  must  define
the int erval and t he dist ance un its  by which  it is calcu lat ed (miles, na u t ica l miles, feet ,
kilometers, meters).  The defau lt is one m ile.

Va r i a b l e b a n d w i d t h

A va r ia ble bandwid th  a llows separa te fixed in terva ls  for  both  the fir st  and second
files .  For ea ch, t he u ser  must  define t he in ter val and t he dist ance un it s by wh ich it  is
ca lcu la ted (miles, n au t ica l m iles, feet , k ilometer s, m eter s).  The defau lt  is  one mile for  both
th e first a nd second files.

O u t p u t  u n i t s

Specify th e density un its  as point s per  squ are mile, per  squ are nau t ica l miles, per
squ are feet , per square kilometers, or  per  squ are meters.  The defau lt is point s per  squ are
mile.

Use in tensi t y  va r ia b le

For t he firs t  and second files separa tely, check t he appropr ia te box if an  in ten sit y
var iable is int erpolated.
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Use w e igh t ing  va r ia b le

 For t he firs t  and second files separa tely, check t he appropr ia te box if a  weigh t ing
va r ia ble is  used in  the in terpola t ion .

Ca lcu la te d en sit ies or  p r oba bi li ti es

Th e den sit y est imate for  ea ch cell can  be ca lcula ted in  one of six ways:

1. R at io  of d e n si ti e s.  This is t he ra t io of the density for  the firs t  file divided by
the den sit y of th e second file

2. Lo g ra ti o o f d e n si ti e s.  Th is  is  the na tu ra l logar ithm of the ra t io of the
den sity for  the firs t  file divided by the density of the second file.

3. Absolute  differe nc e in  den sit ies .  This is t he difference between  the
absolut e den sit y of the first  file and t he a bsolut e den sit y of the second file.  It
is the net difference.  The densit ies of ea ch  file a re sca led so tha t  the sum of
the grid cells equa ls the sa mple size.

4. R e la ti ve  d iffe re n c e  in  d e n si ti e s.  This is t he difference between  the
rela t ive densit y of th e firs t  file and t he r ela t ive densit y of th e second file.  It  is
the relative differ en ce.  The cell densit ies of each file are divided  by the gr id
cell ar ea  to produce a m ea su re of rela t ive densit y in the specified out pu t  un it s
(e.g., poin t s per  squ are mile).  The r elat ive density of the second file is t hen
su bt racted from t he relat ive density of the firs t  file.

5. Ab so lu te  s u m  of d e n si ti e s.  This  is  the sum of the absolu te densit y of the
firs t  file and t he absolu te den sit y of th e second file.  The den sit ies of each file
a re scaled so th a t  the su m of the grid cells equa ls the sa mple size.

6. R e la ti ve  s u m  of d e n si ti e s.  Th is  is  the sum of the rela t ive densit y of the
firs t  file and t he relat ive density of the second file.  It  is the relative sumThe
cell den sit ies of each  file a re divided by the grid cell ar ea  to pr odu ce a
measu re of relat ive density in  the specified ou tpu t  un its  (e.g., poin t s per
square mile).  The rela t ive densit y of t he second file is  then  added to the
relat ive density of the firs t  file.

Select  whether  the ra t io of densit ies, t he log ra t io of densit ies, t he absolu te difference
in  densit ies, t he rela t ive difference in  densit ies, t he absolu te sum of densit ies, or  the
relat ive su m of den sit ies a re to be ou tpu t  for  each  cell. The default is t he ra t io of den sit ies.
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O u t p u t

The resu lt s  can  be ou tpu t  as a  S urfer for Windows file (for  both  an  ext erna l or
crea ted reference file) or  as an  ArcView  ‘sh p’, MapIn fo ‘mif’, Atlas*GIS  ‘bna ’, or  ArcView
S pat ial Analyst  only if the r efer en ce file is  crea ted by Crim eS tat).

Spa ce -Time  Ana lysis

The spa ce-t ime a na lysis t ab a llows t he ana lysis of the int eract ion  between  spa ce and
t ime.  Ther e a re t h ree r out ines.  Fir st , ther e is t he Kn ox index tha t  sh ows t he simple
binomia l rela t ionsh ip between  even t s occur r ing in space an d in  t ime.  Second, t her e is t he
Ma ntel in dex tha t  sh ows t he cor rela t ion bet ween  closeness in  space and closen ess in  t ime. 
Thir d, t here is  a  spa t ia l-t empora l m oving a verage tha t  ca lcu la tes a  mean  cen ter  for  a
tem pora l span . Four th , ther e is a  Corr ela ted Walk Analysis  tha t  dia gnoses the spa t ia l and
tempora l sequen cing of inciden t s committ ed by a ser ial offender .

For each of th ese rout ines, times must  be defined by an  in teger  or r ea l var iable, a nd
not  by a  format ted da te.  For example, 3 days, 2.1 weeks, 4.3 m ont hs, or  the n umber  of da ys
from J anuary 1, 1900 (e.g., 37174) are a ll eligible  t ime va lues .  'November  1, 2001',
'07/30/01' or  '19t h  October , 2001' a re not  eligible va lu es.  Conver t  a ll format ted da tes in to a
rea l nu mber .  Time units  must  be consist en t  across a ll obser vat ions (i.e., all va lues  a re
hour s or da ys or weeks or m ont hs or years, but  not t wo or m ore th ese un its). If th ese
condit ions  a re violated, Crim eS tat will ca lcu la te resu lt s, bu t  they won 't  be correct .

Kn o x In d e x

Th e Knox index is  an  index showing the r ela t ionship between  'closen ess in  t ime' a nd
'closeness in  dis t ance'.  Pa ir s  of even t s a r e compared  in  dis t ance and in  t ime and a re
represen ted as a  2 x 2 t able.  If ther e is a  rela t ionsh ip, it  would  norm ally be posit ive, tha t  is
even t s t ha t  a re close toget her  in  space (i.e., in d ist ance) a re a lso occur r ing in a  sh ort  t ime
spa n .  Ther e are th ree methods for  defin ing closen ess in  t ime or in  dist ance:

1. Mean .  Tha t  is , even t s  tha t  a re closer  together  than  the mean  t ime in terva l
or  a re closer  together  than  the mean  d is tance a re defined  as 'Close' whereas
even ts  tha t  a re fa ther  together  than  mean  t ime in terva l or  a re fa r ther
together  than  the m ea n  dist ance are defined as 'Not close'.

2. Median . Tha t  is , even t s t ha t  a r e closer  t ogether  t han  the med ian  t ime
interval or a re closer together  th an  th e median  dista nce are defined as 'Close'
whereas event s tha t  a re fa ther  together  than  media n  t im e in terva l  or  a re
far ther  together  than  the m edian  dist ance are defined as 'Not close'.

3. U s e r d e fi ne d .  Th e u ser  can  specify any va lue for dist ingu ish ing 'Close ' and
'Not  close' for  eith er  t ime or dist ance.
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  Figure 2.11:

Space-Time Analysis Screen
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The outpu t  in clu des a  2 x 2 table of the dis t r ibu t ion  of pa ir s ca tegor ized as 'Close' or
'Not  close' in  t ime and in  dis t ance.   Since pair s  of even t s a r e being compared , t here a re
N*(N-1)/2 pa irs  in a  da ta  set  where N is t he number  of event s.  The out pu t  a lso includes a
table of the expected of the dist r ibut ion  of pa irs  on  the assu mpt ion  tha t  event s in  t ime a re
spa ce are independen t  of each  other .  The ou tpu t  includes a  Chi-squa re st a t ist ic. Since the
obser vat ions a re not  indepen den t , th e usu a l p-values a ssociat ed with  Chi-squa re test s do
not a pp ly.

K n ox si m u l a t i on  r u n s

A Monte Car lo s imula t ion  can  be run  to es t ima te approxima te Type I er ror
probabilit y levels  for  the Knox Index. The user  specifies the number  of sim ula t ion  runs.
Data  a re randomly assigned and the chi-square va lu e for  the Knox index is ca lcu la ted for
each  run .  The r andom out pu t  is sort ed a nd per cent iles ar e ca lcu lat ed. Twelve per cent iles
a re iden t ified for  these st a t is t ics : 

1. The min im um for  the spa t ia lly r andom sim ula t ion s
2. The maximum for  the spa t ia lly r andom sim ula t ion s
3. Th e 0.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
4. The 1s t percen t ile for  the spa t ia lly r andom sim ula t ion s
5. Th e 2.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
6. The 5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
7. The 10 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
8. The 90 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
9. The 95 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
10. Th e 97.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
11. The 99 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
12. Th e 99.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s

These can  a llow eigh t  a  one-ta il or  two-ta il significance test .  For exam ple, for  a  5%
one-ta il t est , use t he 95 t h  per cent ile whereas for  a  5% two-ta il t est , use t he 2.5th  and 97.5th
percent iles.  The simu lat ed da ta  tha t  is used  can  be viewed by checking th e 'Dump
simulat ion  da ta ' box on  the Opt ions t ab.

Mante l  Index

The Ma ntel index is t he cor rela t ion  bet ween  closeness in  t ime and closeness in
dista nce across pairs.  Each pa ir of events is compa red for t he time interval and t he
dist ance between  them.  If there is a posit ive relat ionsh ip between closen ess in  t ime a nd
closen ess in  spa ce (dist ance), th en  there sh ould be a s izeable posit ive cor relat ion  between
the two measures. Note, t ha t  sin ce pa ir s of event s a re bein g compared, t here a re N*(N-1)/2
pairs in th e data  set where N is the nu mber of events.
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Ma n t e l si m u l a t i on  r u n s

A Monte Car lo s imula t ion  can  be run  to es t imate the approximate confidence
in terva ls  a round the Mantel cor rela t ion . The user  specifies the number  of sim ula t ion  runs
and t he Ma ntel index is calcula ted for  randomly ass igned da ta .  The r andom out pu t  is
sor ted and percen t iles a re calcu la ted. Twelve percen t iles a re iden t ified for  these st a t is t ics : 

1. The min im um for  the spa t ia lly r andom sim ula t ion s
2. The maximum for  the spa t ia lly r andom sim ula t ion s
3. Th e 0.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
4. The 1s t percen t ile for  the spa t ia lly r andom sim ula t ion s
5. Th e 2.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
6. The 5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
7. The 10 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
8. The 90 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
9. The 95 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
10. Th e 97.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
11. The 99 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s
12. Th e 99.5 t h  percen t ile for  the spa t ia lly r andom sim ula t ion s

These can  a llow eigh t  a  one-ta il or  two-ta il significance test .  For exam ple, for  a  5%
one-ta il t est , use t he 95 t h  per cent ile whereas for  a  5% two-ta il t est , use t he 2.5th  and 97.5th
percent iles.  The simu lat ed da ta  tha t  is used  can  be viewed by checking th e 'Dump
simulat ion  da ta ' box on  the Opt ions t ab.

Spat ia l-Temporal  Moving  Average

Th is  rout in e calcu la tes the mean  cen ter  as it  changes over  the sequence of t he
event s.  The r ou t ine sor t s t he inciden t s in  the order  in wh ich  they occur .  The user  defines a
span  of sequent ia l inciden t s; the defau lt  is  five obs erva t ion s.  The rout in e pla ces a  win dow
cover ing the spa n  over  the inciden t s a nd ca lcula tes the m ea n  cent er  (th e m ea n  X coordina te
and the mean  Y coordin a te).  I t  then  moves the win dow one obs erva t ion . Approximat ion s
are made a t  the beginn in g a nd end obs erva t ion s for  the sequence.  The resu lt  is  a  set  of
mean  cen ter s ordered from the fir st  th rough  la st  obs erva t ion s.  This  st a t is t ic is usefu l for
iden t ifying whet her  the cent ra l locat ion  for  a  set  of inciden t s (perhaps  commit ted by a  ser ia l
offender ) has m oved over t ime.

There are four  ou tpu t s for  th is rou t ine:

1. Th e sample size
2. The num ber of observat ions m ak ing up t he span
3. The spa n  number
4. The X an d Y coordina tes for  each span  window.

The tabula r  resu lt s a re outpu t  as a  dBase 'dbf', Micr osoft  Access 'm db', Ascii 'da t ' or
ODBC-complia n t  file.  A line showing the sequen t ia l outpu t  is out put  as an  ArcView '.sh p',
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MapIn fo '.mif' or  At las*GIS '.bna ' file.

Correlate d Walk Ana lysis

Corr ela ted Walk Analysis  (CWA) an a lyzes t he sequ en t ia l movem en ts of a  ser ia l
offender  and m akes pr edictions a bout  the t ime and loca t ion  of the next  even t .  Sequ en t ia l
movements a re ana lyzed in  terms of th ree parameter s: t i m e d ifferen ce  between  event s
(e.g., the n umber  of da ys bet ween  two consecut ive event s), d i s t a n c e b et w e en  ev en t s  – the
dista nce between t wo consecut ive events, an d b ea r i n g  (d i r e ct i on ) b et w e en  ev en t s  – the
angu la r  dir ect ion  between  two consecut ive event s in  degr ees (from 0 t o 360).

There ar e thr ee CWA rout ines for a na lyzing sequent ial events:

1. Correlogram 
2. Regr ession  dia gn ost ics
3. Prediction

CWA - Corre log ram

The cor relogra m pr esen t s t he lagged cor relat ions bet ween  event s for  t ime d ifference,
dis t ance, an d bear ing (dir ection).  The lags a re t he sequ en t ia l compar isons.  A lag of 0 is t he
sequ en ce compared wit h  it self; by definit ion , the cor rela t ion  is 1.0.  A lag of 1 is t he
sequ en ce compared wit h  the previous  sequ en ce.  A lag of 2 is the sequ en ce compared wit h
two pr evious sequ ences.  A lag of 3 is th e sequence compa red with  th ree pr evious sequ ences,
and so forth .  In  tota l, compar isons a re made up to seven  previous sequences  (a  la g of 7).

Typica lly, for t ime differ en ce, dist ance an d loca t ion  sepa ra tely, the lag with  the
h ighest  cor rela t ion is  the s t rongest .  However , wit h  ea ch consecut ive la g, the sample size
decrea ses by one and a  h igh  cor relat ion  associat ed with  a  h igh  lag compa r ison  can  be
unreliable if the sa mple size is sm all.  Consequ ent ly, th e adjusted correlogram  d iscounts  the
cor rela t ions  by t he n umber  of lags.

CWA- Regress ion  d iagnost ics

Th e r egr ession  dia gnost ics presen t s t he r egr ession  st a t ist ics for  differen t  lag models . 
The lag must  be specified; th e defau lt  is a  lag of 1 (the sequ en t ia l even t s compa red wit h  the
pr evious even t s).   Th ree r egr ession  models  a re r un  for  t ime differ en ce, dir ect ion, a nd
bear in g.  Th e outpu t  in clu des st a t is t ics  for :

1. Th e sample size
2. The dist ance an d t ime un it s
3. The lag of the model (from 1 to 7)
4. Th e m ult iple  R (corr ela t ion) bet ween  the la gs
5. The squa red mu ltiple R (i.e., R-squar ed)
6. The standard er ror  of es t im ate for  the regr ession
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7. The coefficien t , s t andard er ror , t -va lu e, a nd probabilit y va lu e (two-ta il) for  the
const an t .

8. The coefficien t , s t andard er ror , t -va lu e, a nd probabilit y va lu e (two-ta il) for  the
coefficient .

9. Th e ana lysis  of va r ia nce for  the regr ession  model, in clu din g t he sum-of-
squar es and t he mea n-squar e err or for t he regression m odel an d th e residua l
(er ror ), the F-tes t  of the regression  mean-square er ror  d ivided  by the res idua l
mean-squ are er ror , an d t he pr obability level for  the F-test .

In  gen er a l, the m odel with  the lowes t  st anda rd er ror of est imate (and, consequ en t ly,
h ighest  mult iple  R) is best .  However , wit h  a  sm all sa mple size, the m odel can  be u nrelia ble. 
Fur ther , with  each  consecut ive lag, th e sa mple size decreases by one and a  h igh  multiple R
associa ted wit h  a  h igh lag compar ison can  be u nreliable if th e sample size is  sm all.

CWA- Predic t ion

Th e prediction  rout ine a llows t he prediction  of a  next  even t , in  t ime, dist ance, and
d ir ect ion .  For  each  pa rameter  – t ime d ifference, d is t ance, and bea r ing, t here a re th ree
models th at  can  be used:

1. The mean  difference (i.e., mean  t ime d ifference, mea n  dist ance, mea n
bea r ing)

2. The m edian  differ en ce (i.e., median  t ime differ en ce, media n  dis t ance, media n
bea r ing)

3. The regression  model (i.e., the est ima ted r egression  coefficient  and in tercept )

For ea ch of these, a  differ en t  lag compar ison can  be u sed, from 1 t o 7.  The lag
defines t he sequ en ce from which t he prediction  is m ade.  Thus, for a  lag of 1, t he in ter va l
from the next-to-las t  to the las t  event  is used a s a  reference (i.e., between  event s N-1 and
N); for  a  lag of 2, th e int erval from the th ird -to-las t  to the next-to-las t  event  is used a s a
referen ce (i.e.,bet ween  even t s N -2 an d N -1); an d so fort h .  The par t icula r  model selected is
then  added to the reference sequence.   Note: if t he regr ession  model is used, t he la g for
dist ance and bea r ing must  be th e sa me.

Example 1: with  a  lag of 1 an d t he u se of the m ea n  differ en ce, th e m ea n  t ime
difference is  added to the t im e of the la st  event , t he mean  dis t ance is  added to the loca t ion
of the la st  even t , and t he m ea n  bea r ing is a dded to th e loca t ion of th e la st  even t .  

Example 2: with  a  lag of 2 an d t he u se of the r egression model, the predicted  t ime
difference is added t o the t ime of the next-to-las t  event ; the pr edicted dist ance is added t o
the loca t ion  of the next -to-la st  event  and the predict ion  bear in g is added to the loca t ion  of
the la st  even t . 

Exa mple 3: wit h  a  la g of 1 for  t im e and the use of the regr ession  model, a  la g of 2 for
dis tance a nd the use of the mean  dis t ance, and a  la g of 3 for  bear in g a nd the use of the
media n  bear in g,  the predict ed t im e difference is  added to the la st  event , t he mean  dis t ance
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is  added to the loca t ion  of the next -to-la st  event , a nd the media n  bear in g is added to the
loca t ion  of the th ird -from-las t  event .

The out put  includes:

1. The m et hod used for  t ime, dis t ance, an d bear ing
2. The lag used for  t ime, dis t ance, an d bear ing
3. The predict ed t im e difference
4. The p red icted  dis tance
5. The predicted  bea r ing
6. The fina l pr edicted  t ime
7. The X-coordin a te of the fin a l predict ed loca t ion
8. The Y-coordin a te of the fin a l predict ed loca t ion

J ou rne y to Crime Analysis

The journey to cr ime (J t c) rou t ine est ima tes t he likelihood t ha t  a  ser ial offender  lives
a t  any loca t ion with in  the s tudy a rea .  Both  a  pr imary file and a  refer en ce file a re r equ ired. 
The loca t ions of the ser ia l cr imes a re defined in  the pr imary file wh ile a ll locat ions with in
the st udy ar ea  a re ident ified in t he reference file.  The J t c rou t ine can  use t wo differen t
t ravel d is t ance funct ion s: 1) An a lr eady-ca libra ted dis t ance funct ion ; and 2) A mathemat ica l
formula .  E ither  dir ect  or  indir ect  (Manha t t an ) d is t ances  can  be used  though  the defau lt  is
dir ect  (see Measurement  parameter s).

Calibrate  Jou rney  to  Cr ime Fu nct ion

Th is r out ine calibr a tes  a  journey t o cr ime dist ance function  for  use  in  the jour ney t o
cr im e est im at ion  rout in e.  A file is  in put  which  has a  set  of in ciden t s (records) which
includes both  the X and Y coordin a tes for  the loca t ion  of the offender ’s r esidence (origin )
and t he X and Y coordina tes for  the loca t ion  of the inciden t  tha t  the offender  committ ed
(des t ina t ion).  The rou t ine es t imates  a  t r avel d is tance funct ion  us ing a  one-d imens iona l
kernel densit y m ethod.  F or  each  record, t he dis t ance between  the or igin  loca t ion  and the
dest ina t ion  locat ion  is calcula ted and is  represen ted on a  dis t ance scale.  The m aximum
dist ance is ca lcu lat ed a nd divided int o a  number  of int ervals; th e defau lt is 100 equa l sized
int ervals, but  the user  can  modify th is.  For each  dist ance (poin t ) ca lcu lat ed, a one-
dim en siona l ker nel is over la id.  For ea ch dist ance int er val, the va lues of a ll kernels a re
sum med to produce a smooth  fun ction of jour ney to crime dista nce.  The results ar e saved to
a  file tha t  can  be used in t he journey to cr ime es t ima t ion  rou t ine.

S elect  d a ta  file for  ca li br a ti on

Select  t he file t ha t  has  the X and Y coordina tes  for  t he or igin  and des t ina t ion
loca t ions . Crim eS tat can  read ASCII, dba se ‘dbf’, ArcView ‘sh p’, MapInfo ‘da t ’ files, and files
tha t  follow the ODBC st anda rd in ter face.  Select  the tab and indica te the type of file to be
selected. Use the browse bu t ton  to sea rch  for  the file.  If the file type is  ASCII, select  the
type of data  sepa ra tor (comm a, sem icolon , space, ta b) an d t he number  of columns.
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       Figure 2.12:

Journey-to-Crime Screen
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Va r ia bl es

Define t he file which  conta ins  the X and Y coordina tes for  both  the or igin (res idence)
an d destinat ion (crime) locat ions.

C ol u m n

Select  the va r ia bles for  the X and Y coordin a tes respect ively for  both  t he or igin  and
dest in a t ion  loca t ion s (e.g., Lon, La t , H omeX, H omeY, Inciden tX, Inciden tY). Both  loca t ion s
must  be defin ed for  the rout in e to work.

T yp e  of c oor d i n a t e s ys t em  a n d  d a t a  u n i t s

Select  the type of coordina te syst em.  If the coordina tes a re in longitudes a nd
la t itudes, t hen  a  spher ical syst em  is u sed a nd da ta  un it s will au toma t ically be decima l
degrees.  If the coordina te syst em is pr ojected (e.g., Sta te Pla ne, Un iversa l Tra nsverse
Mer cat or – UTM), then  da ta  un it s could  be either  in  feet  (e.g., Sta te P lane) or  met er s (e.g.,
UTM).  Directiona l coordina tes a re not  a llowed for  th is rou t ine.

K er n el  p a r a m e t er s

There ar e five para met ers th at  mu st be defined.

Meth od  of in ter p ola ti on

Ther e a re fives t ypes  of ker nel dis t r ibu t ions t ha t  can  be u sed t o est imate poin t
densit y.  Four  of the five dis t r ibu t ions  overlay a  circle a roun d each gr id cell a nd a ss ign
weight s t o th e point s with in  the gr id cell.  Th e five types va ry in  the weight s t hey a ss ign  to
near by points:

Ker n el t h a t a ssi gn s w eig h ts  for en ti r e st u d y a r ea

1. The normal kernel over la ys  a  normal d is t r ibu t ion  over  each  poin t , which
then  exten ds  over  the en t ire study a rea  defined  by the r eferen ce file.  This is
the defau lt  ker nel fun ction.  The dist r ibu t ion  exten ds  in  a ll dir ections a nd is
limited only by the st udy ar ea .

Kernel s  tha t  a s sign  w e igh t s  w i th in  a  speci fi c  ci rc l e

2. The u n iform  ker nel weight s a ll poin t s with in  the circle equ a lly.   

3. The qua rtic  ker nel overla ys a n  inver ted bell-sh ape su r face tha t  exten ds  only
for  a  limited dis t ance from ea ch poin t ; th e weight s for  point s with in  the circle
decline wit h  dis t ance, bu t  gradu a lly.  
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4. The t ri an g u la te d  (or  conica l) kernel over la ys  a  cone over  ea ch gr id  cell; t he
weight s for poin t s with in  the circle decr ea se consis t en t ly wit h  dis t ance.  

5. F ina lly, th e negat ive  expone nt ia l (or  peaked) kernel over lays a  sh arply-
decreasin g function over  the gr id cell; the weight s for  point s with in  the circle
decrease very rapid ly with  dis t ance.  The five met hods produce similar  resu lt s
alth ough th e norm al is genera lly smooth er for a ny given bandwidth.

C h oi ce of b a n d w i d t h

The kernels  a re applied to a  limit ed search  dis t ance, ca lled 'bandwid th '. For  the
normal k ernel, bandwid th  is  the st andard devia t ion  of the normal d is t r ibu t ion .  F or  the
unifor m, quar t ic, t r ia ngu la r  and nega t ive exponent ia l k ernels , bandwidth  is  the radiu s of a
cir cle for  t he sea rch  a rea .  For  a ll t ypes , la rger  bandwid th  will p roduce smoother  density
estimat es and both  ada ptive and fixed ban dwidth  int ervals can  be selected.

Fixed  ba n d w id th

A fixed bandwidt h  dis t ance is a  fixed in ter val for ea ch poin t .  The u ser  must  define
the int erval, th e int erval size, and t he dist ance un its  by which  it is calcu lat ed (miles,
nau t ical m iles, feet , kilomet er s, m et er s). The defau lt  bandwidt h  set t ing is fixed wit h
int ervals of 0.25 miles each.  The int erval size can  be changed.

Ad a p t i v e b a n d w i d t h

An ada pt ive ban dwidt h  dist ance is ident ified by th e minim um number  of other
poin t s found with in a  symmet r ica l ban d dr awn around a  single poin t .  A symmet r ica l ban d
is p laced over each dist ance point , in tu rn , and t he width  is in creased u n t il the m inimum
sample size is  reached.  Thus, each  poin t  has a  differen t  bandwid th  size.  The user  can
modify the m inimum sa mple size.  Th e defau lt  for  the ada pt ive bandwidt h  is 100 poin t s.

S p e ci fy i n t er p o la t i on  b in s

Th e in ter pola t ion bins a re defined in  one of two wa ys:

1. By th e number  of bins.  The maximum dist ance ca lcu lat ed is divided
by th e number  of bins specified.  This is the defau lt wit h  100 bins.  The
user can cha nge the nu mber of bins.

2. By the dist ance between  bins.  Th e u ser  can  specify a  bin  width  in
miles, na ut ical miles, feet, kilomet ers, and m eters.
O u t p u t  u n i t s

Specify the den sit y un it s a s point s per  mile, n au t ical m ile, foot, k ilomet er , or m et er . 
The defau lt is point s per  mile.
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Ca lcu la te d en sit ies or  p r oba bi li ti es

Th e den sit y est imate for  ea ch cell can  be ca lcula ted in  one of th ree ways:

1. Ab so lu te  d e n si ti e s. This is t he number  of poin t s per  grid cell an d is scaled
so tha t  the sum of a ll grid cells equa ls t he sample size. Th is is  the defau lt .

2. R e la ti ve  d e n si ti e s.  For each grid cell, th is is the absolu te density divided by
the grid cell ar ea  and is expressed  in t he ou tpu t  un its  (e.g., poin t s per  squ are
mile).

3. P r ob ab ili ti e s.  This is  the propor t ion  of a ll inciden t s t ha t  occur  in  the gr id
cell.  The sum of a ll grid cells equa ls a  pr obability of 1.

Select  whether  absolu te densit ies, r ela t ive densit ies, or  probabilit ies a re to be  outpu t
for  each  cell. The defau lt is a bsolu te densit ies.

Sa ve ca l ib ra t ion  d i s tan ce fi l e

The ou tpu t  m ust be saved to a  file.  Cr im eSta t  can  save the ca libra t ion  outpu t  to
eith er  a  dba se ‘dbf’ or  ASCII t ext ‘txt’ file.

Ca li br a te!

Click on ‘Ca libra te!’ to run  the rout in e. The outpu t  is  saved to the specified file upon
clickin g on  ‘Close’.

Gr a p h in g t h e tr a vel  d em a n d  fun ct ion

Click on ‘View graph ’ to see t he jour ney t o cr ime t ravel dem and function  (jour ney t o
cr im e likelihood by dis t ance).   The screen  view can  be pr in ted by click in g on  ‘Pr in t ’.  F or  a
bet t er  qua lity gra ph , however , th e ou tpu t  sh ould be import ed int o a  gra ph ics pa cka ge.

Jou rney  to  Cr ime Est imat ion  (J tc )

The journey to cr ime (J t c) rou t ine est ima tes t he likelihood t ha t  a  ser ial offender  lives
a t  any loca t ion with in  the s tudy a rea .  Both  a  pr imary file and a  refer en ce file a re r equ ired. 
The loca t ions of the ser ia l cr imes a re defined in  the pr imary file wh ile a ll locat ions with in
the st udy ar ea  a re ident ified in t he reference file.  The J t c rou t ine can  use t wo differen t
t ravel dis t ance functions: 1) An a lrea dy-ca libra ted fun ction; an d 2) A ma them at ical formula .

Us e a n  a lr ea d y-ca li br a ted  d ist a n ce fun ct ion

If a  t r avel dist ance function  has a lrea dy been  calibra ted (see ‘Ca libr a te jour ney t o
cr ime fun ct ion’), th e file can  be directly inpu t  int o the J t c rou t ine.
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In p u t

Th e u ser  selects t he n ame of the a lrea dy-calibr a ted t r avel dist ance function . 
Crim eS tat reads dbase ‘dbf’, ASCII text ‘txt’, an d ASCII dat a ‘dat ’ files.

O u t p u t

The J tc rout in e ca lcu la tes a  rela t ive likelihood est im ate for  each  cell of the reference
file.  H igher  va lu es in dica te h igher  rela t ive likelihoods.  The resu lt s can  be outpu t  as a
S urfer for Windows file (for  both  an  ext erna l or  crea ted reference file) or  as an  ArcView
‘sh p’, MapIn fo ‘mif’, Atlas*GIS  ‘bna ’, or  ArcView S patial Analyst ‘asc’, or  ASCII gr id ‘grd’ file
(on ly if th e r efer en ce file is  crea ted by Crim eS tat).  The outpu t  file is  saved as J t c<r oot
name> with  the root  name being pr ovided by the user .

Use a  m a thema t i ca l  fo rmula

A ma th emat ical form ula can  be used inst ead of a calibrat ed dista nce fun ction.  To do
th is, it  is n ecessa ry to specify the t ype of dist r ibu t ion .  Ther e a re five ma them at ical m odels
th at  can  be selected:

1. Nega t ive exponen t ia l
2. Norm al dis t r ibu t ion
3. Lognorma l d is t ribu t ion
4. Lin ear  dis t r ibu t ion
5. Tr uncat ed nega t ive exponen t ia l

For each ma th emat ical model, two or t hr ee different  par am eters m ust  be defined:

1. Nega t ive exponent ia l - coefficien t  and exponent ; 
2. Norm al dist r ibut ion  - mean  dist ance, sta nda rd deviat ion  and coefficient ;
3. Lognorma l d is t ribu t ion  - mean  dis t ance, s tanda rd devia t ion  and coefficien t ; 
4. Linear  dis t r ibu t ion  - in tercep t  and slope; and
5. Trunca ted n egat ive exponent ial - pea k d istance, peak  likelihood, int ercept ,

and exponen t . 

O u t p u t

The J tc rout in e ca lcu la tes a  rela t ive likelihood est im ate for  each  cell of the reference
file.  H igher  va lu es in dica te h igher  rela t ive likelihoods.  The resu lt s can  be outpu t  as a
S urfer for Windows file (for  both  an  ext erna l or  crea ted reference file) or  as an  ArcView
‘sh p’, MapIn fo ‘mif’, Atlas*GIS  ‘bna ’, or  ArcView S patial Analyst ‘asc’, or  ASCII gr id ‘grd’ file
(on ly if th e r efer en ce file is  crea ted by Crim eS tat). The outpu t  file is  saved as J t c<r oot
name> with  the root  name being pr ovided by the user .
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Draw Crime Trips

This r out ine is a  u t ility for both  the J our ney-to-Crim e r out ine and t he Tr ip
Dist r ibu t ion  rout ine (in t he Cr ime Tr avel Dem and m odule).  If given a  file wit h  origins a nd
dest ina t ions , the r out ine will d raw a  line between  the origin  and dest ina t ion for each r ecord. 
It  is usefu l for  exam ining th e actua l tr ip links  made by an  offender .

Se lec t  da ta  fi l e

Select  t he file t ha t  has  the X and Y coordina tes  for  t he or igin  and des t ina t ion
locat ions. CrimeSta t can  read ASCII, dbase '.dbf', ArcView '.shp'  and MapIn fo 'dat ' files. 
Select  the tab and specify the type of file to be  selected. Use the browse bu t ton  to sea rch  for
the file.  If the file type is ASCII, select  the type of da ta  sepa ra tor  (comma, semicolon , space,
ta b) an d th e num ber of column s.

Variables

Define t he file which  conta ins  the X and Y coordina tes for  both  the or igin (res idence)
and dest in a t ion  (cr im e) loca t ion s

Colum ns

Select t he va r iables  for  the X and Y coordin a tes respectively for  both  the origin  and
dest in a t ion  loca t ion s (e.g., Lon, La t , H omeX, H omeY, Inciden tX, Inciden tY.) Both  loca t ion s
must  be defin ed for  the rout in e to work.

T ype of coordinate system  and  data u nits

Select  the type of coordina te syst em.  If the coordina tes a re in longitudes a nd
lat itu des, t hen  a  sph er ica l system is being used a nd da ta  un its  will au tomat ica lly be
decimal degrees.  If th e coordina te syst em is pr ojected (e.g., Sta te Pla ne, Un iversa l
Transverse Merca tor  - UTM), t hen  da ta  un it s could  be eit her  in  feet  (e.g., Sta te Pla ne) or
meters (e.g., UTM.)  Directiona l coordina tes a re not  a llowed for  th is rou t ine.

S a v e  ou t p u t  t o

The gr aphica l r esu lt s can  be outpu t  as lines in  ArcView '.shp', MapInfo '.m if' or
At la s*GIS '.bna ' for mat .

IV. Crim e  Tra ve l D e m an d

The cr ime t ravel dem and m odu le is a  sequent ial m odel of cr ime t ravel by zone over a
met ropolita n  a rea .  Crime inciden t s a re a lloca ted t o zones, both  by th e loca t ion  where the
cr ime occur red  (des t ina t ions) and the loca t ion  where the offender  st a r t ed  (or igins).  A cr ime
t r ip  is  defin ed as a  cr im e event  tha t  or igin a tes a t  one loca t ion  and ends a t  another  loca t ion ;
the t wo locat ions can  be t he same.  For ea ch zone, the number  of crim es origina t ing in the
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zone and  the number  of cr imes  end ing (occur r ing) in  tha t  zone a re enumera ted .  Thus , the
model is  for  coun t  (or  volumes), not  r a tes . Other  zona l da ta  mus t  be obta ined  to be used  as
predict or  va r ia bles of the or igin  and dest in a t ion  counts.

The model is made u p four  sequent ial st eps, each  of which  can  involve sm aller st eps:

1. Trip  gene ration  - sepa ra te models a re developed for  pr edict ing the number
of crim es origin a t ing or endin g in  ea ch zone.  Th er e a re, t her efore, t wo
models.  On e is a  model of the predicted  number  of crim e t r ips  tha t  origina te
in  each zone wh ile the oth er  is a  model of the predicted  number  of crim e t r ips
tha t  end in  each  zone.  The number  of or igin zones can  be grea ter  than  the
nu mber of destinat ion zones.

2. Trip  d i s tr ibut ion  - A model is developed for  the number  of cr imes
origina t ing in each zone tha t  go to each  dest ina t ion  zone. Th e r esu lt  is a
predict ion  of the number  of cr im es or igin a t in g in  each  zon e tha t  end in  each
zon e (t r ip  links).

3. Mode sp l it  - A model is developed tha t splits t he nu mber of predicted tr ips
from  ea ch or igin  zone to each dest ina t ion zone by t ravel m ode (e.g., wa lking,
bicycle, dr iving, bus , tr a in).  Thu s, each zone-to-zone t r ip link is sepa ra ted
int o differen t  t r avel modes.

4. N e tw o r k a ss ig n m e n t - A model is developed for  the route taken  for  each
cr ime t r ip  link  (whether  for  a ll modes  or  by separa te modes).  Thus , the
sh ort est  pa th  th rough  a  net work is det er mined.  Differ en t  t r avel modes will
ha ve different  rout es since bus a nd t ra in, in pa rt icular , mu st u se a separa te
network.

Crime Travel  Demand Data  P reparat ion

In  order  to run  the cr ime t ravel dem and m odu le, pa r t icu lar  da ta  must  be obta ined
and pr epa red.  These involve:

1. A zona l framework t ha t  will be used for  the modeling.  In genera l, it is best  to
select  the smallest  zon e size for  which  da ta  can  be obt a in ed (e.g., block
groups, censu s t r acts , t r a ffic ana lysis  zones).  However , it  is oft en  difficult  to
obta in  da ta  for  the smallest  un it s (e.g., block s, gr id  cells).  The la rger  the zon e
size, t he m ore t her e will be in t ra -zona l t r ips  and t he grea ter  the er ror in  the
model.  Thus, t he u ser  must  ba lance th e need  for  sm all zones wit h  the
availability of da ta . Since cr imes  can  occur  ou t side a  st udy ar ea , th e number
of or igin  zones  can  be (and p robably shou ld  be) grea t er  t han  the number  of
dest ina t ion  zones. However , each dest ina t ion  zone should be in cluded wit h in
the or igin  zon e collect ion .  Typica lly, there will be separa te da ta  set s for  the
or igin zones a nd for  the dest ina t ion  zones.
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2. Data  on cr im e or igin s and cr im e dest in a t ion s a re obt a in ed (usua lly fr om
ar rest  records) an d a re a lloca ted t o zones.  The incidents a re then  su mmed by
zone to produce a coun t.  The "Assign pr imar y points t o seconda ry points"
rout in e (under  Dis tance ana lysis ) can  be used for  th is  purpose.  Thus, each
or igin  zone has  a   coun t  of the number  of cr imes  or igina t ing in  tha t  zone and
ea ch dest ina t ion  zone has separa te counts of the number  of crim es origina t ing
in  tha t  zone and  the number  of cr imes  occur r ing (end ing) in  tha t  zone. 
Cr imes can  be sub-divided in to types  (e.g., robbery, bu rgla ry, veh icle theft ).  

3. Addit iona l dat a  for  t he zones  are obta ined .  These wou ld  include popula t ion
(or  households), sub-popula t ion s (e.g., age gr oups, r ace/ethn ic groups), income
levels, pover ty levels, em ploymen t  (ret a il and n on-ret a il), land u se, pa r t icula r
types  of land u se (e.g., dr ug locat ions, m arket s, pa rking lot s), policing
var iables (e.g., personnel deploymen t , beat  frequency), in tervent ion  var iables
(e.g., d rug t rea tment  cen ter s ), and  other  va r iables .  It 's  impor tan t  tha t  a ll
va r ia bles in clu ded must  cover  a ll zon es for  eit her  the or igin  da ta  set  or  the
dest ina t ion  da ta  set .  For exa mple, if pover ty is u sed a  var iable in  the origin
model, t hen  a ll origin  zones m ust  have a n  en umer a t ion of poverty.  Sim ila r ly,
if r et a il employmen t  is u sed a s a  var iable in  the dest ina t ion  model, then  a ll
dest ina t ion  zones m ust  have an  enumera t ion  of reta il employmen t .

4. Data  on  dummy var iables an d specia l gener a tors a re also obta ined.  Dum my
var iables would be a  pr oxy for  a  condit ion  tha t  does or  does not exist .  Zones
tha t  have th e condit ion  are assigned a  '1' whereas zones t ha t  do not  have th e
condit ion  are assigned a  '0'.  For exam ple, if a  freeway cross a  zone, th en  a
freeway dum my var iable would assign  '1' to tha t  zone (and a ll others t ha t  the
freeway crossed) wher ea s a ll oth er  zones r eceived a  '0' for  th is va r iable.  A
specia l genera tor  is  a  la nd use tha t  a t t r act s t r ips (e.g., a  st adiu m, a  ra ilroad
st a t ion).  All zones tha t  have the special gen er a tor a re a ss igned a  value
whereas a ll other  zones r eceive a  '0'; the value can  eith er  be a dummy
var iable (i.e., a  '1') or  the a ctu a l count  if th a t  can  be obt a ined (e.g., th e
number  of pa t rons a t  a  footba ll st adiu m event ).

Trip Gene ration

Tr ip gener a t ion in volves t he developm en t  of sepa ra te m odels  for  pr edictin g the
number  of crim es origina t ing in each zone and t he number  of crim es occur r ing (en din g) in
each  zon e.  There a re th ree st eps to the t r ip  genera t ion :

1. Ca li bra te  m o de l - a  s t ep  tha t  ca libra tes  the model aga ins t  known da ta  us ing
regression  techniques .  The r esu lt is a  pr edict ion  of the number  of t r ips either
origina t ing in a  zone (th e origin  model) or  the number  of t r ips  endin g in a
zon e (the dest in a t ion  model).

2. Make predic tion  - a  st ep t ha t  applies t he ca libra ted m odel to a  da ta  set  and
a lso a llows the addit ion  of tr ips from out side the study a rea  (externa l t r ips).
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   Figure 2.13:

Trip Generation Screen
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3. B a la n ce  p re d ic te d  ori gi ns  & d e st in a ti on s  - a  s t ep  tha t  ensures  tha t  the
number  of pr edicted or igins equ a ls t he n umber  of pr edicted dest ina t ions . 
Sin ce a t r ip in volves a n  origin  and a  dest ina t ion , it  is es sen t ia l tha t  the
nu mber of origins equa l th e num ber of destinat ions.

Calibrate  Tr ip  Gene ration  Model

This st ep involves ca libra t ing a r egression  model again st  the zona l dat a .  Two
sepa ra te models a re developed, one for  t r ip or igins  and one for  t r ip dest ina t ions.  The
dependent  var iable is  the number  of crim es origina t ing in a  zone (for t he t r ip or igin model)
or  the number  of cr imes  end ing in  a  zone (for  the t r ip  des t ina t ion  model).  The independen t
va r ia bles a re zon a l var ia bles tha t  may predict  the number  of or igin s or  dest in a t ion s.

Da ta  fi l e

The da ta  file is inpu t  as either  the pr ima ry or  seconda ry file.  Specify whet her  the
da ta  file is t he pr imary or seconda ry file. 

Typ e of m od el

Specify whether  the model is for  or igin s or  dest in a t ion s.  This  will be pr in ted out  on
the ou tpu t  header .

Dependen t  var ia b le

Select  the dependent  va r ia ble from the list  of va r ia bles.  There can  be only one
dependent  var iable per  model.

Sk ew ness d ia gn ostics

If checked , th e rou t ine will test  for  the skewness of the depen den t  var iable.  The
out put  includes:

1. The "g" st a t ist ic
2. The standa rd er ror of the "g" st a t ist ic
3. The Z valu e for  the "g" st a t ist ic
4. The probabilit y level of a  Type I er ror  for  the "g" st a t is t ic 
5. The ra t io of the simple var ian ce to the simple mean

Error  messa ges indicat e whether  there is probable skewn ess in  the depen den t
var iable.  If ther e is skewn ess, u se a  Poisson r egression model.

In d ep en d en t va r ia bles

Select  indepen den t  var iables from t he list  of var iables in  the da ta  file.  Up to 15
var iables can  be selected.
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Missi n g v a lu es

Specify any miss ing value codes for  the va r iables .  Blank records  will au toma t ically
be cons idered as m iss ing.  If any of the select ed dependent  or in dependent  var iables  have
miss ing values, those r ecords  will be excluded from t he ana lysis .

Typ e of reg r essi on  m od el

Specify the type of regr ession  model t o be  used.  The defau lt  is  a  Poisson  regr ession
wit h  over -dispersion  correct ion .  Other  a lt erna t ives a re a  Poisson  regr ession  and an
Ordin ary Least  Squares regr ession .

T yp e  of r eg r es si on  p r oc ed u r e

Specify whet her  a  fixed m odel (all selected independent  var iables  a re u sed in  the
regr ession ) or  a  ba ckward elimina t ion s t epwise m odel is  used.  The defau lt  is a  fixed m odel. 
If a  backwa rd elimina t ion  st epwise m odel is selected, choose the P -to-rem ove va lue (defau lt
is .01).  The backward elimina t ion  st a r t s with  a ll selected var iables in  the model (the fixed
pr ocedu re).  However , it  pr oceeds t o dr op var iables t ha t  fa il the P-to-remove test , one a t  a
t ime.  Any var iable t ha t  has a  sign ifican ce level in excess of the P -to-rem ove va lue is
d ropped  from the equa t ion .

Sa ve est i m a ted  coefficient s (pa ra m eter s)

The est ima ted coefficient s of the fina l model can  be saved as  a  'dbf' file.  Specify e a
file name.  This would be us efu l in  order  to repea t  the regression  while addin g in  exter na l
t r ips  to th e predicted or igins (see Make t r ip gener a t ion p rediction  below) or t o apply t he
coefficien t s to another  da taset  (e.g., fu ture va lu es of the in dependent  va r ia ble).

S a v e ou t p u t

The out pu t  is saved a s a  'dbf' file under  a  differ en t  file name.  The out pu t  includes a ll
the va r ia bles in  the in put  da ta  set  plu s two new ones: 1) t he predict ed va lu es of the
dependent  var iable for  each observat ion  (with  the name PREDICTE D); and 2) the r esidu a l
er ror  va lu es, r epresen t in g t he difference between  the actua l /observed va lu es for  each
observa t ion  and the predict ed va lu es (with  the name RE SIDUAL).

P oi ss on  ou t p u t

The out pu t  of the Poisson r egression rout ines include 13 fields  for  the en t ire m odel:

1. The depen dent  var iable
2. The type of model
3. The sample size (N)
4. The degrees  of freedom (N -  depen den t  var iables - 1)
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5. The type of regr ession  model (P oisson , P oisson  wit h  over -dispersion
cor rect ion )

6. The log-likelihood va lue
7. The Likelihood Ra t io
8. The probability value of the Likelihood Ra t io
9. The Akaike Informat ion  Cr iter ion  (AIC)
10. The Schwa r tz Crit er ion  (SC)
11. The Disper sion  Multiplier
12. The approximate R-squ are va lue
13. The deviance R-square va lue

and 5 fields for  each  est ima ted coefficient :

14. The est ima ted coefficient
15. The st anda rd er ror  of the coefficient
16. The pseudo-tolerance va lu e of the coefficien t  (see below)
17. The Z-value of the coefficient
18. The p-va lue of the coefficient .

O LS  O u t p u t

The outpu t  of the Ordin ary Least  Square (OLS) rout in e in clu des 9 fields for  the
en t ire m odel:

1. The depen dent  var iable
2. The type of model
3. The sample size (N)
4. The degrees  of freedom (N -  depen den t  var iables - 1)
5. The type of regression m odel (Norm a/Ordina ry Least  Squar es)
6. Squ ared m ultiple R
7. Adjus ted squ ared m ultiple R
8. F  test  of the model
9. p-va lue of the model

and 5 fields for  each  est ima ted coefficient :

10. The est ima ted coefficient
11. The st anda rd er ror  of the coefficient
12. The t olera nce value of the coefficient  (see below)
13. The t -value of the coefficient
14. The p-va lue of the coefficient .

Mul ti coli n ea r it y a m on g t h e in d ep en d en t v a r ia bl es

A major  considera t ion  in  any model is  tha t  t he independen t  va r iables  are
sta t is t ica lly independent .  Non-in dependence is  ca lled mult icolin ear it y.  Non-in dependence
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mea ns t ha t  ther e is over lap in  pr ediction among t wo or  more in dependent  var iables .  This
can  lead  to uncer ta in ty in  in terp ret ing coefficien t s  as well a s  an uns table model tha t  may
not  hold  in  the fu ture.  Genera lly, it  is  a  good idea  to reduce mult icolin ear it y a s much as
possible.  A t olerance test  is  given  for  each  coefficien t .  Th is  is  defin ed as 1 - the R-s quare of
the in dependent  va r ia ble predict ed by t he remain in g independent  va r ia bles in  the equa t ion
using an  Ordinary Least  Squares m odel.  It is a n  indica tor  of how much the other
independent  var iables  in  the equ a t ion  accoun t  for  the va r iance of an y pa r t icula r
independent  var iable.  Since the met hod uses th e Ordina ry Least  Squar es meth ods, it  is an
appr oximat e (pseudo) test for t he Poisson r egression r out ines.  A message is displayed tha t
in dica tes proba ble or  possible mult icolinear it y. A good idea  is  to drop one of the
multicolinea r  indepen den t  var iables a nd r e-run  the model. However , each of the coefficient s
sh ould be in spected car efully before accept ing a  fina l model.

G r a p h  of r es id u a l  er r or s

Wh ile the outpu t  page is  open , click in g on  the gr aph  bu t ton  will d ispla y a  gr aph  of
the residua l er rors (on the Y axis) aga in st  the predict ed va lu es (on the X axis).

Make Trip  Gene ration  Predic t ion

This r out ine app lies a n  a lrea dy-ca libra ted regression model to a da ta  set . This would
be u seful for  severa l rea sons: 1) if exter na l t r ips  a re t o be added to th e m odel (which is
normally prefer red); 2) if t he model is applied to another  da ta  set ; and 3) if va r ia t ion s on the
coefficient s a re being test ed with  the sa me da ta  set .  The m odel will need t o be ca libra ted
firs t   (see Ca libr a te t r ip gener a t ion m odel) and t he coefficien t s s aved as a  pa ramet er s file. 
The coefficient  par am eter file is th en re-loaded an d applied to th e data .

Da ta  fi l e

The da ta  file is inpu t  as either  the pr ima ry or  seconda ry file.  Specify whet her  the
da ta  file is t he pr imary or seconda ry file. 

Typ e of m od el

Specify whether  the model is for  or igin s or  dest in a t ion s.  This  will be pr in ted out  on
the ou tpu t  header .

Tr ip  genera t ion  pa ra m eter s  (coe ffi c i en t s ) fi l e

This is  the saved coefficien t  pa ramet er  file.  It  is a n  Ascii file and can  be ed ited if
a lt er na t ive coefficien t s wer e being tes ted (be car eful about  edit ing th is without  making a
backu p).  Load t he file by clickin g on  the Browse bu t ton  and finding th e file.  Once loaded,
the var iable names of the sa ved coefficient s a re displayed in t he "Match ing pa rameters"
box.
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In d ep en d en t va r ia bles

Select  indepen den t  var iables from t he list  of var iables in  the da ta  file.  Up to 15
var iables can  be selected.

Ma t c h in g  p a r a m et er s

The selected independent  var iables  need  to be matched  to th e saved va r iables  in  the
t r ip  genera t ion  parameter s file in  the same order .  Add the appropr ia te va r ia bles one by on e
in  the order  in  wh ich t hey a re list ed in  the m atchin g pa ramet er s box.  It  is es sen t ia l tha t
the order  by th e sa me otherwise the coefficient s will be applied to the wrong var iables.

H in t : With your  cur sor placed in t he list of independent  var iables, typing the first
let t er  of ma tch ing va r iable name will t ake you  to the fir s t va r iable tha t  st a r t s with
tha t  let t er .  Repea t ing the let t er  will m ove down  the lis t  to th e second, t h ird, a nd so
fort h u nt il th e desired var iable is reached.

Missi n g v a lu es

Specify any miss ing value codes for  the va r iables .  Blank records  will au toma t ically
be cons idered as m iss ing.  If any of the select ed dependent  or in dependent  var iables  have
miss ing values, those r ecords  will be excluded from t he ana lysis .

Add  exte rna l  t r ip s

Exter na l t r ips  a re t r ips  tha t  st a r t  out side t he m odeled s tudy a rea .  Because they a re
cr im es tha t  or igin a te out side the study a rea , t hey were not  in clu ded in  the zon es used for
the or igin  model.  Th erefore, t hey h ave to be  in dependent ly est im ated and added to the
or igin  zon e tota l t o make the number  of or igin s equa l t o the number  of dest in a t ion s.  Click
on  the "Add externa l t r ip s" bu t ton  to enable th is  fea tu re.

N um ber of external trips

Add the number  of externa l t r ip s t o the box.  Th is  number  will be added  as  an  ext r a
or igin  zon e (the Ext erna l zone).

Origin ID

Specify th e origin ID var iable in t he dat a file.  The extern al tr ips will be added as a n
ext ra  origin  zone, called  the "Exter na l" zone.  Note: all dest ina t ion  ID's  sh ould be in  the
or igin  zone file and  mus t  have the same names .  Th is  is  necessa ry for  subsequen t  modeling
sta ges.
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Typ e of reg r essi on  m od el

Specify the type of regr ession  model t o be  used. The defau lt  is  a  Poisson  regr ession
and the other  a lt erna t ive is  a  Normally-d is t r ibu ted/Ordin ary Least  Squares regr ession .

S a ve p r ed ict ed  va lu es

The out pu t  is saved a s a  'dbf' file under  a  differ en t  file name.  The out pu t  includes a ll
the va r ia bles in  the in put  da ta  set  plu s the predict ed va lu es of the dependent  va r ia ble for
each observat ion (with  th e nam e PREDICTED.  In addition, if extern al tr ips were added,
then  ther e is a  new r ecord with  the name EXTERNAL list ed in  the Or igin ID colum n.  This
record lis t s t he added t r ips  in  the PREDICTE D column and zer os (0) for a ll other  numer ic
fields.

O u t p u t

The tabular  ou tpu t  includes summary in format ion  about  file and list s t he pr edicted
values for  each  input  zone.

B a la n ce  P r e di ct e d Ori gi ns  & D e s ti na ti on s

Since, by defin ition, a 't r ip' ha s a n  or igin a nd a  dest ina t ion , th e number  of pr edicted
origin s m ust  equ al the number  of pr edicted  dest ina t ions.  Because of sligh t  differ en ces in
the da ta  set s of the or igin  model a nd the dest in a t ion  model, it  is  possible tha t  the tota l
number  of predict ed or igin s (in clu din g a ny ext erna l t r ips - see Make t r ip  genera t ion
pr edict ion) may not equa l th e tota l nu mber  of pr edicted des t ina t ions.  This s t ep, th erefore,
is essen t ial gua ran tee tha t  th is condit ion  will be tr ue.  The rou t ine a djus t s either  the
number  of predict ed or igin s or  the number  of predict ed dest in a t ion s so tha t  the condit ion
holds .  The t r ip d ist r ibu t ion  rout ines will not work  un less t he number  of pr edicted  origins
equa ls  the number  of predict ed dest in a t ion s (with in  a  very small roundin g-off er ror ).

Pred ic t ed  or ig in  fi l e

Specify the name of the predict ed or igin  file by click in g on  the Br owse bu t ton  and
loca t ing the file.

Orig in  var iab le

Specify t he name of the va r ia ble for  the predict ed or igin s (e.g., P RE DICTED).

Pred ic t ed  d est ina t ion  fi l e

Specify the name of the predict ed dest in a t ion  file by click in g on  the Br owse bu t ton
and loca t ing the file.
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Dest ina t ion  var ia b le

Specify t he name of the va r ia ble for  the predict ed or igin s (e.g., P RE DICTED).

Ba la n cin g m eth od

Specify whet her  origins or  dest ina t ions a re t o be held const an t .  The defau lt  is 'H old
des t ina t ions constan t '.

Sa ve pr ed ic t ed  or ig in /d est ina t ion  fi l e

The out pu t  is saved a s a  'dbf' file under  a  differ en t  file name.  The out pu t  includes a ll
the va r ia bles in  the in put  da ta  set  plu s the adjusted va lu es of the predict ed va lu es of the
depen den t  var iable for  each  obser vat ion . If dest ina t ions a re held const an t , th e adjus ted
var iable n ame for  the predicted t r ips  is ADJ ORIGIN.  If or igins a re h eld const an t , the
adju st ed var iable n ame for  the predicted t r ips  is ADJ DE ST. 

O u t p u t

The tabula r  outpu t  in clu des file summary in format ion  plu s in format ion  about  the
number  of or igins  and des t ina t ions before and a ft er  ba lan cing.  In a ddit ion , th e pr edicted
values of th e dependent var iable are displayed.

Trip Dis tribut ion

Tr ip  dis t r ibu t ion  in volves the est im at ion  of the number  of t r ips tha t  t r avel fr om each
or igin zone (including th e 'externa l' zone) to each  dest ina t ion  zone.  The est ima t ion  is based
on a  gravity-type m odel.  Th e det er min ing var iables  a re t he n umber  of pr edicted or igins, t he
number  of pr edicted des t ina t ions, the impeda nce (or  cost ) of t r avel between  the or igin zone,
coefficient s for t he origins and destina tions, and exponent s of th e origins and destina tions. 
The user  input s t he number  of pr edicted origins a nd pr edicted des t ina t ions a nd specifies an
impeda nce model (wh ich can  be m athem at ical or  calibra ted from an  exist ing da ta  set ). In
addit ion , th e user  specifies exponents for  the or igin a nd des t ina t ion  values.  The m odel
it era t ively est im ates the coefficien t s.  In  addit ion , t he rout in e can  ca lcu la te the actua l
(obser ved) t r ip d ist r ibu t ion  wit h  an  exist ing da ta  set  tha t  list s in dividua l or igin and
dest in a t ion  loca t ion s.  F in a lly, a  compar ison  can  be made between  the obs erved dis t r ibu t ion
and t ha t  pr edicted  by the m odel.

Descr ibe  Orig in-Dest inat ion  Tr ips

An empir ica l descr ip tion  of t he actua l t r ip  dis t ribu t ion  ma t r ix can  be made if t here is
a  da ta  set  tha t  includes in dividu a l or igin a nd des t ina t ion  loca t ions.  The u ser  defines t he
or igin  loca t ion  and the des t ina t ion  loca t ion  for  each  r ecord and a  set  of zones  from which  to
compa re t he individua l or igins a nd dest ina t ions.  Th e r out ine m atches  up each origin
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   Figure 2.14:

Trip Distribution Screen
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loca t ion  with  the neares t  zone, each  des t ina t ion  loca t ion  with  the neares t  zone, and
calcula tes the number  of t r ips  from each origin zone t o each  dest ina t ion  zone. Th is is  an
obser ved dist r ibut ion  of t r ips by zone.

Calcu la t e  observed  or ig in -d est ina t ion  t r ip s

Check if an  empir ica l or igin-dest ina t ion  t r ip dist r ibut ion  is to be ca lcu lat ed.

Orig in  fi l e

Th e origin  file is a  list  of origin  zones with  a  sin gle point  represen t ing the zone (e.g.,
the cen t roid).  There can  be more or igin  zon es than  dest in a t ion  zon es, bu t  a ll dest in a t ion
zones m ust  be included a mong th e or igin zone list .  The or igin file mu st  be inpu t  as either
the pr ima ry or  seconda ry file.  Specify whet her  the da ta  file is the pr ima ry or  seconda ry file.

Origin ID

Specify th e or igin ID va r iable in t he da ta  file (e.g., CensusTr act , Block, TAZ).  Note:
all destinat ion ID's should be in t he origin zone file and m ust  ha ve the sam e nam es.

Dest ina t ion  fi l e

Th e dest ina t ion file is  a  list  of dest ina t ion zones  wit h  a  sin gle point  represen t ing the
zon e (e.g., t he cen t roid).  It  must  be  in put  as either  the pr im ary or  secondary file.  Specify
whether  the da ta  file is the pr ima ry or  seconda ry file.

Destination ID

Specify t he dest in a t ion  ID va r ia ble in  the da ta  file (e.g., CensusTr act , Block , TAZ).
Note: th e ID's used for  the dest ina t ion  file zones m ust  be th e sa me as in  the or igin file.

Se lec t  da ta  fi l e

The da ta  set  must  have in dividua l or igin  and dest in a t ion  loca t ion s.  E ach  record
must  have the X/Y coordin a tes of an  or igin  loca t ion  and the X/Y coordin a tes of a  dest in a t ion
loca t ion .  For  example, an  a r res t  file migh t  lis t  ind ividua l inciden t s  with  each  inciden t
having a  cr im e loca t ion  (the dest in a t ion ) and a  residence or  a r rest  loca t ion  (the or igin ).
Select t he file tha t h as t he X an d Y coordina tes for t he origin and destina tion locat ions.
Cr im eSta t  can  read ASCII, dbase '.dbf', ArcView '.shp'  a nd MapInfo 'da t ' files.  Select  the
tab a nd specify the t ype of file to be selected. Use the br owse bu t ton t o sea rch for t he file.  If
the file type is  ASCII, select  the type of da ta  separa tor  (comma, semicolon , space, t ab) and
th e num ber of column s.
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Variables

Define t he file which  conta ins  the X and Y coordina tes for  both  the or igin (res idence)
an d destinat ion (crime) locat ions.

Colum ns

Select t he va r iables  for  the X and Y coordin a tes respectively for  both  the origin  and
dest in a t ion  loca t ion s (e.g., Lon, La t , H omeX, H omeY, Inciden tX, Inciden tY.) Both  loca t ion s
must  be defin ed for  the rout in e to work.

Missi n g v a lu es

Iden t ify whether  there a re any missing va lues for  these fou r  fields (X and Y
coordin a tes for  both  or igin  and dest in a t ion  loca t ion s).  By defau lt , Cr im eSta t  will ign ore
records wit h  blan k va lues  in a ny of the eligible fields or  records wit h  non-numer ic values
(e.g., a lphanumer ic ch aracter s, , *).   Bla nks will a lways  be excluded un less the user  select s
<n one>.  Th ere a re 8 possible opt ion s:

1. <blank> fields a re au toma t ically excluded.  This is  the defau lt
2. <n o n e > indicates tha t  no records will be excluded.  If th er e is a  blank field,

Cr imeSta t  will t r ea t  it  a s  a  0
3. 0  is excluded
4. -1 is excluded
5. 0  an d -1 indica tes t ha t  both  0 an d -1 will be excluded
6. 0 , -1 an d 9999 indica tes t ha t  a ll th ree values (0, -1, 9999) will be excluded
7. An y  other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it

(e.g., 99)
8. Multiple  numer ica l va lues  can  be tr ea ted a s m issing va lues  by typing t hem,

sepa ra t ing each  by commas (e.g., 0, -1, 99, 9999, -99)

T yp e  of c oor d i n a t e s ys t em  a n d  d a t a  u n i t s

The coordina te syst em and da ta  un its  a re list ed for  informat ion .  If the coordina tes
a re in  longitudes a nd la t itudes, t hen  a  spher ical syst em  is being used a nd da ta  un it s will
au tomat ica lly be decima l degrees.  If th e coordina te syst em is pr ojected (e.g., Sta te Pla ne,
Univer sa l Tr ansverse  Mer cat or - UTM), then  da ta  un it s could  be either  in  feet  (e.g., St a te
Pla ne) or  meter s (e.g., UTM.) 

T a b l e ou t p u t

The en t ire origin -dest ina t ion  mat r ix is out pu t  as a  t able t o th e screen  including
sum ma ry file inform at ion a nd:

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
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3. The n umber of observed tr ips (FRE Q)

Sa ve observed  or ig in -d est ina t ion  t r ip s

If specified, t he full origin -des t ina t ion ou tpu t  is saved as a  'dbf' file named by t he
user . 

Fi l e ou t p u t

The file out put  includes:

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The X coor dina te for  the or igin  zone (ORIGINX)
4. The Y coor dina te for  the or igin  zone (ORIGINY)
5. The X coor dina te for  the dest ina t ion  zone (DESTX)
6. The Y coor dina te for  the dest ina t ion  zone (DESTY)
7. The n umber of t r ips (FRE Q)

Note: each r ecord is  a  un iqu e origin-des t ina t ion combina t ion a nd t her e a re M x N
records  wh er e M is  the number  of origin  zones (including the ext er na l zone) an d N  is t he
nu mber of destinat ion zones.

S a ve l i nk s

The top obs erved or igin -dest in a t ion  t r ip  links can  be saved as separa te line object s
for  use in  a  GIS.  Specify the outpu t  file format  (ArcView '.shp', MapInfo '.m if' or  At la s*GIS
'.bna ') and t he file name.

S a ve t op  l i nk s

Because the outpu t  file is  very la rge (number  of or igin  zon es x n umber  of dest in a t ion
zones), t he u ser  can  select  a  su b-set  of zone combin a t ions  wit h  the m ost  obser ved t r ips . 
Indica t ing the top K link s will na r row the number  down t o the most  impor tan t  ones. The
defau lt  is  the top 100 or igin -dest in a t ion  combin a t ion s.  E ach  outpu t  object  is  a  line from the
or igin zone to the dest ina t ion  zone with  an  ODT pr efix.  The pr efix is placed before the
outpu t  file name.  The line gra ph ica l ou tpu t  for  each  object  includes:

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (ODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
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9. The n umber of observed tr ips for  tha t  combina t ion  (FRE Q)
10. The dist ance between  the or igin zone and t he dest ina t ion  zone.

S a v e  p oi n t s

In t ra -zona l tr ips (tr ips in which  the or igin a nd des t ina t ion  are the sa me zone) can  be
out pu t  as separa te poin t  objects a s a n  ArcView '.sh p', Ma pInfo '.mif' or  At las*GIS  '.bna ' file.
Aga in , the top  K poin t s  a re ou tpu t  (defau lt=100).  Each  ou tpu t  object  is  a  poin t  r epresen t ing
an  int ra -zona l t r ip with  an  ODTPOINTS pr efix.  The prefix is pla ced before t he out pu t  file
name.  The poin t  gra ph ica l ou tpu t  for  each  object  includes:

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (POINTSODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The n umber of observed tr ips for  tha t  combina t ion  (FRE Q)

Calibrate  Impedan ce  Fun ct ion

This  funct ion  a llows the ca libra t ion  of an  approximate t r avel impedance funct ion
based on actua l t r ip  dis t r ibu t ion s.  I t  is  used to descr ibe the t r avel d is t ance of an  actua l
sample (the calibra t ion  sample).  A file  is  in put  which  has a  set  of inciden t s (records) tha t
includes both  the X and Y coordin a tes for  the loca t ion  of the offender 's r esidence (origin )
and t he X and Y coordina tes for  the loca t ion  of the inciden t  tha t  the offender  committ ed
(des t ina t ion .)  The rou t ine es t imates  a  t r avel d is tance funct ion  us ing a  one-d imens iona l
kernel densit y m ethod.  F or  each  record, t he dis t ance between  the or igin  loca t ion  and the
dest ina t ion  locat ion  is calcula ted and is  represen ted on a  dis t ance scale.  The m aximum
dist ance is ca lcu lat ed a nd divided int o a  number  of int ervals; th e defau lt is 100 equa l sized
in ter va ls, bu t  the u ser  can  modify th is.  F or each d ist ance (poin t ) ca lcula ted, a
one-dim en siona l ker nel is over la id.  For ea ch dist ance int er val, the va lues of a ll kernels a re
su mmed to produce a smooth  fun ction of t r avel impeda nce.  The resu lt s a re saved t o a file
tha t  can  be used or igin -dest in a t ion  model.  Note, h owever , t ha t  th is  is  an  empir ica l
dis t r ibu t ion  and represen t s the combin a t ion  of or igin s, dest in a t ion s, a nd cost s.  I t  is  not
neces sar ily a  good descr ip t ion  of the im pedance (cost ) funct ion  by it self.  Ma ny of the
mathemat ica l fu nct ion s produce a  bet t er  fit  than  the empir ica l impedance funct ion .

S elect  d a ta  file for  ca li br a ti on

Select  t he file t ha t  has  the X and Y coordina tes  for  t he or igin  and des t ina t ion
locat ions. CrimeSta t can  read ASCII, dbase '.dbf', ArcView '.shp'  and MapIn fo 'dat ' files. 
Select  the tab and select  the type of file to be  selected. Use the browse bu t ton  to sea rch  for
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the file.  If the file type is ASCII, select  the type of da ta  sepa ra tor  (comma, semicolon , space,
ta b) an d th e num ber of column s.

Variables

Define t he file which  conta ins  the X and Y coordina tes for  both  the or igin (res idence)
and dest in a t ion  (cr im e) loca t ion s

Colum ns

Select t he va r iables  for  the X and Y coordin a tes respectively for  both  the origin  and
dest in a t ion  loca t ion s (e.g., Lon, La t , H omeX, H omeY, Inciden tX, Inciden tY.) Both  loca t ion s
must  be defin ed for  the rout in e to work.

Missi n g v a lu es

Iden t ify whether  there a re any missing va lues for  these fou r  fields (X and Y
coordin a tes for  both  or igin  and dest in a t ion  loca t ion s).  By defau lt , Cr im eSta t  will ign ore
records wit h  blan k va lues  in a ny of the eligible fields or  records wit h  non-numer ic values
(e.g., a lphanumer ic ch aracter s, , *).   Bla nks will a lways  be excluded un less the user  select s
<n one>.  Th ere a re 8 possible opt ion s:

1. <blank> fields a re au toma t ically excluded.  This is  the defau lt
2. <n o n e > indicates tha t  no records will be excluded.  If th er e is a  blank field,

Cr imeSta t  will t r ea t  it  a s  a  0
3. 0  is excluded
4. -1 is excluded
5. 0  an d -1 indica tes t ha t  both  0 an d -1 will be excluded
6. 0 , -1 an d 9999 indica tes t ha t  a ll th ree values (0, -1, 9999) will be excluded
7. An y  other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it

(e.g., 99)
8. Multiple  numer ica l va lues  can  be tr ea ted a s m issing va lues  by typing t hem,

sepa ra t ing each  by commas (e.g., 0, -1, 99, 9999, -99)

T yp e  of c oor d i n a t e s ys t em  a n d  d a t a  u n i t s

Select  the type of coordina te syst em.  If the coordina tes a re in longitudes a nd
lat itu des, t hen  a  sph er ica l system is being used a nd da ta  un its  will au tomat ica lly be
decimal degrees.  If th e coordina te syst em is pr ojected (e.g., Sta te Pla ne, Un iversa l
Transverse Merca tor  - UTM), t hen  da ta  un it s could  be eit her  in  feet  (e.g., Sta te Pla ne) or
meters (e.g., UTM.)  Directiona l coordina tes a re not  a llowed for  th is rou t ine.

S el ec t k e r nel  p a r a m e t er s

There ar e five para met ers th at  mu st be defined.
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Method  of interpolation

Ther e a re fives t ypes  of ker nel dis t r ibu t ions t ha t  can  be u sed t o est imate poin t
densit y:

1. The normal ker nel overlays a t h ree-dimensiona l norm al dist r ibut ion  over
ea ch poin t  tha t  then  exten ds  over  the a rea  defined  by the r eferen ce file.  This
is t he defau lt  ker nel function . 

2. The un iform ker nel overla ys a  un iform fun ction (disk ) over  each poin t  tha t
on ly exten ds for  a  limited  dist ance.

3. The quar t ic k ernel over la ys  a  quar t ic fu nct ion  (in verse sphere) over  each
poin t  tha t  only exten ds  for  a  limited dis t ance. 

4. The t r ia ngu la r  kernel over la ys  a  th ree-dim ension a l t r ia ngle (cone) over  each
poin t  tha t  only exten ds  for  a  limited dis t ance. 

5. Th e n ega t ive exponent ia l ker nel over lays a  th ree d imen siona l nega t ive
exponent ia l fu nct ion  ('sa lt  shaker ') over  each  poin t  tha t  only ext ends for  a
limit ed dis t ance

The methods produce sim ila r  resu lt s though  the normal is genera lly smoother  for
any given  bandwid th .

Choice of bandw idth

The kernels  a re applied to a  limit ed search  dis t ance, ca lled 'bandwid th '. For  the
normal k ernel, bandwid th  is  the st andard devia t ion  of the normal d is t r ibu t ion .  F or  the
unifor m, quar t ic, t r ia ngu la r  and nega t ive exponent ia l k ernels , bandwidth  is  the radiu s of a
circle defined by the sur face.  For a ll types , larger  bandwidt h  will pr oduce sm oother  densit y
estimat es and both  ada ptive and fixed ban dwidth  int ervals can  be selected.

Fixed ban dw idth

A fixed bandwidt h  dis t ance is a  fixed in ter val for ea ch poin t .  The u ser  must  define
the int erval, th e int erval size, and t he dist ance un its  by which  it is calcu lat ed (miles,
nau t ical m iles, feet , kilomet er s, m et er s.) The defau lt  bandwidt h  set t ing is fixed wit h
int ervals of 0.25 miles each.  The int erval size can  be changed.

Ad aptive band wid th

An ada pt ive ban dwidt h  dist ance is ident ified by th e minim um number  of other
poin t s found with in a  symmet r ica l ban d dr awn around a  single poin t .  A symmet r ica l ban d
is p laced over each dist ance point , in tu rn , and t he width  is in creased u n t il the m inimum
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sample size is  reached.  Thus, each  poin t  has a  differen t  bandwid th  size.  The user  can
modify the m inimum sa mple size.  Th e defau lt  for  the ada pt ive bandwidt h  is 100 poin t s.

S pecify interpolation  bins

Th e in ter pola t ion bins a re defined in  one of two wa ys:

1. By t he n umber  of bin s. The m aximum dis tance ca lcula ted is d ivided by the
number  of specified bin s.This  is  the defau lt  wit h  100 bin s. The user  can
cha nge the nu mber of bins.

2. By th e dist ance between  bins.  The user  can  specify a bin  width  in m iles,
na ut ical miles, feet, kilomet ers, and m eters.

Outpu t (areal) un its

Specify the a rea l densit y u n it s as poin t s per  mile, n au t ica l m ile, foot , k ilometer , or
meter .  The defau lt is point s per  mile.

Calculate densities or probabilities

Th e den sit y est imate for  ea ch cell can  be ca lcula ted in  one of th ree ways:

1. Ab so lu te  d e n si ti e s. This is t he number  of poin t s per  grid cell an d is scaled
so tha t  the sum of a ll gr id cells  equ a ls t he sample size. 

2. R e la ti ve  d e n si ti e s.  For each grid cell, th is is the absolu te density divided by
the grid cell ar ea  and is expressed  in t he area l ou tpu t  un its  (e.g., poin t s per
squ are mile)

3. P r ob ab ili ti e s.  This is  the propor t ion  of a ll inciden t s t ha t  occur  in  the gr id
cell.  The sum of a ll grid cells equa ls a  pr obability of 1.  Unlike the J t c
ca libra t ion  rou t ine, t h is  is  the defau lt .  In  mos t  ca ses , a  u ser  wou ld  wan t  a
propor t ion a l (probabilit y) d is t r ibu t ion  as the rela t ive differences in  im pedance
for  differen t  cos t s a r e wha t  is  of in t eres t .

Select  whether  absolu te densit ies, r ela t ive densit ies, or  probabilit ies a re to be  outpu t
for  each  cell.  The defau lt is pr obabilit ies.

Se lec t  ou tp u t  f il e

The outpu t  must  be saved to a  file. Cr im eSta t  can  save the ca libra t ion  outpu t  to
eith er  a  dba se 'dbf' or  ASCII t ext 'txt' file.
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Ca li br a te!

Click on 'Ca libra te!' to run  the rout in e. The outpu t  is  saved to the specified file upon
clickin g on 'Close '.

Gr a p h in g t h e tr a vel  im p ed a n ce fun ct ion

Click on 'View graph ' to see th e t r avel impeda nce funct ion . The screen  view can  be
pr int ed by clickin g on  'Pr int '.  For a  bet t er  qua lity graph , however , th e ou tpu t  sh ould be
impor ted int o a  gra ph ics pa cka ge.

S e tu p  Ori gi n-D e s ti na ti on  Mo de l

The pa ge is for  the set up of the or igin-dest ina t ion  model.  All the relevant  files,
models a nd exponents a re inpu t  on  the pa ge.

Pred ic t ed  or ig in  fi l e

The predicted  origin  file is a  file t ha t  list s t he origin  zones wit h  a  sin gle point
repr esen t ing the zone (e.g., the cen t roid) and a lso includes t he pr edicted n umber  of cr imes
by or igin  zon e.  The file must  be in put  as either  the pr im ary or  secondary file.  Specify
whether  the da ta  file is the pr ima ry or  seconda ry file.

Origin  variable

Specify th e na me of the var iable for  the predicted or igins (e.g., PREDICTED,
ADJ ORIGINS).

Origin ID

Specify th e or igin ID va r iable in t he da ta  file (e.g., CensusTr act , Block, TAZ ).  Note:
all destinat ion ID's should be in t he origin zone file and m ust  ha ve the sam e nam es.

Pred ic t ed  d est ina t ion  fi l e

The predicted  dest ina t ion  file is a  list  of dest ina t ion  zones wit h  a  sin gle point
repr esen t ing the zone (e.g., the cen t roid) and a lso includes t he pr edicted n umber  of cr imes
by dest in a t ion  zon e.  It  must  be  in put  as either  the pr im ary or  secondary file.  Specify
whether  the da ta  file is the pr ima ry or  seconda ry file.

Destina tion  variable

Specify th e na me of the var iable for  the predicted dest ina t ion  (e.g., PRE DICTED,
ADJ DEST).
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 Destination ID

Specify t he dest in a t ion  ID va r ia ble in  the da ta  file (e.g., CensusTr act , Block , TAZ).
Note: th e ID's used for  the dest ina t ion  file zones m ust  be th e sa me as in  the or igin file.

Exp o n en t s

The exponents a re power t erms for  the pr edicted origins a nd des t ina t ions.  They
in dica te the rela t ive st rengt h  of those va r ia bles.  F or  exa mple, com pared to an  exponent  of
1.0 (the defau lt ), a n  exponent  gr ea ter  than  1.0 will s t r engt hen  tha t  va r ia ble (or igin s or
dest ina t ions) while an  exponent  less t han  1.0 will weaken  tha t  var iable.  They can  be
considered 'fine tun ing' adjustm ents.

Origins

Specify th e exponent  for  the pr edicted origins.  The defau lt is 1.0.

Dest ina tions

Specify th e exponent  for  the pr edicted origins.  The defau lt is 1.0.

Im p ed a n c e fu n c t ion

The t r ip  dis t r ibu t ion  rou t in e can  use two differen t  t r avel d is t ance funct ion s: 1) An
a lrea dy-ca libra ted dis t ance function; an d 2) A ma them at ical formula .  The defau lt  is a
mathemat ica l formula .

Use an  already-calibrated  d istance function

If a  t r avel d is t ance funct ion  has a lr eady been  ca libra ted (see 'Ca libra te im pedance
fun ction' under t rip distr ibut ion), th e file can  be directly inpu t int o th e rout ine. The user
select s t he name of the a lrea dy-ca libra ted t ravel dist ance funct ion .  CrimeSt a t  reads dbase
'dbf', ASCII t ext 'txt', an d ASCII da ta  'dat ' files.

Use a m ath em atical form ula

A ma th emat ical form ula can  be used inst ead of a calibrat ed dista nce fun ction.  To do
th is, it  is n ecessa ry to specify the t ype of dist r ibu t ion .  Ther e a re five ma them at ical m odels
th at  can  be selected:

1. Nega t ive exponen t ia l 
2. Normal
3. Logn ormal
4. Linea r
5. Tr uncat ed nega t ive exponen t ia l
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The lognorm al is t he defau lt.  For  each  mathemat ica l model, two or  th ree differen t
par am eters m ust  be defined:

1. For  the negat ive exponent ial, th e coefficient  and exponent

2. For  the normal d is t r ibu t ion , t he mean  dis t ance, s t andard devia t ion  and
coefficient

3. For  lognormal d is t r ibu t ion , t he mean  dis t ance, s t andard devia t ion  and
coefficient

4. For t he linear  distr ibut ion, an int ercept an d slope

5. For  the t runca ted nega t ive exponent ia l, a  peak dis t ance, peak likelihood,
in ter cept , and exponen t .  

Measurem ent un it

Th e r out ine can  calcu la te im peda nce in four  wa ys, by:

1. Dista nce (miles, na ut ical miles, feet, kilomet ers, and m eters)
2. Travel time (minu tes, hour s)
3. Speed (miles per  hour , k ilometer s per  hour )
4. Genera l t r avel cost s (unspecified un it s).

These m ust  be setup u nder  'Network d istance' on  the Measu rement  Parameters
pa ge. Specify the a ppropr ia te u n it s.  In  the Net work Paramet er s d ia logue, specify the
measu rem ent u nits.  The defau lt is dista nce in m iles.

Assu m ed  im p ed a n ce for ext er n a l z on es

For  t r ips or igin a t in g ou t side the study a rea  (ext erna l t r ips), specify the amount  and
th e units t ha t will be assu med for t hese trips.  The defau lt is 25 miles.

Assumed  im peda nce for  in t ra -zona l  t r ip s

For t r ips  origin a t ing and endin g in  the same zone (int ra -zona l t r ips ), specify the
am oun t a nd t he un its th at  will be assu med for t hese trips.  The defau lt is 0.25 miles.

Mod e l  con s t r a i n t s

In  ca libra t in g a  model, the rout in e must  const ra in  eit her  the or igin s or  the
dest ina t ions (sin gle const ra in t ) or  const ra in  both  the origin s a nd t he dest ina t ions (double
cons t ra in t ).  In  the la t t er  case, it  is  an  it era t ive solu t ion .  The defau lt  is  to cons t ra in
dest ina t ions a s it  is a ssumed tha t  the dest ina t ions t ota ls (the number  of crim es occur r ing in
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ea ch zone) are probably m ore cor rect  than  the n umber  of crim es origin a t ing in  ea ch zone. . 
Specify the t ype of cons t ra in t  for  the m odel.

Constrain  origins

If const ra in origins is selected, t he tota l nu mber  of t r ips from each  or igin zone will be
held  const an t .

Constrain  destinations

If const ra in  dest in a t ion s is  selected, t he tota l n umber  of t r ips from each  dest in a t ion
zone will be held const an t .  

Constrain  both  origins and  destinations

If const ra in  both  or igin s and dest in a t ion s is  selected, t he rout in e it era t ively works
out  a balan ce between t he nu mber of origins and t he nu mber of destinat ions.

Ori gi n-D e s ti na ti on  Mo de l

The t r ip d ist r ibu t ion  (or igin-dest ina t ion) model is  implemen ted in  two st eps.  F ir st ,
the coefficient s a re ca lcu lat ed a ccording to th e exponents a nd impeda nce funct ions specified
on  the set up pa ge.  Second, th e coefficient s a nd exponents a re applied t o the pr edicted
or igins  and des t ina t ions r esu ltin g in  a  pr edicted t r ip dist r ibut ion .  Because t hese t wo st eps
are it er a t ive, t hey cannot be r un  sim ultaneously.  

Calibrate  Orig in-Dest inat ion  Model

Ch eck the 'Ca libr a te origin-des t ina t ion m odel' box to ru n  the calibr a t ion m odel. 

Sa ve m od eled  coefficient s (pa ra m eter s)

The modeled coefficient s a re sa ved as  a  'dbf' file.  Specify a file na me.

Apply  Predic ted  Orig in-Dest inat ion  Model

Check the 'Apply predict ed or igin -dest in a t ion  model' box t o run  the t r ip  dis t r ibu t ion
pr ediction .  

Mode led  coe ffi c i en t s  fi l e

Load  the m odeled coefficien t s file sa ved in  the 'Ca libra te origin -dest ina t ion  model'
st age.
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Assu m ed  coor d in a tes  for ext er n a l z on e

In  order  to model t r ips from the 'ext erna l' zone (t r ips from out side the study a rea),
specify coordin a tes for  th is  zon e.  These coordin a tes will be used in  drawin g lin es from the
pr edicted origins t o the pr edicted des t ina t ions.  Ther e are four  choices:

1. Mea n  cent er  (th e m ea n  X and m ea n  Y of a ll or igin file poin t s a re t aken ). Th is
is t he defau lt .

2. Lower -left  corner  (th e m inimum X and m inimum Y values of a ll or igin file
poin t s  a re t aken).

3. Upper -righ t  corner  (th e m aximum X and m aximum Y values of a ll or igin file
poin t s  a re t aken).

4. Use coordina tes (user -defined coordina tes).  Indica te the X and Y coordina tes
th at  ar e to be used.

T a b l e ou t p u t

Th e table outpu t  in clu des summary file in format ion  and (with  defau lt  names):

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The num ber of predicted tr ips (PREDTRIPS)

Sa ve pr ed ic t ed  or ig in -d est ina t ion  t r ip s

Define the outpu t  file.  The outpu t  is saved as a  'dbf' file specified by t he u ser . 

Fi l e ou t p u t

Th e file outpu t  in clu des (with  defau lt  names):

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The X coor dina te for  the or igin  zone (ORIGINX)
4. The Y coor dina te for  the or igin  zone (ORIGINY)
5. The X coor dina te for  the dest ina t ion  zone (DESTX)
6. The Y coor dina te for  the dest ina t ion  zone (DESTY)
7. The num ber of predicted tr ips (PREDTRIPS)

Note: each r ecord is  a  un iqu e origin-des t ina t ion combina t ion a nd t her e a re M x N
records  wh er e M is  the number  of origin  zones (including the ext er na l zone) an d N  is t he
nu mber of destinat ion zones.
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S a ve l i nk s

The top predict ed or igin -dest in a t ion  t r ip  links can  be saved as separa te line object s
for  use in  a  GIS.  Specify the outpu t  file format  (ArcView '.shp', MapInfo '.m if' or  At la s*GIS
'.bna ') and t he file name.

S a ve t op  l i nk s

Because the outpu t  file is  very la rge (number  of or igin  zon es x n umber  of dest in a t ion
zones), the u ser  can  select a  su b-set  of zone combina t ions with  the m ost  pr edicted  t r ips .
Indica t ing the top K link s will na r row the number  down t o the most  impor tan t  ones.  The
defau lt  is  the top 100 or igin -dest in a t ion  combin a t ion s.  E ach  outpu t  object  is  a  line from the
or igin zone to the dest ina t ion  zone with  an  ODT pr efix.  The pr efix is placed before the
out put  file nam e.  The gra phical out put  includes (with  defau lt na mes):

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (ODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The num ber of predicted tr ips for t ha t combinat ion (PREDTRIPS)
10. The dist ance between  the or igin zone and t he dest ina t ion  zone.

S a v e  p oi n t s

In t ra -zona l tr ips (tr ips in which  the or igin a nd des t ina t ion  are the sa me zone) can  be
out pu t  as separa te poin t  objects a s a n  ArcView '.sh p', Ma pInfo '.mif' or  At las*GIS  '.bna ' file.
Aga in , the top  K poin t s  a re ou tpu t  (defau lt=100).  Each  ou tpu t  object  is  a  poin t  r epresen t ing
an  int ra -zona l t r ip with  an  ODTPOINTS pr efix.  The prefix is pla ced before t he out pu t  file
name.  The gr aphica l ou tpu t  for  ea ch in clu des (with  defau lt  names):

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (POINTSODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The num ber of predicted tr ips for t ha t combinat ion (PREDTRIPS)
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Compa re Observe d & P redicte d Origin-De stina tion Trip Len gths

The predicted  t r ip d ist r ibu t ion  model can  be compa red wit h  the obser ved (actu a l)
t r ip d ist r ibu t ion.  S ince ther e a re m any cells for  th is compa r ison  (M or igins x N
dest in a t ion s), a  compar ison  is  usua lly con ducted for  the t r ip  lengt h  dis t r ibu t ion s.  E ach
origin-destinat ion link  (wheth er th e observed distribution or t ha t pr edicted by th e model) is
conver ted  in to a  t r ip  length .  The maximum d is tance between  an  or igin  and a  des t ina t ion  is
then  divided in to K bins (in ter va ls), wh er e K can  be defined by t he u ser ; th e defau lt  is 25. 
The t wo dist r ibu t ions a re compa red wit h  two st a t ist ics: 1) th e coincidence ra t io (essen t ia lly
a  posit ive cor rela t ion  index tha t  var ies bet ween  0 and 1 with  0 r epresen t ing lit t le
coin cidence and 1 represen t in g per fect  coin cidence) and 2) the Komolgorov-Smir nov
two-sa mple test  (a  t est  of the difference between the cumulat ive pr oport ions of the obser ved
and predict ed dis t r ibu t ion s). There is  a lso a  gr aph  tha t  compares the two dis t r ibu t ion s.

Observed  t r ip  fi l e

Select t he obser ved t r ip d ist r ibu t ion  file by clicking on  the Br owse bu t ton a nd findin g
the file.

Observed num ber of origin-destina tion trips

Specify th e var iable for  the observed nu mber of t r ips.  The defau lt n ame is FREQ.

Orig_ID

Specify t he ID name for  the or igin  zon e.  The defau lt  name is  ORIGIN. Note: the
origin  ID's  sh ould be t he same a s in  the predicted  file in  order  to compare t he t op links.

Orig_X

Specify the name for  the X coordina te of the origin  zone.  The defau lt  name is
ORIGINX.

Orig_Y

Specify the name for  the Y coordina te of the origin  zone.  The defau lt  name is
ORIGINY.

Dest_ID

Specify t he ID name for  the dest in a t ion  zon e. The defau lt  name is  DEST. Note: the
dest in a t ion  ID's  should  be the same as in  the predict ed file in  order  to compare the top
link s.
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Dest_X

Specify the name for  the X coordina te of the dest ina t ion  zone. Th e defau lt  name is
DESTX.

Dest_Y

Specify the name for  the Y coordina te of the dest ina t ion  zone. Th e defau lt  name is
DESTY.

Pred ic t ed  t r ip  fi l e

Select  the predict ed t r ip  dis t r ibu t ion  file by click in g on  the Br owse bu t ton  and
finding the file.

Predicted num ber of origin-destina tion trips

Specify the va r iable for  the predicted  number  of t r ips . The defau lt  name is
PREDTRIPS

Orig_ID

Specify t he ID name for  the or igin  zon e. The defau lt  name is  ORIGIN. Note: the
origin  ID's  sh ould be t he same a s in  the obser ved file in  order  to compare t he t op links.

Orig_X

Specify the name for  the X coordina te of the origin  zone. Th e defau lt  name is
ORIGINX.

Orig_Y

Specify the name for  the Y coordina te of the origin  zone.  The defau lt  name is
ORIGINY.

Dest_ID

Specify t he ID name for  the dest in a t ion  zon e.  The defau lt  name is  DEST. Note: the
dest ina t ion  ID's  sh ould be t he same a s in  the obser ved file in  order  to compare t he t op links.

Dest_X

Specify the name for  the X coordina te of the dest ina t ion  zone.  The defau lt  name is
DESTX.
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Dest_Y

Specify the name for  the Y coordina te of the dest ina t ion  zone.  The defau lt  name is
DESTY.

S el ec t b in s

Specify how the bin s (in ter vals) will be defined.  Th er e a re t wo choices. On e is t o
select a  fixed n umber  of bins.  Th e oth er  is t o select  a  const an t  in ter val.

Fixed  num ber

This  set s a  fixed number  of bins.  An  in terva l is defin ed by t he maximum dis tance
bet ween  zone divided by t he n umber  of bin s.  The defau lt  number  of bin s is  25.  Specify the
nu mber of bins.

Constant interval

Th is defines  an  in ter va l of a  specific size.  If selected, the u n it s m ust  a lso be chosen . 
Th e defau lt  is 0.25 m iles .  Ot her  dis t ance un it s a re n au t ical m iles , feet , kilomet er s, a nd
meters.  Specify th e int erval size.

S a ve com p a r ison

Th e outpu t  is saved as a  'dbf' file specified by t he u ser . 

T a b l e ou t p u t

The table out put  includes summ ar y inform at ion a nd:

1. The number  of t r ips  in  the obser ved or igin-dest ina t ion  file
2. The number  of t r ips  in  the predicted  origin -dest ina t ion  file
3. The number  of in t ra -zona l t r ips  in  the obser ved or igin-dest ina t ion  file
4. The number  of in t ra -zona l t r ips  in  the predicted  origin -dest ina t ion  file
5. The number  of in ter -zona l t r ips  in  the obser ved or igin-dest ina t ion  file
6. The number  of in ter -zona l t r ips  in  the predicted  origin -dest ina t ion  file
7. Th e a ver age observed t r ip length
8. Th e a ver age predicted t r ip length
9. Th e m edian  obser ved t r ip length
10. Th e m edian  pr edicted t r ip length
11. The Coinciden ce Rat io (an  indica tor  of congru ence var ying from 0 to 1)
12. The D value for  the Komolgorov-Sm irn ov two-sa mple test
13. The cr itical D value for  the Komolgorov-Sm irn ov two-sa mple test
14. The p-va lue a ssocia ted wit h  the D va lue of Komolgorov-Smirnov two-sa mple

test  relat ive to the cr itical D value.
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and  for  each  bin :

15. The bin n umber
16. The bin  d is tance
17. The obs erved propor t ion
18. The predicted  pr opor t ion

Fi l e ou t p u t

Th e saved file in clu des (with  defau lt  names):

1. The bin num ber (BIN)
2. The bin dist ance (BINDIST)
3. The observed propor t ion  (OBSERVPROP)
4. The pr edicted pr opor t ion  (PRE DPROP )

G r a p h  of ob ser v ed  a n d  p r e d i ct ed  t r i p  l en g t h s

Wh ile the outpu t  page is  open , click in g on  the gr aph  bu t ton  will d ispla y a  gr aph  of
the obs erved and predict ed t r ip  lengt h  propor t ion s on the Y-axis by t he t r ip  lengt h  dis t ance
on t he X-axis.

Compare  Top Links

As an  a lt erna t ive to a  compar ison  of t r ip  lengths for  t he observed  and p red ict ed
dis t r ibu t ion s, t he top links can  be compared wit h  a  pseudo-Chi square test .   Sin ce the top
links h ave th e most  t r ips, th e Chi squ are dist r ibut ion  can  be used for  compa r ison .  However ,
because the r est  of the dist r ibu t ion  is n ot being used, s ignifican ce test s a re invalid.

The st a t ist ic compa res t he number  of t r ips for  the top link s in  the obser ved
dis t r ibu t ion  wit h  the number  of t r ips  for  the same links in  the predicted  model.  The r out ine
calu la tes  a  Ch i square va lue.  

The st a t ist ic is usefu l for  compa r ing differen t  models.  The lower  the Chi squ are
value, th e bet t er  the fit bet ween  the pr edicted m odel and t he obser ved for  the top link s. The
a im is t o find t he m odel t ha t  gives the lowes t  poss ible Chi square va lue.  

Note: in order t o use th is rout ine, th e origin and destina tion ID's mu st be the sam e
for both  th e observed and predicted tr ip files.  

Click t he box an d specify the number  of links t o be compared.  The defau lt  value is
100.   The out put  includes:
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1. The num ber of links th at  ar e compa red 

an d for each tr ip pair in order of th e num ber of tr ips:

2. The zone ID of the or igin zone (FromZone)
3. The zone ID of the dest ina t ion  zone (ToZone)
4. The observed (actu al) nu mber of tr ips
5. The predicted nu mber of tr ips.

At  the bot tom of t he page is  a Ch i-squa re t es t  of t he d ifference between  the observed
and predicted  number  of t r ips  for  the t op links.  Since not  a ll t r ips  have been  included in
th is dist r ibut ion , no sign ificance test  is condu cted.  The a im should be to find  the model
with  the lowest  Chi-squa re value.

Optimiz ing  the  F i t  Betw een  the  Observed  and Predic ted  Links

Idea lly, the best  model would  fu lfill th ree compar ison  test s.  F ir st , t he number  of
in t ra -zona l test s (and, by im plicat ion , the number  of in ter -zona l t r ips ) in  the predicted  t r ip
dist r ibut ion  would be ident ica l to th e number  of int ra -zona l tr ips in t he obser ved
dis t r ibu t ion .  Second, t he overa ll model would  have a  h igh  coin cidence ra t io a nd a
non-significan t  Komolgorov-Sm irn ov tes t  for  the t r ip length  compa r ison.  Third , th e Chi
squ are value for  the top link s would be the lowest  possible.  In pr act ice, an  opt ima l model
may h ave to ba la nce these th ree cr it er ia , producin g a  good match  in  the number  of
in t ra -zona l t r ips, a  r easonably low Chi square va lue for  the top  links, and  a  reasonably h igh
coincidence ra t io for  the t r ip len gth  compa r ison.  Ther e m ay not be a  sin gle, opt imal model.
 

Mode Spl it

Mode split  in volves separa t in g t he predict ed t r ips by lin k (i.e., the t r ips from any on e
or igin zone, A, to an y one dest ina t ion  zone, B) int o dist inct t r avel modes (e.g., walk , bicycle,
dr ive, bu s, t r a in ).  The ba sis  of the separa t ion is  an  aggrega te r ela t ive im peda nce function . 
This is, essen t ially, the 'cost ' of t r aveling by an y one mode r elat ive to a ll modes, wh ether
cost  is defined in t erms of dist ance, tr avel t ime, or  gener a lized cost s.  The m odel can  be
determin ed by eit her  an  empir ica lly-der ived im pedance funct ion  or  a  mathemat ica l
funct ion .  The empir ica lly-der ived im pedance funct ion  would  come from a  ca libra t ion  da ta
set  whereas the mathemat ica l fu nct ion  is  selected on the basis  of either  previous exper ience
or  other  s tudies.  The separate  impedance funct ions  can be const ra ined to a  network in
order  to pr event  t r ips from being a lloca ted t ha t  a re near ly impossible (e.g., t r a in t r ips wh ere
ther e a re n o tr a in  lines  and bus t r ips  wh er e t her e a re n o bus r out es).  

The st eps of the r out ine a re a s follows.  Fir st , the u ser  inpu t s a  file of pr edicted  t r ips
(i.e., the n umber  of pr edicted t r ips  from ever y origin  zone to every dest ina t ion zone). 
Second, th e user  defines wh ich  t ravel modes a re to be modeled.  Up t o five sepa ra te modes
are a llowed.  Thir d, t he user  set s up an  im pedance m odel for  ea ch t ravel m ode.  Any of the
impeda nce models can  be const ra ined  to a  pa r t icu lar  network (e.g., bus  mode const ra ined  to
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   Figure 2.15:

Mode Split Screen
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a  bus  network; tr a in m ode const ra ined  to a  t r a in n etwork).  This would normally be desir ed
even  for  modes  wh er e t r avel in  any dir ect ion is  poss ible (e.g., wa lk, bicycle, dr ive m odes). 
Four th , an d finally, after a ll impedan ce models ha ve been defined, th e rout ine is ru n a nd
split s the predict ed t r ips in to the defin ed modes on the basis  of the rela t ive im pedance of
each m ode to all impedan ces.

Setup for  Mode  Spl it  Model

This pa ge defines t he predicted t r ip file an d t he ou tpu t  file.  It  also allows a
defin it ion  of where ext erna l t r ips a re assumed to come from.

Pred ic t ed  or ig in  fi l e

The predicted  origin  file is a  file t ha t  list s t he origin  zones wit h  a  sin gle point
repr esen t ing the zone (e.g., the cen t roid) and a lso includes t he pr edicted n umber  of cr imes
by or igin  zon e.  The file must  be in put  as either  the pr im ary or  secondary file.  Specify
whether  the da ta  file is the pr ima ry or  seconda ry file.

Origin  variable

Specify th e na me of the var iable for  the predicted or igins (e.g., PREDICTED,
ADJ ORIGINS).

Origin ID

Specify th e or igin ID va r iable in t he da ta  file (e.g., CensusTr act , Block, TAZ).  Note:
all destinat ion ID's should be in t he origin zone file and m ust  ha ve the sam e nam es.

Pred ic t ed  d est ina t ion  fi l e

The predicted  dest ina t ion  file is a  list  of dest ina t ion  zones wit h  a  sin gle point
repr esen t ing the zone (e.g., the cen t roid) and a lso includes t he pr edicted n umber  of cr imes
by dest in a t ion  zon e.  It  must  be  in put  as either  the pr im ary or  secondary file.  Specify
whether  the da ta  file is the pr ima ry or  seconda ry file.

Destina tion  variable

Specify th e na me of the var iable for  the predicted dest ina t ion  (e.g., PRE DICTED,
ADJ DEST).

Destination ID

Specify t he dest in a t ion  ID va r ia ble in  the da ta  file (e.g., CensusTr act , Block , TAZ).
Note: th e ID's used for  the dest ina t ion  file zones m ust  be th e sa me as in  the or igin file.
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Pred ic t ed  or ig in -d est ina t ion  t r ip  f il e

The predict ed or igin -dest in a t ion  t r ip  file is  a  file tha t  list s the predict ed number  of
t r ips from every or igin  zon e to every dest in a t ion  zon e.  On the mode split  setup page, select
the predict ed t r ip  file (i.e., the predict ed or igin -dest in a t ion  t r ip  file by click in g on  the
'Browse' bu t ton .

Predicted trips

Specify the va r iable for  the predicted  number  of t r ips .  The defau lt  name is
PREDTRIPS

As su m e d  i m p e d a n c e for  ext er n a l  z on e

In  order  to model t r ips from the 'ext erna l zone' (t r ips from out side the study a rea),
specify an  impedan ce to be assu med.  The defau lt is 25 miles.

Assu m ed  coor d in a tes  for ext er n a l z on e

In  order  to model t r ips from the 'ext erna l' zone (t r ips from out side the study a rea),
specify coordin a tes for  th is  zon e.  These coordin a tes will be used in  drawin g lin es from the
pr edicted origins t o the pr edicted des t ina t ions.  Ther e are four  choices:

1. Mea n  cent er  (th e m ea n  X and m ea n  Y of a ll or igin file poin t s a re t aken ).  Th is
is t he defau lt .

2. Lower -left  corner  (th e m inimum X and m inimum Y values of a ll or igin file
poin t s  a re t aken).

3. Upper -righ t  corner  (th e m aximum X and m aximum Y values of a ll or igin file
poin t s  a re t aken).

4. Use coordina tes (user -defined coordina tes).  Indica te the X and Y coordina tes
th at  ar e to be used.

Run  Mode  Split

Check t he "Mode sp lit" box to ena ble th e rou t ine.  It  will run  when the "Compu te"
butt on is clicked.

Mod e  sp l i t  ou t p u t

There a re th ree types of outpu t  for  the mode split  rout in e.  F ir st , t he zon e-to-zon e
t r ip file for  each  mode separa tely can  be ou tpu t  as a  dbf file.  Second, th e most  frequent
in ter -zon a l (i.e., t r ips between  differen t  zon es) t r ips for  each  mode separa tely can  be outpu t

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



2.92

as polylines.  Thir d, t he most  frequent  in t ra -zon a l (i.e., t r ips wit h in  the same zon e) t r ips for
ea ch m ode separa tely can  be outpu t  as point s.  

Sa ve re su l t

Define the outpu t  file.  The outpu t  will be sa ved as a  'dbf' file specified by t he u ser . 
For  each  mode, th e pr efix 'TMode' will be prefaced before the file.  For example, if the name
pr ovided by the user  is "robber ies.dbf" and if there are th ree t r avel modes m odeled, th en
there will be th ree outpu t  files (TMode1robber ies.dbf; TMode2robber ies.dbf;
TMode3robber ies.dbf).

Fi l e ou t p u t

The file out put  includes:

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The X coor dina te for  the or igin  zone (ORIGINX)
4. The Y coor dina te for  the or igin  zone (ORIGINY)
5. The X coor dina te for  the dest ina t ion  zone (DESTX)
6. The Y coor dina te for  the dest ina t ion  zone (DESTY)
7. The num ber of predicted tr ips (PREDTRIPS)

Note: each r ecord is  a  un iqu e origin-des t ina t ion combina t ion a nd t her e a re M x N
records  wh er e M is  the number  of origin  zones (including the ext er na l zone) an d N  is t he
nu mber of destinat ion zones.

S a ve l i nk s

The top predict ed or igin -dest in a t ion  t r ip  links can  be saved as separa te line object s
for  use in  a  GIS.  Specify the outpu t  file format  (ArcView '.shp', MapInfo '.m if' or  At la s*GIS
'.bna ') and t he file name. For each  mode, th e pr efix 'TripMode' will be prefaced before the
file.  For example, if the name pr ovided by the user  is "robber ies" and if there are th ree
t ravel modes m odeled, th en  there will be th ree gra ph ica l ou tpu t  files
(Tr ipMode1r obber ies.shp /mif/bna ; Tr ipMode2r obber ies.shp /mif/bna ;
Tr ipMode3robber ies.shp/mif/bna).

S a ve t op  l i nk s

Because the outpu t  file is  very la rge (number  of or igin  zon es x n umber  of dest in a t ion
zones), the u ser  can  select a  su b-set  of zone combina t ions with  the m ost  pr edicted  t r ips .
Indica t ing the top K link s will na r row the number  down t o the most  impor tan t  ones.  The
defau lt  is  the top 100 or igin -dest in a t ion  combin a t ion s.  E ach  outpu t  object  is  a  line from the
origin  zone to th e dest ina t ion zone wit h  a  Tr ipMode prefix wher e '' is t he m ode n umber . 
The pr efix is placed before the ou tpu t  file name.  The gra ph ica l ou tpu t  includes:
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1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (ODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The num ber of predicted tr ips for t ha t combinat ion (PREDTRIPS)
10. The dist ance between  the or igin zone and t he dest ina t ion  zone.

S a v e  p oi n t s

In t ra -zona l tr ips (tr ips in which  the or igin a nd des t ina t ion  are the sa me zone) can  be
out pu t  as separa te poin t  objects a s a n  ArcView '.sh p', Ma pInfo '.mif' or  At las*GIS  '.bna ' file.
Aga in , the top  K poin t s  a re ou tpu t  (defau lt=100).  Each  ou tpu t  object  is  a  poin t  r epresen t ing
an  int ra -zona l t r ip with  a  Tr ipModePoin t s p refix wher e '' is t he m ode number .  The prefix is
pla ced before t he out pu t  file name. For exa mple, if the name provided by t he u ser  is
"robber ies" and  if there a re th ree t r avel modes  modeled , then  there will be th ree graph ica l
ou tpu t  files (Tr ipModeP oint s1r obber ies.shp /mif/bna ;
Tr ipModePoin t s2robber ies.shp/mif/bna ; Tr ipModePoin t s3robber ies.shp/mif/bna).

The gra phical out put  for each includes:

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (POINTSODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The num ber of predicted tr ips for t ha t combinat ion (PREDTRIPS)

Calib ra te  Mod e  Split : I-III

For  each  mode (up t o five), th e impeda nce pa rameters h ave to be set.  Ther e are
three pages for t h is. "Calibr a te m ode sp lit : I" cover s m odes 1 and 2.  "Calibra te m ode sp lit :
II' covers  modes 3 a nd 4.  "Calibra te mode sp lit: III" covers  mode 5.  For ea ch  mode, th e user
sh ould indicat e whether  the mode is t o be used, th e name to be used for  the mode, whet her
a  defau lt  im pedance will be ca lcu la ted dir ect ly or  if it  should  be const ra in ed to a  network,
and the specific im pedance model u sed.  If any m ode is  not  used, t hen  it  will n ot  be par t  of
the ca lcu la t ion s.  Use only those modes tha t  a re releva nt , bu t , a lso, be sure not  to leave out
an y import an t ones.
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The followin g inst ruct ion s apply to each  of the five modes.

Mod e #

Check t he box if the mode is t o be used.

La bel

Put  in a  label for  the mode.  Defau lt n ames a re provided (walk , bicycle, dr ive, bus,
t r a in ), but  the u ser  is n ot r equ ired to use t hose. 

Im p ed a n ce con st r a i n t

The impeda nce will be ca lcu lat ed either  direct ly or  is const ra ined  to a  network.  The
defau lt  im pedance is  defin ed wit h  the type of dis t ance measurement  specified on the
Mea su rem en t  Paramet er s page (un der  Da ta  setup).  On  the oth er  hand, if the impeda nce is
to be const ra ined to a n et work, then  the n et work has t o be defined.  

Defau lt

The defau lt impedan ce is th at  specified on t he Measu rem ent  par am eters  page. If
d irect  d is t ance is  the defau lt  d is t ance (on  the measurement  pa rameters  page), then  a ll
impeda nces a re calcula ted as a  dir ect  dis t ance.  If indir ect  dis t ance is the defau lt , then  a ll
impeda nces a re calcula ted as in dir ect  (Manha t tan) dist ance.  If net work dis t ance is the
defau lt, t hen  a ll impeda nces a re ca lcu lat ed u sing th e specified net work a nd it s pa rameters;
t r avel impedance will a u tomat ica lly be const ra in ed to the network under  th is  condit ion .

Constrain  to netw ork

An impedance ca lcu la t ion  shou ld  be const r a ined  to a  network  where there a re
limited choices.  For example, a bus t r ip requires  a  bus  rou te; if a  pa r t icu lar  zone is not n ear
an  exist ing bus r out e, then  a  dir ect  dis t ance ca lcula t ion  will be m islea din g sin ce it will
pr obably under est ima te t rue dist ance.  Similar ly, for  a  t r a in t r ip, th ere needs t o be an
exist in g t ra in  route.  E ven  for  walk in g, bicycling a nd dr ivin g t r ips, a n  exist in g n etwork
might  pr oduce a more rea list ic tr avel im peda nce than  sim ply a ssuming a  dir ect  t r avel pa th . 
If the impeda nce ca lcu lat ion  is to be const ra ined  to a  network, t hen  the network m ust  be
defined. 

Check  the 'Cons t ra in  to network ' box and  click  on  the 'Pa rameters ' bu t ton .  The
network file can  be eith er  a  sh ape line or polyline file (the defau lt) or  another  file, eith er
dBase IV  'dbf', Microsoft  Access 'm db', Ascii 'da t ', or  an  ODBC-complian t  file.   If the file is
a  sh ape file, the r out ine will know the loca t ions of the nodes.  All the u ser  needs t o do is
iden t ify a weigh t ing var iable, if used.  

For  a  dBase IV or  other  file, the X and Y coordina te var iables of the end  nodes m ust
be defined . These a re ca lled  the "From" node and  the "End" node, though  there is  no
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pa r t icu lar  order .  An opt iona l weight  var iable is a llowed for  both  a  sh ape or dbf file. The
rout ine identifies nodes and segment s an d finds the shortest pa th .  By defau lt, th e short est
pa th  is in t erms of dist ance though ea ch  segment  can  be weighted by tr avel t ime, t r avel
speed , or  gener a lized cost ; in t he lat t er  case, th e un its  a re minu tes, hour s, or  unspecified
cost u nits. 

F in a lly, the number  of gr aph  segm ents to be  ca lcu la ted is  defin ed as the network
limit .  The defau lt is 50,000 segmen ts.  Be sure tha t  th is number  is grea ter  than  the
number  of segm ents in  you r  network.  Note: usin g n etwork dis t ance for  dis t ance
calcu la t ions  can  be a  ver y slow process (i.e., t aking up t o sever a l da ys for ca lcula t ing an
en t ire m at r ix).

Minim um  absolu te im pedance

If the mode is const ra ined  to a  network, an  addit iona l const ra int  is needed t o ensu re
rea listic a lloca t ions of t r ips.  This is t he minim um absolu te impeda nce between  zones. The
defau lt is 2 m iles.  For a ny zone pa ir (an  or igin zone and a  dest ina t ion  zone) tha t  is closer
togeth er  (in d ist ance, time int erval, or  cost ) than  the minim um specified, no tr ips will be
allocat ed to th at  mode.  This const ra int is to prevent  un realistic tr ips being assigned to
in t r a -zona l t r ip s or  t r ip s between  nea rby zones .  Cr imeSta t  u ses  th ree impedances  for  a
cons t ra ined  network : 1) the impedance from the or igin  zone to the neares t  node on  the
network (e.g., nearest  ra il st a t ion); b) the impeda nce a long th e network t o the node n earest
to the dest in a t ion ; and c:) the im pedance from tha t  node to the dest in a t ion  zon e.  Sin ce most
im pedance funct ion s for  a  mode const ra in ed to a  network will h ave the h ighest  likelihood
som e dist ance from t he origin , it 's possible t ha t  the m ode would  be a ss igned to, essen t ia lly,
very sh ort  t r ips  (e.g., the dist ance from a n  origin  zone t o a r a il net work and t hen  back a gain
might  be modeled a s a  h igh  likelihood of a  t r a in t r ip even t hough su ch  a  t r ip is very
unlikely).  

For ea ch m ode tha t  is const ra ined to a n et work, specify the m inimum absolu te
impeda nce.  The un its  will be th e sa me as t ha t  specified by th e measu rement  un its . The
defau lt  is  2 miles.  If the un it s a re dis t ance, t hen  t r ips will on ly be a lloca ted to those zon e
pairs t ha t a re equal to or great er in dista nce tha n t he minimu m specified.  If th e units a re
t ravel t ime or speed, t hen  t r ips will on ly be alloca ted t o those zone pa irs  tha t  a re fa r ther
apar t  than  the dis t ance t ha t  would  be t r aveled in  tha t  t im e a t  30 miles per  hour .  If the
unit s a re cost , t hen  the rout in e ca lcu la tes the average cost  per  mile a lon g t he network and
only a lloca tes  t r ips to those zone pa ir s  tha t  are fa r ther  apar t  than  the d is tance tha t  would
be t raveled  a t  tha t  aver age cost . 

Im p ed a n c e fu n c t ion

The model split  rou t in e can  use two differen t  t r avel d is t ance funct ion s: 1) An
a lrea dy-ca libra ted dis t ance function; an d 2) A ma them at ical formula .  The defau lt  is a
mathemat ica l formula .
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Use an  already-calibrated  d istance function

If a  t r avel dist ance funct ion  for  the specific mode h as a lrea dy been calibra ted (see
'Ca libra te im pedance funct ion ' u nder  t r ip  dis t r ibu t ion ), t he file can  be dir ect ly in put  in to the
rout ine.  Tha t  rout ine can  be u sed t o ca libra te a  fun ction if ther e a re da ta  on origins a nd
destinat ions for individua l tr avel modes.

Browse

Th e u ser  selects t he n ame of the a lrea dy-calibr a ted t r avel dist ance function . 
Cr imeSta t  reads dbase 'dbf', ASCII t ext 'txt', an d ASCII da ta  'dat ' files.

Use a m ath em atical form ula

A ma th emat ical form ula can  be used inst ead of a calibrat ed dista nce fun ction.  To do
th is, it  is n ecessa ry to specify the t ype of dist r ibu t ion .  Ther e a re five ma them at ical m odels
th at  can  be selected:

1. Nega t ive exponen t ia l - the defau lt
2. Norm al dis t r ibu t ion
3. Lognorma l d is t ribu t ion
4. Lin ear  dis t r ibu t ion
5. Tr uncat ed nega t ive exponen t ia l

For each ma th emat ical model, two or t hr ee different  par am eters m ust  be defined:

1. For t he nega t ive exponen t ia l, the coefficien t  and exponen t .  This is  the defau lt
an d defau lt values ar e provided.

2. For  the normal d is t r ibu t ion , t he mean  dis t ance, s t andard devia t ion  and
coefficient ,

3. For  lognormal d is t r ibu t ion , t he mean  dis t ance, s t andard devia t ion  and
coefficient ,

4. For  the linear  dis t r ibu t ion , a n  in tercep t  and slope; and

5. For  the t runca ted nega t ive exponent ia l, a  peak dis t ance, peak likelihood,
in ter cept , and exponen t .  

Measurement  un i t

Th e r out ine can  calcu la te im peda nce in four  wa ys, by:

1. Dista nce (miles, na ut ical miles, feet, kilomet ers, and m eters)
2. Travel time (minu tes, hour s)
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3. Speed (miles per  hour , k ilometer s per  hour )
4. Genera l t r avel cost s (unspecified un it s).

Specify th e appropriat e units.  The defau lt is dista nce in m iles.
 

N e tw o rk  As sig n m en t

Net work a ssignment  involves a ssigning pr edicted t r ips (either  a ll t r ips or by
sepa ra te t r avel modes) to a pa r t icu lar  rou te on  a  network.  Tha t  is, for  every
or igin -des t ina t ion  t r ip  link , a  pa r t icu la r  rou te is  found a long a  network  (roadway, t r ansit ). 
The rout in e does th is  usin g a  shor test  pa th  a lgor it hm.  The user  must  provide the network
with  its  pa rameters.  The r ou t ine a llows t he defin ition of one-way st reet s in  order  to
pr oduce a m ore r ea list ic r epresen ta t ion .  In  the cur ren t  ver sion, the a ss ignmen t  rout ine
works  on  one pr edicted t r ip file a t  a  t ime.

P re di ct e d Orig in -De st in at io n  Fi le

The predict ed or igin -dest in a t ion  t r ip  file is  a  file tha t  list s the predict ed number  of
t r ips  from ever y origin  zone to every dest ina t ion zone.  Select  the predicted t r ip file (i.e., the
predict ed or igin -dest in a t ion  t r ip  file) by click in g on  the 'Browse' bu t ton .

Or ig in  ID

Specify the origin  zone ID var iable in  the da ta  file.  The defau lt  name is  ORIGIN. 

O r i gi n _X

Specify the name of the va r iable for  the X coordina te of the origin  zone.  The defau lt
nam e is  ORIGINX.

O r i gi n _Y

Specify the name of the va r iable for  the Y coordina te of the origin  zone.  The defau lt
nam e is  ORIGINY.

Dest in a t ion  ID

Specify th e dest ina t ion  zone ID var iable in t he da ta  file.  The defau lt n ame is DEST.

D es ti n a t i on _X

Specify th e name of the var iable for  the X coordina te of the dest ina t ion  zone.  The
defau lt n ame is DESTX.
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  Figure 2.16:

Network Assignment Screen
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D es ti n a t i on _Y

Specify th e name of the var iable for  the Y coordina te of the dest ina t ion  zone.  The
defau lt n ame is DESTY.

P red i ct ed  t r i ps

Specify the va r iable for  the predicted  number  of t r ips .  The defau lt  name is
PREDTRIPS

N e tw o r k U s e d

The network  assignm ent r out ine requires a n etwork  from which t he short est pat h
from every or igin zone to every dest ina t ion  zone can  be compu ted.  To run  th is rou t ine,
check t he 'Network a ssignment ' box at  the top of the pa ge.

The u ser  must  specify the net work tha t  is t o be used.  Th er e a re t wo choices.  F ir st , if
a  network was defin ed on the Measurement  parameter s page (Data  setup), t ha t  network
can  be used to ca lcu la te the shor test  pa th .  Second, whether  a  network has been  defin ed on
the Measu rement  pa rameters pa ge or  not , an  a lter na t ive network can  be selected.

Netw ork  on  m easurem ent  pa ra m eters  pa ge

Check the  'Network on Measurement  parameters page ' box to use that  network.  All
the paramet er s will have been  defined for tha t  setup (see Mea su rem en t  pa ramet er s page).  

Al t er n a t i v e n et w o r k

If an  a lt er na t ive n et work is t o be used, it  must  be defined.  Check the 'Alterna t ive
net work ' box an d click on the 'Paramet er s' bu t ton.  

Note: if a n etwork  is also used on t he Measur ement  Pa ra met ers page, th en it mu st
be defin ed there as well.  Cr im eSta t  will ch eck whether  tha t  file exist s; if it  does not ,
the rout in e will s top and an  er ror  message will be issued.  Therefore, if an
a lt erna t ive network is  used, t he user  should  probably change the dis t ance
measu rement  on  the Measu rement  Parameters pa ge to direct or  indirect d ist ance.

T ype of netw ork

Net work files can  bi-dir ect iona l (e.g., a TIGER file) or  sin gle direct iona l (e.g., a
t ransport a t ion m odelin g file).  In  a  bi-dir ect iona l file, t r avel can  be in  eit her  dir ect ion.  In  a
single direct iona l file, t r avel is on ly in one dir ect ion .  Specify th e type of network t o be used.
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N etw ork in pu t file

The network file can  eith er  be a shape file (line, polyline, or  polylineZ file) or  another
file, either  dBase IV 'dbf', Microsoft  Access  'mdb', Ascii 'da t ', or  an  ODBC-complia n t  file. 
The defau lt  is  a  shape file. I f the file is  a  shape file, t he rout in e will k now the loca t ion s of
the nodes.  For  a  dBase IV or  other  file, the X and Y coordina te var iables of the end  nodes
must  be defined. These a re called the "Fr om" node a nd t he "En d" node.  An opt iona l weigh t
var iable is a llowed for  a ll types of file0073. The rou t ine iden t ifies nodes a nd segm ents a nd
finds t he short est  pa th .   If th er e a re one-way st reet s in  a  bi-directiona l file, the flag fields
for t he "Fr om" an d "To" nodes should be defined.

N etw ork w eight field

Norm ally, each segmen t  in  the net work is n ot weigh ted.  In  th is case, the r out ine
calcu la tes  the short es t  dis t ance bet ween  two point s u sin g the dist ance of each segm en t . 
However , each segmen t  can  be weighted by t ravel t ime, speed  or t r avel cost s.  If tr avel t ime
is  used for  weight in g t he segm ent , t he rout in e ca lcu la tes the shor test  t im e for  any r oute
bet ween  two point s.  If speed is u sed for  weigh t ing the segmen t , the r out ine conver t s t h is
in to t r avel t im e by divid in g t he dis t ance by t he speed.  F in a lly, if t r avel cos t  is  used for
weigh t ing the segmen t , t he rou t ine ca lcu la t es  the rou te with  the smalles t  t ot a l t r avel cos t . 
Specify the weight ing field t o be used a nd be  su re t o indicate t he m ea su rem en t  un it s
(dist ance, speed, t r avel t ime, or t r avel cost ) at  the bot tom of the page.  If ther e is n o
weight ing field ass igned, th en  the rou t ine will ca lcu lat e using dista nce.

From  one-way flag and  T o one-way flag

One-way segm ents can  be iden t ified in  a  bi-d ir ect ion a l file by a  'flag' field  (it  is  not
necessa ry in  a  single direct iona l file).  The 'flag' is a  field for  the end  nodes of the segment
with  va lues  of '0' and  '1'.  A '0' ind ica tes  tha t  t r avel can  pass  th rough  tha t  node in  either
d ir ect ion  whereas a  '1' indica t es  tha t  t r avel can  on ly pas s from the other  node of t he same
segment  (i.e., t r avel cannot  occur  from another  segment  tha t  is connected t o the node).  The
defau lt a ssu mpt ion  is for  t r avel to be allowed t h rough ea ch  node (i.e., th ere is a '0' assumed
for  each  node). F or  each  one-way s t reet , specify the fla gs  for  each  end node.  A '0 ' a llows
t ravel fr om any con nect in g segm ents whereas a  '1' on ly a llows t ravel fr om the other  node of
the sa me segment . Flag fields tha t  a re blan k a re assu med t o a llow t ravel to pa ss in  eith er
dir ect ion .

From N ode ID and  T oN ode ID

If the network is  sin gle dir ect ion a l, there a re in dividua l segm ents for  each  dir ect ion .
Typica lly, two-way st reet s h ave two segmen ts, one for  each  direct ion .  On t he other  hand,
one-way s t reet s have only one segm ent .   The FromNode ID and the ToN ode ID iden t ify
from which  end  of the segmen t  t r avel should occur .  If no Fr omNode ID an d ToNode ID is
defined , the r out ine will chose the firs t  segmen t  of a  pa ir  tha t  it  finds , whet her  t r avel is in
the r igh t  or  wrong direction .  To ident ify cor rect ly t r avel direct ion , define t he Fr omNode and
ToNode ID fields.
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T ype of coord inate system

The type of coordina te syst em for  the network file is th e sa me as for  the pr ima ry file.

Measurem ent un it

By defau lt, t he sh or test  pa th  is in t erms of dist ance.  However , each segm ent  can  be
weighted by t ravel t ime, t r avel speed, or t r avel cost .  

1. For t r avel t ime, t he u n it s a re m inutes , hour s, or  unspecified cost  un it s.   

2. For speed, th e units a re miles per hour  an d kilomet ers per hour.  In the case
of speed  as a  weigh t ing var iable, it  is a u toma t ically conver ted in to tr avel t ime
by dividin g the dist ance of th e segm en t  by t he speed, keep ing un it s cons tan t .  

3. For  t r avel cost , th e un its  a re undefined a nd t he rou t ine iden t ifies rou tes by
th ose with  th e smallest total cost.

N etw ork graph  lim it

Fin a lly, the number  of gr aph  segm ents to be  ca lcu la ted is  defin ed as the network
limit .  The defau lt is 50,000 segmen ts.  Be sure tha t  th is number  is sligh t ly grea ter  than  the
number  of segm ents in  you r  network.  Note: usin g n etwork dis t ance for  dis t ance
ca lcu la t ions  can  be a  s low process, for  example t ak ing up  to severa l hours  for  ca lcu la t ing an
en t ire m at r ix.  Use only if more p recision is  needed or for  the net work ass ignmen t  rout ine
in t he cr ime t ravel dem and m odu le.

N e tw o r k U ti li ti e s

Th er e a re t wo net work u t ilit ies  tha t  can  be u sed.  

C h ec k  for  on e-w a y s tr eet s

First , ther e is a  rout ine t ha t  will iden t ify one-wa y st reet s if the net work is s ingle
dir ect iona l. In  a  sin gle direct iona l file, one-wa y st reet s do not  have a  recipr oca l pa ir  (i.e., a
segm ent  t r aveling in  the opposit e dir ect ion ).  This  is  in dica ted by a  reciproca l pa ir  of ID's  for
the "From" and "To" nodes. If checked, t he rout in e iden t ifies those segm ents tha t  do not
have r ecipr oca l node ID's .  The n et work is saved wit h  a  new field called "On eway". 
One-way segmen ts a re assigned a  value of '1' value and t wo-way segmen ts a re assigned a
value of '0'.  The out pu t  is saved a s a n  ArcView '.sh p', Ma pInfo '.mif' or  At las*GIS  '.bna ' file.

Crea te  a  t ra ns i t  netw ork  from p r im a ry  fi l e

Second, t her e is a  rout ine t ha t  will crea te a  net work from the pr imary file.  This is
useful for  crea t ing a  t r ansit  net work from a  collection of bus s tops (bus n et work) or  ra il
st a t ions (ra il network).  If checked , th e rou t ine will rea d t he pr ima ry file and will dr aw lines
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from one poin t  t o another  in  t he order  in  wh ich  the poin t s appea r  in  t he p rimary file. Note,
it is essen t ial to order  the point s in t he same order  in wh ich  the net work should be dra wn
(otherwise, an  illogica l net work will be obta ined).  It is ea sy to do th is in a  spr eadsh eet
p rogram.

T ransit Line ID

The rou t ine can  handle multiple lines, for  exam ple differen t  ra il lines or bu s r ou tes
(e.g., Line A, Line B, Route 1, Route 2). In t he pr ima ry file, the poin t s m ust  be grouped by
lines, however, and m ust  be classified by an  ID field.  With in ea ch  group, t he poin t s m ust  be
ar ranged in  order  of occur ren ce; the r out ine will draw a  lines from one poin t  to an oth er  in
tha t  order . In  the Transit  Lin e ID field , indica te which  va r ia ble is  the cla ssifica t ion
var iable.

The ou tpu t  is sa ved as  an  ArcView '.shp', MapIn fo '.mif' or  At las*GIS '.bna ' file.

N e tw o r k Ou tp u t

There a re th ree types of outpu t  for  the network assignment  rout in e.  F ir st , t he most
frequ en t  in ter -zona l (i.e., tr ips  bet ween  differen t  zones) rout es  can  be outpu t  as polylines. 
Second, th e most  frequent  int ra -zona l (i.e., t r ips with in t he sa me zone) rou t ines  can  be
ou tpu t  a s poin t s.  Th ird, t he en t ir e network  can  be ou tpu t  in  t erms of t he tot a l number  of
t r ips tha t  occur  on ea ch segm ent  (network loa d).

S a ve r ou tes

Th e short es t  rout es  can  be saved as separa te polyline object s for use  in  a  GIS. 
Specify the out pu t  file format  (ArcView '.sh p', Ma pInfo '.mif' or  At las*GIS  '.bna ') and t he file
name.

S a ve t op  r ou tes

Because the outpu t  file is  very la rge (number  of or igin  zon es x n umber  of dest in a t ion
zones), the u ser  can  select a  zone-to-zone r out e wit h  the m ost  pr edicted  t r ips .  The defau lt  is
the t op 100 or igin-dest ina t ion  combina t ions.  E ach outpu t  object  is a  line from the origin
zone t o th e dest ina t ion  zone wit h  a  Rout e prefix.  The prefix is pla ced before t he out pu t  file
na me.  The graph ical out put  includes:

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The fea ture pr efix (ROUTE )
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
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9. The n umber of t r ips on  tha t  pa r t icu lar  rout e (FRE Q)
10. Th e dis t ance between  the or igin  zon e and the dest in a t ion  zon e (DIST).

S a v e  p oi n t s

In t ra -zona l tr ips (tr ips in which  the or igin a nd des t ina t ion  are the sa me zone) can  be
out pu t  as separa te poin t  objects a s a n  ArcView '.sh p', Ma pInfo '.mif' or  At las*GIS  '.bna ' file.
Aga in , the top  K poin t s  a re ou tpu t  (defau lt=100). Each  ou tpu t  object  is  a  poin t  r epresen t ing
an  in t ra -zona l t r ip with  a  RouteP oint s.  The prefix is placed before t he outpu t  file name. 

The gra phical out put  for each includes:

1. An ID nu mber from 1 to K, wher e K is th e nu mber of links  ou tpu t  (ID)
2. The featu re prefix (ROUTEP oints)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The n umber of t r ips on  tha t  pa r t icu lar  rout e (FRE Q)
10. Th e dis t ance between  the or igin  zon e and the dest in a t ion  zon e (DIST).

S a ve n etw or k  loa d

It  is  a lso possible to save the tota l n etwork loa d as an  ArcView '.shp', MapInfo '.m if'
or  At las*GIS '.bna ' file . This  is  the tota l  number  of t r ips on each segment  of the  network.   
The rou t ine t akes  every or igin zone to dest ina t ion  zone combina t ion  and su ms t he number
of t r ips that  occur  on each segment  of the  network.  

Click  on  the "Save ou tpu t  network" box and specify a  file name for  t he ou tpu t .

F ile  Wo rk s h e e t

The file worksheet  a llows t he sa ving of names for  the files in  the cr ime t ravel
demand m odule.  Because ther e a re a  large number  of files used (many used in  mult iple
rou t ines), saving th e names will make it  easier  to keep  t rack of the files.  The file worksheet
is  not  requir ed for  use of the cr im e t ravel demand module.  But  it  is  recommended for
remember in g t he files in  a  par t icu la r  t r avel demand model.  Th ere a re five worksheet s for
keeping tr ack of th e different  rout ines.

File  Worksh ee t  1

This work sheet keeps tra ck of th e files used in t he tr ip genera tion st ep.  These
include:
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  Figure 2.17:

File Worksheet Screen
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Tr ip  genera t ion

Calibra te model
Ma ke prediction
Bala nce or igin s wit h  dest in a t ion s

File  Worksh ee t  2

This work sh eet  keeps t r ack of some used in  the t r ip d ist r ibu t ion  st ep, in pa r t icula r
the obser ved tr ip dist r ibut ion  and t r ip dist r ibut ion  model set up.  These include:

Tr ip  dis t r ibu t ion
Describe origin-destinat ion t rips
Set up origin-dest ina t ion  model

File  Worksh ee t  3

This work sh eet  a lso keeps t r ack files u sed in  the t r ip d ist r ibu t ion  st ep, in pa r t icula r
the t r ip d ist r ibu t ion  model and t he compa r ison bet ween  the obser ved a nd predicted  t r ip
length  dist r ibut ions.  These include:

Or igin-dest ina t ion  model
Compa re observed and p redicted or igin-des t ina t ion t r ip lengths

File  Worksh ee t  4

Th is work sh eet  keeps t r ack of the files used in  the m ode split  st ep, includ ing the
mode sp lit set up a nd m odes 1-3.  These include:

Mode split
Setup for  mode sp lit
Modes m odeled

Modes 1-3

File  Worksh ee t  5

This worksheet  keeps t r ack of the remaining files used in t he mode sp lit st ep (modes
4-5) as well as  network a ssignment  rou t ine.  These include:

Mode split (cont inued)
Modes m odeled

Modes 4-5
Network  ass ignment
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V. Op tio n s

The opt ions a llow the sa ving of pa rameters, the changing of t ab colors for  the th ree
sections a nd t he outpu t ing of sim ula ted da ta  for  the Monte Ca r lo simula t ion r out ines .,

Sa vin g P ara m e te rs

All th e in pu t  pa ramet er s can  be saved.  In  the opt ions  section , ther e is  a  ‘Sa ve
pa rameters’ but ton .  A pa rameters file mu st  have a ‘pa ram’ exten sion .  A sa ved pa rameters
file can  be re-loaded  with  the ‘Load  parameters ’ bu t ton .

Colors

The colors for  each of the t h ree sections can  be changed by selectin g the appropr ia te
tab and choosin g a  color  from the color  spect rum.

Du mp  Simu lation Da ta

Wh en runnin g a  Monte Ca r lo s im ula t ion  wit h  the Ripley’s K, t he Nearest  Neighbor
Hier a rchica l Clu st er ing, the Risk-ad just ed Nea rest  Neigh bor Hier a rchica l Clu st er ing, the
STAC, the Mantel, or  the Knox r out in es, t he da ta  can  be outpu t  to dbf files.  E ach
simulation r un  is out put  with  th e nam e Sim_dat a<I>.dbf where <I> is the r un  number  (e.g.,
Sim _data4.dbf).

VI. Dynam ic  Data  Exchange  (DDE) Support

Crim eS tat su pport s Dynamic Da ta  Exchange (DDE).  See Appen dix A in t he
documenta t ion  or  the online help  screens for  more in format ion .
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 Figure 2.18:

Options Page Screen
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Chapter 3
Entering Data into CrimeStat

Th e gr aphic u ser  in ter face of Crim eS tat is a  t abbed form (figure 3.1). Ther e a re five
groups of funct ions : Da ta  setup , Spa t ia l descr ip t ion , Spa t ia l modeling, Cr ime Travel
Demand, an d Opt ions.  Ea ch  group, in t u rn  is made up of severa l set s of rou t ines :

D a ta  Se t up

Pr imary file Da ta  file of inciden t /poin t  loca t ions (Required)
Seconda ry file Secondary da ta  file of in ciden t /poin t  loca t ion s
Referen ce file File for  referencin g in terpola t ion s
Measuremen t  Pa rameter s Area l and linea r  cha ract er is t ics  of s tudy a rea

Spat ia l Descr iption

Spat ia l Dis t r ibu t ion Basic ch aracter is t ics  of the in ciden t  dis t r ibu t ion
Dista nce Ana lysis I Character ist ics of th e dist ances bet ween  point s
Dista nce Ana lysis II Mat r ix dist ances
‘Hot Spot’ Ana lysis I Tools  for  iden t ifyin g ‘Hot  Spots’
‘Hot Spot’ Ana lysis II More tools for identifying ‘Hot Spots’

S pa ti al Mo de li ng

In ter pola t ion Three-dim en siona l den sit y ana lysis
J our ney-to-cr ime Ana lysis Analyzing th e t r avel beha vior  of ser ial offender s
Space-t ime Ana lysis The in ter action bet ween  space an d t ime

Cri m e  Tra ve l D e m a nd

Tr ip  genera t ion Models  of cr im e or igin s and cr im e dest in a t ion s
Tr ip  dis t r ibu t ion Model of t r ips between  or igin s and dest in a t ion s
Mode split Model of t r avel mode used for  t r ips
Network  ass ignment Model of rout e t aken  for  t r ips
File worksheet Worksheet  of file names

Op ti on s

Save parameter s Save the dat a  setup parameter s
Load parameter s Load  a lrea dy-sa ved paramet er s file
Color s Change th e color  of t abs
Sim ula t ion Outpu t  simu la t ion  da t a

This section discusses th e Data  Setup t abs.
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3.3

Requ ired Data

Crim eS tat can  input  dat a in several form at s - ASCII, dbase III/ IV  ‘dbf’, ArcView
‘sh p’, MapIn fo ‘dat ’, an d files tha t su pport  th e ODBC sta nda rd, such a s Excel®, Lotus 1-2-
3®, Microsoft Access®, and  Paradox®.  It is ess en t ial t ha t  the files ha ve X and Y coordina tes
as pa r t  of their s t ructure.    The pr ogra m assu mes t ha t  the assigned X and Y coordina tes
a re cor rect .  It  rea ds  a  file - ASCII, ‘dbf’ or ‘sh p’ and t akes  the given  X and Y coordin a tes .  

If you r ead an  ArcView  sh ape file, the inciden t ’s X and Y coordina tes a re
au toma t ically a dded as t he first  fields  in  the pr imary file by Crim eS tat. If you  use a ny
oth er type of file you m ust  add X an d Y coordina tes to the file.   To au toma te th is in

ArcView ,  a dd the Avenue ext ension  Coord in ate Utili ty V1.0 (ava ilable in  Arc Scr ip t s) to
your  exten sion list .  To do th is in  MapIn fo add  the KGM u t ility Table Geography a s a  t ool. 
Both  work grea t .  It  is a  good idea  to add t he X an d Y coordin a tes  to an y file.   They a re
usefu l for  ana lysis  in  other  progr ams and a llow for  easy r econst ruct ion  of the file if t he geo-
codin g is lost . 

Co ord in a te s

Crim eS tat ana lyzes poin t  da ta , defined geogra ph ically by X and Y coordin a tes . 
Th ese X/Y coord ina tes  represen t  a  sin gle loca t ion wher e eit her  an  inciden t  occur red (e.g., a
bu rglary) or wh er e a  bu ildin g or  oth er  object  can  be r epresen ted as a  sin gle point .  A point
will have X and Y coordina tes  in  a  spher ica l or  Ca r t es ian  sys t em.  In  a  spher ica l coordina te
sys tem, each  poin t  can  be defin ed by longitude (for  X) and la t it ude (for  Y).  In  a  projected
coordina te syst em, such a s St a te Pla ne or  UTM, each  X and Y is defined by feet  or  meters
from  an  arbit ra ry refer en ce or igin .  Crim eS tat can  handle both  sph er ica l an d pr ojected
point s.  F or some uses, coord ina tes can  be pola r , tha t  is defined a s a ngles from a n  arbit ra ry
reference vector , u sua lly d ir ect  nor th .1  One of th e rout ines in t he progra m calculat es the
angula r  mea n  and va r iance of a collect ion of an gles . 

Point  da ta  can  be obta ined  from a  number  of sour ces.  The m ost  frequent  would be
the va r iou s in ciden t  da ta  bases stored by a  police depar tment , which  could  in clu de ca lls for
service, crim e r eport s, or  closed cases.  Other  sources of inciden t  da ta  can  include
secondary da ta  from other  agencies (e.g., hospit a l r ecords, emergency m edica l service
records , loca t ions  of bu sin esses) or even  sa mpled da ta  (Levine a nd Wa chs , 1986a ; 1986b). 
There a re a lso poin t  da ta  from broadcast  sources, such  as radios , t elevision s, or
microwaves.

To read projected coordin a tes in to Crim eS tat, th e user  doesn’t  need t o define the
pa r t icula r  pr oject ion (oth er  than  to ind icat e t ha t  the coord ina tes  a re projected).  ArcView
will ou tpu t  the object s  in  the p rojected  un it s  so tha t  they can  be read  direct ly in to tha t
p rogram or  in to ArcGIS .  H owever , t o outpu t  ca lcu la ted object s to MapIn fo r equ ires  the
defin ition of the specific pr oject ion  used.2 See  cha pt er  4 for  the firs t  examples of out pu t ing
objects.
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3.4

Inten sit ies  and  w eig hts

For  some uses, poin t s can  have intensity va lu es or  weights .  These a re opt ion a l
inpu ts in  Crim eS tat.   An  intensity is  a  va lu e assigned to a  poin t  loca t ion  aside from the
X/Y coordin a tes.  It  is  another  va r ia ble, t ypica lly denoted as a  Z-va lu e.  F or  example, if the
poin t  loca t ion  is  the loca t ion  of a  police st a t ion , t hen  the in tensit y cou ld  be the number  of
ca lls  for  service over  a  mon th  a t  tha t  st a t ion .  Or , t o u se census geography, if t he poin t  is
the cen t roid of a  censu s t r act , th en  the int ensity could be th e popula t ion  of tha t  censu s
t ract .  In  other  words, a n  in tensit y is a  va r ia ble assigned to a  par t icu la r  loca t ion .

Some of the rou t ines  in  Crim eS tat r equ ire an  in ten sit y value (e.g., the spa t ia l
au tocorr ela t ion  indices) and other s can  u t ilize a  point  locat ion  wit h  an  in ten sit y value
assigned (e.g., kernel dens ity int erpola t ion).  If no int ensity va lue is a ssigned, th e rou t ines
which  require it  cannot  be ru n  while the rou t ines  which  can  u t ilize it  will assu me tha t  the
in tensit y is 1 (i.e., tha t  a ll poin t s have equa l in tensit y).

A weigh t occurs when  differen t  poin t  loca t ion s a re to receive differen t ia l s t a t is t ica l
t r ea tment .  For exam ple, if a  police depa r tment  has des igna ted differen t  a reas for  ser vice,
for  exa mple ‘urban’ and ‘rura l’, a  va lu e can  be assigned for  each  of these a reas (e.g., ‘1' for
urba n  and ‘2' for  ru ra l).   Most  of the r out ines in  Crim eS tat will use the weight s in  the
ca lcu la t ion s.  Weight s would  be usefu l if differen t  zon es a re to be  eva lu a ted on the basis  of
another  var iable.  For exam ple, suppose a police depa r tment  has divided its  ser vice area
in to u rban  and ru ra l.  In  the ru ra l pa r t , there a re twice as  many pa t rol officer s  ass igned
per capita  th an  in t he ur ban a reas; the higher populat ion densities in t he ur ban a reas a re
assu med to compensa te for t he longer tr avel dista nces in t he ru ra l ar eas.  Let’s assu me
tha t  a ll cr imes  occur r ing in t he rura l ar eas r eceive a  weight  of 2 while those in  the urban
area  receive a  weight  of 1.  Th e police depar tment  then  wants to est im ate the densit y of
househ old bur gla r ies relat ive to the popula t ion  using th e du el ker nel dens ity funct ion  (see
Ch apt er  7).  But , to reflect t he differ en t ia l ass ignmen t  of police officers, t he a na lyst s u se
the ser vice a rea  as a  weigh t .  The r esu lt  would  be a  per  capita  est imate of bu rglary den sit y
(i.e., bu rglar ies per  person), bu t  weigh ted by the ser vice a rea .  It  would  pr ovide an  est imate
of burglar y risk adjusted for different ial service in r ur al an d ur ban a reas.  In most cases,
ther e will n o weigh t s, in  wh ich case , a ll poin t s a re a ssumed to ha ve a n  equ a l weigh t  of ‘1'. 

It  is  possible to have both  in tensit ies and weight s, a lt hough  th is  would  be ra re.  F or
example, if the X and  Y coord ina tes  a re the cen t roids of census t r act s , a  th ird  va r iable - 
the tota l popu lat ion  of each  censu s t r act  cou ld be an  int ensity.  Ther e could a lso be an
weight ing ba sed on  service area .  In  calcu la t ing the Moran’s I  spa t ia l au tocorr ela t ion in dex,
th e tota l populat ion is used a s an  inten sity while th e service ar ea is used as a  weight.   In
th is case , Crim eS tat ca lcu la tes a  weighted Moran’s I spa t ia l a u tocorrela t ion .

Bu t  t he use of both  an  in t ensity and a  weight  would  be less common.  F or  most  of
th e stat istics, a variable could be used as either a  weigh t  or a n  in ten sit y, and t he r esu lt s
will be t he same.  However , be car eful in  ass igning the same var iable a s both  an  in ten sit y
and a  weigh t .  In  su ch in st ances, cases may end u p being weigh ted twice, which will
produce distort ed results.3
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Ti m e  Me a su re s

Crim eS tat now in clu des rout in es for  ana lyzing spa t ia l ch aracter is t ics  in  rela t ion  to
t im e.  Many ser ia l cr im e in ciden t s occur  in  a  shor t  per iod  of t im e.  F or  exa mple, a  gr oup of
car  th ieves may s tea l ca r s from a  neighborhood over  a  very shor t  per iod  of t im e, for
example a  few da ys.  Th us, t her e is often  an  in ter action bet ween  a  concent ra ted spa t ia l
pa t t ern  of event s occur r ing in a  sh or t  t ime per iod.  Because of th is, police depa r tments
rou t ine collect  informat ion  on  the t ime of the event , th e da y an d t ime.

Th ere a re th ree rout in es which  ana lyze spa t ia l concen t ra t ion  in  rela t ion  to t im e: the
Knox index, th e Mantel index, an d a  cor relat ed wa lk m odel.  But  for  using an y of these
rout ines , the u ser  has t o define t ime in  a  consis t en t  manner .  Both  the pr imary and
seconda ry files can  a llow a  t ime va r iable.  H owever , these have to be defined in  a  consisten t
ma nn er for a ll records in a file.  There are five time periods th at  ar e allowed:

Hour
Day (defau lt )
Week
Month
Year

The defau lt  is ‘da y’.  Tha t  is, t he program will assume t ha t  any t ime va r iable is  in
da ys, either  an  a rbit ra ry number  of da ys (e.g., days from J anuary 1s t) or  t he number  of
da ys from J anuary 1, 1900, wh ich is  the defau lt  t ime r efer en ce for m ost  compu ter  sys tem s. 
If the t ime un it  is n ot in  da ys, t he u ser  needs t o indicate t he appropr ia te un it .

Miss ing  Value  Codes

Unfor tuna tely, da ta  is frequ en t ly messy.  In  most  police depar tmen ts, t he crim e
in ciden t  da ta  base is  bein g con t in ua lly u pda ted, da ily a nd, perhaps, h our ly.  At  any on e
t ime, many of th e r ecords  will not h ave been  geocoded or  will have been  incompletely
geocoded.  

B la n k  r e cor d s

Crim eS tat a llows the inclus ion  of codes for  miss ing values, tha t  is va lues of eligible
fields tha t  a re not  complete or  a re not  cor rect .  These codes a re applied t o the fields defined
on t he pr imary or seconda ry da ta  set s (X, Y, weigh t , in ten sit y).  Aut oma t ically, Crim eS tat
will exclude records  wit h  bla nk fields  or with  fields  having any non-numer ic valu e (e.g.,
a lph anumer ic cha racter s, #, *) for  the eligible fields .  The st a t ist ics will be calcula ted only
on t hose r ecords  wh ich h ave eligible n umer ical va lues.  Fields  for  oth er  var iables  in  the
dat a base th at  ar e not defined in t he prima ry and seconda ry data  sets will be ignored.
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Ot h er  m iss in g v a lu e cod es

In  add it ion t o blank and n on-numer ic valu es , Crim eS tat can  exclude any other
va lue t ha t  has been  used for a  miss ing values  code (e.g., 0, -1, 99).  Tha t  is, if the progra m
encounter s a  field  wit h  a  missin g va lu e code, it  will exclude tha t  record from the
ca lcu la t ions .  Next  to the X, Y, weigh t  and in tens ity fields on  both  the p r imary and
seconda ry files is  a  miss ing values code box.  The defau lt  has been  set  to blan k.  Tha t  is, if
Crim eS tat finds n o informat ion  in a  field, it will ignore t ha t  record.  However, th ere are
eight  options t ha t can  be selected:

1. <bl a nk > fields a re au toma t ically excluded.  This is  the defau lt ;
2. <non e> indicates tha t  no records will be excluded.  If th er e is a  blank field,

Crim eS tat will t r ea t  it a s a  0;
3. 0  is excluded;
4. -1 is excluded;
5. 0 a n d  -1  indicat es tha t both  0 and -1 will be excluded;
6. 0, -1 a n d  9999 indica tes t ha t  a ll th ree values (0, -1, 9999) will be excluded;
7. An y  other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it

(e.g., 99); and
8. Mul t ip l e  numer ica l va lues  can  be tr ea ted a s m issing va lues  by typing t hem,

separa t in g each by commas (e.g., 0, -1, 99, 9999, -99).

It  is im por tan t  for  user s t o un derst and t heir  da ta  set s p r ior t o us ing Crim eS tat.   If
the da ta  a re ‘clean ’, tha t  is a ll X/Y fields a re popula ted wit h  cor rect  values as a re a ll
weight /int en sit y fields  (if used), then  the progra m will h ave n o problems r unning rout ines . 
On  the other  hand, in la rge adm inist ra t ive da ta  bases, su ch  as in  most  police depa r tments,
ther e will be m any records  tha t  a re in complete or  have m iss ing values  codes (e.g., 0). 
Un less Crim eS tat is  told  what  a re the missin g va lu e codes, wit h  the except ion  of blank or
non-numer ic values, it will include them in t he ca lcu lat ions.  For example, some da ta  base
pr ogra ms pu t  a  0 for  an  X or Y field  wh ich h as n ot been  geocoded.  Crim eS tat doesn’t  know
tha t  the 0 is  a  missin g va lu e and will u se it  in  ca lcu la t ion s sin ce 0 is  a  per fect ly good
number .  It  is im por tan t  tha t  user s either  clea n  their  da ta  thoroughly or  define t he m iss ing
value codes completely for  the pr ima ry an d seconda ry files.

P rim ary  Fi le

The Prim ary File is r equ ired and p rovides  the coord ina tes  of poin t s of inciden t s.  On
the pr im ary file t ab, t he user  must  fir st  click on S elect Files.  A d ia log box appears  tha t
a llows t he u ser  to select  wh ich of six file form ats a pp lies  to th e pr imary file (F igure 3.2). 
For ea ch of the file form ats, t he u ser  must  define t wo character ist ics - the t ype of file
(ASCII, ‘.dbf’, ‘da t ’, ‘.shp’, ‘mdb’, or  ODBC) and the name of the file.  There is  a  browse
win dow which a llows t he u ser  to find t he file. 

In  developin g t h is  progr am, we have ta rgeted it  towards users of ArcView , MapIn fo
an d Atlas*GIS .  These GIS programs either  st ore t heir  a t t r ibu te da ta  in  dB ase III/ IV
format  in  a  file wit h  a  ‘dbf’ extension  (e.g., precin ct1.dbf) or can  read and wr it e dir ect ly ‘dbf’ 
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File Format SelectionFigure 3.2:

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Linking CrimeStat III to MapInfo 
 

Richard Block 
Professor of Sociology and Criminal Justice 

Loyola University of Chicago 
 
 MapInfo point ‘dat’ files can be inputted to CrimeStat as primary or secondary files.  
However, x and y coordinates need to be added to the file.  If the point data are in  
latitude/longitude, this is easily done with a free extension, Table Geography, available through 
the Directions Magazine website as part of the KGM utilities at: 
http://www.directionsmag.com/tools/Default.asp?a=file&ID=11 .   Add this extension to your 
MapInfo toolbox.  Click on the tool.  You will first be asked for a table to add coordinates. The 
program automatically adds columns for longitude and latitude.  
 

If you are using another projection, you will need to add and update columns to your file.  
To do this, add columns for x and y coordinates to your table (Table–>Maintenance–>Table 
Structure–>Add Field)  in an appropriate numeric format for your projection.  As shown in left 
figure, update these new columns with the coordinates (Table–>update column).  Choose the data 
file and column that you want to update.  Next, click assist and then functions.  Choose centroidx 
to update the horizontal field and centroidy to update the vertical field.  Within CrimeStat, 
identify the file type as MapInfo ‘dat’. 

  
 For some CrimeStat require a reference file.  These are identified by the lower-left and 
upper-right coordinates of a rectangle.  To derive these coordinates, make the top map (cosmetic) 
layer editable.  Draw a rectangle identifying the study area.  Select the rectangle.  Convert it to a 
region (objects-  convert to region). Double click on the rectangle, and the appropriate 
coordinates and area of the rectangle will appear. 
  

Several CrimeStat routines output geographic features that can be added as a layer in 
MapInfo. To output these graphics, first designate an output file. If you are working in 
longitude/latitude, choose a MapInfo ‘mif ‘file as output.  In MapInfo, import the mif file (Table–
>Import), and open the file as a layer in your map.  For any other projection, output to an ESRI 
shape file and use the Universal Translator tool (right figure) to import your file (Tools---
>Universal Translator).  Choose ESRI shape and the file that you designated in CrimeStat.  
Next, choose the  appropriate projection.    Identify the destination format–chose MapInfo tab 
and, finally, identify  the directory  for storage of the file.  The table can then be opened as a layer 
on your map.     CrimeStat graphic output is brought into MapInfo as regions and has all the 
functionality of a regions layer.  Figure 7.6 includes STAC and single kernel density output. 
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3.9

files.  Many ot her  GIS progr ams, h owever , a lso can  read ‘dbf’ files.  F or  ArcView  and
MapIn fo, the X an d Y coordin a tes  wh ich define cr ime in ciden t  poin t s a re n ot d irect ly pa r t
of the ‘dbf’ file, but  ins tead exist on t he geogra ph ic file.

Input Fi le  Forma ts

ArcView

In ArcView  the coord ina tes  a re s tored on  the ‘sh p’ file, not t he ‘dbf’ file.  Crim eS tat
can  rea d d irect ly a  ‘sh p’ file so the ‘dbf’ file is n ot r equ ired to ha ve t he X an d Y coordin a tes .  

Ma pIn fo

However , in  MapIn fo, th e coordina tes ar e stored in ‘ta b’ files.  To use Crim eS tat
wit h  MapIn fo, ther efore, r equ ires tha t  the X and Y coordin a tes be a ss igned to two fields  in
the ‘t ab’ file and t hen  sa ved a s a  ‘dbf’ file.  See the en dn otes for  dir ections on doing th is.4 
Even  in  ArcView , some user s m ay wish t o expor t  the poin t s a s a  ‘dbf’ file because of other
inform at ion t ha t a re on t he records.  The endnotes also list th ese directions.5   MapIn fo also
uses a  ‘da t ’ format , wh ich is  sim ila r  to ‘dbf’.  Th is can  be r ea dy by Crim eS tat.

Atla s*GIS

In Atlas*GIS , on t he other  hand, a  poin t  file is a lrea dy a  ‘dbf’ file and will have
fields for  the X and Y coordina tes.

Microsoft  Access

‘Mdb’ Files from Microsoft Access® 97 (or  ea r lier ) can  a lso be r ea d by Crim eS tat. 
The user  will have to ensu re tha t  the file has a n  X and Y coordina te.

ODBC

Sim ila r ly, Crim eS tat can  rea d a ny file tha t  uses Open  Da taba se Conn ectivity
(ODBC).  ODBC is  a  pr ogramming inter face tha t  enables  pr ograms t o access da ta  in
dat abase m an agement systems t ha t u se Stru ctu red Query Lan gua ge (SQL) as a  dat a
access s t anda rd, such  as E xcel®, Pa radox®, Micr osoft  Access, Lotus 1-2-3®, and FoxPro®.

ASCII

For a n  ASCII file, however , th ree a dd it iona l a t t r ibu tes must  be defined.  Th e firs t  is
the type of character  tha t  is  used to separa te the va r ia bles in  the file.  There a re four
possibilities:6

Space (one or  more, t he defau lt )
Comma
Semicolon
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3.10

Tab 

The second cha racter ist ic is the number  of rows wh ich  have labels on  them (Header
Rows).  Some ASCII files will have rows which  label the names of the var iables.  The u ser
sh ould indicat e the number  if th is is the case oth erwise Crim eS tat will p roduce an  er ror
code.  The defau lt is 0, th at  is th e progra m a ssum es tha t t here ar e no headers u nless
inst ructed other wise.  To change th is, t he u ser  sh ould inser t  the cur sor  in  the appropr ia te
cell, backspa ce to erase  the defau lt  number  and t ype in  the cor rect  number . 

The th ir d character is t ic of a n  ASCII file tha t  must  be defin ed is  the number  of
var iables  (columns or  fields) in  the file.  With  spher ical or pr ojected coord ina tes, ther e will
be at  leas t  two var iables (th e X and Y coordina te) and t here may be more if other  var iables
a re included in  the file.   However, with  direct iona l coordina tes (see below), th ere may be
only one.  Crim eS tat assu mes th at  th e num ber of column s in t he ASCII file is two un less
inst ructed other wise.  Again , the u ser  sh ould inser t  the cur sor  in  the appropr ia te cell,
ba ckspa ce to erase  the defau lt  number  and t ype in  the cor rect  number .  After  definin g the
file type and name, t he user  should  click on OK .

Ide n tify in g Vari ab le s

After  definin g a  file, either  ‘.dbf’, ASCII , ‘da t ’, or ‘.sh p’, it  is n ecessa ry to iden t ify th e
var iables.  Two var iables a re required  and t wo are opt iona l. The r equired  var iables a re the
X and Y coordina tes .  The user  shou ld  indica t e t he file name tha t  con ta ins the coordina tes
by click ing on  the d rop  down menu  and h igh ligh t ing the cor rect  name.  After  having
ident ified which file conta ins t he X an d Y coordin a tes , it  is n ecessa ry to iden t ify th e
va r iable name.  Click  on  the d rop  down  menu  under  Colum n  and  h igh ligh t  the name of the
var iable for t he X an d Y coordin a tes  respectively.7  F igure 3.3 shows a  correct  defin in g of
file and var iable names for  the pr ima ry file.

Multiple files can  be ent ered on the pr ima ry file t ab.  However , on ly one can  be
u t ilized a t  a  t ime.  In  theor y, one can  have separa te files con ta in ing the X and Y
coordina tes , t hough  in  pract ice th is  will r a r ely occur .   

We ig h t Varia ble

Somet imes , a point  loca t ion  is weighted.  As m ent ioned a bove, weight s a re used
when poin t s represen t s a reas and the a reas a re st a t is t ica lly t r ea ted differen t ly.  F or  most
of the s t a t ist ics, Crim eS tat can  weigh t  the s t a t ist ics dur ing the calcula t ion (e.g., t he
weighted mean  cen ter , t he weighted nearest  neighbor  in dex).

By defau lt , Crim eS tat assigns a  weight  of 1 t o each  poin t .  If the user  does not
define a  weigh t  var iable, t hen  the progra m assumes tha t  ea ch point  has equ a l weigh t  (i.e.,
1).  On  the other  hand, if there a re weight s, t hen  the weight  va r ia ble should  be defin ed on
th e primar y file screen an d its n am e listed.
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Primary File DefinitionFigure 3.3:
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Int e n si ty  Varia ble

Sim ila r ly, a  poin t  loca t ion  can  have an  in tensit y a ssigned to it .  Most  of the
st a t ist ics in  Crim eS tat can  use an  in tensit y var ia ble and some sta t is t ics  requir e it  (Moran’s
I, Gea ry’s C and Loca l Moran).  If no int en sit y is defined, Crim eS tat will not calcula te
sta t is t ics  requir in g a n  in tensit y var ia ble and, in  st a t is t ics  where an  in tensit y is opt ion a l
(e.g., inter pola t ion), will assume a  defau lt  in ten sit y of 1.  On  the oth er  hand, if ther e is a n
in ten sit y var iable, t hen  th is should be defined on the pr imary file screen  and it s va r iable
na me ident ified.

In  gen er a l, be very car eful about  usin g both  an  int ensity var iable and a  weigh t ing
va r ia ble.  Use bot h  only when  there a re separa te weight s and in tensit ies.  Most  of the
rout ines  can  use  both  in ten sit ies  and weigh t ing and m ay, consequ en t ly, double-weight
cases.  F igure 3.4 shows a  pr ima ry file screen  with  an  int ensity var iable defined.

Tim e  Varia ble

Fina lly, a t ime va r iable can  be defined for  use in  the special Spa ce-t ime ana lysis
tools u nder  Spa t ia l modelin g.  Crim eS tat allows five different  time references:

Hours
Da ys
Weeks
Months
Year s

Th e defau lt  is ‘da ys’ bu t  the u ser  can  choose one of the other  four  cat egories . 
However , the program assumes tha t  a ll records  a re consis t en t  defined .  For exa mple, a ll
r ecords m ust  be in da ys or  in h ours.  If some r ecords a re in da ys, for  exam ple, an d oth er
records  a re in  hour s, t he program will not k now tha t  ther e is a n  inconsis t en cy and will
t r ea t  ea ch of th e r ecords  in  the wa y they h ave been  defined.  I t ’s im por tan t , ther efore, t ha t
a  user  en su re t ha t  a ll r ecords  a re consis t en t  in  the wa y tha t  t ime is  defined. F igure 3.5
illust ra tes t he defin ing of a  t ime va r iable on  the pr ima ry file pa ge.

Co ord in a te  S ys te m

In  add it ion t o th e pr imary file name a nd va r iable a ss ignmen t , it  is n ecessa ry to
iden t ify th e t ype of coord ina te syst em  used a nd t he u n it s of mea su rem en t .  Crim eS tat
recognizes thr ee coordina te systems:

S ph e ri ca l c oo rd in a te s  (longitude a nd la t itu de)

This  is  a  un iversa l coor din a te sys tem tha t  measures loca t ion  by a ngles from
reference poin t s  on  Ear th .8
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Primary File With Intensity Variable DefinedFigure 3.4:
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Time Variable DefinitionFigure 3.5:
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P r oje c te d  co ord in a te s

Projected coordin a tes a re a rbit ra ry coor din a tes based on a  par t icu la r  project ion  of
the ea r th  to a  fla t  pla ne.  They h ave an  arbit ra ry or igin  (the pla ce where X=0 and Y=0) and
are a lmost  a lways defined  in u n its  of feet  or  meters.9

Crim eS tat can  work  with  either  spher ica l or  project ed  coordina tes .  On  the p rimary
file t ab, th e user  indica tes wh ich  coordina te syst em is being used.  If the coordina te syst em
is sph er ical, t hen  un it s a re au toma t ically a ssumed to be lat itude and longitude in  decima l
degrees.  If the coordina te syst em is pr ojected, th en  it is n ecessa ry to specify whet her  the
measu rem ent u nits a re feet or m eters.

D ire c ti on a l c oo rd in a te s

For  some uses, a  pola r  coordina te syst em can  be used.  Point  loca t ions a re defined
by an gles from a n  arbitr a ry referen ce line, usu a lly t rue nor th  and var y between  00 and 3600

in  a  clockwise rota t ion .  All loca t ions  a re measured  as an  angu la r  devia t ion  from the
refer en ce point  and with  dis t ance bein g mea su red from a  cent ra l loca t ion. Crim eS tat has
the a bilit y to read in  angles  for  use  in  calcu la t ing the a ngula r  mea n  and va r iance.  In
addit ion , if dir ect ion a l coor din a tes a re used, a n  opt ion a l d is t ance va r ia ble for  each
mea su rem en t  can  be u sed.  

If the file cont a ins d irectiona l coordin a tes (an gles), define t he file na me and va r iable
name (colum n) tha t  con ta ins  the direct iona l mea su rements.  If used, define the file name
an d var iable nam e (column ) th at  cont ains t he distan ce var iable.  Figur e 3.6 shows the
pr imary file defin it ion u sin g dir ect ions .   

Se co n da ry F ile

Crim eS tat a lso a llows for t he in pu t t ing of a  seconda ry file.  For  exa mple, the
pr imary file could be locat ions wher e m otor  veh icles wer e stolen  wh ile the seconda ry file
could be the loca t ion  wh er e stolen  veh icles wer e r ecovered.  Alter na t ively, the pr imary file
could be bu rgla ry loca t ions  wh ile t he seconda ry file could  be police s t a t ions .  Crim eS tat can
cons t ruct  two d ifferen t  types  of ind ices  with  a  secondary file.  F ir s t , it  can  ca lcu la te the
dis tance from every pr imary file point  to every secondary file point .  For exa mple, th is
might  be usefu l in  assessin g where to pla ce police car s in  order  to min im ize t r avel d is t ance
in  response to ca lls for service.  Second , Crim eS tat can  u t ilize both  pr im ary a nd secondary
files in  es t im at in g a  th ree-dim ension a l densit y sur face (see Ch apter  7).  For  example, if the
pr im ary file a re residen t ia l burgla r ies and the secondary file conta in s the cen t roids of
census block groups with  the popula t ion  wit h in  each block group ass igned as a n  in ten sit y
var iable, th en  Crim eS tat can  est im ate the densit y of burgla r ies rela t ive to the densit y of
popula t ion  (i.e ., bu rgla ry r isk).

The seconda ry file can  a lso be eith er  a  ‘.dbf’, ‘.shp’ or  ASCII.  As with  a  pr ima ry file,
there must  be an  X and Y var iable defined, but  it m ust  be in t he sa me coordina te syst em
and da ta  un its  as t he pr ima ry file. The seconda ry file can  a lso have weight s a nd in tensit ies
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File Definition With Angles (Directions)Figure 3.6:
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assigned, bu t  not  a  t im e va r ia ble..  Figure 3.7 shows the in put t in g of a n  ASCII file for  the
seconda ry dat a  set  while figure 3.8 shows a  cor rect  defin ition of the seconda ry file.

Re fere n ce  Fi le

Severa l of th e r out ines in  Crim eS tat gener a lize the poin t  da ta  to all loca t ions in  the
st udy ar ea , in  pa r t icu lar  the one-var iable and t wo-var iable den sity in terpola t ion  rou t ines
(chapter  8), and the r isk-adjust ed  nea res t  neighbor  h iera rch ica l clust er ing rou t ine (chapter
6).  The gen er a liza t ion u ses a  refer en ce file placed over  the s tudy a rea .  The STAC pr ogra m
also uses a  referen ce file for  sea rchin g (cha pt er  7).  Typica lly, th e r eferen ce file is a
rectangula r  gr id file (t rue gr id), tha t  is a  rectangle wit h  cells defined by columns a nd r ows.;
each  grid cell is a  rectangle and colum n-row combina t ions a re used.  It  is possible to use a
non-rectangu la r  gr id  file under  specia l circumstances (e.g., a  gr id  wit h  water , m ounta in s or
other  ju r isdict ions r emoved), but  a  rectangula r  grid would be used in  most  cases.
Crim eS tat can  crea te a  gr id file direct ly or can  rea d in  an  ext er na l gr id file.  F igure 3.9
sh ows a  grid pla ced over  both  the County of Balt imore a nd t he City of Balt imore.

Crea ting a  Refere nc e Grid

 Crim eS tat can  also creat e a tr ue grid.  There are t wo steps:

1. The user selects Create Grid  from the Reference F ile t ab and  inpu ts the X
and Y coordin a tes  of the lower -left a nd u pper -righ t  coord ina tes  of the gr id. 
Th ese coord ina tes  must  be t he same a s for the pr imary file.   

Thus, if the pr imary file is u sin g spher ical (lat /lon) coordin a tes, then  the gr id file
coordina tes m ust  a lso be lat /lon . Conversely, if the pr ima ry file coordina tes a re pr ojected,
then  the gr id file coordin a tes must  a lso be projected, usin g the same m ea su rem en t  un it s
(feet  or  meter s).  The lower -left  and upper -r igh t  coordin a tes a re those from a  gr id  which
cover s  t he geograph ica l a r ea .  A user  shou ld  iden t ify these with  a  GIS  p rogram or  from a
properly indexed map. In MapIn fo, t h is  is  easily done by eit her  drawin g a  rectangle a round
the s tudy a rea  and double clicking to get  informat ion a bout  the a rea  or by checkin g the
cursor  pos it ion . In  ArcView , you  can  draw a  shape file of the appropr ia te reference
rectangle and t hen  use t he Coordina te Ut ility scr ipt  to get t he X and Y coordina tes.

2. Th e u ser  selects whet her  the gr id is  to be crea ted by cell spacing or  by t he
number  of columns.  

With  By cell spacing, the size of the cell is defined  by it s h orizonta l widt h , in the
sa me unit s a s t he m ea su rem en t  un it s of the pr imary file.  This would be u sed t o ma inta in
a  cert a in  size of spacing for  a  cell.  For exa mple, if the coordina te syst em  is sph er ical a nd
the lower -left  coordina tes a re -76.90 and 39.20 degrees a nd t he upper -r igh t  coordina tes a re
-76.32 and 39.73 degr ees (a  gr id  which  over la ps Ba lt im ore City a nd Ba lt im ore Cou nty),
then  the hor izonta l distance - the difference in t he two longitudes (0.58 degrees ) must  be
divided in to appr opr ia te sized in ter vals.  At t h is la t itude, the differ en ce in longitudes is
34.02 miles.  If a  user  wanted cell spa cing of 0.01 degrees, th en  th is would be ent ered a nd
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Crim eS tat would  ca lcu la te 59 colu mns (cells) in  the hor izonta l d ir ect ion , on e for  each
int erval of 0.01 and one for  the fract iona l rem ainder .  If the coordina te syst em is pr ojected,
then  sim ila r  calcu la t ions  would be m ade usin g the projected un it s (feet  or m et er s).  

Probably an  easier  way to specify th e grid  is to ind ica te the number  of colum ns.  By
checkin g By num ber of colum ns, the u ser  defines t he n umber  of columns t o be calcu la ted. 
Crim eS tat will au tomat ica lly ca lcu lat e the cell spa cing needed a nd will ca lcu lat e the
required  number  of rows.  For example, usin g th e sa me coordina tes a s a bove, if a  user
wa nted ha lf mile squares for  the cells, then  they would n eed  approximately 68 cells in  the
horizon ta l dir ect ion s ince 34.02 miles  divided by 0.5 m ile squ ares  equ a ls a bout  68 cells . 
F igure 3.10 shows a  cor rect ly defined r eference file where Crim eS tat crea tes the reference
grid with  the number  of colum ns being defined; in  the exam ple, 100 colum ns a re request ed.

Sa vi n g a  Re fere n ce  Fi le

The user  can  save the lower -left  and upper -r igh t  coordin a tes of a  defin ed reference
grid a nd t he number  of colum ns.  Type Save <filename>.  The coordina tes a nd colum n sizes
will be saved in t he syst em regist ry.  To load a n  a lrea dy defined  reference file, type Load
and then  check the appropr ia te filename, followed by click in g on  ‘Load’.

In  addit ion , t he user  can  save the reference parameter s to an  ext erna l file.  To do
th is, it  has t o be alr eady saved in t he syst em regist ry.  Type Load  and then  check  the
appropr ia te filename, followed  by clicking on  ‘Sa ve to File”.  Define  the directory a nd file
name a nd click ‘Sa ve’.  The file will be  sa ved wit h  an  ‘ref’ ext en sion  (e.g.,
Ba lt im oreCou nty.ref).

Us e  an  Ex te rn al Grid  Fi le

Many GIS progr ams can  crea te un iform gr ids which  cover  a  geogr aphica l a rea .  As
wit h  the pr im ary a nd secondary files, t hese need to be  conver ted to eit her  ‘.dbf’, ASCII or  
‘.shp’ files.  To use an  exist in g gr id  file crea ted in  a  GIS or  another  progr am, t he user  clicks
on  From  File on t he Referen ce File t ab a nd select s t he file.  

There are th ree character ist ics wh ich  sh ould be ident ified for  an  exist ing grid file:

1. The name of the file.  The user  select s the file from a  dia log box s im ila r  to the
pr ima ry file.

2. If the exist ing reference file is a  t rue grid, the T rue Grid box should be
checked.  

3. If it  is a  t rue gr id, t he n umber  of columns should  be en ter ed.  Crim eS tat will
au tomat ica lly count  the number  of records in  the file and pla ce it in  the Cells
box.  When the n umber  of columns is  en ter ed, Crim eS tat will au toma t ically
calcu la te t he n umber  of rows.  
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Figur e 3.11 shows a cor rect ly defined r eferen ce file us ing an  exist ing grid file.  One
must  be careful in  usin g a  file wh ich is  not a  gr id.  Crim eS tat can  ou tpu t  the resu lt s  of the
in terpola t ion  rout in es in  severa l GIS formats - S urfer for Windows, ArcView S patial
An alyst , ArcView , MapIn fo an d Atlas*GIS .  Of these, on ly the outpu t  to S urfer for Windows
will a llow the r eference to be a  shape other  t han  a t rue gr id .  For  t he in t erpola t ion  ou tpu t s
of ArcView S pat ial Analyst , ArcView , MapIn fo an d Atlas*GIS , it  is es sen t ia l tha t  the
refer en ce file be a  t rue gr id. 

Us e  of Re fere n ce  Fi le

A reference grid can  be very usefu l.  Fir st , a n umber  of the rou t ines  use it  for  eith er
in ter pola t ion  (single and duel ker nel rout ines; nea rest  neighbor h ier a rchical clust er ing
rout ine) or  keyin g a  sea rch r adiu s (STAC).  Second, a  gr id p roduced by Crim eS tat can  be
used a s a  sepa ra te layer  in  a  GIS  pr ogram in  order  to refer en ce other  da ta  tha t  is
displa yed, aside from s ta t ist ica l ca lcu lat ions.  Histor ica lly, ma ny ma p u ses a re referenced
to a  gr id  in  order  to produce a  sys temat ic inventory (e.g., pa rcel m aps; t ax a ssessor  maps;
U.S. Geologica l Sur vey 7.5" ‘quad’ maps).  In  sh or t , it  is a r ou t ine with  multiple pu rposes.

Me as u rem e n t P ara m e te rs

Th e fina l pr oper t ies  tha t  complete da ta  definit ion a re t he m ea su rem en t  pa ramet er s. 
On th e Measur ement  Pa ra met ers ta b, th e user defines the geogra phical ar ea an d th e
length  of s tr eet  network  for  t he s tudy a rea , and indica t es  whether  dir ect  or  indir ect
dist ances a re to be used.  Figur e 3.12 shows the measu rement  pa rameters t ab pa ge.

Area a n d Le n gth  of Stre e t Ne tw ork

In  ca lcu lat ing dist ances bet ween  poin t s for  two of the st a t ist ics - th e nearest
neighbor  index an d t he Ripley ‘K’ index, the area  for  which  the poin t s fall with in n eeds t o
be defined (th e st udy ar ea).  The user  indica tes t he area  of the geogra ph ica l covera ge an d
the measu rement  un its  tha t  dist ances a re ca lcu lat ed (feet , met ers, miles, nau t ica l miles,
kilometers).  Un like the da ta  un its  for  the coordina te syst em, which  must  be consist en t ,
Crim eSta t  can  ca lcu lat e dista nces in a ny of these un its.  In  some cases, an a lysis will be
conducted  on  a  subset  of the s tudy a rea , r a ther  than  the en t ire a rea .  For  each  ana lys is , the
user  sh ould ident ify th e area  of the su bset  for  which  dist ance st a t ist ics a re to be ca lcu lat ed.

In  addit ion , th e linear  nearest  neighbor  st a t ist ic uses t he tota l length  of the st reet
net work as a  ba seline for  compa r ison  (see cha pt er  5).  If th is s t a t ist ic is to be used, t he
tota l lengt h  of the st reet  network should  be defin ed.  Most  GIS progr ams can  sum the tota l
length  of the s t reet  network .  Aga in , if subset s  of the s tudy a re used , the user  shou ld
ind ica te the appropr ia te length  of s t reet  network  for  the subset  so tha t  the compar ison  is
appr opr iat e.
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Ty pe  o f D is ta n ce  Me a su re m e n t

Di rect  d ist a nce

Cr imeSta t  can  calcu la te dist ance in th ree d iffer en t  wa ys: dir ect , indir ect , and
network  distances.  Direct  distances a re th e shor test  distance between  two point s.  On a
flat  plan e, tha t  is with  a p rojected coordina te system , th e shor test  distance between  two
poin t s is  a  st ra igh t  line.  H owever , on  a  spher ica l coor din a te sys tem, t he shor test  dis t ance
between  two poin t s is a  Grea t  Circle line.  Depend ing on  the coordina te syst em, CrimeSt a t
will ca lcu lat e Grea t  Circle dist ances u sing spher ica l geomet ry for  sph er ica l coordina tes a nd
Euclidean  dis t ances for  projected coordin a tes.  The drawin gs  in  figure 3.13 illu st ra te dir ect
dist ances with  a  pr ojected a nd spher ica l coordina te syst em.  The sh or test  dist ance between
poin t  A and poin t  B is eit her  a  st ra igh t  line (projected) or  a  Grea t  Circle (spher ica l).  For
deta ils see McDonnell, 1979 (chapter  1) or  Snyder , 1987 (pp. 29-33).

Ind ir ect  d ist a nce

Indir ect  dis tances a re an  approximat ion  of t r avel on  a  rectangu la r  road network.
This  is  frequent ly ca lled Manha t tan  dis t ance, r efer r in g t o the gr id -like st ructure of
Ma nha t tan . Many cit ies, bu t  cert a in ly not a ll, lay out  their  st r eet s in  grids .  The degree in
which  th is is t rue var ies.  Older  cities will not u su a lly have gr id st ructures wh ereas n ewer
cit ies t end to use gr id  la you ts more.  Of course, n o rea l city is a  per fect  gr id , t hough  some
come close  (e.g., Sa lt  La ke Cit y).  Dis tances m ea su red over a  st reet  net work are a lwa ys
lon ger  than  a  dir ect  line or  a rc.  In  a  per fect  gr id , t r avel ca n  only occur  in  hor izonta l or
ver t ica l d ir ect ions so tha t  dis t ances  are the sum of t he hor izon ta l and ver t ica l s tr eet
lengths t ha t  have been t raveled (i.e., one cannot  cu t  diagona lly across a  block).   Distances
are m ea su red as t he sum of horizonta l and ver t ical dist ances t r aveled bet ween  two point s.

Indirect dista nce approximat e actu al tr avel pat tern  for a  city where str eets a re
a r ranged in gr id pa t t ern .  This is why th is type of dist ance is frequent ly ca lled Man hattan
Distance.  In  th is  case, indir ect  dis t ances would  be a  more appropr ia te dis t ance
measurement  than  dir ect  dis t ances.  Also, t here is  a  linear  nearest  neighbor  in dex which
measu res t he dist r ibut ion  of poin t  loca t ions in  relat ion  to the st reet  network r a ther  than
th e geograph ical ar ea a nd u ses indirect dista nces.  This will be discussed in Cha pter  5.  In
th is case, th e use of indirect d ist ances would be pr eferable th an  direct  dist ances.10

Net w ork  d ist a nce

Network dis t ances a re t r avel on  an  actua l n etwork.  The network can  be a  road
network, a  t r ansit  network, or  a  ra il network.  Travel is const ra in ed to the network which
usu a lly will make it  longer  than  dir ect  dis t ance mea su rem en t .  However , the adva ntage is
tha t  t r avel is measu red a long th e available r ou tes, ra ther  than  as a n  abst ract  ‘st ra igh t  line’
or  even  abs t ract  ‘gr id ’.  Another  advan tage of network  dis tance is  tha t  the network  can  be
weight ed by tr avel t ime, t r avel speed  or  t r avel cost .  Thu s, it’s possible to mea su re
approximate t r avel t ime or t r avel cost  th rough  the net work, and n ot just  dis t ance.  It  is
gener a lly recognized t ha t  t r avel t ime is a  more r ea list ic dim en sion than  dis t ance since it
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will va ry by t im e of day.  For  exa mple, it  genera lly t akes a  lot  lon ger  to t r avel a ny dis t ance
in  an  u rban  a rea  dur ing the peak  even ing ‘rush  hours ’ (4-7 PM) than  a t , say, 3 AM in  the
morn ing.  Dist ance is a lwa ys in var ian t  wh er ea s t r avel t ime va r ies. An even  more r ea list ic
dim ension  t ravel is cost .  Tr ips over  a  met ropolit an  a rea  a re governed by a  number  of
var iables  aside from t ravel t ime - vehicle oper a t ing cost s, pa rking cost s a nd, even , likely
r isk cost s (e.g., likelihood of being caught ).  For an  offender  who is t r aveling, th ose oth er
cos t  factor s  may be a s impor t an t  a s t he actua l t ime it  t akes  in  det ermin ing whether  t o
make a  cr im e t r ip . In  chapter  15, t here is  a  discussion  of t r avel cos t s in  the context  of
tr avel decisions.

Ther e a re t wo major  disadva ntages in  usin g network dis t ance, however .  Fir st ,
there are er ror s in  networks .  For exam ple, a n etwork m ay not h ave incorpora ted a ll new
roads or  conver ted roads. Thus, t he network a lgor it hm will n ot  choose a  par t icu la r  route
when, in  fact , it  actua lly exist s a nd people use it .  It’s crit ica l th a t  networks  be upda ted t o
ensu re accuracy.  See chapt er  12 for  a  discuss ion  of network er rors a nd t he need t o
thorough ly clean  them. 

Second, it can  take a  long time to ca lcu lat e dist ance a long a n etwork. The sh or test
pa th  a lgor ithm tha t  is u sed m ust  explore m any alter na t ive rout ines, a  t ime consu ming
process.   F or  sim ple st a t is t ics , t h is  is  not  liable to be  a  problem.  But , for  some of the more
complica ted mat r ix opera t ion s (e.g., t he dis t ance fr om every poin t  to every ot her  poin t ),
ca lcu la t ion  t ime increases  exponen t ia lly with  the number  of ca ses .  I’ve had runs tha t  t ook
five da ys on  a  fas t  compu ter .  For a ny complex calcu la t ion, it  becomes impr actica l to ha ve
to wait  a  long t ime just  for  a  lit t le ext ra  pr ecision . In  sh ort , it  may not be wor th  the t rouble. 
At some point in th e near futu re, we will ha ve 64 bit operat ing systems a nd su per-fast
computer s .  At  t ha t  poin t , runn ing a ll ca lcu la t ions on  a  network  may be a  much  more
pr act ica l proposition .  For now, I highly recommend t ha t  network d istance be used
spar ingly for calculat ions.

D is ta n ce  Ca lc u la tio n s

Distances in  Cr imeSta t  a re calcula ted wit h  the followin g form ulas:

D ire c t, P r oje c te d  Co ord in a te  S ys te m

Distance is m ea su red as t he h ypoten use of a  r igh t  t r iangle in  Euclidea n  geomet ry.   
   ______________________

dAB = % (XA + XB)2 + (YA + YB)2 (3.1)

where dAB is t he dist ance bet ween  two point s, A and B, XA an d XB ar e the X-coordina tes for
poin t s A and B in  a  pr ojected coord ina te syst em , YA an d YB a r e t he Y-coordina tes  for  poin t s
A and B in  a  project ed  coordina te sys t em.
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D ire c t, S ph e ri ca l Co ord in a te  S ys te m

Distance is measu red a s t he Grea t  Circle dist ance between  two poin t s.  All lat itu des
(N) an d longitu des (8) a re fir s t  conver ted  in to rad ians  using:

       2B
Radians (N) =   ----------- (3.2)

      360

       2B
Radians (8) =   ----------- (3.3)

      360

Then , t he dis t ance between  the two poin t s is  determin ed from

dAB =  2* Arcsin  { Sin 2[(NB - NA)/2] + Cos NA*CosNB*Sin 2[(8B - 8A)/2]1 /2 } (3.4)

with  a ll angles being defined in  radians wh ere dAB is t he dist ance bet ween  two point s, A
and B, NA an d NB ar e the latitu des of points A an d B, an d 8A an d 8B a re the lon gitudes of
poin t s A and B (Snyder , 1987, p . 30, 5-3a ).

Indirect ,  Projec ted Coordin ate S yste m

Distance is m ea su red as t he s ides of a r igh t  t r iangle u sin g Euclidea n  geomet ry.

dAB  = (XA - XB) + (YA - YB) (3.5)

where dAB is t he dist ance bet ween  two point s, A and B, XA an d XB ar e the X-coordina tes for
poin t s A and B in  a  pr ojected coord ina te syst em , YA an d YB a r e t he Y-coordina tes  for  poin t s
A and B in  a  project ed  coordina te sys t em.

Indirect ,  Sphe rical  Coordin ate S yste m

Dista nce is mea su red by the average of summed Great  Circle dist ances of two
rout es, one in  the ea st -west  dir ection  followed  by a  nort h-sout h  dir ection  and t he oth er  in
the nor th-south  dir ect ion  followed by a n  east -west  dir ect ion .

 [dAB(1) + dAB(2)]
dAB =    ---------------------- (3.6)

2

where dAB is t he dist ance bet ween  two point s, A and B, dAB(1) is the su m of dist ances
between  poin t s A and B by mea su r ing the Grea t  Circle dist ance of the east  or  west
d irect ion  from a  par t icu la r  la t itude fir s t , and  adding th is  to the Grea t  Circle d is tance of the
nort h or sout h direction from t ha t sa me latitu de, an d dAB(2) is the su m of dist ances
between  poin t s A and B by m easur in g t he Grea t  Circle dis t ance of the nor th  or  south
d irect ion  from a  par t icu la r  longitude fir s t , and  adding th is  to the Grea t  Circle d is tance of
the east  or  west  direct ion  from tha t  sa me longitude.
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Netw ork Dis tance

Net work d istance is ca lcu lat ed with  a  sh or test  pa th  a lgor ith m. Cha pt ers 12 and 16
provide more in format ion  on networks and how dis tance is  ca lcu la ted on them.  A shor t
su mmary will be given here.  In genera l, dist ance is ca lcu lat ed by a shor test  pa th
a lgor ithm.  In  a  shortest path  for  a  sin gle t r ip  (from a  sin gle or igin  to a  sin gle dest in a t ion ),
the r out e wit h  the lowest  over a ll im pedance is selected.  Impeda nce can  be defined  in t erms
of dis t ance, t r avel t im e, speed, or  genera lized cost .

There are a  number  of sh or test  pa th  a lgor ith ms t ha t  have been developed
(Sedgewick, 2002).  They differ in  ter ms of wh et her  they a re br ea dt h-fir st  (i.e., sea rch a ll
possibilities) or  dept h-firs t  (i.e., go st ra igh t  to the ta rget) algor ith ms a nd wh ether  they
exa min e a  one-to-many r ela t ion sh ip  (i.e., from a  sin gle or igin  node to many n odes) or  a
many-t o-many r ela t ion sh ip  (All pa ir s; from ea ch node to every ot her  node).

The a lgor ith m tha t  is most  commonly used for  sh or test  pa th  ana lysis of moder a te-
sized da ta  set s (up t o a  million  cases) is ca lled A*, which  is  pronounced “A-sta r” (Nilsson ,
1980; Stout , 2000; Rabin  2000a , 2000b; Sedgewick, 2002).  It  is a  one-to-many algor ithm
but  is an  improvemen t  over a nother  commonly-used a lgor ith m ca lled Dijkstra  (Dijkst ra ,
1959). Ther efore, I’ll st a r t  firs t  by describing the Dijk st ra  a lgorit hm before  expla in ing the
A* a lgor ithm.

D i jk s t r a  a l g or i t h m

The Dijkst r a  a lgor ithm is  a one-to-many sea rch  st r a t egy in  wh ich  a  shor t es t  path
from a  s ingle node to a ll other  nodes  is  ca lcu la ted .  The rou t ine is  a  bread th-fir s t  a lgor ithm
in tha t  it  sea rches  a ll possible pa ths, bu t  it  bu ilds  the pa th  one segmen t  a t  a  t ime.  St a r t ing
from an  or igin  loca t ion  (node), it  iden t ifies  the node tha t  is  nea res t  t o it  a n d  which  has  not
a lr eady been  iden t ified on the shor test  pa th .  Aft er  each  node has been  iden t ified to be  on
the short est  pa th , it  is r em oved from the sea rch possibilit ies.  The a lgor ithm pr oceeds u n t il
the short es t  pa th  to all n odes  has been  deter mined.  

The a lgor ithm can  a lso be st ructu red to find t he short est  pa th  bet ween  a  pa r t icula r
or igin  node and a  par t icu la r  dest in a t ion  node.  In  th is  case, it  will qu it  once the dest in a t ion
node h as been  ident ified on  the sh or test  pa th .   The a lgor ith m can  a lso be st ructured t o
find the shor t es t  path  from each  or igin  node to each  des t ina t ion  node.  It  does  th is  one path
a t  a  t ime (e.g., it  finds  the short est  pa th  from node A to all other  nodes; th en  it  finds  the
shor test  pa th  from node B t o a ll other  nodes; and so forth ).

A* Al gor i t h m

The biggest problem with t he Dijkst ra  algorith m is th at  it  sear ches th e path  to
ever y sin gle node.  If the purpose wer e t o find t he short est  pa th  from a  sin gle node to all
other  nodes, t hen  th is  would  produce the best  solu t ion .  H owever , wit h  a  mat r ix of dis t ance
from one set  of poin t s  to another  set  of poin t s  (an  or igin -des t ina t ion  mat r ix), we rea lly
wa nt  to kn ow the dist ance bet ween  a  pa ir  of nodes  (one origin  and one dest ina t ion). 
Consequ en t ly, the Dik jst ra  a lgorit hm is very, very slow compa red to what  we n eed .  It
would be a lot qu icker  if we could find  the dist ance from each  or igin-dest ina t ion  pa ir one a t
a t ime, but quit t he algorith m a s soon a s th at  dista nce has been determined.
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Th is is  wh er e t he A* a lgor ithm comes in .  A* was developed wit h in  the a r t ificial
in telligen ce resea rch a rea  as a  mea ns for developin g a  heuristic ru le for  solving a pr oblem
(Nilsson, 1980).  In t h is case, th e heur ist ic ru le is t he remaining dista nce from a  solved
node to th e fina l des t ina t ion .  Tha t  is, a t  ever y st ep in  the Dijkst ra  rout ine, an  est imate is
made of the remaining dista nce from each  possible choice to the fina l dest ina t ion .  The
node tha t  is chosen  for  the short est  pa th  is t ha t  wh ich h as t he lea st  tota l com bined
dis tance fr om the previously determin ed node to the fin a l goal.  Th us, for  any s tep, if D i1 is
th e dista nce to a n ode, i, which h as n ot a lready been put  on t he short est pat h a nd D i2 is  an
est im ate of the dis t ance from tha t  node to the fin a l dest in a t ion , t he est im ated tota l
dista nce for t ha t n ode is:

D i  =  D i1 + D i2 (3.7)

Of a ll the nodes tha t  could  be chosen , t he node, i, which  has the shor test  tota l
dis t ance is select ed next  for  the short es t  pa th .  Ther e a re t wo cavea t s t o th is s t a tem en t . 
F irs t , th e node, i, cannot  have alr eady been selected for  the sh or test  pa th ; th is is just  re-
st a t ing the ru les by which  we sea rch  for  nodes wh ich  have not yet been  pu t  on  the sh or test
pa th  list .  Second, th e est ima te of the remaining dista nce to the fina l dest ina t ion  must  be
less t han  or equ a l to th e a ctu a l dis t ance to th e fina l dest ina t ion.  In  oth er  words , the
est imated dis t ance, Di2, cannot  be an  overes t ima te (Nilsson, 1980). However , th e closer  the
est imated dis t ance is t o th e r ea l dis t ance, the m ore efficient  will be the sea rch. 

How then do we determin e a  reasonable est im ate for  D i2?  The a nswer  is a  st ra ight
line from the possible node t o the fina l dest ina t ion  since the sh or test  dist ance between  two
poin t s is  a  st ra igh t  line (or , on  a  sphere, a  Grea t  Circle dis t ance sin ce the shor test  dis t ance
between  two poin t s is a n  a rc).  If we simply ca lcu lat e the st ra igh t -line from the node t ha t
we a re explor ing to th e fina l node, then  the heu r ist ic will work. The effect  of th is
simplifying heu r ist ic is to cu t  down su bst an t ially on  the number  of nodes t ha t  have to be
searched .  As with  the Dijkst ra  a lgor ithm, A* can be a pp lied t o mu lt iple or igins. I t  does it
one or igin -des t ina t ion  combina t ion  a t  a  t ime. 

In  gener a l, if V is t he number  of nodes in  the net work, the Dijkst ra  a lgor ithm
requires V2 sea rches whereas the A* algor it hm requir es only V searches (Sedgewick , 2002).
As can  be seen, this is mu ch m ore efficient  th an  ha ving to search every single possible
node, which is what  Dijkst ra  requires.

As m ent ioned, chapt ers 12 and 16 discuss  in m ore det a il networks  and h ow sh or test
path  is  ca lcu la t ed  in  them.

Sa vin g P ara m e te rs

All da ta  setup paramet er s can  be saved.  In  the Op t ions  section , ther e is  a  ‘Sa ve
pa rameters’ but ton .  The pa rameter  file must  be saved with  a  ‘pa ram’ exten sion .  To re-
loa d a  saved parameter s file, u se the ‘Load parameter s’ bu t ton .

Au t om a ti n g P a ra m e te r S e tu p

Cr im eSta t  has the abilit y t o be au tomat ica lly configured th rough  Micr osoft ’s
Dynamic Data  Exchange (DDE) code.  DDE is  an  opera t ing sys tem language tha t  a llow one
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applica t ion  to call up another .  The DDE code in  Cr im eSta t  a llows the defin in g of the
pr ima ry var iable, th e seconda ry var iable, th e reference file, and t he measu rement
parameter s.  Appendix A gives the specific code in st ruct ion s.  Ron Wilson’s exa mple below
illu st ra tes how Cr im eSta t  can  be linked to another  applica t ion .

S ta tis tic al R ou t in e s  an d  Ou t pu t

St a t ist ical r out ines a re selected from the t wo groupin gs of st a t ist ics - Spa t ia l
Description a nd Spa tial Modeling.  The user selects t he routines and inpu ts a ny
pa rameters, if required .  Clickin g on  the Compu te but ton  a ll the rou t ines  tha t  have been
selected.  Since CrimeSt a t  is multi-th readed, differen t  rou t ines  run  in separa te th reads
and m ay finish  a t  differen t  t imes .  When a  rou t ine is fin ished, a F inish ed m essa ge will be
displa yed a t  the bot tom of th e screen . 

Virtu ally all th e rout ines out put  to eith er GIS packa ges or t o sta nda rd ‘dbf’ files
which  can  be read by spreadsheet , da ta  base, a nd gr aphics  progr ams.  While each  outpu t
t able can  be pr in ted as an  Ascii file to a  pr in ter , it  is  recommended tha t  the user  outpu t  the
resu lts  in ‘dbf’ and r ead it  int o a  pr ogra m tha t  has bet t er  ou tpu t  capa bilit ies.  For exam ple,
the nearest  neighbor  and Ripley’s K rout in es outpu t  columns can  be saved as st andard ‘dbf’
files which  can  be rea d by spr eadsh eet  pr ogra ms, such  as E xcel or  Lotus 1-2-3.  The
spreadsheet  da ta , in  tu rn , ca n  be im por ted in to most  gr aphics  progr ams, such  as
PowerPoint  or  Freelan ce, for  crea t ing bet t er  qua lity gra ph ics.  For ‘cu t -and-pas te’
opera t ions , user  can  copy por t ions  of the ou tpu t  t ables  and paste them in to word  processing
pr ogra ms.  One should see Cr imeSta t  as a  collect ion  of specialized st a t ist ica l rout ines  tha t
can  p roduce ou tpu t  for  other  p rograms , ra ther  than  as a  fu ll-blown package.  

A Tutoria l w i th  the  Sample  Data  Set

Let ’s run  th rough  the da ta  setup and runnin g of severa l r out in es wit h  one of the
sa mple dat a  set s t ha t  were pr ovided (Sam pleDat a .zip).  Unzipping th is file reveals t wo
files called Inciden t.dbf  an d BaltPop.dbf.  The incident  file is a  collect ion  of inciden t
loca t ions  tha t  have been  randomly s imula ted  with  the other  file includes  the 1990
popula t ion of cen su s block groups in  the Ba lt imore region. 

1. St a r t  the Crim eS tat pr ogra m by either  double-clickin g on  the Crim eS tat icon
on t he desktop (if inst a lled) or else open ing Windows Explorer  and loca t ing
the directory wher e Crim eS tat is st ored a nd double-clickin g on  the file ca lled
crim estat.exe.

2. Once the pr ogra m spla sh  pa ge closes, t he user  will be lookin g at  the Data
S e tu p  pa ge with  the Pr ima ry File page open .

3. Click on ‘Select  F iles’ followed by ‘Browse’.  Loca te the file ca lled Incident .dbf
and click on ‘Open’ followed by ‘OK’.

4. The file na me will n ow be list ed for  the X, Y, Z(int en sit y), Weight , and Tim e
fields.  Th is va r iable, however , on ly has t h ree fields  - ID, Lon, La t , indicat ing
an  record number , t he lon gitude and la t it ude of the in ciden t  loca t ion .
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Using Dynamic Data Exchange (DDE) to Develop Software for 
Interfacing with CrimeStat 

 
Ronald E. Wilson 

Mapping and Analysis for Public Safety Program 
National Institute of Justice 

Washington, DC 
 

CrimeStat has the capability to allow software developers to write programs that 
interface directly with it via Dynamic Data Exchange (DDE).  The purpose is to allow for the 
population of CrimeStat’s input parameters directly from a separate software application, 
such as a GIS.  Parameters can be specified for automatic population such as the primary and 
secondary files along with key field variables or reference file coordinates for the area under 
which CrimeStat’s algorithms will run an analysis.  In addition, measurement parameters 
can be calculated to provide CrimeStat with coverage area or length of street network of an 
entire region or subset. 

 
Coordinates are often difficult to work with, especially when trying to capture them 

for measurement or analysis.  The Regional Crime Analysis GIS (RCAGIS) program, 
developed by the U.S. Department of Justice, was designed to interface with CrimeStat to 
provide the coordinates of the bounding rectangle of the area under analysis in order to 
populate the grid area input boxes of the Reference File with precise coordinates.  Instead of 
writing them down by hand and typing them in manually, the interface between the two 
applications automates this process easily and more accurately. 
 
 
 
The lower left and upper right 
coordinates of the bounding rectangle 
are captured in RCAGIS and sent 
directly to CrimeStat via Dynamic 
Data Exchange (DDE) for area surface 
analysis. 
 
 
 
 

 
 
 
List of General DDE Parameters 
 
Primary File 
Secondary File 
Reference Files 
Measurement Parameters 
 

X: 852007.9538 
Y: 544890.1373 

X: 986767.3528 
Y: 672150.6849 
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5. Iden t ify the appropr ia te fields under  the Column headin g by click in g on  the
cell and scrolling down  to th e a ppropr ia te n ame.  For t he X var iable, t he
releva nt  name is  Lon.  For t he Y var iable, t he r eleva nt  name is  La t  (i.e.,
tha t ’s t he names u sed in  th is file.  However, t he var iables will not a lways be
sim ply n amed). For t h is exa mple, ther e a re no in ten sit y, weigh t  or t ime
var iables.

6. Un der Type of Coordina te System, be sur e tha t ‘Longitu de/latitude
(spherical)’ is checked since this dat a set u se spherical coordina tes.

7. Becau se the coordina te system ar e spherical, th e data  un its ar e
au tomat ica lly decimal degrees.  If th ey were pr ojected, one would have to
choose the pa r t icu la r  un it s  - feet , meter s , miles , k ilometers , or  nau t ica l
miles .  

8. Th is fin ish es  the set up for the pr imary file. Click on the Seconda ry File t ab.  

9. Again , click on select  files, loca te a nd open  the Ba ltPop.dbf file. 

10. On ce loaded, t h is file h as s ix var iables : Blockgr oup , lon, la t , a rea , and
densit y.

11. Define t he pa r t icu lar  var iables.  For t h is file, the X var iable is Lon  and t he Y
var iable is  La t .  Also, define a  Z (in ten sit y) var iable with  Totpop.  Note , tha t
you  cou ld  a lso assign  th is  name to the Weigh t  va r iable.  Whether  the
popula t ion  va r ia ble is  assigned to the In tensit y or  Weight  va r ia ble does not
mat ter  to the ca lcu la t ion .  H owever , do not  a ss ign  th is  name to both  the
in tensit y a nd the weight  (i.e., only use one).  This  fin ishes the setup for  the
seconda ry var iable.

12. Click on t he Refer en ce File t ab. For t hese da ta , you  will define a  rectangle
tha t  covers the study a rea  by ident ifyin g t he X and Y coordin a tes for  the
lower -left  corner  of the rectangle and the upper -r igh t  corner  of the
rectangles.  The followin g coor din a tes will work:

X Y
Lower -left  corner -76.91 39.19

Upper -r igh t  corner -76.32 39.72

13. You  will a lso need  to t ell t he p rogram how many columns you  wan t  it  t o
calcula te.  The defau lt  value of 100 is  fine.  If you  wa nt  it  finer , type in  a
la rger  number .  If you  wa nt  it  cru der , type in  a  sm aller  number .  This
finishes th e Reference File setu p.

14. Clock  on  the Measurement  Parameters  t ab.  There a re th ree pa rameters  tha t
have t o be defined.  
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A. For  many rout ines , an  a rea  est ima te is needed.  For t h is sa mple set ,
684 square m iles  works.  

B. For t he linear  near est neighbor st at istic only, th e progra m n eeds th e
tota l len gth  of the s t reet  net work.  In  th is da ta , the t ota l st r eet  len gth
of the Tiger  Files  for  Ba lt imore Cit y and Balt imore county are 4868.9
miles .  

C. F in a lly, the type of dis t ance measurement  has to be  defin ed, d ir ect  or
indirect.  For  th is exam ple, use d irect m easu rement .

15. The da ta  setup is  now fin ished. If you  want  to re-use th is  da ta  setup, click  on
the Opt ions pa ge an d ‘Sa ve par ameters’.  Define a  file name and be su re to
give it  a  ‘param’ ext ension  (e.g., SampleData .param).  The next  t im e you
want  to run  th is da ta  set , all you’ll need t o do is click on t he Op ti on s  pa ge,
click  on  ‘Load  parameters ’, and  click  on  the name of the pa rameters  file tha t
you sa ved.

16. You  a re now ready to run  some s ta t is t ics .  For  th is  example, we’ll run  on ly
four  sta tistics.

17. F irs t , click on t he Spat ia l Descr iption  page and  then  click  on  the Spa t ia l
Dis t r ibu t ion t ab. 

1. Check the Mean  cen ter  and standard dis t ance (Mcsd) box. Then , click
on the ‘Save resu lt  to’ bu t ton  and iden t ify which  GIS progr am you  are
wr it in g t o (ArcView/ArcGis  ‘shp’; At la s*GIS ‘BNA’; or  MapInfo ‘MIF)
and give it  a  name (e.g., SampleData ).

2. Also, check the Standa rd devia t iona l ellipse  (Sde) box and, s imila r ly,
choose a  file ou tpu t  with  a  name.  You  can  use the same name (e.g.,
Sa mpleDa ta ).  Crim eS tat will a ssign  a  un ique prefix to each  gr aphica l
object .

18. Second, click on t he ‘Hot  Spot’ Ana lysis I t ab.  Then , check t he Nea rest
Neighbor H iera rch ica l Clust er ing (Nn h) box.   For t h is exam ple, keep t he
defau lt search r adius, minimu m points per cluster, and n um ber of sta nda rd
deviat ions for  the ellipses.  Also, click on ‘Sa ve ellipses to’, select a  GIS  file
ou tpu t , and  give it  a  name.  Aga in , you  can  use the same name as  with  the
oth er sta tistics.

19. Third , click on t he S pa ti al Mo de li ng  pa ge a nd t hen  the In ter pola t ion t ab. 
Check t he duel ker nel densit y inter pola t ion  box. Th is r out ine will in ter pola te
the in ciden t  dis t r ibu t ion  (pr im ary file) rela t ive to the popula t ion  dis t r ibu t ion
(seconda ry file). For t his exam ple, keep the defau lt kernel para met ers (th ese
are expla in ed in  more deta il in  chapter  8).  H owever , be sure to check the
Use int ensity var iable box towar ds t he bot tom.  This ensu res t ha t  the du el
kernel r out in e will u se the popula t ion  va r ia ble tha t  you  assigned when  you
set  up t he seconda ry file.
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20. You  a re now ready to run  the s t a t is t ics .  Click  on  the ‘Compute’ bu t ton .  The
rout in e will r un  un t il a ll four  rout in es tha t  you  selected are fin ished; the
t ime will depen d on  the speed of your  compu ter .  

21. Each of the out pu t s a re disp layed on  a  sepa ra te r esu lt s t ab.  You can  pr in t
any of these resu lt s by click in g on  ‘Save to text  file’ (one a t  a  t im e).

22. You can  also display the graph ical objects creat ed by th e rout ine in your  GIS.
Click  on  ‘Close’ to close the resu lt s  window.  Then , br ing up  your  GIS and
fin d the object s crea ted by t h is  run .  There will be a  number  of gr aphica l
object s a ssocia ted wit h  the m ea n  center  rout ine (having pr efixes of Mc, Xyd,
Sdd, Gm, a nd Hm; see chapter  4 for  deta ils).  There will be two gr aphica l
object s a ssociat ed with  the nearest  neighbor  clus ter ing rou t ine (with  pr efixes
of Nn h1 and Nnh2).  Fina lly, th ere will be a gr id object  crea ted by th e du el
ker nel rout ine wit h  a  Dk  pr efix.  You can  load t hese object s in  and d isp lay
th em along with  th e data  file.  For t he duel kernel grid, you will need to
graph  the va r iable ca lled “Z” to see t he pa t t er n .  

23. For example, figur e 3.14 shows an ArcView ® map of 1996 veh icle t hefts in
Balt imore City and  Ba lt imore County a long with  the s t andard  devia t iona l
ellipse of the veh icle t hefts, calcula ted wit h  Crim eS tat.  Crim eS tat ou tpu t s
the ellipse as a  shape file, which  is  then  brough t  dir ect ly in to ArcView .  A
sim ila r  outpu t  could  have been  done for  MapIn fo®.  Most  of the st a t ist ics in
Crim eS tat ha ve similar  visua l represent at ions t ha t can be displayed in a  GIS
program.

24. When  you  are finished wit h  Crim eS tat, click on ‘Qu it ’ to exit  the progra m.

Th is fin ish es  the qu ick t u toria l.  Crim eS tat is very easy to set u p an d to run . In t he
next  cha pt er , the focus  will be on the st a t ist ics in the program, st a r t ing with  the ana lysis
of spat ial distr ibut ions.
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Figure 3.14:
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1. The spher ica l ‘lat /lon’ syst em is, of course, one type of pola r  coordina te syst em.  But ,
it is a  pola r  coordina te syst em with  pa r t icu lar  rest r ict ions.  Lat itu des a re angles u p
to 900, nor th  or  sou th  of t he Equa tor .  Longitudes  are angles  from 00 to 1800, east
and west  of the Greenwich  Mer idian .  In t he usu a l polar  coordina te syst em, an gles
can  va ry from  00 to 3600.

2. Some MapIn fo users  in Europe have found difficu lty in directly reading MIF/MID
files from Crim eS tat and conver t ing them  to th e par t icula r  na t iona l coordin a te
sys tem (e.g., Br it ish  Nat ion a l Gr id , F rench  Nat ion a l Geogr aphic Inst it u te).  F or
exam ple, in  the Un ited  Kingdom, Pete J ones of the Nort h  Wales P olice Depa r tment
has developed a  way ar ound t h is pr oblem.   He wr ites

“To save the resu lt  a s  a  MapIn fo (.mif) format  the following is r equired :

MIF Options 
Name of Project ion : Ear th  Project ion  
Project ion  Nu mber : 8 
Da tum Nu mber  79 

Before im por t in g t he .m if t able in to MapIn fo you  need  to edit  it . Open  the .mif file
wit h  a  text  ed it or .  You know need to change the followin g lin e: 

CoordSys E ar th  Project ion  8, 79 

Change it  t o 

CoordSys E ar th  Project ion  8, 79, 7, -2, 49, 0.9996012717, 400000, -100000 

Now save the .m if file. You  can  now im por t  the file in to MapIn fo.”

In  France, J . Marc Zanin et t i of t he Universit y of Or léans figured out  how to im por t
gr aphica l object s in to MapIn fo using th e Fr ench  coordina te syst em.  He wr ites

“F ir s t  conver t  with  MapIn fo your  map  to the in terna t iona l European
Lat itu de/Longitude ED87 pr oject ion  syst em.

Second, produ ce the X and Y coordina tes a nd expor t  the da ta  table in  Dbase.

Third , with  Crim eS tat II, modify the Save Outpu t  pa rameter  in  order  to change the
origin  of the project ion.  By defau lt , the MIF Opt ions  a re t he following:

Name of p roject ion : Ear th  project ion  
P roject ion  number : 1 (La t it ude lon gitude) 
Da tum number : 33 (in terna t ion a l GRS80 or igin  0°E , 0°N) 

Endnotes  for  Chapter  3
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The European  norm  ED87 has t he Da tum number  108, so you h ave to change only
th is  parameter . The new opt ion s a re the followin g : 

Name of p roject ion : Ear th  project ion  
P roject ion  number : 1 (La t it ude lon gitude) 
Da tum number : 108 (European  da ta  ED87).

F in a lly, you  can  now im por t  the MIF outpu t  t ables dir ect ly in to you r  MapIn fo
ma ps.”

3. An  a lt erna t ive way to th ink ing abou t  in t ensit ies  and weigh t s is  to t r ea t  both  a s two
differen t  weight s - weight  #1 an d weight  #2.  For  exam ple, weight  #1 could be th e
popu la t ion  in  a  su r roun din g zone wh ile weigh t  #2 could be the em ploymen t  in  tha t
sa me zone.  Th us, in ciden t s (e.g., bu rgla r ies) could  be weigh ted both  by t he
su r roun din g popu la t ion  and t he sur roun din g employmen t .  The ana logy with  double
weight s is n ot  qu ite  cor rect  since sever a l of the st a t ist ics (Moran’s I, Gea ry’s C a nd
Loca l Moran) use only an  int ensity, but  not  a  weight .    The dist inction  between
in tensit ies and weight s is  h is tor ica l, rela t in g t o the manner  in  which  the st a t is t ics
ha ve been derived.

4. In MapIn fo, poin t  da ta  a re stored in  a  t able.  If the X and Y coordin a tes a re not
already part  of th e table, it  will be necessary to add t hese fields.

A. Click on T able Main tenan ce T ableS tructu re <t ablename>

B. Click on Ad d Field

C. Define the X field .  If t he coordina tes  are spher ica l, t hen  an  appropria t e
name might  be Longitude or  Lon. If the coordin a tes a re projected, t hen  X or
XCoord m ight  be appr opriat e nam es.

D. Fill in t he pa rameters of the new name.

i. Th e t ype sh ould  be decimal. 

ii. The width  sh ould be sufficien t  to ha ndle the longes t  st r ing.  With
spher ical coordin a tes , 12 would  be sufficient .  

iii. Be sure t o define an  appropr ia te number  of decima ls p laces.  With
longitude, ther e should be a t  lea st  4 decima ls p laces wit h  6 pr ovidin g
more accuracy.  In  a  projected coordin a te sys tem, t he number  of
decimal places would be usua lly 0 or  1.

E . Click OK  when finished.
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F . If a  Map Ba sic Win dow is  not  a lr eady open , click  on Options
S howMapBasicWindow .

G. Make t he Map Basic Window active by clickin g on  its  top border .

H . Inside th e window, type

upda te <tablen ame> set  <Xvar ia blen ame> = cen t roidX(obj)
        upda te <tablen ame> set  <Yar ia blen ame> = cen t roidY(obj)

After  each  line, h it  <Enter>.  The appropr ia te names  would  be chosen .  For
exam ple, if the poin t  t able was  named r obber ies and t he coordina tes wer e
sph er ica l, then  the st a tements would be

upda te r obber ies set  lon=cen t roidX(obj)
 <En ter>
upda te r obber ies set  la t=cen t roidY(obj)
<En ter>

I. The X and Y field  names should  be popula ted wit h  the correct  va lu es for  each
poin t .  To view the table, click  on Window NewBrowserWindow  <filename>.

J . Sa ve t he t able a s a  ‘dbf’ wit h  ‘Sa ve Copy As <n ame>’.  Be sure t o specify tha t
the file is  to be  saved in  ‘dbf’ format .

5. The followin g s teps would  be followed to add X and Y coordin a tes to a  ‘dbf’ file of
poin t  loca t ions  in  ArcView .

A. Ma ke t he poin t  t able a ctive by clicking on  it .

B. Open  the theme table by clickin g on  the Open T hem e T able bu t ton .

C. Click on Table S tartEdit ing.

D. Click on Edit  AddField .

E. In  the Field Defin it ion  window, define a  name for  the X field (e.g., X,
Lon gitude, Lon).

F . Define the par am eters for t he X field.

a . Make sur e tha t t he type is N um ber

b. Be sure t ha t  the wid th  is la rge en ough  to ha ndle  the la rgest  va lue. 
For sph er ical coord ina tes (i.e., longitude, lat itude), 12 columns should
be sufficien t . F or  a  projected coordin a te sys tem, t he number  of
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columns  shou ld  be two la rger  than  the la rges t  va lue.

c. Be sure tha t  there a re sufficien t  decim al p la ces.  Wit h  a  spher ica l
coord ina te sys tem, the min imum should  be 4 decimal p laces  with  6
bein g m ore accura te.  Wit h  a  projected coordin a te sys tem, 0 or  1
decimal places would be su fficient .

G. Click OK  when finished.

H . Repeat st eps E  th rough  G for  the Y field.

I. For t he X and Y var iable in  tu rn , click on t he field name t o high light  it .

J . Click on t he Calculate bu t ton .  

K. Double-click on t he [S hape] field n ame.  

L. In  the dia log box, type .GetX  for  the X field and .GetY  for  the Y field after
[S hape], t ha t  is

[Sh ape].GetX
[Sh ape].GetY

M. Click OK  when  finish ed.  The field will be popu lat ed with  the X and Y values
for  the poin t s in  the same unit s as the da ta  (e.g., la t /lon , feet  or  meter s for
UTM or  Sta te Pla ne Coor din a tes).

6. Note t ha t  in a n  ASCII file, a t ab looks like it  is separa ted by spa ces.  H owever , the
un derlying ASCII code is different  an d Crim eS tat will t r ea t  these character is t ics
d ifferen t ly.  Tha t  is , if the separa tor  is  a  t ab bu t  the user  ind ica tes  tha t  it  is  a  space,
Crim eS tat will not pr operly read t he dat a.

7. Hint : If you  type th e firs t  lett er  of the name (e.g., ‘L’ for  longitude), then  the
pr ogra m will find  the firs t  name tha t  begins with  tha t  lett er ).  Typing th e lett er
aga in  will find the second name, a nd so for th .

8. Sin ce th e wor ld is  approximately roun d, a ll lines a re actu a lly circles tha t  even tua lly
come back on t o themselves.  These a re ca lled Great Circles because t hey divide the
Ear th  in to two equa l ha lves  (Green hood, 1964).  On a  spher e, such a s t he E ar th , the
sh ort est  dis t ance between  any two point s is  a  Gr ea t  Circle.  Ther e a re an  infinit e
number  of Gr ea t  Cir cles, bu t  coord ina tes  a re only refer en ced t o two Grea t  Cir cles. 
Nort h-sout h lines ar e called Merid ians (an d ar e half Great  Circles) an d east-west
lines ar e called Parallels.  The ba sic referen ce pa ra llel is t he Equ a tor, wh ich is  a
Great  Circle, an d th e two reference meridian s ar e the Greenwich Meridian  an d th e
In terna t ion al Date Line (wh ich  is  actua lly t he same Grea t  Circle on two sides of the
ear th ).
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Th ere a re two coordin a tes - Longitude an d Latitude.  For longitude, all east -west
dir ect ion s a re defin ed as an  angle from 00 to 1800 wit h  00 bein g a t  the Greenwich
Mer idian  and 1800 bein g t he In terna t ion a l Date Line.  All dir ect ion s ea st  of the
Gr een wich Mer idia n  have a  posit ive longitude wh er ea s a ll dir ections west  of th is
mer idian ha ve a negative longitu de.  For example, in t he Un ited Stat es,
Washington , DC, has a  longitude of appr oximately -77.03 degrees because it  is west
of the Greenwich  Mer id ia n  whereas New Delh i, India  has a  lon gitude of
appr oximat ely +77.20 degrees becau se it  is east of th e Greenwich Meridian .  These
loca t ions  a re approximate because cit ies  cover  a reas  and on ly a  s ingle poin t  with in
the cit y h as been  cla ssified (the cen ter  or  centroid  of the cit y).

For  la t it ude, a ll nor th-south  dir ect ion s a re defin ed in  terms of an  angle from the
equa tor , which  has a  la t it ude of 00.  The maximum is  the Nor th  or  Sou th  Poles
which  have la t itu des of +900 and -900 r espect ively.   Locat ion s tha t  a re nor th  of the
Equ a tor h ave a  posit ive la t itude wh ile loca t ions  tha t  a re sout h  have a  nega t ive
la t itude.  Thus, in  the United St a tes, Los Angeles  has a  la t itude of approximately
+34.06 degr ees whereas Bu enos Air es in  Argent in a  has an  approxim ate la t it ude of -
34.60 degrees.

To mea su re va r ia t ions  bet ween  degrees , su bdivision  of the a ngles  a re n ecessa ry. 
The t radit iona l use of sph er ica l coordina tes divides angles in to multiples of 60 an d
defines  angles in  rela t ion  to th e r eferen ce Grea t  Circles.  Thus, ea ch degree is
su bdivided in to 60 min utes a nd ea ch  minu te, in  tu rn , can  be divided in to 60
seconds.  For  exam ple, New York Cit y ha s a n  appr oximate longitude of 73 degrees
58 minu te 22 seconds West  and a n  appr oximate lat itu de of 40 degrees  52 min utes
46 seconds N or th .  However , with  the advent  of compu ters, most  coordina tes a re
now conver ted in to decima l degr ees .  Thus, New York City has a n  approximate
longitude of -77.973 degrees a nd a n  appr oximate lat itu de of +40.880 degrees .   The
conver sion is s imply

Decima l degrees = Degrees + Minu tes/60 + Seconds/3600

9. Because t he Ea r th  is curved, an y two dimen siona l represen ta t ion  pr odu ces
dis tort ion .  The sph er ical la t itude/longitude sys tem  (ca lled ‘la t /lon’ for  sh ort ) is a
un iver sa l coordin a te syst em .  It  is u n iver sa l because it  u t ilizes t he sph er ical n a ture
of the Ear th  and each  loca t ion  has  a  un ique set  of coord ina tes .  Mos t  other
coord ina te sys tems  a re p rojected  because they a re por t rayed  on  a  two-d imens iona l
flat  pla ne.  St r ictly speaking, spher ical coordin a tes  - longitudes a nd la t itudes, a re
not X and Y coordin a tes  sin ce the wor ld is  roun d.  H owever , by conven t ion, t hey a re
often  refer red t o as X and Y coordina tes, pa r t icu lar ly if a  sm all section  of the Ea r th
is projected on a  flat plane (a compu ter screen or a  print ed map).

Project ion s differ  in  how they ‘fla t t en’ or  project  a  sphere on to a  two d imens iona l
plane. Typica lly, th ere are four  pr oper t ies of maps wh ich  cannot  a ll be maint a ined
in  any t wo dim ension a l r epresen ta t ion :
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Sha pe - ma inta ining corr ect sh ape of a land body

Area  - if t he space represen ted on a  map covers the same area  th rough out
th e map, it  is called an equal-ar ea ma p. The proport iona lity is ma inta ined.

Dis tance - the dist ance between  two point s is  in  const an t  sca le (i.e., the scale
does not cha nge)

Dir ect ion  - the d irect ion  from a  poin t  towards another  poin t  is  t rue.

Any p roject ion  crea t es  one or  more types  of d is tor t ion  and par t icu la r  project ions a re
chosen  in order  to have accuracy in  one or  two of these pr oper t ies.  Differen t
pr oject ions port ray differen t  types of informat ion .  Most  pr oject ions a ssu me tha t  the
Ear th  is a sph ere, a sit ua t ion  tha t  is not completely t rue. The Ear th 's diam eter  a t
the equa tor is  sligh t ly grea ter  than  the dist ance bet ween  the poles (Sn yder , 1987). 
The cir cumference of the Ear th  between  the Poles is  about  24,860 miles on a
mer idian ; the circum ference a t  the Equ a tor  is about  75 miles m ore.

There is an  infin ite n umber  of pr oject ions.  However, on ly a  couple dozen h ave been
used in  pr act ice (Greenhood, 1964; Sn yder , 1987; Sn yder  and Voxland, 1989).  They
are ba sed on  pr oject ions  of the sph er e onto a cylinder , cone or  flat  pla ne.  In  the
United St a tes , sever a l common coordin a te syst em s a re u sed.  Theoret ically, t he
pr ojection  and t he coord ina te syst em  can  be dist inguish ed (i.e., a  pa r t icula r
pr oject ion could  use  one of sever a l coord ina te syst em s, e.g. met er s or  feet ). 
However , in  pr actice, pa r t icula r  pr oject ions  use  common coordin a tes .  Among t he
most  common in u se in  the Un ited  St a tes a re:

A. Merca tor  - The Mercator is  an  ea r ly project ion , a nd one of the most  famous,
wh ich is  used for  world m aps .  The projection  is done on  a  cylinder , wh ich is
ver t ically center ed on a  mer idia n , bu t  touching a  pa ra llel.  The globe is
pr ojected on the cylinder  as if light  is emana t ing from the cen ter  of the globe
wh ile t he E ar th  tu rns.  The m er idia ns cu t  the equa tor a t  equ a l in ter va ls. 
However , they m ain ta in  pa ra llel lin es , un like t he globe wh er e t hey conver ge
a t  the poles.   The lon gitudes a re st retched wit h  in creasin g la t it ude (in  both
nor th  and sout h  direct ions) up u n t il the 80 t h  par allel. The effect is tha t sh ape
is a pproximately cor rect  and d irection  is t rue.  Distance, however , is
distort ed.  For example, on a  Mercator m ap, Greenlan d appear s as big as t he
Unit ed Sta tes, which  it  is  not .  Dis tances can  be measured in  any u n it s for  a
Mercat or t hough usu ally th ey ar e measu red in miles or k ilomet ers.

B. Transverse Merca tor  - If the Merca tor  is rota ted 900 so tha t  the cylinder  is
center ed on a  par allel, ra th er th an  a m eridian , it  is called a T ran sverse
Mercator.  The cylinder  is p rojected as bein g horizon ta l bu t  is t ouch ing a
mer idian .  The Transverse Mer ca tor  is divided in to nar row nor th-sout h  zones
in  order  to reduce dist ort ion .  The m er idia n  tha t  the cylinder  is t ouching is
ca lled th e Central Meridian of the zone.  Dist ances a re accura te wit h in  a
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limited dist ance from the cen t ra l mer idian .  Thu s, the bounda r ies of zones
are select ed in  order  to ma in ta in  rea sonable d ist ance accuracy.  In  the U.S.,
many st a tes  use the Tr ansver se Mer cat or a s t he ba sis  for  their  st a te plane
coordinate  sys tem including Arizona, Hawaii, I llinois , and New York.

C. Universa l Transverse Merca tor  (UTM) - In  1936, t he In terna t ion a l U nion  of
Geodesy and Geophysics est ablished a  st anda rd u se of the Tra nsverse
Merca tor , ca lled th e Universal T ransverse Mercator (or  UTM). In  order  to
reduce dist ort ion , the globe is divided in to 60 zones, 6 degrees  of longitude
wide.  For lat itu de, each zone is divided fur ther  int o st r ips of 8 degrees
lat itu de, from 84o  N t o 80o S.  With in  each ba nd, t her e is a  cent ra l mer idia n
which , in  theory, would  be geodet ica lly t rue.  But , t o reduce dis tor t ion  across
the area  covered  by each zone, sca le along th e cen t ra l mer idian  is redu ced t o
0.9996.  This p rodu ces t wo pa ra llel lines of zero distort ion  appr oximately 180
km awa y from t he cent ra l mer idia n .  Scale a t  the bounda ry of th e zone is
approximately 1.0003 a t  U.S. la t itudes.  Coordin a tes a re expressed in
meter s.  By con vent ion , t he or igin  is  the lower  left  corner  of the zon e.  F rom
the origin , Eastings a re disp lacemen ts east wa rd a nd from t he origin ,
N orth in gs a re displacements n or thward.  The cent ra l mer idian  is given a n
East in g of 500,000 meter s.  The Nor th in g for  the equa tor  va r ies depends on
the hemisphere. F or  the nor thern  hemisphere, t he equa tor  has a  Nor th in g of
0 meter s.  F or  the southern  hemisphere, t he Equa tor  has a  Nor th in g of
10,000,000 meters.  The U TM syst em was a dopted  by th e U.S. Army in  1947
and h as been  adopted by m any na t iona l and in ter na t iona l mapp ing agen cies. 
Dista nces a re always mea su red in m eter s in UTM.

D. Oblique Merca tor  - Th ere a re a  number  of cylin dr ica l project ion s which  are
neit her  cent er ed on a  mer idia n  (as  in  the Mer cat or) or  on a  pa ra llel (as  in  the
Tran sverse Mercator).  These ar e called Oblique Mercator p roject ions
because the cylin der  is  cen tered on a  line which  is  oblique to para llels  or
mer idian s.  In  the U.S., th e Hotine Oblique Mercator is  used  for  Alaska .

E . La mber t  Conform al Conic - The Lam bert Con form al Con ic is a  pr ojection
made on a  cone, r a ther  than  a  cylin der .  Lamber t 's  conformal project ion
center s the cone over  a  cen t ra l loca t ion  (usua lly t he Nor th  Pole) and the cone
'cut s' th rough th e globe at  par allels chosen to be sta nda rds. Within th ose
sta nda rds, shapes ar e tru e and m eridian s ar e stra ight .  Outside those
standards, pa ra llels  a re spaced a t  in creasin g in terva ls  the fur ther  nor th  or
south  they go to reduce dis t ance dis tor t ion .  The project ion  is  the basis  of
many s ta te pla ne coordin a te sys tems, inclu din g Californ ia , Connect icu t ,
Ma ryland, Michiga n , and Virgin ia . 

F . Alber’s E qua l-Area  - Another  pr oject ion  on  a  cone is th e Albers Equal-Area
except  tha t  pa ra llels  a re spaced a t  decreasin g in terva ls  the fur ther  nor th  or
sout h  they ar e placed from t he st anda rd pa ra llels.  The m ap is an  equa l-a rea
project ion  and sca le is  t rue in  the east -west  dir ect ion .
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G. St a te Pla ne Coordina tes - Every st a te in  the United St a tes has a n  officia l
coord ina te sys tem, ca lled  the S tate Plane Coordinate S ystem .  Each  st a t e is
divided in to one or  more zon es and a  par t icu la r  project ion  is  used for  each
zon e.  Wit h  the except ion  of Ala ska , which  uses the Hot in e Oblique Merca tor
for  one of it s  eigh t  zones , a ll s t a te p lane coord ina te sys tems  use either  the
Tr ansver se Mer cator or the La mber t  Conformal Conic.  Each st a te's  sh ape
deter mines  wh ich p roject ion is  chosen  to repr esen t  tha t  st a te.  Typically,
st a tes ext endin g in  a  nor th-south  dir ect ion  use Transverse Merca tor
pr oject ions wh ile st a tes exten ding in  an  east -west  direct ion  use Lamber t
Conform al Conic pr ojections.  Bu t , ther e a re except ions, such a s Ca liforn ia
which  uses t he Lam ber t .  Pr oject ions a re chosen  to minim ize dist or t ion  over
the st a te.  Severa l s t a tes use bot h  project ion s (Flor ida , New York) and
Alaska  uses a ll th ree.  Dist ances a re measu red in feet.

See Sn yder  (1987) and Sn yder  and Voxland (1989) for  more det a ils on  these a nd
other  p roject ions  includ ing the mathemat ica l t r ans format ions  used  in  the va r ious
project ion s.  Other  good references a re Maling (1973),  Robin son, Sa le, Morr ison  and
Muehrcke (1984), a nd the Com mit tee on Map Project ion s (1986).

10. With  a pr ojected coordina te system, indirect dista nces can  be measu red by
perpendicu la r  hor izonta l or  ver t ica l lin es on a  fla t  pla ne because a ll dir ect  pa ths
between  two poin t s h ave equa l distances.  For example in figur e 3.13, whether  the
dist ance is measu red from poin t  A nor th  to the Y-coordina te of poin t  B an d t hen
eastward un t il poin t  B is reach ed or , a lt erna t ively, from  poin t  A eastward to t he X-
coordina te of point  B, then n or thward un t il point  B is r eached, the dista nces will be
the sa me.  One of the advantages of a  Manha t tan  geomet ry is t ha t  t r avel dist ances
tha t  a re direct  (i.e., tha t  a re poin ted towards  the fina l dir ection) ar e equ a l.

With  a  sph er ica l coordina te syst em, however , Man ha t tan  dist ances a re not  equa l
wit h  differ en t  rout es.  Becau se the dist ance between  two point s a t  the same la t itude
decrea ses wit h  increa sing la t itu de (nor th  or  sout h) from the equa tor , th e pa th
between  two poin t s will d iffer  on the route wit h  Manha t tan  ru les.  In  figure 3.13, for
exa mple, it  is  a  lon ger  dis t ance to t r avel fr om poin t  A ea stward to the lon gitude of
poin t  B, before t r aveling n or th  to poin t  B than  to t r avel n or thward from poin t  A to
the same la t itude as point  B before t r avelin g ea st wa rd t o point  B.  Consequ en t ly,
Crim eS tat modifies the Manha t tan  ru les for  a  sph er ica l coordina te syst em by
ca lcu lat ing both  rou tes bet ween  two poin t s a nd a vera ging th em.  This is ca lled a
Modified  S pherical Manhattan  Distance.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



CrimeStat III

P art II: Spatia l De scrip tion

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



4.1

 Chapter 4
Spatial Distribution

In  th is chapt er , the spa t ia l dis t r ibu t ion of cr ime in ciden t s will be d iscussed.  The
st a t ist ics t ha t  a re used in  describing t he spa t ial dist r ibut ion  of cr ime incident s will be
expla in ed and will be illu st ra ted wit h  exa mples from Crim eS tat® III.   For t he exam ples,
crim e in ciden t  da ta  from Ba lt imore County and Balt imore Cit y will be used.  F igure 4.1
sh ows t he u ser  in ter face for  the spa t ia l dis t r ibu t ion  st a t ist ics in Crim eS tat.  F or  each  of
these, the st a t ist ics will fir st  be presen ted followed  by examples of their  use in  crim e
an alysis.

Centrographic  S ta t is t ic s

The most  basic type of descript or s for  the spa t ial dist r ibut ion  of cr ime incident s a re
centrographic statistics.  These a re in dices which  est im ate basic parameter s about  the
dis t r ibu t ion  (Lefever , 1926; Fur fey, 1927; Ba chi, 1957; Neft , 1962, H ult qu is t , Brown and
Holmes , 1971; Ebdon, 1988).  They include:

1. Mean  center
2. Median  center
3. Cent er  of minim um dist ance 
4. St anda rd deviat ion  of X and Y coordina tes
5. Standard dis t ance devia t ion
6. Sta nda rd deviationa l ellipse

They a re ca lled cen t rogr aphic in  tha t  they a re two dim ension a l cor rela tes to the
basic s t a t is t ica l m oments of a  sin gle-va r ia ble dis t r ibu t ion  - mean , s t andard devia t ion ,
skewness, and kur tosis (see Bachi, 1957).   They ha ve been a pplied t o cr ime a na lysis by
St ephen son  (1980) and, m ore recen t ly, by La ngworthy and J efferis (1998). 

Because t wo dimensions a dds  complexity not seen  in one dim ension , th ese
st a t istica l moments have been m odified to be appr opr iat e.  Figur e 4.2 shows how th e
cen t rograph ic s t a t is t ics  a re selected  in  Crim eS tat.

Me a n  Ce n t e r

The simplest  descript or  of a  dist r ibut ion  is the m ean center.  Th is is  mer ely t he
mean  of th e X an d Y coordina tes.  It  is somet imes called a center of gravity in  t ha t  it
r epresen t s the poin t  in  a  dis t r ibu t ion  where a ll other  poin t s a re ba la nced if t hey existed on
a  pla ne a nd t he m ea n  center  wa s a  fulcrum (Ebdon , 1988; Bur t  and Barber , 1996).  

For  a  single var iable, th e mean  is the poin t  a t  which  the su m of a ll differences
between  the mean  and a ll other  poin t s is  zero.  Unfor tuna tely, for  two va r ia bles, such  as
the loca t ion  of cr im e in ciden t s, t he mean  cen ter  is  not  necessa r ily t he poin t  a t  which  the
su m of a ll dist ances t o a ll other  poin t s is m inim ized.  Tha t  pr oper ty is a t t r ibut ed t o the 
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cen ter  of min im um dis tance (see below).  H owever , t he mean  cen ter  can  be though t  of as a
poin t  where both  the su m of a ll differences bet ween the mean  X coordina te and a ll other  X
coord ina tes  is  zero and  the sum of a ll d ifferences  between  the mean  Y coord ina te and  a ll
other  Y coordin a tes is  zero.

The form ula for t he mea n center  is:

 _  N       Xi _  N     Yi

X = E   -------- Y = E --------- (4.1)

i=1      N i=1    N

where Xi an d Yi a re the coordin a tes of in dividua l loca t ion s and N is  the tota l n umber  of
poin t s.  

To take a  sim ple exa mple, the m ea n  center  for  bu rgla r ies  in  Ba lt imore County has
sph er ica l coordina tes of longitude -76.608482, lat itu de 39.348368 an d for  robber ies
longitude -76.620838, lat itu de 39.334816.  Figure 4.3 illust ra tes t hese t wo mean  centers.

We ig h te d  Me a n  Ce n t e r

A weighted m ean  center  can  be produ ced by weight ing each  coordina te by an other
var iable, W i.  For  example, if the coord ina tes  a re the cen t roids of census t r act s , then  the
weigh t  of each  cen t roid  cou ld  be the popula t ion  with in  the census t r act .  Formula  4.1 is
ext en ded s ligh t ly to include a  weigh t .

 _  N    Wi Xi _  N    Wi Yi

X = E  ---------- Y = E  ---------- (4.2)

i=1      N  i=1     N

The adva ntage of a  weighted mean  cen ter  is  tha t  poin t s associa ted wit h  a reas can
have th e character ist ics of the areas included.  For example, if the coordina tes a re the
cent roids  of census t r acts , then  the weight  of each cen t roid could be the popula t ion  wit h in
the censu s t r act .  This will pr odu ce a  differen t  cen ter  of gra vity th an , say, th e unweight ed
center  of all census t ra cts.  Crim eS tat a llows t he mean  to be weighted by eith er  the
weight in g var ia ble or  by t he in tensit y var ia ble.  Users should  be carefu l, however , n ot  to
weigh t  the m ea n  wit h  both  the weight ing and in ten sit y var iable u n less t her e is a n  explicit
distinction being ma de between weight s an d int ensities.

To take an  exa mple, in  the six ju r isdict ion s makin g u p the met ropolit an  Ba lt im ore
area  (Baltim ore City, an d Ba ltim ore, Car roll, Har ford, Howard a nd Anne Arundel
count ies), the m ea n  cent er  of a ll cen su s block groups is  longitude -76.619121, lat itude
39.304344.  This would be an  un weighted mean  center  of the block gr oups.  On  the other
hand, th e mean  center  of the 1990 popu lat ion  for  the Balt imore m et ropolita n  a rea  had
coordin a tes of lon gitude -76.625186 and la t it ude 39.304186, a  posit ion  sligh t ly southwest  of
the unweight ed m ean  center .  Weight ing the block gr oups by median  househ old income 
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Figure 4.3: Burglary and Robbery in Baltimore County

Comparison of Mean Centers
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pr odu ces a  mean  center  which  is st ill more sout hwest .  Figur e 4.4 illust ra tes t hese t h ree
mean  center s.

Weighted mean  cen ter s can  be usefu l because they descr ibe spa t ia l d ifferen t ia t ion
in t he met ropolita n  a rea  and factors t ha t  may cor relat e with  cr ime d ist r ibut ions.  Another
exa mple is  the weighted mean  cen ter s of differen t  ethn ic groups in  the Ba lt im ore
met ropolit an  a rea  (figure 4.5).  The mean  cen ter  of the Wh it e popula t ion  is  a lm ost  iden t ica l
to the unweighted mean  cen ter .  On  the other  hand, t he mean  cen ter  of the Afr ica n-
Amer ican /Black  popula t ion  is  sou thwes t  of th is  and the mean  cen ter  of the Hispan ic/La t ino
popula t ion  is consider ably sout h  of tha t  for  the Whit e popula t ion .  In oth er  words, differen t
ethn ic groups  tend t o live in  differen t  pa r t s of the Balt imore m et ropolita n  a rea .  Whether
th is has a ny impa ct  on  cr ime d ist r ibut ions is a n  empir ica l quest ion .  As we will see, th ere
is n ot a  sim ple spa t ia l corr ela t ion  bet ween  these weighted mea n  cent er s a nd par t icula r
crime distr ibut ions.

When  the Mcsd  box is checked, Crim eS tat will run  the rou t ine. Crim eS tat ha s a
sta tus ba r  tha t  in dica tes how much of the rout in e has been  run  (Figure 4.6).1 The results of
these st a t ist ics a re sh own in t he Mcsd  out pu t  t able  (figur e 4.7). 

Me d ia n  Ce n t e r

The median  center  is the int er section  between  the median  of the X coordina te and
the m edian  of the Y coordin a te.  Th e concept  is s imple.  However , it  is n ot s t r ictly a
median .  For a  sin gle var iable, such a s m edian  househ old in come, the m edian  is t ha t  point
a t  which  50% of the cases fall below and 50% fa ll above.  On a  two dimensiona l plan e,
however , ther e is  not a  sin gle m edian  because the loca t ion of a m edian  is defined by t he
wa y tha t  the axes a re drawn .  For exa mple, in figure 4.8, t her e a re eigh t  inciden t  point s
shown.  F our  lines have been  drawn which  divide these eigh t  poin t s in to two gr oups of four
each .  However , th e four  lines do not iden t ify an  exact loca t ion  for  a  median .  Ins tead, th ere
is a n  a rea  of non-uniquen ess in  wh ich a ny pa r t  of it  cou ld be consider ed the ‘median
center ’.  This violat es one of the bas ic pr oper t ies of a  st a t ist ic is tha t  it be a  un ique va lue.

Never theless, a s lon g a s the axes a re not  rota ted, t he media n  cen ter  can  be a  useful
st a t ist ic.  The Crim eS tat rout ine out put s th ree sta tistics:

1. Th e sample size
2. The median  of X
3. The median  of Y

The tabu lar out put  can  be print ed and t he median center  can  be out put  as a
gr aphica l object  to ArcView ‘shp’, MapInfo ‘mif’ or   At la s*GIS ‘bna’ files.    A root  name
should  be provided.  The media n  cen ter  is  output  as a  poin t  (MdnCn t r<r oot  name>).
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Figure 4.4: Center of Baltimore Metropolitan Population

Mean Center of Block Groups Weighted By Selected Variables
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Figure 4.5: Center of Baltimore Metropolitan Population

Mean Center of Block Groups Weighted By Selected Variables

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 
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Figure 4.8: Non-Uniqueness of a Median Center

Lines Splitting Incident Locations Into Two Halves
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4.12

Center  of Min imum Dis tance

Another  cen t rograph ic s t a t is t ic is  the center of m in im um  distance.  Unfor tuna tely,
th is st a t ist ic is somet imes  a lso ca lled th e m edian  center, which  can  make it  confus ing s ince
the a bove st a t ist ic ha s t he same n ame.  Never theles s, u n like t he m edian  center  above, the
cen ter  of min imum d is tance is  a  un ique s ta t is t ic in  tha t  it  defines  the poin t  a t  which  the
su m of the dist ance to a ll other  poin t s is t he sm allest (Bur t  and Ba rber , 1996).  It is defined
as:

Center  of  N

Minimum Dist ance  =  C   = G d ic is  a  min imum (4.3)
i=1

where d ic is t he dist ance bet ween  a  sin gle point , i, and C, the cen ter  of min imum d is tance
(with  an  X and  Y coord ina te).  Unfor tuna tely, there is  not  a  formula  tha t  can  ca lcu la te th is
loca t ion.  

Inst ead , an  iter a t ive algor ith m is used  tha t  appr oximates th is loca t ion  (Kuhn an d
Kuenne, 1962; Bur t  and Ba rber , 1996).  Depend ing on  whether  the coordina tes a re
spher ical or  pr ojected, Crim eS tat will calcula te dist ance as  eit her  Gr ea t  Circle (spher ical)
or  Euclidean  (p roject ed ), a s d iscussed  in  the p revious chapter .2  The r esu lt s a re shown in
the Mcm d  out pu t  t able (figur e 4.9). 

The impor tance of the cen ter  of minim um dist ance is th a t  it is a  loca t ion  where
dist ance to a ll the defin ing incident s is t he sm allest.  Since Crim eS tat on ly measu res
dis tances a s either  dir ect  or in dir ect , actu a l t ravel t ime is n ot being ca lcula ted.  But  in
many jur isd ictions, t he m inimum dis tance to a ll point s is  a  good approximat ion  to th e poin t
wh er e t r avel dis t ances a re m inimized.  F or exa mple, in a  police precinct , a  pa t rol car  could
be st a t ion ed a t  the cen ter  of min im um dis tance to a llow it  to respond qu ick ly to ca lls for
ser vice.

For  example, figure 4.10 maps the cen ter  of min im um dis tance for  1996 au to theft s
in  both  Ba lt imore City and Ba lt imore Coun ty and compares  th is  to both  the mean  cen ter
and the media n  cen ter  st a t is t ic. As  seen , both  the cen ter  of min imum d is tance and  the
media n  cen ter  a re south  of the mean  cen ter , indica t in g t ha t  there a re sligh t ly more
inciden t s in  t he sou thern  pa r t  of t he met ropolit an  a rea  than  in  the nor thern  pa r t . 
However, t he difference in t hese t h ree st a t ist ics is very sm all, especially the median  center
and t he cen ter  of minim um dist ance.

S ta n d ard  D ev ia ti on  o f t h e  X a n d  Y Co o rd in a te s

In  add it ion t o th e m ea n  center  and cen ter  of min imum dis tance, Crim eS tat will
ca lcu la te va r ious  measures  of spa t ia l d is t r ibu t ion , which  descr ibe the d ispers ion ,
or ient a t ion , an d sh ape of the dist r ibut ion  of a  var iable (Hammond a nd McCullogh 1978;
Ebdon  1988).  The simplest  of t hese is the raw standard devia t ion s of t he X and Y
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Figure 4.10: 1996 Metropolitan Baltimore Auto Thefts

Mean Center and Center of Minimum Distance for 1996 Auto Thefts
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coordina tes, respectively.  The form ulas used ar e the sta nda rd ones foun d in m ost
element ar y sta tistics books:

     _

  N    (Xi - X)2

SX = SQRT[ G --------- ] (4.4)

  i=1      N-1

     _

  N    (Yi - Y)2

SY = SQRT[ G --------- ] (4.5)

i=1      N-1

      _     _
where Xi an d Yi a re the X and Y coordina tes for  individua l point s, X and Y are the mean  X
and mean  Y, and N is  the tota l n umber  of poin t s.  Note tha t  1 is  subt racted from the
number  of poin t s to produce an  unbia sed est im ate of the st andard devia t ion .

The standard devia t ion s of the X and Y coordin a tes in dica te the degr ee of
dispersion .  F igure 4.11 shows the st andard devia t ion  of the coordin a tes for  au to theft s and
represen t s t h is a s a  rectangle.  As seen , the dist r ibu t ion  of au to th efts spr ea ds  more in  an
east -west  dir ect ion  than  in  a  nor th-south  dir ect ion .

Standard Distance  Deviat ion

Wh ile the st andard devia t ion  of the X and Y coordin a tes provides some in format ion
about  the dispersion  of the in ciden t s, t here a re two problems wit h  it .  F ir st , it  does not
pr ovide a  sin gle su mmary st a t ist ic of the disper sion in  the inciden t  locat ions a nd is
actu a lly two separa te st a t ist ics (i.e., disper sion in  X and d isper sion in  Y).  Second, it
provides measurements in  the un it s of the coordin a te sys tem.  Thus, if spher ica l
coordina tes a re being us ed, th en  the un its  will be decima l degrees.

A measure which  overcomes  these p roblems  is  the stan dard  distance deviation  or
standard  d istance, for  shor t .  Th is  is  the s t andard  devia t ion  of the distance of each poin t
from the m ea n  cent er  and is  expr essed in  mea su rem en t  un it s (feet , met er s, m iles).  It  is
the two-dim ension a l equiva len t  of a  st andard devia t ion .

The formula  for  it  is

   N (d iM C)2

SXY = Sqr t  [  G {----------------} ] (4.6)

   i=1  N-2
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Figure 4.11: 1996 Metropolitan Baltimore Auto Thefts

Mean Center and Standard Deviations of X and Y Coordinates
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where d iM C is  the dis t ance between  each  poin t , i, a nd the mean  cen ter  and N is  the tota l
number  of poin t s.  Note t ha t  2 is subt racted from t he number  of poin t s t o pr odu ce an
unbia sed est imate of st anda rd dist ance since th er e a re t wo cons tan t s from which t h is
dis t ance is measured (mean  of X, mean  of Y).3

The standard dis t ance can  be represen ted as a  sin gle vector  ra ther  than  two vectors
as with  the st anda rd deviat ion  of the X and Y coordina tes.  Figur e 4.12 shows the mean
cent er  and s tanda rd d ist ance devia t ion  of both  robber ies and bu rglar ies for  1996 in
Baltimore Coun ty represented as circles.  It  is clear  th at  th e spatial distr ibut ions of th ese
two types of cr ime va ry with  robber ies being sligh t ly more concent ra ted.

Standard Deviational Ellipse

Th e standard dis t ance devia t ion  is  a  good sin gle measure of the dispersion  of the
in ciden t s a round the mean  cen ter .  H owever , wit h  two dim ension s, d is t r ibu t ion s a re
frequent ly skewed in  one direct ion  or  another  (a  condit ion  ca lled anisotropy).  Instea d,
there is an other  st a t ist ic which  gives disper sion  in t wo dimensions, the stan dard
deviat ional ellipse or  ellipse, for  sh ort  (Ebdon , 1988; Cromley, 1992). 

Th e st anda rd devia t iona l ellipse  is der ived from the biva r ia te dist r ibu t ion (Fur fey,
1927; Neft, 1962; Bachh i, 1957) and is defined by

[ F2
x + F2

y]
Bivar ia te = SQRT ------------- (4.7)
Dis t r ibu t ion                 2

The two st anda rd deviat ions, in t he X and Y direct ions, ar e or thogona l to each other
and defin e an  ellipse.  E bdon (1988) rota tes the X and Y axis so tha t  the sum of squares of
dist ances bet ween  poin t s a nd a xes ar e minim ized.  By convent ion , it  is shown as a n  ellipse.

Aside from t he mea n X an d mean  Y, th e form ulas for t hese stat istics ar e as follows:

1. The Y-axis is rota ted clockwise th rough a n  angle, 2, wher e
 _        _

2 = ARCTAN {( E(Xi-X)2 - E(Yi-Y)2) + 

     _            _             _        _ _        _
     [(E(Xi-X)2 - E(Yi-Y)2)2 + 4(E(Xi-X)(Yi-Y))2]1 /2}/(2E(Xi-X)(Yi-Y)) (4.8)

where a ll summat ion s a re for  i=1 to N (Ebdon, 1988).
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Figure 4.12: 1996 Baltimore County Burglaries and Robberies
Comparison of Mean Centers and Standard Distance Deviations
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2. Two st anda rd devia t ions a re calcula ted, one a long the t r ansposed X-axis  and
one a long the t r ansposed Y-axis .

              N          _   _

Sx = SQRT(2){E[(Xi - X)Cos2 - (Yi - Y)Sin2]2/(N-2)}½ (4.9)

            i=1

 N            _                     _
Sy = SQRT(2){E[(Xi - X)Sin2 - (Yi - Y)Cos2]2/(N-2)}½ (4.10)

i=1

where N is  the number  of poin t s.  Note, a ga in , t ha t  2 is  subt racted from the
number  of poin t s in  both  denomin a tors to produce an  unbia sed est im ate of
the st andard devia t ion a l ellipse sin ce there a re two constan t s from which  the
dis tance a lon g each axis is  measured (mean  of X, mean  of Y).4

3. The X-axis a nd Y-axis of the ellipse a re defined by

Length x = 2Sx (4.11)

Length y = 2Sy (4.12)

4. The area  of th e ellipse is 

A = BSxSy (4.13)

Figur e 4.13 shows the out put  of th e ellipse rout ine and figur e 4.14 ma ps th e
standard devia t ion a l ellipse of au to theft s in  Ba lt im ore City a nd Ba lt im ore Cou nty for
1996.

Geome tric  Mean

The mean  center  rout ine (Mcsd) includes two additiona l mean s.  First,  th ere is th e
geomet r ic mean , which  is a m ean  associat ed with  the mean  of the logar ith ms.  It  is defined
as:

 N

Geomet r ic Mean  of X  =  GM(X)  = A (Xi)
1 /N (4.14)

i=1

 N

Geomet r ic Mean  of Y  =   GM(Y) = A (Yi)
1 /N (4.15)

i=1
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Figure 4.14: 1996 Metropolitan Baltimore Auto Thefts

Mean Center and Standard Deviational Ellipse
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4.22

where A is the pr odu ct  t erm of each  poin t  value, i (i.e., the values of X or  Y are multiplied

t imes  each  other ), an d N is the sa mple size (Everit t , 1995).  The equa t ion  can  be evalua ted
by logar ithm s.

  1          1
Ln [GM(X)] = ---- [ Ln (X1) + Ln(X2) + ..... + Ln(XN ) ]  =  ----- G Ln(Xi) (4.16)

  N          N

  1          1
Ln [GM(Y)] = ---- [ Ln (Y1) + Ln(Y2) + ..... + Ln(YN ) ]  =  ----- G Ln(Yi) (4.17)

  N          N

GM(X)  = eLn(GM(X)
(4.18)

GM(Y)  = eLn(GM(Y)
(4.19)

The geomet r ic mea n  is t he an t i-log of the m ea n  of the logar ithms.  Because it  fir st
convert s a ll X and Y coordina tes in to logar ith ms, it h as t he effect  of discount ing extr eme
va lues .  The geomet r ic mean  is  ou tpu t  a s par t  of t he Mcsd rou t ine and has a  ‘Gm’ p refix
before the user  defined n ame.

Harmonic  Mean

The harmonic mea n  is a lso a  mea n  wh ich discounts ext rem e va lues, bu t  is
ca lcu lat ed differen t ly.  It is defined a s

      N
Harmonic mean  of X = HM(X) = --------------- (4.20)

   G (1/Xi)

        N
Harmonic mean  of Y = HM(Y)  --------------- (4.21)

   G (1/Yi)

In  other  words, t he harmonic m ean  of X and Y respect ively is  the in verse of the
mean  of the in verse of X and Y respect ively (i.e ., t ake the in verse; take the mean  of the
inverse; and  inver t  the mean  of the inverse).  The harmonic mean  is  ou tpu t  as pa r t  of the
Mcsd r ou t ine a nd h as a  ‘Hm’ pr efix before the user  defined n ame.

The geomet r ic and ha rmon ic means a re d iscoun ted  means tha t  ‘hug’ the cen ter  of
the dist r ibut ion . They differ  from the mean  center  when there is a ver y skewed
dist r ibut ion . To cont rast  the differen t  means, figure 4.15 below sh ows five differen t  means
for  Ba lt im ore Cou nty m otor  veh icle theft s:
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been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



!

!

!

!

!

!

!

!
!!!

!

!
!

!! !

!

!!

!

!

!!!
!

!
!

!!!!!

!

!
!!! !

!

!

!

!

!

!

!!!

!

!!

!

!

!
!!!

!
!

!

!!!!!
!

!

!

!

!
!

!

!

!
!!!

!

!!

!

!
!!

!

!

!!
!!

!!!
!

!

!
!

!! !!

!

!

!!

! !

!

!!

!

!

!

!

!! !

!
!

!

!

!!!!! !

!

!

!

!!!

!

!!

!

!!

!

!

!

!!
!

!

!!

!

!!!
!

!!!

!

! !!!! ! !

!

!

!

!

!

!

!

!!!
!

!
!

!

!!
!

!!!!! ! !
!

!!!

! !

!!!

!!

!

!

!

!!

!!!

!

!

!!

!!!!

!

!

!

!

!!!

!

!!!!

!

!!

!!

!

!
!

!

!

!

!!!!

!

!

!

!

!

!

!
!

! !!
! !

!

!

!!

!

!!

!
!!

!!

!

!

!!

!

!

!

!!!!!

!!

!

!

!
!

!

!

!

!

!

!

!

!

!
!
!

!

!
!

!

!

!!!

!! !
!
!
!

!

!

!

!

!
!!!

!

!

!!

!!
!

!

!

!!

!!!!

!

!

!!

!!!

!

!
!!

!

!

!

!

!

!

!

!!

!

!!

!

!

!!

!!

!! !!

!! !

!

!!!!!
!

!
! !

!!

!

!
!

!

!

!!

!

!

!!

! !!
!

!

!

!

!

!

!

!

!!!

!

!

!

!

!

! !!

! !

!

!

!!!!!!

!

!

!

!

!!!

!

!

!!

!!

!

!

!

!

!

!!

!!!

!

!

! !!

!

!

!

!

!

!

!

!

!

!

!!

!!

!!

!

!

!

!!

!

!

!

!

!

!!

!

!

!
!!!

!

!

!

!

!!!!!!!!!!

!!

!

!
!

!

!
!

!

!

!

!!!!!! !!!!!!

!!!!!!!!
!!!!!!

!

!

!!!!!!

!

!

!

!

!

!
!!!

!

!

!

!

!

!

!

!

!!!!

!

!
!

!

!

!

!

!!

!
!

!!

!

!!

!

!
!

!

!

!

!!
!! !!

!!

!

!

!

!!

!

! !

!!
!
!

!
!
!

!
!

!

!

!!

!

!

!! !

!

!!

!

!

!!!!! !

!

!

!!!

!! !!

!

!
!

!!

!!

!

!!

!!!

!!!

!!!

!

!!

!!

!

!

!
!

!

!

!

!

!

!

!

!

!!!!

!

!

! !!!

!

!

!

!
!!!!

!
!!

!!

!!

!

!

!!!!!!!

!

!

!

!!!

!!

!

!
!

!!
!

!

!!

!

!

!

!!!!!!!

!

!

!

!!!

!

!!

!

!

!!

!

!!
!

!

!

!!

!

!

!!

!!!

!!!

!!

!

!

!

!

!!

!

!!!!!

!!!!

!

!
!
!

!

!

!

!

!

!
!

!!

!!!

!
!!!
!!!!

!

!

!

!

!

!!!

! !

!

!

!

!

!!!

!!

!

!

! !!

!

!

!!!
! !

!

!!

!

!!

!!

!

!

!!!

!

!

!

!!
!

!
!

!

!

!

!!

!

!

!

!

!!!

!

!

!

!!

!!!!!!!!!

!

!!

!

!!

!

!!!!!!!

!

!!

!

!
!

!

!

!

!!

!

!

!
!!

!
!
!!!

!

!

!

! !

!

!

!

!
!

!

!!!

!

!

!

!

!

!

!

!
!

!

!

!!!

!

!

!

!

!

!!

!

!

!
!

!!

!

!
!

!

!

!!

!

!

!
!
!!
!

!
!
!!

!

!

!!

!

!

!
!!

!

!

!

!!

!

!

!

!!
!!

!

!

!
!!

!

!!
!!!

!!

!

!

!
!

!!

!! !

!

!

!

!!

!!!

!!!

!

!
!

!

! !
!!

!!

!

!!!!! !

!!

!

!

!!!!

!!!!

!

!

!!!

!

!

!
!

!

!!

!
!!

!

!

!

!

!

!

!!

!

!

!!

!!!
!!

!

!! !!!

!!!

!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!

!!

!!

!

!

!

!

!

!

!!!!!!!!

!!

!
!!

!!!

!

!

!

!!

!!

!!

!

!

!!

!

!

!!

!!

!

!!

!

!!!

!

!

!

!

!

!

!

!

!!!!!!

!!

!

!!

!
!!

!!

!!!!

!

!

!

!

!

!

!
!!

!

!
!

!

!

!
!

!!!

!

!!!

!

!

!

!

!
!
!

!

!

!
!!

!!
!

!!

!! !

!

!

!

!!

!!!!

!

!

!

!!

!

!

!

!!
!

!

!

!

!

!!

!!!

!

!

!!!

!! !!!!
!

!

!

!

!

!

!

!

!

!!
!!

!
!

!!
!!!

!

!

!

!

!

!

!

!!

!!
!

!

!

!

!

!

!
!
!

!

!

!
!

!
!

!

!

!

!

!!!

!

!

!

!

! !
!!!
!

!

!

!

!!!

!

!
!

!

!

!

!

!!

!

!

!

!

!

!!!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!!

!

!!

!

!

!

!

!!!
!
!

!
!

!! !

!!

!

!

!

!

!
!

!

!

!!

!

!!
!
!
!

!!!!

!!
!!

!

!
!!

!!

!

!

!!

!!

!

!

!

!!
!

!

!!

!!!

!!!
!

!

!
!

!!!

!
! !

!

!!

!!!

!!

!

!

!

!!
!

!!
!

!

!

!
!

!!

!

!
!
!

!

!

!

!
!!

!

!

!

!

!

!! !!!!! !!

!

!

!!!!!
!! !!!!!!

!

!
!

!!

!!!!!

!!!
!

!
!

!

!

!
!

!!
!

!

!

!!
!

!!!

!

!
!!

!
!

!! !

!

!!

!

!

!
!!!

!!!

!!!!

!

!

!

!

!

!

! !

!!!
!!
!!!!!!

!! !

!

!

!
!
!!

! !

!
!!
!

!
!!

!

!
!!

! !! !

!!

!

!

!

!

!
!

!! !!!

!

!!!!!
!!!

!

!!
!!

!

!!

!

!

!
!

!

!

!

!

!
!

!

!
!

!! !

!!

!

!

!!!

!
!

!

!

!

!!

!

!

!

!
!!!

! !
!!

!

!

!!

!
!

!!

!!!!!

!

!

!

!!

!

!

!

!

!
! !!

!

!

!!

!! !

!
!

!!! !!

!

!

!

!

!

!

!

!

!

!!

!

!
!

!

!!!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!!!

!

!
!

!!

!!!

!

!!!!!

!

!!

!
!!

!

!

!

!

!!

!

!

!

!

!!!!

!!
!! !

!

!

!

!!

!

!

!
!

!

!

!!!!

!

!

!

!!!!

!!

!

!

!

!

!

!!

!!

!!!

! !!

!

!!!!!!

!
!

!!!

!

!

!

!

!!

!!!!!!!!

!!!!

!

!

!

!
!

!

!

!

!

!
!
!!!

!!!

!

!
!
!!!

!!
!

!!

!!

!

!

!

! !

!

!

!

!

!

!
! !!

!

!

!!

!!!
!

!!!

!!!

!!! !!

!!

!

!

!

!!

!

!

!
!

! !

!

!
!

!

! !!

!

!

!!! !

!!
!

!

!
!

!

!
!

!! !

!
!

!!

!

!

!!

! !

!

!

!

!

!

!

!

!

!

!

!

!!

!

!!!! !!

!

!

!
!

!

! !!!

!!

!
!

!

!
!

!

!!

!!
!
!

!

!
!!
!

!

!

!

!

!!! !!
!

!

!
!

!!

!

!

!

!!

!

!!! !

!

!!!

!!

!
!

!

!

!

!!

!!

!

!
!

!

!

!!!

!

!

!

!

!! !!!

!

!

!

!!

!!

!

!

!

!!

!!!

!

!!
!

!

!!

!!

!!! !!

!
!
!

!

!

!

!

!

!

!

!!

!

!

!!!

!

!
!

!

!

!

! !

!!!
!

!
!!

!

!
!!

!!

!

!

!

!!
!

!
!!!

!

!

!!

!!

!

!
!

!

!! !!

!

!

!!!

!!

!!

!

!

!!!!

!
!

!

! !!

!

!
!!!! !!!!!

!

!

!
!!

!!

!!! !

!

!!!! !
!!

!!

!!

!
!

!

!!

!

!
!! !!! !

!

!!!

!!

!

!

!

!

!
!

!!!! !!

!! !
! !

!

!!!

!

!!

!
!!

!

!

!

!

!!
!

!! !!

!

!!

!
!

!! !

! !!

!!
!
!!!

!!!!

!

!!!!

!!

!

!

!
!

!

!

! !

!
!

!!

!

!

!
!

!!!!

!
! !

!

!

!
!!

!

!

!!!

!

!!

!!

!

!

!

!!

!! !

!

!

!

!

!! !

!

!!

!
!!!

!

!!!!

!

!

!

!

!

!
!

!!!!!

!

!

!

!

!
!!!

!!!

!!

!!

!!

!!

!

!

!

!

!

!

!
!

!

!

!!!!

!
!!

!

! !
!!

!

!

! !

!

!

!!!

!

!!

! !

!

!

!! !

!

!

!!!
!

!

!

!

!

!

!

!

!

!

!!! !!!!
!

!!!

!

!

!

!
!

!

!!

!

!

!

!
!!!

!

!
!

!

!

!

!
!!

!

!
!

!!

!

!!

!

!

!!

!

!

!

!

!

!
!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!! !

!!!

!!!
!! !

!!

!!

!!
!

!

!!

!!

!

!!

!

!

!

!!!!

!

!

!

! !

!
!

!!
! !

!

!

!

!!

!

!

!

!
!

! !!

!

!!!

!!

!

!

! !

!!! !!

!!!

!
!

!!!!!!!

!! !

!

!

!

!

!

!

!

!

!

! !

!

!!
!

!

!

!! !

!!

!
!!!

!

!!
!

! !

!

!

!
!

!

!

!

!

!

!!

!

!

!
!

!

!

!

!

!

!!

!!
!

!

!

!

!
!

!

!

!!

!

!

!

!!
!!

!!! !
!

!!!
!

!

!

!
!
!!

!
!!

!!!
!!!!

!
!

! !

!

!
!

!!

!

!

!

!

!

!!

!
!

!!!

!

!

!

!!

!

!!

!

!!!!!!!

!

!! !

!

!!
! !

!!

!

!

!! !!!

!! !!!

!

!

!

!!!

!
!!

!

!

!!!

!

!!!

!

!!!

!

!!!
!!

!

!
!!! !!

!!

!

! !!!

!

!!

!

!!!! !

!!!!

!

!

!

!

!

!

!

!

!!

!

!!

!

!

!

!!

!

!

!

!!

!

!
!

!

!
!
!!!

!

!

!

!

!

!

!

!
!!
!

!

!

!
! !

!

!

!

!

!!!!!!
!

!

!

!

!

!
!

!

!
!

!

!!

!

!

!

!
!!

!
!

!

!

!!
!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!!! !! !

!! !

!

!
!!! !!

! !

!! !!!! !

!!!!! !

!

!
!

!

!

!!

!

!!!

!
!
!!!!!

!
!!!

!!!

!
!
!
!

!

!

!

!
!!!
!

!

!!

!

!

!

!

!!

!

!
! !

!!

!

!

! !

! !!

!!
!

!

!

!
!

!!

!

!

!!

!
!

! !

!!

!!

!

!
!

!

!

!

!!

!

!!
!!!!

!

!!

!

!

!

!

!

!

!

!

!!

!

!

!!

!

!

!

!
!!

!!
!

!

!

!!!
!

!!
!!!

!!!

!! !

!!

!!!!
!

!
!

!

!

!

!

!
!
!

!

!

!!

!

!!!

!

!

!

!!

!

!

!

!! !
!

!!!

!

!!!

! !

!

!

!!!!!

!

!

! !!

!

!

!!!

!

! !

!
!

!!

!

!

!

!
!

!

!!
!!
!

!!!!

!
!

!

!

!

!!

!
!

!!

!

!

! !!!!!!
!

!

!

!

!!!!!

!

!
!

!!

!!!
!!!

!

!!

!

!

!!
!!

!

!

!!!

!

!#

"

!

"

HM GM

Mdn

MC
TM

Miles

.4.20

Figure 4.15:

Five Mean Centers for 1996 Baltimore Vehicle Thefts
Five Different Means Compared
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4.24

1. Mean  cen ter ;
2. Cent er  of minim um dist ance;
3. Geomet r ic m ean; 
4. Harmonic mean ; and
5. Tria ngulat ed mean  (discussed below)

In  the exa mple, t he mean  cen ter , geomet r ic m ean , a nd harmonic m ean  fa ll a lm ost
on  top of ea ch  other ; however , t hey will n ot  a lways  be so. The cen ter  of min im um dis tance
appr oximates t he geogra ph ica l cen ter  of the dist r ibut ion .  The t r ian gula ted m ean  is defined
by th e angularity and dista nce from t he lower-left a nd u pper-right  corn ers of th e data  set
(see below).

Cen t rogra ph ic descrip tors  can  be very power ful t ools for exa min ing spa t ia l pa t t er ns. 
They a re a  fir st  st ep in  any spa t ia l ana lysis , bu t  an  impor tan t  one.  Th e above example
illust ra tes  how they can  be a  ba sis  for  decision-ma king, even  wit h  sm all sa mples.  A couple
of oth er exam ples can  be illust ra ted.

Average  Den sity

The avera ge density is th e num ber of incidents divided by th e area.  It  is a measu re
of the average number  of even t s  per  un it  of a rea ; it  is  somet imes  ca lled  the intensity.  If the
area  is defined on the measu rement  pa rameters pa ge, the rou t ine u ses t ha t  value;
otherwise, it  t akes  the rectangu la r  a rea  defined  by the min imum and  maximum X and  Y
va lu es (the bou ndin g r ectangle).

Ou t pu t  Fi le s

Calculating  the  Stati s t ics

Once the st a t is t ics  have been  selected, t he user  clicks on Com pute t o run  the
rout ine.  The r esu lts  a re sh own in a  resu lts  t able.

Tabular  Output

For each of th ese s t a t ist ics, Crim eS tat p roduces  t abu la r  ou tpu t .  In  Crim eS tat, a ll
t ables a re la beled by sym bols , for  exa mple Mcsd for  the mean  cen ter  and standard dis t ance
deviat ion  or  Mcmd for  the cen ter  of minim um dist ance.  All t ables pr esen t  the sa mple size.

Graph ical  Objec ts

The six cen t rogra ph ic st a t ist ics can  be ou tpu t  as graph ica l object s. The m ean  center
and cen ter  of min im um dis tance a re outpu t  as sin gle poin t s.  The st andard devia t ion  of the
X and  Y coord ina tes  is  ou tpu t  as a  rectangle.  The s tandard  dis tance devia t ion  is  ou tpu t  as
a  circle and t he st anda rd deviat iona l ellipse is ou tpu t  as a n  ellipse.
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Crim eS tat cur ren t ly suppor t s gr aphica l ou tpu t s to ArcView  ‘.shp’ files, t o MapIn fo
‘.m if’ and to Atlas*GIS  ‘.bna’ files.  Before runnin g t he ca lcu la t ion , t he user  should  select
the desir ed outpu t  files an d specify a r oot  name (e.g., Precinct1Bu rgla r ies).  Figur e 4.16
shows a  dia log box for  select in g for  the GIS progr am output .  F or  MapIn fo ou tpu t  on ly, the
user  has t o a lso indica te the name of the pr oject ion , th e pr oject ion  number  and t he da tum
number .  These can  be found in  the MapIn fo user s gu ide.  By defau lt , Crim eS tat will use
the st andard parameter s for  a  spher ica l coor din a te sys tem (Ear th  project ion , project ion
number  1, and da tum number  33).  If a  user  requ ires  a  differen t  coord ina te syst em , the
appropr ia te va lu es should  be typed in to the space.  Figure 4.17 shows the select ion  of the
MapIn fo coordina te parameter s .

If r equest ed, th e ou tpu t  files ar e sa ved in t he specified directory under  the specified
(root ) name.  For  each  st a t is t ic, Crim eS tat will add prefix lett er s t o the root  name.

MC<root> for  t he mean  cen ter
Mdn Cnt r<root> for  the median  center
Mcmd<root> for  cen ter  of min imum d is tance
XYD<root> for  the st anda rd deviat ion  of the X and Y coordina tes
SDD<root> for  the st andard dis t ance devia t ion
SDE<root> for  the st anda rd deviat iona l ellipse.

The ‘.shp’ files can  be read dir ect ly in to ArcView  as t hemes.  The ‘.mif’ and ‘.bna ’
files have to be  im por ted in to MapIn fo an d Atlas*GIS , r espectively.5

S ta tis tic al Te s tin g

Wh ile the cur ren t  version  of Crim eS tat does  not  conduct  s t a t is t ica l t es t s tha t
compa re two dist r ibut ions, it  is possible to condu ct  su ch  test s.  Appendix B presen t s a
discussion  of the st a t is t ica l t est s tha t  can  be used.  Instead, t he discussion  here will focu s
on  us ing the ou tpu t s of the rou t ines  withou t  formal t es t ing.

De cision -ma king  Withou t Forma l Tes ts

Formal s ign ificance test in g h as the adva ntage of providin g a  consis t en t  in ference
about  wh et her  the differ en ce in two dis t r ibu t ions  is lik ely or  un likely t o be du e t o chance. 
Almost a ll form al tests compa re th e distr ibut ion of a st at istic with  th at  of a r an dom
dis t r ibu t ion .  H owever , police depar tments frequent ly have to make decis ion s based on
sm all sa mples, in wh ich  case t he formal tes t s a re less u seful than  they would with  lar ger
sa mples.  St ill, th e cent rograph ic st a t ist ics ca lcula ted in  Crim eS tat can  be usefu l a nd can
help a  police depa r tment  make decision  even in  the absen ce of formal tes t s.

Ex am ple  1: J u n e  an d J u ly Auto  The fts in  P re cin ct 11

We wan t  to illust ra te th e use of these st a t istics t o make decisions with  two
exa mples.  The fir st  is  a  compar ison  of cr im es in  small geogr aphica l a reas.  In  most
met ropolit an  a reas, m ost  ana lyst s will concen t ra te on par t icu la r  sub-areas of the
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Outputting Objects to A GIS ProgramFigure 4.16:
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MapInfo Output OptionsFigure 4.17:
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jur isdict ion , r a ther  than  on  the ju r isdict ion  it self.  In  Ba lt imore County, for  ins tance,
ana lysis  is done both  for  the jur isd iction  as a  wh ole as well a s by individua l pr ecincts . 
Below in F igure 4.18 ar e the st anda rd deviat iona l ellipses for  1996 au to theft s for  J une and
J u ly in  Precin ct  11 of Ba lt im ore Cou nty.  As can  be seen , t here was a  spa t ia l sh ift  tha t
occur red between J un e and J uly of th at  year, th e result most pr obably of increased
vacat ion  t ravel to th e Ch esapeake Ba y.  While t he compa r ison is ver y sim ple, involving
looking a t  the gr aph ical object  crea ted by Crim eS tat, such a  mont h t o mont h compa rison
can  be useful for police depar tm ents becau se it  points t o a sh ift in incident pa tt erns,
a llowing the police depar tmen t  to reorien t  their  pa t rol un it s. 

Exam ple 2: Serial  Bbu rglaries  in B alt imore  City an d Balt im ore Coun ty

The second exa mple illu st ra tes a  rash  of bu rgla r ies tha t  occur red on both  sides of
the border  of Balt imore City an d Ba ltim ore County.  On one hand t here were ten
residen t ia l burglar ies tha t  occur red on t he west er n  edge of the Cit y/Coun ty border  wit h in  a
sh ort  t ime per iod of each other  and, on the oth er  hand, t her e were 13 commer cial
burgla r ies tha t  occur red in  the cen t ra l pa r t  of the met ropolit an  a reas.  Both  police
depar tments suspected tha t  these two set s were the work of a  ser ia l burgla r  (or  gr oup of
burgla r s).  Wha t  they were n ot  su re about  was wh ether  the two set s of bur gla r ies were
done by th e same individua ls or by different  individua ls.

The number  of in ciden t s in volved are too small for  sign ificance test in g; on ly one of
the paramet er s t es ted wa s s ignifican t  and t ha t  cou ld easily be due t o chance.  However , the
police do have to ma ke a  guess  about  the possible per pet ra tor  even with  limited
inform at ion.  Let’s use Crim eS tat to tr y and m ake a  decision about  the dist r ibu t ions .  

F igure 4.19 illust ra tes t hese dist r ibut ions.  The t h irt een  commercial burgla r ies a re
sh own as squ ares wh ile the ten  residen t ial burgla r ies a re sh own as t r ian gles.  Figur e 4.20
plot s the mean  cen ter s of the two dis t r ibu t ion s.  They a re close to each  other , bu t  not
ident ica l.  An  initia l hu nch would suggest t ha t  the robber ies ar e committ ed by two
perpet ra tors  (or  groups of per pet ra tors ), but  the m ea n  center s a re n ot d iffer en t  en ough  to
t ru ly confirm th is expecta t ion .   Sim ilar ly, figure 4.21 p lot s t he center  of minimum
dis tance.  Again , ther e is a  differ en ce in t he dist r ibu t ion , bu t  it  is n ot gr ea t  enough  to tr u ly
ru le out  the s ingle per pet ra tor t heory.   

F igure 4.22 plot s t he raw st anda rd deviat ions, expressed a s a  rectangle by
Crim eS tat.  The dispersion  of inciden t s over laps t o a  sizeable exten t  and t he area  defined
by t he rectangle is  approxim ately the same.  In  other  words, t he search area  of the
perpet ra tor or  perpet ra tors  is a pproximately the same.  Th is m ight  a rgue for  a  sin gle
perpet ra tor , r a ther  than  two.   F igure 4.23 shows the st andard dis t ance devia t ion  of the
two sets of incidents.  Again, there is sizeable overlap an d th e sear ch r adiuses ar e
approxima tely t he same. 

Only with  the st anda rd deviat iona l ellipse, however , is t here a  funda menta l
difference between  the two dist r ibut ions (figure 4.24).  The pa t t ern  of commercial robber ies
is  fa lling a long a  nor theas t -sou thwes t  or ien ta t ion  while tha t  for  res iden t ia l robber ies  a long
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Figure 4.18: 

Vehicle Theft Change in Precinct 11
Standard Deviational Ellipses for June and July 1996
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Figure 4.19:

Identifying Serial Burglars
Incident Distribution of Two Serial Offenders
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Figure 4.20:

Identifying Serial Burglars
Mean Centers of Incidents for Two Serial Offenders
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Figure 4.21:

Identifying Serial Burglars
Center of Minimum Distances for Incidents for Two Serial Offenders
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Figure 4.22:

Identifying Serial Burglars
Standard Deviations of Incidents for Two Serial Offenders
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Figure 4.23:

Identifying Serial Burglars
Standard Distance Deviation of Incidents for Two Serial Offenders
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Figure 4.24:

Identifying Serial Burglars
Standard Deviational Ellipse of Incidents for Two Serial Offenders
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a  nort hwes t -sout hea st  axis.  In  oth er  words , when  the orien ta t ion  of the inciden t s is
examined, as defined by t he st anda rd devia t iona l ellipse, ther e a re t wo complet ely opposit e
pa t t er ns.  U nless t h is d iffer en ce can  be expla ined by an  obvious factor  (e.g., th e
dist r ibut ion  of commercial est ablishm ents), it is pr obable th a t  the two set s of robber ies
were comm itted by two different  perpetra tors (or groups of perpetra tors).

Direc t iona l Mean  and  Variance

Cent rographic st a t ist ics u t ilize the coor dina tes of a  poin t , defined as an  X and Y
value on eit her  a  spher ical or  pr ojected/Car tes ian  coord ina te syst em .  Ther e is  anoth er  type
of met r ic th a t  can  be u sed for iden t ifying in ciden t  loca t ions , namely a  polar coordinate
sys tem .  A vector is  a  line wit h  dir ect ion  and lengt h .  In  th is  sys tem, t here is  a  reference
vector (usu a lly 00 du e Nort h) an d a ll locat ions a re defined by a ngular  deviat ions from t h is
reference vector .  By con vent ion , a ngles a re defin ed as devia t ion s from 00, clockwise
through 3600.  Note  the m ea su rem en t  sca le is  a  circle which r et urns back on it se lf (i.e. 00 is
a lso  3600).    Poin t  loca t ions can  be r ep resen ted  as  vector s  on  a  pola r  coordina te sys t em. 

With  su ch  a  syst em, ordinary sta t ist ics can not  be used.  For example, if there are
five points which on t he nort hern  side of th e polar coordina te system an d ar e defined by
th eir a ngular deviat ions a s 00, 100, 150, 3450, an d 3500 from the r eferen ce vector (moving
clockwise from due Nor th ), t he s ta t is t ica l mean  will p roduce an  er roneous es t ima te of 1440.
Th is  vector  would  be southeast  and will lie  in  an  opposit e dir ect ion  from the dis t r ibu t ion  of
poin t s.  

Instead, s t a t is t ics  have to be  ca lcu la ted by t r igonomet r ic fu nct ion s.  The in put  for
such  a  sys tem is  a  set  of vectors, defin ed as angu la r  devia t ion s from the reference vector
and a  dis t ance vector .  Both  the angle and the dis t ance vector  a re defin ed wit h  respect  to
an  or igin.  The r ou t ine can  ca lcu lat e angles dir ect ly or  can  convert  a ll X and Y coordina tes
in to angles  with  a  bea r ing from an  or igin .  For  r eading angles  dir ect ly, t he inpu t  is  a s et  of
vectors , defined a s a ngula r  devia t ions  from the r efer en ce vector . Crim eS tat calculat es the
mean  direction  an d t he circular  var ian ce of a s eries of point s defined by their a ngles.  On
the pr imary file screen , the u ser  must  select  Dir ect ion (angles) as  the coord ina te syst em .  

If the angles a re to be ca lcu lat ed from X/Y coordina tes, th e user  must  define an
origin  locat ion .  On  the r eferen ce file pa ge, the u ser  can  select a mong t hree or igin point s:

1. The lower -left  corner  of the da ta  set  (th e m inimum X and Y valu es).  Th is is
the defau lt  set t ing.

2. Th e upper -r igh t  corner  of the da ta  set  (the maximum X and Y valu es); and

3. A user -defined poin t .

Users sh ould be ca refu l about  choosing a pa r t icu lar  loca t ion  for  an  or igin, eith er
lower -left, u pper -righ t  or u ser -defined.  If ther e is  a  poin t  a t  tha t  origin , Crim eS tat will
dr op tha t  case s ince any calcu la t ions  for  a  poin t  wit h  zer o dist ance are in deter mina te. 
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Users should check tha t  ther e is n o poin t  a t  the desired origin .  If th er e is, t hen  the origin
sh ould be a djust ed sligh t ly so tha t  no poin t  falls  a t  tha t  locat ion  (e.g., taking sligh t ly
smaller  X and Y va lu es for  the lower -left  corner  or  sligh t ly la rger  X and Y va lu es for  the
upper  r igh t  corner ).

The rout in e conver t s a ll X and Y poin t s in to an  angu la r  devia t ion  from t rue Nor th
relat ive to the specified or igin a nd a  dist ance from the or igin.  The bea r ing is ca lcu lat ed
with  d ifferen t  formulae depending on  the quadran t  tha t  the poin t  fa lls  with in .  

F irs t Qu a dra n t

With  the lower -left  corner  as  the or igin , a ll angles  a re in  the fir s t  quadran t .  The
clockwise  angle, 2i  is ca lcu lat ed by

     Abs(Xi - XO)

2i =   Arctan  [------------------] (4.22)

     Abs(Yi - YO)

where Xi is t he X-va lue of the point , Yi is t he Y-va lue of the point , XO  is  the X-valu e of the
origin, an d YO  is t he Y-va lue of the origin .  

Th e a ngle, 2i, is in  radia ns a nd can  be conver ted to polar  coord ina te degr ees  usin g:

2i (degr ees) = 2i (r adians) * 180/B (4.23)

Th ird  Qu a dra n t

With  the upper -r igh t  corner  as  the or igin , a ll angles  a re in  the th ird  quadran t .  The

clockwise  angle, 2i, is calcu lat ed by

   Abs(Xi - XO)

2i = B + Arctan  [-------------------] (4.24)

   Abs(Yi - YO)

wh er e t he a ngle, 2i, is a gain  in r adians.  Since th ere are 2B r adia ns in  a  circle, B r adia ns is

1800.  Again , th e angle in r adians can  be convert ed int o degrees  with  formula 4.23 above.

Se con d an d Fou rth Quadran ts

When  the or igin is u ser -defined, each point  must  be evalua ted a s t o which  qua dr an t

it  is in .  The second a nd four th  qu adr an t s define t he clockwise  angle,  2i, differ en t ly
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Using Spatial Measures of Central Tendency with Network Analyst 
to Identify Routes Used by Motor Vehicle Thieves 

 
Philip R. Canter 

Baltimore County Police Department 
Towson, Maryland 

 
Motor vehicle thefts have been steadily declining countywide over the last 5 

years, but one police precinct in southwest Baltimore County was experiencing 
significant increases over several months. Cases were concentrated in several 
communities, but directed deployment and saturated patrols had minimal impact. In 
addition to increasing patrols in target communities, the precinct commander was 
interested in deploying police on roads possibly used by motor vehicle thieves. Police 
analysts had addresses for theft and recovery locations; it was a matter of using the 
existing highway network to connect the two locations.  

 
To avoid analyzing dozens of paired locations, analysts decided to set up a 

database using one location representing the origin of motor vehicle thefts for a 
particular community. The origin was computed using CrimeStat’s median center for 
motor vehicle theft locations reported for a particular community. The median 
center is the position of minimum average travel and is less affected by extreme 
locations compared to the arithmetic mean center. The database consisted of the 
median center paired with a recovery location. Using Network Analyst, a least-effort 
route was computed for cases reported by community. A count was assigned to each 
link along a roadway identified by Network Analyst. Analysts used the count to 
thematically weight links in ArcView. The precinct commander deployed resources 
along these routes with orders to stop suspicious vehicles. This operation resulted in 
27 arrests, and a reduction in motor vehicle thefts. 
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Distance Analysis 
Man With A Gun Calls For Service 

Charlotte, N.C., 1989 
 

James L. LeBeau 
Administration of Justice 

Southern Illinois University – Carbondale 
 

 Hurricane Hugo arrived on Friday, September 22, 1989 in Charlotte, North 
Carolina.  That weekend experienced the highest counts of Man With A Gun calls for 
service for the year.  The locations of the calls during the Hugo Weekend are 
compared with the following New Year’s Eve weekend. 
 
 CrimeStat was used to compare the two weekends.  Compared to the New 
Year’s Eve weekend: 1)  Hugo’s mean and median centers are more easterly; 2)  
Hugo’s ellipse is larger and more circular; and 3)  Hugo‘s  ellipse shifts more to the 
east and southeast.  The abrupt spatial change of Man With A Gun calls during a 
natural disaster might indicate more instances of defensive gun use for protection of 
property. 
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     Abs(Yi - YO)

2i = 0.5B +  Ar ctan  [-------------------] (4.25)

     Abs(Xi - XO)

     Abs(Yi - YO)

2i = 1.5B +  Ar ctan  [--------------------] (4.26)

     Abs(Xi - XO)

Once a ll X/Y coordina tes a re convert ed int o angles, th e mean  angle is ca lcu lat ed.

Mean Angle

With  eith er  angula r  input  or  convers ion  from X/Y coordina tes, th e Mean  An gle is
the resu lt an t  of a ll in dividua l vectors (i.e., poin t s defin ed by t heir  angles from the reference
vector ).  It  is  an  angle tha t  summar izes  the mean  d irect ion .  Graph ica lly, a  resultant is  the
su m of a ll vectors  and can  be shown by laying each vector en d t o end .  St a t ist ically, it  is
defined  as

       _ G d i s in  2i

Mea n angle  =   2 =    Abs  {  Arctan  [--------------------------] } (4.27)

G d i cos 2i

where the su mmat ion  of sines a nd cosines is over t he tota l nu mber  of poin t s, i, defined by
their  angles , 2i.   Each a ngle, 2i, can  be weigh ted by t he len gth  of the vector, d i.   In a n
unweighted angle, d i is  assumed to be  of equa l lengt h , 1. The absolu te va lu e of the ra t io of
the su m of the weighted sin es t o the su m of the weighted cosines is t aken .  All angles a re
in  r adians.  In  det ermin ing the mean  angle, t he quadran t  of t he r esult an t  must  be
identified:

_

1. If G s in  2i>0 an d G cos 2i>0, then  2 can  be u sed d irectly as t he m ea n  angle

         _

2. If G s in  2i>0 an d G cos 2i<0, th en th e mean  an gle is B/2 +2.

            _

3. If G s in  2i<0 an d G cos 2i<0, th en th e mean  an gle is B + 2.

        _

4. If G s in  2i<0 an d G cos 2i>0, t hen  the m ea n  angle is  1.5B + 2.

Formula s 4.22, 4.24, 4.25 and 4.26 above are then  used to conver t  the dir ect ion a l
mea n  back t o an  X/Y coordina te, dependin g on wh ich coord ina te it  falls  wit h in .
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Circular Var iance

The disper sion (or  var iance) of the angles a re a lso defined by t r igonomet r ic
funct ions.  The u nst anda rdized var ian ce, R, is somet imes  ca lled th e sam ple resultant
length  sin ce it  is t he r esult an t  of a ll vectors  (an gles).  

     

R = SQRT [ (G d i s in  2i)
2    + (G d i cos 2i)

2 ] (4.28)

where d i is  the lengt h  of vector , i, wit h  an  angle (bear in g) for  the vector  of  2i.  For  the
unweighted sa mple resu lt an t , d i is 1.

Because R increases wit h  sample size, it  is  st andardized by divid in g by N  to produce
a  m ean resultant length .

_       R
R = ----------- (4.29)

      N

wh er e N is t he n umber  poin t s (sample size).   

F ina lly, th e avera ge dista nce from the or igin, D, is calcu lat ed a nd t he circular
variance is ca lcu lat ed by

 _
   1         R              _  R

Circu la r  va r iance = ------ {D - ---------}  = (D -  R)/D = 1 -  ------- (4.30)
   D         N     D

This  is  the st andardized va r ia nce which  va r ies from 0 (no va r ia bilit y) t o 1
(maximum var iability).  The det a ils of the der iva t ions can  be found in  Bur t  and Ba rber
(1996) and Gaile a nd Barber  (1980). 

Mean Dis tance
            _
The m ea n  dis t ance,  d,  is calcula ted dir ectly from t he X and Y coordin a tes.  It  is

iden t ified in  rela t ion  to th e defined or igin.

Direct ional Mean

The direct iona l mea n  is ca lcu lat ed a s t he int er section  of the mean  angle and t he
mean  dist ance.  It is n ot  a  un ique position since dist ance and a ngula r ity a re independen t
dim en sions.  Th us, t he directiona l mea n  calcula ted usin g the m inimum X and m inimum Y
loca t ion  as the reference or igin  (the ‘lower  left  corner ’) will yield  a  differen t  loca t ion  from
the dir ect ion a l m ean  ca lcu la ted usin g t he maximum X and maximum Y loca t ion  as the
origin  (th e ‘upper  r igh t  corner ’).   Th er e is  a  weigh ted and u nweighted dir ect iona l mea n . 
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Though  Crim eS tat calculat es the locat ion, users should be awar e of th e non-un iqueness of
the loca t ion .  The unweight ed dir ect iona l mea n  can  be ou tpu t  with  a  ‘Dm’ pr efix.  The
weight ed directiona l mean  is not out put .

Triangulated  Mean

The t r ia ngu la ted mean  is  defin ed as the in ter sect ion  of the two vectors, on e from
the lower -left  corner  of the study a rea  (the min im um X and Y va lu es) and the other  from
the upper -r igh t  corner  of the st udy ar ea  (the maximum X and Y values).  It  is ca lcu lat ed by
est imat ing mea n  angles from ea ch origin (lower  left a nd u pper  r ight  corner s), t r ansla t ing
these in to equa t ions, a nd findin g the poin t  a t  wh ich t hese equ a t ions in ter sect (by set t ing
the t wo fun ctions equ a l to each other ). 

D ire c ti on a l Me a n  Ou tp u t

The directiona l mean  rout ine out put s nine sta tistics:

1. Th e sample size; 
2. The unweight ed m ean  angle;
3. The weighted m ean  angle;
4. The unweight ed circu lar  var ian ce;
5. The weighted circu lar  var ian ce;
6. The mean  dist ance;
7. Th e in ter sect ion  of the mean  angle and the mean  dis t ance; 
8. Th e X and Y coordin a tes for  the t r ia ngu la ted mean; and
9. The X and Y coordina tes for  the weighted t r ian gula ted m ean .

The directiona l mean  an d tr iangulated mean  can  be saved as a n ArcView  ‘shp’,
MapIn fo ‘mif’, or  Atlas*GIS  ‘bna’ file.  The unweighted dir ect ion a l m ean  - the in ter sect ion
of the mean  angle and  the mean  d is tance is  ou tpu t  with  the p refix ‘Dm’ while the
unweight ed t r ian gula ted m ean  loca t ion  is ou tpu t  with  a  ‘Tm’ pr efix.  The weight ed
t r ian gula ted m ean  is ou tpu t  with  a  ‘TmWt’ pr efix. The dir ect iona l mea n  can  be saved as  an
ArcView  ‘sh p’, MapIn fo ‘mif’, or  Atlas*GIS  ‘bna’ file.  The let t er s ‘Dm’ are prefixed to the
user  defined file name.  See th e example below.

Figure 4.25 shows the unweighted t r ia ngu la r  mean  for  1996 Ba lt im ore Cou nty
robber ies and compares it  to the two dir ect ion al m eans calcu la ted usin g t he lower -left
corner  (Dmean1) and t he upper -r igh t  corner  (Dmean2) respectively as origins.  As can  be
seen , t he two dir ect ion a l m eans fa ll a t  differen t  loca t ion s.  Lin es have been  drawn from
each  or igin point  to their r espective directiona l mea ns a nd a re exten ded u n t il they
in ter sect.  As seen , the t r iangula ted mea n  falls  a t  the loca t ion wher e t he t wo vectors  (i.e.,
mea n  angles) int er sect.  

Because the t r ia ngu la ted mean  is  ca lcu la ted wit h  vector  geomet ry, it  will n ot
necessar ily ca pture the cen t ra l t endency of a  dis t r ibu t ion .  Asym met r ica l d is t r ibu t ion s can
cau se it  to be placed in  per iph er a l locat ions.  On  the oth er  hand, if the dist r ibu t ion  is
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Figure 4.25:

Triangulated Mean for Baltimore County Robberies
Defined by the Intersection of Two Mean Angles
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relat ively ba lan ced in ea ch  direct ion , it  can  capt ure the cen ter  of or ient a t ion  per haps bet t er
th an  oth er mea ns, as figur e 4.25 shows.

Appendix B inclu des a  discussion  of how to formally t est s the mean  dir ect ion
between two different  distr ibut ions.

Con ve x H u ll

The convex hu ll is a  boun da ry dr awn  aroun d t he dist r ibu t ion  of point s.  I t  is a
rela t ively sim ple concept , a t  least  on  the sur face. In tu it ively, it  represen t s a  polygon  tha t
cir cumscr ibes a ll the poin t s in  the dis t r ibu t ion  such tha t  no poin t  lies outside of the
polygon .

The complexity comes because t here are differen t  ways to define a  convex hu ll.  The
most  basic a lgor ith m is the Graham  scan  (Graham, 1972).  Sta r t ing with  one point  kn own
to be on  the convex hu ll, typically the poin t  wit h  the lowest  X coordina te, the a lgor ithm
sor t s t he r em ain ing poin t s in  angula r  order  a roun d t h is in  a  counter clockwise  manner . If
the angle formed by th e next point  and t he las t  edge is less than  180 degrees , th en  tha t
poin t  is added t o the hu ll.  If the angle is grea ter  than  180 degrees , th en  the cha in of nodes
sta r t in g fr om the la st  edge must  be deleted.  The rout in e proceeds un t il the hu ll closes back
on it self (de Berg, va n  Kreveld , Overmans, a nd Schwarzk opf, 2000).

Man y alter na t ive algor ith ms have been pr oposed. Among th ese ar e th e ‘gift  wra p’
(Chand a nd Ka pu r , 1970; Sk iena , 1997), th e Quick H ull, the “Divide a nd conquer”
(Prepara ta  and Hong, 1977), a nd the in crementa l (Kallay, 1984) a lgor it hms. E ven  more
complexity has been  in t roduced  by the ma themat ics  of fr act a ls  where an  a lmos t  in fin it e
number  of bor ders could  be defin ed (Lam and De Cola , 1993).  In  most  im plementa t ion s,
though , a  sim plified a lgor ithm is u sed t o produce th e convex hu ll.

Crim eS tat implements  a  ‘gift  wrap’ a lgor ithm.  S tar t ing with  the poin t  with  the
lowes t  Y coord ina te, A, it  sea rches  for  another  poin t , B, such  tha t  a ll other  poin t s  lie to the
left  of the line AB.  It  then  finds another  poin t , C, such  tha t  a ll r emain ing poin t s  lie to the
left of th e line BC.  It  con t inues in  th is way un t il it  rea ches  the origin a l point  A again . It  is
like ‘wr app ing a  gift ’ a roun d t he out side of the poin ts.

The rout ine out put s th ree sta tistics:

1. The sa mple size;
2. The number  of point s in  the convex hu ll
3. The X and Y coordin a tes for  each of the poin t s in  the convex hu ll

The convex hu ll can  be saved as  an  ArcView 'sh p', MapIn fo 'mif', or  At las*GIS 'bna '
file wit h  a  'Chull' pr efix.

F igure 4.26 shows the convex h u ll of Ba lt im ore County r obber ies for  1996.  As  seen ,
the hu ll occupies a  relat ively sm aller pa r t  of Balt imore Coun ty.  Figure 4.27, on  the other  
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Figure 4.26:
Convex Hull of Baltimore County Robberies: 1996
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Figure 4.27:
Convex Hull of Baltimore County Burglaries: 1996
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hand, shows t he convex hu ll of 1996 Ba lt imore Coun ty burglar ies.  As seen , the convex hu ll
of the bur gla r ies cover a  much  lar ger a rea  than  for  the robber ies.

Us e s a n d Lim ita tio n s o f a Con ve x H u ll

A convex hu ll can  be u seful for displa ying the geograph ical exten t  of a  dis t r ibu t ion. 
Sim ple compar isons, such  as in  figures 4.26 and 4.27, ca n  show whether  one dis t r ibu t ion
has a  gr ea ter  ext en t  than  another .  F ur ther , a s we sha ll see, a  convex h u ll can  be usefu l for
describing t he geogra ph ica l spr ead of a  cr ime h ot  spot, essen t ially indica t ing where the
crimes ar e distr ibut ed.

On  the oth er  hand, a  convex hu ll is vu lner able t o extr em e va lues.  If one inciden t  is
isolat ed, th e hu ll will of necessit y be la rge.  The m ean  center , too, is influen ced by extr eme
values bu t  not  to the sa me exten t  since it a vera ges the loca t ion  of a ll poin t s.  The convex
hull, on  the other  hand, is defined  by th e most  extr eme poin t s.  A compa r ison  of differen t
cr im e types or  the same cr im e type for  differen t  years usin g t he convex h u ll may on ly show
the va r ia bilit y of t he ext reme va lu es, r a ther  than  any cen t ra l proper ty of t he dis t r ibu t ion .
Ther efore, cau t ion  must  be u sed in  in ter pr et ing the m ea ning of a h u ll.

Spat ia l Autocorre lat ion

The concep t of spatial au tocorrelation  is  one of the mos t  impor tan t  in  spa t ia l
st a t ist ics.  Spa t ia l independence is an  a r rangemen t  of inciden t  loca t ions su ch  tha t  there are
no spa t ia l rela t ionsh ips  bet ween  any of th e inciden t s.  Th e in tu it ive concept  is t ha t  the
loca t ion  of an  in ciden t  (e.g., a  st r eet  robbery, a  bu rgla ry) is  unrela ted to the loca t ion  of any
other  inciden t .  The oppos it e condit ion  - spa t ia l au tocor rela t ion , is  an  a r r angemen t  of
inciden t  loca t ions  where the loca t ion  of poin t s  a re rela ted  to each  other , tha t  is  they a re not
st a t ist ically independent  of one a noth er .  In  oth er  words , spa t ia l au tocorr ela t ion  is a
spat ial ar ra ngement wh ere spatial independence has been violated.

When  even t s or  people or facilit ies a re clus ter ed toget her , we r efer  to th is
ar ra ngement a s positive spa t ial au tocor relat ion .  Conversely, an  a r rangemen t  where
people, event s or  facilit ies a re dispersed is  refer red to as negative spa t ia l au tocorr ela t ion ; it
is  a  ra rer  a r rangement , bu t  does  exis t  (Levine, 1999).

Ma ny, if not m ost , social phen omena  are spa t ia lly au tocorr ela ted.  In  any la rge
met ropolit an  a rea , m ost  socia l ch aracter is t ics  and in dica tors, such  as the number  of
per sons, income levels, eth n icity, educa t ion , employmen t , an d t he loca t ion  of facilit ies a re
not spa t ia lly independent , bu t  t en d t o be concent ra ted. 

There a re pract ica l con sequences.  P olice and cr im e ana lyst s know from exper ience
tha t  in ciden t s frequent ly clu ster  together  in  wha t  a re ca lled ‘hot  spots’.  Th is  non-random
arrangem en t  a llows police t o ta rget  cert a in  a rea s or  zones wher e t her e a re h igh
concen t ra t ions  as well a s  pr ior it ize a reas  by the in tens ity of inciden t s .  Many of the
inciden t s a re commit ted by the same individua ls.  F or exa mple, if a  pa r t icula r
neigh borhood h ad a  concent ra t ion of st reet  robber ies  over a  t ime per iod (e.g., a yea r ), ma ny
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of these robber ies will h ave been  commit ted by t he same perpet ra tors.  Sta t is t ica l
depen den ce between  event s oft en  has common causes.

Sta t is t ica lly, however , n on-spa t ia l independence suggest s tha t  many s ta t is t ica l
tools  and in ferences a re in appropr ia te.  F or  exa mple, t he use of correla t ion  coefficien t s or
Ordin ary Least  Squares regr ession  (OLS) to predict  a  consequence (e.g., the correla tes or
predictors of bur glar ies) assu mes t ha t t he observations h ave been selected r an domly.  If
the obser vat ions, however, ar e spa t ially clus tered in some way, the est ima tes obta ined
from the cor relat ion  coefficient  or  OLS est ima tor  will be biased  and over ly pr ecise.  They
will be biased  because t he areas with  h igher  concent ra t ion  of event s will have a grea ter
impact  on  the model est ima te and t hey will overes t ima te pr ecision  because, since event s
tend to be  concent ra ted, t here a re actua lly fewer  number  of in dependent  obs erva t ion s than
are bein g assumed.  This concept  of spa t ia l au tocorr ela t ion  under lies a lmost  a ll the spa t ia l
st a t ist ics tools t ha t  a re included in  Crim eS tat. 

Indices  o f Spat ia l Autocorre la tion

Ther e a re a  number  of formal st a t ist ics wh ich a t t em pt  to mea su re spa t ia l
au tocorrela t ion .  This  in clu de sim ple in dices, such  as the Moran’s I” or  Geary’s C s ta t is t ic;
der iva t ives in dices, such  as Ripley’s K sta t is t ic (Rip ley, 1976) or  the applica t ion  of Moran’s
I t o individua l zones (Anselin , 1995); an d m ult ivar ia te indices, such a s t he u se of a  spa t ia l
au tocorr ela t ion  pa ramet er  in  a  bivar ia te r egression model (Cliff an d Ord, 1973; Gr iffith ,
1987) or  the use of a  spa t ia lly-lagged dependent  va r ia ble in  a  mult ip le va r ia ble regr ession
model (Anselin , 1992).   The simple indices a t t em pt  to iden t ify wh et her  spa t ia l
au tocor relat ion  exist s for  a  single var iable, while th e more complica ted ind ices a t t empt  to
est ima te the effect  of spa t ial au tocor relat ion  on  other  var iables.

Crim eS tat in clu des two globa l indices - Moran’s I st a t is t ic a nd Geary’s C s ta t is t ic,
and a n  applica t ion  of Moran’s I t o differen t  dist ance int ervals. Moran  and Gea ry ar e global
in  tha t  they represen t  a  summary va lue for  a ll the da ta  poin t s .  They a re a lso very s imila r
indices a nd a re often  used in  conjunct ion .  The Moran  st a t ist ic is sligh t ly more robust  than
the Geary, but  the Geary is oft en  used a s well.

Moran ’s I  Statist ic

Moran’s I  st a t ist ic (Moran , 1950) is one of the oldest  indicators  of spa t ia l
au tocor relat ion .  It is a pplied t o zones or poin t s wh ich  have cont inu ous var iables a ssociat ed
wit h  them  (int en sit ies).  For  any cont inuous  var iable, Xi, a  mean  can  be ca lcu la ted  and the
devia t ion  of any one observa t ion  from tha t  mean  can  a lso be ca lcu la ted .  The s ta t is t ic then
compares  the va lue of the va r iable a t  any one loca t ion  with  the va lue a t  a ll other  loca t ions
(Ebdon, 1985; Gr iffith , 1987; Anselin, 1992).  Form ally, it  is defined a s
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           _ _

    N  Gi Gj Wij (Xi - X)(Xj - X)

I = --------------------------------------- (4.31)
      _

     (Gi Gj Wij ) Gi (Xi - X)2

wh er e N is t he n umber  of cases , Xi is the var iable_ value a t  a  pa r t icula r  loca t ion, i, Xj is  the
var iable va lue a t  anoth er  locat ion  (wher e i =/  j),  X is the mean  of the var iable and W ij is a
weight  app lied to th e compa r ison  bet ween  loca t ion i a nd locat ion j.  

In  Moran’s in it ia l formula t ion, t he weight  var iable, W ij,  was a  cont iguity ma tr ix.  If
zone j is adja cent  to zone i, t he in ter action  receives  a  weigh t  of 1.  Ot her wise, t he
in teract ion  receives a  weight  of 0.  Cliff a nd Ord (1973) genera lized these defin it ion s to
include a ny type of weigh t .  In  more cur ren t  use , Wij  is a  dis t ance-ba sed weigh t  wh ich is
the in verse dis t ance between  loca t ion s i a nd j (1/d ij).  Crim eS tat uses th is  in terpreta t ion .
Essent ially, it  is a weighted Moran’s I wh ere the weight  is an  inverse dist ance.

The weighted Mora n’s I is sim ilar  to a  cor relat ion  coefficient  in t ha t  it compa res t he
su m of the cross-products  of va lues  a t  differen t  loca t ions , two at  a  t ime weighted by t he
inver se of the dist ance between  the loca t ions, with  the var ian ce of the var iable.  Like t he
cor rela t ion  coefficien t , it  typ ica lly var ies between  -1.0 and + 1.0.  H owever , t h is  is  not
absolu te a s a n  example la ter  in  the cha pt er  will sh ow.  When  nea rby point s h ave sim ilar
values, th e cross-produ ct  is high .  Conversely, when  nearby point s h ave dissimilar  values,
the cross -product is  low.  Consequ en t ly, an  “I” value t ha t  is h igh indicates more spa t ia l
au tocorr ela t ion t han  an  “I” tha t  is low.  

However, un like the cor relat ion  coefficient , th e theoret ica l va lue of the index does
not  equa l 0 for  lack of spa t ial depen den ce, but  ins tead a  number  which  is nega t ive but  very
close t o 0.

       1
E(I) = -  --------- (4.32)

      N-1

Valu es of “I” above the t heoret ical m ea n , E(I), indicate posit ive spa t ia l
au tocorr ela t ion  wh ile va lues of “I” below the t heoret ical m ea n  indicate nega t ive spa t ia l
au tocor rela t ion .  

Ad ju s tm e n t fo r S m all D is ta n ce s

Crim eS tat calcu la tes  the weighted Moran’s I  formula  usin g equ a t ion 4.31. 
However, t here is one pr oblem wit h  th is formula t ha t  can  lead to unreliable resu lts .  The
dis tance weigh t s bet ween  two locat ions , Wij, is defin ed as the reciproca l of t he dis t ance
between th e two points:
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     1
 Wij = ---------- (4.33)

    d ij

Un fort un at ely, as d ij becomes sm all, then  Wij becomes very large, approaching
infinit y as t he dist ance bet ween  the point s a pproaches  0.  If the t wo zones  wer e n ext  to
each  other , which  would  be t rue for  two adjacen t  block s for  exa mple, t hen  the pa ir  of
obser vat ions would have a  very high weigh t , su fficien t  to dist ort  the “I” value for  the en t ire
sa mple.  Fu r ther , th ere is a s ca le problem t ha t  a lter s t he value of the weight .  If the zones
are police pr ecincts , for  exam ple, th en  the minim um dist ance between  pr ecincts  will be a
lot  la rger  than  the min im um dis tance between  a  smaller  type of geogr aphica l u n it , such  as
blocks .  We need t o take in to account  these differen t  scales.

Crim eS tat includes  an  adju st men t  for  sm all dis t ances so th a t  the m aximum weigh t
can  never  be gr ea ter  than  1.0.  The adjust men t  sca les dis t ances t o one m ile, wh ich is  a
typica l d is t ance un it  in  the measurement  of cr im e in ciden t s.  When the small dis t ance
adjus tment  is tu rned on, th e minim al distance is au tomat ica lly scaled to be one mile.   The
form ula used is

   one m ile
Wij =  --------------------- (4.34)

one mile + d ij

in  the u n it s a re specified.  For example, if th e dist ance un it s, d ij, ar e ca lcu lat ed a s feet,
then  

   5,280
Wij =  ---------------------       

5,280 + d ij

wh er e 5,280 is  the n umber  of feet  in  a  mile.  Th is h as t he effect of insur ing tha t  the weight
of a  par t icu la r  pa ir  of poin t  loca t ions  will not  have an  undue in fluence on  the overa ll
st a t ist ic.  The t radit iona l mea su re of “I” is t he defau lt  condit ion  in Crim eS tat (figu re 4.28),
but  the user  can  tu rn  on  the sm all dist ance adjus tment .

Test ing  the  S igni fi cance  o f the  Weighted  Moran’s  I

The empir ica l dist r ibut ion  can  be compa red with  the theoret ica l dist r ibut ion  by
divid in g by a n  est im ate of the theoret ica l s t andard devia t ion

 I  - E(I)
Z(I) = ------------ (4.35)

    SE(I)

where “I” is  the em pir ica l va lu e calcu la ted from a  sample, E (I) is  the theoret ica l m ean  of a
ra ndom distr ibut ion a nd S E(I) is t he t heoret ical s t anda rd devia t ion of E(I).  
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Selecting Spatial Autocorrelation StatisticsFigure 4.28:
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There a re severa l in terpreta t ion s of the theoret ica l s t andard devia t ion  which  affect
the par t icu la r  st a t is t ic u sed for  the denomin a tor  as well as the in terpreta t ion  of the
s ign ificance of the s t a t is t ic (Anselin , 1992).  The mos t  common assumpt ion  is  to assume
tha t  the st andardized va r ia ble, Z(I), h as a  sampling dis t r ibu t ion  which  follows a  st andard
normal dist r ibut ion , th a t  is with  a  mean  of 0 an d a  var ian ce of 1.  This is ca lled th e
norm ality a s sumpt ion .6  A second  in terp reta t ion  assumes  tha t  each  observed  va lue cou ld
have occur red a t  any locat ion , tha t  is t he loca t ion  of the va lues and t heir  spa t ia l
a r rangemen t  is as su med t o be un relat ed.  This is called the random ization a s sumpt ion  and
has a  sligh t ly differen t  formula  for  the theoret ica l s t andard devia t ion  of I.7  Crim eS tat
outpu t s the Z-va lues  and p -va lues  for  both  the normality and  randomiza t ion  assumpt ions
(figu re 4.29).

Example  3: Tes t ing  Auto  Thef t s  wi th  the  Weighted  Moran’s  I

To illus t ra te the use of Moran’s  I with  poin t  loca t ions  requ ires  da ta  to have
int ensity va lues  associat ed with  each  poin t .  Since most  cr ime incident s a re repr esen ted a s
a  single poin t , th ey do not  na tura lly have associat ed int ensit ies.  It is n ecessa ry, therefore,
to adapt  crim e da ta  to fit  the form requ ired by Moran’s I .  On e wa y to do th is is  ass ign
crim e in ciden t s t o geograph ical zones  and coun t  the n umber  of inciden t s per  zone.  

F igure 4.30 shows 1996 motor  veh icle thefts in  both  Ba lt imore County and
Balt im ore City by individua l block s. Wit h  a  GIS progr am, 14,853 vehicle theft  loca t ion s
wer e overla id on top of a m ap of 13,101 census blocks and t he number  of motor  veh icle
theft s with in ea ch  block wer e counted a nd t hen  assigned t o the block a s a  var iable (see t he
‘Assign  pr imary poin t s t o s econda ry poin t s’ rou t ine in  chapter  5).  The numbers  va r ied
from 0 in ciden t s (for  7,675 block s) up to 46 in ciden t s (for  1 block ). The map shows the plot
of the  number  of auto thefts  per  b lock. 

Clear ly, a ggrega t in g inciden t  loca t ion s to zon es, such  as block s, elimin a tes some
informat ion  sin ce all in ciden t s with in  a  block are a ss igned to a s ingle locat ion  (th e cent roid
of the block).  The use of Moran’s  I, however , r equ ires  the da ta  to be in  th is  format .  Using
dat a in th is form , Mora n’s I was calculat ed using th e small dista nce adjust ment  becau se
many blocks a re ver y close  together .  Crim eS tat calculat ed “I” as 0.012464 an d th e
theoret ical va lue of “I” as -0.000076.  Th e t est  of sign ifican ce us ing the norm ality
assu mpt ion  gave a  Z-value of 125.13, a  h igh ly significan t  value.  Below are the
calcu la t ions .  

     I  - E(I)   0.012464 - (-0.00076)
Z(I) =  ------------ =  ------------------------------- = 125.13 (p#.001)

        SE(I)           0.000100

In  oth er  words , motor  thefts a re h ighly and posit ively spa t ia lly au tocorr ela ted. 
Blocks  with  many incident s t end t o be loca ted close t o blocks  which  a lso have ma ny
in ciden t s and, con versely, block s wit h  few or  no in ciden t s t end to be  loca ted close to blocks
wh ich a lso have few or  no inciden t s.  
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How does t h is compa re wit h  oth er  dis t r ibu t ions?  Findin g posit ive spa t ia l
au tocorr ela t ion for a u to th efts is  not surpr isin g given  tha t  ther e is  su ch a  h igh
concen t r a t ion  of popula t ion  (and, hence, motor  veh icles ) t owards  the met ropolit an  cen ter . 
For  compar ison, we ran  Moran’s I for  the popula t ion  of the blocks (Figure 4.31).8  With
these da ta , Moran’s I for  popula t ion  was 0.001659 wit h  a  Z-va lu e of 17.32; the theoret ica l
“I” is the sa me since the sa me number  of blocks  is being used for  the st a t ist ic (n=13,101). 

Compar in g t he “I” va lu e for  motor  veh icle theft s (0.012464) wit h  tha t  of popula t ion
(0.00166) su ggest s t ha t  motor  vehicle th eft s a re sligh t ly more concent ra ted t han  would be
expected on the basis  of the popula t ion  dis t r ibu t ion .  We can  set  up an  approximate test  of
th is h ypothesis.  Th e join t  sa mplin g dis t r ibu t ion  for  two var iables , su ch a s m otor  veh icle
theft s and popula t ion , is not  known.  H owever , if we assume tha t  the st andard er ror  of the
dis t r ibu t ion follows a  spa t ia lly random dis t r ibu t ion u nder  the a ssumpt ion of normality,
th en equat ion 4.35 can  be applied:

     IM V  - IP   0.012464 - 0.001659
Z(I) =  ------------ =  -------------------------------  =  108.05 (p#.001)

        SE(I)           0.000100

where IM V is t he “I” va lue for  motor  veh icle thefts, I P  is th e “I” value for populat ion, and S E(I)

is t he st anda rd devia t ion  of “I” under  the a ssumpt ion  of norm ality.  The h igh Z-va lue
suggest s tha t  motor  veh icle theft s a re much more clu stered than  the clu ster in g of
popula t ion .  To pu t  it  another  way, they a re more clu stered than  would  be expected from
the popula t ion  dis t r ibu t ion .  As m en t ioned, th is is  an  approximate t est  sin ce th e join t
dist r ibut ion  of “I” for  two empirica l distr ibut ions of “I” is not kn own.

Gea ry’s C Statist ic

Geary’s C st a t ist ic is sim ila r  to Moran’s I  (Gea ry, 1954).   In  th is case , however , the
intera ction is not t he cross-product of th e deviations from t he mea n, but  th e deviations in
int ensit ies of each  obser vat ion  loca t ion  with  one another .  It is defined a s

    (N -1) [Gi Gj Wij (Xi - Xj)
2]

C = -------------------------------------- (4.36)
        _

     2(Gi Gj Wij ) Gi (Xi - X)2

The va lues of C typically var y bet ween  0 and 2, a lthough  2 is n ot a  st r ict u pper  limit
(Gr iffith , 1987).  The t heoret ica l va lue of C is 1; tha t  is, if values of any one zone are
spa t ially un relat ed t o any other  zone, th en  the expected valu e of C would be 1.  Va lues  less
than  1 (i.e., bet ween  0 and 1) typically ind icat e posit ive spa t ia l au tocorr ela t ion  wh ile
values grea ter  than  1 indicate nega t ive spa t ia l au tocorr ela t ion .  Thus, t h is in dex is
inver sely rela ted to Moran’s  I .   It  will not provide iden t ical in feren ce becau se it
emph asizes the differences in  values bet ween  pa irs  of obser vat ions compa r isons r a ther
than  the covar iat ion  between  the pa irs  (i.e., pr odu ct  of the deviat ions from t he mean).  The
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Moran  coefficien t  gives a  more globa l indica tor  whereas the Geary coefficien t  is  more
sensit ive to differences in  small neighborhoods.

Ad ju s tm e n t fo r S m all D is ta n ce s

Like Moran’s I, the weight s a re defined a s t he inverse of the dist ance between  the
paired points:

     1
 Wij = ---------- (4.33)

    d ij repea t

However, t he weight s will t end t o increa se su bst an t ially as t he dist ance between
poin t s decrea ses.  Consequ ent ly, a sm all dist ance adjus tment  is allowed wh ich  ensu res
tha t  no weight  is gr ea ter  than  1.0.  The adjust men t  sca les the dist ances t o one m ile

   one m ile
Wij =  --------------------- (4.34)

one mile + d ij repea t

in  the un it s a re specified.  This is  the defau lt  condit ion  a lthough  the u ser  can  calcula te a ll
weight s a s t he reciproca l distance by tu rn ing off the sm all dist ance adjus tment .

Test ing  the  S igni fi cance  o f Geary’s  C

The empir ica l C distr ibut ion  can  be compa red with  the theoret ica l dist r ibut ion  by
divid in g by a n  est im ate of the theoret ica l s t andard devia t ion

 C  - E(C)
Z(C) = ------------ (4.37)

    SE ( C )

where C is the em pir ica l va lu e calcu la ted from a  sample, E (C) is the theoret ica l m ean  of a
ra ndom distr ibut ion a nd S E ( C ) is the theoret ica l standa rd deviat ion  of E(C).  The usu a l tes t
for  C is  to assume tha t  the sample Z follows  a  st andard normal d is t r ibu t ion  with  mean  of 0
and va r iance of 1 (norm ality assumpt ion). Crim eS tat on ly ca lcu la t es  the norma lity
assumpt ion  though  it  is  possible to ca lcu la te the st andard er ror  under  a  randomiza t ion
assumpt ion  (Ripley, 1981).9  Figur e 4.32 illust ra tes th e out put .

Example  4: Tes t ing  Auto  Thef t s  wi th  Geary’s  C

Using the sa me da ta  on  au to theft s for  Balt imore Coun ty an d Ba ltim ore City, th e C
va lu e for  au to theft s was 1.0355 wit h  a  Z-va lu e of 10.68 (p#.001) while tha t  for  popula t ion
was 0.924811 wit h  a  Z-va lu e of 122.61 (p#.001).  The C va lue of motor  veh icle t hefts is
great er th an  th e theoretical C of 1 and su ggests negative spa t ial au tocor relat ion , ra ther
than  posit ive spa t ia l au tocorr ela t ion.  Th a t  is, t he in dex su ggest s t ha t  blocks with  a  h igh
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Global Moran’s I and Small Distance Adjustment: 
Spatial Pattern of Crime in Tokyo 

 
Takahito Shimada 

National Research Institute of Police Science 
National Police Agency, Chiba, Japan 

 
Crimestat calculates spatial autocorrelation indicators such as Moran’s I and 

Geary’s C. These indicators can be used to compare the spatial patterns among 
crime types.  Moran’s I is calculated based on the spatial weight matrix where the 
weight is the inverse of the distance between two points. There is a problem that 
could occur for incident locations in that the weight could become very large as the 
distance between points become closer. In Crimestat, the small distance adjustment  
is available to solve this problem. The adjustment produces a maximum weight of 1 
when the distance between points is 0. 

 
The number of reported crimes in Tokyo increased from 1996 to 2000 

although the city is generally very safe.  For this analysis, 68,400 cases reported in 
the eastern parts of Tokyo were aggregated by census tracts (N=350). Then 
Crimestat calculated Moran’s I for each crime type with and without the small 
distance adjustment.  

 
The “I” value for most crime types, including burglary, theft, purse snatching, 

showed significantly positive autocorrelation. The results with and without the 
small distance adjustment were generally very close.  The Pearson’s correlation 
between the original and adjusted Moran’s I is .98. Among 10 crime types, relatively 
strong spatial patterns were detected for car theft, sexual assaults, and residential 
burglary.   
                                  

Spatial Patterns of  
Residential Burglary: 
Moran’s I = 0.023. z=7.58 
 

 

Calculated Moran’s I by Crime Types 
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Preliminary Statistical Tests for Hotspots: 
Examples from London, England 

 
Spencer Chainey 

Jill Dando Institute of Crime Science 
University College 
London, England 

 
Preliminary statistical tests for clustering and dispersion can provide insight 

into what types of patterns will be expected when the crime data is mapped.  Global 
tests can confirm whether there is statistical evidence of clusters (i.e. hotspots) in 
crime data which can be mapped, rather than mapping data as a first step and 
struggling to accurately identify hotspots when none actually exist. 
 

Using CrimeStat, four statistical tests were compared for robbery, residential 
burglary and vehicle crime data for the London Borough of Croydon, England.   For 
the incident data, the standard distance deviation and nearest neighbor index were 
used.  For crime incidents aggregated to Census block areas, Moran’s I and Geary’s 
C spatial autocorrelation indices were compared.  The crime data is for the period 
June 1999 – May 2000. 
 
Crime type Number 

of crime 
records 

Standard 
distance 

NN 
Index 

z-score 
(test 

statistic) 

Evidence of 
Clustering? 

Robbery 1132 3119.5 m 0.47 -34.2 Yes 
Residential 
burglary 

3104 3664.6 m 0.46 -57.5 Yes 

Vehicle crime 9314 3706.2 m 0.26 -137.0 Yes 
 
 

Crime type Moran’s I Geary’s C 
All crime 0.0067 1.14 
Robbery 0.0078 1.15 
Residential 
burglary 

0.014 0.99 

Vehicle crime 0.0082 1.08 
 

With the point statistics, all three crime types show evidence of clustering. 
Vehicle crime shows the more dispersed pattern suggesting that whilst hotspots do 
exist, they may be more spread out over the Croydon area than that of the other two 
crime types.  For the two spatial autocorrelation measures, there are differences in 
the sensitivities of the two tests.  For example, for robbery, there is evidence of 
global positive spatial autocorrelation (overall, Census blocks that are close together 
have similar values than those that are further apart).  On the other hand, the 
Geary coefficient suggests that, at a smaller neighbourhood level, areas with a high 
number of robberies are surrounded by areas with a low number of robberies.  
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number  of au to theft s a re adjacen t  to blocks wit h  a  low number  of au to theft s or  wit h  low
popula t ion  densit y.  Th e C va lu e of popula t ion , on  the other  hand, is below the theoret ica l
C of 1 an d point s t o positive spa t ial au tocor relat ion . Thu s, Geary’s C pr ovides a  differen t
inference from Mora n’s I regar ding the spat ial distr ibut ion of th e blocks.  

In  the exa mple above, Moran’s I in dica ted posit ive spa t ia l a u tocorrela t ion  for  both
auto th efts a nd popu la t ion den sit y.  An inspect ion of figure 4.30 a bove sh ow however , tha t
there are lit t le ‘pea ks ’ and ‘valleys’ among th e blocks .  Severa l blocks  have a h igh  number
of au to th efts, but a re sur roun ded by blocks with  a low num ber of au to th efts.  

In  oth er  words , the Moran  coefficien t  has in dica ted tha t  ther e is  more posit ive
spa t ial au tocor relat ion  for  motor  vehicle th eft s a mong th e 13,101 blocks  while the Geary
coefficient  ha s empha sized the irregular  pat tern ing am ong the blocks.  The Geary index is
more s en sit ive to loca l clust er ing (second-order  effects) than  the Moran  index, which is
bet t er  seen  as m easu r ing firs t -order  spa t ial au tocor relat ion .  This illust ra tes h ow these
indices h ave to be used with  ca re and cannot  be gener a lized by th emselves.  Each  of them
em ph asizes  sligh t ly differ en t  informat ion  rega rdin g spa t ia l au tocorr ela t ion , yet  neit her  is
su fficient  by it se lf.  They should  be u sed a s par t  of a  la rger  ana lysis  of spa t ia l pa t t er n ing.10

Moran Corre logram

Moran’s I a nd Gea ry’s C ind ices a re su mmary tes t s of globa l au tocor relat ion .  Tha t
is , t hey summar ize a ll the da ta  and don’t  dis t in gu ish  between  spa t ia l a u tocorrela t ion  for
differen t  su bset s.  In  su bsequ ent  chapt ers, we will examine pa r t icu lar  su b-set s of the da ta
tha t  a re spa t ia lly au tocorr ela ted, su ch a s ‘hot spot s’, ‘cold spot s’ or spa ce-t ime clust er s.   

On e simple app lica t ion  of Mora n’s I  is a  plot  of the “I” by differ en t  dis t ance int er vals
(or bins).  Called a Moran Correlogram , th e plot  indica tes h ow concent ra ted or dist r ibut ed
is t he spa t ia l au tocorr ela t ion (Cliff and H agget t , 1988; Ba iley a nd Gat rell, 1995).  
Essen t ia lly, a  ser ies of concent r ic circles is  over la id  over  the poin t s and the Moran’s I
st a t ist ic is calcula ted for  only t hose poin t s fa lling with in  the circle.  The r adiu s of the circle
changes from a  small cir cle to a  very la rge one.  As the cir cle in creases, t he “I” ca lcu la t ion
appr oaches t he globa l va lue.

In Crim eS tat, th e user  can  specify how ma ny dista nce int ervals (i.e., circles) a re to
be ca lcu lat ed.  The defau lt is 10, but  the user  can  choose a ny other  int eger va lue.  The
rout in e takes the maximum dis tance between  poin t s and divides it  in to the number  of
specified dis t ance int er vals, a nd t hen  calcula tes the “I” value for  those poin t s fa lling with in
th at  ra dius.

Ad ju s tm e n t fo r S m all D is ta n ce s

If checked, sma ll dista nces are adjusted so th at  th e maximu m weight ing is 1 (see p.
49 above). This  ensures tha t  the “I” va lu es for  in dividua l d is t ances won 't  become
excessively large or excessively small for poin t s t ha t  a re close toget her . The defau lt  value is
no adjustmen t .
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Si m u lat io n  of Con fide n ce  Int e rva ls

A Monte Car lo s imula t ion  can  be run  to es t imate approximate confidence in terva ls
a round t he "I" value.  Ea ch  simulat ion  input s r andom da ta  and calcu lat es t he “I” value.
The dis t r ibu t ion  of the random “I” va lu es produce an  approximate confidence in terva l for
the actua l (empir ica l) “I”.  To run  the simulat ion , specify th e number  of simulat ions t o be
ru n (e.g., 100, 1000, 10000).  The defau lt is no simu lations.

Ou tp u t

The out put  includes:

1. Th e sample size
2. The maximum d is tance
3. The bin (in terval) number
4. The m idpoin t  of the dist ance bin
5. Th e "I" va lu e for  the dis t ance bin  (I[B])

and  if a  s imula t ion  is  run :

6. The m inimum "I" valu e for  the dist ance bin
7. The m aximum "I" valu e for  the dist ance bin
8. The 0.5 per cent ile for  the dist ance bin
9. The 2.5 per cent ile for  the dist ance bin
10. The 97.5 per cent ile for  the dist ance bin
11. The 99.5 per cent ile for  the dist ance bin.

The two pa irs  of per cent iles (2.5 an d 97.5; 0.5 an d 99.5) crea te an  appr oximate 5%
and 1% confidence int erval. The m inim um and m aximum "I" values crea te an  envelope.
The tabula r  resu lt s can  be pr in ted, saved to a  t ext  file or  saved as a  '.dbf' file .  F or  the
lat t er , specify a file na me in t he "Sa ve resu lt t o" in t he dia logue box. The dbf file can  be
impor ted  in to a  spreadsheet  or  graph ics  program to make a  graph .

Graphing  the  "I: va lues  by  Dis tance

A quick gra ph  is pr odu ced t ha t  sh ows t he "I" value on  the Y-axis by th e dist ance bin
on  the X-axis .  Click  on  the "Graph" bu t ton .  The graph  displays  the reduct ion  in  spa t ia l
au tocorr ela t ion  wit h  dis t ance.  The graph  is u seful for  selectin g the t ype of ker nel in  the
Single- and Du el-ker nel in terpola t ion  rou t ines  when the pr ima ry var iable is weight ed (see
In ter pola t ion).  

Example: Moran Corre logram of  2000  Balt imore  P opulation

I’ll illust ra te t he Moran  cor relogram wit h  the 2000 Balt imore regiona l popu la t ion. 
Unlike figure 4.31 above, da ta  by Traffic An a lysis  Zones (TAZ) were used.  These a re zon es
used typica lly for  t r avel demand modeling (see chapter  12).  The reason  for  usin g TAZ’s,
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however, is tha t  da ta  on  both  employmen t  and populat ion  are available and it ’s possible to
compa re t hem .  The TAZ da ta  wer e obta ined from the Ba lt imore Met ropolitan  Council, th e
Met ropolit an  P lann ing Organ iza t ion  for  the Ba lt imore Met ropolit an  a rea .  

F igure 4.33 shows a  map of the 2000 Ba lt imore popula t ion  by TAZ’s.  Th er e is a
h igher  concent ra t ion  of popu la t ion  in  the Cit y of Balt imore, t hough  some of the out lying
TAZ’s a lso have a  la rge popu la t ion (pr imar ily because they a re la rge in  a rea ). 
Never theless, t he dis t r ibu t ion  of popula t ion  by TAZ’s fa lls off a t  a  rela t ively slow ra te from
the cen ter .

F igure 4.34 shows the Moran  correlogram for  the 2000 TAZ popula t ion  and
compares  it  to the maximum and  min imum va lues  from a  Monte Car lo s imula t ion  of 100
runs.  As  seen , t he “I” va lu e a t  shor t  dis t ances of less than  a  mile is  qu it e h igh , 0.78.  As
the dist ance between  zones increase (i.e., the sea rch circle ra diu s get s la rger ), the “I” value
dr ops off un t il about  8 miles wher eu pon it  approaches the global “I” value.  However , for a ll
dis t ance int er vals, t he em pir ical “I” value is h igher  than  the m aximum sim ula ted “I” value
wit h  random da ta .  In  other  words, it  is  h ighly un likely tha t  the “I” va lu es obt a in ed for
each  of the dist ance in terva ls was due to chance based on  the dist r ibu t ion  of random “I”
values.

Now, let ’s look a t  the dist r ibut ion  of employmen t  (figure 4.35).  In t h is case,
employment  is mu ch m ore concentr at ed in a  ha ndful of TAZ’s.  In most metr opolita n a reas,
employment  is usu ally more concentr at ed tha n populat ion.  A nu mber of TAZ’s in
down town Ba lt imore h ave a  h igh concent ra t ion  of em ploymen t  as does a  cor r idor  leadin g
nor thward a long Cha r les St reet .  In Ba ltim ore County, there are st retches of h igher
employment  bu t , a ga in , t hey t end to be  limit ed to a  handfu l of TAZ’s.  In  other  words,
compared  to the d is t ribu t ion  of popula t ion , t he d is t ribu t ion  of employmen t  is  more
clustered.

F igure 4.36 compares the Moran  correlogram of em ployment  wit h  tha t  of
popula t ion . As seen , employmen t  has a  very h igh  “I” value for  sh or t  dist ances, much  h igher
than  for  popula t ion .  As m ent ioned a bove, the Moran  I t ypica lly fa lls between  -1.00 an d
+1.00, bu t  th is  is  not  gu aran teed.  If the differences in  va lu es between  zon es is  much
grea ter  than  the a ver age dist ance with in  zones, t hen  the “I” va lue can  exceed 1.0.  In  the
case of figure 4.36, it  approaches 3.0.  Never theless, a s t he dist ance increa ses, t he “I” value
drops qu ick ly and becomes lower  than  popula t ion  for  la rger  dis t ance separa t ion s.

Uses  and Limitat ions  o f the  Moran Corre logram

In  other  words, t he Moran  correlogram provides in format ion  about  the sca le of
spa t ia l a u tocorrela t ion , whether  it  is  diffu se over  a  la rger  a rea  (e.g., as wit h  the popula t ion
exam ple) or  is more concent ra ted (e.g., as wit h  the employmen t  exam ple).  This can  be
usefu l for  ga uging t he ext en t  to which  ‘hot  spots’ a re t ru ly isola ted concent ra t ion s of
inciden t s or  wh et her  they a re by-pr oducts  of spa t ia l clus ter ing over a  la rger  a rea .  In
chap ter  6, we will examine a  h iera rch ica l clus ter ing a lgor ithm tha t  examines  a  hiera rchy 
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Figure  4 .3 4 :

Moran Correlogram of Baltimore Population: 2000
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Figure  4 .3 6 :
Moran Correlogram of Baltimore Employment & Population: 2000
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of clus ter s  (e.g., fir s t -order  clus ter s  which  a re with in  la rger  second-order  clus ter s  which , in
turn , a re wit h in  even  la rger  th ir d-order  clu ster s).  The Moran  correlogram provides a  qu ick
sn apsh ot  of the exten t  of spa t ial au tocor relat ion  as a  funct ion  of scale.

Another  u se for  t he Moran  cor relogram is  to es t ima te the type of kernel funct ion
tha t  will be u sed for  in ter pola t ion .  In  cha pt er  8, th is m et hodology will be expla ined in
det a il.  But , th e key decision  is to select  a  mathemat ica l funct ion  tha t  will int erpola te da ta
from point locat ions t o grid cells.  The shape of th e Mora n corr elogra m a nd t he spread is a
good indicat or of th e type of ma th emat ical fun ction t o use.

On  the other  hand, lik e a ll global spa t ia l au tocorr ela t ion s t a t ist ics, the cor relogram
will not in dicate wh er e t her e is clust er ing or  dispersion, on ly tha t  it  exist s.  F or t ha t , we’ll
have to exa min e tools  tha t  a re more focused on the loca t ion  of concent ra t ion s of event s (or
the opposit e, t he loca t ion  of a la ck of event s).

To explore t h is fu r ther , we will next  exa mine proper t ies  of dis t ances between  poin t s. 
Ch apt er  5 will examine t ools for mea su r ing second-order effect s  using the p roper t ies  of the
dista nces between incident locat ions.
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1. Hin t .  There a re 40 bars in dica ted in  the st a tus bar  while a  rout in e is  runnin g.  For
lon g r uns, u ser s can  est im ate the ca lcu la t ion  t im e by t im in g h ow lon g it  t akes for
two bars t o be displayed an d t hen  multiply by 20.

2. Crim eS tat’s im plementa t ion  of the Kuhn and Kuenne a lgor it hm is  as follows (from
Bu r t  and Ba rber , 1996, 112-113):

A. Let  t  be  the number  of the it era t ion .  F or  the fir st  it era t ion  only (i.e ., t=1) the
weighted mean  cen ter  is  t aken  as the in it ia l est im ate of the media n  loca t ion ,
Xt  an d Yt .

B. Ca lcu la te the d is tance from each  poin t , i, to the cur ren t  es t imate of the
median  loca t ion, d ict , wher e i is a  sin gle point  and ct  is t he cur ren t  est imate
of t he med ian  loca t ion  du r ing it er a t ion  t .

a . If th e coordina tes ar e spherical, th en Great  Circle dista nces are used.

b. If th e coordina tes ar e projected, then E uclidean dista nces are used.

C. Weigh t  ea ch case  by a  weigh t , Wi, and ca lcula te

K it = Wi e
-d (ict )

where e  is th e base of th e nat ur al logar ithm (2.7183..) an d d (ict ) is  an
a lter na t ive way to writ e d ict .

a . If no weigh t s a re defined in  the pr imary file, Wi is as su med t o be 1.

b. If weigh t s a re defined in  the pr imary file, Wi ta kes th eir values.

Note tha t  as t he dist ance, d ict , approaches  0, then  e -d (ict ) becomes 1.

D. Ca lcu la t e a  new es t ima te of t he cen ter  of min imum dis t ance from

  G K it Xi

Xt+1  = ----------------- for  i=1...n
    G K it 

  G K it Yi

Yt+1  = ----------------- for  i=1...n
    G K it 

En dn ot e s for Ch ap te r 4
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where Xi an d Yi a re the coordin a tes of poin t  i (eit her  la t /lon  for  spher ica l or
feet  or  meter s for  projected).

E . Check  to see how much  change has occur red  since the la st  it er a t ion

ABS| Xt+1  - Xt  |  # 0.000001

ABS| Yt+1  - Yt  |  # 0.000001

a . I f either  the X or  Y coord ina tes  have changed  by grea ter  than
0.000001 between  iter a t ions, subst itu te Xt+1  for  Xt  an d Yt+1  for  Yt  an d 
repeat  steps B th rough  D.

b. If both  the cha nge in  X and t he cha nge in  Y is les s t han  or equa l to
0.000001, th en th e estima ted Xt  an d Yt  coord ina tes  a re t aken  as  the
center  of median  dist ance.

3. With  a  weigh t  for  an  obser va t ion, w i, th e squa red distan ce is weight ed and t he
formula becomes

G w i(d iM C)2  

SXY = SQRT ----------------

 (G w i) -2

Both  su mmat ions  a re over  a ll poin t s, N .

4. Form ulas for  the new a xes p rovided by E bdon (1988) and Cr omley (1992) yield
st anda rd devia t iona l ellipses tha t  a re t oo sm all, for t wo differ en t  rea sons.  F ir st ,
they pr oduce tr ansform ed axes t ha t  a re t oo sm all.  If th e dist r ibu t ion  of point s is
random a nd even in  a ll direct ions, ideally th e st anda rd deviat iona l ellipse sh ould be
equa l to th e st anda rd dist ance deviat ion , since Sx = Sy.  The formula u sed h ere has
th is  proper ty.  Sin ce t he formula  for  the st andard dis t ance devia t ion  is  (4.6):

           _         _
G(Xi - X)2  +  G(Yi - Y)2   

SDD = SQRT[  ------------------------------   ]
N-2

     _             _
If Sx = Sy , t hen   G(Xi - X)2  = G(Yi - Y)2 , t herefore

       _
        G(Xi - X)2  

SDD = SQRT[2* -------------------- ]
N-2

Sim ila r ly, t he formula  for  the t r ansformed axes a re (4.9, 4.10):
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      _            _
   G{ (Xi - X) Cos2  -  G(Yi - Y) Sin2 }2

Sx = SQRT[ 2*-------------------------------------------------- ]
   N-2

      _            _
    G{ (Xi - X) Sin2  -  G(Yi - Y) Cos2 }2

Sy = SQRT[ 2*-------------------------------------------------- ]
   N-2

However , if Sx = Sy, t hen  2 = 0, Cos0 = 1, Sin0 = 0 an d, th erefore,

       _
      G(Xi - X) 

Sx = Sy = SQRT[ 2*  ---------------]
           N-2

which  is the sa me as for  the st anda rd dist ance deviat ion  (SDD) un der  the sa me
condit ions.  The formulas  used by Ebdon (1988) and Cromley (1992) pr odu ce axes
wh ich a re SQRT(2) tim es too sm all.

The second problem wit h  the Ebdon and Cr omley for mula s is  tha t  they do not
cor rect  for  degrees  of freedom and , hence, p roduce too small a  s t andard devia t iona l
ellipse .  Sin ce ther e a re t wo cons tan t s in  ea ch equ a t ion, Mea nX and Mea nY, then
there are on ly N-2 degrees of freedom.   The cum ulat ive effect  of using tr ansformed
axes tha t  a re too small and not  correct in g for  degr ees of freedom yields a  much
sm aller ellipse t han  tha t  used h ere.

5. In MapIn fo, th e comm an d is T able Impor t  <Mapin fo interchan ge file>.   With
Atlas*GIS , th e comm an d is File Open  <boundary (*.bna) file>.  With  the DOS
version  of Atlas*GIS , t he At las Im port-Export p rogram has  to be used  to conver t  the
‘.bna’ outpu t  file to an  Atlas*GIS  ‘.agf’ file.

6. The theoret ica l s tandard devia t ion  of “I” under  the assumpt ion  of normality is (from
Ebdon, 1985):

   N 2 Gij w ij
2 + 3(Gij w ij)

2  - N Gi (Gj w ij)
2

SE(I) = SQRT[  -------------------------------------------------]
       (N2 -1) (Gij w ij)

2

7. The formula  for  the theoret ica l s t andard devia t ion  of “I” under  the randomiza t ion
assumpt ion  is  (from Ebdon, 1985):

            N{(N 2+3-3N)Gij w ij
2+3(Gij w ij)

2-NGi(Gj w ij)
2}-k((N 2-N)Gij w ij

2+6(Gij w ij)
2-2N(Gi(Gj

w ij)
2)

SE(I) = SQRT[-----------------------------------------------------------------------------------------------------------]
 (N-1)(N -2)(N -3)(Gij w ij)

2
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8. We cou ld  have compared  Moran’s  I for  au to theft s  with  tha t  of popula t ion , r a ther
than  popula t ion  den sity.  However, since the areas of blocks  tend t o get la rger t he
far ther  the dist ance from t he m et ropolitan  cent er , the effect  of t est ing on ly
popula t ion is  pa r t ly bein g min imized by t he changing sizes of th e blocks . 
Consequent ly, popula t ion  densit y was used to provide a  more accura te measure of
popu la t ion  concent ra t ion .  In  any case, Mora n’s I  for  popu la t ion  is a lso highly
sign ifican t : I = 0.00166 (Z=17.32).

9. The theoret ica l s tandard devia t ion  for  C u nder  the normality a ssumpt ion  is  (from
Ripley, 1981):

   (2 Gij w ij
2+Gi (Gj w ij)

2)(N-1) - 4(Gij w ij)
2

SE(I) = SQRT[  -------------------------------------------------]

       2(N  +1) (Gij w ij)
2

10. Anselin  (1992) poin t s ou t  t ha t  t he r esult s  of t he two indices  are det ermined  to a
lar ge exten t  by th e type of weight ing used.  In  the or igina l formulat ion , wher e
adja cent  weigh t s of 1 and 0 a re u sed, t he t wo indices  a re lin ea r ly rela ted, though
moving in  opposite d irections (Griffith , 1987).  Thu s, on ly adjacent  zones h ave an y
impact  on  the index.  With  inverse dist ance weight s, however, zones far ther
removed can  influence the overa ll index so it is possible to ha ve a sit ua t ion  whereby
adjacent  zones h ave similar  values (hence, ar e positively au tocor relat ed) wher eas
zones far ther  awa y could have dis sim ilar  values (hen ce, ar e nega t ively
au tocorr elat ed).
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5.1

Chapter 5
Distance Analysis I and II 

In  th is chapt er , tools t ha t  iden t ify cha racter ist ics of th e dist ances bet ween  point s
will be described.  Th e previous  cha pt er  pr ovided t ools for  descr ibing the gen er a l spa t ia l
dis t r ibu t ion  of cr im e in ciden t s or  first-order pr oper t ies of the inciden t  dist r ibut ion  (Bailey
and Gat t rell, 1995).  Fir st -order  pr oper t ies a re global becau se they represen t  the domin ant
pa t t er n  of dis t r ibu t ion  - wh er e it  is cen ter ed, how fa r  it  sp rea ds  out , and whet her  ther e is
any orien ta t ion or  dir ect ion t o its  dispersion .  S econd-order (or  local) proper t ies, on  the
other  hand, r efer  to sub-regiona l pa t t erns  or  ‘neighborhood’ pa t t erns  with in  the overa ll
dist r ibut ion .  If there are dist inct ‘hot  spots ’ where many cr ime incident s clust er  togeth er ,
their d ist r ibut ion  is spa t ially rela ted n ot  so mu ch  to the overa ll globa l pa t t ern  as t o
someth in g u n ique in  the sub-region  or  neighborhood.  Thus, second-order  character is t ics
tell someth ing about  pa r t icula r  en vironm en ts t ha t  may concent ra te cr ime in ciden t s. 

There are two dist ance ana lysis pa ges.  In Dist ance ana lysis I, var ious second-order
st a t ist ics a re provided, includ ing:

1. NN
2. Linear  NN
3. Ripley
4. Assign  pr imary point s t o seconda ry point s

In  Distance an a lysis  II , ther e a re four  rout ines for  calcula t ing and outpu t ing
dist ance mat r ices.  This cha pt er  will discuss  both  set s of rou t ines .

F igure 5.1 shows the Dis tance ana lysis  I screen  and the dis t ance st a t is t ics  on tha t
pa ge t ha t  a re calcula ted by Crim eS tat.

Nearest  Neighbor  Index (Nna)

One of the oldest  dist ance st a t ist ics is t he nearest neigh bor index.  It  is pa r t icula r ly
useful because it  is a  sim ple tool to un derst and a nd t o ca lcula te.  It  wa s developed by two
botan ist s in  the 1950s (Clar k a nd E van s, 1954), prim ar ily for  field work, bu t  it h as been
used in  many differ en t  fields for  a  wide va r iet y of problems (Cressie, 1991).  It  has a lso
become the bas is of many other  types of dist ance st a t ist ics, some of which  are implemen ted
in  Crim eS tat.  

The nea rest  neighbor in dex compares the dist ances bet ween  nea rest  point s a nd
dis tances tha t  would  be expected on the basis  of chance.  I t  is  an  in dex t ha t  is  the ra t io of
two su mmary mea su res.  Fir st , th ere is th e nearest neigh bor d istance.  F or  each  poin t  (or
inciden t  loca t ion ) in  tu rn , t he d is t ance to the closes t  other  poin t  (nea res t  neighbor ) is
calculat ed and a veraged over all points.
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5.3

  N     Min(d ij)

Nearest  Neighbor  Dis tance =  d(NN)   = G[ ----------- ] (5.1)

 i=1        N

where Min(d ij) is th e dista nce between each point a nd its nea rest n eighbor a nd N is th e
number  of point s in  the dist r ibu t ion .  Thus, in  Crim eS tat, the dist ance from a  sin gle point
to every other  poin t  is ca lcu lat ed a nd t he sm allest d ist ance (the minim um) is selected.
Then , the next  point  is t aken  and t he dist ance to a ll other  point s (including the firs t  point
mea su red) is ca lcula ted wit h  the nea rest  bein g selected a nd a dded to th e firs t  minimum
dis tance.  This p rocess is  repea ted un t il a ll poin t s h ave h ad t heir  nea rest  neigh bor selected. 
The tota l sum of the min im um dis tances is  then  divided by N , t he sample size, t o produce
an  avera ge min imu m dist ance.

Th e second summary m easure is  the expected nearest  neighbor  dis t ance if the
dist r ibut ion  of poin t s is completely spa t ially ra ndom.  This is t he m ean random  distance (or
th e mean  ra ndom n earest  neighbor dista nce).  It  is defined as 

          A
Mean Ra ndom Dis tance  = d(ran) = 0.5 SQRT [ ------] (5.2)

          N

where A is the area  of the region  and N is the number  of inciden t s.   Since A is defined by
th e squa re of th e unit of measu rem ent (e.g., squar e mile, squar e meters, etc.), it  yields a
random dis tance m easure in  the same unit s (i.e ., miles, m eter s, et c.).1  If defined  on  the
mea su rem en t  pa ramet er s page by t he u ser , Crim eS tat will use the specified a rea  in
calculat ing th e mean  ra ndom dista nce.  If no ar ea mea sur ement  is provided, Crim eS tat will
t ake t he r ectangle defined  by the m inimum and m aximum X and Y point s.

The nearest  neighbor  index is t he ra t io of the obser ved nea rest  neighbor  dist ance to
the mean  random d is tance

     d(NN)
Nea rest  Neighbor  In dex = NNI = --------------- (5.3)

     d(ran)

Thus, t he in dex com pares the average dis t ance from the closest  neighbor  to each
poin t  with  a  dist ance tha t  would be expected on the bas is of chance.  If the obser ved
avera ge dista nce is about  the sa me as t he mean random dist ance, th en  the ra t io will be
about  1.0.  On the other  hand, if the obser ved aver age dista nce is sm aller t han  the mean
random dis tance, t ha t  is , poin t s a re actua lly closer  together  than  would  be expected on the
basis  of chance, t hen  the nearest  neighbor  in dex will be less than  1.0.  This  is  evidence for
clustering.  Conversely, if th e observed average dista nce is great er th an  th e mean  ra ndom
dis tance, t hen  the in dex will be gr ea ter  than  1.0.  This  would  be evidence for  dispersion ,
tha t  poin t s a re more widely disper sed t han  would be expected on the bas is of chance.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



5.4

Test ing  the  S igni fi cance  o f the  Neares t  Ne ighbor  Index

Some differences from 1.0 in the nearest  neighbor  index would be expected by
chance.  Cla rk a nd E van s (1954) pr oposed a  Z-test  to indica te whether  the obser ved
average nearest  neighbor  dis t ance was sign ifican t ly differen t  from the mean  random
dist ance (Hammond a nd McCullagh, 1978; Ripley, 1981).  The t est  is between the obser ved
nearest  neighbor  dist ance and t ha t  expected from a  random dist r ibut ion  and is given  by

       d(NN)  - d (ran)
Z = ---------------------- (5.4)

  SE d (r a n )

wh er e t he s t anda rd er ror of th e m ea n  random dis tance is a pp roxima tely given  by:

              (4 - B) A  0.26136
SE d (r a n ) .  SQRT [--------------- ]  .   --------------------- (5.5)

           4BN 2          SQRT[ N 2 /A ]

with  A being the area  of region  and N the number  of poin t s.  Ther e have been other
su ggest ed t est s for  the nearest  neighbor  dist ance as well as  cor rect ions for  edge effect s (see
below).  However , equ a t ions  5.4 a nd 5.5 a re u sed m ost  frequ en t ly to test  the a ver age
nearest  neighbor  dist ance.  See Cress ie (1991) for  det a ils of other  t est s.

Calculating  the  s ta t is t i cs

Once nearest  neighbor  ana lysis  has been  selected, t he user  clicks on Com pute t o run
the rout in e.  The progr am output s 10 st a t is t ics : 

1. Th e sample size
2. The mean  nearest  neighbor  dis t ance
3. The standard devia t ion  of the nearest  neighbor  dis t ance
4. The min imum d is tance
5. The maximum d is tance
6. The mean  random dist ance for  both  the bounding recta ngle and t he user

input  a rea , if pr ovided
7. The mean  disper sed d istance for  both  the bounding recta ngle and t he user

input  a rea , if pr ovided
8. The nearest  neighbor  index for  both  the bounding recta ngle and t he user

input  a rea , if pr ovided
9. The standa rd er ror of the nea rest  neighbor in dex for both  the m aximum

bounding recta ngle and t he user  input  a rea , if pr ovided
10. A significance test  of the nearest  neighbor  index (Z-test )
11. The p-va lues  associat ed with  a  one ta il and t wo ta il significance test .

In  add it ion , the out pu t  can  be saved t o a ‘.dbf’ file, wh ich can  then  be im por ted in to
spreadsh eet or gra phics progra ms.
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5.5

Exam ple 1: The  ne ares t  ne ighbo r inde x for street  robbe ries

In  1996, t here were 1181 st reet  robber ies in  Ba lt im ore Cou nty.  Th e area  of the
County is a bout  607 square m iles  and is  specified on the m ea su rem en t  pa ramet er s page. 
Crim eS tat r etu rns t he st a t ist ics sh own in Ta ble 5.1 with  the NN A rout ine.  The m ean
nearest  neighbor  dist ance was 0.116 miles wh ile the mean  nearest  neighbor  dist ance under
randomness was 0.358.  The nearest  neighbor  in dex (t he ra t io of t he actua l t o the random
nea rest  neigh bor dis t ance) is 0.3236.  Th e Z-va lue of -44.4672 is  h ighly sign ifican t .  In
other  words, t he dis t r ibu t ion  of the nearest  neighbors of st reet  robber ies in  Ba lt im ore
County is significan t ly sm aller t han  what  would be expected r andomn ess.

Ta ble  5.1
Ne are st N e igh bo r Sta tis tic s for 

1996 Street  Robb erie s  in B alt imore  County
(N=1181) 

Mean nearest  neighbor  dist ance: 0.11598 mi
Mean random dist ance bas ed on user  input  a rea : 0.35837 mi
Nea rest  neigh bor index: 0.3236      
S tanda rd er ror : 0.00545 mi
Tes t  St a t ist ic (Z):  -44.4672
p-value (one t a il) #.0001
p-value (two ta il) #.0001

It  should  be noted tha t  the sign ificance test  for  the nearest  neighbor  in dex is not  a
test for complete spatial ran domn ess, for which it is somet imes mistaken .  It  is only a t est
wh et her  the average nea rest  neighbor d ist ance is sign ifican t ly differ en t  than  wh at  would
be expected on the ba sis  of chance.  In  other  words, it  is  a  t est  of first-order near est
neighbor r an domn ess.2  Th ere a re a lso second-order , t h ir d-order , a nd so for th  dis t r ibu t ion s
tha t  may or  may not be significan t ly differen t  from their cor responding order s u nder
complete spa t ia l randomness.  A complet e t es t  would h ave t o test  for  a ll those effects , wh a t
ar e called K-order effect s.

Exam ple 2: The  ne ares t  ne ighbo r inde x for res iden tial  burglaries

Th e n ea rest  neigh bor index and t es t  can  be very useful for underst andin g the
degr ee of clu ster in g of cr im e in ciden t s in  spit e of it s limit a t ion s.  F or  exa mple, in  Ba lt im ore
County, the dist r ibut ion  of 6051 res ident ial burgla r ies in 1996 yields t he following nearest
neighbor  st a t is t ics  (Ta ble 5.2):

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



SARS and the Distribution of Passengers on an Airplane  
 

Marta A. Guerra 
Senior Staff Epidemiologist,  

Centers for Disease Control and Prevention 
Atlanta, GA 

 
Illness in passengers on board airplanes occurs rather frequently, and 

investigations are performed to assess whether transmission to other passengers has 
occurred. During 2002, several passengers with Severe Acute Respiratory Syndrome 
(SARS) traveled to the United States by airplane while they were infectious. Since 
transmission of SARS can be airborne, there is concern that it could spread during 
an airline flight. A survey was undertaken on a flight where a confirmed SARS case 
was on board. Serum samples of passengers were taken to evaluate if transmission 
of SARS had occurred during the flight, and whether transmission is related to 
sitting near the SARS case. 
 

The nearest neighbor index was used to compare the distances between the 
seats of passengers on this flight to distances expected on the basis of chance. A grid 
(7 m x 32 m) was superimposed on the airline seat configuration, and each seat was 
assigned an X, Y coordinate based on the width (x) and the length (y) of the airplane.  
In the diagram below, the seat location of the SARS index case is indicated by an X, 
and the passengers’ seat locations are shaded in black. 

 

 
 

Nearest Neighbor Statistics for Airline Flight with SARS Case 
 
 

The nearest neighbor index of passengers’ seats was 0.931 indicating that the 
distribution was random, not clustered. This preliminary analysis was important in 
order to establish that the seating arrangement of the passengers was random and 
independent, and that the passengers’ seats were not clustered around the SARS 
case. Therefore, if any passengers have positive serum samples for SARS, we would 
be able to evaluate their locations in relation to the SARS case and assess patterns 
of transmission. In this survey, however, there was no evidence of transmission 
since none of the passengers had positive serum samples for SARS. 
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5.7

Ta ble  5.2

Ne are st  Ne igh bor St at is tic s for 
1996 Reside ntial  Bu rglaries  in B alt imore Coun ty

(N=6051)

Mean nearest  neighbor  dist ance: 0.07134 mi
Mean random dist ance bas ed on user  input  a rea : 0.16761 mi
Nea rest  neigh bor index: 0.4256
S tanda rd er ror : 0.00113 mi
Tes t  St a t ist ic (Z):  -85.4750
p-value (one t a il) #.0001
P-va lue (two ta il) #.0001

The dis t r ibu t ion  of residen t ia l burgla r ies is  a lso h igh ly sign ifican t .  Now, suppose
we want  to compare t he dist r ibu t ion  of st reet  robber ies (ta ble 5.1) wit h  tha t  residen t ia l
burgla r ies (table 5.2).  The sign ificance test  is  not  very u sefu l for  the compar ison  because
the sample sizes  a re so la rge (1181 v. 6051); the m uch h igher  Z-va lue for  residen t ia l
burgla r ies indicat es pr ima r ily tha t  there was a  lar ger sample size to test  it.  However,
compa r ing the r ela t ive nea rest  neighbor in dices can  be m ea ningfu l.

Rela t ive
Near est
Neighbor    NNI(A)
Compar ison = ----------------- (5.6)

   NN I(B)

where NN I(A) is the nearest  neighbor  index for  one group (A) and NNI(B) is the nearest
neighbor in dex for a noth er  group (B).  Thus, compa r ing st reet  robber ies wit h  residen t ia l
bu rgla r ies , we h ave

   NNI (A)  NNI (robberies)        0.3057
-------------- = ------------------------ =    ----------   =   0.7182
   NN I (B) NNI (burglar ies)        0.4256

In  other  words, t he dis t r ibu t ion  of st reet  robber ies rela t ive to an  expected random
dis t r ibu t ion  appears to be  more concent ra ted than  tha t  of bu rgla r ies rela t ive to an
expected random dis t r ibu t ion .  There is  not  a  sim ple sign ificance test  of th is  compar ison
since the st anda rd er ror  of the joint  dist r ibut ions is not k nown.3  But  the relat ive index
su ggest s t ha t  robber ies a re m ore concen t ra ted than  bu rglar ies and, h en ce, ar e m ore lik ely
to have ‘hot  spot ’ or  ‘hot  zon es’ where they a re par t icu la r ly concent ra ted.  This  in dex, of
course, does  not  p rove tha t  there a re ‘hot  spot s ’, bu t  on ly poin t s  us towards the h igher
concent ra t ion  of robberies rela t ive to bur gla r ies.  In t he previous chapt er, it wa s sh own
tha t  robber ies had a  sm aller  dispersion than bu rglar ies.  Her e, however , the ana lysis  is
ta ken a  step fur th er to suggest th at  robberies ar e more concentr at ed tha n bur glaries.
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5.8

Use  of  Network Dis tance

In  calcula t ing the nea rest  neighbor in dex, net work dis t ance can  be u sed t o ca lcula te
the dis t ance between  poin t s (see chapter  3).  H owever , u n less the da ta  set  is  very small or
you  have a  lot  of pa t ience, I  h igh ly recommend tha t  you  d on ’t  do th is.  Network
ca lcu lat ions a re very slow and will t ake a  long time to complete for  a  lar ge file.

K-Orde r Ne are st  Ne igh bors

As m ent ioned a bove, the nearest  neighbor  index is only an  indica tor  of firs t -order
spa t ia l r andomness.  I t  compares the average dis t ance for  the nearest  neighbor  to an
expected r andom dis tance.  But  wh a t  about  the second n ea rest  neighbor?  Or  the t h ird
nearest  neighbor?  Or  the K t h  nea res t  neighbor?  Crim eS tat const ru cts K-order n earest
neighbor  in dices.  On the dis t ance ana lysis  page, t he user  can  specify the number  of
nea rest  neigh bor indices  to be calcu la ted. 

The K-order  nea rest  neighbor r out ine r et urns four  columns:

1. The order , s t a r t in g fr om 1
2. The mean  nearest  neighbor  dist ance for  each  order  (in m eters)
3. The expected n earest  neighbor  dist ance for  each  order  (in m eters)
4. The nearest  neighbor  index for  each  order

For each order , Crim eS tat ca lcu lat es t he K t h  nearest  neighbor  dis t ance for  each
observa t ion  and then  takes the average.  The expected nearest  neighbor  dis t ance for  each
order  is ca lcula ted by:

Mean  Random Dis tance         K (2K)!
to K t h  nearest  neighbor    =  d(K r a n)  =     ------------------------------ (5.7)

(2KK!)2 SQRT [N/A]

where K is  the order  and ! is  the factor ia l opera t ion  (e.g., 4! = 4 x 3 x 2 x 1; Thompson,
1956).  The K t h  nearest  neighbor  index is t he ra t io of the obser ved K t h  nearest  neighbor
dist ance to the  K t h  mean  random dist ance.   There is not a  good significance test  for  the K t h

nearest  neighbor  index due t o the non-indepen den ce of the differen t  order s, though t here
have been  a t t em pt s (see examples in  Get is a nd Boots, 1978; Aplin , 1983).  Consequ en t ly,
Crim eS tat does  not p rovide a  tes t  of sign ificance.  

Th er e a re n o rest r ictions on  the n umber  of nea rest  neigh bors t ha t  can  be ca lcula ted. 
However , sin ce the a ver age dist ance increases with  h igher -order  nea rest  neigh bors, t he
poten t ial for  bias  from edge effect s will a lso increa se.  It  is suggest ed t ha t  not  more than
100 nearest  neighbors be calculat ed.4

Never theless, t he K-order  nearest  neighbor  dis t ance and in dex ca n  be usefu l for
under st anding th e overa ll spa t ial dist r ibut ions.  Figur e 5.2 compa res t he K-order  nearest
neighbor index for st reet r obberies with  th at  of resident ial burglar ies.  The out put  was 
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K-Order Nearest Neighbor Indices
1996 Street Robberies and Residential Burglaries
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Nearest Neighbor Analysis 
Man With A Gun Calls 
Charlotte, N.C.:  1989 

 
James L. LeBeau 

Administration of Justice 
Southern Illinois University-Carbondale 

 
A comparison was made of Man with a Gun calls for the weekend in which 

Hurricane Hugo hit the North Carolina coast ( September 22 – 24) with the 
following New Year’s Eve weekend (December 29-31, 1989).  There were 146 Man 
with a Gun calls during the Hurricane Hugo weekend compared to 137 calls for New 
Year’s Eve.  
 

 The Nearest Neighbor Index in CrimeStat was used to compare the 
distributions.  From the onset, the Hurricane Hugo Man With a Gun locations are 
more dispersed than New Year’s Eve.  After the 5th nearest neighbor (Order 5) the 
differences become more pronounced 
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5.11

sa ved as a  ‘.dbf’ an d was t hen im por ted int o a gr aph ics pr ogra m.  The graph  shows t he
nearest  neighbor  indices for  both  robber ies and bu rgla r ies up t o the 50 t h  order  (i.e., the 50 t h

nearest  neighbor ).  The nearest  neighbor  in dex is sca led from 0 (ext reme clu ster in g) u p to 1
(extr eme disper sion).  Since a  nearest  neighbor  index of 1 is expected u nder  randomn ess,
the th in  st ra igh t  line a t  1.0 in dica tes the expected K-order  in dex.  As can  be seen , both
st reet  robber ies and r esiden t ial burgla r ies a re much  more concent ra ted t han  K-order
spa t ia l r andomness.  F ur ther , r obber ies a re more concent ra ted than  even  burgla r ies for
each  of the 50 nea rest  neighbors.  Thu s, the gra ph  reinforces t he ana lysis a bove th a t
robber ies a re more concent ra ted t han  bur gla r ies, an d both  a re more concent ra ted t han  a
random dis t r ibu t ion. 

In  other  words, even t hough t here is not a  good significance test  for  the K-order
nearest  neighbor  index, a  gra ph  of the K-order  indices (or  the K-order  dist ances) can  give a
p ictu re of how clus tered  the d is t r ibu t ion  is  a s well a s  a llow compar isons  in  clus ter ing
between  the differen t  types of crim es (or  the same cr im e a t  two differen t  t im e per iods).

Gr a p h in g t h e K-or d er  n ea r est  n eig h bor

On  the out pu t  pa ge, ther e is a  qu ick graph  fun ction tha t  displa ys a  cur ve sim ilar  to
figure 5.2.  Th is is  useful for  qu ickly examining the t r en ds .  However , a  bet t er  graph  is
made by im por t ing the ‘dbf’ file ou tpu t  in to a spr ea dsheet  or gr aph ics progra m.

Edge  Effec ts

It  sh ould be noted  tha t  there are poten t ial edge effect s t ha t  can  bias  the nearest
neigh bor index.  An inciden t  occur r ing nea r  the border  of the s tudy a rea  may actu a lly have
it s n ea rest  neigh bor on t he other  side of the border .  However , sin ce ther e a re u su a lly no
da ta  on  the dist r ibut ion  of inciden t s out side t he st udy ar ea , th e pr ogra m select s a nother
point  wit h in  the study a rea  as t he nea rest  neighbor of th e border  point .  Thus, t her e is t he
poten t ial for  exaggera t ing the nearest  neighbor  dist ance, th a t  is, th e obser ved nea rest
neighbor d ist ance is pr obably grea ter  than  wh at  it  sh ould be a nd, t her efore, ther e is a n
overestim ation  of the nea rest  neighbor d ist ance. In  oth er  words , the inciden t s a re probably
more clus ter ed than  wh at  has been  mea su red (see Cr essie , 1991 for  deta ils). 

N e a re s t N e ig h bo r E dg e  Co rre c ti on s

The defau lt condit ion  is no edge cor rect ion .  However , one way th a t  the measu red
dis tance to the nearest  neighbor  can  be corrected for  possible edge effect s is  to assume for
each  obser ved point  tha t  there is an other  poin t  just  ou t side t he border  a t  the closest
dist ance.  If the dist ance from a  poin t  to the border  is shor ter  than  to its  measu red n earest
neigh bor, then  the n ea rer  theoret ical point  is t aken  as a  pr oxy for t he n ea rest  neigh bor. 
This cor rect ion  has t he effect  of redu cing the avera ge neighbor dist ance.  Since it a ssu mes
tha t  ther e is  a lwa ys a noth er  poin t  a t  the border , it  pr obably un derestim ates t he t rue
nearest  neighbor  dist ance.  The t rue value is probably somewh ere in bet ween  the measu red
and t he assu med n earest  neighbor  dist ance.
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5.12

Crim eS tat has t wo differen t  edge cor rect ions. Because Crim eS tat is not a  GIS
package, it  cannot  loca te the actua l border  of a  study a rea .  One would  need a  topologica l
GIS packa ge in  wh ich t he dist ance from each point  to th e n ea rest  bounda ry is ca lcula ted. 
In st ead, th ere are two differen t  geomet r ic models t ha t  can  be applied.  The firs t  assu mes
tha t  the s tudy a rea  is a  rectangle wh ile t he second a ssumes tha t  the s tudy a rea  is a  circle. 
Depen ding on  the sh ape of the actua l study ar ea , one or  eith er  of these m odels m ay be
appr opr iat e.

R ect a n gu la r  st u d y a r ea

In  the rectangula r  adjus tment , th e area  of the st udy ar ea , A, is fir st  ca lcu lat ed,
either  from the user  inpu t  on  the measurement  pa rameters  t ab or  from the maximum
boundin g rectangle defined by t he m in imum and m aximum X/Y values  (see cha pt er  3).  If
the user  provides an  est im ate of the a rea , t he rectangle is  propor t ion a tely re-sca led so tha t
the area  of the rectangle equa ls A.  Second, for  each  poin t , th e dist ance to the nearest  other
point  is calcula ted.  This is  the obser ved n ea rest  neighbor d ist ance for poin t  i.

Third , th e minim um dist ance to the nearest  edge of the rectangle is ca lcu lat ed a nd
is compa red t o the obser ved nea rest  neighbor  dist ance for  poin t  i.  If the obser ved nea rest
neighbor d ist ance for poin t  i is equ a l to or  less  than  the dist ance to the nea rest  border , it  is
ret a ined.  On  the oth er  hand, if the obser ved n ea rest  neighbor d ist ance for poin t  i is
great er th an  th e dista nce to th e nearest  border, th e dista nce to th e border is used as a
pr oxy for t he nea rest  neighbor d ist ance of poin t  i.

Ci r cu la r  st u d y a r ea

In  the cir cu la r  adju stment , fir st , t he a rea  of the study a rea  is  ca lcu la ted, eit her  from
the u ser  inpu t  on t he m ea su rem en t  pa ramet er s t ab (see chapt er  3) or  from the m aximum
bounding recta ngle defined by th e minim um and m aximum X/Y values.  If the user  has
specified  a s tudy a rea  on  the measu remen t  pa rameter s  page, t hen  tha t  va lue is  taken  for  A
and t he radius of the circle is ca lcu lat ed by

R   = SQRT [A / B ] (5.8)

If the u ser  has n ot specified a  st udy a rea  on t he m ea su rem en t  pa ramet er s page, then  A is
ca lcu la ted  from the min imum and  maximum X and  Y coord ina tes  (the bounding rectangle)
and t he radius of the circle is ca lcu lat ed with  equa t ion  5.8.

Second, for  each poin t , the dist ance to the nea rest  oth er  point  is calcula ted.  This is
the obs erved nearest  neighbor  dis t ance for  poin t  i.  Th ir d, for  each  poin t , i, t he dis t ance
from t ha t point t o th e mean  center  is calculat ed, R i.  Four th , the min imum d is tance to the
nea rest  edge of the circle is ca lcula ted usin g

R iC  =   R - Ri (5.9)
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Fifth , for  each  poin t , i, th e obser ved minim um dist ance is compa red t o the nearest
edge of the circle, RiC.  If the obs erved nearest  neighbor  dis t ance for  poin t  i is equa l t o or
less than  the dis t ance t o the nearest  edge, it  is  reta in ed.  On the other  hand, if the
observed nearest n eighbor dista nce for point i  is great er th an  th e dista nce to th e nearest
edge, t he dis t ance to the border  is  used as a  proxy for  the t rue nearest  neighbor  dis t ance of
point  i.

For eit h er  cor r ect ion

The average nearest  neighbor  dis t ance is  ca lcu la ted and compared to the theoret ica l
avera ge nea rest  neighbor  dist ance under  random condit ions.  The indices a nd t est s a re as
before (see chapter  4).  F igure 5.3 below shows a  gr aph  of the K-order  nearest  neighbor
in dex for  the 50 nearest  neighbors for  1996 motor  veh icle theft s in  police Precin ct  11 of
Baltimore Coun ty.  The uncorr ected near est neighbor indices are compa red with  th ose
cor rected by a  rectangle and a  circle.  As can  be seen , both  cor rections a re ver y sim ilar  to
the uncor rected.  However, th ey both  sh ow grea ter  concent ra t ions t han  the uncor rected
index.  The recta ngular corr ection sh ows great er concentr at ion t ha n t he circular  becau se it
is  less compact  (i.e., the average dis t ance from the cen ter  of the geomet r ic object  to the
border  is  sligh t ly la rger ).  In  genera l, the rectangle will lead to more correct ion  than  the
circle sin ce it subst itu tes a  grea ter  nea rest  neighbor d ist ance, on  average, for  a  point
nearer  the border  than  to it s measured nearest  neighbor .

Th e u ser  has t o decide wh et her  eit her  of these cor rect ions  a re m ea ningful or  not. 
Dependin g on t he shape of the s tudy a rea , eit her  cor rect ion m ay or m ay not be a ppropr ia te. 
If the study a rea  is  rela t ively rectangu la r , t hen  the rectangu la r  model m ay provide a  good
appr oximat ion .  Similar ly, if the st udy ar ea  is compa ct  (circula r ), th en  the circula r  model
may pr ovide a  good approximat ion .  On  the oth er  hand, if the study a rea  is of ir r egu lar
sh ape, th en  eith er  of these cor rect ions m ay produce more dist or t ion  than  the raw nearest
neighbor in dex.  One has t o use t hese cor rections with  judgemen t .   Also, in some cases, it
may not m ake any sen se to corr ect  the m ea su red nea rest  neighbor d ist ances.  In  Honolulu ,
for  example, one wou ld  not  cor rect  t he measu red  nea res t  neighbor  dis t ances  because there
are n o inciden t s ou t side t he is land’s boun da ry.

Linea r  Nea rest  Neighbor  In dex (Lnna)

The linear nearest neigh bor index is a va r iat ion  on  the nearest  neighbor  rou t ine, but
one applied  to a  s t reet  network .  All d is t ances  a long th is  network  a re assumed  to t r avel
a long a  gr id, h en ce ind irect  dis t ances a re u sed.  Wh er ea s t he nea rest  neighbor r out ine
calculat es the distan ce between each point a nd its nea rest n eighbor u sing direct dista nces,
the lin ea r  nea rest  neigh bor rout ine u ses in dir ect  (‘Ma nha t tan’) dist ances (see chapt er  3). 
Similar ly, wher eas t he nearest  neighbor  rou t ine calcu lat es t he expected dist ance between
neighbors in  a  random dist r ibut ion  of N point s u sing th e geogra ph ica l ar ea  of the st udy
region , t he linear  nearest  neighbor  rout in e uses the tota l lengt h  of the st reet  network.
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Correction of Nearest Neighbor Indices
Motor Vehicle Thefts in Precinct 11
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Th e t heory of linea r  nea rest  neigh bors comes from Hammond  and McCullagh
(1978).   The observed linea r  nea rest  neigh bor dis t ance, Ld(NN), is calcu la ted by Crim eS tat
as t he avera ge of indirect d ist ances bet ween  each  poin t  and it s n earest  neighbor .  The
expected linea r  nea rest  neigh bor dis t ance is given  by 

L
Ld(ran) = 0.5  [------------------] (5.10)

         N - 1

where L is th e tota l length  of str eet n etwork  an d N is the sam ple size (Ha mm ond a nd
McCullagh, 1978, 279).  Consequent ly, th e linear n earest  neighbor index is defined as

     
Linea r  Nea res t     Ld(NN)
Neighbor Index  = LNNI = --------------- (5.11)

   Ld(ran)

Test ing  the  S igni fi cance  o f the  Linear  Neares t  Ne ighbor Index

Sin ce the theoret ica l s t andard er ror  for  the random linear  nearest  neighbor  dis t ance
is  not  known, t he au thor  has const ructed an  approximate st andard devia t ion  for  the
obser ved linear  nearest  neighbor  dist ance:

        G ( Min(d ij) - Ld(NN) )2

SL d(N N )   . SQRT [ ------------------------------------ ] (5.12)
         N - 1

where Min(d ij) is the nearest  neighbor  dist ance for  poin t  i an d Ld(NN) is the avera ge linea r
nearest  neighbor  dis t ance.  This  is  the st andard devia t ion  of the linear  nearest  neighbor
dist ances.  The s t anda rd er ror  is ca lcu lat ed by

    SL d(N N ) 
SE L d(N N )   = -------------- (5.13)

   SQRT[N]

An appr oximate significance test  can  be obta ined  by

Ld(NN) - Ld(ran)
t  =    ----------------------------- (5.14)

        SEL d(N N )

where Ld(NN) is t he avera ge linea r  nearest  neighbor  dist ance, Ld(ran) is the expected
linea r  nea rest  neigh bor dis t ance (equ a t ion 5.10), and SE L d(N N ) is  the approxima te s tanda rd
er ror  of t he linea r  nea res t  neighbor  dis t ance (equa t ion  5.13).  Since the empir ica l s tanda rd
devia t ion of th e lin ea r  nea rest  neigh bor is bein g used in st ea d of a t heoret ical va lue, t he
tes t  is  a  t-test r a ther  t han  a Z-t es t .
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Calculating  the  s ta t is t i cs

On th e measu rem ents pa ra met ers page, th ere ar e two par am eters t ha t a re input ,
the geogr aphica l a rea  of the study r egion  and the lengt h  of st reet  network.  At  the bot tom
of the page, t he user  must  select  wh ich  type of d is t ance measu remen t  t o use, d ir ect  or
ind irect .  If the measurement  type is  direct , then  the neares t  neighbor  rou t ine retu rns  the
sta nda rd n earest  neighbor a na lysis (somet imes called areal nea rest  neighbor ).  On the
other  hand, if t he measu remen t  t ype is  indir ect , t hen  the rou t ine r etu rns the linea r  nea res t
neighbor  ana lysis .  To ca lcu la te the linear  nearest  neighbor  in dex, therefore, d is t ance
measu rement  must  be specified as indirect  and t he length  of the st reet  network m ust  be
defined.

Once nearest  neighbor  ana lysis  has been  selected, t he user  clicks on Com pute t o run
the rou t ine.  The Lnna rout ine out put s 9 stat istics: 

1. Th e sample size
2. The mean  linear  nearest  neighbor  dist ance 
3. The minimum  linear distan ce between n earest  neighbors 
4. The maximum linear  dis t ance between  nearest  neighbors
5. The mean  linear  random dist ance 
6. Th e lin ea r  nea rest  neigh bor index 
7. The st anda rd deviat ion  of the linear  nearest  neighbor  dist ance 
8. The standard er ror  of the linear  nearest  neighbor  dis tance
9. A significance test  of the nearest  neighbor  index (t -t est )
10. The p-va lues  associat ed with  a  one ta il and t wo ta il significance test .

Example  3: Auto  theft s  a long  tw o h ighw ays

The linea r  nea rest  neighbor in dex is u seful for  ana lyzing t he dist r ibu t ion  of crim e
inciden t s a long pa r t icula r  st r eet s.  F or exa mple, in Ba lt imore Coun ty, st a te h ighwa y 26 in
the western  par t  and sta te h ighway 150 in  the eastern  par t  have h igh  concent ra t ion s of
motor  vehicle th eft s (figure 5.4).  In 1996, th ere were 87 vehicle th eft s on h ighway 26 an d
47 on h ighway 150.  A GIS can  be used wit h  the linear  nearest  neighbor  in dex t o in dica te
wh et her  these in ciden t s a re gr ea ter  than  wh at  would be expected on t he ba sis  of cha nce.  

Table 5.3 pr esen t s t he da ta . Using th e GIS, we est ima te tha t  there are 3,333.54
miles of roadway segm ents; th is  number  was es t im ated by addin g u p the tota l lengt h  of the
st reet  network in  the GIS.  Of a ll the road segm ents in  Balt imore Coun ty, there are 241.04
miles of major  a r t er ial r oads of which  st a te h ighway 26 ha s a  tota l length  of 10.42 miles
and s ta te h ighwa y 150 has a  tota l road  len gth  of 7.79 miles .  

In  1996, there were 3,774 motor  vehicle th eft s in  the county.  If these t heft s wer e
dist r ibut ed r andomly, then  the random expected dist ance between  inciden t s would be 0.44
miles (equa t ion  5.10).  Using th is est ima te, ta ble 5.3 sh ows t he number  of inciden t s t ha t
would  be expected on each  of the two sta te h ighways  if t he dis t r ibu t ion  were random and
the ra t io of the actua l nu mber  of motor  vehicle th eft s t o the expected n umber .  As can  be 
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Ta ble  5.3

Compar ison  of 1996 Ba lt imore County Au to Thefts
for Differen t  Types of Roads

(N = 3774 Incidents)

Length of Road Segment s:

Highway 26     10.42 mi
Highway 150       7.79 mi
All Major
Ar ter ia ls   241.04 mi
All 
Roads   3333.54 mi

Random E xpected 
Dist ance 
Between  Incident s = 0.44 miles

Propor t iona l To Network Proport iona l to Sa me Road

Avera ge “Rela t ive

“Rela t ive Avera ge R a n d om  t o I t se lf”

t o R a n d om ” Linea r Linea r Linea r

Wh e r e N u m b e r E x p e c te d N e a r e s t N e a r e s t      N e a r e s t

I n c i d e n t s o f N u m b e r R a t io  o f N e i g h b o r N e i g h b o r N e i g h b o r

O c c u r r e d I n c i d e n t s If  R a n d o m F r e q u e n c y D i s ta n c e D i s ta n c e     In d e x

Highway 26     87      11.8      7.4     0.05 mi    0.06 0.96

Highway 150   47        8.8      5.3     0.08 mi    0.08 0.94

All Major
Ar ter ia ls   607    272.8      2.2     0.13 mi    0.20 0.64

(p#.001)

All Roads 3774  3774.0      1.0     0.09 mi    044 0.21
(p#.001)
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seen , th e dist r ibut ion  of motor  vehicle th eft s is not  random.  On a ll major  a r t er ial r oads, t here
are 2.2 t im es as many t heft s as would  be expected by a  random spa t ia l d is t r ibu t ion .  In  fact ,
in  1996, of 28,551 road segm ents in  Ba lt im ore Cou nty, only 7791 (27%) had one or  more motor
veh icle t heft s  occu r  on  them; mos t  of t hese a re ma jor  roads .  Fu r ther , on  h ighway 26 there
were 7.4 times a s m uch  and on h ighway 150 th ere were 5.3 times a s m uch  as would be
expected if the dist r ibu t ion  wa s r andom.  Clea r ly, th ese t wo high wa ys h ad m ore t han  their
sh are of au to th efts in  1996. 

But wha t a bout  th e distr ibut ion of th e incidents along each of th ese highwa ys?  If
there were any pa t t ern , for  exa mple, m ost  of the in ciden t s clu ster in g on  the western  edge or
in t he cen ter , th en  police could use t ha t  informat ion  to more efficient ly deploy vehicles to
respond  quickly to event s.  On t he other  hand, if the dist r ibut ion  a long th ese h ighways were
no differen t  than  a  random dist r ibut ion , th en  police vehicles must  be posit ioned in t he middle,
since tha t  would minim ize the dist ance to a ll occur r ing incident s.

Unfor tuna tely, t he r esu lt s a ppea r  to be close  to a r andom dis t r ibu t ion. Crim eS tat
ca lcu lat es t ha t  for  h ighway 26, the avera ge linea r  nearest  neighbor  dist ance is 0.05 miles
wh ich is  close t o th e average random linea r  nea rest  neighbor d ist ance (0.06 m iles).  The r a t io
- th e linea r  nea rest  neighbor in dex, is 0.96 with  a  t -va lue of -0.16, which is  not s ignifican t ly
differen t  from chance.  Sim ila r ly, for  h ighway 150, t he average linear  nearest  neighbor
dist ance is 0.079 miles which , aga in, is a lmost  ident ica l to th e avera ge ra ndom linea r  nearest
neighbor  dist ance (0.084 miles); the nearest  neighbor  index is 0.94 an d t he t -value is -0.41
(not significan t).  In short,  even th ough th ere was a h igher concentr at ion of vehicle th efts on
these two sta te h ighways  than  would  be expected on the basis  of chance, t he dis t r ibu t ion
along each  h ighway is n ot  very differen t  than  what  would be expected on the bas is of chance.5

K-Order Linear  Nearest  Neighbors

There is also a K-order linear  near est neighbor a na lysis, as with t he ar eal nearest
neigh bors.  The u ser  can  specify how many add it iona l nea rest  neigh bors a re t o be calcu la ted. 
The linea r  K-order  nea rest  neighbor r out ine r et urns four  columns:

1. The order , s t a r t in g fr om 1
2. The mean  linear  nearest  neighbor  dist ance for  each  order  (in m eters)
3. The expected linea r  nearest  neighbor  dist ance for  each  order  (in m eters)
4. The linear  nearest  neighbor  index for  each  order

Since the expected linea r  nearest  neighbor  dist ance has n ot  been work ed out  for  order s 
h igher  than  one, t he ca lcu la t ion  produced here is  a  rough  approximat ion .  I t  applies equa t ion
5.10 only a dju st ing for  the decrea sin g sa mple size, N k , which  occurs as degr ees of freedom are
lost for each successive order.  In th is sense, th e index is really th e k-order linear  near est
neighbor  dis t ance rela t ive to the expected linear  neighbor  dis t ance for  the fir st  order .  I t  is  not
a  st r ict  nearest  neighbor  index for  order s a bove one.

Never theless, like t he area l k-order  nearest  neighbor  index, the k-order  linear  nearest
neighbor  index can  pr ovide ins igh t s in to the dist r ibut ion  of the poin t s, even if the firs t -order

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



5.20

is r andom.  Figure 5.5 shows a  graph  of 50 linea r  nea rest  neighbors  for  1996 residen t ia l
burgla r ies and st reet  robber ies for  Balt imore Coun ty.  As with  the area l k-order  nearest
neighbors (see figure 5.3) both  burgla r ies and robber ies show evidence of clu ster in g.  For  both ,
the firs t  nearest  neighbors a re closer  togeth er  than  a  random dist r ibut ion .  Similar ly, over t he
50 orders, s t r eet  robber ies a re more clu stered than  burgla r ies.  H owever , m easur in g dis t ance
on a  gr id  shows tha t  for  bu rgla r ies, t here is  only a  small amount  of cluster in g.  After  the
four th  order n eighbor, the distribution for bur glaries is more dispersed th an  a r an dom
dis t r ibu t ion .  An  in terpreta t ion  of th is  is  tha t  there a re small number  of bu rgla r ies which  are
clus ter ed, bu t  the clust er s a re r ela t ively disper sed.  S t reet  robber ies , on t he other  hand, a re
highly clustered, up t o over 30 near est neighbors.

Th e lin ea r  k-order  nea rest  neigh bor dis t r ibu t ion gives a  sligh t ly differen t  perspect ive
on t he distribution t ha n t he ar eal.  For one th ing, th e index is slight ly biased as t he
denomin a tor  - the K-order  expected linear  neighbor  dis t ance, is only approximated.  F or
another  th ing, th e index m easu res dist ance as if the st reet  follow a  t rue gr id, orien ted in  an
east -west  and n or th-sout h  direct ion .  In t h is sen se, it m ay be un rea listic for  many places,
especia lly if st r eet s t r averse in  dia gon a l pa t terns; in  these cases, t he use of in dir ect  dis t ance
mea su rem en t  will pr oduce grea ter  dis t ances t han  wh at  actu a lly occur  on t he net work.  St ill,
the linear  nearest  neighbor  index is a n  a t t empt  to appr oximate t r avel a long th e st reet
net work.  To the ext en t  tha t  a  pa r t icula r  jur isd iction’s s t reet  pa t t er n  fall in  th is m anner , it
can  provide usefu l in format ion .

Gr a p h in g t h e li n ea r  K-ord er  n ea r est  n eig h bor

On  the out pu t  pa ge, ther e is a  qu ick graph  fun ction tha t  displa ys a  cur ve sim ilar  to
figur e 5.5 below.  Th is is  useful for qu ickly exa min ing the t r en ds .  

Ripley’s K S ta t ist ic

R ipley’s K st a t ist ic is an  index of non-randomness for differen t  sca le va lues  (Ripley,
1976; Ripley, 1981; Ba iley and Gat t rell, 1995; Ven ables  and Rip ley, 1997) .  In  th is sen se, it  is
a  ‘super -order ’ nearest  neighbor  st a t is t ic, providin g a  test  of randomness for  every dis t ance
from the sm allest u p t o some specified limit. a rea .  It is somet imes  ca lled th e reduced  second
m om ent m easu re, implyin g t ha t  it  is  designed to measure second-order  t r ends (i.e., loca l
clus ter ing as opposed to a gen er a l pa t t er n  over  the r egion).  However , it  is a lso su bject t o fir st -
order  effect s  so tha t  it  is  not  st r ict ly a  second-order  measu re. 

Consider  a  spatially random  dis t r ibu t ion of N point s.  I f cir cles of r adiu s, t s, ar e drawn
aroun d each point , wh er e s  is t he order  of radii from t he smalles t  to th e la rgest , and t he
number  of oth er  point s t ha t  a re found with in  the circle a re counted and t hen  su mmed over  a ll
point s (a llowin g for duplicat ion), then  the expected number  of point s with in  tha t  radiu s a re
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K-Order Linear Nearest Neighbor Indices
1996 Street Robberies and Residential Burglaries

Order of Linear Nearest Neighbor Index
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   N
E(# of poin t s with in d ist ance d i) =  --------- K(t s) (5.15)

   A

where N is  the sample size, A is  the tota l s tudy a rea , a nd  K(t s) is the area  of a  circle defined
by r adiu s, t s.  F or  exa mple, if the a rea  defin ed by a  par t icu la r  radiu s is  one-four th  the tota l
stu dy ar ea an d if there is a spa t ially ra ndom dist r ibut ion , on  avera ge app roximately one-
four th  of the cases will fa ll wit h in  any on e cir cle (plu s or  min us a  sampling er ror ).  More
formally, with  com plete spatia l ran dom ness (cs r ), the expected  number  of poin t s  with in
dis tance, t s, is

   N
E(# un der  csr )   = ------  B t s

2 (5.16)
   A

On the other  hand, if the average number  of poin t s found wit h in  a  cir cle for  a
pa r t icu lar  radius pla ced over  each  poin t , in  tu rn , is grea ter  than  tha t  found in  equa t ion  5.16,
th is  poin t s to clu ster in g, tha t  is  poin t s a re, on  average, closer  than  would  be expected on the
ba sis  of cha nce for t ha t  radiu s.  Conver sely, if the average number  of points found with in  a
circle for a  par ticular  ra dius placed over each point, in t ur n, is less tha n t ha t foun d in
equa t ion  5.16, th is poin t s t o disper sion ; tha t  is point s a re, on  avera ge, fa r ther  apa r t  than
would  be expected on the basis  of chance for  tha t  radiu s.  By cou nt in g t he number  of tota l
numbers wit h in  a  par t icu la r  radiu s and compar in g it  to the number  expected on the basis  of
complete spa t ia l randomness, t he s t a t ist ic is an  indica tor of non-ra ndomness. 

In  th is sen se, the K s ta t ist ic is s imilar  to th e nea rest  neighbor d ist ance in t ha t  it
provides in format ion  about  the average dis t ance between  poin t s.  H owever , it  is  more
comprehens ive than  the neares t  neighbor  s t a t is t ic for  two reasons .  F ir s t , it  applies  to a ll
order s cumula t ively, not  jus t  a  sin gle order .  Second, it  app lies t o all dist ances up t o th e limit
of the study a rea  because the count  is condu cted over  su ccessively in creasin g radii.

Un der un const ra ined conditions, K is defined as

    A

K(t s) =  ------  G G I (t ij) (5.17)

   N 2  i       i=/ j

where I(t ij) is t he n umber  of oth er  poin t s, j,  found with in  dis t ance, t s, sum med over all points,
i.  Tha t  is, a  circle of radiu s, t s, is placed over each poin t , i.  Then , the number  of oth er  point s,
j, with in  the circle is  counted.  The circle is m oved t o th e n ext  i and t he process is  repea ted. 
Thus, t he double summat ion  poin t s to the count  of a ll j’s for  each  i, over  a ll i’s. Note, t he count
does not include it self, on ly oth er  poin t s. 

After  th is process is  completed, the r adiu s of the circle is in creased, a nd t he en t ire
process is  repea ted.  Typica lly, the radii of cir cles a re in creased in  small in crements so tha t
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ther e a re 50-100 in ter va ls by wh ich t he s t a t ist ic can  be coun ted.  In  Crim eS tat, 100 in ter vals
(radii) a re used, based on

  R
t s =   -------- (5.18)

100

where R is th e radius of a  circle for  whose a rea  is equa l to th e st udy ar ea  (i.e., the area
en tered on the measurement  parameter s page).

One can  gra ph  K(t s) aga inst  the dist ance, t s, to revea l whet her  ther e is a ny clust er ing
a t  cer t a in d ist ances or any disper sion  a t  others (if there is clus ter ing a t  some scales, then
ther e m ust  be disper sion a t  oth er s).  Su ch a  plot  is n on-linea r , however , typically increa sin g
exponent ia lly (Kalu zn y et  a l, 1998.  Consequent ly, K(t s) is  t r ansformed in to a  square root
funct ion , L(t s), t o make it  more linear .  L(t s) is defined as:

    K(t s)
L(t s) = SQRT [ --------- ]   - t s (5.19)

      B

Th at  is , K(t s) is divided by B and then  the square root  is  t aken .  Then  the dis t ance
in terva l (the pa r t icu la r  r ad ius ), t s, is subtr acted from t his.6  In  pr actice, on ly the L s ta t ist ic is
used even  though  the n ame of the s t a t ist ic K is ba sed on  the K der iva t ion.  

Because the L(t s) is  a  measure of second-order  clu ster in g, it  is  usua lly a na lyzed for
only a sh ort  distan ce.  In Crim eS tat III, th e dist ance is set  a t  one-th ird  the side of a  squ are
defin ed by the a rea  (SQRT[A]/3).7  Figure 5.6 shows a  gra ph  of L(t ) against  dist ance for  1996
robber ies in  Ba lt im ore Cou nty.  As can  be seen , L(t ) in creases up to a  dis t ance of about  3
miles whereu pon  it decreases a gain.  A “pu re” ra ndom dist r ibut ion , known as  com plete spatial
ran dom ness (CSR), is sh own as a  hor izonta l line a t  L=0.

Comparison  to  A Spat ia lly Random Dis tribut ion

To understand whether  an  obs erved K dis t r ibu t ion  is  differen t  from chance, on e
typica lly u ses a  random dis t r ibu t ion .  Because the sampling dis t r ibu t ion  of L(t s) is not kn own,
a  simulat ion  can  be condu cted by ra ndomly ass ign ing poin t s t o the st udy ar ea .  Because a ny
one s imula t ion  migh t  p roduce a  clus tered  or  d ispersed  pa t t ern  s t r ict ly by chance, the
sim ula t ion  is  repea ted many t im es, t yp ica lly 100 or  more.  Then , for  each  random sim ula t ion ,
the L st a t ist ic is ca lcu lat ed for  each  dist ance int erval.  Fina lly, after  a ll simulat ions h ave been
conducted , the h ighes t  and lowes t  L-va lues  a re t aken  for  each  d is tance in terva l.  Th is  is  ca lled
an  envelope.  Thu s, by compa r ing the dist r ibut ion  of L to th e random en velope, one can  asses s
whether  the pa r t icu lar  obser ved pa t t ern  is likely to be differen t  from chance.8  In  figure 5.6,
the L en velope of random da ta  is m uch less concent ra ted than  tha t  for  robber ies, indicat ing
tha t  it is h igh ly un likely the concent ra t ion  of robber ies was du e to chance.
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"K" Statistic For 1996 Robberies
Compared to Random and 2000 Population Distributions

L(t) = Sqrt[K(t)/pi] - t

Figure 5.6:
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S pe c ify in g  si m u la ti on s

Because s imula t ions  can  t ake a  long t ime, pa r t icu la r ly if the da ta  set s  a re la rge, the
defau lt  number  of sim ula t ions  is 0.  However , a  user  can  condu ct s imula t ions  by wr it ing a
posit ive n umber  (e.g., 10, 100, 300).  If sim ula t ions  a re select ed, Crim eS tat will con duct  the
number  of sim ula t ion s specified by t he user  and will ca lcu la te the upper  and lower  limit s for
each  dist ance int erval, as  well a s t he 0.5%, 2.5%, 5%, 95%, 97.5% and 99% int ervals; th ese
la t t er  st a t ist ics only m ake sen se if ma ny sim ula t ion r uns a re condu cted (e.g. 1000).  

Th e wa y Crim eS tat conduct s  the s imula t ion  is  a s follows .  It  t akes  the maximum
bounding rectangle of the d is t r ibu t ion , tha t  is  the rectangle formed  by the maximum and
minimum X and Y coordin a tes respectively a nd r e-scales t h is (up or  down) un t il the r ectangle
has a n  area  equa l to th e st udy ar ea  (defined on the measu rement  pa rameters pa ge).  It t hen
ass igns N  point s, wh er e N is t he same number  of point s a s in  the inciden t  dis t r ibu t ion , usin g
a  un iform random n umber  gener a tor  to th is rectangle and calcu lat es t he L st a t ist ic.  It t hen
repea t s t he exper imen t  for  the n umber  of specified simula t ions , and ca lcula tes  the a bove
st a t ist ics.   For example, with  1181 robberies for  1996, the Ripley’s K fun ct ion  ca lcu lat es t he
empir ica l L sta t ist ics for  100 dist ance int ervals a nd compa res t h is to a  simulat ion  of 1181
poin t s r andomly distr ibut ed over  a  rectangle k t imes , wher e k is a  user -defined n umber .

In  pr act ice, th e simulat ion  test  a lso has biases a ssociat ed with  edges.  Un like the
theoret ical L u nder  un iform condit ions of complete spa t ia l randomness (i.e., st r et chin g in a ll
direct ions well beyond t he st udy ar ea) where L is a s t ra igh t  hor izonta l line, the simulat ed L
a lso declines wit h  in creasin g dis t ance separa t ion  between  poin t s.  This  is  a  funct ion  of the
sa me t ype of edge bia s. 

Co m pa ri so n  to  B as e li ne  P o p u la ti on s

For  most  social dist r ibut ions, such  as crime inciden t s, randomn ess is n ot  a  very
mea ningfu l baseline.  Most  socia l character ist ics are non-random.  Consequ en t ly, to find tha t
the amoun t  of clust er ing tha t  is occur r ing is gr ea ter  than  wh at  would  be expected on t he ba sis
of chance is not very useful for  cr ime a na lyst s.  However, it is possible to compa re the
dis t r ibu t ion  of L for  crim e inciden t s with  the dist r ibu t ion  of L for  var ious baseline
cha racter ist ics, for  exa mple, for  the popu la t ion d ist r ibu t ion or  the dist r ibu t ion of employmen t . 
In  a lmost  a ll met ropolita n  a reas, popu lat ion  is more concent ra ted t owards t he cen ter  than  a t
the per iph er y; the drop-off in  popu la t ion  densit y is ver y sh arp a s was shown in  the la st
chap ter .  All other  th ings  being equa l, one would  expect  more inciden t s  towards the
met ropolita n  cen ter  than  a t  the per iphery; consequ ent ly, th e avera ge dista nce between
inciden t s  will be shor ter  in  the cen ter  than  fa r ther  ou t .  Th is  is  noth ing more than  a
consequence of the dis t r ibu t ion  of people.  H owever , t o say somethin g a bout  concent ra t ion s of
in ciden t s above-and-beyon d tha t  expected by popula t ion  requir es us to exa min e the pa t t ern  of
populat ion a s well as of crime incidents.

Crim eS tat a llows the use of in tensit y a nd weight in g va r ia bles in  the calcu la t ion  of the
K st a t ist ic.  The user  must  define an  int ensity or  a  weight  (or  both  in special circum st ances)
on t he pr imary file pa ge.  The K r out ine will t hen  use the in ten sit y (or weigh t ) in  the
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ca lcu la t ion  of L.  In  Figure 5.6 above, t here is  an  envelope produced from 100 random
simu lat ions a s well as  the L distr ibut ion  from the 2000 popu lat ion ; the lat t er va r iable was
obta ined by taking the cent roid of t r a ffic ana lysis  zones from the 2000 censu s a nd u sin g
popu la t ion  as t he in ten sit y var iable. As can  be seen , the amoun t  of clust er ing for r obber ies is
grea ter  than  both  the random en velope a s well as  the dist r ibut ion  of popula t ion .  The robbery
funct ion  is  h igher  than  the popula t ion  funct ion  up  to abou t  6 miles .  Th is  ind ica tes  tha t
robber ies a re more concent ra ted than  what  would  be expected from the popula t ion
dis t r ibu t ion for a  fair ly la rge a rea .  

In  other  words, r obber ies a re more clus tered t ogeth er  than  even wh at  would be
expected  on  the basis  of t he popula t ion  dis t ribu t ion  and th is  holds for  dis t ances  up  to abou t  6
miles, whereupon the dis t r ibut ion  of robber ies is  in dis t in gu ishable from a  random
dis t r ibu t ion .  For la rger  dis t ance separa t ions, t he L function has lit t le u t ility sin ce it is
usually u sed to understand loca lized spa t ia l a u tocorrela t ion  (Ba iley a nd Gat t rell, 1995).

For compa r ison, figure 5.7 below shows t he dist r ibu t ion  of 1996 bu rglar ies, again
compared  to a  r andom envelope and the d is t ribu t ion  of popula t ion .  We find tha t  bu rgla r ies
a re more clu stered than  popula t ion , bu t  less so than  for  robber ies; the L va lu e is  h igher  for
robberies th an  for bur glaries for n ear dista nces but  becomes more dispersed at a bout  3 miles;
it  is still  more concentr at ed tha n a  ra ndom distr ibut ion, however, as seen by th e ran dom
envelope..  Thus, the dist r ibut ion  of L confirm s t he resu lt t ha t  bur gla r ies tend t o be spr ead
over  a  much  la rger  geograph ica l a r ea  in  sma ller  clust er s  t han  st r eet  robber ies , wh ich  t end to
be more concen t r a t ed  in  la rge clust er s .  In  t erms of look ing for  ‘hot  spot s ’, one wou ld  expect  t o
find more with  robberies th an  with  burglar ies.

Edge  Correct ions  for  Rip ley’s  K

The L s ta t ist ic is prone t o edge effects ju st  like  the nea rest  neighbor s t a t ist ic.  Tha t  is,
for  poin t s loca t ed  nea r  t he boundary of t he s tudy a rea , t he number  enumera ted  by any cir cle
for  those point s will, a ll other  th ings being equa l, necessa r ily be less than  poin t s in  the cen ter
of t he s tudy a rea  because poin t s ou t side the boundary a re not  coun ted .  Fu r ther , t he grea t er
the dist ance between  point s t ha t  a re bein g tested (i.e., the grea ter  the r adiu s of the circle
placed over each  point ), th e grea ter t he bias.  Thus, a plot  of L aga inst  distance will show a
declin ing curve as dist ance increases a s figures 5.6 and 5.7 show.

Th er e a re va r ious  adju st men ts t o th e function  to help corr ect  the bia s.  One is  a  ‘guard
ra il’ wit h in  the study a rea  so tha t  poin t s out side the gu ard ra il, bu t  in side the study a rea  can
only be coun ted  for  poin t s  ins ide the guard  ra il, bu t  cannot  be used  for  enumera t ing other
poin t s with in a  circle placed over  them (tha t  is, th ey can  on ly be j’s a nd n ot  i’s, to use t he
language of equ a t ion  5.17).  Such a n  opera t ion , however , requ ires manua lly cons t ructin g
these gu ard ra ils and enumera t in g whether  each  poin t  can  be both  an  enumera tor  and a
recip ien t  or  a  recip ien t  only.  F or  complex boundar ies, such  as a re found in  most  police
depa r tmen ts, t h is t ype of opera t ion  is ext rem ely tedious a nd d ifficult .9  
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Figure 5.7:
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Sim ila r ly, Ripley h as proposed a  sim ple weight in g t o account  for  the propor t ion  of the
circle placed over  each  poin t  tha t  is with in t he st udy ar ea  (Venables an d Ripley, 1997).  Thu s,
equa tion 5.17 is re-written  as:

    A

K(t s) =  ------  G G Wij
-1 I (t ij) (5.20)

   N 2  i       j

where Wij
-1 is t he in ver se  of the proport ion of th e circum feren ce of a circle of ra diu s, t s, placed

over  each  poin t  t ha t  is  with in  the tot a l s tudy a rea .  Thus, if a  poin t  is  nea r  t he s tudy a rea
border , it  will r eceive a  grea ter  weigh t  because a  sm aller  pr opor t ion  of the circle pla ced over it
will be wit h in  the study a rea . An  a lt erna t ive weight in g scheme can  be found in  Marcon and
Puech  (2003).

In Crim eS tat, two possible corr ections a re condu cted.  One assum es tha t t he stu dy
area  is a r ectangle while the other  assu mes t ha t  it is a  circle.

R ect a n gu la r  cor r ect ion

In  the r ectangula r  cor rect ion for Ripley’s K, the sea rch cir cle radiu s, R j, is compa red to
the edge of an  assu med r ectangle with  a rea , A, cen tered a t  the mean  center .  Fir st , th e area  to
be an alyzed is defined .  If the user  has specified a  st udy ar ea  on  the measu rement  pa rameters
pa ge, t hen  tha t  va lue for  A is t aken .  The m aximum boundin g rectangle is  t aken  (i.e.,
r ectangle defined by th e minim um and m aximum X/Y values) an d pr oport iona tely re-scaled so
tha t  the a rea  of the rectangle is  equa l t o A.  If the user  does not  specify an  area  on the
mea su rem en t  pa ramet er s page, then  the boundin g rectangle defined  by the m inimum and
maximum X/Y va lues  is  taken  for  A.

Second, for  each poin t , the m inimum dis tance to the nea rest  edge of th is r ectangle is
calcula ted in  both  the horizonta l and ver t ical directions, d(min RX) and  d (minRY).  Th ir d, each
of th e minimu m dista nces is compa red to th e sear ch circle ra dius, Rj.  

1. If neit her  the m inimum dis tance in t he X-dir ection  - d(minRX), nor  the
minimum dis tance in t he Y-dir ection  - d(minRY), a re less t han  the sea rch circle
ra dius, Rj, th en  the circle fa lls ent irely with in t he rectangle and E  = 1;

2. If either  the m inimum dis tance in t he X-dir ection  - d(minRX), or  the min imum
dis tance in t he Y-dir ection  - d(minRY), bu t  NOT BOTH, a re less than  the search
circle r adiu s, R j, th en par t of th e sear ch circle falls out side the recta ngle and a n
adjust men t  is n ecessa ry.  An approximate adjust men t  is m ade than  is in ver sely
propor t ion a l t o the a rea  of the search  cir cle wit h in  the rectangle.  The va lu es of
E will vary bet ween  1 and 2 s ince up  to one-ha lf of the sea rch circle could fall
ou t s ide the rectangle;

3. If both  the m inimum dis tance in t he X-dir ection  - d(minRX), and  the min imum
dis tance in t he Y-dir ection  - d(minRY), ar e les s t han  the sea rch cir cle radiu s, R j,
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then  a  gr ea ter  adju stment  is  requir ed sin ce E could  va ry between  1 and 4 sin ce
up t o th ree-four th  of the sea rch  circle could fa ll ou t side t he rectangle.

The formulas  used t o ca lcu lat e the rectangula r  weight s a re:

R adius does not extend  beyond  the rectangle:

Wij
-1 = k =  1 (5.21)

R adius extends beyond  one edge of the rectangle (bu t not two):

2B 
Wij

-1 = k  = {  ----------------------------------------- } (5.22)
     {2B   - 2Cos-1[d(min R)/Ri]}

R adius extends beyond  two edges of the rectangle:

2 B 
Wij

-1 = k  = { ------------------------------------------------------------------ } (5.23)
   {1.5B - Cos-1[d(min Rx)/Ri]-Cos-1[d(min Ry)/Ri]}

While in tu it ive, t h is weigh t , Wij
-1, is p rone to cause upward ‘dr ift’ in  the K function , so

a log tr an sform at ion is used:

W’
ij

-1 = ln (Wij
-1) + 1 (5.24)

This h as t he effect  of t emper ing th e dr ift  somewha t .10

Ci r cu la r  cor r ect ion

In  the circula r  cor rect ion for Ripley’s K, the sea rch cir cle radiu s, R j, is compared to the
edge of an  assu med circle with  a rea , A, cen tered a t  the mean  center .  Fir st , th e area  to be
ana lyzed is defined .  If the user  has specified a  st udy ar ea  on  the measu rement  pa rameters
pa ge, t hen  tha t  va lue for  a  is t aken .  The r adiu s of th e circle, Rj, is ca lcula ted by equa t ion 5.8
above.  If the user  has n ot  specified a  st udy ar ea  on  the measu rement  pa rameters pa ge, then
A is  ca lcu la t ed  from the maximum bounding r ect angle and the r adius of t he cir cle is
ca lcu lat ed by equa t ion  5.8 above.

Second, for each point , the dist ance from t ha t  poin t  to th e m ea n  center , R j, is
ca lcu lat ed.  The n earest  dist ance from the poin t  to the circle’s edge is given by

R jC = R  - Rj (5.25)
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Th ird, t he sea rch cir cle radiu s, R j, is compared to th e n ea rest  edge of the circle, RiC,
and t he weight  will var y from 1 (poin t  and r adius t ota lly with in t he st udy ar ea) to 2.3834
(poin t  is  loca ted exa ct ly on boundary of a rea  cir cle).  The formula s for  the cir cu la r  correct ion
are:

2 = Cos-1 {(r 2 + t C
2 - R2) / [ 2*r *t C ]} (5.26)

Wij
-1 = k = B / 2 (5.27)

where r is t he r adiu s of th e sea rch cir cle, R is t he r adiu s of th e circula r  st udy a rea , and t C is
the dist ance from the poin t  to the cen ter  of the circula r  st udy ar ea .

For eit h er  cor r ect ion

Dur in g t he ca lcu la t ion  of Ripley’s K, each  poin t  is  mult ip lied by E  (aside from W or  I)
and the K and L sta t is t ics  a re ca lcu la ted as before (see chapter  5).  The sim ula t ion  of random
poin t  dis t r ibu t ions  is t r ea ted in  an  ana logous way.  

While in tu it ive, t h is weigh t , Wij
-1, is p rone to cause upward ‘dr ift’ in  the K function , so

a log tr an sform at ion is used:

W’
ij

-1 = ln (Wij
-1) + 1 (5.28)

This h as t he effect  of t emper ing th e dr ift  somewha t .

F igure 5.8 below sh ows a  Ripley’s K dist r ibut ion  for  1996 Balt imore Coun ty bur gla r ies,
with  and without  edge cor rect ions.  As can  be seen , th e uncor rected L dist r ibut ion  decrea ses
and fa lls below the theoret ica l r andom count  (complete spa t ia l r andomness, L=0) a ft er  about
7 miles wher eas n eith er  the L dist r ibut ion  with  the rectangula r  cor rect ion  nor  the L
dis t r ibu t ion  wit h  the cir cu la r  dis t r ibu t ion  do so.  As expected, t he rectangu la r  dis t r ibu t ion
produces  the mos t  concen t ra t ion .

Output Inte rme diate  Res ults

Ther e is a  box labeled  “Ou tpu t  in ter media te r esu lt s”.  If checked, a  sepa ra te dbf file
will be ou tpu t  tha t  list s t he int ermedia te ca lcu lat ions.  The file will be ca lled
“RipleyTempOu tpu t.dbf”.  There are five out put  fields:

1. Th e point  number  (POIN T), st a r t ing a t  0 (for t he first  poin t ) an d p roceed ing to
N–1 (for  t he Nth  poin t )

2. The sear ch r adius in m eters  (SEARCHRADI)
3. The coun t  of t he number  of other point s t ha t  a re wit h in  the sea rch r adiu s

(COUN T)
4. The weight  assigned, ca lcu lat ed from equa t ions 5.24 or  5.28 above (WEIGHT)
5. The count  t imes the weight  (CTIME SW)
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"K" Statistic For 1996 Burglaries
With Different Types of Corrections

L(t) = Sqrt[K(t)/pi] - t

Figure 5.8:
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K-Function Analysis to Determine Clustering in the 
Police Confrontations Dataset in 

Buenos Aires Province, Argentina:  1999 
 

Gastón Pezzuchi, Crime Analyst 
Buenos Aires Province Police Force 

Buenos Aires, Argentina 
 

Sometimes crime analysts tend to produce beautiful hot spot maps without 
any formal evidence that clustering is indeed present in the data. One excellent and 
powerful tool that CrimeStat provides is the computation of the K function, which 
summarizes spatial dependence over a wide range of scales, and uses the 
information of all events. 

 
We computed the K function using 1999 police confrontations data (mostly 

shootings) within our study area1 and ran 100 Monte Carlo simulations in order to 
test for spatial randomness2 (see figure below); the K function showed clustering up 
to about 30 Km. Yet, spatial randomness is not a particularly meaningful hypothesis 
to test considering that the “population at risk” are highly clustered. Hence we used 
police deployment data as a base population and calculated the K function for that 
data set. As can seen, the amount of clustering for the confrontation dataset is much 
greater than both the random envelope as well as the distribution of police officers. 
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1 A years worth dataset of events occurring within a 9,500 km2 area around the Federal Capital (29 
counties). 
2 Remember that Pr( L(d) > Lmax) = Pr( L(d) < Lmin) = 1 / (m + 1) where m is the number of 
independent simulations, 
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This  outpu t  can  be usefu l for  exa min in g t he counts for  specific poin t s or  for  t rying ou t
altern at ive weight ing schemes.

Some Caut ions  in  Us ing  Rip ley’s  K

While Ripley’s K is a  power ful t ool for a na lyzing spa t ia l au tocorr ela t ion  (usua lly
clus ter ing, ra ther  than  disper sion), like a ny sta t ist ic it is pr one to biases.  We’ve discussed
edge bia ses a bove.  But  ther e a re oth er s.  F ir st , ther e is a  sa mple size issu e.  The r out ine
calcu la tes 100 separa te L(t ) va lu es, one for  ea ch dis t ance bin . H owever , t he precis ion  of any
one L(t ) va lue is  dependen t  on  the sample s ize.  With  a  sma ll s ample, t here is  in su fficien t  da t a
to est im ate 100 in dependent  va lu es of L(t ).  While the Monte Ca r lo s im ula t ion  par t ly can
accoun t  for  tha t  bia s, it  has t o be rea lized tha t  the precision  of the in ter pr et a t ion is  su spect . 
For  exam ple, in  compa r ing two similar  dist r ibut ions, say robberies and bu rgla r ies, un less t he
sa mple size is la rge differences for  any one bin could easily be due to chance.  One would need
a  very differ en t  type of procedure t o est imate t he ‘st anda rd er ror’ of two functions with  a  sm all
sa mple.  But , I would su spect t ha t  there would be ma ny bins for  which  they would be
indis t inguish able (shown as t he t wo fun ctions cr iss -crossing ea ch other ).  

In  previous version s of Crim eS tat, ther e wa s a  rest r iction of a t  lea st  100 da ta  point s t o
displa y th e ent ire 100 L(t) est ima tes; otherwise, th ey were t runca ted.  In  th is version, all 100
inter vals a re a llowed  for  any size sample.  However , ther e is a  st r ict wa rn ing.  User s should
be ver y cau t ious in  dr awin g conclusions a bout  differ en ces in  the L function wit h  sm all
sa mples.  E ven  wit h  sa mple sizes  grea ter  than  100, t he impr ecision of any one L(t) va lue is
consider able.  Unt il the sample sizes  get  in to th e hundr eds, precision is  an  issue for  specific
L(t) values.

A second  cau t ion  has  to do with  the sca le of the in terp reta t ion .  Da ta  set s  with  s t rong
first-order pr oper t ies (i.e., a  h igh degree of cent ra l concen t ra t ion  of inciden t s) will exer t  bia s
on Ripley’s K st a t ist ic.  Thus, a ny da ta  set  tha t  is cor rela ted wit h  human popu la t ions will
most  likely have a  very s t rong ‘cen t ra l t endency’.  Thus, t here will be a  h igh  degr ee of
concen t ra t ion  in  the L va lues  for  even  near  d is tances .  Th is  was  seen  in  the robbery and
burgla ry dat a  sh own above. The K s ta t ist ic was crea ted t o est ima te second-order spa t ia l
au tocorr ela t ion , namely localized  clust er ing.  However , if the firs t -order  effect  is so dominant ,
then  it’s h a rd t o disen tangle it from a  second-order  effect .  Tha t  is, it ’s oft en  not  clear  whether
the clu ster in g t ha t  is  obs erved in  Ripley K is  due to pr im ary, fir st -order  clu ster in g or  actua l
loca lized, second-order  clu ster in g.  Th a t ’s why it  is  genera lly wise to use the K sta t is t ic for
shor t  dis t ance ranges and not  for  la rger  dis t ance separa t ion s.  F or  la rger  dis t ance separa t ion s,
it  is  a lm ost  im possible to tell whether  the effect  is  due to the la rge cen t ra l concen t ra t ion  of the
popula t ion or  wh et her  ther e a re in ter actions bet ween  neigh borhoods  a t  a  la rge scale .  

There are differen t  ways to handle to pr oblem, none of which  are per fect .  For exam ple,
one can  estimat e a first-order concentr at ion effect a nd t hen a pply Ripley’s K to th e residua ls. 
Or , a lt erna t ively, on e can  use a  baseline popula t ion  to calcu la te a  ra te and test  for
concent ra t ion  on ly in t he ra tes, not the volum es of incident s. In cha pt ers  6 an d 8, th ere will be
a  discussion of usin g a  ba seline popula t ion  to cont rol for  fir st -order  effects.  Bu t , whet her  th is
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is  done or  not , t he user  should  be aware of the in teract ion  between fir st -order  and second-
order  (or  loca lized) effect s.

The th ird  cau t ion  has t o do with  the sh ape of the bounda r ies in in terpr et ing the K
st a t ist ic.  This is pa r t icu lar ly t rue when an  edge cor rect ion  is applied.  Unless t he st udy ar ea
was an  actua l r ectangle, t he correct ion  may a lt er  the in terpreta t ion  compared to the
uncorrected L.  There a re some subt le differences between  the two, h owever , so some care
sh ould  be u sed.  The em pir ical L is obt a ined from the point s with in  the s tudy a rea , the
geogr aphy of which  is  usua lly ir regu la r .  The random L, h owever , is ca lcu la ted from a
rectangle or  a  cir cle.  Thus, t he differences in  the shape compar isons may a ccount  for  some
var ia t ions .

The r ea lism  of the cor rected fun ction depends  on t he va lidit y of th e under lying
assumpt ions .  If it  is lik ely t ha t  ther e a re point s ou t side t he s tudy a rea , then  a  weigh t ing may
produce a  more rea list ic in terpreta t ion  of the L funct ion .  On the other  hand, if the densit y of
the poin t s out side t he st udy ar ea  is lower  (e.g., if the st udy ar ea  is a m et ropolita n  a rea , th en
the area  ou t side is m ore likely to be suburban  or  ru ra l an d of low popula t ion  den sity), th en  the
weigh t ing will exaggera te t he fun ction rela t ive to wha t  it  sh ould be.  In  the ext rem e case, if
the st udy ar ea  is an  islan d (e.g., Honolu lu), then  there are no poin t s out side t he st udy ar ea
and n o weight ing is just ified.  Even  wh en  weigh t ing would  be just ified, the actu a l boun da ry is
pr obably not  a  rectangle or  a  squ are so tha t  the geomet r ic cor rect ion  above ma y distort  the L
funct ion , too.  In  shor t , some unders tanding of the bas is  for  weigh t ing is  necessa ry to p roduce
a  reasonable L funct ion .

Assign  P rimary Po ints  to  S ec on dary P oints

This rou t ine will ass ign  each  pr ima ry point  to a  seconda ry point  and t hen  will su m by
the number  of pr im ary poin t s assigned to each  secondary poin t . The rout in e is  usefu l for
su mmar izing dat a .  For exam ple, if the pr ima ry file r epr esen t s t he number  of robber ies and
the seconda ry file r epresen t s t he cent roids  of census t r acts , then  the r out ine will a ss ign a ll
robber ies  to a cen su s t r act a nd will then  su m the n umber  of robber ies  in  ea ch cen su s t r act. 
The resu lt is a  count  of the number  of pr ima ry point s for  each  seconda ry point  (zone).  Oth er
exam ples m ight  be to assign st uden t s t o the nearest  school or  to assign  pa t ient s t o the nearest
hospit a l.  Ther e a re m any uses for  su mmar izing da ta  by anoth er  da ta  referen ce.  In the Tr ip
Genera t ion  module (under  Cr im e Travel Demand - see chapter  13), a  model is developed for
the number  of cr imes  or igina t ing in ea ch  zone and a  sepa ra te model for  the number  of cr imes
en din g in  ea ch zone.  Th e “Assign  pr imary poin t s t o seconda ry poin t s” rout ine is  a  good way to
sum ma rize the nu mber of crimes by zones.

Th er e a re t wo met hods for  ass igning the pr imary poin t s t o th e seconda ry.

N ea r e st  n ei gh b or  a s si gn m e n t

Th is r out ine a ss igns each p r imary poin t  to th e seconda ry poin t  to which it  is closes t .  It
goes t h rough  a ll the pr imary poin t s a nd sums t he n umber  ass igned to each seconda ry poin t . 
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Thus, t he logical oper a t ion  is ‘nea rest  to’.  If th er e a re t wo or  more s econda ry point s t ha t  a re
exactly equ a l, the a ss ignmen t  goes to th e firs t  one on the list .

P oi n t -i n -p o lyg on  a s si gn m e n t

This r out ine a ss igns each pr imary point  to th e seconda ry point  for  wh ich it  falls  wit h in
it s polygon  (zone).  The poin t -in-polygon  ass ignmen t  rea ds  a  zona l boun da ry file (in ArcView
‘sh p’ format ) an d det er mines  wh ich zone ea ch p r imary poin t  falls  wit h in .  In  th is case , the
logica l opera t ion  is  ‘belongs  to’.  A zone (polygon) shape file mus t  be p rovided  and the rou t ine
checks which  secondary zone each  p r imary poin t  fa lls  with in .

Most  GIS pa cka ges can  do a  poin t -in-polygon  oper a t ion  but  few a llow a  nearest
neighbor  assignment .  In genera l, the two are similar  though t here will be differences du e to
the irr egula r  sh ape of zone bounda r ies.  For exam ple, figure 5.9 below sh ows a n  inciden t  tha t
is with in  Tr affic Ana lysis  Zone (TAZ) 0546, bu t  is a ctu a lly closer  to th e cen t roid of TAZ 0547. 
The cha racter ist ics associa ted wit h  th is in ciden t  a re m ore lik ely to be associa ted wit h  the
character is t ics  of the second zon e than  the zon e to which  it  belon gs .  The decis ion  on which
cr it er ia  to use in  assign in g t he in ciden t  to a  zon e depends on how in tegr a l is the zon e to which
it  belon gs .  If the zon es a re bounded by m ajor  a r t er ia ls , t hen  t ravel behavior  wit h in  the zon e
wit h  be defined by t hose a r t er ia ls; in  th is case, it  would  pr obably be pr udent  to use t he poin t -
in -polygon  assignment .  On  the other  hand, if the zone boundar ies  a re not  a  fundamenta l
separa t ion , t hen  the nearest  neighbor  assignment  would  probably produce a  bet t er  fit  to the
in ciden t  sin ce the character is t ics  of the closer  zon e are liable to hold  for  the in ciden t .  In  shor t ,
th e user mu st decide on which t heoretical basis to assign points.

Zone  fi l e

A zon a l file must  be provided.  This  is  a  polygon  file tha t  defin es the zon es to which  the
pr ima ry point s a re assigned. The zone file sh ould be th e sa me as t he seconda ry file (see
Seconda ry file).  For each  poin t  in t he pr ima ry file, the rou t ine iden t ifies which  polygon  (zone)
it  belon gs  to and then  sums the number  of poin t s per  polygon .

Na m e of a s s igned  var iab le

Specify the n ame of the summed var iable.  Th e defau lt  name is  FRE Q.  

Use w e igh t ing  fi l e

The pr im ary file records can  be weighted by a nother  file.  This  would  be usefu l for
cor rect ing the tota ls from the pr ima ry file.  For example, if the pr ima ry file were robbery
inciden t s from a n  ar rest  record, th e su m of th is var iable (i.e. th e tota l nu mber  of robber ies)
may produce a  biased dist r ibut ion  over t he seconda ry file zones because the pr ima ry file was
not  a  random sa mple of a ll inciden t s (e.g., if it cam e from an  ar rest  record wh ere the
dis t r ibu t ion of robbery ar res t s is  not t he same a s t he dist r ibu t ion of all r obber y inciden t s).  

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Figure 5.9:
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The seconda ry file or  another  file can  be used t o adjus t  the su mmed t ota l.  The
weight ing var iable sh ould have a field tha t  ident ifies the ra t io of the t rue to the measu red
count  for  each  zon e.  A va lu e of 1 indica tes tha t  the summed va lu e for  a  zon e is  equa l t o the
t rue value; hence no adjus tment  is needed.  A value grea ter  than  1 indicat es t ha t  the su mmed
value needs t o be ad just ed u pwa rd t o equa l th e t rue value.  A value less t han  1 indicat es t ha t
the su mmed valu e needs t o be ad just ed downwa rd t o equa l th e t rue value.

If anoth er  file is t o be used for  weigh t ing, ind icat e wh et her  it  is t he seconda ry file or, if
another  file, the name of the other  file.

N am e of assigned  weighted variable

For a  weigh ted su m, specify the n ame of the va r iable.  Th e defau lt  will be ADJ FRE Q.  

S a v e  r es u lt  t o

For  both  rout in es, t he outpu t  is  a  'dbf' file . Defin e the file name.  Note: be carefu l a bout
usin g the same name a s t he seconda ry file as t he saved file will have the new va r iable.  It  is
best  to give it  a  new name.

A new va r iable will be added to th is file tha t  gives t he number  of pr imary point s in
each  secondary file zon e and, if weight in g is used, a  secondary var ia ble will be added which
has t he a dju st ed frequ en cy.

E xa m ple : As si gn in g  Ro bb e ri e s to  Zo n e s

To illus t ra te the rou t ine, t able 5.4 sh ows t he resu lts  of su mmar izing 1181 1997
robber ies tha t  occur red in  Ba lt im ore to 325 Traffic An a lysis  Zones.  The two methods a re
compa red.  Only th e first 30 assignm ents a re shown.  In genera l, th ey give similar  results.
However , t here a re differences due to the method.  One is  tha t  the nearest  neighbor  method
will a ss ign  poin t s on  the ba sis  of pr oximit y wh ile t he point -in-polygon  met hod will n ot.  In  the
case of the Ba lt im ore Cou nty r obber ies, some of these were assigned to a  City of Ba lt im ore
TAZ because those TAZ’s were closer , ra ther  than  to a Ba lt imore Coun ty TAZ.  Anoth er  is t ha t
if a  zon e is  very ir regu la r , poin t s may be assigned to it  under  the poin t -in -polygon  method
wh ich m ay be qu it e far  awa y.

Thus, the u ser ha s to decide which m ethod ma kes th e most sense.  If th e purpose is to
ass ign inciden t s t o th e zone wh ich it  is m ost  likely to be rela ted, for exa mple, when  developing
a da ta  set for zona l modeling (see cha pters 12 and 13), th en th e nearest  neighbor m ethod ma y
produce a  bet t er  represen ta t ion .  The in ciden t s a re then  assigned to a  zon e which  has
cha racter ist ics tha t  pr obably will be r ela ted to th e factors  cau sin g the inciden t s in  the firs t
pla ce.  On  the other  hand, if the object is  to as sign  inciden t s on  the ba sis  of mem ber sh ip (e.g.,
assign in g cr im es to police precin ct s), t hen  the poin t -in -polygon  method will be the most
accura te.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



5.38

 Ta ble 5.4

Assignin g Incident s t o Zones
1181 1997 Robber ies and 325 Traffic Ana lysis Zones

TAZ P o i n t -i n -P o l y g o n N e a r e s t  N e i g h b o r

0401 0 0

0402 0 0

0403 1 1

0404 0 0

0405 0 0

0406 0 0

0407 0 0

0408 0 0

0409 0 0

0410 0 0

0411 0 0

0412 0 0

0413 0 0

0414 1 1

0415 0 0

0416 0 0

0417 0 0

0418 0 0

0419 0 0

0420 0 0

0421 0 0

0422 0 1

0423 0 0

0424 1 0

0425 3 0

0426 2 2

0427 3 2

0428 0 0

0429 5 5

0430 0 0

Dis tan ce  Analy s is  II

Th e r em ain ing dis t ance ana lysis  rout ines  a re on the Dis tance Analysis  II  pa ge.  F igure
5.10 shows the pa ge.

D is ta n c e  Ma tri ce s

Crim eS tat has the capability for  ou tput t ing d istance mat r ices.  There a re four
types of ma t r ices tha t  can  be outpu t .  
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Distance Analysis II ScreenFigure 5.10:
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1. First , the dist ance between  ever y point  in  the pr imary file and every other  point
can  be calcula ted in  miles, n au t ical m iles, feet , kilomet er s or  met er s.  Th is is
ca lled th e Within  File Point-to-Point mat r ix (Mat r ix).  

2. Second, if ther e is  a lso a  seconda ry file, Crim eS tat can  ca lcu la te the d is tance
from ever y point  in  the pr imary file to every point  in  the seconda ry file, again  in
miles, nau t ica l miles, feet , kilometers or m eters.  This is called the From
Prim ary File Poin ts to Secondary File Poin ts mat r ix (Ima t r ix).

3. Th ird, if ther e is a  referen ce file defined , the dist ance from ea ch pr imary point
to each  grid cell can  be compu ted.  This is called the From  Prim ary File Points to
Grid  mat r ix (PGMa t r ix).

4. Four th , if there is  a lso a  secondary file and a  reference file, t he dis t ance from
each  seconda ry point  to each  grid cell can  be compu ted.  This is called the From
S econdary File Point s to Grid  mat r ix (SGMat r ix).

Each  of these types of mat r ices can  be displa yed or  saved to an  Ascii t ext  file for  im por t
in to another  p rogram.  Each  mat r ix defines  inciden t s  by the order  in  which  they occur  in  the
files (i.e., Record  number  1 is  list ed as ‘1'; record n umber  2 is  list ed ‘2'; and so fort h ).  Only a
su bset  of each m at r ix is disp layed on  the r esu lt s t ab.  However , ther e a re horizonta l and
vert ica l slider  bars t ha t  a llow the user  to scroll th rough t he mat r ix.  The user  sh ould move th e
vert ica l slide ba r  firs t  to an  appr oximate pr oport ion  of the mat r ix and click t he Go bu t ton . 
The mat r ix will scroll th rough t he rows of the mat r ix to a  place which  repr esen t s t ha t
pr oport ion  indica ted in t he slide bar .  The user  can  then  scroll across t he rows with  the upper
s lide ba r .

The mat r ices can  be used for  var ious pu rposes.  The with in file point -to-point  m atrix
can  be used t o exam ine dist ances bet ween  pa r t icular  inciden t s.  The saved Ascii ‘.txt’ m atrix
can  a lso be impor ted  in to a  network  program for  es t imat ing t ranspor ta t ion  rou tes . The
prim ary-to-secondary file m atrix can  be u sed in  opt imiza t ion r out ines , for  exa mple in  t rying to
assess opt imal a lloca t ion of police car s in  order  to min imize r esponse t ime in  a  police dis t r ict. 
The dis t ances to the gr id  cells can  be used to compare the dis t ances for  differen t  dis t r ibu t ion s
to a  cen t ra l loca t ion  (e.g., a  police st a t ion).  Ther e are many app lica t ions wh ere dist ances a re
the pr ima ry un it of ana lysis.  However, t he user  will need other  software to read t he files.

Be ca refu l in  ou tpu t t ing dist ances, th ough, because t he files will genera lly be very
lar ge. For  exam ple, a pr ima ry file of 1000 inciden t s wh en int erpola ted t o 9000 grid cells (100
colu mns x 90 rows) will p roduce 9 million  pa ir ed compar isons.  Such  a  file will t ake a  lot  of
disk  spa ce.  For t ha t  reason, we on ly a llow outpu t  to an  Ascii text  file.
 

Th is concludes the discuss ion  of second-order  pr oper t ies.  The next  two chapt er s will
discuss t he iden t ificat ion  of ‘hot spots’ wit h  Crim eS tat.
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1. There is also a m ean  random dist ance for  a  disper sed pa t t ern , ca lled th e m ean
dispersed  d istance (Ebdon, 1988).  It  is defined as

SQRT[2]
d(dis ) =  -------------------------

      31 /4 SQRT[ N/A ]

A neares t  neighbor  index can  be set  up  compar ing the observed  mean  neighbor
dis tance with  tha t  expected for  a  dispersed pa t t er n .  Crim eS tat only provides the
t radit iona l nea rest  neighbor  index, but  it does ou tpu t  the mean  disper sed d istance.

2. Unfor tuna tely, t he t erm order wh en  used in  the context  of nea rest  neighbor a na lysis
ha s a slight ly different  mean ing th an  when used as first-order compared  to second-
order st a t ist ics.  In  the n ea rest  neigh bor context , order really mean s neighbor
wh er ea s in  the t ype of st a t ist ics context , order mean s th e scale of th e stat istics,
globa l or  local.  Th e u se of the t er ms is  h ist orical.

3. It m ight  be possible to test with a  Mont e Car lo simu lation.  Tha t is, two separa te
random sa mples of 1181 ‘robber ies’ and 6051 ‘burglar ies’ respectively would be
dr awn.  The nearest  neighbor  dist ance for  each  of these sa mples would be ca lcu lat ed
an d th e rat io of th e two would be ta ken.  This experiment would be repeated m an y
t im es (e.g., 1000 or  more) to yield  an  approxim ate 95% confidence in terva l of t he
ra t io.

4. There is  not  a  hard-and-fast  ru le about  how many K-order  nearest  neighbor
dis tances m ay be calcu la ted.  Cressie (1991, p. 613) shows t ha t  er ror in creases with
increa sing order  and t he degree of divergence from an  edge-cor rected m easu re
increa ses over  t ime.  In  a  t est  case of 584 point  loca t ions, he shows t ha t  even a ft er
only 25 nearest  neighbors, t he uncor rected measure yields opposit e conclu sion s
about  clus ter ing from the cor rected m easu res.  So, as a  rough a ppr oximat ion , order s
no great er th an  2.5% of th e cases should be calculat ed.

5. Because Crim eS tat uses in direct  dist ance for  the linear  nearest  neighbor  index (i.e.
measurement  only in  an  hor izonta l or  ver t ica l d ir ect ion ), t here is  a  sligh t  dis tor t ion
tha t  can  occur  if the inciden t s a re dist r ibu ted in  a  dia gona l manner , su ch a s with
St a te H ighwa ys 26 a nd 150 in  Figure 5.4.  The dist ort ion is  ver y sm all, however . 
For  exam ple, with  the inciden t s a long Sta te Highway 26, a ft er  rota t ing the inciden t
poin t s so th a t  they fell appr oximately in a  hor izonta l or ient a t ion , th e obser ved
avera ge linea r  nearest  neighbor  dist ance decrea sed s ligh t ly from 0.05843 miles to
0.05061 miles and the linear  nearest  neighbor  in dex became 0.8354 (t=-.91; not
significan t ).  In oth er  words, t he effect s of the diagona l dist r ibut ion  lengthened t he
est ima te for  the avera ge linea r  nearest  neighbor  dist ance by about  41 feet  compa red
to the actua l distances bet ween  inciden t s.  For a  sm all sa mple size, th is cou ld be
releva nt , bu t  for  a  larger  sa mple it  gener a lly will be a  sm all dis tort ion .  However , if

Endnotes  for  Chapter  5
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a  more precise measure is  requir ed, t hen  the user  should  rota t ion  the dis t r ibu t ion
so tha t  the in ciden t s have as closely as possible a  hor izonta l or  ver t ica l or ien ta t ion .
An a lterna tive is to calculat e the regular n earest  neighbor dista nce but  use a
network for dis t ance ca lcu la t ion s (see chapter  3).

6. This form of the L(t s) is  t aken  from Cr essie (1991).  In  Ripley’s or igin a l for mula t ion
(Ripley, 1976), dista nce is not subt racted from t he square root  funct ion .  The
advantage of the Cres sie formulat ion  is tha t  a  complete random dist r ibut ion  will be
a st ra ight  line tha t is para llel to th e X-axis.

7. In  ea r lier  ver sion s of Crim eS tat, th e dist ance was h a lf the side of an  assu med
square.  It  has been  reduced in  Crim eS tat III to empha size the nea r dista nces to
poin t s. The st a t is t ic doesn’t  make much sense over  a  la rger  study r egion .

8. Note, tha t  sin ce th er e is n ot a  formal test  of sign ifican ce, th e compa r ison wit h  an
en velope pr oduced from a  number  of sim ula t ions provides only approximate
confidence about  whether  the d is t r ibu t ion  d iffer s  from chance or  not .  Tha t  is , one
cannot  say tha t  the likelihood  of obta in ing th is  r esu lt  by chance is  less than  5%, for
exam ple.

9. The ‘guard r a il’ concept , wh ile frequ en t ly used, is  poor  met hodology becau se it
involves  ignor ing da ta  near  the boundary of a  s tudy a rea .  Tha t  is , poin t s  with in  the
gua rd r a il a re on ly a llowed t o be selected by other  poin t s a nd n ot , in  tu rn , be
a llowed t o select  others.  This h as t he effect  of th rowing ou t  da ta  tha t  cou ld be very
impor t an t .  It  is  ana logous to the old , bu t  for tuna tely now d isca rded , p ract ice of
th rowin g ou t  ‘out lier s’ in  regr ession  ana lysis  because the out lier s were somehow
seen  as ‘not  typ ica l’.  The gu ard ra il concept  is  a lso poor  policin g pract ice sin ce
inciden t s  occur r ing near  a  border  may be very impor tan t  to a  police depar tment  and
may r equir e coordin a t ion  wit h  an  adjacen t  ju r isdict ion .  In  shor t , u se mathemat ica l
adjustm ents for edge corr ections or, failing th at , leave th e data  as it  is.

10. The use of a  log funct ion  for  the weight  is  differen t  than  in  previous version s of
Crim eS tat, both  for t he recta ngular a nd circular  corr ections.
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Chapter 6

‘Hot Spot’ Analysis I

In this and the next chapter, we describe seven tools for identifying clusters of crime
incidents.  The discussion has been divided into two chapters primarily because of the
length of the discussion.  This chapter discusses the concept of a hot spot and four hot spot
techniques: the mode, fuzzy mode, nearest neighbor hierarchical clustering, and risk-
adjusted nearest neighbor hierarchical clustering.  The next chapter discusses STAC, the
K-means algorithm, and Anselin’s Local Moran statistics.  However, the seven techniques
should be seen as a continuum of approaches towards identifying hot spots.

Hot Spots

Typically called hot spots or hot spot areas, these are concentrations of incidents
within a limited geographical area that appear over time.  Police have learned from
experience that there are particular environments that attract drug trading and crimes in
larger-than-expected concentrations, so-called crime generators.  Sometimes these hot spot
areas are defined by particular activities (e.g., drug trading; Weisburd and Green, 1995;
Sherman, Gartin and Buerger, 1989; Maltz, Gordon, and Friedman, 1989), other times by
specific concentrations of land uses (e.g., skid row areas, bars, adult bookshops, itinerant
hotels), and sometimes by interactions between activities and land uses, such as thefts at
transit stations or bus stops (Block and Block, 1995;  Levine, Wachs and Shirazi, 1986). 
Whatever the reasons for the concentration, they are real and are known by most police
departments.

While there are some theoretical concerns about what links disparate crime
incidents together into a cluster, nonetheless, the concept is very useful.  Police officers
patrolling a precinct can focus their attention on particular environments because they
know that crime incidents will continually reappear in these places.  Crime prevention
units can target their efforts knowing that they will achieve a positive effect in reducing
crime with limited resources (Sherman and Weisburd, 1995).  In short, the concept is very
useful.  

Nevertheless, the concept is a perceptual construct.  ‘Hot spots’ may not exist in
reality, but could be areas where there is sufficient concentration of certain activities (in
this case, crime incidents) such that they get labeled as being an area of high concentration. 
There is not a boundary around these incidents, but a gradient where people draw an
imaginary line to indicate the location at which the hot spot starts.  In reality, any variable
that is measured, such as the density of crime incidents, will be continuous over an area,
being higher in some parts and lower in others.  Where a line is drawn in order to define a
hot spot is somewhat arbitrary. 

Statistical Approaches to the Measurement of ‘Hot Spots’

Unfortunately, measuring a hot spot is also a complicated problem.  There are
literally dozens of different statistical techniques designed to identify ‘hot spots’ (Everitt,
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1974).  Many, but not all, of the techniques are typically known under the general
statistical label of cluster analysis.  These are statistical techniques aimed at grouping
cases together into relatively coherent clusters.  All of the techniques depend on optimizing
various statistical criteria, but the techniques differ among themselves in their
methodology as well as in the criteria used for identification.  Because ‘hot spots’ are
perceptual constructs, any technique that is used must approximate how someone would
perceive an area.  The techniques do this through various mathematical criteria.

Types of Cluster Analysis (Hot Spot) Methods

Several typologies of cluster analysis have been developed as cluster routines
typically fall into several general categories (Everitt, 1974; C, an and Megbolugbe, 1996):

1. Point locations.  This is the most intuitive type of cluster involving the
number of incidents occurring at different locations.  Locations with the most
number of incidents are defined as ‘hot spots’.  CrimeStat includes two point
location techniques: the Mode and Fuzzy Mode;

2. Hierarchical techniques (Sneath, 1957; McQuitty, 1960; Sokal and Sneath,
1963; King, 1967; Sokal and Michener, 1958; Ward, 1963; Hartigan, 1975)
are like an inverted tree diagram in which two or more incidents are first
grouped on the basis of some criteria (e.g., nearest neighbor).  Then, the pairs
are grouped into second-order clusters.  The second-order clusters are then
grouped into third-order clusters, and this process is repeated until either all
incidents fall into a single cluster or else the grouping criteria fails.  Thus,
there is a hierarchy of clusters that can be displayed with a dendogram (an
inverted tree diagram).  

Figure 6.1 shows an example of a hierarchical clustering where there are four
orders (levels) of clustering; the visualization is non-spatial in order to show
the linkages.  In this example, all individual incidents are grouped into first-
order clusters which, in turn, are grouped into second-order clusters which, in
turn, are grouped into third-order clusters which all converge into a single
fourth-order cluster.  Many hierarchical techniques, however, do not group all
incidents or all clusters into the next highest level. CrimeStat includes two
hierarchical techniques: a Nearest Neighbor Hierarchical Clustering routine
in this chapter and the Spatial and Temporal Analysis of Crime module
(STAC) which will be discussed in chapter 7;

3. Partitioning techniques, frequently called the K-means technique, partition
the incidents into a specified number of groupings, usually defined by the
user (Thorndike, 1953; MacQueen, 1967; Ball and Hall, 1970;  Beale, 1969). 
Thus, all points are assigned to one, and only one, group.  Figure 6.2 shows a
partitioning technique where all points are assigned to clusters and are
displayed as ellipses.  CrimeStat includes one partitioning technique, a K-
means partitioning technique;
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Hierarchical Clustering Technique
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Partitioning Clustering Technique
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4. Density techniques identify clusters by searching for dense concentrations of
incidents (Carmichael et al, 1968; Gitman and Levine, 1970; Cattell and
Coulter, 1966; Wishart, 1969).  CrimeStat has one density search algorithm
using a Single Kernel Density method; this is discussed in chapter 8;

5. Clumping techniques involve the partitioning of incidents into groups or
clusters, but allow overlapping membership (Jones and Jackson, 1967;
Needham, 1967; Jardine and Sibson, 1968; Cole and Wishart, 1970);

6. Risk-based techniques identify clusters in relation to an underlying base ‘at
risk’ variable, such as population, employment, or active targets (Jefferis,
1998; Kulldorff, 1997; Kulldorff and Nagarwalla, 1995).  CrimeStat includes
two risk-based technique - a Risk-adjusted Nearest Neighbor Hierarchical
Clustering routine, discussed in this chapter, and a Duel Kernel Density
method, discussed in chapter 8; and

7. Miscellaneous techniques are other methods that are less commonly used
including techniques applied to zones, not incidents.  CrimeStat includes
Anselin’s Local Moran technique for identifying neighborhood discrepancies
(Anselin, 1995).

There are also hybrids between these methods.  For example, the Risk-adjusted
Nearest Neighbor Hierarchical Clustering routine is primarily a risk-based technique but
involves elements of clumping while STAC is primarily a partitioning method but with
elements of hierarchical grouping (Block and Green, 1994).

Optimization Criteria

In addition to the different types of cluster analysis, there are different criteria that
distinguish techniques applied to space.  Among these are:

1. The definition of a cluster - whether it is a discrete grouping or a continuous
variable; whether points must belong to a cluster or whether they can be
isolated; whether points can belong to multiple clusters.

2. The choice of variables in addition to the X and Y coordinates - whether
weighting or intensity values are used to define similarities.

3. The measurement of similarity and distance - the type of geometry being
used; whether clusters are defined by closeness or not; the types of similarity
measures used.

4. The number of clusters - whether there are a fixed or variable number of
clusters; whether users can define the number or not.
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5. The geographical scale of the clusters - whether clusters are defined by small
or larger areas; for hierarchical techniques, what level of abstraction is
considered optimal.

6. The initial selection of cluster locations (‘seeds’) - whether they are
mathematically or user defined; the specific rules used to define the initial
seeds.

7. The optimization routines used to adjust the initial seeds into final locations -
whether distance is being minimized or maximized; the specific algorithms
used to readjust seed locations.

8. The visual display of the clusters, once extracted - whether drawn by hand or
by a geometrical object (e.g., an ellipse, a convex hull); the proportion of cases
represented in the visualization.

This is not the place to provide a comprehensive review of cluster techniques. 
Nevertheless, it should be clear that with the several types of cluster analysis and with the
many criteria that can be used for any particular technique provides a large number of
different techniques that could be applied to an incident data base.  It should be realized
that there is not a single solution to the identification of hot spots, but that different
techniques will reveal different groupings and patterns among the groups.  A user must be
aware of this variability and must choose techniques that can complement other types of
analysis.  It would be very naive to expect that a single technique can reveal the existence
of hot spots in a jurisdiction which are unequivocally clear.  In most cases  analysts are not
even sure why there are hot spots in the first place and, until that is solved, it would be
unreasonable to expect a mathematical or statistical routine to solve that problem.  

Cluster Routines in CrimeStat

Because of the variety of cluster techniques, CrimeStat includes seven techniques
that cover the range of techniques that have been used:

1. The Mode
2. The Fuzzy Mode
3. Nearest neighbor hierarchical clustering
4. Risk-adjusted nearest neighbor hierarchical clustering
5. The Spatial and Temporal Analysis of Crime (STAC) module
6. K-means clustering
7. Anselin’s Local Moran statistic

  These are not the only techniques, of course, and analysts should use them as
complements to other types of analysis.  Because of the number of routines, these routines
have been allocated to two different setup tabs in CrimeStat called ‘Hot Spot’ Analysis I
and ‘Hot Spot’ Analysis II.  However, they should be seen as one collection of similar
techniques.  This chapter will discuss the first four of these. Figure 6.3 shows the ‘Hot Spot’
Analysis I page.
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Mode

The mode is the most intuitive type of hot spot.  It is the location with the largest
number of incidents.  The CrimeStat Mode routine calculates the frequency of incidents
occurring at each unique location (a point with a unique X and Y coordinate), sorts the list,
and outputs the results in rank order from the most frequent to the least frequent.  

Only locations that are represented in the primary file are identified.  The routine
outputs a ‘dbf’ file that includes four variables:

1. The rank order of the location with 1 being the location with the most
incidents, 2 being the location with the next most incidents, 3 being the
location with the third most incidents, and so forth until those locations that
have only one incident each;

2. The frequency of incidents at the location.  This is the number of incidents
occurring at that location;

3. The X coordinate of the location; and 

4. The Y coordinate of the location.

To illustrate, table 6.1 presents the formatted output for the ten most frequent
locations for motor vehicle thefts in the Baltimore region in 1996 (the rest were ignored)
and figure 6.4 maps the ten locations.1  The map displays the locations with a round
symbol, the size of which is proportional the number of incidents.  Also, the number of
incidents at the location is displayed.  These vary from a high of 43 vehicle thefts at
location number 1 to a low of 15 vehicle thefts at location number 10.  In order to know
what these locations represent, the user will have to overlay other GIS layers over the
points.  In the example, of the ten locations, eight are at shopping centers, one is the
parking lot of a train station, and one is the parking lot of a large organization. 

The mode is a very simple measure, but one that can be very useful.  In the
example, it’s clear that most vehicle thefts occur at institutional settings, where there are a
collection of parked vehicles.  In the case of the shopping centers, the Baltimore County
Police Department are aware of the number of vehicles stolen at these locations and work
with the shopping center management offices to try to reduce the thefts.  It also turns out
that shopping centers are the most frequent locations for stolen vehicle retrievals, so it
works both ways.

Fuzzy Mode

The usefulness of the mode, however, is dependent on the degree of resolution for
the geo-referencing of incidents. In the case of the Baltimore vehicle thefts, thefts locations 
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Table 6.1

Mode Output for 
Most Frequent Locations for Motor Vehicle Thefts

Baltimore: 1990

Mode:
-------

Sample size............: 14853
Measurement type.......: Direct
Start time.............: 12:46:15 PM, 07/15/2001
End time...............: 12:50:19 PM, 07/15/2001

Displaying 45 results(s) starting from 1 (ONLY 10 SHOWN)

Rank Freq        X       Y
------- ------ ------------- ------------
1     43    -76.75070     39.31150
2     37    -76.47100     39.37410
3     24    -76.48800     39.33720
4     24    -76.60150     39.40420
5     23    -76.78770     39.40460
6     22    -76.65170     39.29270
7     21    -76.73190     39.28800
8     17    -76.53630     39.30600
9     15    -76.70260     39.35600
10     15    -76.51280     39.29270

were assigned a single point at the address.  Thus, all thefts occurring at any one shopping
center are assigned the same X and Y coordinates.  However, there are situations when the
assignment of a coordinate will not be a good indicator of the hot spot location.  For
example, assigning the vehicle theft location to a particular stall in a parking lot will lead
to few, if any, locations coming up more than once.  In this case, the mode would not be a
useful statistic at all.  Another example is assigning the vehicle theft location for the
parking lot of a multi-building apartment complex to the address of the owner.  In this case,
what is a highly concentrated set of vehicle thefts become dispersed because the owners live
in different buildings with different addresses.

Consequently, CrimeStat includes a second point location hot spot routine called the
Fuzzy Mode.  This allows the user to define a small search radius around each location to
include events that occur around or near that location. For example, a user can put a 50
yard or 100 meter search radius and the routine will calculate the number of incidents that
occur at each location and within a 50 yard or 100 meter radius.

The aim of the statistic is to allow the identification of locations where a number of
incidents may occur, but where there may not be precision in measurement.2  For example,
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if several apartment complexes share a parking lot, any vehicle theft in the lot may be
assigned to the address of the owner, rather than to the parking lot.  In this case, the
measurement is imprecise.  Plotting the location of the vehicle thefts will make it appear
that there are multiple locations, when, in fact, there is only approximately one.  

Another example would be the measurement of motor vehicle crashes that all occur
at a single intersection.  If the measurement of the location is very precise, the crashes
could be assigned to slightly different locations when, in fact, they occurred at more or less
the same location.  In other words, the fuzzy mode allows a flexible classification of a
location where the analyst can vary slightly the area around a location.

The fuzzy mode output file is also a ‘dbf’ file and, like the mode, also includes four
output variables:

1. The rank order of the location with 1 being the location with the most
incidents, 2 being the location with the next most incidents, 3 being the
location with the third most incidents, and so forth until only those locations
which have only one incident each;

2. The frequency of incidents at the location.  This is the number of incidents
occurring at that location;

3. The X coordinate of the location; and 

4. The Y coordinate of the location.

Note, that allowing a search radius around a location means that incidents are
counted multiple times, one for each radius they fall within.  If used carefully, the fuzzy
mode can allow the identification of high incident locations more precisely than the mode
routine.  But, because of the multiple counting of incidents that occurs, the frequency of
incidents at locations will change, compared to the mode, as well as possibly the hierarchy.

To illustrate this, figure 6.5 maps the top 13 locations for vehicle thefts identified by
the fuzzy mode routine using a search radius of 100 yards.  Thirteen locations are included
because four were tied for number 10.  The 13 locations are displayed by a magenta
triangle and are compared to the 10 locations identified by the mode (blue circle).  Three of
the locations identified by the fuzzy mode routine are at the same approximate locations as
that identified by the mode, but the remaining eight locations are clustered at a place not
identified by the mode. 

Figure 6.6 zooms in to display the eight clustered locations.  This is a small regional
mall within Baltimore city that has a subway station, a Maryland state motor vehicle
administration office, and a parole/probation office. There are multiple parking lots located
within the mall. Within this space, approximately 29 vehicle thefts occurred in 1996.
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The fuzzy mode has identified a general location where there are multiple sub-locations in
which vehicle thefts occur.

In other words, the fuzzy mode allows the identification of small hot spot areas,
rather than exact locations.  But, because all points within the user-defined search area are
counted, points are counted multiple times. Thus, any one location may not have a
sufficient number of incidents to be grouped in the ‘top 10' by itself, but, because it is close
to other locations that have incidents occurring, it may be elevated to the ‘top 10' due to its
adjacency to these other incident locations.

Still, the user must be careful in the analysis.  By changing the search radius, the
number of incidents counted for any one location changes as well as it’s order in the
hierarchy.  For example, when a quarter mile search radius was used, all top locations
occurred within a short distance of each other (not shown).

Nearest Neighbor Hierarchical Clustering (Nnh)

The nearest neighbor hierarchical clustering (Nnh) routine in CrimeStat identifies
groups of incidents that are spatially close.  It is a hierarchical clustering routine that
clusters points together on the basis of a criteria. The clustering is repeated until either all
points are grouped into a single cluster or else the clustering criteria fails.  Hierarchical
clustering methods are among the oldest cluster routines (Everitt, 1974; King, 1967;
Systat, 2000).  Among the clustering criteria that have been used are the nearest neighbor
method (Johnson, 1967; D'andrade. 1978), farthest neighbor, the centroid method (King,
1967), median clusters (Gowers, 1967), group averages (Sokal and Michener, 1958), and
minimum error (Ward, 1967).

The CrimeStat Nnh routine uses a method that defines a threshold distance and
compares the threshold to the distances for all pairs of points.  Only points that are closer
to one or more other points than the threshold distance are selected for clustering.  In
addition, the user can specify a minimum number of points to be included in a cluster. 
Only points that fit both criteria - closer than the threshold and belonging to a group
having the minimum number of points, are clustered at the first level (first-order clusters).  

The routine then conducts subsequent clustering to produce a hierarchy of clusters.
The first-order clusters are themselves clustered into second-order clusters.  Again, only
clusters that are spatially closer than a threshold distance (calculated anew for the second
level) are included.  The second-order clusters, in turn, are clustered into third-order
clusters, and this re-clustering process is continued until either all clusters converge into a
single cluster or, more likely, the clustering criteria fails.

Criteria 1: Threshold Distance

The first criteria in identifying clusters is whether points are closer than a specified
threshold distance.  There are two choices in selecting the threshold distance: 1) a random
nearest neighbor distance (the default) and 2) a fixed distance.
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Random nearest neighbor distance

The default choice to use the expected random nearest neighbor distance for first-
order nearest neighbors. The user specifies a one-tailed confidence interval around the
random expected nearest neighbor distance.  The t-value corresponding to this probability
level, t, is selected from the Student’s t-distribution under the assumption that the degrees
of freedom are at least 120.3

This selection is controlled by a slide bar under the routine (see Figure 6.3).  From
chapter 5, the mean random distance was defined as

          A
Mean Random Distance  = d(ran) = 0.5 SQRT [ ------] (5.2)

          N repeat

where A is the area of the region and N is the number of incidents.  The confidence interval
around that distance is defined as

Confidence
Interval for Mean
Random Distance = Mean Random Distance ± t* SEd(ran)

         A       0.26136
= 0.5 SQRT [ ------]  ±  t [-------------------] (6.1)

         N    SQRT[ N2 /A ]

where A is the area of the region, N is the number of incidents, t is the t-value associated
with a probability level in the Student’s t-distribution.  

The lower limit of this confidence interval is

Lower Limit of
Confidence Interval
for Mean Random          A        0.26136
Distance = 0.5 SQRT [ ------]  -   t [-------------------] (6.2)

           N    SQRT [ N2 /A ]

and the upper limit of this confidence interval is

Upper Limit of
Confidence Interval
for Mean Random          A        0.26136
Distance = 0.5 SQRT [ ------] +   t [-------------------] (6.3)

           N    SQRT [ N2 /A ]

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



6.16

The confidence interval defines a probability for the distance between any pair of
points.  For example, for a specific one-tailed probability, p, fewer than p% of the incidents
would have nearest neighbor distances smaller than this selected limit if the distribution
was spatially random.  If the data were spatially random and if the mean random distance
is selected as the threshold criteria (the default position on the slide bar), approximately
50% of the pairs will be closer than this distance.  For randomly distributed data, if a p#.05
level is taken for t (two steps to the left of the default or the fifth in from the left), then only
about 5% of the pairs would be closer than the threshold distance.  Similarly, if a p#.75
level is taken for t (one step to the right of the default or the fifth in from the right), then
about 75% of the pairs would be closer than the threshold distance.

In other words, the threshold distance is a probability level for selecting any two
points (a pair) on the basis of a chance distribution.  The slide bar has 12 levels and is
associated with a probability level for a t-distribution from a sample of 120 or larger.  From
the left, the p-values are approximately (Table 6.2):

Table 6.2

Approximate Probability Values Associated with Threshold Scale Bar

Scale Bar
Position Probability Description

   1 0.00001 Far left point of slide bar
   2 0.0001 Second from left
   3 0.001 Third from left
   4 0.01 Fourth from left
   5 0.05 Fifth from left
   6 0.1 Sixth from left
   7 0.5 Sixth from right (default value)
   8 0.75 Fifth from right
   9 0.9 Fourth from right
 10 0.95 Third from right
 11 0.99 Second from right
 12 0.999 Far right point of slide bar

Taking a broader conception of this, if there is a spatially random distribution, then
for all distances between pairs of points, of which there are

 N (N-1)
----------- 
     2

combinations, fewer than p% of the pairs will be shorter than this threshold distance.  

This does not mean, however, that the probability of finding a cluster is equal to this
probability.  It only indicates the probability of selecting two points (a pair) on the basis of a
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chance distribution.  If additional points are to be included in the cluster, then the
probability of obtaining the cluster will be less.  Thus, the probability of selecting three
points or four points or more points on the basis of chance will be much smaller.

Note that  it is very important that area be defined correctly for this routine to work.
If the user defines the area on the measurement parameters page (see chapter 3), the Nnh
routine uses that value to calculate the threshold distance.  If the user does not define the
area on the measurement parameters page, the routine calculates the area from the
minimum and maximum X/Y values (the bounding rectangle).  In either case, the routine
will be able to calculate a threshold distance and run the routine.  

However, if the area units are defined incorrectly on the measurement parameters
page, then the routine will certainly calculate the threshold distance wrongly.  For
example, if data are in feet but the area on the measurement parameters page are defined
in square miles, most likely the routine will not find any points that are farther apart the
threshold distance since that distance is defined in miles.  In other words, it is essential
that the area units be consistent with the data for the routine to properly work.

Fixed distance

The second choice in selecting a threshold distance is to choose a fixed distance (in
miles, nautical miles, feet, kilometers, or meters).  The uses checks the “Fixed distance” box
and selects a threshold distance.  The main advantage in this method is that the search
radius can be specified exactly.  This is useful for comparing the number of clusters for
different distributions (e.g., the number of robbery hot spots compared to burglary hot spots
using a search radius of 0.5 miles).  The main disadvantage of this method is that the
choice of a threshold is subjective.  The larger the distance that is selected, the greater the
likelihood that clusters will be found by chance.  Of course, this can be tested using a Monte
Carlo simulation (see below).

Criteria 2: Minimum Number of Points

Whatever method is used for selecting a threshold distance, a second criteria is the
minimum number of points that are required for each cluster.  This criteria is used to
reduce the number of very small clusters.  With large data sets, hundreds, if not thousands,
of clusters can be found if only points are selected by being closer than a threshold distance. 
To minimize numerous very small clusters as well as reduce the likelihood that clusters
could be found by chance, the user can set a minimum number restriction.  The default is
10.  By decreasing this number, more clusters are produced; conversely, by increasing this
number, fewer clusters are produced. The routine will only include points in the final
clustering that are part of groups (or clusters) in which the minimum number is found.

First-order clustering

Using these criteria, CrimeStat constructs a first-order clustering of the points.4  For
each first-order cluster, the center of minimum distance is output as the cluster center,
which can be saved as a ‘.dbf’ file.
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Second and higher-order clusters

The first-order clusters are then tested for second-order clustering.  The procedure is
similar to first-order clustering except that the cluster centers are now treated as ‘points’
which themselves are clustered.5  The process is repeated until no further clustering can be
conducted, either all sub-clusters converge into a single cluster, or the threshold distance
criteria fails, or there are fewer than four seeds in the higher-order cluster.

Visualizing the Cluster Output

To identify the approximate cluster location, CrimeStat III allows the cluster to be
output as either an ellipse, a convex hull, or both.

Ellipse output

A standard deviational ellipse is  calculated for each cluster (see chapter 4 for
definition).  The user can choose between 1X (the default), 1.5X, and 2X.  Typically, one
standard deviation will cover more than 50% of the cases, one and a half standard
deviations will cover more than 90% of the cases, and two standard deviations will cover
more than 99% of the cases, although the exact percentage will depend on the distribution. 
The user specifies the number of standard deviations to save as ellipses in ArcView ‘.shp’,
MapInfo ‘.mif’ or Atlas*GIS ‘.bna’ formats.

In general, use a 1X standard deviational ellipse since 1.5X and 2X standard
deviations can create an exaggerated view of the underlying cluster.  The ellipse, after all,
is an abstraction from the points in the cluster that may be arranged in an irregular
manner.  On the other hand, for a regional view, a 1X standard deviational ellipse may not
be very visible.  The user has to balance the need to accurately display the cluster
compared to making it easier for a viewer to understand its location.

Convex hull output

A convex hull is calculated for each cluster (see chapter 4 for definition).  The convex
hull draws a polygon around the points in the cluster.  It is a literal definition of the cluster,
as opposed to the ellipse which is an abstraction.   The convex hull can be saved in ArcView
‘.shp’, MapInfo ‘.mif’ or Atlas*GIS ‘.bna’ formats.

Ellipse or convex hulls

In previous versions of CrimeStat, only ellipses were used for cluster graphical
output.  With the addition of a convex hull, the user can visualize the cluster in two
different ways.  There are advantages and disadvantages of each approach.  The convex
hull has the advantage of being a polygon that corresponds exactly to the cluster.  For
neighborhood level analysis, it is probably preferable to the ellipse, which is an abstraction. 
On the other hand, any convex hull is based on a sample (e.g., this year’s robberies
compared to last year’s robberies) and like any sample will vary from one instance to
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another.  It may not capture all the space associated with the hot spot.  The shape also is
often un-intuitive, following the outline of the incidents.  The ellipse, on the other hand, is
more general and will usually be more stable from year to year.  It usually looks better on a
map or at least users seem to understand it better; it is a more familiar graphical object
than an irregular polygon.  The biggest disadvantage to an ellipse is that it forces a certain
shape on the data, whether there are incidents in every part of it or not.  So, in extreme
cases, one finds ellipses that go outside of study area boundaries or extend into reservoirs
or lakes or other features which are logically impossible.

In short, the user needs to balance the generality and visual familiarity of an ellipse
with the limits of the actual hot spot.  Probably for a small scale, regional perspective, the
ellipses are more adequate and are preferable since a viewer can quickly see where the hot
spots are located.  For detailed neighborhood-level work, however, the convex hull is
probably better since it shows where the incidents actually occurred.

Guidelines for Selecting Parameters

In the Nnh routine, the user has to define three parameters - the threshold distance,
the minimum number of points, and the visual output of the hot spots. For a fixed
threshold distance, the user has to choose something that is meaningful.  For crime
incidents, probably the threshold distance should not be more than 0.5 miles and,
preferably, smaller.  

If the random nearest neighbor distance is used as a threshold, the p-value is
selected with a likelihood slider bar (see figure 6.3).  This bar indicates a range of p-values
from 0.00001 (i.e., the likelihood of obtaining a pair by chance is 0.001%) to 0.999 (i.e., the
likelihood of obtaining a pair by chance is 99.9%).  The slider bar actually controls the value
of t in equation 6.3, which varies from -3.719 to +3.090.  The smaller the t-value, the
smaller the threshold distance.  With smaller threshold distances, fewer clusters are
extracted, which are typically smaller (although not always).

If only pairs of points were being grouped, then the threshold distance would be
critical.  Thus, if the default p#.5 value is selected, then about half the pairs would be
selected by chance if the data were truly random.  However, since there are a minimum
number of points that are required, the likelihood of finding a cluster with the minimum
number of points is much smaller.  The higher the minimum number that is required, the
smaller the likelihood of obtaining a cluster by chance.

Therefore, one can think of the slide bar as a filter for grouping points.  One can
make the filter smaller (moving the slide bar to the left) or larger (moving the slide bar to
the right).  There will be some effect on the final number of clusters, but the likelihood of
obtaining a cluster by chance will be generally low.  Statistically, there is more certainty
with small threshold distances than with larger ones using this technique.  Thus, a user
must trade off the number of clusters and the size of an area that defines a cluster with the
likelihood that the result could be due to chance. 
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This choice will depend on the needs of the user.  For interventions around
particular locations, the use of a small threshold distance may actually be appropriate;
some of the ellipses seen in figure 6.7 below cover only a couple of street segments.  These
define micro-neighborhoods or almost pure hot spot locations.  On the other hand, for a
patrol route, for example, a cluster the size of several neighborhoods might be more
appropriate.  A patrol car would need to cover a sizeable area and having a larger area to
target might be more appropriate than a ‘micro’ environment.  However, there will be less
precision with a larger cluster size covering this type of area.

A second criterion is the minimum number of points that are required to define a
cluster.  If a cluster does not have this minimum number, CrimeStat will ignore the seed
location.  Without this criteria, the Nnh routine could identify clusters of two or three
incidents each.  A hot spot of this size is usually not very useful.  Consequently, the user
should increase the number to ensure that the identified cluster represents a meaningful
number of cases.  The default value is 10, but the user can type in any other value.

The user may have to experiment with several runs to get a solution that appears
right.  As a rule of thumb, start with the default settings.  If there appears to be too many
clusters, tighten up the criteria by selecting a lower probability for grouping a pair by
chance (i.e., shifting the threshold distance to the left) or increasing the minimum number
of points required to be defined as a cluster (e.g., from 10 to 20).  On the other hand, if
there appears to be too few clusters, loosen the criteria by selecting a higher probability for
grouping pairs by chance (i.e., shifting the threshold distance to the right) or decreasing the
minimum number of points in a cluster (e.g., from 10 to 5).  Then, once an appropriate
solution has been found, the user can fine tune the results by slight changes.  

In general, the minimum number of points criteria is more critical for the number of
clusters than the threshold distance, though the latter can also influence the results. For
example, with the 1996 Baltimore County robbery data set (N=1181 incidents), a minimum
of 26 and a maximum of 28 clusters were found by changing the threshold distance from
the minimum p-value (p#0.00001) to the maximum p-value (p#0.999).  On the other hand,
changing the minimum number of points per clusters from 10 to 20 reduced the number of
clusters found (with the default threshold distance) from 26 to 11.  

The third criterion is the visual display of the clusters.  The convex hull is literal; it
will draw a polygon around the points in the cluster.  The ellipse, on the other hand,
requires a decision by the user on the number of standard deviations to be displayed. The
choices are 1X (the default), 1.5X and 2X standard deviations.  Typically, one standard
deviation will cover more than 50% of the cases, one and a half standard deviations will
cover more than 90% of the cases, and two standard deviations will cover more than 99% of
the cases, although the exact percentage will depend on the distribution.  

In general, use a one standard deviational ellipse since 1.5X and 2X standard
deviations can create an exaggerated view of the underlying cluster.  On the other hand, for
a regional view, a one standard deviational ellipse may not be very visible.  The user has to
balance the need to accurately display the cluster compared to making it easier for a viewer
to understand its location.
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Nnh Output Files

The Nnh routine has six outputs. First, for each cluster that is identified, the
hierarchical order and the cluster number.   Second, for each cluster that is calculated,
CrimeStat calculates the mean center of the cluster. Only 45 of the seed locations are
displayed on the screen.  The user can scroll down or across by adjusting the horizontal and
vertical slider bars and clicking on the Go button. This can be saved as a ‘.dbf’ file.  Third,
the standard deviational ellipses of the clusters is shown, whether the graphical output is
an ellipse or a convex hull.  The size of the ellipses are determined by the number of
standard deviations to be calculated (see above).   Fourth, the number of points in the
cluster.  Fifth, the area of the ellipse and, sixth, the density of the cluster (number of points
divided by area). 

The ellipses and convex hulls can be saved in ArcView ‘.shp’, MapInfo ‘.mif’ or
Atlas*GIS ‘.bna’ formats.  Because there are also orders of clusters (i.e., first-order, second-
order, etc.), there is a naming convention that distinguishes the order.  

For the ellipses, the convention is

Nnh<O><username>

where O is the order number and username is a name provide by the user.  Thus,

Nnh1robbery

are the first-order clusters for a file called ‘robbery’ and

Nnh2NightBurglaries

are the second-order clusters for a file called ‘NightBurglaries’.  Within files, clusters are
named

Nnh<O>Ell<N><username>

whereO is the order number, N is the ellipse number and username is the user-defined
name of the file.  Thus,

Nnh1Ell10robbery

is the tenth ellipse within the first-order clusters for the file ‘robbery’ while 

Nnh2Ell1NightBurglaries

is the first ellipse within the second-order clusters for the file ‘NightBurglaries’.
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For the convex hulls, the name will be output with a ‘CNNH1’ prefix for the
first-order clusters, a ‘CNNH2’ prefix for the second-order clusters, and a ‘CNNH3’ prefix for
the third-order clusters.  Higher-order clusters will index only the number.

In other words, names of files and features can get complicated.  The easiest way to
understand this, therefore, is to import the file into one of the GIS packages and display it.  

Example 1: Nearest neighbor hierarchical clustering of burglaries

The Nnh routine was applied to the Baltimore County 1996 burglary data (n=6,051
incidents).  A default one-tailed probability level of .05 (or 5%) was selected and each
cluster was required to contain a minimum of 10 points (the default). CrimeStat returned
122 first-order clusters, 15 second-order clusters and two third–order clusters.  Figure 6.7
shows the first-order clusters displayed as 1x standard deviational ellipses.  Since the
criteria for clustering is the lower limit of the mean random distance, the distances involved
are very small, as can be seen.  Note, the standard deviational ellipse is defined by the
points in the cluster and includes approximately 50% of the points.  Thus, the clusters
actually extend a little beyond the ellipses.  

Figure 6.8 shows the 20 second-order clusters (dashed lines) and the two third-order
clusters (double lines).  As seen, they cover much larger areas than the first-order clusters. 
Finally, figure 6.9 shows a part of east Baltimore County where there are 29  first-order
clusters (solid line), five second-order clusters (dashed lines), and one third-order cluster
(double line).  The street network is presented to indicate the scale.  Most first-order
clusters cover an area the size of a small neighborhood while the second-order clusters
cover larger neighborhoods.

To illustrate how the convex hull produces a different visualization, figure 6.10
shows the same clusters as in figure 6.9 but the clusters are displayed as convex hulls
rather than ellipses.  As seen, the convex hulls are irregular in shape and more limited in
geographical spread; they show only the incidents that are clusters.  The second-order and
third-order clusters are also more defined.  From a policing viewpoint, this is probably more
useful in that it shows where the hot spot incidents are actually located.  As mentioned
above, the polygons created by the convex hulls are irregular and are, therefore, less
familiar to most people.  Consequently, for presentations of crime patterns at a regional
level or even neighborhood-level for non-specialists, the ellipses may convey better where
the hot spots are located.

Advantages of Hierarchical Clustering

There are four advantages to this technique.  First, it can identify small
geographical environments where there are concentrated incidents.  This can be useful for
specific targeting, either by police deployment or community intervention. There are clearly
micro-environments that generate crime incidents (Levine, Wachs and Shirazi, 1986;
Maltz, Gordon and Friedman, 1989).  The technique tends to identify these small
environments because the lower limit of the mean random distance is used to group the 
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Figure 6.7:

 First-Order Baltimore County Burglary 'Hot Spots': Ellipses
Using Nearest Neighbor Hierarchical Clustering Method
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Figure 6.8:

 Second- and Third-Order Burglary 'Hot Spots': Ellipses
Using Nearest Neighbor Hierarchical Clustering Method
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Figure 6.9:

First, Second- and Third-Order Burglary 'Hot Spots': Ellipses
Using Nearest Neighbor Hierarchical Clustering Method
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Figure 6.10:

First, Second- and Third-Order Burglary 'Hot Spots': Convex Hulls
Using Nearest Neighbor Hierarchical Clustering Method
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clusters.  The user can, of course, control the size of the grouping area by loosening or
tightening either the threshold distance or the minimum number of required points. Thus,
the sizes of the clusters can be adjusted to fit particular groupings of points.

Second, the technique can be applied to any entire data set, such as for Baltimore
County and Baltimore City, and need not only be applied to smaller geographical areas,
such as precincts.  This increases the ease of use for analysts and can facilitate comparisons
between different areas without having to limit arbitrarily the data set.

Third, the linkages between several small clusters can be seen through the second-
and higher-order clusters.  Frequently, ‘hot spots’ are located near other ‘hot spots’ which,
in turn, are located near other ‘hot spots’.  As we’ve seen from the maps of robbery,
burglary and motor vehicle thefts in Baltimore County, there are large areas within the
County that have a lot of incidents.  Within these large areas, there are smaller hot spots
and within some of those hot spots, there are even small ones.  In other words, there are
different scales to the clustering of points - different geographical levels, if you will, and the
hierarchical clustering technique can identify these levels.  

Fourth, each of the levels imply different policing strategies.  For the smallest level,
officers can intervene effectively in small neighborhoods, as discussed above.  Second-order
clusters, on the other hand, are more appropriate as patrol areas; these areas are larger
than first-order clusters, but include several first-order clusters within them.  If third- or
higher-order clusters are identified, these are generally areas with very high concentrations
of crime incidents over a fairly large section of the jurisdiction.  The areas start to
approximate precinct sizes and need to be thought of in terms of an integrated
management strategy - police deployment, crime prevention, community involvement, and
long-range planning.  Thus, the hierarchical technique allows different security strategies
to be adopted and provides a coherent way of approaching these communities.

Simulating Statistical Significance

Testing the significance of clusters from the Nnh routine is difficult.  Conceptually,
using the random nearest neighbor distance for the threshold distance defines the
probability that two points could be grouped together on the basis of chance; the test is for
the confidence interval around the first-order nearest neighbor distance for a random
distribution.  If the probability level is p%, then approximately p% of all pairs of points
would be found under a random distribution.  Under this situation, we would know whether
the number of clusters (pairs) that were found were significantly greater than would be
expected on the basis of chance.

The problem is, however, that the routine is not just clustering pairs of points, but
clustering as many points as possible that fall within the threshold distance.  Further, the
additional requirement is added that there be a minimum number of points, with the
minimum defined by the user.  The probability distribution for this situation is not known. 
Consequently, there is a necessity to resort to a Monte Carlo simulation of randomness
under the conditions of the Nnh test (Dwass, 1957; Barnard, 1963).
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Visualizing Change in Drug Arrest Hot Spots 
Using Nearest Neighbor Hierarchical Clustering: 

Charlotte, N.C.  1997 – 98 
 

James L. LeBeau 
Administration of Justice 

Southern Illinois University at Carbondale 
 

Stephen Schnebly 
Criminology & Criminal Justice 
University of Missouri – St Louis 

 
 The CrimeStat Nearest Neighbor Hierarchical clustering routine and GIS 
were used for defining, comparing, analyzing, and visualizing changes in drug arrest 
clusters between 1997 and 1998.  Using a minimum cluster size of 25 arrests some of 
the emerging patterns or relationships include: 1) the overlapping of secondary 
clusters, but those emerging during 1998 were much larger, especially in the north 
because of new primary clusters; 2) many primary clusters during 1997 remaining 
static or increasing in area during 1998; and 3) the disappearing of some 1997 
primary clusters during 1998, with new clusters emerging close by implying 
displacement. 
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j.l.l.01 
 

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Using Nearest Neighbor Hierarchical Clustering to 
Identify High Crime Areas Along Commercial Corridors 

 
Philip R. Canter 

Baltimore County Police Department 
Towson, Maryland 

 
Robberies in Baltimore County had increased by 45% between 1990 and 199, and by 

1997, were the highest on record. In 1997, 73% of all reported robberies in Baltimore County 
were occurring in commercial areas. The department wanted to target commercial districts 
with intensive patrol and outreach programs. These high crime commercial districts were 
identified as Business Patrol Initiative (BPI) areas. A total of 40 police officers working two 8-
hour shifts were assigned to BPI areas. Robberies in the BPI areas declined by 26.7% during 
the first year of the program and another 13.8% one year following the BPI program. 

 
Police analysts used CrimeStat’s Nearest Neighbor Hierarchical clustering (Nnh) 

method to identify high crime areas along commercial corridors. The Nnh routine was very 
effective in identifying commercial areas having the highest concentration of crime. The 
clustering also demonstrated that commercial crime was not restricted to county borders; 
rather, crime crossed municipal boundaries into neighboring jurisdictions. A neighboring 
jurisdiction was shown the crime cluster map, leading to their decision to implement a 
similar BPI program.  
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CrimeStat includes a Monte Carlo simulation routine that produces approximate
confidence intervals for the first-order Nnh clusters that has been run; second- and higher-
order clusters are not simulated since their structure depends on the first-order clusters. 
Essentially, the routine assigns N cases randomly to a rectangle with the same area as the
defined study area, A, and evaluates the number of clusters according to the defined
parameters (i.e., threshold distance and minimum number of points).  It repeats this test K
times, where K is defined by the user (e.g., 100, 1,000, 10,000).  By running the simulation
many times, the user can assess approximate confidence intervals for the particular first-
order Nnh.

The output includes five columns and twelve rows:

Columns:

1. The percentile,
2. The number of first-order clusters found for that percentile,
3. The area of the cluster for that percentile,
4. The number of points in the cluster for that percentile, and
5. The density of points (per unit area) for that percentile.

Rows:

1. The minimum (smallest) value obtained,
2. 0.5th percentile,
3. 1st percentile,
4. 2.5th percentile,
5. 5th percentile,
6. 10th percentile,
7. 90th percentile,
8. 95th percentile,
9. 97.5th percentile,
10. 99th percentile,
11. 99.5th percentile, and
12. The maximum (largest) value obtained.

The manner in which percentiles are calculated are as follows.  First, over all
simulation runs (e.g., 1000), the routine calculates the number of first-order clusters
obtained for each run, sorts them in order, and defines the percentiles for the list.  Thus,
the minimum is the fewest number of clusters obtained over all runs, the 0.5 percentile is
the lowest half of a percent for the number of clusters obtained over all runs, and so forth
until the maximum number of clusters obtained over all runs.   The routine does not
calculate second- or higher-order clusters since those are dependent on the first order
clustering.  Second, within each run, the routine calculates the number of points per
cluster, the area of each ellipse, and the density of each ellipse.  Then, it groups all clusters
together, over all runs, and sorts them into a list.  The percentiles for individual clusters
are then calculated.  Note that the points refer to the cluster whereas the area and density
refer to the ellipses, which is a geometrical abstraction from the cluster.  
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Table 6.3 presents an example.  An Nnh run was conducted on the Baltimore
robbery data base (N=1181 incidents) using the default threshold distance (p#.5 for
grouping a pair by chance) and a minimum number of points of at least five for each
cluster.  Then, 1000 Monte Carlo runs were conducted with simulated data.  For the actual
data, the Nnh routine identified 69 first-order clusters and 7 second-order clusters.  Table
6.3 presents the parameters for the first ten first-order clusters.  

In examining a simulation, one has to select percentiles as choice points.  In this
example, we use the 95th percentile.  That is, we are willing to accept a one-tailed Type I
error of only 5% since we are only interested in finding a greater number of clusters than by
chance. For the simulation, let’s look at each column in turn.  Column 2 presents the
number of clusters found in each simulation.  Over the 1000 runs, there was a minimum of
one cluster found (for at least one simulation) and a maximum of 7 clusters found (for at
least one simulation).  That is, running 1000 simulations of randomly assigned data only
yielded between 1 and 7 clusters using the parameters defined in the particular Nnh run.  
The 95th percentile was 3.  It is highly unlikely that the 69 first-order clusters that were
identified would have been due to chance.  That is, we would have expected at most three of
them to have been due to chance.  It appears that the robbery data is significantly
clustered, though we have only tested significance through a random simulation.  

Column 3 shows the areas of clusters that were found over the 1000 runs.  For the
individual clusters, the simulation showed a range from about 0.04 to 0.38.    The 95th

percentile was 0.31.   In the actual Nnh, the area of clusters varied between 0.05 and 0.27,
indicating that all first-order clusters were smaller than the smallest value found in the
simulation.  In other words, the real clusters are more compact than random clusters even
though the random clusters are subject to the same threshold distance as the real data. 
This is not always true, but, in this case, it is.

Column 4 presents the number of points found per cluster.  In the simulations, the
numbers varied between 5 and 9 points per cluster.  The 95th percentile was 7.  With the
actual data, the number of points varied between 5 and 40.  Thus, some of the clusters
could have been due to chance, at least in terms of the number of points per cluster. 
Analyzing the distribution (not shown), 27 of the 69 clusters had 7 or fewer points.  In other
words, about 39% had only as many points as might be expected on the basis of a chance
distribution.  Putting it another way, about 40% of the clusters had more points than would
be expected on the basis of chance 95% of the time.

Finally, column 5 presents the density of points found per cluster.  Since the output
unit is squared miles, density is the number of points per square mile.  The simulation
presents a range from 15.6 points per square mile to 156.1 points per square mile.  The 95th

percentile was 73.4 points per square mile. The actual Nnh, on the other hand, finds a
range of densities from 27.1 points per square mile to a very high number (11071821 points
per square mile).  Again, there is overlap between the actual clusters and what might be
expected on the basis of chance; 26 out of 69 clusters have densities that are lower than the
95th percentile found in the simulation. Again, about 38% have densities are not different
than would be expected on the basis of chance.
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 Table 6.3

Simulated Confidence Intervals for Nnh Routine
Baltimore County Robberies: N=1181

Nearest Neighbor Hierarchical Clustering:
-----------------------------------------

Sample size..........................: 1181
Likelihood of grouping
  pair of points by chance....: 0.50000 (50.000%)
Z-value for confidence
  interval..............................: 0.000
Measurement type..............: Direct
Output units.......................: Miles, Squared Miles, Points per Squared Miles
Clusters found....................: 76
Simulation runs.................: 1000

Displaying ellipse(s) starting from 1

Order  Cluster   Mean X      Mean Y Rotation    X-Axis Y-Axis     Area      Points   Density
--------   ---------   ----------      ----------    -----------    ---------  --------     ------- ---------   ----------
1   1 -76.44927     39.31455 77.09164    0.28303  0.09636   0.08568   40    466.828013
1       2       -76.60219     39.40050   11.98132      0.11540      0.27452   0.09952   33    331.580616
1         3       -76.44601     39.30490   16.66988      0.21907      0.16239   0.11176   25    223.684859
1         4       -76.78123     39.36088   25.36983      0.27643      0.14530   0.12618   29    229.826284
1         5       -76.73103     39.34319   67.71617      0.19445      0.16058   0.09810   29    295.628310
1         6       -76.72945     39.28910   79.88383      0.16428      0.25957   0.13396   29    216.476166
1         7       -76.51486     39.25986   87.32563      0.19148      0.29428   0.17703   27    152.520725
1         8       -76.45374     39.32106   54.57635      0.15150      0.18261   0.08692     7      80.538112
1         9       -76.75368     39.31132   89.56994      0.19748      0.22914   0.14216   22    154.753006
1       10       -76.71641     39.29139   10.43857      0.15048      0.16879    0.07980  14    175.444372
...etc.

Distribution of the number of clusters found in simulation (percentile):

Percentile Clusters Area    Points Density
-------------- ----------- ------- --------    ----------

min         1         0.03845    5          15.615111
     0.5         1         0.04922         6          16.608967
           1.0         1         0.05603          6          17.162252
           2.5         1         0.06901           6          18.570113
           5.0         1         0.08243          6          19.468353
          10.0         1         0.10045        6          21.256559
          90.0         2         0.28706          7          61.173748
          95.0         3         0.31074         7          73.463654
          97.5         3         0.32442         7          87.550868
          99.0         4         0.35279        8       115.460337
          99.5         5         0.36489        8       122.625375
          max         7         0.38424         9       156.056837
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In other words, the simulation suggests that around 60% of the clusters are real
with the other 40% being no different than might be expected on the basis of chance.  There
are far more clusters found in the actual Nnh than would be expected on the basis of chance
and they are more compact than would be expected.  On the other hand, only about half
have densities that are higher than would be expected on the basis of chance.   

It should be clear that testing the significance of a cluster analysis is complex.  In
the example, some of the criteria chosen were definitely different than a chance distribution
(as evidenced by the simulation) while other criteria were not very different. In this case,
the user would be wise to re-run the Nnh and simulation under tighter conditions, either
lowering the threshold distance or increasing the minimum number of points per cluster. 
With experimentation, it is frequently possible to obtain a solution in which all the criteria
are greater than would be expected on the basis of chance. 

Limitation to Hierarchical Clustering

There are also limitations to the technique, some technical and others theoretical. 
First, the method only clusters incidents (points); a weighting or intensity variable will
have no effect.  Second, the size of the grouping area is dependent on the sample size when
the confidence interval around the mean random distance is used as the threshold distance
criteria (see equation. 4.2).  For crime distributions that have many incidents (e.g.,
burglary), the threshold distance will be a lot smaller than distributions that  have fewer
incidents (e.g., robbery).  In theory, a hot spot is dependent on an environment, not the
number of incidents.  Thus, that approach does not produce a consistent definition of a hot
spot area.  Using a fixed distance for the threshold distance can partly overcome this. 
However, the fixed distance needs to be tested for randomness using the Monte Carlo
simulation.

Third, there is a certain arbitrariness in the technique due to the minimum points
rule.  This implicitly requires the user to define a meaningful cluster size, whether the
number of points are 5, 10, 15 or whatever.  To some extent, this is how patterns are
defined by human beings; with one or two incidents in a small area, people don’t perceive
any pattern.  As soon as the number of incidents increases, say to 10 or more, people
perceive the pattern.  This is not a statistical way for defining regularity, but it is a human
way.  However, it can lead to arbitrariness since two different users may interpret the size
of a hot spot differently.  Similarly, the selectivity of the p-value, vis-a-via the Student’s t-
distribution, can allow variability between users.  

In short, the technique does produce a constant result, but one subject to
manipulation by users.  Hierarchical techniques are, of course, not the only clustering
procedures to allow users to adjust the parameters; in fact, almost all the cluster
techniques have this property.  But it is a statistical weakness in that it involves
subjectivity and is not necessarily consistently applied across users.

Finally, there is no theory or rationale behind the clusters.  They are empirical
derivatives of a procedures.  Again, many clustering techniques are empirical groupings
and also do not have any explanatory theory.  However, if one is looking for a substantive 
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Arrest Locations as a Means for Directing Resources 
 

 Daniel Bibel 
Massachusetts State Police 

Crime Reporting Unit 
Framingham, Massachusetts 

 
The Massachusetts State Police is collecting incident addresses as part of its 

state-level implementation of the FBI’s National Incident Based Reporting System 
(NIBRS).  They intend to develop a regional and statewide crime mapping and 
analysis program.  As an example of the type of analysis that can be done with the 
enhanced NIBRS database, the State Police’s Crime Reporting Unit analyzed year 
2000 drug arrests for one city in the Commonwealth, focusing on arrests for 
possession of heroin and marijuana.  The arrest locations were plotted, with the size 
of points proportionate to the amount of drugs seized.  A nearest neighbor clustering 
analysis was done of the data.  It indicates that, while there is some small amount of 
overlap, the arrest locations for the two drug types are generally different. 
 

This type of analysis can be very useful for smaller police agencies that do not 
have the resources to conduct their own analysis of crime data.  It may also prove 
useful for crime problems with cross-jurisdictional boundaries. 
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Use of CrimeStat in Crime Mapping in India: 
An Application for Chennai City Policing 

 
Jaishankar Karuppannan 

Department of Criminology & Criminal Justice 
Manonmaniam Sundaranar University 

Tamil Nadu, India 
 

The present study was done as an implementation of GIS technology in 
Chennai (Madras), India.  In the present study hotspot analysis was done with the 
help of CrimeStat. We converted the output to Arcview shape files. 

 
When hotspot analysis examined changes over a period of time, the change 

seemed to be significant. There exists not only a change in the location of the 
hotspots, but also in their areal extent. The numbers of hotspots also differ over 
time. The map shows hotspots for residential burglary for both day and night. The 
hot spots for daytime house break-ins are confined to a smaller area in the west of 
the city, whereas the hot spots for nighttime residential break-ins are seen in all 
parts of the city.  In particular, the Posh area of Anna Nagar is more prone to 
daytime burglaries. In this area, a higher proportion of couples work, which appears 
to make the homes in this neighborhood more open for burglaries.  
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hot spot defined by a unique constellation of land uses, activities, and targets, the
technique does not provide any insight into why the clusters are occurring or why they
could be related.  I will return to this point at the end of the next chapter, but it should be
remembered that these are empirical groupings, not necessarily substantive ones.

Risk-Adjusted Nearest Neighbor Hierarchical Clustering

CrimeStat also includes a risk-adjusted nearest neighbor hierarchical clustering
routine (Rnnh), which is a variation on the Nnh routine discussed above.  It combines the
hierarchical clustering capabilities of the Nnh routine with kernel density interpolation
techniques, that are discussed in chapter 8.

The Nnh routine identifies clusters of points that are close together.  That is, it will
identify groups of points that are closer together than a threshold distance and in which the
minimum number of points is greater than a user-defined value.  Many of these clusters,
however, are due to a high concentration of persons in the vicinity.  That is, because the
population is not arranged randomly over a plane, but is, instead, highly concentrated in
population centers, there is a higher likelihood of incidents happening (whatever they are)
simply due to the higher population concentration.  In the above examples, many of the
clusters for Baltimore burglaries or vehicle thefts were due primarily to a high
concentration of households and vehicles in the center of the metropolitan area.  In fact, one
would normally expect a higher concentration of incidents in the center since there are
more persons residing in the center and, certainly, more persons being concentrated there
during the daytime through employment, shopping, cultural attendance, and other urban
activities.

For many police purposes, the concentration of incidents is of sufficient interest in
itself.  Police have to intervene at high incidence locations irrespective of whether there is
also a larger population at those locations.  The demands for policing and responding to
community emergency needs is population sensitive since there are more demands where
there are more persons.  From a service viewpoint, the concentration of incidents is what is
important.

But for other purposes, the concentration of incidents relative to the baseline
population is of interest.  Crime prevention activities, for example, are aimed at reducing
the number of crimes that occur for every area in which they are applied.  For these
purposes, the rate of decrease in the number of crimes is the prime focus.  Similarly, after-
school programs are aimed at neighborhoods where there is a high risk of crime, whether or
not there is also a large population.  In other words, for many purposes, the risk of crime or
other types of incidents is of paramount importance, rather than the volume (i.e., absolute
amount) of crime by itself.  If the aim is to assess where there are high risk clusters, then
the Nnh routine is not appropriate.

CrimeStat includes a Risk-adjusted Nearest Neighbor Hierarchical Clustering
routine (or Rnnh) that defines clusters of points that are closer than what would be
expected on the basis of a baseline population.  It does this by dynamically adjusting the
threshold distance in the Nnh routine according to the distribution of a second, baseline
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variable.  Unlike the Nnh routine where the threshold distance is constant throughout the
study area (i.e., it is used to pair point irrespective of where they are within the area), the
Rnnh routine adjusts the threshold distance according to what would be expected on the
basis of the baseline variable.  It is a risk measure, rather than a volume measure.

Dynamic Adjustment of the Threshold Distance

To understand how this works, think of a simple example. In a typical metropolitan
area, there are more people living towards the center than in the periphery.  There are
topographical and social factors that might modify this (e.g., an ocean, a mountain range, a
lake), but in general population densities are much higher in the center than in the
suburbs.  In the next chapter, we will examine the distribution of population and how it
affects incidence of crime over an entire metropolitan area.  If a different baseline variable
were selected than population, for example, employment, one would generally find even
higher concentrations since central city employment tends to be very high relative to
suburban employment.  Thus, if population or employment (or another variable that is
correlated with population density) is taken as the baseline, then one would expect more
people and, hence, more incidents occurring in the center rather than the periphery.  In
other words, all other things being equal, there should be more robberies, more burglaries,
more homicides, more vehicle thefts, and more of any other type of event in the center than
in the periphery of an urban area.  This is just a by-product of urban societies.

Using this idea to cluster incidents together, then, intuitively, the threshold distance
must be adjusted for the varying population densities.  In the center, the threshold must be
short since one would expect there to be more persons.  Conversely, in the periphery - the
far suburbs, the threshold distance must be a lot longer since there are far fewer persons
per unit of area.  In other words, dynamic adjustment of the threshold grouping distance
means changing the distance inversely proportional to the population density of the
location; in the center, a high density means a short threshold distance and in the
periphery, a low density means a larger threshold distance.

Kernel Adjustment of the Threshold Distance

To implement this logic, CrimeStat overlays a standard grid and uses an
interpolation algorithm, based on the kernel density method, to estimate the expected
number of incidents per grid cell if the actual incident file was distributed according to the
baseline variable.  The next chapter discusses in detail the kernel density method and the
reader should be familiar with the method before attempting to use the Rnnh routine. If
not, the author highly recommends that Chapter 8  be read before reading the rest of this
section.

Steps in the Rnnh Routine

The Rnnh routine works as follows:

1. Both a primary and secondary file are required.  The primary file are the
basic incidents (e.g., robberies) while the secondary file is the baseline
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variable (e.g., population of zones; all crimes as a baseline; or another
baseline variable).  If the baseline variable are zones, the user must define
both the X and Y coordinates as well as the variable assigned to the zone
(e.g., population); the latter will typically be an intensity or weight variable
(see Chapter 3).

2. A grid is defined in the reference file tab of the data setup section (see
Chapter 3).  The Rnnh routine takes the lower-left and upper-right limits of
the grid, but uses a standard number of columns (50).

3. The area of the study is defined in the measurement parameters tab of the
data setup section (see Chapter 3).  If no area is defined, the routine uses the
area of the entire grid.

4. The user checks the Risk-adjusted box under the Nnh routine.  The risk
variable is estimated with the parameters defined in the Risk Parameters
box.   These are the kernel parameters.  Without going into detail, the user
must define:
A. The method of interpolation, which is the type of kernel used: normal,

uniform, quartic, triangular, or negative exponential.  The normal
distribution is the default.

B. The choice of bandwidth, whether a fixed or adaptive (variable)
bandwidth is used.  For a fixed bandwidth, the user must define the
size of the interval (e.g., 2 miles).  For an adaptive bandwidth, the
user must define the minimum sample size to be included in the circle
that defines the bandwidth.  The default is an adaptive bandwidth
with a minimum sample size of 100 incidents.

C. The output units, which are points per unit of area: squared miles,
squared nautical miles, squared feet, squared kilometers, or squared
meters.  The default is squared miles.

D. Also, if an intensity or weight variable is used (e.g., the centroids of
zones with population being an intensity variable), the intensity or
weight box should be checked (be careful about checking both if there
are both an intensity and a weight variable).

Consult Chapter 8 for more detail about these parameters.

5. Once the baseline variable (the secondary file) is interpolated to the grid
using the above parameters, it is converted into absolute densities (points per
grid cell) and re-scaled to the same sample size as the primary incident file. 
This has the effect of making the interpolation of the baseline variable the
same sample size as the incident variable.  For example, if there are 1000
incidents in the primary file, the interpolation of the secondary file will be re-
scaled so that all grid cells add to 1000 points, irrespective of how many units
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the secondary variable actually represented.  This creates a distribution for
the primary file (the incidents) that is proportional to the secondary file (the
baseline variable) if the primary file had the same distribution as the
secondary file.  It is then possible to compare the actual distribution of the
incident variable with the expected distribution if it was similar to the
baseline variable.

6. Once the risk parameters have been defined, the selection of parameters is
similar to the Nnh routine with one exception.

A. The threshold probabilities are selected with the scale bar.  The
probabilities are identical to those in Table 6.2.

B. However, for each grid cell, a unique threshold distance is defined
using formulas similar to 6.1 and 6.2.  The difference is, however, that
the formulas are applied to each grid cell with a unique distance for
each grid cell (formulas 6.5-6.8):

Mean Random 
Distance    Ai

of Grid Cell i = d(ran) = 0.5 SQRT [ ------] (6.5)
   Ni

where Ai is the area of the grid cell and Ni is the estimated number of
points from the kernel density interpolation.  Thus, each grid cell has
its own unique expected number of points, Ni, its own unique area, Ai

(though, in general, all grid cells will have approximately equal
areas), and, consequently, its own unique threshold distance.

Confidence
Interval for Mean
Random Distance 
of Grid Cell i = Mean Random Distance

of grid cell i  ± t* SEd(ran)

         Ai       0.26136
= 0.5 SQRT [ ------]  ±  t [-------------------] (6.6)

         Ni    SQRT[ Ni 
2 /Ai ]

where the Mean Random Distance of Grid Cell i, Ai and Ni are as
defined above, t is the t-value associated with a probability level in the
Student’s t-distribution (defined by the scale bar)
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The lower limit of this confidence interval is

Lower Limit of
Confidence Interval
for Mean Random         
Distance          Ai        0.26136
of Grid Cell i = 0.5 SQRT [ ------]  -   t [-------------------] (6.7)

           Ni    SQRT [ Ni
 2 /Ai ]

and the upper limit of this confidence interval is

Upper Limit of
Confidence Interval
for Mean Random          Ai        0.26136
Distance = 0.5 SQRT [ ------] +   t [-------------------] (6.8)

           Ni    SQRT [ Ni 
2 /Ai ]

C. In addition, the user defines a minimum sample size for each cluster,
as with the Nnh routine.

6. The actual incident points are then identified by the grid cell that they fall
within and the unique threshold distance (and confidence interval) for that
grid cell.  For each pair of points that are compared for distance, there is,
however, asymmetry.  The unique threshold distance for point A will not
necessarily be the same as that for point B.  The Rnnh routine, therefore,
requires the distance between each pair of points to be the shorter of the two
distances between the points.

7. Once pairs of points are selected, the Rnnh routine proceeds in the same way
as the Nnh routine.

In other words, points are clustered together according to two criteria.  First, they
must be closer than a threshold distance.  However, the threshold distance varies over the
study area and is inversely proportional to the baseline variable.  Only points that are
closer together than would be expected on the basis of the baseline variable are selected for
grouping.  Second, clusters are required to have a minimum number of points with the
minimum being defined by the user.  The result are clusters that are more concentrated
than would be expected, not just from chance but, from the distribution of the baseline
variable.  These are high risk clusters.

Area must be defined correctly

Note that it is very important that area be defined correctly for this routine to work.
If the user defines the area on the measurement parameters page (see chapter 3), the Rnnh
routine uses that value to calculate the area of each grid cell and, in turn, the grid-specific
threshold distance.  If the user does not define the area on the measurement parameters
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page, the routine calculates the total area from the minimum and maximum X/Y values
(the bounding rectangle) and uses that value to calculate the area of each grid cell and, in
turn, the grid-specific threshold distance.  In either case, the routine will be able to
calculate a threshold distance for each grid cell and run the routine.  

However, if the area units are defined incorrectly on the measurement parameters
page, then the routine will certainly calculate the grid cell-specific threshold distances
wrongly.  For example, if data are in feet but the area on the measurement parameters
page are defined in square miles, most likely the routine will not find any points that are
farther apart than any of the grid cell threshold distances since each distance will be
defined in miles.  In other words, it is essential that the area units be consistent with the
data for the routine to properly work.

Use kernel bandwidths that produce stable estimates

Another concern is that the bandwidth for the baseline variable be defined as to
produce a stable density estimate of the variable.  Be careful about choosing a very small
bandwidth. This could have the effect of creating clusters at the edges of the study area or
very large clusters in low population density areas.  For example, in low population density
areas, there will probably be fewer persons or events than in more built-up areas.  This will
have the effect on the Rnnh calculation of producing a very large matching distance.  Points
that are quite far apart could be artificially grouped together, producing a very large
cluster. Using a larger bandwidth will produce a more stable average.

Example 2: Simulated Rnnh Clustering

To illustrate the logic of the Rnnh routine, a simulated example is presented. 
Twenty-seven points were assigned to three groups in the Baltimore metropolitan region
(Figure 6.11).  The 27 points were grouped in a similar pattern, but one was placed in the
center of the metropolitan region (near downtown Baltimore) while the other two were
placed in less populated areas.  The Nnh and Rnnh routines were compared with these
data.  One would expect the Nnh routine to cluster the 27 points into three groups whereas
the Rnnh routine should cluster only 18 of the points into two groups.  The reason for the
lack of a third group is that one would expect a high number of incidents in the center;
consequently, it is not high relative to the underlying baseline population.  Figures 6.12
and 6.13 show exactly this solution.  

In other words, the Nnh routine clusters points together irrespective of the
distribution of the baseline population whereas the Rnnh routine clusters points together
relative to the baseline population.

Rnnh Output Files

The output files are similar to the Nnh routine.  The Rnnh routine has three
outputs. First, final seed locations of each cluster and the parameters of the selected
standard deviational ellipse are calculated for each cluster. These can be output to a ’.dbf’ 
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Figure 6.11:

Incidents in Relation to Population: Baltimore Region 1990
Incident Location and Persons Per Square Mile
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Figure 6.12:

Nearest Neighbor Clustering of Incidents
Nnh Clusters and Incident Locations
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Figure 6.13:

Risk-Adjusted Nearest Neighbor Clustering of Incidents Relative to Population
Rnnh Clusters and Incident Locations
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file or saved as a text (‘.txt’) file.  Only 45 of the seed locations are displayed on the screen. 
The user can scroll down or across by adjusting the horizontal and vertical slider bars and
clicking on the Go button. 

Second, for each order that is calculated, CrimeStat calculates the mean center of
the cluster.  This can be saved as a ‘.dbf’ file.  Third, either standard deviational ellipses or
convex hulls of the clusters can be saved in ArcView ‘.shp’, MapInfo ‘.mif’ or Atlas*GIS
‘.bna’ formats.  Again, the convex hulls display polygons around the incidents whereas the
ellipses are determined by the number of standard deviations to be calculated (see above).  
In general, use a 1X standard deviational ellipse since 1.5X or 2X standard deviations can
create an exaggerated view of the underlying cluster.  On the other hand, for a regional
view, a one standard deviational ellipse may not be very visible.  The user has to balance
the need to accurately display the cluster compared to making it easier for a viewer to
understand its location.

Because there are also orders of clusters (i.e., first-order, second-order, etc.), there is
a naming convention that distinguishes the order.  

For the ellipses, the convention is

Rnnh<O><username>

where O is the order number and username is a name provide by the user.  Thus,

Rnnh1robbery

are the first-order clusters for a file called ‘robbery’ and

Rnnh2burglary

are the second-order clusters for a file called ‘burglary’.  Within files, clusters are named

Rnnh<O>Ell<N><username>

whereO is the order number, N is the cluster number and username is the user-defined
name of the file.  Thus,

Rnnh1Ell10robbery

is the tenth cluster within the first-order clusters for the file ‘robbery’ while 

Rnnh2Ell1burglary

is the first cluster within the second-order clusters for the file ‘burglary’.

For the convex hulls, the cluster numbers are the same as the ellipses but the prefix
name is output with a ‘CRNNH1’ prefix for the first-order clusters, a ‘CRNNH2’ prefix for
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the second-order clusters, and a ‘CRNNH3’ prefix for the third-order clusters.  Higher-order
clusters will index only the number.  

Example 3: Rnnh Clustering of Vehicle Thefts

A second example is the clustering of 1996 Baltimore vehicle thefts relative to the
1990 population of census block groups.  The test is for clusters of vehicle thefts that are
more concentrated than would be expected on the basis of the population distribution.6 
Using the default threshold probabilities and a minimum sample size per cluster of 25, the
Rnnh routine identified five first-order and one second-order cluster (Figure 6.14); the
incidents are not shown.  As seen, there are only five clusters, most of which are peripheral
to the downtown area.

Compare this distribution with the results of the Nnh on the same data, using the
same parameters (Figure 6.15).  The Nnh found 28 first-order clusters and two second-
order clusters.  As expected, they are more concentrated in the center.  Note that there are
far fewer clusters identified in the Rnnh routine than in the Nnh.  Many of the clusters in
the Nnh routine are due to a higher concentration of population.  Once this is normalized,
one finds that there are only a few areas of very high risk for vehicle theft.  In other words,
the Rnnh routine identifies areas of high risk for vehicle theft whereas the Nnh routine
identifies areas of high volume for vehicle theft.

Simulating Statistical Significance

Because the sampling distribution of the clustering method is not known, the Rnnh
routine allows Monte Carlo simulations to approximate confidence intervals, similar to the
Nnh routine (Dwass, 1957; Barnard, 1963).  The output is identical to the Nnh routine. 
Essentially, it produces approximate confidence intervals for the number of first-order
clusters, the area of clusters, the number of points in each cluster, and the density of each
cluster. Second- and higher-order clusters are not simulated since their structure depends
on the first-order clusters. The user can see whether the first-order cluster structure is
different than that which is produced by a random distribution. See the notes above under
Nnh for more details.  Table 6.4 shows the output for 1996 Baltimore County robberies
with the default search threshold and a minimum sample size of 20 incidents.  

The results also show those obtained from 1000 Monte Carlo simulations.  There
were seven first-order clusters and one second-order cluster.  Looking at the Monte Carlo
simulations, the two most critical parameters are the number of first-order clusters found
and the density of the clusters.  In the simulation, the minimum number of clusters found
under these conditions (i.e., with the default threshold distance and a minimum sample size
of 20 incidents) was one while the maximum number was five.  The 95th percentile was four
incidents.  Since the Rnnh routine produced seven first-order clusters, the routine has
identified more clusters than would normally be expected on the basis of chance.  Looking
at the density estimates from the simulation, the maximum density was 11.913282 and the
95th percentile was 7.365212.  Since all seven first-order clusters had densities higher than 
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Figure 6.14:

1996 Metropolitan Baltimore Vehicle Theft
Risk-Adjusted Nearest Neighbor Clusters
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Figure 6.15:

1996 Metropolitan Baltimore Vehicle Theft
Nearest Neighbor Clusters
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Table 6.4

Risk-adjusted Clustering of Baltimore County Robberies: 1996

Risk-Adjusted Nearest Neighbor Hierarchical Clustering:
-------------------------------------------------------

    Sample size..................: 1181
    Likelihood of grouping
      pair of points by chance...: 0.50000 (50.000%)
    Z-value for confidence
      interval...................: 0.000
    Measurement type.............: Direct
    Output units.................: Miles, Squared Miles, Points per Squared Miles
    Clusters found...............: 8
    Simulation runs..............: 1000

    Displaying 8 ellipse(s) starting from 1

Order Cluster  Mean X    Mean Y    Rotation  X-Axis   Y-Axis  Area   Points  Density
----- ------- -------    ------    --------  ------   ------  ----   ------  -------
  1      1   -76.44973  39.31523  73.89169  0.19429  0.09230  0.05634  31   550.251866
  1      2   -76.60194  39.40076   4.40641  0.12272  0.12929  0.04984  23   461.446220
  1      3   -76.78279  39.36184  62.61813  0.24605  0.15511  0.11990  26   216.852324
  1      4   -76.73157  39.34387   4.30498  0.08916  0.07321  0.02051  24  1170.341418
  1      5   -76.44539  39.30523  13.63299  0.19639  0.11154  0.06882  20   290.622622
  1      6   -76.75368  39.31132  89.56994  0.19748  0.22914  0.14216  22   154.753006
  1      7   -76.73132  39.28897  11.83419  0.09359  0.18312  0.05384  21   390.033756
  2      1   -76.74984  39.32650  66.40941  4.19556  1.63703 21.57723   4     0.185381

    Distribution of the number of clusters found in simulation (percentile):

    Percentile Clusters            Area       Points          Density
    ---------- -------- --------------- ------------ ----------------
           min        1         1.67880           20         1.648432
           0.5        1         2.36257           20         1.874836
           1.0        1         2.51219           20         1.996056
           2.5        1         2.67031           20         2.208136
           5.0        1         2.98150           20         2.372246
          95.0        4        13.57660           50         7.365212
          97.5        4        13.95390           53         7.932653
          99.0        5        14.34076           56         8.643887
          99.5        5        14.60388           58         9.595312
           max        5        15.41259           67        11.913282

the 95th percentile, the density of these clusters is greater than what would normally be
expected on the basis of chance.  In other words, the routine has identified more clusters
and higher density clusters than would be expected on the basis of chance.

Guidelines for Selecting Parameters

The guidelines for selecting parameters in the Rnnh routine are similar to the Nnh
except the user must also model the baseline variable using a kernel density interpolation.
The process is a little like tuning a shortwave radio, adjusting the dial until the signal is

This document is a research report submitted to the U.S. Department of Justice. This report has not 
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detected. We suggest that the user first develop a good density model for the baseline
variable (see Chapter 8).  The user has to develop a trade-off between identify areas of high
and low population concentration to produce an estimate that is statistical reliable (stable). 

There are two types of ‘fine tuning’ that have to go on.  First, the ‘background’
variation has to be tuned (the baseline ‘at risk’ variable).  This is done through the kernel
density interpolation.  If too narrow a bandwidth is selected, the density surface will have
numerous undulations with small ‘peaks’ and ‘valleys’; this could produce unreal and
unstable risk estimates.  A grid cell with a very small density value could produce an
extremely large threshold distance whereas a grid cell with a very low density could
produce an extremely small threshold distance.  Conversely, if too large a bandwidth is
selected, the density surface will not differentiate very well and each grid cell will have,
more or less, the same threshold distance.  In this case, the Rnnh routine would yield a
result not very different from the Nnh routine.  

Second, there is tuning of the clusters themselves through the threshold adjustment
and minimum size criteria.  If a large threshold probability is selected, too many incidents
may be grouped; conversely, if a small threshold probability is selected, the result may be
too restrictive.  Similarly, if a small minimum sample size for clusters is used, there could
be too many clusters whereas the opposite will happen if a large minimum sample size is
chosen (i.e., zero clusters).  The user must experiment with both these types of adjustment
to produce a sensible cluster solution that captures the areas of high risk, but no more.  

Limitations of the Technique

There are some technical limitations that the Rnnh routine shares with the Nnh
routine.  First, the method only clusters incidents (points); a weighting or intensity variable
will have no effect. Second, the size of the grouping area is dependent on the sample size if
the confidence interval around the mean random distance is used as the threshold distance
criteria.  However, since the threshold distance is adjusted dynamically, this has less effect
than in the Nnh since it is now a relative comparison rather than an absolute distance. 

Third, there is arbitrariness in the technique due to the minimum points rule.
Different users could define the minimum differently, which could lead to different
conclusions about the location of high risk clusters.  Finally, unique to the Rnnh, the
method requires both an incident file (the primary file) and a baseline file (the secondary
file.  It cannot work on calculated rates (e.g., incidents per capita by zones). For the latter,
the user should look at techniques such as the SatScan method (Kulldorff, 1997).

Nevertheless, the Rnnh routine is a useful technique for identifying clusters that are
more concentrated than would be expected on the basis of the population distribution. 

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  
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Risk Adjusted Nearest Neighbor Hierarchical Clustering of Tuberculosis 
Cases in Harris County, Texas: 1995 to 1998 

 
 Matthew L. Stone, MPH 
 Center for Health Policy Studies 
 University of Texas-Houston, School of Public Health-Houston, Texas 
 
 Data was collected from an ongoing, population-based, active surveillance and 
molecular epidemiology study of tuberculosis cases reported to the City of Houston 
Tuberculosis Control Office from October 1995 to September 1998.  During this time, 1774 
cases of tuberculosis were reported and 1480 of those who participated in this study were 
successfully geocoded. 
 
 CrimeStat was used to make an initial survey of potential hot spot areas of 
tuberculosis cases where more focused TB control efforts could be implemented.  Given a 
.05 level of significance for grouping a pair of points by chance and a minimum of five cases 
per cluster, 24 first-order clusters and one second-order cluster were detected after 
adjusting for the underlying population.  Most first-order clusters were detected in the 
center of Harris County, including the metropolitan downtown area.  By adjusting for the 
underlying population, the clusters identify areas with higher than average TB incidence. 
Some of these clusters are homeless shelters as many homeless persons are particularly 
prone to TB.  
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Using Risk Adjusted Nearest Neighbor Hierarchical Clustering to 
Compare Actual and Media Hotspots of Homicide 

 
Derek J. Paulsen 

Department of Criminal Justice and Police Studies 
Eastern Kentucky University 

 
Crimestat offers an excellent method for determining risk adjusted hot spots 

of crime incidents within a jurisdiction.  Risk-adjusted nearest neighbor hierarchical 
spatial clustering (Rnnh) is a spatial clustering routine that groups points together 
based on both proximity to other points and the distribution of a baseline variable.  
In this example two different Rnnh analyses were conducted and compared for 
homicides in Houston, Texas. The first involves homicide incident locations adjusted 
for the population of each census tract, while the second involves incidents that were 
covered in the newspaper adjusted for the homicide rate of each census tract. The 
purpose of this analysis is to determine if there are differences in the spatial 
clustering of actual homicide incidents and those that are covered in the newspaper.   
 
 The preferences for the analysis were the same for both Rnnh analyses.  For 
the primary file (homicide incidents & incidents covered in the newspaper) the pair 
probability search radius was set at .01, with a minimum of 10 points per cluster.  
For the secondary file (population & homicide rate), a quartic kernel density 
interpolation was used with an adaptive bandwidth and a minimum sample size of 
100.  Importantly, the analysis showed that media hot spots and actual hot spots do 
not coincide. Media coverage showed homicides to be concentrated in different areas 
than they are actually concentrated. 
 
Actual Homicide Hot Spots vs. Media Coverage Hot Spots in Houston Texas 
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1. The output in table 6.1 has been formatted.  CrimeStat only outputs an Ascii file.  In
this case, the Ascii file was pasted into Word Perfect®, the word processing program
used for this manual, and was then formatted so that the underscore was consistent
with the title words and the columns lined up.  

2. In the statistical literature, this type of statistic is known as a spatial scan with a
fixed circular window (Kulldorff, 1997; Kulldorff and Nagarwalla, 1995).  However,
our emphasis here is on defining approximate point locations where there is either
measurement error or very small locational differences. In this sense, the term
‘fuzzy’ is more similar to the classification literature where imprecise boundaries
exist and an incident can belong to two or more groups (Bezdek, 1981; McBratney
and deGruijter, 1992; Xie and Beni, 1991).

3. This is the next highest degree of freedom in the Student’s t-table below infinity.

4. The particular steps are as follows:

A. All distances between pairs of points are calculated, using either direct or
indirect distance as defined on the measurements parameters page.  The
matrix is assumed to be symmetrical, that is the distance between A and B is
assumed to be identical to the distance between B and A.

B. The mean expected random distance is calculated using formula 5.2 and the
threshold distance (the confidence interval for the corresponding t) is
calculated using formulas 6.2 and 6.3 depending on whether it is a lower or
upper confidence interval.  The particular interval is selected by user on the
slide bar.

C. All distance pairs smaller than the threshold distance are selected for
clustering.

D. For each incident point, the number of distances to other points that are
smaller than the threshold distance are counted and placed in a reduced
matrix.  Any incident point which does not have another point within the
threshold distance is not clustered.  Any distance that is greater than the
threshold distance is not considered for clustering.

E. All points in the reduced matrix are sorted in descending order of the number
of distances to other points shorter than the threshold distance, and the
incident point with the largest number of below threshold distances is
selected for the initial seed of the first cluster.

F. All other incidents that are within the threshold distance of the initial seed
point are selected for cluster 1.

Endnotes for Chapter 6
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G. The number of points within the cluster are counted.  If the number is equal
to or greater than the minimum specified, then the cluster is kept.  If the
number is less than the minimum specified, then the cluster is dropped. 

H. For those clusters that are kept, the center of minimum distance is calculated
for each to identify the cluster center.

I. The clustered points are removed from further clustering.

J. Of the remaining points, the incident point with the largest number of
distances to other points shorter than the threshold distance is selected for
the initial seed the second cluster.

K. All other points which are within the threshold distance of the first cluster
seed point are selected for cluster 2.

L. The mean center of these selected points is calculated to identify the cluster
center.

M. These points are removed from further clustering.

N. Steps J through M are repeated for all remaining points in the reduced
matrix until no more points are remaining in the reduced matrix or until
there are fewer than the specified minimum number of points for those
remaining in the reduced matrix.

5. The steps are as follows:

A. Using the same p-values selected in the first-order, the mean random
expected distance is calculated.  However, the sample size is the number of
first-order clusters identified, not the original number of points.  Thus, the
threshold distance is calculated by

Confidence
Interval for Second-order
Mean Random          A       0.26136 
Distance  = 0.5 SQRT [ ------] +/-   t [-------------------] (6.1)

         M    SQRT [ M2 /A ] repeat

where A is the area of the region and M is the number of first-order clusters
identified during first-order clustering (i.e., not N).  Thus, there is a different
threshold distance for the second-order clustering.  The t-value specified in
the first-order clustering is maintained for second- and higher-order
clustering.

B. All distances between first-order cluster centers are calculated and only those
that are smaller than the second-order threshold distance are selected for
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second-order clustering.

C. If there are no distances between first-order cluster centers that are smaller
than the second-order threshold distance, then the clustering process ends.

D. If there are distances between first-order cluster centers that are smaller
than the second-order threshold distance, then the steps specified in endnote
3 are repeated to produce second-order clusters.  A minimum of four first-
order clusters is required to allow a second- or higher-order cluster.

E. If there are second-order clusters, then this process is repeated to either
extract third-order clusters or to end the clustering process if no distances
between second-order cluster centers are smaller than the (new) third-order
threshold distance or if there are fewer than four new seeds in the cluster.

F. The process is repeated until no further clustering can be conducted, either
all sub-clusters converge into a single cluster or the threshold distance
criteria fails or there are fewer than four seeds in the higher-order cluster

6. It is not an exact risk test since we are comparing 1996 vehicle thefts with 1990
population.  It is an approximate risk test.
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7.1

Chapter 7
‘Hot Spot’ Analysis II

This chapt er  cont inu es t he discuss ion  of hot  spots .  Thr ee addit iona l rout ines  a re
discussed: ICJ IA’s STAC rout ine (discussed  by Richard a nd Ca rolyn  Block), the K-means
rout ine, and Anselin’s Loca l Moran .  Figur e 7.1 displays t he ‘Hot  Spot’ Ana lysis II page.
The fir st  of these rou t ines, th e Spa t ial an d Tempora l Ana lysis of Crim e (STAC), was
developed by the Illin ois Cr imina l J ust ice Informat ion  Authorit y and in tegra ted in to
Crim eS tat in version  2.  The second r ou t ine - K-means, is a par t itioning t echnique.  The
th ird t echn ique - Anselin’s Local Moran , is a  zona l hot spot  met hod.  We’ll st a r t  fir st  wit h
STAC, and who bet t er  t o exp la in  it  t han  the au thor s  of t he rou t ine, Richa rd and Carolyn
Block .

Spa tial  an d Temp oral Ana lysis  of  Crime  (S TAC )
by
Rich ard Block Carolyn  Rebecca  Block
Professor  of Sociology Senior Resear ch Ana lyst
Cr imin a l J ust ice Illin ois Cr imina l J ust ice Informat ion  Authorit y
Loyola  Univer sit y Chicago, IL
Chicago, IL

The amount  of inform at ion a vailable in a n a ut oma ted pin ma p can  be enorm ous.
When  geogra ph ic informat ion  syst ems wer e firs t  int rodu ced int o policing, th ere were few
wa ys t o summar ize t he h uge r eser voir of ma pped informat ion t ha t  wa s sudden ly ava ilable. 
In  1989, police depar tments in  Illin ois  asked the Illin ois  Cr im in a l J ust ice Informat ion
Author ity to develop  a  t echn ique to iden t ify Hot  Spot  Areas  (the denses t  clus ter s  of poin t s
on a  map).  Th e r esu lt  wa s STAC, the first  crim e h ot spot  pr ogra m.1  Through th e years,
“bells an d whistles” ha ve been a dded to STAC, but t he algorith m h as r emained essent ially
the same.  STAC is a  qu ick, visua l, ea sy-to-use pr ogra m for  iden t ifying H ot Spot  Areas. 

The STAC Hot  Spot Area  rout ine in  Crim eS tat searches for a nd ident ifies th e
densest  clu ster s of in ciden t s based on the sca t t er  of poin t s on the map.  The STAC H ot
Spot  Area  rout in e crea tes a rea l u n it s from poin t  da ta .  I t  iden t ifies the major
concen t ra t ions  of poin t s  for  a  given  d is t r ibu t ion . It  then  represen t s  each  dense a rea  by the

STAC is a scan-type clus ter ing a lgor ith m in wh ich  a  circle is repea tedly la id over a
grid a nd t he number  of poin t s with in t he circle a re counted (Openshaw, Cha r lton, Wymer
and Craft , 1987; Open sh aw, Cra ft , Cha r lton, and Birch, 1988; Tur nbull, Iwa no, Bur net t ,
Howe, an d Clar k, 1990; Kuldor ff, 1995).  It, t hus, shares with  those oth er  scan  rou t ines  the
pr oper ty of mu lt iple t est s, bu t  it  differ s in  tha t  the overlapp ing clust er s a re combined into
la rger  clu ster  un t il there a re no lon ger  any over la ppin g circles.  Thus, STAC cluster s can
be of differ ing sizes .  The r out ine, ther efore, combines some elem en ts of pa r t it ion ing
clus ter ing (the sea rch  circles) with  h iera rch ica l clus ter ing (the aggregat ing of sm aller
clu ster s in to la rger  clu ster s).
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'Hot Spot' Analysis II ScreenFigure 7.1:
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The STAC Hot  Spot Area  rout ine in  Crim eS tat searches for a nd ident ifies th e
densest  clu ster s of in ciden t s based on the sca t t er  of poin t s on the map.  The STAC H ot
Spot  Area  rout in e crea tes a rea l u n it s from poin t  da ta .  I t  iden t ifies the major
concen t ra t ions  of poin t s  for  a  given  d is t r ibu t ion . It  then  represen t s  each  dense a rea  by
eith er  a  st anda rd deviat iona l ellipse or  a  convex hu ll, or  both  (see chapt er  4).  The
bounda r ies of the ellipses or convex hu lls can  easily be displayed as  mapped  layer s by
st anda rd GIS softwa re. 

STAC is not  const ra in ed by a r t ificia l or  polit ica l boundar ies, such  as police bea t s or
census t r act s.  This  is  im por tan t , because clu ster s of event s and pla ces (such  as drug
market s, gang t er r it or ies, h igh  violence taverns, or  gr a ffit i) do not  necessa r ily s top a t  the
border  of a  police bea t .  Also, sh adin g over  an  en t ire a rea  may make it  seem  tha t  the wh ole
neighborhood is  h igh-cr im e (or  low-cr im e), even  though  the a rea  may con ta in  only one or
two dense pocket s of cr im e.  Therefore, a rea -shaded maps could  be mis leadin g.  In  cont rast ,
STAC Hot  Spot Area s a re bas ed on the actua l clus ter s of event s or places on the map.

STAC is des igned to help  the crim e ana lyst  su mmar ize a  vast  amoun t  of geograph ic
in forma t ion  so tha t  pract ica l policy-rela t ed  is sues  can  be addres sed , such  a s r esource
a lloca t ion , cr im e ana lysis , bea t  defin it ion , t act ica l a nd in vest iga t ion  decis ion s, or
developm ent  of int ervent ion  st ra tegies.  An imm edia te concern  of a  law en forcement  user
of au tomated  pin  maps  is  the iden t ifica t ion  of a r eas tha t  con ta in  especia lly dense clust er s
of event s. These pocket s of cr ime demand police a t t en t ion  and could indicat e differen t
th ings for  differen t  cr imes . For ins tance, a grouping of Crim ina l Dam age to Pr oper ty
offenses could  in dica te ga ng a ct ivit y.  If motor  veh icle theft s consis t en t ly clu ster  in  one
section  of town, it  cou ld poin t  to the need t o change pat rol pa t terns a nd pr ocedu res.

To take an  exa mple, F igure 7.2 shows the loca t ion  of the seven  densest  Hot  Spot
Areas of str eet r obbery in 1999 in Chicago.  Four  of th e seven span  th e boun dar ies of police
distr icts a nd t wo cover only a sm all par t of a larger district.   In a sh aded ar ea ma p, th ese
dense clusters of robbery might  be not easily identifiable.  An a rea t ha t is really dense
might  appea r  to be low-cr ime becau se it  is d ivided by an  arbit ra ry bounda ry. Usin g a
shaded area l m ap aggrega t in g t he da ta  wit h in  each  dis t r ict  would  give a  genera l idea  of
the dist r ibut ion  of cr ime over  the ent ire m ap, but  it would n ot  t ell exactly wher e the
clus ter s of cr ime a re loca ted. 

For  exa mple, figu re 7.3 zoom s in  on Hot  Spot  Area  4 (the nor thernmost  Hot  Spot
Area  in  F igure 7.2).  Hot  Spot  Area  4 covers  pa r t s  of two d is t r ict s  (shown by a  p ink
bounda ry line in  figure 7.2) Ther e are a lso four  beat s (shown by blue boun da ry lines). The
sh aded m ap indica tes m any incident s in  beat  2311, bu t  few in bea t s 2312, an d 2313.2   The
inciden t  dist r ibut ion  indica tes t ha t  while few inciden t s occur red overa ll in 2312 and 2313,
most  of the inciden t s t ha t  did  occur  wer e nea r  to beat  2311.  Inciden t s in  bea t  2311 mainly
occur red  on  it s  ea st ern  boundary. Por t ions of t he bea t  were r ela t ively fr ee from s tr eet
robbery.  Th e Hot  Spot  Area  iden t ifies th is  clu ster in g t ha t  spans bea t s and dis t r ict s.  H ot
Spot Area s t ha t  over lap bea t  and d ist r ict bounda r ies might  indicate t o pat rol officer s in
these n eighbor ing a reas t ha t  they should coordina te their effor t s in  combat ing  cr ime.
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STAC Hot Spots for 1999 Street RobberiesFigure 7.2:
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STAC 1999 Street Robbery Hot Spot Area 4Figure 7.3:
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7.6

How STAC Ident i fi es  Hot Spot  Areas

The following pr ocedu res iden t ifies hot  spots  in STAC. The p rogra m implemen ts a
search a lgorit hm, looking for  Hot Spot  Areas.  

1. STAC lays out  a  20 x 20 grid st ructure (t r ian gula r  or  rectangula r , defined  by
the u ser ) on  the plane defined by t he a rea  bounda ry (defined by t he u ser ).  

2. STAC places a  circle on  every node of the grid, with  a  radius equa l to 1.414
(the square root  of 2) t imes  the specified sea rch  radius. Thu s, the circles
overlap.

3. STAC coun ts t he n umber  of poin t s fa lling wit h in  ea ch cir cle, and r anks t he
circles  in  descen din g order . 

4. For a  ma ximum  of 25 circles, STAC records a ll circles with  at  least t wo dat a
poin t s a lon g with  the number  of poin t s with in  each  circle. The X and Y
coord ina tes  of any node with  a t  leas t  two inciden t s  with in  the sea rch  rad ius
are recorded, a long with  the number  of da ta  poin t s found for  each  node.

5. These cir cles a re then  ranked accordin g t o the number  of poin t s and the top
25 sea rch a rea s a re select ed. 

6. If a  poin t  belongs to two differen t  circles, the poin t s with in t he circles ar e
combin ed.  Th is p rocess is  repea ted un t il ther e a re n o over lapp ing circles . 
This  rout in e avoids the problem of da ta  poin t s belon ging t o more than  one
clus ter , and t he add it iona l pr oblem of differ en t  clust er  a r rangemen ts being
possible with  th e same points.  The result is called Hot Clusters.

7. Usin g t he da ta  poin t s in  each  Hot  Cluster , for  each  clu ster  the progr am can
ca lcu lat e the best -fitt ing  st anda rd deviat iona l ellipse or  convex hu ll (see
cha pter 4).  These ar e called Hot S pot Areas. Becau se the sta nda rd
deviat iona l ellipse is a  st a t ist ical summary of th e H ot Clu st er  point s, it  may
not  conta in  every H ot  Cluster  poin t .  I t  a lso may con ta in  poin t s tha t  a re not
in  the Hot  Cluster .  On  the other  hand, t he convex h u lls will cr ea te a  polygon
around a ll poin t s in  the clus ter .

The user can  specify different  search ra dii an d re-ru n t he routine.  Given th e same
area  boundary, differen t  sea rch  radii will oft en  produce sligh t ly differen t  numbers of Hot
Clu st er s.  A search r adiu s t ha t  is either  too la rge or too sm all may fail t o produce any. 
Exper ience an d exper imen ta t ion  are needed to det er mine t he m ost  useful sea rch r adii.
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7.7

Steps  in  Us ing  S TAC

S TAC  is ava ilable on  the Hot  Spot Ana lysis II t ab un der  Spa t ial Descript ion  (see
figure 7.1).  A br ief summary of t he st eps is  as follows:

1. S TAC  r equ ir es  a p rimary file and a  reference file (see chapt er  3).  Opt iona lly,
STAC requ ires  the reference file a rea  (on  the measu rement  pa rameters t ab)
if simulat ion  runs a re request ed.  Note: while S TAC  runs qu ite qu ickly, it
runs more qu ick ly wit h  a  Euclidean  coordin a te sys tem such  as UTM or  Sta te
Plane.  For exa mple, an  ana lysis  of 13,000 st reet  robber ies in  Ch icago ra n  in
less t han  two seconds on a  800 mh z PC with  pr ojected coordina tes
(Euclidean ), while it t ook longer wit h  sph er ica l coordina tes
(la t it ude/lon gitude).

2. Define t he reference file (see chapt er  3).  While Crim eS tat does not include a
da ta  base m anager or qu ery system , a u ser  can  ca r ry ou t  ana lysis of differen t
a rea s of a ju r isd iction  by usin g the bounda r ies  of sever a l refer en ce area s. 
For  example, defin e a ll of Ch ica go a s a  refer ence a rea  and defin e ea ch of the
twenty-five police dist r ict s a s addit iona l referen ce areas.   Hot Spot Areas
can  be iden t ified for  the cit y a s a  whole and for  each  dis t r ict .  In  other  words,
the sa me inciden t  file may be used  for  ana lysis of differen t  map a reas by
using multiple reference files.

3. Define t he sea rch r adiu s.  Gener a lly, a t wo-st age ana lysis  is best .  St a r t  wit h
a  lar ger search  radius a nd t hen  ana lyze Hot Spot  Areas with  a  sm aller
search radiu s.  A search radiu s of more than  one mile may n ot  yield  useful
resu lt s in  an  a rea  the size of Ch ica go (320 square miles).

4. Set  the outpu t  un it s t o miles or  kilomet er s. 

5. Specify the file out pu t  name for  the ellip ses or  convex hu lls. 

6. Click on t he S TAC  pa rameters  bu t ton .

Th e object  of S TAC  is to ident ify hot spot s a nd disp lay them with  ellipses or convex
hulls. I t s key fu nct ion  is  visua l.  Save the ellipses or  hu lls in  the form most  appropr ia te for
the syst em  (e.g., ArcView , Atlas, MapIn fo).  Because the ellipses or  convex hu lls a re
gener a ted as polygons, t hey can  be u sed for  selections, qu er ies, or  them at ic maps  in  the
GIS.  In  addit ion  to the ellipses and convex h u lls, a  t able is  outpu t  wit h  a ll the in format ion
on  den sity an d loca t ion  for  each  ellipse.  It  can  be saved to a ‘dbf’ file, which  can  then  be
read by any spreadsheet pr ogra m.  The ellipses and convex hu lls ar e num bered in th e same
order  a s t he p rin t ed  ou tpu t .
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S TAC  P ara m e te rs  

Th e two most  im por tant  parameter s for  runnin g STAC are the bou ndary of the
st udy ar ea  (reference area) and t he sea rch  radius. A det a iled discussion of the pa rameters
follows.  Figure 7.4 shows the S TAC  pa ramet er s s creen . 

S ea r c h  R a d i u s

1. The sea rch r adiu s is  the key set t ing in S TAC .  In genera l, the lar ger t he
sea rch  radius, the more inciden t s t ha t  will be included in  each  Hot  Clust er
and t he la rger  the ellipse tha t  will be disp layed.  Smaller  sea rch r adii
gener a lly resu lt  in  more ellipses of a  sm aller  size.  A good st ra tegy is t o
in it ia lly use a  la rger  rad ius  and then  re-ana lyze a reas  tha t  a re ‘hot ’ with  a
sm aller  radiu s.  In  Ch icago, we have found t ha t  a  750 m et er  radiu s is
appropr ia te for  the cit y a s a  whole and a  200 meter  sea rch  radiu s for  one of
the 25 dist r ict s.   It  will be necessa ry to exper imen t  to det ermine a n
appr opriat e sear ch r adius.

U n i t s

2. Specify the un it s for  the sea rch r adiu s.  Th e defau lt  is m iles a nd t he defau lt
sear ch r adius is 0.5 miles.  Be car eful about  using lar ger sea rch ra dii.  In
Chica go, a  sea rch  radiu s la rger  than  one mile genera tes ellipses tha t  a re too
lar ge to be of any ta ct ica l or  planning use.  Oth er  good choices a re 750
met ers or 0.25 miles.

Min im u m  P oin ts  P er  Clu st er

3. Specify th e minim um number  of poin t s t o be included in  a  Hot  Clust er .  The
limit  for  the minim um poin t s in  a  Hot  Clust er  is two.  We usu a lly use a
minim um of 10.

B ou n d a r y

4. Select  the reference file to be used for  the ana lysis.  The u ser  can  choose t he
boundary fr om the da ta  set  (i.e., the min im um and maximum X/Y valu es) or
from the reference boundary.  In  our  opin ion , t he choice of the reference
bounda ry is best .  If the da ta  set  is u sed t o define t he r efer en ce boun da ry,
th e smallest recta ngle tha t encompa sses all incident will be used.

S ca n  Typ e

5. Select  the scan  type for  the grid.  Choose Rectangula r  if the ana lysis a rea  has
a  most ly grided s t reet  pa t t ern .  Chose Triangula r  if the ana lysis a rea
genera lly has  an  ir regu la r  s t reet  pa t t ern .
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Gr a p h ica l ou tp u t fi les

6. Select whet her t he graph ical out put  will be displayed as stan dar d
deviat iona l ellipse or  as convex hu lls, or  both  (see chapt er  4).  For ellipses ,
select  the n umber  of st anda rd devia t ions  for  the ellip ses. One (1X), 1.5X, and
2X st anda rd deviat ions can  be selected. One s tanda rd deviat iona l ellipses
should  be sufficien t  for  most  ana lysis .  While one st andard devia t ion a l
ellipses  ra rely overlap, 1.5X and 2X two st anda rd deviat iona l ellipses oft en
do. A larger  ellipse will include m ore of th e H ot Clu st er  point s; a  sm all
ellipse will produce a m ore focused H ot Clu st er  iden t ificat ion . The u ser  will
have to work out  a  ba lan ce between  defin ing a  clus ter  pr ecisely compa red t o
ma king it so lar ge as to be un clear  where one sta rt s an d an oth er ends.

S i m u l a t i on  R u n s

7. Specify whether  any s im ula t ion  runs a re to be  made. To test  the sign ificance
of S TAC  clust ers , it  is necessa ry to ru n  a Mont e Car lo simu lat ion  (Dwass,
1957; Barnard, 1963).  Crim eS tat includes a  Mont e Ca r lo sim ula t ion  rout ine
tha t  produces approximate confidence in terva ls  for  the par t icu la r  STAC
model tha t  has been  run . The differ en ce between  the den sit y of inciden t s in
S TAC  ellipses in  a  spa t ially ra ndom da ta  set  and t he S TAC  ellipses in  the
actu a l da ta  set  is a  t es t  of the s t ren gth  of the clust er ing detected by S TAC . 
Essen t ia lly, the Monte Ca r lo s im ula t ion  assigns N cases randomly to a
rectangle wit h  the same area  as the defin ed study a rea  as specified on the
Measu rement  Parameters t ab and evalu a tes t he number  of clus ter s
according to th e defined par am eters (i.e., search ra dius).  It  repeat s th is test
K t imes, wh ere K is defined  by th e user  (e.g., 100, 1,000, 10,000).  By
running the simula t ion  many t imes, the u ser  can  assess a pproximate
confidence in t erva ls  for  t he par t icu la r  number  of clust er s  and density of
clu ster s.  The defau lt  is  zero sim ula t ion  runs because the sim ula t ion  run
op tion  usua lly increases  the ca lcu la t ion  t ime considerably.  If a  simu la t ion
run  is  selected, t he user  should  iden t ify the a rea  of the study r egion  on the
Measu rement  Parameters t ab.  It is bet t er  to use t he ju r isidict iona l ar ea
ra th er th an  th e reference area if th e jur isdiction is irr egular ly sha ped.

Ou tp u t

Ell ipses or  convex  hu l l s

The ellipses a re ou tpu t  with  a  pr efix of “St ” before the ou tpu t  file name while the
convex h u lls a re outpu t  wit h  a  prefix of “Cst” before the outpu t  file name. These object s can
ea sily be in corpora ted in to a GIS sys tem .  ArcView  sh ape files can  be opened as t hem es. 
STAC gra phic files also can  be added as a  MapIn fo la yer  usin g t he Universa l Transla tor
Tool.  MapIn fo Mif/Mid  files must  be im por ted usin g t he command table—>impor t . Both
MapIn fo an d ArcView  files a re polygons a nd can  be u sed for qu er ies , them at ics, and
selections.
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P r i n t ed  O u t p u t

Ta ble 7.1 shows t he pr in ted out pu t .  Note t ha t  the pr in ted out pu t  does n ot in clude
the file name.  Be sure t o record t he file name and t he r efer en ce file (if any tha t  is u sed).  

1. The firs t  section  of the ou tpu t  documents pa rameter  set t ings a nd file size.
Sa mple size indica tes t he number  of poin t s in  the file specified in t he set up.

2. Measurement  Type in dica tes the type of dis t ance measurement , d ir ect  or
In dir ect  (Manha t tan). 

3. Scan  Type indicat es a recta ngular or t rian gular  grid specified in t he setup.

4. Inpu t  Un it indica tes t he un its  of the coordina tes specified in t he set up,
degrees  (if la t itude/longitude) or  met er s or  feet  (if pr ojected).  

5. Outpu t  Un its  indica te the un it of den sity an d lengt h  specified in t he set up
for t he out put  an d ellipses. Outpu t Un its ar e genera lly, miles or k ilomet ers. 

6. Search Ra diu s is  the un it s specified in  the set up.  In  Figure 7.2 a bove, th is is
met ers.

7. Bounda ry iden t ifies the coordina tes of the lower  left  and u pper  r igh t  corner
of the s tudy a rea . 

8. Poin t s in side the boundary cou nt  the number  of poin t s wit h in  the reference
file.  This m ay be fewer  than  the number  of poin t s in  the tota l file when a
sm aller  a rea  is bein g used for ana lysis  (see above). 

9. Simulat ion  Run s indica tes t he number  of runs, if any specified in t he set up.

10. F in a lly, STAC pr in ted outpu t  provides summary s ta t is t ics  for  each  Hot  Spot
Area .

 
A. Clu ster— an  iden t ifica t ion  number  for  each  ellipse.  This  corresponds

to th eir  order  in  a  t able view in  ArcView , or  the br owser  in  MapIn fo.

B. Mean  X and Mea n  Y - Coordina tes of the mean  center  of the ellipse.

C. Rota t ion- th e degrees  the ellipse is r ota ted (0 is horizonta l; 90 is
ver t ica l).

D. X-axis  and Y-axis  - the length  (in  the selected  ou tpu t  un it s ) of the x
and y a xis.  In  the exa mple, the len gth  of the x axis of ellipse 1 is
1.04768 miles.
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Ta ble  7.1

P rin te d  Ou tpu t for S TAC

Spatial and Temporal Analysis of Crime:
---------------------------------------

    Sample size ...........:  1181
    Measurement type ......:  Direct
    Scan type....... ......:  Rectangular
    Input units .... ......:  Degrees
    Output units ... ......:  Miles, Squared Miles, Points per Squared Miles
    Standard Deviations ...:  1
    Search radius..........:  804.672000
    Boundary...............:  -76.83302,39.23274 to -76.38390,39.59103
    Points inside boundary.:  1179
    Simulation runs .......:  1000

   Ellipse
Cluster  Mean X   Mean Y    Rotation  X-Axis   Y-Axis  Area  Points  Density
-------  -------  -------   --------  -------  -----   ----  ------  -------
 1    -76.44915  39.31484  89.41867  1.04768  0.25053 0.82460  106  128.546688
 2    -76.73681  39.28658  69.91502  0.22142  0.88202 0.61354   63  102.682109
 3    -76.57098  39.38499  37.10812  0.34793  0.82213 0.89863   61   67.880882
 4    -76.77129  39.35987  11.26360  0.94336  0.26216 0.77695   61   78.511958
 5    -76.51830  39.26019   8.37773  0.43717  0.25497 0.35017   43   22.796997
 6    -76.60231  39.40086  14.84392  0.17969  0.29466 0.16634   36   16.423811
 7    -76.73087  39.34246  41.07812  0.31007  0.25885 0.25215   35   38.806566
 8    -76.75451  39.31110  74.78196  0.19154  0.31572 0.18998   24   26.326405

    Distribution of the number of clusters found in simulation (percentile):   

    Percentile Clusters            Area       Points          Density
    ---------- -------- --------------- ------------ ----------------
           min       12         0.01113            5         4.673554
           0.5       13         0.02389            5         4.924993
           1.0       13         0.03587            5         4.977644
           2.5       14         0.05081            5         5.236646
           5.0       14         0.06177            5         5.505124
          95.0       19         1.24974           14        82.281060
          97.5       19         1.39923           16       101.053102
          99.0       20         1.58861           17       140.078387
          99.5       20         1.67065           19       209.279368
           max       20         2.08665           23       449.401912

E. Area  - t he a rea  of t he ellip se in  squa re un it s .  E llip ses  are ordered
according to th eir s ize.  In t he exam ple, Ellipse 1 is 0.8246 square
miles.

F . Point s - th e number  of poin t s in  the Hot  Clust er .  In t he exam ple,
there are 61 point s in  clus ter  3.
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G. Clust er Density - th e num ber of points per squa re un it.   The lar gest
clus ter  is n ot n ecessa r ily the den sest .  In  th is exa mple, clust er  eight  is
the sm allest, but  its  den sity is h igher  than  two other  clus ter s.

The best  way to prin t  or  sa ve Crim eS tat print ed out put  is to place the cur sor inside
th e out put  window and S elect all, then  copy a nd past e t he select ion  in to a word processin g
docum en t  in  landscape m ode.  

Ma ke sure t o adequ a tely a nnota te t he file, especially t he t ype of inciden t s, t he
refer ence boundary, and the name of the outpu t  file.  This  can  be very impor tan t  for  future
reference.

For  Old S TAC  Users   

In  gen er a l, S TAC  has r et a ined a ll the functiona lity and speed of pr evious versions. 
The ellipses will look somewh at  differ en t  than  pr evious  ver sions, becau se a  more widely
accepted met hod for  calcu la t ing st anda rd devia t iona l ellipses h as been  used. S TAC for
DOS  used a  1x s t andard devia t ion  ellipse.  An a lyst s who want  resu lt s sim ila r  to S TAC  for
DOS sh ould set  st anda rd deviat ions t o 1.

The Crim eS tat ver sion  of S TAC  has the followin g improvements over  STAC for
DOS:

1. S TAC  no longer  requ ires the u se of a  special ASCII da ta  file. The da ta  file
can  be a ny of th ose available in  Crim eS tat.

2. Any project ion  can  be used, inclu din g la t it ude/lon gitude.  F iles a re not
conver ted in to a  Euclidean  project ion .

3. We have not  found a  limit  on  the number  of poin t s t ha t  can  be ana lyzed  with
the Crim eS tat vers ion  of STAC. Ther efore, a sm all r adius can  now be us ed
over large ar eas.

4. S TAC  can  gen er a te Shape files for ArcView or Mif/Mid files for MapInfo. 
Both  a re polygons-not poin t s.

5. It  is  easier  for  the user  to specify the number  of st andard devia t ion s for  an
ellipse  (1X, 1.5X, or  2X). 

6. Convex hu ll out put  ha s been added.

7. The user  can  run  S TAC  on  a  spat ia lly r andom da ta  set  t o get  an  es t ima te of
the degr ee of clust er ing detected by S TAC  in  the inciden t  da ta .
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8. The st udy ar ea  bounda ry (reference file) can  be gener a ted from t he da ta  set
(we would  not  suggest  doin g t h is  sin ce it  will be difficu lt  to compare
distr ibut ions).

Exam ple 1: A STAC Ana lysis  of  1999 Chica go Stre et  Robbe ries

STAC Hot  Spot Area s wer e ca lcu lat ed for  a ll st r eet  (or  sidewa lk or a lley) robber ies
occur r in g in  Ch ica go in  1999 (n=13,009).3  Ther e were 13,007 wit h in  the sea rch boun da ry. 
The sea rch  radius wa s set  for  750 met ers (approximately ½ m ile), an d t he ellipses wer e set
to one s t anda rd devia t ion.  Ten  wa s t he m in imum number  of inciden t s per  clus ter .  

In  figure 7.2 (sh own ear lier), STAC det ected seven  ellipses. The areas of the seven
ellipses ranged from 5 square kilometer s to 0.7 square kilometer s, a nd the number  of
inciden t s in  an  ellipse  ranged from 760 to 153.   Th e smalles t  ellipse  (nu mber  7 in  figur e
7.2) was t he densest , 222 robber ies per  squ are kilometer .  Of the 13,007 inciden t s, 2,375
were in a  clus ter . Ther efore, 18 percent  of a ll of Chicago’s st reet  robber ies in 1999 occur red
in 6% of its  233 square mile a rea .

To map the resu lt s, t he ellipse boundar ies were im por ted in to MapIn fo a s a  mif/mid
file and over la id on  a  map of police dist r icts .  The la rge blu e r ectangle in  figur e 7.2
designa tes the search  boundary (r eference file).  O’Hare Air por t  was excluded because
exa ct geo-codin g is n ot possible for the few s t reet  robber ies  tha t  occur red ther e.   At a  city-
wide scale, th e map is int erest ing, but  is mainly usefu l for  confirm ing what  is alr eady
kn own.  Ellipse 1, on  the west  side, ha s h ad a  h igh  level of violence for  many years.
Ellipses 2 and 6 a re cen tered on areas where h igh  r ise public housin g project s a re
gr adua lly bein g a bandoned.  Overa ll, t hese ellipses a re not  very u sefu l for  t act ica l
purposes .  However , they poin t  ou t  tha t  four  Hot  Spot  Areas  cross Dis t r ict  boundar ies , and
tha t  the la rge number  of st reet  robber ies in  these a reas might  be los t  in  separa te dis t r ict
report s.

A Ne ighborhood  STAC Ana lysi s

The pr esen ce of Ellipse 4 (th e nor thernmost  ellipse in figure 7.2) might  be
unexpected t o ma ny Chicagoans.  Th e m id-Nort hside, nea r  the La ke Michigan , is gen er a lly
considered to be  a  rela t ively a fflu en t  and sa fe neighborhood.  H owever , t he neighborhood
around E llipse 4 h as h ad a  h igh  level of cr ime for  many years.  It  was a n  enter t a inm ent
cent er  in  the Roar ing Twen t ies, and sever a l inst itu t ions of tha t  er a  rem ain . Today it  is a n
area  wit h  mult ip le, oft en  conflict in g, uses.  A m ore deta iled ana lysis  of the neighborhood
wit h  the help  of STAC m ay poin t  to specific a reas tha t  need in creased pa t rol or  prevent ion
activit ies .   

The second st ep of STAC an a lysis wa s t o define a  focused search  bounda ry ar ea
around Ellipse 4.   Th is  was done easily by cr ea t in g a  new map la yer  in  MapInfo and
dr awing a  rectangle around t he desir ed st udy ar ea .  Clickin g on  the st udy ar ea  gave the
required Crim eS tat r eferen ce bounda ry maximum and m inimum coordina tes.  Us ing th is
more focused boun dar y, STAC was r un  a second t ime with a  200 meter sear ch r adius an d
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the sa me file of 13,009 cases.  The sea rch  bounda ry (reference file) now conta ined  442
inciden t s.  STAC detected t h ree ellipses t ha t  con ta ined  231 inciden t s. The STAC ellipses
were then  im por ted in to MapIn fo and m apped (Figu re 7.5).  

As the a rea  covered by a  map gr ows smaller , det a iled in format ion  about  crim e
pa t ter ns a nd t he community can  be a dded.  In  th is m ap, t he STAC ellipses wer e overla in
wit h  the address loca t ion s of in ciden t s (sized accordin g t o the number  occur r in g a t  each
locat ion) an d str eets.4  Much of the area  is relat ively cr ime-free.  The most  frequent
loca t ions for  st reet  robbery do not  coincide with  main s t reet s.   St reet  robbery incident s
tend t o clus ter  near  rapid t r ansit  st a t ions a nd t he blocks  imm edia tely su r rounding th em.
For exa mple, Argyle St reet , bet ween  Broadwa y and Sher ida n , is t he site of  “New Ch ina
Town.”  It  is  an  an  area  wit h  a  number  of st reet  robber ies and is  a  dest in a t ion  area  for
“Nor ths iders” who want  an  inexpens ive Chinese or  Vietnamese mea l.

There is  a  par t icu la r ly r isky a rea  in  the neighborhood of Br oadway a nd Wilson
adjacen t  to Tr uman Com munit y College.   In  a  previous ana lysis  of the Br onx, Fordham
Universit y was shown to be  a  sim ila r  a t t r actor  for  robbery inciden t s.  Colleges supply good
ta rgets  for  st reet  robbery.  Also, au thor ity for  secur ity is split  between  the college and t he
city police. The a rea  a round Broadway and Wilson  has been  r isky for  many yea r s.  N inety
year s a go, it  was t he nor thern  terminu s of rapid t r ansit , an d t he site of severa l very
in expensive hotels , t wo of which  st ill exist .  Today t he a rea  has severa l pawn shops and
cur rency exch anges.  There is  an  ATM loca ted in  the EL sta t ion .   The area  look s
da nger ous  and d ir ty.  Fina lly, the a rea  has m any blin d corn er s a nd a lleys  tha t  cou ld ser ve
as sit es for  robbery; th is is un usu a l for  Chicago.   The censu s block t ha t  includes t he
nor thwest  corner  of Broadway an d Wilson r anked  fifth  among Chicago’s 21,000 censu s
blocks in  number  of st reet  robber ies  in  1999.  

Changes n eed  to be made to reduce th e r isk  of st reet  robbery in th is a rea .  Mapping
ident ifies  a  pr oblem wit h  st reet  robber ies, bu t  to invest igate possible cha nges it  is
necessary t o go beyon d mappin g.  Aside from changes in  pa t rol pract ices, wha t  phys ica l
changes might  a id in crime redu ct ion?  The cam pu s h as very litt le parkin g.  The
adm inist ra t ion a ssumes tha t  st udent s t ake public t r ansport a t ion, bu t  many do not.   A
secur e pa rkin g garage th a t  cou ld ser ve both  the eleva ted st a t ion  and t he school could be
const ruct ed  (vacan t  land is  ava ilable). In  add it ion , increased  police pat rol in  t he a rea
bet ween  the school an d t he el s t a t ion could  be im plemen ted. 

Advan tage s  of STAC

STAC ha s a  number  of adva ntages a s a  clust er ing algor ithm:

1. STAC can  ana lyze a  very large number  of cases qu ickly.  It  is ver y fast  usin g
a E uclidean pr ojection su ch a s UTM or St at e Plane, an d not quite as fast
usin g spher ica l coordin a tes (la t it ude/lon gitude).

2. Th e STAC user  cont rols  the approxim ate size of the ellipses (search radiu s),
th e minimu m n um ber of points per ellipse, an d th e study ar ea.  These
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featu res allow for a  broad sear ch for H ot Spot Areas over an  entire city an d a
second search  concent ra t in g on  a  smaller  a rea  and der ivin g focu sed Hot  Spot
Areas for loca l t actica l use .   

3. STAC a nd Heir a rch ica l Clu ster in g a re complimenta ry.   Heir a rch ica l
Clu st er ing firs t  der ives  sm all ellipses a nd t hen  aggrega tes  to lar ger  ones. 
The recomm ended STAC procedure is to first derive lar ge scale ellipses and
then  to ana lyze th ese for  t act ica l use.

4. The visu a l display of STAC ellipses or convex hu lls is qu ite in tu itive.

5. Hot  spots need not  be limit ed to a  sin gle kin d of cr im e, p la ce or  even .  F or
exa mple, ellipses of drug cr im e can  be over la in  on those for  burgla ry. Some
causa l factor s a re a lso ana lyzable with  STAC ellipses.  For  exam ple, ellipses
of st reet  robbery can  be compa red t o those for  liquor  licenses.

9. STAC com bin es fea tures of a  h iera rch ica l a nd par t it ion in g search  methods
and a da pt s it se lf to the s ize of the clust er s. 

10. Unlike the Nnh rout in e, which  has a  constan t  th reshold (search radiu s),
STAC can  creat e clusters of un equa l size becau se overlapping clusters a re
combined unt il th ere is no overlap.

Lim itation s  of STAC

There a re a lso some limit a t ions t o using STAC:

1.   The dist r ibut ion  of inciden t s with in clust er s is not  necessa r ily un iform.  The
user  should  be carefu l n ot  to assume tha t  it  is .  A m apped theme of the Mode
rout ine (see chapt er  6) according to nu mber  of inciden t s or t he single ker nel
densit y in terpola t ion  (see chapter  8) over la id  wit h  STAC ellipses a re good
ways  to overcome th is  problem (figu re 7.5 above and figu re 7.6 below).

2.  STAC is based on the dist r ibu t ion  of da ta  point s.  Neit her  land u se nor r isk
factor s  is  accoun ted  for .  It  is  up  to the ana lys t  t o iden t ify the cha ract er is t ics
tha t  make a  Hot  Spot  ‘hot ’.

3. Sm all changes in t he STAC st udy ar ea  bounda ry can  resu lt in  quit e differen t
depict ions of the ellipses.  Th is is  t rue of any clust er ing rout ine. Ret a in ing
the sa me reference file over r epea ted a na lyses a lleviat es t h is pr oblem.  The
an alysis should also be docum ented for t he an alysis par am eters.

Never theless, if used car efu lly, STAC is a power fu l tool for  det ect ing clus ter s a nd
can  allow an a na lyst t o experiment with var ying search ra dii an d reference boun dar ies.

Next, the K-mean s clustering rout ine is exam ined.
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K-Me a n s P a rt it io n in g  Clu s te rin g

The K-m eans clus ter ing rou t ine (Kmeans) is  a  pa r t it ion ing p rocedure where the
data  a re grouped  in to K  gr oups defin ed by t he user .  A specified number  of seed loca t ion s,
K , are defined by t he u ser  (Fisher , 1958; Ma cQueen , 1967; Aldender fer and Bla sh field,
1984; Syst a t , 2000).  The rou t ine t r ies to find  the best  position ing of the K  cen ter s  and then
assigns each point  to the center  tha t  is  nearest .  Like the Nnh  rou t ine, the Kmeans  ass igns
poin t s to one, a nd only one, cluster .  H owever , u n like the nearest  neighbor  h iera rch ica l
(Nnh) p rocedure, a ll poin t s  a re assigned  to clus ter s .  Thus , there is  no h iera rchy in  the
rout ine, th at  is th ere ar e no second- an d higher-order clust ers.

The t echn ique is u seful wh en  a  user  wa nt  to cont rol the grouping.  For  example, if
there a re 10 precin ct s in  a  ju r isdict ion , a n  ana lyst  might  want  to iden t ify the 10 most
compa ct  clus ter s, one for  pr ecinct.  Alter na t ively, if a  pr evious a na lysis h as sh own there
wer e 24 clust er s, t hen  an  ana lyst  cou ld check whet her  the clus ter s h ave sh ifted  over  t ime
by also ask ing for  24 clus ter s.  By defin ition, th e technique is somewh at  a rbitr a ry since th e
user  defin es how many cluster s a re to be  expected.  Whether  a  clu ster  could  be a  ‘hot  spot ’
or  not  wou ld  depend on  the exten t  t o wh ich  a  u ser  wan ted  to r ep lica t e ‘hot  spot s ’ or  not .

The theory of the K-means pr ocedu re is rela t ively st ra igh t forward.  The
implementa t ion  is  more complica ted .  K-means  represen t s  an  a t t empt  to define an  op t imal
number  of K  loca t ions wh ere the su m of the dist ance from every poin t  to each  of the K
center s is  min im ized.  I t  is  a  va r ia t ion  of the old  loca t ion  theory paradigm of  how to loca te
K  facilit ies (e.g., police st a t ion s, h ospit a ls , shoppin g cen ter s) given  the dis t r ibu t ion  of
popula t ion (Hagget t , Cliff, and F rey, 1977).  Tha t  is, h ow does one iden t ify supply loca t ion s
in  r ela t ion  to dem and loca t ion s.  In  theory, solvin g t h is  quest ion  is  an  empir ica l solu t ion ,
what  is frequent ly called global optim ization .  One t r ies every combin a t ion  of K  object s
where K  is a  su bset  of the t ota l popu la t ion of inciden t s (or people), N , and  measures  the
dist ance from every inciden t  poin t  to every one of the K  locat ions.  Th e par t icula r
combinat ion which gives the minima l sum  of all dista nces (or a ll squar ed dista nces) is
considered the best  solu t ion .  In  pract ice, h owever , solvin g t h is  is  computa t ion a lly a lm ost
im possible, pa r t icu la r ly if N  is lar ge.  For example, with  6000 inciden t s grouped in to 20
pa r t itions (clus ter s), one cannot  solve th is with  any norm al compu ter  since there are

     6000!
-------------- = 1.456 x 1057

 20! 5980! 

combina t ions .   No computer  can  solve tha t  number  and  few spreadsheet s  can  ca lcu la te the
factor ia l of N  gr ea t er  t han  abou t  127.5  In  oth er  words , it  is a lmost  impossible t o solve
computa t iona lly.

Practically, th er efore, the differ en t  implemen ta t ions of the K-mea ns r out ine a ll
make in itia l guesses  about  the K  loca t ions  and then  op t imize the sea t ing of th is  loca t ion  in
relation t o th e nearby points.  This is called local optim ization.  Unfor tuna tely, each  K-
means r ou t ine h as a  differen t  way to define t he init ial loca t ions so th a t  two K-means
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procedures will u sua lly n ot  produce t he same resu lt s, even  if K  is ident ica l (Everit t , 1974;
Systa t , Inc., 1994).

C r i m eS t a t  K-m e a n s R ou ti ne

The K-means  rou t ine in  Crim eS tat a lso makes  an  init ial guess a bout  the K  loca t ion s
and t hen  opt imizes t he dist r ibu t ion  locally.  The procedure t ha t  is a dopt ed makes in it ia l
est ima tes a bout  loca t ion  of the K clus ter s (seeds), assigns a ll poin t s t o its  nearest  seed
loca t ion , r e-ca lcu la tes  a  cen ter  for  each  clus ter  which  becomes  a  new seed , and  then
repea t s t he pr ocedu re a ll over a gain .  The pr ocedu re st ops wh en there are very few changes
to the clus ter  compos it ion .6

The defau lt  K-mea ns clust er ing rout ine follows an  a lgor ithm for  grouping all point
loca t ion s in to one, a nd only one, of these K gr oups.  There a re two genera l s t eps: 1) t he
iden t ifica t ion  of an  in it ia l guess (seed) for  the loca t ion  of the K clu ster s, a nd 2) loca l
op t imiza t ion  which  assigns  each  poin t  to the neares t  of the K clus ter s .  A gr id  is  over la id
on t he da ta  set  and t he number  of point s fa lling with in  each gr id cell is counted.  The gr id
cell with  the m ost  point s is  the in it ia l fir st  clust er .  Then , the second in it ia l clust er  is t he
grid cell with  th e next m ost points t ha t is separ at ed by at  least:

      A
Separa t ion  = t  * 0.5 * SQRT [ ------- ] (7.1)

      N

where t  is  the Student ’s t -va lu e for  the .01 sign ificance level (2.358), A is  the a rea  of the
region, a nd N  is t he sample size.  A th ird in it ia l clust er  is t hen  selected which is  the gr id
cell with  the th ird  most  poin t s a nd is separa ted from t he firs t  two grid cells by at  leas t  the
separa t ion  factor  defin ed above.  This  process is  repea ted un t il a ll K in it ia l seed loca t ion s
are chosen .

The algorith m t hen condu cts local optim ization.  It  assigns each point t o th e nearest
of the K seed  locat ions t o form  an  in it ia l clust er .  For ea ch of the in it ia l clust er s, it
calculat es the center  of minimum  dista nce and t hen r e-assigns a ll points t o th e nearest
cluster, based on t he distan ce to th e center  of minimum  dista nce. It r epeat s th is process
unt il no poin t s change clus ter s. To increase the flexibility of the r out ine, the gr id t ha t  is
overla id on  the da ta  poin t s is r e-sized to accommoda te differen t  clus ter  st ructures,
increasin g or decrea sin g in  size to tr y to find t he K clust er s.  After  it er a t ing th rough
differen t  gr id  sizes, t he code makes sure tha t  the fin a l seeds a re from the "best " gr id  or  the
grid t ha t  pr odu ces t he most  clus ter s. Fin a lly, for  each  clus ter , th e rou t ine calcu lat es a
st anda rd deviat iona l ellipse an d optiona lly can  ou tpu t  the resu lts  gra ph ica lly as either
sta nda rd deviationa l ellipses or a  convex hu lls.
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Con trol o ve r Initi al Se lec tio n  of Clus te rs

C h a n g in g  t he sep a r a t i on  b et w e en  cl u st er s

One problem wit h  th is  approach  is  tha t  in  h igh ly concent ra ted dis t r ibu t ion s, such  as
with  mos t  cr ime inciden t s  in  a  met ropolit an  a rea , the separa t ion  between  clus ter s  may not
be sufficien t ly large to det ect  clust er s fa r ther  awa y from t he concent ra t ion ; th e a lgor ithm
will t end t o su b-divide concent ra ted group ings of inciden t s in to multiple clus ter s r a ther
than  seek  clus ter s t ha t  a re less concent ra ted a nd, usua lly, fa r ther  away.  To increa se t he
flexibilit y of the r out ine, Crim eS tat a llows the user  to modify the in it ia l select ion  of
clus ter s sin ce th is has a  lar ge effect  on  the fina l grouping (Everet t , 1974).  Ther e are two
ways  the in it ia l select ion  of clu ster  cen ter s can  be modified.  The user  can  in crease or
decrease the separa t ion  factor.  Form ula  7.1 is s t ill used t o sepa ra te ea ch of the in it ia l
clus ter s , bu t  the user  can  either  select  a  t -va lue from 1 to 10 from the d rop  down menu  or
wr ite in  any nu mber  for  the sepa ra t ion , including fract ions, to increa se or decrea se t he
sepa ra t ion bet ween  the in it ia l clus ter s.  The defau lt  is set  a t  4.  

F igure 7.7 shows a  simulat ion  of eigh t  clus ter s, four  of which  have higher
concen t r a t ions than  the other  two.  Two par t it ions of t he dat a  set  in to eigh t  groups  are
sh own, one using a separa t ion  of 4 (da sh ed green  ellipses) an d one with  a  sepa ra t ion  of 15
(solid blu e ellip ses).  As seen , the par t it ion with  the la rger  sepa ra t ion capt ures  the eigh t
clu ster s bet t er .  Wit h  the smaller  separa t ion , t he rout in e will t end to sub-divide more
concen t r a t ed  clust er s  because tha t  r educes  the d is t ance of each  poin t  from the clust er
center .  Depend ing on  the pu rpose of the pa r t itioning, a gr ea ter  or  lesser  sepa ra t ion  may be
desired.

S el ec ti n g t h e i n it i a l  seed  l oc a t ion s

Alter na t ively, th e init ial clus ter s can  be modified to a llow the user  to define the
actu al locat ions for t he initial cluster center s.  This appr oach was u sed by Fr iedma n a nd
Rubin (1967) an d Ball an d Ha ll (1970).  In Crim eS tat, th e user-defined locat ions a re
en ter ed wit h  the seconda ry file wh ich list s t he loca t ion  of the in it ia l clust er s.  Th e r out ine
reads the secondary file and uses the number  of poin t s in  the file for  K and the X/Y
coord ina tes  of each  poin t  a s  the in it ia l seed  loca t ions .  It  then  p roceeds in  the same way
with  loca l op t imiza t ion .   When  eigh t  poin t s  tha t  were approximately in  the middle of the
eigh t  clust er s in  figure 7.7  were inpu t  as t he seconda ry file, the K-mea ns r out ine
im media tely iden t ified the eigh t  clu ster s (resu lt s not  shown).  Aga in , dependin g on  the
pu rpose th e user  can  test  a  pa r t icu lar  clus ter ing by requ iring th e rou t ine t o consider  tha t
model, a t  least  for  the in it ia l seed loca t ion .  The rout in e will con duct  loca l opt im iza t ion  for
th e rest of th e clustering, as in th e above meth od.

The K-means outpu t  is  sim ila r  for  both  rout in es.  I t  in clu des the parameter s for  the
standard devia t ion a l ellipse of ea ch  clu ster  in  the table. In  addit ion , graphica lly on e can
out pu t  ea ch clust er  as a  st anda rd devia t iona l ellipse  or a s a  convex hu ll (see cha pt er  4). 
The convex hu ll dr aws a  polygon  aroun d a ll the poin t s in  a  clust er .  Hen ce it is  a  liter a l  
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Figure 7.7:

Separated Data and K-Means Solution
K=8 Paritions with Two Separations of Initial Seed Locations

Separation=15

Separation=4
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descr ip t ion  of the ext en t  of the clu ster .  The ellipse, on  the other  hand, is an  abst ract ion  for
the clu ster .  Typica lly, one st andard devia t ion  will cover  more than  50% of the cases, on e
and a  ha lf s t andard devia t ion s will cover  more than  90% of the cases, a nd two standard
deviat ions will cover  more t han  99% of th e cases, a lthough  the exa ct per cent age will
depen d on the dist r ibut ion .  In genera l, use a  1X st anda rd deviat iona l ellipse since 1.5X
and 2X st anda rd deviat ions can  crea te an  exaggera ted view of the under lying clus ter .  The
ellipse, after a ll, is an  abstr action from t he points in th e cluster which m ay be ar ra nged in
an  ir regu la r  manner .  On the other  hand, for  a  regiona l view, a  convex h u ll or  a  one
st anda rd deviat iona l ellipse may not be very visible.  The user  has t o ba lan ce the need t o
accura tely displa y the clus ter  compa red to ma king it  ea sier  for  a  viewer  to un derst and it s
loca t ion .

Mea n  s q u a r ed  e r r or

In a ddition, the out put  for each cluster lists t wo additiona l sta tistics:

Su m of squ ares  N C

of clus ter  C     = SSE C = G { [(XiC - MeanXC]2 + [YiC-MeanYC]2 } (7.2)
 i = 1

Mean squa red 
er ror  of clus ter  C   = MSEC =  SSE C  / (NC -1) (7.3)

where XiC is t he X valu e of a  poin t  tha t  belongs t o clust er  C, YiC is t he Y value of a  point
tha t  belongs to clus ter  C, Mean XC is t he m ea n  X value of clust er  C (i.e., of on ly those poin t s
belonging to C), Mean YC is th e mean  Y value of cluster C, an d NC is t he number  of point s in
clus ter  C.  There is  a lso a  tota l sum of squares  and a  tota l mean  square er ror  which  is
su mmed over  a ll clus ter s

Tota l Sum  

of Squa res    = G SSE C (7.4)
 C

Tota l Mean  

Squa red  Er ror = G SSE C/(N-K-1) (7.5)
 C

where SSE C is th e sum of squar es for cluster C, N is the tota l sam ple size, an d K is th e
number  of clus ter s.  The sum of squares is t he squ ared deviat ions of each clust er  point
from the cen ter  of min imum d is tance while the mean  squared  er ror  is  the average of the
squ ared deviat ions for  each  clus ter .

The sum of squares (or  sum of squared er rors) is  frequent ly used as a  cr it er ia  for
iden t ifyin g ‘goodness of fit ’ (Everet t , 1974; Aldender fer  and Blashfield , 1984; Gersho and
Gray, 1992).  In  genera l, for  a  given  number  of clu sters, K, t hose wit h  a  smaller  sum of
squ ares a nd, cor respondingly, sm aller m ean  squ are er ror  a re bet t er  defined t han  clus ter s
with  a  lar ger sum of squ ares a nd la rger m ean  squ ared er ror .  Similar ly, a K-mea ns
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solu t ion t ha t  pr oduces a  sm aller  overa ll su m of squares  is a  t igh ter  group ing than  a
group ing tha t  pr oduces a  la rger  overa ll su m of squares .  

But , t here can  be except ion s.  If there a re poin t s which  are ‘out lier s’, t ha t  is  which
don’t  obviously fa ll int o one clus ter  or  another , re-ass ign ing them to one or  another  clus ter
can  d is tor t  the sum of squares  st a t is t ics .  Also, in  h igh ly concen t ra ted  dis t r ibu t ions , such
as with  crim e in ciden t s, a  sm aller  su m of squares  crit er ia  can  be obt a ined by split t ing the
concen t ra t ions  ra ther  than  clus ter ing less cen t ra l and  less dense groups of inciden t s  (such
as in  figure 7.7); the resu lts , while min imizing the su m of squ ared er rors from t he clus ter
center s, will be less desirable becau se the peripheral clusters a re ignored.  Thus, these
st a t ist ics a re pr esen ted for  the user ’s informat ion  only.  In a ssigning poin t s t o clus ter s,
Crim eS tat st ill u ses the dis t ance to the nearest  seed loca t ion , r a ther  than  a  solu t ion  tha t
minimizes the sum  of squar ed dista nces.

Visua lizing the  Clus ter

Fina lly, the K-m ea ns clust er ing rout ine (Km ea ns) out pu t s clust er s gr aph ically a s
eit her  ellipses or  convex hu lls, s imila r  to th e other  clus ter ing rout ines . For t he ellip ses, t he
user  can  choose bet ween  1X, 1.5X, an d 2X st anda rd deviat ions t o displa y th e ellipses.  The
gra ph ica l ellipses a re ou tpu t  with  the pr efix ‘KM’ before the file name. It should be noted ,
however, t ha t  the ellipses a re an  abst ract ion  of the clus ter .  The clus ter s a re not
necessa r ily a r ranged in ellipses . They ar e for  visu a liza t ion  pu rposes on ly. For t he convex
hull, the rou t ine dr aws a  polygon  around t he poin t s in  each  clus ter .  The gra ph ica l convex
hulls ar e ou tpu t  with  the pr efix “CKM” before the file name.

K-m e a n s Ou tp u t F ile s

The namin g sys tem for  the K-means outpu t s is  sim pler  than  the Nnh rout in e sin ce
there are no h igher -order  clus ter s. Ea ch  file is named

Km<usernam e> [for  the ellipse]
Ckm<usernam e> [for t he convex hu ll]

where usernam e is the name of the file pr ovided by the user .  With in t he file, each  clus ter
is named

KmEll<N><usernam e> [for  the ellipse]
CkmHull<N><usernam e> [for t he convex hu ll]

where N  is th e cluster n um ber a nd usernam e is t he n ame of the file pr ovided by t he u ser . 
For example, 

KmEll3robbery

is t he t h ird ellipse for  the file called ‘robber y’ and
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CkmHull12bu rglary

is the 12 t h  convex hu ll for  the file called ‘bu rgla ry’.

For  the ellipses, a  slide-bar  a llows ellipses t o be defined  for  1X, 1.5X, an d 2X
st anda rd devia t ions a nd can  be outpu t  in  ArcView  ‘.sh p’, MapIn fo ‘.m if’ or  Atlas*GIS  ‘.bna ’
form at s.  The convex hu lls, on t he oth er ha nd, draw a  polygon a roun d th e clustered points.

Exam ple 2: K-me an s Clus tering  of  Street  Robbe ries

In Crim eS tat, the u ser  specifies the number  of groups t o sub-divide t he da ta .  Us ing
the 1996 robbery inciden t s for  Ba lt im ore Cou nty, the da ta  were par t it ion ed in to 10 gr oups
wit h  the K-m ea ns r out ine (figure 7.8).  As can  be seen , the clust er s t en d t o fa ll a long t he
border  with  Balt imore City.  But  there are th ree more disper sed clust er s, one concent ra ted
in  the cen t r a l ea st ern  pa r t  of t he coun ty and two nor th  of t he border  with  the City. 
Because t hese clust er s a re very lar ge, a  finer  mesh  clus ter ing was condu ct ing by
pa r t itioning t he da ta  int o 31 clus ter s (figure 7.9).  Thir ty-five clus ter s wer e request ed bu t
the rout in e only found 31 seed loca t ion .  Consequent ly, it  outpu t t ed 31 clu ster s, which  are
displa yed as ellipses .  Though  the ellip ses a re s t ill la rger  than  those produced by t he
nearest  neighbor  h iera rch ica l procedure (see figure 6.7 in  chapter  6), t here is  some
congruen cy; clust er s iden t ified by the nea rest  neighbor p rocedure have cor respondin g
ellipses  using th e K-means pr ocedu re.

F igure 7.10 shows a  section  of sout hwest  Balt imore Coun ty with  four  fu ll clus ter s
and th ree par t ia l cluster s visible, d ispla yed as convex h u lls.  Lookin g a t  the dis t r ibu t ion ,
sever a l clus ter s m ake in tu it ive sen se wh ile a  couple  of oth er s do not .  For example, two
clus ter s h ighligh t  a  concent ra t ion a long a  major  a r t er ia l (U.S. Highwa y 40).  Sim ila r ly, the
clust er  in  t he middle r igh t  appea r s t o captu re inciden t s a long two a r t er ia l roads .  However ,
the other  th ree fu ll clus ter s do not a ppea r  to capt ure meaningfu l pa t t erns a nd a ppea r
som ewhat  a rbit ra ry.

Other  uses of the K-means a lgor it hm are possible.  One problem tha t  a ffect s most
police depa r tments is t he need t o a lloca te per sonn el th roughout  a  city in a  ba lan ced a nd
fa ir  way.  Too oft en , some police precin ct s or  dis t r ict s a re overburdened wit h  Ca lls for
Ser vice whereas oth ers h ave more m oder a te dem and.  The issue of re-dr awing or  re-
assign in g police boundar ies in  order  to re-establish  ba la nce is  a  cont in ua l on e for  police
depa r tments.  The K-mea ns a lgor ith m can  help in defining t h is ba lan ce, th ough t here are
many ot her  factors tha t  will a ffect  pa r t icu la r  boundar ies.  The number  of gr oupin gs , K, ca n
be chosen  based on t he number  of police dist r ict s t ha t  exist  or  tha t  a re desir ed.  The
locat ions of division  or precinct  st a t ions can  be en ter ed in  a  seconda ry file in  order  to define
the init ial ‘seed’ loca t ions.  The K-mea ns r ou t ine can  then  be ru n  to assign  a ll inciden t s t o
ea ch of th e K gr oups.  The a na lyst  can  vary the loca t ion of th e in it ia l seeds or , even , the
number  of groups  in order  to explore differen t  a r rangemen ts in  spa ce.  Once an  agreed
upon solu t ion  is found, it is ea sy to then  re-assign  police beat s t o fit t he new ar rangemen t .
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Figure 7.8:

Baltimore County Robbery 'Hot Spots'
Using K-Means Routine with K=10 Clusters

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



!

!

!

!
!

!

!

!

!

!

!
!
!!

!

!

!

!!

! !!!

!

!
!!!

!!
!

!

!

!

!!
!

!

!
!
!!

!

! !!

!

!
!

!

!

!

!

!!

!!
!
!

!

!
!
!

!

!
!

!
!!
!!!!!!!!!!

!

!

!

!

!!

!
!

!
!

!
!

!!
!

!
!
!

!

!

!
!

!
!

! !
!

!! !!

!
!

!
!

!

!
!!!

!!!!!!!

!

!

!

!

!!!

!!

!!

!
!

!!
!

!
!

!

!
!!!

!

!!

!
!
!
!

!

!!

!
!!
!
!

!

!

!!
!

!
!

!

!
!

!

!!!
!
!

!

!

!

!

!! !

!

!
!

!
!

!
!

!
!
!

!

!

!

!

!

!!

!
!

!!

!
!

!!

!
!

!

!
!
!
!!!
!
!

! !

!
!

!

! !

!
!

!

!

!

!!

!
!

!!
!!! !!

!

!

!

!
!

!

!!!

!
!

!
!

!

!

!!

!

!
!

!
!
!

!

!

!

!

!!!

!!

!

!

!

!!
!

!

!

!

!
!

!
!

!

!!
!

!!

!

!

!

!

!

!
!
!
!

!!!

!!

!

!
!
!!!

!!

!
!

!

!
!
!!

!
!!
!!

!
!

! !
!

!

!!

!
!!
!

!

!!

!
!

!

!

!
!

!

!

!

!

!!!!
!

!!
!

!

!

!

!
!
!

!

!

!
!!

!
!!!!

!

!

!!

!

!

!
!!

!!!

!!

!

!
!

!

!

!!

! !

!!

!

!

!
!

!

!

!

!

!

!!

!

!
!
!

!
!

!

!

! !

!!!!

!

!

!

!

!

!!!
! !

!

!

!

! !

!

!

!

!

!

!
!

!!

!

!

!

!!
!
!

!

!

!

!!

!
!

!

!
!!!!
!!!!!!!
!!!
!

!
!!!
!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
! !
!!!!!

!

!

!

!
!

!
!!

!
!

!! !

!

! !!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!
!

!

!
!

!
!

!

!!
!

!!
!

!

!

!!

!

!!
!
!!

!

!

!!
!

!
!

!
!
!

!
!!

!!

!

!
!!

!

!

!!
!
!

!

!
!

!

!

!
!

!

!
!

!

!
!!

!

!
!!

!
!
!

!!

!!

!

!

!
!!

!

!

!

!
!

!

!
!

!

!

!
!

!
!

!
!

!

!

!

!

!
!

!

!!

!

!

!

!

!!

!

!!

!

!

!

!
!

!

!

!
!

!
!

!

!

!

!!!!!!!!

!
!

! !

!

!

!

!!

!

!!!

!

!

!
!

!
!

!
!

!

!
!!

!

!

!

!

!

!

!

!!
!

!
!
!

!
!
!

!

!

!

!
!

!

!

!

!
!

!

!!

!
!

!

!
!

!

!!!!!!
!

!!!!

!

!

!
!!

!

!

!!
!!!

!

!!

!!!!!!!!!

! !
!

!

!
!

!

!
!

!

!

!

!

!!
!!!!
!
!!
!!

!
!!
!
!
!!!

!

!

!
!

!

!

!
!

!
!

!
!

!

!!
!

!
!!
!!!!!

!

!

!

!

! !

!
!

!

!
!
!
!
!

!

!

!

!

!

!

!

!

!

!
!

!!!!
!

!!!

!!

!
!

! !
!

!

!
!

!
!
!

!

!

!
!!!
!!!!

!

!

!!
!

!

!

!
!

!

!

!
!
!

!

!
!

!
!!!
!!

!
!
!
!!! !!!

!

!

!!

!!

!

! !
!!
!

!

!

!!
!

!!!!
!

! !

!

!

!

!

!
!

!

!
!

!!

!

!!

!

!
!!

!!
!

!

!

!
!!

!

!
!

!

!

!
!

!

!

!
!!!! !!!

!
!
!!!!

!

!

!!

!
!

!

!
!

!

!!

!
!!

! !

!!

!

!!

!

!

!!
!!

!!

!

!

!

!

!

!

!

!

!
!
!!

!!!! !

!

!!!!!!!!

! !

!

!

!

!

!

!

!

!

!

!

!
!!

!

!

!

!

!

!
! !

!

!
!

!

!

!
!

!
!!

!

!
!

!

!
! !

!

!

!

!

!!

!
!
!

!

!

!

!
!

!
!

!

!

!
!

!!
!!

!

!

!

!

!
!!

!
!

!

!
!

!

!!!

!

!
!

!

!

!

!!!
!

!

!

!!

!

!

!

!
!!

!
!

!!

City of Baltimore

Baltimore County

Miles

420

Figure 7.9:

Baltimore County Robbery 'Hot Spots'
Using K-Means Routine with K=31 Clusters
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Figure 7.10:

Southwest Baltimore County Robbery 'Hot Spots'
Using K-Means Routine with K=31 Clusters
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Adva n tag e s a n d D isa dv an tag e s o f the  K-m e an s P roc e du re

In  shor t , t he K-means procedure will d ivide the da ta  in to the number  of gr oups
specified by t he user .  Whether  these gr oups make any sense or  not  will depend on how
carefu lly the user  has selected clust er s.  Choosing too many will lead t o defin ing pa t t erns
tha t  don’t  rea lly exist  whereas choosin g t oo few will lead to poor  differen t ia t ion  among
neigh borhoods  tha t  a re dist inctly d iffer en t . 

It  is th is choice tha t  is both  a  st rength  of the technique a s well as  a  weakn ess. The
K-means pr ocedu re pr ovides a  grea t  dea l of cont rol for  the user  and can  be used a s a n
explor a tory t ool t o iden t ify possible ‘hot  spots’.  Whereas the nearest  neighbor  h iera rch ica l
method pr odu ces a  solu t ion  based on geogra ph ica l proximity with  most  clus ter s being very
small, t he K-means can  a llow the user  to cont rol t he size of the clu ster s.  In  terms of
policing, th e K-means is bet t er  su ited  for  defin ing lar ger geogra ph ica l ar eas t han  the
nea rest  neighbor m et hod, per haps  more a ppropr ia te for  a  pa t rol a rea  than  for  a  pa r t icula r
‘hot  spot’.  Again , if ca refu lly used, t he K-means gives t he user  the ability to ‘fine t une’ a
par t icu la r  model of ‘hot  spots’, a dju st in g t he size of the clu ster s (vis-a -via  the number  of
clus ter s  selected) in  order  to fit  a  par t icu la r  pa t t ern  which  is  known.

Yet  it  is t h is same flexible character ist ic tha t  makes the t echn ique poten t ia lly
d ifficu lt  t o u se and p rone to misuse.  Since the t echn ique will d ivide the dat a  set  in to K
groups, there is  no assumpt ion  tha t  these K  groups  repr esen t  rea l ‘hot  spots ’ or  not .  A user
cannot  ju st  a rbit r a r ily put  in  a  number  and expect  it  t o p roduce mean ingfu l r esult s . A more
exten sive d iscuss ion  of th is issu e can  be found in  Mu rray and Grubes ic (2002). Grubes ic
and Murray (2001) pr esen t  some n ewer  approaches  in  the K-m ea ns m et hodology.

The technique is , t herefore, bet t er  seen  as both  an  explor a tory t ool a s well as a  tool
for  refin ing a  ‘hot  spot ’ sea rch .  If the user  has  a  good  idea  of where there shou ld  be ‘hot
spots ’, based  on  community exper ience an d t he report s of beat  officers, then  the technique
can  be u sed t o see if th e inciden t s a ctu a lly corr espond t o th e per cept ion .  It  a lso can  help
iden t ify ‘hot spots’ wh ich h ave not been  perceived or iden t ified by officer s. Alter na t ively, it
can  iden t ify ‘hot  spot s ’ tha t  don’t  r ea lly exis t  and which  a re merely by-product s  of the
st a t ist ica l procedu re.  Exper ience an d sen sit ivity a re needed t o kn ow whether  an  ident ified
‘hot  spot ’ is  rea l or  not .

An se lin ’s Loc al Moran  St at is tic  (LMora n )

The la st  ‘hot spot ’ t echn ique in  Crim eS tat is a zona l techn ique called the Anselin ’s
Local Moran  st a t ist ic and wa s developed by Luc Anselin (1995).  Unlike the nearest
neighbor  h iera rch ica l an d K-mea ns pr ocedu res, th e loca l Moran  st a t ist ic requires  da ta  to
be aggrega ted by zones, such  as census block  gr oups, zip  codes, police repor t in g a reas or
oth er  aggrega t ions.  Th e procedure app lies Mora n’s I  st a t ist ic to individua l zones, a llowin g
them  to be iden t ified a s s imila r  or d iffer en t  to th eir  nea rby pa t t er n . 
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K-Means Clustering as an Alternative Measure of Urban Accessibility 
 

Richard J. Crepeau 
Department of Geography and Planning 

Appalachian State University 
Boone, NC 

 
The relationship between land use and the transportation system is an 

important issue.  Many planners recognize that transportation policies, practices 
and outcomes affect changes in land use, and vice versa, but there is disagreement 
as to how best to describe this phenomenon.  Traditional methods include measures 
of accessibility via a matrix of zones (tracts, traffic analysis zones, etc.).  However, 
there are limits to the way interaction and accessibility is described with such 
discrete units.   

 
Through the use of K-Means clustering, an alternate measure of accessibility 

can be calculated. Rather than relying on census geography, the left map shows ten 
retail clusters in San Diego County (1995) as calculated by CrimeStat’s K-Means 
clustering technique (using 1x standard deviational ellipse).  The retail hot spots 
were calculated using a geocoded point file of retail establishments in the county.  
These clusters are not bound by census geography and allow a more realistic 
appraisal about the attractiveness of specific regions within the county.  An analyst 
can then determine if residential location within a hot spot has an effect on travel 
patterns, or if there is a relationship between proximity to a hot spot and travel 
behavior.  While this example illustrates a measure of regional retail attractiveness, 
the flexibility of CrimeStat allows an analyst to evaluate these relationships on a 
local level, thus allowing a scope of inquiry from regional to local accessibility (as 
shown in right map, which uses the same parameters as the left figure, but limiting 
its sample to retail in a sub-region of San Diego County noted by the arrow). 
 

Regional Hot Spots Local Hot Spots 
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Hot Spot Verification in Auto Theft Recoveries 
 

Bryan Hill 
Glendale Police Department 

Glendale, AZ 
 

We use CrimeStat as a verification tool to help isolate clusters of activity 
when one application or method does not appear to completely identify a problem.  
The following example utilizes several CrimeStat statistical functions to verify a 
recovery pattern for auto thefts in the City of Glendale (AZ). The recovery data 
included recovery locations for the past 6 months in the City of Glendale which were 
geocoded with a county-wide street centerline file using ArcView.   
 

First, a spatial density “grid” was created using Spatial Analyst with a grid 
cell size of 300 feet and a search radius of 0.75 miles for the 307 recovery locations.  
We then created a graduated color legend, using standard deviation as the 
classification type and the value for the legend being the CrimeStat “Z” field that is 
calculated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the map, the K-means (red ellipses), Nnh (green ellipses) and Spatial 
Analyst grid (red-yellow grid cells) all showed that the area was a high density or 
clustering of stolen vehicle recoveries.  Although this information was not new, it did 
help verify our conclusion and aided in organizing a response 
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The bas ic concep t  is  tha t  of a  local ind icator of spatial association  (LIS A) and  has
been  discussed by a  number  of researchers (Mantel, 1967; Get is , 1991; Anselin , 1995).  F or
exam ple, Anselin (1995) defines t h is as a ny sta t ist ic tha t  sa t isfies two requirem ents:

1. The LIS A  for  each  observa t ion  indica t es  the exten t  t o wh ich  there is
s ign ifican t  spa t ia l clus ter ing of s imila r  va lues  a round  tha t  observa t ion ; and

2. The su m of the LIS As for  a ll obser vat ions is pr oport iona l to th e globa l
ind ica tor  of spa t ia l a ssocia t ion .

L i = f(Yi, YJ i) (7.6)

where L i is t he loca l indica tor, Yi is the value of an  int ensity var iable a t
loca t ion i, a nd YJ i a re the va lu es obs erved in  the neighborhood J i of i.

In other  words, a  LIS A  is  an  in dica tor  of the exten t  to wh ich  the va lu e of an
obser vat ion  is similar  or  differen t  from its  neighbor ing obser vat ions.  This r equires  two
condit ions.  F ir s t, t ha t  each  observa t ion  has a  va r iable va lue tha t  can  be a ss igned  to it  (i.e.,
an  in ten sit y or  a  weigh t ) in  add it ion  to it s X an d Y coordin a tes.  For cr ime inciden t s, t h is
mea ns da ta  tha t  a re aggrega ted in to zones  (e.g., number  of inciden t s by cen su s t r acts , zip
codes, or  police report ing dist r ict s).  Second, th e neighborhood  has t o be defined.  This
could  be eit her  adjacen t  zon es or  a ll other  zon es nega t ively weighted by t he dis t ance from
the observa t ion zone. 

Once these a re defined, th e LIS A  indicates the va lue of the obser vat ion  zone in
rela t ion  to it s n eighborh ood.  Th us, in  neighborh oods  wh er e t her e a re ‘h igh’ in ten sit y
values, th e LIS A  in dica tes whether  a  par t icu la r  obs erva t ion  is  sim ila r  (i.e., a lso ‘h igh’) or
differen t  (i.e., low) and, conversely, in  neighborhoods wh ere there are ‘low’ int ensity va lues ,
the LIS A  indica tes wh ether  a  pa r t icu lar  obser vat ion  is similar  (i.e., a lso ‘low’) or  differen t
(i.e., ‘h igh’).  Tha t  is, th e LIS A  is  an  in dica tor  of sim ila r it y, not  absolu te va lu e of the
int ensity var iable.

Form al Definit ion  of  Local  Moran S tatist ic

Th e I i  s t a t i s t i c

Anselin  (1995) has applied the concept  to a  number  of spa t ia l a u tocorrela t ion
st a t ist ics.  The m ost  commonly used, wh ich is  included in  Crim eS tat, is Anselin ’s Local
Moran  st a t ist ic, Ii, th e use of Mora n’s I stat istic as a  LIS A .  The defin it ion  of I i is  (from
Get is  and Ord, 1996):

 _
   (Zi -  Z)    N              _ 

I i  = ----------------- * G [ Wij * (Zj - Z) ] (7.7)

       SZ
2   j=1
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           _

where Z is t he m ea n  in ten sit y over a ll obser va t ions , Zi is t he in ten sit y of obser va t ion i, Zj is
in ten sit y for a ll ot her  obser va t ions, j (wh er e j =/  i), SZ

2 is th e var iance over all observat ions,

an d Wij is a  dis t ance weight  for  the in ter action bet ween  obser vat ions i a nd j.  Note, the firs t
t erm refers only to obser vat ion  i, while the second t erm is the su m of the weighted valu es
for  a ll other  observa t ion s (bu t  not  in clu din g i it self).

D i st a n c e w e i gh t s

Th e weight s, W ij , ca n  be eit her  an  in dica tor  of the adjacency of a  zon e to the
observa t ion  zon e (i.e., ‘1' if adjacen t ; 0 if n ot  adjacen t ) or  a  dis t ance-based weight  which
decreases with  dis t ance between  zones i and j.  Adjacency indices a re u seful for  definin g
near  neighborhoods; th e adjacent  zones h ave fu ll weight  while a ll other  zones h ave no
weight .  Dis tance weight s, on  the other  hand, a re usefu l for  defin in g spa t ia l in teract ion ;
zon es which  are fa r ther  away ca n  have an  in flu ence on an  obs erva t ion  zon e, a lt hough  one
tha t  is m uch less .  Crim eS tat uses d ist ance weigh t s, in  two forms.  

F ir st , t here is  a  t r adit ion a l d is t ance decay fu nct ion :

       1
Wij   = ------------- (7.8)

      d ij

where d ij is  the dis t ance between  the obs erva t ion  zon e, i, a nd another  zon e, j.  Th us, a  zon e
wh ich is  two miles  awa y has h a lf th e weight  of a  zone tha t  is one m ile a wa y.

S m a l l  d i s ta n c e a d j us tm e n t

Second, t her e is a n  adjust men t  for  sm all dis t ances.  Depen din g on  the dist ance scale
used (miles, k ilometer s, m eter s), t he weight  in dex becomes problemat ic when  the dis t ance
fa lls below 1 (i.e., below 1 mile, 1 kilometer ); the weight  then  in creases as the dis t ance
decreases, goin g t o in fin it y for  d ij = 0.  To corr ect  for  th is, Crim eS tat includes an
adjus tment  for  sm all dist ances so th a t  the maximum weight  can  be never  be grea ter  than
1.0 (see chapter  4).  The adju stment  sca les dis t ances to one mile.  When the small dis t ance
adjus tment  is tu rned on, th e minim al distance is scaled au tomat ica lly to be one mile.   The
form ula used is

   one m ile
Wij =  --------------------- (7.9)

one mile + d ij

in  wh ichever  un it s a re specified. 
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S i m i l a r i t y  or  d i s si m i l a r i t y

An exact  t es t  of s ign ificance has  not  been  worked  ou t  because the d is t r ibu t ion  of the

sta t is t ic is  not  known.  The expected va lu e of I i and the var ian ce of I i a r e somewha t
complica ted (see endnote 7 for  the formulas).7  In st ea d, h igh  posit ive or h igh
negat ive sta nda rdized scores of I i, Z(I i), a re taken  as in dica tors of sim ila r it y or
dis sim ila r ity.  A h igh  positive st anda rdized  score indicates the spa t ia l clust er ing of similar
va lues  (either  h igh  or low) wh ile a  h igh  negative st anda rdized  score indicates a  clust er ing
of dis sim ila r  va lues  (high  rela t ive t o a n eigh borhood t ha t  is low or , conver sely, low rela t ive
to a  neighborhood t ha t  is high).  The h igher  the st anda rdized score, th e more the
observa t ion  is  sim ila r  (posit ive) or  dis sim ila r  (nega t ive) to it s neighbors.

In  other  words, t he Local Moran  sta t is t ic is a  good in dica tor  of either  ‘hot  spots’ or
‘cold spots ’, zones wh ich  are differen t  from their n eighborhood.  ‘Hot  spots ’ would be seen
wh er e t he number  of inciden t s in  a  zone is m uch h igher  than  in  the nea rby zones.  ‘Cold
spots ’ would  be seen  wh er e t he number  of inciden t s in  a  zone is m uch lower  than  in  the
nea rby zones.  The Loca l Mora n  st a t ist ic indicates wh et her  the zone is s imilar  or diss imilar
to its  neighbors.  A user  must  then  look a t  the absolu te value of the zone (i.e., the number
of inciden t s in  t he zone) t o s ee whether  it  is  a ‘hot  spot ’ or  a  ‘cold  spot ’.

For each obser va t ion, Crim eS tat ca lcu la tes  the Loca l Moran  s ta t is t ic and  the
expected value of the Local Mora n .  If the variance box is checked, th e progra m will also
ca lcu la te the va r ia nce and the st andardized Z-va lu e of the Local Moran .  The defau lt  is  for
the var ian ce not  to be ca lcu lat ed because t he ca lcu lat ions a re very int ense a nd m ay ta ke a
long t ime.  Therefore, a  user  shou ld  t es t  how long it  t akes  to ca lcu la te va r iances  for  a  small
sa mple on  a  pa r t icu lar  compu ter  before running the var ian ce rou t ine on a  lar ge sam ple.

Exam ple 3: Local  Moran S tatist ics  for Auto The fts

Usin g da ta  on 14,853 m otor  veh icle thefts for 1996 in  both  Ba lt imore County and
Balt im ore City, the number  of in ciden t s occur r in g in  each  of 1,349 census block  gr oups was
ca lcu la ted wit h  a  GIS  (Figure 7.11).  As seen , t he pa t t ern  shows a  h igher  concent ra t ion
towards  the center  of the m et ropolitan  a rea , as would be expected, bu t  tha t  the pa t t er n  is
not completely un iform.  Ther e a re m any block groups with in  the Cit y of Balt imore with
very low number  of au to theft s  and there a re a  number  of block  groups  with in  the Coun ty
with  a  very h igh  number .

Using these da ta , Crim eS tat ca lcu la ted  the Loca l Moran  s ta t is t ic with  the va r iance
box bein g ch ecked and the small dis t ance a djustment  bein g u sed.  The range of I i values
va r ied from -37.26 to +180.14 wit h  a  mean  of 5.20.  The pseudo-standardized Local Moran
‘Z’ var ied from -12.71 t o 50.12 with  a  mea n  of 1.61.  Figure 7.12 m aps  the dist r ibu t ion. 
Because a  negat ive I i value indicat es dissimilarity, th ese values ha ve been dr awn in r ed,
compa red t o blue for  a  positive Ii value.   As seen , in  both  the City of Balt imore a nd t he
County of Balt imore, t here are block gr oups wit h  lar ge negat ive I i va lues , indica t ing tha t
they differ  from their  sur roundin g block  gr oups.  F or  exa mple, in  the cen t ra l pa r t  of
Ba lt im ore City, there is  a  small a rea  of about  eigh t  block gr oups wit h  low numbers of au to
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Figure 7.11:
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Number of Auto Thefts Per Block Group
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thefts, compared to th e sur roun din g block groups.  These form a  ‘cold spot ’.  Consequ en t ly,
they a ppea r  in  da rk tones in  figur e 7.12 in dica t ing tha t  they h ave h igh  I i va lues  (i.e.,
nega t ive au tocorrela t ion ).  Sim ila r ly, t here a re severa l block  gr oups on the western  side of
the County wh ich h ave rela t ively high number s of au to th efts compa red to th e sur roun din g
block groups. They form  a ‘hot spot’.  Consequent ly, th ey also appear  in da rk  tones in
figure 7.12 because t h is indicat es n egat ive spa t ial au tocor relat ion , ha ving va lues  tha t  a re
dissimilar t o th e surr oun ding blocks.

Another  u se of Anselin ’s  Loca l Moran  st a t is t ic is  to iden t ify ‘ou t lier s ’, zones  tha t  a r e
ver y differen t  from their  neigh bors.  In  th is case , zones with  a  h igh  nega t ive I va lue (e.g.,
wit h  an  I smaller  than  two standard devia t ion s below the mean , -2) a re in dica t ive of
out lier s.  They eit her  have a  h igh  number  of in ciden t s whereas their  neighbors have a  low
number  or , t he opposit e, a  low number  of in cident s amidst  zon es wit h  a  h igh  number  of
inciden t s.  Iden t ifying the out lier s can  focus  on zones which a re un ique (an d which should
be st udied) or , in  multivar iat e ana lysis, on  zones wh ich  need t o be st a t ist ica lly t r ea ted
differen t  in  order  to min im ize a  la rge modeling er ror  (e.g., crea t in g a  dummy var ia ble for
the ext reme out lier s in  a  regr ession  model).

In  shor t , t he Local Moran  sta t is t ic ca n  be a  usefu l t ool for  iden t ifyin g zones which
are diss imilar  from their  neighborh ood.  It  is t he only s t a t ist ic tha t  is in  Crim eS tat t ha t
demons t ra tes  dis sim ila r ity.  The other  ‘hot spot ’ tools will only iden t ify ar ea s with  h igh
concen t ra t ions .  To use the Loca l Moran  s ta t is t ic, however , r equ ires  tha t  the da ta  be
sum ma rized int o zones in order t o produce the necessary int ensity value.  Given th at  most
crim e inciden t  da taba ses will list  individua l even t s without  in ten sit ies, th is will en ta il
add it iona l work by a  law en forcemen t  agen cy.

Some Though ts  on  the  Concept  o f ‘Hot Spots ’

Ad va n ta ge s

The seven t echniques  discussed in t h is and t he las t  chapt er  have both  advantages
and d isa dva ntages.  Among t he a dva ntages a re t ha t  they a t t em pt  to isolat e a rea s of high
concent ra t ion  (or  low concent ra t ion  in t he case of the Loca l Moran  st a t ist ic) of inciden t s
and can , ther efore, help law en forcemen t  agen cies focus t heir  resour ces on these a rea s. 
One of the powerful uses of a  ‘hot  spot’ concept  is tha t  it is focused. It  can  pr ovide n ew
informat ion a bout  loca t ions  tha t  police officers or  community worker s m ay not r ecognize
(Renger t , 1995). Given  tha t  mos t  police depar tments  a re unders ta ffed , a  s t ra tegy tha t
pr ior it izes in ter ven t ion  is ver y appea ling.  The ‘hot spot ’ concept  is im minen t ly pr actical.

Another  advan tage to the iden t ifica t ion  of ‘hot  spot s ’ is  tha t  the t echn iques
sys temat ica lly implement  an  a lgor it hm.  In  th is  sense, t hey m in im ize bia s on the par t  of
officer s  and ana lys t s s ince the t echn ique opera t es  somewha t  independen t ly of
preconcept ion s.  As has been ment ion ed, h owever , t hese techniques a re not  tota lly wit hout
human judgement  sin ce the user  must  make decis ion s on the number  of ‘hot  spots’ and the
size of the sea rch  radius, choices t ha t  can  a llow differen t  user s t o come to differen t
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One objective in the study of soil organic carbon concentrations is to produce 

a reliable spatial distribution map. A geostatistical variogram analysis was applied 
to study the spatial structure of soils in Ireland for the purpose of carrying out a 
spatial interpolation with the Kriging method.  The variogram looks at similarities 
in organic carbon concentrations as a function of distance.  In the analysis, a 
relatively poor variogram was observed, and one of the main reasons was the 
existence of spatial outliers. Spatial outliers make the variogram curve erratic and 
hard to interpret, and impair the quality of the spatial distribution map. 

 
CrimeStat was used to identify the spatial outliers. The parameter of the 

standardized Anselin’s Local Moran’s I (z) was used. When z < -1.96, the sample was 
defined as a spatial outlier. Out of 678 soil samples, a total of 39 samples were 
detected as spatial outliers, and excluded in the spatial structure calculation. As a 
consequence, the variogram curve was significantly improved. This improvement 
made the final spatial distribution map more reliable and trustable. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Spatial outliers are clearly different from the majority of samples nearby.  

Compared with the samples nearby, high value spatial outliers are found in the 
southeastern part, and low value spatial outliers are located in the western and 
northern parts of the country. 
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conclus ions.  Ther e is probably no way to get  a round su bject ivity since law en forcement
per sonn el ma y not u se a  resu lt u n less it  pa r t ly confirm s wh at  they alr eady kn ow.  But , by
implement ing an  a lgor ithm, it  forces  users  to a t  leas t  go th rough  the s t eps sys temat ica lly.

A th ird a dva ntage is t ha t  these t echn iques a re visu a l, pa r t icula r ly when  used with  a
GIS.  The mode a nd fuzzy mode r ou t ines  ou tpu t  the resu lts  as a  dbf file, which  can  be
displa yed in a  GIS a s a  pr oport iona l circle.  The N nh, Rnn h, Sta c, an d Km eans r ou t ines
can  out put  th e results directly as graph ical objects, eith er as st an dar d deviationa l ellipses
or  convex h u lls; these can  be displa yed dir ect ly in  a  GIS.  The Local Moran  technique can
be adapted for  themat ic m appin g (a s Figure 7.12 demonst ra tes).  Visua l in format ion  can
help crim e a na lyst s a nd officers t o un derst and t he dist r ibu t ion of cr ime in  an  a rea s, a
necessa ry step in p lan ning a  su ccessful int ervent ion .  We sh ould never u nder est ima te the
impor tance of visu a lizat ion  in  any ana lysis .

Li m it at io n s

However , t here a re a lso some dis t in ct  limit a t ion s to the concept  of a  ‘hot  spot ’, some
technica l a nd some theoret ica l.  Th e choice in volved in  a  user  makin g a  decis ion  on how
st r ict  or  how loose t o crea te clus ter s a llows t he poten t ial for  su bject ivity, as  has been
men t ioned.  In  th is sen se, isolat ing clust er s (or  ‘hot spots’) can  be a s m uch a n  ar t  as it  is a
science.  Ther e are limits  to th is, however .  As t he sa mple size goes u p, th ere is less
difference in t he result t ha t can  be produced by adjusting the par am eters.  For example,
wit h  6,000 or  more cases, t here is  very lit t le  difference between  usin g t he 0.1 sign ificance
level in  the nea rest  neighbor clust er ing rout ine and t he 0.001 sign ifican ce level.8  Thus , the
su bject ivity of the user  is more impor tan t  for  sm aller sa mples t han  lar ger ones.

A second  problem with  the ‘hot  spot ’ concep t  is  tha t  it  is  usua lly applied  to the
volume of incidents a nd n ot t o th e underlying risk.  Clust ers (or ‘hot spots’) ar e defined by
a  h igh  concent ra t ion  of in ciden t s wit h in  a  small geogr aphica l a rea , t ha t  is  on  the volume of
inciden t s with in  an  area .  This is  an  implicit  density measu re - the number  of inciden t s per
unit  of area  (e.g., inciden t s per  square mile).  But  h igher  densit y ca n  a lso be a  funct ion  of a
higher  popula t ion a t  r i sk .

For some policing policies, th is is  fine.  For exa mple, bea t  officer s will necessa r ily
concent ra te on h igh inciden t  densit y neighborh oods  because so much of their  activit y
revolves a roun d t hose n eigh borhoods .  From a  viewpoint  of pr oviding concent ra ted policing,
the density or  volum e of inciden t s is a  good index for  assigning police officers (Sher man
and Weisbur d, 1995).  Fr om the viewpoin t  of ancilla ry secur ity ser vices, such  as a ccess t o
em er gency medical ser vices, neighborh ood watch organizat ions, or  residen t ia l burglar
a la rm reta il out let s, a reas wit h  h igher  concent ra t ion s of in ciden t s may be a  good focal
point for organ izing th ese services.

But  for  other  la w enforcement  policies, a  densit y index is not  a  good one.  F rom the
viewpoin t  of crim e preven t ion , for exa mple, high inciden t  volume a rea s a re not n ecessa r ily
unsa fe an d t ha t  effective pr even t ive in ter ven t ion  will not n ecessa r ily lead t o reduction in
cr ime.  It  may be fa r  more effect ive to t a rget  h igh  r isk a reas r a ther  t han  high  volume
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areas.  In  h igh  r isk a reas, t here a re specia l circumstances which  expose the popula t ion  to
h igher -th an-expected levels  of crim e, per haps  pa r t icula r  concent ra t ions  of activit ies  (e.g.,
drug t radin g) or  par t icu la r  la nd uses tha t  encourage cr im e (e.g., skid  row areas) or
pa r t icula r  concent ra t ions of crim ina l activit ies (e.g., gangs).  A pr even t ion  st ra tegy will
want  to focus on t hose special factor s a nd t ry to redu ce them.

R isk , wh ich is  defined  as t he number  of inciden t s r ela t ive to th e number  of poten t ia l
vict im s/t a rget s, is only loosely correla ted wit h  the volume of in ciden t s.  Yet , ‘hot  spots’ a re
usu a lly defined by volum e, ra ther  than  r isk.  The r isk-ad just ed h iera rch ica l nea rest
neighbor  clus ter ing rou t ine, discussed in cha pt er  6, is t he on ly tool am ong th ese t ha t
iden t ifies  r isk , ra ther  than  volume.  It  is clear  tha t  more t ools will be needed to exam ine
hot  spot  locat ions  that  are  more  a t  r isk .

The fina l problem wit h  the ‘hot  spot’ concept  is more theoret ica l.  Na mely, given  a
concent ra t ion of inciden t s, h ow do we expla in  it ?   To iden t ify a concen t ra t ion is  one th ing. 
To know how to in tervene is  another .  It  is  impera t ive tha t  the ana lys t  discover  some of the
under lying causes t ha t  link the even t s t oget her  in  a  sys tem at ic wa y.  Other wise, a ll tha t  is
left  is  an  empir ica l descr ip t ion  wit hout  any con cept  of the under lyin g ca uses.  F or  one
th ing, th e concent ra t ion  could be ra ndom or haph azar d; it  cou ld have ha ppen ed one t ime,
bu t  never  aga in .  F or  another , it  could  be due to the concent ra t ion  of the popula t ion  at risk ,
a s discussed a bove.  Fin a lly, th e concent ra t ion  could be circum st an t ial and n ot  be rela ted
to an yth ing inher en t  about  the loca t ion.   

The poin t  here is th a t  an  empir ica l descript ion  of a  loca t ion  where cr ime incident s
ar e concentr at ed is only a first st ep in defining a rea l ‘hot spot’.  It  is an apparen t ‘hot  spot ’. 
Un less t he under lying vector  (cause) is discovered , it  will be difficu lt t o pr ovide a dequ a te
int ervent ion .  The causes could be environm enta l (e.g., concent ra t ions of lan d u ses t ha t
a t t r act  a t t ackers and vict im s) or  behaviora l (e.g., concent ra t ion s of ga ngs). The most  one
can  do is t ry to increase t he concent ra t ion  of police officers.  This is expen sive, of course,
and can  only be done for lim ited per iods .  Even tua lly, if the under lying vector  is n ot dea lt
wit h , inciden t s will con t inue and will overwh elm  the a dd it iona l police en forcemen t .  In
other  words, u ltim ately, redu cing cr ime a round a  ‘hot  spot’ will need t o involve many other
policies t han  sim ply police en forcemen t , su ch a s community involvemen t , gang
int ervent ion , land u se m odifica t ion , job crea t ion , th e expan sion of ser vices, an d oth er
communit y-based in tervent ion s.  In  th is  sense, t he iden t ifica t ion  of an  empir ica l ‘hot  spot ’
is frequent ly on ly a  window int o a  much  deeper  pr oblem t ha t  will involve more than
ta rgeted  en forcemen t .
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1. STAC is an  abbrevia t ion  for  Spa t ia l a nd Tempora l An a lysis  of Cr im e.  The tempora l
sect ion  of the progr am was superceded by severa l ot her  progr ams and was not
upda ted for  the millenniu m.   Because many law enforcement  user s refer  to STAC
ellipses, we h ave r et a ined tha t  name. 

2. The fir st  two digit s of a  bea t  number  designa te the Dis t r ict .

3. The Chicago Police Depar tm ent m ade available th e incidents in t his ana lysis to
Richard Block for  the eva lu a t ion  of the Ch ica go Alt erna t ive Police S t ra tegy (CAP S).

4. In  gen er a l a  design a ted main  su r face s t reet  occur s ever y mile on Ch icago’s gr id, a nd
ther e a re eigh t  blocks t o th e m ile.   In  th is m ap, La wr en ce an d Ash land a re m ain
Gr id st reet s.  In  th is a rea , th ere are a lso severa l diagona l ma in s t reet s t ha t  eith er
follow t he lake shore or  old India n  t ra ils.

5. Th e tota l n umber  of wa ys  for  select in g K dis t in ct  combin a t ion s of N  incidents,
ir respect ive of order , is (Bu r t  and Ba rber , 1996, 155):

    N!
----------- 
K! (N-K)!

6. The steps are a s follows:

Gl oba l S elect ion  of In it ia l S eed  Loca ti on s

A. A 100 x 100 gr id  is  over la id  on the poin t  dis t r ibu t ion ; the dim ension s of the
grid a re defined by th e minim um and m aximum X and Y coordina tes.

B. A separa tion distan ce is defined, which is 

   A
Separa t ion  = t  * 0.5 SQRT [ ------- ]

   N

where t is t he Student ’s t -valu e for  the .01 sign ificance level (2.358), A  is  the
ar ea of th e region, and N  is th e sample size.  The separa t ion  distance was
ca lcu lat ed t o pr event  adjacent  cells from being selected a s seeds.

C. For  each  grid cell, the number  of inciden t s found a re counted a nd t hen  sort ed
in descending order .

D. The cell wit h  the h ighest  number  of in ciden t s found is  the in it ia l seed for
clust er  1.

En dn ot e s for Ch ap te r 7
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E. Th e cell wit h  the n ext  h ighest  number  of inciden t s is  t em porar ily selected.  If
the dist ance between  tha t  cell an d t he seed  1 loca t ion  is equal to or greater
than  the separa t ion d ist ance, th is cell becomes in it ia l seed 2.  

F . If th e dista nce is less tha n t he separa tion distan ce, th e cell is dropped and
the rou t ine pr oceeds t o the cell with  the next h ighest  number  of inciden t s.

G. Th is procedure is r epea ted un t il K in itial seeds have been loca ted t hereby
select ing the remaining cell with  the h ighest  number  of inciden t s a nd
ca lcu la t ing it s  d is t ance to a ll p rior  seeds.  If t he d is t ance is  equa l t o or
great er t ha n t he separ at ion dista nce, th en t he cell is selected a s a seed.  If
th e dista nce is less tha n t he separa tion distan ce, th en th e cell is dropped as a
seed can dida te. Thu s, it is possible th a t  K  init ial seeds  cannot  be ident ified
because of the ina bility to loca te K  loca t ions  grea ter  than  the th reshold
dis tance.  In  th is case , Crim eS tat keeps t he number  it  has loca ted and pr in t s
out  a  message to th is  effect .

L oc a l  Op t i m i z a t i on  of S eed  L oc a t ion s

H. After  the K  in it ia l seeds have been  selected, a ll poin t s a re assigned to the
near est initial seed locat ion.  These are t he initial cluster groupings.

I. For ea ch in it ia l clust er  grouping in tu rn , the center  of minimum dis tance is
ca lcu la ted.  These a re the second seed loca t ion s.

J . All poin t s a re assigned to the nearest  second seed loca t ion .

K. For ea ch n ew clust er  grouping in tu rn , the center  of minimum dis tance is
ca lcu la ted.  These a re th ir d seed loca t ion s.

L. Steps J  an d K are r epea ted un t il no more point s change clust er  group ings. 
These ar e the final seed locat ions a nd cluster groupings.

7. The formulas a re a s follows as follows.  The expected value of the Loca l Mora n  is:

          N   

     - G Wij  
         j=1

E(I i)  =   -------------
       N - 1

where Wij is a  dis t ance weight  for  the in ter action bet ween  obser vat ions i a nd j
(eit her  an   adjacency index or  a  weight  decreasin g wit h  dis t ance).  The va r ia nce of
th e Local Mora n is defined in t hr ee steps:
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A. Firs t , define b 2.

     _       _
        (Xi - X) 4       (Xi - X)2

b2 = E {  ------------------  }     /   [E {  ------------------  } ]2

             N          N

This  is  the four th  moment  a round the mean  divided by t he squared second
moment  a round  the mean .  

B. Second, define 2w i(k h ):

2w i(k h ) =  E E Wik
 Wih  where  k  =/  i and  h  =/  i

Th is t er m is t wice the sum of the cross -products  of a ll weigh t s for  i with
themselves, u sin g k  and h  to avoid the use of iden t ica l subscr ip t s.  Sin ce each
pa ir  of observa t ion s, i and j, h as it s own specific weight , a  cross-product  of
weigh t s a re t wo weight s m ult iplied  by ea ch other  (wher e i =/  j) and the sum of
these cross-products  is t wice t he sum of a ll poss ible in ter actions ir respective
of order  (i.e., Wij = Wji).  Because the weight  of an  obser vat ion  wit h  it self is
zer o (i.e., Wii = 0), a ll t erms can be in clu ded in  the summat ion .

C. Thir d, defin e the va r ia nce, s t andard devia t ion , a nd an  approximate (pseudo)
st anda rdized score of I i:

       (G w ij
2  )*(n- b2)        2wi(k h )(2b2 - n) (G w ij)

2

Var  (I i) = ----------------------- +    -------------------- +   ------------------
   (n -1) (n-1)(n-2) (n-1)2

    _____________

S(I i) =   %[ Var  (I i) ]

Z(I i) = [ I i - E(I i) ] / S(I i)

8. On  one test  of 6,051 burgla r ies with  a  minim um clus ter  size requ irem ent  of 10
inciden t s, for  exam ple, we obta ined  100 firs t -order  clus ter s, 9 second-order  clus ter s,
and no th ir d-order  clu ster s by u sin g a  0.1 sign ificance level for  the nearest  neighbor
h iera rch ica l clus ter ing rou t ine.  When  the significance level was  redu ced t o 0.001,
the number  of clus ter s ext racted wa s 97 firs t -order  clus ter s, 8 second-order  clus ter s,
an d no th ird-order clust ers.
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Chapter 8
Kernel Density Interpolation

In  th is chapt er , we discuss t ools a imed  a t  int erpola t ing incident s, us ing the ker nel
densit y approach . In terpolation  is  a  t echnique for  genera lizing incident  loca t ion s to an
ent ir e a rea .  Whereas the spa t ia l d is t r ibu t ion  and hot  spot  st a t is t ics  provide st a t is t ica l
summar ies for  the da ta  in ciden t s themselves, in terpola t ion  techniques genera lize those
da ta  inciden t s t o the ent ire r egion .  In pa r t icu lar , th ey provide density est imates for  a ll
pa r t s of a  region  (i.e., a t  any loca t ion ).  The densit y est im ate is  an  in tensit y var ia ble, a  Z-
value, th a t  is est ima ted a t  a  pa r t icu lar  loca t ion .  Consequ ent ly, it  can  be displayed by
eith er sur face maps or cont our  ma ps th at  show the intensity at  all locat ions.

There a re many in terpola t ion  techniques, such  as Kr igin g, t r end sur faces, loca l
regression  models (e.g., Loess, sp lines), and Dir ich let t essella t ions (Anselin, 1992;
Clevelan d, Grosse a nd Sh yu, 1993; Venables an d Ripley, 1997).  Most  of these r equire a
var iable t ha t  is bein g est imated as a  fun ction  of loca t ion.  H owever , kernel density
estim ation  is  an  in terpola t ion  technique tha t  is  appropr ia te for  in dividua l poin t  loca t ion s
(Silverm an, 1986; Härdle, 1991; Bailey an d Ga t rell, 1995; Bur t  an d Barber, 1996; Bowman
and Azalini, 1997).

Kernel  Dens i ty  Est imat ion

Ker nel densit y est imat ion  involves p lacing a  sym met r ical sur face over  each poin t ,
eva lua t ing the d is tance from the poin t  to a  reference loca t ion  based  on  a  mathemat ica l
funct ion , and  summing the va lue of a ll the su r faces  for  tha t  r eference loca t ion .  Th is
pr ocedure is r epea ted for  a ll referen ce locat ions.  I t  is a  t echn ique t ha t  wa s developed in
the la te 1950s  as a n  a lt er na t ive m et hod for  est imat ing the den sit y of a  h ist ogra m
(Rosenbla t t , 1956; Wh it t le, 1958; Parzen , 1962).  A h is togr am is  a  gr aphic r epresen ta t ion  of
a  frequency dis t r ibu t ion .  A cont in uous va r ia ble is  divided in to in terva ls  of size, s  (the
int erval or  bin widt h), an d t he number  of cases in  each  int erval (bin) ar e counted a nd
displa yed a s block diagrams.  Th e h ist ogram is a ssumed to rep resen t  a  sm ooth , under lying
dis t r ibu t ion  (a  densit y fu nct ion ).  H owever , in  order  to est im ate a  smooth  densit y fu nct ion
from the h istogra m, tr adit iona lly resea rchers h ave link ed a djacent  var iable int ervals by
connect ing the m idpoint s of th e in ter va ls with  a  ser ies  of lines  (Figu re 8.1). 

Unfor tuna tely, doing th is causes t h ree s t a t ist ical problems (Bowman and Azalini,
1997):

1. Inform at ion is discar ded becau se all cases with in an int erval ar e assigned to
the midpoin t .  The wider  the in terva l, the gr ea ter  the in format ion  loss.

2. The technique of connect in g t he midpoin t s leads to a  discont in uous and not
sm ooth  densit y function even  though  the under lying den sit y function is
assu med t o be sm ooth .  To compen sa te for  th is, resea rchers will r edu ce the
width  of the in ter val.  Thus, t he den sit y function becomes sm oother  wit h
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Constructing A Density Estimate From A Histogram
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sm aller int erval widths, alt hough st ill not  very sm ooth .  Fu r ther , th ere are
limits t o th is t echnique a s t he sa mple size decreases wh en the bin widt h  gets
sm aller, even tua lly becoming too sm all to pr odu ce reliable est ima tes.

3. The t echn ique is depen dent  on a n  arbit ra r ily defined in ter val size (bin
width).  By makin g th e int erval wider , th e est ima tor  becomes cru der  and,
conversely, by makin g th e int erval nar rower , th e est ima tor  becomes finer .
However , t he under lyin g densit y d is t r ibu t ion  is  assumed to be  smooth  and
con t inuous and not  dependen t  on  the in t erva l s ize of a  h is togram.

To handle th is pr oblem, Rosen blat t  (1956), Whitt le (1958) and P arzen (1962)
developed the kernel densit y m ethod in  order  to avoid  the fir st  two of these difficult ies; the
bin  wid th  issue st ill r emain s.  What  they did  was to pla ce a  smooth  kernel function , r a ther
than  a  block, over  ea ch point  and sum the functions for ea ch locat ion on  the scale . Figure
8.2 illu st ra tes  the process with  five point  loca t ions .  As seen , over  ea ch locat ion, a
sym met r ical ker nel fun ction is p laced; by symmet r ical is  mea nt  tha t  is fa lls off with
dis tance from ea ch poin t  a t  an  equ a l ra te in  both  dir ections a roun d each poin t .  In  th is
case, it is a  normal dist r ibut ion , but  other  types of symmet r ica l dist r ibut ion  have been
used.  The under lying den sity distr ibut ion  is est ima ted by summing the individua l ker nel
funct ions a t  all loca t ions  to p roduce a  smooth  cumula t ive dens ity funct ion .  Not ice tha t  the
fun ctions a re sum med at  every point a long the scale and n ot just a t t he point locat ions. 
The adva ntages of th is  a re tha t , fir st , each  poin t  cont r ibu tes equa lly t o the densit y sur face
and, second, th e resu ltin g dens ity funct ion  is con t inu ous a t  a ll poin t s a long th e scale.

The th ir d problem ment ion ed above, in terva l s ize, s t ill r emain s sin ce the wid th  of
th e kernel fun ction can  be var ied.  In th e kernel density literat ur e, th is is called band wid th
and refer s essen t ia lly t o the wid th  of the kernel.  Figure 8.3 shows a  kernel wit h  a  nar row
bandwidt h  placed over  the sa me five poin t s wh ile figure 8.4 shows a  ker nel with  a  wider
ba ndwidt h  pla ced over t he poin t s.  Clea r ly, th e smoothness of the r esu lt ing den sit y
fun ction is a consequence of th e ban dwidth  size.

There a re a  number  of differen t  kernel fu nct ion s tha t  have been  used, a side from
the norm al dis t r ibu t ion , su ch a s a  t r iangular  fun ction (Bur t  and Ba rber , 1996) or a  quar t ic
funct ion  (Ba iley and Ga t rell, 1995).  Figur e 8.5 illus t ra tes a  quar t ic funct ion .  But  the
norm al is t he m ost  commonly u sed (Kelsa ll and Diggle, 1995a ).  

The n or m a l d ist r ib u ti on  funct ion  has the followin g fu nct ion a l for m:

                     d ij
2

                     1  - [--------- ]
g(x j) = E{   [Wi * I i] *  -----------  *  e       2*h 2     } (8.1)

   h 2 * 2B

where d ij is  the dis t ance between  an  in ciden t  loca t ion  and any r eference poin t  in  the region ,
h  is t he s t anda rd devia t ion of th e n orm al dis t r ibu t ion (the ba ndwidt h), Wi is a  weigh t  a t
th e point locat ion a nd I i is an  int ensity at  the poin t  loca t ion .  This funct ion  exten ds t o
infinit y in  a ll dir ect ions  and, t hus, will be a pp lied to an y loca t ion in  the r egion. 
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Kernel Density Estimate
Summing of Normal Kernel Functions for 5 Points
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Kernel Density Estimate
Smaller Bandwidth
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Summing of Quartic Kernel Function
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8.8

In Crim eS tat, t here a re four  a lt erna t ive kernel funct ions  tha t  can  be used , a ll of
which  have a circumscribed r adius (un like the normal dist r ibut ion).  The qua r t i c  funct ion
is  applied to a  limit ed area  a round ea ch in ciden t  poin t  defin ed by the radiu s, h .  It  fa lls off
gradu a lly with  dis t ance un t il the r adiu s is  rea ched .  It s functiona l form  is:

1. Ou tside t he specified radiu s, h :

g(x j) = 0 (8.2)

2. With in  the specified radiu s, h :

                                 3          d ij
2

g(x j) =  E{   [Wi * I i] * [ ----------] * [1 -  -------] 2 } (8.3)
                              h 2 * B          h2

where d ij is  the dis t ance between  an  in ciden t  loca t ion  and any r eference poin t  in  the region ,
h  is t he r adiu s of th e sea rch a rea  (th e ba ndwidt h), Wi is  a  weight  a t  the poin t  loca t ion  and
I i is a n  in ten sit y a t  the point  loca t ion.  

The t r ia n gu la r  (or  conica l) dist r ibut ion  fa lls off evenly with  dist ance, in  a  linear
rela t ion sh ip . Compared to the quar t ic fu nct ion , it  fa lls off more rapid ly.  I t  a lso has a
circum scribed r adius a nd is, th erefore, app lied to a limit ed a rea  a round ea ch  inciden t
point, h.  Its fun ctiona l form  is:

1. Ou tside t he specified radiu s, h :

g(x j) = 0 (8.4)

2. With in  the specified radiu s, h :

g(x j) =  E [K -   K/h ] * d ij (8.5)

where K is  a  cons tan t .  In  Crim eS tat, th e const an t  K is init ially set t o 0.25 and t hen  re-
scaled t o ensu re tha t  eith er  the densit ies or  pr obabilit ies su m to their a ppr opr iat e values
(i.e., N for  densit ies and 1.00 for  proba bilit ies).

The nega t i ve  exponen t ia l  (or  peaked) dist r ibu t ion  falls  off ver y rapid ly with
dis tance up  to th e circumscr ibed radiu s.  I t s functiona l form  is:

1. Ou tside t he specified radiu s, h :

g(x j) = 0 (8.6)

2. With in  the specified radiu s, h :

g(x j) =  E A*e -K*dij
(8.7)
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8.9

where A is a const an t a nd K is an  exponen t.  In Crim eS tat’s im plementa t ion , K is  set  to 3
while A is  in it ia lly set  to 1 a nd then  re-sca led to ensure tha t  eit her  the densit ies or
probabilit ies sum to their  appropr ia te va lu es (i.e., N for  densit ies and 1.00 for
proba bilit ies).

F ina lly, th e u n i for m  distribut ion weight s all points with in th e circle equally.  Its
fun ctiona l form  is:

1. Ou tside t he specified radiu s, h :

g(x j) = 0 (8.8)

2. With in  the specified radiu s, h :

g(x j) =  EK (8.9)

where K is a const an t .  Init ially, K is set  to 0.1 but  then  re-scaled t o ensu re tha t  eith er  the
densit ies or  probabilit ies sum to their  appropr ia te va lu es (i.e., N for  densit ies and 1.00 for
proba bilit ies).

Kern e l P ara m e te rs

The user  can  select  these five differen t  ker nel funct ions t o int erpola te the da ta  to
the gr id  cells.  They produce subt le differences in  the shape of the in terpola ted sur face or
con tour .  The norma l d is t ribu t ion  weighs a ll poin t s in  t he s tudy a rea , t hough  nea r  poin t s
a re weighted m ore h igh ly than  dist an t  poin t s.  The oth er  four  techniques  use a
circumscr ibed circle ar oun d t he gr id cell.  The un iform dis t r ibu t ion  weigh s a ll point s with in
the circle equa lly.  The quar t ic funct ion  weighs near  poin t s m ore than  fa r  poin t s, but  the
fa ll off is  gradua l. The t r iangu la r  funct ion  weighs  near  poin t s  more than  fa r  poin t s  with in
the circle, but  the fa ll off is more rapid.  Fina lly, th e negat ive exponent ial weighs n ear
poin t  much m ore h ighly than  far  poin t s with in  the circle. 

The use of any of one of these depends on h ow much the user  wants t o weigh  near
point s r ela t ive to fa r  point s.  Usin g a  ker nel fun ction wh ich h as a  big differ en ce in t he
weight s of near  versus far  poin t s (e.g., th e negat ive exponent ial or  the t r ian gula r ) t ends t o
pr oduce finer  var ia t ions with in  the sur face than  fun ctions which a re weight  more even ly
(e.g., t he norma l d is t ribu t ion , t he qua r t ic, or  t he un iform); t hese la t t er  ones  tend to sm ooth
the dist r ibut ion  more.

S h a p e a n d  s iz e of t h e b a n d w i d t h

However , Silverman (1986) has a rgu ed tha t  it  does not  make tha t  much difference
as long as t he ker nel is sym met r ica l.  Ther e are a lso edge effect s t ha t  can  occur  and t here
have been  differen t  proposed solu t ion s to th is  problem (Ven ables and Ripley, 1997).
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8.10

There have a lso been  va r ia t ion s of the size of the of ba ndwid th  wit h  va r iou s
formulas a nd cr it er ia  (Silver man, 1986; Härdle, 1991; Ven ables  and Ripley, 1997). 
Gen er a lly, bandwidt h  choice fall in to eith er  fixed or  ada pt ive (var iable) choices (Kelsa ll and
Diggle, 1995a ; Bailey a nd Gat rell, 1995).  Crim eS tat follows t h is dist inction , which  will be
expla ined below.  

Anoth er suggestion is to use th e Mora n corr elogra m, which was discussed in
chapt er  4, to estim ate the sh ape of the weight ing funct ion  (Cliff and H agget t , 1988; Bailey
and Ga t t rell, 1995).   This would be appr opr iat e for  var iables t ha t  have weights , such  as
popu la t ion  or em ploymen t .  The Moran  cor relogra m displa ys t he degree of spa t ia l
au tocorrela t ion  as a  funct ion  of dis t ance.   Whether  the au tocorrela t ion  fa lls off qu ick ly or
more slowly can  be u sed t o select  an  approxima te ker nel function  (e.g., a n ega t ive
exponent ial funct ion  fa lls off quickly wher eas a  qua r t ic funct ion  fa lls off very slowly).  The
bandwidth  could  a lso be selected by the dis t ance a t  which  the Moran  correlogr am levels  off
(i.e., approaches the global I  value).  This  would  lead t o an  est imate t ha t  minimizes spa t ia l
au tocor relat ion  in t he da ta  set .  It would be good for  capt ur ing major  t r ends in  the da ta ,
bu t  would  not  be good for  iden t ifyin g loca l cluster s (hot  spots) sin ce the bandwid th  dis t ance
would incorpora te most  of a  met ropolita n  a rea .
 

Three-d im ensiona l  kerne l s

The ker nel funct ion  can  be expan ded t o more than  two dimensions (Hä rdle, 1991;
Ba iley a nd Gat rell, 1995; Bu r t  and Barber , 1996; Bowman and Azalin i, 1997).  Figure 8.6
sh ows a  th ree-dim en siona l norm al dis t r ibu t ion  pla ced over each of five point s with  the
resu lt ing den sit y su r face bein g a  su m of a ll five individua l su r faces.  Th us, t he m et hod is
pa r t icu lar ly appr opr iat e for  geogra ph ica l da ta , such a s crime inciden t  loca t ions.  The
met hod has a lso been  developed  to rela te t wo or  more var iables  together  by app lying a
ker nel est ima te to each var iable in t u rn  and t hen  dividing one by th e other  to pr odu ce a
three-dim ension a l est im ate of risk  (Kelsa ll and Diggle, 1995a ; Bowman and Aza lin i, 1997).

Significance test ing of density est ima tes is m ore complica ted.  Cur ren t  t echniques
tend  to focus on  simu lat ing sur faces under  spa t ially ra ndom as su mpt ions (Bowman an d
Aza line, 1997; Kelsa ll and Diggle, 1995b).  Because of the st ill exper im enta l n a ture of the
tes t ing, Crim eS tat does not  in clu de any t est in g of densit y est im ates in  th is  version .

C r i m eS t a t  Kerne l  Dens i ty  Methods

Crim eS tat has t wo int er pola t ion  techn iques, both  based on the ker nel densit y
techn ique.  The firs t  app lies t o a s ingle var iable, wh ile the second t o th e r ela t ionsh ip
between  two var iables.  Both  rout ines h ave a number of opt ions.  Figur e 8.7 shows t he
in ter pola t ion  pa ge in  Crim eS tat.  User s indica te their choices by clickin g on  the tab and
men u item s.  F or eit her  t echn ique, it  is n ecessa ry to ha ve a  referen ce file, wh ich is  usu a lly
a  gr id  pla ced over  the study r egion  (see chapter  3).  The reference file represen t s the region
to wh ich  the kernel est im ate will be genera lized (figu re 8.8).
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S in g le  D e n si ty  Es ti m at e s

The single ker nel densit y rout ine in  Crim eS tat is a pp lied t o a dist r ibu t ion  of point
loca t ions, such  a s cr ime inciden t s.  It  can  be used  with  either  a  pr imary file or  a  seconda ry
file; the pr im ary file is  the defau lt .  F or  exa mple, t he pr im ary file can  be the loca t ion  of
motor  veh icle t hefts.  Th e poin t s can  a lso have a  weigh t ing or  an  associa ted in ten sit y
va r ia ble (or  both).  F or  exa mple, t he poin t s could  represen t  the loca t ion  of police st a t ion s
wh ile t he weight s (or in ten sit ies) repr esen t  the number  of calls  for  service. Again , the u ser
mu st be car eful in h aving both  a weight ing var iable and a n int ensity var iable as th e
rout ine will u se  both  var iables  in  calcu la t ing densit ies ; th is could  lea d t o double weight ing.

 Having defined  the file on  the pr ima ry (or  seconda ry) file tabs, th e user  indica tes
the rou t ine by checkin g th e ‘Single’ box.  Also, it  is necessa ry to define a  reference file,
eit her  an  exist ing file or  one gen er a ted by Crim eS tat (see chapt er  3).  Ther e are other
par am eters t ha t m ust  be defined.

F ile  to  be  In te rp ola te d

The user  must  indicate wh et her  the pr imary file or t he seconda ry file (if used) is t o
be int erpolated.

Method of Interpolat ion

The user  must  indicate t he m et hod of in ter pola t ion .  Five types  of ker nel densit y
estimat ors a re used: 

1. Norm al dis t r ibu t ion  (bell; defau lt )
2. Uniform (fla t ) dist r ibu t ion
3. Quar t ic (spher ica l) d is t r ibu t ion  
4. Tr ia ngu la r  (conica l) d is t r ibu t ion
5. Nega t ive exponent ia l (peaked) dis t r ibu t ion

In  our  experien ce, th ere are advantages to each .  The normal dist r ibut ion  pr odu ces
an  est im ate over  the en t ir e region  whereas the other  four  produce est im ates only for  the
cir cumscr ibed  bandwid th  r adius.  If t he d is t ribu t ion  of poin t s is  spar se towards  the ou ter
par t s of the region , t hen  the four  cir cumscr ibed funct ion s will n ot  produce est im ates for
those a reas, whereas the normal will.  Con versely, t he normal d is t r ibu t ion  can  cause some
edge effect s t o occur  (e.g., spikes a t  the edge of the reference grid), pa r t icu lar ly if there are
many point s n ear  one of the bounda r ies of the st udy ar ea .  The four  circum scribed
funct ions will p roduce les s of a  problem a t  t he edges , a lt hough  they s till can  produce some
spikes .  With in  the fou r  cir cumscr ibed  funct ions, t he un iform and qua r t ic t end to smooth
th e data  more whereas t he tr iangular a nd n egat ive exponent ial tend t o empha size ‘peaks’
and ‘va lleys’.  The differ en ces between  these differ en t  ker nel functions a re small, however . 
Th e u ser  sh ould  pr obably st a r t  wit h  the default  norm al fun ction  and a dju st  accord ingly to
how the sur face or cont our  looks.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



8.15

Choice  of  Band w idth

The user  must  in dica te how bandwid ths a re to be  defin ed.  There a re two types of
ba ndwidt h  for  the s ingle ker nel den sit y rout ine, fixed in ter va l or a da pt ive in ter va l.  

Fixed  interva l

With  a  fixed bandwidt h , the u ser  must  specify the in ter val to be used a nd t he un it s
of measu rement  (squ ared m iles, squ ared n au t ica l miles, squared feet, squared k ilometers,
or squ ared met er s).  Depen din g on  the t ype of ker nel es t imate u sed, t h is in ter val has a
s ligh t ly d ifferen t  mean ing.  For  t he norma l kernel funct ion , t he bandwid th  is  the s tanda rd
devia t ion  of t he norma l d is t ribu t ion .    For  t he un iform, qua r t ic, t r iangu la r , or  nega t ive
exponent ia l ker nels , the ba ndwidt h  is t he r adiu s of th e sea rch a rea  to be in ter pola ted. 

Ther e a re few guidelines for  choosin g a  pa r t icula r  bandwidt h  oth er  than  by visu a l
inspection  (Venables an d Ripley, 1997).  Some have ar gued t ha t  the ban dwidt h  be no lar ger
than  the fin est  resolu t ion  tha t  is  desir ed and others have argu ed for  a  va r ia t ion  on random
nearest  neighbor  dist ances (see Spencer  Cha iney applica t ion  lat er  in t h is chapt er ). Oth ers
have a rgued for  pa r t icula r  sizes  (Silverman, 1986; Härdle, 1991; Ka da far , 1996; Farewell,
1999; Talbot , Kulldor ff, Fora nd, an d H aley, 2000).1  There does not seem t o be consensu s
on t h is is su e.  Consequ en t ly, Crim eS tat leaves t he defin ition up t o the user .

Typica lly, a n ar rower  bandwidt h  in ter val will lead t o a finer  mesh  densit y est imate
wit h  a ll the lit t le peaks a nd va lleys.  A lar ger  bandwidt h  in ter val, on  the oth er  hand, will
lead t o a smoother  dis t r ibu t ion  and, t her efore, less va r iability bet ween  area s.  Wh ile
smaller  bandwid ths show gr ea ter  differen t ia t ion  among a reas (e.g., between  ‘hot  spot ’ and
‘low spot ’ zon es), one has to keep in  min d the st a t is t ica l precis ion  of the es t im ate.  If the
sa mple size is  not ver y large, then  a  sm aller  bandwidt h  will lead t o more impr ecision in  the
est ima tes; the peak s and valleys m ay be noth ing more t han  ra ndom var iat ion .  On the
oth er  hand, if the sample size is la rge, t hen  a  finer  densit y est imate can  be produced. In
gener a l, it  is a  good idea  to exper imen t  wit h  differ en t  fixed in ter vals t o see wh ich r esu lt s
make t he most  sen se.

Adapt ive  interva l

An adapt ive bandwid th  adjust s  t he bandwid th  in t erva l so tha t  a  min imum number
of poin t s a r e found.  Th is  has the advan tage of p rovid ing const an t  precis ion  of t he es t ima te
over  the en t ire region .  Thus , in  a reas  tha t  have a  h igh  concen t ra t ion  of poin t s , the
bandwidt h  is na r row whereas in  a reas wh ere the concent ra t ion  of poin t s is m ore spa rse,
the ba ndwidt h  will be la rger .  This is  the defau lt  bandwidt h  choice in  Crim eS tat since we
believe t ha t  consis t en cy in  st a t ist ical precision is  pa ramoun t .  The degree of pr ecision is
gener a lly depen dent  on t he sample size of the ba ndwidt h  in ter val.  The defau lt  is a
minimum of 100 poin t s with in  the ba ndwidt h  radiu s.  Th e u ser  can  make t he es t imate
more fine gra ined  by choosing a sm aller number  of poin t s (e.g., 25) or  more sm ooth  by
choosin g a  la rger  number  of poin t s (e.g., 200). Aga in , exper im enta t ion  is  necessa ry t o see
which  resu lts  make t he most  sen se.
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Output U nits

The user  must  indicate t he m ea su rem en t  un it s for  the den sit y est imate in  point s
per  squ ared m iles, squ ared n au t ica l miles, squared feet, squared k ilometers, or  squ ared
meters.  The defau lt is point s per  squ are mile.

Int e n si ty  or We ig h tin g Vari ab le s

If an  int ensit y or  weight ing var iable is used , th ese boxes must  be checked.  Be
car eful about  usin g both  an  in ten sit y and a  weigh t ing var iable t o avoid ‘double weigh t ing’.

D e n s it y Ca lc u la ti on s

The user  must  indica te the type of ou tpu t  for  the density est ima tes.  Ther e are th ree
types of ca lcu lat ion  tha t  can  be condu cted with  the ker nel dens ity rou t ine.  The
calcula t ions a re app lied t o each  referen ce cell:

1. The kernel estima tes can  be calculat ed as absolute density es t imates  using
formulas  8.1-8.9, depen ding on  what  type of ker nel funct ion  is used.  The
est ima tes a t  each  reference cell a re re-scaled so th a t  the su m of the densit ies
over  a ll r eference gr ids equa ls  the tota l number  of inciden t s ; th is  is  the
defau lt  va lue.  

2. The kernel estima tes can  be calculat ed as relative density estimat es.  These
divide t he a bsolut e den sit ies  by t he a rea  of the gr id cell. I t  has t he a dva ntage
of in terpret in g t he densit y in  terms tha t  a re familia r .  Thus, instead of a
densit y est imate r epresen ted by point s per  gr id cell, the r ela t ive densit y will
conver t  th is t o point s per , sa y, square m ile.  

3. The densit ies can  be conver ted in to probabilities by dividin g the den sit y a t
any one cell by the t ota l number  of inciden t s. 

Sin ce th e t h ree t ypes  of calcula t ion  are directly inter rela ted, the out pu t  su r face will
not  differ  in it s var iability.  The choice would depen d on whether  the ca lcu lat ions a re used
to est im ate absolu te densit ies, r ela t ive densit ies, or  probabilit ies.  F or  compar isons
bet ween  differ en t  types  of crim e or bet ween the same t ype of cr ime and d iffer en t  t ime
per iods, usu a lly absolut e den sit ies  a re t he u n it  of choice (i.e., inciden t s per  gr id cell). 
However, t o expres s t he ou tpu t  as a  pr obability, tha t  is, th e likelihood t ha t  an  inciden t
would occur  at  an y one locat ion, then  out put ing th e results as pr obabilities would ma ke
more sen se.  For d isplay pur poses, however , it  makes  no difference as both  look t he sa me.

Ou tp u t F ile s

Fin a lly, the resu lts can  be displayed in an  ou tpu t  t able or  can  be ou tpu t  int o two
forma t s: 1) Rast er  gr id  forma t s for  display in  a  su r face mapp ing p rogram- S urfer for
Windows ‘.da t ’ format  (Golden  Software, 1994) or  ArcView S pat ial Analyst  ‘a sc’ format
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(ESRI, 1998); or 2) Polygon  gr ids  in  ArcView  ‘.sh p’, MapIn fo ‘.m if’ or  Atlas*GIS  ‘.bna ’
form at s.2   However , a ll bu t  S urfer for Windows r equire t ha t  the reference grid be crea ted
by Crim eS tat.

Exam ple 1: Kern el  De ns ity Estim ate o f  Stree t  Robberie s

An example can  illu st r a t e t he use of t he s ingle kernel density rou t ine.  F igu re 8.9
shows  a  S urfer for Windows outpu t  of the 1180 st reet  robber ies for  1996 in  Ba lt im ore
County.  The r efer en ce grid was gener a ted by Crim eS tat and h ad 100 colum ns a nd 108
rows.  Thus, t he rout ine calcula ted the dist ance between  each of the 10,800 r eferen ce cells
and t he 1180 robbery inciden t  loca t ions, evalua ted t he ker nel funct ion  for  each  measu red
dist ance, an d su mmed t he resu lts  for  each  reference cell.  The n ormal dist r ibut ion  ker nel
funct ion  was  selected  for  the kernel es t imator  and  an  adap t ive bandwid th  with  a  min imum
sam ple size of 100 was chosen as t he par am eters.

Th ere a re th ree views in  the figu re: 1) a  map view showin g t he loca t ion  of the
inciden t s; 2) a  su r face view sh owing a  th ree-dimen siona l in ter pola t ion of robbery densit y;
and 3) a  contour  view showin g con tours of high  robbery densit y.  Th e sur face and contour
views  pr ovide differ en t  perspect ives .  The sur face shows t he pea ks very clear ly and t he
rela t ive densit y of t he peaks.  As can  be seen , t he peak for  robber ies on the eastern  par t  of
the Cou nty is much h igher  than  the two peaks in  the cen t ra l a nd western  par t s of the
Cou nty.  Th e contour  view can  show where these peaks a re loca ted; it  is  difficult  to iden t ify
locat ion clear ly from a  th ree-dimensiona l sur face map.  Highways an d str eets could be
overla id on  top of the contour  view to ident ify more pr ecisely where these pea ks  a re
loca ted. 

F igure 8.10 shows  an  ArcViewS pat ial Analyst  map of the r obbery den sit y with  the
robbery inciden t  locat ions over la id on top of th e densit y cont our s.  H er e, we can  see qu ite
clea r ly tha t  t here a re th ree s trong concen t r a t ions of inciden t s, one spreading over  a
dis tance of sever a l miles on  the west  side, one on  nort her n  border  bet ween  Ba lt imore City
and Ba lt imore Coun ty, and one on t he ea st  side; th er e is a lso one smaller  peak in  the
sou thea st  corner  of the County.  

From a  st a t ist ica l perspective, th e ker nel est ima te is a bet t er  ‘hot  spot’ ident ifier
than  the clus ter  ana lysis r ou t ines  discussed in cha pt er  6.  Clus ter  rou t ines  group in cident s
in to clu ster s and dis t in gu ish  between  in ciden t s which  belon g t o the clu ster  and those
which  do not  belong.  Depending on  which  mathemat ica l algor ith ms a re used, differen t
clus ter ing rou t ines  will retu rn  differ ing a lloca t ions of inciden t s t o clus ter s.  The k ernel
est ima te, on  the other  hand, is a cont inu ous su r face; the densit ies a re ca lcu lat ed a t  all
loca t ions; t hus, t he user  can  visua lly in spect  t he va r iabilit y in  density and decide wha t  t o
ca ll a  ‘hot  spot ’ withou t  having to define a rbit ra r ily where to cu t -off the ‘hot  spot ’ zone.

Going back t o the S urfer for Windows outpu t , figu re 8.11 shows the effect s of
varying the ba ndwidt h  pa ramet er s.  Ther e a re t h ree fixed ba ndwidt h  in ter va ls (0.5, 1, and
2 miles respectively) and t here are two ada pt ive ban dwidt h  int ervals (a m inim um of 25
and 100 poin t s r espectively).  As can  be seen , th e finen ess of the int erpola t ion  is affected by
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Baltimore County Robberies: 1996-97
Kernel Density Interpolation

Figure 8.9:
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Baltimore County Street Robberies: 1996
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Kernel Density Interpolation to Estimate Sampling Bias in the Climatic 
Response of Sphagnum Spores in North America 

 
Mike Sawada 

 Laboratory for Applied Geomatics and GIS Science 
 University of Ottawa, Department of Geography, Canada 
 
 Sphagnum moss, the dominant species of bogs, thrives under certain ranges of 
temperature and precipitation.  Sphagnum releases spores for reproduction and these are 
transported, often long distances, by wind and water.  Thus, the presence of a spore in the 
fossil record may not indicate nearby Sphagnum plants.  However, spores should be most 
numerous near Sphagnum plants.  Over time, these spores and pollen from other plants 
accumulate in lake and bog sediments and leave a fossil record of vegetation history.   
 

We wanted to use the amount of fossil Sphagnum spores in different parts of North 
America to infer past climates.  To do so, we had to first show that Sphagnum spores are 
most abundant in climates where Sphagnum plants thrive and secondly, that this center of 
abundance is not biased sampling because of under sampling in parts of climate space.  
First, we developed a Sphagnum spore response surface showing the relative abundance of 
spores along the axes of temperature and precipitation (Fig. A).   
 
 CrimeStat was used in the second stage to develop a kernel density surface using a 
quartic kernel for 3007 sample sites within climate space (Fig. B).  These were smoothed 
and visualized in Surfer.  The surface showed that the intensity of points is higher in 
regions surrounding the response maximum.  This gave us confidence that the Sphagnum 
response was real since other parts of climate space are well sampled but unlikely to 
produce high spore proportions.  This fact allowed climate inferences to be made within the 
fossil record for past time periods using the amount of Sphagnum spores present.   
 

 

Figures modified from Gajewski, Viau, Sawada et al. 2001. Global Biogeochemical Cycles, 
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Describing Crime Spatial Patterns By Time of Day 
 

Renato Assunção, Cláudio Beato, Bráulio Silva 
CRISP, Universidade Federal de Minas Gerais, Brazil  

 
We used the kernel density estimate to visualize time trends for crime 

occurrences on a typical weekday.  We found markedly different spatial distributions 
depending on the time, with the amount of crime varying and the hot spots, 
identified by the ellipses, appearing in different places. 

  
The analysis used 1114 weekday robberies from 1995 to 2000 in downtown 

Belo Horizonte. Breaking the data into hours, we used the normal kernel, a fixed 
bandwidth of 450 meters and outputted densities option (points per square unit of 
area). Note that the latter option could be useful if one is interested only in the hot 
spot locations, and not in the distribution during the day. To make the ellipses, we 
used the nearest neighbor hierarchical spatial clustering technique with a minimum 
of 35 incidents. We output the results to MapInfo, keeping the same scale for all 
maps. Four of them are shown below.  
 
 

 
9:00 AM 1:00 PM 

7:00 PM 11:00 PM 
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Using Kernel Density Smoothing and Linking to ArcView: 
Examples from London, England 

 
Spencer Chainey 

Jill Dando Institute of Crime Science 
University College 
London, England 

 
CrimeStat offers an effective method for creating kernel density surfaces. The 

example below uses residential burglary incidents in the London Borough of 
Croydon, England for the period June 1999 – May 2000 (N=3104). The single kernel 
routine was used to produce a kernel density surface representing the distribution of 
residential burglary.   

 
The kernel function used was the quartic, which is favoured by most crime 

mappers as it applies added weight to crimes closer to the centre of the bandwidth.  
Rather than choosing an arbitary interval it is useful to use the mean nearest 
neighbour distance for different orders of K, which can be calculated by CrimeStat as 
part of a nearest neighbour analysis.  For the Croydon data, an interval of 269 
metres was chosen, which relates to a mean nearest neighbour distance at a K-order 
of 13.  The output units were densities in square kilometres and was output to 
ArcView. 
 

Kernel density estimation is a particularly useful method as it helps to 
precisely identify the location, spatial extent and intensity of crime hotspots.  It is 
also visually attractive, so helping to invoke further enquiry and the reasoning 
behind why crime and disorder is concentrated. The density surface that is created 
can reflect the distribution of incidents against the natural geography of the area of 
interest, including representing the natural boundaries, such as reservoirs and 
lakes, or an alignment that follows a particular street in which there is a high 
concentration of offending.  The method is also less subjective if clear guidelines are 
followed for the setting of parameters.  
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Infant Death Rate and Low Birth Weight  
in the I-5 Corridor of Seattle and King County 

 
Richard Hoskins 

Washington State Department of Health 
Olympia, Washington 

 
 Although the infant death rate (< 1 year old) has been steadily declining in 
Washington, the incidence of low birth weight (< 2500 gms) is increasing. This is a 
significant public health problem, resulting in suffering and high medical cost.  If we 
know where the rates are high at a neighborhood level we can develop more efficient 
and effective programs.  The goal is to determine regions where rates are clustered 
and to characterize those regions with respect to SES variables from the US Census.  
 
 Birth and infant death data were geocoded to the street level. In order to 
detect clusters of high infant death and low birth weight, several CrimeStat tools 
were used. We find that using several tools at once helps detect regions where 
something untoward is going on and also helps develops guesses about where other 
problems might be expected develop.   

  
 The result of a kernel density interpolation using a normal estimator is 
shown above along with an empirical Bayes rate and standardized mortality ratio 
(SMR) calculated in SAS and mapped in Maptitude (www.caliper.com). Starting 
with over 2,500 infant deaths, about 25,000 low weight births (out of over 500,000 
live births) occurred in the Seattle I-5 corridor region in King County from 1989-
2002.  The kernel density method was used to detect high rate regions. A clearly 
articulated region and ridge appears on the grid of the kernel density map and the 
3D and prism maps.  
    

I-5 corridor in Kernel density Top:  3-D map: empirical Bayes rate    
King County  interpolation Bottom:  Prism map: SMR 
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the ban dwidt h  choice.  For t he th ree fixed int ervals, an  int erval of 0.5 miles pr odu ces a
finer  mesh  in terpola t ion  than  an  in terva l of 2 miles , which  t ends to ‘oversmooth’ the
dist r ibut ion .  Per haps, t he int ermedia te int erval of 1 mile gives the best  ba lan ce between
finen ess a nd gener a lity.  For  the two ada pt ive int ervals, the minim um sa mple size of 25
gives some very specific peak locat ions wher ea s t he ada pt ive in ter val with  a  minimum
sa mple size of 100 gives a  sm oother  dis t r ibu t ion.  

Which  of these sh ould be used a s t he best choice would  depend on how much
confidence the ana lys t  has in  the resu lt s .  A key ques t ion  is  whether  the ‘peaks’ a re rea l or
merely byproduct s of sm all sa mple sizes.  The best  choice would be to produ ce an
in terpola t ion  tha t  fit s  the exper ience of the depar tment  and officer s  who t ravel an  a rea .
Again , exper imen ta t ion  and d iscuss ions with  bea t  officer s will be necessary to est ablish
which ban dwidth  choice should be used in fut ur e int erpolations.

Note in  a ll five of the in terpola t ion s, t here is  some bia s a t  the edges wit h  the City of
Ba lt imore (the th ree-s ided  a rea  in  the cen t ra l sou thern  par t  of the map).  S ince the
pr ima ry file on ly included incident s for  the County, the int erpola t ion  nevert heless h as
est ima ted some likelihood a t  the edges; these a re edge biases and need to be  ignored or
r emoved  with  an  ASCII ed itor .3  Fur ther , the wider  the in ter val chosen , the m ore bias is
pr oduced a t  the edge. 

D u a l Ke rn e l E st im a te s

The dua l ker nel densit y rout ine in  Crim eS tat is  applied to two d is t r ibu t ions  of poin t
loca t ions.   For example, th e pr ima ry file could be th e loca t ion  of au to theft s wh ile the
seconda ry file could be th e cen t roids of censu s t r act s, with  the popula t ion  of the censu s
t ract being an  in ten sit y var iable.   Th e dua l rout ine m ust  be u sed with  both  a  pr imary file
and a  seconda ry file.  Also, it is  necessa ry to define a  referen ce file, either  an  exist ing file
or one gen er a ted by Crim eS tat (see chapt er  3).  Severa l parameters n eed t o be defined .

F ile  to  be  In te rp ola te d

The user m ust  indicat e the order of th e int erpolation.  The routine uses the
language first file and second  file in m akin g th e compa r ison  (e.g., dividing th e firs t  file by
the second; add ing the firs t  file t o th e second).  The u ser  must  indicate wh ich is  the firs t
file, the pr ima ry or  the seconda ry.  The defau lt is t ha t  the pr ima ry file is the firs t  file.

Method of Interpolat ion

The user  must  indica te the type of ker nel est ima tor .  As with  the single ker nel
den sity rout ine, five types of ker nel dens ity est ima tors a re used

1. Norm al dis t r ibu t ion  (bell; defau lt )
2. Uniform (fla t ) dist r ibu t ion
3. Quar t ic (spher ica l) d is t r ibu t ion  
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4. Tr ia ngu la r  (conica l) d is t r ibu t ion
5. Nega t ive exponent ia l (peaked) dis t r ibu t ion

In  our  experien ce, th ere are advantages to each .  The normal dist r ibut ion  pr odu ces
an  est im ate over  the en t ir e region  whereas the other  four  produce est im ates only for  the
cir cumscr ibed  bandwid th  r adius.  If t he d is t ribu t ion  of poin t s is  spar se towards  the ou ter
par t s of the region , t hen  the four  cir cumscr ibed funct ion s will n ot  produce est im ates for
those a reas, whereas the normal will.  Con versely, t he normal d is t r ibu t ion  can  cause some
edge effect s t o occur  (e.g., spikes a t  the edge of the reference grid), pa r t icu lar ly if there are
many point s n ear  one of the bounda r ies of the st udy ar ea .  The four  circum scribed
funct ions will p roduce les s of a  problem a t  t he edges , a lt hough  they s till can  produce some
spikes .  With in  the fou r  cir cumscr ibed  funct ions, t he un iform and qua r t ic t end to smooth
th e data  more whereas t he tr iangular a nd n egat ive exponent ial tend t o empha size ‘peaks’
and ‘va lleys’.  The differ en ces between  these differ en t  ker nel functions a re small, however . 
Th e u ser  sh ould  pr obably st a r t  wit h  the default  norm al fun ction  and a dju st  accord ingly to
how the sur face or cont our  looks.

Choice  of  Band w idth

The user  must  defin e the bandwid th  parameter .  There a re th ree types of
bandwid ths for  the sin gle kernel densit y r out in e - fixed in terva l, va r ia ble in terva l, or
ada pt ive in ter va l.  

Fixed  interva l

With  a  fixed bandwidt h , the u ser  must  specify the in ter val to be used a nd t he un it s
of measu rement  (squ ared m iles, squ ared n au t ica l miles, squared feet, squared k ilometers,
or squ ared met er s).  Depen din g on  the t ype of ker nel es t imate u sed, t h is in ter val has a
s ligh t ly d ifferen t  mean ing.  For  t he norma l kernel funct ion , t he bandwid th  is  the s tanda rd
devia t ion  of t he norma l d is t ribu t ion .  For  t he un iform, qua r t ic, t r iangu la r , or  nega t ive
exponent ia l ker nels , the ba ndwidt h  is t he r adiu s of th e sea rch a rea  to be in ter pola ted. 
Sin ce th er e a re t wo files being compared, the fixed in ter val is a pp lied both  to th e firs t  file
and t he second file. 

Variable  in terva l

With  a  var iable in ter va l, ea ch file (the first  and t he second) have differ en t  in ter va ls. 
For  both , t he un it s of measurements must  be specified (squared miles, squared nau t ica l
miles , squared feet , squared kilomet er s, or  squared met er s).  Th er e is  a  good r ea son  wh y a
user  might  want  va r ia ble in terva ls .  In  compar in g t wo kernel est im ates, t he most  common
compar ison  is  to d ivide one by the other .  However , if the dens ity es t imate for  a  par t icu la r
cell in t he denomina tor  appr oaches zero, th en  the ra t io will blow up a nd become a  very
la rge n umber .  Visu a lly, th is will be seen  as spik es  in  the dist r ibu t ion, t he r esu lt , usu a lly,
of too few cases .  In  th is  case, the user  migh t  decide to smooth  the denomina tor  more than
numera tor  in  order  to reduce t hese spik es.  F or  example, t he in terva l for  the fir st  file (the
numer a tor) could be 1 m ile wh er ea s t he in ter val for t he second file (th e den omin a tor) could
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be 3 m iles.  E xper imen ta t ion  will be n ecessary to see wh et her  th is is  wa r ran ted.  But , in
our  exper ience, it frequ en t ly happen s when  eit her  ther e a re t wo few cases or  ther e is a n
irregular  boun dar y to th e region with a  nu mber of incidents grouped at  one of th e edges.

Adapt ive  interva l

An adapt ive bandwid th  adjust s  t he bandwid th  in t erva l so tha t  a  min imum number
of poin t s  (sample s ize) is  found .  Th is  sample s ize is  app lied  to both  the fir s t  file and  the
second file.  It  has t he adva ntage of pr ovidin g cons tan t  pr ecision of the ker nel es t imate
over  the en t ire region .  Thus , in  a reas  tha t  have a  h igh  concen t ra t ion  of poin t s , the
bandwidt h  is na r row whereas in  a reas wh ere the concent ra t ion  of poin t s is m ore spa rse,
the ba ndwidt h  will be la rger .  This is  the defau lt  bandwidt h  choice in  Crim eS tat s ince
consis t en cy in  st a t ist ical precision is  impor tan t .  The degree of pr ecision is  gener a lly
depen den t  on  the sa mple size of the ban dwidt h  int erval.  The defau lt is a  minim um of 100
poin t s.  The u ser  can  make t he es t imate finer  by choosin g a  sm aller  number  of poin t s (e.g.,
25) or smoother  by choosin g a  la rger  number  of poin t s (e.g., 200). 

Us e k er n el b a n d w id th s t h a t p r od u ce st a bl e est im a tes

Note: with  a  du el ker nel ca lcu lat ion , par t icu lar ly the ra t io of one var iable to
another , be carefu l a bout  choosin g a  very small bandwid th . This  could  have the effect  of
crea t in g spik es a t  the edges of the study a rea  or  in  low popula t ion  densit y a reas.  F or
exa mple, in  low popula t ion  densit y a reas, t here will p robably be fewer  event s than  in  more
built -up area .  F or  the denomin a tor  of a  ra t io est im ate, a n  ext remely low va lu e could  cause
the ra t io to be exaggera ted (a ‘spike’) relat ive to neighbor ing grid cells.  Using a la rger
bandwidt h  will pr odu ce a  more st able average.

Output U nits

The user  must  indicate t he m ea su rem en t  un it s for  the den sit y est imate in  point s
per  squ ared m iles, squ ared n au t ica l miles, squared feet, squared k ilometers, or  squ ared
met ers.

Int e n si ty  or We ig h tin g Vari ab le s

If an  int ensity or  weight ing var iable is used for  eith er  the firs t  file or  the second file,
these boxes m ust  be checked.  Be careful a bout  usin g both  an  in ten sit y and a  weigh t ing
var iable t o avoid ‘double weigh t ing’.

D e n s it y Ca lc u la ti on s

The user  must  indicate t he t ype of densit y ou tpu t .  Ther e a re six types  of densit y
ca lcu la t ions  tha t  can  be conducted  with  the dua l kernel dens ity rou t ine.  The ca lcu la t ions
are applied to ea ch refer ence cell: 
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1. There is th e ratio of densities, tha t  is t he first  file divided by t he second file. 
Th is  is  the defau lt  choice. F or  example, if the fir st  file is  the loca t ion  of au to
thefts in ciden t s a nd t he second file is t he loca t ion  of census t r act cen t roids
with  the popula t ion  assigned a s a n  int ensity var iable, th en  ra t io of den sit ies
would  divide the kernel est im ate for  au to theft s by t he kernel est im ate for
populat ion a nd would be an  estimat e of au to th efts r isk.

2. There is also th e log ratio of densities.  Th is  is  the na tu ra l logar ithm of the
densit y ra t io, tha t  is

Log ra t io of densit ies   =   Ln  [ g(xj) / g(yj) ] (8.10)

wh er e g(xj) is  the densit y est im ate for  the fir st  file and g(y j) is t he den sit y
est ima te for  the second file.  For a  var iable tha t  has a  spa t ially skewed
distr ibut ion, such t ha t m ost r eference cells ha ve very low density estima tes,
bu t  a  few have very h igh  densit y est im ates, con ver t in g t he ra t io in to a  log
fun ction will tend t o mu te th e spikes th at  occur .  This measu re ha s been
used in  st udies of risk  (Kelsa ll and Diggle, 1995b). 

3. There is th e absolu te d ifference in  densities, th at  is th e first file minus t he
second file.  Th is can  be a  useful ou tpu t  for  exa min ing differen t ia l effects. 
For  exam ple, by using th e cen t roids of censu s block gr oups (see exam ple 2
below) with  the popula t ion  of the censu s block group ass igned as a n  in ten sit y
or weigh t ing var iable, t her e is a  sligh t  bia s p roduced by t he spa t ia l
ar ra ngements of th e block groups.  The U. S. Censu s Bureau  suggests th at
census un it s  (e.g., census t r act s , census block  groups ) be d rawn  so tha t  t here
are approximately equa l popula t ion s in  each  un it .  Thus, block  gr oups
towards t he cen ter  of the met ropolita n  a rea  tend t o be sm aller because t here
is a  h igher  popu la t ion  densit y a t  those loca t ions.  Th us, t he spa t ia l
a r rangemen t  of the block groups will ten d t o produce a k er nel es t imate
which  has a  h igher  va lu e towards the cen ter  in dependent  of the actua l
popu la t ion  of the block group; th e bia s is  very sm all, less  than  0.1%, but  it
does  exist .  A more pr ecise est imate could be produced by subt ractin g the
ker nel es t imate for  the block group cent roids  withou t u s ing popula t ion  as  the
in ten sit y var iable from t he ker nel es t imate for  the block group cent roids  with
popula t ion  as t he int ensity var iable.  The r esu ltin g ou tpu t  could then  be rea d
back  in to Crim eS tat and used as a  more precise measure of popula t ion
dis t r ibu t ion .  There a re other  uses of the difference funct ion , such  as
su bt ract ing the est ima te for  the popula t ion-a t -r isk from t he inciden t
dis t r ibu t ion  ra ther  than  taking the r a t io or by calcula t ing the net  cha nge in
populat ion between t wo censuses.

4. There is th e relative d ifference in  densities.  Like t he r ela t ive densit y in the
single-ker nel rout ine (discussed  above), th e relat ive difference in den sit ies
firs t  st anda rdizes th e densit ies of each  file by dividing by th e grid cell ar ea
and t hen  su bt racts  the seconda ry file r ela t ive densit y from t he pr imary file
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rela t ive densit y.  This can  be u seful in  calcula t ing changes bet ween  two t ime
per iods, for  example in  ca lcu lat ing a cha nge in  rela t ive dens ity between  two
censuses or  a  change in  the cr im e densit y between  two t im e per iods.

5. There is th e sum  of the densities, tha t  is, t he den sit y est imate for  the firs t  file
plu s the densit y est im ate for  the second file.  Aga in , t h is  is  applied to each
referen ce cell a t  a  t ime.  A poss ible u se of the sum opera t ion  is t o combine
two differ en t  densit y su r faces, for  example the den sit y of robber ies plu s t he
density of assa ults;

6. F ina lly, th ere is th e relative sum  of densities between  the pr ima ry file and
the seconda ry file.  The r elat ive su m of densit ies firs t  st anda rdizes th e
densities of each file by dividing by th e grid cell ar ea an d th en subtr acts t he
seconda ry file r ela t ive densit y from t he pr imary file r ela t ive densit y.  This
can  be usefu l for  iden t ifyin g t he tota l effect s of two dis t r ibu t ion s.  F or
example, the tota l impact  of robber ies  and burgla r ies  on  an  a rea  can  be
est im ated by t akin g t he rela t ive densit y of r obber ies and addin g it  to the
rela t ive densit y of burgla r ies.  The resu lt  is  the combin ed rela t ive densit y of
robber ies and bu rgla r ies per  un it a rea  (e.g., robber ies and bu rgla r ies per
squ are mile).

Ou tp u t F ile s

Fina lly, th e user  must  specify th e file formats for  the ou tpu t .  The r esu lts  can  be
out pu t  in  th ree forms.  F ir st , the r esu lt s a re disp layed in  an  out pu t  t able.  Second, t he
resu lt s can  be outpu t  in to two ra st er  gr id formats for  displa y in a  su r face mapping
program: S urfer for Windows format  as a  ‘.da t ’ file (Golden  Software, 1994) and ArcView
S pat ial Analyst  format  as  a  ‘.a sc’ file (ESRI , 1998).  Th ird , the resu lt s  can  be ou tpu t  as
polygon  gr ids in to ArcView  ‘.sh p’, MapIn fo ‘.mif’ an d Atlas*GIS  ‘.bna’ format  (see footnote
1).  All bu t  S urfer for Windows r equ ire t ha t  the r efer en ce grid be crea ted by Crim eS tat.

Ex am ple  2: Kerne l  Dens i ty  Est imates  o f Vehic le  Thef t s  
Re lative  to  Population

As an  example of the use of the dua l kernel dens ity rou t ine, the duel rou t ine is
app lied in  both  the Cit y of Balt imore a nd t he County of Balt imore t o 14,853 m otor  veh icle
theft  loca t ions  for  1996 r ela t ive t o th e 1990 popu la t ion of cen su s block groups.  Again , a
refer en ce grid of 100 columns by 108 rows was gener a ted by Crim eS tat. 

Figur e 8.12 shows the r esulting density estima te as a  S urfer for Windows ou tpu t ;
aga in , t here is  a  map view, a  sur face view, a nd a  contour  view.  The normal k ernel fu nct ion
was u sed a nd a n  ada pt ive ban dwidt h  of 100 point s wa s selected.  As seen , th ere is a ver y
high  concent ra t ion of au to th eft  inciden t s with in  the cen t ra l pa r t  of the m et ropolitan  a rea . 
Th e contour  view suggest  five or  six pea k area s t ha t  a re close  to each other . 
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Baltimore County Vehicle Thefts: 1996
Kernel Density Interpolation

Figure 8.12:
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Mu ch of th is concent ra t ion , however , is produced by h igh popu la t ion  densit y in the
met ropolita n  cen ter .  Figur e 8.13, for  exam ple, shows the ker nel est ima te for  1349 censu s
block gr oups for  both  the City of Balt imore a nd t he County of Balt imore wit h  the 1990
popula t ion  assigned a s t he int ensity var iable.  Again , th e normal ker nel funct ion  was u sed
wit h  an  adapt ive ba ndwidth  of 100 poin t s bein g selected.  The map shows th ree views: 1) a
su r face view; 2) a  contour  view; and 3) a  groun d level view lookin g directly nort h .  The
dist r ibut ion  of popula t ion  is, of course, also highly concent ra ted in t he met ropolita n  cen ter
with  two pea ks , quite close t o each  other  with  severa l smaller pea ks .

When  these t wo kernel es t imates a re compa red usin g the dua l ker nel densit y
rou t ine, a  more complica ted pictu re emerges (figure 8.14).  This r ou t ine h as condu cted
three oper a t ions: 1) it ca lcula ted the dist ance between  each of the 10,800 r eferen ce cells
and t he 14,853 au to theft  loca t ions, evalua ted t he ker nel funct ion  for  each  measu red
dis tance, a nd summed the resu lt s for  each  reference cell; 2) it  ca lcu la ted the dis t ance
bet ween  each of the 10,800 r eferen ce cells a nd t he 1349 censu s block groups with
popula t ion a s a n  in ten sit y var iable, eva lua ted the ker nel function  for  ea ch in ten sit y-
weight ed dist ance, an d su mmed t he resu lts  for  each  reference cell; and 3) divided t he
kernel densit y est im ate for  au to theft s by t he kernel densit y est im ate for  popula t ion  for
ea ch r efer en ce cell loca t ion.  

While the concent ra t ion  of motor  veh icle t hefts r ela t ive to popu la t ion  (‘motor  veh icle
theft  r isk”) is st ill h igh  in t he met ropolita n  cen ter , th ere are ban ds of h igh  r isk t ha t  spr ead
outward , pa r t icu la r ly a long major  a r t er ia ls .  There a re now many ‘hot  spot ’ a reas  which
have a  h igh dis t r ibu t ion  of motor  veh icle t hefts r ela t ive to th e r esiden t ia l popu la t ion .  We
could, of course, refine t h is ana lysis fur ther  by ta kin g, for  exam ple, employment  as a
ba seline va r iable r a ther  than  popu la t ion ; employmen t  is a  bet t er  indicator for  the dayt ime
popula t ion  dis t r ibu t ion  whereas the residen t ia l popula t ion  is  a  bet t er  in dica tor  for
n igh t t im e popula t ion  dis t r ibu t ion  (Levine, Kim , a nd Nit z, 1995a ; 1995b).

Example  3: Kerne l  Dens i ty  Est imates  and Risk-adjusted  Cluster ing  o f
Robber ies  Re lat ive  to  Populat ion

The fina l example sh ows h ow the duel ker nel in ter pola t ion  compa res wit h  the r isk -
adjust ed nea rest  neighbor clust er ing, discussed in  cha pt er  6.  Figure 8.15 shows 7 first -
order  r isk-ad just ed clust er s over laid on t he a  du el ker nel est ima te of 1996 robberies
rela t ive to 1990 popula t ion .4  As seen , th ere is a cor respondence between  the ident ified
r isk-ad just ed clust er s a nd t he du el ker nel in terpola t ion  of the ra t io of robber ies to
popula t ion .  For a  broad r egiona l perspective, th e int erpola t ion  pr odu ces a n  adequ a te
model of wh er e t her e is a  h igh robbery r isk .  At  the neighborh ood level, however , the r isk -
adjust ed clust er s a re m ore specific and would be preferable for  use by police in  iden t ifying
high-r isk loca t ion s.

The advantage of a  du a l ker nel dens ity int erpola t ion  rou t ine is t ha t  two var iables
can  be rela ted t ogeth er .  By int erpola t ing one var iable to a  reference grid a nd t hen
int erpola t ing a  second var iable to the sa me reference grid, the two var iables h ave been 
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Baltimore County Vehicle Theft Risk
Kernel Density Ratio of 1996 Vehicle Thefts to 1990 Population
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Using Small Area Estimation to Target Health Services 
 

Thomas F. Reynolds, MS 
University of Texas-Houston School of Public Health 

 
 In Texas, the City of Houston and Harris County organized a Public Health 
Task force to make recommendations concerning the provision of health services for 
those without health insurance.  Task force members wanted to know approximately 
how many area citizens did not have health insurance.  
 
 Data from the two most recent Current Population Survey Annual Social and 
Economic Supplements (CPS-ASEC, 2003-04) were used to derive a synthetic 
estimate using a stratified model.  Estimates were calculated at census tract and 
block group levels.  Selected political divisions were clipped from base maps for 
political officials and legislators. 
 
 Percentages are indicative of risk.  On the other hand, numbers are essential 
for targeting physical resources. There is seldom a perfect correspondence between 
high percentages and large numbers.   For example, an area with a concentration of 
multi-family housing may have a relatively small percentage, but a large number, of 
uninsured.  Percentage maps of the uninsured (figure 1) are generally clustered and 
informative; however, due to large variations in population numbers at both levels of 
census geography, maps of the population densities of uninsured proved most 
valuable to officials (figure 2). 
 
 CrimeStat was used to develop the density maps.  The single kernel density 
routine was used to estimate the density of block group values using the centroid to 
represent the values and the number of uninsured as an intensity value. The Moran 
Correlogram was used to select the type of kernel for the single-kernel interpolation 
(a uniform distribution) and an optimal bandwidth.   
 

  

Fig. 1:  Percent Uninsured 

 

Fig. 2:  Population Density of Uninsured 

 

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



8.36

int erpola ted t o the sa me geogra ph ica l un its .  The two int erpola t ions can  then  be rela ted, by
d ivid ing, subt ract ing, or  summing.  As  has been  ment ioned  th roughout  th is  manua l, one of
the pr oblems  with  techniques  tha t  depen d on the concent ra t ion  of inciden t s is t ha t  they
ignore the under lying popula t ion -a t -r isk.  With  the dua l rou t ine, however , we can  st a r t  t o
examine the r isk and  not  jus t  the concen t ra t ion .

Visua lly P resen ting Kernel  Est imate s

Whet her  the single- or  du el-ker nel es t imate is u sed, t he r esu lt  is a  gr id
in ter pr et a t ion of th e da ta .  By sca ling these va lues  by color in  a  GIS progra m, a
visualiza t ion of the  data  i s obta ined.  Areas with  higher  densit ies can be shown in  darker
tones and those wit h  lower  densit ies can  be shown in  ligh ter  tones; some people do the
opposit e wit h  the h igh  densit y area s bein g lighter . 

To make the visua liza t ion  even  more rea list ic, one could  use a  GIS progr am to cut
ou t  those gr id  cells  tha t  are ou t s ide the s tudy a rea  or  a re on  water  bod ies . Before doing
th is , h owever , be sure to re-sca le the est im ated “Z” va lu es so tha t  they will sum to the tota l
of the origin a l gr id.  For exa mple, if the origin a l sa mple size was 1000, t hen  the gr id cells
will su m to 1000 if th e absolu te den sit y opt ion  is chosen .  If, say, 20% of th ese cells a re
then  removed to impr ove th e visu a liza t ion , th en  the grid cell Z values h ave to be re-sca led
so th a t  their sum will con t inu e to be 1000.   A simple way to do th is is to, firs t , add  up t he Z
va lu es for  the remain in g cells and, second, m ult ip ly ea ch gr id  cell Z by t he ra t io of the
original sum t o th e reduced sum.

Th e visua liza t ion  is  useful for  a  br oad, r egiona l view.  It  is  not  par t icu la r ly useful
for m icro an alysis.  The use of one of th e cluster r out ines discussed in cha pters 6 an d 7
would be m ore appropr ia te for  sm all a rea  ana lysis . 

Conclusion

Kernel den sit y est imat ion is  one of the ‘moder n’ spa t ia l st a t ist ical t echniqu es . 
Ther e is cur ren t ly resea rch on the u se of th is t echn ique in  both  the st a t ist ical t heory a nd in
developin g a pplica t ion s.  F or  cr im e ana lysis , t he technique represen t s a  power fu l way of
conduct ing both  ‘hot  spot ’ ana lys is  as well a s  being able to link  the ‘hot  spot s ’ to an
under lying popula t ion-a t -r isk.  It  can  be used both  for  police deploymen t  by ta rgeting ar eas
of h igh  concen t ra t ion  of inciden t s  as well a s  for  p reven t ion  by t a rget ing a reas  with  h igh
r isk.  I t  can  a lso be  used as a  research  tool for  ana lyzing t wo or  more dis t r ibu t ion s. More
developm ent  of th is appr oach  can  be expected in t he next few years.
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The Risk of Violent Incidents Relative to Population Density in Cologne 
Using the Dual Kernel Density Routine 

 
Dietrich Oberwittler and Marc Wiesenhütter 

Max Planck Institute for Foreign and International Criminal Law 
Freiburg, Germany 

 
When estimating the density of street crimes within a metropolitan area by interpo-

lating crime incidents, the result is usually a very high concentration in the city center.  
However, there is also a very high concentration of people either living or pursuing their 
daily routine activities in these areas.  The question emerges how likely is a criminal event 
when taking into account the number of people spending their time in these areas.  The 
CrimeStat duel kernel density routine is able to estimate a ratio density surface of crime 
relative to the 'population at risk'. 

  
In this example, data on ‘calls to the police’ for assault and battery from April 1999 to 

March 2000 (N=6363 calls) and population from Cologne were used.  Exact information on 
the number of people spending their time in the city does not exist. Therefore, 1997 counts of 
passengers entering and leaving the public transport system at each of 550 stations and bus 
stops in the city was used as a proxy variable. The number of persons at each station or bus 
stop was assigned to adjacent census tracts and added to the resident population resulting in 
a crude measure of the 'population at risk'. 

 
In the dual kernel routine, the density estimate of crime incidents is compared to the 

density estimate of the population at risk, defined by the centroids of census tracts with the 
number of persons as an intensity variable.  We chose the normal method of interpolation 
and adaptive intervals with a minimum of five points.  The adaptive bandwidth adjusts for 
the fact that there are fewer incidents and census tracts at the edges of the city, resulting in 
a relatively smoother density surface for the ratio.  The results were output to ArcView. 

 
The effect of adjusting the crime distribution for the underlying 'population at risk' 

becomes quite visible. Whereas the concentration of crime is highest in the city center (left 
map), the crime risk (right map) is in fact much higher in several more distant areas that are 
known for high concentrations of socially disadvantaged persons. Given the imperfect nature 
of the population data these results should be interpreted as a broad view on the distribution 
of crime risk that, nevertheless, has important policy implications.  
 
  Single kernel density of crime incidences 

(assault & battery, Cologne 1999/2000) 
Dual kernel density of crime incidences  
relative to population at risk 
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Kernel Density Interpolation of 
Police Confrontations in 

Buenos Aires Province, Argentina:  1999 
 

Gastón Pezzuchi 
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Buenos Aires, Argentina 

 
One of our first tryouts with the CrimeStat software involved the calculation 

of both single and dual kernel density interpolations using data on 1999 
confrontations with the police within Buenos Aires Province, an area that covers 29 
counties around the Federal Capital. The confrontations include mostly gun fights 
with the police but also other attacks (e.g., knives, rocks, sticks).  In the last three 
years, there has been an increase in confrontations with the police. The single 
interpolation shows a density surface that gives a good picture of the ongoing level of 
violence while the duel interpolations shows a risk surface using the personnel 
deployment data; the latter are confrontations relative to the number of police 
deployed.  Typically, police are allocated to areas according to crime rates.\ 

 

Events = Pol ice shootings (aprox. 800)

Buenos Aires City
(No-Data)

Buenos Aires City
(No-Data)

Example: Kernel Density Estimation
(CrimeStat)

Single Interpolation - Density of Events Dual Interpolation - Ratio of densities (Risk)

N N

De ns ity
Lo w

Medium

High
No Data

Fron tera

Risk
Lo w

Medium

High
No Data

Fron tera

 
 

Both images are quite different, suggesting varying policing strategies.  For 
example, though there are two well-defined hot spot areas in the Province (one in 
the north, the other in the south), the high levels of risk detected in the southern 
areas came as a complete surprise.  The northern area has a higher crime rate than 
the southern area, hence a high police deployment.  However, the level of 
confrontation are approximately equal between the two areas. 
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Evolution of the Urbanization Process in the Brazilian Amazonia 
 

Silvana Amaral, Antônio Miguel V. Monteiro, Gilberto Câmara, José A. Quintanilha 
INPE, Instituto Nacional de Pesquisas Espaciais, Brazil 

 
The Brazilian Amazon rain forest is the world’s largest contiguous area of 

tropical rain forest in the world. During the last three decades, the region has 
experienced the largest urban growth rates in Brazil, a process that has reorganized 
the network of human settlements in the region. We used the CrimeStat single and 
duel kernel density routines to visualize trends in urbanization from 1996 to 2000 in 
Amazonia.  Two variables were used to measure urbanization: 1) the concentration 
of urban nuclei (city density); and 2) the ratio of urban to total population.  

 
The concentration of cities was spatially associated withfederal roads in the 

eastern and southern portions, and along the Amazonas River in the middle of the 
region. Additionally, the surfaces of urban population show that city density is not 
always associated with large urban populations. From 1996 to 2000 city density 
increased in the western Amazonia (Pará state) at a greater rate than the growth of 
the urban population. In the southeastern part of the region (Rondônia state), there 
were many urban centers.  But the ratio of urban to total population was small, 
indicating that they are predominately agricultural regions.  

 
 
 

 

Urban Pop/Total Pop-1996 

City density - 2000 

City density - 1996 

Urban Pop/Total Pop-2000 
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1. Ther e a re differ en ces in  opinion  about  how wide a  pa r t icula r  fixed bandwidt h
sh ould be determined. The sm ooth ing is done for  a  dist r ibut ion  of values, Z. If there
are on ly un ique point s (an d, hen ce, th ere is no Z value a t  a  poin t ), th e dist ances
between  point s can  be subs t itu ted for  Z.  Thus, Mean D is th e mea n  distance, sd(D)
is  the st andard devia t ion  of dis t ance, a nd iqr (D) is  the in ter -quar t ile range of
dis tances between  poin t s.  These would  be subst it u ted for  MeanZ, sd(Z), a nd iqr (Z)
respectively

Silverman (1986; 45-47; Härdle, 1991; Farewell, 1999) proposed a  ba ndwidth , h , of:

             iqr (Z)
h  = 1.06 * min { sd(Z), -------- } * N -1 /5

 1.34

where m in  is t he m in imum of the n ext  two ter ms, sd(Z) is  the st andard devia t ion  of
the va r iable, Z, bein g in ter pola ted, iqr(Z) is t he in ter -qua r t ile r ange of Z, and N  is
the sample size. 

Bowman and Azza lin i (1997; 31) defin ed a  sligh t ly differen t  opt im al bandwid th  for  a
norm al ker nel.

  4
h  = { --------- }1 /5 * sd(Z)

3N

To avoid bein g influen ced by out lier , they su ggest ed usin g the m edian  absolu te
devia t ion  est im ator  for  sd(Z)

         Z(i) - MedianZ
MAD(Z) = media n{ --------------------- }

0.6745

Scot t  (1992) suggested an  upper  bound on the normal k ernel of

h  = 1.144 * sd(Z) * N -1 /5

Bailey a nd Gat rell (1995, 85-87) offered a  rough  choice for  the bandwid th  of

h  = 0.68 * N -0.2

but  suggested tha t  the user  could  exper im ent  wit h  differen t  bandwid ths to explor e
the su r face.

On  the oth er  hand, t he concept  of an  ada pt ive bandwidt h  is ba sed m ore on  sa mplin g

En dn ot e s t o Ch ap te r 8
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theory (Bailey and Ga t rell, 1995).  By increa sing th e ban dwidt h  un t il a  fixed
number  of poin t s a re counted ensures tha t  the level of precis ion  is  constan t
th roughout  th e region.  As with  all sam pling, th e stan dar d error of th e estima te is a
funct ion  of the sample s ize; a  la rger  sample leads to smaller  er ror .  In  genera l, if
there was in dependent  sampling, the 95% confidence in terva l of a  bandwid th  for  a
normal ker nel cou ld be appr oximated by

            .5
95% C.I .  = Mean(Z)  +/-  1.96 * --------- * sd(Z)

       N(h)1 /2

wh er e N(h) is t he ada pt ive sa mple size (the number  of point s counted wit h in  the
bandwidt h  for  the ada pt ive ker nel).  This a ssu mes t ha t  a  poin t  has a n  equa l
likelihood of fallin g with in  the ba ndwidt h  of one cell compa red to an  adjacent  cell
(i.e., it  sit s on the bounda ry of th e ba ndwidt h  circle). The ada pt ive bandwidt h
cr iter ia r equires  tha t  the ban dwidt h  be increa sed u n t il it captures t he specified
number  of poin t s.  On average, if there a re N poin t s in  a  region of area , A, a nd if t he
ada pt ive sa mple size is  N(p), then  the average a rea  requ ired to capt ure N(p) poin t s
is

  N(p) * A
A(p) =  --------------

      N

and t he average ba ndwidt h , Mea n(h), is

A(p)          N(p) * A
Mean(h) =   SQRT[------------] =   SQRT[ ---------------]

  B N*B

Each of th ese provide differ en t  crit er ia  for  the ba ndwidt h  size wit h  the a da pt ive
bein g the m ost  conservat ive.  For exa mple, for a  st anda rdized  dis t r ibu t ion  wit h
1000 dat a points, a sta nda rdized mean of Z of 0 and a  sta nda rdized stan dar d
devia t ion  of 1, the Silverman cr it er ia  would  produce a  ba ndwidth  of 0.2663; the
Bowman and Azza lin i cr it er ia  would  produce a  bandwid th  of 0.2661; the Scot t
crit er ia  would  pr oduce a bandwidt h  of 0.2874 and t he Ba iley and Gat rell crit er ia
would pr odu ce a  bandwidt h  of 0.1708.  For t he ada pt ive int erval, if the required
ada pt ive sa mple size is  25, t hen  the average ba ndwidt h  would  be a pproximately
0.3162 (th is assu mes t ha t  the area  is a circle with  a  radius of 2 st anda rdized
st anda rd devia t ions ). 

2. Crim eS tat will ou tpu t  the geogr aphica l boundar ies of the reference gr id  (a  polygon
grid) an d will a ssign  a  th ird -var iable (ca lled Z ) as the densit y est im ate.  Of the
three polygon  gr id ou tpu t s, ArcView  ‘.shp’ files can  be read dir ect ly in to the
p rogram.  For  MapIn fo, on  the other  hand, the ou tpu t  is  in  MapInfo In terchange
Form at  (a ‘.mif’ an d a ‘.mid’ file); th e density estima te (also called Z ) is assigned to
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the ‘.m id’ file.  The files must  be im por ted to conver t  it  to a  MapIn fo ‘.t ab’ file.  F or
Atlas*GIS  ‘.bna’ format , however , there a re two files  tha t  are ou tpu t  - a  ‘.bna’ file
which  includes t he bounda r ies of the polygon  grid a nd a  ‘.dbf’ file which  includes t he
grid cell na mes (called gridcell) an d th e density estima te (also called Z ).  The ‘.bna ’
file must  be read in  fir st  and then  the ‘.dbf’ file must  be read in  and matched to the
va lu e of gridcell.  For a ll th ree out put  form at s, th e values of Z can  be shown as a
themat ic m ap bu t  the ranges must  be adjusted to illu st ra te the likely loca t ion s for
the offender ’s r esidence (i.e., the defau lt  values in  the GIS programs will not d isp lay
the densit ies very well).  On  the other  hand, t he defau lt  in terva l va lu es for  S urfer
for Windows an d ArcView S pat ial Analyst  provide a  reasonably good visua liza t ion  of
th e densities.

3. All the Crim eS tat outpu t s except  for  ArcView  ‘sh p’ files ar e in ASCII.  There are
usu a lly ‘edge effects ’ and va lues  in ter pr et ed out side t he a ctu a l geograph ical a rea . 
These can  be rem oved with  an  ASCII ed itor by su bst itu t ing ‘0' for  the values a t  the
edges or  ou t side t he st udy region . For ‘sh p’ files, the values a t  the edges can  be
edited with in t he ArcView  progra m.  Anoth er altern at ive is to ‘cut  out ’ th e cells th at
a re beyond t he study a rea .  Care m ust  be t aken , however , to not  edit  an  out pu t  file
too much  otherwise it will bear  lit t le rela t ionsh ip to the ca lcu lat ed kernel est ima te.

4. The r isk-adju sted h iera rch ica l cluster in g (Rnnh) method defin ed the la rgest  sea rch
radius bu t  a  minim um of 25 point s being r equired  to be clus tered.  The k ernel
est im ate for  both  the Rn nh and the duel-k ernel r out in es used the normal
distr ibut ion fun ction with a n a dapt ive ban dwidth  of 25 points.
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Chapter 9
Space-Time Analysis

In  th is chapt er , we discuss t h ree techniques  tha t  a re used t o ana lyze th e
rela t ion sh ip  between  space and t im e.  Up to th is  poin t , we have ana lyzed the dis t r ibu t ion
of inciden t s ir r espect ive of t he order  in  wh ich  they appea red  or  in  wh ich  the t ime fr ame in
which  they appeared.  The only tem pora l an a lysis t ha t  was condu cted wa s in  Cha pt er  4
where severa l spa t ial descript ion  indices, including th e st anda rd deviat iona l ellipse, were
compa red for different  time periods.

As  police depar tmen t s u sua lly know, however , t he spa t ia l pat t ern ing of inciden t s
doesn’t  occur  un iformly th roughout  the year , but  ins tead a re often  clus tered t ogeth er
du r ing sh ort  t ime per iods .  At  cert a in  t imes, a  rash  of inciden t s will occur  in  cert a in
neighborhoods a nd t he police often  have to respond qu ickly to these event s.  In  other
words, t here is  both  clu ster in g in  t im e as well clu ster in g in  space.  This  a rea  of research
has been  developed m ost ly in t he field of epidem iology (Knox, 1963, 1988; Mantel, 1967;
Mantel an d Ba ilar , 1970; Besag an d Newell, 1991; Kulldor f and Nargawa lla, 1995; Bailey
and Gat t rell, 1995).  However , most  of these t echn iques a re app licable t o cr ime ana lysis
and cr imina l jus t ice research a s well.

Crim eS tat includes  four  space-t ime t echniqu es: th e Kn ox index, t he Ma ntel in dex,
the Spa t ial-t empora l moving average, an d Cor relat ed Walk Ana lysis. Figure 9.1 shows t he
Spa ce-Time Ana lysis screen .

Me a su re m e n t o f Tim e  in  Cr i m eS t a t

Tim e can  be defined as h our s, days, week s, m ont hs, or  yea rs.  The defau lt  is days. 
However , plea se note tha t  for  any of th ese t echn iques, in Crim eS tat, t ime must  be
measured  as an  in teger or  real var iable, as  ment ioned in Ch apt er  3.  Time cannot  be
defined by a format ted da te code (e.g., 11/06/01, J u ly 30, 2002).  Ea ch  of the th ree spa ce-
t ime r ou t ines  expect  t ime t o be an  int eger or r ea l va r iable (e.g., 1, 2, 34527, 2.8).  If given
format ted da tes , they will ca lcula te a n  answer , bu t  the r esu lt  will n ot be cor rect .  

If the t im e un it  is  days , a  sim ple t r ansformat ion  is  to use the number  of days  sin ce
J anuary 1, 1900.  Most  spr eadsh eet  and da ta  base pr ogra ms u su a lly assign  an  int eger
number  from th is r eferen ce point .  For exa mple, November  12, 2001 has t he in teger  value
of 37207 while J anuary 30, 2002 has the in teger  va lu e of 37286.  These a re the number  of
days  sin ce J anuary 1, 1900.  An y spreadsheet  progr am (e.g., Excel or  Lotus 1-2-3) can
conver t  a  da t e forma t  in to a  r ea l number  with  the Va lue funct ion . Also, any a rbit r a ry
number in g sys tem will work (e.g., 1, 2, 3).

Space-Time Interact ion

There are differen t  types of int eract ion  tha t  cou ld occur  between  spa ce and t ime.
Four  dist inctions can  be made.  Fir st , th ere could be spat ia l clustering a ll the t ime. 
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  Figure 9.1:

Space-Time Analysis Screen
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9.3

Cer ta in communities a re prone to cer ta in event s.  For example, robberies oft en  a re
concen t r a t ed  in  pa r t icu la r  loca t ions a s a r e veh icle t heft s .  The hot  spot  methods tha t  were
discussed in  cha pt er s 6, 7 and 8 a re u seful for  iden t ifying these concent ra t ions. In  th is
case, th ere is no spa ce-t ime in teract ion  since the clus ter ing occurs a ll the t ime.

Second, th ere could be spatial clustering w ith in  a specific tim e period .  Hot  spot s
could  occur  dur in g cer ta in  t im e per iods.  F or  exa mple, m otor  veh icle crashes tend to occur
wit h  much h igher  frequencies in  the la te a ft ernoon and ear ly evenin g, often  as a  by-product
of congestion on t he roads.  Crash  hot spots will tend t o appear  at  certa in times becau se of
the congest ion .  At  most  other  t imes , th e concent ra t ion  does not occur  because t he
congest ion  levels a re lower .

Third , th ere could be space-t im e clustering. A number  of even t s could occur  wit h in  a
sh ort  t ime per iod with in  a  concent ra ted area .  This t ype of effect  is ver y comm on wit h
motor  veh icle thefts.  A car  th ief gang may decide t o at t ack a  pa r t icula r  neigh borhood. 
Aft er  a  binge of ca r  t heft s , t hey move on  to another  neighborhood .  In  th is  in st ance, t here
are a  number  of theft  inciden t s t ha t  a re occur r ing with in a  limited  per iod in  a  limited
locat ion . The clus ter  moves from one loca t ion  to an oth er .  In  th is case, ther e is a n
intera ction between spa ce and t ime in t ha t spa tial hot spots a ppear a t pa rt icular  times,
bu t  a re temporary.  Th e abilit y t o detect  th is  type of sh ift  is  very impor tan t  to police
depart ment s since it  a ffects t heir ability to respond.

Four th , th ere could be space-tim e interaction  in wh ich  the relat ionsh ip between
space an d t ime in  more complex.  The in ter action could be concent ra ted, as in  the spa t ia l
clus ter ing ment ioned a bove, or  it cou ld follow a  more complex pat t ern .  For exam ple, th ere
could be a  diffusion  of dr ug sa les  from a  cent ra l loca t ion t o a m ore dispersed a rea . 
Wher eas in itia lly, th e dr ug dealing is concent ra ted in a  few loca t ions, it st a r t s t o diffuse t o
oth er  a rea s.  H owever , the diffusion  may occur  a t  differen t  t imes of the yea r  (e.g.,
Chr ist mas a nd N ew Years).  Alter na t ively, vehicle t hefts m ay sh ift t owards  seaside
comm un ities during the sum mer  mont hs when t he nu mber of vacat ioners increases.  We
sa w an  exam ple of th is in cha pt er  4 where the ellipse of motor  vehicle th eft s sh ift ed
between  J une and J u ly to the communities a long th e Chesapea ke River n ear  Balt imore.
Th is t ype of diffusion  is n ot clust er ing per se, in  tha t  it  may be spr ea d over  a  ver y la rge
coast line.  But  it  is  a  dis t in ct  space-t im e in teract ion .

The impor tance of th ese dist inctions is  tha t  many of th e spa ce-t ime t est s t ha t  exist
only measure gr oss space-t im e in teract ion , r a ther  than  space-t im e clu ster in g.  For
exam ple, th e Knox an d Ma ntel tes t s t ha t  follow test  for  spa t ial int eract ion .  The
int eract ion  could be th e resu lt of spa t ial clus ter ing, but  doesn’t  necessa r ily have to be. The
in teract ion  could  occur  in  a  very com plex way t ha t  would  not  easily lend it self t o more
focused in ter ven t ion  by the police.  St ill, th e ability to iden t ify the in ter action is a n
impor t an t  st ep  in  plann ing an  in t erven t ion  st r a t egy.
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Kn o x  In d e x

The Kn ox In dex is a  sim ple compa r ison of the r ela t ionsh ip between  inciden t s in
ter ms of dis t ance (space) and t ime (Knox, 1963; 1964).  Tha t  is, ea ch in dividua l pa ir  is
compa red in  ter ms of dis t ance an d in  ter ms of t ime in ter val.  Since each pa ir  of point s is
bein g com pared, t here a re N*(N-1)/2 pa ir s.  The dis t ance between  poin t s is  divided in to two
groups  - Close in  dis t ance and Not  close in  dis t ance, and the t ime in t erva l between  poin t s
is  a lso divided in to two gr oups - Close in  t im e and Not  close in  t im e.  The defin it ion s of
‘close’ and ‘Not close’ a re left  to the user .

A simple 2 x 2 table is pr odu ced t ha t  compa res closen ess in  dist ance with  closen ess
in  t ime.  Th e n umber  of pa ir s t ha t  fall in  ea ch of th e four  cells a re compa red (Table 9.1). 

Ta ble 9.1

Logica l S tructure  o f Knox  Index

Clo se  in  tim e N ot c lo se  in  tim e

Close 
in  Dis tance       O1 O2  S1

Not  close
in  d is tance       O3 O4 S2

      S3
S4 N

where N  = O1 + O2 + O3 + O4 
S1 =   O1 + O2

S2 =   O3 + O4

S3 =   O1 + O3

S4 =   O2 + O4

The actua l nu mber  of pa irs  tha t  fa lls in to each  of the four  cells ar e then  compa red t o
the expected n umber  if there was n o relat ionsh ip between closen ess in  dist ance and
closeness in  t im e. The expected number  of pa ir s in  each  cell under  st r ict  in dependence
bet ween  dis t ance an d t he t ime in ter val is obta ined by the cross -products  of the columns
and row tota ls  (table 9.2).
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Ta ble 9.2

Expected  Frequenc ies  for Knox  Index

Close in  t ime Not  close in  t ime

Close 
in  Dis tance       E 1 E 2      

Not  close
in  d is tance       E 3 E 4   

w h e r e  E1  =   S 1  * S 3  / N
 E 2  =   S 1  * S 4  / N
 E 3  =   S 2  * S 3  / N
 E 4  =   S 2  * S 4  / N

The differ en ce between  the actu a l (obser ved) number  of pa ir s in  each cell and t he
expected number  is m ea su red wit h  a  Ch i-squ are s t a t ist ic (equ a t ion 9.1). 

   (O i - E i)
2

P2 =  E  ----------- wit h  1 degr ee of freedom (9.1)

        E i

Mont e  Carlo S im u latio n  of Critic al Ch i-sq u are

Unfor tuna tely, the u su a l pr obability test  associa ted wit h  the Ch i-square st a t ist ic
cannot  be applied sin ce the obs erva t ion s a re not  in dependent .  In teract ion  between  space
and t ime t end t o be compoun ded wh en ca lculat ing the Chi-squa re st a t ist ic.  For exam ple,
we’ve noticed t ha t  the Chi-squa re st a t ist ic t ends t o get la rger with  increa sing sam ple size,
a  condit ion  tha t  would  norm ally not be t rue wit h  the independent  obser vat ions.  To handle
the issue of in terdependency, there is  a  Monte Ca r lo s im ula t ion  of the chi-square va lu e for
the Knox Index un der  spa t ial r andomn ess (Dwas s, 1957; Bar nard, 1963).  If the user
select s  a  simula t ion , the rou t ine randomly select s  M pa ir s  of a  d is tance and  a  t ime in terva l
where M is  the number  of pa ir s in  the da ta  set  (M = N * [N-1]/2) and ca lcu la tes the Knox
Index a nd the chi-square test . E ach  pa ir  of a  dis t ance and a  t im e in terva l a re selected from
the r ange bet ween  the m inimum and m aximum values for  dis tance an d t ime in ter val in
the da ta  set  usin g a  un iform random gen er a tor.  

The ran dom simu lation is repeated K times, where K is specified by th e user an d 
Usua lly, it  is wise to run  the simulat ion  1000 or  more t imes .  The ou tpu t  includes:

1. Th e sample size
2. The number  of pair s
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9.6

3. The ca lcu lat ed chi-squ are value of the Knox Index from the da ta
4. The min im um chi-square va lu e of the Knox Index fr om the sim ula t ion
5. The maximum chi-square va lu e of the Knox Index fr om the sim ula t ion
6. Ten  percen t iles from the sim ula t ion :

a . 0.5%
b. 1%
c. 2.5%
d. 5%
e. 10%
f. 90%
g. 95%
h. 97.5%
i. 99%
j. 99.5%

Meth ods for Dividin g Dista nc e a nd  Time

In  the Crim eS tat implementa t ion  of the Knox Index, the user  can  d ivide d is tance
and t ime in ter val based on the t h ree cr iter ia :

1. The m ea n  (mean  dis t ance an d m ea n  t ime in ter val).  Th is is  the defau lt .

2. The m edian  (media n  dis t ance an d m edian  t ime in ter val)

3. User  defined cr it er ia  for  dis t ance and t ime separa tely.

Th ere a re adva ntage to ea ch of these methods.  The mean  is  the cen ter  of the
dis t r ibu t ion ; it  denotes a  ba lance point .  The median  will divide both  dis t ance an d t ime
int erval int o appr oximately equa l nu mbers of pa irs .  The division  is appr oximate since the
da ta  may not ea sily divide in to two equa l number ed groups.  A user -defined cr iter ia  can  fit
a  pa r t icu lar  need of an  ana lyst .  For exam ple, a police depa r tment  may on ly be int erest ed
in  in ciden t s tha t  occur  wit h in  two miles of ea ch  other  wit h in  a  one week per iod .  Those
cr iter ia would be t he bas is for  dividing th e sa mple int o ‘Close’ and ‘Not close’ dist ances a nd
time intervals.

E xa m ple  o f th e  Kn o x In d e x

For  an  exam ple, vehicle th eft s in  Balt imore Coun ty for  1996 were t aken .  Ther e
were 1855 vehicle th eft s for  which  a  da te was r ecorded in  the da ta  base.  The da ta  base
was fur ther  broken  down in to twelve separa te month ly subset s.  Usin g t he media n  for  both
dist ance and t ime in terval, th e Knox Index was  ca lcu lat ed for  the ent ire set  of 1855
inciden t s.  Th en , usin g the m edian  dis t ance for t he en t ire yea r  bu t  a  mont h-specific median
t ime in ter va l, the Kn ox Index wa s ca lcula ted for  ea ch of th e t welve m ont hs.  Table 9.3
pr esen t s t he Ch i-square va lues and t heir  pseu do-significan ce levels.
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9.7

To produce a  bet t er  t est  of the sign ificance of the resu lt s, 1000 random sim ula t ion s
wer e calcula ted for  the veh icle t heft  for  the en t ire yea r .  Table 9.3 below sh ows t he r esu lt s.
Because an  ext reme va lu e could  be obt a in ed by ch ance wit h  a  random dis t r ibu t ion ,
reasonable cu t -off point s a re usua lly selected from the simu lat ion .  In t h is case, we wan t  a
cu t -off poin t  tha t  appr oximates a  5% significance level.  Since th e Knox Index is a  one-
ta iled test  (i.e., only a  h igh  chi-square va lu e is  in dica t ive of spa t ia l in teract ion ), we adopt
an  upper  th resh old of the 95 percent ile.  In  other  words, on ly if the obser ved ch i-squ are
test  for  the Knox Index is la rger  than  the 95 percen t ile th reshold  will t he nu ll hypothesis  of
a r an dom distr ibut ion between spa ce and t ime be rejected.

Ta ble 9.3

Kn o x  In d e x  fo r B a lt im o re  Co u n ty  Ve h i cle  Th e ft s
Med ian S plit

N = 1,855 wit h  1,719,585 compar isons

  95 P e rce n tile
Actual  S imulation Approx.

Mo n th Chi-squ are   Chi-squ are p
J anua ry      0.26       6.95 n.s.
Februa ry      0.00       6.61 n.s.
March      0.00       6.86 n.s.
April      0.50       6.56 n.s.
May      1.04       7.25 n.s.
J une      0.01       6.02 n.s.
J u ly      9.96       9.05 .05
August      5.91       5.55 .05
Sept ember      0.27       5.41 n.s.
October      3.33       6.43 n.s.
November    10.79       8.91 .01
December      0.00       6.87 n.s.
---------------------------------------------------------------------------------------
All of 1996      8.69    41.89 n .s .

For t he en t ir e yea r , ther e wa s n ot a  sign ifican t  clus ter ing bet ween  space and t ime. 
Appr oximately, 26.7% of the inciden t s wer e both  close in  dist ance (i.e., closer  than  the
median  dis t ance between  pa ir s of inciden t s) and close in  t ime (i.e., closer  than  the m edian
time interval between pa irs of incidents).  However, when individua l month s ar e exam ined,
on ly th ree sh ow significan t  relat ionsh ips: J u ly, August , an d November .  Dur ing these
months, there is an  int eract ion  between  spa ce and t ime.  Typica lly, incident s t ha t  clus ter
togeth er  spa t ially ten d a lso to clus ter  togeth er  t empora lly.  However , it  cou ld be th e
oppos it e (i.e., even t s  tha t  clus ter  together  t empora lly t end  to be fa r  apar t  spa t ia lly).  

The next  st ep would  to iden t ify whether  there are par t icu la r  clu ster s tha t  occur
with in a short t ime period.  Using one of th e ‘hot spot’ an alysis met hods discussed in
chapter s  6 and 7, an  ana lys t  cou ld  take the even t s for  t he th ree mon ths and t ry to iden t ify
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whether  there is  spa t ia l cluster in g dur in g t hose th ree months tha t  does not  normally occu r .
We won’t  do tha t  her e, bu t  the point  is t ha t  the Kn ox Index is u seful t o iden t ify when  t here
is spa t ia l clus ter ing.

P r ob le m s  w i th  th e  Kn o x In d e x

The Kn ox In dex is a  sim ple mea su re of space-t ime clus ter ing.  However , becau se it
is  only a  2 x 2 table, d ifferen t  resu lt s can  be obt a in ed by varying t he cut -off poin t s for
dist ance or  t ime.  For  exam ple, usin g th e mean  as t he cu t -off, th e overa ll Chi-squ are
sta t is t ic for  a ll veh icle theft s was 8.67, r easonably close.  H owever , when  a  cut -off poin t  for
dist ance of 1000 met ers a nd a  cu t -off poin t  for  t ime of 80 days was u sed, t he Chi-squa re
sta t is t ic dropped to 3.16.  In  other  words, t he Knox Index will p roduce differen t  resu lt s for
differen t  cut -off point s.

A second pr oblem ha s to do with  th e int erpret at ion.  As with  an y Chi-squar e test,
differences between  the obs erved and expected frequencies could  occur  in  any cell or  any
combina t ion  of cells .  F ind ing a  s ign ifican t  r ela t ionsh ip  does  not  au tomat ica lly mean  tha t
even t s t ha t  wer e close in  dis t ance were a lso close in  t ime; it could have been  the opposit e
relat ionsh ip.  However , a sim ple inspect ion  of the table can  indica te whether  the
rela t ionsh ip is  as expected or n ot.  In  the above example, a ll the significan t  rela t ionsh ips
sh owed a  h igher  pr oport ion  of event s t ha t  were both  close in  dist ance and close in  t ime.

Ma n te l In d e x

The Ma ntel In dex resolves some of the problems of the Kn ox In dex.  Es sen t ia lly, it
is a  cor rela t ion bet ween  dis t ance and t ime in ter va l for  pa ir s of inciden t s (Ma ntel, 1967).  
More formally, it  is  a  genera l t est  for  the correla t ion  between  two dissim ilarity mat r ices
tha t  su mmar izes compar isons bet ween  pa ir s of point s (Ma ntel and Ba ilar , 1970).  It  is
based on a  sim ple cross-product  of two in terva l var ia bles (e.g., dis t ance a nd t im e in terva l):

        N   N

T =  E E (Xij - MeanX)(Yij - MeanY) (9.2)

       i=1 j=1

where Xij is a n  index of sim ila r ity bet ween  two obser va t ions , i and j, for  one var iable (e.g.,
dist ance) while Yij is  an  in dex of s im ila r it y between  the same two observa t ion s, i and j, for
anoth er  var iable (e.g., t ime in ter va l).  

The cross-product is then  norm alized by dividing each deviation by its sta nda rd
devia t ion :

1        N   N  

r  =   ---------  E E (Xij - MeanX)/Sx * (Yij - MeanY)/Sy (9.3a)

         (N-1)    i=1 j=1     
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         N   N

  =  E E Zx * Zy / (–1) (9.3b)

       i=1 j=1

where Xij an d Yij a re t he origina l var iables  for  compa r ing two obser va t ions , i and j, and Zx

an d Zy ar e the norma lized var iables.

E xa m ple  o f th e  Ma n te l In d e x

In Crim eS tat, t he Mantel Index r out in e ca lcu la tes the correla t ion  between  dis t ance
and t ime in terval.  To illus t ra te, ta ble 9.4 exam ines  the Mantel cor relat ion  for  the 1996
vehicle theft s in  Ba lt im ore Cou nty t ha t  was illu st ra ted above.  As seen , t he correla t ion s a re
a ll low.  However , as with  the Kn ox In dex, J u ly, August  and N ovem ber  pr oduce re la t ively
h igher  cor rela t ions .  If used a s a n  index, ra ther  than  an  est imate of var iance expla ined, the
Ma ntel Index can  iden t ify tim e per iods wh en  spa t ia l in ter action  is occur r ing.

 Ta ble 9.4

Man tel  Ind ex for Balt imore County  Veh icle  Thefts
Med ian S plit

N = 1,855 and 1,719,585 Com par isons

Simulation Simulation Approx.
Mo n th   r 2.5% 97.5%  p -le v e l
J anua ry  -.0047  -0.033   0.033    n.s.
Februa ry  -.0023  -0.037   0.042    n.s.
March  -.0245  -0.032   0.039    n.s.
April 0.0077  -0.040   0.041    n.s.
May 0.0018  -0.038   0.043    n.s.
J une 0.0043  -0.035   0.041    n.s.
J u ly 0.0348  -0.034   0.033    .025
August 0.0544  -0.034   0.035    .01
Sept ember 0.0013  -0.044   0.046    n.s.
October 0.0409  -0.037   0.043    n.s.
November 0.0630  -0.042   0.040    .001
December 0.0086  -0.035   0.038    n.s.
--------------------------------------------------------------------------------------
All of 1996 0.0015  -0.009   0.010    n.s.

Mon te  Carlo  Sim u lat io n  of Con fide n ce  Int e rva ls

Even t hough t he Mantel Index is a  Pearson pr odu ct -moment  cor relat ion  between
dis tance an d t ime in ter val, the m ea su res a re not in dependent  and, in  fact , are h ighly
in ter dependent .  Consequ en t ly, th e u su a l sign ifican ce test  for  a  cor rela t ion  coefficien t  is
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not a ppropr ia te.  In st ea d, t he Ma ntel rout ine offers a  sim ula t ion  of the confidence int er vals
a round the in dex.  If the user  select s a  sim ula t ion , t he rout in e randomly select s M pa ir s of
a  dis t ance a nd a  t im e in terva l where M is  the number  of pa ir s in  the da ta  set  (M = N* [N-
1]/2) and ca lcu la t es  the Man tel Index. Each  pa ir  of a  dis t ance and a  t ime in t erva l a r e
selected from t he r ange bet ween  the m inimum and m aximum values for  dis t ance an d t ime
in terva l in  t he dat a  set  u sing a  un iform random genera tor .  

The random sim ulat ion  is repea ted K t imes , wher e K is specified by th e user .
Usua lly, it  is wise to run  the simulat ion  1000 or  more t imes .  The ou tpu t  includes:

1. Th e sample size
2. The number  of pair s
3. The calculat ed Man tel Index from t he dat a
4. The min im um Mantel va lu e from the sim ula t ion
5. The maximum Mantel va lu e from the sim ula t ion
6. Ten  percen t iles from the sim ula t ion :

a . 0.5%
b. 1%
c. 2.5%
d. 5%
e. 10%
f. 90%
g. 95%
h. 97.5%
i. 99%
j. 99.5%

To illust ra te, 1000 r andom sim ula t ions  wer e calcula ted for  ea ch m ont h  usin g the
sa me sample size a s t he m ont h ly vehicle t heft  tota ls. Ta ble 9.4 a bove shows t he r esu lt s.
Because an  ext reme va lu e could  be obt a in ed by ch ance wit h  a  random dis t r ibu t ion ,
reasonable cu t -off point s a re usua lly selected from the simu lat ion .  In t h is case, we wan t
cu t -off point s t ha t  appr oximate a 5% significance level.  Since the Man tel Index is a t wo-
ta iled tes t  (i.e., one could just  as ea sily get dispersion  between  spa ce and t ime a s
clus ter ing), we adopt  a  lower  th reshold of the 2.5 percent ile a nd a n  upper  th reshold of 97.5
per cent ile.  Combined, th e two cu t -off poin t s en su re tha t  appr oximately 5% of the cases
would be eith er  lower  than  the lower  th resh old or  h igher  than  the upper  th resh old under
ra ndom conditions.1  In  other  words, on ly if the obser ved Man tel Index is sm aller t han  the
lower  th reshold  or  la rger  than  the upper  th reshold  will t he nu ll hypothesis  of a  random
distr ibut ion between spa ce and t ime be rejected.

In  Table 9.4, for  the ent ire yea r , th e obser ved Man tel Index (cor relat ion  between
space and t ime) was 0.0015.  Th e 2.5 percent ile wa s -.009 and t he 97.5 per cent ile wa s 0.01. 
Sin ce th e obser ved va lue is bet ween  these t wo cu t -off point s, we can not r eject t he nu ll
hypothesis  of no rela t ion sh ip  between  space and t im e.  H owever , for  the in dividua l m onths,
aga in , J u ly, August  and N ovember  have cor rela t ions  above the u pper  cut -off th reshold. 
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Thus, for t hose thr ee mont hs only, t he amount  of space-t im e clu ster in g in  the veh icle theft
da ta  is  most  likely gr ea ter  than  what  would  be expected on the basis  of a  chance
dis t r ibu t ion .  One would , t hen , h ave to explor e the da ta  fur ther  to fin d out  where those
vehicle th eft s wer e occur r ing, us ing one the hot  spot r ou t ines  in Ch apt er  6.

Limitations  o f the  Mante l  Index

The Mantel Index is a  useful measu re of the relat ionsh ip between spa ce and t ime.
Bu t  it  does h ave limita t ions.  F ir st , becau se it  is a  Pea rson-type cor rela t ion  coefficien t , it  is
pr one to the sa me types of pr oblems  tha t  befa ll cor relat ions.  Ext reme values of eith er
spa ce or  t ime could distort  the rela t ionsh ip, eith er positively, if there a re one or  two
obser vat ions t ha t  a re ext rem e in  both  dist ance in t ime in terval, or  negat ively, if there are
only one or t wo obser vat ions t ha t  a re ext rem e in  either dis t ance or  in  t ime in ter val.

Second, because the test  is  a  compar ison  of a ll pa ir s of observa t ion s, t he correla t ion s
tend t o be sm all, as n oted a bove.  This m akes  it less in tu itive as  a  measu re than  a
t radit iona l cor relat ion  coefficient  which  var ies between -1 and +1 and in  which  h igh  values
ar e expected.  For m ost a na lysts, it  is not very int uitive to ha ve an index where 0.05 is a
h igh  value.  Th is doesn ’t  fau lt  the s t a t ist ic as  much m ake it  a  lit t le n on-in tu it ive for  user s.  

Third , as wit h  any cor relat ion  coefficient , th e sa mple size needs  to be fa irly lar ge to
pr oduce a s t able es t imate.  In  the above, exam ple, one could fur ther  br ea k down  mont h ly
vehicle th eft s by week or, even, day.  However, t he number  of cases will decrease
consider ably.  In  the above example, with  1,855 veh icle t hefts over  a  yea r , the week ly
average would be ar oun d 36, which is a sma ll sam ple.  Intu itively, a crime an alyst wan ts t o
know when  space-t im e clu ster in g is occur r in g a nd a  shor t  t im e frame is  cr it ica l for
detect ion; a  week would be t he la rgest  t ime in ter va l tha t  would be u seful.  H owever , as t he
sa mple size get s sm all, the index becomes u nst able.  For one t h ing, th e sa mple size ma kes
the in dex volat ile.  While t he Monte Ca r lo simula t ion will adju st  for  the sample size, the
range of the cut -off th resholds  will vary cons iderably from one week  to an oth er  wit h  sm all
sample sizes.  The ana lyst  will h ave to run  the sim ula t ion  repea tedly to adju st  for  the
var ying sam ple sizes.   For  another  th ing, th e sh or tened t ime fra me a llows fewer
dist inctions in  t ime; if one takes  a  very nar row t ime fra me (e.g., a  da y), th ere can  be
vir tua lly no tim e differ en ces obser ved.  One would h ave to swit ch t o an  hour ly ana lysis  to
produce mean ingful differences.

On e wa y to get  a roun d t h is is  to ha ve a  moving average wh er e t he t ime fra me is
adjust ed to fit  a  const an t  number  of da ys (e.g., a 14 da y moving average).  The adva ntage is
tha t  the sa mple size ten ds t o remain fair ly const an t ; one could therefore redu ce the
number  of reca lcu la t ion s of the cut -off th resholds sin ce they would  not  va ry m uch from one
da y to an other .  To make t h is work, however, t he da ta  base m ust  be set  up t o pr odu ce the
appr opriat e num ber of incidents for a  moving average an alysis.

Never theless, t he Ma ntel In dex rem ains a  useful t ool for a na lyst s.  I t  is s t ill widely
used for  space-t im e ana lysis  and it  has been  genera lized to many ot her  types of
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dissim ilar ity ana lyses t han  just  spa ce and t ime.  If used car efu lly, th e index can  be a
powerful tool for  det ect ion  of clus ter s t ha t  a re a lso concent ra ted in t ime.

Spat ia l-Temporal  Moving Average

The Spa t ial-Tempora l Moving Avera ge is a  simple st a t ist ic.  It is t he moving mea n
cen ter  of M  obser vat ions wh ere M  is a  su b-set  of the t ota l sa mple, N .  By ‘moving’, the
observa t ion s a re sequenced in  order  of occur rence.  H ence, t here is  a  t im e dim ension
associat ed with  the sequence.  The M  obser vat ions is called th e span  and  the defau lt  span
is 5 obser vat ions.  The spa n  is cen tered on each  obser vat ion  so tha t  there are an  equa l
number  on  both  sides.  Because t here are no da ta  poin t s pr ior  to the firs t  event  and a ft er
the la st  event , t he fir st  few mean  cen ter s will h ave fewer  observa t ion s than  the rest  of the
sequ en ce.  For  example, with  a  span  of 5, the firs t  and la st  mea n  cent er s will have only
three obser vat ions, the second a nd n ext-to-las t  will have 4 obser vat ions, while a ll others
will h ave 5.  In  genera l, it ’s a  good idea  to choose an  odd number  sin ce t he middle of the
span  will be cen ter ed on a  rea l obser vat ion  ra ther  than  having to fa ll bet ween  two in t he
case of an  even span .

Though  sim ple, the Spa t ia l-Tempora l Moving Avera ge is ver y useful for  detecting
changes in  behavior  by ser ia l offenders. In  the next  chapter , we will exa min e journey-t o-
cr ime m odels t ha t  a t t empt s t o est ima te the likely or igin loca t ion  of a  ser ial offender  based
on  the dist r ibut ion  of inciden t s committ ed by th e offender .   However , if the ser ial offender
has either  moved residences or else moved the field of opera t ion , then  the t echn ique will
er ror becau se it  is a ssuming a  st able field of opera t ions when , in fact , it  isn ’t .  The m oving
average can  suggest  whether  the offender ’s behavior  is  st able or  not .

As an  example, figure 9.2 below shows the Spa t ia l-Tempora l Movin g Average of an
offender  wh o comm it ted 12 offen ses before being ar res ted.  The in dividua l commit ted eigh t
theft s from vehicles, two theft s from st ores, one res ident ial bur gla ry and one highwa y
robbery.  The a ctua l incident s a re sh own in r ed circles with  the sequence number
displa yed.  The moving average is sh own in blue square with  the sequence number
displa yed.  The pa th  of the moving average is sh own as a  green  line.

As seen , th ere is a definit e sh ift  in t he field of oper a t ion  by th is offender .  The m ean
cent er  moves about  a  mile du r ing th is per iod bu t  the consis t en cy of the t r en d would
su ggest  tha t  somet h ing funda menta l changed by the offender , either  the per son m oved
residences or t he na ture of the commit ted crim es cha nged.  In  usin g the J our ney-to-cr ime
tools , a n  ana lyst  would  probably want  to focus on the la t ter  event s sin ce these a re more
geogr aphica lly circumscr ibed.  Not ice tha t  the la st  two moving a verages a re rela t ively close
to the actua l r esidence locat ion  of the offen der  when  ar rested (less than  th ree-qu ar ter s of a
mile away).

In  sh ort , the Spa t ia l-Tempora l Moving Avera ge sim ply plot s t he cha nges in  the
mean  cen ter  of the span  and is  usefu l for  detect in g ch anges in  the behavior  pa t t ern  of
serial offenders.
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Figure 9.2:
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Correlate d Walk Ana lysis

Corr ela ted Walk Analysis  (CWA) is a  tool tha t  is a imed a t  ana lyzing t he spa t ia l and
tempora l sequencing of inciden t s commit ted by a  sin gle ser ia l offen der .   In  th is sen se, it  is
the ‘flip s ide’ of J our ney to cr ime ana lysis  (see chapt er  10).  Wherea s jour ney to cr ime
ana lysis  makes gu esses about  the likely or igin  loca t ion  for  a  ser ia l offender , based on the
spa t ial dist r ibut ion  of the inciden t s committ ed by th e offender , th e CWA rout ine m akes
gu esses about  the t im e and loca t ion  of a  next  event , based on both  the spa t ia l d is t r ibu t ion
of the in ciden t s and the tempora l sequencin g of t hem.  In  effect , it  is  a  Spa t ia l-Tempora l
Moving Avera ge with  a  pr edict ion  of a  next event .

Th e st a t ist ical or igin  of CWA is Ra ndom Walk Th eory.  Random Walk Th eory has
been  developed by ph ysicist s t o expla in  the dist r ibu t ion  of molecules in  a  rapid ly changing
en vironm en t  (e.g., the m ovem en ts of a  pa r t icle in  a  gas which is  diffusin g - Brownian
movemen t ).   Somet imes  ca lled a ‘dr unka rd’s wa lk’, th e theory sta r t s with  the pr emise tha t
movement  is  random in  a ll dir ect ion s. F rom an  arbit ra ry s t a r t in g poin t , a  par t icle (or
person) moves in  any dir ection  in  a  ser ies of st eps. Th e direction  of each s t ep is
indepen den t  of the pr evious st eps.  After  each  st ep, a r andom decision  is made a nd t he
person m oves in a  ra ndom direction.  This process is repeated ad  in fin itum  un t il an
arbitr a ry stopping point  is selected (i.e., the observer qu its looking).  It has been shown
mathemat ica lly tha t  a ll one and t wo dimensiona l ra ndom wa lks m ust  event ua lly return  to
their  or igin a l s t a r t in g poin t  (Spit zer , 1963; Henderson, Renshaw, a nd Ford, 1983).2  Th is is
called a recurren t random  walk .  On  the other  hand, independen t  r andom wa lks in  more
th an  two dimensions a re not necessarily recur rent , a st at e called tran sien t random  walk .  

F igure 9.3 illu st ra tes  a  random wa lk of 2000 st eps.  F or a  large number  of st eps in  a
two-dim en siona l wa lk, the likely dis t ance of a per son  (or  pa r t icle) from t he st a r t ing point  is

E(d) = d r m s * /N (9.4)

where d r m s = /( G d i
2 / N ).  The t er m, d r m s is the root m ean  square of d is tance.

There ar e a nu mber of different  types of ra ndom wa lks.  The simplest is a
movemen t  of un iform dist ance on ly a long a gr id cell (i.e., a  Manha t tan  geomet ry).  The
per son can  on ly move Nor th , South , Ea st  or  West  for  a  un it d ist ance of 1.  A more complex
random walk  allows angular  distances and an  even  more complex ra ndom walk  allows
va rying dis t ances (e.g., normally d is t r ibu ted random dis tances, u n ifor mly random
dist ances).  The wa lk in  figure 9.3 was of th is lat t er  type.  X and Y values wer e selected
randomly from a  range of -1 t o +1 usin g a  un ifor m random number  genera tor . F or  a
conceptua l u nderstandin g of Random Wa lk  Theory, see Ch a it in  (1990) and, for  a
mathemat ica l t rea tment , see Spit zer  (1976).  Malk iel (1999) applied the concept s of
Random Wa lk  Theory t o stock pr ice flu ctua t ion s in  a  book tha t  has now become a  cla ssic.

Henderson, Renshaw and Ford (1983; 1984) have in t roduced  the concep t  of a
correlated  random  walk .  In  a  cor rela ted  random walk , momentum is  main ta ined .  If a
person  is  moving in  a  cer t a in  dir ect ion , t hey a re more likely to cont in ue in  tha t  dir ect ion
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than  to reverse dir ection  or t r avel ort hogona lly.  In  oth er  words , a t  any one decision poin t ,
the pr obabilit ies of t r aveling in a ny direction  are not  equa l; the sa me direct ion  has a  h igher
pr obability th an  an  or thogona l change (i.e., tu rn ing 90 degrees ) and t hose, in t u rn , ha ve a
h igher  probabilit y t han  completely reversin g dir ect ion .  By implica t ion , t he same is  t rue for
dist ance and dist ance.  A longer s t ep t han  avera ge is likely to be followed by an other  longer
st ep t han  avera ge while a shor ter  st ep t han avera ge is likely to be followed by an other
shor t  st ep.  Sim ila r ly, t here is  consis t ency in  the t im e in terva l between  event s; a  shor t
int erval is a lso likely to be followed by a shor t  int erval.  In oth er  words, a  cor relat ed
ra ndom wa lk is a r an dom wa lk with  moment um  (Chen an d Rensh aw, 1992; 1994).  These
authors have applied the theory t o the ana lysis  of the branchin g of t r ee roots (Henderson ,
Ford, Renshaw, a nd Deans, 1983; Renshaw, 1985).

Correlate d Walk Ana lysis

Correla ted  Walk  Ana lys is  is  a  set  of tools  tha t  can  help  an  ana lys t  unders tand the
sequ en cing of sequ en t ia l even t s in  ter ms of tim e in ter va l, dis t ance and d irect ion.  In
Crim eS tat, t here a re th ree CWA rou t ines .  The fir s t  two help  the ana lys t  unders tand
wheth er t here a re pa t t ern s in t ime, dista nce or  direction  while th e last  rout ine a llows t he
ana lyst  to ma ke a  guess a bout  the next  likely even t , when  it  will occur  and wher e it  will
occu r .  The th ree rou t ines  are:

1. CWA - Correlogram
2. CWA - Dia gn ost ics
3. CWA - P redict ion

CWA - Corre log ram

The Correlogram  rout ine calcula tes  the cor rela t ion in  t ime in ter va l, dis t ance, and
bea r ing (direct ion) bet ween  even t s.  I t  does  th is t h rough  lags.  A lag is  a  separa t ion  in  the
in ter vals between  even t s.  Th e differ en ce between  the firs t  and second even t  is t he firs t
int erval.  The difference between  the second a nd t h ird  event s is t he second in terval.  The
d ifference between  the th ird  and four th  even t s  is  the th ird  in terva l, and  so for th .   For  each
su ccessive in ter va l, ther e is  a  t ime differ en ce; ther e is  a  dis t ance and t her e is  a  dir ect ion. 
One could  extend th is  to a ll the in terva ls , compar in g each in terva l wit h  the next  one; tha t
is, we compa re t he first  in ter va l wit h  the second, t he second in ter va l wit h  the t h ird, t he
th ird in ter val with  the four th , and so on  un t il the sample is complete. When  compa r ing
successive int ervals, th is is called a lag of 1.  I t  is  im por tan t  to keep in  min d the dis t in ct ion
between  an  event  (e.g., an  inciden t ) and a n  int erval.  It t akes  two event s t o crea te an
int erval.  Thu s, for  a  lag of 1, th ere are M= N-1 in tervals wh ere N is t he number  of event s
(e.g., for  3 inciden t s, t here a re 2 in terva ls ).

A la g of t wo compares every ot her  event .  Thus, t he fir st  in terva l is compared to the
th ird  int erval; the second in terval is compa red t o the four th ; the th ird  int erval is compa red
to th e fifth ; an d so on  un t il ther e a re n o more in ter va ls left in  the sample.  Again , the
compar ison  is  for  t ime d ifference, d is t ance, and  d irect ion  separa tely. We can  extend  th is
logic to a la g of 3 (ever y th ird even t ), a la g of 4 (ever y four th  even t ), an d so fort h .   
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The CWA - Cor relogram rou t ine ca lcu la t es  the Pea r son  P roduct -Moment  cor rela t ion
coefficient  between  su ccessive event s.  For a  lag of 1, it  compa res su ccessive event s a nd
cor rela tes  the t ime in ter va l, dis t ance, and bea r ing sepa ra tely for  these successive even t s. 
For a  lag of 2, it  compa res  ever y oth er  even t  and corr ela tes  the t ime in ter va l, dis t ance, and
bear ing sepa ra tely for  these su ccessive event s.  The r ou t ine does th is un t il it r eaches a
maximum of 7 lags (i.e., every seventh  even t ).  However , if the sample size is  very sm all, it
may not be able t o ca lcula te a ll lags.  It  will r equ ire 12 in ciden t s (even t s) to ca lcula te a ll
seven  lags s ince it r equ ires a t  lea st  four  obser vat ions per  lag (i.e., N - L - 4 wh er e N is t he
number  of event s and L is the maximum number  of lags  calcu la ted).

Ad j u st ed  C or r el og r a m

The Cor relogra m ca lcu lat es t he raw cor relat ion  between  int ervals by lag for  t ime,
dis t ance, an d bear ing.  One of the problems t ha t  may appea r , especially wit h  sm all
sa mples, is for  h igher -order  lags t o be very high, either  positive or  negat ive. Ther e are
pr obably two reasons for  th is.  For one th ing, with  each  lag, th e sa mple size decreases by
one; wit h  a  very small sample size, cor rela t ion s can  become very vola t ile, ju mpin g fr om
positive to negat ive, an d from low to h igh .  Another  reason is t ha t  per iodicity in t he da ta
set  is compounded with  h igher -order  lags in  the form of ‘echos’.  For exa mple, if a  lag of 2 is
h igh , then  a  lag of 4 will a lso be somewh at  h igh  sin ce ther e is  a  compoundin g of the la g 2
effect .  When combined with  a  sm all sa mple size, it is n ot  uncommon to have higher -order
la gs  wit h  very h igh  correla t ion s, somet im es approachin g +/- 1.0.  The user  must  be careful
in  select in g a  h igher -order  la g because there is  an  apparen t  effect  which  may be due to the
above reasons, r a ther  than  any r ea l predict abilit y.  One of the key s igns for  spur iou s
h igher -order  effect  is  a  sudden  jump in  the st rengt h  of the correla t ion  from one la g t o the
next  (though  somet im es a  h igh  h igher -order  la g ca n  be rea l; see examples below).

To min imize these effect s , the  ou tpu t  a lso includes  an  ad jus ted  cor relogram tha t
adjusts for t he loss of degrees of freedom.  The form ula is:

  M - L - 1
A  = ---------------- (9.5)

   M - 1

where M is  the number  of in terva ls  (N-1) and L is  the number  of la gs .  F or  exa mple, for  a
sa mple size of 13, th ere will be 12 int ervals (M).  For a  lag of 1, th e adjus tment  will be

  12 - 1 - 1         10
A  = ---------------- =   ------------ = 0.909

   12 - 1         11

Th e effect of th e a dju st men t  is t o redu ce the cor rela t ion for h igher -order  lags.  I t
won’t  completely elimina te t he effect , bu t  it  sh ould help minimize spur ious effects.  As will
be shown below, however , somet imes h igh h igher -order  lags a re r ea l.
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C WA - C or r el og r a m  O u t p u t

The  rout ine out put s 10 par am eters:

1. Th e sample size (number  of event s);
2. Nu mber of int ervals;
3. In format ion on  the u n it s of tim e, dist ance, and bea r ing;
4. F in a l d is t ance t o origin  in  meter s (dis t ance between  la st  and fir st  event );
5. Expected random wa lk dis t ance from or igin (if sequ en ce was s t r ictly

random);
6. Dr ift (the r a t io of actu a l dis t ance from origin to expected r andom wa lk

dist ance);
7. F in a l bear in g fr om or igin  (dir ect ion  between  la st  event  and fir st  event );
8. Expected r andom wa lk bea r ing.  Defined  as 0 because t here is no expected

dir ect ion .
9. Cor rela t ion s by la g for  t im e, dis t ance, and bear in g (u p to 7 lags); and
10. Adjusted correla t ion s by la g for  t im e, dis t ance, and bear in g (u p to 7 lags).

The a im  of the CWA - Cor relogram is  to exa min e repet it ive sequences, whether  for
t ime in terval, distance or  direct ion .  It is possible to ha ve sepa ra te repet itions for  t ime,
dis t ance and dir ect ion .   F or  exa mple, a n  offender  may com mit  cr im es every 7 days  or  so,
say, on  the weekend.  In  th is  case, t he in dividua l is repea t in g h im self/h erself a bout  once
ever y week .  Sim ilar ly, an  individua l may alter na te directions, first  going East  then  going
Wes t , t hen  going back  to the East , and so for th .  In  other  words , wha t  we’re a sk ing with
the rou t ine is wh ether  there are any repet itions in  the sequence of inciden t s committ ed by
a  ser ial offender .  Does h e/sh e repea t  the cr imes  in t ime?  If so, wha t  is the periodicity (the
repit it ious sequ en ce?  Does h e/sh e r epea t  the crim es in  dis t ance?  Is  so, wha t  is t he
per iodicity?  Fina lly, does he/sh e r epea t  the crim es in  dir ection?  If so, wha t  is t he
per iodicity?  The CWA-Correlogra m, th erefore, an a lyzes the sequence of inciden t s
commit ted by an  individual and does t h is s epara tely for  t ime in ter va l, dis t ance, and
dir ect ion. 

Offend er  r ep eti ti on

Why is  th is  impor tan t?  Mos t  cr ime ana lys is  is  pred icted  on  the assumpt ion  tha t
offender s (people in  gener a l) r epea t  them selves, consciously or  unconsciously.  Th a t  is,
in dividua ls  have specific behavior  pa t t erns tha t  t end to be  repea ted.  If an  in dividua l a ct s
in a  cer t a in wa y (e.g., committ ing a  bur gla ry), th en , most  likely , th e per son will repea t
h im self/h erself a ga in .  There is  no gu aran tee, of cou rse.  But , because human bein gs  do not
beh ave spa t ia lly or t em pora lly random bu t  t en d t o opera te in  somewhat  consis t en t  wa ys,
ther e is  a  likelih ood t ha t  the in dividua l will a ct in  a  sim ila r  manner  aga in .  

Th is  assumpt ion  is  the ba sis  of profiling which  a im s a t  understandin g t he MO of an
offender .  If offenders were tota lly r andom in  their  behavior , detect ion  and apprehension
would  be made much more difficult  than  it  a lr eady is.  So, between  the two ext remes of a
tota lly ra ndom individua l (th e ‘ra ndom wa lk person’) an d a t ota lly predicta ble individua l
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(the ‘a lgor ithmic per son’), we have the bu lk  of human  behavior , a t  lea st  in  t erms of t ime,
d is tance and  d irect ion .

CWA - Diagnost ics

The Dia gnost ics rout ine is s imilar  to th e CWA - Corr elogra m except  tha t  it
calcula tes an  Or din ary Lea st  Squ ares au toregr ession for  a  pa r t icula r  lag.  Tha t  is, it
r egr esses ea ch in terva l a ga in st  a  previous in terva l.  Th e user  en ter s the la g n umber  (the
defau lt is 1) an d t he rou t ine pr odu ces t h ree regression  models for  the su ccessive event  as
the depen den t  var iable against  the pr ior  event  as t he independen t  var iable.  Ther e are
three equa t ions, for  t ime in terval, distance, an d bea r ing sepa ra tely.  The ou tpu t  includes:

1. Th e sample size (number  of event s);
2. The num ber of int ervals;
3. In format ion on  the u n it s of tim e, dist ance, and bea r ing;
4. The multiple cor relat ion  coefficient ;
5. Th e squ ared mult iple  cor rela t ion coefficien t  (i.e., R2);
6. The overa ll st anda rd er ror  of est ima te;
7. The regression  coefficient  for  the const an t  and for  the pr ior  event ;
8. The st anda rd er ror  of the regression  coefficient s;
9. The t -values for  the regression  coefficient s;
10. The p-va lue (two-ta il) for  the regression  coefficient s;
11. An ana lysis of var ian ce test  for  the fu ll model.  This includes  su m of squ ares

for  the r egression ter m and for  the r esidu a l;
12. Th e ra t io of the regr ession  sum of squares to the residua l sum of squares (the

F-ra t io); and
13. The p-va lue a ssociat ed with  the F-value.

Wh at  the regr ession  dia gn ost ics  provides is  an  in dica tor  of the amount  of
pr edictability in  the lag.  It h as t he sa me informat ion  as t he Cor relogra m (since the square
of the cor rela t ion, r 2, is th e same as R 2 for  a  sin gle in dependent  va r ia ble regr ession
equa t ion), but  it is ea sier  to int erpr et .  Essent ially, it is a rgued below th a t , un less t he R2 in
the r egression equ a t ion  is sufficien t ly high, tha t  one is  bet t er  off us ing the m ea n  or m edian
lag for  pr edict ion .  Conversely, if the R2 is  very h igh , t hen  the user  should  be suspicious
about  the da ta .

CWA - Predic t ion

Fina lly, after  having an a lyzed the sequent ial pa t t ern  of event s, the user  can  make a
pr ediction about  the t ime and p lace of th e next  even t .  Ther e a re t h ree m et hods for  making
a  pr ediction , ea ch with  a  sepa ra te la g:

1. Mean  d ifference
2. Median  d ifference
3. Regr ession  equa t ion
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Th e m et hod is a pp lied to th e la st  even t  in  the da ta  set . The m ean d ifference applies
the m ea n  inter val of th e da ta  for  the specified lag to th e la st  even t .  For exa mple, for t ime
interval and a  lag of 1, the  rout ine calcula tes the  in terval between each event  and takes
th e avera ge.  It  th en applies the mea n t ime int erval to th e last  time in t he dat a set a s th e
pr edict ion .  The m edian  d ifference applies t he median  int erval of the da ta  for  the specified
lag to the las t  event .  For exam ple, for  bear ing and a  lag of 1, th e rou t ine calcu lat es t he
direct ion  (bear ing) between  each  event , ca lcu lat es t he median  bear ing, an d a pplies t ha t
median  aver age t o th e loca t ion of th e la st  even t  in  the da ta  set  as t he predicted va lue. 

The regression  equation  ca lcu la tes a  regr ession  coefficien t  and constan t  for  the
specified lag and u ses the dat a value for t he last interval as in put  in to the regr ession
equ a t ion; the r esu lt  is t he predicted va lue.   For example, for  dis t ance and a  lag of 1, t he
rout in e ca lcu la tes the regr ession  coefficien t  and constan t  for  a  regr ession  equa t ion  in  which
ea ch even t  is compared to th e previous even t .  The la st  dis t ance in the da ta  set  (i.e.,
between  the la st  event  and the previous event ) is  used as an  in put  for  the regr ession
equa t ion  and t he pr edicted dist ance is marked  off from the coordina tes of the las t  event .

In  other  words, t he rou t ine t akes  the t ime a nd loca t ion  of the las t  event  and a dds  a
t ime in ter va l, a  dir ect ion, a nd a  dis t ance as a  pr edicted n ext  even t  (next  t ime, next
loca t ion).  The method  by which  th is  pred ict ion  is  made can  be the mean  in terva l, the
median  in ter val, or  the r egression equ a t ion .  If th e u ser  species a  lag other  than  1, tha t  lag
is applied t o the las t  event .  For exam ple, for  t ime wit h  a  mean  difference and a  lag of 2,
the rou t ine calcu lat es t he t ime in terval between  each  event  and every other  event ,
calcu la tes  the a ver age a nd a pp lies  tha t  aver age t o th e la st  even t  in  the da ta  set .  

C WA - P r ed i c ti on  Gr a p h i ca l  O u t p u t

The CWA - Predict ion  rou t ine out pu t s five graph ica l object s in  ‘sh p’, ‘mif, or  ‘bna’
formats.  The rout in e adds five prefixes to the file name of the outpu t  object :

1. Even t s - a  line indicat ing the sequ en ce of event s.  If th e u ser  a lso br ings in
the poin t s in  the da ta  set , it  will be possible to number  each  of these st eps;

2. PredDest  - the pr edicted loca t ion  for  the next event ;
3. Pa th  - a  line from the la st  loca t ion  in  the da ta  set  to the predict ed loca t ion ;
4. POr igL - a  poin t  repr esen t ing the cen ter  of minim um dist ance of the da ta

set .  The center  of minimum dis tance is t aken  as a  pr oxy for t he origin
loca t ion  of the offen der ; and

5. PW - a  line from the expected or igin  to the predict ed dest in a t ion  

For  exam ple, if the user  pr ovides t he file name ‘Night Robber ies’ and specifies a  ‘sh p’
output , t here will be five object s outpu t :

EventsNight Robberies.shp Pr edDestN ight Robberies.shp
Pa thNigh tRobber ies .shp POrigLNight Robberies.shp
PWNightRobber ies .shp
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Example  1: A Complete ly  Predic table  Indiv idual

The simplest  wa y to illust ra te t he logic of th e CWA is to sta r t  wit h  a  completely
pr edicta ble in dividua l.  Th is in dividua l commit s cr imes on a  completely syst em at ic basis . 
Ta ble 9.5 illu st ra tes  the beh avior  of th is in dividua l.

St a r t ing a t  an  a rbitr a ry or igin wit h  an  X coordina te of 1 an d a  Y coordina te of 1 an d
on  da y 1, the individua l commits  13 inciden t s in  tota l.  In  the table, these a re numbered
even t s 1 th rough  13. Let ’s s t a r t  wit h  dir ection  and d ist ance. Fr om t he origin , the individua l
a lways  t r avels  in  a  Nor theast  dir ect ion  of 45 degr ees (clockwise from due Nor th  - 0
degrees).  The individua l’s second in ciden t  is a t  coord ina te X=2, Y=2.  Thus, t he individua l
t raveled a t  45 degr ees from the previous in ciden t  and for  a  dis t ance of 1.4142 (the
hypoten use of the r ight  angle crea ted by t raveling one un it  in  the X dir ection  and one un it
in th e Y direction).  For t he th ird incident, th e individua l comm its th is at  X=4, Y=4.  Thus,
the direct ion  is also at  45 degrees  from the pr evious loca t ion  but  the dist ance is now 2.8284
(or  the square root  of 8 which  comes  from a  s tep  of 2 a long the X axis  and a  s t ep  of 2 a long
the Y axis).  For  the four th  inciden t , the individua l comm its t he crim e a t  X=7, Y=7.  Aga in ,
the direct ion  is 45 degrees , but  the dist ance is 4.2426 (or  the square root  of 18 which comes
from  a  st ep of 3 a long t he X axis  and a  st ep of 3 a long t he Y axis ). 

Ta ble 9.5

Exam ple  of a P redi ct ab le S e rial Offe n de r: 1    
(N = 13 incidents)

Eve nt       X   Y Dis tance Days Time Interva l
1       1   1     - 1  -
2       2   2 1.4142 3 2
3       4   4 2.8284 7 4
4       7   7 4.2426 9 2
5       8   8 1.4142 13 4
6     10 10 2.8284 15 2
7     13 13 4.2426 19 4
8     14 14 1.4142 21 2
9     16 16 2.8284 25 4
10     19 19 4.2426 27 2
11     20 20 1.4142 31 4
12     22 22 2.8284 33 2
13     25 25 4.2426 37 4
--------------------------------------------------------------------

Logica l
pr ediction
for  
next  even t  14     26 26 1.4142 39 2
----------------------------------------------------------------------------------------
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For  the fift h  in ciden t , a ga in  the in dividua l t r aveled a t  45 degr ees to the previous
inciden t , bu t  repea ted h imself/h erself with  a  st ep of on ly 1 un it  in  bot h  the X and Y
direct ions.  The individu a l th en  cont inu ed t he sequence, always t r aveling in a  45 degree
orienta tion t o due Nort h.  For dista nce, a st ep of 1 in both  th e X an d Y directions is
followed by a  st ep of 2 in  both  dir ect ions , and is  followed by a  st ep of 3 in  both  dir ect ions . 
In  other  words, t he individua l repea t s dir ect ion  every t ime a nd r epea t s dist ance every
th ird  t ime.  There is a per iodicity of 1 for  direct ion  and 3 for  dist ance.

For  t im e in terva l, th is  in dividua l r epeat s h im /herself every ot her  t im e.  The second
event  occurs 2 days  a ft er  the fir st  event .  The th ir d event  occurs 4 days  a ft er  the second
even t ; the four th  even t  occurs  2 days  a ft er  the th ird  even t ; the fifth  even t s  occurs  4 days
after th e four th  event; and so fort h.  In oth er words, for t ime int erval, th e individua l
repea t s h im/her self every other  int erval (i.e., the per iodicity is 2).  Figur e 9.4 illust ra tes t he
sequ en ce; the number  a t  each event  locat ion  is t he number  of the day tha t  the individua l
commit ted  the offense (s t a r t ing a t  an  a rbit ra ry day 1).

Since th is fict itious individu a l is completely pr edictable, we can  easily guess  when
and wh ere the next event  will occur  (see t able 9.5 above).  The dir ect ion  will, of course, be
a t  45 degr ees  from the previous locat ion.  Lookin g a t  the la st  known even t  (even t  13), the
dis tance t r aveled was 4.2426.  Thus, we predict  tha t  the in dividua l will r ever t  to a  move of
1 in  the X dir ection  and 1 in  the Y dir ection , or  coord ina tes X=26, Y=26.  Fin a lly, for t ime
inter val, sin ce th e la st  known t ime in ter val wa s 4 da ys, t hen  th is in dividua l will comm it
the n ext  even t  2 days la ter , or day number  39. 

Exa m ple  1: Ana lysi s

The firs t  st ep is t o ana lyze th e sequencing of the event s.  Ther e are 13 event s a nd 12
in terva ls .  The correlogr am produces  the followin g ou tpu t  (table 9.6).

Looking a t  the unadjus ted  cor rela t ions , it  can  be seen  tha t  t ime shows  an
a lt erna t in g pa t t ern  of per fect  correla t ion s.  The fir st  repea t in g posit ive 1.0 correla t ion  is  for
lag 2, which  is the exact per iodicity t ha t  was specified in t he exam ple.  This offender
repea t s t he t ime sequence every other  t ime.  Thus, if the individua l alt erna tes bet ween
comm itting offenses 2 an d 4 days after t he last,  then k nowing the t ime int erval for t he last
offense, it  can  be assumed  tha t  the next  even t  will r epea t  the next -to-the-las t  t ime in terva l.

For  dist ance, th e h ighest  cor relat ion  is for  a  lag of 3.  This offender  repea t
h imself/her self every th ird t ime, wh ich is  exa ctly what  wa s p rogra mmed in to th e exa mple. 
Thus, knowing t he loca t ion  of the la st  even t , it  can  be a ssumed tha t  the individua l will
choose the same dista nce for  the next  int erva l as t h ree ear lier.  F ina lly, all lags show a
per fect  1.0 cor rela t ion  for  bea r ing.  The lowest  one is  t aken , wh ich is  a  lag of 1.  Tha t  is,
th is in dividua l repea t s t he direction  ever y sin gle t ime (i.e., he/sh e a lwa ys t r avels in  the
sa me direct ion).  Thu s, in su mmary, the cor relogra m sh ows t ha t  the individua l repea t s t he
t ime in terval every other  t ime, t he dist ance every th ird  t ime, and t he direct ion  every t ime.
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Ta ble  9.6

Corre log ram  of P redi ct ab le S e rial Offe n de r: 1

The CWA - Diagn ost ics  rout in e merely confir ms these correla t ion s.  The regr ession
equa t ions  yield  an  R2 of 1.0 (unadju st ed) for each of th ree va r iables , for  the a ppropr ia te la g. 
For  example, t able 9.7 below shows the regr ession  resu lt s for  dis t ance for  a  la g of 3

Ta ble 9.7

Regress ion Resul ts  for  Seria l Offend er  1: Dis tance
    ==================================================================
    Var ia ble: d is t ance St anda rd er ror  of est ima te: 0.00000
    Mult iple R: 1.00000 Squ ared m ultip le R: 1.00000

Coefficient S td  Er ror t P(2 Tail)
    Cons tan t 0.000000 0.00000 0.00000 0.00000
    Coefficient 1.000000 0.00000 0.00000 0.00000

    Ana lysis  of Var ia nce
    Source    Sum-of-Squ ares df Mean-Square F-ra t io   P
    Regr ession 12.00000 1 12.00000 0.00000 0.00000
    Res idua l 0.00000 8 0.00000
    Tot a l 12.00000 9
    ==================================================================
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The adju sted correlogram show a  sim ila r  pa t t ern , t hough  the absolu te correla t ion s
have been  reduced.  The best  decis ion  would  st ill be for  a  la g of 2 for  t im e, a  la g of 3 for
dis tance, and a  lag of 1 for  bea r ing.  Figure 9.5 sh ows a  graph  of the cor relogram. 
Crim eS tat has a  bu ilt -in gr aph  fun ction  for  the cor relogram and a dju st ed cor relogram.
  

Exa m p le 1: P r ed ict ion

Fina lly, for  pr edict ion , it  is appa ren t  tha t  the best  method would be to use a
regr ession  equ a t ion with  lags of 2 for t ime, 3 for d ist ance, and 1 for  bea r ing.  Table 9.8
sh ows t he outpu t . As can  be seen , the r out ine predicts  exa ctly t he n ext  t ime a nd locat ion. 
The next event  for  th is completely pr edictable seria l offender  will be on  da y 39 at  the
loca t ion with  coord ina tes  X=26, Y=26. 

Ta ble 9.8

P redi ct e d R e su lts fo r Se rial Offe n de r 1
R e gre s si on  Eq u at io n  w i th  

Lags of  2 for Time , 3 for Distan ce , 1  for Be aring

         Varia ble P r e di ct e d v alu e F ro m  e ve n t Method Lag
--------------------------------------------------------------------------------------------------------------- 
          Time in ter va l   2.00000   13 Regr ession   2
    Dis tance in terva l   1.41421   13 Regr ession   3
     Bea r ing in ter va l 44.99997   13 Regr ession   1

    Predicted t ime .............: 39.00000
    Pr edicted X coordina te : 26.00000
    Predict ed Y coordin a te : 26.00000
--------------------------------------------------------------------------------------------------------------- 

The regr ession  equa t ion  is  the best  model in  th is  case.  The other  methods produce
reasona bly close a ppr oximat ions, however.  Table 9.9 shows the resu lts  of using other
methods for  pr edict ion .  As seen , a m odel where a ll th ree componen ts (time, dista nce,
bea r ing) were la gged by 1 a s well a s a  model wher e a ll th ree componen ts wer e la gged by 3
a lso pr oduces t he expected cor rect  answer .  The m ea n  in ter va l and m edian  in ter va l
methods a lso pr odu ce reasona bly close, th ough n ot  exact, answer s.  In  th is pa r t icu lar  case,
the regr ession  method wit h  the best  la gs  produced the opt im al solu t ion .

Example  2: Another  Complete ly  Predic table  Indiv idual

A second example is a lso a  per fect ly pr edicta ble in dividua l. Th is t ime, t he
directiona l component  cha nges.  The directiona l tr end is nort hwar d, but with cha nges in
angle every th ird  event .  The t ime pa t t ern  is completely consist en t  with  su bsequ ent  event s
occur r ing every two days.  Ta ble 9.10 pr esen t s t he pa t t er n  and t he logical n ext  even t  wh ile
figure 9.6 displays t he pa t t ern .
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Ta ble 9.9

Com pa riso n  of Meth od s for P redi ct ab le S e rial Offe n de r 1

Table 9.10

Exam ple  of a P redi ct ab le S e rial Offe n de r: 2    

(N = 14 inc idents )
Time

Eve nt       X   Y Dis tance Days Interva l
  1       3   1      -   1     -
  2       1   3 2.8284   3    2
  3       1   5 2.0000   5    2
  4       3   7 2.8284   7    2
  5       1   9 2.8284   9    2
  6       1 11 2.0000 11    2
  7       3 13 2.8284 13    2
  8       1 15 2.8284 15    2
  9       1 17 2.0000 17    2
10       3 19 2.8284 19    2
11       1 21 2.8284 21    2
12       1 23 2.0000 23    2
--------------------------------------------------------------------

Logica l
pr ediction
for  
next  even t  13       3 25 2.8284 25 2
----------------------------------------------------------------------------------------
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The cor relogra m reveals t ha t  both  dist ance and bea r ing repea t  themselves every
th ir d event  while the t im e in terva l is repea ted every t im e.  The regr ession  dia gn ost ics  show
tha t  there is  per fect  predict abilit y for  t im e and for  dis t ance, a nd h igh  predict abilit y for
bear in g (n ot  shown).  F in a lly, a  regr ession  model is used for  predict ion  wit h  la gs  of 1 for
t ime, 3 for  dis t ance, an d 3 for bear ing.  The m odel cor rectly pr edicts  the expected t ime
(days=25) an d loca t ion  (X=3, Y=25).  Table 9.11 sh ows t he r esu lt s.

Met h odo logy  for  CWA

These t wo exam ples illust ra te wha t  the CWA rout ine is doing.  There are th ree
steps.  F ir st , t he sequent ia l pa t t ern  is  ana lyzed wit h  the correlogram.  This  shows which
lags h ave t he s t rongest  cor rela t ions  bet ween  lags for t ime, dist ance, and bea r ing sepa ra tely. 
Second, t he pa t t ern  is  t ested wit h  a  regr ession  model.  Th e purpose is  to determin e how
st rong a  rela t ion sh ip  is  any par t icu la r  model.  As will be suggested below, if a  model is too
weak or , con versely, t oo st rong, it  most  likely will n ot  predict  very well.  Th ir d, a  predict ion
model is selected.  The user  can  u t ilize the regr ession  model or  use the mean  in terva l or
median  in ter val.

Table  9.11

Com pa riso n  of Meth od s for P redi ct ab le S e rial Offe n de r 2

Example  3: A Real Ser ial  Offende r

How well does the CWA rout in e work wit h  rea l ser ia l offenders?  People a re not  as
pr edicta ble a s t hese exa mples; the exa mples a re a lgor ithmic and people don’t  work like
a lgorit hms.  But , to th e ext en t  to which t her e is  some predicta bilit y in  human beh avior, t he
CWA r out in e can  be a  usefu l t ool for  cr im e ana lysis , detect ion , a nd apprehension .
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To illu st ra te th is , a  ser ia l offender  was iden t ified from a  la rge da ta  set  obt a in ed from
Baltim ore County.  The individu a l committ ed 16 offenses bet ween  1992 an d 1997 when he
wa s even tua lly appreh en ded. Th e profile of crim es commit ted by th is in dividua l wer e qu ite
diver se.  Ther e were 11 la rceny in ciden t s (sh oplift ing and bicycle t heft), 1 r esiden t ia l
bu rgla ry, 1 commer cial burgla ry, 2 a ssau lt s, a nd 1 robber y.  

To test  the model, th e firs t  15 inciden t s wer e used t o pr edict  the 16 t h .  This a llowed
the er ror  between  the obs erved and predict ed va lu es for  t im e and loca t ion  to be  used for
evalua t ion .  Figur e 9.7 shows the sequencing of act ions of the firs t  15 inciden t s committ ed
by t h is in dividua l, most  of wh ich occur red in  the ea st er n  pa r t  of Ba lt imore County.  

The cor relogra m revea led a  complicated pa t t er n  (figure 9.8).  The adjust ed mat r ix
wa s u sed becau se of the h igh cor rela t ions a t  h igher -order  lags.  Never theless, t he opt imal
lags a ppea red to be 1 for t ime, 3 for  dis t ance, an d 6 for bear ing.   A regression model wa s
used t o test  these paramet er s.  F igure 9.7 a lso shows t he predicted locat ion for t he n ext
likely loca t ion  (the r ed  plus s ign ) and the loca t ion  where the individua l actua lly commit t ed
the 16 t h  event  (green  t r ian gle).  The er ror  in pr edict ion  was good.  The d istance between  the
actu a l and p redicted locat ions  wa s 1.8 m iles  and t he er ror in  pr edictin g the t ime of the n ext
loca t ion was 3.9 days.  Over a ll, the m odel did qu it e well for  th is in dividua l.  

Ev e n t Se qu e n ce  as  an  Ana log y to a  Corre late d Walk

Never theless, t here a re problems in  the model for  th is  case.  F ir st , t h is  is  not  a  t rue
sequ ence of act ions, but  a  pseu do-sequ ence.  The ind ividua l doesn ’t  go from the firs t  event  to
the second event  to the th ird  event , an d so for th . A consider able time may elapse bet ween
even t s. Similar ly, dist ance an d d irection  are conceptua l on ly, not  rea l.  For  example, in
figur e 9.7, the in dividua l did  not a ctu a lly t r avel a cross t he in let s of th e Ch esapeake Ba y as
the lines indica te.  Dist ance between  the event s wa s actua lly much  grea ter  than  est ima ted
by t he model a nd dir ect ion  was more complex.  Never theless, t o the ext en t  to which  an
individua l makes a  spa t ia l decision about  wh er e t o go, implicit ly he or  sh e is  making a
dir ect iona l and d ist ance decision.  In  oth er  words , the decision  making pr ocess m ay take
in to account  p r ior  loca t ions .  In  th is  case, the CWA rou t ines  would  be usefu l.

Example  4: A Second Real  Seria l Offende r

A second r eal exam ple confirms t ha t t he met hod can  produce reasona bly close
pr edictions.  An offender  commit ted 13 cr imes, includ ing th ree in ciden t s of shoplift ing, eigh t
inciden t s of theft  from a  vehicle, one residen t ial burgla ry, and one h ighway robbery.  The
cor relogram sh owed tha t  a  lag of 1 wa s s t rongest  for  t ime, dist ance, and bea r ing (figure 9.9). 
Th e R-squares  wer e m oder a te (0.45 for t ime; 0.18 for d ist ance; 0.18 for  bea r ing).  Usin g the
regression  method with  a  lag of 1 for  each  componen t , th e likely loca t ion  of the next event
was pr edicted (Figur e 9.10).  The er ror  between  the pr edicted event  and t he actua l event
was, a ga in , r easonable wit h  a  difference in  t im e of 3.3 days  and a  difference in  dis t ance of
2.4 miles.
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Correlogram of Another Offender
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Tracking a Burglary Gang with the Correlated Walk Analysis 
 

Bryan Hill 
Glendale Police Department 

Glendale, AZ 
 

The space-time analysis tools provided with CrimeStat II add an important 
element to an analyst’s review of a tactical prediction effort.  Although the method 
for calculating the Correlated Walk Analysis (CWA) is still more experimental than 
proven, it allows the analyst to see potential patterns in relation to a suspect’s crime 
travel in terms of time, distance, and direction.  In a recent burglary series involving 
several jurisdictions in our county, the CWA technique was used as part of an 
aggregate process referred to as the Probability Grid Method.  That method 
combines results from several models to predict the next likely area for a new hit in 
a crime series.  One of the most confusing aspects of these burglaries was the fact 
that several jurisdictions were involved and the offenders seemed to bounce back 
and forth from one jurisdiction to the next.   

 
There were also 219 offenses in the series, providing considerable complexity. 

Because there were so many events, the distances could be anywhere from 0.5 miles 
to 20 miles, I could never really put my finger on what direction or distance the 
offender would hit next, but was confident a pattern existed and was likely changing 
over time. The following map shows the probability grid areas predicted and the 
CWA points predicted.  The triangles shown represent the last four hits. The first hit 
was near the probability grid prediction in the northern portion of the map; however 
the subsequent hits were all very close to where the CWA routine predicted they 
would be.  This was also a brand new area for these offenders and was a surprise to 
the department investigating these incidents. This area was not what was expected 
based on the SD ellipses and other methods used to predict the next event.  The 
CWA tool requires more testing to determine the accuracy of its predictions, however 
it may turn out to be a valuable tool in a crime analyst’s arsenal. 
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Ac c u ra cy  of P re d ic tio n s

However , it ’s im por tan t  not t o be overly opt imist ic about  the t echniqu e.  It  is a lwa ys
possible to fin d cases tha t  fit  a  method very well.  The above ment ion ed cases appear  to do
tha t .  Un for tuna tely, the m et hod is n ot a  magic elixir  for  pr edictin g ser ia l offen ders.  Lik e
any met hod, it  has er ror.  I t  is a lso a  fair ly new tool in  crim e a na lysis  so tha t  we don’t  have
a  lot  of exper ience with  it .  The one example of it s u se wa s by Helm s (1999), wh o also is
cau t ious abou t  it s  u t ilit y. 

Ther efore, a t  th is poin t , I can not give conclus ive resu lt s a bout  wh et her  the m et hod is
accura te or  not  and u nder  wha t  condit ions it  is best  used.  It  will t ake some experien ce to
kn ow how effective it  is for crime an alysis.

To explor e the accuracy of t he method, 50 ser ia l offenders were iden t ified from a
lar ge dat a  base of more than  41,000 inciden t s in  Balt imore Coun ty between  1993 an d 1997
(see Chapt er  10 for  det a ils).  The 50 offender s wer e ident ified based on kn owing the da tes
on  which  they commit ted  cr imes , or  a t  leas t  on  which  they commit ted  cr imes  for  which  they
were charged and eventua lly t r ied.  The number  of inciden t s va r ied from a  low of 7
inciden t s t o a  h igh  of 38 inciden t s.  An  a t t empt was made to p roduce ba lance in  the number
of inciden t s, t hough  the actua l d is t ribu t ion  of ca ses  did  reflect  t he ava ilabilit y of candidates
in  the da ta  ba se.  For t he fifty individua ls, t he dist r ibu t ion of inciden t s was 7 (five
individua ls), 8 (four  individua ls), 9 (six in dividua ls), 10 (two individua ls), 11 (five
individua ls), 12 (five individua ls), 13 (six individua ls), 14 (th ree in dividua ls), 15 (six
individua ls), 17 (two individua ls), an d one ind ividua l each for  20, 21, 24, 29 and 38
incidents.

To test  the CWA model, th e las t  event  committ ed by th ese ind ividua ls was r emoved
so tha t  N-1 event s could be used t o predict even t  N.  In  th is way, it is  poss ible t o evalu a te
the a ccuracy of th e m et hod. 

Ten m ethods were compa red:

1. The optima l regression m ethod for t ime with t he lag ha ving th e strongest
relationsh ip being selected;

2. The opt ima l regression m ethod for  loca t ion  (dist ance and bea r ing) where the
wit h  the lags for  dis t ance an d bear ing having the st ronges t  rela t ionsh ip being
selected;

3. A regression  model for  t ime wit h  a  lag of 1;
4. A regr ession  model for  loca t ion  wit h  a  la g of 1 (for bot h  dis t ance a nd bear in g);
5. The mean  int erval for  t ime;
6. Th e mean  in terva l for  loca t ion  (dis t ance a nd bear in g);
7. The median  int erval for  t ime;
8. Th e media n  in terva l for  loca t ion  (dis t ance a nd bear in g);
9. Th e mean  cen ter  of the in ciden t s (for loca t ion  only); and
10. Th e cen ter  of min im um dis tance of t he in ciden t s (for loca t ion  only).
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Th e la t t er  two met hods wer e u sed for refer en ce.  For journey t o cr ime es t imat ion, t he
center  of minim um dist ance is th e best  a t  pr edict ing the or igin loca t ion  of ser ial offender s
(see chapter  10).  The reason  is  because th is  st a t is t ic m inim izes the d istance to all inciden t
loca t ions .  The mean  cen ter  was  close beh ind , though  not  qu ite as  good .  As  an  es t imate, the
cen ter  of min imum d is tance is  a  very good  index when  there is  a  single or igin  tha t  is  being
pr edicted.  On t he other  hand, where the pu rpose is to pred ict  the loca t ion  of a  next event ,
the cen ter  of min im um dis tance and mean  cen ter  may be less than  usefu l s in ce they will n ot
gen er a lly pr edict t he a ctu a l next  loca t ion.  Th ey m in imize er ror, bu t  a re r a rely a ccura te. 
For  exa mple, in  the above ment ion ed cases (two theoret ica l a nd two rea l), these st a t is t ics
did  not predict a ccura tely the loca t ion  of the next  even t .  In st ea d, t hey iden t ified a  point  in
the middle of the dis t r ibu t ion  where the sum of the dis tances to a ll in ciden t  loca t ion s was
small.

Error Ana lysis

Each  of the models wa s compa red t o the actua l tim e and loca t ion  of the las t , rem oved
inciden t .  For t ime, t he er ror  measu re was in  da ys (the absolu te difference between  the
actu a l da y and t he predicted day).  For locat ion, t he er ror m ea su re wa s in  miles  (i.e.,
absolut e dist ance bet ween  the a ctu a l and p redicted locat ion).  The r esu lt s wer e m ixed. 
Overa ll, er ror  was modera te.  Table 9.12 summar izes the overa ll er ror .

Overa ll, the cen ter  of min imum d is tance and  the mean  cen ter  do p roduce, a s
expected, sm aller er ror s for  dist ance than  any of the CWA methods; as  noted a bove,
loca t ion s in  the middle of the dis t r ibu t ion  of in ciden t s will m in im ize er ror , bu t  they won’t
predict  accura tely the loca t ion  of a  next  event  nor  in dica te in  which  dir ect ion  it  will occu r
from the la st  even t .  On  the other  hand, t he CWA methods a re not  pa r t icu la r ly accu ra t e,
eit her .  They work very well for  a  completely pr edicta ble offender , as was seen  in  the
exam ples a bove, but  not  necessa r ily for  rea l offender s.

Among the CWA methods, the mean  in terva l, median  in terva l and  the lag 1
regr ession  appea rs t o give bet t er  resu lt s for t ime t han  the opt imal regr ession .  Over a ll, the
median  in ter va l pr oduces t he lowes t  median  er ror, which is  about  a  mont h  and h a lf.    In
ter ms of locat ion , the m ea n  inter val and m edian  inter vals produce slight ly bet t er  resu lt s
than  the opt im al r egr ession , t hough  the la g 1 regr ession  was ju st  as good.

Comparison  of CWA Methods

At  th is  poin t , it  is  unclea r  as  when  it  is  bes t  to use th is  t echn ique.  Three var iables
seem  to explain  pa r t  of the er ror  var iat ion .  Fir st , a la rger sample size leads t o bet t er
predict ion , a s would  be expected (Ta ble 9.13).

For t ime, ther e is definit ely an  impr ovem en t  in  pr edicta bility with  larger  sa mple
sizes.  Among th ese m ethods, t he mean  int erval and lag 1 regression sh ow the sm allest
er ror  for  the la rges t  samples  (14 cases ).  For  d is tance, on  the other  hand, genera lly, the
er ror  in creases wit h  in creasin g sample size.  The one except ion  is  for  the opt im al r egr ession
met hod wh er e m edium-sized  sa mples (10-13 cases) produce the lowes t  er ror. 
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Table  9.12

Average  and Median Error  for  CWA Methods
50 Se rial Offen de rs

Average Median
Method Error Error

Tim e (da ys)
Opt imal regression: tim e 112.2   79.8
La g 1 regression: tim e   88.1   70.0
Mea n inter val: t ime   89.7   64.9
Median  in ter val: t ime   91.2   45.5

Di sta nce (m iles)
Opt im al r egr ession : loca t ion     6.4     5.4
Lag 1 regr ession : loca t ion     5.7     4.2
Mean in terva l: loca t ion     5.8     4.7
Media n  in terva l: loca t ion     5.3     3.9

Referen ce Loca ti on (m iles)
Mean center     3.3     1.7
Center  of min imum d is tance     3.1     1.2

Variables  Affecting  P redicta bil i ty

Long  t i m e spa n

There are a  var iety of reasons for  these st range resu lts , but  one reason m ay be th e
t ime spa n  of the event s.  Some of these offenders commit ted crim es over a  long per iod, up t o
five year s.  Sample size is in t r ins ica lly relat ed t o the t ime spa n (r=0.55).  The longer t he
t ime spa n  tha t  an  offender  commits cr imes, the m ore in ciden t s h e/sh e will per pet ra te.  With
increasin g t ime, t he in dividua l’s beh avior pa t t er ns m ay cha nge. 

For  those offen ders wit h  many inciden t s, a  separa te ana lysis  was conducted of the
event s occur r ing with in t he las t  year .  Man y of these ind ividua ls appea red t o have moved
their  ba se of opera t ion  over  t ime, so the isola t ion  of the m ost  recent  even t s was done in
order  to p roduce a  clea rer  behavior  pa t t ern .  The resu lt s , while p romis ing, were not
dr amat ic.  Accuracy wa s im pr oved a  lit t le compa red to us ing the full sequ en ce, par t icula r ly
spa t ial accuracy.  However, even with  the las t  few event s, these frequent ly occur red over  a
long time per iod (up t o two year s). Consequ ent ly, th e idea of isolat ing a  ‘clean ’ set  of event s
did  not m ater ia lize, a t  lea st  wit h  these da ta .  On  the oth er  hand, wit h  a  da ta  set  of only
recen t  even t s, it  may be possible t o improve pr edicta bilit y.
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Table  9.13

Sample  S ize  and P redict ion Error
(Average Er ror )

Time (days)

Sa mple Opt imal La g 1 Mean Median
Size Regr ession Regr ession Interva l Interva l
6-9 143.4 108.5 116.4 120.8
10-13 108.2   86.8   83.4   79.5
11+ 79.8   65.1   65.7   71.2

Distance  (miles)

Sa mple Opt imal La g 1 Mean Median
Size Regr ession Regr ession Interva l Interva l
6-9     7.4    5.2    5.0    4.4
10-13     5.5    6.0    5.7    5.5
11+     6.1    5.9    6.8    6.1

Centrographic : Dis tance  (miles)

Center  of
Sa mple Mean  Min imum
Size Cent er Dis tance
6-9    2.9       2.4
10-13    2.9       3.1
11+    4.3       4.1

Table  9.14

Regress ion Diagnost ics  and P redict ion Error
Comparison  of CWA Regress ion  Methods

Time  (d a ys) Di st a n ce (m iles)

Optimal Lag  1 Opt imal Lag  1
R-Sq u are Regress ion Regress ion Regress ion Regress ion

0-0.29        93.7     90.9       6.7     6.3
0.30-0.59       89.3     33.8       6.0     5.0
0.60+     164.3   122.7       6.3     5.2
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S t r en g t h  of p r e d i c ta b i l i t y

A second va r iable tha t  appea r s t o have an  effect  is  the s tr ength  of p red ict abilit y,
based on the fir st  N-1 cases.  F or  the dia gn ost ics  rout in e, a s the overa ll R-s quare for  the
regr ession  equ a t ion in creases, t he r egr ession  equ a t ion does bet t er .  However , wit h  ver y h igh
R-squ are coefficien t s, t he er ror is  worse.  Table 9.14 sh ows t he r ela t ionsh ip.

The lowest  er ror  is obta ined  with  moder a te R-squ are coefficient s, for  both  t ime a nd
dis tance.  This  is wh y one has t o be ca reful with  very high lagged cor rela t ions in  the
cor relogram and h igh  R-squa res  in  the d iagnos t ics .  Un les s one is  dea ling with  a  per fect ly
predict able in dividua l (a s the two theoret ica l exa mples illu st ra ted), h igh  correla t ion s may
be a  resu lt  of a  ver y sm all sa mple size, ra ther  than  any inher en t  pr edicta bilit y.

Li m it at io n s o f th e  Te c h n iq u e

In  shor t , u ser s should  be carefu l a bout  usin g t he CWA technique.  I t  can  be usefu l for
iden t ifying r epea t ing pa t t er ns by an  offender , bu t  it  won’t  necessa r ily pr edict a ccura tely t he
offender ’s n ext  actions.  Th er e a re a  var iet y of rea sons for  the lack of pr edicta bility.  Fir st ,
ther e m ay be in ter media te even t s t ha t  a re unknown.  With  each of these offender s in  the
Baltim ore County dat a  base, th ere is alwa ys the possibility th a t  the individua ls committ ed
other   cr imes  for  which  they were not  charged .  The sequen t ia l ana lys is  assumes  tha t  all the
even t s a re known.  Bu t  th is m ay not be t he case .  

A s imula t ion  on  severa l ca ses  was conducted  by r emoving even t s and then  r e-
running the cor relogra m and prediction models.  Removing one even t  did  not a ppreciably
a lter  the relat ionsh ip, but  removing more t han  one event  did. In  other  words, if there are
unknown even t s, t he t rue sequ en t ia l beh avior  pa t t er n  of the offender  may not be pr oper ly
ident ified. Consider ing tha t  most  offender s commit fewer t han  10 inciden t s before they get
cau ght , the st a t ist ical effect  of miss ing informat ion  may be crit ical.

A second r eason h as been alluded to already.  In applying th e model to crime events,
it is n ot  a  t rue sequent ial m odel, but  a  pseud o-sequential model s ince much  t ime may
int ervene bet ween  event s.  Distance and dir ect ion  are concept ua l in  the sen se t ha t  the
individua l doesn ’t  dir ectly or ien t  from one even t  to th e oth er , bu t  ret urns t o his /her  living
pa t t erns.  Thus, wha t  may a ppear  to be  a  repea t in g pa t t ern  may n ot  be.  H ere, t he issue of
sample size is  cr it ica l.  If there a re only a  few in ciden t s on which  to ba se an  ana lysis , on e
cou ld  see a  pat t ern  which  actua lly doesn’t  exis t .  One has  to be ca refu l abou t  d rawing
inferen ces from very sm all sa mples. 

A th ird r ea son is t ha t  people a re inher en t ly unpr edicta ble. Th e t wo algor ithmic
examples p roduced excellent  resu lt s, bu t  few per sons a re t ha t  sys tem at ic about  their
beh avior .  Ther efore, we m ust  be cau t ious in  expectin g too much out  of the m odel.
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Conclus ion

Never theless, t he m odel has u t ility.  Fir st , it  can  help police iden t ify wh et her  ther e is
a  pa t t er n  in  an  offender ’s beh avior .  Knowing t ha t  ther e is a  pa t t er n  can  help in  pla nning
an  ar rest  st r a tegy.  E ven  if t he st ra tegy does not  pay off every t im e, it  may improve police
effectiveness.  In  sh ort , the CWA can  help a  police depar tmen t  ana lyze the sequ en t ia l
behavior  of an  offender  they ar e t rying to ca tch .  They ma y be able to an t icipa te a  new event
an d ma y be able to war n people who ar e more likely to be at ta cked by th is individua l.  If
used carefu lly, the model ca n  be usefu l for  cr im e ana lysis  and detect ion .

Second, it  can  encourage the development  of addit ion a l predict or  tools  for
individua ls.  As m ent ioned a bove, the cen ter  of minim um dist ance pr odu ces a  ‘best  guess ’
est ima te in t he sen se t ha t  it m inim izes t he dist ance to the next event .  It u su a lly doesn’t
pr edict t he next  even t , bu t  it  does p roduce a m inimal er ror. If used in  conjun ction wit h  the
CWA, it  may be possible to nar row the sea rch  area  for  the next event .

Third , th e CWA model can  st imu lat e resea rch  int o cr ime predict ion .  Police are
a lways t rying to pred ict  the next event  by an  offender  and will use m ultiple t echniques  and
a  lot  of in tu it ion  in  t rying to ‘out -guess’ an  offender . It  is h oped t ha t  the CWA model will
st im ula te more research  in to predict in g t he sequence of offen der  behavior  as well in to how
those sequ ences a ggregat e int o a  lar ge spa t ial pa t t ern .  Most  of th is t ext h as been  devoted
to an alyzing the spat ial pat tern s of a large num ber of events.  The stat istics ha ve, perha ps
na ively, a ssumed tha t  each  of those event s were in dependent .  In  rea lity, they a ren’t  sin ce
many cr imes a re commit ted by the same individuals.  In  theory, a  dis t r ibu t ion  of crim e
in ciden t s could  be disaggrega ted in to a  dis t r ibu t ion  of sequences of events commit ted by t he
same offenders, if we had enough  in format ion .  Understandin g h ow aggrega te dis t r ibu t ion s
is  a  by-product  of the behavior  of a  limit ed number  of in dividua ls  is  an  im por tan t  research
goal that  needs to be addr essed.

In  the next  chapter , we’ll look  a t  J ourney-t o-cr im e modeling a nd a t  the issue of
modeling cr im in a l t r avel behavior .
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9.42

1. It  would  be possible to ma ke a  one-ta iled t est  wit h  the simula t ion .  For exa mple, if
one is  only in ter ested in  the degree of clust er ing, one could a dopt  the 95 per cent ile
as t he t h reshold.  An obser ved Mantel va lue t ha t  wa s lower  than th is t h reshold
would be consistent  with  th e null hypoth esis.

2. Henderson , Renshaw and Ford (1981) defin ed the correla ted walk  as a  two-
dim en siona l wa lk wh er e t he sum of the probabilit ies  in  four  dir ect ions  a long a
la t t ice a re:

P  = p + q + 2r  = 1

where P is t he t ota l pr obabilit y (1), p  is th e probability of cont inuing in th e same
dir ect ion, q is t he probabilit y of moving in  an  opposit e direct ion, a nd r is  the
pr obability of moving one un it  to th e r ight  or t o th e left .  The adva ntage of th is
formula t ion  is  tha t  the probabilit ies do not  have to be  equa l (i.e., p could  exceed q or
r ).  Never theless, t he in dividua l s t eps can  be considered a  specia l ca se of a
cor rela ted random wa lk in  the plane (Hen derson , 1981).  

The non-la t t ice two dim ension a l ca se can  a lso be  considered a  recur ren t  random
walk sin ce a  st ep in a ny direction  (not  just  a long a la t t ice) can  be consider ed t he
resu lt  of two st eps, one in  the X dir ect ion a nd one in  the Y (or, a lt er na t ively, a
pa ir ing of a ll st eps in  the X dir ect ion with  a ll st eps in  the Y dir ect ion). 
Unfor tuna tely, th is logic does n ot a pp ly to more t han  two dim en sions.  Such m ult i-
dim ension a l walk s do not  have to return  to their  or igin . H owever , Spit zer  (1963) has
shown tha t  an  in dependent  walk  is  recur ren t  if t he second moment  a round the
or igin is fin ite.

En dn ot e s for Ch ap te r 9
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10.1

Chapter 10
Journey to Crime Estimation

The J ourney to Crim e (J tc) rout ine is  a  dis tance-based method which makes
est im ates about  the likely residen t ia l loca t ion  of a  ser ia l offender .  I t  is  an  applica t ion  of
location th eory, a  framework for  iden t ifyin g opt im al loca t ion s from a  dis t r ibu t ion  of
market s, supply character is t ics , pr ices, a nd event s.  The followin g discussion  gives some
backgr ound to the technique.  Those wish in g t o skip  th is  par t  can  go t o page 10-19 for  the
specifics of the J t c rou t ine.

Loca tio n  The ory

Loca t ion  theory is  concerned wit h  one of the cent ra l issues in  geograph y.  This
theory at t empt s t o find  an  opt ima l loca t ion  for  any par t icu lar  dist r ibut ion  of act ivities,
popula t ion, or  even t s over  a  region (Ha gget t , Cliff and F rey, 1977; Kr ueckeberg and
Silvers, 1974;  Stopher  and Meybu rg, 1975; Oppenheim , 1980, Ch . 4;  Bossard, 1993).  In
classic loca t ion  theory, economic resour ces wer e a lloca ted in r elat ion  to idealized
repr esen ta t ions (Anselin a nd Ma dden , 1990).  Thu s, von  Thü nen  (1826) ana lyzed the
dis t r ibu t ion  of agr icu lt u ra l land as a  funct ion  of the accessibilit y t o a  sin gle popula t ion
center  (which  would  be more expensive towards the cen ter ), t he va lu e of the product
produced (which  would  va ry by cr op), a nd t ranspor ta t ion  cost s (which  would  be more
expen sive far ther  from the cen ter ).  In  order  to ma ximize profit  and m in imize cost s, a
dis t r ibu t ion  of agr icu lt u ra l land uses (or  crop areas) emerges flowin g ou t  from the
popula t ion  cen ter  as a  ser ies of concent r ic r in gs .  Weber  (1909) ana lyzed the dis t r ibu t ion  of
in dust r ia l loca t ion s as a  funct ion  of the volume of mater ia ls  to be  sh ipped, t he dis t ance
tha t  the goods  had t o be sh ipped, and t he u n it  dis t ance cost  of sh ipp ing; consequ en t ly,
indust r ies become loca ted in par t icu lar  concent r ic zones a round a  cen t ra l city.  Bur gess
(1925) an a lyzed t he dist r ibu t ion  of urba n  land u ses in  Ch icago an d described concent r ic
zones  of both  indust r ia l and r es iden t ia l u ses .  Their  t heory formed  the backdrop  for  ea r ly
studies on the ecology of cr im in a l behavior  and ga ngs (Th rasher , 1927; Shaw, 1929).

In  more modern  use, t he loca t ion  of persons wit h  a  cer t a in  need or  behavior  (the
‘demand’ side) is iden t ified on a  spa t ia l pla ne and p laces a re selected as t o ma ximize value
and m inimize t r avel cost s.  F or exa mple, for a  consu mer  faced with  two ret a il sh ops selling
the sa me pr odu ct , one being closer  but  more expens ive while the other  being fa r ther  but
less expensive, the consu mer  has t o t r ade off the value to be gained a gainst  the increa sed
t ravel t ime r equ ired. In  design ing facilit ies  or p laces of a t t r action  (th e ‘su pp ly’ side), the
dis tance between  each  possible facilit y loca t ion  and the loca t ion  of the releva nt  popula t ion
is  compared to the cost  of loca t in g n ear  the facilit y.  For  exa mple, given  a  dis t r ibu t ion  of
consumers  and their  p ropens ity to spend , such  a  theory a t t empts to loca te the op t imal
placement  of reta il st ores, or , given  the dist r ibut ion  of pa t ient s, the theory at t empt s t o
loca te the opt ima l placemen t  of medica l facilit ies.
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10.2

Predic t ing  Locat ions  from a  Dis tribut ion

On e can  a lso rever se the logic.  Given  the dist r ibu t ion  of demand, t he t heory could
be a pp lied to est imate a  cent ra l loca t ion from which t ravel dist ance or  t ime is  min imized. 
On e of the ea r liest  uses of th is logic wa s t ha t  of J ohn  Sn ow, who was in ter ested in  the
causes of cholera  in t he mid-19th  cen tury (Cliff and H agget t , 1988).  He postu lat ed t he
theory th a t  wa ter  was t he major  vector  t r ansm itt ing the cholera  bacter ia.  After
inves t iga t ing water  sources  in  the London  met ropolit an  a rea  and  conclud ing tha t  there was
a  rela t ionsh ip between  contamina ted wa ter  and choler a  cases, he wa s a ble t o confirm his
theory by a n  outbreak of cholera  cases in  the Soho dis t r ict .  By plot t in g t he dis t r ibu t ion  of
the cases a nd lookin g for  wa ter  sources in  the cen ter  of the dist r ibu t ion (essen t ia lly, the
center  of minimum  dista nce; see cha pter 4), he foun d a well on Broad St reet t ha t was, in
fact , cont amina ted by seepage from nea rby sewer s.  Th e well was closed a nd t he epidemic
in  Soho receded. Inciden t ly, in  plot t in g t he in ciden t s on a  map and look in g for  the cen ter  of
the dis t r ibu t ion , Snow applied the same logic t ha t  had been  followed by t he London
Met ropolita n  Police Depa r tment  who had developed t he famous ‘pin’ map in  the 1820s.

Theoret ica lly, th ere is an  opt ima l solut ion  tha t  minim izes t he dist ance between
demand a nd supply (Rush ton, 1979).  However , computa t iona lly, it is  an  a lmost  imposs ible
task  to define, requ ir ing the en umer a t ion  of ever y possible combina t ion .  Consequ en t ly in
pract ice, a pproximate, t hough  sub-opt im al, solu t ion s a re obt a in ed th rough  a  va r iety of
methods (Everet t , 1974, Ch . 4).

Trave l  Dem an d Modeling

A su b-set  of locat ion  theory m odels t he t r avel beh avior  of individua ls.  It  actu a lly is
the converse.  If loca t ion  theory a t t empts to a lloca te pla ces or  sit es in  rela t ion  to bot h  a
su pp ly-side and dem and-side, t r avel demand t heory a t t em pt s t o model h ow ind ividu a ls
t ravel between  places, given a  pa r t icu lar  const ellat ion  of them.  One concept  tha t  has been
frequent ly used for  th is pu rpose is th a t  of the gravity fun ction , a n  applica t ion  of Newton’s
fundamenta l law of a t t r act ion  (Oppenheim, 1980).  In  the or igina l Newton ian  formula t ion ,
th e att ra ction, F, between t wo bodies of respective masses M 1 an d M 2, sepa ra ted by a
dist ance D, will be equa l t o 

   M1 M2

F = g ----------------- (10.1)
     D2

where g is a  const an t  or scalin g factor  wh ich en su res tha t  the equ a t ion  is ba lanced in
ter ms of th e m ea su rem en t  un it s (Oppenheim , 1980).  As we a ll know, of cour se , g is  the
gravita t iona l cons tan t  in  the Newton ian  formula t ion .  The numera tor  of the funct ion  is  the
attraction  t erm (or , a lt erna t ively, the a t t r act ion  of M2 for  M1) wh ile the denomin a tor  of the
equ a t ion, d 2, indica tes tha t  the a t t r act ion  between  the two bod ies fa lls off as a  funct ion  of
their  squared d is t ance. It  is  an  im pedance t erm.
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10.3

Soc ia l Applications  o f the  Gravi ty  Concept

The gra vity model ha s been  the bas is of many app lica t ions t o human societies a nd
has been  applied t o social int eract ions sin ce the 19 t h  cen tury.  Ra venstein  (1895) and
Andersson  (1897) applied  the concep t  to the ana lys is  of migra t ion  by a rgu ing tha t  the
tendency t o migra te between  regions is  in versely propor t ion a l t o the squared dis t ance
bet ween  the r egions . Reilly’s ‘law of ret a il gravita t ion’ (1929) applied  the Newt onia n
gra vity model directly an d su ggest ed t ha t  reta il t r avel between  two centers would be
propor t ion a l t o the product  of their  popula t ion s and in versely propor t ion a l t o the square of
the dist ance sepa ra t ing them:

      P i P j

T ij = " ----------------- (10.2)
       Dij

2

where T ij is th e int eraction between center s i an d j, P i an d P j a re t he r espective
popula t ions , D ij is th e dista nce between t hem r aised to th e second power an d " is a
ba lancing cons tan t .  In  the m odel, t he in it ia l popu la t ion, P i, is called a production  while the
second popu la t ion, P j, is called an attraction .  

St ewar t  (1950) and Zipf (1949) applied t he concept  to a  wide var iety of ph enomena
(migr a t ion , freigh t  t r a ffic, excha nge of informat ion) us ing a  sim plified form of the gravity
equ a t ion

      P i P j

T ij = " ----------------- (10.3)
        Dij

where the terms are as in  equa t ion  10.2 bu t  the exponent  of dis t ance is  only 1.  In  doin g so,
they ba sica lly link ed locat ion  theory with  t r avel beh avior  theory.  Given  a  pa r t icula r
pa t t ern  of in teract ion  for  any t ype of goods, service or  human act ivit y, an  opt im al loca t ion
of facilit ies  sh ould  be solvable.  

In t he Stewar t/Zipf fra mework , th e two P’s were both  populat ion sizes and,
therefore, t heir  sums had to be  equa l.  However , in  modern  use, it ’s not  necessa ry for  the
pr oductions a nd a t t r actions t o be iden t ical u n it s (e.g., P i cou ld be popu lat ion  while P j cou ld
be employmen t ).  

The tota l volum e of pr odu ct ions (tr ips) from a  single loca t ion , i, is est ima ted by
summin g over  a ll des t in a t ion  locat ions, j:

T i = K   P i G (P j/D ij) (10.4)
       j

Over time, the concept ha s been genera lized an d applied to ma ny different  types of
t ravel beha vior .  For exam ple, Hu ff (1963) applied t he concept  to reta il t r ade between
zones  in  an  u rban  a rea  using the genera l form of
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10.4

      Aj
$

T ij = "  ----------------- (10.5)
     Dij

8

where T ij is  the number  of purchases in  loca t ion  j by r esiden t s of loca t ion  i, Aj is  the
a t t ractiveness of zone j (e.g., squ are foota ge of ret a il space), D ij is the dist ance between
zones i an d j, $ is  the exponent  of S j, and  8 is th e exponent  of dista nce, an d " is  a  cons tan t
(Bossard, 1993).  Dij

-8 is  somet imes  ca lled  an  inverse d istance fun ction.  This is  a  single
constrain t model in  tha t  only t he a t t r activen ess of a  commer cial zone is const ra ined, tha t  is
the sum of a ll a t t r act ion s for  j must  equa l t he tota l a t t r act ion  in  the region .

Again , it  can  be gen er a lized t o all zones by, fir st , est imat ing the t ota l t r ips
gener a ted  from one zone, i, t o another  zone, j,

     P i
D Aj

$

T ij = " ----------------- (10.6)
      Dij 

8

where T ij is t he in ter action  bet ween  two locat ions  (or  zones), P i is  product ions of t r ip s from
loca t ion/zone i, Aj is t he a t t r activeness of locat ion/zone j, Dij is th e dista nce between zones i
an d j, $ is  the exponent  of S j, D is  the exponent  of H i, 8 is th e exponent  of dista nce, an d " is
a  const an t .  

Second, t he t ota l number  of t r ips  genera ted by a  locat ion , i, to a ll des t ina t ions is
obt a in ed  by summin g over  a ll des t in a t ion  locat ions, j:

T i = " P i
D G (Aj

$/D ij 
8) (10.7)

     j

Th is  differ s from the t r adit ion a l gravity fu nct ion  by a llowin g t he exponents of the
pr odu ct ion  from loca t ion  i, the a t t r act ion  from loca t ion  j, an d t he dist ance between  zones t o
var y.  Typica lly, th ese exponents a re ca libra ted on a  kn own sa mple before being applied t o
a  forecas t  sa mple and t he loca t ions a re u su a lly mea su red by zones. Thus, r et a iler s in
decid in g on  the loca t ion  of a  new store can  use th is  type of model t o choose a  sit e loca t ion  to
opt imize t r avel beh avior  of pa t rons ; th ey will, typically, obt a in  da ta  on a ctu a l sh oppin g
t r ips by cu stomers and then  ca libra te the model on  the da ta , est im at in g t he exponents of
a t t r act ion  and dis t ance.  Th e model ca n  then  be used to predict  fu ture shoppin g t r ips if a
facilit y is bu ilt  a t  a  pa r t icula r  loca t ion.  

This type of funct ion  is ca lled a double const ra in t model because the ba lancing
cons tan t , K, has  to be cons t ra ined  by the number  of un it s  in  both  the or igin  and
dest in a t ion  loca t ion s; tha t  is , t he sum of P i over  a ll loca t ion s must  be equa l t o the tota l
number  of product ion s while the sum of P 2 over  a ll loca t ion s must  be equa l t o the tota l
nu mber of at tr actions.  Adjust ment s ar e usua lly required to ha ve the sum  of individua l
product ion s and a t t r act ion s equa l t he tota ls  (usua lly est im ated in dependent ly).
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10.5

The equa t ion  can  be gener a lized t o other  types of t r ips a nd differen t  met r ics can  be
subst it u ted for  dis t ance, such  as t r avel t im e, effor t , or  cost  (Isa rd, 1960). F or  exa mple, for
commut ing t r ip s, u sua lly employmen t  is  used  for  a t t r act ions, fr equen t ly sub-d ivided  in to
reta il and non-reta il employment . In  addit ion , for  product ion s, m edia n  household  in come
or  ca r  ownersh ip  percen tage is  used  as an  add it iona l p roduct ion  var iable.  Equa t ion  10.7
can  be genera lized to in clu de any t ype of product ion  or  a t t r act ion  va r ia ble (10.8 and 10.9):

T ij = "1 P i
D "2 Aj

$/D ij 
8 (10.8)

T i = "1 P i
D G ("2 Aj

$/D ij 
8) (10.9)

where T ij is t he n umber  of t r ips  pr oduced by locat ion i t ha t  t ravel t o locat ion j, P i is eith er  a
sin gle va r ia ble associa ted wit h  t r ips produced from a  zon e or  the cross-product  of two or
more var iables  associa ted wit h  t r ips  pr oduced from a  zone, Aj is eit her  a  sin gle var iable
associat ed with  t r ips a t t r acted t o a  zone or  the cross-produ ct  of two or  more var iables
associa ted wit h  t r ips  a t t r acted t o a zone, D ij is  eit her  the dis t ance between  two loca t ion s or
anoth er  var iable m ea su r ing t ravel effor t  (e.g., tr avel t ime, t r avel cost ), D, $, and  8 a r e
exponents of th e r espective ter ms, "1 is a const an t a ssociated with  th e productions t o
ensure tha t  the sum of t r ips produced by a ll zon es equa ls  the tota l n umber  of t r ips for  the
region (usu ally estimat ed independent ly), an d "2 is  a  cons tan t  a ssocia ted  with  the
a t t ract ion s to ensure tha t  the sum of t r ips a t t r acted to a ll zon es equa ls  the tota l n umber  of
t r ips  for  the r egion.  Without  having two cons tan t s in  the equ a t ion , usu a lly conflict ing
est im ates of K will be obt a in ed by ba la ncin g t he equa t ion  aga in st  product ion s or
a t t r act ions.  The summat ion  over a ll dest ina t ion  loca t ions, j (equa t ion  10.9), produces t he
tota l number  of t r ips  from zone i.

In te rv e n in g  Op po rt un it ie s

Stouffer  (1940) modified the sim ple gr avity fu nct ion  by a rgu in g t ha t  the a t t r act ion
bet ween  two locat ions  wa s a  fun ction  not on ly of the character ist ics of the r ela t ive
a t t ractions of two locat ions, bu t  of in ter ven ing opport un it ies bet ween  the loca t ions.  H is
hypothesis “..assumes tha t  ther e is  no necessary rela t ionsh ip bet ween  mobility and
dis tance... t ha t  the number  of persons going a  given  dis t ance is  dir ect ly propor t ion a l t o the
number  of oppor tun it ies a t  tha t  dis t ance and in versely propor t ion a l t o the number  of
int ervening opport un ities”(St ouffer , 1940, p. 846).  This m odel was u sed in  the 1940s to
expla in  in ter sta te and in tercounty m igra t ion  (Br igh t  and Th omas, 1941; Isbell, 1944; Isa rd,
1979).  Usin g the gravity type form ula t ion , we can  wr ite t h is a s:

        Aj
$

T ji = " ----------------- (10.10)
   G(Ak

>)  D ij 
8

where T ji is t he a t t r action  of loca t ion j by r es iden t s of locat ion i, Aj is th e att ra ctiveness of
zone j, Ak  is the a t t r act iveness of a ll other  loca t ions t ha t  a re interm ediate in  d is tance
bet ween  loca t ions  i and j, D ij is th e dista nce between zones i an d j, $ is  the exponent  of S j, >
is  the exponent  of Sk , 8 is th e exponent  of dista nce, an d " is  a  cons tan t . While the
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10.6

in ter ven ing oppor tun it ies  a re im plicit  in  equ a t ion 10.5 in  the exponents, $ an d 8, and
coefficien t , K, equa t ion  10.10 makes the in tervenin g oppor tun it ies explicit . The im por tance
of the concept  is  tha t  the in teract ion  between  two loca t ion s becomes a  complex fu nct ion  of
the spa t ia l environment  of nearby a reas and not  ju st  of the two loca t ion s.

Urban  Transp ortation Modeling

This  type of model is  incorpora t ed  as  a forma l s tep  in  the u rban  t r anspor t a t ion
planning pr ocess, implemented by most  regiona l plan ning organ izat ions in  the Un ited
St a tes and elsewh er e (Stopher  and Meybu rg, 1975; Kr ueckeber g and Silvers, 1974; Field
an d MacGregor, 1987).  The step, called trip d istribu tion , is lin ked to a five st ep model. 
F ir st , da ta  a re obta ined on t ravel beh avior  for  a  var iet y of tr ip purposes.  Th is is  usu a lly
done by samplin g househ olds  and a sk ing each m em ber  to keep  a  t r avel dia ry documen t ing
a ll their t r ips over  a  two or  th ree da y period.  Tr ips a re aggregat ed by individua ls and by
households. F requent ly, t r ips by differen t  purposes a re separa ted.  Second, t he volume of
t r ips  pr oduced by and a t t r acted t o zones  (ca lled t r a ffic ana lysis  zones) is est imated, usu a lly
on  the basis  of the number  of households in  the zon e and some in dica tor  of in come or
pr iva te vehicle ownersh ip.  Third , tr ips pr odu ced by each zone are dist r ibut ed t o every
other  zon e usua lly u sin g a  gr avity-t ype funct ion  (equa t ion  10.9).  Tha t  is , t he number  of
t r ips  pr oduced by each or igin  zone and endin g in  ea ch dest ina t ion zone is  est imated by a
gravity model.  The d is t r ibu t ion  is  based  on  t r ip  product ions , t r ip  a t t r act ions , and  t ravel
‘resist ance’ (measu red by t ravel dis t ance or  t r avel t ime).  Four th , zone-to-zone t r ips  a re
a lloca ted by mode of t r avel (car , bus, wa lking, etc); and, fifth , tr ips a re assigned t o
pa r t icula r  rout es by t ravel mode (i.e., bus t r ips  follow differ en t  rout es than  pr ivate veh icle
t r ips ).  The adva ntage of th is process is  tha t  t r ips  are a llocat ed accord ing to or igins,
dest ina t ions, dist ances (or  t r avel t imes ), modes of t r avel and r ou tes.  Since all zones a re
modeled sim ult aneously, a ll  in termedia te dest in a t ion s (i.e ., in terven in g oppor tun it ies) are
incorpora ted into th e model. Chapt ers 11-17 present a  crime tr avel deman d model.

Alternat ive  Dis tance  De cay  Funct ions

One of the pr oblems  with  the t r adit iona l gravity formulat ion  is in t he measu rement
of t r avel resist ance, either  dist ance or  t ime.  For  loca t ions separa ted by sizeable dist ances
in spa ce, th e gra vity formulat ion  can  work p roper ly.  However , as t he dist ance between
loca t ions decreases , t he denomina tor  approaches  in fin ity.  Consequen t ly, an  a lt erna t ive
expr ession for  the in ter action has been  pr oposed which u ses t he nega t ive exponen t ia l
funct ion  (Hägerst rand, 1957; Wilson, 1970).

Aji =  S j
$ e (-"Dij) (10.11)

where Aji is t he a t t r action  of loca t ion j for  res iden t s of locat ion i, S j is th e att ra ctiveness of

loca t ion j, D ij is th e dista nce between locat ions i an d j, $ is  the exponent  of S j, e is th e base

of the n a tura l logar ithm (i.e., 2.7183...), and " is an  empir ica lly-der ived exponent .
Somet imes known as entropy m axim ization , th e lat ter pa rt  of th e equat ion includes a

nega t ive exponent ia l fun ction  wh ich h as a  maximum value of 1 (i.e., e -0 = 1).  This ha s th e
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adva ntage of makin g t he equa t ion  more st able for  in teract ion s between  loca t ion s tha t  a re
close  together .  For example, Cliff and H agget t  (1988) used a  nega t ive exponent ia l gravity-
type model t o descr ibe the diffusion of measles in to the Un ited St a tes from Canada  and
Mexico.  It h as a lso been a rgued t ha t  the negat ive exponent ial funct ion  gener a lly gives a
bet t er  fit t o urban  t ravel pa t t erns, pa r t icu lar ly by au tomobile  (Foot , 1981; Bossa rd, 1993;
NCH RP , 1995).

Other  funct ions h ave also be used t o describe the dist ance decay - negat ive linear ,
normal d is t r ibu t ion , logn ormal d is t r ibu t ion , quadra t ic, Pareto funct ion , square root
exponent ial, an d so for th  (Hagget t  and Arnold, 1965; Taylor , 1970; Eldr idge an d J ones,
1991).  La ter  in  the chapter , we will explor e severa l d ifferen t  mathemat ica l for mula t ion s
for  descr ibin g t he dis t ance decay.  One, in  fact , does not  need to use a  mathemat ica l
funct ion  a t  a ll, bu t  cou ld  empir ica lly descr ibe the d is tance decay from a  la rge da ta  set  and
ut ilize th e described va lues  for  pr edict ions.  The u se of mathemat ica l funct ions h as evolved
out  of both  the Newton ian  t rad it ion  of gravity as  well a s  va r ious  loca t ion  theor ies  which
used t he gra vity funct ion .  A mathemat ica l funct ion  makes  sen se u nder  two condit ions: 1)
if t r avel is  un iform in  a ll d ir ect ions; and 2) a s an  approxima t ion  if t here is  inadequa te dat a
from which  to ca libra te an  empir ica l funct ion .  The fir s t  a ssumpt ion  is  usua lly wrong s ince
ph ysica l geogra ph y (i.e., oceans, r ivers, mounta ins ) as well as  asymmet r ica l st r eet
net works m ake t ravel ea sier  in  some direct ions  than  oth er s.  As we sha ll see below, the
dist ance decay is quit e irr egula r  for  journey to cr ime t r ips a nd would be bet t er  described by
an  empir ica l, ra ther  than  mathemat ica l fu nct ion .

In  sh ort , ther e is a  long hist ory of resea rch on both  the loca t ion  of pla ces a s well a s
the likelih ood of int er action  bet ween  these places, whet her  the in ter action  is fr eigh t
movement , land pr ices or  in dividua l t r avel behavior .  The gr avity m odel a nd va r ia t ion s on
it  have been  used to descr ibe the in teract ion s between  these loca t ion s.

Trave l Be h av io r of Crim in als

Jou rney  to  Cr ime Trips

Th e a pp licat ion of tr avel behavior t heory to cr ime h as a  sizeable h ist ory a s well. 
The ana lysis  of dis t ance for jour ney to cr ime t r ips  wa s a pp lied in  the 1930s by White
(1932), who noted t ha t  pr oper ty cr ime offender s gener a lly t r aveled far ther  dist ances t han
offender s commit t ing cr imes against  people, and by Lot t ier  (1938), who an a lyzed t he r a t io
of cha in s tore bur gla r ies to the number  of cha in s tores by zone in Det roit.  Turner  (1969)
ana lyzed delinqu en cy beh avior  by a  dis t ance decay t ravel fun ction sh owing h ow more cr ime
t r ips  ten d t o be close  to th e offender ’s h ome wit h  the frequ en cy dropping off with  dis t ance. 
Ph illips (1980) is, apparen t ly, th e firs t  to use t he term journey to crim e is describing the
t ravel dist ances t ha t  offenders m ake t hough  Har r ies  (1980) noted t ha t  the a ver age
dis tance t r aveled has evolved by t ha t  t im e in to an  ana logy wit h  the journey t o work
st a t ist ic.

Rh odes and Con ly (1981) expanded on the concep t  of a crim inal com m ute and
sh owed h ow robbery, bur gla ry an d r ape pa t t erns in  the Dist r ict  of Colum bia followed a
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dis tance decay pa t t er n .  LeBea u  (1987a ) an a lyzed t ravel dis t ances of rape offender s in  Sa n
Diego by vict im-offender  relat ionsh ips a nd by met hod of appr oach .  Boggs (1965) applied
the in ter ven ing opport un it ies model in  ana lyzing t he dist r ibu t ion  of crim es by a rea  in
rela t ion  to th e dist r ibu t ion  of offender s.  Ot her  em pir ical descrip t ions of journey to cr ime
dis tances  and other  t r avel behavior  parameter s have been  studied by Blumin  (1973),
Cu r t is  (1974), Repet to (1974), Pyle (1974), Capone and Nich ols  1975), Renger t  (1975),
Sm ith  (1976), LeBeau  (1987b), an d Canter  and La rkin  (1993).  It h as gener a lly been
accep ted tha t  proper ty cr im e t r ips a re lon ger  than  persona l cr im e t r ips (LeBeau , 1987a),
though except ions have been noted (Turner , 1969).   Also, it  would be expected t ha t
average t r ip  dis t ances will va ry by a  number  of factors: cr im e type; method of opera t ion ;
t im e of day; a nd, even , t he va lu e of the proper ty r ea lized (Ca pone and Nich ols , 1975).

Mode lin g th e  Offe n de r Se arc h  Area

Concept ua l work on t he t ype of model h ave been  made by Br an t ingham and
Brant ingham (1981) who ana lyzed the geom etry of crim e and concept ua lized a  crim ina l
sea rch  area , a geogra ph ica l ar ea  modified by th e spa t ial dist r ibut ion  of poten t ial offender s
and poten t ia l t a rget s, t he awareness spaces of poten t ia l offenders, a nd the exch ange of
in format ion  between  poten t ia l offenders .  In  th is  sense, their  formula t ion  is  simila r  to tha t
of Stouffer  (1940), who descr ibed in tervenin g oppor tun it ies, t hough  their ’s is  a  behaviora l
fra mework .  An import an t concept developed by th e Bra nt ingha m’s is th at  of decreased
cr imina l act ivity near  to an  offender ’s  home base, a  sor t  of a  sa fety a rea  a round  their  near
neighborhood.  P resumably, offenders, pa r t icu la r ly those commit t in g proper ty cr im es, go a
lit t le wa y from their  home ba se so as t o decrea se the likelih ood t ha t  they will get  cau ght .
Th is was n oted by Turner  (1969) in  h is s tudy of delin qu en cy in P hiladelph ia .  Thus, t he
Brant in gh am’s postu la ted tha t  there would  be a  small sa fety a rea  (or  ‘buffer ’ zon e) of
relat ively lit t le offender  act ivity near  to the offender ’s ba se loca t ion ; beyond t ha t  zone,
however , t hey postu la ted tha t  the number  of cr im e t r ips would  decrease accordin g t o a
dis tance decay m odel (t he exact  mathemat ica l for m was never  specified, h owever ).

Cr im e t r ips may n ot  even  begin  a t  an  offender ’s residence.  Rout in e act ivit y t heory
(Cohen and F elson , 1979; 1981) su ggest s t ha t  cr ime opport unities a ppea r  in t he act ivities
of everyday life.  The rout in e pa t t erns of work, shoppin g, and leisure a ffect  the convergence
in  t ime a nd p lace of would  be offen ders, su it able t a rget s, a nd a bsen ce of gua rdia ns.  Many
cr imes  may occur  while an  offender  is t r aveling from one act ivity t o another .  Thu s,
modeling cr ime t r ips  as if they a re r eferen ced r ela t ive to a r esidence is not n ecessa r ily
going t o lead to bet t er  predict ion .

Th e m athem at ics of journey t o cr ime h as been  modeled by Ren ger t  (1981) usin g a
modified gener a l opport un it ies model:

P ij =   K U i Vj f(D ij) (10.12)

where P ij is the pr obability of an  offender  in loca t ion  (or  zone) i committ ing an  offense a t
loca t ion j, U i is a m easu re of the number  of cr ime t r ips pr odu ced a t  loca t ion  i (wha t  Renger t
called em issiveness), Vj is  a  measure of the number  of crim e ta rget s (a t t r act iveness) a t
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loca t ion  j, a nd f(D ij) is a n  unspecified fun ction of the cost  or effor t  expended in  t r aveling
from loca t ion  i to loca t ion  j (dist ance, time, cost ).   He did n ot  t ry to oper a t iona lize eith er
the production side or t he a t t r action side.  Never theless, concept ua lly, a cr ime t r ip would
be expected to involve both  elem en ts a s well a s t he cost  of the t r ip.

In  sh ort , ther e has been  a  grea t  dea l of res ea rch on the t r avel beh avior  of crim ina ls
in comm itting acts a s well as a  nu mber of sta tistical form ulat ions.

P re dic tin g th e  Loca tio n  of Se rial Offen de rs

The journey to cr ime formulat ion , as in  equa t ion  10.9, has been  used t o est ima te the
origin  locat ion  of a  ser ia l offen der  ba sed on the dist r ibu t ion  of crim e inciden t s.  Th e logic is
to plot  the dis t r ibu t ion  of the in ciden t s and then  use a  proper ty of t ha t  dis t r ibu t ion  to
est im ate a  likely or igin  loca t ion  for  the offender .  Inspect in g a  pa t t ern  of cr im es for  a
cen t ra l loca t ion  is  an  in tu it ive idea  tha t  police depar tments  have used  for  a  long t ime.  The
dis t r ibu t ion  of inciden t s describes a n  activit y area  by an  offender , who lives somewh er e in
th e center  of th e distr ibut ion. It is a sam ple from the offender ’s  act ivity space.  Using the
Brant ingham’s t erminology, th ere is a s earch  area  by an  offender  with in wh ich  the cr imes
are committ ed; most likely, the offender  a lso lives with in t he sea rch  area .

For  example, Canter  (1994) shows how the a rea  defin ed by the dis t r ibu t ion  of the
‘J ack the Ripper ’ murders in  the east  end of Lon don in  the 1880s in clu ded the key suspect s
in  the case (though  the case was never  solved).  Kin d (1987) ana lyzed the in ciden t  loca t ion s
of th e ‘York shire Ripper’ who comm itted th irteen mu rders a nd seven at tem pted mu rders in
nor theast  England in  the lat e 1970s and ea r ly 1980s.  Kind a pplied t wo differen t
geograph ical cr it er ia  to est imate t he r es iden t ia l loca t ion of th e offender .  Fir st , he
est im ated the cen ter  of min im um dis tance. Second, on  the assumpt ion  tha t  the loca t ion s of
the murders and a t t empted murders tha t  were commit ted la te a t  n igh t  were closer  to the
offender ’s residence, h e gr aphed the t im e of the offense on the Y axis aga in st  the month  of
the yea r  (ta ken  as a  pr oxy for length  of da y) on  the X axis  and p lott ed a  t r en d lin e t h rough
the da ta  to account  for  sea sona lity.  Both  the cen ter  of minim um dist ance and t he murder s
commit ted  a t  a la ter  t ime than  the t r end  line poin ted  towards the Leeds/Bradford  a rea ,
very close to wh ere the offen der  actua lly lived (in  Br adford).

R os sm o  Mo de l

Rossmo (1993; 1995) has adapted loca t ion  theory, pa r t icu la r ly t r avel behavior
modeling, to ser ia l offenders.  In  a  ser ies of papers (Rossmo, 1993a ; 1993b; 1995; 1997) he
out lined a  mathem at ical a pproach to iden t ifying the home base locat ion  of a  ser ia l
offender , given  the d is t ribu t ion  of t he inciden t s.  The ma themat ics  rep resen t  a  formula t ion
of the Bran t ingham and  Bran t ingham (1981) sea rch  a rea  model, d iscussed  above in  which
the sea rch behavior  of an  offender  is seen  as followin g a  dis t ance decay function wit h
decreased act ivit y n ear  the offender ’s home base.  H e has produced exa mples showin g h ow
the model ca n  be applied to ser ia l offenders (Rossmo, 1993a ; 1993b; 1997).
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The model ha s four  steps (what  he called crim ina l geographic targeting):

1. F ir st , a  rectangu la r  study a rea  is  defin ed tha t  extends beyon d the a rea  of the
inciden t s committ ed by th e ser ial offender .  The avera ge dista nce between
poin t s is  t aken  in  both  the Y and X dir ect ion .  H a lf t he Y in ter -poin t  dis t ance
is a dded to th e m aximum Y value and subt racted from t he m inimum Y
value.  Ha lf the X in ter -poin t  d is tance is  added  to the maximum X va lue and
su bt racted from t he minim um X value.   These a re bas ed on pr ojected
coordina tes; presum ably, th e directions would have to be adjusted if
spher ica l coor din a tes were used.  The rectangu la r  study defin es a  gr id  from
which column s an d rows can  be defined.

2. For  each  grid cell, the Manha t tan  dist ance to each  inciden t  loca t ion  is taken
(see chapter  3 for  defin it ion ).

3. For ea ch  Man ha t tan  distance from a gr id cell to an  incident  loca t ion , MDij,
one of two funct ions is evalu a ted:

A. If the Man ha t tan  distance, MD ij, is less than  a  specified buffer  zon e
radius, B, then

         T
P ij =  A {k[ (1-N)(Bg-f) / (2B - | xi - xc|  + | yi - yc| )g] } (10.13)
        c=1

where P ij is t he r esu ltan t  of offender  in ter action for  gr id cell, i; c is t he
in ciden t  number , summin g t o T; N = 0; k is a n  empir ica lly det ermined
cons tan t ; g is  an  empir ica lly determined  exponen t ; and  f is  an
empir ica lly det ermined exponent .

Th e Gr eek  let t er , A, is the product  sign , indica t in g t ha t  the resu lt s for
each grid cell-inciden t  distance, MD ij, a r e m ultiplied  together  across
all incidents, c.  This equa tion r educes to

           T
P ij  =   A {k(1-0)(Bg-f) / (2B - | xi - xc|  + | yi - yc| )g } (10.14)
           c=1

           T       KBg-f

P ij  =   A ----------------------------------   (10.15)
         c=1     (2B - | xi - xc|  + | yi - yc| )g

Within  the buffer  region, the  funct ion  is  the ra t io of a  constant ,  k ,
t im es the radiu s of the bu ffer , B, r a ised to another  constan t  (g-f),
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divided by the difference between  the dia meter  of the cir cle (2B) and
the Man ha t tan  distance, MD ij, ra ised to a const an t, g.  This is a non-
linear funct ion .

B. If the Man ha t tan  distance, MD ij, is grea ter  than  a  specified buffer
zone radius, B, then

          T
P ij  =  A {k [ N / (| xi - xc|  + | yi - yc| )f } (10.16)
         c=1

where P ij is t he r esu lt an t  of offender  in ter action  for  gr id cell, i, and
in ciden t  loca t ion , j; c is  the in ciden t  number , summin g t o T; N = 1; k  is
an  empir ica lly det ermined const an t  (the sa me as in  equa t ion  10.15
above); an d f is a n  em pir ically deter mined exponen t  (th e same a s in
equa t ion  10.15 above).

Again , the Gr eek  let t er , A, indicates tha t  the r esu lt s for  each gr id cell-
inciden t  distance, MD ij, a re m ult iplied t ogether  across a ll inciden t s, c. 
This equat ion r educes to

           T
P ij  =   A { k [ 1/(| xi - xc|  + | yi - yc| )f } (10.17)
          c=1

           T k
P ij  =   A { -------------------------------- } (10.18)
          c=1 (| xi - xc|  + | yi - yc| )f

Outside of the buffer  region , th e funct ion  is a const an t , k, divided by
the dista nce, MD ij, r a ised to an  exponent , f.  It  is  an  in verse dis t ance
funct ion  and d rops off r ap id ly with  d is tance

4. F ina lly, for  each  grid cell, i, the funct ions evalu a ted in s t ep 3 above ar e
sum med over all incidents.

For  bot h  the ‘wit h in  bu ffer  zon e’ (near  to home ba se) and ‘out side bu ffer  zon e’ (far
from home base) functions, t he coefficien t , k, a nd exponen ts, f and g, a re em pir ically
deter mined.  Though  he doesn ’t  discuss h ow these a re calcula ted, they a re presumably
est imated from a  sa mple of known offender  locat ions wher e t he dist ance to ea ch in ciden t  is
known (e.g., ar res t  records ).  

Th e r esu lt  is a  su r face m odel in dica t ing a  likelih ood of th e offender  res idin g a t  tha t
loca t ion.  H e describes it  as a  pr obabilit y su r face, bu t  it  is a ctu a lly a  density su r face.  S ince
the pr obability of int eract ion  between  any one grid cell, i, and a ny one inciden t , j, cannot  be
grea ter  than  1, the su r face actua lly ind ica tes  the p roduct  of ind ividua l likelihoods tha t  the
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offender  uses t ha t  locat ion  as t he home base. To be a n  actu a l pr obability function, it  would
have to be re-sca led so tha t  the su m of the grid cells was equa l to 1.

The second function - ‘out side t he bu ffer  zone’ (equa t ion  10.16) is a  class ic gravity
funct ion , s imila r  to equa t ion  10.5 excep t  there is  no a t t r act ion  defin it ion .  It  is  the d is tance
decay par t  of the gravity function.  The firs t  fun ction, equ a t ion  10.13, is  an  increasin g
curvilinea r  funct ion  designed  to model the area  of decrea sed a ct ivity near  the offender ’s
home bas e.

S tr en gt h s a n d  w ea k n esses of th e Ros sm o m od el

The Rossmo model h as both  st rengt hs and weaknesses.  F ir st , t he model h as some
theoret ica l basis  u t ilizin g t he Br an t in gh am and Br an t in gh am (1981) framework for  an
offender sear ch  ar ea a s well as  the ma themat ics of the gravity model an d dist inguish es two
types of t r avel beha vior  - near  to home and far ther  from home.  Second, th e model does
represen t  a  sys temat ic a pproach  towards iden t ifyin g a  likely home base loca t ion  for  an
offender .  By eva lua t ing each  gr id  cell in  the s tudy a rea , an  independen t  es t imate of the
likelihood is  obta ined, wh ich can  then  be in tegra ted in to a cont inuous  su r face wit h  an
int erpola t ion  gra ph ics r ou t ine.

Th er e a re problems with  the par t icula r  formula t ion, h owever .  Fir st , the exclusive
use of Manha t tan  dis t ances is  quest ion able.  Unless the study a rea  has a  st reet  network
tha t  follows a  un iform grid, measu r ing dist ances h or izonta lly and vert ica lly can  lead to
overes t ima t ion  of t r avel d is t ances ; fu r ther , t he more the layou t  differ s  from a  nor th -sou th
and east -west  orien ta t ion, t he gr ea ter  the dist ort ion.  S ince many urba n  area s do not  have
a  un iform grid st reet  layout , th e method will necessa r ily lead  to overes t ima t ion  of t r avel
dista nces in places where there ar e diagona l or irr egular  str eets.1

Second, t he u se  of a  pr oduct t er m, A, complica tes  the mathemat ics .  Tha t  is , the
technique eva lua tes t he dist ance from a  pa r t icu lar  grid cell, i, to a  pa r t icu lar  inciden t
loca t ion , j.  It t hen  m ultiplies th is result by all oth er results.  Since the P values are
actua lly den sit ies, which  can  be grea ter  than  1.0, the pr ocess, if st r ict ly applied, would be a
compoun ding of pr obabilit ies with  overes t ima t ion  of the likelihood for  grid cells close t o
inciden t  loca t ions  and underes t imat ion  of the likelihood  for  gr id  cells  fa r ther  away.  In  the
descript ion  of the method, however, Rossm o actua lly ment ions su mming the terms.  Thu s,
the subst itu t ion of a summat ion s ign , G, for t he product sign would help th e mat hema tics.

A th ir d problem is  in  the dis t ance decay fu nct ion  (equa t ion  10.16).  The use of an
inver se  dis t ance ter m has p roblems a s t he dist ance bet ween  the gr id cell loca t ion, i, a nd
the inciden t  loca t ion , j, decreases.  For  some t ypes of cr imes , th ere will be lit t le or  no buffer
zone aroun d t he offender ’s h ome ba se (e.g., ra pes by acqua in tances).  Consequ en t ly, the
buffer  zon e radiu s, B, would  approach  0.  H owever , t h is  would  cause the model t o become
unst able s ince the inver se  dis t ance ter m will a pp roach  infinit y. 

Four th , the u se of a  mathem at ical function to descr ibe t he dist ance decay, while
easy t o defin e, probably oversim plifies actua l t r avel behavior .  A m athemat ica l fu nct ion  to
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describe dist ance decay is an  appr oximat ion  to actua l tr avel beha vior .  It a ssu mes t ha t
t ravel is equa lly likely in  each direction , tha t  t r avel dis t ance is un iformly easy (or  difficult )
in  each  dir ect ion , a nd tha t , s im ila r ly, oppor tun it ies a re un ifor mly dis t r ibu ted.  F or  most
urban  areas, these condit ions would not  be tr ue.  Few cit ies form a  per fect  grid (Salt  Lak e
Cit y is, of cou rse, a n  except ion ), t hough  most  cit ies have sect ion s tha t  a re gr ided.  Both
ph ysica l geogra ph y limit  t r avel in cert a in d irections a s does the h istor ica l st r eet  st ructure,
which  is  often  der ived from ear lier  communit ies.  A m athemat ica l fu nct ion  does not
consider th is str uctu re, but  ra th er assu mes th at  th e ‘impedance’ in a ll directions is
un iform.  

This  la t t er  cr it icism, of cou rse, would  be t rue for  a ll mathemat ica l for mula t ion s of
t ravel dis t ance.  There a re cor rections t ha t  can  be m ade to adjus t  for  th is.  F or exa mple, in
the u rba n  t ravel dem and t ype model, t r ip d ist r ibu t ion bet ween  loca t ions  is est imated by a
gr avity m odel, bu t  then  the dis t r ibu ted t r ips a re const ra in ed by, fir st , t he tota l n umber  of
t r ips  in  the r egion (est imated sepa ra tely), second , by mode of t r avel (bus v. s ingle dr iver  v.
dr ivers plu s passengers v. wa lk , et c.), and, t h ir d, by t he route st ructure upon which  the
t r ips a re event ua lly assigned (Kru eckeber g an d Silvers, 1974;  St oph er  and Meybur g, 1975;
Field an d Ma cGregor , 1987).  Calibra t ion  a t  a ll st ages aga ins t  kn own da ta  set s en su res
tha t  the coefficien t s a nd exponen ts fit  ‘r ea l world ’ da ta  as closely as possible. It  would  take
these t ypes of modifica t ions t o make t he t r avel dist r ibut ion  type of model post u lat ed by
Rossmo and others be more rea list ic.

Fifth , th e model imposes m athemat ica l rigidity on  the da ta .  While th ere a re two
differen t  funct ions  tha t  cou ld  vary from p lace to p lace, the pa r t icu la r  type of d is tance decay
funct ion  migh t  a lso va ry.  Specifying a  s t r ict  form for  the two equa t ions  limit s  the
flexibilit y of a pplyin g t he model t o differen t  types of cr im e or  to pla ces where the dis t ance
decay does not  follow the form specified by Rossmo.

A sixth  problem is tha t opport un ities for comm itting crimes - th e att ra ctiveness of
loca t ions , a re never  measured .  Tha t  is , there is  no enumera t ion  of the oppor tun it ies  tha t
would  exis t  for  an  offender  nor  is  there an  a t t empt  to measure the s t rength  of th is
a t t r act ion .  Ins tead, th e sea rch  area  is inferr ed st r ict ly from the dist r ibut ion  of inciden t s.
Because t he dist r ibut ion  of offender  opport unities would be expected t o var y from place to
pla ce, t he model would  need to be  re-ca libra ted a t  each  loca t ion . In  th is  sense, both  the
Canter  model and m y journey to cr ime m odel (both  descr ibed below) also share t h is
weakn ess.  It  is un der st anda ble in  tha t  vict im/ta rget oppor tun ities a re difficu lt t o define a
priori sin ce they ca n  be in terpreted differen t ly by individua ls .  Never theless, a  more
complete theory of jou rney t o cr im e behavior  would  have to in corpora te some measure of
oppor tun it ies , a  poin t  t ha t  both  Bran t ingham and Bran t ingham (1981) and Renger t  (1981)
have ma de.

F in a lly, the ‘buffer  zon e’ concep t  is  bu t  one in terpreta t ion  of the tendency of many
cr imes  not  to be commit ted  close to the home loca t ion .  There a re other  in terp reta t ions  tha t
a re applicable.  F or  exa mple, t he dis t r ibu t ion  of cr im e oppor tun it ies is  often  not  close to the
home locat ion , either .  Many cr imes occur  in  commer cial a rea s.  In  most  Amer ican  cit ies,
residen t ial a reas a re not  loca ted in commercial a reas.  Thu s, there will usu a lly be a
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dis tance between  a  residen t ia l loca t ion  and a  nearby cr im e oppor tun it y.  Th is  does not
imply anyth ing about  a  ‘sa fety zone’ for  the offender  bu t , ins tead , may illus t ra te the
dis t r ibu t ion  of the oppor tun it ies.  If we could m ap t he t r avel dis t ance of, sa y, sh oppin g
t r ips , we would probably find a  sim ilar  dis t r ibu t ion  to th a t  seen  in  most  of journey to cr ime
st udies (and illu st ra ted below).  

The concept  of a  ‘bu ffer  zone’ is a  hypothesis, n ot a  cert a in ty.  The language of it  is
so appea ling t ha t  many people believe it  to be t rue.  But , t o demonst ra te the exis tence of a
‘buffer  zone’ would require in terviewing offender s (or  offender s wh o have been a r rest ed)
and dem onst ra t ing tha t  they did not commit crim es n ear  their r esiden ce even t hough t here
were opport un ities (i.e., th ey va lued  sa fety over oppor tun ity).  To my knowledge, there has
not  been a  st udy tha t  dem onst ra ted t h is yet. Otherwise, one cannot  dist ingu ish  between
the ‘buffer  zone’ hypothesis a nd t he dist r ibut ion  of available opport un ities.  They ma y very
well be t he same t h ing.

Ca n te r Mo de l

Canter ’s group in  Liverpool (Canter  and Tagg, 1975; Can ter  and La rkin , 1993;
Canter  and Snook, 1999; Ca nter , Coffey a nd Hunt ley, 2000) have modified the dis t ance
decay fu nct ion  for  journey t o cr im e t r ips by u sin g a  nega t ive exponent ia l t erm, instead of
the inver se dis t ance.  Their  Dragn et progr am uses the nega t ive exponent ia l fu nct ion

Y = " e (-$ Dij/ P) (10.19)

wh er e Y is the likelih ood of an  offender  t r avelin g a  certa in  dis t ance to comm it  a  crim e,, D ij

is t he dist ance (from  a  home ba se loca t ion t o an  inciden t  sit e), " is a n  a rbit ra ry const an t , $

is  the coefficien t  of the dis t ance (a nd, h ence, an  exponent  of e), P  is  a  normaliza t ion

const an t, and e is t he ba se of the n a tura l logar ithm.  The model is similar  to equa t ion  10.11

except , lik e Rossmo, it  does not  in clu de the a t t r act iveness of the loca t ion .

Us ing the logic tha t  most  cr imes  a re committ ed n ear  the offender ’s h ome bas e,
Ca nter , Coffey and H unt ley (2000) use a  five st ep pr ocess t o est imate a  sea rch s t ra tegy:

1. The st udy ar ea  is defined by a r ectangle tha t  is 20% lar ger in  a rea  than  tha t
defin ed by t he min im um and maximum X/Y poin t s.  A gr id  cell st ructure of
13, 300 cells is  im posed over  the rectangle.  E ach  gr id  cell is  a  reference
locat ion , i.

2. A decay coefficient  is selected.  In  equa t ion  10.19, th is would be th e

coefficien t , $, for  the dist ance ter m, D ij, both  of wh ich  are exponents of e . 

Un like Rossm o, Can ter  uses a  ser ies of decay coefficient s from 0.1 to 10 to
est im ate the sensit ivit y of t he model. The equa t ion  in dica tes the likelihood
wit h  which  any loca t ion  is  likely to be  the home base of the offender  based on
one inciden t . 
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3. Because d ifferen t  offender s  have d ifferen t  sea rch  a reas, t he measu red
dis tances for each cell a re divided by a  norm aliza t ion coefficien t , P , tha t
adjus t s a ll offenses t o a  compa rable ra nge.  Can ter  uses t wo differen t  types
of normaliza t ion  funct ion : 1) mean  int er -poin t  dist ance between  a ll offenses
(across a  group  of offenders ); and  2) the QRange, which  is  an  index tha t
t akes  int o account  asymmet ry in  the or ient a t ion  of the inciden t s.

4. For  each  reference cell, i, t he dis t ance between  each  gr id  cell and each
incident locat ion is evalua ted with  th e fun ction a nd t he sta nda rdized
likelihoods  a re summed to yield a n  est imate of locat ion  poten t ia l.

5. A search cost index is defined by the pr oport ion  of the st udy ar ea  tha t  has t o
be sear ched to find t he offender.  By ca libra t ing th e model agains t  kn own
cases, an  est ima te of sea rch  efficiency is obta ined .

Addit iona l mod ifica t ions can  be added  to the funct ions to make them more flexible
(Can ter , Coffey and Hun t ley, 2000).  For  example, ‘s t eps’ a r e d is t ances  nea r  t o home where
offender s  a re not  likely to act  wh ile ‘p la t eaus’ a r e const an t  dis t ances  nea r  t o home where
there is  the h ighest  likelihood of act in g.  For  exa mple, Canter  and Larkin  (1993) found an
area  a round ser ial offender s’ homes of about  0.61 mile in  radius with in wh ich  they were
less likely to comm it crimes.

Ca nter  and Snook (1999) pr ovide es t imates  of the sea rch cost  (or  efficiency)
associat ed with  var ious dist ance coefficient s.  For example, with  the kn own home bas e
loca t ions  of 32 burgla r s, a  $ of 1.0 yielded a m ean  sea rch  cost  of 18.06%; tha t  is, on  avera ge,
only 18.06% of th e study a rea  had t o be sea rched  to find t he loca t ion  of 32 bu rglar s in  the
ca libra t ion  sample.  Clear ly, for  some of them, a  la rger  a rea  had to be  searched while for
others a  smaller  a rea ; the average was 18.06%.  Conversely, t he mean  search  cost  in dex for
24 r apis t s was 21.10% and for  37 m urderer s 28.28%.  They fur ther  explored the m argina l
increase in  loca t ing offender s  by increasing the percen tage of t he s tudy a rea  tha t  had to be
sea rched.  They found for  their t h ree sa mples (burgla ry, rape, homicide) th a t  more than
ha lf the offender s could be loca ted with in 15% of the area  sea rched.

The Ca nter  model is differen t  from the Rossmo model is tha t  it  suggest s a  sea rch
st ra tegy by t he police for  a  ser ia l offender  ra ther  than  a  pa r t icula r  loca t ion.  Th e st ren gth
of it  is  to indica t e how na r row an  a rea  the police shou ld  concen t r a t e on  in  order  t o op timize
find ing an  offender .  Clea r ly, in  most  cases , only a  sm all a rea  needs be sea rched. 

S tr en gt h s a n d  w ea k n esses of th e Ca n ter  m od el

The model h as both  st rengt hs and weaknesses.  F ir st , t he model provides a  sea rch
st ra tegy for  law en forcemen t .  By exa min ing wh at  type of fun ction  bes t  fits  a  cert a in  type
of cr ime, police can  ta rget t heir search  effor t s m ore efficient ly.  The m odel is rela t ively easy
to implemen t  and is pr act ica l.  Second, th e mathemat ica l formulat ion  is st able.  Un like the
inver se dist ance funct ion  in t he Rossm o model, equa t ion  10.19 will not  have problems
associa ted wit h  dis t ances tha t  a re close to 0.  Fur ther , t he model does provide a  sea rch
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st ra tegy for  ident ifying an  offender .  It is a  useful tool for  law en forcement  officers,
pa r t icu lar ly as t hey frame a  sea rch  for  a  ser ial offender .

There are a lso weakn esses  to the model.  First , it  lacks a  theoret ica l bas is. Can ter ’s
resea rch h as p rovided a  grea t  dea l in  ter ms of underst andin g the activit y spaces of ser ia l
offender s (Can ter  and La rkin , 1993; Can ter  and Gr egory, 1994; Can ter , 1994; Hodge an d
Canter , 2000).  H owever , t he empir ica l m odel u sed is  st r ict ly pragm at ic.  Second,
mathemat ica lly, it  imposes t he negat ive exponent ial funct ion  with out  consider ing other
dist ance decay models.    In t he Dragn et pr ogra m, th e decay funct ion  is a s t r ing of 20
number s so th a t , in theory, a ny function can  be explored.  However , the defau lt  is a
nega t ive exponent ia l. The nega t ive exponent ia l h as been  used in  many t ravel behavior
studies (Foot , 1981; Bossard, 1993), bu t  it  does not  a lways  produce the best  fit .  La ter  on,
I’ll sh ow exam ples of t r avel beha vior  which  sh ow a  dist inctly non-monotonic funct ion , even
beyond a  home bas e ‘buffer  zone’.  While the model can  be adapt ed t o be more flexible by
differen t  exponents and in clu din g s teps and pla teaus, for  exa mple, it  is  st ill t ied to the
nega t ive exponen t ia l form . Thus, t he m odel might  work in  some loca t ions, bu t  may fa il in
others ; a u ser  can’t  eas ily adjust  the model to make it  fit n ew da ta .

Th ird, t he coefficien t  of the n ega t ive exponent ia l, ",  is defined ar bitr ar ily.  In t he
Dragn et pr ogra m, it  is usua lly set  as 0.5.  While th is ensu res t ha t  the resu lt n ever exceed
1.0 for  any one inciden t , there is  a  limit  on  the loca t ion  poten t ia l summat ion  s ince the tota l
poten t ia l is a  fun ction  of the n umber  of inciden t s (i.e., it  will be h igher  for  more inciden t s). 
Thus, the use of " ends u p being a rbitr a ry.  It  would have been bet t er  if the coefficient
were ca libra ted a gainst  a  kn own sa mple.

Four th , a nd fin a lly, a lso sim ila r  to the Rossmo model (a nd to my J tc model below),
cr imina l oppor tun it ies  (or  a t t r act ions ) a re never  measured , bu t  a re in fer red  from the
pa t t er n  of crim e inciden t s. As a  pr agmat ic tool for in forming a  police sea rch, one could
argue t ha t  th is is not im port an t .  However , in  a  differen t  loca t ion , th e dist ance coefficient
is liable to differ  as is t he sea rch  cost  index.  It  would need t o be re-ca libra ted ea ch  t ime.

Never theless, t he Ca nter  model is a  useful t ool for police depar tmen t  and can  help
shape a  sea rch  st ra tegy.  I t  is  differen t  from the other  loca t ion  models  in  tha t  it  is  not
focused  so much  on  the bes t  p red ict ion  for  a  loca t ion  of an  offender  (though  the summat ion
discussed a bove in  st ep 4 can  yield tha t ) as it  does in  defin ing where the sea rch  sh ould be
optimized.

Ge o gra ph ic  P ro fi li ng

J ourney t o cr im e est im at ion  should  be dis t in gu ished from geographical profiling. 
Geograph ical profiling involves u nderst andin g the geogra ph ical sea rch pa t t er n  of crim ina ls
in  rela t ion  to the spa t ia l d is t r ibu t ion  of poten t ia l offenders  and poten t ia l t a rget s , the
awa ren ess spa ces of poten t ia l offen ders in cluding the labelin g of ‘good’ ta rget s a nd cr ime
areas, a nd the in terchange of in format ion  between  poten t ia l offenders who may m odify
their  awareness space (Br an t in gh am and Br an t in gh am, 1981).  Accordin g t o Rossmo:
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 “...Geogra ph ic pr ofiling focuses on t he pr obable spa t ial behaviour  of the offender
with in  the con text  of the loca t ions  of, and  the spa t ia l r ela t ionsh ips between , the
var ious crime sites.  A psychologica l profile pr ovides in sight s in to an  offender ’s
likely mot iva t ion , beha viour  and lifest yle, an d is t herefore direct ly connected t o
h is/her  spa t ial act ivity.  Psychologica l an d geogra ph ic pr ofiles th us a ct  in t andem  to
help invest igators  develop a  picture of the per son  responsible for  the crim es in
qu est ion” (Rossmo, 1997).  

In  other words , geogra ph ic profiling is a framework for  un der st anding how an
offender  t r averses a n  a rea  in sea rch ing for  vict ims  or  t a rgets ; th is, of necessit y, involves
under st anding th e social environment  of an  a rea , th e way th a t  the offender  under st ands
th is environment  (the ‘cognit ive map’) as well as  the offender ’s m ot ives.

On  the oth er  hand, journey to cr ime es t imat ion  follows a  much s impler  logic
in volving t he dis t ance dim ension  of the spa t ia l pa t t ern in g of a  cr im in a l. It  is  a  method
a imed  a t  est ima t ing the dist ance tha t  ser ial offender s will t r avel to commit a  cr ime a nd, by
implicat ion, the likely locat ion from which t hey star ted th eir crime ‘tr ip’.  In short,  it  is a
st r ict ly st a t ist ica l appr oach  to est ima t ing the residen t ial whereabouts of an  offender
compa red to un dersta nding the dyna mics of serial offenders.  

It  remain s an  empir ica l quest ion  whether  a  conceptua l fr amework, such  as
geographic profiling, can predict  bet ter  than a  s t r ict ly s ta t is t ica l framework. 
Underst andin g of a phen omena , su ch a s ser ia l murders, ser ia l rapis t s, a nd so fort h , is a n
impor tan t  r esea rch  a rea .  We seek  more than  jus t  st a t is t ica l p red ict ion  in  bu ild ing a
kn owledge base.  H owever, it doesn ’t  necessa r ily follow tha t  under st anding produces bet t er
pr edictions.  In  many area s of human activit y, st r ictly st a t ist ical m odels a re bet t er  in
predict in g t han  expla na tory m odels .  I  will r etu rn  to th is  poin t  la t er  in  the sect ion .

Th e  Cr i m eS t a t  J o u rn e y  to  Crim e  Ro u tin e

The journey to cr ime (J t c) rou t ine is a  diagnost ic designed  to a id police depa r tments
in  their  in vest iga t ion s of ser ia l offenders.  The a im  is  to est im ate the likelihood tha t  a
ser ial offender  lives at  any par t icu lar  loca t ion .  Using th e loca t ion  of inciden t s committ ed
by the ser ia l offen der , the program makes st a t ist ical guesses a t  wh er e t he offender  is lia ble
to live, based on the sim ila r it y in  t r avel pa t t erns to a  known sample of ser ia l offenders for
the sa me type of cr ime.  The J tc rou t ine bu ilds on  the Rossm o (1993a; 1993b; 1995)
fra mework , bu t  ext en ds  it s m odelin g capabilit y.

1. A grid is over laid on t op of the st udy ar ea .  This grid can  be eith er  impor ted
or can  be gener a ted by Crim eS tat (see cha pter 2).  The grid represents t he
en t ire study a rea .  Un like Rossmo or  Canter  and Snook, ther e is n o opt imal
st udy ar ea .  The t echnique will model tha t  which  is defined.  Thu s, the user
has t o select  an  a rea  in telligen t ly.

2. The rout in e ca lcu la tes the dis t ance between  each  in ciden t  loca t ion
commit ted by a  ser ia l offender  (or  gr oup of offenders workin g t ogether ) and
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each  cell, defined by th e cen t roid of the cell.  Rossm o (1993a; 1995) used
indir ect  (Manha t tan) dist ances.  However , th is would be a ppropr ia te only
when a  city fa lls on  a  un iform grid.  The J tc rou t ine a llows  both  d irect  and
in dir ect  dis t ances.  In  most  cases, d ir ect  dis t ances would  be the most
appropr ia te choice a s a  police depar tmen t  would  norm ally locat e origin  and
dest ina t ion  loca t ions r a ther  than  pa r t icu lar  rou tes t ha t  a re taken  (see
below).

3. A d is t ance decay funct ion  is  applied  to each  gr id  cell-inciden t  pa ir  and sums
the va lues over  a ll inciden t s. Th e u ser  has a  choice wh et her  to model t he
t ravel dist ance by a m athemat ica l funct ion  or  an  empir ica lly-der ived
funct ion .

4. The r esu ltan t  of the dist ance decay function for  each gr id cell-inciden t  pa ir
a re summed over  a ll inciden ts t o produce a lik elihood (or  densit y) est imate
for  ea ch gr id cell.  

5. In  both  cases, t he progr am output s the two resu lt s: 1) the gr id  cell which  has
the pea k likelih ood est imate; and 2) th e likelih ood est imate for  ever y cell. 
The la t t er  ou tpu t  can  be saved  as a  S urfer® for Windows ‘dat ’, ArcView
S pat ial Analyst© ‘asc’, ASCII  ‘grd’, ArcView ® ‘.sh p’, MapIn fo® ‘.m if’ ,
Atlas*GIS ™ ‘.bn a’ file or  as a n  Ascii grid  ‘grd’ file wh ich can  be r ea d by many
GIS packa ges (e.g., AR C/ IN FO®, Vertical Mapper©). These files can  a lso be
rea d by oth er  GIS packa ges (e.g., Mapt itude).

F igure 10.1 shows t he logic of the r out ine a nd figure 10.2 shows t he J our ney t o
Crime (J tc) screen. There ar e two par ts t o th e rout ine.  First,  th ere is a calibrat ion m odel
wh ich is  used in  the em pir ically-der ived dis t ance function .  Second, t her e is  the J our ney t o
Cr ime (J tc) model it self in  which  the user  can  select  either  the a lready-ca libra ted  dis tance
fun ction  or t he m athem at ical function .  The em pir ically-der ived fun ction  is, by far , the
ea siest  to use and is , consequ en t ly, th e defau lt  choice in  Crim eS tat.  The discuss ion  of it  is
on  p. 35.  However , t he ma themat ica l funct ion  can  be used  if t here is  inadequa te dat a  t o
const ru ct a n empirical dista nce decay fun ction or if a pa rt icular  form  is desired.

D is ta n ce  Mo de lin g  Us in g  Ma th e m at ic al F u n ct io n s

We’ll s t a r t  by illus t ra t ing the use of the mathemat ica l funct ions  because th is  has
been the t r adit iona l way tha t  dist ance decay ha s been  exam ined.  The Crim eS tat J t c
rout ine a llows t he u ser  to define dist ance decay by a  mathem at ical function .  

P r ob ab ili ty  Di st an c e  Fu n c ti on s

The user  selects one of five probabilit y densit y d is t r ibu t ion s to defin e a  likelihood
tha t  the offender  has t r aveled a  par t icu la r  dis t ance to commit  a  cr im e.   The adva ntage of
having five fun ctions, a s opposed to on ly one, is t ha t  it  pr ovides m ore flexibility in
descr ibing t ravel beh avior .  The t ravel dis t ance dist r ibu t ion  followed  will vary by cr ime
type, t im e of day, method of 
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Journey to Crime Interpolation Routine

Primary file:
Crime locations

Reference grid

Travel demand function
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Journey to Crime ScreenFigure 10.2:
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opera t ion , and  numerous  other  va r iables .  The five funct ions  a llow an  approach  tha t  can
simulat e more accura tely t r avel beha vior  under  differen t  condit ions.  Ea ch  of these h as
parameter s tha t  can  be modified, a llowin g a  very la rge number  of possibilit ies for
descr ibin g t ravel behavior of a cr imina l.  

Figur e 10.3 illust ra tes th e five types.2  Defau lt  va lu es based on Ba lt im ore Cou nty
have been pr ovided for  each .  The user , however , can  change th ese a s n eeded.

Br iefly, th e five funct ions a re:

Li n ea r

The simplest  type of dist ance model is a linear  funct ion .  This m odel post u lat es t ha t
the likelihood of commit t in g a  cr im e a t  any par t icu la r  loca t ion  declines by a  constan t
amount  with  dist ance from the offender ’s h ome.  It is h ighest  near  the offender ’s h ome but
drops off by a  constan t  amount  for  each  un it  of dis t ance un t il it  fa lls to zero.  The form of
th e linear equat ion is:

f(d ij) = A +B*d ij (10.20)

where f(d i j)  is  the likelihood tha t  the offender  will com mit  a  cr im e a t  a  par t icu la r  loca t ion ,
i, defined h er e a s t he cen ter  of a  gr id cell, d i j is the dist ance between  the offender ’s
res idence and  loca t ion  i, A  is a  slope coefficien t  wh ich defines  the fall off in d ist ance, and B
is a  const an t .  It would be expected t ha t  the coefficient  B  would  have a  nega t ive sign  sin ce
the likelihood should  decline wit h  dis t ance.  The user  must  provide va lu es for  A  an d B . 
The defau lt  for  A is  1.9 and for  B is -0.06.  This  funct ion  assumes no bu ffer  zon e around the
offender ’s r esidence.  When  the fun ction rea ches  0 (th e X axis), th e r out ine au toma t ically
subst it u tes a  0 for  the funct ion .

Nega t i ve  Exponen t ia l

A sligh t ly more complex fun ction is t he nega t ive exponen t ia l.  In  th is t ype of model,
the likelih ood is  a lso h ighest  nea r  the offenders h ome and d rops off with  dis t ance. 
However, the decline is at a  const an t rate of decline, thus dr oppin g quickly nea r  the
offender ’s h ome unt il is a pp roaches  zer o likelihood.  The m athem at ical form of the n ega t ive
exponen t ia l is

       -B*d ij
f(d ij) = A*e (10.21)

where f(d ij) is t he likelihood t ha t  the offender  will commit  a  crim e a t  a  pa r t icula r  locat ion , i,
defined h er e a s t he cen ter  of a  gr id cell, d ij is  the dis t ance between  each  reference loca t ion
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Journey to Crime Travel Demand Functions
Five Mathematical Functions
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and each cr ime loca t ion, e  is t he ba se of the na tura l logar ithm, A is t he coefficien t  and B is

an  exponen t  of e .  The user  input s valu es for  A  - the coefficient , an d B - the exponent .  The

defau lt for  A is 1.89 and for  B is -0.06.  This fun ct ion  is similar  to the Can ter  model
(equa t ion  10.19) except  tha t  the coefficien t  is calibra ted.  Also, like t he linea r  fun ction, it
a ssu mes n o buffer  zone around t he offender ’s r esiden ce.

N or m a l

A norma l d is t ribu t ion  a ssumes  the peak  likelihood  is  at  some op tima l d is t ance from
the offender ’s h ome bas e.  Thus, the funct ion  r ises t o tha t  dist ance and t hen  declines .  The
ra te of increase pr ior  to th e opt imal dis t ance an d t he r a te of decrease from tha t  dis t ance is
sym met r ical in  both  dir ections.  Th e m athem at ical form is:

(d ij - Mean D)
Zij     = ------------------- (10.22)

         Sd

          1         -0.5*Zij
2

f(d ij) =   A *  -------------------- *  e (10.23)
 Sd* SQRT(2B)

where f(d ij) is t he likelih ood t ha t  the offender  will commit  a  crim e a t  a  pa r t icula r  loca t ion, i
(defined her e a s t he cen ter  of a  gr id cell), d ij is  the dis t ance between  each  reference loca t ion
and each cr ime loca t ion, Mea nD is  the m ea n  dis t ance inpu t  by t he u ser , Sd  is  the s tanda rd

devia t ion of dist ances, e  is the bas e of the na tura l logar ith m, an d A is a coefficient .  The

user  inpu t s va lues  for  Mea nD, S d , an d A.  The defau lt va lues  a re 4.2 for  the mean  dist ance,
Mea nD, 4.6 for  the s t anda rd devia t ion, S d , a nd 29.5 for  the coefficien t , A.

By carefu lly scaling the pa rameters of the model, th e normal dist r ibut ion  can  be
ada pt ed t o a  dist ance decay funct ion  with  an  increa sing likelihood for  near  dist ances a nd a
decreasin g lik elihood for  fa r  dis t ances.  F or  exa mple, by ch oosin g a  st andard devia t ion
grea ter  than  the mean  (e.g., MeanD = 1,S d  = 2), t he dis t r ibu t ion  will be skewed to the left
because t he left  t a il of the normal dist r ibut ion  is not eva lua ted.  The fun ct ion  becomes
similar t o th e model postu lated by Bran tingham  an d Bran tingham  (1981) in t ha t it  is a
sin gle funct ion  which  descr ibes t r avel behavior .

L og n or m a l

The lognorm al funct ion  is similar  to the normal except  it is m ore skewed, eith er  to
the left  or  to the r igh t .  It h as t he poten t ial of sh owing a  very rapid increa se n ear  the
offender ’s h ome bas e with  a  more gra du a l decline from a  loca t ion  of pea k likelihood (see
Figure 10.3).  It is a lso similar  to the Bra n t ingham and Bran t ingham (1981) model.  The
ma th emat ical form  of th e fun ction is:

1            -[ ln (d 2
ij) - M e a n D  ]2 / 2 *s d

2

f(d ij) =   A  * ----------------------------- *  e  (10.24)
d 2

ij * S d* S Q R T (2B)
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where f(d ij) is t he likelihood t ha t  the offender  will commit  a  crim e a t  a  pa r t icula r  locat ion , i,
defined h er e a s t he cen ter  of a  gr id cell, d ij is  the dis t ance between  each  reference loca t ion
and each cr ime loca t ion, Mea nD is  the m ea n  dis t ance inpu t  by t he u ser , Sd  is  the s tanda rd

devia t ion of dist ances, e  is the bas e of the na tura l logar ith m, an d A is a coefficient .  The

user  inpu t s Mea nD, S d  , and A.  The defau lt values a re 4.2 for  the mea n  distance, Mean D,
4.6 for t he s t anda rd devia t ion, S d , a nd 8.6 for  the coefficien t , A. They were ca lcu la ted from
the Ba lt im ore Cou nty da ta  (see table 10.3).

Trunca ted  Nega t i ve  Exponen t ia l

The t runca ted nega t ive exponent ia l is a  join ed funct ion  made up of two dis t in ct
mathem at ical functions - the lin ea r  and t he n ega t ive exponent ia l.  For t he n ea r  dis t ance, a
posit ive linea r  fun ction is defined, s t a r t ing at  zero likelihood for  dis t ance 0 and in creasin g
to dp , a  locat ion  of peak likelihood.  Th er eu pon, the fun ction follows a  nega t ive exponen t ia l,
declin ing qu ickly wit h  dis t ance.  The two mathem at ical functions m aking up t h is splin e
funct ion  a re

Linear : f(d ij) = 0 + B*d ij = B*d ij for  d ij $ 0, d ij# dp (10.25)

Nega t ive      -C*d ij

Exponen t ia l: f(d ij) = A*e for  Xi > dp (10.26)

where d ij is  the dis t ance from the home base, B is  the slope of the linear  funct ion  and for
the negat ive exponent ial funct ion  A is a coefficient  and C is an  exponent .  Since the
nega t ive exponent ia l only s t a r t s a t  a  pa r t icula r  dis t ance, dp , A, is a ssu med t o be th e
intercept if the Y-axis wer e t r ansposed t o tha t  dist ance.  Similar ly, th e slope of the linear
funct ion  is  es t imated  from the peak  dis tance, dp , by a  peak likelihood function. The defau lt
va lues  a re 0.4 for  the pea k dis t ance, dp , 13.8 for  the peak likelihood, a nd -0.2 for  the
exponent , C. Again , th ese wer e ca lcu lat ed with  Balt imore Coun ty dat a  (see t able 10.3)

This funct ion  is the closest  appr oximat ion  to the Rossm o model (equa t ions 10.13
and 10.16).  H owever , it  differ s in  severa l m athemat ica l proper t ies.  F ir st , t he ‘near  home
ba se’ fun ction  is lin ea r  (equa t ion 10.25), ra ther  than  a  non-linea r  fun ction  (equa t ion 10.13). 
It  assumes a  sim ple increase  in  t r avel likelih oods  by dist ance from t he h ome ba se, up t o
the edge of the sa fety zone.3  Second, t he dis t ance decay par t  of the funct ion  (equa t ion
10.26) is  a  nega t ive exponent ia l, ra ther  than  an  in verse dis t ance fu nct ion  (equa t ion  10.13);
consequ ent ly, it  is more st able when  dist ances a re very close t o zero (e.g., for  a  cr ime wh ere
ther e is  no ‘nea r  home ba se’ offset ).  

Calibrat ing  an  Appropr iate  Probabil ity  Distance  Funct ion

The mathemat ics  a re rela t ively st ra igh t forward.  H owever , h ow does one know
wh ich dist ance function to use?  The answer  is t o get  some da ta  and calibra te it .  It  is
impor tan t  to obta in  da ta  from a  sample of known offenders  where both  their  r es idence a t
the t ime t hey committ ed crimes a s well as  the cr ime loca t ions a re kn own.  This is ca lled
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the calibration  data set .  Each  of t he models  ar e then  t es t ed  aga inst  t he ca libra t ion  da t a
set  using an  appr oach  similar  to tha t  explained below.  An er ror  ana lysis is condu cted t o
det ermine wh ich of the models best  fits  the da ta . Fina lly, th e ‘best  fit’ model is used t o
est imate t he likelih ood t ha t  a  pa r t icula r  ser ia l offender  lives a t  any one loca t ion.  Th ough
the process is  t ediou s, on ce the parameter s a re ca lcu la ted they ca n  be used repea tedly for
predictions.

Because every ju r isdict ion  is  un ique in  t erms of t r avel pat t erns, it  is  impor t an t  t o
ca libra t e t he parameter s  for  t he par t icu la r  ju r isdict ion .  While t here may be some
sim ila r it ies between  cit ies (e.g., E astern  “cen t ra lized” cit ies v. Western  “au tomobile” cit ies),
there a re a lways  un ique t ravel pa t t erns defin ed by t he popula t ion  size, h is tor ica l r oad
pa t t ern , an d ph ysica l geogra ph y.  Consequ ent ly, it  is necessa ry to ca libra te the pa rameters
anew for  each n ew city.  Idea lly, th e sample sh ould be a  large en ough  so tha t  a  reliable
est im ate of the parameter s can  be obt a in ed.  F ur ther , t he ana lyst  should  check the er rors
in  each  of t he models  to ensu re tha t  t he bes t  choice is  used  for  t he J t c rou t ine.  However ,
once it  has been  completed, the paramet er s can  be r e-us ed for  many years a nd only
periodically re-checked.

Data S et  from Ba lt imore Cou nty

I’ll illust ra te with  da ta  from Balt imore Coun ty.  The s t eps in  ca libra t ing the J tc
par am eters were as follows:

1. 49,083 ma tched a r rest  and incident  records from 1992 t h rough 1997 wer e
obta in ed in  order  to provide da ta  on where the offender  lived in  rela t ion  to
th e crime locat ion for which t hey were ar rested.4 

2. The da ta  set  was checked to ensure tha t  there were X and Y coordin a tes for
both  the ar rest ed ind ividua l’s r esiden ce loca t ion  and t he cr ime incident
loca t ion  for  which  the individua l was  being charged.  The da ta  were clean ed
to elimina te du plica te records or en t r ies for  which  eith er  the offender ’s
residen ce or  the inciden t  loca t ion  were missing.  The fina l da ta  set  had
41,424 records.  There were many mu ltiple r ecords for  the sa me offender
sin ce an  individua l can  commit  more t han  one cr ime.  In  fact , more t han  ha lf
the records in volved ind ividua ls who were list ed two or  more t imes .   The
dist r ibut ion  of offender s by th e number  of offenses for  which  they were
charged is  seen  in  Table 10.1.  As would  be expected, a  small propor t ion  of
in dividua ls  account  for  a  sizeable propor t ion  of cr im es; approximately 30% of
the offender s in  the da tabase a ccounted for  56% of the inciden t s.

3. The da ta  wer e impor ted in to a spr ea dsheet , bu t  a  da taba se pr ogram could
equa lly have been u sed.  For  each  record, th e direct  dist ance between  the
ar rest ed individu a l’s r esidence and t he cr ime inciden t  loca t ion  was
ca lcu la ted.   Chapter  2 presen ted the formula s for  ca lcu la t in g dir ect
dist ances bet ween  two loca t ions a nd a re repea ted in en dn ote 5.5
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Ta ble  10 .1

Nu m be r o f Offen de rs  an d Offe n se s i n  Bal tim ore  Cou n ty : 1993-1997
Jou rney  to  Cr ime D atabase

Num ber  of      Number  of Pe rcent  o f Num ber  of Pe rcent  o f
Offense s      Ind iv id u als Offe n de rs Incide nts Incide nts

1 18,174    70.0%     18,174      43.9%
2   4,443    17.1%       8,886      21.5%
3   1,651      6.4%       4,953      12.0%
4      764      2.9%       3,056        7.4%
5      388      1.5%       1,940        4.7%
6-10      482      1.9%       3,383        8.2%
11-15        61      0.2%          757               1.8%
16-20        10    <0.0%          175        0.4%
21-25          3    <0.0%            67        0.2%
26-30          0    <0.0%              0        0.0%
30+          1    <0.0%            33      <0.0%

__________________________________________________________________
25,977      41,424

4. Th e r ecords  wer e sort ed in to sub-groups based on  differen t  types of cr imes. 
For  the Balt imore Coun ty example, eleven cat egor ies of cr ime incident  were
used.  Table 10.2 presen t s t he categories  wit h  their  respective sa mple sizes. 
Of course, ot her  sub-gr oups could  have been  iden t ified.  E ach  sub-gr oup was
sa ved as a  sepa ra te file.  The same r ecords  can  be par t  of mult iple  files (e.g.,
a  record could be included in  the ‘a ll robber ies’ file a s well a s in  the
‘commercial robber ies’ file).  All r ecords wer e included in  the ‘a ll cr imes ’ file.

5. For  each  type of cr ime, t he file was grouped in to dist ance int ervals of 0.25
miles each.  This involved t wo st eps.  F irs t , th e dist ance between  the
offender ’s r es idence and t he cr ime loca t ion was sort ed in  ascen din g order . 
Second, a frequ ency distr ibut ion  was condu cted on the dist ances a nd grouped
int o 0.25 mile in tervals (oft en  ca lled bins).  The degree of pr ecision in
dis tance would  depend on the size of the da ta  set .  F or  41,426 records,
quar ter  mile bins  were appr opr iat e.

6. For each t ype of crim e, a  new file was crea ted wh ich in cluded only t he
fr equency d is t ribu t ion  of t he d is t ances  broken  down  in to qua r t er  mile
dis tance inter va ls, d i.

7. In  order  to compa re differen t  types of cr imes , which  will have differen t
frequ en cy dist r ibu t ions , two new var iables  wer e crea ted.  Fir st , the
frequ en cy in  the in ter val wa s conver ted in to th e per cent age of a ll cr imes of in
ea ch in ter va l by dividin g the frequ en cy by the t ota l number  of inciden t s, N ,
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and mult ip lyin g by 100.  Second, t he dis t ance in terva l was adju sted.  Sin ce
the in ter val is a  range wit h  a  st a r t ing dis t ance an d a n  endin g

Ta ble  10 .2

Baltimore  Coun ty  Fi les  Used for Cal ibrat ion

Crime Type Sam ple S ize
All crimes 41,426
Homicide      137
Rape      444
Assau lt    8,045
Robbery (a ll)   3,787
Commer cial r obber y   1,193
Ba nk robber y      176
Burgla ry   4,694
Motor  veh icle t heft    2,548
La rceny 19,806
Arson       338

dis tance but  has been  iden t ified by sprea dsheet  pr ogram as t he begin n ing
dis tance on ly, a small fr action, represen t ing the m idpoin t  of the in ter val, is
added  to the dist ance int erval.  In our  case, since each in terval is 0.25 miles
wide, t he adju stment  is  ha lf of t h is , 0.125.  E ach  new file, t herefore, h ad four
va r ia bles: the in terva l d is t ance, t he adju sted in terva l d is t ance, t he frequency
of in ciden t s wit h in  the in terva l (t he number  of cases fa llin g in to the
in ter val), and t he per cent age of a ll cr imes of tha t  type with in  the in ter val.

8. Us ing the regression  pr ogra m in t he cr ime t ravel dem and m odel (see chapt er
12), a  ser ies of regr ession  equa t ion s was set  up to model t he frequency (or
th e percent age) as a  fun ction of dista nce.  In th is case, I used our  rout ines,
but other st at istical packa ges could equa lly ha ve been u sed.  Again, becau se
compa r isons bet ween  differen t  types of cr imes wer e of in ter es t , the
per centage of cr imes  (by type) with in a n  int erval was u sed a s t he depen den t
var iable (and wa s defined a s a  per centage, i.e., 11.51% was r ecorded a s
11.51).  Five equa t ions t est ing each  of the five models wer e set  up.

Li n ea r

For  the linear  funct ion , the t es t  was

Pct i = A + Bd i (10.27)
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where Pct i is t he per centage of a ll crim es of tha t  type fallin g in to int er va l i, d i

is  the dis t ance for  in terva l i, A is the in tercept , a nd B is  the slope.  A a nd B
are es t imated dir ect ly from the r egr ession  equ a t ion.  

Nega t i ve  Exponen t ia l

For  the negat ive exponent ial funct ion , th e var iables h ave to be tr ansformed
to est imate t he paramet er s.   Th e fun ction is

         -B*d i

Pct i = A * e (10.28)

A new va r ia ble is  defin ed which  is  the na tura l loga r it hm of the percen tage of
a ll crim es of tha t  type fallin g in to th e in ter va l, ln (Pct i).  This t erm was t hen
regr essed a ga inst  the dist ance inter va l, d i.

ln (Pct i) = K - B*d i (10.29)

However , s in ce the or igin a l equa t ion  has been  t ransformed in to a  log
funct ion , B is  the coefficien t  and A can  be ca lcu la ted dir ect ly from

ln (Pct i) = ln (A) - B*d i (10.30)

A = eK
 (10.31)

If the percen tage in  any bin  was 0 (i.e., Pct i = 0), th en a  value of -16 was
taken  since the na tura l logar ith m of 0 cannot  be solved (it  appr oximates -16
as the percen tage approaches 0.0000001).

N or m a l

For  the normal funct ion , a m ore complex tr ansformat ion  must  be used.  The
norm al function in  the m odel is

1          -0.5*Zij
2

Pct i  =    A *  ----------------------- *  e (10.32)
 Sd* SQRT(2B)

First , a st an dar dized Z  var iable for t he dist ance, d i, is crea ted

(d i - Mean D)
Zi  = ------------------- (10.33)

         Sd

where Mean D is th e mean  dista nce and S d  is  the st andard devia t ion  of
dist ance.  These a re ca lcu lat ed from t he or igina l da ta  file (before crea t ing the
file of frequen cy dis t r ibu t ions).  Second, a  norm al t r ansform at ion  of Z is
const ruct ed  with
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1         -0.5*Zij
2

Normal(Zi) =   -------------------- *  e (10.34)
  Sd* SQRT(2B)

F ina lly, th e norm alized va r iable is  regressed a gainst  the per cent age of a ll
crim es of tha t  type fallin g in to th e in ter va l, Pct i wit h  no cons tan t

Pct i = A* Normal(Zi) (10.35)

A is est ima ted by th e regression  coefficient .

L og n or m a l

For t he lognorm al fun ction , anoth er  complex t ransformat ion m ust  be done. 
The lognormal fu nct ion  for  the percen tage of a ll cr im es of a  type for  a
pa r t icula r  dis t ance int er val is

1            -[ln (d2
i) - MeanD ]2 / 2 *Sd

2

P ct i =         A * -------------------------- * e (10.36)
  d2

ij * Sd* SQRT(2B)

The t ransformat ion  can  be crea ted in s t eps.  F irs t , crea te L

L   =    ln (d i
2) (10.37)

Second, crea te M

M  = (l - Mean D)2 (10.38)

Third , crea te O

m
O =   --------- (10.39)
        (2*S d

2)

Four th , crea te P  by r a isin g e  to the O t h  power .

P  = eO
(10.40)

Fift h , cr ea te the lognormal con version , Lnormal

1       
Lnormal(d i) =  A  * -----------------------------  * P (10.41)

  d2
ij * Sd* SQRT(2B)

F ina lly, th e lognormal var iable is  regressed a gainst  the per cent age of a ll
cr im es of tha t  type fa llin g in to the in terva l, Pct i wit h  no cons tan t
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Pct i = A* Lnormal(d i) (10.42)

A is est ima ted with  the regression  coefficient .

Trunca ted  Nega t i ve  Exponen t ia l

For t he t runcat ed nega t ive exponent ia l fun ction , two models  wer e set  up. 
The fir st  applied to the dis t ance range from 0 to the dis t ance a t  which  the
percentage (or  frequ en cy) is h ighest , Ma xd i.  The second a pp lied t o all
dis t ances gr ea ter  than  th is  dis t ance

Linear : Pct i = A + Bd i for  d ij $ 0, d ij# Ma xd ij (10.43)

Nega t ive -C*di

Exponen t ia l:  Pct i = A*e for  d ij> Maxd ij (10.44)

To use t h is funct ion , th e user  specifies the dist ance a t  which  the pea k
likelih ood occurs, d p  (the peak  d istance) and  the va lue for  tha t  peak
likelihood, P (th e peak  likelihood ).  For  the n ega t ive exponent ia l fun ction , the
user  specifies t he exponent , C.  

In  order  to splice the two equa t ions t ogeth er  (the spline), th e Crim eS tat
t runca ted nega t ive exponent ia l r out in e st a r t s the linear  equa t ion  a t  the
origin and ends it  a t t he highest value.  Thus,

A = 0 (10.45)

B = P/dp (10.46)

where P is the peak likelihood an d dp  is the pea k d istance.

The exponent , C, can  be est ima ted by tr ansforming the depen den t  var iable,
Pct i, as in  the n ega t ive exponent ia l above (equa t ion 10.28) an d r egr essin g the
na tura l log of the percen tage (ln (Pct i) aga inst  the dist ance inter va l, d i, only
for  those in terva ls  tha t  are grea ter  than  the peak  dis tance.  I have found  tha t
est imat ing the t r ansform ed equ a t ion  wit h  a  coefficien t , A in

           -C*d i

Pct i = A  *  e (10.47)

ln (Pct i) = Ln(A) - C*d i (10.48)

gives a  bet t er  fit  to th e equ a t ion .  However , the u ser  need  only inpu t  the
exponent , C, in  the J t c rou t ine a s t he coefficien t , A, of the n ega t ive
exponent ia l is ca lcu la ted in terna lly t o produce a  dis t ance va lu e a t  which  the
peak likelihood occur s.  Th e formula  is:
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         ln(P) + C*(dp  - d i)

A = e (10.49)

wh er e P  is t he pea k likelih ood, d p  is t he dist ance for t he pea k likelihood, C is
an  exponent  (assu med to be positive) an d d i is  the dis t ance in terva l for  the
h is togram.

9. Once the pa rameters for  the five models h ave been est ima ted, th ey can  be
compared to see which  one is  best  a t  predict in g t he t r avel behavior  for  a
pa r t icu lar  type of cr ime.  It  is to be expected t ha t  differen t  types of cr imes
will have d ifferen t  op tima l models  and tha t  t he parameter s  will a lso va ry.

Exam ples from B alt imore  County

Let ’s illu st ra te wit h  the Ba lt im ore Cou nty da ta .  F igure 10.4 shows the frequency
dist r ibut ion  for  a ll types of cr ime in  Balt imore Coun ty.  As can  be seen , at  the nearest
dis t ance in terva l (0 to 0.25 miles wit h  an  assigned ‘adjusted’ midpoin t  of 0.125 miles),
about  6.9% of a ll cr imes  occur  with in a  qua r ter  mile of the offender ’s r esiden ce (it can  be
seen  on  the Y-axis).  However, for  the next in terval (0.25 to 0.50 miles with  an  assigned
midpoint  of 0.375 m iles), alm ost  10% of a ll crim es occur  a t  tha t  dis t ance (9.8%). In
su bsequ ent  int ervals, however, t he per centage decreases, a  lit t le less t han  6% for  0.50 to
0.75 m iles (wit h  the m idpoin t  bein g 0.625 m iles), a  lit t le more t han  4% for 0.75 to 1 mile
(th e m idpoint  is 0.875 miles), an d so fort h .  

The bes t  fit t ing st a t ist ical function wa s t he nega t ive exponen t ia l.  The par t icula r
equ a t ion  is

  -0.229*d i
Pct i = 5.575 *e (10.50)

This is shown with  the solid line.  As can  be seen , th e fit is good for  most  of the dist ances,
though  it  underest imates a t  close t o zer o dist ance an d overest imates from about  a  ha lf mile
to about  four  miles.  There is  only sligh t  evidence of decreased act ivit y n ear  to the loca t ion
of the offender . 

However , the dist r ibu t ion va r ies  by t ype of crim e.  Wit h  the Ba lt imore County da ta ,
pr oper ty cr imes , in  gener a l, occur  fa r ther  away th an  per sona l cr imes .  The t runca ted
nega t ive exponent ia l genera lly fit  proper ty cr im es bet t er , lendin g suppor t  for  the
Bran t ingham and  Bran t ingham (1981) framework  for  these types .  For  example, la rceny
offender s h ave a definite sa fety zone around t heir r esidence (figure 10.5).  Fewer  than  2%
of la rceny thefts occur  wit h in  a  qu ar ter  mile of the offender ’s r es idence.  However , the
percentage jumps  to about  4.5% from a  qu ar ter  mile t o a h a lf.  The t runcat ed nega t ive
exponen t ia l funct ion  fit s  t he dat a  r easonably well t hough  it  overes t ima tes  from abou t  1 to
3 miles and u nderest imat es from a bout  4 to12 miles.
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Journey to Crime Distances: All Crimes
Negative Exponential Distribution
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Journey to Crime Distances: Larceny
Truncated Negative Exponential Function

Figure 10.5:

0
5

10
15

20
25

5.0%

4.0%

3.0%

2.0%

1.0%

0.0%

Pe
rc

en
t o

f a
ll 

la
rc

en
y 

th
ef

ts

Distance from offender's home (miles)

Number of trips for distance bin

Fitted function

Truncated negative exponential

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



10.34

Similar ly, motor vehicle theft s sh ow decrea sed a ct ivity near  the offender ’s r esiden t ,
though  it  is  less pronounced than  la rceny t heft .  F igure 10.6 shows the dis t r ibu t ion  of
motor  veh icle theft s and the t runca ted nega t ive exponent ia l fu nct ion  which  was fit  to the
da ta .  As can  be seen , the fit is  rea sonably good though  it  t en ds  to un derest imate m iddle
range dis t ances  (approxim ately 3-12 miles).

Some types of cr im e, on  the other  hand, a re very d ifficu lt  to fit .  F igure 10.7 shows
the dist r ibut ion  of bank r obber ies.  Pa r t ly because t here were a  limited  number  of cases
(N=176) and par t ly because it ’s a  complex pa t t er n , the t runcat ed nega t ive exponent ia l gave
the best  fit, bu t  not  a  pa r t icu lar ly good one.  As can  be seen , th e linear  (‘near  home’)
funct ion  underes t ima tes  some of t he nea r  dis t ance likelihoods wh ile t he nega t ive
exponent ia l dr ops off too quickly; in  fact , to ma ke t h is function  even  pla usible, t he
regr ession  wa s r un  only u p t o 21 miles  (other wise, it  underest imated even  more). 

For  some cr im es, it  was very d ifficu lt  to fit  any s in gle funct ion .  F igure 10.8 shows
the frequency distr ibut ion  of 137 homicides wit h  th ree funct ions being fit t ed t o the da ta  -
the t runca ted nega t ive exponent ia l, the lognormal, and the normal.  As can  be seen  each
fun ction fit s only some of the da ta , bu t  not a ll of it .

Test ing  for  Res idual  Errors  in  the  Model

In  shor t , t he five mathemat ica l fu nct ion s a llow a  user  to fit  a  va r iety of dis t ance
decay dist r ibut ions. Ea ch  of the models will pr edict  some pa r t s of the dist r ibut ion  bet t er
than  others.  Consequent ly, it  is  im por tan t  to conduct  an  er ror  ana lysis  to determin e which
model is ‘best’.  In an  error an alysis, th e residua l error is defined as 

Residu a l er ror  =   Yi - E(Yi) (10.51)

where Yi is  the observed (actua l) lik elihood for  dis t ance i and E(Yi) is  the likelihood
pr edicted by th e model.  If raw numbers of inciden t s a re used, t hen  the likelihoods a re the
number  of inciden t s for  a  pa r t icula r  dis t ance.  If the number  of inciden t s a re conver ted in to
propor t ion s (i.e., probabilit ies), t hen  the likelihoods a re the propor t ion s of in ciden t s for  a
pa r t icula r  dis t ance. 

The choice of ‘best  model’ will depen d on what  pa r t  of the dist r ibut ion  is consider ed
most  im por tan t .  F igure 10.9, for  exa mple, shows the residua l er rors on veh icle theft  for
the five fit t ed models.  Th a t  is, ea ch of the five models was fit  to th e propor t ion  of veh icle
theft s by dis t ance in terva ls  (as expla in ed above).  F or  each  dis t ance, t he discrepancy
between  the actua l percentage of vehicle th eft s in  tha t  int erval and t he pr edicted
percen tage was calcu la ted. If there was a  per fect  fit , t hen  the discrepancy (or  residua l) was
0%.  If the actua l percentage was  grea ter  than  the pr edicted (i.e., th e model
under est ima ted), then  the residu a l was  positive; if the actua l was  sm aller t han  the
pr edicted (i.e., t he m odel overest imated), th en  the r es idu a l wa s n ega t ive.  
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Journey to Crime Distances: Vehicle Theft
Truncated Negative Exponential Function

Figure 10.6:
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Journey to Crime Distances: Bank Robbery
Truncated Negative Exponential Function
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Journey to Crime Distances: Homicide
Normal, Lognormal, and Truncated Negative Exponential Functions
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Vehicle Theft
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Using CrimeStat for Geographic Profiling 
 

Brent Snook, Memorial University of Newfoundland,  
Paul J. Taylor, University of Liverpool, Liverpool 

Craig Bennell, Carleton University, Ottawa 
 

 A challenge for researchers providing investigative support is to use 
information about crime locations to prioritize geographic areas according to how 
likely they are to contain the offender’s residence. One prescient solution to this 
problem uses probability distance functions to assign a likelihood value to the 
activity space around each crime location. A research goal is to identify the function 
that assigns the highest likelihood to the offender’s actual residence, since this 
should prove more efficient in future investigations.  
 
 CrimeStat was used to test of the effectiveness of two functions for a sample 
of 68 German serial murder cases, using a measure known as error distance. The top 
figures below illustrate the two functions used and the bottom figures portray the 
corresponding effectiveness of the functions by plotting the percentage of the sample 
‘located’ by error distance. A steeper effectiveness curve indicates that home 
locations were closer to the point of highest probability and that, consequently, the 
probability distance function was more efficient. In this particular test, no difference 
was found between the two functions in their ability to classify geographic areas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Original Article: Taylor, P.J., Bennell, C., & Snook B. (2002) Problems of Classification in Investigative Psychology. Proceedings of 
the 8th Conference of the International Federation of Classification Societies, Krakow, Poland 
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As  can  be seen  in  figure 10.9, the t runca ted  nega t ive exponen t ia l fit  the da ta  well
from 0 to about  5 miles, but t hen becam e poorer t ha n oth er models for longer dista nces. 
The nega t ive exponent ia l m odel was not  as good as the t runca ted for  dis t ances up to about
5 miles, bu t  was bet t er  for  dis t ances beyon d tha t  poin t .  The normal d is t r ibu t ion  was good
for dista nces from a bout  10 miles and far th er.  The lognorm al was not pa rt icular ly good for
any dista nces oth er  than  a t  0 miles, nor  was t he linear .

The degree of pr edicta bility var ied by type of cr ime.  For some types , pa r t icula r ly
pr oper ty cr imes , th e fit wa s r easona bly good.  I obta ined  R2 in  the order  of 0.86 to 0.96 for
bu rglary, robbery, assau lt , larceny, a nd a u to th eft .  For other  types  of crim e, pa r t icula r ly
violen t  crim es, the fit was n ot ver y good with  R2 values in  the order  of 0.53 (rape), 0.41
(a r son) and 0.30 (homicide).  These  R2 va lu es were for  the en t ir e dis t ance range; for  any
pa r t icula r  dis t ance, however , the predicta bilit y var ied from ver y high  to very low.  

In  modeling dis t ance decay with  a  mathem at ical function, a  user  has t o decide
which  par t  of the dis t r ibu t ion  is  the most  im por tan t  as no sim ple mathemat ica l fu nct ion
will normally fit  a ll the da ta  (even  approximately).  In  these cases , I a s sumed  tha t  the near
dist ances wer e more impor tan t  (up t o, say, 5 miles) and, th erefore, selected t he model
which  ‘best ’ fit  those dis t ances (see table 10.2).  H owever , it  was not  a lways  clea r  which
model was best , even  wit h  tha t  limited crit er ia .  

P r ob le m s  w i th  Ma th e m a ti ca l D is ta n ce  D e ca y F u n ct io n s

There a re severa l r easons tha t  mathemat ica l m odels  of dis t ance decay dis t r ibu t ion s,
su ch  as illust ra ted in t he J t c rou t ine, do not  fit da ta  very well.  Fir st , as m ent ioned ea r lier,
few cit ies have a  completely sym met r ical gr id s t ructu re or even  one t ha t  is a pproximately
gr id-like (th er e a re except ions, of course).  Limita t ions of ph ysical topograph y (moun ta ins,
oceans, r ivers, lakes) as well as  differen t  h istor ica l developm ent  pa t t erns m akes  t r avel
asym met r ical a roun d m ost  loca t ions .  

Second, t here is  popula t ion  densit y.  Sin ce most  met ropolit an  a reas have much
higher  int ensity of lan d u se in  the cen ter  (i.e., more act ivities a nd facilities), t r avel t ends t o
be dir ected towards h igher  la nd use in tensit y t han  away fr om them.   F or  or igin  loca t ion s
tha t  ar e not dir ect ly in t he cent er, t r avel is more likely to go towards t he cent er t han  awa y
from  it .  

This would be tr ue of an  offender  as well.  If the per son wer e lookin g for  eith er
per sons or  proper ty as ‘t a rgets’, th en t he offender would be more likely to t r avel towards
the met ropolita n  cen ter  than  away from it.  Since most  met ropolita n  cen ters h ave st reet
net works t ha t  wer e la id ou t  much ear lier , the s t reet  net work ten ds  to be ir regu la r . 
Consequent ly, t r ips will va ry by loca t ion  wit h in  a  met ropolit an  a rea .  One would  expect
sh or ter  t r ips by an  offender  living close t o the met ropolita n  cen ter  than  one living fa r ther
away; sh or ter  t r ips for  offender s living in m ore built -up a reas t han  in lower  den sity ar eas;
sh ort er  t r ips  for  offender s in  mixed u se neighborh oods  than in  st r ictly r esiden t ia l
neighborh oods ; an d so fort h .  Thus, t he dist r ibu t ion  of t r ips  of any sort  (in  our  case, crim e
t r ips  from a  residen t ia l locat ion  to a cr ime loca t ion), will t en d t o follow a n  ir regu lar ,
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dist ance decay type of dist r ibut ion .  Simple m athemat ica l models will not fit  the da ta  very
well an d will ma ke ma ny errors.

Thir d, t he select ion  of a  best  mathemat ica l fu nct ion  is  pa r t ly dependent  on the
int erva l size used for  the bins.  In t he above examples, an  int erva l size of 0.25 miles was
used to calcu la te the frequency dis t r ibu t ion .  With  a  differen t  in terva l s ize (e.g., 0.5 miles),
however , a  sligh t ly differen t  dis t r ibu t ion  is  obt a in ed.  This  effect s the mathemat ica l
funct ion  tha t  is  selected  as well a s  the pa rameters  tha t  are es t imated .   For  example, the
issue of whet her  ther e is a  sa fety zone nea r  the offender ’s r esidence from which t her e is
decreased a ctivit y or  not is  pa r t ly depen dent  on t he in ter val size.  With  a  sm all inter val,
the zone may be det ected wh er ea s with  a  sligh t ly larger  in ter val the subt le dis t inction in
measu red distan ces may be lost.   On th e oth er ha nd, having a sma ller interval may lead to
unreliable est ima tes sin ce there may be few cases in  the int erval.  Ha ving a t echnique
depend on the in terva l s ize makes it  vu ln erable to mis -specifica t ion .

U s e s o f Ma th e m a ti ca l D is ta n ce  D e ca y F u n ct io n s

Does t h is m ea n  tha t  one should not u se mathem at ical dist ance functions?  I would
argu e tha t  under  most  cir cumstances, a  mathemat ica l fu nct ion  will give less precis ion  than
an  empir ica lly-der ived one (see below).  However , th ere are two cases wh en a
mathemat ica l model would be appr opr iat e.  First , if there is eith er  no da ta  or  insufficient
da ta  to model t he em pir ical t r avel dist r ibu t ion, t he u se  of a  mathem at ical m odel can  serve
as a n  appr oximat ion .  If the user  has a  good sen se of wha t  the dist r ibut ion  looks  like, t hen
a  mathem at ical m odel may be u sed t o appr oximate t he dist r ibu t ion .  However , if a  poor ly
defin ed funct ion  is  selected, t hen  the selected funct ion  may produce many er rors.

A second  case when  mathemat ica l models  of d is tance decay would  be appropr ia te is
in t heory developm ent  or  applica t ion .  Man y models of t r avel beha vior , for  exam ple,
assume a  sim ple dis t ance decay type of function in  order  sim plify the a llocat ion  of t r ips
over  a  region .  This  is  a  common procedure in  t r avel demand modeling where t r ips from
each  of many zones a re assigned to every ot her  zon e usin g a  gr avity t ype of funct ion
(St oph er  and Meybur g, 1975; Field an d Ma cGregor , 1987).  Even t hough t he model
produces er rors because it  assumes un ifor m t ravel behavior  in  a ll dir ect ion s, t he er rors a re
cor rected la ter  in  the m odeling pr ocess by adjust ing the coefficien t s for  a llocat ing t r ips  to
par t icu la r  roads (t r a ffic a ssignment ).  The model provides a  sim ple device and the er rors
a re corrected down the line.  St ill, I would  argu e tha t  an  empir ica lly-der ived dis t r ibu t ion
will p roduce fewer  er ror s  in  a lloca t ion  and, t hus, r equ ir e les s adjustmen t  la t er  on .  E r ror s
can  never  help a  model and it s bet t er  to get  it  more corr ect  in it ia lly to ha ve to adjus t  it
la t er  on; the adjust men t  may be inadequ a te.  Never theless, t h is is  common practice in
t ransport a t ion p lanning.

The  J ou rn e y t o Crim e  Ro u tin e  Us in g a  Math e m at ic al F orm u la

The J tc rou t ine wh ich  a llows m athemat ica l modeling is sim ple to use.  Figur e 10.10
illu st ra tes how the user  specifies a  mathemat ica l fu nct ion .  The rout in e requir es the use of
a  gr id which is  defined on  the r efer en ce file t ab of the progra m (see cha pt er  3).  Then , the
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user  must  specify the m athem at ical function  and t he paramet er s.  In  the figure, t he
t runca ted n egat ive exponent ial is being defined.  The u ser  must  input  values for  the pea k
likelih ood, t he pea k dis t ance, and t he exponent  (see equ a t ions  10.43 a nd 10.44 above).  In
the figure, s in ce the ser ia l offenses were a  ser ies of 18 robber ies, t he parameter s for
robbery ha ve been en tered int o the pr ogra m screen .  The pea k likelihood wa s 9.96%
(entered a s a  whole nu mber  - i.e., 9.96); the dist ance a t  which  th is pea k likelihood occur red
was the second dis t ance in terva l 0.25-0.50 miles (with  a  mid-poin t  of 0.38 miles); and the
est imated exponent  wa s 0.177651.  As m en t ioned a bove, the coefficien t  for  the n ega t ive
exponent ia l pa r t  of the equa t ion is  est imated in ter na lly.

Table 10.3 gives the pa rameters for  the ‘best ’ models wh ich  fit t he da ta  for  the 11
types of cr im e in  Ba lt im ore Cou nty. For  severa l of t hese (e.g., bank robber ies), t wo or  more
funct ions gave approxima tely equa lly good  fit s .  Note tha t  t hese parameter s  were
est im ated wit h  the Ba lt im ore Cou nty da ta .  They will n ot  fit  any ot her  ju r isdict ion .  If a
user  wishes to apply th is  logic, then  the parameter s should  be est im ated anew from
exist in g da ta . Never theless, on ce they h ave been  ca libra ted,  t hey ca n  be used for
predictions.

The rou t ine can  be ou tpu t  t o ArcView , MapIn fo, Atlas*GIS , S urfer for Windows,
S pat ial Analyst , and a s a n  Ascii grid  file wh ich can  be r ea d by many oth er  GIS packa ges. 
All bu t  S urfer for Windows r equ ire t ha t  the r efer en ce grid be crea ted by Crim eS tat. 

Distance  Model ing  Using  an Empir ica l ly  Determined Fu nct ion

An a lter na t ive to mathemat ica l modeling of dist ance decay is to empirically describe
the journey to cr ime d ist r ibut ion  and t hen  use t h is empir ica l funct ion  to est ima te the
residence locat ion.  Crim eS tat has a  two-dim ension a l k ernel densit y r out in e tha t  can
ca libra te the d is tance funct ion  if p rovided  da ta  on  t r ip  or igins  and des t ina t ions .  The logic
of ker nel dens ity est ima t ion  was descr ibed in cha pt er  8, an d won’t  be repea ted h ere.
Essen t ia lly, a  sym met r ical function  (th e ‘ker nel’) is pla ced over  ea ch point  in  a  dis t r ibu t ion. 
The dis t r ibu t ion  is  then  referenced rela t ive to a  sca le (an  equa lly-spaced line for  two-
dim ension a l k ernels  and a  gr id  for  th ree-dim ension a l k ernels ) and the va lu es for  each
ker nel a re summed a t  each r eferen ce locat ion .  See cha pt er  8 for  deta ils.

Calibrate  Kerne l  Dens i ty  Funct ion

The Crim eS tat ca libra t ion  rou t ine a llows  a user  t o descr ibe the d is t ance d is t ribu t ion
for  a  sample of jou rney to cr ime t r ip s.  The r equ ir emen t s a re tha t :

1. Th e da ta  set  must  have the coordin a tes of both  an  origin locat ion a nd a
des t ina t ion  loca t ion ; and

2. The r ecords  of a ll or igin and dest ina t ion  locat ions h ave been  popu la ted wit h
legit im ate coordin a te va lu es (i.e ., no unmatched records a re a llowed).
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Ta ble  10 .3

J ou rney  to Crime  Mathe matic al  Mode ls  for Balt imore Coun ty
Parameter  Est imates  for  Percentage  Dis tr ibut ion

(Sam ple Sizes in P ar enth eses)

ALL CRIMES

Nega t ive Exponen t ia l: Coefficien t : 5.575107
Exponen t :  0.229466

HOMICID E

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 14.02%

Peak  dis tance 0.38 miles
Exponen t  0.064481

RAP E

Lognormal: Mean 3.144959
St anda rd Devia t ion 4.546872
Coefficient  0.062791

ASSAULT

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 27.40%

Peak  dis tance 0.38 miles
Exponen t 0.181738

ROBBERY

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 9.96%

Peak  dis tance 0.38 miles
Exponen t 0.177651

COMMERCIAL ROBBERY

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 4.9455%

Peak  dis tance 0.625 miles
Exponen t 0.151319
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Ta ble  10 .3  (con t inu ed)

BANK ROBBERY

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 9.96%

Peak  dis tance 5.75 miles
Exponen t 0.139536

BURGLARY

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 20.55%

Peak  dis tance 0.38 miles
Exponen t 0.162907

AUTO THEFT

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 4.81%

Peak  dis tance 0.63 miles
Exponen t 0.212508

LARCENY 

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 4.76%

Peak  dis tance 0.38 miles
Exponen t 0.193015

ARSON  

Trunca ted
Nega t ive Exponen t ia l: Peak likelihood 38.99%

Peak  dis tance 0.38 miles
Exponen t 0.093469
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Da ta  S et D efin it ion

The steps a re r ela t ively easy.  F ir st , the u ser  defines  a  calibr a t ion  da ta  set  wit h
both  origin  and dest ina t ion  locat ions.  F igure 10.11 illust ra tes  th is process.  As wit h  the
prima ry and seconda ry files, th e rout ine reads ArcView  ‘sh p’, dBase ‘dbf’, Ascii ‘txt ’, and
MapIn fo ‘da t ’ files.   For both  the or igin loca t ion  (e.g., the home residen ce of the offender )
and t he dest ina t ion  loca t ion  (i.e., the cr ime loca t ion), th e names of the var iables for  the X
and Y coordin a tes must  be iden t ified as well a s t he t ype of coordin a te syst em  and da ta  un it
(see chapter  3).  In  the example, t he or igin  loca t ion s has va r iable names of H om eX and
HomeY and the dest in a t ion  loca t ion s has va r ia ble names of Inciden tX and Inciden tY for
the X and Y coordin a tes of the t wo locat ions r espectively.  However , any name is a cceptable
as long as th e two locat ions a re distinguished.

The u ser  sh ould specify whet her  ther e a re any miss ing values for  these four  fields
(X and Y coordin a tes  for  both  origin  and dest ina t ion locat ions ).  By defau lt , Crim eS tat will
ignore r ecords  wit h  blank values in  any of th e eligible fields  or r ecords  wit h  non-numer ic
values (e.g.,alph anumer ic character s, #, *).  Blanks  will a lways be excluded u n less t he user
select s <n one>.  Th ere a re 8 possible opt ion s:

1. <bla nk> fields a re au toma t ically excluded. This is  the defau lt
2. <none> indicates tha t  no records will be excluded.  If th er e is a  blank field,

Crim eS tat will tr eat it  a s a 0
3. 0 is excluded
4. –1 is excluded
5. 0 and –1 ind ica tes t ha t  both  0 an d -1 will be excluded
6. 0, -1 and 9999 indica tes t ha t  a ll th ree values (0, -1, 9999) will be excluded

Any other  numer ical va lue can  be t r ea ted as a  miss ing value by t ypin g it  (e.g.,
99)Mult iple n umer ical va lues can  be t r ea ted as m iss ing values by typin g them , separa t ing
each by commas (e.g., 0, -1, 99, 9999, -99).

The progr am will ca lcu la te the dis t ance between  the or igin  loca t ion  and the
dest ina t ion  loca t ion  for  each  record.  If the un its  a re sph er ica l (i.e., lat /lon), th en  the
ca lcu lat ions u se spher ica l geomet ry; if the un its  a re pr ojected (either  meters or feet ), th en
the calcu la t ion s a re Euclidean  (see chapter  3 for  deta ils).

K er n el  P a r a m et er s

Next , the u ser  must  define the ker nel paramet er s for calibra t ion.  Th er e a re five
choices tha t  have to be made (Figure 10.12):

1. The method of int erpola t ion .  As with  the two-dimensiona l ker nel techn ique
descr ibed in  chapter  8, t here a re five possible kernel fu nct ion s:
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Jtc Calibration Data InputFigure 10.11:

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Jtc Calibration Kernel ParametersFigure 10.12:
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A. Normal (the defau lt );
B. Qu ar t ic;
C. Tr ia ngu la r  (conica l);
D. A nega t ive exponent ia l (peaked); and
E. A unifor m (fla t ) dis t r ibu t ion .

2. Choice of ba ndwid th .  The bandwid th  is  the wid th  of the kernel fu nct ion .  F or
a  normal k ernel, it  is  the st andard devia t ion  of the normal d is t r ibu t ion
wh er ea s for  the oth er  four  ker nels (qua r t ic, t r iangular , nega t ive exponen t ia l,
and u n iform), it  is t he r adiu s of the circle defined  by the ker nel.  As with  the
two-dim ension  kernel t echnique, t he bandwid th  can  be fixed in  lengt h  or
ada pt ive (var iable in  len gth).  However , for  the one-dim en siona l ker nel, t he
fixed bandwidt h  is the defau lt s ince an  even est ima te over a n  equa l nu mber
of in ter va ls (bin s) is desir able. I f th e fixed bandwidt h  is select ed, the in ter va l
size  must  be specified and t he un it s (in  miles , kilomet er s, feet , met er s, a nd
naut ical m iles).  The defau lt  is 0.25 m ile in ter va ls.  I f th e a da pt ive
bandwidt h  is selected, th e user  must  ident ify th e minim um sa mple size th a t
the ban dwidt h  sh ould incorpora te; in t h is case, th e ban dwidt h  is widened
un til th e specified sam ple size is coun ted.

3. Th e n umber  of in ter pola t ion bins.  The bin s a re t he in ter va ls a long t he
dis tance scale (from 0 u p t o th e m aximum dis tance for a  journey to cr ime
t r ip) and a re u sed t o est imate t he den sit y fun ction .  Ther e a re t wo choices . 
F ir st , the u ser  can  specify the number  of in ter vals (the defau lt  choice wit h
100 in terva ls ).  In  th is  case, t he rout in e ca lcu la tes the maximum dis tance (or
lon gest  t r ip ) between  the or igin  loca t ion  and the dest in a t ion  loca t ion  and
divides it  by th e specified nu mber  of int ervals (e.g., 100 equa l-sized
in terva ls ). The in terva l s ize is  dependent  on the lon gest  t r ip  dis t ance
measured. Second, t he user  can  specify the dis t ance between  bin s (or  the
int erval size).  The defau lt choice is 0.25 miles, but  another  value can  be
en ter ed.  In  th is case , the r out ine counts ou t  in ter va ls of th e specified size
unt il it r eaches t he maximum t r ip dist ance.

4. The out pu t  un it s.  Th e u ser  specifies the un it s for  the den sit y est imate (in
unit s per  mile, k ilometer , feet , m eter s, a nd nau t ica l m iles).

5. The out pu t  calcula t ions.  Th e u ser  specifies wh et her  the out pu t  resu lt s a re in
pr obabilit ies (th e defau lt ) or  in  densit ies.  For probabilit ies, the sum of a ll
ker nel est ima tes will equa l 1.0.  For den sit ies, th e su m of a ll ker nel
est ima tes will equa l th e sa mple size.

Sa ved  Ca l ibra t ion  Fi l e

Third , th e user  must  define an  ou tpu t  file to sa ve th e empir ica lly det ermined
funct ion .  The funct ion  is  then  used  in  es t imat ing the likely home res idence of a  par t icu la r

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



10.50

funct ion .  The choices a re to save the file as a  ‘dbf’ or  Ascii t ext  file.  The saved file then  can
be used in  the J t c rout in e.  F igure 10.13 illu st ra tes the outpu t  file format .

C a l i br a t e

Four th , th e calibrat e but ton r un s th e rout ine.  A calibrat ion window appear s an d
indica tes  the progress  of the calcula t ions .  When  it  is fin ish ed, the u ser  can  view a  graph
illust ra t ing the es t imated dis t ance decay function (Figu re 10.14).  The purpose is t o provide
qu ick dia gnost ics to th e u ser  on t he fun ction and select ion  of the ker nel pa ramet er s.  Wh ile
th e gra ph can  be print ed, it  is not a  high qua lity print.  If a h igh qua lity gra ph is needed,
the outpu t  calibra t ion file should  be im por ted in to a gr aph ics progra m. 

Examples  from Balt imore  County

Let ’s  illu st r a t e t h is  method  by showing the r esult s  for  t he same data  set s  t ha t  were
ca lcu la ted above in  the mathemat ica l sect ion  (figures 10.4-10.8).  In  a ll cases, t he normal
ker nel function  wa s u sed.  The ba ndwidt h  wa s 0.25 m iles  except  for  the ba nk robber y da ta
set , which  had only 176 cases, and t he homicide da ta  set , which  on ly had 137 cases;
because of the small sample sizes, a  bandwid th  of 0.50 miles was used for  these two da ta
set s.  The in terva l wid th  selected was a  dis t ance of 0.25 miles between  bin s (0.5 miles for
bank  robberies an d homicides) an d probabilities were out put .

F igure 10.15 shows the kernel est im ate for  a ll cr im es (41,426 t r ips).  A fr equency
dis t r ibu t ion was ca lcula ted for  the same n umber  of in ter va ls a nd is  overla id on  the gr aph .
It  was selected to be  comparable to the mathemat ica l fu nct ion  (see figure 10.4).  Note how
closely the kernel es t imate fit s  the da ta  compared  to the nega t ive exponen t ia l
ma th emat ical fun ction.  The fit  is good for every value but t he peak value; th at  is becau se
the ker nel averages severa l in tervals t ogeth er  to pr odu ce an  est ima te.

F igure 10.16 sh ows t he ker nel est ima te for  lar ceny th eft s.  Again , th e ker nel
met hod pr oduces a  much closer  fit a s a  compa r ison  wit h  figur e 10.5 will show.  Figure
10.17 shows t he ker nel es t imate for  veh icle t hefts.  F igure 10.18 sh ows the ker nel es t imate
for  bank robber ies and figure 10.19 shows the kernel est im ate for  homicides.  An  in spect ion
of these gr aphs shows how well the kernel fu nct ion  fit s the da ta , com pared to the
mathemat ica l funct ion , even  when the da ta  a re irr egula r ly spa ced (in  vehicle th eft s, ban k
robber ies, a nd homicides).  F igure 10.20 compares the dis t ance decay fu nct ion s for
homicides committ ed agains t  st r angers compa red to homicides committ ed agains t  kn own
victims.

In  shor t , t he J t c ca libra t ion  rout in e a llows a  much closer  fit  to the da ta  than  any of
the simpler  mathemat ica l funct ions.  While it ’s possible to produce a  complex
mathemat ica l fu nct ion  tha t  will fit  the da ta  more closely (e.g., h igher  order  polyn omia ls ),
the ker nel met hod is m uch  simpler  to use a nd gives a  good a ppr oximat ion  to the da ta .
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Journey to Crime Travel Demand Functions
Five Mathematical Functions
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Jtc Calibration Graphic OutputFigure 10.14:
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Journey to Crime Distances: All Crimes
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Journey to Crime Distances: Larceny
Figure 10.16:
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Journey to Crime Distances: Vehicle Theft
Pe

rc
en

t o
f a

ll 
ve

hi
cl

e 
th

ef
ts

0
5

10
15

20
25

5%

4%

3%

2%

1%

0%

Number of trips for distance bin

Kernel density estimate

Distance from offender's home (miles)

Frequencies and Kernel Density Estimate

Figure 10.17:

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Journey to Crime Distances: Bank Robbery
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Journey to Crime Distances: Homicide
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Journey to Crime Distances: Homicide by Victim Relationship
Figure 10.20:
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Using Journey-To-Crime Routine for Journey-After-Crime Analysis 
 

Yongmei Lu 
Department of Geography 

Southwest Texas State University 
San Marcos, TX 

 
 The study of vehicle theft recovery locations can fill a gap in the knowledge 
about criminal travel patterns.   Although the journey-to-crime routine of CrimeStat 
was designed to analyze the distance between offense location and offender’s 
residential location, it can be used to describe the distance between vehicle theft 
location and the corresponding recovery location. 
 
 There were more than 3000 vehicle thefts in the City of Buffalo in 1998.  
Matching the offenses with vehicle recoveries in the same year, 1600 location pairs 
were identified for a journey-after-vehicle-theft analysis. To evaluate the 
randomness of the distances, 1000 groups of simulations were conducted. Every 
group contains 1600 simulated trips of journey-after-vehicle-theft. The results 
indicate that 1) short distances dominate journey-after-vehicle-theft, and 2) the 
observed trips are significantly shorter than the random trips given the distribution 
of possible vehicle theft and recovery locations. 
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Using Journey to Crime for Different Age Groups of Offenders 
 

Renato Assunção, Cláudio Beato, Bráulio Silva 
CRISP, Universidade Federal de Minas Gerais , Brazil  

 
CrimeStat offers a method for analysing the distance between the crime scene 

and the residence of the offender using the journey to crime routine within the 
spatial modeling module.   We analysed homicide incidents in Belo Horizonte, a 
Brazilian city of 2 million inhabitants, for the period January 1996 – December 
2000.  We used 496 homicide cases for which the police identified an offender who 
was living in Belo Horizonte, and for which both the crime location and offender 
residence could be identified. The cases were divided into three groups according to 
the offender‘s age: 1) 14 to 24 (N=201); 2) 25 to 34 (N=176); and 3) 35 or older 
(N=119).  The journey to crime calibration routine was used to produce a probability 
curve P(d) that gives the approximate chance of  an offender travelling 
approximately distance  d to commit the crime.  

 
We used the normal kernel, a fixed bandwidth of 1000 meters, 100 output 

bins, and the probability (or proportion of all points) option, rather than densities. 
This is to allow comparisons between the three age groups since they have different 
number of homicides. We tested for each age group separately and directed the 
output to a text file to analyse the three groups simultaneously.  

 
The green, blue, and purple curves are associated with the 14-24, 25-34, 35+ 

year olds respectively.  There are more similarities than differences between the 
groups.  Most homicides are committed near to the residence of the offenders with 
between 60% t o 70% closer than one mile from their home. However, the curve does 
not vanish totally even for large distances because there are around 15% of 
offenders, of any age group, travelling longer than 3 miles to commit the crime.  The 
oldest offenders travel longer distances, on average, followed by the youngest group, 
with the 25-34 year olds travelling the shortest distances.  
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The  J ou rn e y t o Crim e  Ro u tin e  Us in g t h e  Calib rat e d F ile

After  the dis t ance decay fu nct ion  has been  ca libra ted and saved as a  file, t he file can
be used t o ca lcu lat e the likelihood su r face for  a  ser ial offender . The u ser  specifies the name
of the a lready-ca libra ted  dis tance funct ion  (as  a  ‘dbf’ or  an  Ascii t ext  file) and  the ou tpu t
forma t .  As  with  the ma themat ica l rou t ine, t he ou tpu t  can  be to ArcView , MapIn fo,
Atlas*GIS , S urfer for Windows, S pat ial Analyst , an d a s a n  Ascii gr id file which  can  be rea d
by ma ny other  GIS pa cka ges.  All bu t  S urfer for Windows r equire t ha t  the reference grid be
crea ted by Crim eS tat.

The result is produced in t hr ee steps:

1. The r out ine calcula tes the dist ance between  each r eferen ce cell of the gr id
and each  in ciden t  loca t ion ;

2. For  each  dis t ance measured, t he rout in e look s up the ca lcu la ted va lu e from
th e saved calibrat ion file; an d 

3. For  each  reference gr id  cell, it  sums the va lu es of a ll the in ciden t s to produce
a  single likelihood est ima te.

Ap pli ca ti on  o f th e  Ro u ti ne

To illus t ra te the techniques , th e resu lts  of the two methods on a  single case a re
compa red.  The case h as been  selected because t he rou t ines  accura tely est ima te the
offender ’s r es idence. This was done to dem ons t ra te h ow the t echniqu es work.  In  the n ext
section, I’ll ask  the qu est ion  about  how accura te t hese m et hods a re in  gener a l.

Th e case in volved a  man who had commit ted 24 offen ses.  These in clu ded 13 theft s,
5 bu rgla r ies, 5 assau lt s, a nd one rape.  The spa t ia l d is t r ibu t ion  was va r ied; many of the
offenses wer e clus tered bu t  some wer e scat t ered.  Since th ere were multiple t ypes of cr imes
committ ed by th is individua l, a  decision  had t o be made over  which  model to use t o
est ima te the individua l’s r esiden ce.  In t h is case, th e theft  (lar ceny) model was selected
sin ce tha t  wa s t he domin ant  type of crim e for  th is in dividua l.  

For  the mathemat ica l fu nct ion , t he t runca ted nega t ive exponent ia l was chosen  from
table 10.3 with  the paramet er s bein g:

Peak likelihood 4.76%
Peak  dis tance 0.38 miles
Exponen t  0.193015

For t he ker nel den sit y model, t he calibr a ted fun ction  for  la rceny wa s select ed (figure
10.16).
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Figure 10.21 sh ows t he r esu lt s of the es t imat ion  for  the t wo met hods.  Th e out pu t  is
from S urfer for Windows (Golden  Software, 1994).   The left  pane shows the resu lt s of the
mathem at ical function wh ile the r ight  pa ne shows t he r esu lt s for  the ker nel densit y
funct ion .  The in ciden t  loca t ion s a re shown as cir cles while the actua l r esidence loca t ion  of
the offender  is  shown as a  square.  Sin ce th is  is  a  sur face model, the h ighest  loca t ion  has
th e highest pr edicted likelihood.

In  both  cases, t he models  predict ed qu it e accura tely.  The discrepancy (er ror )
between  the predict ed peak loca t ion  and the actua l r esidence loca t ion  was 0.66 miles for
the mathemat ica l fu nct ion  and 0.36 miles for  the kernel densit y fu nct ion .  F or  the
mathemat ica l m odel, the actua l r esidence loca t ion  (square) is  seen  as sligh t ly off from the
pea k of the su r face whereas for  the ker nel dens ity model the discrepa ncy from the pea k
cannot  be seen .

Never theless, th e differences in  the two su r faces sh ow dist inctions.  The
mathemat ica l model ha s a  sm ooth  decline from t he pea k likelihood loca t ion , almost  like a
cone.  The kernel densit y m odel, on  the other  hand, shows a  more ir regu la r  dis t r ibu t ion
with  a  pea k loca t ion  followed by a sur rounding ‘t rough’ followed a  pea k ‘r im’.  This is du e to
the ir regu la r  dis t ance decay fu nct ion  ca libra ted for  la rceny (see figure 10.16).  But , in  both
cases, t hey more or less iden t ify th e actua l res idence loca t ion  of the offender .

Cho ic e  of Calibra tio n  Sa m ple

The ca libra t ion  sa mple is cr itical for  eith er  method.  Ea ch method a ssu mes t ha t  the
dis t r ibu t ion of th e ser ia l offender  will be sim ila r  to a sample of ‘like’ offenders.  Obviously,
dis t in ct ion s can  be made to make the ca libra t ion  sample more or  less sim ila r  to the
pa r t icu lar  case.  For example, if a  dist ance decay funct ion  of a ll cr imes  is selected, th en  a
model (of eit her  the mathemat ica l or  kernel densit y for m) will h ave less differen t ia t ion
than  for  a d ista nce decay funct ion  from a specific type of cr ime.  Similar ly, breaking down
the type of cr ime by, say, mode of oper a t ion  or  t ime of da y will produ ce bet t er
differen t ia t ion  than  by groupin g a ll offenders of the same type together .  This  process can
be taken  on  in defin it ely un t il there is  too lit t le  da ta  to make a  reliable  est im ate.  An
ana lyst  sh ould t ry to find  as close a  ca libra t ion  sample to the actua l as  is possible, given
the lim ita t ions  of the da ta .  

For  exam ple, in  our  ca libra t ion  da ta  set , th ere were 4,694 burgla ry incident s wh ere
both  the offender ’s  home res idence and the inciden t  loca t ion  were known . The approxima te
t ime of the offense for  2,620 of the bur gla r ies was known and, of these, 1,531 occur red a t
n igh t  between  6 pm  and 6 am.  Thu s, if a  pa r t icu lar  ser ial burgla r  for  whom the police are
in teres ted  in  ca tch ing t ends to commit  mos t  of h is  burgla r ies  a t  n igh t , then  choos ing a
ca libra t ion  sa mple of n igh t t ime bu rgla r s will gener a lly pr odu ce a  bet ter  est ima te than  by
groupin g all bur gla r s t ogeth er .  Similar ly, of the 1,531 n igh t t ime bu rgla r ies, 409 were
commit ted by in dividua ls  who had a  pr ior  rela t ion sh ip  wit h  the vict im .  Aga in , if the
ana lyst s su spect t ha t  the bur gla r  is robbing homes of people he kn ows or is a cqua int ed
wit h , then  selectin g the subset  of n ight t ime bu rglar ies commit ted against  a  known vict im
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           Mathematical Model:
Truncated Negative Exponential Kernel Density Model

Predicted and Actual Location of Serial Thief
Figure 10.21:

Man Charged with 24 Offenses in Baltimore County
Predicted with Mathematical and Kernel Density Models for Larceny

Residence Location = Square

Crime Locations = Circles
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would p roduce even  bet t er  differen t ia t ion in  the m odel t han  taking a ll n ight t ime bu rgla r s. 
However, event ua lly, with  fur ther  su b-groupin gs there will be insu fficient  da ta .

This poin t  has been  ra ised in a  recent  deba te.  Van  Koppen  and De Keijser  (1997)
argued tha t  a  dis t ance decay fun ction  tha t  combin ed mult iple  inciden t s commit ted by t he
sa me individua ls could dist or t  the est ima ted r elat ionsh ip compa red t o select ing incident s
comm itted by different  individua ls.6  Renger t , P iquero and J ones (1999) a rgu ed tha t  such  a
dist r ibut ion  is never theless m eaningfu l.  In  our  lan gua ge, these a re two differen t  su b-
gr oups - per sons commit t in g m ult ip le offenses compared to persons commit t in g on ly one
offense.  Combining th ese t wo su b-groups  int o a  single ca libra t ion  da ta  set  will on ly mean
tha t  the resu lt will ha ve less d ifferen t iat ion  in pr edict ion  than  if the su b-groups  were
sepa ra ted out .  

Actua lly, there is  not  much  d ifference, a t  leas t  in  Ba lt imore County.  F rom the
41,426 cases, 18,174 were committ ed by persons wh o were only list ed once in t he da tabase
while 23,251 offenses wer e committ ed by persons wh o were list ed t wo or  more t imes  (7,802
individua ls).  Cat egor izing th e 18,174 cr imes  as committ ed by ‘single inciden t  offender s
and the 23,251 cr im es as commit ted by ‘mult ip le in ciden t  offenders’, t he densit y d is t ance
decays  funct ion s were calcu la ted usin g t he kernel densit y m ethod (Figure 10.22).

The dist r ibut ions a re remarka bly similar .  Ther e are some su bt le differences.  The
average journey t o cr im e t r ip  dis t ance made by a  sin gle in ciden t  offender  is  lon ger  than  for
mult iple in ciden t  offender s (4.6 m iles compared to 4.0 miles, on average); the differ en ce is
h igh ly sign ificant  (p#.0001), pa r t ly because of the ver y la rge sample sizes.   H owever , a
visu a l inspection  of the dist ance decay functions shows t hey a re similar .  The single
in ciden t  offenders tend to have sligh t ly more t r ips near  their  home, s ligh t ly fewer  for
dis tances between  about  a  mile u p t o th ree m iles , and s ligh t ly more longer  t r ips .  Bu t , the
differen ces a re n ot very la rge.  

There are severa l rea sons for  the similar ity.  Fir st , some of the ‘single inciden t
offenders ’ a re actua lly mult ip le inciden t  offenders  who have not  been  charged  with  other
inciden t s.  Second, some of the single inciden t  offender s a re in  the process of becoming
multiple incident  offender s so th eir beh avior  is pr obably similar .  Third, th ere may not be a
major  differ en ce in t r avel pa t t er ns by the number  of offens es an  individua l comm its,
cer t a inly compa red t o the major  differences by type of cr ime (see gra ph s a bove).  In oth er
words , the dist inction bet ween  a  sin gle offender  crim e t r ip a nd a  mult iple offen der  crim e
t r ip is  just  anoth er  su b-group  compa r ison  and, a pparen t ly, not t ha t  impor tan t . 
Never theles s, it  is  impor t an t  t o choose an  appropria t e s ample from which  to es t ima te a
likely home base loca t ion  for  a  ser ia l offender .  The method depends on a  sim ila r  sample of
offenders for  compar ison .

Sam ple Da ta Se ts  for Jou rne y to Crime Rou tine s

Three sa mple da ta  set s from Ba ltim ore County ha ve been pr ovided for  the journey
to cr ime r out ine. Th e da ta  set s a re simula ted and do not  represen t  rea l da ta .  The firs t  file
- J t cTest 1.dbf, ar e 2000 simu lat ed r obber ies while the second file - J t cTest 2.dbf, ar e 2500

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



0
5

10
15

20
25

10%

8%

6%

4%

2%

0%

Multiple  incident offender

Single incident offender

Journey to Crime Distances
Figure 10.22:

Pe
rc

en
t o

f a
ll 

cr
im

es
   

   
(b

y 
of

fe
nd

er
 ty

pe
)

Distance from offender's home (miles)

Kernel Density Estimate of Single and Multiple Incident Offenders

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Hot Spot Verification in Auto Theft Recoveries 
 

Bryan Hill 
Glendale Police Department 

Glendale, AZ 
 

We use CrimeStat as a verification tool to help isolate clusters of activity 
when one application or method does not appear to completely identify a problem.  
The following example utilizes several CrimeStat statistical functions to verify a 
recovery pattern for auto thefts in the City of Glendale (AZ). The recovery data 
included recovery locations for the past 6 months in the City of Glendale which were 
geocoded with a county-wide street centerline file using ArcView.   
 

First, a spatial density “grid” was created using Spatial Analyst with a grid 
cell size of 300 feet and a search radius of 0.75 miles for the 307 recovery locations.  
We then created a graduated color legend, using standard deviation as the 
classification type and the value for the legend being the CrimeStat “Z” field that is 
calculated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the map, the K-means (red ellipses), Nnh (green ellipses) and Spatial 
Analyst grid (red-yellow grid cells) all showed that the area was a high density or 
clustering of stolen vehicle recoveries.  Although this information was not new, it did 
help verify our conclusion and aided in organizing a response 
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Constructing Geographic Profiles  
Using the CrimeStat Journey-To-Crime Routine 

 
Josh Kent, 

Michael Leitner, 
Louisiana State University 

Baton Rouge, LA 
 

The map below shows a geographic profile constructed from nine crime sites 
associated with a Baton Rouge serial killer, Sean Vincent Gillis, who was 
apprehended on April 29, 2004 at his residence in Baton Rouge.  Eight of the nine 
are body dump sites and the ninth is a point of fatal encounter.  All crime sites were 
located in the City of Baton Rouge and surrounding parishes. Gillis’s hunting style 
can best be described as that of a typical ‘localized marauder’. 
 

The Journey-to-crime routine, implemented in CrimeStat , was applied to 
simulate the travel characteristics of Gillis to and from the known crime sites.  
Gillis’s travel behavior was calibrated with different mathematical functions that 
were derived from the known travel patterns of 301 homicide cases in Baton Rouge. 
 

The profile was estimated using Euclidean distance and the negative 
exponential distance decay function.  It predicts the actual residence of Gillis 
extremely accurately.  The straight-line error distance between the predicted and 
the actual residence is only 0.49 miles.  The proportion of the entire study area that 
must be searched in order to successfully identify the serial offender’s residence is 
0.05% (approximately 0.98 square miles out of a 2094.75 square miles study area). 
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simula ted burgla r ies.  Bot h  files have coor dina tes for  an  or igin  loca t ion  (H om eX, H om eY)
and a  dest ina t ion  loca t ion  (IncidentX, Incident Y).  User s can  use t he ca libra t ion  rou t ine t o
ca lcu la t e t he t r avel d is t ances  between  the or igins and the des t ina t ions.  A th ird dat a  set  -
Ser ial1.dbf, ar e simulat ed incident  loca t ions for  a  ser ial offender .  User s can  use t he J t c
est imat ion  rout ine t o iden t ify the likely residence locat ion  for  th is in dividua l.  In  running
th is r out ine, a  refer en ce grid n eeds t o be overla id (see chapt er  3).  For  Ba lt imore County,
appr opr iat e coordina tes for  the lower -left  corner  a re -76.910 longitude a nd 39.190 la t itude
and for  the upper -r igh t  corner  a re -76.320 longitude a nd 39.720 la t itude.

Draw  Crime Trips

The J ourney to Crime modu le includes one u t ility th a t  can  help visu a lize the
pa t t er n  before select ing a  pa r t icula r  est imat ion  model.  This is  a  Dr aw Cr ime Tr ips  rout ine
tha t  simply dra ws lines  between  the or igin a nd des t ina t ion  of individua l cr ime t r ips.  The
X an d Y coordina tes of an  origin and destina tion locat ion a re input  an d th e rout ine draws a
line in  ArcView  ‘sh p’, MapIn fo ‘mif’, Atlas*GIS  ‘bna ’ or  Ascii forma t .

F igure 10.23 illust ra tes t he dr awing of the kn own t ravel dist ances for  444 ra pe
cases for  which  the residence loca t ion  of the rapis t  was known.  Of the 444 cases, 113 (or
25.5%) occur red in  the r es idence of th e r apis t .  However , for  the r em ain ing 331 cases , the
rape loca t ion  was not  the residence loca t ion .  As seen , m any of t he t r ips a re of qu it e lon g
dis tances.  Th is would su ggest  the u se of an  journey to cr ime fun ction tha t  has m any t r ips
a t  zero dis t ance bu t  wit h  a  more gr adua l decay fu nct ion .

How Accurate  are  the  Methods?

A cr itical ques t ion  is how accura te a re these m ethods?  The journey to cr ime m odel
is ju st  tha t , a  model.  Wh et her  it  involves u sin g a  mathem at ical function  or a n  em pir ically-
der ived one, the a ssumpt ion  in  the J t c rout ine is t ha t  the dist r ibu t ion  of inciden t s will
provide in format ion  about  the home base loca t ion  of the offender .  In  th is  sense, it ’s not
un like t he wa y most  crim e ana lyst s will work  wh en  they a re t rying to find a  ser ia l
offender .  A typ ica l approach  will be to p lot  the d is t r ibu t ion  of inciden t s  and rou t inely
search a  geograph ic ar ea  in  and a roun d a  ser ia l crim e pa t t er n , notin g offenders who ha ve
an  ar res t  h ist ory m atchin g case a t t r ibu tes  (MO, type wea pon , su spect  descr ipt ion, et c.). 
Because a  h igh  pr oport ion  of offenses a re committ ed with in a  sh or t  dist ance of offender
residence’s, t he m et hod can  frequen t ly lead t o th eir  appreh en sion.  But , in doing th is
met hod, the ana lyst s a re not u sin g a  soph ist icat ed st a t ist ical m odel.

Tes t S am ple  of Se rial Offe n de rs

To explore the accuracy of the appr oach , a sm all sa mple of 50 ser ial offender s wa s
isola ted from the da tabase and used as a  t a rget  sample to test  the accuracy of t he methods.
The 50 offender s a ccounted for  520 individua l cr ime incident s in  the da tabase.  To test  the
J tc method system at ically, the followin g dis t r ibu t ion  wa s selected (ta ble 10.4).  The sample
was n ot  random, but  was selected t o pr odu ce a  ba lan ce in t he number  of inciden t s
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committ ed by each individu a l an d t o, roughly, app roximate the dist r ibut ion  of inciden t s by
ser ia l offen ders.  E ach of the 50 offen ders was isola ted as a  sepa ra te file so th a t  each could
be a na lyzed in  Crim eS tat.

Ident i fy ing  the  Crime Type

Each  of the 50 offender s wa s cat egor ized by a crim e type.  Only two of the offender s
committ ed t he sa me cr ime for  a ll their offenses; most  committ ed t wo or  more differen t
types of cr imes .  Arbitr a r ily, each offender  was t yped according to th e cr ime t ype th a t
he/sh e most frequ ent ly committ ed; in t he two cases wh ere t here wa s a  t ie between  two
crim e t ypes , the m ost  severe wa s selected (i.e., per sona l cr ime over pr oper ty cr ime).  While
I recogn ize tha t  there is  arbit ra r in ess in  the approach , it  seemed a  pract ica l solu t ion .  An y
er ror  in cat egor izing an  offender  would be applicable to all th e methods.  The cr ime t ypes
for  the 50 offen ders approxim ately mir rored the dis t r ibu t ion  of inciden t s:  la rcen y (29);
vehicle theft  (7); burgla ry (5); robbery (5); assau lt  (2); bank robbery (1); and ar son (1).

Id e n ti fy in g  th e  Ho m e  B as e  an d  In c id e n t Lo ca ti on s

In  the da tabase, each  of the offenders was list ed as having a  residence loca t ion .  F or
the ana lysis, th is was t aken  as t he origin  loca t ion of th e jour ney t o cr ime t r ip.  S imila r ly,
the inciden t  loca t ion  was t aken  as t he destina tion  for  the t r ip. Oper a t iona lly, th e crim e t r ip
is t aken  as t he dist ance from t he origin  locat ion  to th e dest ina t ion  locat ion .  However , it  is
very possible tha t  some cr im e t r ips actua lly s t a r t ed from other  loca t ion s. F ur ther , m any of
these individu a ls ha ve moved th eir r esidences over t ime; we on ly ha ve the last  kn own
residence in t he da taba se. Un for tuna tely, ther e wa s n o other  informat ion  in  the digita l
da tabase t o a llow more accura te ident ifica t ion  of the home loca t ion .  In oth er  words, t here
may be, a nd p robably a re, numer ous  er rors  in  the es t imat ion of th e jour ney t o cr ime t r ip. 
However , these er rors  would  be s imilar  across  a ll met hods a nd should not a ffect  their
rela t ive accuracy.

Evaluated  Methods

Ten methods were compared in  es t im at in g t he likely residence locat ion  of the
offenders .  Four  of the methods used  the J t c rou t ines  and s ix were s imple spa t ia l
dis t r ibu t ion  methods (table 10.5).

The mean  center  and cent er  of minim um dist ance are discussed in cha pt er  4.  The
cen ter  of min imum dis t ance, in  pa r t icu la r , is  more or  les s t he geograph ic cen ter  of
dis t r ibu t ion  in  tha t  it  ignores the va lu es of par t icu la r  loca t ion s; thus, locat ion s tha t  a re far
away fr om the clu ster  (ext reme va lu es) 
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Ta ble  10 .4

Ser ia l Offende rs  Used  in  Accuracy  Evaluat ion

N u m be r o f Cri m e s
Num ber  of Committed  by
Offe n de rs Each Pe rson

4 3
4 4
4 5
4 6
4 7
4 8
3 9
3 10
3 11
2 12
2 13
2 14
2 15
1 16
1 17
1 18
1 19
1 20
1 21
1 22
1 24
1 33

   _________      _________
          50           520      

have no effect  on the resu lt .  The dir ect ion a l m ean  and t r ia ngu la ted mean  is  pa r t  of the
d irect iona l mean  rou t ine, d iscussed  in  chap ter  4 and  in  the upda te release notes ; the
rout ine h as n ow been modified so tha t  it can  be used with  ordinary X/Y coordina tes.  The
geomet r ic and ha rmon ic means a re d iscussed  in  the update r elease notes ; t hey a re both
mean s which discoun t extreme values.
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Ta ble  10 .5

Com parison  Meth ods  for Esti m ati n g  th e  Ho m e  Base  of a  Se ria l Offen de r

Jou rney  to  Cr ime Methods

Mathemat ica l model for  a ll cr imes

Math emat ical model for specific crime type

Kernel dens ity model for  a ll cr imes

Kernel den sit y model for specific cr ime t ype

Spat ia l Dis tribut ion  Methods

Mean center

Center  of min imum d is tance

Directiona l mea n  (weight ed) ca lcu lat ed with  ‘lower  left  corner ’
as or igin

Tr iangula ted  mean

Geomet r ic mean

Harmonic mean

The Test

Each of these t en  met hods wer e r un  against  each of the files crea ted for  the ser ia l
offenders .  For  the s ix ‘means’ (mean  cen ter , geomet r ic mean , ha rmonic mean , d irect iona l
mean , tr iangulated mean , center  of minimum  dista nce), th e mean  was itself th e best guess
for  the likely r es idence locat ion of th e offender .  For t he four  journey t o cr ime functions, t he
gr id  cell wit h  the h ighest  likelihood est im ate was the best  gu ess for  the likely residence
loca t ion  of the offender .

Measurem ent  o f  Error

For  each  of the 50 offender s, err or  was defined a s t he dist ance in m iles between  the
‘best  guess ’ and t he actua l loca t ion .  For each  offender , th e dist ance between  the est ima ted
home base (the ‘best  gu ess’) and the actua l r esidence loca t ion  was ca lcu la ted usin g dir ect
dis t ances .  Table 10.6 presen t s the resu lt s.  The da ta  show the er ror  by method for  ea ch of 
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Table 10.6

Accuracy of Methods for Estimating Serial Offender Residences
 (N= 50 Serial Offenders)

Number Primary * Mean Center of Mini- Triangulated Geometric Harmonic Jtc Kernel: Jtc Kernel: Jtc Math: Jtc Math: * All Methods
of Crime * Center mum Distance Mean Mean Mean All Crimes Crime Type All Crimes Crime Type * Average Minimum Maximum

Dataset Crimes Type * Error (miles) Error (miles) Error (miles) Error (miles) Error (miles) Error (miles) Error (miles) Error (miles) Error (miles) * Error Error Error
------------------- -------------------- --------------------- * ------------------------------------------------------------ ---------------------------------------------------------- ----------------------- ----------------------------- -------------------------- ---------------------- ------------------------- * -------------------- ------------------------------ ---------------------

3A 3 Larceny * 31.5991 32.4477 32.4109 31.5995 31.6000 32.7824 32.7880 32.7824 32.7880 * 32.3109 31.5991 32.7880
3B 3 Larceny * 13.2303 12.1683 24.1531 13.2311 13.2319 10.7526 14.4929 10.7526 11.2501 * 13.6959 10.7526 24.1531
3C 3 Bank robbery * 2.8348 0.9137 2.7767 2.8335 2.8322 0.6775 5.8416 0.6775 6.0946 * 2.8313 0.6775 6.0946
3D 3 Burglary * 2.9733 3.2603 6.1013 2.9728 2.9724 4.6038 3.3883 3.3882 3.7931 * 3.7170 2.9724 6.1013
4A 4 Vehicle theft * 4.2436 4.2670 3.8217 4.2436 4.2436 4.2527 4.2364 4.2527 4.2590 * 4.2022 3.8217 4.2670
4B 4 Larceny * 1.9618 0.3100 2.0563 1.9621 1.9623 0.3125 0.2018 0.3125 0.2784 * 1.0397 0.2018 2.0563
4C 4 Larceny * 4.4733 4.4733 4.6789 4.4733 4.4733 4.9681 4.3563 4.2637 4.3563 * 4.5018 4.2637 4.9681
4D 4 Assault * 0.2925 0.1905 0.0466 0.2925 0.2926 0.0703 0.0703 0.0703 0.4560 * 0.1979 0.0466 0.4560
5A 5 Larceny * 17.3308 16.6459 17.8985 17.3292 17.3276 15.9738 17.8655 15.9739 16.4526 * 16.9775 15.9738 17.8985
5B 5 Larceny * 1.3609 0.2481 1.7733 1.3586 1.3564 0.2068 0.6974 0.5140 0.6974 * 0.9126 0.2068 1.7733
5C 5 Larceny * 2.2458 2.6832 16.4518 2.2450 2.2442 2.7886 2.4205 2.7886 3.0922 * 4.1067 2.2442 16.4518
5D 5 Larceny * 0.9169 0.2250 0.2371 0.9171 0.9174 0.1577 0.4267 0.1577 0.4267 * 0.4869 0.1577 0.9174
6A 6 Larceny * 5.1837 5.2081 7.9621 5.1837 5.1837 5.1271 4.8554 4.9393 5.2256 * 5.4298 4.8554 7.9621
6B 6 Vehicle theft * 1.3720 1.1869 0.9625 1.3710 1.3700 3.1126 2.3800 1.3566 2.0831 * 1.6883 0.9625 3.1126
6C 6 Larceny * 1.3199 0.3157 1.7928 1.3192 1.3184 0.2580 0.5272 0.2580 0.5272 * 0.8485 0.2580 1.7928
6D 6 Larceny * 3.2458 2.3324 6.5209 3.2431 3.2405 1.2506 2.6253 1.9718 1.9718 * 2.9336 1.2506 6.5209
7A 7 Larceny * 3.9023 3.4185 2.3176 3.9022 3.9021 2.7419 3.0532 3.1364 3.0532 * 3.2697 2.3176 3.9023
7B 7 Larceny * 12.4100 9.2973 14.8293 12.4107 12.4115 8.5357 8.6148 8.5357 8.8275 * 10.6525 8.5357 14.8293
7C 7 Burglary * 5.0501 7.1477 10.8567 5.0481 5.0460 7.9975 7.9975 7.9975 7.6274 * 7.1965 5.0460 10.8567
7D 7 Larceny * 2.2686 0.7733 75.7424 2.2684 2.2682 0.0892 0.7191 0.0892 0.7191 * 9.4375 0.0892 75.7424
8A 8 Larceny * 6.0298 6.0165 6.2653 6.0264 6.0229 8.4210 6.2962 6.2022 6.1166 * 6.3774 6.0165 8.4210
8B 8 Larceny * 1.0041 1.1437 2.1776 1.0042 1.0042 1.7475 1.3510 1.5298 1.3510 * 1.3681 1.0041 2.1776
8C 8 Larceny * 1.3059 1.6944 1.3684 1.3043 1.3027 2.1513 1.2020 2.1513 1.8707 * 1.5946 1.2020 2.1513
8D 8 Vehicle theft * 3.5794 2.3780 5.5915 3.5809 3.5825 0.5900 1.3340 1.9133 1.3340 * 2.6537 0.5900 5.5915
9A 9 Robbery * 5.2527 5.7156 4.8574 5.2529 5.2532 7.8257 7.1961 6.2520 5.9265 * 5.9480 4.8574 7.8257
9B 9 Larceny * 8.1923 10.6555 6.9916 8.1886 8.1850 12.4578 10.3957 12.4578 12.0514 * 9.9529 6.9916 12.4578
9C 9 Robbery * 3.7778 3.8454 11.0042 3.7758 3.7738 4.9015 5.1862 4.6206 4.3445 * 5.0255 3.7738 11.0042
10A 10 Larceny * 0.9358 0.5159 1.1003 0.9355 0.9353 0.0606 0.3720 0.2601 0.7172 * 0.6481 0.0606 1.1003
10B 10 Larceny * 2.8581 3.4940 14.2219 2.8536 2.8491 6.4051 6.5709 10.3095 6.4758 * 6.2264 2.8491 14.2219
10C 10 Larceny * 0.8052 0.7251 5.5938 0.8050 0.8049 0.9059 0.8404 0.9060 1.2786 * 1.4072 0.7251 5.5938
11A 11 Vehicle theft * 2.9127 3.2715 3.1192 2.9130 2.9134 3.6936 3.4335 3.4282 3.2087 * 3.2104 2.9127 3.6936
11B 11 Robbery * 0.3250 0.3250 0.2513 0.3250 0.3250 0.4235 0.2263 0.4235 0.7011 * 0.3695 0.2263 0.7011
11C 11 Vehicle theft * 1.2689 1.7157 1.4750 1.2709 1.2729 2.8945 0.6984 2.8945 2.2049 * 1.7440 0.6984 2.8945
12A 12 Larceny * 3.3881 4.2334 10.9241 3.3867 3.3852 6.4050 3.2639 5.5843 5.2132 * 5.0871 3.2639 10.9241
12B 12 Larceny * 0.5562 0.5361 2.8003 0.5562 0.5562 0.7897 0.6709 0.7897 0.9631 * 0.9132 0.5361 2.8003
13A 13 Larceny * 6.3282 7.2857 6.0244 6.3248 6.3213 7.6438 7.4607 7.6438 7.9915 * 7.0027 6.0244 7.9915
13B 13 Assault * 1.4943 1.4943 1.5279 1.4944 1.4944 1.6501 1.5954 1.6501 2.0824 * 1.6092 1.4943 2.0824
14A 14 Larceny * 1.9363 0.8706 1.4498 1.9365 1.9368 0.3434 0.6058 0.2596 0.7631 * 1.1224 0.2596 1.9368
14B 14 Arson * 0.6898 0.3727 0.8086 0.6899 0.6900 0.3359 0.3359 0.3359 0.6213 * 0.5422 0.3359 0.8086
15A 15 Vehicle theft * 0.7282 0.7189 0.3362 0.7277 0.7271 0.8155 0.4855 0.8155 1.5128 * 0.7630 0.3362 1.5128
15B 15 Robbery * 0.4914 0.4914 0.8254 0.4914 0.4914 0.6468 0.5693 0.6468 0.6546 * 0.5898 0.4914 0.8254
16A 16 Vehicle theft * 2.1107 2.0995 8.2311 2.1107 2.1107 1.5957 1.6404 2.5911 2.4033 * 2.7659 1.5957 8.2311
17A 17 Burglary * 1.6484 0.3093 1.0227 1.6461 1.6438 0.2879 0.2879 0.2879 0.5268 * 0.8512 0.2879 1.6484
18A 18 Larceny * 0.6308 0.4196 1.0876 0.6329 0.6349 0.2132 0.3383 0.2132 0.6985 * 0.5410 0.2132 1.0876
19A 19 Larceny * 8.6462 9.4195 8.6772 8.6486 8.6511 10.2869 9.2708 9.7022 9.5548 * 9.2064 8.6462 10.2869
20A 20 Burglary * 6.3520 5.7969 28.3094 6.3486 6.3452 0.5934 0.8673 0.5934 0.7945 * 6.2223 0.5934 28.3094
21A 21 Burglary * 1.2396 0.8861 1.2776 1.2393 1.2390 0.5243 0.5243 1.0253 0.4965 * 0.9391 0.4965 1.2776
22A 22 Larceny * 3.6828 2.6232 2.0949 3.6803 3.6777 2.4937 2.8944 2.4937 2.8944 * 2.9484 2.0949 3.6828
24A 24 Larceny * 1.7959 0.5892 2.3033 1.7975 1.7991 0.2658 0.3574 0.4222 0.6587 * 1.1099 0.2658 2.3033
33A 33 Robbery * 3.9901 5.0481 7.2505 3.9940 3.9979 7.9485 7.6939 8.1907 7.9439 * 6.2286 3.9901 8.1907

------------------- -------------------- --------------------- * ------------------------------------------------------------ ---------------------------------------------------------- ----------------------- ----------------------------- -------------------------- ---------------------- ------------------------- * -------------------- ------------------------------ ---------------------
Median Error = * 2.5517 2.2159 3.4704 2.5509 2.5502 1.9494 2.0102 2.0615 2.1440
Mean Error = * 4.0434 3.8441 7.6472 4.0429 4.0424 4.0395 4.0305 4.0163 4.1467 *
SD Error = * 5.2166 5.3845 12.0642 5.2166 5.2166 5.5678 5.6237 5.5398 5.4177 *
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the 50 offenders.  The th ree r igh t  colu mns show the average er ror  of a ll methods and the
minimum er ror a nd m aximum er rors  obta ined by a  met hod.  The m et hod with  the
min im um er ror  is  boldfaced; for  some cases, t wo or  th ree methods a re t ied for  the
minimu m. The bott om t hr ee rows show the m edian  error, th e avera ge err or a nd t he
st anda rd devia t ion of th e er rors  for  ea ch m et hod across a ll 50 offen ders. 

There a re a  number  of conclu sion s from the resu lt s.  F ir st , t he degr ee of precis ion
for  any of t hese methods va r ies considerably.  The precis ion  of the est im ates va ry fr om a
low of 0.0466 miles (about  246 feet ) to a  h igh  of 75.7 miles.  The overa ll precis ion  of the
methods is  not  very h igh  and is  h igh ly va r ia ble.  There are a  number  of possible reasons for
th is, some of wh ich h ave been  discussed a bove.  Ea ch of the m et hods produces a  sin gle
parameter  from what  is , essen t ia lly, a  probabilit y d is t r ibu t ion  whereas the dis t r ibu t ion  of
many of t hese in ciden t s a re widely dispersed.  F ew of the offenders had such  a
concen t r a t ed  pa t t ern  tha t  on ly a  single loca t ion  was possible.  Since these a re p robabilit y
dist r ibut ions, not everyone follows t he ‘cen t ra l ten den cy’.  Also, some of these offender s
may have moved du r ing the per iod in dicated by the inciden t s, t her eby sh iftin g the spa t ia l
pa t t ern  of inciden t s a nd m akin g it  difficu lt t o ident ify th e las t  residen ce.

A second  conclus ion  is  tha t , for  any one offender , the methods p roduce s imila r
resu lt s.  F or m any of th e offender s t he differ en ce between  the bes t  est imate (th e m inimum
error) an d th e worst  estimat e (th e maximu m err or) is not great .  Thus, the simple meth ods
are genera lly a s good (or  bad) as the more sophis t ica ted methods.

Th ird, a cross a ll met hods, the cen ter  of min imum dis tance had t he lowes t  aver age
er ror .  Thus, t he approximate geogr aphic cen ter  of the dis t r ibu t ion  produced as good an
est ima te as t he more sophist ica ted m ethods.  H owever, it wa sn ’t  pa r t icu lar ly close (3.8441
miles, on  average).  The worst  method was the t r ia ngu la ted mean; it  had an  average er ror
of 7.6472 miles.  The t r ia ngu la ted mean  is  produced by vector  geomet ry a nd will n ot
necessa r ily capt ure the cen ter  of the dist r ibut ion . Oth er  than  th is, th ere were not  grea t
differences. This r einforces t he poin t  above th a t  the methods a re a ll, more or  less,
descr ibing the cent ra l ten dency of the dist r ibu t ion .  For offender s t ha t  don’t  live in the
center  of their  dis t r ibu t ion, t he er ror of a m et hod will n ecessa ry be h igh .

Lookin g a t  each  of the 50 offenders, t he methods va ry in  their  effica cy.  For
exa mple, t he J t c kernel fu nct ion  for  a ll cr im es was the best  or  t ied for  best  for  17 of the
offenders, bu t  was a lso the worst  or  t ied for  worst  for  9.  Sim ila r ly, t he J t c kernel fu nct ion
for  the specific cr imes  was best  or  t ied for  best  for  8 of the offender s, but  worse for  4.  Even
the most  consist en t   was best  for  4 offender s, but  a lso worst  for  one.  On t he other  hand,
the t r ia ngu la ted mean , which  had the worst  overa ll er ror , produced the best  est im ate for  9
of the in dividua ls while it  pr oduced t he wor st  est imate for  25 of th e in dividua ls.  Thus, t he
t r ian gula ted m ean  tends t o be very accura te or  very ina ccura te; it h ad t he h ighest
va r ia nce, by far .

Four th , the m edian  er ror is  sm aller  than  the average er ror.  Th a t  is, t he m edian  is
the point  a t  wh ich 50% of th e cases h ad a  sm aller  er ror a nd 50% had a  la rger  er ror. 
Overa ll, mos t  of the cases  were found  with in  a  shor ter  d is tance than  the average would
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indica te.  This ind ica tes t ha t  severa l cases h ad very la rge err ors wh ereas m ost  had sm aller
er rors; th a t  is, th ey were outliers.  Over  a ll methods, t he J t c ker nel appr oach  for  a ll cr imes
had t he lowest  median  er ror (1.95 m iles). In  fact , a ll four  J t c methods h ad smaller  median
er ror s  t han  the s imple cen t rograph ic methods.  In  other  words , t hey a re more accu ra t e
than  the cent rograph ic met hods m ost  of the t ime.  The problem in  app lying th is logic in
pract ice, h owever , is tha t  one would  not  know if t he case bein g s tudied is  typ ica l of m ost
cases  (in which case , the er ror would  be r ela t ively small) or  wh et her  it  wa s a n  out lier .  In
other  words, t he median  would define a  sea rch  area  tha t  capt ured a bout  50% of the cases,
bu t  would  be very wrong in  the other  50%.   If we could  somehow develop  a  method for
iden t ifyin g when  a  case is  ‘typ ica l’ and when  it  isn’t , increased accuracy will emerge from
the J t c methods.  But , u n t il then , t he sim ple cen ter  of min im um dis tance will be the most
accur at e meth od.

Fift h , t he amount  of er ror  va r ies by t he number  of in ciden t s.  Table 10.7 below
sh ows t he avera ge err or  for  each  method a s a  funct ion  of th ree size classes: 1-5 inciden t s;
6-9 inciden t s; and 10 or more inciden t s.  As can  be seen , for  ea ch of th e t en  met hods, the
er ror  decreases  with  increasing number  of inciden t s.  In  th is  sense, t he measu red  er ror  is
responsive to th e sample size from wh ich it  is based.  I t  is, per haps , not surpr isin g tha t
with  on ly a  handful of inciden t s n o method can  be very precise.

Sixth , th e relat ive accuracy of each  of these m ethods va r ies by sam ple size.  The
method or  methods wit h  the min im um er ror  a re boldfaced.  F or  a  limit ed number  of
inciden t s (1-5), the J t c ma them at ical function for  a ll cr imes (i.e., the nega t ive exponen t ia l
with  the pa rameters from t able 10.5) pr odu ced t he est ima te with  the leas t  er ror , followed
by the J t c kernel funct ion  for  a ll cr imes ; t he  was the th ird bes t .  The d ifferences  in  er ror
between  these were not  very grea t . F or  the middle ca tegor y (6-9 in ciden t s), t he cen ter  of
min im um dis tance produced the least  er ror  followed by t he J t c mathemat ica l fu nct ion  for
the specific cr ime t ype.  For  those offender s wh o had committ ed t en  or  more cr imes , th e J t c
ker nel function  for  the specific cr ime t ype pr oduced t he best  est imate, followed by t he
cen ter  of min imum d is tance.  The two mathemat ica l funct ions  produced  the leas t  accuracy
for  th is  sub-gr oup, t hough  aga in  the differences in  er ror  a re not  very big (2.2 miles for  the
best  compared to 2.7 miles for  the worst ).  In  other  words, on ly wit h  a  sizeable number  of
inciden t s does t he J t c ker nel den sit y approach  for  specific crim es pr oduce a good est imate. 
It  is  bet t er  than  the other  approaches, bu t  only sligh t ly bet t er  than  the sim ple measure of
the cen ter  of minim um dist ance.

S e a rc h  Are a

A number  of resea rchers  have been  in teres ted  in  the concep t  of a  sea rch  a rea  for  the
police (Rossmo, 2000; Ca nter , 2003).  The concept  is  tha t  the journey t o cr im e method can
define a  sm all sea rch a rea  wit h in  wh ich t her e is  a  h igher  pr obabilit y of find ing the
offender .  The average or  med ian  er ror  discussed  above can  be used  to define such  a  sea rch
area  if t r ea ted a s a  radius of a  circle.  While in tu itive, I’m not  su re whether  th is repr esen t
a  mea ningfu l st a t ist ic.  For exa mple, taking the average er ror of the center  of minimum
dis tance (3.84 m iles) would produce a sea rch a rea  of 46.4 squ are m iles, n ot exa ctly
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Table 10.7

 Method Estimation Error and Sample Size:
 Average Error of Method by Number of Incidents (miles)

* Jtc Jtc Jtc Jtc * All Methods
Number of * Mean Center of Mini- Triangulated Geometric Harmonic Kernel: Kernel: Math: Math: * Average Minimum
Incidents * Center mum Distance Mean Mean Mean All Crime types All Crime types * Error Error
-------------- * ----------- -------------------------------------------- ---------------- ---------------- ------------ ------------------- ----------- ------------------- * ----------------- --------------

3-5 * 6.9553 6.4861 9.3672 6.9160 6.9545 6.4622 7.2321 6.3278 6.9954 * 7.0774 6.3278
* *

6-9 * 4.2596 4.0753 10.6160 4.3331 4.2576 4.4805 4.2489 4.2274 4.2020 * 4.9667 4.0753
* *

10+ * 2.3832 2.3149 4.8136 2.4575 2.3827 2.4880 2.2176 2.6725 2.6243 * 2.7060 2.2176
-------------- * ----------- -------------------------------------------- ---------------- ---------------- ------------ ------------------- ----------- ------------------- * ----------------- --------------
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a  sm all a rea  in wh ich  to find  a  ser ial offender .  Even if we ta ke t he median  er ror  of 1.94
miles from the J t c kernel a pproach  for  a ll cr im es (1.94 miles) will s t ill p roduce a  sea rch
area  of 11.9 squ are m iles, a nd it  would  be cor rect  only ha lf the t ime

In  oth er  words , these m et hods a re st ill very impr ecise.  Fur ther , the er ror is  liable
to increase over  t ime, r a ther  than  decrease.  With  about  50% of th e U.S. popula t ion  living
in suburbia (Demograph ia, 1998) and with  90% of Amer ican  househ olds owning a t  leas t
one motor  vehicle (U.S. Cens us Bureau , 2000), th e avera ge dista nces t r aveled by offender s
has pr obably been in creasing over t ime s ince most  types of t r ips h ave also shown increases
in  t r avel over  t ime.  Th is  means  tha t  un less police can  find  a  way to na r row down the
search a rea  consider ably, t he m et hods don’t  rea lly help beyond what  police intu it ively do
anyway, na mely look n ear  the dist r ibut ion  of the inciden t s committ ed by ser ial offender s.

Ca u ti on a ry  No te s

Of cour se, th is is  a  limited test .  It  wa s a  sm all sa mple (on ly 50 cases) from a  sin gle
jur isdict ion  (Baltim ore County).  The sa mple wasn ’t  even r andomly selected, but  chosen  to
examine the accu racy by a  r ange of s ample s izes .  Thus, t he conclusions a re on ly t en ta t ive
an d mu st be seen as h ypoth eses for fur th er work .  Clearly, more resear ch is needed.

Never theless, t here a re cer ta in  cau t ion s tha t  must  be considered in  usin g eit her  of
these journey to cr ime m et hods (the m athem at ical or the em pir ical).  Fir st , a  sim ple
technique, su ch  as t he cen ter  of minim um dist ance, ma y be as good a s a  more sophist ica ted
technique. I t  doesn’t  a lways  follow tha t  a  sophis t ica ted method will p roduce any m ore
accuracy t han  a  sim ple one.  F or  the t im e bein g, I would  advise cr im e ana lyst s who are
t rying t o detect  a  pa t t ern  in  the dis t r ibu t ion  of the in ciden t s of a  ser ia l offender  to do
exa ctly what  they h ave been  doing, basica lly looking a t  the da ta  and m aking a  su bject ive
guess about  where th e offender m ay be residing.  The kernel density J tc rout ine needs an
adequ a te amoun t  of informat ion  (i.e, a t  lea st  10 in ciden t s) to produce somewh at  pr ecise
est ima tes.  These techniques  sh ould be seen  for  now as r esea rch  tools ra ther  than  as
diagnost ics for  ident ifying th e whereabouts of an  offender .  They ar e just  too imprecise and
un reliable to depend on, at least u nt il more definitive results ar e obtained.

Second, th ere are other  limita t ions t o the technique.  The m odel must  be ca libra ted
for  each  in dividua l ju r isdict ion .  F ur ther , it  must  be per iodica lly r e-ca libra ted to account
for  changes  in  cr ime pa t t erns .  For  example, in  us ing the mathemat ica l model, one cannot
take t he pa rameters est ima ted for  Balt imore Coun ty (Table 10.3) and a pply th em to
another  cit y or  if u sin g t he kernel densit y m ethod take the resu lt s found a t  one t im e per iod
and assume tha t  they will r emain  in defin it ely.  The model is a  probabilit y m odel, not  a
guaran tee of cer ta in ty.  It  p rovides  guesses  based  on  the s imila r ity to other  offenders  of the
sa me t ype of cr ime.  In  th is sen se, a  pa r t icula r  ser ia l offen der  may not be typical and t he
model cou ld  actua lly or ien t  police wrongly if the offender  is  differen t  from the ca libra t ion
sa mple.  It  will t ake insigh t  by the invest igat ing officers  to know whet her  the pa t t er n  is
typ ica l or  not .
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Th ird, a s a  theoret ical m odel, the journey to cr ime approach is qu ite simple.  It  is
based on a  dis t r ibu t ion  of in ciden t s and an  assumed t ravel d is t ance decay fu nct ion .  F rom
the per spective of modeling the t r avel beha vior  of offender s, it is limit ed.  As m ent ioned
above, the method does not u t ilize in format ion  on  the dist r ibut ion  of t a rget oppor tun ities
nor does it  u t ilize informat ion  on t he t r avel mode and r out e t ha t  an  offender  takes.  It  is
purely a  st a t is t ica l m odel.  Th e research  area  of geogr aphic profilin g a t t empts to go beyon d
sta t is t ica l descr ip t ion  and understand the cogn it ive maps tha t  offenders use as well as how
these in ter act with  their  motives.  This is  good a nd should  clear ly guide fut ure r esea rch. 
Bu t  it  has t o be underst ood t ha t  the t heory of offender  t r avel beh avior  is n ot ver y well
developed, cer t a in ly compared to other  types of t r avel behavior .  F ur ther , some types of
cr im e t r ips may n ot  even  sta r t  from an  offender ’s residence, bu t  may be referenced from
anoth er  locat ion , su ch a s veh icle t hefts occur r ing nea r  disposa l locat ions.  Rout ine activit y
theory would  suggest  mult ip le or igin s for  cr im es (Coh en  and Felson, 1979).

Th e exis t ing models  of t r avel dem and u sed by t ransport a t ion p lanner s (wh ich h ave
them selves been  crit icized for being too sim ple) measu re a  var iet y of factors t ha t  have only
been margina lly included in  the cr ime t ravel lit era ture - the availability of opport un ities,
the concent ra t ion  of offender  types in cert a in a reas, the mode of t ravel (i.e., au to, bus,
wa lk), the specific rou tes t ha t  a re taken , th e int eract ion  between  t ravel t ime a nd t ravel
route, a nd other  factors.  I t  will be im por tan t  to in corpora te these elements in to the
understandin g of jou rney t o cr im e t r ips to bu ild a  much more comprehensive theory of h ow
offenders  opera te.  Travel behavior  is  very complica ted  and we need  more than  a  st a t is t ica l
dis t ance model t o adequa tely understand it . The next  seven  chapter s look  a t  an  applica t ion
of t r avel demand t heory t o cr ime t ravel.

Also, it ’s n ot clear  wh et her  knowing a n  offender ’s ‘cognit ive map’ will help in
predict ion .  There have been  no eva lu a t ion s tha t  have compared a  st r ict ly st a t is t ica l
approach  wit h  an  approach  tha t  u t ilizes in format ion  about  the offender  as he or  she
understands the environment .  I t  cannot  be assumed tha t  in tegr a t in g in format ion  about
the percept ion  of the environment  will a id  predict ion .  In  most  t r avel demand forecast s
tha t  t r anspor ta t ion  engineers and pla nners make, cognit ive in format ion  about  the
environment  is  not  u t ilized except  in  the defin it ion  of t r ip  purpose (i.e., wha t  the purpose of
the t r ip  was).  The models  use the actua l t r ips by or igin  and dest in a t ion  as the basis  for
formula t ing p red ict ions , not  the unders tanding of the t r ip  by the ind ividua l. 
Underst andin g is im por tan t  from the viewpoin t  of developin g theory or for ways t o
communica t e with  peop le.  Bu t , it  is  not  necessa r ily usefu l for  pred ict ion .  In  shor t ,
underst andin g and p rediction  are n ot t he same t h ing. 

On  the oth er  hand, t he journey to cr ime r out ine, pa r t icula r ly the ker nel densit y
appr oach, can  be useful for police depar tm ents if used car efu lly.  If there are su fficient
cases to bu ild an  est im ate (i.e., 10 or  more in ciden t s), it  can  provide addit ion a l in format ion
to officer s in vest iga t in g a  ser ia l offender  by r educin g t he number  of possible suspect s tha t
might  be lin ked to a ser ies  of crim es.  It  can  a lso pr ovide some dir ect ion in  orien t ing the
deploymen t  of officer s a nd det ect ives  invest iga t ing wh at  appea r  to be ser ia l offenses.  I t
pr ovides gu esses a bout  wh er e t he offender  might  be living, but  ba sed on sim ilar it ies wit h
previous offenders for  the same type of cr im e.  I t ’s not  going t o give an  exa ct  est im ate of
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wh er e an  offender  is living, but  will pr ovide some insigh t s in to which  area s t he individua l
might  be loca ted.  The J t c model should  be seen  as a  supplement  to other  t echniques, n ot  a
complete solu t ion .  Like a ll the st a t ist ical t ools in  Crim eS tat, it  must  be u sed ca refully and
intelligen t ly.  The ph ilosoph y of cr ime ana lysis  must  a lwa ys be to use a  techn ique wit h
thought  and with  a  syst emat ic pr ocedu re.
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1. It  sh ould a lso be poin ted out  tha t  the u se of dir ect  dis t ances will underest imate
t ravel dis t ances pa r t icula r ly if the st reet  net work follows a  gr id.

2. There are, of course, many other  types of mathemat ica l funct ions t ha t  can  be used
to descr ibe a  declin ing likelihood with  dis t ance.  In fact , ther e a re an  infinit e
number  of su ch  funct ions.  However, t he five types of funct ions pr esen ted h ere are
commonly used.  We a voided t he inver se dis t ance function because of it s poten t ia l to
dis tort  the likelih ood r ela t ionsh ip.  

   1
f(d)  = -------

  d ij
k

where k  is  a  power  (e.g., 1, 2, 2.5).  For  la rge dis t ances , t h is  funct ion  can  be a  useful
approximat ion  of the lessen in g t ravel in teract ion  wit h  dis t ance.  H owever , for  shor t
dis t ances, it  doesn’t  work.  As the dis t ance between  the reference cell loca t ion  and
an  in ciden t  loca t ion  becomes very small, a pproachin g zero, t hen  the likelihood
est im ate becomes very la rge, a pproachin g in fin it y.  In  fact , for  d ij = 0, the fun ction is
unsolvable.  Since ma ny dista nces bet ween  reference cells an d incident s will be zero
or  close t o zero, the funct ion  becomes u nusa ble.

3. It  is  actua lly t he in verse of the in verse dis t ance funct ion .  If a  dis t ance decay
funct ion  d rops off p ropor t iona l to the inverse of the d is tance,

Yij =   A* 1/d ij

where Yij is t he t r avel likelih ood, A is coefficien t , and d ij is  the dis tance from the
home base, then  the opposit e - a d ist ance increa se is just  the inver se of th is function

       1        d ij

Zij =  ------------------ =  ------------ = B* d ij

A* 1/d ij        A

4. There a re severa l sources of er ror  associa ted wit h  the da ta  set .  F ir st , t hese records
were ar rest  records p r ior  to a  t r ial. Un doubt edly, some of the individua ls were
incor rect ly a r res ted .  Second , there a re mult ip le offenses .  In  fact , more than  ha lf
the r ecords  wer e for  individua ls who were lis t ed two or  more t imes in  the da taba se.  
The t ravel pa t t ern  of repea t  offender s m ay be slight ly differen t  than  for  appa rent
firs t -t ime offender s (see figure 10.19).  Third, many of these ind ividua ls have lived
in  mult ip le loca t ions .  Cons ider ing tha t  many a re young and  tha t  mos t  a re socia lly
not well adjust ed, it  would  be expected tha t  these individua ls would have mult iple
homes.  Thu s, the dist r ibut ion  of inciden t s could reflect  multiple home bas es, ra ther
than  one.  Unfor tuna tely, t he da ta  we have only gives a  sin gle residen t ia l loca t ion ,
th e place at wh ich t hey were living when ar rested.

En dn ot e s fo r Ch ap te r 10
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5. If th e coordina te system is projected with  th e dista nce units in feet, meters or m iles,
then  the dist ance between  two point s is  the hypoten use of a  r ight  t r iangle usin g
Euclidea n  geomet ry.

  ____________________
dAB = % (XA - XB)2 + (YA - YB)2 (3.1)

repea t
wh er e ea ch locat ion is  defined by an  X and Y coordin a te in  feet , met er s, or  miles .  

If the coordina te syst em is sph er ica l with  un its  in la t itu des a nd longitudes, t hen  the
dista nce between t wo points is the Great  Circle dista nce.   All lat itudes an d
longitudes a re conver ted in to ra dia ns u sin g

     2B N
Radians (N) =  ---------------- (3.2)

      360 repea t

    2B 8
Radians (8) =  ---------------- (3.3)

     360 repea t

Then , t he dis t ance between  the two poin t s is  determin ed from

dAB =  2* Arcsin  { Sin 2[(NB - NA)/2] + Cos NA*CosNB*Sin 2[(8B - 8A)/2]1 /2 } (3.4)
repea t

wit h  a ll angles bein g defin ed in  radia ns (Snyder , 1987, p . 30, 5-3a ).

6. They a lso argu ed tha t  the combin a t ion  of in cident s - which  they ca lled ‘aggrega t ion ’,
would  dis tor t  the rela t ion sh ip  between  dis t ance and in cidence likelihood because of
the ecologica l fa llacy.  To m y m in d, t hey a re in cor rect  on  th is  poin t .  Da ta  on a
dis t r ibu t ion  of inciden t s by dis t ance tr aveled is a n  individua l character ist ic and is
not  ‘ecologica l’ in a ny way.  An ecologica l in ference occurs wh en da ta  a re aggregat ed
with  a  grouping var iable (e.g., sta te, county, city, cen su s t r act; see  Langbein  and
Licht man, 1978).  A frequen cy dis t r ibu t ion  of individua l cr ime t r ip d ist ances is a n
in dividua l probabilit y d is t r ibu t ion , s im ila r , for  exa mple, t o a  dis t r ibu t ion  of
individua ls by height , weight , income or  any other  character ist ic.  Of course, th ere
are sub-set s of th e da ta  tha t  have been  aggrega ted (sim ila r  to height s of men  v.
heigh t s of women, for  exam ple).  Clear ly, iden t ifying sub-groups  can  make bet t er
dis t inctions in  a  dis t r ibu t ion. But , it  is s t ill an  individua l pr obabilit y dis t r ibu t ion. 
Th is doesn ’t  pr oduce bias in  est imat ing a  pa ramet er , on ly var iability.  For  example
if a  pa r t icula r  dis t ance decay function implies  tha t  70% of th e offender s live with in ,
say, 5 miles of th eir comm itted incident s, then  30% don’t live with in 5 miles.  In
other  words, because the da ta  a re in dividua l level, then  a  dis t ance decay fu nct ion ,
wheth er estimat ed by a m at hema tical or a  kern el density model, is an  individua l
probabilit y m odel (i.e., an  a t t empt  to descr ibe the under lyin g dis t r ibu t ion  of
in dividua l t r avel d is t ances  for  journey t o cr im e t r ips).
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11.1

Chapter 11
Overview of 

Crime Travel Demand Modeling

The next  seven  cha pt er s p resen t  a  module on cr ime t ravel demand m odeling. Cr ime
t ravel demand m odeling is a  fra mework for  examining cr ime t r ips  over  an  en t ire
met ropolita n a rea.  In th is cha pter, an  overview is presented.  In t he next five cha pters,
ea ch of th e separa te componen ts of cr ime t ravel dem and m odelin g are presen ted. Fina lly,
in  chapter  17, Richa rd Block  and Dan  Helms  presen t  ca se s tudies  of t he method  applied  to
Chicago an d Las Vegas crime dat a.

Mu ch of th e t heoret ical backgr oun d was d iscussed in  cha pt er  10 (journey t o cr ime). 
Reader s would be advised t o review tha t  mater ial before pr oceeding with  the cr ime t ravel
demand m odel.

Tra ve l D e ma n d F ore c as tin g

Crim e t ravel demand modeling is an  applica t ion  of t r avel demand forecast in g (or
t ravel dem and m odeling).  It is u sed by t ransport a t ion  planners for  exam ining tr avel
pa t t erns over  an  ent ire m et ropolita n  a rea  and for  forecast ing fu ture t r ends.  It  is a m odel
of t r anspor ta t ion  pa t t erns  in  a  met ropolit an  a rea  and  is  used  for  both  forecas t ing and  the
ana lysis  of the likely effects  of bu ildin g new roadwa ys or  inst a lling new t ransit  facilit ies .  
In  the Un ited  St a tes, it is r equired  by Feder a l law to be used in ever y met ropolita n  a rea
great er th an  50,000 populat ion a s a basis for m ak ing decisions on h ighway an d tr an sit
expendit ures (USDOT, 2003: 23CF R450).  It  is a lso used for  t r ansport a t ion  pla nning in the
met ropolitan  a rea s of many oth er  count r ies  of the wor ld (F ield  and MacGregor, 1987).  

Th e a im is t o model t r avel over  an  urba n  area  as a  mea ns for coord ina t ing the
appr oximately $36 billion  dollar s in  t r ansport a t ion  h ighwa y funds  and $8.6 billion  in
t r ansit  funds  tha t  a r e spen t  every year in t he U.S. (Tea3.org, 2004).  Rath er th an  waste
funds by bu ildin g n ew roadways  and t ransit  facilit ies tha t  will be lit t le  used, it  is  a  lot
more effect ive t o fir st  model t he likely benefit  of a  new facilit y as a  ba sis  for  making a
decis ion  to bu ild it .  In  essence, Congr ess requir es a  t r anspor ta t ion  model be developed for
every m et ropolit an  a rea  as par t  of an  eva lu a t ion  of the benefit s to be  obt a in ed from
par ticular  tr an sport at ion investm ents.

The fra mework has emer ged s lowly sin ce th e 1950s and is  now st ar t ing its “th ird
genera t ion”.  For  the “fir s t  genera t ion” - wha t  is  used  by mos t  Met ropolit an  P lann ing
Orga niza t ion s (MPO) today, modeling is conducted en t ir ely a t  a  zon a l level.  Th e “second
genera t ion ” in volves modeling individua l level ch oices in  t r avel m ode taken  wit h in  a  zon a l
fra mework (Horowitz, Koppelman, and Lerman, 1986; McFa dden , 2002), wh ile a  “th ird
gen er a t ion” involves m odelin g individua l-level t r ips  in  a  fra mework  known as “activit y-
ba sed” modelin g (Goulias, 1996; Miller , 1996; Pas, 1996; FH WA, 2001a ).  In  Crim eS tat III,
we im plement  a  modified “fir st  genera t ion ” model, pr im ar ily due to the la ck of da ta  on 
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11.2

in dividua l-level cr im e t r ips.  In  la t er  ver sion s, we may a dd in dividua l-level ch oice
component s.

Ne ed  for More Comp lex Travel  Mode l of Crime

Crime t ravel dem and m odeling is an  applica t ion  of t r avel dem and t heory ta rgeted
specifically to cr ime ana lysis .  Ther e a re m any rea sons why su ch a n  approach is
appropr ia te.  F ir st , cu r ren t  models  of cr im in a l t r avel behavior  a re too sim ple wit h  respect
to t r avel.  As cha pt er  10 discussed , journey to cr ime m odels a ssu me tha t  many offender s
commit  cr imes  in  their  neighborhoods.  While th is  a ssumpt ion  is  frequen t ly empir ica lly
foun d, it is not a r ealistic model of modern  day crime t ra vel.  Pr ior t o World War II,
Amer ican s t en ded t o live and shop a lmost  exclusively in  their  res iden t ia l community. 
Many people would  gr ow up and live in  a  sin gle communit y for  most  of their  lives.  Sin ce
World  War  II , however , Amer ican  society has become ver y mobile.  People move frequ en t ly,
not  just  with in m et ropolita n  a reas, but  between  met ropolita n  a rea .  For exam ple, between
Ma rch 1999 a nd March 2000, 43.4 m illion  Amer ican s m oved (Schacht er , 2001): over  ha lf
were with in t he sa me county an d 20 per cent  were between  differen t  count ies in t he sa me
st a te, bu t  19 per cent  wer e m oves t o a d iffer en t  st a te.  

Second, t he a lmost  un iver sa l use of persona l au tomobiles has in creased da ily
mobilit y.  For  exa mple, in  the 2000 census, 90% of households owned a t  least  one motor
veh icle.  For  cer t a in  met ropolit an  a reas, par t icu la r ly in  the wes t  and in  the sou th , motor
veh icle owner sh ip was gr ea ter  than  92% (U.S. Cen su s, 2002). Fu r ther , per  capita  veh icle
t ravel h as cons ist en t ly increased over  t ime. Since at  lea st  1960, and p robably before, t he
growth  in  veh icle miles  t r aveled  (VMT) has  increased  a t  a much  fas ter  r a te than
popula t ion , a t r end t ha t  does not seem  to be aba t ing (FHWA, 1996; Pa t t er son, 1998;
FHWA, 2001b; BTS, 2003).  Essen t ia lly, au tomobile use  has become a lmost  ubiqu itous . 
There is  no reason  to th in k tha t  offenders would  not  be a ffected by t hese t r ends.  Sin ce
there is n o da ta  ava ilable tha t  cou ld test  whet her offenders  ar e less likely to own an
automobile than  non-offenders, it  has t o be assumed tha t  more and m ore offenders h ave
access to an  au tomobile for  the use of commit t in g a  cr im e. Clear ly, t he exis tence of a n
automobile makes  cr ime t ravel much  more fluid a nd difficu lt t o model.  While offender s
will p robably commit  cr im es in  loca les for  which  they a re familia r , t here is  no reason  to
th ink tha t  those locales will necessa r ily be t he communit ies  in  wh ich t hey live. 

Th ird, t he widespr ea d a vailability of motor veh icles has a llowed  major  sh ifts  in
intr a-urban t r avel pat terns.  In  the last  census (2000), approximat ely half the U.S
populat ion lived in a reas t ha t would norm ally be called ‘subur bs’, even th ough th e U.S.
Census Bu reau  does not  use th is  nomencla ture (non-cen t ra l city, met ropolit an  popula t ion ;
U.S. Cens us Bureau , 2000; Demogra ph ia, 1998).  With in m et ropolita n  a reas,
approxim ately two-th ir ds of the popula t ion  lives in  suburban  areas.  Much of the
communit y-or ien ted cr im e pa t t erns tha t  were descr ibed by t he so-ca lled “Chica go School of
Cr iminology” in  the 1920s  and 1930s a re n o longer  t rue (Burgess, 1925; Thrash er , 1927). 
Cr imes  have increased  subs tan t ia lly in  the suburbs  of many met ropolit an  a reas  and the
differences  between  the cen t ra l cit y a nd suburbs is  decreasin g (Demogr aphia , 1999);
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11.3

Demogr aphia , for  exa mple, est im ates tha t  1999 cr im es ra tes in  the suburbs were about
ha lf  th ose in  the cen t ra l cities.  

F igure 11.1 below sh ows a  sa mple of 200 crim e t r ips  in  Ba lt imore County tha t
occur red bet ween  1993 and 1997.  As seen , ther e is a  complex pa t t er n .  Some of the t r ips
a re short ; for some, the origin  and dest ina t ion  are t he same loca t ion .  But , for other  t r ips ,
the t r avel dis t ances a re substan t ia l.  In  oth er  words , ther e is a  complex pa t t er n  of crim e
t r ips  in  Ba lt imore County wh ich is  not easily m odeled by a  sim ple dis t ance decay-type
fun ction . 

Four th , a n  empir ica l exa min a t ion  of t ravel pa t t erns shows considerable tempora l
var iation.  There ar e hour ly var iations, daily var iations, and seasonal var iation in crimes. 
Some of th is can  be un der st ood a s r eflect ing existing tr avel pa t t erns in  congested
met ropolita n  a reas.  For example, in  Balt imore Coun ty, cr ime t ravel dist ances wer e
genera lly short er dur ing th e peak  aftern oon “ru sh h our s” (4-7 PM) th an  at  oth er times. 
Su ch a  pa t t er n  su ggest s a n  ada pt a t ion  to tr a ffic by offender s, a  not u nrea sonable
assu mpt ion  given t he difficu lties of t r avers ing a  met ropolita n  a rea  du r ing pea k t ravel
times.

F ift h , cr im e t ravel behavior  represen t s a  complex pa t t ern  in  it self.  Especia lly for
persona l cr imes, ther e is a n  in ter action in  the t r avel pa t t er ns of offender s a nd vict ims t ha t
is very difficu lt t o even descr ibe, leas t  of a ll model.  Man y cr imes  a re committ ed by
mult ip le offenders and the existence of in termedia te loca t ion s (e.g., ‘fences’ for  the
dis t r ibu t ion  of stolen  goods, a u to theft  drop loca t ion s) makes cr im e t ravel even  more of a
complex pa t t ern  to be  understood.

In  sh or t , Amer ican  society has become a  very mobile society, leading to la rger t r avel
dist ances, more frequent  t r ips, an d m ore complex tr ips.  Again , offender s a re going to be
affected by these t r en ds .  Becau se of th is, t her e is a  need  to un derst and cr ime pa t t er ns in
terms of the complexity of t r avel r a ther  than  cont in ue to rely on over ly sim ple models  of
t ravel ‘dis t ance decay’.

Crime  Trave l De m an d F ram e w ork

Cri m e  tra ve l d e m an d  theory is a  fra mework  for  underst andin g th is complexity. 
There ar e two pha ses:

1. An  inven tory (or  da ta  ga ther ing) phase; and
2. A modeling pha se.

The da ta  gat her ing involves pu t t ing togeth er  the necessa ry dat a  to est ima te the
model.  This involves selecting a n  appr opr iat e zone syst em (since the model is est ima ted a t
the zona l level), obta in ing da ta  on crime ‘t r ips ’ and a llocat ing it  to th e zones, obta in ing
zona l va r iables  tha t  will p red ict  t r ip s (both  on  the p roduct ion  side and on  the a t t r act ion
side), crea t ing possible policy or policing inter ven t ions, a nd obta in ing one or m ore m odeling
network s.1  
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11.5

The modeling ph ase involves four  dist inct m odeling st eps (or  st ages) tha t  repr esen t
a  logica l ‘causa t ive’ pa t t ern :

1. Trip  gene ration  - separa te models  a re produced of cr im e t r ip  product ion s
(i.e., t he number  of cr ime t r ip s t ha t  or igina t e in  each  zone) and cr ime t r ip
a t t ract ions (i.e., th e number  of cr ime t r ips t ha t  occur  in ea ch  zone).  The
model may include policy or in ter ven t ion  var iables  as p redictors a s well a s
socio-economic var ia bles.  One of the major  uses of the model is to explor e
how differen t  int ervent ions m ight  a lter  the number  of t r ips t aken .

2. Trip  d i s tr ibut ion  - a  model tha t  pred ict s  the number  of cr ime t r ips tha t
will begin  in every product ion  zone and will end in  every a t t r act ion  zone.

3. Mode sp l it  - a  model t ha t  pred ict s , for  each  product ion -a t t r act ion  zone pair ,
which  t ravel m odes will be taken  (e.g., wa lk in g, bicycle, dr ivin g, bu s).

4. N e tw o r k a ss ig n m e n t - a  model t ha t  predict s, for  each  product ion -
a t t r action  zone pa ir  by t ravel m odel, wh ich r out e is  liable t o be taken . 

The modeling is typ ica lly sequent ia l followin g t hese st eps. The outpu t  from each
sta ge is th en used as a n input  for t he subsequent st age.  Figur e 11.2 below shows the
sequ en ce. 

One can  th ink  of the model as  a  plau sible behaviora l r epresen ta t ion .  F ir st , someone
decides  to ma ke a  t r ip (e.g., an  offender  decides  to comm it  a  robber y to get  some m oney to
pu rcha se dr ugs.  Th a t  would be t he first  st age.  Second, t ha t  individua l decides  wh er e t o go
to commit t he robbery.  This is the second st age.  Third, th e individu a l decides how to
t ravel t o th a t  loca t ion (wa lk, dr ive, or t ake t he bu s).  Th is is  the t h ird s t age.  F ina lly, the
individua l chooses a  rou te; in t he case of wa lking, biking, or  dr iving, th a t  is a delibera te
choice whereas  in  the case of t r ans it  t r ips, it  is  dependen t  on  the actua l bus  or  ra il
net work.  Th is is  the four th  st age.  

However , the a na logy to beh aviora l decisions qu ickly br ea ks down as a lt er na t ive
behaviora l sequen ces can  be gener a ted (e.g., th e offender  firs t  makes  a  t r ip and t hen
decides t o commit a  cr ime; th e offender  firs t  decides t o commit a  cr ime a nd chooses a
dest in a t ion , bu t  then  commit s a  cr im e a t  an  in termedia te loca t ion  in  the t r ip ).  As  a
beh aviora l model, th is t ype of framework is a ctu a lly not ver y accura te for  pr edictin g
ind ividua l behavior  as  a  number  of s tudies  have sugges ted  (Domencich  and McFadden ,
1975; Or tuza r  and Willumsen , 2001).

Consequen t ly, it ’s  impor tan t  to unders tand th is  framework  as a  zonal  model, ra ther
than  a  beh aviora l expla na t ion .  The da ta  a re aggrega ted a t  the zona l level and t he m odel is
applicable to th a t  level.  The m odel is good a t  pr edict ing tota l tr ips in a  met ropolita n  a rea
and for pr edictin g the m ajor  t r ip lin ks, a nd should  be u sed on ly a t  tha t  level. 
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Figure 11.2:
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11.7

Note in  figure 11.2 tha t  there is  feedback from the network assignment  st age to the
mode sp lit  st age.  Th is is  a  fun ction of t r ansit  use sin ce th e choice of t r avel mode is
dependent  on t he availability of an  appropr ia te net work (e.g., one can not h ave t ra in  t r ips  if
there a re no t ra in s nearby).2

Also, cr ime t r avel demand modeling is  a fr amework , r a ther  t han  a specific t heory. 
Th er e is  more than  one wa y to imp lem en t  the framework .  In  t r ansport a t ion m odelin g,
there a re many var ia t ion s of the model a nd each  t ranspor ta t ion  pla nnin g or ga niza t ion
im plements it  in  sligh t ly differen t  ways .  F or  th is  reason, it  is  best  though t  of as a
framework.  

In  th is  version  of Crim eS tat, we im plemen t  one pa r t icula r  ver sion  of the framework . 
It  is a  fra mework tha t  is consis t en t  and a ppea rs t o produce reasonable predictions of crim e
t ravel behavior.  Bu t , clear ly, it  is n ot t he only wa y tha t  th is could  have been  implemen ted. 

Th e “second-“ and “th ird-gen er a t ion” t ravel dem and m odels  represen t  a lt er na t ive
ways of modeling t ravel in a  met ropolita n  a rea .  In t he following chapt ers, these
a lt erna t ives will be ment ion ed when  appropr ia te.  Never theless, t he type of framework
implemen ted in  th is ver sion sh ould be seen  as a  fir st  st ep in  developing a  more r ea list ic
model of cr im e t ravel behavior .

Crime Travel  Defin i t ions

Let ’s s t a r t  wit h  two definit ions . 

Crime  Trip

In  the Crim eS tat implemen ta t ion, a  crime  trip  is  a  round-t r ip  journey from an
offender ’s residence tha t  in clu des a  commit ted cr im e a t  a  specified loca t ion .  F rom a
modeling per spective, th e offender ’s r esiden ce will be consider ed t he origin  of the t r ip  and
the cr ime loca t ion  will be consider ed t he dest inat ion .  Note tha t  there may be
int ermedia te t r ips bet ween  the or igin  and t he des t ina t ion , as  figur e 11.3 illus t ra tes.  But ,
it  is a ssumed tha t  a t  some point , the offender  will r et u rn  home to th e in it ia l origin . 
Definin g a  crim e t r ip in  th is way avoids the issu e of wh a t  wa s t he a ctu a l origin  of the t r ip. 
As  ment ioned  in  chap ter  10, rou t ine act ivity theory sugges t s tha t  many cr ime t r ips occur
wh ile t he offender  is en  rout e from some oth er  loca t ion a s par t  of their  ord inary activit y.
The possibilities can  become quit e complex (e.g., an  offender  st ays overn igh t  a t  some other
loca t ion  than  h is /her  res idence and  commits  a  cr ime as  a  pa r t  of tha t  s t ay ra ther  than
wh ile en  rout e t o home).  

Never theles s, by refer en cing a ll t r ips  wit h  respect t o th e offender  res idence, a
consis t en t  set  of es t im ates can  be obt a in ed.  This  defin it ion  is  requir ed by t he limit a t ion s of
cr ime da ta  whereby in termedia te loca t ions  a re usua lly not  known.  It  is  a  hypothet ica l
quest ion  whether  modeling or igins  from offender  residen ces will pr odu ce bet t er  est ima tes
than  modeling or igins from other  locat ions.  Bu t  un t il some a lter na t ive da ta  is produced, it  
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11.9

is  a  specula t ive quest ion .3  Consequ en t ly, for t h is a na lysis , the offender  residence is
consider ed t he or igin of the cr ime.

In  the u su a l t r avel demand forecas t ing framework, t r ansport a t ion  modeler s u su a lly
d is t ingu ish  p ro du c ti on s  an d a tt ra ct io n s  from or igins  and des t ina t ions .  The reason  is
tha t  origins a re a sym met r ical in  t ime.  For exa mple, for a  home-to-work (comm ut ing) t r ip,
the or igin  loca t ion  in  the morn in g is the residence while the dest in a t ion  is  the work
loca t ion .  On  the retu rn  t r ip , however , the or igins  and des t ina t ions  a re reversed  (i.e., the
work locat ion  is t he origin  wh ile the home locat ion  is t he dest ina t ion).  The m odels a re
refer en ced in  the same wa y tha t  is done her e, namely from t he r es idence locat ions , and t he
t r ips  a re a ssumed to be recipr oca l.  Thus, t he production  en d of a t r ip is  a lwa ys t he
residence loca t ion  and the a t t r act ion  end of a  t r ip  is  a lways  the work loca t ion .  The round-
t r ip jour ney can  be br oken  into differen t  t ime sequ en ces (e.g., morn ing home-to-work t r ips ;
afternoon work -to-home tr ips), but t he production a nd a tt ra ction ends a re always the
sa me.

In  crim e t ravel dem and m odelin g, ther e is  not u su a lly da ta  on in ter media te t r ips . 
Consequ en t ly, some of the finer  ana lysis  can not be done.  Ther efore, we a dopt  a  sim ilar
logic, bu t  wit h  a  sligh t ly differen t  t er minology.  As with  the u su a l t r avel dem and m odelin g,
th e production end is alw ays  th e home locat ion a nd t he at tr action end is alw ays  t he cr ime
loca t ion .  However , we use or igin  and des t ina t ion  in terchangeably with  p roduct ion  and
at tr action since we can not docum ent t he ret ur n pa rt  of a crime tr ip.

Cri m e  Tra ve l D e m a nd

Cri m e  tra ve l d e m an d  is the number  of offender s per  unit t ime t ha t  a re expected
to t r avel on  a  given  segm ent  of the t r anspor ta t ion  sys tem under  a  set  of socioeconomic,
land-use, and environmen ta l condit ions.  Tha t  is , t he fina l model ou tpu t  is  an  es t ima te of
the number  of t r ips (or  offenders) tha t  t r avel on  any given  segm ent  of the t r anspor ta t ion
syst em a t  a  given t ime u nder  a  given set  of condit ions.  Let’s explain  th is in st eps.

N u m ber  of tr ip s = nu m ber  of offend er s

Firs t , as m ent ioned a bove, the model is est ima ted sequ ent ially.  In  the firs t  st age,
t r ip  genera t ion , t here is  a  predict ion  of the number  of cr im e t r ips tha t  or igin a te from each
or igin  zone and  the number  of cr ime t r ips tha t  occur  (end) in  each  des t ina t ion  zone.  In  th is
case, a crim e trip  is  equa ted wit h  an  offender  because of the na ture of ar rest  records from
which  these est im ates come.  Wit h  most  a r rest  records, t here is  a  sin gle record for  each
cr ime t ha t  an  individua l commits .  Thu s, the or igin is t he residen ce loca t ion  of the offender
while the dest in a t ion  is  the cr im e loca t ion .  If the in dividual com mit ted more than  one
crim e, t her e will be a n  sepa ra te r ecord for ea ch cr ime (or , a t  lea st , those t ha t  a re known). 
If two individu a ls commit a  single cr ime a nd both  ar e ar rest ed, th en t here will be two
records  in  the da ta  ba se.  In  oth er  words , the na ture of the da ta  equ a tes a  crim e t r ip with  a
sin gle offender .  Thus, t he tota l n umber  of cr im e t r ips est im ated (whether  from the
pr odu ct ion  or  a t t r act ion  end) is equ iva lent  to the number  of offender s.
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Agg r ega te v olu m e/cou n t m od el

Second, by ‘a  set  of socioeconomic, land-use, and en vironmenta l condit ions’ is meant
cor rela tes  of crim e t r ips .  At  the aggrega te level of a  zone, pr edictors of crim e t r ips
(wheth er productions or a tt ra ctions) ar e corr elat es of th ose trips. Since the nu mber of tr ips
ar e being predicted, the model estimat es volume s  (or coun ts), not r at es.4  Tha t  is , the
number  of crim e t r ips  origin a t ing in  a  zone or endin g in  a  zone is a  count  of even t s. 
Aggrega te coun ts , in  tu rn , t end  to be rela ted  to other  aggrega tes , pa r t icu la r ly popula t ion . 
Thus, in  developing a  pr edictive m odel, popu la t ion  is a lmost  a lwa ys one of the domin ant
var iables .  Somet imes it  can  be a  su b-set  of popu la t ion , su ch a s n umber  of househ olds ,
number  of veh icles, or  number  of males aged 16-25.  But , sin ce th e number  of inciden t s is
usu a lly a fun ction of the size of the popula t ion , one u su a lly finds  tha t  var iable in  the
equa tion.  Hence, th e model is an  eco log ica l one, not a  beha viora l one (as m ent ioned
above).  Ther e is a  sizea ble body of liter a ture t ha t  sh ows difficult ies in  inferr ing individua l
cha racter ist ics from ecologica l models.5  It  is import an t t o keep this distinction in mind a nd
not m ake in feren ces a bout  individua ls. 

In  addit ion  to popula t ion , va r ia bles tha t  predict  cr im e t r ips a re a lso ecologica l
va r ia bles - em ploym ent , r eta il space, number  of ba rs, n umber  of pawn shops, exist ence of a
freeway, number  of a r t er ia l lane m iles , and so fort h . 

O -D  z on e p a i r s

In  the second s tage, t r ip d ist r ibu t ion , a  model is es t imated of the number  of crim e
t r ips tha t  occur  from any par t icu la r  or igin  zon e to any par t icu la r  dest in a t ion  zon e.  Sin ce
the inpu t  to th e second s tage is t he number  of pr edicted  crim es origina t ing in each origin
zone and t he n umber  of pr edicted cr imes en din g in  ea ch dest ina t ion zone, t he second s tage
est im ates how many t r ips will be dis t r ibu ted from each  or igin  zon e to each  dest in a t ion
zone.  The r esu lt is a n  est ima te of cr ime t r ips bet ween  zone pa irs  (an  or igin zone and a
dest in a t ion  zon e).  There a re differen t  names tha t  a re used for  th is  combin a t ion  - zon e-to-
zon e t r ips; zone pa ir s; zone-to-zone links, O-D links (for or igin -dest in a t ion  links), O-D
pa irs , but  in a ll cases it  refer s t o the number  of t r ips t ha t  st a r t  in a ny one or igin zone tha t
go to any one dest ina t ion  zone.

Tr a vel  m od es

In  the th ird  st age, mode sp lit, th e number  of t r ips by an y O-D combina t ion  are then
sp lit  in to differen t  t r avel modes - wa lking, bikin g, dr iving, bus (if available) or  t r a in  (if
ava ilable).  In  the usua l t r avel demand modeling done by t ranspor ta t ion  modeler s, some of
these m odes  a re br oken  down  ver y finely (e.g., dr ive a lone t r ips , car  pooling t r ips , pa rk-
and-r ide t r ips ).  Ther e is n o logical r ea son wh y mode sp lit  can ’t  be defined in  mult iple
ways .  F or  our  purposes, s im ple t r anspor ta t ion  choices a re proba bly adequa te because of a
lack of dat a t ha t would allow finer distinctions t o be ma de.
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Est im a ti n g t r a vel  r ou tes  by m od e

Fina lly, in t he four th  sta ge, th e num ber of tr ips from a ny O-D pair by separa te
t ravel model are assigned t o a  rou te on  the t r ansport a t ion  network.  Thus, if the t r ip is by
walking, biking, or  dr iving, th e model may pred ict  a  differen t  rou te than  if the t r ip is by
t ransit  sin ce a t r ansit  sys tem  is lim ited to par t icula r  bus or  ra il rout es.  Hen ce, th e fina l
st age is  an  es t im ate of the tota l n umber  of crim es tha t  occur  on any segm ent  of a
t ransport a t ion n et work by separa te t r avel m ode. 

Th e  C r i m eS t a t  Crim e  Trav e l De m an d Mod u le

The Crim eS tat cr ime t ravel dem and m odu le follows t h is logic fa irly closely, but
adapt s it  to the na ture of crim e da ta .  F igure 11.4 below shows a  screen  im age of the
modu le.  Ther e are five main sect ions (ta bs).  Four  of them cor respond  to the four  st ages.
Each  of the four  sections h as sever a l rout ines  associat ed with  them.  These will be
explained in t he subsequent cha pters.

In  add it ion , ther e is a  “File worksh eet ” section.  This a llows the u ser  to save the file
names in  order  to keep t rack of them.  The module is  very com plica ted and there a re a  lot
of files used - 38 of them, m any u sed mult ip le t im es.  In  addit ion , t here a re a  va r iety of
pa rameters t ha t  a re used for  the differen t  files.  The r esu lt is a  complica ted m odel whereby
not  only is  the model t ested sequent ia lly, bu t  there a re mult ip le opt ion s ava ilable for  each
st age.  The subsequ en t  cha pt er s, t he file work sh eet  t ab, and t he onlin e help men u will t ry
to ma ke t he r out ines ea sy t o un derst and.  Bu t , the user  has t o rea lize tha t  it  will t ake t ime
to ga ther  the da ta  and t o cons t ruct t he m odel.

Crime  Trave l  Dem an d v.  Jou rne y to Crime

A d is t inct ion  shou ld  be made between  cr ime t r avel demand and jou rney to cr ime. 
Cr ime t ravel demand m odeling is n ot jour ney to cr ime m odeling.  J our ney to cr ime
modeling (a nd it s use in  geogr aphica l profilin g) is a  much sim pler  sys tem.  Research  on
jou rney to cr ime has been  conducted  since the 1930s  (see chapter  10).   For  t he mos t  par t ,
journey to cr ime modeling is  a  descr ip t ive framework .  Est imates  a re made of the d is tance
tha t  offender s t r avel du r ing pa r t icula r  crim e t r ips .  A dis t ance decay-type function is
est im ated from these t r ips and compar isons a re made between  differen t  types of cr im e or
th e same type of crime for different  time periods.

There is very lit t le in  the way of theory for  th is type of model.  Crime t r ips a re a
funct ion  of d is tance p lus  some other  character is t ics , such  as  the cr ime type or  whether
there is  or  is  not  a  ‘buffer  zon e’ a round the offender ’s residence (see chapter  10).  Most  of
the journey to cr ime s tudies h ave compa red differen t  types of cr ime by dist ance t r aveled,
wh et her  mea su red as a ver age dist ance or  by t ype of fun ction  as was u sed in  cha pt er  10. 
Almost  exclus ively, th e key var iable is t r avel dist ance.  Ther e are very few st udies t ha t
have looked a t  t r avel t im e (see Kent , Leit ner  and Cu r t is , 2004).
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       Figure 11.4:

Crime Travel Demand Module
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In  oth er  words , journey t o cr ime m odelin g is a  sin gle-st age m odel, es sen t ia lly a
descr ipt ion , with  the pr imary var iable being dis t ance.  It  is a lso ‘non-adjust able’ in  the
sense tha t  the condit ion s can’t  be va r ied sin ce there is  no model t ha t  predict s dis t ance
oth er  than  crim e t ype (or  bu ffer  zone, wh ich we didn ’t  find  eviden ce for; see chapt er  10). 
There is very lit t le in  the way of pr edict ions t ha t  the model can  make oth er  than  to
est imate t he likely origin  locat ion  of an  offender  (for event s commit ted by a  sin gle
offen der ).

Cr ime t ravel dem and m odelin g, on  the other  hand, is  a  pr edictive fra mework . 
Cr ime t r ip s a re a  funct ion  of p roduct ions, a t t r act ions, and impedance.  P roduct ions a re a
funct ion  of some socio-economic a nd policy var ia bles.  At t ract ion s are a  funct ion  of some
oth er  socio-economic and policy var iables .  Im peda nce is a  fun ction of cost  and a vailability
var iables.  Ea ch  of these componen ts is pr edicted by differen t  var iables.  Hence, th e model
can  be a djust ed (e.g., by add ing or  su bt ractin g a  policy inter ven t ion  var iable).  One of it s
benefit s is  the abilit y t o adju st  condit ion s.  F or  exa mple, if it  can  be shown tha t  the amount
of policing in  a  zone impact s  the number  of cr imes  tha t  either  or igina te or  end  in  tha t  zone,
then  a  su bsequ ent  run  can  ‘re-assign’ police per sonn el to impa ct  cr imes  in oth er  zones.

The model is multi-sta ge since it  is est ima ted sequ ent ially an d, th erefore, can  be
used for  predict ion .  Thus, on ce the model is est im ated on one da ta  set , it  can  be used on
another  set .  Thus, it  represen t s a  ca libra t ion  aga in st  a  known da ta  set .  F or  exa mple, on e
cou ld  ca libra t e t he model on  one yea r ’s  wor th  of dat a  and then  use the es t ima ted
coefficient s an d par am eters on a  second year ’s wort h of dat a.  This, in fact, is how it is used
in tr an sport at ion m odeling.  The model is calibrat ed on a  cur rent  year a nd t hen a pplied to
a fut ur e year t o ma ke a forecast  of fut ur e tra vel deman d.

In  sh ort , crim e t ravel dem and is  a  theory of t r avel behavior wher ea s journey t o
crim e m odeling is bu t  a  sim ple descr ipt ion .  In  many ways, crime t ravel demand m odeling
is a ‘quan tu m’ leap in complexity an d an alysis, requiring gat hering a lot m ore dat a a nd
ca libra t ing many individu a l steps.  Never theless, th a t  complexity allows a  fa r  grea ter  use
of t he model t han  the t r adit iona l jou rney to cr ime.

Models v . Descr ipt ion

A key d is t inct ion  in  the cr ime t ravel demand  framework  is  tha t  of an  empir ica l
descr ip t ion  versus a  model. The framework can  be applied both  as an  empir ica l descr ip t ion
and a s a  model, assuming tha t  da ta  can  be obta ined . An empir ica l descript ion  describes t he
da ta  tha t  have been collected.  For example, for  t r ip gener a t ion , it  is a count  of the number
of cr imes  tha t  or igina te in  each  zone and  the number  of cr imes  tha t  occur  in  each  zone.  For
t r ip  dis t r ibu t ion , it  is  the actua l n umber  of t r ips tha t  go fr om each  or igin  zon e to each
dest ina t ion  zone.  For m ode sp lit , assuming tha t  da ta  could be obta ined on t ravel mode, it
is  a  count  of the number  of t r ips for  each  or igin -dest in a t ion  pa ir  tha t  a re taken  by each
t ravel mode.  Fin a lly, for  network a ssignment , aga in a ssu ming tha t  da ta  could be obta ined
on t he actua l rout es tak en, it  is a docum enta tion of th e actu al rout es tha t a re ta ken a nd a
count  of the  number  of t r ips/offenders us ing each segment  of the  t ranspor ta t ion network.
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In  other  words, an  empir ica l descript ion  is a count  of the number  of offender s, whether  by
or igin loca t ion , dest ina t ion  loca t ion , O-D pa ir, t r avel mode, or  rou te.

A model, on  the other  hand, is  a  simplified  set  of r ela t ionsh ips tha t  approximate the
most  impor tan t  features  of the a ctu a l count .  The m odel is  not r ea lity, bu t  is a  rough
approxima t ion t o it.  Becau se it ’s r ough , a  model in evit ably m akes er rors .  Consequ en t ly,
there a lways will be a difference between  a  model and t he actua l event s t o which  the model
approxima tes . 

The two differ  on  other  dimensions a s well.  A model ha s only a few var iables
whereas the actua l event s have many (perhaps hundreds).  A m odel h as a  sim plified set  of
relat ionsh ips a mong th e var iables wh ereas t he actua l event s h ave very complex
rela t ionsh ips  among t he va r iable, oft en  too complex to descr ibe proper ly.  By simplifying
the r ela t ionsh ips , a  model produces, wha t  Her ber t  Sim on u sed t o ca lled, an  an alogy t o the
actua l s it ua t ion , whereas the actua l event s a re lit era l (Newell, Shaw and Sim on, 1957).

The Crim eS tat crim e t ravel demand r out ines can  be a pp lied both  to emp ir ical da ta
as well a s m odeled rela t ionsh ips .  In  fact , two of th e r out ines a re directly concerned wit h
the differ en ces bet ween  the m odel and t he actu a l da ta .  Both  set s of endeavors h ave va lue
in  their  own r igh t , bu t  these differ .  An  empir ica l descr ip t ion  is  most  releva nt  to the
pr esen t .  For a  police depa r tmen t  t rying to mit iga te cr ime a nd ca tch offen ders, t he
em pir ical descrip t ion is  pr obably of more use  than  an  abst ract m odel.  As will be seen , the
em pir ical descrip t ion of cr ime t r ips  will a lwa ys be m ore complex than  the es t imated model. 
If the only purpose is  to descr ibe the actua l pa t t erns tha t  a re occur r in g, then  a  model is not
needed.

On  the other  hand, a  model h as definit e a dva ntages tha t  a  descr ipt ion does n ot. 
F ir st , it  can  be u sed for pr edictions.  I f a m odel is  calibra ted aga inst  a  known da ta  set , tha t
model ca n  then  be applied to a  new da ta  set .  F or  exa mple, on e could  crea te an  est im ate of
crim e t r ip productions based on exist ing socioeconomic and la nd u se da ta .  Then , one could
app ly tha t  model t o a forecas t  da ta  set  of fut ure socioeconomic an d la nd u se condit ions . 
The resu lt is a  pr edict ion  of fu ture cr ime levels.  Of course, since th e model was n ever
completely correct  in  the fir st  pla ce, it  will inevit ably make er rors.6  Fur ther , sin ce th er e is
no gua ra nt ee th at  past  relationsh ips will necessarily hold in t he fut ur e, th ere is no
cert a int y about  whet her t he most im por tan t  pa r t  of the predicted r elat ionsh ips will
actu a lly hold.  Never theles s, t her e h as been  en ough  su ccess in  demogra ph ic, economic, an d
t ranspor ta t ion  modeling t ha t  new fields of forecast in g h ave emerged as legit im ate research
activit ies.

A second a dvantage of a  model is th a t  it can  be manipulat ed.  Var iables can  be
modified to explore their effect .  Dist r ibut ions can  be re-ar ranged to, again , un der st and
their effect .  For exam ple, if relat ionsh ips can  be est ablished bet ween  the number  of cr imes
pr oduced or a t t r acted t o zones , on  the one hand, a nd t he number  of police per sonnel in  a
zone or  to the exist ence of a  lar ge shopping ma ll, or  to the exist ence of a  dr ug tr ea tment
cen ter , on  the other  hand, then  scenar ios  cou ld  be run  tha t  exp lored  the d ifferen t
a r rangements.  These “Wh at  if?” types of scen ar ios  can  be very u seful.  For  example, if a
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relat ionsh ip exist s bet ween  sh oppin g ma lls an d crime t r ips, wha t  is liable to ha ppen  when
a  new shoppin g m all is  bu ilt ?  One could  take the model, add the new shoppin g m all (or  the
reta il employmen t  or  acreage associat ed with  the mall) and r un  the model to make a
pr edict ion  about  its  likely impact . Or t o take a nother  exam ple, if it can  be shown tha t  there
is  a  nega t ive rela t ion ship  between  the number  of bea t  police officer s and the number  of
cr im es or igin a t in g in  zon es, t hen  it  would  be possible to eva lu a te the likely consequences of
re-ar ranging police per sonnel a cross d iffer en t  bea t s. 

In  sh ort , a  model is  a  ver y power ful t ool for  eva lua t ing policy or  in ter ven t ion t ype
st ra tegies.  Ra ther  than  specula te or  ga ther  evidence from other  met ropolit an  a reas (which
is  va lu able, of cou rse), a  model ca n  be used to sim ula te the likely consequences of an  act ion
on  cr ime levels .  In  t r anspor t a t ion  plann ing, t he t r avel demand model is  used  all t he t ime
to evalua te the likely consequ ences of implemen t ing pa r t icu lar  pr oject s.  This doesn ’t  mean
tha t  it  is  the only factor  considered in  makin g a  decis ion  or  even  the most  im por tan t  factor ;
clea r ly, polit ics , fin ancin g, and communit y suppor t  a re a lso major  components of any
decis ion .  Never theless, t he t r avel m odel is a  very impor tan t  in put  in to any decis ion s about
fu tu re inves tmen t s.

Uses  o f a  Cr ime Trave l Demand Model

Ta ble 11.1 illust ra tes  some possible uses of the crim e t ravel demand m odel,
assu ming tha t da ta  could be obtained.

Table  11.1:

Poss ib le  Uses  o f Cr ime Trave l Demand Model

T r i p T r i p M o d e N e t w o r k

G e n e r a ti o n D i s tr ib u t io n S p l i t As s i g n m e n t

D e s c r ip t io n Id en t ify Id en t ify Id en t ify Id en t ify

corr e la t es cr i m e  t r ip  cr im e t r a ve l rou tes  t a ken

of cr im es lin k s m ode ls by offen der s

C a li br a ti o n E s t im a t e E s t im a t e E s t im a t e E s t im a t e

coefficient s or ig in -t o- for m u la m od el for

of p r ed ict or d es t in a t ion for  t r avel rou tes  t a ken

va r ia bles coefficient s m odes  u sed by offen der s

for  cr im e for  cr im e by offen der s

or ig in s  & t r i p s

d es t in a t ion s

P r e d i c ti o n P r ed ict  fu t u r e P r ed ict  fu t u r e P r ed ict  fu t u r e P r ed ict  fu t u r e

cr im e lev els cr im e  t r ip cr im e  t r a vel rou tes  u sed

lin k s m odes by offen der s
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The model cou ld  be used for  descr ip t ion , ca libra t ion , or  predict ion .  In  descr ip t ion ,
the em ph asis  is on descr ibing the t r avel beh avior  of offender s.  F or t r ip gen er a t ion , it
involves iden t ifying th e cor relat es of cr imes , both  by or igin zone and by dest ina t ion  zonel
For t r ip d ist r ibu t ion , it  involves describin g the actu a l cr ime t r ips  taken  bet ween  specific
origin  zones a nd specific des t ina t ion zones .  For m ode split , it  involves iden t ifying t he
d ifferen t  modes  tha t  offender s  a re using, descr ibing the p ropor t ion  of each  mode tha t  a r e
used, a s well a s describing the m odes  used for pa r t icula r  origin -des t ina t ion lin ks.  F ina lly,
network a ssignment  involves descr ibing th e actua l rout es t aken  by offender s. In  other
words , the em ph asis  on descrip t ion  is iden t ifying the specifics used in  crim e t r ips .

On  the other  hand, ca libra t ion  involves selecting var iables t ha t  can  appr oximate the
descript ion  and est ima t ing coefficient s for  their u se.  The em ph asis is on find ing a  limited
number  of genera l va r ia bles and coefficien t s tha t  can  produce a  reasonable approximat ion
to the actua l tr avel beha vior .  Thu s, in t r ip gener a t ion , th e a im is t o find  a  few var iables
tha t  can  predict  reasonably accura tely the number  of cr im es by or igin  zon e and dest in a t ion
zone.  In  t r ip d ist r ibu t ion , the a im is t o est imate coefficien ts t ha t  can  approximately
rea sonably accura tely the t r ips  tha t  a re t aken  from pa r t icula r  origin  zones to par t icula r
dest ina t ion  zones.  In  mode sp lit , the a im is t o develop coefficien t s t ha t  can  approximate
the t r avel modes used while in  net work ass ignmen t , the a im is t o find a n  a lgor ithm tha t
approximates the actu a l t r avel rout es used by offender s.  Th e r esu lt  of a  calibr a t ion  is a
model tha t  can  be gener a lized wh ereas a  descript ion  cannot  be gener a lized.

F ina lly, in  pr edict ion , th e ca libra t ion  models a re applied t o other  da ta , either
forecast  va lu es of future levels  of the predict ive va r ia bles or  da ta  from other  ju r isdict ion s to
see t he similar it ies or differ en ces.  The existen ce of a m odel (idea lly ca libra ted against  a
rea l da ta  set ) a llows the forecast  to be  made whereas a  descr ip t ion  cannot  be forecast .

Research  Uses  o f  a Cr ime Trave l  Demand Model

For  research , a  cr im e t ravel demand model h as many differen t  uses, on ly some of
wh ich we explore in  the next  five cha pt er s.  F ir st , it  orga n izes cr ime t ravel informat ion  in  a
syst emat ic manner .  The m odel is logica l an d pr oceeds in  a  syst emat ic way.  As opposed t o
the journey to cr ime-type m odel, which  is just  a  descript ion , th e cr ime t ravel dem and
model system at ically steps t hr ough t he four  modeling sta ges in an  un derst an dable way.  It
is a  very good way to organize informat ion  on crime t ravel, though , clea r ly, it’s n ot t he only
wa y.

Second, com pared to the journey t o cr im e lit era ture, it  is  a  more rea list ic m odel of
offender  t r avel.  For one t h ing, it in corpora tes informat ion  about  origin  locat ions.  Th is
helps a nswer  the ques t ion  of why cer ta in a reas pr odu ce more cr imes  than  others
(remem ber , it ’s n ot a  beh aviora l explana t ion, bu t  an  ecologica l model).  For a noth er  th ing,
it  incorpora tes  in format ion  about  des t ina t ion  loca t ions  and helps answer  the ques t ion  of
why cer ta in a reas a t t r act  more cr imes  than  others.  For a  th ird  th ing, it models t r avel
choice in  a  more complex manner . In st ead of a ssuming tha t  a ll offender s  will t r avel t o a
cr im e in  exa ct ly the same way (e.g., by walk in g), the model a llows the separa t ion  of
differen t  t r avel m odes.  F or  journey t o cr im e models , d is t ance is  the only im pedance
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var iable, wher eas for  cr ime t ravel dem and m odeling, tr avel t ime a nd t ravel cost  a re oft en
bet t er  pr edictor s of tr avel behavior, especially in  rela t ionsh ip t o an  ava ilable n et work.  In
shor t , it  is  a  much more complex, yet  rea list ic, represen ta t ion  of cr im e t ravel behavior .

Thir d, it  is  a  dyn amic a na lysis  of t r avel behavior .  Cr im e t r ips a re seen  as a  product
of neighborhood  product ion  factors , a t t r act ions , and  t ravel cos t s (impedance).  And  since
these cha nge by var ious h our s of the day, so too does the t r avel pa t t er n  cha nge.  The ability
to model t r avel a t  differen t  t imes  of the da y is one of the st rength s of the t r avel dem and
type of framework.

Four th , an d fina lly, a crime t ravel dem and m odel can  a llow compa r isons bet ween
differen t  types of cr im es in  the product ion s, t he a t t r act ion s, a nd the cost s.  So, t oo, ca n
jou rney t o cr im e models  be used to compare differen t  type of cr im e.  But  those compar isons
are un i-dimen siona l, essen t ia lly compar ing differ en t  dis t ance decay functions.  Th e crim e
t ravel demand model ca n  expla in  the ‘dis t ance decay‘ funct ion  and hence a llow a  more
st ructu ra l in ter pr et a t ion t han  wa s p reviously possible.  F or example, in  compa r ing da ta
set s from Ba lt im ore, Chica go, a nd La s Vegas, Rich ard Block, Dan  Helm s and myself a re
finding tha t  there may be very litt le difference in t he cost  funct ion  used for  differen t  types
of cr ime t r ips, bu t  tha t  differences  in  these t r ips a re more a  funct ion  of the d is t r ibu t ion  of
oppor tun it ies  (a t t r act ions ).  To link  th is  up to the ea r ly theme of th is  chap ter , Amer ican
society h as become so mobile and the au tomobile so ubiqu it ous tha t  dis t ances a re not  as
much a  bar r ier  to offen ders as they u sed to be .  In  other  words, t he dis t r ibu t ion  of
oppor tun it ies  appears  to be the more dominan t  factor  p red ict ing types  of cr imes  than  the
limita t ions  of neighborhoods and  small communit ies .  If th is  tu rns ou t  to be t rue, then
we’re in  for  a  major  sh ift in  the t ype of crim es tha t  our  society will exper ien ce over  the n ext
few decades.  Mobility may replace neigh borhood a s a  deter min ing factor in  crim e behavior. 
In  oth er  words , the loca l ‘community-ba sed’ offender  is ‘morphing’ in to a m et ropolitan-wide
and, perhaps, r egiona l offender , a  not  very desir able prospect .

Cr ime t ravel demand m odeling allows for  a  more complex, more in ter ven t ion ist  and,
perhaps , deeper  underst andin g of cr ime t ravel than  pr evious  types  of model, pa r t icula r ly
the jour ney t o cr ime a nd ser ia l wa lk type of model (see chapt er  10). 

Uti li ty  for  Polic ing  and Law  Enforcement

For  police depa r tment  and oth er  law en forcement  agencies, cr ime t ravel dem and
modeling has some adva ntages a s well.  Fir st , it  can  be u sed t o model d iffer en t  policing
st ra tegies, a s suggested above.  F or  exa mple, it  could  be used to eva lu a te the likely effect  of
sh ift ing pa t rol deploymen t .  The “Wha t  if?” na ture of cr ime t ravel dem and m odeling makes
it u seful to explore a lter na t ive ar rangemen ts before they ar e actua lly implemen ted.

Second, it cou ld be used for  forecast ing.  As m ent ioned, if a  model ha s been
ca libra ted on one set  of da ta , th en  it cou ld be applied to another  set  to pr edict , for  exam ple,
the dis t r ibu t ion  of cr im es five or  t en  years la t er .  Typica lly, police depar tments have not
done forecast in g, bu t  they a re often  expected to be  able to an t icipa te changes.  This  type of
model ca n  be useful for  tha t  purpose sin ce Councils of Governments (COG) and
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Metropolit an  Pla nnin g Orga niza t ion s (MP O) sys temat ica lly m ake forecast s of future
populat ion a nd employment  levels.

Third , it  can  be used for  modeling int ervent ions. Aside from m odeling differen t
policin g s t ra tegies, a  range of la nd use and communit ies changes could  be explor ed. F or
exa mple, wha t  would  be the effect  of in t roducin g m ore drug t rea tment  cen ter s or  more
‘weed a nd seed’ adolescen t  facilities?  The logic is s imilar  to forecast ing.  A model is
ca libra ted a gainst  one da ta  set .  But , in  addit ion  to socioeconomic and land u se var iables,
va r iables  on  facilit ies  a re added  to the equa t ion  as  p red ictors .  If it  can  be shown tha t  they
have any effect  (which we hope they do), then  these can  be u sed a s va r iables  in  a  modeling
scenar io.

Four th , these t ypes  of models can  be u sed for  an t icipa t ing changes in  the
community.  Aga in , t h is  is  simila r  t o t he forecast ing purpose men t ioned  above.  Bu t , it ’s
sligh t ly differen t  in  tha t  it  an t icipa tes st ructura l ch anges.  An  exa mple was given  of
an t icipa t ing changes from new sh oppin g ma lls.  In  Balt imore Coun ty, for  exam ple,
sh opping malls wer e shown to be the s t rongest  a t t r actor s of cr ime t r ips .  In  tha t  con text ,
wh a t  would  happen  if a  new m all was bu ilt?  Th is t ype of model can  be u sed t o model t h is
scenar io.  Conver sely, a la ck of em ploymen t  opportun it ies appea rs t o be corr ela ted wit h
cr im e product ion s, a t  least  in  Ba lt im ore Cou nty.  Wh at  would  happen  to cr im e if loca l
employment  was in creased in  cer ta in  zon es?  Aga in , t h is  type of model is usefu l for
explor in g t ha t  type of qu est ion .

Again , going back t o an  ear lier poin t , th ere is, of course, a d ifference between  a
model a nd rea lity (a n  actua l s it ua t ion ).  Rea lity is complex; m odels  a re not , or  a re a  lot
simpler .  Still, models a s a na logies can  pr ovide ins igh t  int o mechanisms a nd a llow police,
la w enforcement , a nd the policy com munit y a s a  whole to t ry t o sim ula te changes wit hout
ha ving to comm it to expensive, an d perh aps disa str ous, cha nges with  litt le inform at ion.  In
other  words, m odeling in  genera l, and cr im e t ravel demand modeling in  par t icu la r , is a  tool
tha t  may have wide u t ilit y for  the la w en forcemen t  community.

R efe re n c e s o n  Tra ve l D e ma n d Mo de lin g

In  th is fina l sect ion , some sources on t ravel dem and forecast ing a re list ed.  Ther e
are a  la rge number  of sources, t hough  there a re few actua l t ext books.  A very good text book
on the su bject  is by Ort uzar  and Willum sen  (2001), while an  older , ou t  of pr int  book is by
St oph er  and Meybur g (1975).  Ther e are severa l ma jor  handbooks  on  the topic (Hensh er
and Bu t ton , 2003; ITE, 2003).  Some good chapter s on the subject  a re found in  Beim born
(1995), F ield  and MacGregor  (1987, ch . 6) and by E ngelen  (1986, ch  17). Discussion s of
“second” genera t ion  models  can  be found  in  Domencich  and McFadden  (1975) and  Ben-
Akiva  and Ler man (1985). 

However , probably the best  source for  a r t icles on the subject  a re found on the
Feder a l Highwa y Adm inist ra t ion  web site (h t tp://www.fh wa.dot .gov).  Among the
ar t icles/presen ta t ions t ha t  can  be found on tha t  sit e a re in t roductions by Beylyon  and Cu lp
(2001) and by Culp  (2002).  Of par t icu la r  in terest  on  the FHWA sit e a re discussion  of

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 

http://(http://www.fhwa.dot.gov).


11.19

bicycle and pedest r ia n  t r avel m odeling (Turner , Shunk, a nd Hot tenstein , 1998), which  may
be r eleva nt  for  crim e a na lysis , and “th ird” gen er a t ion m odels  (RDC, Inc., 1995; Pas, 1996). 

Older  sour ces, which  are st ill good a re by Oppenheim (1975, ch . 4) and Kr ueckeber g
and Silvers (1974, ch . 10), aside from t he St oph er  and Meybur g text  ment ioned a bove.
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1. In  the usu a l tr avel dem and m odeling framework, da ta  gat her ing is ca lled a lan d  use
inventory and in volves est imat ing popu la t ion  and employmen t  by differ en t  land
uses, pa r t icula r ly ret a il t r ade and sever a l oth er  types of indust ry.  

2. In  cla ssic t r avel demand modeling, there a re severa l feedback loops.  One is  from
the net work to th e m ode choice, a s in  the crim e t ravel demand ver sion.  A second is
from the network  to both  mode choice and  t r ip  dis t r ibu t ion  s tage.  If a  par t icu la r
rou te becomes very congested (having a t r a ffic volum e-to-capa city r a t io grea ter  than
1.0), it ’s been  noted a lter na t ive dest ina t ions become more a t t r act ive.  For exam ple,
people will oft en  t r avel far ther  and m ore out  of the wa y to avoid congest ed cor r idor s. 
In  sh ort , ther e a re a  var iet y of feedbacks  from la ter  st ages to ear lier  st ages, and t he
model is quit e flexible in being able to accommoda te the differen t  sequences.

3. If it wer e possible to obta in da ta  on  int ermedia te loca t ions du r ing cr ime t r ips by
offenders, t hen  it  would  be possible to test  whether  modeling t he or igin  wit h  respect
to these in termedia te loca t ion s produces more stable and clea rer  predict ion s than
wit h  respect t o th e r es idences of the offenders.  But , un t il tha t  da ta  is obt a ined, the
quest ion  is specula t ive.

4. Some a gencies h ave actu a lly used it  to pr edict  ra tes.  Since a r a te is an  event
rela t ive to a ba seline, popu la t ion  is factored in to th e depen dent  var iable.  It  is
poss ible t o apply t he m odel as a  ra te, though  the u ser  needs t o ensure t ha t  a ll the
predictor var iables are also ra tes.

5. The ques t ion  of whether  an  ecologica l inference is valid or  not  has been  st udied
ext ensively.  Somet im es it  holds and somet im e it  doesn’t . An  ecologica l in ference
occurs  when  da ta  a re aggrega ted  with  a  grouping var iable (e.g., st a te, county, city,
censu s t r act ; see Langbein  and Lich tman, 1978).  The r elat ionsh ip is oft en  ca lled an
ecological fallacy, bu t  tha t  is  an  oversim plifica t ion .  Typica lly, if t he between-gr oup
va r ia nce (i.e., differences) is  gr ea ter  than  those wit h in  gr oups, t hen  the ecologica l
rela t ion sh ip  will be a  lot  st ronger  than  a t  an  in dividua l level. Con versely, if the
with in -group  var iance is  grea ter  than  the between-group  var iance, a  rela t ionsh ip
tha t  holds a t  the individua l level will not  be seen  a t  the aggregat e level. Ther e are
other  ecologica l character ist ics t ha t  account  for  typica lly h igher  R2 a t  t he aggrega te
level - spa t ia l au tocorr ela t ion, skewness in  the depen dent  var iable, a nd
hetereoscedast icity (u nequa l est im at ion  er rors a round a  st a t is t ica l est im ate).

6. Simon and Newell descr ibed two kin ds of er ror s: 1) er ror s of commission  (Type I
er rors); and 2) er ror s of omission  (Type II er ror s).  The first  kin d r epr esen t
relat ionsh ips a nd pr edict ions t ha t  don’t  exist  (to use our  terminology) while the
second k ind  repr esen t  the fa ilur e to det ect  relat ionsh ips t ha t  do exist . Any model
will have both  set s of er ror s.  The point  to keep  in m ind  is whether  a  model capt ures
the m ost  impor tan t  rela t ionsh ips  and doesn ’t  make t oo many Type I  er rors . Newell,
Sh aw, a nd S imon, 1957. 

En dn ot e s fo r Ch ap te r 11
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Chapter 12
Data Preparation for

Crime Travel Demand Modeling

In  th is chapt er , the da ta  requ irem en ts for  the crim e t ravel demand m odel a re
discussed.  At t he m inimum, ther e a re four  types  of da ta  tha t  a re needed for  the crim e
t ravel dem and m odu le:

1. A zona l system;
2. Ma tched cr ime da ta  list ing both  crim e loca t ion a nd lik ely origin  loca t ion. 

This can  be, fu r ther , broken  down by cr ime t ypes, tim e of da y, da y of week,
an d oth er sub-sets of th e tota l nu mber of crimes;

3. Socioeconomic and land use dat a  for  t he zones  wh ich  a re used  as  pred ictor
va r ia bles; and

4. Net work da ta  on  the road syst em and t he t r ansit  syst em.

In  add it ion, t her e can  be supp lem en ta ry da ta  tha t  help expand t he predictive
models.  These include:

5. Policy-related dat a (e.g., str at egic or plann ed int ervent ions)
6. Cr ime da ta  on  the actua l dist r ibut ion  of cr imes  by zones, which  is used t o

cor rect  t he imp lied  dis t ribu t ion  from 2 above.

The following is a  discuss ion  of each  of these r equirem ents.

Ch o ic e  o f a  Zo n a l S y st e m

The cr ime t ravel dem and m odel is a zona l model.  Tha t  is, it  ana lyzes cr ime t r ips by
zones .  For  a ll four  s t ages , the es t imates  a re for  zones  (not  for  ind ividua ls ).  Thus , a t  the
t r ip gener a t ion  st age, there are two zona l models - one pr edict ing the number  of cr imes
or igin a t in g in  each  or igin  zon e and one predict in g t he number  of cr im e endin g in  each
dest in a t ion  zon e.  At  the t r ip  dis t r ibu t ion  st age, t here is  a  predict ion  of the number  of
cr imes  which  or igina te in  each  or igin  zone tha t  end  up in  each  des t ina t ion  zone (the
im plicit  number  of  trips).  At  t he mode split  st age, t he t r ip s for  each  or igin -des t ina t ion
zone pa ir  a re, fur ther , su b-divided  in to differen t  t r avel modes.  Fina lly, each origin-
dest ina t ion  zone pa ir by t ravel model is as signed a  rou te.  But , at  a ll st ages, th e est ima tes
are for  zones.  

Ty pic al Zo n e S ys te m s

This  makes the choice of a  zon a l sys tem very cr it ica l.  In  pract ice, t h ree types of
zone system  ha ve been u sed:

1. Censu s geogra phy
2. Traffic ana lysis zones
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3. Gr id cells

Cen su s geograph y follows the geogra ph y used by t he U.S. Cen su s Bu rea u  (in  the
Un ited  St a tes) or  by other  na t iona l censu s a gencies.  Tra ffic ana lysis zones a re used by
most  t r ansport a t ion  planning agencies for  modeling t ransport a t ion  in a  met ropolita n  a rea .
Th ey a re t ypica lly su per -set s of cen su s geogra ph y (e.g., two cen su s t r acts  combin ed). 
F ina lly, gr id cells  a re u n iform zones im posed on a  met ropolitan  a rea .  While t hey h ave
desir able sta t ist ica l proper t ies, th ey ar e ra rely used in  pr act ice.

P r ob le m s  w i th  La rg e  Zo n e s

In  deciding on  a  choice of a  zona l system, th ere are severa l import an t  issu es t ha t
must  be ba la nced.  The fir st  problem one faces is  tha t  of zon e size.  Large zon es can  dis tor t
rela t ion sh ips.  I t  can  be shown tha t  the size of a  zon e has an  im pact  on the st a t is t ica l
relat ionsh ips bet ween  the pr edictor  var iables a nd t he depen den t  var iables, which  are the
number  of cr im e t r ips by eit her  or igin  or  dest in a t ion  zon e.  Typica lly, the la rger  the zon e
size, t he st ronger  the r ela t ionsh ip.  Th e r ea son for  th is effect  is complex and h as t o do wit h
a  number  of factors, for  exa mple min im izin g wit h in -zon e differences in  t r avel behavior
and, t herefore, m aximizin g t he between-zon e va r ia nce rela t ive to the wit h in -zon e va r ia nce
(Langbein  and Licht man, 1978) or  aggrega t ing spa t ia l au tocorr ela t ion t o min imize
adjacency effects (Anselin , 1992).  But , the effect  is well kn own.  The cost  of having th is
st ronger  st a t is t ica l r ela t ion sh ip  is  to produce a  less precise est im ate for  the region  sin ce
wit h in-zone differ en ces a re m in imized.  

On e can  th ink of th is in  ter ms of an  a rbit ra ry point  wit h in  a  zone (e.g., the cent roid
of the zone though it  doesn’t  have to be the cen t roid).  All the da ta  in t he zone are assigned
to th a t  point .  Thus, t he t ota l number  of crim es origina t ing with in  the zone or en din g
with in t he zone are assigned t o a  single poin t .  This m eans t ha t  whether  a  cr ime occur red
a t  the edge of the zone or directly in the m iddle, it  is a ss igned geograph ically to a s ingle
point .  Sim ilar ly, an y of th e predictive socioeconomic or  land u se var iables  a re a lso
ass igned to th a t  point  (e.g., median  househ old in come).  Hence, an y differ en ces wit h in  the
zone are elim ina ted as a ll even t s a nd h ouseh olds a re a ssumed to ‘live’ a t  tha t  poin t . If
ther e a re t wo adjacent  zones, for exa mple, tha t  differ  in  income levels , most  likely ther e is
a  gra dient  of income from one to the other ; however, pu t t ing the measu rement  of income a t
a  sin gle point  in  each zone exacerba tes the differ en ces bet ween  the zones, wh ile ignorin g
the similar it ies (e.g., a t  the edges of th e zones wher e t he popula t ion  on both  sides a re liable
to be more similar ).   It sh ould be clear  tha t  the lar ger t he zone size, the grea ter  the
exaggera t ion  between  the zones.  In  other  words, lar ger zones exacerba te differences
between  zon es while min im izin g s im ila r it ies.  The resu lt  is  an  oversim plifica t ion  of the
dis t r ibu t ion  of character is t ics  of those neighborhoods.

In  add it ion , larger  zones have too many t r ips  tha t  both  origina te and end in  the
sa me zone (int ra-zona l or ‘loca l’ t r ips ).  Clear ly, the la rger  the a ver age size of a  zone, the
more lik ely tha t  a  t r ip will be en t irely wit h in  the zone.  Thus, t her e is a  st rong r ela t ionsh ip
between  average zon e size and the number  of in t ra -zona l t r ips.  This  will be less useful
sin ce it m inimizes t he complexity of tr avel.  The ext rem e would be to divide a  met ropolitan
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area  int o on ly a  few zones (e.g., 4 or  5).  The r esu lt would det ect  lar ge sca le tr avel pa t t erns,
but  would lead t o a  major ity of t r ips occur r ing with in ea ch  zone. One would not  be able t o
say very m uch about  cr im e t r ip  other  than  a  few genera l pa t t erns (e.g., cr im e t r ips from
the cen t ra l city t o th e subu rbs).  

On  the other  hand, if the zones a re too sm all, there is a danger t ha t  there would be
more cells in  the t r ip dist r ibut ion  st age (see chapt er  14) than  there are actua l event s.  The
resu lt  would be in adequ a te degr ees  of freedom in  a  model a nd u nrelia ble coefficient s. A
zon e model h as to ba la nce the need for  in creased precis ion  wit h  the abilit y t o produce
sta ble estima tes.

Problems  in  Obta in ing  Data  for  Small  Zones

In  theory, t he idea l zone size would be sm all, sa y on  the order  of a  block or t wo. This
would a llow precision in  est imates and t he ability to exam ine t he complexity of tr avel in  a
met ropolit an  a rea .  The reason tha t  th is  is  not  done very oft en , h owever , is the la ck of da ta
a t  the block  or  block  gr oup level.  Wh ile cr im e da ta  can  be a lloca ted to blocks or  block
groups, it  is often difficult t o obtain socioeconomic dat a a t t ha t level.  In th e United Stat es,
for  example, wh ile the U.S. Cen su s Bu rea u  will r elea se da ta  down  to th e block level,
confident iality r equirem ents r equire t ha t  no da ta  be able t o ident ify individu a ls.  Hen ce,
there is  very lim it ed da ta  a t  the block  level, typ ica lly gender  and race dis t r ibu t ion .  Block
group  da ta , on t he other  hand, is  oft en  ea sily a va ilable, in clud ing crit ical in come factor s.  

The biggest  pr oblem wit h  a  block gr oup zona l system is in obta ining employmen t
da ta .  The U.S. Census Bu reau  does not  normally collect  employment  da ta  (and won’t
release if they did) while the Bur eau  of Labor S ta t ist ics, which  does collect  employmen t
in forma t ion , won’t  r elease it  a t  such  a  sma ll geography. Thus, obta in ing these dat a
depends  on loca l organizat ions, such a s a  Coun cil of Governmen t  (COG) or  a  Met ropolitan
Plan ning Organ izat ion (MPO).  Till now, th ese dat a h ave not t ypically been released at
sm all geogra ph ies su ch  as block gr oups, bu t , inst ead, at  a  lar ger geogra ph ica l un it called a
traffic analysis zone (TAZ).  However , because of the widespread  use of GIS and  the
increas ing incorpora t ion  of h igh  resolu t ion  aer ia l photography in to GIS-based  land
in forma t ion  sys t ems , t h is  sit ua t ion  is  changing.  For  example, a t  t he Houston -Ga lves ton
Area Coun cil, th e MPO for t he greater H oust on a rea, employment  estimat es are ma de for
as small a  geograph y as a  1000 foot by 1000 foot gr id cell, essen t ia lly a couple of city
blocks.  Th us, it  is s t a r t ing to become poss ible t o obt a in  em ploymen t  da ta  a t  very sm all
geogra ph ical levels .  In  the next  decade, more a nd m ore da ta  will be a vailable for  sm all
geogra ph ica l un its  and t he size limit a t ion  ment ioned a bove will slowly disa ppea r .

There is a converse pr oblem wit h  size, however, tha t  a lso occurs.  If the zones a re
too sm all (e.g., if da ta  could be obta ined a t  a  block face level), th er e will be t oo many cells
with  no cr ime even t s.  The smaller t he geogra ph y, the more likely th a t  there will be no
event s.  F or  exa mple, t o illu st ra te the cr im e t ravel demand model, I’ve used da ta  from
Baltim ore County.  The crim e da ta  were 41,974 inciden t s t ha t  occur red between  1993 an d
1997 for  which  both  a  cr ime loca t ion  and a  cr ime origin wer e kn own.  To model these
inciden t s, t r a ffic ana lysis zones (TAZ) were used.  For  Balt imore Coun ty, there were 325
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dest ina t ion  TAZ’s wh ile for  both  Balt imore Coun ty an d Ba ltim ore City, th ere were 532
or igin TAZ’s.   Let’s t ake t he or igin TAZ’s.  With  41,974 inciden t s, the avera ge nu mber  per
TAZ wa s 78.9.  H owever , in  pract ice, 27 zon es had no cr im es or igin a te from them (or
approximately 5%).  If a  smaller  geogr aphy was used (e.g., block  gr oups), t he number  of
zones  with  no cr ime or igina t ing in  them would  increase subs tan t ia lly, a s  would  the
percen tage.  At  some poin t , if the geogr aphy becomes very small, a  h igh  propor t ion  of the
zones will have no cr imes origina t ing from t hem .  This m akes modeling very difficult  as t he
average number  of even t s will ten d t owards  zero.  While ther e a re t echn iques for  modeling
a  skewed dist r ibut ion  (which  will be discussed  in Ch apt er  13), th e more skewed t he
dis t r ibu t ion , t he less accura te typ ica lly is the est im ate.  E xt remely skewed dis t r ibu t ion s
are more pr oblema t ic for  modeling than  mildly skewed dist r ibut ions a s t he var ian ce terms
become very complex to estim ate.

St ill, on  average, a  sm all zone syst em  is preferable t o a la rge one.  Th er e is so lit t le
da ta  for  very sm all geograph ies tha t  the problem of zones bein g too sm all is a n  un likely
one, a t  leas t  for  the foreseeable fu tu re.  Where possible, user s  shou ld  t ry to obta in  da ta  a t
the sm allest geogra ph ica l level for  which  da ta  can  be obta ined .

Problems  w i th  Irregular  S ize  and Shape

Another  p roblem facing the choice of a  zona l sys tem is  the ir regu la r  s izes  and
sha pes of most zona l dat a.  For example, th e U.S. Censu s Bureau  uses a u nit called the
census tract for  the collect ion  of census in format ion .  The census t r act  is  supposed  to be an
area  of approximately equ a l popu la t ion  (th ough  it ’s n ever  en t irely equ a l).  They gener a lly
are wholly wit h in  ju r isdict ion s (though  there a re except ion s) and they a re made up of
block s and block  gr oups (collect ion s of blocks), bu t  in  tu rn  a re aggrega ted upward to form
enumera t ion  areas wit h in  each  ju r isdict ion .  This  logic m akes sense in  terms of the mission
of the U.S. Census Bu reau , which  is  t ake the census; the geogr aphy r espect s polit ica l
ju r isdict ions (coun t ies  and cit ies ), bu t  is  fine enough  to help  manage the dat a  t ha t  is
collected du r ing the decennia l censu s.  

But , fr om a  modeling viewpoin t , t h is  geogr aphy h as problems.  F ir st , t he size of
census t ra cts t ypically increases from t he centr al city out war d to th e far  subur ban edges of
a  met ropolit an  a rea .  Because the logic of t he census t r act  is  to approximate an  area  of
equa l popula t ion , by n ecessit y t he t r act  a rea  will increase wit h  the lower  densit ies in  most
suburban  communit ies.   Thus, a ny da ta  assigned to a  t r act  (or  to a  block  or  block  gr oup
with in a  t r act ) will be less pr ecise in t he su burbs t han  in t he cen t ra l city.  In a  t r avel
dem and m odel, one can  end u p with  absu rdit ies whereby tr ips a ppea r  to or igina te a t
locat ions wher e t her e a re no people sim ply becau se the cent roid of the zone falls  a t  a
loca t ion  where there are no househ olds (e.g., in  a  reser voir).  The u neven size of zones
usu a lly means t ha t  a  t r avel model will be more pr ecise in t he cen ter  of a  met ropolita n  a rea
than  in a  su burb.

Second, becau se census t r acts  a re oft en  defined  wit h  respect t o pr incipal ar t er ia l
roads (wh ich form their  edge), th ey often  will have ir regu lar  sh apes.  Th is could a dd  a
poten t ia l source of er ror  in  tha t  a ll even t s and household  character is t ics  wit h in  a  boundary
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12.5

are assigned t o a  single poin t  in t he zone.  On t he other  hand, if the zones h ave been
selected to represent  a  neighborhood which  is  rela t ively un ifor m, such  ir regu la r it y m ay n ot
be a p roblem.. Nevert heless, if two zones h ave very differen t  sh apes (e.g., one is square
while the other  is point ed), a lloca t ion  er ror  (and, hen ce, modeling err or ) is liable to be
grea ter  in  the one tha t  is  more ir regu la r , a ll other  th ings  being equa l, than  in  the one tha t
is squ are.

Aga in , idea lly, a  zon e sys tem should  be a  gr id  whereby each  zon e is  a  square of
equ a l size; shape and a rea  effects a re const an t  for  a ll zones.  Wh ile geograph er s r ecognize
the va lue of a  gr id cell for  zona l a lloca t ion, in  pr actice, it  is r a rely u sed.  Among t he
t ransport a t ion  planning agencies in  the count ry, very few use a  grid syst em.  Of the ones
wit h  which  we are familia r , on ly the Ch ica go Area  Tr anpor ta t ion  Survey (CATS) uses a
grid syst em.1  In  chapt er  17, Richard Block d iscusses  applying the cr ime t ravel dem and
model t o Chicago.

Ther efore, to sum up, in  pr actice, one has t o bala nce four  differ en t  crit er ia  in
selectin g a  zone syst em  for  a  crim e t ravel demand m odel:

1. Zone size (genera lly, sma ller is better  with in limits)
2. Consist ency of zone size (less var iability is bett er )
3. Distor t ion  du e to sh ape (more r egula r  is bett er )
4. Ava ilabilit y of da ta

Unfor tuna tely, it  is t he four th  crit er ion - the a va ilabilit y of da ta , tha t  is u su a lly the
deter mining factor  in  the choice of a  modeling zona l system .  Hopefully, t h is will change in
the fu ture as m ore da ta  a t  the sm aller geogra ph ica l level become available.

Trips fro m  Outs ide  th e  Stu dy  Area

One other  problem confront s the choice of a  zon e sys tem.  Ir respect ive of which  zon e
sys tem is  used (census geogr aphy, TAZ, gr id  cells), a  decis ion  has to be  made about  the
ext en t  of the a rea  to be used in  modelin g.  The choice of dest ina t ion zones  is m ade by t he
availability of cr ime da ta .  Typically, da ta  a re collected by police depar tmen ts for  their
jur isdict ion .  Unless da ta  set s from severa l ad jacent  ju r isdict ions can  be obta ined  and
combin ed, t he analyst  typ ica lly will be rest r ict ed to modeling t he ju r isdict ion  for  which  the
cr ime da ta  has been  collected.  We’ll ca ll th is the Modeled  J urisdiction .

Modeling the or igin zones is a  decision  about  which  zones cont r ibut e to the cr imes
occur r ing in the m odeled jur isd iction.  Tha t  is, some of the origin s of the crim e t r ips
occur r ing with in  the modeled  ju r isdict ions  may come from ou ts ide tha t  ju r isdict ion .  For
example, in the case of Ba lt imore Coun ty, approximately 42% of th e crim es occur r ing
with in  tha t  ju r isdict ion  had or igins ou t side tha t  ju r isdict ion .  In  such  a  case, it ’s  very
impor tan t  to include zones beyond t he modeled jur isdict ion  in t he cr ime origin m odel.  Tha t
is, t o use Ba lt imore Coun ty as a n  example, if the predictive m odel for  crim e origin s only
included t he 325 TAZ’s with in t ha t  ju r isdict ion , th e model would not  adequ a tely asses s t he
factors  pr edictin g crim e origins. 
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Thus, it’s import an t  to widen  the scope of the st udy ar ea  to include other  a reas
ou ts ide the modeled  ju r isdict ion  tha t  con t r ibu te to cr imes  occur r ing with in  tha t
jur isd iction.  In  the case of Ba lt imore Coun ty, 38% of th e crim es occur r ing with in  tha t
jur isd iction  origin a ted from the Cit y of Ba lt imore. 

But  where does one draw the line?  Eventua lly, because of limit a t ion s due to da ta  or
du e to the need t o rest r ict  the ana lysis, a boun da ry ha s t o be drawn around t he st udy
region .  Some cr imes  will inevita bly occur  from out side t ha t  line.  These a re ca lled External
T rips an d refer to the tr ips th at  originat e from out side the stu dy ar ea.  While th ere is no
‘hard a nd fast ’ pr inciple, genera lly t r ansport a t ion  planners r ecommend t ha t  the st udy ar ea
include a t  lea st  95% of the t r ips  tha t  en d in  the m odeled ju r isd iction  (Ortuzar  and
Willumsen , 2001).  With  su ch coverage, t he 5% (or  less) t ha t  a re ext er na l t r ips  will h ave
lit t le effect  on  the model pa rameters , and  the amount  of bias  will be small (bu t  will a lways
exis t  un less 100% of the t r ips  can  be m ea su red).  

We’ll come back  to th is  poin t  in  the next  chap ter .  Bu t , the cr it ica l poin t  is  tha t  the
zone syst em must  incorpora te a  sizeable a rea  in wh ich  the vast  major ity of the cr imes
origina te from wit h in , a t  lea st  95%.  Going back t o th e Ba lt imore Coun ty example, add ing
in  the City of Ba lt imore increased  the percen tage of t r ip s or igina t ing with in  the s tudy a rea
from  58% (for ju st  Ba lt imore County) to 96%, an  acceptable level t o ‘dr aw a  bounda ry’
a round  the s tudy region .

S m all Are a  Li m it at io n s

A t ravel demand m odel is a imed a t  modeling t ravel pa t t er ns in  a  met ropolitan-wide
area .  The model is pa r t icu la r ly good a t  est im at in g t ravel for  the region  as a  whole and for
lar ge sub-ar eas of the region .  The m odel is not par t icu lar ly good a t  est ima t ing t ravel
wit h in  small geogr aphica l a reas.  The problem of in t ra -zon a l t r ips - t r ips in  which  the
or igin a nd t he dest ina t ion  are with in t he sa me zone, repr esen t s t r ips for  which  the model
cannot  descr ibe the t r avel pa t t ern .  These a re t r ips tha t  the model detect s  a re with in  a
sm all a rea , but  cannot  est ima te where these occur .  Similar ly, tr ips bet ween  adjacent  zones
are often  im precise in  a  t r avel demand model; t he model ca n  in dica te the level of shor t
t r ips , bu t  the level of pr ecision  is low.  

In  other  words, t he cr ime t ravel dem and m odel is good a t  capt ur ing major  t r avel
pa t t er ns over  a  large a rea  and n ot ver y good a t  localized  t ravel.  Ther e a re oth er  modeling
tools  for  small a rea  t r avel a na lysis  tha t  provide much more deta il about  the neighborhoods
and r oad syst em in wh ich  th is t r avel occurs, such  as m icrosimulat ion  software of t r avel
beha vior in a n eighborh ood.

Therefore, in  order  to apply a  t r avel demand model t o cr im e ana lysis , it  is  im por tan t
to model a  substan t ia l pa r t  of a met ropolit an  a rea .  The model will n ot  be  very good if a
sm all city or  a rea  wit h in  a  met ropolitan  a rea  is chosen .  In  these cha pt er s, cr ime t ravel in
Baltim ore County is u sed a s a n  exam ple case in  order  to illus t ra te the differen t
componen ts of the m odel.  Ba lt imore Coun ty is a  large jur isd iction cover ing approximately
640 square m iles ; it r epresen t s a  sizeable par t  of the Ba lt imore met ropolitan  a rea . 
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Combining th e or igin zones of Balt imore City with  those of Balt imore Coun ty provides a
very la rge p ropor t ion  of t he met ropolit an  a rea .  In  other  words , Ba lt imore Coun ty is  la rge
enough  to model t he cr im e dest in a t ion s while the or igin  zon es represen t  much of the
met ropolit an  a rea .

On the other  hand, if we a t t empted to apply the model t o a  small pa r t  of the region ,
for  example the town of Towson , the model would  be less p recise and  accura te s ince tha t
town repr esen t s a  very sm all pr oport ion  of the overa ll r egion .  In shor t , a crime t ravel
dem and m odel is usefu l for  modeling eith er  an  ent ire m et ropolita n  region  or  a  sizeable pa r t
of a m etropolita n r egion, but  should not be considered for a  sma ll geogra phical ar ea.  It  is a
regiona l t r avel model, not a  local m odel.

Calculation  Limits  for  the  Nu mber  of Zones

A fina l considera t ion  has to do with  the number  of zones  tha t  can  be modeled  with
the Crim eS tat cr ime t ravel dem and m odel.  Because of the available RAM in a  compu ter
and t he limits  of the Windows 32 bit  oper a t ing syst em, th e rou t ine can  only handle a
cer t a in  number  of zones .  If M is  the number  of or igin  zones  and N  is  the number  of
destinat ion zones, th en a t rip distr ibut ion m at rix, which is subsequent ly used in t he mode
split  and n etwork a ssignment  st ages, involves N*M cells.  Ea ch  field in  a  cell r equires  8
bytes of RAM and t her e a re seven  fields outpu t .  Thus, a  t r ip d ist r ibu t ion  out pu t  file
requir es appr oximately M*N*8*7 bytes of RAM.

To use an  example, if the u ser  has 1 Gb of RAM available, t hen  approximately
19,173,877 grid cells cou ld be ha ndled (or  a  squ are mat r ix of 4,378 x 4,378).  However ,
Windows requires some overhea d as does Crim eS tat.  Thus, t he actu a l number  of gr id cells
tha t  cou ld be processed will be a  lit t le les s.  

On e could, of course, add  more RAM.  In th is case, the file size of the t r ip
dis t r ibu t ion m at r ix could be in creased.  H owever , ther e a re lim it s t o th is.  F ir st , the
calcu la t ions  will s low down , a t  a  ra te t ha t  is exponen t ia l to th e file size.  At  some point , the
ca lcu la t ions  would  t ake so long as  to be impract ica l.  Second , the Windows  opera t ing
sys tem , wh ich p rocesses in format ion in  32 bit  chu nks, h as a  4 Gb limit .  Thus, t he
maximum file size would be a square mat r ix of about  8,757 x 8,757.

This  means tha t , even  if da ta  a t  the block  level cou ld  be obt a in ed, t he actua l
number  of zon es tha t  could  be processed might  make th is  an  unrea list ic zone model.  For
example, in Ch icago th er e a re 21,068 blocks.  Usin g these blocks a s a  zone m odel in  the
cr im e t ravel demand would  be im possible sin ce the mat r ix rout in es could  not  handle such  a
large mat r ix, even assuming tha t  it ’s desirable t o do so.   Ther efore, any zona l model tha t  is
select ed must  be compat ible  wit h  the ca lcu la t ion  limit s of the ava ilable RAM and the
Windows opera t ing system . In  the case of Ch icago, us ing block groups was a n  acceptable
choice since there are on ly 2400 of those.
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Obtainin g Crime  Data

There ar e four  types of dat a t ha t n eed to be obtained.

Cri m e  Da ta  by  Ori gi ns  an d  De s ti na ti on s

First , ther e is cr ime da ta .  But , in order  to est imate a  crim e t r ip, it  is es sen t ia l tha t
these da ta  have in format ion  on both  cr im e or igin s as well as cr im e dest in a t ion s.  The most
likely source of these da ta  will be a r rest  records whereby both  the cr im e loca t ion  and the
charged offender ’s r esiden ce are given. Only the police are liable to ha ve th ese da ta .  Thu s,
it will be necessa ry to obta in cooper a t ion  from the loca l police depa r tment  for  access t o
a r res t  records . 

In  the da ta , the r esidence locat ion  is t aken  as t he origin  wh ile the crim e loca t ion  is
t aken  as the dest in a t ion  of the t r ip .  As ment ion ed in  chapter  11, t he “t rue” or igin  of the
cr ime m ay not be known. Fir st , th e offender  may not even h ave been living a t  the sa me
residence as when  ar rested. Many offenders a re h igh ly t r ansit ory persons and a  residence
a t  the t im e of the a r rest  may n ot  be the actua l on e from which  the cr im e occur red. Second,
the offender  may not h ave t raveled  dir ect ly from home to th e cr ime loca t ion, bu t  may have
committ ed t he cr ime a s pa r t  of h is/her  da ily act ivities (in termedia te t r ips).  However,
with out  an y altern at ive data  on t he actua l origins, th ere is little th at  can  be done except
assume t ha t  the r es idence when  ar res ted is t he origin .  As long as t h is definit ion is  kept , a
consistent  estimat e can  be obtained.2  In effect, one is asking th e question, “What  is th e
likelihood t ha t  an  offender  wh o lives in  zone i will commit  a  crim e in  zone j at  some poin t
dur in g a  day?”.  It  rea lly doesn’t  mat ter  whether  the offender  t r aveled from the home
loca t ion  to the cr im e loca t ion  as opposed to going t o the cr im e loca t ion  from an
in termedia te loca t ion .  The model is sim ply const ructed wit h  respect  to residence loca t ion .

The da ta  has to be  orga nized so tha t  the X and Y coordin a tes of bot h  the residence
loca t ion (the origin) an d t he cr ime loca t ion (the dest ina t ion) a re given .  Figure 12.1
illust ra tes a  typica l da ta  set .  It will be necessa ry to geocode both  loca t ions in  order  to
establish  a  ‘crim e t r ip’, an  assumed t r ip from a  pa r t icula r  origin  locat ion  to a par t icula r
des t ina t ion  loca t ion .

F igure 12.2 shows the loca t ion  of 41,974 cr im es commit ted in  Ba lt im ore Cou nty
between  1993 and 1997 while figu re 12.3 shows the assumed or igin  loca t ion  of the
offenders who commit ted these 41,974 cr im es.  As seen , t he or igin s a re a ll over  the region ,
bu t  most  (96%) ar e in  eit her  Ba lt imore Coun ty or  Ba lt imore City. In  oth er  words , a  ‘crim e
t r ip’ links t he origin  loca t ion of each cr ime wit h  the a ctu a l dest ina t ion wher e it  occur red.  If
a r rows wer e to be drawn from the or igin t o the dest ina t ion , th e ent ire m ap would be
swam ped with a  series of lines.

Ch o os in g  a Zo n al Mo de l

The zon e used for  Ba lt im ore Cou nty were t r a ffic a na lysis  zon es (TAZ).  The reason
for  select ing these wa s t he availability of both  popula t ion  and em ploymen t  da ta .  The 
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UCR DATE INCIDX INCIDY HOMEX HOMEY
430 1/5/97 -76.8131 39.3822 -76.8131 39.3822
440 5/17/95 -76.4490 39.3355 -76.4489 39.3355
210 -76.4068 39.3388 -76.5281 39.3085
210 -76.4142 39.2801 -76.4142 39.2801
430 -76.5527 39.3908 -76.4410 39.3080
440 -76.7581 39.3131 -76.7709 39.3105
440 3/29/94 -76.5095 39.2735 -76.5095 39.2735
440 1/22/96 -76.7344 39.3212 -76.6899 39.3364
690 7/13/93 -76.4525 39.3012 -76.6050 39.3020
690 10/8/94 -76.5278 39.2584 -76.5051 39.3970
690 8/10/97 -76.7384 39.3275 -76.7384 39.3275
690 3/10/96 -76.7325 39.3018 -76.7325 39.3018

Figure 12.1:

Crime Data Requirements
Minimum data requires origin and destination location

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 
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Figure 12.2:

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 
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Ba lt imore Met ropolitan  Coun cil is t he Council of Governmen ts a nd t he Met ropolitan
Planning Organizat ion  for  the grea ter  Ba lt imore r egion.  Th ey use TAZ’s for  their
t r ansport a t ion  model.  Sin ce da ta  wer e available by t he TAZ’s, it  seem ed like  a  pla usible
decision .  But , as m en t ioned above, th er e a re adva ntages a nd disa dva ntages t o th is
decis ion .  Approximately, 20% of a ll cr im e t r ips occur  wit h in  the same zon e (in t ra -zon a l
t r ips ).  Such a  h igh  pr oport ion m akes the overa ll model es t imates  pr one to some er ror. 
F igure 12.4 shows t he TAZ’s for both  Ba lt imore Cit y and Balt imore County.

Note t ha t  there is a d ifference between  the zones u sed for  the or igins  and t he zones
used for  the dest ina t ions.  In  the case of Balt imore Coun ty, there are 325 TAZ’s t ha t  cover
the County.  However , as m en t ioned above, since many of th e crim es occur r ing in
Ba lt im ore Cou nty or igin a te in  the City of Ba lt im ore, t he or igin  zon es in clu de those of the
City as well as t he Coun ty.  Thus, ther e are 532 origin zones.

As si gn in g  Cri m e  Ev e n ts  to  Zo n e s

The next  st ep in volves assign in g t he cr im e or igin s and the cr im e dest in a t ion s
separa tely to the zon a l m odel.  Th a t  is , each  cr im e event  is  assigned to zon es twice, on ce for
th e origins and once for t he destinat ions. Since an a rr est record is an implicit crime tr ip,
the residence loca t ion  is  assigned to a  zon e and the dest in a t ion  loca t ion  is  assigned to a
zon e.  Then , t he number  of cr im es or igin a t in g in  each  zon e are summed over  a ll records to
pr oduce a d ist r ibu t ion  of crim es by origin  zone.  Sim ilar ly, th e number  of crim es endin g in
each  zon e are summed over  a ll records to produce a  dis t r ibu t ion  of cr im es by dest in a t ion
zon e.  The resu lt  is  two dis t r ibu t ion s of cr im es by zone, on e for  or igin s and one for
dest ina t ions . 

How does one a ss ign crim e even t s t o a zone?  Ther e a re t wo gener a l wa ys t o do th is:

1. Nea rest  zone cent roid - even t s a re a ss igned to th e zone cent roid t ha t  is
closest . 

2. Poin t -in-polygon  - even t s a re a ss igned to th e polygon  wit h in  wh ich it  falls .

With  the neares t  zone cen t roid  method , an  inciden t  is  a ss igned  to a  zone to which  it
is closest  wh er ea s with  the poin t -in-polygon  met hod, an  inciden t  is a ss igned to a zone in
wh ich it  falls  wit h in  the bounda ry of th a t  zone.  Most  GIS  pa cka ges h ave a  point -in-
polygon r out ine and can  implement t ha t m ethod.

In Crim eS tat, on  the Dis tance Analysis  I page, ther e is a n  Ass ign Pr imary Poin t s t o
Seconda ry Poin t  rou t ine t ha t  will make t h is assignment  based on either  method (see
cha pter 5). In both  cases, th e incident file mu st be the prima ry file and t he zona l file must
be the secondary file.  In  the nearest  zon e cen t roid  method, t he rout in e will a ssign  each
even t  t o t he cen t roid  to wh ich  it  is  nea res t .  It  will t hen  sum the number  of inciden t s
assigned by zone and will add t h is as a  new field to th e seconda ry file (ca lled Freq).  In t he
poin t -in-polygon  method, th e user  must  a lso provide t he bounda ry file for  the zones a s a n
ArcView  shape file.  The rout in e will r ead the boundary file and will determin e in  which
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polygon  an  inciden t  falls , and will then  ass ign the inciden t  to th a t  zone.  As with  the
nearest  zon e cen t roid  method, it   will t hen  sum the number  of in ciden t s assigned by zone
an d will add t his as a n ew field (Freq) to th e seconda ry file.  Chapt er 5 presents deta ils of
these t wo rou t ines , an d isn ’t  repea ted h ere.

Ther e a re adva ntages a nd d isa dva ntages t o each  met hod.  The nea rest  zone cent roid
has a t t r ibu tes tha t  a re probably closest  to th e loca t ion  wh er e t he inciden t  occur s.  Th is is
impor tan t  in  rela t ing socioeconomic and  land  use character is t ics  to the even t s  dur ing the
t r ip gen er a t ion  st age (see chapt er  13).  Typically, socia l character ist ics change gradu a lly
over  an  urba n  landscape so th a t  an  inciden t  is probably closer  to it s n ea rest  zone cent roid
than  to any other  zone cent roid.  In t he case of the poin t -in-polygon  method, inciden t s a re
not n ecessa r ily ass igned to th e nea rest  cent roid s ince zona l polygons a re frequ en t ly
ir regu lar  in  sh ape.  Thus, t o rep resen t  the under lying character ist ics of th e loca t ion  in
which  the in ciden t  occurs by a  poin t -in -polygon  may end up assign in g a n  in ciden t  to a  zon e
th at  is quite different  from wher e it  sh ould be locat ed.

On the other  hand, t he main  adva ntage of a poin t -in -polygon assignment  is  if t he
zon e has a  meanin g in  terms of conta in ment  or  membersh ip .  F or  exa mple, if a  police
repor t in g dis t r ict  (which  could  be a  sub-set  of a  la rger  police precin ct ) is  used as the zon a l
model, ass ign ing incident s t o the report ing dist r ict  with in wh ich  they fa ll will ensu re tha t
the in ciden t s a re a ss igned to th e cor rect  police pr ecinct.  

In  other  words, if it’s import an t  tha t  event s be a ssigned t o the area  to which  they
belong, then  the poin t -in-polygon  met hod is u su a lly the bes t .  On  the oth er  hand, if it is
impor tan t  tha t  the inciden t s  be assigned  to the zone to which  they a re mos t  simila r , then
th e nearest  centr oid meth od is usu ally th e best.

Figur e 12.5 shows t he nu mber of cr imes by or igin zone while figure 12.6 shows t he
number  of cr imes  by dest ina t ion  zone.  In both  cases, event s wer e assigned by th e nearest
zon e cen t roid  method.

Adju sti n g Crim e  Eve n ts E sti m ate d from  Arre st R e co rds  for Accu rac y

There is  another  subt lety t ha t  a ffect s the assignment  to a  zon e.  The method tha t
has been  descr ibed assigns records in  which  there is  both  an  or igin  and a  dest in a t ion
loca t ion , such  a s an  a r r es t  r ecord.  The r eason  for  doing th is  is  tha t  t here is  an  imp lied  tr ip
bet ween  the origin  and t he dest ina t ion, a s was d iscussed above and in  cha pt er  11. 
However , t here may be a  difference between  the dis t r ibu t ion  of cr im es by dest in a t ion  from
the a r rest  records  and t he actu a l dis t r ibu t ion  of crim es from a ll inciden t s.  Th e r ea son is
tha t  a r rest  records r epr esen t  on ly a  su b-set  of a ll the cr ime r ecords a nd, oft en , a sm all su b-
set .  If there are any spa t ial differences in  the ar rest  likelihood a cross a  met ropolita n  a rea ,
it is possible th a t  some a reas will have a h igher  pr oport ion  of offender s being a r rest ed t han
other  a reas.  The r esu lt would be a  discrepa ncy between  the dist r ibut ion  of cr imes  by
ar rested in dividua ls  and the actua l d is t r ibu t ion  of cr im es.  In  other  words, t he dis t r ibu t ion
of cr imes  as iden t ified  by the a r res t  r ecords cou ld  be a  biased  es t imate of the actua l
dist r ibut ion  of cr imes . The r esu lt cou ld be th a t  the or igins  of those offender s wh o were 
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cau ght  will be exa gger a ted rela t ive t o th e origins of th ose offen ders who were n ot caught ,
an d th e ent ire model could end up being biased.3

If there is a s izeable discrepa ncy between  the dist r ibut ion  of cr imes  from the ar rest
records  and t he a ctu a l dis t r ibu t ion of cr imes, it  is im por tan t  to corr ect  th is. In  the Assign
Pr imary Poin t s t o Seconda ry Poin t s r out ine on t he Dis tance Analysis  II  pa ge, it  is possible
to weight  the assignment  by an other  var iable.  This var iable can  reside on eith er  the
seconda ry (zone) file or  on  another  file.  A typica l cor rect ion  weight  var iable would be a
pr oport ion  tha t  adjus t s t he empir ica l dist r ibut ion  of cr ime dest ina t ions by th e t rue
dist r ibut ion .  Thu s, a weight  grea ter  than  1.0 would increa se t he pr oport ion  whereas a
weigh t  sm aller  than  1.0 would decrea se the propor t ion .  A weigh t  of 1.0 would m ainta in  the
same propor t ion .

In  order  to do th is, h owever , one has t o conver t  the number  of crim e dest ina t ions in to
pr opor t ions.  Let ’s t ake an  example.  Su ppose t he em pir ical a nd t rue dist r ibu t ion  of crim e
dest in a t ion s was as follows (table 12.1):

Ta ble 12.1

Proportional Weight ing  Empirica l Ass ignmen t  o f Cr ime D est inat ions

Empirica l True Proportional
Zo n e Dis tribut ion Dis tribut ion We i gh t

101       .04 .05 1.25
102       .03 .025 0.83
103       .015 .015 1.00
etc.

In  the exam ple, th e actua l (t rue) dist r ibut ion  of cr imes  for  zone 101 is grea ter  than
wh at  wa s m ea su red in  the in ciden t -to-zone a ss ignmen t  by a  factor of 1.25 t o 1 (i.e., .05/.04). 
Thus, t he weight  assigned to zon e 101 is  1.25.  In  zon e 102, on  the other  hand, t he actua l
dist r ibut ion  of cr ime dest ina t ions wa s sm aller t han  what  was est ima ted from t he inciden t -
to-zone ass ignmen t  by a  factor of 0.83.  Th us, t he weight  ass igned to zone 102 is  0.83. 
F ina lly, th e propor t ion  of crim es in  the em pir ical a nd a ctu a l dis t r ibu t ions for  zone 103 is
exa ctly t he same.  Th us, t he weight  ass igned to zone 103 is  1.00.  

The weight  va r ia ble will be typica lly a  colu mn in  the secondary file tha t  correct s the
empir ica l d is t r ibu t ion .  Na tura lly, the fir st  t im e th is  is  done, a n  ana lyst  would  probably not
know the empir ica l d is t r ibu t ion .  Thus, it  will be necessary t o repea t  the in ciden t -to-zon e
ass ignmen t , the firs t  t ime in  order  to coun t  the em pir ical dist r ibu t ion  wh ile the second t ime
to weight  tha t  count  by th e cor rect ion  factor  (which  will have been a dded  as a  var iable to
the seconda ry - zona l, file).  See chapt er  5 for  a  more complete discuss ion of weigh t ing a
pr ima ry point s (incident s) to seconda ry point s (zones) ass ignment .
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Note, t he adju stment  of the empir ica l cou nt  (assignment ) is  done usua lly for  the
dest in a t ion  va r ia ble, n ot  the or igin  va r ia ble.  In  the case of cr im e event s, police will k now
the dest ina t ion  of the crim e a  lot  more a ccura tely than  they will t he origin  sin ce th er e is a
cr im e record on file for  the in ciden t .  H ence, a ny discrepancy between  the empir ica l
dis t r ibu t ion  of cr im es and the actua l d is t r ibu t ion  will on ly be known for  cr im e loca t ion s
(dest ina t ions).  Ther efore, in  cor rect ing th e empirica l distr ibut ion , we a re as su ming th a t  we
are a lso cor rect ing the t rue dist r ibu t ion of or igins, t oo.  It  sh ould  be obvious, t hough , tha t
we r ea lly don’t  know.  Un less one can  obta in  a  “t rue” dis t r ibu t ion  of crim e origin s a nd,
thereby, cor rect  the or igin d ist r ibut ion  as well as  the dest ina t ion  dist r ibut ion , one has t o
assume tha t  the adjustment  in  the dest in a t ion s will a lso correct  the dis t r ibu t ion  of the
or igin s dur in g t he ba la ncin g s tage (see chapter  13 on t r ip  genera t ion ).

Ob ta in in g  Cri m e  Da ta  by  Su b -Ty pe s

Till now, th e discuss ion  has focused on t he t ota l number  of crim es tha t  occur  wit h in
a  zone.  Clea r ly, it  is possible (and p refer able) t o brea k th is down in to dist inct sub-groups. 
Thus, a s epa ra te dist r ibut ion  for  robber ies, bur gla r ies, veh icle th eft s, homicides, and oth er
crim e t ypes  can  be complied .  In  each case, the separa te dist r ibu t ion  is being assem bled in
order  to produce dist inct m odels of cr ime t ravel by tha t  type.  Th e journey to cr ime
liter a ture has long illus t ra ted the differ en ces in  t r avel dis t ance by cr ime t ype, a nd it  would
be expected tha t  ther e a re substan t ia l differ en ces in  t r avel pa t t er ns a s well.  Most  crim e
ana lyst s a nd r esea rchers will wa nt  to brea k down  crim es in to th ese dist inct ca tegories . 
Sim ila r ly, a n  ana lysis  by t im e of day or  day of week a lso would  requir e breakin g down
cr im es by t hese differen t  t empora l ca tegor ies.  In  genera l, an  ana lysis  of a ll cr im es is  not
very meaningful for m ost police depar tm ents.  Instead, th e focus h as t o be on crime types
and, perhaps, t im es of day wit h  other  sub-set s a lso bein g impor tan t  (e.g., method of
opera t ion , u se of weapons).

The method u sed t o assign  these ind ividua l cr imes  to zones would be, however ,
exact ly the same as  for  the tota l number  of cr imes  tha t  was  illus t ra ted  above.  As  with  the
tota l n umber  of cr im es, t here would  be differen t ia l weight in g of zones in  order  to correct  any
bias  in  the d is t r ibu t ion  of cr imes  ca lcu la ted  from the a r res t  r ecords compared  to the actua l
dis t r ibu t ion  of in ciden t s as iden t ified by t ota l cr im e repor t s.

Ade qu ate  Sam ple S ize

A pr oblem wit h  th is a pproach ar ises, h owever .   By brea king down crim es in to
dis t in ct  sub-gr oups (by cr im e type, t im e of day, day of week, m ethod of opera t ion , et c),
sm aller  sa mples a re produced.  As t he sample size decrea ses, t he likelihood of modeling
er ror  increases .  If t he sample is  too small, t hen  any of t he zona l es t ima tes  tha t  a r e
pr oduced in  the t r ip gener a t ion s t age will be subject  to cons iderable samplin g er ror. 
Similar ly, in  su bsequent  st ages (t r ip dist r ibut ion  and m ode sp lit), these sm all sa mples a re
fur ther  br oken  down  in to cells  wit h  ver y sm all sa mples, with  most  having zer o inciden t s.  
In  other  words, sa mpling er ror  becomes a  pr oblem if the tota l nu mber  of cr imes  is broken
down int o very sm all su b-set s, an d t he model becomes u nreliable.
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How would one kn ow whether  a  model is un reliable or  not?  Pr obably the simplest
wa y is t o repea t  the m odel on two differen t  yea rs wort h  of da ta .  Tha t  is, t he a na lyst
const ruct s  t he t r avel demand model on  one yea r ’s  wor th  of dat a  and then  r epea t s it  on
anoth er  yea r .  If th e va r iables  selected dur ing the t r ip gen er a t ion  st age a re t he same and if
their  coefficien t s a re approximately equ a l, then  the m odel would a ppea r  to be rea sonably
st able.  On the other  hand, if there are su bst an t ial differences in  the selected var iables a nd
in  their  coefficien t s , mos t  likely the da ta  set  was  too small for  the cons t ruct ion  of a  s t able
model. One could do formal tes t s on differences bet ween  the coefficient s t o see wh ether  they
are similar  or  differen t .  But , a gener a l review of the coefficient s sh ould indicat e whether
there is st ability or  var iability.  It’s n ot  a  ‘hard a nd fast ’ ru le since an y differences could be
due to rea l ch anges in  the environment  crea t in g cr im e.  But , u n less there is  some obviou s
explan a t ion  for  the differences, most  likely th ey indica te tha t  a  model is too unreliable to be
used from one year  to the next  (i.e ., the sample size is  proba bly too small).

Th us, t her e is  a  ba lance tha t  has t o be main ta ined bet ween  having a  la rge en ough
sa mple to produce rea sonably r elia ble t r ip gener a t ion a nd t r ip d ist r ibu t ion coefficien t s, a nd
br ea king down  the da ta  in to more m ea ningful ca tegories  for  ana lyst s a nd r esea rchers.  In
gener a l, I believe it is a  good idea  to model a ll cr imes  firs t  before modeling specific su b-
types .  The r ea son is t o est ablish  baseline cha racter ist ics - var iables  and coefficien t s.  I t  will
become ea sier  to un derst and h ow differ en t  crim e sub-types  vary once th e overa ll
d is t r ibu t ion  is  known.

D e ve lo p in g  a  P re d ic ti ve  Mo d e l

The above discussion  dea lt  wit h  summar izin g cr im e in ciden t s by zones, both  the
loca t ion  where the cr imes  occur red  (the des t ina t ions ) as  well a s  the loca t ions  where the
offender  wa s living (the a ssumed origins).  In  order  to develop a  pr edictive m odel of crim e
origin s a nd dest ina t ions , it  is a lso necessa ry to pu t  together  a  da ta  set  of pr edictive
var iables.  Typica lly, th ese will be socioeconomic and land u se var iables, though oth er  types
of var iables  can  be in cluded as well.

Obtainin g Soc ioec on omic  Data

P op u la ti on

The most  common type of predict ive da ta  will be socioeconomic var ia bles.  Am ong
these a re popula t ion , employmen t , income levels , pover ty da ta , and h ouseh old
character ist ics.  At  the minim um, popu lat ion  will be an  impor tan t  var iable.  As m ent ioned
in  cha pt er  11, t he crim e t ravel demand m odel is a n  aggrega te (volume) model.  Tha t  is, it
coun t s t he tot a l number  of cr ime t r ip s (by or igin  and by des t ina t ion ).  Since, t he number  of
t r ips  is gen er a lly a fun ction of the t ota l number  of persons in  a  zone, a ll other  factors  bein g
equa l, popula t ion  in evit ably will en ter  as eit her  the most  im por tan t  or  among t he most
impor tan t  var iables, as both  an  or igin a nd a  dest ina t ion  var iable.

Popu la t ion could  be m ea su red by sub-set s (or pr oxy) var iables , too.  For example, the
number  of househ olds , the number  of t een ager s, a nd t he number  of mar r ied couples a re a lso
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su b-set s of th e t ota l popu la t ion; the cor rela t ion a mong t hese va r iables  is u su a lly ver y h igh . 
Wh ich  va r ia ble is  chosen  will depend on what  type of cr im e is  bein g predict ed.  F or  the tota l
number  of cr imes , probably th e tota l popu lat ion  sh ould be used because it  is a la rger a nd
more s t able es t imate of the t ota l “a t  r isk ” popu la t ion .  For specific crim es, however , it  may
be desir able to choose a  sub-set  of popula t ion .  F or  exa mple, for  car  theft s, t he dis t r ibu t ion
of males, a ges 16-30, m ight  be a  more in tu it ive baseline va r ia ble sin ce those age gr oups
cont r ibut e dispr oport iona tely to vehicle th eft s (as t hey do to most  cr ime t ypes).  The
disadva ntage in  usin g t h is  va r ia ble may be the smaller  sample sizes tha t  a re obt a in ed for
some zon es.  A good  way t o test  th is  is  to model it  twice, on ce wit h  tota l popula t ion  and once
wit h  the sub-set  va r ia ble.  If the overa ll predict abilit y of t he model is about  the same (or ,
bet t er , if the sub-set  va r ia ble predict s bet t er  than  the tota l popula t ion ), t hen  the use of the
su b-set  popula t ion  will be preferable to th e tota l popu lat ion .  On t he other  hand, if there
isn’t  much  difference, stick with  tota l popu lat ion  as it  is a la rger, and m ore st able, var iable.

Em p l oym e n t

A second va r iable tha t  u sua lly comes  up  is  tot a l employmen t .  Th is  is  pa r t icu la r ly
va luable a s a  pred ictor  of cr ime des t ina t ions s ince many cr imes  are a t t r act ed  to
em ploymen t  a rea s (e.g., robber ies, burglar ies, vehicle t hefts).  Usua lly a dis t inction is m ade
between  retail  an d non-retail  em ploymen t , though  oth er  dis t inctions can  a lso be m ade (e.g.,
office em ploymen t , governmen t  em ploymen t , milita ry employmen t ).  The r ea son is t ha t
ret a il employmen t  is u su a lly foun d in  commer cial a rea s (e.g., shoppin g malls, s t r ip m alls,
r et a il cen ter s).  In  the case of Ba lt imore Coun ty, for exa mple, ret a il employmen t  is t he
st rongest  pr edictor  of crim e dest ina t ions .  

As  an  or igin  va r iable, too, employment  cou ld  be impor tan t .  In  the th ree models  tha t
were compared for  th is  version  of Crim eS tat (Ba lt im ore Cou nty, Ch ica go, Las Vegas),
em ploymen t  wa s seen  as a  pr edictor  var iable for  crim e origin s in  severa l cases, t oo, usu a lly
as a  nega t ive predict or  (i.e., less employment  is  associa ted wit h  more cr im e).  The reason
may be less clea r , bu t  may h ave to do wit h  the la ck of oppor tun it ies in  cer ta in  dis t r ict s and
neighborh oods.

Incom e  leve l s

Another  obvious  va r iable is  income measured  in  some way.  The rela t ionsh ip
bet ween  crim e a nd low in come h as long been  noted.  Ther e a re sever a l poss ible in come-type
va r ia bles tha t  could  be used in  a  model.  Th e most  obviou s is  the tota l income level of a
zone.  The U. S . Census Bureau  has a  tota l income var iable tha t  is  pa r t  of their  SF  3A
relea se.  This m ea su res the t ota l of all h ouseh old in comes in  the censu s.  Wh ile th is va r iable
cap tures  the t ota l ava ilable in come in  the zone, it  is n ot a  ver y in tu it ive m ea su re. 
Consequ en t ly, other  mea su res a re u su a lly used, such a s in come per  capita  or m edian
househ old income.  Median  househ old income is usua lly a  more typica l mea su re since the
aver age in come per  person  can  be a ffected by ext rem e va lues . 

An  impor tan t  is sue abou t  income levels , no mat ter  how measured , is  tha t  they
in fla te over  t im e.  Tha t  is , s in ce in come reflect s moneta ry va lu e a t  any on e poin t , it  does not
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have a  fixed reference poin t .  What  th is  could  mean  in  a  model is tha t , over  t im e, income
levels  will increase (in  absolu te terms) due sim ply to in fla t ion .  A m odel t ha t  established, for
exa mple, a  nega t ive rela t ion sh ip  between  in come and cr im e (i.e., the h igher  the in come of
the zone, th e less cr ime) for  one year  would end  up pr edict ing lower  cr ime levels for  another
year  sim ply due to in fla t ion .

It ’s im por tan t  to st andardize in come in  order  to prevent  the im pact  of in fla t ion
affect in g t he model.  Th ere a re two ways  tha t  th is  is  usua lly done. F ir st , on e can
st anda rdize income by subt ract ing the mean  and dividing by the st anda rd deviat ion .  Tha t
is,

Income i - MeanIncome
Zi = ----------------------------------- (12.1)

SdIncome

where Income i is the income of each  zone, i, Mean Income is th e mean  income of a ll zones,
and SdIncome is th e st anda rd deviat ion  of a ll zones.  This is a  classic st anda rdized
measu re.

A second  way to s t andard ize income is  to define relative in come.  Tha t  is , t he in come
level of each  zone is compa red t o the income level of the zone with  the h ighest  income.  Tha t
is,

  Incomeh ighes t  -  Income i

I i = ------------------------------- x 100 (12.2)
Incomeh ighes t

where Incomeh ighes t  is the income level of the zone with  the h ighest  income. This index
measu res t he income of a  zone relat ive to the income of the h ighest  income zone.  The closer
the income level of the zone is t o th e h ighest  income zone, the smaller  the index.  Thus, t h is
is  an  incom e inequalit y index, similar  to the Gini index th ough m ore simply ca lcu lat ed.  The
zone with  the h ighest  income will have a va lue of 0 whereas t he zone with  the lowest
income will h ave a  posit ive value r ough ly reflect ing the r ela t ive differ en ces in  income levels
between th e lowest an d th e highest.

Each  of these measures will p revent  a  sh ift  in  the predict ed va lu es due to in fla t ion ,
though  they ea ch m ea su re slight ly differ en t  a t t r ibu tes; th e firs t  mea su res jus t  absolu te
income levels (st anda rdized) wh ile t he second m ea su res  the degr ee of inequ a lity.

Another  type of income va r iable is  the n umber  of persons livin g under  pover ty. 
Aga in , the r ela t ionsh ip between  pover ty and cr ime has long been  noted (Bursik  and
Grasmick , 1993)..  Th us, a  va r ia ble tha t  measures pover ty d ir ect ly could  add sensit ivit y t o a
model tha t  sim ple income m ight  not det ect .  The issue of mea su r ing pover ty, however , is a
complex one.  Differen t  govern ment  agencies u se differen t  measu res.  For a  discuss ion , see
Cit ro and Mich ael (1995).
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In  genera l, typ ica lly m edia n  household  in come and the number  of persons (or
househ olds ) living under  the pover ty line do corr ela te qu ite well.  Ther efore, it ’s u n likely
tha t  both  var iables  would be s ignifican t  in  a  regr ession  equ a t ion without , essen t ia lly,
measu r ing the sa me th ing.  The sa me is tr ue for  edu ca t ion  and income, which  tend t o
cor relat e quit e h igh ly.  Again , both  var iables in  a  regression  equa t ion  would, essen t ially, be
mea su r ing the same t h ing.  Thus, in  a  regr ession  model, it ’s im por tan t  to select  only t he
st ronges t  and m ost  st able in come var iable in  order  to avoid du plicate m ea su res. We’ll
r etu rn  to th is  poin t  in  t he next  chapter .

Ot h er  soci oecon om ic v a r ia bl es

Other  socioeconomic var iables m ight  be usefu l in  a  pr edict ive model.  Among th ese
are race or  ethn icity, veh icle ownersh ip , n umber  of sin gle paren t  households, n umber  of
unem ployed work er s, n umber  of persons living in large r en ta l bu ildin gs, a nd other s.  Again ,
these var iables m ight  pr odu ce grea ter  differen t iat ion  in a  model.  But , at  the sa me t ime,
they t en d t o over lap with  income va r iables  and m ay be m ea su r ing the same t h ing.

Obtainin g Land Use  Data

Aside from socioeconomic var iables, there are lan d u se var iables t ha t  cou ld be
import an t in predicting both  crime origins and destina tions.  Among th ese ar e park s, bars,
pa wn sh ops, cheque cash ing businesses , th e loca t ion  of sh oppin g ma lls, reta il spa ce,
st adiu ms, t r a in  st a t ions, in t ra -ur ba n  met ro sta t ions, bu s s t a t ions, pa rking lot s, h ospit a ls,
an d adjacency to ma jor freeways or a rt erial roads.  There ar e a wide var iety of lan d use
var iables  tha t  appea r  to be impor tan t  in  a t t r actin g crim e a s well a s in  pr oviding an
environment  tha t  may encourage people to commit  cr im es.  A t horough  ela bora t ion  of
poten t ia l land u se var iables  would  help to iden t ify pa r t icula r  a t t r ibu tes associa tes wit h
crim e and, t her eby, increase the predictive a bility of a m odel.

There a re two ways  to document  these la nd uses.  One is  as a  sim ple ca tegor ica l
(‘du mmy’) var iable whereby th e field is given  a  ‘1' if tha t  lan d u se exists  in t he zone and a  ‘0'
oth er wise (e.g., ther e is a  pa rk in  the zone; a freeway runs t h rough  the zone; th er e is a
st adiu m in  the zone).  The second is  a  count  of the level of tha t  land u se var iable (e.g., t he
number  of ba rs; ret a il squ are foota ge; pa rk acreage; nu mber  of pa rking st a lls in  a  pa rking
lot ).  The second var iable is, clear ly, more pr ecise than  the firs t , but  is much  harder  to
docum en t . The availability of da ta  will be a  const ra in ing factor  in  bu ildin g up a  set  of land
use va r ia bles tha t  might  predict  cr im e or igin s or  dest in a t ion s.

St ill, before an  exten sive da ta  inven tory is  in it ia t ed, some cau t ionary words a re in
order .  In  the th ree studies illu st ra ted in  th is  version  of Crim eS tat, however, few lan d use
var iables su rvived once popula t ion , employmen t  and income levels were included.  The
reason  is  tha t  many land use va r ia bles correla te wit h  these basic var ia bles (e.g., the amount
of ret a il space corr ela tes  wit h  ret a il employmen t ; bar s cor rela te wit h  low income). Thu s, in
spit e of in tu it ively bein g r ela ted, it  was found tha t  most  of the la nd use va r ia bles did  not
improve the models beyond t he basic var iables.
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Sp e cia l ge n e rato rs

There are except ions, however.  Pa r t icu lar ly, th ere are special generators t ha t  a t t r act
cr imes  ou t  of p ropor t ion  to the amoun t  of employmen t  a t  t hose loca t ions.  Among these a re
stadiu ms, m ajor  t r a in  st a t ion s, a ir por t s, a nd la rge parks.  Because these a re major  regiona l
facilit ies  and, in  the case of s t adiums  and parks , used  uneven ly from day-to-day, they may
a t t ract  more cr im es tha t  would  be expected on the basis  of the level of employment  a t  those
loca t ions .  Trad it iona l t r avel demand  models  have incorpora ted  these as  specia l va r iables
because they can  account  for  va r iability tha t  is  not  genera l th roughout  the s tudy a rea . 
More on  th is in t he next cha pt er .

Sp at ia l Loc at io n  Varia ble s

Central ity

In  addit ion  to socioeconomic and land u se var iables, spa t ial loca t ion  var iables m igh t
be relevant . Ther e are two types of spa t ial loca t ion  var iables t ha t  might  be relevant .  The
firs t  is the centrality of the met ropolit an  a rea .  In  mos t  Amer ican  cit ies , the cen t ra l
downtown area  has a  un iqueness tha t  is  gr ea ter  than  tha t  which  is  expla in ed by a ny on e
var iable.  For exam ple, not only is t here a  lar ge am ount  of employmen t  in m ost  Cent ra l
Business Dist r ict s (CBD), but  there are amenities t ha t  a re associat ed with  a  cen t ra l
loca t ion .  Usua lly, there is  a  grea ter  concen t ra t ion  of res tauran t s and  s tores  in  CBD’s  and
oth er employment  center s.  En tert ainm ent often is more concentr at ed in t he CBD; th is is
not  t rue in  many la rge met ropolit an  a reas (e.g., Los Angeles), bu t  it  is  t rue in  enough  of
them  to ma ke t he CBD a n  en ter t a inmen t  center  as well a s a n  em ploymen t  center . 
Similar ly, tr ansit lines t end  to concent ra te in t he CBD.

In  oth er  words , the CBD is  a  un iqu e place tha t  a ffects cr ime t r ips . Some CBD’s h ave
a  large number  of crim e inciden t s wher ea s other  don’t .  Never theless, m ea su r ing it  in  a
predict ive equa t ion  m igh t increase  the predicta bilit y of a  pr oduction  or a t t r action  model.  A
sim ple va r ia ble is  the dis t ance from some poin t  wit h in  the CBD, for  exa mple dis t ance from
the City H all.  Zon es tha t  a re close a re liable to have a  gr ea ter  number  of cr im e product ion s
and cr ime a t t r actions, especially, than  zones far ther  awa y.  This t ype of spa t ia l effect  is
very similar  to the first-order effect  described in  chapt er  5.

Local Spat ia l Autocorre la tion

Another  type of spa t ia l effect  is a  loca lized sim ila r ity bet ween  adja cent  zones.  In
other  words, there frequen t ly is  a  spa t ia l au tocor rela t ion  in  cr ime product ions  or  a t t r act ions
between  adjacent  zones.  It  is the second-order spa t ial effect s descr ibed in cha pt er  5.  Zones
tha t  have a lot  of cr imes  occur r ing with in t hem are frequent ly loca ted n ext t o zones t ha t
a lso have a  lot of cr imes occur r ing, and t he conver se .  Spa t ia l regr ession  models  (e.g.,
spa t ia l lag m odel, geogr aphica lly-weighted regr ession ) explicit ly in corpora te th is  type of
spa t ial effect  as a  pr edictor  var iable.
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In  th is  version  of Crim eS tat, th ere is not a  spa t ial r egression  model.  Therefore,
ther e is n ot a  sim ple wa y to ha ndle local spa t ia l effects in  the cur ren t  ver sion, a t  lea st  in  the
t r ip gener a t ion  st age.  The second st age of the model - t r ip dist r ibut ion , incorpora tes a n
explicit spa t ial componen t  by weight ing dist ance in est ima t ing the int eract ion  between
zones.  Thus, a ny spa t ia l er ror produced du r ing the t r ip gen er a t ion  st age is frequ en t ly
compensa ted for  du r ing the t r ip d ist r ibu t ion s t age.  

Bu t , if the u ser  wa nts t o incorpora te loca l spa t ia l au tocorr ela t ion  explicit ly in the
t r ip  genera t ion  st age, t hen  the use of a  Local Moran  (see chapter  7) or  a  sim ple adjacency
measu re (e.g., ‘1' if the avera ge of adjacent  zones is grea ter  than  the mean  for  a ll zones a nd
‘0' if it  is  not ) may be sufficien t  in  account  for  the loca lized spa t ia l a u tocorrela t ion .

Ther e a re adva ntages a nd d isa dva ntages t o including fir st - or  second-order  spa t ia l
effect s  in  a  t r avel model. Since the t r ip  dis t ribu t ion  st age has an  exp licit  spat ia l in t eract ion
ter m, any er rors  from the first  st age (t r ip gener a t ion) a re u su a lly accoun ted for  du r ing the
second st age. Thu s, there is very lit t le advan tage to be ga ined  from including a second-order
(spa t ia l au tocorr ela t ion) var iable.  H owever , includ ing a  firs t -order  var iable can  impr ove
pr edicta bilit y of the t r ip gener a t ion m odel.  Bu t , in  post u la t ing a  sim ple rela t ionsh ip (e.g.,
dist ance from the City Hall), one is as su ming tha t  the relat ionsh ip will hold over t ime. Over
a  sh ort  per iod of t ime, it  pr obably will.  Bu t  for  a  longer  forecast  (e.g., 20 yea rs), it  may not. 
Never theless, it r epr esen t s a  possible pr edictor  of cr imes .

De fin in g P oli cy  or In te rve n tio n  Varia ble s

Aside from socioeconomic a nd la nd use va r ia bles, a  model m ight  in clu de some policy
or in ter ven t ion  var iables .  One of the bes t  uses of a  t r avel demand m odel is t o model t he
likely effect  of a  cha nge in  one of the predictive va r iables .  A sim ple one would be t he likely
effect  of bu ildin g a  new facilit y, for  example a  shoppin g m all.  In  the es t im at ion  st age, if the
ana lyst  can  sh ow tha t  sh oppin g malls a re a ssocia ted wit h  h igher  (or  lower ) cr imes occur r ing
(i.e., des t ina t ions), then  a  theoret ical m all could be placed in  a  zone and t he m odel run  wit h
tha t  as a  new inpu t  for  the zone (wit h  ever y oth er  var iable bein g the same for  a ll zones). 
Since the t r avel dem and m odel is sequent ial, th e impact  of new cr ime t r ips being a t t r acted
to th e zone can  be followed  th rough  the differ en t  st ages of th e m odel.

There may be other  policy or  in terven t ion  experim ents  t ha t  can  be conducted  with  a
crim e t ravel demand m odel.   In  each case, it  is n ecessa ry to include t he va r iable in  the
est imat ion m odel t o est ablish  a  coefficien t  for  it .  Then , in  the s imula ted exper imen t , the
var iable is  re-ar ranged or a lloca ted differen t ia lly and t he m odel is  recalcula ted.  Again , the
resu lt  can  be u sed t o est imate wh at  the likely effects of the in ter ven t ion  could be on crime
tr avel pat tern s.

Among th e possible policy or int ervent ions a re th e const ru ction of a pa rt icular  type
of facility (as m en t ioned above with  a  new shoppin g mall), changing the level of policing in a
zone, t he crea t ion  of a  drug t r ea tmen t  cen ter , t he es t ablishmen t  of a  job r et r a in ing cen ter ,
or t he reduction in th e num ber of adu lt book shops.  There are a  lar ge num ber of possible
int ervent ions t ha t  might  a ffect  the level of cr ime - either  pr odu ced (or igins ) or  a t t r acted
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(dest in a t ion s).  F ur ther , n ot  a ll of the in tervent ion s might  reduce cr im e levels , bu t  some
could  even  in crease it  (e.g., add new shoppin g m alls).  Never theless, t he abilit y t o add
inter ven t ions in  the m odel make it  a  useful device to est imate t he likely effects on crim e
levels with out  having to actu a lly implemen t  the changes.

In  the th ree studies presen ted in  th is  version  of Crim eS tat, th ere were no
in ter ven t ions t ha t  wer e es t imated.  The m odel is s t ill very new in  it s a pp licability to cr ime
ana lysis a nd t here hasn ’t  been t ime t o crea te su ch  a  scena r io.  Still, th is type of experim ent
or ‘var iable’ is an  import an t one an d which could ma ke th e crime tr avel deman d model a
ver y power ful a na lysis  tool. 

Where to  Obtain  the se  Data?

Many of t hese da ta  a re easily fou nds, while others a re more difficu lt .  A lot  of
socioeconomic da ta  is  ava ilable in  the decenn ia l census and  d is t r ibu ted  by the U.S . Census
Bureau .  Da ta  on popula t ion , h ouseholds, a nd in come levels  can  be obt a in ed from the
Census Bu reau  for  geogr aphies as small as block s or  block  gr oups.  One of the deficiencies of
the censu s da ta , however , is t he lack of informat ion  on  employmen t .

An  a lt erna t ive is  to obta in  da ta  from a  Council of Governments  or  Met ropolit an
Plan ning Organ izat ion .  A Council of Govern ments (COG) is a r egiona l associat ion  of cities
and count ies tha t  is  in volved in  pla nnin g; somet im es it  is  ca lled an  Associa t ion  of
Governments .  Vir tua lly every met ropolit an  a rea  in  the United  Sta tes  has a  COG tha t  can
be a  source of informat ion on  both  popu la t ion, employmen t , and, occasiona lly, land u se. 
Many COG’s h ave a forecast ing group tha t  est ima tes both  popula t ion  and em ploymen t ,
somet im es for  very small geogr aphica l u n it s.  The Houston-Galveston  Area  Cou ncil, for
example, has a n  exten sive da taba se of a ll firms with  10 or more employees and u pda tes th is
con t inua lly u t ilizing bus iness permit s , purchased  lis t s from other  organ iza t ions , and  aer ia l
photogr aphs for  iden t ifyin g n ew commercia l developments.  They produce est im ates of
employmen t  for  sm all grid cells tha t  a re appr oximately 1000 feet  on  a  side; however, t hese
da ta  a re released only at  the Tra ffic Ana lysis Zone (TAZ) level.  For m ore informat ion , see
th e Nat iona l Association of Regiona l Coun cils (h t tp://www.na rc.org).

A Met ropolit an  P lann ing Organ iza t ion  (MPO) is  a  regiona l t r anspor ta t ion  p lann ing
agen cy.  In  many met ropolitan  a rea s (e.g., Los Angeles , Hous ton, Wa sh ington, DC), the
MP O is pa r t  of the COG wh ile in  oth er  met ropolitan  a rea s (e.g., San  Francisco, Ch icago), it
is n ot.  Th ey will obta in  both  popu la t ion  and employmen t  da ta  for  the TAZ’s a s par t  of their
t r avel modeling functions.  F or m ore in format ion , see the Associat ion  of Met ropolitan
Plan ning Organ izat ions (h t tp://www.a mpo.org).  In  sh ort , it  is gen er a lly possible t o obt a in
dat a on populat ion a nd employment  from either COGs or MPOs.

Land u se da ta  is more difficu lt t o obta in.  Simple informat ion  can  often  be obta ined
from Yellow Pages or  on line business d irectories, for  exam ple the loca t ion  of bars a nd
nightclubs.  More deta iled da ta  may have t o be obta ined from pa r t icula r  cities a nd coun t ies . 
Gener a lly, lar ger cities have a plan ning depa r tment  or  a public works  depa r tment  who
main ta ins some land u se da ta .  The qu a lity of th is in format ion will vary, however , and m ay
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not  be consist en t  across jur isdict ions.  In  a  lar ge met ropolita n  a rea , it  may be possible to
obta in  regiona l land  use in format ion  from the COG, the MPO, a  regiona l u t ility company, a
da tabase of bu sin ess permit s, t he tax a ssessor ’s office,  or  even  the Army Corps of
En gineers.

The poin t  tha t  has t o be rea lized is t ha t  a  lot  of effor t  is needed t o pu t  togeth er  a
da ta  ba se for  modelin g crim e t ravel.  On ce developed, however , it  can  be u sed r epea tedly as
pr edictor s for  differen t  types of cr ime a nd can  be upda ted m ore easily. Like a  GIS system,
there is  a  substan t ia l a mount  of effor t  ‘up front ’ in  order  to bu ild a  model.  Bu t , on ce
collected, th e informat ion  can  be very usefu l for  a  multit ude of pu rposes.

Cre a ti n g a n  In t e gra te d  Da ta  S e t

The in format ion  tha t  has been  collected - bot h  da ta  on cr im e or igin s and dest in a t ion s
as well as socioeconomic, la nd use and policy in tervent ion s, n eeds to be  in tegr a ted in to a
single zona l model.  Tha t  is, th e da ta  need t o be alloca ted t o zones, both  or igin zones a nd
dest ina t ion  zones.  The r esu lt will be t w o  differen t  da ta  set s, on e for  cr im e or igin s and one
for  cr im e dest in a t ion s.  The or igin  da ta  set  will cover  the or igin  zon es while the dest in a t ion
da ta  set  will cover  the dest ina t ion  zones.  The same predictor  var iables , however , can  be in
both  da ta  set s a s t hese va r iables  could p redict e ither  origin s or  dest ina t ions , or both . 

Allo ca ti ng  da ta  to  zo n e s

Th er e a re t wo st eps in  assem blin g the da ta  in to two da ta  set s.  F ir st , the da ta  have
to be allocat ed to th e zona l system  used.  In  some cases, these da ta  may be ea sily a vailable
(e.g., obt a in ing popu la t ion  and employmen t  da ta  by TAZ’s when  the TAZ is t he zona l un it
used).  In  other  cases, it  may be necessary t o a lloca te the da ta  from one geogr aphica l zona l
un it  to another  (e.g., from census block  gr oups to TAZ’s).  GIS is  a  very power fu l t ool for
a llocat ing da ta  from one “layer” to an oth er .  However , it  has t o be rea lized t ha t  er rors  will
r esu lt  from an  a lloca t ion.  F or example, br ea king up a  la rger  zone in to small su b-zones  (e.g.,
br ea king up a  large censu s t r act in to four  sm all grid cells) will lead t o some er ror in  the
a llocat ion .  The GIS split t ing rout ines usu a lly assume t ha t  the da ta  a re split
pr opor t iona tely bet ween  the four  ‘pieces’.  Thus, if employmen t  from a  census t r act is
a llocat ed to two gr id cells, one assumes tha t  the worker s a re un iformly dist r ibu ted wit h in
the censu s t r act a nd t he t wo grid cells  will ea ch capt ure a  sh are equa l to th eir  a rea  rela t ive
to the lar ger t r act .  This m ay or  may not be t rue.  Where it’s n ot  t rue, adjust ments n eed t o
be made to ensure tha t  zon es represen t  rela t ively un ifor m popula t ion s.

Th e point  is, t her e is  er ror in  a lloca t ing da ta  from one type of un it  to an oth er , and
the ana lyst  has t o be awa re of these poten t ia l sources.  It  is gen era lly bet t er  to obt a in  da ta
a t  the sm allest possible geogra ph ica l un it in  order  to minim ize the split t ing pr oblem
described a bove.  Aggregat ion  usu a lly causes less  er ror  than  split t ing.  On t he other  hand,
as m en t ioned a t  the beginn ing of th is chapt er , the la rger  the zona l un it  tha t  is u sed, t he
grea ter  the likelihood t ha t  ther e will be with in-zone (int ra -zona l) t r ips .
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Combin ing d ata in to origin a nd  des tination  data se ts

The second step is  the combin in g of a ll the da ta  in to two separa te da ta  set s, on e for
origins and one for destina tions.  All th e data  th at  ar e used for t he origin model should be
together wh ile all th e da ta  tha t  ar e used in t he dest ina t ion  model should be togeth er. Many
va r ia bles will be in  both  da ta  set s (e.g., popula t ion , employment , income) whereas some
var iables only ma ke sense a s a n  or igin or a  dest ina t ion  var iable (e.g., residen t ial a reas a s
an  or igin  va r ia ble for  bank robber ies; a  ra il st a t ion  as a  dest in a t ion  va r ia ble for  la rceny or
robbery).  Since the or igin zones will usu a lly be more numerous t han  the dest ina t ion  zones
(because they include the des t ina t ions and those from sur rounding ju r isdict ions), t he dat a
have t o be consis t en t  across a ll zones t ha t  a re u sed.  

For  use in  the Crim eS tat crim e t ravel demand m odule, these da ta  set s should be in
one of the accep table formats  (dbf, da t , or  ODBC-complian t ).  I have found  tha t  bu ild ing the
da ta  fir st  in  a  spreadsheet  (e.g., Excel or  Lotus 1-2-3) is  easier  to do because va r ia bles can
be more easily a dded.  Once const ructed, t he spreadsheet  is  conver ted in to a  dbf file for  use
by Crim eS tat.

Obtainin g Ne tw ork Data

The fin a l t ype of da ta  tha t  needs to be  obt a in ed is  a  network. This  is  im por tan t  for
the th ir d and four th  st ages in  the cr im e t ravel demand model - m ode split  and network
assignment .  In  the mode split  rout in e, t r ips from each  or igin  zon e to each  dest in a t ion  zon e
are divided in to differ en t  t r avel m odes .  For d r iving t ravel m odes , t r avel h as t o go a long a
road net work. For walking or  bik ing, ther e m ay be a dd it iona l segm en ts t ha t  a re not in  the
road network (e.g., bik e pa ths, shor t  cut s for  pedest r ia ns); these can  usua lly be added to the
road net work to ma ke a  more r ea list ic r epresen ta t ion .  However , for t r ansit  modes, the t r ips
have to go along a  t r ansit  rout e.  In  the net work ass ignmen t  rout ine, a ll zone-to-zone t r ips
by each  t ravel m ode are assigned to par t icu la r  routes.  F or  th is , a  network is  needed, on e for
each  mode.

In  both  these cases , tr avel occurs a long a n etwork. Tha t  is, th e dist ance (or  t r avel
t ime or t r avel cost ) from one loca t ion  to another  is ca lcu lat ed u sing th e network, r a ther
than  as dir ect  or  indirect d ist ance.  A network is a  collect ion  of segments t ha t  a re
in t erconnected . Travel can  on ly occur  on  the segmen t s.  Each  segmen t  has two or  more
nodes a nd one or  more connect ing lines.  Travel is from segment  to segment .  Hen ce, th e end
nodes have a special st a tus a s t he connectors wh ich  a llow t ravel from one segment  to
another .  

In  chapt er  16, a m ore exten sive discussion of the sh or test  cost /pa th  a lgor ith m used
for  network t ravel is expla in ed.  But , essen t ia lly, a  ‘t r ip ’ goes from the or igin  loca t ion  to the
closest locat ion on t he network .  It  th en proceeds along the n etwork , ta king the short est
pa th , u n t il it  reaches a  node closest  to the dest in a t ion .  I t  then  t ravels  from tha t  node to the
fina l dest ina t ion . Thu s, the representation  of the network is very cr itical.  It h as t o be
accura te a nd r ea sonably compr eh en sive. 
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There are th ree types of basic networks  tha t  need t o be consider ed:

1. Road n etwork (with  addit iona l walk ing or  biking segm ents)
2. Bus network
3. Tr a in  network (if appropr ia te).

In  addit ion , t here can  be specia lized bicycle networks tha t  a re dis t in ct  from the road
net work.  However , most  t r ansport a t ion a gen cies m odel bik e t r ips  usin g the r oad  net work. 
Let ’s discuss ea ch  of these.

Ro ad  n e tw ork

In  a  GIS sys tem, t here a re typica lly t wo types of road networks tha t  a re used: 

1. A sin gle-dir ect ion a l (or  linear ) network
2. A bi-dir ect ion a l n etwork.

S i n gl e-d i r ec ti on a l  r oa d  n et w o r k

In  a  sin gle-dir ect iona l net work, t r avel can  occur  in  both  dir ect ions  a long a  segmen t . 
A typical example is t he TIGE R sys tem  crea ted by the U.S. Cen su s Bu rea u  (2004a ).  In  th is
sys tem, each  segm ent  typ ica lly r epresen t  the t r avel a lon g a  road from one in ter sect ion  to
another  (i.e., a  block  in  lengt h), t hough  there a re except ion s.  Travel ca n  occur  in  both
dir ect ions  in  the n et work un less t her e a re special codes  added to ind icat e a  one-way st reet . 
Th e TIGER sys tem, in  par t icu la r , h as a  number  of at t r ibu tes associa ted wit h  it  - sides (left
side, right  side), addr ess r anges (on  both  sides), censu s a nd polit ica l designa tors (again , by
sides), and other  a t t r ibu tes.  This t ype of net work is ver y comm on in  GIS  sys tem s a nd is
widely used in  police depar tmen ts.  Because of the address r anges a nd becau se it  is ea sily
available from t he U.S. Cen su s Bu rea u  or compa nies wh o impr ove t he TIGE R sys tem , th is
type of network  form s th e basis of most geo-coding systems.

There are pr oblems  with  a  single-direct iona l net work, however.  Among th ese a re the
ina bility to distin guish  direct ion  or  a  one-way st reet .  Fr om a  network m odeling per spective,
t r avel can  occur  in either  direct ion .  It is possible to put  a  field in  the da ta  base t ha t
iden t ifies wh ether  the st reet  is one-way or  not , an d t o ind ica te the dir ect ion  of t r avel.  But ,
th is h as t o be added by t he u ser  sin ce the TIGE R syst em  does  not specify tha t  informat ion.  

A second problem is  the lack of informat ion about  t ra vel t ime or  cost  on the  network. 
Th e only met r ic in t he TIGE R syst em  are a ddress r anges and, im plicit ly, dis t ance. 
However , sin ce t r avel va r ies  su bstan t ia lly by type of road  (lar ger  fun ctiona l clas ses h ave
higher  speeds) and by t im e of day due to differ in g levels  of congest ion , such  a  sys tem la cks
very impor tan t  in format ion  for  modeling t ravel.  The TIGER (or  s imila r ) sys tem does  have
funct iona l cla ss  codes  tha t  dis t ingu ish d ifferen t  levels  of road capacity (e.g., In t er s ta t e
h ighways, sta te h ighways, prin cipa l ar t er ial r oads, collector  roads, et c).  It is possible to
assign  arbit ra ry a verage speeds to each  of these cla sses (e.g., 45 miles per  hour  to an
in ter sta te h ighway; 30 miles per  hour  to a  pr in cipa l a r t er ia l; 20 miles an  hour  to a  collector
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road; an d so for th ).  By doing so, a r easona ble app roximat ion  to actua l tr avel can  be
obta in ed.  H owever , t here is  st ill n ot  a  sensit ivit y t o t r avel t im e by t im e of day.  For
example, in  an  u rban  a rea , t r avel a t  the peak  a fternoon  ‘rush  hour ’ (e.g., 3:30 PM - 7 PM)
will be, on  average, a  lot  slower  than  a t  off-peak hours.

This br ings u p a  th ird  pr oblem, namely tha t  there is no int eract ion  between  the
d irect ion  of t r avel and  the t r avel t ime.  On  mos t  pr incipa l a r t er ia l roads, t r avel is  unequa l
in speed a t  an y one tim e.  For exam ple, in m any met ropolit an  ar eas , tr avel towards t he
downt own area  is much  slower  in t he morn ing than  in t he opposite d irection , wher eas t he
rever se is t rue in  the a fternoon .  A sin gle-directiona l net work can not d ist inguish  th is a nd
the ana lyst s h ave to add  multiple fields to the a t t r ibut e file in order  to make t hese
dist inctions (e.g., PM pea k from n ode A to node B direct ion ; PM pea k from n ode B to node A
dir ect ion ; et c).

A four th  problem ma y or m ay not exist with a  single-directiona l network .  These
net works wer e designed to allow t he U.S. Censu s Burea u  to ca r ry out  the decennia l censu s. 
Thus, a lot of a t t en t ion  has given  to accuracy of st reet s a nd a ddr ess r anges.  Much less
a t t en t ion  has been  pa id to the connect ivity of the st reet s.  A lot  of the digit izing th a t  goes
in to th e net work has been  done by loca l governmen ts, a nd t he qu a lity of th is d igit izing
var ies consider ably.  Some jur isdict ions h ave very precise net works  tha t  a re upda ted
frequent ly while other  ju r isdict ions h ave poor ly defined n etworks  tha t  a re oft en  ou t  of da te.
Dr ivers may k now tha t  they ca n  t ravel fr om poin t  A to poin t  B via  road C, bu t  the network
may not h ave been  su fficient ly upda ted to allow t ha t  t r ip t o occur  in  a  represen ta t ion. In
some cases , gaps bet ween  segments h ave been noted; th e gaps  may be very small, but  they
would p reven t  a  model from ‘t ravelin g’ from one segmen t  to th e n ext . 

B i-d i r ec ti on a l  r oa d  n et w o r k

A bi-d irect iona l network , on  the other  hand, separa tes  t r avel in  each  d irect ion .  For
example, if t here a re two nodes  tha t  connect  a  segmen t  (node A and node B), t hen  there a re
typica lly t wo segm ents for  t r avel in  each  dir ect ion  (from node A to node B, and from node B
to node A).  In  th is r epresen ta t ion, a  one-way st reet  is s imply a  segmen t  tha t  does  not h ave
a  recipr oca l pa ir  (i.e., th er e is  only a  node A to node B segm en t , and n ot t he r ever se). 

Most  t r ansport a t ion  agencies u se bi-direct iona l road n etworks  for  their t r avel
demand modeling.  Th e reason  is  tha t  mult ip le a t t r ibu tes can  be assigned to each  dir ect ion
separa tely, a  fea ture tha t  sim plifies the bu ildin g of a  rea list ic n etwork.  Thus, speeds for
differen t  t ime per iods  can  be a ss igned as separa te fields on ea ch segmen t  (or , wha t  is
usua lly, done there a re separa te networks for  the differen t  t r avel per iods tha t  a re modeled).
Tr avel volu mes can  be assigned to ea ch segm ent  which , in  tu rn , a llows the crea t ion  of a
vehicle m iles traveled  (VMT) field (length  x volume).  VMT, in  tu rn , can  be combined wit h
t ravel speed  to pr odu ce an  est ima te of t r avel t ime (e.g., VMT divided by speed  - in m iles per
hour , t imes 60 t o produce minutes t r aveled). Fur ther , one-way st reet s a re au toma t ically
handled s ince each direction  is a  sepa ra te segmen t  (i.e., ther e just  won’t  be a  reciproca l pa ir
in  the opposit e direct ion). 
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In  shor t , a  bi-d ir ect ion a l n etwork a llows more flexibilit y in  the crea t ion  of a  network
and the abilit y t o dis t in gu ish  t r avel in  differen t  dir ect ion s as well as t r avel t im e by dir ect ion
and t ime of da y.  It  is n ot surpr isin g, ther efore, tha t  most  t r avel demand m odels u se a  bi-
d irect iona l r epresen ta t ion .  Note, one can  add these a t t r ibu tes  to a  s ingle-d irect iona l
network , but t his requires ma ny additiona l fields.

A fu r ther  st r ength  of a  bi-d ir ect iona l network  is  tha t  it  is  usua lly qu it e up-to-date
and connectivity has been  ensu red. Most  t r ansport a t ion  agencies spen d a  lot  of t ime
clean in g a nd upda t in g t he network.  While there a re a lways  er rors in  a  network
represen ta t ion , t he accuracy of m ost  modeling n etworks is  very good.

Ther e is a  downside t o bi-dir ectiona l net works, h owever .  Typically, most  bi-
dir ect ion a l n etworks model on ly the la rger  roadways , t hose tha t  cont r ibu te to regiona l
t ravel.  Th us, a ll freeways , pr in cipa l a r t er ia l r oads, m in or  a r t er ia l r oads, a nd collector  roads
are in clu ded. H owever , m ost  neighborhood st reets a re not  in clu ded.  The reason  th is  is  done
is because t he t r avel dem and m odel is aim ed a t  est ima t ing regiona l an d su b-regiona l tr avel
pa t t er ns.  Very localized  t ravel is n ot of impor tance (and, in  fact , is t ypically int ra -zona l in
na ture).  The r esu lt is a  very efficient  network becau se it ’s a  lot  sm aller.  But , th ere may be
some er ror by u sin g a  ‘sk elet on’ net work.  In  pa r t icula r , local t r avel might  be dist ort ed wit h
su ch a  sim plified n et work.  For exa mple, if a  neighborh ood is  boun ded by four  a r t er ia l
roads, bu t  with  no int erna l st r eet s, according to th e model a  cr ime even t  tha t  or igina tes
from wit h in  the neighborh ood (i.e., th e offender  lives in side t he neighborh ood) could take
any of th e four  a r t er ia l roads t o lea ve the net work.  In  rea lity, the offender  will pr obably
take a  pa r t icu lar  rou te ra ther  than  necessa r ily the ar t er ial t ha t  is closest  to the offender ’s
address.  This can  be h andled, bu t  it  requ ires  add it iona l codin g.4

As an  exa mple, for  Ba lt im ore Cou nty a nd the City of Ba lt im ore, figu re 12.7 shows
the 49,015 segmen ts in  the TIGE R r epresen ta t ion of th ese t wo jur isd ictions while figure
12.8 shows t he 11,045 segmen ts t ha t  a re u sed by t he Ba lt imore Met ropolitan  Coun cil in
their  t r avel dem and m odelin g.5  Fur ther , sin ce most  of the st reet s in  the m odeling
represen ta t ion  are two-way s t reet s, in  effect , t here a re only about  5,000-6,000 actua l
st reet s.  In  oth er  words , the TIGE R net work is 4.4 t imes la rger  than  the m odelin g net work. 
This  makes ca lcu la t ion  a  lot  slower  than  wit h  a  sim plified network.6 As we sha ll see in
chapter  16, t he accuracy of a  network is  essen t ia l for  a  more rea list ic m odeling of a ctua l
tr avel rout es by offenders.

Bu s N e tw ork

A bus  network , on  the other  hand, is  a  specia lized  road  network  tha t  follows  the
actu a l rout es  used by buses.  The gen er a l road  net work is u seful for modelin g dr iving,
wa lking and bicycle t r ips .  Bu t , it  can not be u sed for bu s t r ips .  The r ea son  is s imply t ha t
bu ses don’t  use  ever y st reet  bu t  only t he la rger  a r t er ia l roads.  F ur ther , t r avel a long m any
bus r ou tes is var iable.  Tha t  is, a full rout e might  be used du r ing the pea k r ush  hours, but  a
sh or tened r ou te might  be used du r ing the off-pea k h ours.  Simila r ly, th e frequency of bus es
(what  is called headw ay by t r ansit  agencies) va r ies by t im e of day; a ga in , in  the rush  hours,
buses a re more frequent  (though  slower ) than  dur in g t he off-peak hours.
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A bus network , th erefore, is essent ial for m odeling bus tr ips dur ing both  th e mode
sp lit  st age (when  t r ips  bet ween  zones a re split  in to separa te t r avel m odes) an d dur ing the
actu a l net work ass ignmen t . 

Ther e a re t wo componen ts of a  bus n et work tha t  a re needed, one of wh ich is
essen t ial and t he other  is more opt iona l.  The first  is a r epr esen ta t ion  of the segments u sed
in a  bus n etwork .  Essen t ially, th is is a  network  tha t  sh ows wh ere the buses  t r avel.  Bus
t ravel can  on ly occur  a long th is network.  As with  road t ravel, th e bus  network can  be
represen ted eit her  as a  sin gle-dir ect ion a l or  as a  bi-d ir ect ion a l n etwork though , a ga in , m ost
tr an sport at ion m odelers an d tr an sit agencies represent  bus rout es as single directions.

Th e second componen t  is t he loca t ion wher e a ccess t o th e bu ses is  a llowed (i.e., th e
bu s s tops).  With out  explicitly indica t ing wh er e t her e a re loadin g and u n load ing poin t s, a
network rout in e would  sim ply fin d the shor test  dis t ance from the or igin  to the bus route
and ‘add’ the t r ip  a t  tha t  loca t ion .  In  pract ice, for  most  t r ansit  agencies, t he degr ee of er ror
in a llowing dir ect  access a nywher e on  the rou te is sm all since most  bus  rou tes st op very
frequent ly (every couple of blocks ).  Thu s, it m ay not be t ha t  impor tan t  to actua lly code t he
bus st ops s ince th e amount  of modeling er ror  will be insignifican t .  However , for  expres s
bu ses a nd for  those rout es wh er e t her e is a  sizea ble dist ance between  bus s tops, it  is
impor tan t  to code the actua l bus  stops. In  chap ter  16, there is  a  more extens ive d iscussion  of
codin g bus r out es .  Figure 12.9 illu st ra tes  the bu s n et work for  Ba lt imore County and
Ba lt imore Cit y.

Train  n e tw ork

In t hose metr opolita n a reas t ha t h ave int ra -ur ban t ra in tr avel, it  is import an t t o also
obta in  a  ra il network .  An  offender  cannot  t r avel on  a  t r a in  excep t  by us ing the exis t ing ra il
system.  Fu rt her, un like th e bus n etwork , it  is impossible to ‘enter ’ th e tra in except at
exp licit  st a t ion  loca t ions.  Thus, it  is  cr it ica l t o obta in  both  the network  and the s ta t ion
loca t ions .  F igure 12.10 illus t ra tes  the in t ra -u rban  ra il sys tem in  Ba lt imore County and
Ba lt imore Cit y.

Where  to  obta in  netw ork data?

There a re many m ore choices in  obt a in in g n etwork da ta  than  wit h  socioeconomic or
lan d use da ta .  Road network s can  be obta ined from the U.S. Censu s Bureau  (for  the TIGER
sys tem) or  from vendors who im prove on the TIGER sys tem.  F or  a  modeling n etwork,
however , a bout  the only choice is  the Met ropolit an  Pla nnin g Orga niza t ion  (MPO).  Sin ce
MPO’s a re set  up t o model regiona l tr avel, most  agencies in  a  met ropolita n  a rea  will defer t o
them  for  tha t  activit y.  Transit  net works can  a lso be obt a ined from MP Os though  the
t ransit  agencies will have th eir own n etworks  tha t  a re usu a lly more compr ehensive th an
those of the MPO.  As with  a ll da ta , th e MPO might  charge for  the da ta  set , th ough policies
vary widely.
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Se ttin g U p th e  Ne tw ork

Whichever n etwork is selected, th e networks  have to be set u p for  ana lysis. The u ser
must  specify th e net work t ha t  is to be used.  There ar e two choices.  Firs t , if a n etwork  was
defined on t he Measur ement  par am eters page (Dat a setu p), th at  network  can  be used to
ca lcu la te the shor tes t  pa th .  Second , whether  a  network  has been  defined  on  the
Measurement  parameter s page or  not , a n  a lt erna t ive network can  be selected on the
network a ssignment  pa ge.

Netw ork  on  the  m easurem ent  pa ra m eters  pa ge

Check t he ‘Net work on Measu rem en t  pa ramet er s page’ box to use tha t  net work.  All
the parameter s will h ave been  defin ed for  tha t  setup (see Measurement  parameter s page).

Al terna t ive  ne twork  on  the  netw ork  a ssignm ent  pa ge

If an  a lt er na t ive n et work is t o be used, it  must  be defined.  Check the ‘Alterna t ive
net work’ box and click on the ‘Paramet er s’ bu t ton.  

Type  of fi l e

The network file can  be eith er  a  sh ape file (line, polyline, or  polylineZ file) or  another
file, either  dBase IV  ‘dbf’, Microsoft  Access  ‘mdb’, Ascii ‘da t ’, or a n  ODBC-complia n t  file. 
The defau lt  is  a  shape file. I f the file is  a  shape file, t he rout in e will k now the loca t ion s of
the n odes .  All the u ser  needs t o do is iden t ify a weigh t ing var iable, if used a nd, possibly, a
code (flag) for  a  one-wa y st reet .  For a  dBa se IV or  oth er  file, the X and Y coordin a te
va r ia bles of the end nodes must  be defin ed. These a re ca lled the “From” node and the “To”
node, t hough  there is  no par t icu la r  order .  An  opt ion a l weight  va r ia ble is  a llowed for  both  a
sha pe or dbf file. The rout ine ident ifies nodes an d segmen ts a nd finds t he sh ort est pa th .   If
there a re one-way s t reet s in  a  bi-d ir ect ion a l file, t he fla g fields for  the “From” and “To”
nodes should be defined.

T yp e  of n et w o r k

Specify whet her  the net work is bi-dir ectiona l or  sin gle dir ectiona l.

O n e-w a y a n d  t w o -w a y s eg m e n t s

One-way segm ents can  be iden t ified in  a  bi-d ir ect ion a l file by a  ‘fla g’ field  (it  is  not
necessa ry in  a  single direct iona l file).  The ‘flag’ is a field for  the end  nodes of the segment
with  va lues  of ‘0’ and  ‘1’.  A ‘0’ ind ica tes  tha t  t r avel can  pass  th rough  tha t  node in  either
d irect ion  whereas  a  ‘1’ ind ica tes  tha t  t r avel can  on ly pass  from the other  node of the
segment  (i.e., t r avel cannot  occur  from another  segment  tha t  is connected t o the node).  The
defau lt a ssu mpt ion  is for  t r avel to be allowed t h rough ea ch  node (i.e., th ere is a ‘0’ assu med
for  ea ch n ode). For bi-dir ect iona l files, one-wa y st reet s can  be in dica ted by defining a  ‘flag’
for  each  end node (e.g., From one-way flag, To one-way flag) a nd giving t he va lu e ‘1’ to the
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node for  which  t ravel cannot  pa ss from a nother  segment .  Flag fields which  eith er  have a ‘0’
or  a re bla nk are assumed to a llow t ravel t o pass in  eit her  dir ect ion .

Typ e of coord in a te s yst em

Th e t ype of coord ina te syst em  for  the n et work file is t he same a s for the pr imary file. 

Measurement  un i t

 By defau lt, t he sh or test  pa th  is in t erms of dist ance.  However , each segm ent  can  be
weigh ted by t ravel t ime, t r avel speed , or  gener a lized cost .  For t r avel t ime, the un it s a re
min utes, h ours, or  unspecified cost  un it s.   F or  speed, t he un it s a re miles per  hour  and
kilomet er s per  hour .  In  the case of speed  as a  weigh t ing var iable, it  is a u toma t ically
conver ted in to tr avel t ime by dividin g the dist ance of th e segmen t  by the speed, keeping
un it s  const an t .

Network  gra ph  l imi t

Fin a lly, the number  of gr aph  segm ents to be  ca lcu la ted is  defin ed as the network
limit .  The defau lt is 50,000 segmen ts.  Be sure tha t  th is number  is sligh t ly grea ter  than  the
number  of segmen ts in  your  net work.  

Conclus ion

In  su mmary, a  quit e exten sive collect ion  of da ta  is needed t o run  the cr ime t ravel
demand model.  Cr im e da ta , socioeconomic da ta , land use da ta , policy in tervent ion
scen ar ios, and n et work da ta  must  be obt a ined and p repared pr ior t o ru nning the m odels . 
Fur ther , in  pr actice, a  lot of edit ing and ‘clean ing’ of da ta  will be requ ired du r ing the
modelin g ph ase in  order  to improve the predictions.  

Never theles s, once the da ta  a re obta ined, the m odel can  be developed qu it e qu ickly. 
In  the next  cha pt er , we will exa mine t he firs t  st age of the crim e t ravel demand m odel - tr ip
gen er a t ion. 
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1. CATS was used as the prototype by t he Federa l H ighway Admin is t ra t ion  for
developing the origin a l t r avel demand m odel.  The gr id was u sed becau se it
min im ized er rors due to ir regu la r  size and shape.  Never theless, t ha t  model h as not
been followed by plan ning agencies in t he U.S.

2. If the actu a l or igin wa s a n  in ter media te loca t ion  bet ween  the home and t he crim e
loca t ion , t hen  wit h  a  la rge sample of cr im es and offenders the id iosyn cracies of one
offender ’s cr im e t ravel pa t t ern  is  not  going t o effect  the coefficien t s of the predict ion
model t o any gr ea t  exten t .  If all offender s  from a  pa r t icu la r  zone commit t ed  cr imes
from an  in t ermed ia t e loca t ion  wh ich  was a lways  the same, t hen  tha t  condit ion
might  effect  the coefficien t s (assuming one could obta in  the da ta ).  Bu t , it  is h ighly
unlikely tha t  a ll offen ders will comm it  crim es in  the same dest ina t ion  zone u sin g
the same in ter media te zone as a n  origin .

3. In  the u su a l t r avel dem and m odelin g condu cted by t ransport a t ion p lanner s, t he
or igins a re a ssumed  to be more accu ra t e t han  the des t ina t ions.  The or igins a re
iden t ified  typ ica lly from census and  other  popula t ion  enumera t ions  whereas  the
dest in a t ion s a re est im ated from surveys  and employment  da tabases.  In  the case of
cr im e t ravel, however , t he dest in a t ion s a re known wit h  much gr ea ter  accuracy s in ce
th ose locat ions a re docum ented in police report s.

4. For exa mple, t r ansport a t ion  modeler s oft en  pu t  in  centroid  connectors.  These a re
pseudo-segment s th at  conn ect a  zone centr oid with  an  ar terial.  It  is possible to add
pseu do-roads t o th e m odelin g net work to force t r avel t o follow a  pa r t icula r  rout e. 
Bu t , it  does t ake a  lot  of edit ing to do th is.

5. The m odeling net work wa s obta ined from the Ba lt imore Met ropolitan  Coun cil and,
with  their permission , is illust ra ted h ere.

6. As a n  exam ple of the efficiency of a  modeling network compa red t o a  TIGER
network , the net work a ssignm ent  rout ine was r un  in about  5 hour s with  the TIGER
network for  Balt imore City an d Ba ltim ore County, but  was fin ished in a bout  50
min utes wit h  the modeling n etwork.  See chapter  16 on network assignment  for
more in format ion  about  the r u les for  net work t ravel.

En dn ot e s fo r Ch ap te r 12
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Chapter 13
Trip Generation

B ac k gro u n d

In  th is chapt er , th e theory an d m echanics of the t r ip gener a t ion  st age will be
expla ined.  T rip generation  is  a  model of t he number  of t r ips tha t  or igin a te and end in  each
zon e for  a  given  ju r isdict ion . Given  a  set  of N dest in a t ion  zon es and M or igin  zon es (which
include a ll the dest ina t ion  zones a nd, possibly, zones from a djacent  ju r isdict ions), sepa ra te
models  a re produced of the n umber  of crim es origin a t ing and endin g in  ea ch of th ese zones . 
Tha t  is, a separa te model is produ ced of the number  of cr imes  or igina t ing in ea ch  of the M
origin  zon es, a nd another  model is produced  of the number  of crim es en din g in  ea ch of the
N destinat ion zones.  The first is a crim e production  model while the second is a crim e
attraction  model. 

Two poin t s should  be emph asized.  F ir st , the m odels  a re predictive.  Tha t  is, t he
resu lt  of the models  a re a  predict ion  of bot h  the number  of cr im e t r ips or igin a t in g in  each
zone and t he n umber  of crim e t r ips s endin g in  ea ch zone (i.e., crim es occur r ing in  a  zone). 
Because t he models a re a  pr edict ion , th ere is alwa ys er ror  between  the actua l nu mber  and
tha t  predict ed.  As lon g a s the er ror  is  not  too la rge, t he model ca n  be a  usefu l t ool for  both
ana lyzing t he cor rela tes  of crim e a s well a s being useful for  forecas t ing or  for  sim ula t ing
policy int ervent ions.

Second, becau se the number  of crim es a t t r acted t o th e study jur isd iction will
usu a lly be grea ter  than  the number  of crim es pr edicted  for  the origin  zones, du e pr imar ily
to cr ime t r ips coming from out side t he or igin a reas, it is n ecessa ry to balance the
pr oductions a nd a t t r actions.  Th is is  done in  two st eps.  On e, an  est imate of t r ips  coming
from ou ts ide the s tudy a rea  (externa l t r ips) is  added  to the p red icted  or igins  as an  ‘externa l
zone’.  Two, a  st a t is t ica l adjustmen t  is  done in  order  t o ensu re tha t  t he tot a l number  of
or igins  equa ls the tota l nu mber  of dest ina t ions.  This is called balancing and  is  essen t ia l a s
an  in put  in to the second stage of cr im e t ravel demand modeling - t r ip  dis t r ibu t ion .

In  the followin g discussion, fir st , the logic behind t r ip gen er a t ion  modeling is
pr esen ted, includ ing the calibr a t ion of a m odel, t he a dd it ion of exter na l t r ips  in  making a
model, a nd t he ba lancing of predicted or igins a nd p redicted dest ina t ions .  Second, t he
mecha nics of conductin g the t r ip gen er a t ion  model wit h  Crim eS tat is discussed an d
illu st r a t ed  with  da t a  from Ba lt imore Coun ty.

Model ing  Trip  Gene ration

The process of modeling t r ip gen er a t ion  is fa ir ly well developed, a t  lea st  wit h
respect t o ordinary tr ips.  It  pr oceeds t h rough a  ser ies of logica l steps t ha t  make u p t he
aggrega te t r ip gen er a t ion  model.
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Trip  Pu rpose

Trip genera tion m odeling sta rt s with  th e reasons behind tr avel. At a n individua l
level, people make t r ips for  a  reason  - to go t o work, t o go shoppin g, to go t o a  medica l
appoint ment , to go for  recrea t ion , or , in  the case of offender s, to commit a  cr ime. These a re
called trip purposes.  Since there are a  very lar ge nu mber  of t r ip pu rposes, usu a lly these
are ca tegor ized in to a  few major  groupin gs.  In t he case of the usu a l tr avel dem and
forecast ing, t he d is t inct ions a re hom e-to/ from -work  (or h ome-based work  tr ips), hom e-
to/ from -non-work  (or  home-based n on-work t r ips , e.g., sh opping), an d a  non-hom e trip
where neit her  the or igin  nor  the dest in a t ion  are a t  the t r aveler ’s residence loca t ion  (non-
home-based t r ips ). 

Sin ce the model h as aggrega ted t r ips to a  zon e, t he t r ip  purposes a re collect ion s of
t r ips  from each origin zone t o each  dest ina t ion  zone.  Thus, ea ch zone pr oduces a  cert a in
number  of home-work t r ips, h ome-non-work t r ips, a nd non-home t r ips and each  zon e
a t t racts  a  cert a in  number  of home-work  t r ips , home-non-work  t r ips , and n on-home t r ips . 
This is the usu a l dist inction  tha t  most  t r ansport a t ion  modeling organ izat ions m ake.  The
t r ip  purposes a re documented dur in g a  la rge t r avel survey t ha t  asks in dividua ls  to fill ou t
t ravel d ia r ies for  one or  two days  of t r avel.  In  the t r avel d ia r ies, deta iled in format ion
about  each  t r ip is documented - time of da y, dest ina t ion  of t r ip, pur pose of t r ip, tr avel
modes u sed in  makin g th e t r ips, accompa nying pas sen gers , rout e taken , an d t ime t o
complete the tr ip.

Crime Trip  Groupings

For  cr ime t r ips, however, th ese dist inctions a re not  very meaningfu l.  Ther e is very
lit t le in forma t ion  on  how offender s  make t r ip s.  One cannot  ju st  t ake a  sample of offender s
and a sk  them  to complet e a  t r avel dia ry about  how, when , and wher e t he t r ip t ook pla ce. 
With  a r rested offenders, it  might  be possible to produce such  a  dia ry, bu t  both  memory
problems as well as lega l con cerns qu ick ly make th is  an  unreliable source of in format ion .
Ther efore, a s in dicated in  cha pt er  11, a  decision  has been  made to refer en ce all t r ips  wit h
respect t o the residen t ial home loca t ion .  All cr ime t r ips a re ana lyzed as  hom e-crim e tr ips.  

However , oth er  dis t inctions can  be m ade.  The m ost  obvious is  by t ype of crim e. 
Th er e a re r obber y t r ips , bu rgla ry t r ips , veh icle theft  t r ips , and so fort h .  Sim ila r ly,
dis t in ct ion s can  be made by t ravel t im e such  as a ft ernoon  t r ips or  evenin g t r ips. As
ment ion ed in  chapter  12, t hough , t he sample size will decrease wit h  gr ea ter  dis t in ct ion s.
Logica lly, one can  divide a  sa mple in to a very la rge n umber  of impor tan t  dis t inctions (e.g.,
a ft ernoon  bur gla ry tr ips involving two or  more offender s).  However, t h is redu ces t he
sample size and in creases the er ror  in  est im at ion , pa r t icu la r ly a t  the t r ip  dis t r ibu t ion  and
subsequent st ages.

An  impor tan t  poin t  tha t  dis t ingu ishes  the aggrega te demand  types  of t r avel demand
models, a s is  bein g implemen ted her e, and t he newer  gener a t ion  of activit y-ba sed t r ips  is
tha t  there a re no linked trips with  the aggregat e appr oach  (FHWA, 2001a).  If an  offender
firs t  st ea ls a  car , then  uses t he car  to rob a  grocer y st ore  followed by a  bu rgla ry, the
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aggregat e appr oach  models t h is as t h ree sepa ra te t r ips, ra ther  than  as a  ser ies of th ree
linked crim e t r ips  (which t he activit y-ba sed m odels do). This is  a  deficiency wit h  the
aggrega te t r avel demand m odel.  In  order  to ma ke t he aggrega te m odels work , each t r ip is
consider ed indepen den t  of any other  t r ip. While th is is not r ea listic behaviora lly, since we
know tha t  many crim es a re commit ted in  sequ en ce as par t  of a  sin gle jour ney (or  tour ), th e
zona l approach  does  limit  the u nder lying logic of crim e t r ips .  Never theles s, t he a ggrega te
appr oach  can  be very usefu l as  long as it  implemen ted consist en t ly.  With  the cur ren t  st a te
of act ivit y-based modeling, there is  not  yet  any evidence tha t  they produce more accura te
predict ion s than  the cruder , a ggrega te approach (FHWA, 2001a).

Correlate s  of  Crime

Any t r ip  has con textua l cor rela tes  associa ted  with  it .  It  is  well documented  tha t  the
likelihood of making a  t r ip (cr ime or other wise) is not equa l across  a rea s of a  met ropolitan
region.  Th er e a re age cor rela tes  of t r avel, socioeconomic corr ela tes  of t r avel, and la nd u se
cor rela tes  of t r avel; the la t t er  a re usua lly associa ted  with  t r ip  purposes  (e.g., r eta il a reas
a t t ract shopping t r ips ). 

Th e t r ip  genera t ion  model bein g implemented in  th is  version  of Crim eS tat is  an
aggrega te m odel.  Th us, t he predictor s a re a ggrega te, r a ther  than  beh aviora l, in  na ture, a s
discussed in cha pt er  11.  They ar e cor relat es of t r ips, not n ecessa r ily the reasons for  the
t r ips .  For exa mple, typically popu la t ion  is t he bes t  pr edictor  of t r ips .  Zones  wit h  many
per sons will produce, on  avera ge, more cr ime t r ips t han  zones with  fewer  per sons.  The
observa t ion is  not a  rea son , bu t  is s imply a  by-pr oduct of th e s ize of the zone. Simila r ly,
low-income zones will t end t o pr odu ce, on  avera ge, more cr ime t r ips t han  wea lth ier zones;
again , th is is not a  reason, but  a  cor relat e of the character ist ics t ha t  might  cont r ibut e to
individua l likelihoods for  committ ing cr imes .

As ment ioned in cha pter 12, th ere ar e a nu mber of different  var iables tha t could be
used for  predict ion , a lt hough  popula t ion  (or  a  proxy for  popula t ion , such as households),
in come or  pover ty, and la nd use va r ia bles would  be the most  common (NCH RP , 1998).

The ore tic al Re le va n ce  of th e  Varia ble s

In  gener a l, the var iables t ha t  a re selected sh ould be empirically st able an d
theoret ically m ea ningful.  Th a t  is, t hey should  be s t able va r iables  tha t  do not change
dramat ica lly fr om year  to year .  They should  be reliably measured so tha t  an  ana lyst  can
depen d on their va lues .  Fina lly, th ey should be m eaningfu l in  some wa ys.  Tha t  is, th ey
sh ould be plau sible enough t ha t  both  cr ime a na lyst s and r esea rchers a nd informed
out sider s should  agree t ha t  the r ela t ionsh ip is  pla usible.  Th e va r iables  eit her  sh ould  have
been  demonst ra ted to be pr edictors in  ea r lier  resea rch or  else  to be so corr ela ted wit h
known factors  as t o be consider ed mea ningful p roxies.  
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S p u r iou s cor r ela tes

On the other  hand, if a  va r ia ble is  eit her  a  correla te of a  known predict or  or
idiosyn cra t ic, then  it  is lia ble n ot be believed .  For exa mple, the number  of t axis u su a lly
corr elat es with  th e amount  of employment  since taxis tend t o ply comm ercial ar eas for
their  t r ade.  Addin g t he number  of taxis in  a  predict ive model is liable to produce
sign ifican t  st a t is t ica l effect s in  predict in g cr im e dest in a t ion s.  H owever , few persons a re
going t o believe tha t  th is  is  a  rea l fa ctor  sin ce it  is  understood to be  a  correla te of a  more
st ructu ra l var iable.  

Id iosyn cra t ic var iables  a re t hose t ha t  appea r  in  un ique situa t ions.  F or exa mple, in
some cit ies, a djacency t o a  freeway is a  correla te of cr im e or igin s (e.g., in  Ba lt im ore Cou nty
wh er e low income popula t ions live) wher ea s in  oth er  cit ies, it  is a  cor rela te of crim e
dest ina t ions (e.g., in H ouston wh er e t her e a re fron tage roads with  major  commer cial s t r ips
tha t  a t t r act  cr im es).  The va r ia bles may be rea l predict ors.  H owever , t he ana lyst  or
resea rcher  will have difficult y per su adin g other s t o believe in  the m odel, a t  lea st  un t il the
results can  be replicat ed.

In  other  words, wha t  is  requir ed for  the model is a  set  of reasonable correla tes of
cr im e t r ips tha t  would  be pla usible and stable over  t im e.  I t  is  an  ecologica l m odel, not  a
behaviora l one.

So ci al D is org an iza tio n  Varia ble s

There is  a  very la rge lit era ture on the predict ors of cr im e, t yp ica lly followin g fr om
the social disorganizat ion  lit era ture (for  exam ple, Pa rk a nd Burgess, 1924; Thr ash er , 1927;
Shaw and McKay, 1942; Newman, 1972; Ehr lich , 1975; Coh en  and Felson , 1979; Wilson
and Kelling, 1982; St ack, 1984; Messn er , 1986; Chir icos, 1987; Kohfeld and Sprague, 1988;
Bursik a nd Gr asm ick, 1993; Hagan , J . & R. Pet er son, 1994; Fowles and Mer va, 1996;
Bowers a nd H irschfield, 1999 am ong ma ny other  st udies).  Much of th is lit era ture
iden t ifies corr ela tes  tha t  a re a ssocia ted wit h  crim e in ciden t s.  Among t he factor s t ha t  have
been  associa ted wit h  crim e and delinqu en cy are pover ty, low income househ olds ,
overcrowding, su bstanda rd h ous ing, low educat ion levels , sin gle-pa ren t  househ olds, h igh
un employment , minority and imm igra nt  populat ions.

Mul ti coli n ea r it y a m on g t h e in d ep en d en t v a r ia bl es

There ar e two sta tistical problems associated with  using these var iables as
pr edictor s.  The first  is t he h igh  degree of over lap bet ween  the va r iables .  Zones t ha t  have
high  pover ty levels  typ ica lly a lso have low household  in come levels , h igher  popula t ion
densit ies, substandard housin g, a  h igh  percen tage of ren ter s, a nd h igher  propor t ion  of
minority and imm igra nt  populat ions.  In a r egression m odel, th is overlap cau ses a
condition kn own as m ulticolinearity.  Essent ially, th e independent  var iables corr elat e so
h ighly among t hem selves t ha t  they pr oduce am biguous , and somet imes st range, resu lt s in
a  regression  model.  For exam ple, if two indepen den t  var iables a re h igh ly cor relat ed,
frequent ly one will have a positive coefficient  with  the depen den t  var iable wh ile the other
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will h ave a  nega t ive coefficien t ; conversely, they somet imes can  can cel each other  out . 
Thus, in  sp ite of the cor rela tes  wit h  crim e levels , in a  model it  is u su a lly best  to elimin a te
co-linear var iables.  The result is th at  simple var iables usua lly end up being the m ost
st ra igh t forward t o use (popu lat ion , median  househ old income) with  many of the su bt le, but
theoret ica lly r eleva nt , va r ia bles typ ica lly droppin g ou t  of the equa t ion .

Fa i l u r e t o d i s ti n gu i sh  or i gi n s fr om  d es ti n a t i on s

Second, in m uch  of th is lit era ture, however , th ere is not a  clear  dist inction  between
or igin predictor s a nd des t ina t ion  pr edictor s.  Tha t  is, in  most  cases, t he cor relat es of cr imes
wer e iden t ified bu t  it  is oft en  unclear  wh et her  these cor rela tes  a re a ssocia ted wit h  the
neighborhoods of the offenders (or igin s) or  the loca t ion s where the cr im es occur
(dest in a t ion s).  This  can  resu lt  in  a  set  of va gu e correla tes wit hout  clea r  dir ect ion  about
wh et her  the va r iables  a re a ssocia ted wit h  pr oducing or a t t r actin g condit ions.  In  fact , in
mu ch of th e ear ly literat ur e on social disorgan izat ion, it  was implicitly assu med th at
crim es a re produced in  the neighborh oods  wh er e t he offender s lived , a  linkage tha t  is
increasin gly becoming disconnected.  For m odeling cr ime t r ips , however , it  is es sen t ia l tha t
the predict ors of or igin s be kept  separa te from the predict ors of dest in a t ion s.

Accu racy an d Reliabil i ty

A tr ip gener a t ion m odel should  be a ccura te a nd r elia ble.  Accuracy means  tha t  the
model should  replica te as closely as possible the actua l n umber  of t r ips or igin a t in g or
ending in  zones a nd t ha t  there sh ould be no bias (which  is a systemat ic under - or  over-
es t imat ing of t r ips ).  R eliability mea ns t ha t  the a moun t  of er ror is  min imized.  

These criter ia h ave two implica t ions wh ich  are somewh at  a t  odds .  Fir st , we ha ve to
choose models  tha t  r ep lica te as  closely as  possible the number  of t r ips or igina t ing or  end ing
in a  zone. In  gener a l, th is would be a  model t ha t  had t he h ighes t  overa ll predicta bility. But ,
second, we have to choose models  tha t  min im ize tota l predict ion  er rors.  This  a llows a
model to rep lica te t he number  of t r ips  for  as m any zones as possible.  The t wo cr iter ia  a re
somewh at  cont radictory because crime t r ips a re h igh ly skewed.  Tha t  is, a h andful of zones
will h ave a  lot  of cr im es or igin a t in g or  endin g in  them while many zones will h ave few or
no cr imes.  The zones with  the m ost  crim es will have a  dispr opor t iona te impa ct on the fina l
model.  Th us, a  model t ha t  obta ins a s h igh  a  pr ediction  as possible (i.e., h ighest  log-
likelihood or  R2) may actu a lly on ly pr edict  accura tely for  a  few zones a nd m ay be very
wr ong for t he m ajor ity. 

The st ra tegy, th erefore, is t o obta in a  model tha t  ba lan ces h igh  pr edictability but  by
keep ing the t ota l pr ediction  er ror low. 

Co u n t Mo de l

Another  elemen t  of t he model is  tha t  t he t r ip  genera t ion  model is  for  coun ts (or
volumes), not for  ra tes . The m odel pr edicts  the number  of crim es origina t ing in each origin
zone and t he number  of cr imes  occur r ing in ea ch  dest ina t ion  zone.  The model could be
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cons t ructed  to p red ict  r a tes , bu t  normally it  is  not  done. For  mos t  t r avel demand  modeling,
as m ent ioned in cha pt er  11, th e model pr edict s t he num ber of t r ips  origina t ing or  endin g in
a  zone.  Thus , there is  a  crim e production  model tha t  pr edict s t he number  of cr imes
or igina t ing in  each  zone and  a  crim e attraction  model th at  predicts t he nu mber crimes 

Approa ch es  Tow ards Trip Gen eration  Mode ling

Trip Tab le s

There ar e two classic appr oaches to tr ip genera tion m odeling.  The first u ses a trip
table (somet imes called  a  cross-class ificat ion  table or  a  cat egory a na lysis).  A t r ip t able is  a
cross-class ifica t ion m at r ix. Sever a l pr edictive var iables  a re divided in to ca tegories  (e.g.,
th ree level of h ousehold  in come; four  levels  of vehicle ownersh ip ; th ree levels  of popula t ion
densit y) an d a  mea n  number  of t r ips  is est imated, usu a lly from a  su rvey.  For example, a
su rvey of househ old income might  sh ow the relat ionsh ip between househ old income and
the number  of t r ips t aken  by individu a ls of the househ olds.  Based on a  sa mple, estim ates
of the average n um ber of trips per person  can  be obt a ined for  ea ch in come level (e.g., 3.4
t r ips per  day for  persons from low in come households; 4.5 t r ips per  day for  persons from
media n  in come households; 6.7 t r ips per  day for  persons from high in come households).
These var iables a re fur ther  subdivided in to two-way or  th ree-way cross-ta bulat ion  tables
(e.g., low in come a nd m edium veh icle own er sh ip; low income a nd h igh  veh icle own er sh ip). 
Table 13.1 illust ra tes a possible t r ip table model involving two var iables.  In  pr act ice, th ree
or four  var iables are used.

The main  reason  tha t  t r ip  tables a re used in  a  t r ip  genera t ion  model is because of
the non-linear  na ture of t r ips. P redict ive va r ia bles a re usua lly n ot  linear  in  their  effect s on
the number  of t r ips.  Thus, u n less a  sophis t ica ted non-linear  model is used, s izeable er ror
can  be in t roduced  in  a  pred ict ion .  It  is  usua lly sa fer  to use a  t r ip  t able approach  (Or tuzar
and Willum sen , 2001).  Ther e are some m ajor  handbooks  on  the topic (Henscher  and
But ton , 2002; ITE, 2003).  In fact, the Inst itu te of Transport a t ion  Engineers pu blishes  a
lar ge ha ndbook t ha t  gives exten sive tr ip pr odu ct ion  and t r ip a t t r act ion  tables by deta iled
lan d u ses (ITE, 2003).  These t ables ar e oft en  used in  formal environm enta l review
processes for  sit e ana lysis  and are frequent ly accepted by cou r t s in  lit iga t ion .  They a re not
with out  their problems , however , an d t here have been numerous crit iques  of the tables
(Shoup, 2002; NCH RP, 1998). They a lso cannot be used in  a  t r avel demand m odel and will
produce err oneous r esults.

The pr oblem for  cr ime a na lysis, however, is th a t  it is impossible to obta in t hese
da ta .  One can not a sk  a  sa mple of offender s h ow many cr imes they under take ea ch day in
order  t o es t ima te the mean  expecta t ions for  a  t able.  Thus, one has to adop t a  more indir ect
approach  in  modeling cr im e product ion s and a t t r act ion s.

A second  problem with  the t r ip  t able approach  is  it s  use with  zona l da ta .  While it
cou ld be app lied t o zona l da ta  (e.g., usin g median  househ old in come and a verage veh icle
ownersh ip  in  table 13.1 in stead of individua l h ousehold in come and vehicle own ersh ip),
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su ch  an  appr oach  requires  int erpr eta t ion  and some degree of a rbitr a r iness.  For example,
how does one su bdivide median  househ old income?  One per son  might  in ter pr et  it  sligh t ly 

Ta ble 13.1

Il lus tration  of Po ssible Trip Table Approach  to Trip Gen eration
Avera ge Trips P er  Adu lt, Age 16+

Hou seh old  in com e

Low Medium High

0-1 3.2    4.6  6.7
Vehic l e
Ow nersh ip

2+ 5.4    7.8  8.1

differen t ly than  another ; un like sim ple numer ica l counts (e.g., 0 veh icle own ersh ip ; 1
veh icle owner sh ip; 2 veh icle owner sh ip), ther e is t oo much va r iability in cat egorizin g
var iables  a t  the zona l level.1

OLS  Re g re s si on  Mo de li ng

The second  approach  is  to use a  regression  fr amework .  In  th is  approach , t he number
of cr im es eit her  or igin a t in g or  endin g in  each  zon e are est im ated from zon e character is t ics
usin g a  regr ession  model.  Th is  can  be wr it t en  in  an  equa t ion :

Yi = f(X1, X2, X3,....Xk) + , (13.1)

Th e m ea n  number  of crim es, Yi (either  or igin a t in g or  en din g in  zon e I), is  a  funct ion  of a
number  of independent  var iables , X1, X2, X3,....Xk  for  these zones; th ere are k  independen t
var iables, including an y const an t s.  Ther e is also an  er ror  t erm which  repr esen t s t he
discrepa ncy bet ween  the actu a l obser vat ion  and what  the m odel pr edicts .  This is
somet imes called residual error since it is t he difference between  the obser ved an d pr edicted
va lu es (O i - Yi).  The funct ion  is un specified and can  be non-linear .2

The t radit iona l appr oach  to regression  modeling assu med t ha t  the independen t
var iable a re lin ea r  in  their  effect  on t he depen dent  var iable.  Th us, 

Yi = " + $1X1 + $2X2 + $3X3....+ $kXk  + , (13.2)

In  th is model, th ere are K independen t  var iables a nd one const an t  t erm (") tha t  needs t o be
est imated. For ea ch zone, I, ea ch of the independent  var iables  has a  weigh t  associa ted wit h
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it  (th e coefficien t s, $). The product of th e va lue of the in dependent  var iable t imes it s weigh t
represent s its effect.  The ind ividua l effect s of each  of the K independen t  var iables a re
su mmed to produce an  overa ll es t imate of the depen dent  var iable, Y.  

The method for  est im at in g t h is  equa t ion  usua lly m in im izes the sum of the squares of
th e residua l errors.  Hence, th e procedure is called Ordinary Least S quares (or  OLS).  If the
equ a t ion is  cor rect ly specified (i.e., a ll r eleva nt  var iables  a re in cluded), th e er ror t er m, ,,
will be  norm ally dis t r ibu ted wit h  a  mea n  of 0 and a  const an t  var iance, F2.

P roblem s w ith OLS Reg ress ion Modelin g

However , t here a re a  number  of major  problems associa ted wit h  OLS regr ession
modelin g. 

S k e w n e ss  of c r im e  ev en t s

Fir st , cr im e event s a re ext remely st a t is t ica lly skewed.  Some loca t ion s have a  much
higher  likelih ood of a cr ime event  (either  an  origin  or a  dest ina t ion) than  oth er s. F igure 13.1
below sh ows t he number  of cr imes  from 1993 to 1997 in  Balt imore Coun ty th a t  occur red a t
each  loca t ion .   Tha t  is, th e gra ph  sh ows t he number  of inciden t s t ha t  occur red a t  every
loca t ion , plot t ed in decreasing order  of frequency.  Thu s, there were 7,965 loca t ions wh ere
only one cr ime occur red between  1993 an d 1997.  Ther e were 2,878 loca t ions wh ere two
crim es occur red in  tha t  per iod.  Th er e were 1,138 locat ions wher e t h ree cr imes occur red in
tha t  per iod .  At  the other  end of the spect rum, t here were 332 loca t ion s tha t  had 10 or  more
crim es du r ing the per iod and t her e were 97 loca t ions  tha t  had 30 or more crim es occur .  If
we add t o th is the very lar ge nu mber  of loca t ions t ha t  had n o cr imes  occur , th e unequa l
likelihoods  of crim e by loca t ion  is even  more d ramat ic.  In  oth er  words , the da ta  a re h ighly
skewed wit h  respect  to the frequency of cr im es.  Most  loca t ion s eit her  had no cr im es occur
or  very few, while a  few loca t ion s had many cr im es occur .

Aggregat ing cr imes  int o zones t ends t o redu ce som e of the skewness.  For  exam ple,
gr oupin g t he cr im es by or igin  t r a ffic a na lysis  zon e (TAZ) reduced it  a  lit t le  bit .  N in eteen  of
the 525 or igin  zon es in  Ba lt im ore Cou nty a nd Ba lt im ore City d id  not  have any cr im es occur
in  them while 15 zon es had only one cr im e occur .  Six zon es had two cr im es or igin a te from
them while 8 zones had t h ree cr imes  or igina te from them. At  the other  end, 1 zone had 738
crim es origina te from it  and a noth er  zone had 533 origin a te from it .  Of th e 525 origin
zon es, 155 had 100 or  more cr im e event s. Sim ila r  resu lt s a re found for  the dest in a t ion
zones.  Figur e 13.2 graph s t he dist r ibut ion  of or igins  and des t ina t ions by TAZ’s in  bins of 50
in ciden t s each .

Skewness in t he dependent  var iable usua lly ma kes th e final model biased an d
unrelia ble.  P ar t icula r ly if th e skewness is  posit ive (i.e., a  handfu l of cases  have ver y la rge
values), the resu ltin g regression coefficient s will r eflect  the cases wit h  the h ighest  values
ra ther  than  repr esen t  a ll the cases wit h  appr oximately equa l weight s.  These so-ca lled
‘out liers’ can  overwh elm a  regression  equa t ion .  In a n  extr eme case, a ver y la rge ou t lier m ay
tota lly det er mine t he m odel.  For exa mple, an  exper imen t  wit h  100 cases was crea ted wit h  a  
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Frequency Distribution of Baltimore Crimes: 
1993-97
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Skewness in Crime Origins and Destinations: 
Baltimore County: 1993-97
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progressing dependent  var iable and a  random  indepen den t  var iable (i.e., the independen t
var iable had it s valu e selected r andomly).  The depen den t  var iable pr ogressed from 1 t o
100.  F or t he firs t  99 cases, t he independent  var iable t ook values from 0.12 t o 9.9, ra ndomly
ass igned.  The cor rela t ion bet ween  these t wo var iables  for  the first  49 cases was 0.04. 
However, for  the 100 t h  case, th e independen t  var iable was given  a  value of 100.  The
cor rela t ion  bet ween  the t wo var iables  now sh ot u p t o 0.17. Even  though  the F -test  for  th is
wa s n ot s ignifican t , it  represen ted a  sizea ble jump. Repla cing one oth er  independent  value
wit h  a  50 caused t he cor rela t ion t o jump t o 0.23, wh ich was s t a t ist ically s ign ifican t .  In
other  words , two ou t lier s  caused  a r andom ser ies  to appea r  sign ifican t !

Skewness makes predict ion  difficu lt .  The OLS model a ssumes tha t  each
independent  var iable cont ributes to th e dependent var iable at a n a rith met ic ra te; th ere is a
cons tan t  slope such  tha t  a  one un it  change in  the independen t  va r iable is  a ssocia ted  with  a
cons tan t  change in  the dependen t  va r iable.  With  skewness, on  the other  hand, such  a
relationsh ip will not be foun d.  Large cha nges in t he independent  var iable will be necessary
to pr odu ce sm all changes in t he depen den t  var iable, but  the effect  is not const an t .  In oth er
words, t he OLS m odel typica lly cannot  explain  the non-linea r  changes in t he depen den t
var iable.3

N eg a t i ve p r e d i ct i on s

A second  problem with  OLS is  tha t  it  can  have nega t ive p red ict ions .  With  a  coun t
var iable, such a s t he number  of crim es origina t ing or  endin g in a  zone, the m inimum
nu mber is zero.  That  is, th e coun t var iable is always positive, bein g bounded by 0 on the
lower  limit a nd some la rge nu mber  on  the upper  limit.  The OLS m odel, on  the other  hand,
can  produce negat ive predicted values since it  is additive in t he independent  var iables. 
This  clea r ly is  illogica l a nd is  a  major  problem wit h  da ta  tha t  a re very skewed.  If the most
common va lue is  close  to zero, it is  ver y poss ible for an  OLS model t o predict a  nega t ive
coun t .

N on -con sis ten t s u m m a ti on

A th ird  problem with  the OLS model is  tha t  the sum of the inpu t  va lues  do not
necessar ily equa l t he sum of the predict ed va lu es.  Sin ce the est im ate of the constan t  and
coefficien t s  is  obta ined  by min imizing the sum of the squared  res idua l er rors , there is  no
ba la ncin g m echanism to requir e tha t  they a dd up to the same as the in put  va lu es.  F or  a
t r ip  genera t ion  model in  which  the number  of predict ed or igin s has to equa l t he number  of
pr edicted des t ina t ions (after  addin g in  the number  of pr edicted exter na l tr ips), th is can  be a
big p roblem.  In  ca libra t ing the model, adjustmen t s can  be made to the const an t  t erm to
force the sum of t he p red ict ed  va lues  to be equa l t o t he sum of t he inpu t  va lues .  Bu t  in
applying tha t  const an t  and coefficient s t o another  da ta  set , th ere is no gua ran tee tha t  the
consis t ency of summat ion  will hold .  In  other  words , t he OLS method  cannot  gua ran tee a
consistent  set of predicted values.
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N on -l i n ea r  e ffec t s

A four th  p roblem with  the OLS model is  tha t  it  a s sumes  the independen t  va r iables
a re linear  in t heir effect . If the depen den t  var iable was n ormal or  relat ively ba lan ced, th en
a linear  model might  be appr opriat e.  But, when th e dependent var iable is highly skewed,
as is  seen  wit h  these da ta , typically the add it ive effects of each componen t  can not u su a lly
account  for  the non-linear it y.  Independent  va r ia bles have to be  t r ansformed to account  for
the n on-linea r ity and t he r esu lt  is often  a  complex equ a t ion with  non-in tu it ive
relationsh ips.4  It  is fa r  bet t er  to use a  non-linea r  model for  a  h igh ly skewed dependen t
var iable.

G r ea t e r  r es id u a l  er r or s

The final problem with  an  OLS model an d a skewed dependent var iable is th at  th e
model t en ds  to over - or  under -predict t he cor rect  values, bu t  ra rely comes up with  the
cor rect  est im ate. Wit h  skewed da ta , t yp ica lly a n  OLS equa t ion  produces non-constan t
res idu a l er rors .  Tha t  is, one of the m ajor  assumpt ions  of the OLS m odel is  tha t  a ll r eleva nt
var iables  have been  included.  If th a t  is t he case, then  the er rors  in  pr ediction (th e r esidu a l
er rors - th e difference between  the obser ved an d pr edicted valu es) should be u ncor relat ed
with  the pr edicted valu e of the depen den t  var iable.  Violat ion  of th is condit ion  is ca lled
heteroscedasticity because it  in dica tes tha t  the residua l var ia nce is  not  constan t .  The most
common  type is  an  increase in  the r es idua l er ror s  with  h igher  va lues  of t he p red ict ed
dependent  va r ia ble.  Tha t  is , t he residua l er rors a re gr ea ter  a t  the h igher  va lu es of the
predict ed dependent  va r ia ble than  a t  lower  va lu es (Dr aper  and Smit h , 1981, 147).

A high ly skewed dist r ibut ion  tends t o encourage th is.  Because t he leas t  squ ares
procedure m inimizes the sum  of th e squa red residuals, th e regression line balances the
lower  residu a ls with  the h igher  residu a ls.  Th e r esu lt  is a  regression line t ha t  neit her  fit s
the low values or t he h igh  values.  For example, motor vehicle crash es t end t o concent ra te
a t  a  few locat ions (cra sh  hot spots).  In  est imat ing the r ela t ionsh ip between  t ra ffic volume
and crash es, the hot spots t en d t o un du ly influen ce th e r egression line.  The r esu lt  is a  line
tha t  neit her  fit s the number  of expected crashes a t  most  loca t ion s (which  is  low) nor  the
number  of expected cra sh es a t  the hot  spot loca t ions (which  are h igh).  The line ends u p
over -es t ima t ing the number  of cr a shes  for  mos t  loca t ions and under -es t ima t ing the number
of cra shes at  th e hot spot locat ions.

P o is so n  Re g re s si on  Mo de li ng

Poisson regr ession  is  a  non-linear  modeling m ethod tha t  overcomes some of the
pr oblems of OLS regression.  It  is pa r t icula r ly su ited to coun t  da ta  (Cam er on a nd Tr ivedi,
1998).  In  the m odel, the number  of even t s is  modeled as a  Poisson r andom var iable wit h  a
pr obability of occur ren ce being

   e -8 8Yi

Prob (Yi) = ------------ (13.3)
      Yi!

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



13.13

where Yi is t he count  for  one group  or class , i,  8 is th e mean  coun t over all groups, and e  is

the ba se of the n a tura l logar ithm.  The dist r ibu t ion h as a  sin gle paramet er , 8, which  is  both
the m ea n  and t he va r iance of th e function .  

The “law of ra re event s” assu mes t ha t  the tota l nu mber  of event s will appr oximate a
Poisson  d is t r ibu t ion  if an  even t  occur s in  any of a la rge number  of t r ia ls bu t  the probability
of occur rence in  any given  t r ia l is small (Ca meron and Tr ivedi, 1998).  Thus, t he Poisson
dis t r ibu t ion  is  very a ppropr ia te for  the ana lysis  of ra re event s such  as cr im e in ciden t s (or
motor  veh icle crashes or  ra re diseases or  any ot her  ra re event ).  The Poisson  model is not
par t icu la r ly good if t he probabilit y of a n  event  is  more ba la nced; for  tha t , t he normal
dis t r ibu t ion  is a  bet t er  model as t he samplin g dis t r ibu t ion  will approximate norm ality with
increa sing sam ple size.  Figure 13.3 illust ra tes t he Poisson  dist r ibut ion  for  differen t
expected mea ns.

Th e mean  can , in  tu rn , be modeled as a  funct ion  of some other  va r ia bles (the
independent  var iables ).  Given  a  set  of obser va t ions  on depen dent  var iables , Xk i (X1, X2,
X3,...,XK), th e cond itional m ean  of Yi  can  be specified as an  expon ent ia l funct ion  of t he X’s:

E(Yi / Xk i)  =  8i  =  e  Xki $ (13.4)

where Xk i is a  set  of independent  var iables , $ is a set of coefficient s, an d e  is  the ba se of the

na tura l loga r it hm..  Now, t he condit ion a l m ean (the mean  cont rollin g for  the effects of the
indepen den t  var iables) is n on-linea r .  Equ a t ion  13.4 is somet imes  wr itt en  as

Ln  (8i)  =  Xk i $ (13.5)

and is known as t he loglinear model.  In  more familiar  nota t ion , th is is

Ln  (8i)  =  " + $1X1 i + $2X2 i + $3X3 i +..........+$kXk i (13.6)

Th a t  is, t he n a tura l log of th e m ea n  is a  fun ction  of K r andom var iables . 

Note, tha t in t his form ulat ion, ther e is not a  ra ndom err or t erm .  The data  ar e
assu med t o reflect  the Poisson  model.  There can  be “residu a l err or s”, but  these a re
assumed to reflect a n  incomplete specificat ion (i.e., not in clud ing a ll the r eleva nt  var iables . 
Also, s ince the va r iance equa ls  the mean , it  is  expected  tha t  the res idua l er rors  shou ld
in crease wit h  the condit ion a l m ean .  Tha t  is , t here is  in heren t  heteroscedast icity (Cameron
and Tr ivedi, 1998).  This  is  very d ifferen t  than  an  OLS where the residua l er rors a re
expected to be const an t .  

Th e m odel is  est imated usin g a  maximum likelih ood p rocedure, t ypica lly the
Newton-Raphson method. In  Appendix C, Luc Anselin  presen t s a  more formal t r ea tment  of
both  the OLS a nd P oisson r egr ession  models , includ ing the m et hods by wh ich t hey a re
estimat ed.
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Advantages  o f the  P oisson  Regress ion  Model

Th e P oisson m odel overcomes some of the problems of th e OLS m odel.  F ir st , the
Poisson m odel has a  minimum value of 0.  It  will not predict n ega t ive values.  This m akes it
idea l for  a  dis t r ibu t ion in  wh ich t he m ea n  or t he m ost  typica l va lue is  close  to 0.  Second, the
Poisson is  a  fun da men ta lly sk ewed model; tha t  is, it  is n on-linea r  wit h  a  long ‘r igh t  t a il’. 
Again, this model is appr opriat e for coun ts of ra re events, such a s crime incidents.

Th ird, because the P oisson m odel is  est imated by a  maximum likelih ood m et hod, the
est im ates a re adapted to the actua l da ta .  In  pract ice, t h is  means tha t  the sum of the
predict ed va lu es is  vir tua lly iden t ica l t o the sum of the in put  va lu es, wit h  the except ion  of
very s ligh t  rounding off er ror . In  the subsequen t  ba lancing of the p red icted  or igins  and the
pr edicted des t ina t ions, th is leads  to a  more st able estim ate since the on ly difference between
the predict ed or igin s and predict ed dest in a t ion s is  the number  of t r ips tha t  come from
outside t he st udy ar ea  (exter na l tr ips).  Since th e exter na l tr ips a re added  to the pr edicted
or igins, t he ba lancing opera t ion  is  les s p rone to adjustmen t  er ror .

Four th , compa red t o the OLS m odel, th e Poisson  model gener a lly gives a bet t er
est imate of the number  of crim es for  each zone.  The problem of over - or  under -est imat ing
the number  of inciden t s for  most  zones wit h  the OLS model is u su a lly lessen ed wit h  the
Poisson, at least for crime an d oth er ra rer event s.  When t he residual errors a re calculat ed,
gen er a lly the P oisson h as a  lower  tota l er ror t han  the OLS.  

In  sh or t , th e Poisson  model ha s some desirable sta t ist ica l proper t ies tha t  make it  very
useful for pr edictin g crim e in ciden t s (origins or  dest ina t ions ). 

P r ob le m s  w i th  th e  P o is so n  Re g re s si on  Mo de l

On th e oth er ha nd, the Poisson m odel is not perfect.  The prima ry problem is tha t
count  data  a re usua lly over-d ispersed . 

O v er -d i s p er si on  i n  th e r es id u a l  er r or s

In  the Poisson  dis t r ibu t ion , t he mean  equals  the va r ia nce.  In  a  Poisson  regr ession
model, th e mathemat ica l funct ion , th erefore, equa tes t he condit iona l mea n  (the mean
cont rolling for  a ll the pr edictor  var iables) with  the condit iona l var ian ce.  However , most  rea l
da ta  ar e over-disper sed; the var ian ce is gener a lly great er t han  the mea n . Figure 13.4 shows
the dis t r ibu t ion  of Ba lt im ore Cou nty a nd Ba lt im ore City cr im e or igin s and Ba lt im ore Cou nty
cr ime dest ina t ions by TAZ (repea t  of figure 13.2) and a lso indica tes t he var ian ce-to-mean
ra t io of each va r iable.  For t he origin  dis t r ibu t ion , the r a t io of the va r iance to the m ea n  is
14.7; tha t  is , the va r iance is  14.7 t imes  tha t  of the mean!  For  the des t ina t ion  d is t r ibu t ion ,
the ra t io is 401.5!  

In  oth er  words , the va r iance is many t imes grea ter  than  the m ea n . Most  rea l-wor ld
count  data  a re s imila r  to th is ; the va r iance will usua lly be a  lot  grea ter  than  the mean . 
Wha t  th is means in  pr act ice is th a t  the residu a l err or s - th e difference between  the obser ved 
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and pr edicted valu es for  each  zone, will be grea ter  than  what  is expected.  The P oisson m odel
ca lcu la t es  a s tanda rd er ror  a s if t he va r iance equa ls  the mean .  Thus, t he s tanda rd er ror  will
be underest im ated usin g a  Poisson model a nd, t herefore, t he sign ificance t est s (the
coefficien t  divided by the st anda rd er ror) will be grea ter  than  it  rea lly sh ould be.  Th is would
have the effect  of iden t ifying var iables  as being more s t a t ist ically sign ifican t  in  a  model than
what  they actua lly should be.  In oth er words , in  a P oisson  multiple regress ion  model, we
would end u p select ing var iables  tha t  rea lly sh ould  not be select ed because we t h ink they a re
sta t is t ica lly s ign ifican t  when , in  fact , t hey a re not .

Anoth er problem with t he Poisson, which is tru e for m ost of th e comm on r egression
met hods, is  the lack of a  spa t ia l pr edictor  componen t .  As m en t ioned in  cha pt er  12, in  the
cr im e t ravel demand model, spa t ia l in teract ion  is  handled dur in g t he second stage of the
model - t r ip d ist r ibu t ion.  Th us, a ny er rors  in t roduced in  the first  st age - tr ip gener a t ion, a re
usu a lly compen sa ted for  du r ing the second.  Never theless, t he inclus ion  of a  spa t ia l
component  in  a  regr ession  model would  genera lly improve the predict ion .  F or  th is  version  of
Crim eS tat, non-spa t ia l methods a re used  for  the fir s t  st age.

D is pe rs io n  Co rre c ti on  P a ra m e te r

Th er e a re a  number  of met hods for  cor rect ing the over -dispersion  in  a  count  model. 
Most  of them in volve modifyin g t he assumpt ion  of the condit ion a l var ia nce equa l t o the
condit iona l mean .  For  example, t he nega t ive binomia l model a ssumes  a Pois son  mean  bu t  a
gamma-dist r ibu ted var iance ter m (Camer on a nd Tr ivedi, 1998, 62-63; Ven ables  and Ripley,
1997, 242-245).  Tha t  is , t here is  an  unobserved va r ia ble tha t  a ffect s the dis t r ibu t ion  of the
count .  The model is then  of a  Pois son  mean  bu t  wit h  a  ‘lon ger  ta il’ va r ia nce funct ion .  As
anoth er  example, the zer o-inflat ed Poisson m odel assumes a  Poisson function combined wit h
a  degener a te funct ion  with  a  pr obability of 1 for  zero counts (Ha ll, 2000).  Such m ixed
funct ion  models  a re a  cur ren t  top ic of resea rch .  In  genera l, though , they a re complica ted  and
require estima ting several par am eters.

There is  a  sim ple correct ion  for  over -dispersion  tha t  usua lly works (Ca meron and
Tr ivedi, 1998, 63-65).  The m odel pr oceeds in  two st eps.  In  the firs t , the Poisson m odel is
fit t ed to the da ta  and the degr ee of over - (or  under -) dispersion  is  est im ated.  The dispersion
par am eter is defined as:

        1     (Yi - P i)
2

M  =  -----------    G {----------------} (13.7)

 N - K - 1         P i

wh er e N is t he sample size, K is  the n umber  of independent  var iables , Yi is the obser ved
nu mber of events t ha t occur  in zone I, an d P i is t he predicted n umber  of even t s for zone I. 
Th e test  is  sim ila r  to an  average chi-square in  tha t  it  t akes the square of the residua ls  (Yi -
P i) and divides it  by t he predict ed va lu es, a nd then  averages it  by t he degr ees of freedom.
The disper sion  pa rameter  is a s t anda rdized nu mber .  A value grea ter  than  1.0 indica tes
over-dispersion  wh ile a  va lue of less t han  1 indica tes  under -dispersion  (which is  ra re, t hough
possible).  A value of 1.0 indica tes equid ispersion  (or  the va r iance equa ls  the mean). 
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In  the second step, t he Poisson standard er ror  is  mult ip lied by the square root  of the
disper sion  pa rameter  to pr odu ce an  adju sted  standard  error:

SE a d j = SE  * SQRT[ M ] (13.8)

The new s tanda rd er ror is  then  used in  the t -test  to produce an  adjust ed t -va lue.  Th is
adjus tment  is found in  most  Poisson r egression  pa cka ges us ing a  Genera lized Linea r  Model
(GLM) appr oach , such a s SAS (McCullagh a nd Nelder , 1989, 200).  Cam eron  and Tr ivedi
(1998) have shown tha t  th is  adjus tment  p roduces  resu lt s  tha t  a re vir tua lly iden t ica l to tha t
of the nega t ive bin omia l, bu t  in volving fewer  assumpt ion s.

Diagn ostic  Tests

There a re a  number  of dia gn ost ics  t est s tha t  a re used in  a  regr ession  framework,
wheth er OLS, Poisson, or oth er met hods.

Ske w ne ss Tests

Fir st , ther e a re t es t s of skewness in  the depen dent  var iable.  As m en t ioned a bove, the
OLS model ca nnot  be applied to da ta  tha t  a re high ly skewed.  If they a re skewed, a  non-
linea r  model, such a s t he Poisson , mu st  be used.  Ther efore, it  is essen t ial t o evalua te the
degree of skewness.

A commonly used  measure of skewness is  the g st a t is t ic (Micr osoft , 2000):
      

n     n           

Sk ewn ess  (g) = --------------------  E [ ( Xi - MeanX)/s ]3 (13.9)

 (n–1) * (n–2)    I=1    

where n  is t he sample size, X i is  obs erva t ion  I, Mean X is th e mean  of X, an d s is t he sample
standard devia t ion  (corrected for  degr ees of freedom):

  n       ( Xi - X)2

s = SQRT[ E -------------- ] (13.10)

 I=1      (n  –1)

The standard er ror  of skewness (SES) can  be approximated by (Tabachnick  and
Fidell, 1996):

       6

SES = SQRT [ --------- ] (13.11)

      n
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An approxima te Z-t es t  can  be obta ined  from:

 g
Z(g)  =    ----------- (13.12)

           SES

Thus, if Z is  gr ea ter  than  +1.96 or  smaller  than  -1.96, t hen  the skewness is  sign ifican t  a t  the
p#.05 level.

As  an  example, for  t he dat a  on  the or igins of cr imes  by TAZ in  Ba lt imore Coun ty:
_
X  =  75.108
s   =  96.017
n   = 325
 n           

E [ ( Xi - MeanX)/s ]3 = 898.391
I=1

Therefore,

   325
g =    --------------- * 898.391 = 2.79

324*323

       6

SES = SQRT [ --------- ] = 0.136

     325

Z(g) = 20.51

Th e Z of th e g va lue shows t he da ta  a re h ighly sk ewed as we, of course , knew.  

Like lihood Ratio  Tes t

Second, t her e a re t es t s of th e overa ll model. In  a  maximum likelih ood fr amework , the
firs t  t est  is of the log-likelihood  funct ion .  A likelihood  fun ction is t he join t  densit y of all t he
observa t ions , given  a  va lue for  the paramet er s, $, and t he va r iance, F2.  The log-likelihood is
the na tura l log of t h is  product , or  the sum of the logs of the in dividua l densit ies.  F or  the
OLS model, th e log-likelihood is:

        (Yi - Xk i $k)2

L = - (N/2) ln (2B) - (N/2) ln(F2) - (½ F2) - (½) [-------------] (13.13)
 F2
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wh er e N is t he sample size, F2 is t he va r iance, Yi is the observed nu mber of event s for zone I,
an d Xk i$k  is a s er ies of K indepen den t  pr edictor s m ultiplied by th eir coefficient s.

In t he Poisson m odel, th e log-likelihood is:

L = G [ -8i + Yi Xk i$k  - ln  Yi! ] (13.14)

where 8i is t he condit iona l mea n  for  zone I, Yi is t he obser ved n umber  of even t s for  zone ii,
an d Yi Xk i$k  is  a  cross-product  of the obs erved event s t im es the K in dependent  predict ors
multiplied by th eir coefficient s.  As m ent ioned above, Luc Anselin pr ovides a  more det a iled
discus sion of these fun ct ions in  Appendix C.

Sin ce the m aximum likelih ood m et hod achieves the m odel with  the h ighest  log-
likelihood, th e log-likelihood is a  negat ive number .  Even t hough t he model with  the h ighest
log-likelih ood is  consider ed ‘bes t ’, it  is n ot a n  in tu it ive n umber .  Consequ en t ly, the
Lik elihood  R atio compares the log-likelihood of the regr ession  model wit h  the log-likelihood
tha t  would be obta ined if on ly the m ea n  number  of counts was t aken .  Th is la t t er  log-
likelihood is:

LR = -N  (MeanY) +[ln (MeanY) (GYi)] - G ln  Yi! (13.15)

The Likelihood Ratio test is:

LR = 2(L - LR) (13.16)

where L is th e model log-likelihood an d LR is the log-likelihood of the mean  count .  The
Lik elihood Ra t io is twice the difference between  log-likelihood va lu es of the regr ession  and
mean  models respectively.  It  follows a P2 dis t r ibu t ion  wit h  K degrees  of freedom (wher e K is
the number  of independent  va r ia bles).5

Adjus ted  l i ke l ihood  ra t io

The Likelihood Ra t io is a m ore int u itive index since it is a  ch i-squ are test .  However ,
it is pr one to the pr oblem of a ll r egression  methods of over-fitt ing - the more independen t
var iables a re added  to the model, th e h igher  is the Likelihood Ra t io.  Consequ ent ly, th ere are
severa l met hods t ha t  adjust  for  the number  of pa ramet er s fit .  One is t he Aka ike
Inform at ion Criterion (AIC) which is defined as:

AIC = -2L + 2 (K+1) (13.17)

wh er e L is  the log-likelihood a nd K is t he number  of independent  var iables .  A second one is
th e Schwar tz Criterion (SC), which is defined as:

SC = 2L+[(K+1)ln (N)] (13.18)
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Th ese t wo mea su res  adju st  the log-likelih ood for degrees  of freedom, a nd flip the s ign
ar oun d.  The model with  th e highest AIC or SC values ar e ‘best’.

R-square  Test

The most  familia r  t est  of an  overa ll model is the R-s quare (or  R2) test.   This is th e
percen t  of the tota l va r ia nce of the dependent  va r ia ble accounted for  by t he model.  More
formally, it  is  defined  as:

   G (Yi - P i)
2

R2   = 1 - -------------------- (13.19)
G (Yi - MeanY)2

where Yi is t he observed number  of even t s for a  zone, I, P i is the pr edicted n umber  of event s
given  a  set  of K in dependent  va r ia bles, a nd MeanY is  the mean  number  of event s across
zones.   The R-squa re value is a n umber  from 0 to 1; 0 indicat es n o pr edictability while 1
indica tes  per fect  pr edicta bilit y.

For  an  OLS m odel, R-squ are is a ver y consist en t  est ima te.  It increases in  a  linear
manner  wit h  pr edicta bility and is , ther efore, a  good indicator of how effect ive one m odel is
compared  to another .  As  with  a ll d iagnos t ic t es t s, t he va lue of t he R-squa re increases  with
more in dependent  va r ia bles.  Consequent ly, R-square is  usua lly a dju sted for  degr ees of
freedom:

   [G (Yi - P i)
2] / (N-K+1)

Ra
2   = 1 - ------------------------------- (13.20)

G (Yi - MeanY)2 / (N - 1)

where N is the sam ple size an d K is th e num ber of independent  var iables.

R -sq u a r e for P oiss on  m od el

With  the Poisson  model, however , t he R-s quare va lu e (whether  adju sted or  not ) is  not
necessa r ily a  good m easu re of overa ll fit.  While th e Poisson  R-squ are var ies from 0 to 1,
sim ila r  to the OLS, it  is  not  monotonic.  Th a t  is , t he addit ion  of a  new va r ia ble to an
equ a t ion often  has u npr edicta ble effects; somet imes it  will in crease  su bstan t ia lly and
somet im es it  will increase only a  lit t le  in dependent  of how st rong is a  va r ia ble’s associa t ion
wit h  the dependent  va r ia ble (Mia ou, 1996).  This  in consis t ency com es from the
decomposition of th e tota l sum  of squar es:

G (Yi - MeanY)2 =  G(Yi - P i)
2 + G(P i - MeanY)2 + 2G(Yi - P i)(P i - MeanY) (13.21)

The fir st  t erm in  the equa t ion  is  the residua l sum of squares (or  er ror  t erm) while the second
term is the explained su m of squ ares.  In  an  OLS m odel, th e th ird  term is zero if an  int ercept
is in cluded (Cam er on a nd Tr ivedi, 1998, 153). Hen ce, th e t ota l su m of squares is br oken  into
two par t s - tha t  which  is  expla in ed and tha t  which  is  unexpla in ed.  H owever , for  the Poisson
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and oth er  non-linea r  regression  methods, t he las t  t erm is not zer o.  Consequ ent ly, a t est  tha t
compares  the exp la ined  sum of squares  to the tota l sum of squares  will not  p roduce
consis t en t  r esult s .

Consequ en t ly, alt er na t ive R-squ are m ea su res a re somet imes used.  On e of these is
Devian ce R -square.  It  is defined as:

  G[Yi * Ln{ P i / MeanY } – (Yi - P i ) ]

RD
2 =  1   - ------------------------------------------------ (13.22)

G [Yi * Ln{ Yi / MeanY

where Yi is t he observed number  of even t s for ea ch zone, I, P i is  the predict ed number  of
event s for  each  zone bas ed on K indepen den t  pr edictor s, an d Mea nY is the mean  number  of
even t s a cross a ll zones.  

The Deviance R-s quare measures the reduct ion  in  the Lik elihood Ra t io due to the
inclus ion  of pr edictor  var iables .  It  pr oduces a  sligh t ly differ en t  R-squ are, one t ha t  is
typica lly h igher  than  the t r adit ion a l R-square.  Whereas the t r adit ion a l on e might  not  show
a lar ge increase u pon t he int rodu ct ion  of an  indepen den t  var iable, th e Deviance R-squ are
often does show the increase.

Nevert heless, it  has problems, too.  Miaou (1996) a rgues  tha t  there is not  a  single R-
square in dex tha t  is per fect ly consis t en t  and suggest s t ha t  user s n eed  to use m ult iple  ones. 
There a re other  R-s quare va lu es tha t  have been  proposed, bu t  these two are sufficien t  for
now.  In shor t , a u ser  must  look a t  both  as a n  indica tor  of how good is a  model compa red t o
anoth er  model.

D is pe rs io n  P a ra m e te r

Fina lly, in  the Poisson  model on ly, th e disper sion  pa rameter  indica tes t he exten t  to
which  the var ian ce is differen t  from the mean .  This wa s defined in  equa t ion  13.7 above.

Coefficien ts , Stan dard Errors, and  Sign if ican ce  Tes ts

The second t ype of diagnost ic t est s a re t hose for  the individua l pr edictors in  the
model.  In both  th e OLS an d Poisson m odels, th ere ar e thr ee tests:

1. The coefficient .  This ind ica tes t he change in  the depen den t  var iable associat ed
wit h  the cha nge in  the independent  var iable.  In  the case of the OLS, it  is a
linea r  t er m (i.e., th e va lue of the depen dent  var iable is  mult iplied by the
coefficien t ) while in  the P oisson m odel, it  has t o be conver ted by r a isin g the
pr oduct t o an  exponent ia l t er m (i.e., e$X).

2. The st andard er ror .  E ach  est im ated coefficien t  in  a  model a ccounts for  some of
the va r ia nce in  the dependent  va r ia ble.  This  va r ia nce is  the cont r ibu t ion  of
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the par t icula r  independent  var iable t o th e va r iance of th e depen dent  var iable. 
The square root  of tha t  var ian ce is th e stan dard  error.

3. The sign ificance level.  Th e ra t io of t he coefficien t  to the st andard er ror
pr odu ces a  significance test  of the coefficient .  In t he OLS m odel, it  is a t -t est
wit h  N-K-1 degrees  of freedom wh er ea s in  the Poisson m odel it  is a n
asympt ot ic t -t est , which  is effect ively a  Z-test .  The appr opr iat e tables (t -t est
or  st anda rd norma l) p roduce approxima te p robabilit y levels  of a  Type I er ror
(the likelihood of falsely reject in g a  t rue nu ll hypothesis  of no rela t ion sh ip).

Testing  for Multicol ine arity

On e of the m ajor  pr oblems with  any regression model, whet her  OLS or P oisson, is
mult icolinea r ity among t he independent  var iables .  In  theory, ea ch in dependent  var iable
should  be st a t is t ica lly independent  of the other  in dependent  va r ia bles.  Thus, t he amount  of
var iance for t he depen dent  var iable t ha t  is a ccoun ted for  by ea ch in dependent  var iable
sh ould be a  un ique cont r ibu t ion .  In  pr actice, however , it  is r a re t o obt a in  completely
independent  pr edictive va r iables .  More likely, two or  more of th e independent  var iables  will
be cor rela ted .  The effect  is  tha t  the es t imated  standard er ror  of a  p red ictor  va r iable is  no
longer u n ique sin ce it sh ares some of the var ian ce with  other  indepen den t  var iables.  The
grea ter  the com m un ality of the var ian ces, th e more a mbiguous t he predicted effect s.  If two
va r ia bles a re h igh ly correla ted, it  is  not  clea r  wha t  cont r ibu t ion  each  makes towards
pr edict ing the depen den t  var iable.  In effect , mu lticolinea r ity means t ha t  var iables a re
measu r ing the same effect .

Mu lt icolinea r ity among t he independent  var iables  can  pr oduce very st range effects in
a  regression model.  Among t hese effects a re: 1) If two indepen dent  var iables  a re h ighly
cor rela ted , bu t  one is  more cor rela ted  with  the dependen t  va r iable than  the other , the
st ronger one will usu a lly have a cor rect  sign wh ile the weaker  one will somet imes  get flipped
around (e.g., from positive to negat ive, or  the reverse); 2) Two var iables can  cancel each oth er
out ; each  coefficient  is significan t  when it a lone is included in  a  model but  neith er  a re
sign ificant  when  they a re together ; 3) One in dependent  va r ia ble can  in h ibit  the effect  of
another  cor relat ed indepen den t  var iable so th a t  the second var iable is not  significan t  when
combined wit h  the firs t  one; and 4) If two indepen dent  var iables  a re vir tua lly per fect ly
cor relat ed, many regression rou t ines  break down because t he mat r ix cannot  be inver ted.

All these effect s  ind ica te tha t  there is  non-independence among the independen t
var iables.  Aside from pr odu cing confusing coefficient s, multicolinea r ity can  overs ta te the
amount  of predict ion  in  a  model. Sin ce every independent  va r ia ble accounts for  some of the
var ian ce of the depen den t  var iable, with  multicolinea r ity, th e overa ll model will appea r  to
improve when it pr obably ha sn’t.

Toler a nce t est

A user  has  to be aware of the p roblem of mult icolinear ity and  seek  to min imize it . 
The simplest  solu t ion  is to dr op var iables t ha t  a re co-linea r  with  other  indepen den t  var iables
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a lrea dy in t he equa t ion .  A relat ively simple test  for  asses sing th is is ca lled tolerance. 
Tolera nce is defined as lack of predictability of each indepen den t  var iable by th e other
in dependent  va r ia bles, or :

Tol = 1 - (Rijk ..l)
2 (13.23)

where (R ijk ..l)
2 is t he R-square of an  equ a t ion wher e in dependent  var iable I  is p redicted by the

oth er  independent  var iables , j, k , l, an d so fort h .  Tha t  is, ea ch in dependent  var iable in  tu rn
is regressed a gainst  the other  indepen den t  var iables in  the equa t ion .  The R2 a ssocia t ed  with
tha t  model is subt racted from 1.  Th e h igher  the t oler ance level, th e less a  pa r t icula r
independent  var iable shar es its var iance with  th e oth er independent  var iables.

Fixed  Model  vs . S tepw ise  Var iable  Se lec t ion

Ther e a re sever a l st r a tegies design ed to reduce mult icolinea r ity in a  model.  One is t o
st a r t  with  a  defined m odel and elimina te those var iables t ha t  have a low tolera nce.  The
tota l model is est ima ted a nd t he coefficient s for  each  of the var iables a re est ima ted a t  the
sam e time.  This is somet imes called a fixed  m odel.  Then , var iables t ha t  a re co-linea r  a re
removed from the equa t ion , a nd the model is re-run .

Another  s t ra tegy is  to es t imate the coefficien t s  a  st ep  a t  a t ime, a  p rocedure known as
stepwise r egression . Ther e are severa l standa rd st epwise pr ocedu res.  In  the firs t  pr ocedu re,
va r ia bles a re added one a t  a  t im e (a  forward  selection  model).  The independent  var iable
having the s t rongest  linea r  cor rela t ion with  the depen dent  var iable is  added firs t .  Next , the
independent  var iable from t he rem aining list of independent  var iables with  th e highest
cor rela t ion with  the depen dent  var iable, controlling for the one var iable a lrea dy in  the
equa t ion , is a dded  next a nd t he model is re-est ima ted.  In  each  st ep, th e independen t
va r ia ble wit h  the h ighest  correla t ion  wit h  the dependent  va r ia ble cont rollin g for  the
var iables  a lrea dy in  the equ a t ion  is a dded to th e m odel, and t he m odel is r e-est imated.  This
pr oceeds u n t il eith er  a ll the independen t  var iables a re added  to the equa t ion  or  else a
stoppin g cr it er ion  is  met .  The usua l cr it er ion  is  only va r ia bles wit h  a  cer t a in  sign ificance
level ar e a llowed t o enter  (ca lled a p-to-enter).

A backward  elim ina tion  procedure work s in r everse.  All independent  var iables are
in it ia lly added to th e equa t ion.  Th e va r iable with  the weakest  coefficien t  (as  defined by the
sign ifican ce level) is r em oved, and t he m odel is r e-est imated.  Next , the va r iable wit h  the
wea kest  coefficien t  in  the second m odel is r em oved, and t he m odel is r e-est imated.  This
pr ocedu re is repea ted u n t il eith er  there are no more independen t  var iables left  in t he model
or  else a s toppin g cr iter ion  is met .  The usu a l cr iter ion  is tha t  a ll r emaining var iables pa ss a
cer ta in s ign ificance level (ca lled a p-to-rem ove). 

Ther e a re combina t ions of these procedures, for exa mple add ing a  var iable in  a
forward select ion  manner  bu t  t hen  r emoving any va r iables  tha t  a r e no longer  sign ifican t  or
usin g a  backwa rd elimina t ion  pr ocedure bu t  a llowin g new va r iables  to ent er  the m odel if
they suddenly become sign ifican t .
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There are advantages to each  appr oach .  A fixed m odel a llows specified var iables t o be
included .  If either  theory or  p revious  resea rch  has  ind ica ted  tha t  a  pa r t icu la r  combina t ion  of
var iables is import an t , th en  the fixed m odel a llows t ha t  to be tes ted.  A st epwise pr ocedu re
might  drop one of those va r ia bles.  On the other  hand, a  st epwise procedure usua lly ca n
obta in  the same or h igher  pr edicta bility than  a  fixed p rocedure (whet her  pr edicta bility is
mea su red by a  log-likelih ood or  an  R-squ are).  

With in  the st epwise procedures, t here a re a lso adva ntages and disadva ntages to each
method, th ough t he differences a re gener a lly very sm all. A forward selection  pr ocedu re adds
var iables  one a t  a  t ime.  Th us, t he cont r ibu t ion of each n ew var iable can  be seen .  On  the
other  hand, a  va r ia ble tha t  is  sign ifican t  a t  an  ea r ly st age could  become not  sign ifican t  a t  a
la ter  st age because of the un ique combin a t ion s of va r ia bles.  Sim ila r ly, a  backward
elimina t ion  pr ocedu re will ensu re tha t  a ll var iables in  the equa t ion  meet  a  specified
significance level.  But , th e cont r ibut ion  of each  var iable is not  easily seen  other  than
through t he coefficient s.  In  pr act ice, one usu a lly obta ins  the sa me model with  eith er
pr ocedure, so the differ en ces a re not t ha t  crit ical.

A st epwise pr ocedu re will not  gua ran tee tha t  multicolinea r ity will be rem oved
ent irely.  However, it is a  good pr ocedu re for  nar rowing down t he var iables t o those t ha t  a re
significant .  Then , an y co-linea r  var iables can  be dropped  manua lly and t he model re-
est ima ted. In  the Crim eS tat t r ip  genera t ion , both  a  fixed model a nd a  backward elimin a t ion
procedure ar e allowed.

Altern at iv e  Re gre ss io n  Mode ls

There a re a  number  of a lt erna t ive methods for  est im at in g t he likely va lu e of a  count
given  a  set  of independent  pr edictor s.  The n ega t ive bin omia l has a lrea dy been  men t ioned.  
There a re a  number  of va r ia t ion s of these in volving differen t  assumpt ion s about  the
dispersion  ter m.  Ther e a re a lso a  number  of differen t  Poisson-type models .  Among t hese a re
the zer o-in flat ed Poisson (or ZIP ; ; Ha ll, 2000), the Weibul fun ction , the Ca uchy function , and
the lognorm al fun ction  (see NIST 2004 for a  list  of common n on-linea r  fun ctions). 

Ther e a re a lso a  set  of spa t ia l regression type m odels t ha t  cor rect  for  spa t ia l
au tocorr ela t ion  in  the depen dent  var iable, such a s geograph ically-weighted regression usin g
a  Poisson function (Fother ingham, Brunsdon, a nd Ch ar lton, 2002), a h ier a rchical Bayesia n
model (Cla yt on  and Kaldor , 1987), a nd a  Markov Cha in  Monte Ca r lo s im ula t ion  method
(Miou w, Song, and Ba lilick, 2003).

In fut ur e versions of Crim eS tat, severa l of t hese methods will be in t roduced.  F or  the
t ime being, though, the Poisson  model is ava ilable as  it is t he most  commonly used
funct iona l model for  fit t ing coun t  data .

Ad d in g  S pe c ia l Ge n e ra to rs

In  a  t r avel dem and m odel, th ere are special generators.  These a re un ique land u ses
or  environments  tha t  p roduce an  ext ra  la rge number  of t r ips.  For  regu la r  t r avel demand
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modeling, st adiu ms, a ir por t s, t r a in  st a t ion s, la rge parks, a nd ‘mega -malls’ genera te more
than  their  share of t r ips, or  a t  least  than  what  would  be predict ed by t he amount  of
employment  a t  those loca t ions .  They a re usua lly a t t r actors , not  p roducers .  In  a  normal
t ranspor ta t ion  t ravel demand model, these zon es a re excluded from the cross-cla ssifica t ion
and in dependent  est imates  a re m ade of them . 

For cr ime t r ips , ther e a re a lso special gener a tors . Typically, t hese a re zones  tha t  have
more cr im es bein g a t t r acted to them than  are expected on the basis  of the popula t ion  and
employment  a t  those loca t ion s.

Sin ce we a re u sin g a  regr ession  model t o est imate t he productions a nd a t t r actions, a
simple way to model a special gener a tor  is to crea te a  simple dum m y var iable.  This is a
var iable wh er e zones with  the special gen er a tor get  a  value ‘1' and zones wit hout  the special
genera tor  get  a  ‘0'.  Essen t ia lly, the va r ia ble is  a  cross-cla ssifica t ion  of the specia l genera tor
versus every oth er  zone.

One has to be  cau t iou s is  doin g t h is , h owever .  Typica lly, specia l genera tors a re
ident ified by ha ving a grea ter  number  of cr imes  being a t t r acted t o a  zone than  is pr edicted
by th e model.  In oth er  words, t hey ha ve a grea ter  positive residu a l err or  (obser ved -
pr edicted) and a re ‘ou t liers’ in t he residu a l err or  dist r ibut ion .  By addin g a var iable to
expla in  those cases, t he r es idu a l er ror decrea ses.  

But , in  doing so, we ar en’t  rea lly explain ing why th e zone has m ore cr imes  than
expected, bu t  sim ply h ave accoun ted for  it  by pu t t ing in an  em pir ical va r iable.  In  re-running
th e model, th ere will be, usu ally, new out liers t ha t h ave a great er positive residual err or.  If
th is logic is to be repea ted, th en  we would crea te new special gener a tors for  those zones a nd
re-est ima te the model.  If con t inu ed without  limits , eventua lly there would not  be a m odel
anymore bu t  just  a  collect ion of dummy var iables , one for  ea ch zone. 

Ther efore, a  user  sh ould be cau t ious in  int roducing special gen er a tors . It  is gen er a lly
a lr igh t  to in t roduce a  few for  the t ru ly except ion a l zones. These a re zon es where it  is  logica l
to tr ea t  them  as special gener a tors  and wher e one wou ld expect cont inu ity over t ime.  In
oth er  words , they should  be u sed if the special gener a tor s t a tus is  expected to las t  over t ime. 
For  exa mple, a  st adiu m or  an  a ir por t  or  a  t r a in  st a t ion  is  liable to remain  a t  it s loca t ion  for
many years.  A par t icu la r  shoppin g m all, on  the other  hand, m ay a t t r act  cr im es a t  one
par t icu la r  poin t  in  t im e bu t  not  necessa r ily in  the fu ture.  Unless it  is  a  mall tha t  is  so much
la rger  than  any other  mall in  the region  (a  ‘mega-mall’), it  shou ldn’t  be given  a  specia l
genera tor  s t a tus.
 

Ad din g  Ex te rn a l Trip s
 

Exter na l t r ips  a re, by definit ion, t r ips  tha t  come from ou t side t he r egion.  They a re
pa r t  of the origin /production  model in  tha t  these a re t r ips  tha t  a re n ot a ccoun ted for  by t he
model.  There are a lso t r ips t ha t  or igina te with in t he st udy ar ea , but  end out side t he area ;
however , those a re u su a lly not m odeled s ince the focus  will be on t he s tudy a rea  it se lf. In  the
usu a l t r avel demand framework, exter na l t r ips  a re t hose coming from m ajor  cor r idors in to
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the r egion.  Est imates  of the t r avel on these cor r idor s a re obta ined by cordon counts, cou nt s
of veh icles comin g in to the region and leaving t he region (net  in flow).  Est im ates of future
growth  of those externa l t r ips has  to based  on  expecta t ions  of fu tu re popula t ion  growth  the
met ropolita n r egion a nd in near by regions.

For crime tr ips, extern al tr ips ar e defined as tr ips th at  originat e out side the stu dy
area .  But  they mu st  be est ima ted by th e difference between  the tota l nu mber  of cr imes
occur ring in t he destinat ion st udy area  an d th e tota l originat ing in t he origin zones.  That  is,
of a ll the cr imes  occur r ing in  the s tudy a rea , the or igin  zones  a re modeled .  Those t r ips tha t
or igina te from ou ts ide the or igin  zones  a re externa l t r ips.  They mus t  be added  to the
predict ed number  of or igin  t r ips to produce an  adju sted est im ate of tota l or igin s, or :

O j = Op i + Oe (13.24)

where O j is t he t ota l number  of crim e origins for crim es commit ted in  st udy a rea , j, Op i is  the
tota l nu mber of crimes originat ing in t he origin zones, I,  an d  Oe is  the tot a l number  of
crim es origin a t ing out side t he r egion, e. 

In  oth er  words , for t he production (or igin) model on ly , we add  an  exter na l zone to
accoun t  for  crim e t r ips  tha t  origina ted out side t he m odeled region. If we don’t  do tha t , in the
ba lan cing st ep, we’ll overes t ima te the number  of cr imes  or igina t ing in ea ch  zone because t he
pr edicted  origins will be mult iplied  by a  factor t o ensure t ha t  the t ota l number  of origins
equa ls th e tota l nu mber of destinat ions.

Not  in clu din g t he ext erna l t r ips can  lead to bias in  the model.  If the number  of
exter na l tr ips is a  sizeable per centage of a ll cr ime origins occur r ing in t he st udy ar ea , th en
the coefficient s of the or igin m odel could be mislea ding.  In  pr act ice, most t r avel dem and
modelers a ssu me tha t  if the per centage of exter na l tr ips is not  grea ter  than  5%, th ere
usua lly is lit t le bias in t roduced  (Or tuza r  and Willumsen , 2001).  If it  is  gr ea ter  than  5%,
then  origin  zones from adjacent  jur isd ictions n eed  to be included in  the origin  model.

Balancing Predicted  Orig ins  and P redicted  Dest inat ions

 The t r ip gen er a t ion  ‘model’ is a ctu a lly two separa te models: 1) a m odel of t r ips
pr oduced by ever y zone and 2) a  model of t r ips  a t t r acted t o every zone.  Sin ce a t r ip h as a n
or igin  and a  des t ina t ion  (by defin it ion), then  the tota l number  of p roduct ions  must  equa l the
tota l nu mber of at tr actions:

 n  n

G O i   = G D j (13.25)
I=1 j=1

where O is a  t r ip or igin , D is a t rip destina tion, and I an d j ar e zone nu mbers.

To ensu re t ha t  th is equ a lity is t rue, a  ba lancing opera t ion is  condu cted.  E ssen t ia lly,
th is  means mult ip lyin g eit her  the number  of predict ed or igin s in  each  or igin  zon e or  the
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number  of predict ed dest in a t ion s in  each  dest in a t ion  zon e by a  constan t  which  is  the ra t io of
eith er th e tota l destinat ions t o th e tota l origins (to mu ltiply th e num ber of predicted origins)
or  t he r a t io of t he tot a l or igins to the tot a l des t ina t ions (to mult ip ly the number  of p red ict ed
destinat ions).

With  cr ime a na lysis, the number  of dest ina t ions would gener a lly be consider ed a
more reliable da ta  set  than  the number  of or igins .  Because crimes a re enu mera ted wh ere
they occur , th e number  of cr imes  occur r ing a t  any one loca t ion  is more accura te than  the
loca t ion  of the offenders .  Thus , we ad jus t  the p red icted  or igins  so tha t  they equa l the
predicted destinat ions.6

Summ ary of the  Tr ip  Generat ion  Model

In sum ma ry, th e trip genera tion m odel is estimat ed in four  steps:

1. A model of t he predict ors of the number  of cr im es or igin s (a  cr im e product ion
model);

2. A model of p red ictor s  of t he number  of cr ime des t ina t ions (a  cr ime a t t r act ion
model);

3. Extern al tr ips ar e estima ted an d added to th e num ber of predicted origins as
an  externa l zone; and

4. The tota l n umber  of predict ed cr im e or igin s is  ba la nced to be  equa l t o the tota l
nu mber of predicted crime destinat ions.

Th e  Cr i m eS t a t  Tr ip  Generat ion  Model

In  th is section , we describe the t r ip gen er a t ion  model implemen ted in  Crim eS tat. As
men t ioned a bove, th is s t ep involves calibr a t ing a  regr ession  model a ga inst  the zona l da ta . 
Two sepa ra te models a re developed, one for  t r ip or igins  and one for  t r ip dest ina t ions.  The
dependent  var iable is  the number  of crim es origina t ing in a  zone (for t he t r ip or igin model)
or  the number  of cr imes  end ing in  a  zone (for  the t r ip  des t ina t ion  model).  The independen t
va r ia bles a re zon a l var ia bles tha t  may predict  the number  of or igin s or  dest in a t ion s.

Ther e a re t h ree s t eps t o th e m odel, each cor respondin g to a separa te t ab in
Crim eS tat:

1. Calibra te the model
2. Ma ke a  pr ediction
3. Bala nce the predict ed or igin s and the predict ed dest in a t ion s

Figure 13.5 shows a n  image of the t r ip gen er a t ion  model pa ge wit h in  Crim eS tat.  The
t r ip  genera t ion  model is made up of th ree separa te pages (or  t abs):

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Figure 13.5:

Trip Generation Module
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1. A Calibrate m odel pa ge in  wh ich a  regression model can  be r un  to est imate
eith er an  origin (production) model or a  destinat ion (at tr action) model;

2. A Mak e pred iction  pa ge in  which  the est ima ted coefficient s can  be applied to
th e same or a  different  dat a set a nd in which t he extern al tr ips can  be added to
the predict ed or igin s; and

3. A Balance predicted  origins & destinations pa ge in  which  the tota l predicted
or igin s can  be adju sted to equa l t he tota l predict ed dest in a t ion s.

Ca li bra te  Mo d e l

In  the fir st  st ep, m odels  a re ca libra ted usin g t he in put  da ta .  There is  a  model for  the
origin zones an d an oth er model for t he destinat ion zones. The user should indicat e what  type
of model is  being run  in  order  to make the ou tpu t  more clea r  (it  is  not  essen t ia l bu t  can
min im ize confusion  from mis la beling).

Da ta  Fi le

The da ta  file is inpu t  as either  the pr ima ry or  seconda ry file.  Specify whet her  the
da ta  file is t he pr imary or seconda ry file. 

Ty pe  o f Mo de l 

Specify whether  the model is for  or igin s or  dest in a t ion s.  This  will be pr in ted out  on
the ou tpu t  header .

De pe n de n t Varia ble

Select  the dependent  va r ia ble from the list  of va r ia bles.  There can  be only one
dependent  var iable per  model.

Skew ness  Diagnost ics

If checked , th e rou t ine will test  for  the skewness of the depen den t  var iable.  The
out put  includes:

1. The “g” st a t ist ic
2. The standa rd er ror of the “g” st a t ist ic
3. The Z valu e for  the “g” st a t ist ic
4. The probabilit y level of a  Type I er ror  for  the “g” st a t is t ic 
5. The ra t io of the sa mple var ian ce to the sa ple mean

Error  messa ges indicat e whether  there is probable skewn ess in  the depen den t
var iable.  If ther e is skewn ess, u se a  Poisson r egression model.
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In d e pe n d e n t v ari ab le s

Select  indepen den t  var iables from t he list  of var iables in  the da ta  file.  Up to 15
var iables can  be selected.

Mi ss in g  va lu e s

Specify an y miss ing value codes for  the var iables.  Blan k r ecords will au tomat ica lly be
consider ed as m iss ing.  If any of the select ed dependent  or in dependent  var iables  have
miss ing values, those r ecords  will be excluded from t he ana lysis .

Ty pe  o f R e gre s si on  Mo de l

Specify the type of regr ession  model t o be  used.  The defau lt  is  a  Poisson  regr ession
wit h  over -dispersion  correct ion .  Other  a lt erna t ives a re a  Poisson  regr ession  and an
Ordin ary Least  Squares regr ession .

Type  of Re gre ss ion  P roc e du re

Specify whet her  a  fixed m odel (all selected independent  var iables  a re u sed in  the
regr ession ) or  a  ba ckward elimina t ion s t epwise m odel is  used.  The defau lt  is a  fixed m odel. 
If a  backwa rd elimina t ion  st epwise m odel is selected, choose the P -to-rem ove va lue (defau lt
is .01).  The backward elimina t ion  st a r t s with  a ll selected var iables in  the model (the fixed
pr ocedu re).  However , it  pr oceeds t o dr op var iables t ha t  fa il the P-to-remove test , one a t  a
t ime.  Any var iable tha t  has a  significance level in  excess of the P-to-remove va lue is dr opped
from the equa t ion .

Sa ve  Est im ate d Coe fficie n ts/Pa ram e te rs

The est ima ted coefficient s of the fina l model can  be saved as  a  ‘dbf’ file.  Specify e a
file name.  This would be us efu l in  order  to repea t  the regression  while addin g in  exter na l
t r ips  to th e predicted or igins (see Make t r ip gener a t ion p rediction  below) or t o apply t he
coefficien t s to another  da taset  (e.g., fu ture va lu es of the in dependent  va r ia ble).

S av e  Ou tp u t

The out pu t  is saved a s a  ‘dbf’ file under  a  differ en t  file name.  The out pu t  includes a ll
the va r ia bles in  the in put  da ta  set  plu s two new ones: 1) t he predict ed va lu es of the
dependent  var iable for  each observat ion  (with  the name PREDICTE D); and 2) the r esidu a l
er ror  va lu es, r epresen t in g t he difference between  the actua l /observed va lu es for  each
observa t ion  and the predict ed va lu es (with  the name RE SIDUAL).

P oi ss on  ou t p u t

The out pu t  of the Poisson r egression rout ines includes 13 fields  for  the en t ire m odel:
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1. The depen dent  var iable
2. The type of model
3. The sample size (N)
4. The degrees  of freedom (N - # depen den t  var iables – 1)
5. The type of regr ession  model (P oisson , P oisson  wit h  over -dispersion

cor rect ion )
6. The log-likelihood va lue
7. The Likelihood Ra t io
8. The probability value of the Likelihood Ra t io
9. The Akaike Informat ion  Cr iter ion  (AIC)
10. The Schwa r tz Crit er ion  (SC)
11. The Disper sion  Multiplier
12. The approximate R-squ are va lue
13. The deviance R-square va lue

and 5 fields for  each  est ima ted coefficient :

14. The est ima ted coefficient
15. The st anda rd er ror  of the coefficient
16. The pseudo-tolerance va lu e of the coefficien t  (see below)
17. The Z-value of the coefficient
18. The p-va lue of the coefficient .

O LS  ou t p u t

The out pu t  of the Or din ary Lea st  Squ are (OLS) rout ine includes 9 fields for  the en t ire
model:

1. The depen dent  var iable
2. The type of model
3. The sample size (N)
4. The degrees  of freedom (N - # depen den t  var iables – 1)
5. The type of regression m odel (Norm a/Ordina ry Least  Squar es)
6. Squ ared m ultiple R
7. Adjus ted squ ared m ultiple R
8. F  test  of the model
9. p-va lue of the model

and 5 fields for  each  est ima ted coefficient :

10. The est ima ted coefficient
11. The st anda rd er ror  of the coefficient
12. The t olera nce value of the coefficient  (see below)
13. The t -value of the coefficient
14. The p-va lue of the coefficient .
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Multi co lin e ari ty  Amo n g th e  Ind e pe n de n t Varia ble s

To test  mult icolinea r ity, a toler ance test  is r un  (see equa t ion  13.23 a bove).  Ther e is
not a  sim ple tes t  of wh et her  a  pa r t icula r  tolerance is m ea ningful or  not.  In  Crim eS tat,
severa l qua lit a t ive ca tegor ies a re used and er ror  messages a re outpu t :

1. If the tolerance va lu e is  0.80 or  gr ea ter , t hen  there is  lit t le mult icolinear it y (No
apparen t  mult icolinear it y);

2. If the t oler ance is bet ween  0.50-0.79, t her e is some mult icolinea r ity (poss ible
mult icolinear it y);

3. If the t oler ance is bet ween  0.25-0.49, t her e is p robable mult icolinea r ity
(pr obable mu lticolinea r ity.  Elimin a te var iable with  lowest  tolera nce and r e-
run); and

4. If toler ance is less t han  0.25, t her e is definit e m ult icolinea r ity.  (Defin ite
mu lticolinear ity.  Results a re not reliable.  Elimina te variable with  lowest
tolerance and  re-run).

Gr a p h

Wh ile the outpu t  page is  open , clickin g on  the gr aph  bu t ton will d ispla y a  gr aph  of the
residua l er rors (on the Y axis) aga in st  the predict ed va lu es (on the X axis).

Make Trip  Gene ration P redict ion

This r out ine app lies a n  a lrea dy-ca libra ted regression model to a da ta  set . This would
be u seful for  severa l rea sons: 1) if exter na l t r ips  a re t o be added to th e m odel (which is
normally prefer red); 2) if t he model is applied to another  da ta  set ; and 3) if va r ia t ion s on the
coefficient s a re being test ed with  the sa me da ta  set .  The m odel will need t o be ca libra ted
firs t   (see Ca libr a te t r ip gener a t ion m odel) and t he coefficien t s s aved as a  pa ramet er s file. 
The coefficient  par am eter file is th en re-loaded an d applied to th e data .

Da ta  Fi le

The da ta  file is inpu t  as either  the pr ima ry or  seconda ry file.  Specify whet her  the
da ta  file is t he pr imary or seconda ry file. 

Ty pe  o f Mo de l

Specify whether  the model is for  or igin s or  dest in a t ion s.  This  will be pr in ted out  on
the ou tpu t  header .
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Trip Ge n e rat io n  Coe fficie n ts /P ara m e te rs F ile

This is  the saved coefficien t  pa ramet er  file.  It  is a n  ASCII file and can  be ed ited if
a lt er na t ive coefficien t s wer e being tes ted (be car eful about  edit ing th is without  making a
backu p).  Load t he file by clickin g on  the Browse bu t ton  and finding th e file.  Once loaded,
the va r iable n ames of the saved coefficien t s a re disp layed in  the “Ma tchin g pa ramet er s” box.

In d e pe n d e n t Va ri ab le s

Select  indepen den t  var iables from t he list  of var iables in  the da ta  file.  Up to 15
var iables can  be selected.

Match in g P ara m e te rs

The selected independent  var iables  need  to be matched  to th e saved va r iables  in  the
t r ip  genera t ion  parameter s file in  the same order .  Add the appropr ia te va r ia bles one by on e
in  the order  in  wh ich t hey a re list ed in  the m atchin g pa ramet er s box.  It  is es sen t ia l tha t  the
order  by th e sa me otherwise the coefficient s will be applied to the wrong var iables.

Hin t : With  your  cur sor  pla ced in  the lis t  of independent  var iables , typin g the
firs t  let t er  of the m atchin g var iable n ame will t ake you t o th e firs t  var iable
tha t  st a r t s wit h  tha t  let t er .  Repea t in g t he let t er  will m ove down the list  to the
second, third, and so fort h u nt il th e desired var iable is reached.

Miss in g Valu e s

Specify an y miss ing value codes for  the var iables.  Blan k r ecords will au tomat ica lly be
consider ed as m iss ing.  If any of the select ed dependent  or in dependent  var iables  have
miss ing values, those r ecords  will be excluded from t he ana lysis .

Add External  Tr ips

Exter na l t r ips  a re t r ips  tha t  st a r t  out side t he m odeled s tudy a rea .  Because they a re
cr imes  tha t  or igina te ou t s ide the s tudy a rea , they were not  included  in  the zones  used  for  the
origin  model.  Ther efore, they have to be indepen dent ly est imated and a dded to th e origin
zone tota l to make the number  of or igins  equa l to the number  of des t ina t ions .  Click  on  the
“Add externa l t r ips” bu t ton  to enable th is  fea tu re.

Num ber  o f exte rna l  t r ip s

Add the number  of externa l t r ip s t o the box.  Th is  number  will be added  as  an  ext r a
or igin  zon e (the Ext erna l zone).
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Or ig in  ID

Specify th e origin ID var iable in t he dat a file.  The extern al tr ips will be added as a n
extr a  or igin zone, ca lled th e “Exter na l” zone. Note: the ID’s u sed for  the dest ina t ion  file zones
sh ould be t he same a s in  the origin  file.  Th is will be necessary in su bsequ en t  modeling
sta ges.

Ty pe  o f R e gre s si on  Mo de l

Specify the type of regr ession  model t o be  used. The defau lt  is  a  Poisson  regr ession
and the other  a lt erna t ive is  a  Normally-d is t r ibu ted/Ordin ary Least  Squares regr ession .

Save  P redic ted  Values  

The out pu t  is saved a s a  ‘dbf’ file under  a  differ en t  file name.  The out pu t  includes a ll
the va r ia bles in  the in put  da ta  set  plu s the predict ed va lu es of the dependent  va r ia ble for
each  obser vat ion  (with  the name PRE DICTED).  In a ddit ion , if exter na l tr ips a re added , th en
ther e should  be a  new record with  the n ame E XTE RNAL list ed in  the Or igin  ID column. 
This record list s t he added  t r ips in t he PRE DICTED colum n and zeros (0) for  a ll other
nu mer ic fields.

Ou tp u t

The tabular  ou tpu t  includes summary in format ion  about  file and list s t he pr edicted
values for  each  input  zone.

B ala n ce  P re d ic te d  Orig in s  & D e st in a tio n s

Since, by defin ition, a ‘t r ip’ has a n  or igin a nd a  dest ina t ion , th e number  of pr edicted
origin s m ust  equ a l the number  of pr edicted  dest ina t ions.  Because of sligh t  differ en ces in  the
da ta  set s of the or igin m odel and t he dest ina t ion  model, it  is possible tha t  the tota l nu mber
of predict ed or igin s (in clu din g a ny ext erna l t r ips – see Make t r ip  genera t ion  predict ion
above) may not  equa l t he tot a l number  of p red ict ed  des t ina t ions.  Th is  st ep , t herefore, is
essen t ial t o gua ran tee tha t  th is condit ion  will be tr ue.  The rou t ine a djus t s either  the
number  of predict ed or igin s or  the number  of predict ed dest in a t ion s so tha t  the condit ion
holds .  The t r ip d ist r ibu t ion  rout ines will not work  un less t he number  of pr edicted  origins
equa ls  the number  of predict ed dest in a t ion s (with in  a  very small roundin g-off er ror ).

P re di ct e d Orig in  Fi le

Specify the name of the predict ed or igin  file by click in g on  the Br owse bu t ton  and
loca t ing the file.

Orig in  var iab le

Specify t he name of the va r ia ble for  the predict ed or igin s (e.g., P RE DICTED).
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P re di ct e d D e st in at ion  Fi le

Specify the name of the predict ed dest in a t ion  file by click in g on  the Br owse bu t ton
and loca t ing the file.

Dest ina t ion  var ia b le

Specify t he name of the va r ia ble for  the predict ed or igin s (e.g., P RE DICTED).

Ba la n cin g m eth od

Specify whet her  origins or  dest ina t ions a re t o be held const an t .  The defau lt  is ‘Hold
des t ina t ions const an t ’.

Sa ve  P re di ct e d Orig in /De st in at io n  Fi le

The out pu t  is saved a s a  ‘dbf’ file under  a  differ en t  file name.  The out pu t  includes a ll
the va r ia bles in  the in put  da ta  set  plu s the adjusted va lu es of the predict ed va lu es of the
depen den t  var iable for  each  obser vat ion . If dest ina t ions a re held const an t , th e adjus ted
var iable n ame for  the predicted t r ips  is ADJ ORIGIN.  If or igins a re h eld const an t , the
adju st ed var iable n ame for  the predicted t r ips  is ADJ DE ST. 

Ou tp u t

The tabula r  outpu t  in clu des file summary in format ion  plu s in format ion  about  the
number  of or igins  and des t ina t ions before and a ft er  ba lan cing.  In a ddit ion , th e pr edicted
values of th e dependent var iable are displayed.

Example  Tr ip  Generat ion  Model

To illu st ra te th is  model, let ’s run  th rough  these procedures usin g a n  exa mple from
Ba lt im ore Cou nty.  In  the case of Ba lt im ore Cou nty, t r a ffic ana lysis  zon es (TAZ) were used
for  the zon a l geogr aphy.  Two da ta  set s a re produced, on e for  the cr im e or igin s and one for
the crim e dest ina t ions.  F or Ba lt imore Coun ty, the origin  da ta  set  has 532 zones cover ing
both  Ba lt im ore Cou nty a nd the City of Ba lt im ore wit h  the tota l n umber  of cr im e or igin s for
each zon e (sub-divided in to differen t  cr im e types - robber ies, burgla r ies, veh icle theft ) and a
number  of possible pr edictor  var iables (popu lat ion , ret a il and n on-reta il employmen t ,
media n  household  in come, pover ty levels , a nd veh icle ownersh ip).   Sim ila r ly, t he dest in a t ion
da ta  set  has 325 zones with  the number  of cr ime dest ina t ions for  each  zone (again , sub-
divided in to differen t  cr im e types) and number  of possible predict or  va r ia bles (popula t ion ,
reta il and n on-reta il employmen t , median  househ old income, an d severa l land u se cat egor ies
- acreage alloca ted for  reta il, residen t ial, office spa ce, an d conser vat ion  uses).  Sa mple da ta
set s a re pr ovided on t he Crim eS tat download pa ge.
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S e tt in g  Up  th e  Ori gi n Mo de l

In  the fir st  st ep, a n  or igin  model is crea ted.  F igure 13.6 shows the select ion  of the
dependent  var iable a nd some poss ible independent  var iables .  The t ype of model is  an
ord inary Poisson  regression .  The dependen t  va r iable is  the number  of cr imes  occur r ing
between 1993 an d 1997 in ea ch  or igin zone (BCORIG).  Eight  possible independen t  var iables
have been  selected: the 1996 popula t ion  of ea ch  zon e (POP96), t he media n  household  in come
of the zone r ela t ive t o th e zone wit h  the h ighest  median  househ old income (INCE QUAL), the
number  of 1996 non-ret a il employees in  each zone (NON RET96), the number  of 1996 ret a il
employees in  each  zon e (RE TEMP96), t he tota l lin ear  miles of ar t er ia l r oads in  each  zon e
(ARTE RIAL), a  du mmy var iable for whet her  the Ba lt imore Belt wa y (I-695) pa ssed th rough
the zone or n ot (BELTWAY), the linea r  dis t ance of th e zone from Ba lt imore h arbor in  the
CBD (DISTANCE ), and t he number  of househ olds  wit hout  au tomobiles (ZEROAUTO - th is
cannot  be seen  in  the im age).

The model is set  up to run  a  Poisson  regr ession  wit hout  an  over -dispersion  correct ion .
It  is a fixed m odel in wh ich  a ll indepen den t  var iables a re included. The coefficient s a re sa ved
under  “Save es t im ated coefficien t s” dia logu e box and the outpu t  (the predict ed va lu es) are
sa ved un der  the “Sa ve ou tpu t” dia logue box.  Both  boxes ask for  a  file name.

Ta ble 13.2 sh ows t he r esu lt s.  Key st a t ist ics are h ighlighted.  The overa ll model is
h igh ly significan t .  The Likelihood Ra t io is highly significan t  and t he R-squ ares a re
reasona bly h igh  (0.50 for  the R-squ are and 0.42 for  the devian ce R-squ are).  The coefficient s
for  ea ch of th e va r iables  a re s ign ifican t . 

However, t here are two major  pr oblems .  Fir st , th e disper sion  multiplier (pa rameter )
is very lar ge (37.087), indica t ing tha t  the condit iona l var ian ce is more than  37 tim es grea ter
than  the condit ion a l m ean .  Second, while a ll of the coefficien t s a re sign ifican t , severa l show
sizeable multicolinea r ity a s eviden ced by the pseudo-tolerance valu e (POP96, DISTANCE ,
ZEROAUTO).  Th is in dica tes  tha t  these va r iables  a re es sen t ia lly mea su r ing the same t h ing.

R e st ru c tu ri ng  th e  Ori gi n Mo de l

Consequ ent ly, th e model is res t ructured in t h ree ways (figure 13.7).  Fir st , th e over-
disper sion cor rect ion  is applied.  Second, the co-linea r  var iables DISTANCE  and
ZEROAUTO a re dr opped  from the model.  Third , a st epwise ba ckward elimina t ion  pr ocedu re
is used wit h  the pr obability for  keep ing a  var iable in t he equa t ion  (p-to-remove) being 0.01;
tha t  is, u n less t he probability tha t  a  coefficien t  cou ld be obta ined by cha nce is less t han  1 in
100, the va r iable is  dr opped.  

The resu lt  is  now a  model wit h  the Lik elihood Ra t io a nd R-s quares bein g a lm ost  as
h igh  as in  the firs t  model and in  which  a ll the coefficient s a re significan t , but  there is very
litt le mu lticolinea r ity. (Table 13.3).   The disper sion  multiplier is n ow 1.0 since the
coefficien t  st andard er rors have been  corrected for  the or igin a l over -dispersion  (see equa t ion
13.8 above).
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Figure 13.6:

Origin Poisson Model Setup

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



             Figure 13.7:

Origin Poisson Model with Over-dispersion Correction
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Ta ble 13.2

Resu lts  of First  Origin Mode l  Run

Model result:
 Data file:                         BaltOrigins.dbf
 Type of model:                     Origin
 DepVar:                            BCORIG
 N:                                   532
 Df:                                  523
 Type of regression model:          Poisson with over-dispersion correction
 Log Likelihood:                    -10678.051687
 Likelihood ratio(LR):              25609.182621
 P-value of LR:                     0.0001
 AIC:                               21374.103373
 SC:                                21412.593165
 Dispersion multiplier:             37.086973
 R-square:                          0.499539
 Deviance r-square:                 0.420031

-----------------------------------------------------------------------------
                                             Pseudo-
 Predictor    DF  Coefficient  Stand Error   Tolerance   z-value      p-value
 CONSTANT     1     0.887266     0.037707            .    23.530608    0.001
 POP96        1     0.000337     0.000016     0.463218    21.665568    0.001
 INCEQUAL     1    -0.033017     0.001226     0.608346   -26.926013    0.001
 NONRET96     1    -0.000173     0.000028     0.842042    -6.082943    0.001
 RETEMP96     1    -0.000364     0.000117     0.960564    -3.107357    0.010
 ARTERIAL     1    -0.108257     0.025888     0.771634    -4.181834    0.001
 BELTWAY      1     0.150967     0.036047     0.958973     4.188082    0.001
 DISTANCE     1     0.034289     0.007842     0.491906     4.372170    0.001
 ZEROAUTO     1    -0.000462     0.000141     0.355510    -3.283930    0.010
-----------------------------------------------------------------------------

Lookin g a t  the model, we see six va r ia bles tha t  sign ifican t ly predict  the number  of
cr im e or igin s.  P opula t ion  is  the st rongest , a s in dica ted by it s Z-test .  Rela t ive in come
equ a lity is t he n ext  st rongest , bu t  th is is  a  nega t ive coefficien t ; th a t  is, zones  wit h  h igh
rela t ive in come equa lity produce fewer  cr im e or igin s whereas zon es wit h  low rela t ive in come
equ a lity pr oduce more cr ime origin s.  Th e t h ird a nd four th  st ronges t  var iables  a re non-ret a il
and r eta il employmen t  respectively, but , aga in, the coefficient s a re negat ives; zones with  less
employment  have more cr im es or igin a te from them. F in a lly, the two roadway var ia bles show
sign ifican t  effect s .  Zones  in  which  the Ba lt imore Beltway passes  th rough  them have a
h igher  number  of cr imes  or igina t ing (as m ight  be expected) and a lso  zones with  fewer  miles
of a r t er ia l have more cr imes  or igina t ing; with  the la t t er  va r iable, it ’s  possible t ha t  we a re
pick in g u p the la ck of commercia l employment  oppor tun it ies sin ce reta il fir ms tend to loca te
on  a r t er ia l roads  ra ther  t han  loca l s tr eet s .

Res idual Analys is  o f Orig in  Model

The Crim eS tat ou tpu t  includes  a  graph  of the res idua l er rors  (actua l va lues  minus  the
predict ed va lu es) on  the Y-axis by t he predict ed va lu es on the X-axis.  I t  is  im por tan t  to
examine the res idua l er rors  as these can  ind ica te ou t lier s , p roblems  in  the da ta , and
viola t ion  of assumpt ions .  F igure 13.8 shows  an  image of the res idua l graph  screen .  As  seen ,

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



             Figure 13.8:

Plot of Residual Errors and Predicted Values
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the er rors in crease wit h  the va lu e of the predict ed dependent  va r ia ble.  Wit h  the Poisson
model, th is  is  expected and does not  in dica te the viola t ion  of the in dependent  er rors
assumpt ion , a s it  does wit h  the OLS.  The er rors a re reasonably sym met r ica l a nd do not
indica te differ en ces in  over- an d u nder -est imat ion a cross t he ba nd of th e predicted va lues . 

There are some out liers; th ere are two zones t ha t  pr edicted su bst an t ially more crimes
than  actu a lly or igina ted in  those zones  and t her e is one zone tha t  had m ore cr imes origina te
from it t han  was pr edicted by th e model.  But , in  gener a l, the model appea rs t o be
reasonably balanced.

Ta ble 13.3

R e su lt s o f S e c on d  Ori gi n  Mo d e l

Model result:
 Data file:                         BaltOrigins.dbf
 Type of model:                     Origin
 DepVar:                            BCORIG
 N:                                   532
 Df:                                  525
 Type of regression model:          Poisson with over-dispersion correction
 Log Likelihood:                    -11262.292156
 Likelihood ratio(LR):              24440.701682
 P-value of LR:                     0.0001
 AIC:                               22538.584312
 SC:                                22568.520816
 Dispersion multiplier:             1.000000
 R-square:                          0.455630
 Deviance r-square:                 0.446502

-----------------------------------------------------------------------------
                                             Pseudo-
 Predictor    DF  Coefficient  Stand Error   Tolerance   z-value      p-value
 CONSTANT     1     2.286699     0.039339            .    58.127787    0.001
 POP96        1     0.000284     0.000013     0.943426    22.473451    0.001
 INCEQUAL     1    -0.018525     0.001026     0.849679   -18.048743    0.001
 NONRET96     1    -0.000186     0.000030     0.866522    -6.139941    0.001
 RETEMP96     1    -0.000353     0.000125     0.960769    -2.820286    0.010
 ARTERIAL     1    -0.085070     0.027006     0.938167    -3.150019    0.010
 BELTWAY      1     0.123109     0.037868     0.970051     3.251004    0.010
-----------------------------------------------------------------------------

S e tt in g  Up  th e  D e st in a ti on  Mo de l

The same logic is a pp lied for t he dest ina t ion  model.  In  th is case, the dest ina t ion  file
has da ta  on  325 zones with in Ba ltim ore County on ly.  Similar  possible pr edictor  var iables
a re in cluded in  the file.  Aside from popu la t ion, r et a il and n on-ret a il em ploymen t , and t he
roadway var ia bles, m ore deta iled ana lysis  on la nd uses were in clu ded (acreage of
commer cial, r esiden t ia l, office spa ce, recrea t iona l, and conservat ion  lands ).  The m odel tha t
was run  was a  Poisson  wit h  an  over -dispersion  correct ion .  Aga in , a  backward elimin a t ion
pr ocedure wa s a dopt ed.  Once a fina l model wa s selected, it  wa s r e-run  as a  fixed m odel to
ensur e tha t t he coefficient s were consistent ly estimat ed.  Table 13.4 present s th e results.
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Five var iables  ended u p in  the fina l model.  Again , popu la t ion  wa s s ignifican t ly
rela ted to the number  of cr im es a t t r acted to a  zon e, bu t  was not  the st rongest  predict or  as
indica ted by t he Z-tes t .  The st rongest  rela t ionsh ip was for the n umber  of ret a il em ployees . 
This  suggest s tha t  reta il/commercia l a reas a t t r act  many cr im es.  This  is  suppor ted by on e of
the lan d u se var iables - th e acreage associat ed with  very lar ge ma lls; in oth er  words, t here
are add it iona l cr imes a t t r acted t o ver y large malls a bove-and-beyond  the number  of ret a il
em ployees in  those zones .  Two other  var iables  a re in  the equ a t ion .  Rela t ive income equ a lity
was, aga in, negat ively relat ed t o cr ime dest ina t ions/at t r act ions; zones with  low income tend
to at t r act m ore crim es.  Also, ther e wa s a  nega t ive a ssocia t ion with  dis t ance from t he CBD. 
The fa r ther  away from the CBD, th e lower  the number  of cr imes .  Overa ll, the model
suggest s tha t  zon es wit h  commercia l a ct ivit ies, pa r t icu la r ly wit h  la rge malls, bu t  which  are
closer  to the cit y cen ter  and which  have households wit h  rela t ively lower  in comes are those
th at  at tr act t he most crimes.

The overa ll model was h igh ly sign ifican t , a s in dica ted by t he Lik elihood Ra t io a nd the
R-squ are.  Ther e was a  discrepancy between  the R-squ are st a t ist ic and t he Devian ce R-
squ are, ma kin g it  unclear  about  how st rong is t he model (the R-squ are would su ggest  tha t
it ’s s t rong wh er ea s t he Deviance R-square would n ot).  Never theless, t he overa ll
pr edictability is r easona ble.  The a mount  of multicolinea r ity is tolera ble.

Ta ble 13.4

R e su lt s o f F irs t D e st in a ti on  Mo d e l

Model result:
 Data file:                         BCDestinations.dbf
 Type of model:                     Destination
 DepVar:                            BCDEST
 N:                                   325
 Df:                                  319
 Type of regression model:          Poisson with over-dispersion correction
 Log Likelihood:                    -10347.872494
 Likelihood ratio(LR):              41708.925054
 P-value of LR:                     0.0001
 AIC:                               20707.744988
 SC:                                20730.447939
 Dispersion multiplier:             1.000000
 R-square:                          0.596921
 Deviance r-square:                 0.310251

-----------------------------------------------------------------------------
                                             Pseudo-
Predictor     DF  Coefficient  Stand Error   Tolerance   z-value      p-value
CONSTANT      1     5.485851     0.218977            .    25.052182    0.001
POP96         1     0.000190     0.000027     0.928694     6.935850    0.001
INCEQUAL      1    -0.017176     0.005464     0.903130    -3.143462    0.010
RETEMP96      1     0.001018     0.000062     0.717076    16.297855    0.001
VERYLRGMLACR  1     0.006446     0.000974     0.740927     6.616423    0.001
DISTANCE      1    -0.115709     0.017069     0.876461    -6.778875    0.001
-----------------------------------------------------------------------------
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R e si du a l An a ly si s o f D e s ti na ti on  Mo de l

As with  the or igin  model, an  ana lys is  was conducted  of t he r es idua l er ror s .  Th is  time,
the out pu t  ‘dbf’ file wa s brough t  in to Excel and a  n icer gr aph  crea ted (figure 13.9).   Un like
the best  or igin m odel, th e disper sion  of the residu a ls is not symm et r ica l.  Ther e are severa l
major  out lier s, both  on t he nega t ive end of the r esidu a ls (over -est imat ion  of crim e
a t t ractions) and on the posit ive end (under -est imat ion  of crim e a t t r actions).  In  pa r t icula r ,
ther e a re t wo zones tha t  seem  to stand out .  Both  of them  have sh oppin g malls (Golden  Ring
Mall and E ast poin t  Mall).  But  the amount  of cr ime in  those zones is m uch  grea ter  than  the
model pr edict s.   This is seen  as h igh  positive residu a ls (i.e., there were more actua l cr imes
than  pr edicted). Th ey both  a re older  malls, bu t  are loca ted in  rela t ively h igh  crim e a rea s. 
Golden  Ring Mall was dem olish ed severa l years a go, bu t  a fter  the da ta  tha t  a re bein g
an alyzed in t his exam ple were collected.

Addin g in  Sp e cia l Gen e rato rs

Sin ce the number  of cr im e in ciden t s (a t t r act ion s) in  those two zon es were much
higher t ha n was expected, they were treat ed as ‘special genera tors’.  Keeping in m ind the
caut ion  tha t  one doesn ’t  wan t  to over-use th is ca tegory, we can  st ill demonst ra te how it
works.  Two new var iables  wer e crea ted for  the da ta  set .  One wa s for  the Golden  Ring Mall
and one wa s for  the East point  Ma ll.  For  the Golden  Ring Mall, the zone tha t  included it
r eceived a  ‘1' for  th is va r iable wh ile a ll other  zones received a  ‘0'.  Sim ilar ly, for t he East point
Ma ll var iable, t he zone in  wh ich it  occur red received a  ‘1' wh ile a ll oth er  zones r eceived a  ‘0'. 
These dum m y va r ia bles were then  in clu ded in  the model (Table 13.5).

Addin g th e two special genera tors increases t he pr edictability subs tan t ially.  The
Likelihood Ra t io jumps a s does the R-squ are; the Deviance R-squ are st a t ist ic, however ,
actua lly dr ops, su ggest ing tha t  it is n ot  a  reliable indica tor  with  these da ta .  The coefficient s
for  t he two zones , t r ea t ed  as  specia l genera tor s , a r e both  h igh ly s ign ifican t  and, in  fact , a r e
the st ronges t  var iables  in  the equ a t ion .   All other  var iables  have the same r ela t ionsh ips  as
in  the first  run .  Ther e does n ot a ppea r  to be su bstan t ia l mult icolinea r ity.

Th is br ings u p a n  issue over  the s t a tus of a special gener a tor.  In  th is example, the
two zones wer e t r ea ted as special gen er a tors  in  the m odel.  While the predicta bility
increased  subs tan t ia lly, one has  to wonder  whether  th is  was  a  mean ingfu l opera t ion?  Tha t
is , if th is  model were applied to da ta  for  a  la t er  t im e per iod (e.g., 2002-2004 cr im e da ta ),
would the relat ionsh ips st ill hold?  In  the case of the Golden  Ring Mall, it wouldn ’t  since tha t
ma ll ha s since been demolished.

The value of a  special genera tor  is tha t  it iden t ifies a  lan d u se t ha t  would be expected
to be rela t ively permanent  (e.g., a  st adiu m or  a  t r a in  st a t ion  or  an  a ir por t ).  In  the case of a
sh oppin g mall, it m ay or  may not.  If it ’s a  h igh visibilit y ‘regiona l’ mall, then  t rea t ing it  as a
special gen er a tor is  pr obably a  good idea .  If it ’s a  sm aller , older  mall, on t he other  hand, t he
ana lysis  is gu essin g tha t  the m all will m ain ta in  it s s t a tus a s a  h igh  crim e a t t r action  loca t ion. 
Clea r ly, judgm en t  and k nowledge of the par t icula r  mall is essen t ia l.
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Residual Errors for Crime Destinations
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Ta ble 13.5

R e su lt s o f S e c on d  D e st in a ti on  Mo d e l

Model result:
 Data file:                         BcDestinations.dbf
 Type of model:                     Destination
 DepVar:                            BCDEST
 N:                                   325
 Df:                                  317
 Type of regression model:          Poisson with over-dispersion correction
 Log Likelihood:                    -7852.238456
 Likelihood ratio(LR):              46700.193131
 P-value of LR:                     0.0001
 AIC:                               15720.476911
 SC:                                15750.747513
 Dispersion multiplier:             1.000000
 R-square:                          0.784194
 Deviance r-square:                 0.227710

-----------------------------------------------------------------------------
                                           Pseudo-
Predictor      DF  Coefficient  Stand Error   Tolerance   z-value      p-value
CONSTANT    1     5.182117     0.067867            .    76.356923    0.001
INCEQUAL       1    -0.020797     0.003942     0.902950    -5.276135    0.001
RETEMP96       1     0.000995     0.000051     0.700294    19.338957    0.001
VERYLRGMLACR   1     0.006590     0.000869     0.716299     7.582758    0.001
POP96    1     0.000238     0.000020     0.921456    12.164552    0.001
DISTANCE       1    -0.087826     0.012462     0.872535    -7.047735    0.001
GOLDENRING     1     1.933321     0.069636     0.969044    27.763123    0.001
EASTPOINT      1     1.602000     0.067934     0.943548    23.581751    0.001
-----------------------------------------------------------------------------

Comparing  Di fferent  Cr imes  Types

With  or  with out  special genera tors, a t r ip gener a t ion  model is an  ecologica l model
tha t  pr edict s crime or igins  and crime dest ina t ions.  A poin t  was m ade in cha pt er  11 th a t
these m odels a re not  beha viora l, but  a re cor relat es of cr imes .  Tha t  is, th e var iables t ha t  end
up predict in g t he number  of cr im es a re not  reasons (or  explana t ions ) for t he cr imes. 
Popu lat ion  a lmost  a lways en ter s t he equa t ion  because, all other  th ings being equa l, zones
wit h  la rger  number s of per sons will have m ore crim es, both  origin a t ing and endin g in  them . 
Sim ila r ly, low in come sta tus is  frequent ly associa ted wit h  h igh  cr im e areas.  I t  doesn’t  follow
tha t  low income per sons will be more pr one to commit crim es; it  may be tr ue but  these
models  don’t  t est  tha t  proposit ion .  These a re only correla tes wit h  cr im e in  those
en vironm en ts.  As wa s m en t ioned ea r lier , these va r iables  a re oft en  cor rela ted wit h  many
specific conditions t ha t m ay be predictor s of individua l cr ime - povert y, dr ug use,
su bst anda rd h ousing, and lack of job opport un ities.

To see th is, t h ree separa te m odels  of specific crim e t ypes wer e r un  for  robber y,
burgla ry, and veh icle theft .  F or  each  cr im e type, t he genera l m odel was tested for  both  the
or igin a nd t he dest ina t ion  models.  If a  var iable was n ot  significan t , it  was dr opped  and t he
model wa s r e-run .  The r esu lt s of the origin  model for  the t h ree cr ime t ypes  a re seen  in  table
13.6 while th e resu lts  of the dest ina t ion  model are seen  in t able 13.7.
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Ta ble 13.6

Models for Spec i fi c  Cr ime Types:
Ori gi n  Mo d e l

 Vehicle
        All Crimes  Robbery Burglary  Theft

  CONSTANT  2.286699 -0.652291 1.621546 -0.800759

  INCOME
  EQUALITY -0.018525 -0.023964    - -0.019620

  NON-RETAIL
  EMPLOYMENT -0.000186 -0.000237 -0.000239 -0.000188

  RETAIL
  EMPLOYMENT -0.000353     -     -

  POPULATION  0.000284  0.000297  0.000242  0.000342

  BELTWAY  0.123109     -     -     -

  MILES OF
  ARTERIAL -0.085070     -     - -0.180966

Ta ble 13.7

Models for Spec i fi c  Cr ime Types:
D e st in a ti on  Mo d e l

 Vehicle
All Crimes  Robbery  Burglary  Theft

  CONSTANT     5.485851  3.284488   3.246183  2.610299

  INCOME
  EQUALITY   -0.017176 -0.027946 -0.034598 -0.012910

  RETAIL
  EMPLOYMENT   0.001018  0.000844         -  0.000507

  VERY 
  LARGE 
  MALL
  ACREAGE  0.006446  0.004332      -     -
  
  POPULATION   0.000190  0.000223   0.000309  0.000247

  DISTANCE
  FROM CBD   -0.115709 -0.096330 -0.038715 -0.096088

The popula t ion  var iable appea rs in  every single model.  As m ent ioned, all other
th ings being equ a l, the la rger  the number  of persons in  a  zone, the m ore cr ime even t s will
occur  whether  those even t s  a re cr ime product ions  (or igins ) or  cr ime a t t ract ions
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(dest ina t ions).   Sim ilar ly, re la t ive income equ a lity appea rs in  five of the six models with  the
coefficien t  a lwa ys bein g nega t ive. In  gen er a l, zones with  rela t ively lower  incomes will h ave
more r obber ies, burglar ies, and veh icle t hefts. Th e only m odel for  wh ich in come equ a lity did
not  appea r  was a s a n  or igin va r iable for  bur gla r ies; appa ren t ly, bur gla r s come from zones
wit h  var ious  income levels, a t  lea st  in  Ba lt imore.  

The other  gener a l va r iables h ave more limit ed a pplicability.  Reta il employmen t
pr edicts  both  tota l cr ime origin s a nd t ota l cr ime dest ina t ions, bu t  only pr edicts  specifically
robbery des t ina t ions a nd veh icle t heft  dest ina t ions; the la t t er  t en d t o occur  more in
commercia l a r eas than  not .  On  the other  hand, non-ret a il employmen t  appea r s t o be
impor tan t  on ly as a  cr ime origin var iable; zones with  less non-reta il employmen t  tend t o
pr odu ce more offender  t r ips.  Dista nce from the CBD only appea rs a s a  dest ina t ion  var iable;
the closer  a  zone is t o th e m et ropolitan  cent er , the h igher  the number  of crim es bein g
a t t racted t o th a t  zone; th is va r iable wa s n ot im por tan t  in  the origin  model.

In  other  words, t hese m odels a re measu r ing gener a l condit ions a ssociat ed with  cr ime,
not cau ses per se.  They captu re the genera l con textua l r ela t ionsh ips a ssocia t ed  with  cr ime
pr oductions a nd a t t r actions.  But , they don’t  necessa r ily pr edict in dividua l beh avior. 
Never theless, t he m odels can  be u sed for  pr ediction sin ce th e condit ions a ppea r  to be quite
gener a l.

Adding  External  Tr ips

After  an  or igin  and des t ina t ion  model has  been  developed , the next  s t ep  is  to add any
crime tr ips th at  cam e from out side the modeling area  (extern al tr ips).  In th is case, these
would  be t r ips tha t  came from areas tha t  were not  in  eit her  Ba lt im ore Cou nty or  the City of
Ba lt imore (th e m odelin g area ).  

A simple est ima te of exter na l tr ips is obta ined  by ta kin g th e difference between  the
tota l n umber  of crim es occur r in g in  the study a rea  (Ba lt im ore Cou nty dest in a t ion s) and the
tota l n umber  of crim es or igin a t in g in  the modeling a rea  (table 13.8).

The difference between  the number  of cr im e enumera ted wit h in  Ba lt im ore Cou nty
and t ha t  origina t ing from both  Ba lt imore Coun ty and t he Cit y of Balt imore is  1,627.  Th is is
3.9% of th e tota l Baltimore Coun ty crimes. In genera l, it  is import an t t ha t t he extern al tr ips
be as  sm all as possible.  Or tuzar  and Willum sen  (2001) su ggest  tha t  th is per centage be no
grea ter  than  5% in  order  to min imize poten t ia l bias  from not  includ ing those cases  in  the
origin  model.  It ’s n ot a n  absolut e per centage, bu t  more like a  ru le of thumb; in theory, any
exter na l tr ips could bias t he or igin m odel.  But , in  pr act ice, th e er ror  will be sm all if exter na l
cr ime t r ip s a re a  sma ll percen tage of t he tot a l number  enumera ted  in  the des t ina t ion  coun ty. 

In  th is case , the condit ion h olds.  For t he t h ree t ypes of cr ime m odeled, t he per centage
of externa l t r ips was a lso less than  5%: r obbery (4.0%), burgla ry (4.5%), and veh icle theft
(1.4%). On  the other  hand, if t he percen tage of externa l t r ip s is  grea t er  t han  approxima tely
5%, a u ser  would  be a dvised to widen  the origin  st udy a rea  to include m ore zones in  the
model. 
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Ta ble 13.8

Estimatin g Extern al  Crime Trips in  Balt imore Coun ty

Number  of
crim es endin g
in  325 Ba lt im ore
Coun ty zones: 41,969

Number  of
crim es origina t ing
in  532 Ba lt im ore
County/City zones: 40,342

Cr im es from
outs ide the
modeling a rea :   1,627

Note: externa l t r ips  a re only a dded to th e origin  model sin ce th ey a re crim e
t r ips tha t  or igin a te out side the modeling a rea .  They a re not  releva nt  for  the
dest ina t ion  model.

Predic t ing  External Tr ips

If a  model is  bein g app lied to an oth er  da ta  set  from wh ich it  wa s in it ia lly est imated, a
pr oblem em er ges a bout  how to est imate t he number  of exter na l t r ips .  It  is one t h ing to apply
simple ar ith met ic in order  to det ermine h ow many tr ips origina ted out side t he modeling a rea
(as  in  table 13.8).  It  is a noth er  to know how t o ca lcula te ext er na l t r ips  wh en  the m odel is
bein g a pplied to other  da ta .  F or  the modeled zon es, t he coefficien t s a re applied to the
var iables of the model (see “Make P redict ion” below).  But , th e exter na l tr ips h ave to be
est imated independent ly.

There is not a  simple way to estimat e extern al crime tr ips.  Unlike regular  tr ips th at
can  be es t ima ted  th rough  cordon  coun t s, cr ime t r ip s a re not  det ect able wh ile t hey a re
occur r ing (i.e., one cannot  s t and by a  road  and count  offenders  t r aveling by).  Thus , they
ha ve to be estimat ed.

A s imple method  is  to ca lcu la te the number  of externa l t r ips for  two t ime per iods.  For
exa mple, ext erna l t r ips could  be ca lcu la ted from a  2000 da ta  set  by subt ract in g t he tota l
number  of crim es occur r ing in the m odeling region from t he t ota l number  of crim es occur r ing
in  the s tudy a rea  (e.g., as  in  table 13.8 a bove).  If a  sim ila r  calcu la t ion was m ade for , sa y,
2002, th en  the difference (the ‘t r end’) could be extr apola ted.  To take our  exam ple, between
1993 and 1996, t here were 1,627 ext erna l t r ips.  If the number  of externa l t r ips tu rned out  to
be 1,850 for  1997-2000, t hen  the difference (1,850 - 1,627 = 223) could  be applied for  future
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years.  E ssen t ia lly, a  slope is  bein g ca lcu la ted and applied as a  linear  equa t ion :

Yi = 1850 + 223*Xi

where Yi is t he n umber  of crim e origins dur ing a  four  yea r  per iod, I, a nd Xi is  an  in teger  for  a
four  year  per iod st a r t ing with  the next per iod (i.e., th e bas e year , 1997-2000, ha s in teger
value of 0).  In oth er  words, a  linear  t r end is being extr apola ted.

How rea list ic is th is?  For  shor t  t im e per iods, lin ear  ext rapola t ion  is  probably as good
a  met hod as a ny.  But  for  longer  t ime per iods , it  can  lead t o spu r ious conclus ions (e.g., cr ime
t r ips from out side t he region  will a lways increase).  Shor t  of developing a soph ist ica ted
model tha t  relat es crime t r ips t o the growth  of the met ropolita n  a rea  and t o other
met ropolit an  a reas wit h in , say, 500 miles, a  linear  ext rapola t ion  is  one of the few methods
tha t  one can  app ly.7

Make P redic tion

In Crim eS tat, ext erna l t r ips a re added on the second page of the t r ip  genera t ion  -
Ma ke prediction.  This is  a  pa ge wh er e t he m odeled coefficien t s a nd a ny exter na l t r ips  a re
applied t o a  da ta  set .   There are two reasons wh y th is is a s epa ra te pa ge from the “Calibra te
model” pa ge wher e the model was calibra ted.  Fir st , th e coefficient s m ight  be applied to
another  da ta  than  tha t  from which  it wa s calibra ted.  For example, one might  ca libra te the
model with  a  da ta  set  from 1998-2000 an d t hen  apply to a da ta  set  covering 2001-2003.
Sim ila r ly, on e might  t ake fu ture year  forecast s (e.g., 2025) and apply the model.  In  effect ,
the model would be predict ing the number  of fu ture cr imes  if the sa me condit ions h old over
the t ime fra me.

A second r eason for separ at ing th e calibrat ion a nd a pplicat ion pa ges is to add
ext erna l t r ips to the or igin  zon es. As ment ion ed above, ext erna l t r ips a re, by defin it ion , t hose
tha t  were not  modeled in  the calibra t ion .  They h ave to be calcu la ted in dependent ly of the
model and  then  added  in .

Thus, the “Make predict ion” pa ge allows t hese opera t ions t o occur .  Figur e 13.10
sh ows t he pa ge.  Ther e are severa l steps t ha t  have to be implemented for  th is pa ge to be
oper a t ive.

1. The da ta  file has to be  in put  as eit her  the pr im ary or  secondary file (not  shown
in  the im age).  In  th is  exa mple, t he same da ta  set  is  bein g u sed as was used for
the calibr a t ion .  But , if it ’s a  differ en t  da ta  set , tha t  will need  to be input  in  the
Dat a Setu p section.  Wheth er th e inpu t da ta  set is a pr imar y file (th e usua l
occur rence) or  a  secondary file needs to be  specified.  Also, indica te whether
the app lied m odel is t o be an  origin  or dest ina t ion  model.  In  figure 13.10, it  is
specified as a n  or igin file.
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Figure 13.10:

"Make Prediction" Setup Page
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2. A t r ip gener a t ion  coefficient s file needs  to be inpu t .  These wer e the est ima ted
coefficien t s from t he calibr a t ion  st age.  In pu t t ing th is file br ings in  the
coefficien t s in  the order  in  wh ich t hey wer e saved.  Th ey a re list ed in  the
“Matching para met ers” dialogue box on t he right  side of th e page.

3. On  the left  side of the pa ge ar e list ed a ll the var iables in  the inpu t  da ta  set
(p r imary or  secondary file).  In  the middle box, the va r iables  a re added  in  the
s am e  o rd e r as in  the match ing pa rameters box.  Tha t  is, each indepen den t
va r ia ble needs to be  matched to the va r ia ble from the coefficien t s file, on e for
one.  Th is  is  ve ry  im p ort an t .  The names do not h ave to be the same (e.g., if
the m odel wa s ca libra ted wit h  da ta  set  and a pp lied t o an oth er , the va r iable
names m ay not be iden t ica l).  But  the conten t  and order  of the var iables n eeds
to be the same.  In  the exa mple, the firs t  var iable in  the coefficien t s file is
INCEQUAL.  Th e selected va r ia ble in  the middle box h as to be  the in come
equ ality var iable (whatever  it s n ame).  In  the exa mple, the same da ta  set  is
bein g u sed so the names are ident ica l.  Th is  is  repea ted for  ea ch of the
indepen den t  var iables in  the coefficient s file.

4. Next , a ny m is sin g va lu e codes a re specified in  the mis sin g va lu es box.  Any
records wit h  a  missin g va lu e for  any of the selected independent  var iables  will
be dropped  from the calcula t ion .  In  the exa mple, ther e a re no missin g value
codes applied oth er th an  th e defau lt blan k field.

5. If exter na l tr ips a re to be added, t he exter na l tr ips box must  be checked .
Ext erna l t r ips could  be applied in  an  or igin  model, bu t  not  in  a  dest in a t ion
model.  If th ey a re t o be added, the number  of t r ips  sh ould be specified in  the
“Nu mber of extern al tr ips” box an d th e zone ID field for t he file indicat ed; in
the exam ple, 1627 is added  as externa l tr ips a nd t he TAZ field is specified as
the ID va r ia ble (TZ98).

6. The t ype of model t o be app lied is  indicated in  the “Type of regression model”
box.  Ther e a re only two choices: Poiss on (the defau lt ) an d N orm al (OLS). 
Sin ce the coefficien t s a re bein g a pplied to the da ta , n o over -dispersion
correct ion  is  neces sa ry (s in ce it  was proba bly used in  calibra t in g t he model).

7. F ina lly, the outpu t  file name is  defined in  the “Sa ve predicted va lues” box. 

For each zone, the rout ine will th en ta ke th e appropriat e var iable from t he input  dat a
set  and a pply th e match ing coefficient  from t r ip gener a t ion  coefficient s file to produce a
pr edicted est imate of the n umber  of t r ips . To ca lcula te t h is va lue, for  the OLS m odel, t he
rout ine will u se equ a t ion  13.2 a bove while for  the Poisson m odel, the r out ine will u se
equa t ion  13.6 above; for  the lat t er , it  will then  ra ise the pr edicted log va lue t o the power, e,
to produce a prediction for t he expected nu mber of crime tr ips:

8i = e ]L n  (8i) ] (13.26)
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If exter na l t r ips  a re added, a  new zone is crea ted called  EXTERNAL in t he ID field
tha t  was indica ted on the pa ge.  Then , th e specified nu mber  of exter na l tr ips is sim ply placed
in  tha t  field with  zer os bein g pla ced for t he va lues  of a ll the r em ain ing var iables  in  the file. 
By defau lt , t he outpu t  name for  the predict ed number  of cr im es will be ca lled PREDORIG for
an  origin  model and P REDDE ST for  a  dest ina t ion  model.  An example da ta  set  is a vailable
on  the Crim eS tat download pa ge.

Note: for a  dest ina t ion  model, th is “Ma ke prediction” opera t ion  is n ot n ecessa r ily
needed if the same da ta  set  is u sed for  calibr a t ion  and prediction.  This s t ep is
pr imar ily for t he origin  file

B a la n ci ng  P re d ic te d  Ori gi ns  an d  De s ti na ti on s

After  t he or igin  model and des t ina t ion  model a r e ca libra t ed  and app lied  to a  da t a  set ,
the fina l st ep in  t r ip gen er a t ion  is t o ensure t ha t  the number  of pr edicted  origins equ a ls t he
number  of pr edicted des t ina t ions.   This is n ecessa ry for  the next s t age of cr ime t ravel
demand m odelin g - tr ip d ist r ibu t ion.  S ince a t r ip h as both  an  origin  and a  dest ina t ion, t he
tota l number  of origins h as t o equa l the t ota l number  of dest ina t ions.  Th is is  an  absolu te
condit ion  for  the t r ip  dis t r ibu t ion  model to work ; the rou t ine will r etu rn  an  er ror  message if
th e num ber of origins does not equal th e num ber of destinat ions.

If the Poisson  model is used for  ca libra t ion , t he rout in e ensures tha t  the number  of
pr edicted  t r ips  equ a ls t he number  of inpu t  t r ips .  Fur ther , if the calcula t ion  of exter na l t r ips
has been  obta ined  by subt ract ing the tota l nu mber  of pr edicted origins from t he tota l nu mber
of pr edicted  dest ina t ions, a nd if the ext er na l t r ips  a re t hen  added to th e predicted  origins,
then  most  likely t he t ota l number  of origin s will equ a l the t ota l number  of dest ina t ions . 
However , becau se of roun din g-off err ors  and in consis t en t  exter na l t r ip es t imates, it  is
poss ible t ha t  the sums a re not equa l.

Consequen t ly, it  is  impor t an t  t o ba lance the p red ict ed  or igins and des t ina t ions to
ensure tha t  no problems will occu r  in  the t r ip  dis t r ibu t ion  model.  Th ere a re two ways  to do
th is  in  Crim eS tat.  F ir s t , the number  of p red icted  des t ina t ions  is  held  cons tan t  and  the
number  of pr edicted or igins is  adju st ed to ma tch t h is n umber .  Th is is  the defau lt  choice. 
Second, th e number  of pr edicted origins is held const an t  and t he number  of pr edicted
dest ina t ions  is a dju st ed to ma tch t h is n umber . 

The ca lcu la t ion  is  essen t ia lly a  mult ip lier  tha t  is  applied to each  zon e.  If dest in a t ion s
ar e to be held const an t, the m ultiplier is defined as:

M j =  G (Cr im es by dest in a t ion s, j) / G (Crimes by origins, I) (13.27)

and t he predicted n umber  of origin s is  mult iplied by M j.  If, on  the oth er  hand, t he origin s
ar e to be held const an t, the m ultiplier is defined as:

M i =  G (Cr im es by or igin s, I) / G (Cr im es  by des t in a t ions, j) (13.28)
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and t he predicted n umber  of dest ina t ions  is m ult iplied by M i.  The m ult iplicat ion  sim ply
en su res tha t  the sums of the predicted  origins a nd predicted  dest ina t ions a re equ a l.

The t h ird page in  the t r ip gen er a t ion  model is t he “Ba lance predicted  origins &
dest ina t ions” page.  Figur e 13.11 shows th e setup for  th is page.  The st eps a re as  follows:

1. The box is checked in dica t in g t ha t  it  is  a  ba la ncin g opera t ion .

2. Th e predicted or igin  file is in pu t  and t he predicted or igin  var iable is  iden t ified. 
In  the example, t he predict ed or igin  file is  called “Predict edOr igin s.dbf” and
the field wit h  the predicted n umber s was ca lled PRE DORIG. 

3. The predicted  dest ina t ion  file is in pu t  and t he predicted  dest ina t ion  var iable is
ident ified.  In t he exam ple, th e pr edicted des t ina t ion  file is ca lled
“Pr edictedDest ina t ions.dbf” an d t he field with  the predicted numbers  was
ca lled PRE DDEST.

Note tha t  these files a re inpu t  on t h is page and n ot on the pr imary or  seconda ry file
pages.

4. Next , t he type of ba la ncin g is specified - Holdin g dest in a t ion s constan t  (the
defau lt) or  holding or igins  const an t . In t he exam ple, th e dest ina t ions a re to be
held  const an t .

5. F ina lly, th e out pu t  file is specified.  If th e origin s a re t o be adjust ed, then  only
the origin  file is saved.  If the dest ina t ions  a re t o be adju st ed, then  only t he
dest in a t ion  file is  saved.  In  other  words, t he adju stment  is  applied to only one
of the two pr edicted crime files.  In  the exam ple, th e file was n amed
“Adjust edPredictedOrigins.dbf” (not sh own) since the origin file was adjust ed.

The out put  produces a new column  with  th e adjust ed values.  Table 13.9 shows the
origin out put  for t he Baltimore data  of th e first 11 records.  Once the balancing has been
completed, the t r ip gen er a t ion  model is finish ed and t he u ser  can  go on t o th e t r ip
dis t r ibu t ion  model.  In  oth er  words , the out pu t  file en su res tha t  both  the predicted  origin  file
(cr ime produ ct ions) and pr edicted des t ina t ion  file (cr ime a t t r act ions) ar e bala nced.

Strengths  and Weaknesses  o f  Regress ion  Model ing  o f Tr ips

As m ent ioned ea r lier, th e use of regression  for  pr odu cing the t r ip gener a t ion  model
has it s s t r en gths a nd wea knesses.  Th e adva ntages a re t ha t , fir st , the approach is a pp licable
to cr im e in ciden t s.  Unlike regu la r  t r avel behavior , cr im e t r ips have to be  in fer red from
police r eport s; one cannot condu ct a  househ old survey of offen ders a sk ing them  about  their
cr ime t ravel.  Thu s, st a r t ing with  counts of the number  of cr imes  occur r ing in ea ch  zone and
the number  of cr imes  tha t  or igina te from each  zone, a m odel can  be const ructed.
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         Figure 13.11:

Balance Predicted Origins and Destinations Setup
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Ta ble 13.9

Adjusted  Data  Should  Have  These  F ie lds

Second, th e use of a  non-linea r  model, such a s t he Poisson , allows m ore complex
fit t ing of cr ime coun t s.  In  the ea r ly 1970s  when  t r ip  genera t ion  models  were s ta r t ing to be
im plemented in  Metropolit an  Pla nnin g Orga niza t ion s around the U.S., the major  type of
regr ession  modeling a va ilable was OLS.  At  tha t  t im e, r esearchers could  not  demonst ra te
tha t  th is  method was reliable in  terms of predict in g t ravel; we’ve discussed those reasons
ear lier  in  th is  chapter .  H owever , wit h  the ava ilabilit y of software for  conduct in g P oisson  and
other  non-linea r  models, th a t  cr iticism  is no longer a pplicable.  The P oisson m odel is very
‘well beh aved’ wit h  respect t o coun t  da ta .  It  does  not p roduce nega t ive es t imates .  It
r equires  h igh  levels of an  indepen den t  var iable to pr odu ce a  sligh t  effect  in t he depen den t
var iable, bu t  tha t  the level increases a s t he va lues  of the in dependent  var iable in crease .  It
maint a ins  const ancy between  the su m of the inpu t  counts a nd t he su m of the pr edicted
coun ts.  Non-linear  models ar e much more rea listic for m odeling tr ips th an  OLS.

Third , th e use of a  multiple r egression  model a llows m ultiple indepen den t  var iables
to be included.  In  our  exam ple, th ere were six an d five var iables r espectively in t he gener a l
or igin  and dest in a t ion  models .  Tr ip  tables, on  the other  hand, t yp ica lly on ly have th ree or
four  in dependent  predict ors; it  becomes too complica ted to keep t rack of mult ip le condit ion s
of p red ictor  va r iables .  Thus, a  more complex and sophis t ica t ed  model can  be p roduced  with
a  regr ession  fra mework .  

Four th , an d fina lly, a r egression  framework a llows for  complex in teract ions t o be
est im ated.  F or  exa mple, t he log of an  in dependent  va r ia ble can  be defin ed.  An  in teract ion
between  two of the in dependent  va r ia bles can  be exa min ed (e.g., media n  household  in come
for  those zones  having a  s izeable amount  of reta il employment ).  In  the t r ip  t able approach ,
these in teract ion s a re im plicit  in  the cell means.  Thus, overa ll, t he regr ession  framework
a llows for  a  more complex m odel t han  is  ava ilable wit h  a  t r ip  table approach .
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On the other  hand, t here a re poten t ia l problems associa ted wit h  a  regr ession
framework.  F irs t , th e regression  coefficient s can  be influenced by zone size.  Since th e model
is est ima t ing differences bet ween zones (i.e., differences in  the number  of cr imes  as a
funct ion  of differences in  the values of the independen t  var iables), zone size affect s t he level
of those differences.  With  sm all zone sizes, th ere will be subst an t ial differences bet ween
zones in  both  the independent  and depen dent  var iables .  Conver sely, lar ge zone s izes will
min im ize wit h in -zon e differences, bu t  will u sua lly increase the est im ate of the between-zon e
differences.  The r esu lt cou ld be an  exaggera t ion  of the effect  of a  var iable tha t  would not  be
seen  with  sm all zone geogra ph y.  As we a rgued in  chapt er  12, one sh ould choose t he sm allest
zone geogra ph y th a t  is pr act ica l in  order  to minim ize th is pr oblem.

Second, a  poin t  tha t  has been  repea ted aga in  and aga in , t hese models  a re not
beh aviora l explana t ions .  They r epresen t  ecologica l cor rela t ions  wit h  crim e t r ips .  It ’s
im por tan t  to not  t ry t o conver t  these models  in to expla na t ion s of offen der  behavior .  Too
often , resea rcher s h ave jum ped t o conclusions a bout  individua ls ba sed on the r ela t ionsh ips
with  environmen t s and neighborhoods.  It  is  impor t an t  t o not  do th is .  Th is  cr it icism,
inciden ta lly, applies  both  to th e t r ip t able a s well a s t he r egression approach to tr ip
gen er a t ion m odelin g. 

The new gener a t ion  of t r avel dem and m odels is specifica lly beha viora l an d involves
modeling t he behavior  of specific in dividua ls .  P robabilit ies a re ca lcu la ted based on
individua l choice and a  micro-sim ula t ion r out ine can  app ly these probabilit ies  to a la rge
met ropolitan  a rea  (RDC, 1995; Pas, 1996; Recker , 2000; Sh ifton et  a l, 2003).  While th is
appr oach  offer s some definit e theoret ica l advan tages an d is t he su bject  of much  cur ren t
resea rch , to dat e there has n ot  been a  dem onst ra t ion  tha t  th is appr oach  is more accura te a t
pr edictin g t r ips  than  the t r adit ion  t r ip-based t ravel demand m odel.

Su m m ary

In  summary, the t r ip  genera t ion  model is a  va lu able tool for  predict in g t he number  of
cr imes  tha t  or igina te in  each  zone and  the number  of cr imes  tha t  end  in  each  zone.  Even  if
the model is not beh aviora l, the model can  be st able an d u seful for  many years in  the fu ture.
I t  is  bes t  thought  of as  a  proxy m odel in  which  the va r ia bles in  the models  a re proxies for
condit ions  tha t  a re genera t ing cr imes , either  in  t erms  of environments  tha t  p roduce
offender s  or  in  t erms of loca t ions tha t  a t tr act  t hem.

In  the next  cha pt er , we will exa mine t he second s tage in  the t r avel demand m odel -
t r ip d ist r ibu t ion .  In  tha t  st age, the predicted  crim e origin s a nd t he predicted  crim e
destinat ions a re link ed to produce crime tr ips.
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1. There is  a lso subject ivit y in  subdivid in g var ia bles a t  an  in dividua l level.  For
exam ple, househ old income levels can  be subdivided in  differen t  ways.  However ,
wit h  aggrega te da ta , a ll var iables  have to be su bdivided  arbit ra r ily wher ea s with
individua l level da ta , typica lly only in come is  done t h is way.

2. Some sta t is t icians often  refer  to the number  of param eters tha t  have to be
est ima ted in a n  equa t ion , not just  the number  of indepen den t  var iables.  In  an  OLS
model, for  exa mple, t here a re K+1 parameter s tha t  a re est im ated - coefficien t s for
the K in dependent  va r ia bles and a  constan t  t erm.  In  th is  t ext , K refer s to the
number  of independent  var iables , not est imated pa ramet er s. 

3. It  is  possible to t r ansform the in dependent  va r ia ble in to a  non-linear  predict or , for
exam ple by ta kin g th e log of the independen t  var iable or  ra ising it t o some power
(e.g., X2).  However , th is won’t  solve th e other  pr oblems  associat ed with  OLS,
na mely negative and n on-sum ma tive predictions.

4. For  example, t o account  for  the skewed dependent  va r ia ble, one or  more of the
in dependent  va r ia bles have to be  t r ansformed wit h  a  non-linear  opera tor  (e.g., log or
exponen t ia l ter m).  When  more t han  one in dependent  var iable is  non-linea r  in  an
equ a t ion , the m odel is n o longer  ea sily u nderst ood.  It  may end u p m aking
reasonable predict ion s for  the dependent  va r ia ble, bu t  it  is  not  in tu it ive and not
ea sily expla ined to non-specialist s.  

5. Note, Luc Anselin  uses K for  the number  of pa ramet er s (coefficien t s + in ter cept ) in
Appen dix C wher eas we u se it  for  the number  of indepen den t  var iables.  Readers
sh ould be awa re of th is difference.

6. In  the u sua l t r avel dem and modelin g, on  the ot her  hand, m odeler s usua lly adjust
th e predicted destinat ions since the origin data  is more reliable.  These nu mbers a re
obta ined  from the census or  from the sample of households who a re in t erviewed  to
produce a sam ple from which da ta  on destina tions a re obtained.

7. An a lt erna t ive migh t  be to use cordon  counts  from major  h ighways  coming in to the
region and a ssume t ha t  crim e t r ips  represen t  a  const an t  pr oport ion of th ose t r ips . 
Thus, if the tota l n umber  of es t im ated ext erna l h ighway t r ips in creases by 5%, on e
could a ssume t ha t  the ext er na l t r ips  a lso increase by 5%.  While th is is  pla usible, it
is n ot n ecessa r ily an  accura te es t imate.  Ta lk to your  Met ropolitan  Planning
Or ganizat ion  or t he St a te Depa r tmen t  of Transport a t ion  if you  are in ter ested in
developing th is t ype of model a s you will need their  est imates of exter na l t r ips .

En dn ot e s fo r Ch ap te r 13
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Chapter 14
Trip Distribution

In  th is chapt er , th e mechanics of the second crime t ravel dem and m odeling st age -
t r ip d ist r ibu t ion - is expla ined.  T rip distribu tion  is a m odel of th e num ber of tr ips th at
occur  between  each  or igin  zone and each  des t ina t ion  zone.  It  u ses  the p red ict ed  number  of
t r ips or igin a t in g in  each  or igin  zon e (t r ip  product ion  model) a nd the predict ed number  of
t r ips  endin g in each dest ina t ion  zone (tr ip a t t r action model).  Thus, t r ip d ist r ibu t ion  is a
model of t r avel between  zones - tr ips or links.  The m odeled t r ip dist r ibut ion  can  then  be
compared  to the actua l d is t r ibu t ion  to see whether  the model p roduces  a  reasonable
approximat ion .

Theoret ica l  Backgroun d

Th e t heoret ical backgr oun d beh ind t he t r ip d ist r ibu t ion m odule is  pr esen ted firs t . 
Next , the specific pr ocedures and t est s a re discussed wit h  the m odel bein g illus t ra ted wit h
da ta  from Ba lt imore County.

Lo g ic  o f t h e  Mo d e l

Tr ip  dis t ribu t ion  usua lly occu r s t h rough  an  a lloca t ion  model t ha t  sp lit s  t r ip s from
each origin zone into distinct destina tions.  Tha t is, th ere is a m at rix which r elat es the
number  of t r ips  origin a t ing in  ea ch zone t o th e n umber  of t r ips  en din g in  ea ch zone.  F igure
14.1 illust ra tes a  typica l ar rangemen t .  In t h is mat r ix, th ere are a  number  of or igin zones,
M, an d a  number  of dest ina t ion  zones, N.  The origin zones include a l l  the dest ina t ion
zones bu t  may also include some addit iona l ones.  The r easons t ha t  there would be
d ifferen t  numbers  of zones  for  the or igin  and des t ina t ion  models  a re tha t  cr ime da ta  for
oth er  jur isd ictions a re not a vailable bu t  tha t  a  sizea ble n umber  of crim es tha t  occur red in
the study jur isd iction are commit ted by individua ls who lived t hose oth er  jur isd ictions. If it
were possible to obta in crime da ta  for  the City of Balt imore, t hen  it would be pr eferable to
have th e same number  of zones for  both  the or igin file an d t he dest ina t ion  file.

For  exam ple, with  the Balt imore Coun ty dat a  tha t  a re being us ed t o illus t ra te the
model, th ere are 325 dest ina t ions zones for  Balt imore Coun ty while th e or igin zones
in clu de both  the 325 in  Ba lt im ore Cou nty a nd 207 more from the adjacen t  City of
Ba lt imore. As chapt er  12 poin ted out , the study a rea  sh ould exten d beyond t he m odeling
area  un t il the origins of at  lea st  95% of a ll t r ips  en din g in  the s tudy a rea  a re counted.  

Each cell in  the mat r ix in dica tes the number  of trips t ha t  go from each  or igin  zone
to each  dest in a t ion  zon e.  To use the exa mple in  figure 14.1, t here were 15 t r ips from zon e
1 t o zone 2, 21 t r ips  from zone 1 t o zone 3, and so fort h .  Note t ha t  the t r ips  a re
asym met r ical; tha t  is, t r ips  in  one d irection  are differ en t  than  t r ips  in  the opposit e
dir ect ion .  To use the table, t here were 15 t r ips from zon e 1 to zon e 2, bu t  only 7 t r ips from
zone 2 to zone 1.
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The t r ips on the diagona l ar e intra-zonal  t r ips , t r ips  tha t  origina te and end in  the
sam e zone.  Again, to use th e exam ple below, th ere were 37 tr ips th at  both  originat ed and
ended in  zon e 1, 53 t r ips tha t  both  or igin a ted and ended in  zon e 2, a nd so for th .

In  su ch a  model, cons tancy is m ainta ined in  tha t  the number  of t r ips  origina t ing
from a ll or igins  zones  must  equa l the number  of t r ips end ing in  a ll des t ina t ion  zones .  Th is
is t he fun da men ta l ba lancing equ a t ion  for  a  t r ip d ist r ibu t ion . In  equ a t ion  form, it  is
expressed as:

M N

G O i = G D j (14.1)
I=1 j=1

wh er e t he origins, O i, a re summed over M origin  zones while t he dest ina t ions , D j, a r e
su mmed over  N dest ina t ion  zones.  To use the exa mple below, the t ota l number  of origins
is equa l to th e tota l nu mber  of dest ina t ions, an d is equa l to 43,240

Figure 14.1

Exam ple Crime Origin-De stin ation  Matrix

The ba lancing equ a t ion  is im plemen ted in  a  ser ies of st eps t ha t  include m odeling
the number  of cr imes  or igina t ing in ea ch  zone, add ing in t r ips origina t ing from out side t he
study a rea  (ext erna l t r ips), a nd sta t is t ica lly ba la ncin g t he or igin s and dest in a t ion s so tha t
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equ a t ion  14.1 h olds .  This was done in  the t r ip gen er a t ion  st age.  But , it  is es sen t ia l tha t
the st ep sh ould have been completed for  the t r ip dist r ibut ion  to be implem ented.

Ob se rv e d a n d P r e di ct e d D is tri bu ti on s

Ther e a re t wo tr ip d ist r ibu t ion  mat r ices tha t  need  to be dist inguish ed.  The firs t  is
the observed  (or  empir ica l) d is t ribu t ion .  Th is  is  the actua l number  of t r ip s t ha t  a r e
obser ved t raveling bet ween  each origin zone and each dest ina t ion  zone.  In  gener a l, with
cr ime data , such  an  empir ica l d is t ribu t ion  wou ld  be obta ined  from an  a r r es t  r ecord where
the residen ce (or  a r rest ) loca t ion  of each  offender  is list ed for  each  cr ime t ha t  the offender
was cha rged with .  In t h is case, th e residen ce/a r rest  loca t ion  would be consider ed t he
origin  wh ile t he cr ime loca t ion would  be cons idered the dest ina t ion.  

In  chapt er  12, it  was m ent ioned t ha t  there is alwa ys un cer ta int y as t o the t rue
or igin  loca t ion  of a  cr im e in ciden t , whether  the offender  actua lly t r aveled from the
residence locat ion t o th e cr ime loca t ion or  even  wh et her  the offender  wa s a ctu a lly living a t
the residence loca t ion .  But  absen t  any a lt erna t ive evidence, a  meanin gfu l d is t r ibu t ion  can
st ill be obta ined by sim ply t rea t ing the r esidence locat ion  as a n  approximate origin .

The obser ved d ist r ibu t ion  is calcula ted by sim ply en umer a t ing the number  of t r ips
by each origin-dest ina t ion  combina t ion .  This is somet imes  ca lled a t rip  link  (or  t r ip  pa ir ). 
There are not  any special st a t ist ics oth er  than  a  simple two-way cross-classifica t ion  table.

The second d ist r ibu t ion , however , is a  model of the t r ip d ist r ibu t ion  mat r ix.  This is
usu a lly ca lled th e predicted  distr ibut ion. In th is case, a simple model is used to
appr oximate the actua l empirical dist r ibut ion . The t r ips origina t ing in ea ch  or igin zone are
a llocat ed to dest ina t ion  zones usu a lly on  the ba sis  of bein g dir ectly pr opor t iona l to
a t t ract ion s and in versely propor t ion a l t o cost s (or  im pedance).

Thus, a  model of the t r ip d ist r ibu t ion  is produced tha t  approximates the actu a l,
em pir ical dist r ibu t ion .  Ther e a re a  number  of rea sons why th is would be u seful - to be able
to apply the model t o a  differen t  da ta  set  from which  it  was ca libra ted, t o use the model for
eva lua t ing a  policy inter ven t ion , or  to use t he m odel for  forecas t ing fu ture crim e t r ip
dis t r ibu t ion .  But , wha tever  the reason , it  has to be  rea lized tha t  the model is not  the
observed dis t r ibu t ion .  There will a lways  be a  difference between  the obs erved dis t r ibu t ion
from which a  model is const ru cted a nd t he r esulting predicted distr ibut ion of th e model.  It
is  useful t o compare the observed and predict ed model because th is  a llows a  test  of the
validity of the impeda nce funct ion .  But , ra rely, if ever, will the pr edicted dist r ibut ion  be
iden t ical t o th e em pir ical d ist r ibu t ion.  

Anoth er way to th ink of th is is th at  th e actu al distr ibut ion of crime tr ips is complex,
represen t in g a  la rge number  of differen t  decis ion s on the par t  of offen ders who do not
necessar ily use the same decision logic.  The m odel, on  the oth er  hand, is  a  sim ple
a llocat ion  on t he ba sis  of th ree or , somet imes, four  var iables .  Almost  by definit ion , it  will
be much  simpler  than  the rea l dist r ibut ion . Still, the simple model can  often  capt ure the
most  impor tan t  character ist ics of the actua l dist r ibut ion .  Hen ce, modeling can  be an
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extr emely useful an a lyt ica l exercise tha t  a llows oth er  types of ques t ions t o be asked  tha t
a re not  possible wit h  ju st  the obs erved dis t r ibu t ion .

The Gravi ty  Model

A model tha t  is  usua lly used  for  t r ip  dis t r ibu t ion  is  tha t  of the gravity fun ction , an
app lica t ion  of Newt on’s funda men ta l law of a t t r action (Oppen heim , 1980; F ield a nd
Ma cGregor, 1987; Or tuzar  and Willu msen , 2001).  Much of the discuss ion  below is a lso
repea ted in  cha pt er  9 on journey t o cr ime since ther e is  a  common t heoret ical basis .  In  the
original Newtonian  form ulat ion, the a tt ra ction, F, between t wo bodies of respective masses
M 1 an d M 2, sepa ra ted by a d ist ance D, will be equa l t o 

   M1 M2

F = g ----------------- (14.2)
     D2

where g is a  const an t  or scalin g factor  wh ich en su res tha t  the equ a t ion  is ba lanced in
ter ms of th e m ea su rem en t  un it s (Oppenheim , 1980).  As we a ll know, of cour se , g is  the
gravita t iona l cons tan t  in  the Newton ian  formula t ion .  The numera tor  of the funct ion  is  the
attraction  t erm (or , a lt erna t ively, the a t t r act ion  of M2 for  M1) wh ile the denomin a tor  of the
equ a t ion, d 2, indica tes tha t  the a t t r act ion  between  the two bod ies fa lls off as a  funct ion  of
their  squared d is t ance. It  is  an  im pedance (or  resist ance) term.

Soc ia l Applications  o f the  Gravi ty  Concept

The gra vity model ha s been  the bas is of many app lica t ions t o human societies a nd
has been  applied t o social int eract ions sin ce the 19 t h  cen tury.  Ra venstein  (1895) and
Andersson  (1897) applied  the concep t  to the ana lys is  of migra t ion  by a rgu ing tha t  the
tendency t o migra te between  regions is  in versely propor t ion a l t o the squared dis t ance
bet ween  the r egions . Reilly’s ‘law of ret a il gravita t ion’ (1929) applied  the Newt onia n
gra vity model directly an d su ggest ed t ha t  reta il t r avel between  two centers would be
propor t ion a l t o the product  of their  popula t ion s and in versely propor t ion a l t o the square of
the dist ance sepa ra t ing them:

      P i P j

I ij = "----------------- (14.3)
       Dij

2

where I ij is th e int eraction between center s I an d j, P i an d P j ar e the respective populat ions,
D ij is th e dista nce between t hem r aised to th e second power an d " is a  ba lancing cons tan t . 
In  the m odel, t he in it ia l popu la t ion, P i, is called a production  while the second popula t ion ,
P j, is called an attraction .  

St ewar t  (1950) and Zipf (1949) applied t he concept  to a  var iety of ph enomena
(migra t ion , fr eigh t  t r a ffic, in format ion ) usin g a  sim plified form of the gr avity equa t ion
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      P i P j

I ij = K ----------------- (14.4)
        Dij

where the terms a re as in  equa t ion  14.3 but  the exponent  of dist ance is on ly 1.  Given a
pa r t icula r  pa t t er n  of in ter action  for  any type of goods , service or  human activit y, an
opt imal loca t ion of facilities  sh ould  be solvable. 

In  the St ewa r t /Zipf framework, the t wo P’s wer e both  popu la t ion  sizes . However , in
modern  use, it  is n ot n ecessa ry for t he productions a nd a t t r actions t o be iden t ical u n it s
(e.g., P i cou ld be popu lat ion  while P j cou ld be em ploymen t ).  

Tri ps  as  In te ra ct io n s

It  should  be obviou s tha t  th is  in teract ion  equa t ion  can  be applied to t r ips from one
area  (zon e) to another .  Changing t he sym bols  sligh t ly, t he tota l volu me of t r ips from a
par t icu la r  or igin  zon e, i, t o a  sin gle loca t ion , j, is  dir ect ly propor t ion a l t o the product  of the
p roduct ions a t  i and the a t t r act ions a t  j, a nd in versely propor t ion  to the im pedance (or
cost ) of t r avel between  the two zones

  " P i $ Aj

T ij = --------------- (14.5)
       Dij

where P i a re t he productions for zone I, Aj a re t he a t t r actions zone j,  " is a  pr oduction
constan t , $ is an  at tr action const an t, and D ij is  the im pedance (cost ) of t r avel between  zon e
ii a nd zone j.

Over time, the concept ha s been genera lized an d applied to ma ny different  types of
t ravel beha vior .  For exam ple, Hu ff (1963) applied t he concept  to reta il t r ade between
zones  in  an  u rban  a rea  using the genera l form of

      S j
8

Aij = " ----------------- (14.6)
     Dij

D

where Aij is  the number  of purchases in  loca t ion  j by r esiden t s of loca t ion  I, S j is  the
a t t ractiveness of zone j (e.g., squ are foota ge of ret a il space), D ij is the dist ance between
zones I  and  j, " is a  const an t , 8 is  the exponent  of S j, and  D is  the exponent  of dis t ance
(Bossard, 1993).  Dij

-D is  somet imes  ca lled  an  inverse d istance funct ion .  This  differ s from
the t radit ion a l gravity fu nct ion  by a llowin g t he exponents of the product ion  from loca t ion  I,
t he a t t r act ion  from loca t ion  j, and t he dist ance bet ween  zones t o var y.  

Equa t ion  14.6 is  a  single const ra in t model in  tha t  only the a t t r act iveness of a
commercia l zone is  const r a ined , t ha t  is  the sum of a ll a t t r act ions for  j mus t  equa l the tota l
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a t t raction  in  the r egion.  Again , it  can  be gener a lized to all zones  by, first , est imat ing the
tota l t r ips  gen er a ted from one zone, i, to an oth er  zone, j,

     P i
8 Aj

J

T ij = " ----------------- (14.7)
      Dij

D

where T ij is t he in ter action  bet ween  two locat ions  (or  zones), P i is  product ions of t r ip s from
zone I, Aj is t he a t t r activeness of zone j, D ij is t he dist ance bet ween  zones I  and j, 8 is  the
exponent  of P i, J is  the exponent  of Aj, D is th e exponent  of dista nce, an d " is a  const an t .  

Second, t he t ota l number  of t r ips  genera ted by a  locat ion , I, to all dest ina t ions is
obt a in ed  by summin g over  a ll des t in a t ion  locat ions, j:

T i = " P i
8 G (Aj

J/D ij
D) (14.8)

and gener a lizing th is to a ll zones, we get:

" P i
8 $ Aj

J

T ij = ------------ (14.9)
   D ij

D

where " is a  const an t  for  the productions, P i
8, but  $ is a  const an t  for  the a t t r actions, Aj

J.
This type of funct ion  is ca lled a double const ra in t model because t he equa t ion  has t o be
cons t ra ined  by the number  of un it s  in  both  the or igin  and des t ina t ion  loca t ions ; tha t  is , the
sum of P i over  a ll loca t ions  must  be equa l to the tota l number  of p roduct ions  while the sum
of Aj over  a ll loca t ions must  be equa l t o t he tot a l number  of a t t r act ions.  Ad justmen t s a r e
usu a lly requ ired to ha ve the sum of individua l pr oductions a nd a t t r actions equ a l the t ota ls
(usua lly est im ated in dependent ly).

Negat ive  Exponent ia l Dis tance  Fu nct ion

One of the pr oblems  with  the t r adit iona l gravity formulat ion  is in t he measu rement
of t r avel im peda nce (or cost ).  For  loca t ions  sepa ra ted by sizea ble d ist ances in  space, the
gr avity for mula t ion  can  work proper ly.  H owever , a s the dis t ance between  loca t ion s
decreases, t he denomin a tor  approaches in fin it y.  Con sequent ly, a n  a lt erna t ive expression
for  the in teract ion  uses the nega t ive exponent ia l fu nct ion  (Hägerst rand, 1957; Wilson ,
1970).

T ji = Aj
$ e (-"Dij) (14.10)

where T ji is t he a t t r action  of loca t ion j for  res iden t s of locat ion I , Aj is th e att ra ctiveness of

loca t ion j, D ij is th e dista nce between locat ions i and j, $ is  the exponent  of S j, and   e is  the

base of the na tura l loga r it hm (i.e ., 2.7183...).  Der ived from pr in ciples of entropy
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m axim ization, th e lat ter pa rt  of th e equat ion is a negative exponent ial fun ction t ha t h as a

maximum value of 1 (i.e., e -0 = 1) (Wilson , 1970).  This h as t he a dva ntage of making the

equa t ion  more st able for  in teract ion s between  loca t ion s tha t  a re close together .  F or
example, Cliff an d H agget t  (1988) used a  nega t ive exponen t ia l gravity-type m odel to
descr ibe t he diffusion  of mea sles in to th e United St a tes  from Ca nada  and Mexico.  It  has
a lso been  argued tha t  the nega t ive exponen t ia l function gener a lly gives a  bet t er  fit  to
urba n  t ravel pa t t er ns, pa r t icula r ly by au tomobile  (Foot, 1981; Bossard, 1993;). Figure 14.2
shows a  typica l n ega t ive exponent ia l fu nct ion  and one recommended for  home-based work
t r ips by the Tr anspor ta t ion  Research Boa rd as a  defau lt  va lu e (NCH RP , 1995).

Note tha t  by moving the dist ance term to th e numer a tor, s t r ictly speaking it  no
longer  is a n  impeda nce term sin ce impedance increa ses with  dis t ance. Rat her  it  is a
discount factor  (or  disincentive); th e int eraction is discoun ted with  dista nce.  Neverth eless,
the term ‘im pedance’ is  st ill u sed, pr im ar ily for  h is tor ica l r easons.

There a re other  dis t ance funct ion s, a s well.  Chapter  9 explor ed some of these.  F or
exam ple, we ar e find ing tha t , for  cr ime t r ips, th ese other  funct ions m ay produce bet t er
resu lts  than  the negat ive exponent ial (e.g., the lognorm al), prim ar ily because m any cr imes
ar e comm itted at  short -to-moderat e dista nces.

Trave l Impedance

On e of the biggest  adva nces in  th is t ype of model h as been  to increase the flexibility
of th e denomina tor.  In th e tra ditiona l gra vity model, th e denomina tor is dista nce.  This is
a  proxy for  a  discoun t factor (or  cost ); the far ther  two zones a re from each  other , th e less
likely t her e is  to be in ter action  bet ween  them , a ll oth er  th ings bein g equ a l.  Conversely, the
closer  two zones  a re, t he m ore likely t her e is  to be in ter action , a ll oth er  th ings bein g equ a l. 

Trave l  Time

It  has been  rea lized, however, th a t  dist ance is on ly an  appr oximat ion  to impeda nce.
In  rea l tr avel, tr avel t ime is a  much  bet t er  indica tor  of the cost of t r avel in  t ha t  time va r ies
by the t ime of da y, da y of week , and other  factors .  For exa mple, t r avel across  town in  any
met ropolita n  a rea  is gener a lly a  lot  easier  a t  3 in t he morn ing, say, than  a t  the pea k
afternoon  rush  per iod.  The d ifference in t r avel t ime can  var y as m uch  as t wo-to-three
t im es between  peak and off-peak hours.  Usin g on ly dis t ance, h owever , t hese va r ia t ion s a re
never  picked u p becau se the dist ance between locat ions is  invar ian t .

Th is  rea liza t ion  has led to the concep t  of t ravel im pedance which, in t ur n, has led to
the concep t of travel cost.  ‘Im peda nce’ is the resist ance (or  discount ing) in t r avel between
two zones.  Usin g tr avel t ime a s a n  impeda nce var iable, th e longer it  t akes  to t r avel
bet ween  two zones , the les s lik ely t her e will be in ter action  bet ween  them , a ll oth er  th ings
being equa l.  Conversely, a sh or ter  t r avel t ime leads t o grea ter  int eract ion  between  zones,
again , a ll other  th ings being equ a l.  Sim ilar ly, a t r avel rout e t ha t  sh ort en s t r avel t ime will 
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Default Home-Based Work Trip Impedance
(Source: National Cooperative Highway Research Program 365, 1995)
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gen er a lly be select ed over one tha t  t akes  longer  even  if th e first  one is longer  in  dis t ance. 
For  exam ple, it ’s been  documented t ha t  people will change work loca t ions t ha t  a re fa r ther
from their  home if t r aveling to th e new work  locat ion  takes less  t ime (e.g., t r aveling in the
‘opposit e’ dir ect ion t o th e bu lk of t r a ffic; Wachs , Taylor, Levin e & On g, 1993). 

If t r avel t ime is a  crit ical componen t  of t r avel, why then  don’t  offender s commit
more cr imes  a t , say, 3 in t he morn ing than  a t  the pea k a ft ernoon  t ravel t imes?  Since th e
impeda nce is less a t  3 in t he morn ing than  a t , say, 5 in t he aft ernoon , wouldn’t  the model
predict  more t r ips occur r in g in  the ea r ly morn in g h ours than  actua lly occu r  in  those hours?
Th e a nswer  has to do wit h  the n umer a tor  of the gravit y equ a t ion  and not  just  the
den omina tor .  At  3 in t he morn ing, yes, it is ea sier  to t r avel between  two loca t ions, at  leas t
by per sona l au tomobile (not  by bus  or  t r a in when  those services a re less frequen t ).  But  the
a t t ract ion  side of the equa t ion  is also less st rong at  3 in t he morn ing.  For a  st reet  robber ,
ther e a re fewer  poten t ia l ‘vict ims’ on t he st reet  a t  3 in  the m orn ing than  in  the la te
a fternoon .  For a  residen t ial burgla r , th ere is more likely to be someone a t  home while they
burgle a t  n igh t  than  in  the a ft ernoon.  The t ravel t im e component  is  only one dim ension  of
the likelihood of t r avel between  two loca t ions. The d ist r ibut ion  of opport un ities a nd oth er
cost s can  a lt er  the likelih ood cons iderably.

Never theless, sh ift ing to an  impeda nce funct ion  a llows a  t r avel model to bet t er
replica te actua l t r avel con dit ion s.  Most  t r avel demand models  used by t ranspor ta t ion
pla nners use an  im pedance funct ion , r a ther  than  a  dis t ance funct ion .1  Dist ance would only
be meaningfu l if the st anda rds wer e invar ian t  with  respect t o t ime (e.g., a m odel ca lcu lat ed
over  an  en t ir e year , 24 hours a  day).  As will be demonst ra ted in  chapter  16 on network
assignment , a  t r avel t im e ca lcu la t ion  leads to a  very d ifferen t  network a lloca t ion  than  a
dist ance ca lcu lat ion .  For exam ple, if dist ance is used a s a n  impeda nce var iable, th en  the
sh ort est  t r ips  will r a rely t ake t he freewa ys becau se t r avel to an d from a  freewa y usu a lly
ma kes a t rip longer th an  a direct r out e between a n origin and a  destinat ion.  But  as m ost
people under st and, ta kin g a freewa y to tr avel a  sizeable dist ance is usua lly a  lot  quicker
than  t raver sin g an  urba n  ar t er ia l system  wit h  many t ra ffic light s, s top sign s, crossin g
pedest r ians, cross t r a ffic from parking lots  and shopping malls, a nd other  urba n  ‘obst acles’. 
Today, the use of dis t ance in  t r avel demand modeling h as vir tua lly been  dropped by m ost
tr an sport at ion plann ers.

Trave l Cost

An even  bet t er  concep t of impedance is  tha t  of travel cost (somet imes  ca lled
generalized cost) which  incorpora tes r ea l an d per ceived cost s of t r avel between  two
loca t ions .  Travel t ime is  one component  of t r avel cos t  in  tha t  there is  an  implicit  cos t  to the
t r ip (e.g., an  hour ly wage or pr ice as sign ed).  In  th is case, two differ en t  individua ls will
va lu e the t im e for  a  t r ip  differen t ly dependin g on  their  hour ly ‘wage’.  F or  exa mple, for  an
in dividua l who pr ices h is /her  t r avel a t  $100 an  hour , t he per  min ute cost  is  $1.67.  F or
anoth er  individua l wh o pr ices h is/her  t r avel a t  $12 an  hour , the per  minute cost  is 20¢. 
These r elat ive pr ices a ssigned t o t r avel will su bst an t ially affect  individua l choices in  t r avel
modes a nd r ou tes.  For in st ance, th ese t wo hypothet ica l individu a ls will pr obably use a
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differen t  t r avel mode in gett ing from an  air por t  to a h otel on  a t r ip; the former will
pr obably t ake a  taxi wh er ea s t he la t t er  will probably t ake a  bu s or  t r a in  (if ava ilable). 

Bu t  cos t  involves  other  d imens ions  tha t  need  to be cons idered .  There a re rea l
oper a t ing cost s in  the use of a  vehicle - fuel, oil, maint enance, insu rance.  Man y tr avel
st udies h ave su ggest ed tha t  dr iver s in corpora te t hese cost s a s par t  of their  implicit  hour ly
t ravel pr ice (Or tuza r  and Willumsen , 2001; 323-327).  But , t here a re a lso rea l, ‘out -of-
pocket ’ cost s such  as parkin g or  toll cost s.  P arkin g is pa r t icu la r ly a  major  expense for
int ra -urban  dr iving behavior . In m any built-up  bus iness dist r ict s, pa rkin g cost s can  be
considerable, for example as m uch a s $40 a day in m ajor m etropolita n center s.  In most
bu sy commer cial a rea s, t her e a re some pa rking cost s, if only a t  on-st reet  pa rking met er s. 
Thus, a  t r avel cos t  model n eeds to in corpora te these rea l cos t s as the out -of-pocket  cost s
may overwh elm t he implicit va lue of the t r avel t ime.  For  exam ple, an  offender  who lives
10 minu tes  from the downtown  a rea  by ca r  wou ld  probably not  dr ive in to the downtown  to
commit a  robbery since th a t  individua l will ha ve to bear  the pr ice of pa rkin g.  Ther e are
lot s  of well known s tor ies  tha t  circu la te abou t  bank  robbers  who a re caught  because they
incur  pa rking t icket s  while commit t ing their  cr ime.  How often  th is  has occur red  is  not
known from any s tudy t ha t  I’m aware, bu t  the story lin e is  cogn izan t  of the actua l cos t s of
t ravel tha t  must  be in cur red as par t  of t r avel.

In  addit ion  to rea l cost s a re per ceived cost s.  For t r ansit  user s, pa r t icu lar ly, th ese
per ceived cost s a ffect  the ease a nd t ime of t r avel.  One of the st anda rd quest ions in  t r avel
su rveys for  t r ansit  user s is t he t ime it  t akes  to walk from t heir h ome to the nearest  bus
st op or  in t ra -ur ba n  ra il system  (if ava ilable) and from t he la st  t r ansit  st op to th eir  fina l
destinat ion; th e longer it  t ak es to access the tr an sit system, th e less likely an  individua l
will use it .  Similar ly, tr ansfers bet ween  bus es or t r a ins  decrea se t he likelihood of t r avel by
tha t  mode, a lmost  in  pr opor t ion  to th e number  of t r ansfer s.  Th e r ea son is t he difficult y in
get t ing ou t  of one bus  or  t r a in  and in to another .  Bu t , the t ime between  t ra ins  adds an
implicit t r avel cost ; the longer t he wait bet ween  bus es, th e less likely tha t  mode will be
used by t raveler s. In  sh ort , ease of access a nd conven ience ar e posit ive incent ives in  usin g
a  mode or a  rout e wh ile difficult y in accessin g it , lack of conven ience, an d even  fear  of bein g
vulnerable to cr ime will decrease t he likelihood of using th a t  mode or rou te.2

If the concept  is  expanded to tha t  of an  offender , t here a re other  perceived cost s tha t
might  a ffect  t r avel.  One obviou s one is  the likelihood of bein g ca ugh t .  I t  may be easy for
one offender  to t r avel to a  upscale, high visibility sh oppin g ar ea , but  if there are many
police and secur ity guards  a roun d, t he in dividua l is m ore likely t o be cau ght .  Hen ce, tha t
likelihood  (or , more accura tely, an  assumpt ion  tha t  the offender  makes  abou t  tha t
likelihood sin ce he/she doesn’t  rea lly k now what  is  the rea l lik elihood) is  liable to affect  the
choice of a  dest ina t ion  and, possibly, even a  rou te.

Another  percep tua l com ponent  a ffect in g a  likely choice is  the reliabilit y of the
t ransport a t ion  mode.  Man y offender s a re poor  and don’t  have expen sive, well maint a ined
veh icles.  If th e veh icle is n ot capa ble of h igher  speeds or  is even  likely to break down  wh ile
an  offence is  bein g com mit ted, t ha t  veh icle is  not  liable to be  used in  makin g a  t r ip  or  the
choice of dest ina t ion  may be altered.  It  is well kn own tha t  many offender s st ea l vehicles
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for  use in  a  cr im e.  F ears about  not  bein g iden t ified a re clea r ly a  major  factor  in  those
decis ion s, bu t  the reliabilit y of t heir  own vehicles may a lso be  a  factor .

Thus, in  sh ort , a  more r ea list ic model of the incent ive or d isin cent ive to ma ke a  t r ip
between  two loca t ion s requir es a  complex fu nct ion  tha t  weight s a  number  of factors
a ffect in g t he cost  of t r avel - t he t r avel t im e, implicit  opera t in g cost s, ou t -of-pocket  cost s,
and per ceived cost s.  Ma ny t ravel demand m odels u sed by Met ropolitan  Planning
Orga niza t ion s use such  a  funct ion , u sua lly u nder  the la bel of ‘genera lized cost ’.  The more
complex the p ricing s tructu re for  pa rk ing and t r avel with in  a  met ropolit an  a rea , t he more
likely a  genera lized cost  funct ion  will p rovide a  rea list ic m odel of t r ip  dis t r ibu t ion .

Trave l  Uti li ty

Th e fin a l concep t  tha t  is  in t roduced  in  defin in g impedance is tha t  of travel utility.  
‘Ut ilit y’ is  an  in dividua l con cept , r a ther  than  a  zon a l on e.  Also, it  is  the flip side of cost
(i.e., h igher  cost  is as sociat ed with  less u t ility).  A gener a lized cost  funct ion  ca lcu lat es t he
object ive and a vera ge perceived cost s of t r avel between  two zones.  But  the u t ility of t r avel
for  an  ind ividua l is  a  funct ion  of both  those rea l cos t s and  a  number  of ind ividua l
character is t ics  tha t  affect  the va lue p laced  on  tha t  t r avel. Thus , two ind ividua ls  living in
the sa me zone (per haps even  living next  door  to each  other ) who t ravel to the sa me
dest ina t ion  loca t ion  may ‘pr ice’ their t r ip very differen t ly.  Aside from income differences
which  affect s t he avera ge hour ly ‘wage’, th ere may be differences du e to convenience,
a t t r act iveness, or  a  host  of other  factors. Other  factors a re more id iosyn cra t ic.  For
exam ple, a t r ip by a gan g mem ber  int o another  gan g’s ‘tu r f’ might  be expected t o increa se
the perceived cost s to the in dividua l of t r aveling t o tha t  loca t ion , a bove and beyon d any
objective cost  factors .  Alter na t ively, a t r ip t o a loca t ion  wh er e a  close friend or  rela t ive is
loca ted m ight  decrea se t he per ceived cost  of t r avel to tha t  zone. In oth er  words, t here are
both  object ive cost s a s well a s subject ive cost s in  t r avel between  two zones . 

The concept  of u t ility ma y be less u seful for  cr ime a na lysis t han  for  gener a l tr avel
behavior .  For one th ing, since th e concept  is individua l, it can  on ly be ident ified by
individua l su rveys (Domen cich  and McFa dden , 1975).  For cr ime ana lysis , th is m akes it
vir tua lly imposs ible t o use since it is  very difficult  to in ter view offender s, a t  lea st  in  the
Unit ed Sta tes.  In  addit ion , t he mathemat ics  requir ed for  a r t icu la t in g a  u t ilit y fu nct ion  are
difficu lt  sin ce u t ilit y fu nct ion s have a  very com plex for m, u sua lly involving t he bin omia l or
mult inomia l logit  fun ction wit h  a  Weibu ll er ror t er m.  In  the next  cha pt er , br ief ment ion  is
made of th is t ype of model.  

But, for completeness sake, we need to un dersta nd t ha t t he likelihood or
dis in cen t ive to t r avel between  two loca t ion s is  a  funct ion  of in dividua l ch aracter is t ics  as
well as object ive t r avel cost  componen ts. 

Impedan ce  Fun ct ion

Thus, for  a  zona l type m odel, we can  leave the gra vity funct ion  as a  gener a lized
impeda nce funct ion .  For t r avel between  any one zone and a ll other  zones, we ha ve:
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T i = " P i
8 G (Aj

J/I ij) (14.11)

where the number  of t r ips from zon e i t o a ll other  zon es, j, is  a  funct ion  of the product ion s
a t  zone i and t he r ela t ive a t t r action of any one zone, j, to th e impeda nce of th a t  zone for  i,
I ij.   The im peda nce function , I ij , is some declining funct ion  of cost  for  t r avel between  two
zones. It  does not h ave to be any par t icu lar  form and can  be (and u su a lly is) a  non-linea r
fun ction.  The cost s can  be in  ter ms of dis t ance, tr avel t ime, speed  (which is  conver ted in to
t ravel t ime) or  gen er a l cost s.  The gr ea ter  the separa t ion bet ween  two zones  (i.e., th e
h igher  the impeda nce), the less likely ther e will be a  t r ip between  them . Gen er a lizing th is
to a ll zones, we get:

T ij = " P i
8 $ Aj

J I ij (14.12)

where P i is t he production  capacity of zone I, Aj is t he a t t r action  of zone j, Iij, is a
genera lized  funct ion  tha t  discounts  the in teract ion  with  increas ing separa t ion  in  d is tance,
t ime, or cost , " an d $ a re constan t s tha t  a re applied to the product ion s and a t t r act ion s
respectively, an d 8 an d J a re ‘fin e tun in g’ exponents of the product ion s and a t t r act ion s
respectively. This is t he gra vity funct ion  tha t  we will est ima te in t he Crim eS tat t r ip
dis t r ibu t ion  model.

Alterna tive  Mode ls: Inte rven ing  Oppo rtun ities

There a re a lt erna t ive a lloca t ion s procedures to the gr avity m odel.  One well known
one is  tha t  of interven ing opportun ities.  St ouffer  (1940) modified t he simple gravity
funct ion  by a rgu ing tha t  the a t t r act ion  between  two loca t ions  was  a  funct ion  not  on ly of the
character ist ics of the relat ive a t t r act ions of two loca t ions, but  of int ervening opport un ities
bet ween  the loca t ions.  H is h ypothesis “..assumes tha t  ther e is n o necessa ry rela t ionsh ip
bet ween  mobility a nd d ist ance... tha t  the number  of persons going a  given dis t ance is
directly proport iona l to th e num ber of opport un ities at t ha t dista nce and inversely
pr opor t iona l to th e number  of in ter ven ing opport un it ies” (Stouffer , 1940, p . 846).  This
model was u sed in  the 1940s  to expla in  in ter st a te a nd in ter -coun ty migra t ion (Br ight  and
Thomas, 1941; Isbell, 1944; Isa rd, 1979).  Using th e gra vity type formulat ion , th is can  be
written  as:

         Sj
$

Aji = "  ----------------- (14.13)
   G(Sk

>)  D ij 
8

where Aji is t he a t t r action  of loca t ion j by r es iden t s of locat ion I , S j is th e att ra ctiveness of
zone j,  Sk  is the a t t r act iveness of a ll other  loca t ions t ha t  a re interm ediate in  d is tance
bet ween  loca t ions  I a nd j, D ij is th e dista nce between zones I an d j, $ is  the exponent  of S j, >
is  the exponent  of Sk , and   8 is t he exponen t  of dis tance.  While the in ter ven ing
opport un it ies  a re im plicit  in  equ a t ion 14.7 in  the exponents, $ an d 8, and coefficient , ",
equa t ion  14.13 ma kes  the int ervening opport un ities explicit. The impor tance of the concept

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



14.13

is tha t  t r avel between  two loca t ions becomes a  complex funct ion  of the spa t ial environment
of nearby a reas and not  ju st  of the two loca t ion s.

In  pr actice, in sp ite of it s m ore in tu it ive theoret ical m odel, the in ter ven ing
opport un ities m odel does n ot  improve pred ict ion  much  beyond t ha t  of the gra vity model
sin ce it  in clu des the a t t r act ion s associa ted wit h  the dest in a t ion  zon es.  Also, it  is  a  more
difficu lt  model t o est im ate sin ce the a t t r act ion s of a ll other  zon es must  be considered for
each  zon e pa ir  (or igin -dest in a t ion  combin a t ion ).  Consequent ly, it  is  ra rely used in  actua l
pr actice (Or tuzar  and Willu msen , 2001; Zhao et  a l, 2001). 

Another  a lt erna t ive method  was  conducted  by Porojan  (2000) in  applying the
gravity model t o in t erna t iona l t r ade flow.  He added  a spa t ia l au tocor rela t ion  componen t  in
addit ion  to im pedance and obt a in ed a  sligh t ly bet t er  fit  than  the pure gr avity fu nct ion .
However, whether  th is appr oach  would improve th e fitt ing of int ra -regiona l cr ime t ravel
pa t t erns in  st ill unkn own.  Nevert heless, th is and oth er  appr oaches m ight  improve th e
pr edicta bility of a gr avity function for  in t ra -ur ba n  crim e t ravel.

Method of  Estimat ion

The Crim eS tat t r ip d ist r ibu t ion  model implemen ts equ a t ion  14.12. Th e specific
det a ils a re discussed below, but  the model is iter a t ive.  The st eps a re as  follows:

1.Depend ing on  whether  a  singly const ra ined  or  doubly const ra ined  model is to be
est im ated, it  st a r t s wit h  a  in it ia l guess of the va lu es for  " or  $ (or  both  for  a  doubly
const ra ined model). Table 14.1 illust ra tes th e thr ee models.

Ta ble  14 .1

Three  Methods  of  Constraining  the  Gravi ty  Model

S in g le  c on s tra in t

Cons t ra in  origins

T i j = " P i
8 Aj

J I i j

Const ra in  dest in a t ion s

T i j = P i
8 $ Aj

J I i j

D o ub le  c on s tra in t

Const ra in  both  or igin s and dest in a t ion s

T i j = " P i
8 $ Aj

J I i j
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2. The r out ine proceeds t o est imate t he va lue for  each cell in the origin -
dest in a t ion  mat r ix (see figure 14.1 above) usin g t he exist in g est im ates for  "
an d $.

3. The rou t ine t hen  su ms t he rows a nd colum ns in  the mat r ix.  Then ,
depen ding on  whether  a  single- or  double-const ra int  model is to be est ima ted
and, if a s ingle-cons t ra in t , whet her  origins or  dest ina t ions a re t o be held
cons tan t , it  then  ca lcu la tes  the ra t io of the summed va lue (row or  column or
both) to the in it ia l row or  column sum.  The inverse of tha t  r a t io is  the
subsequent  est im ate for  " or  $ (or  bot h  for  a  double-const ra in ed model).

4. The rout in e repea t s st eps 2 and 3 un t il the changes from one it era t ion  to the
next  a re ver y sm all.

5. Th e la st  es t im ate of " or  $ (or  both  for  a  double-const ra ined  model) is taken
as t he final values of th ese par am eters.

6. Once the parameter s have been  est im ated, t he model ca n  be applied to the
ca libra t ion  da t a  set  or  t o another  da t a  set . Note tha t  t he parameter s  a r e row
or column specific (or  both ).  Tha t  is, in  the ‘const ra in  origins’ model, ther e is
a  sepa ra te coefficien t  for  each r ow.  In  the ‘const ra in  dest ina t ions’ model,
ther e is a  sepa ra te coefficien t  for  each column.  In  the ‘const ra in  both  origins
and dest ina t ions’, ther e is a  sepa ra te coefficien t  for  each cell (row-column
combin a t ion ).

7. A compar ison  can  be made between  the observed  dis t r ibu t ion  and the
pr edicted (modeled) dist r ibut ion .  Because m ost  or igin-dest ina t ion  mat r ices
a re ver y large, the vast  major ity of cells will have zer o in  them .  Thus, a  chi-
squ are test  would be ina ppr opr iat e.  Ins tead, a compa r ison  of the trip length
dis t r ibu t ion  is  made usin g t wo differen t  st a t is t ics  - a  coin cidence ra t io a nd
the Komologorov-Sm irn ov Two-sa mple sta t istic.  Deta ils a re provided below.

Cr i m eS t a t  III Tri p D is tri bu t io n  Ro u ti n e s

Next , we examine t he actua l tools tha t  a re available in t he Crim eS tat t r ip
dis t r ibu t ion m odule.  Th e t ools a re illu st ra ted wit h  exa mples from Balt imore County.

The Crim eS tat t r ip dist r ibut ion  modu le includes one set up screen  and five rout ines
tha t  implemen t  the m odel:

1. Calculate  observed  or ig in-des t inat ion  d i s tribut ion .  If th er e is a  file
ava ilable with  the coord ina tes  for  individua l origin s a nd dest ina t ions  (e.g.,
an  a r rest  record), t h is  rout in e will ca lcu la te the empir ica l t r ip  dis t r ibu t ion
mat r ix;
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2. Calibrate  impedance  funct ion .  If th er e is a  file available wit h  the
coordina tes  for  individua l or igins and des t ina t ions, t h is  rou t ine will ca libra t e
an  empir ica l impedance funct ion .

3. S e tu p  ori gi n-d e st in a ti on  m o de l.  This screen  a llows t he user  to define the
pa rameters of a  t r ip dist r ibut ion  (or igin-dest ina t ion) model with  eith er  a
mathemat ica l or  empir ica l impedance funct ion .

4. Ca li bra te  o ri gi n-d e st in a ti on  m o de l.  This rout ine calibrat es the
pa ramet er s of th e t r ip d ist r ibu t ion m odel (equ a t ion 14.12) us ing the
pa rameters defined on t he set up pa ge.

5. Ap ply  pre d ic te d  ori gi n-d e st in a ti on  m o de l .  This rout ine applies th e
est ima ted pa rameters t o a  da ta  set .  The da ta  set  can  be eith er  the
ca libra t ion  file or  another  file.

6. Compare  observed  and predic ted  orig in-des t inat ion  tr ip  lengths . 
Th is r out ine compa res the t r ip len gths from t he obser ved (em pir ical) t r ip
distr ibut ion with t ha t pr edicted by th e model.  Compa rison a re ma de
graph ically, by a  coincidence ra t io, by the Komologorov-Sm irnov Two-Sa mple
test,  an d by a Chi squa re test  on t he most frequent  tr ip links.

Each  of these r ou t ines  a re described in  det a il below. Figur e 14.3 shows a  screen
sh ot  of the t r ip dist r ibut ion  modu le.

Descr ibe  Orig in-Dest ination  Tr ips

An empir ica l descr ip tion  of t he actua l t r ip  dis t ribu t ion  ma t r ix can  be made if t here
is a  da ta  set  tha t  includes in dividu a l or igin a nd des t ina t ion  loca t ions.  The u ser  defines t he
or igin  loca t ion  and the des t ina t ion  loca t ion  for  each  r ecord and a  set  of zones  from which  to
compa re t he individua l or igins a nd dest ina t ions.  Th e r out ine m atches  up each origin
loca t ion  with  the neares t  zone, each  des t ina t ion  loca t ion  with  the neares t  zone, and
calcula tes the number  of t r ips  from each origin zone t o each  dest ina t ion  zone. Th is is  an
observed  dist r ibut ion  of t r ips by zone.

The steps in r un ning the model ar e as follows:

1. Calculate  observed  or ig in-des t inat ion  tr ips .  Check if a n  empir ica l
or igin-dest ina t ion  t r ip dist r ibut ion  is to be ca lcu lat ed.

2. Origi n  file .  The origin  file is a  list  of origin  zones wit h  a  sin gle point
repr esen t ing the zone (e.g., the cen t roid).  It m ust  be inpu t  as either  the
pr im ary or  secondary file.  Specify whether  the da ta  file is  the pr im ary or
seconda ry file.
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Figure 14.3:

Trip Distribution Module
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Or ig in  ID . Specify the or igin  ID va r ia ble in  the da ta  file (e.g., CensusTract ,
Block, TAZ).  

3. De stin ation  fi le . The dest ina t ion  file is a  list  of dest ina t ion  zones wit h  a
sin gle point  represen t ing the zone (e.g., the cent roid).  It  must  be in pu t  as
eit her  the pr imary or  seconda ry file.  Specify whet her  the da ta  file is t he
pr imary or  seconda ry file.Specify the dest ina t ion  ID va r iable in  the da ta  file
(e.g., CensusTr act , Block , TAZ).

Note: all destinat ion ID’s should be in t he origin zone file and m ust  ha ve the sam e
na mes an d both  should be cha ra cter (string) var iables.

4. Se le ct  da ta  file .  The da ta  set  must  have in dividua l or igin  and dest in a t ion
loca t ions.  Each  r ecord must  have the X/Y coordina tes  of an  or igin  loca t ion
and t he X/Y coordina tes of a  dest ina t ion  locat ion .  For exa mple, an  a r rest  file
might  list  in dividua l inciden t s wit h  each  in ciden t  having a  cr im e loca t ion
(th e dest ina t ion) an d a  residence or  a r rest  locat ion  (th e origin ). Select t he file
th at  ha s th e X an d Y coordina tes for t he origin and destina tion locat ions.
Crim eS tat can  rea d ASCII, dba se '.dbf', ArcView '.shp'  and Ma pIn fo 'da t '
files.  Select  the tab and specify the type of file to be  selected. Use the browse
but ton to sea rch for  the file.  If the file type is  ASCII, select  the type of da ta
sepa ra tor (comm a, sem icolon , space, ta b) an d t he number  of columns.

Va r ia bl es . Defin e the file which  conta in s the X and Y coordin a tes for  both
the or igin  (residence) and dest in a t ion  (cr im e) loca t ion s.

C ol u m n . Select  the va r ia bles for  the X and Y coordin a tes respect ively for
both  the or igin  and dest ina t ion  loca t ion s (e.g., Lon , La t , H om eX, H om eY,
IncidentX, Incident Y.) Both  loca t ions m ust  be defined  for  the rou t ine t o
work.

Missi n g v a lu es . Identify wheth er th ere ar e any missing values for t hese
four  fields (X an d Y coordina tes for both  origin and destina tion locat ions).  By
defau lt , Crim eS tat will ignore r ecords  wit h  blank values in  any of th e eligible
fields or  records wit h  non-numer ic values (e.g.,alph anumer ic character s, #,
*).  Blanks  will a lways be excluded u n less t he user  select s <none>.  There
ar e 8 possible options:

1. <bla nk> fields a re au toma t ically excluded. This is  the defau lt
2. <none> indicates tha t  no records will be excluded.  If th er e is a

bla nk field, Crim eS tat will tr eat it  a s a 0
3. 0 is excluded
4. –1 is excluded
5. 0 and –1 ind ica tes t ha t  both  0 an d -1 will be excluded
6. 0, -1 an d 9999 in dicates tha t  a ll th ree va lues (0, -1, 9999) will

be excluded
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Any other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it
(e.g., 99)Multiple numer ica l va lues  can  be tr ea ted a s m issing va lues  by
typin g t hem, separa t in g each by commas (e.g., 0, -1, 99, 9999, -99).

Typ e o f coor d in a t e s ys t em  a n d  d a t a  u n i t s .  The coord ina te sys tem and
dat a u nits a re listed for inform at ion.  If th e coordina tes ar e in longitu des and
la t itudes, t hen  a  spher ical syst em  is being used a nd da ta  un it s will
au toma t ically be decimal degrees .  If the coord ina te syst em  is p rojected (e.g.,
St a te P lane, Univer sa l Transver se Mer cat or – U TM), then  da ta  un it s cou ld
be either  in  feet  (e.g., Sta te Pla ne) or  meters (e.g., UTM.).

5. Ta ble  o u tp u t.  The fu ll or igin -des t ina t ion  mat r ix is  ou tpu t  as a  t able to the
screen including summ ar y file inform at ion a nd:

1. The origin zone (ORIGIN)
2. Th e dest in a t ion  zon e (DE ST)’
3. The n umber of observed tr ips (FRE Q)

6. Save  obse rv e d ori g in -de s tin ation  tri ps .  If specified, the full or igin-
dest ina t ion  mat r ix ou tpu t  is saved a s a  ‘dbf’ file named by the u ser .  The file
out put  includes:

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The X coor dina te for  the or igin  zone (ORIGINX)
4. The Y coor dina te for  the or igin  zone (ORIGINY)
5. The X coor dina te for  the dest ina t ion  zone (DESTX)
6. The Y coor dina te for  the dest ina t ion  zone (DESTY)
7. The n umber of t r ips (FRE Q)

Note : each  record is a  un ique origin-dest ina t ion  combina t ion .  Ther e
are M x N records  wh er e M is  the number  of origin  zones (including
th e extern al zone) an d N is the nu mber of destinat ion zones.

7. Save  l inks .  The top observed origin-destinat ion t rip links can  be saved as
sepa ra te li ne  object s for  use in  a  GIS.  Specify the outpu t  file format
(ArcView  '.sh p', MapIn fo '.m if' or  Atlas*GIS  '.bna ') and t he file name.   

Save  top  links . Because t he ou tpu t  file is very lar ge (number  of or igin zones
x n umber  of dest in a t ion  zon es), t he user  can  select  a  sub-set  of zon e
combina t ions with  the most observed t r ips.  Indica t ing th e top K links will
nar row the number  down to the most  im por tan t  ones. The defau lt  is  the top
100 or igin -dest in a t ion  combin a t ion s.  E ach  outpu t  object  is  a  line from the
or igin zone to the dest ina t ion  zone with  an  ODT pr efix.  The pr efix is placed
before the outpu t  file name.  The line gr aphica l ou tpu t  for  each  object
includes:
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1. An ID number  from 1 to K, where  K is  the number  of links
outpu t  (ID)

2. The fea ture pr efix (ODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The n umber of observed tr ips for  tha t  combina t ion  (FRE Q)
10. The dist ance between  the or igin zone and t he dest ina t ion  zone.

S a v e  p oi n t s.  In t r a -zona l t r ip s (t r ip s in  wh ich  the or igin  and des t ina t ion  a re
the sa me zone) can  be ou tpu t  as separa te p oi nt  objects a s an  ArcView  '.sh p',
MapIn fo '.m if' or  Atlas*GIS  '.bna ' file .  Aga in , t he top K poin t s a re outpu t
(defau lt=100).  Each  ou tpu t  object  is  a poin t  r ep resen t ing an  in t r a -zona l t r ip
wit h  an  ODTPOINTS pr efix.  The prefix is pla ced before t he out pu t  file
name.  

The point graph ical out put  for each object includes:

1. An ID number  from 1 to K, where  K is  the number  of links
outpu t  (ID)

2. The fea ture pr efix (POINTSODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The n umber of observed tr ips for  tha t  combina t ion  (FRE Q)

Exam ple of  Observed  Distribution  from  Balt imo re Coun ty

Figure 14.4 shows the outpu t  of the top 1000 links for  the obs erved t r ip  dis t r ibu t ion
from a  sa mple of 41,974 records for  inciden t s committ ed between  1993 an d 1997.  The
zona l model used  was t ha t  of t r a ffic ana lysis zones (TAZ).  These wer e discussed in cha pt er
12.  Because there a re a  la rge number  of lin ks (532 or igin  zon es by 325 dest in a t ion  zon es),
the t op 1000 were t aken .  These a ccoun ted for  19,615 cr ime t r ips  (or  46.7% of all t r ips ).  A
la rger  number  of links could  have been  selected, bu t  the map would  have become more
clu t t ered. Of the 19,615 t r ips tha t  a re displa yed in  the map, 7,913 or  40.3% are in t ra -zon a l
t r ips .  These were out pu t  by the r out ine a s poin t s a nd h ave been  displa yed a s circles wit h
the size propor t ion a l t o the number  of t r ips. The remain in g 11,702 t r ip  links were outpu t
by t he rout in e as lines and are displa yed wit h  the th ickness and st rengt h  of color  of the
line bein g pr opor t iona l to th e number  of t r ips .
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Th er e a re sever a l cha racter ist ics of the t r ip pa t t er n  tha t  sh ould  be n oted.  F ir st , the
in t ra -zona l t r ips t end  to concen t ra te on  the eas tern  par t  of Ba lt imore County.   Th is  is  an
area  tha t  is relat ively poor  with  a  h igh  number  of pu blic housing project s.   This suggest s
tha t  there a re a  lot  of in t ra -communit y cr im es bein g com mit ted in  these loca t ion s.  Second,
the zon e-to-zon e pa t t ern , on  the other  hand, t ends to concent ra te a t  five differen t  loca t ion s
rela t ively close to bor der  wit h  the City of Ba lt im ore.  These five loca t ion s a re a ll major
shoppin g m alls.  Th ir d, t he or igin s for  those t r ips to the shoppin g m all t end to come from
with in th e City of Baltimore.  Four th , in general, th e locat ions with h igh int ra -zona l tr ips
do not h ave a  large number  of zone-to-zone t r ips .  However , ther e is one except ion  in  the
sou thwest  corner  of the county.

In  other  words, t he obser ved dist r ibut ion  of cr ime t r ips is complex, but  with  severa l
pa t t er ns being sh own.  A lot  of crim e t r ips  occur  over  very sh ort  dis t ances.  Bu t  ther e is
a lso a  conver gen ce of ma ny crim e t r ips  on m ajor  sh opping malls in  the County.

Cal ibrate  Impedan ce  Fu nct ion

This  rout in e a llows the ca libra t ion  of an  approximate t r avel impedance funct ion
based on actua l t r ip  dis t r ibu t ion s.  I t  is  used to descr ibe the t r avel impedance in  dis t ance
only of an  actua l sample (the ca libra t ion  sample).  Unlike the remain ing rou t ines  in  th is
section, the “Ca libra te impeda nce function can not u se t r avel t ime, or cost .  A file is in pu t
which  has a  set  of in ciden t s (records) tha t  in clu de both  the X and Y coordin a tes for  the
loca t ion  of the offender 's  residence (or igin ) and the X and Y coordin a tes for  the loca t ion  of
the in ciden t  tha t  the offen der  commit ted (dest in a t ion .)  

The rou t ine est ima tes a  t r avel dist ance funct ion  using a one-dimen siona l ker nel
densit y m ethod.  See the deta ils in  chapter  9.  E ssen t ia lly, for  each  record, t he separa t ion
between  the or igin  loca t ion  and the dest in a t ion  loca t ion  is  ca lcu la ted and is  represen ted on
a  dis t ance sca le.  The maximum im pedance is  ca lcu la ted and divided in to a  number  of
in terva ls ; the defau lt  is  100 equa l s ized in terva ls , bu t  the user  can  modify th is .  F or  each
impeda nce point  calcu la ted, a  one-dim en siona l ker nel is  overla id.  F or each in ter va l, the
values of a ll ker nels a re su mmed t o pr odu ce a  sm ooth  funct ion  of t r avel impeda nce.  The
resu lt s a re saved to a file t ha t  can  be u sed for the origin-des t ina t ion m odel.  

Note, h owever , t ha t  th is  is  an  empir ica l d is t r ibu t ion  and represen t s the combin a t ion
of or igins , des t ina t ions , and  cos t s.  It  is  not  necessa r ily a  good  descr ip t ion  of the impedance
(cos t ) funct ion  by it self.  Many of the mathemat ica l funct ions  produce a  bet t er  fit  than  the
empir ica l impedance funct ion .

The steps in  ca lcu la t in g a n  empir ica l impedance funct ion  are as follows:

1. Selec t  data  fi le  for ca librat ion .  Select t he file tha t h as t he X an d Y
coordina tes for t he origin and destina tion locat ions. Crim eS tat can  read
ASCII, dba se '.dbf', ArcView '.shp'  an d Ma pIn fo 'dat ' files.  Select  the tab and
select  the type of file to be  selected. Use the browse bu t ton  to sea rch  for  the
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file.  If the file type is  ASCII, select  the type of da ta  separa tor  (comma,
semicolon, space, ta b) an d th e num ber of column s.

Va r ia bl es .  Defin e the file which  conta in s the X and Y coordin a tes for  both
the or igin  (residence) and dest in a t ion  (cr im e) loca t ion s

C ol u m n s . Select  the va r ia bles for  the X and Y coordin a tes respect ively for
both  the or igin  and dest ina t ion  loca t ion s (e.g., Lon , La t , H om eX, H om eY,
IncidentX, Incident Y.) Both  loca t ions m ust  be defined  for  the rou t ine t o
work.

Missi n g v a lu es . Identify wheth er th ere ar e any missing values for t hese
four  fields (X an d Y coordina tes for both  origin and destina tion locat ions).  By
defau lt , Crim eS tat will ignore r ecords  wit h  blank values in  any of th e eligible
fields or  records wit h  non-numer ic values (e.g.,alph anumer ic character s, #,
*).  Blanks  will a lways be excluded u n less t he user  select s <none>.  There
ar e 8 possible options:

1. <bla nk> fields a re au toma t ically excluded. This is  the defau lt
2. <none> indicates tha t  no records will be excluded.  If th er e is a

bla nk field, Crim eS tat will tr eat it  a s a 0
3. 0 is excluded
4. –1 is excluded
5. 0 and –1 ind ica tes t ha t  both  0 an d -1 will be excluded
6. 0, -1 an d 9999 in dicates tha t  a ll th ree va lues (0, -1, 9999) will

be excluded

Any other  numer ica l va lue can  be t rea ted  as a  missing va lue by typ ing it
(e.g., 99)Multiple numer ica l va lues  can  be tr ea ted a s m issing va lues  by
typin g t hem, separa t in g each by commas (e.g., 0, -1, 99, 9999, -99).

T yp e  of c oor d i n a t e s ys t em  a n d  d a t a  u n i t s.  Select t he t ype of coordin a te
sys tem.  If the coordin a tes a re in  lon gitudes and la t it udes, t hen  a  spher ica l
system is being used a nd da ta  un its will au tomat ically be decimal degrees.  If
th e coordina te system is projected (e.g., Sta te Plan e, Universal Tran sverse
Merca tor  – UTM), then  da ta  un its  cou ld be eith er  in feet (e.g., Sta te Pla ne)
or m et er s (e.g., UTM.)  Dir ectiona l coordin a tes a re not a llowed  for  th is
rou t ine.

2. Se lec t Kern e l P ara m e te rs .  There a re five parameter s  t ha t  must  be
defined.

Meth od  of in ter p ola ti on .  There a re fives types of kernel d is t r ibu t ion s tha t
can  be u sed t o est imate point  densit y:
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1. The normal kernel over la ys  a  th ree-dim ension a l n ormal
dist r ibut ion  over ea ch  poin t  tha t  then  exten ds over  the area
defined by th e reference file.  This is t he defau lt k ernel
fun ction . 

2. The u n iform  ker nel overlays a u n iform funct ion  (disk ) over
each  poin t  tha t  on ly exten ds for  a  limited  dist ance.

3. The qua rtic  kern el overlays a qua rt ic fun ction (inverse
sph ere) over ea ch  poin t  tha t  on ly exten ds for  a  limited
dis tance. 

4. The triangular ker nel overla ys a  th ree-dim en siona l t r iangle
(cone) over  ea ch point  tha t  only exten ds  for  a  limited dis t ance. 

5. The negat ive  expone nt ia l ker nel overlays a t h ree
dimensiona l nega t ive exponent ial funct ion  ('salt  sh aker ') over
each  poin t  tha t  only ext ends for  a  limit ed dis t ance

The m et hods produce similar  resu lt s t hough  the norm al is gen er a lly
smooth er for a ny given bandwidth.

Ch oi ce o f ban dw idth .  The kernels a re applied t o a  limited  sea rch  dist ance,
ca lled  'bandwid th '. For  t he norma l kernel, bandwid th  is  the s tanda rd
devia t ion  of the normal d is t r ibu t ion .  For  the un iform, quar t ic, t r iangu la r
and n egat ive exponent ial kernels, ban dwidt h  is the radius of a  circle defined
by th e su r face.  For a ll types, lar ger ba ndwidt h  will pr odu ce sm oother
den sity est ima tes a nd both  ada pt ive and fixed ban dwidt h  int ervals can  be
selected.

1. Fixed  ba n d w id th . A fixed bandwidt h  dist ance is a fixed
in terva l for  each  poin t .  The user  mus t  define the in terva l, the
int erval size, and t he dist ance un its  by which  it is calcu lat ed
(miles , nau t ical m iles, feet , kilomet er s, m et er s.) The defau lt
ba ndwidt h  set t ing is fixed wit h  in ter va ls of 0.25 m iles  ea ch. 
The int erval size can  be cha nged.

2. Ad a p t i v e b a n d w i d t h .  An  ada pt ive bandwidt h  dis t ance is
iden t ified by t he min im um number  of other  poin t s found
wit h in  a  sym met r ical band d rawn  aroun d a  sin gle point .  A
sym met r ical ba nd is  pla ced over each dist ance point , in tu rn ,
and t he width  is in creased u n t il the m inimum sa mple size is
reached.  Thu s, each point  has a  differen t  bandwidt h  size.  The
user  can  modify the min im um sample size.  The defau lt  for  the
ada ptive ban dwidth  is 100 points.

S p e ci fy In t er p o la t i on  Bi n s.  The in terpola t ion  bin s a re defin ed in  one of
two ways:
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1. By the number  of bins. Th e m aximum dis tance ca lcula ted is
divided by the number  of specified bins.  Th is is  the defau lt
wit h  100 bins. Th e u ser  can  cha nge the number  of bins.

2. By the dist ance between  bins.  Th e u ser  can  specify a  bin  width
in miles, na ut ical miles, feet, kilomet ers, and m eters.

3. Output (Areal)  Units .  Specify th e density un its  as point s per  mile,
nau t ica l mile, foot , kilometer , or  meter .  The defau lt is point s per  mile.

4. Calcu late De ns it ies  o r Probab il i t ies .  The den sit y est imate for  each cell
can  be ca lcula ted in  one of th ree ways:

1. Ab so lu te  d e n si ti e s. This is  the number  of point s per  gr id cell and is
sca led so tha t  the sum of a ll gr id cells  equ a ls t he sample size. 

2. R e la ti ve  d e n si ti e s.  For ea ch gr id cell, th is is  the absolu te den sit y
divided by t he gr id cell a rea  and is  expressed in  the outpu t  un it s (e.g.,
poin t s per  squ are mile)

3. P r ob ab ili ti e s.  This is  the propor t ion  of a ll inciden t s t ha t  occur  in
the gr id cell.  Th e sum of a ll gr id cells  equ a ls a  pr obabilit y of 1. 
Unlike t he J t c ca libr a t ion r out ine, t h is is  the defau lt .  In  most  cases , a
user would want  a pr oport iona l (probability) distr ibut ion a s th e
rela t ive differences in  im pedance for  differen t  costs a re wha t  is  of
interest.

Select  whether  absolu te densit ies, rela t ive densit ies, or  pr obabilit ies
ar e to be out put  for each cell.  The defau lt is probabilities.

5. Se le ct  Out pu t F ile .  The out put  m ust be saved to a file. Crim eS tat can  save
the ca libra t ion  ou tpu t  to eith er  a  dba se 'dbf' or  ASCII t ext 'txt' file.

6. Ca li bra te ! Click  on  'Ca libra te!' to run  the rou t ine. The ou tpu t  is  saved  to the
specified file upon clicking on 'Close '.

7. Graphing  the  trave l impedance  funct ion .  Click on 'View graph ' to see
the t r avel impedance funct ion . The screen  view can  be pr in ted by click in g on
'P r in t '.  For  a  bet t er  qua lit y graph , however , t he ou tpu t  shou ld  be impor t ed
in to a gr aph ics or sp rea dsheet  pr ogra m.

Exam ple of  Empirical  Impe dan ce  from  Balt imo re Coun ty

An exa mple of an  em pir ical im peda nce function from Ba lt imore Coun ty is seen  in
figure 14.5.  This  was der ived from the 41,974 in ciden t s in  which  both  the cr im e loca t ion
and the offender ’s or igin  loca t ion  were known.  As seen , t he funct ion  look s sim ila r  to a  
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negat ive exponent ial funct ion .  But  there is a lit t le ‘h itch’ a round 3 m iles wher e the t r avel
likelihood in creases, r a ther  than  decrease.  This  could  possibly be due to the City of
Ba lt imore border  wh ich  abu t s much  of t he sou thern  pa r t  of t he Coun ty.  

Wh atever  the reason , t he empir ica l impedance funct ion  can  be used as a  proxy for
t ravel ‘cost ’ by offender s.  As we sha ll see, however , it  may not produce as  good a  fit  in  the
gra vity model as some of the mathemat ica l funct ions, pa r t icular ly the lognorm al.  The
reason  is  tha t  it  is  a  behaviora l descr ip t ion .  Consequent ly, t he pa t t ern  reflect s both  the
existence of cr im e oppor tun it ies (a t t r act ion s) as well as cost s.  While an  empir ica l
descr ip t ion  is  usefu l for  gu essin g where a  ser ia l offender  might  live, for  a  t r ip  dis t r ibu t ion
model it  apparen t ly does n ot clean ly est imate t he r ea l cost s t o an  offender .  Never theless, it
is a t ool th at  can  be used.

S e tu p  o f Ori gi n -D e st in a ti on  Mo d e l

The pa ge is for  the set up of the or igin-dest ina t ion  model.  All the relevant  files,
models a nd exponents a re inpu t  on  the pa ge an d it  a llows t he t r ip dist r ibut ion  model to be
ca libra ted a nd a lloca ted.  Figur e 14.6 shows the set up screen . There a re a  number  of
par am eters t ha t h ave to be defined:

1. P re dic te d  ori g in  fi le .  The predicted  origin  file is a  file t ha t  list s t he origin
zones wit h  a  sin gle point  represen t ing the zone (e.g., the cent roid) and a lso
includes t he pr edicted n umber  of cr imes  by or igin zone.  The file must  be
inpu t  as either  the pr imary or  seconda ry file.  Specify whet her  the da ta  file is
the pr ima ry or  seconda ry file.

Or ig in  va r ia bl e.  Specify the name of the va r iable for  the predicted  origins
(e.g., P RE DICTED, ADJ ORIGINS).

Or ig in  ID .  Specify the or igin  ID va r ia ble in  the da ta  file (e.g., CensusTract ,
Block, TAZ).

2. P re di ct e d d e st in at io n  file .  The predict ed dest in a t ion  file is  a  list  of
dest ina t ion zones  wit h  a  sin gle point  represen t ing the zone (e.g., the
cen t roid) and a lso in clu des the predict ed number  of cr im es by dest in a t ion
zon e.  It  must  be  in put  as either  the pr im ary or  secondary file.  Specify
whether  the da ta  file is the pr ima ry or  seconda ry file.

Dest ina t ion  var ia b le.  Specify the name of the va r ia ble for  the
predict ed dest in a t ion  (e.g., P RE DICTED, ADJ DEST).

De sti n ati on  ID .  Specify the dest ina t ion  ID va r iable in  the da ta  file
(e.g., CensusTr act , Block , TAZ).
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   Figure 14.6:

Trip Distribution Model Setup
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Note: if M is  the number  of rows and N is  the number  of colu mns, t hen  the tota l
number  of grid cells (M x N) cannot  be grea ter  than  SQRT(RAM - 64)/56 where
RAM is the available RAM.  Ther e is a m aximum a llowable of 4 Gb.

3. Expon en ts .  The exponen ts a re power  ter ms for  the predicted  origins a nd
dest in a t ion s.  They indica te the rela t ive st rengt h  of those va r ia bles.  F or
exam ple, compa red t o an  exponent  of 1.0 (the defau lt), an  exponent  grea ter
than  1.0 will st r ength en  tha t  var iable (or igins  or  dest ina t ions) while an
exponent  less t han  1.0 will weaken  tha t  var iable.  They can  be consider ed
‘fine tun ing’ adjustmen t s.

Or igi ns.   Specify th e exponent  for  the pr edicted origins.  The defau lt is 1.0.

Des t in a t ion s.  Specify the exponen t  for  the predicted  origins.  Th e defau lt  is
1.0.

4. Impedan ce  funct ion .  The t r ip dist r ibut ion  rou t ine can  use t wo differen t
t ravel d is t ance fu nct ion s: 

1) An a lr eady-ca libra ted dis t ance fu nct ion ; and 
2) A ma themat ica l formula  (the defau lt ).

Use a n  a l r ea d y-ca l ibr a t ed  d i st a n ce fu n ct ion .  I f a  t r avel d is tance
funct ion  has a lr eady been  ca libra ted (see 'Ca libra te im pedance funct ion '
above), t he file can  be dir ect ly in put  in to the rout in e. The user  select s the
name of the a lrea dy-calibr a ted t r avel dist ance function .  Crim eS tat reads
dba se 'dbf', ASCII t ext 'txt', an d ASCII da ta  'dat ' files.

Use a  m a t h em a t ica l  for m u la . A ma th emat ical form ula can  be used
inst ea d of a  calibr a ted dis t ance function.  Sim ilar  to th e J our ney to cr ime
modu le (see chapt er  9), th ere are five mathemat ica l funct ions.   They
measure a  separation  bet ween  two zones  and est imate a  likelih ood va lue. 
‘Sepa ra t ion’ can  be in  ter ms of dis t ance, tr avel t ime, speed  (which is
conver ted in to tr avel t ime), or  t r avel cost s.  

Ma t h e m a t i ca l  fu n ct i on s

Briefly, th e five funct ions a re:

1. Linear .  The simplest  type of dist ance model is a  linea r  fun ction.  This
model postu la tes  tha t  the likelih ood of tr avelin g to a zone from a noth er  by an
offender  declines  by a  const an t  amoun t  with  dis t ance from the offender ’s
home.  I t  is  h ighest  near  the offender ’s home but  drops off by a  constan t
amount  for  each  un it of dist ance un t il it falls t o zero.  The form of the linear
equ a t ion  is
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f(d ij) = " +$*S ij (14.14)

where f(d i j)  is  the likelihood tha t  the offender  will t r avel fr om zon e ii to a
pa r t icula r  loca t ion, j, S i j is the separation  in dist ance, time or  cost  between
the offender ’s r es idence, I, and locat ion j, " is  a  slope coefficien t  which
defines the fall off in distan ce, an d $ is a const an t.  It  would be expected th at
the coefficien t  $ would  have a  nega t ive sign  sin ce th e likelihood should
decline wit h  separa t ion .  The user  must  provide va lu es for  A  an d $.  The
defau lt  for  A is  10 and for  $ is  -1.  Wh en the funct ion  reaches 0 (t he X axis),
the r out ine a u toma t ically subst itu tes  a  0 for  the function . Figure 14.7
illu st ra tes th is  funct ion .

2. Nega t i ve  Exponen t ia l .  A sligh t ly more complex fun ction  is t he n ega t ive
exponen t ia l.  In  th is t ype of model, t he likelihood of t r avel a lso dr ops off with
dista nce.  However, the decline is at a  const an t rate of decline, thus droppin g
quickly nea r  the offender ’s h ome unt il is appr oaches zero likelihood.  The
ma th emat ical form  of th e negat ive exponent ial is:

       -$*S ij

f(d ij) = "*e (14.15)

where f(d ij) is the likelihood t ha t  the offender  will t r avel from an  or igin zone,
ii, to a dest ina t ion zone, j, S ij is the sepa ra t ion  between  the or igin zone and

the dest ina t ion zone, e  is t he ba se of the n a tura l logar ithm, " is  the

coefficient  and $ is  an  exponent  of e .  The user  in put s va lu es for  "  - the

coefficien t , and $ - the exponent .  The default  for  " is  10 and for  $ is 1. 

This funct ion  is the one most  used by t ravel dem and m odelers.  It  has been
recommended for  use by the Feder a l Highway Adm inis t ra t ion  (NCH RP,
1995). F igure 14.8 illu st ra tes a  typ ica l n ega t ive exponent ia l impedance
funct ion .

3. N or m a l .  A norma l d is t ribu t ion  a ssumes  the peak  likelihood  is  at  some
op tima l d is t ance from the offender ’s  home base.  Thus, t he funct ion  r is es  to
tha t  dis t ance an d t hen  declines.  The r a te of increase pr ior  to th e opt imal
dis tance and the ra te of decrease from tha t  dis t ance is  sym met r ica l in  both
dir ections.  Th e m athem at ical form is:

(S ij - Mean D)
Zij     = ------------------- (14.16)

         Fd

          1         -0.5*Zij
2

f(d ij) =   " *  -------------------- *  e (14.17)
 Fd* SQRT(2B)
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Negative Exponential Impedance Function
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where f(d ij) is the likelihood t ha t  the offender  will commit a  cr ime a t  a
pa r t icula r  loca t ion, I  (defined her e a s t he cen ter  of a  gr id cell), S ij is  the
sepa ra t ion  bet ween  each origins zone and dest ina t ion  zone, Mea nD is  the
mea n  dis t ance inpu t  by t he u ser , Fd  is t he s t anda rd devia t ion of dist ances, e
is th e base of th e nat ur al logar ithm , an d " is a coefficient .  The user input s
va lues  for  Mea nD, Fd , and  ".  The defau lt va lues  a re 1 for  each  of these
par am eters.

By ca refu lly sca ling t he parameter s of the model, the normal d is t r ibu t ion  can
be adapted to a  dis t ance decay fu nct ion  wit h  an  in creasin g lik elihood for
near  dist ances a nd a  decrea sing likelihood for  fa r  dist ances. For example, by
choos ing a  s t andard devia t ion  grea ter  than  the mean  (e.g., MeanD = 1,S d  =
2), t he dis t r ibu t ion  will be skewed to the left  because the left  
ta il of th e norm al distr ibut ion is not evalua ted.  Figur e 14.9 illust ra tes a
possible normal impedance funct ion .

4. L og n or m a l . The lognormal function is s imilar  to th e norm al except  it  is
more skewed, eit her  to the left  or  to the r igh t .  I t  has the poten t ia l of
sh owing a  very rapid  increase nea r  the origin  wit h  a  more gr adu a l decline
from a  locat ion  of peak likelihood.  Th e m athem at ical form of the fun ction is:

1  -[ ln (S2
ij)-Mean D ]2  /2 *Fd

2

f(d ij) =   "* ---------------------------- * e  
       S2

ij * Fd* SQRT(2B) (14.18)

where f(d ij) is the likelihood t ha t  the offender  will commit a  cr ime a t  a
pa r t icula r  loca t ion, I , defined h er e a s t he cen ter  of a  gr id cell, S ij is  the
sepa ra t ion  bet ween  the origin  zone and t he dest ina t ion  zone, Mea nD is  the
mea n  sepa ra t ion in pu t  by t he u ser , Fd  is  the st andard devia t ion  of
sepa ra t ion, e  is th e base of th e nat ur al logar ithm , an d " is  a  coefficien t .  The
user  inpu t s Mea nD, Fd  , and  ".  The defau lt va lues  a re 1 for  each  of these
parameter s.  F igure 14.10 illu st ra tes a  log-normal impedance funct ion  tha t
had wide ut ility in severa l stu dies th a t  ar e discussed below.

5. Trunca ted  Nega t i ve  Exponen t ia l .  F ina lly, t he t runca ted  nega t ive
exponent ia l is a  join ed funct ion  made up of two dis t in ct  mathemat ica l
funct ions  - the linea r  and  the nega t ive exponen t ia l.  For  the near  d is tance, a
positive linea r  funct ion  is defined, st a r t ing a t  zero likelihood for  dist ance 0
and increasing to dp , a  loca t ion  of peak likelihood.  Thereupon, t he funct ion
follows a  negat ive exponent ial, declining qu ickly with  dist ance.  The two
mathemat ica l funct ions m akin g up t h is spline fun ct ion  are:

Linear : f(d ij) = 0 + $*S ij = $*d ij for  S ij $ 0, d ij# dp (14.19)

Nega t ive      ->*S ij

Exponen t ia l: f(d ij) = "*e for  Xi > Sp (14.20)
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where S ij is t he separa t ion from t he h ome ba se, $ is the slope of the linear
funct ion  (defau lt =+1) and for  the nega t ive exponent ia l fu nct ion  " is a
coefficient  and > is an  exponent .  Since the negative exponent ial only sta rt s
a t  a  pa r t icula r  dis t ance, Maxd ij, ", is assumed to be the in tercept  if t he Y-
axis wer e t r ansposed t o tha t  dist ance.  Figur e 14.11 illust ra tes a  t runca ted
nega t ive exponent ia l impedance funct ion .

Mod e l p a r a m e t er s . For  each  mathemat ica l model, two or  th ree differen t
par am eters m ust  be defined:

1. For  the negat ive exponent ial, th e coefficient  and exponent
2. For t he norm al distr ibut ion, the m ean dista nce, sta nda rd

deviat ion  and coefficient
3. For  lognormal d is t r ibu t ion , the mean  d is tance, s t andard

deviat ion  and coefficient
4. For t he linear  distr ibut ion, an int ercept an d slope
5. For  the t runca ted n egat ive exponent ial, a peak d istance, peak

likelih ood, in ter cept , and exponen t .  

The parameter s will be obt a in ed eit her  from a  previous ana lysis  or
from an  it era t ive process of exper im enta t ion .  See the exa mple below
un der “Compa re observed and predicted tr ips”.

5. ‘Fine  Tun ing’ Expon en ts . In  addit ion , for  each  funct ion , exponents for  the
a t t ract ion  and product ion  terms can  adju sted.  This  a llows a  ‘fin e tun in g’ of
the im pedance funct ion  to bet t er  fit  the empir ica l d is t r ibu t ion .

6. Distance  Uni t s . Th e r out ine can  calcu la te im peda nce in four  wa ys, by:

1. Dista nce (miles, na ut ical miles, feet, kilomet ers, and m eters)
2. Travel time (minu tes, hour s)
3. Speed  (miles per  hour , kilometers per  hour ).  Speed is t hen  convert ed

in to t r avel t ime, in  minu tes .
4. Genera l t r avel cost s (unspecified un it s).

These m ust  be setup u nder  ‘Net work Dist ance’ on  the Measu rement
Paramet er s page.  In  the Net work Paramet er s d ia logue, specify the
measu rem ent u nits.  The defau lt is dista nce in m iles.

7. As su m e d  Im p e da n ce  fo r E xt e rn a l Zo n e s. For t rips originat ing out side
the st udy ar ea  (exter na l tr ips), specify th e amount  and t he un its  tha t  will be
assu med for t hese trips.  The defau lt is 25 miles.

8. As su m e d  Im p e da n ce  fo r In tra -z on a l Tri ps . For t r ips  origin a t ing and
en din g in the same zone (in t ra -zona l t r ips ), specify the amoun t  and t he un it s
th at  will be assu med for t hese trips.  The defau lt is 0.25 miles.
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9. Mode l Con stra in ts .  In  calibr a t ing a  model, the r out ine m ust  const ra in
either  the or igins  or  the des t ina t ions  (s ingle cons t ra in t ) or  cons t ra in  both  the
origin s a nd t he dest ina t ions (double const ra in t ).  In  the la t t er  case, it  is a n
it er a t ive solu t ion .  The defau lt  is  to const r a in  des t ina t ions a s it  is  as sumed
tha t  the dest in a t ion  tota ls  (the number  of crim es occur r in g in  ea ch zon e) are
pr obably m ore accura te t han  the n umber  of crim es origin a t ing in  ea ch zone. . 
Specify the t ype of cons t ra in t  for  the m odel.

Const ra in  ori gin s.  If ‘const ra in  or igin s’ is  selected, t he tota l n umber  of
tr ips from each origin zone will be held const an t.

Con st r a in  d es t in a t ion s. If ‘const ra in  dest in a t ion s’ is  selected, t he tota l
number  of t r ips  from ea ch dest ina t ion zone will be h eld const an t .  

Con st r a in  bot h  or ig in s a n d  d es t in a t ion s.  I f ‘cons t ra in  both  or igins  and
dest ina t ions’ is selected, th e rou t ine work s out  a  ba lan ce between  the
nu mber of origins and t he nu mber of destinat ions.

Fitt ing  the  Impedance  Funct ion

The im pedance funct ion  is  fit  in  an  it era t ive manner .  F ir st , eit her  an  empir ica l
im pedance or  a  mathemat ica l impedance is  chosen .  Second, t he par t icu la r  mathemat ica l
funct ion  is  selected.  F or  exa mple, wit h  the lognormal fu nct ion , which  has been  found to
pr odu ce the best  fit for  th ree differen t  da ta  set s, there are th ree pa rameters: 1) the mean
dis tance; 2) the s t anda rd devia t ion of dist ance; and 3) th e coefficien t .  

Third , in itia l va lues  of the pa rameters a re chosen ; one su ggest ion  is to use t he
defau lts  available in t he Crim eS tat rout ines.  The “Compa re observed and predicted tr ips”
rout ine is u sed t o evalu a te t he fit of the m odel. Four th , the paramet er s a re adjust ed in
sm all incremen ts, one a t  a  t ime, on both  side of the in it ia l guess in  order  to impr ove t he fit.
For exa mple, with  the lognormal function, the m ea n  dis t ance is fit first  because it  has t he
grea tes t  impact  on  the overa ll fit .  Then , a ft er  a  “bes t” mean  d is tance has  been  found , the
st anda rd devia t ion of dist ance is a dju st ed un t il it  pr oduces a  “bes t” fit.  Then , the
coefficien t  is  adjus ted  un t il it  p roduces  a  “bes t” fit .  F ifth , and  fina lly, the ‘fine tun ing’
exponen ts  of the p roduct ion  and a t t ract ion  funct ions  a re ad jus ted .  Typ ica lly, these change
the fina l fit only slight ly.  Hen ce, th ey repr esen t  a  fina l ad just ment .

This pr ocess is illust ra ted below in t he discuss ion  on  the compa r ison  of the obser ved
and pr edicted t r ips.  Essen t ially, the empir ica l (obser ved) dist r ibut ion  is being used a s a
calibrat ion sa mple in order t o find tha t impedan ce model an d par am eters t ha t best
approxima te it .

The Orig in-Dest ination  Model

The t r ip d ist r ibu t ion  (or igin-dest ina t ion) model is  implemen ted in  two st eps.  F ir st ,
the coefficien t s a re ca lcu la ted accordin g t o the exponents and im pedance funct ion s
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specified on the setup page.  Second, t he coefficien t s and exponents a re applied to the
pr edicted origins a nd des t ina t ions r esu ltin g in  a  pr edicted t r ip dist r ibut ion .  Because t hese
two st eps a re sequ en t ia l, they cannot be r un  sim ultaneously.  

Calibrate  Orig in-Dest inat ion  Model . 

In  th is rou t ine, the row or  colum n pa rameters (or  both  if double const ra int  is used)
a re est ima ted using a  ca libra t ion  file.  The st eps a re as  follows:

1. Ch e c k  the ‘Ca libra te or igin -dest in a t ion  model’ box t o run  the ca libra t ion
model. 

2. Sa ve  Mod e le d Co e ffic ie n ts  (pa ra m e te rs ). The modeled coefficient s ar e
sa ved as  a  ‘dbf’ file.  Specify a file na me.

Apply  Predic ted  Orig in-Dest inat ion  Model

In  th is rou t ine, the coefficient s t ha t  were ca libra ted in t he above rout ine can  be
applied t o a  da ta  set .  The da ta  set  can  be th e sa me as t he ca libra t ion  file or  a  differen t
one.  The reason  for  separa t ing the ca libra t ion  from applica t ion  s teps is  tha t  the
coefficient s can  be used for m an y different  dat a sets.  The steps ar e as follows:

1. Ch e c k  the ‘Apply pr edicted  origin -dest ina t ion  model’ box to run  the t r ip
dis t r ibu t ion p rediction .  

2. Mode le d Co e fficie n ts  Fi le .  Load t he m odeled coefficien t s file sa ved in  the
‘Calibra te or igin-dest ina t ion  model’ st age.

3. Assume d Coordinates  for  External Zone .  In  order  to model t r ips from
the ‘ext erna l zone’ (t r ips from out side the study a rea), specify coordin a tes for
th is zone.  These coordina tes will be used in d rawing lines from t he pr edicted
or igins  to the pr edicted des t ina t ions.  Ther e are four  choices:

1. Mean center  (th e mean  X an d mean  Y of all origin file points a re
taken ). Th is is  the defau lt .

2. Lower -left  corner  (th e m inimum X and m inimum Y values of a ll or igin
file poin t s a re taken).

3. Upper -righ t  corner  (th e m aximum X and m aximum Y values of a ll
or igin  file poin t s a re taken).

4. Use coor dina tes (u ser -defined coor dina tes).  Indica te the X and Y
coordina tes th at  ar e to be used.

Because an  a rbit ra ry loca t ion  is  t aken  to represen t  the ‘externa l zone’, any lines
tha t  a re shown from tha t  zone will n ot n ecessa r ily represen t  any rea l t r avel behavior. 
However, if a  very h igh  pr oport ion  of a ll cr ime t r ips fall with in t he modeled or igin zones
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(i.e., 95% or  more), t hen  it  is  very u n likely tha t  any of t he top t r ip  links will com e from the
‘ext er na l zone’. 

4. Ta ble  Ou tp u t.  The table outpu t  in clu des summary file in format ion  and:

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The num ber of predicted tr ips (PREDTRIPS)

5. Save  P redic ted  Orig in-des t inat ion  Tr ips . Define t he ou tpu t  file.  The
out pu t  is saved as a  ‘dbf’ file specified by t he u ser . 

6. F ile  Ou tp u t.  The file out put  includes:

1. The origin zone (ORIGIN)
2. The dest ina t ion  zone (DEST)
3. The X coor dina te for  the or igin  zone (ORIGINX)
4. The Y coor dina te for  the or igin  zone (ORIGINY)
5. The X coor dina te for  the dest ina t ion  zone (DESTX)
6. The Y coor dina te for  the dest ina t ion  zone (DESTY)
7. The num ber of predicted tr ips (PREDTRIPS)

Note : each  r ecord is  a un ique or igin -des t ina t ion  combina t ion  and there a re
M x N records wh ere M is th e number  of or igin zones (including the exter na l
zone) and N is the number  of dest ina t ion  zones.

7. Save  Links .  The top predicted origin-destinat ion t rip links can  be saved as
sepa ra te li ne  object s for  use in  a  GIS.  Specify the outpu t  file format
(ArcView  '.sh p', MapIn fo '.m if' or  Atlas*GIS  '.bna ') and t he file name.

Save  Top Links

Because the outpu t  file is  very la rge (number  of or igin  zon es x n umber  of
dest in a t ion  zon es), t he user  can  select  a  sub-set  of zon e combin a t ion s wit h  the most
predict ed t r ips.  Indica t in g t he top K links will n a r row the number  down to the most
im por tan t  ones.  The defau lt  is  the top 100 or igin -dest in a t ion  combin a t ion s.  E ach  outpu t
object  is a  line from the origin  zone t o th e dest ina t ion  zone wit h  an  ODT pr efix.  The prefix
is p laced before t he outpu t  file name.  

The gra phical out put  includes:

1. An  ID number  from 1 to K, where K is  the number  of links ou tpu t
(ID)

2. The fea ture pr efix (ODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
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5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The num ber of predicted tr ips for t ha t combinat ion (PREDTRIPS)
10. The dist ance between  the or igin zone and t he dest ina t ion  zone.

8. Save  P oints

In t ra -zon a l t r ips (t r ips in  which  the or igin  and dest in a t ion  are the same zon e) can
be ou tpu t  a s s epara t e p oi nt  objects a s an  ArcView  '.sh p', MapIn fo '.m if' or  Atlas*GIS  '.bna '
file.  Again , the t op K poin t s a re out pu t  (defau lt=100).  Each outpu t  object  is a  point
represen t in g a n  in t ra -zon a l t r ip  wit h  an  ODTPOINTS prefix.  The prefix is  pla ced before
the outpu t  file name.  

The gra phical out put  for each includes:

1. An  ID number  from 1 to K, where K is  the number  of links ou tpu t
(ID)

2. The fea ture pr efix (POINTSODT)
3. The origin zone (ORIGIN)
4. The dest ina t ion  zone (DEST)
5. The X coor dina te for  the or igin  zone (ORIGINX)
6. The Y coor dina te for  the or igin  zone (ORIGINY)
7. The X coor dina te for  the dest ina t ion  zone (DESTX)
8. The Y coor dina te for  the dest ina t ion  zone (DESTY)
9. The num ber of predicted tr ips for t ha t combinat ion (PREDTRIPS)

Exam ple of  the  P redicte d Trip Distributio n from B alt imore  County

The predicted  origins a nd predicted  dest ina t ions from Ba lt imore Coun ty wer e inpu t
in to a  t r ip  dis t r ibu t ion  model a nd a  predict ed t r ip  dis t r ibu t ion  was outpu t . The im pedance
funct ion  was a  lognorma l d is t ribu t ion , wh ich  produced  a good  fit  t o t he observed
(em pir ica l) dis t r ibu t ion  (see discussion  below).

F igure 14.12 outpu t s the top 1000 links from the model.  Th e top 1000 links account
for  14,271.9 t r ips, or  34.0% of the tota l nu mber  of t r ips.  Compa red t o the obser ved
dis t r ibu t ion, t he t op 1000 lin ks a ccoun t  for  a  sm aller  pr oport ion of th e t ota l t r ips  (14,272 v.
19,615).  This su ggest s t ha t  the actua l dist r ibut ion  is sligh t ly more concent ra ted t han  the
model su ggest s. Lik e t he obser ved d ist r ibu t ion , however , a  sizea ble n umber  of the t op links
are int ra -zona l tr ips (5,428 or  12.9%). The int ra -zona l tr ips h ave been disp layed a s circles
in t he figure.

Compar in g t he predict ed t r ip  dis t r ibu t ion  to the obs erved t r ip  dis t r ibu t ion , some
sim ila r it ies and differences a re seen .  F igure 14.13 compares the top 1000 zon e-to-zon e
links for  the pr edicted a nd observed dist r ibut ions. The m odel ha s capt ured m any of the 
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major  links .  For t he five sh oppin g ma lls th a t  received m any actu a l cr ime t r ips, th e model
has captured the major it y of t r ips for  th ree of them and some t r ips for  a  four th .  F or  the
ma ll in t he sout heast  corn er of th e coun ty, on t he oth er ha nd, the m odel ha s not a llocat ed a
lar ge nu mber  of t r ips.  Simila r ly, for  a  zone near  the west ern  edge of the county, the model
ha s allocat ed more tr ips th an  actu ally occur red.

Th er e a re, of course , only 325 in t ra -zona l t r ip lin ks (one for  ea ch dest ina t ion zone). 
Lookin g at  a  compa r ison  of the int ra -zona l tr ips (figure 14.14), some similar ities a nd
differences a re seen .  Gen er a lly, th e m odel captured the loca t ion  of many int ra -zona l t r ips ,
bu t  it  did  not capt ure t he qu ant ity very accura tely.  Zones  tha t  had m any int ra -zona l t r ips
a re shown as having on ly some by t he model a nd, con versely, t he model predict s many
in t r a -zona l t r ip s for  two zones  wh ich  had on ly some.  

In  oth er  words , the fit  bet ween  the a ctu a l dis t r ibu t ion a nd t he m odel is  not per fect . 
Consider in g t ha t  only 1000 of the 172,900 t r ip  links (532 or igin  zon es x 325 dest in a t ion
zones) ar e shown, the m odel has s t ill done a  rea sonable job of captur ing the m ajor  links

It  is n ot surpr isin g tha t  the m odel is  not per fect .  The m odel is  a  sim ple ana logue
usin g on ly th ree va r ia bles (product ion s, a t t r act ion s, impedance) whereas the actua l
dis t r ibu t ion  represen t s a  very complex set  of individua l decisions m ade by offender s. Wh at
is per haps r emarka ble is t ha t  the model ha s done a  decent  job of capt ur ing some of these
rela t ionsh ips  a t  a ll.

Th is br ings u p a n  impor tan t  poin t , namely t ha t  a  model is  not r ea lity; it is  only a
simplified set  of relat ionsh ips t ha t  appr oximates r ea lity (in t h is case, th e obser ved
dist r ibut ion).  It is import an t  in developing an y model to eva lua te it r elat ive to an  obser ved
set of facts, and t his applies no less to th e trip distr ibut ion m odel.  One has t o un dersta nd,
however, t ha t  a  good m odel will not  capt ure a ll the relat ionsh ips.  Hopefu lly, it  capt ures
enough  of them to make the model u sefu l for  predict ion  and eva lu a t in g policy opt ion s.

Comparing  Observed  & Predic ted  Tr ips

It  is im por tan t  to conduct a  number  of t est s on the predicted  model to ensure t ha t  it
is capt ur ing the most  impor tan t  elemen ts of the obser ved dist r ibut ion . These a re condu cted
by compa r ing the predicted d ist r ibu t ion with  the observed (empir ical) dist r ibu t ion. 

Th er e a re a  number  of t es t s t ha t  can  be u sed t o evalua te a  model by compar ing the
pr edicted d ist r ibu t ion with  the observed one.  Crim eS tat includes thr ee of th ese an d th e
steps ar e as follows:

1. Est imat e the par am eters of th e model an d apply th em to the calibrat ion da ta
set

2. Exam ine t he int ra -zona l tr ips t o be su re tha t  the pr edicted n umber
cor responds  to the observed  number
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3. Compare the t r ip  lengths  of the observed  and p red icted  dis t r ibu t ions  using
two tests:

A. The Coincidence Rat io
B. The Komolgorov-Smirn ov Two-sam ple Test

4. Compare the number  of t r ip s for  t he top  links using a  pseudo-Ch i squa re
test .  Tha t  is, th e number  of t r ips for  the most  frequent  links  in t he obser ved
dist r ibut ion  are compa red t o the number  pr edicted by th e model for  the sa me
link s.

Un for tuna tely, not one of these t est s is su fficient  to valida te a  model.  Fu r ther ,
minimizing the discrepancy for  only one of them  may dis tort  the oth er s.  I t  is ver y un likely
tha t  ther e will be a  model t ha t  min imizes  the er rors  for  a ll th ree t es t s.  Consequ en t ly, the
user  will h ave to choose a  model t ha t  ba la nces  these factors in  a  desir able way (a n
optim um  model).

Est imat ing  Impedan ce  P arameters  and Exponen ts  o f Gravity  Model

 While t h is is  not s t r ictly a n  eva lua t ion t es t , th is s t ep is essen t ia l in  est imat ing the
par ticular  impedan ce para met ers th at  ar e used in t he first place.  Typically, an  an alyst
will appr oximate an  impeda nce funct ion .  Using a compa r ison  between  the obser ved an d
pr edicted m odels, th e pa rameters can  be ad just ed t o pr odu ce a  bet t er  fit.  The st eps a re as
follows:

1. The model is est im ated wit h  a  ca libra t ion  da ta  set . There is  a  file of
pr edicted origins a nd a nother  file of pr edicted des t ina t ions; typica lly, th ese
are defined a s t he pr ima ry an d seconda ry files respectively, though t he order
could be rever sed or  the same file used for  both  origins a nd dest ina t ions (if
the number  of or igin s zon es was iden t ica l t o the number  of dest in a t ion
zon es).

2. On the t r ip  dis t r ibu t ion  setup page, select  the type of im pedance funct ion
tha t  is  to be  used, a lr eady-ca libra ted (empir ica l) or  mathemat ica l.  For  the
journey to cr ime r ou t ine, gener a lly the empir ica l funct ion  led to bett er
resu lt s t han  the m athem at ical.  H owever , wit h  a  t r ip d ist r ibu t ion function , a
mathem at ical function may be a s good, if not  bet t er .  This was t ested wit h
three da ta  set s for  Ba lt imore Coun ty, Las Vegas, a nd Ch icago an d, in  a ll
cases , a  mathemat ica l funct ion  (the lognormal) gave a  much  bet t er  fit  than
an  em pir ica lly-der ived funct ion  (see chapter  17).

3. If a  mathemat ica l funct ion  is to be used, select  the type of dist r ibut ion .  The
defau lt  value is a  lognorm al, but  the u ser  can  choose a  nega t ive exponen t ia l,
a  normal, a  linear , or  a  t runca ted nega t ive exponent ia l fu nct ion .
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4. For  the par t icu la r  mathemat ica l fu nct ion , select  in it ia l guesses for  the
pa rameters.  For ea ch  mathemat ica l model, two or  th ree differen t
par am eters m ust  be defined:

1. For  the negat ive exponent ial, th e coefficient  and exponent
2. For t he norm al distr ibut ion, the m ean dista nce, sta nda rd

deviat ion  and coefficient
3. For  lognormal d is t r ibu t ion , the mean  d is tance, s t andard

deviat ion  and coefficient
4. For t he linear  distr ibut ion, an int ercept an d slope
5. For  the t runca ted n egat ive exponent ial, a peak d istance, peak

likelih ood, in ter cept , and exponen t .  

5. In  addit ion , th ere are exponents of the pr odu ct ion  and a t t r act ion  side t ha t
can  be m ade to ‘fine t une’ the m odel.  In  gener a l, these exponen ts will on ly
affect  the resu lts  sligh t ly, compa red t o the bas ic choices of the type of model
an d th e selection of values for t he ma in para met ers.

6. Ca libra t e and app ly the model t o t he ca libra t ion  da t a  set .  Examine the th ree
cr it er ia  discussed below to min im ize the er ror  between  the actua l
dis t r ibu t ion a nd t ha t  pr edicted by the m odel.  

7. Modify the paramet er  va lues  sligh t ly.

8. Repea t  st eps 4 th rough  7 un t il a  good fit  is found between the actu a l and
pr edicted d ist r ibu t ion a nd in  wh ich t he er rors  a re m in imized and opt imized. 
The pr ocess by which  th is is done is discussed below.

Comparing  Intra-zonal Tr ips

The firs t  eva lua t ion  test  is t o compare t he per cent age of t r ips  tha t  occur  wit h in  the
sa me zone - int ra -zona l tr ips.  The Tr avel Model Impr ovemen t  Progra m manua l indica tes
tha t  in t ra -zon a l t r ips should  represen t  typ ica lly n o more than  5% of a ll t r ips for  home-to-
work t r ips; tha t  is , com mut in g t r ips (FHWA, 1997, ch apter  4).  H owever , given  tha t  most
cr im e t r ips a re qu it e shor t , t he propor t ion  of t r ips tha t  a re in t ra -zon a l is liable to be  much
higher .  In  Ba lt imore County, for  exa mple, 19.7% of a ll crim e t r ips  wer e in t ra -zona l. 
Idea lly, th e predicted  model sh ould a lso have 19.7% of all crime t r ips  bein g int ra -zona l.

The “Compa re obser ved an d pr edicted t r ip lengths” rou t ine is discussed below.  The
rout ine out pu t s t he number  of t r ips t ha t  a re int ra -zona l in  both  the obser ved an d pr edicted
dis t r ibu t ion s.  A good  model should  produce approximately the same number  of in t ra -zon a l
t r ips in t he pr edicted dist r ibut ion  as wh a t  actua lly occur red.
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Illu st r a ti on

For  exam ple, in  the Balt imore Coun ty model displayed in  figure 14.12 above, there
were 8,272 int ra -zona l tr ips in t he actua l dist r ibut ion  (ou t  of 41,979).  On t he other  hand,
there were on ly 5,428 in t ra -zona l tr ips in t he model.  In oth er  words, t he pr edicted m odel
ass igned fewer  in t ra -zona l t r ips  than  actu a lly occur red. 

It  may be necessary t o modify the model t o produce a  closer  fit  for  the in t ra -zon a l
t r ips .  A sim ple wa y to do th is t o increa se  or decrea se the r ela t ive im peda nce in the m odel. 
So, to use t he exam ple, if the pr edicted m odel is as signing too few int ra -zona l tr ips, th en
the cost  fun ction can  be s t ren gthen ed (i.e., making t ravel more expen sive).  In  th is case, in
the origina l model t he lognorm al fun ction  wa s u sed with  a  mea n  dis t ance of 6.18 m iles .  If
the mean  dis t ance of the im pedance funct ion  is  reduced to 3.5, t hen  the number  of
pr edicted  in t ra -zona l t r ips  increases t o 8,275, a lmost  the same number  as occur red in  the
observed dis t r ibu t ion .

In  oth er  words , by decreasin g the m ea n  dis t ance for t he lognorm al fun ction , the
impedance funct ion  was  st rengthened  (i.e., made more expensive) an d a  bett er fit  was
creat ed between t he observed and predicted distributions.

In  and of it self, a  mism atch for  in t ra -zona l t r ips  bet ween  the predicted  model and
wh at  actu a lly occur red doesn’t  necessa r ily requ ire a  modifica t ion of th e gr avity fun ction . 
Ot her  crit er ia  must  be cons idered, namely h ow well t he predicted m odel fit s t he t r ip length
dis t r ibu t ion  and how well the predict ed models  captures the most  frequent  in ter -zon a l
(zone-to-zone) t r ip links . Lat er  in t he discuss ion , th e issu e of opt imizing a  model by
ba lancing t hese differ en t  crit er ia  will be descr ibed .  

Compare  Tr ip  Length  Dis tr ibut ion

The second evalu a t ion  test  in compa r ing the obser ved with  the pr edicted
dist r ibut ion  is a calculat ion  of the t r ip length  dist r ibut ion  (see st eps below).  Because t he
t r ip d ist r ibu t ion  mat r ix will typically be very large, most  cell va lues will be zer o.  Rarely
will t her e be enough  da ta  to cover  a ll the cells and, even  if ther e wa s, t he skewn ess in
cr im e dis t r ibu t ion s will leave most  cells wit h  no da ta .  F or  exa mple, for  the Ba lt im ore
Coun ty model, with  532 or igin zones and 325 dest ina t ion  zones, ther e will be 172,900 cells
(325 x 532).  The calibr a t ion  da ta  set  had only 41,974 cases.  Th us, t he number  of cells is
more than  four  t imes the sample size and it  is n ot possible t o fill a ll cells with  a  number .  

Consequent ly, because of the la rge number  of cells  wit h  zero counts, on e cannot  use
the Chi squ are test  to compa re the obser ved an d pr edicted dist r ibut ions.  The Ch i squa re
test  assu mes t ha t , firs t , th e dist r ibut ion  is relat ively normal (which  it is n ot  since the da ta
a re h igh ly skewed) an d, second, th a t  there are a t  leas t  5 cases per  cell.   The la t t er
condit ion is  impossible given  the la rge n umber  of cells.  

Therefore, wha t  is usua lly done is to compa re the trip length  d is t r ibu t ion  of the
observed and predict ed models .  ‘Tr ip  lengt h’ is  the lengt h  in  dis t ance, t r avel t im e, or  cost
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of each  t r ip.  It is m easu red by th e actua l length  (or  sepa ra t ion) between  two zones t imes
th e num ber of cases for t ha t zone pair.  For example, in figur e 14.1, th ere were 15 tr ips
from zone 1 to zone 2 an d 7 t r ips in t he opposite d irection  (from zone 2 to zone 1).  Let’s
assu me th at  th e dista nce between zone 1 and zone 2 is 1.5 miles.  Thus, ther e are 22 trips
tha t  fall in to a t r ip len gth  of 1.5 m iles (15 in  the direction  of zone 1 t o zone 2 and 7 in  the
dir ect ion of zone 2 t o zone 1). 

If t r avel t ime is u sed, t he ca lcu lat ions u ses t ime r a ther  than  dist ance.  For exam ple,
if a  vehicle was  t r aveling 30 miles per  hour , th en  it would t ake 3 m inu tes t o cover 1.5 miles
(1.5 miles ÷ 30 miles per h our  = 0.05 hour s x 60 minu tes per hour = 3 minu tes).  Thus,
ther e a re 22 t r ips  tha t  fall in to a t r ip ‘len gth’ of 3 m inutes .  A sim ila r  logic would a pp ly to
tr avel cost cat egories.

This  process is  repea ted for  a ll cells and the dis t r ibu t ion  of t r ips is  a lloca ted to the
dist r ibut ion  of t r ip lengths (in  dist ance, tr avel t ime, or  t r avel cost ).  In genera l, one uses
ma ny int ervals (or bins) for t rip length  (25 or m ore).  In Crim eS tat, t he defau lt  number  of
t r ip len gths is  25, bu t  it  is n ot u nknown to use up t o 100.  The problem in  usin g too many is
tha t  the dist r ibu t ions  become u nrelia ble a nd d iffer en ces t ha t  appea r  may not be r ea l.  

Grap hica l  f it

Once the t r ip length  dist r ibut ion  is ca lculat ed for  both  the obser ved an d pr edicted
dis t r ibu t ions , it  is possible t o compare t hem .  Crim eS tat ou tpu t s a  graph  showing the fit  of
the two dist r ibut ions.  In  gener a l, they should be very close.  An exam ina t ion  of differences
bet ween  the dist r ibu t ions can  indicate a t  wh a t  t r ip len gths t he model is fa iling.  This
might  a llow the paramet er s t o be adju st ed in  order  to improve the fit  on t he n ext  it er a t ion. 
Exa mples will be given  below of the gr aphin g of t he two dis t r ibu t ion s.  But , it ’s im por tan t
to come up with  a  model in  wh ich t he t wo dist r ibu t ions ‘look’ sim ilar .

Coinc idence ra t io

The coincidence ratio compa res  the t wo t r ip length  dis t r ibu t ions  by exa min ing the
ra t io of the tot a l a rea  of those dis t r ibu t ion s tha t  coin cide (i.e., tha t  a re in  common; FHWA,
1997, cha pter 4).  It  is defined as:

 K     fO       fP

Coinciden ce = 3 min [-------,   ---------] (14.13)

k=1     FO       FP

 K     fO       fP

Tota l          = 3 max[-------,   ---------] (14.14)

k=1     FO       FP
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Coin cidence
Coincidence r a t io = ------------------- (14.15)

     Tot a l

The steps are a s follows:

1. Essen t ially, the two dist r ibut ions a re broken  int o K bins (or  int ervals). Tha t
is, t he n umber  of t r ips  in  ea ch bin  is enumer a ted (see exa mple above). 

2. Each of the t wo dist r ibu t ion  is conver ted into a propor t ion  by dividing the bin
count  by the tota l number  of t r ips in  the d is t r ibu t ion .  Th is  st ep  is  not
absolut ely essent ia l as t he t es t  can  be conducted of th e r aw counts. 
However , by con ver t in g in to propor t ion s, t he two dis t r ibu t ion s a re
st anda rdized. 

3. A cumula t ive coun t  is  conducted  of the m inim um  pr oport ion in  ea ch in ter va l. 
Tha t  is, s t a r t ing at  the lowest  in ter val, the smaller  of the t wo pr opor t ions is
t aken .  At  the next in terval, th e sm aller of the two pr oport ions is a dded  to
the count .  This is r epea ted for  a ll K bins .  This is ca lled th e coincidence and
measu re th e overlapping proport ions over all int ervals.

4. A s imila r  cumula t ive coun t  is  conducted  of the m axim um  p ropor t ion  in  each
int erva l.  Tha t  is, st a r t ing at  the lowest  int erva l, the lar ger of the two
propor t ion s is  t aken .  At  the next  in terva l, the la rger  of the two propor t ion s
is added  to the count .  This is r epea ted for  a ll K bins .  This is ca lled th e total
an d measu res th e unique proport ion over all int ervals.

5. F in a lly, the coin cidence ra t io is defin ed as the ra t io of t he min im um count  to
the tot a l coun t .

The coinciden ce ra t io is a p roport ion  from 0 to 1.  It  is an a logous t o the R2 st a t ist ic
in  regr ession  ana lysis  in  tha t  it  mea su res  the ‘expla ined’ (or  overlapp ing) var iance. 
According to th e Tra vel Model Impr ovemen t  Progra m manua l (FHWA, 1997, chapt er  4),
the h igher  the coinciden ce ra t io, th e bet t er .  A value of 0.9 would gener a lly be consider ed
good.

Kom olgor ov-Sm ir nov  tw o-sa m p le test

The Komolgorov-Smirnov Two-Sa mple Test  is s imilar  to th e coincidence ra t io, bu t  it
exa mines  the m aximum differen ce across a ll bin s (Ka nji, 1993).  For  ea ch d ist r ibu t ion, a
cum ula t ive sum is crea ted.  At  ea ch in ter va l, the differ en ce bet ween  the t wo cumula t ive
su ms is calcu lat ed. The m aximum difference between  the two dist r ibut ions is t aken  as t he
test  st a t ist ic:

D = | O i - P i | (14.16)
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There are tables of cr itical values  for  the Komolgorov-Sm irn ov Two-Sa mple Test
wh ich a re a  fun ction of the number  of in ter vals, K (Sm irnov, 1948; Ma ssey, 1951; Siegel,
1956; Kanji, 1993). 

Illu st r a ti on

To illu st ra te the t r ip  lengt h  compar ison , figu res 14.15 th rough  14.18 show the
resu lt s for four  differen t  impeda nce models  - an  em pir ical im peda nce function , a  nega t ive
exponent ia l impeda nce function , a  t runcat ed nega t ive exponent ia l impeda nce function , and
a  lognormal impedance funct ion .  As seen , t he fit  of the empir ica l impedance funct ion  is  not
par t icu la r ly good, bu t  get s progr essively bet t er  wit h  the th ree different  mathemat ica l
fun ctions.  

The best  fit is clear ly with  the lognorm al funct ion .  With  these pa rameters (mea n
center  = 6.0 m iles , st anda rd devia t ion = 4.7 m iles , coefficien t  = 1, origin  exponent  = 1, a nd
dest ina t ion  exponent  = 1.06), th e Coinciden ce Rat io was 0.93.

But , a ga in , t h is  is  ju st  one cr it er ia , a lbeit  one tha t  fit s most  of the dis t r ibu t ion
mat r ix.  As with  the n umber  of in t ra -zona l t r ips , min imizing the er ror for a  t r ip length
dis t r ibu t ion  will n ot  necessa r ily m in im ize the er ror  for  the other  two cr it er ia  (in t ra -zon a l
t r ips  and t he t op links).  But , it ’s im por tan t  tha t  the t r ip len gth  compa r ison be r ea sonably
close.

Comparing  the  Trips  o f the  Top Links

The t h ird evalua t ion  test  focuses on t he t op links.  Th a t  is, it  eva lua tes how well the
predict ed model ca ptures the major  t r ip  links, both  in t ra -zon a l a nd in ter -zon a l.  Sin ce
crim e t r ips  a re ver y sk ewed (i.e., a h andful of zones  cont r ibu te t o most  crim e origin s a nd a
handfu l of zones a t t r act  many cr im es), ca ptur in g t he most  im por tan t  links is  essen t ia l for  a
good  cr ime d is t r ibu t ion  model.  Th is  is  pa r t icu la r ly t rue s ince a  model tha t  produces  the
bes t  fit  for  the overa ll t r ip len gth  dis t r ibu t ion  may not capt ure t he t op links ver y well.

Ther efore, sim ply compa r ing the t r ip len gth  dis t r ibu t ion  may not a dequ a tely
capt ur e the top links.  That  is, on a verage a par ticular  model ma y produce a good fit
between  the predict ed and obs erved dis t r ibu t ion s, bu t  may do th is  by m in im izin g er ror
across the en t ir e mat r ix of t r ip  pa ir s wit hout  necessa r ily m in im izin g t he er ror  for  the top
link s.

Consequ en t ly, it ’s im por tan t  to also compare t he fit  of the m odel for t he t op links. 
On e of the lines in  the dia logue for  the “Compare obser ved a nd predicted  t r ip len gths” is
“Compare top  links”.  The user  shou ld  specify the number  of top  links to be compared ; the
defau lt  is 100.  The t op links a re t he t r ip pa ir s t ha t  have the m ost  number  of actu a l t r ips ,
st a r t ing from t he pa ir  wit h  the m ost  t r ips  and sort ing in descendin g order . The r out ine
ca lcu lat es a  pseu do-Chi squa re test  on  just  those link s.  Since th e top link s will a ll have a
sufficien t  number  of t r ips, it  is  possible to ca lcu la te a  Ch i square st a t is t ic.  However , s in ce
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Comparing Observed and Predicted Crime Trip Lengths
Empirical Impedance Function
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Comparing Observed and Predicted Crime Trip Lengths
Negative Exponential Impedance Function

0%

10%

20%

30%

40%

0 5 10 16 21 26 31

Trip length (miles)

P
er

ce
n

ta
g

e 
o

f 
al

l 
cr

im
e 

tr
ip

s

Actual trips Modeled trips

Figure 14.16:

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Comparing Observed and Predicted Crime Trip Lengths
Truncated Negative Exponential Impedance Function
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Comparing Observed and Predicted Crime Trip Lengths
Lognormal Impedance Function
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not  a ll links a re being consider ed in t h is t est , a significance test  of th is st a t ist ic cannot  be
ca lcu lat ed since th e sampling err or  is not kn own.

Us ing the obser ved (actua l) links  as t he reference, th e test  ca lcu lat es:

 K     (P i – O i)
2

Pseu do-ch i squa re = G [-------------] (14.17)

i=1 O i

where P i is t he predicted n umber  of t r ips  for  t r ip pa ir  i, O i is the obser ved (actua l) number
of t r ip s for  t r ip  pa ir  i, and i is  the number  of t r ip  pa ir s  t ha t  a r e compared  up  to K
compa r isons, where K is selected by th e user .

Nu m ber  of l in k s to test

The num ber of top links th at  ar e to be compa red depends on h ow skewed is th e
dist r ibut ion . One good wa y to look a t  th is is to plot  the rank size d is t r ibu t ion  of the
obser ved t r ips .  Us ing the out pu t  ‘dbf’ file for  the obser ved t r ip d ist r ibu t ion  (see “Ca lcula te
obser ved or igin-dest ina t ion  t r ips” above), impor t  the file int o a spr ea dsheet .  Sort  the file in
descending order  of the t r ip frequency an d crea te a  new var iable ca lled “Rank order”,
which  is  sim ply the descendin g or der  of the t r ip  frequencies.  Then , p lot  the frequency of
t r ips  (FREQ) on t he Y axis  aga inst  the r ank order  of the t r ip pa ir s on  the X axis .  

F igure 14.19 below sh ows t he r ank size d ist r ibu t ion  of the Ba lt imore Coun ty cr ime
t r ips.  Notice how the dist r ibut ion  is very skewed for  the top crime t r ip pa irs , but  declines
substan t ia lly a ft er  tha t .  Tha t  is , t he top t r ip  link (which  was an  in t ra-zon a l t r ip  pa ir  - zon e
654 to itself) had 278 t r ips.  The second t op link  (a lso an  int ra -zona l pa ir - zone 714 to
it self) h ad 226 t r ips.  The th ir d had 223; the four th  had 205; and so for th .  As ment ion ed
above, the top 1000 t r ip links  account  for  about  47% of a ll the t r ip in t he mat r ix, but  the
firs t  176 a ccoun t  pa ir s a ccoun t  for  ha lf of tha t .  In  oth er  words , if the t op 150 t o 200 t r ip
pa irs a re exa mined, the h ighest  volume links will be included and m ost  of the skewn ess in
the dist r ibu t ion  will be a ccoun ted for .  The r em aining dis t r ibu t ion , wh ich is  not fit t ed, will
be less skewed.

Illu st r a ti on

An illustr at ion of how compa ring the top link s can  modify a t rip distr ibut ion m odel
can  be given.  The same model as sh own in figur e 14.12 was r un .  The pseudo-Chi squa re
test  for  the firs t  176 pa irs  was 5,832 (rounding-off to the nearest  int eger).  However, by
modifying th e mean  dist ance of the lognorm al funct ion  a  lower  Chi squ are value was
obta ined .  After  severa l it era t ions, the lowest  Chi squ are value was obta ined  for  a  mean
dista nce of 5.2 miles (P2 = 5,448).
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Aga in , t he top links represen t s only one cr it er ia  out  of the th ree ment ion ed.  A good
model sh ould bala nce a ll th ree of these.

Optimizing th e Three  Evaluatio n Criteria

The idea l solut ion  would  be t o ha ve a ll th ree eva lua t ion  crit er ia  minimized.  Th a t  is,
wit h  an  idea l model, ther e should be ver y lit t le er ror between  the predicted  model and t he
observed  dis t r ibu t ion  for  the number  of in t ra -zona l t r ips, the t r ip  length  d is t r ibu t ion , and
th e top links.

In  pr actice, it  is u n likely t ha t  any one model will min imize a ll th ree t ypes of errors . 
Th us, a  ba lance (a  compr omis e) must  be obt a ined in  order  to produce an  opt imal solu t ion. 
Since a  ba lan ce can  be obta ined in differen t  ways, th ere are multiple solu t ions possible.

H in t : In  Crim eSt a t , it  is very easy to ru n  th rough differen t  models.  The
pa rameters a re inpu t  on  the “Set up origin-dest ina t ion  model page”.  The
coefficien t s a re calibr a ted in  the “Ca libra te origin -dest ina t ion  model” rout ine
on the “Or igin -Dest in a t ion  Model” page.  The coefficien t  file which  is  outpu t
is  then  in put  in to the “Apply predict ed or igin -dest in a t ion  model” rout in e on
the same page. The compa r ison bet ween  the obser ved a nd predicted  values is
found in  the “Compare obser ved a nd predicted  origin -dest ina t ion  t r ip
lengths” rou t ine.  Once set  up, iter a t ions of the models can  be ru n  very
ea sily.  A cha nge is m ade on t he set up page.  The m odel is ca libra ted.  It  is
then  app lied to th e calibr a t ion da ta  set .  Fina lly, a  compa r ison  is m ade. 
Since the file nam es rema in const an t, an en tire itera tion t ak es less tha n a
min ute on a  fast  computer  (1.6 Gb or  faster ).

 To illust ra te the mult ip le cr it er ia , t able 14.2 shows the best  models  for  ea ch of the
three t est s with  var ia t ions on the m ea n  dis t ance in t he m odel sh own in  figure 14.12.  All
oth er  pa ramet er s wer e held const an t .  Many models wer e r un  to produce th is t able
including tes t ing other  funct ions.  These are the th ree best .

As  seen , d ifferen t  models  produce the lowes t  er ror  for  each  of the cr it er ia .  For
obta in ing the closes t  fit  to the number  of in t ra -zona l t r ips, the mean  d is tance of the
lognorm al funct ion  was 3.5 miles.  For pr odu cing the best  fit t o the top 176 links, the mean
dis tance for t he bes t  model wa s 5.2 models.  F or producing t he bes t  fit  for  the en t ire t r ip
length  dis t r ibu t ion , the m ea n  dis t ance of th e bes t  model wa s 6.0 miles.  Th e qu est ion  is
which  one to use?
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Ta ble 14.2

Multip le  Cri teria  in  Se lec t ing  a  Dis tribut ion  Funct ion
Logn ormal fu nct ion

St anda rd deviat ion  = 4.7 miles
Coefficien t  = 1

Or igin  exponent  = 1.0
Dest ina t ion  exponent  = 1.06

Num ber  of Chi s qu are
Mean Intra-zonal for  top Coinc idence
dis tance Trips 176  Links Ratio
Obser ved  8272     -   -
6.0  5463  5814 0.93
5.2  6296  5777 0.87
3.5  8275  5986 0.74

O n e sol u t ion  for  op t i m i z i n g d e ci si on s

On e possible solut ion is  to opt imize in  the following wa y:

1. If the t r ip  dis t r ibu t ion  mat r ix is  h igh ly skewed (which  will occu r  wit h  most
crim e da ta  set s), t hen  it ’s essen t ia l tha t  the t op links be r eplicat ed closely. 
Th is would  take pr iorit y over the second cr it er ia , wh ich is  min imizing the
er ror  for  the t r ip  length  d is t r ibu t ion , and  the th ird  cr it er ia , which  is
minimizing th e err or in predicting int ra -zona l tr ips.

2. Next fit th e model to minimize th e Chi squa re value for t he t op link s.  In t he
exa mple above, t h is  would  be the top 176 pa ir s.  Typica lly, the mean  dis t ance
has t he biggest  impact  for  a  lognorm al or  normal funct ion  and t h is would be
adjus ted fir st . For a  negat ive exponent ial funct ion , th e exponent  has t he
st rongest  im pact .  F or  a  linear  funct ion , t he slope has the st rongest  im pact
and for  a  t runca ted nega t ive exponent ia l, both  the peak dis t ance, for  the
near  dis t ance, a nd the exponent , for  the fa r  dis t ance, h as the biggest  im pact s
(see chapt er  9).  Aga in , the a im is t o produce th e Ch i squ are for  the t op links
with  the lowest  value.

4. Then , wh ile t rying to ma inta in  a  Ch i squ are va lue a s close to th is m inimal
va lue a s possible, a dju st  the m odel t o min imize t he er ror in  the t r ip length
compa r ison.  In  th is case, the m odel wit h  the h ighest  Coinciden ce Rat io is
tha t  wh ich m in imizes  the er ror.  F or lognorm al and n orm al fun ctions, t he
st anda rd devia t ion is  the n ext  pa ramet er  to ad just .  For a  nega t ive
exponent ial funct ion , th e coefficient  sh ould be ad just ed n ext. For  a  linear
funct ion , t he in t ercep t wou ld  be adjust ed  next  and for  a  t runca ted  nega t ive
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exponent ial t he slope would be adjus ted n ext.  Again , th e a im should be to
obta in  the h ighest  Coinciden ce Rat io wit hout  losin g the fit for t he t op links.

5. F in a lly, if it  is  possible, a dju st  the exponents of the or igin s and dest in a t ion s
and the other  parameter s (e.g., the coefficien t  in  the lognormal a nd normal
dis t r ibu t ions ) to r educe the er ror in  the t ota l number  of in t ra -zona l t r ips . 
Typica lly, however , th ese do not a lter  the resu lts  very much .  They can  be
th ought  of as “fine tun ing” adjustm ents.

Notice tha t t his hiera rchy fits th e highest volume tr ip links first,  then fits t he
overa ll t r ip length  dis t r ibu t ion, a nd fina lly fits  the n umber  of in t ra -zona l t r ips . 

Illu st r a ti on

To illust ra te, we firs t  st a r t  wit h  the m odel t ha t  pr oduced t he lowes t  Ch i square. 
Th a t  model u sed a  lognormal fun ction  wit h  a  mea n  dis t ance of 5.2 miles , a  st anda rd
devia t ion  of 4.7 miles, a  coefficien t  of 1, an  or igin  exponent  of 1.0 and a  dest in a t ion
exponent  of 1.06.  Varying th e st anda rd deviat ion  of the lognorm al funct ion  pr odu ced t he
followin g r esu lt s (table 14.3).

Ta ble 14.3

Minimiz ing  the  Secon d Criter ia  in  Se lec t ing  a  Dis tribut ion  Funct ion
Logn ormal fu nct ion

Mean dist ance = 5.2 miles
St anda rd Deviat ion  = 4.6 miles

Coefficien t  = 1
Or igin  exponent  = 1.0

Dest ina t ion  exponent  = 1.06

Num ber  of Chi s qu are
Sta n da rd Intra-zonal for  top Coinc idence
deviat ion Trips 176  Links Ratio
4.5  5809  5789 0.90
4.6  6057  5779 0.88
4.7 (baseline)  6296  5777 0.87
4.8  6526  5780 0.86
4.9  6746  5788 0.84
   
As  the s t andard  devia t ion  was  increased , the Coincidence Ra t io decreased  while the

number  of in t ra -zona l t r ips  increased.  Of th ese five differen t  st anda rd devia t ions , 4.5
produced the h ighest  Coincidence Ra t io, bu t  a lso in creased the Ch i square st a t is t ic for  the
176 t op links.  Since th a t  crit er ia  wa s set  fir st , we don’t  wa nt  to loosen  it  su bstan t ia lly
du r ing the second a djus tment .  Consequ ent ly, a st anda rd deviat ion  of 4.6 was selected
because th is in creased t he Coinciden ce Rat io sligh t ly wh ile n ot substan t ia lly worsen ing the
Ch i square t es t  (an  increase of about  2).  
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Subsequent  t est s va rying t he coefficien t  of the lognormal fu nct ion  and the
exponents of th e origin  and dest ina t ion t er ms d id n ot a lt er  these va lues .  Consequ en t ly, the
fina l model th a t  was selected is list ed in t able 14.4.

Table 14.14

Ba ltim ore  Cou n ty Crim e  Trips: 1993-1997
Optimal Mode l  Selecte d

Logn ormal fu nct ion
Mean dist ance = 5.2 miles
St anda rd devia t ion = 4.6
Coefficien t  = 1
Or igin  exponent  = 1.0
Dest ina t ion  exponent  = 1.06

The m odel wa s r e-run  wit h  the new paramet er s u sed. Th e t op 176 predicted  t r ip
links wer e ou tpu t  and wer e compa red t o the top 179 obser ved tr ip links  (which  exceeded
176 because of t ied values). The t op pr edicted 176 links a ccounted for  7,241 tr ips, or  17.3%
of the tota l nu mber  of t r ips.  The t op observed 179 links a ccounted for  9,900 tr ip, or  23.6%
of the tot a l.  Compared  to the observed  dis t ribu t ion , t he top  176 p red ict ed  links accoun ted
for a  sma ller proport ion of th e tota l tr ips.   

However, t he fit wa s gener a lly bet t er .  Figur e 14.20 sh ows t he top pr edicted int er -
zon a l t r ip  links and compares them to the top obs erved links while figure 14.21 shows the
top pr edicted  in t ra -zona l (local) t r ip lin ks a nd compa res them  to th e t op obser ved in t ra -
zona l link s.  Compa r ing these m aps t o figure 14.12 and 14.13 (which  mapped  the top 1000
links, n ot t he t op 176), the fit is  a  bit  bet t er  for  the m ajor  links, wh ich is  wh a t  we
opt imized.  The fit  is not per fect ; it pr obably will never be.  But , it  is reasona bly close.

Of course, th is  is  not  the on ly way to op t imize and  d ifferen t  users  migh t  approach  it
differen t ly (e.g., min imizing the in t ra -zona l t r ips  firs t , then  the overa ll t r ip length
dist r ibut ion , an d fina lly the top link s).  It  has t o be rea lized t ha t  opt imizing in a  differen t
order  will pr obably pr oduce var ying resu lt s; ther e is n ot, u nfor tuna tely, a  sin gle opt imum
solut ion  to these th ree cr iter ia.  Tha t  is why it is import an t  to explicitly define how an
opt im al solu t ion  will be obt a in ed.  In  tha t  way, user s of the model ca n  be cogn izan t  of
where the model is most  accura te and wh ere it is pr obably less a ccura te.  

Im p le m e n ti ng  th e  Co m pa ri so n s in  C r i m eS t a t

The mecha nics of condu cting the test s is fairly str aight forwa rd.  The th ree tests a re
implemen ted in  the “Compare Observed a nd P redicted  Tr ip Lengths” rout ine on t he la st
pa ge of the Trip d ist r ibut ion  modu le.
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Baltimore County

City of Baltimore

Comparison of Predicted and Observed Crime Trips
Top Zone-to-Zone Trips from Optimized Model

All Crime Types

N
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0 10 20 Miles

City of Baltimore
Baltimore County

Observed top inter-zonal trips
25 or less
26 - 49
50 - 74
75 - 99
100 or more

Predicted top inter-zonal trips
25 or less
26 - 49
50 - 74
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100 or more

Figure 14.20:
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Observed  t r ip  fi l e

Select  the obs erved t r ip  dis t r ibu t ion  file by click in g on  the Br owse bu t ton  and
finding the file.

Observed  num ber  o f o r ig in -d est ina t ion  t r ip s

Specify th e var iable for  the observed nu mber of t r ips.  The defau lt n ame is FREQ.

Or ig_ID

Specify th e ID na me for  the or igin zone.  The defau lt n ame is ORIGIN.

Note: th e ID’s u sed for  the origin  zones must  be t he same a s in  the dest ina t ion  file
and t he sa me as in  the pr edicted t r ip file if the top link s a re to be compa red.

Orig_X

Specify the name for  the X coordina te of the origin  zone.  The defau lt  name is
ORIGINX.

Orig_Y

Specify the name for  the Y coordina te of the origin  zone.  The defau lt  name is
ORIGINY.

Dest _ID

Specify th e ID name for  the dest ina t ion  zone. The defau lt n ame is DEST.

Note: all destinat ion ID’s should be in t he origin zone file and m ust  ha ve the sam e
names a nd t he sa me as in  the pr edicted t r ip file if the top link s a re to be compa red.

D es t _X

Specify the name for  the X coordina te of the dest ina t ion  zone. Th e defau lt  name is
DESTX.

D es t _Y

Specify the name for  the Y coordina te of the dest ina t ion  zone. Th e defau lt  name is
DESTY.
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Pred ic t ed  t r ip  fi l e

Select  the predict ed t r ip  dis t r ibu t ion  file by click in g on  the Br owse bu t ton  and
finding the file.

Pred ic t ed  num ber  o f o r ig in -d est ina t ion  t r ip s

Specify the va r iable for  the obser ved n umber  of t r ips . The defau lt  name is
PREDTRIPS.

Or ig_ID

Specify the ID n ame for  the origin  zone. The defau lt  name is  ORIGIN. 

Note: th e ID’s u sed for  the origin  zones must  be t he same a s in  the dest ina t ion  file
and t he sa me as in  the obser ved tr ip file if the top link s a re to be compa red.

Orig_X

Specify the name for  the X coordina te of the origin  zone. Th e defau lt  name is
ORIGINX.

Orig_Y

Specify the name for  the Y coordina te of the origin  zone.  The defau lt  name is
ORIGINY.

Dest _ID

Specify th e ID name for  the dest ina t ion  zone.  The defau lt n ame is DEST.

Note: all destinat ion ID’s should be in t he origin zone file and m ust  ha ve the sam e
names a nd t he sa me as in  the obser ved tr ip file if the top link s a re to be compa red.

D es t _X

Specify the name for  the X coordina te of the dest ina t ion  zone.  The defau lt  name is
DESTX.

D es t _Y

Specify the name for  the Y coordina te of the dest ina t ion  zone.  The defau lt  name is
DESTY.
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S el ec t b in s

Specify how the bin s (in ter vals) will be defined.  Th er e a re t wo choices. On e is t o
select a  fixed n umber  of bins.  Th e oth er  is t o select  a  const an t  in ter val.

Fixed  nu m ber

This  set s a  fixed number  of bins.  An  in terva l is defin ed by t he maximum dis tance
bet ween  zone divided by t he n umber  of bin s.  The defau lt  number  of bin s is  25.  Specify the
nu mber of bins.

Cons ta nt  in t erva l

Th is defines  an  in ter va l of a  specific size.  If selected, the u n it s m ust  a lso be chosen . 
Th e defau lt  is 0.25 m iles .  Ot her  dis t ance un it s a re n au t ical m iles , feet , kilomet er s, a nd
meters.  Specify th e int erval size.

C om p a r e  t op  l i n k s

The “Compare top <va lu e> lin ks” dia logue im plements a  compar ison  of the top
links.  The u ser  specifies the number  of links  to be compa red.  The defau lt is 100. The
rout ine calculat es a Chi squar e stat istic for t hese links.

Note: in order  to make t he compa r ison , th e or igin a nd des t ina t ion  ID's must  be th e
sa me for  both  the observed and p redicted t r ip files . 

S a ve com p a r ison

Th e outpu t  is saved as a  ‘dbf’ file specified by t he u ser . 

T a b l e ou t p u t

The table out put  includes summ ar y inform at ion a nd:

1. The number  of t r ips  in  the obser ved or igin-dest ina t ion  file
2. The number  of t r ips  in  the predicted  origin -dest ina t ion  file
3. The number  of in t ra -zona l t r ips  in  the obser ved or igin-dest ina t ion  file
4. The number  of in t ra -zona l t r ips  in  the predicted  origin -dest ina t ion  file
5. The number  of in ter -zona l t r ips  in  the obser ved or igin-dest ina t ion  file
6. The number  of in ter -zona l t r ips  in  the predicted  origin -dest ina t ion  file
7. Th e a ver age observed t r ip length
8. Th e a ver age predicted t r ip length
9. Th e m edian  obser ved t r ip length
10. Th e m edian  pr edicted t r ip length
11. The Coinciden ce Rat io (an  indica tor  of congru ence var ying from 0 to 1)
12. The D value for  the Komolgorov-Sm irn ov two-sa mple test
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13. The cr itical D value for  the Komolgorov-Sm irn ov two-sa mple test
14. The p-va lue a ssocia ted wit h  the D va lue of Komolgorov-Smirnov two-sa mple

test  relat ive to the cr itical D value.
15. The pseudo-Chi squ are t est  for  the t op links

and  for  each  bin :

16. The bin n umber
17. The bin  d is tance
18. The obs erved propor t ion
19. The predicted  pr opor t ion

Fi l e ou t p u t

The saved file includes:

1. The bin num ber (BIN)
2. The bin dist ance (BINDIST)
3. The observed propor t ion  (OBSERVPROP)
4. The pr edicted pr opor t ion  (PRE DPROP )

Gr a p h

Wh ile the outpu t  page is  open , click in g on  the gr aph  bu t ton  will d ispla y a  gr aph  of
the obs erved and predict ed t r ip  lengt h  propor t ion s on the Y-axis by t he t r ip  lengt h  dis t ance
on  the X-axis .  Th is  would  produce a  s imila r  graph  to tha t  seen  in  figure 14.15 th rough
14.18 above.

Use s of  Trip Distribut ion  Ana lysis

Th er e a re a  number  of uses for the t r ip d ist r ibu t ion a na lysis .  Fir st , for  policing, a n
ana lysis of the actua l (obser ved) t r ip dist r ibut ion  can  be valuable.  Second, th e pr edicted
model h as va lu e, a bove-and-beyon d the ana lysis  of the actua l d is t r ibu t ion .

Uti li ty  o f Observed  Tr ip  Dis tr ibut ion  Map

This informat ion  by it self can  be very usefu l for  police. Two applica t ions will be
discussed.

C r i m e p r e v en t i on  effor t s

 A ma jor a pplicat ion is using th e data  shown in a t rip distr ibut ion m ap t o guide
en forcemen t  effort s.  F or example, in  Ba lt imore County, wit h  the cr imes occur r ing a t  the
five sh opping malls, t he origin  loca t ions  can  be m ore ea sily seen . Th is h as u t ilit y for  police. 
F ir st , the police int er vene m ore effectively on  the r out es leadin g from likely origin
loca t ions.  They can  pa t rol t hose rou tes  more heavily and, perhaps , in t ervene more
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frequen t ly.  By us ing the in format ion  from the t r ip  dis t r ibu t ion  ana lys is , they make their
enforcement  effor t s smar ter .  Second, t hey ca n  conduct  cr im e prevent ion  effor t s more
effectively.  By kn owing t he likely origin  of offender s, in ter ven t ion  effort s in  the origin
zon es may h ead off some of these in ciden t s.  P rogr ams such  as weed-an d-seed  and a ft er -
school progr ams depend on providin g a lt erna t ive facilit ies for  you th , h opin g t o redir ect
them to more const ruct ive act ivities.  These facilities can  be placed in loca t ions wh ere
many cr imes  or igina te.

Im pr oved  J ourney to  cr im e  ana lysi s

A second a pplica t ion  is in gues sing th e likely or igin of a  ser ial offender .  In cha pt er
9, theories of t r avel beh avior  by a  ser ia l offen der  wa s d iscussed.  The r esu lt ing ana lysis
(geogr aphic profilin g, J ourney t o cr im e ana lysis ) u t ilized in format ion  on the dis t r ibu t ion  of
incidents comm itted by th e offender.  On t he oth er ha nd, the tr ip distr ibut ion pa tt ern seen
in  figure 14.4 provides a  probabilit y m ap of offen der  loca t ion s and gives more in format ion
than  was evident  in  the J ourney t o cr im e model.   Th a t  model a ssigned a  likelihood of the
offender  living a t  a  loca t ion (the origin) on  the ba sis  of the dist r ibu t ion of th e in ciden t s. 
Ther e wa s n o addit iona l informat ion  used a bout  likely or igin locat ions.  Th is t r ip
dis t r ibu t ion  map, on  the other  hand, poin t s to cer ta in  zon es as bein g t he likely or igin  for
offenses  commit ted  a t  the major  des t ina t ion  loca t ions .  There is  more ‘s t ructu re’ in  th is
ana lysis  than  in  the J ourney t o cr im e logic.

On e can  th ink of th is in  ter ms of a  quasi-Bayesia n  approach to guessin g the likely
or igin of an  offender .  The geogra ph ic pr ofiling/J ourney to cr ime logic assu mes n o prior
probabilities.  The only inform at ion t ha t is used is th e distr ibut ion of crimes comm itted by
a  ser ia l offender  and a  model of crim e t ravel dist ance (essen t ia lly, an  impeda nce function ). 
The t r ip d ist r ibu t ion  map, on the oth er  hand, poin t s t o cer ta in  locat ions a s being the likely
or igin  for  inciden t s .  Admit ted ly, th is  is  based  on  a  la rge sample of cases  ra ther  than  one
pa r t icula r  ser ia l offen der .  But , the m ap poin t s t o cer ta in  pr ior  pr obabilit ies for  an  origin
loca t ion . If an  ana lys t  cou ld  combine those approaches  - us ing a  p r ior  p robability map
a lon g wit h  the dis t r ibu t ion  of in ciden t s commit ted by a  ser ia l offender , a  more rea list ic a nd
accura te gu ess a bout  the offender ’s r es idence locat ion could  be obt a ined. 

In  other  words, t he empir ica l descr ip t ion  of cr im e t ravel pa t t erns is  usefu l for
policing, above-an d-beyond  any modelin g tha t  is developed. 

Uti li ty  o f Predic ted  Tr ip  Dis tr ibut ion  Map

The model a lso has a  lot  of ut ilit y for  both  policin g a nd cr im e ana lysis .  A number  of
exa mples will be given .  F ir st , it  can  be used for  fo re c as ti ng .  By ca libra t in g t he model on
one da ta  set , it  be  applied to a  future da ta  set .  As ment ion ed in  chapter  12, m uch of the
popula t ion  and employment  da ta  tha t  form the basis  of a  t r ip  genera t ion  model com es from
a Met ropolit an  Pla nnin g Orga niza t ion  (MPO).  Most  MPOs in  the Unit ed Sta tes a lso make
forecast s  of fu tu re popula t ion  and employmen t .  Those forecast s  can  be, in  t u rn , conver t ed
in to forecas t s of fu tu re cr ime or igins  and cr ime des t ina t ions .  Thus , on  the assumpt ion  tha t
the dist r ibut ion  t rends will rem ain t he sa me over t ime, t he t r ip dist r ibut ion  model can  be
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applied to the forecast  set  of or igin s and dest in a t ion s.  This  could  a llow an  exa min a t ion  of
possible changes in  the cr im e dis t r ibu t ion  (assumin g t ha t  the fu ture forecast s a re correct
and t ha t  the t r ip d ist r ibu t ion coefficien t s r em ain  const an t ). 

Second, a  model of crim e t r ip d ist r ibu t ion can  be u seful for modelin g ch an ge s in
la n d u s e s .  For exam ple, if a  new sh oppin g ma ll is being plan ned, one can  take t he
exist ing t r ip gener a t ion  model and a djus t  it t o fit t he planned sit ua t ion  (e.g., addin g 500
reta il jobs to the zon e in  which  the mall is  bein g developed).  Then , t he t r ip  genera t ion
model is re-ru n with t he new expected dat a, and t he tr ip distr ibut ion m odel is applied to
the predicted  crim e origin s a nd cr ime dest ina t ions.  Th e r esu lt  would  be a  model of likely
cr im e t r ips to the new shoppin g m all.  Th is  can  be useful t o the mall developers, t o future
businesses , an d t o the police.  If it t u rns out  tha t  the model forecast s t here will be a
sizeable number  of cr ime t r ips t o tha t  mall, then  pr event ive act ions can  be developed
before t he m all is bu ilt  (e.g., impr oving secur ity des ign in  the mall; impr oving the parking
lot  a r r angemen t ).

Th ird, a  model of crim e t r ip d ist r ibu t ion can  help in  ana lyzing futu re
i nt e rv e n ti on s . F or  exa mple, increasin g police pa t rols  in  a  h igh  cr im e a t t r act ion  area  can
be examined as t o possible effect iven ess before t aking the t rouble t o reorga nize
deployment .  Or, adding a n ew dr ug tr ea tment  cen ter  or  a  new youth  center  can  be
modeled a s t o its  poss ible effect iven ess in  cha nging the n a ture of crim e t r ips .  Again , the
in put  is  a t  the da ta  level, which  affect s the t r ip  genera t ion  model.  Bu t  the t r ip  dis t r ibu t ion
model is applied to the new output s from the t r ip  genera t ion  model. Th e adva ntage of a
model is  tha t  it  explores a  set  of in ter ven t ions  wit hout  having to actua lly having to
implement  them; it ’s  a  ‘th ink ing’ tool for  p lann ing change.

Four th , and fina lly, a cr ime t r ip d ist r ibu t ion  model is h elpful in  developing c rim e
th e ory .  As indica ted in cha pt er  11, th e theory of cr ime t ravel has been  very elemen ta ry
up t o now.  The pr imary focus of ana lysis  has been  only on t he dest ina t ions a nd on the t r ip
lengths a s m easu red by dist ance t r aveled.  A t r ip dist r ibut ion  model, on  the other  hand,
ana lyzes both  t r ip dest ina t ions a nd t r ip or igins , an d can  include a  more sophist ica ted
measu re of impeda nce than  simple dist ance.  Because t he ana lysis is condu cted over  a
la rger  a rea  (a  ju r isdict ion  or  a  met ropolit an  a rea ), the h iera rchy of cr ime t r ips can  be
ana lyzed simulta neously an d t he int eract ion  between  or igins  and des t ina t ions can  be
examined .  In  shor t , a  cr ime t r ip  dis t ribu t ion  model is  a ‘quan tum leap’ in  sophis t ica t ion
and complexity compared to th e u su a l J our ney to cr ime t ypes  of models.  H opefully, it  will
gener a te even  more sophist icat ed types  of models.

At  th is  poin t , we don’t  have any exa mples of the use of a  cr im e t r ip  dis t r ibu t ion
model for  policy in tervent ion  or  ana lysis  of la nd use changes.  The focus has been  on
pu t t ing the model togeth er  and en su r ing tha t  the rou t ines  work p roper ly.  But , it  is hoped
tha t  these a pp licat ions  will be pr esen ted in  fut ure ver sions of th e progra m.

The next  cha pt er  cont inues the t r avel demand m odel by examining how cr ime t r ip
links a re split  in to d ifferen t  t r avel modes .  Tha t  is , t he t r ip  dis t ribu t ion  model es t ima tes
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the number  of t r ips  flowing from ea ch origin zone t o each  dest ina t ion  zone.  The m ode sp lit
model th en breaks t hese trips int o distinct t ra vel modes.
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1. Dis tance can  be used as a  rough  approximat ion  for  im pedance, bu t  is  ra rely a  good
pr edictor  of actua l tr avel beha vior .  For exam ple, in  the mode sp lit m ode t ha t  will be
discussed in  cha pt er  15, t he dist ance between  a  locat ion  and t he nea rest  bus or  ra il
rou te can  be used t o quickly select  t r ip pa irs  tha t  might  t r avel by tr ansit .  However ,
the actua l predict ion  must  be based on a  network calculat ion  of t r avel t ime or t r avel
cost  in t r avers ing the syst em.

2. Most  of the resea rch  on  factors a ffect ing use of t r ansit  were condu cted in t he 1960s
and 1970s.  These assu mpt ions a re more or  less a ssu med by tr avel dem and
modelers, rat her t ha n docum ented per se.  See Schn ell, Smith , Dim sda le, a nd
Thrasher , 1973; Roemer  and Sin ha , 1974; WASHCOG, 1974; Ca rnegie-Mellon
Un iversity, 1975; J ohnson, 1978; Levine and Wachs, 1986b for  some exam ples.

En dn ot e s fo r Ch ap te r 14
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Chapter 15
Mode Split

In  th is chapt er , the t h ird m odeling st ep in  the crim e t ravel demand m odel is
dis cussed, m ode split .  Mode split in volves separa t in g (split t in g) t he predict ed t r ips from
each  or igin zone to each  dest ina t ion  zone int o dist inct t r avel modes (e.g., walk ing, bicycle,
dr ivin g, t r a in , bus).

This  model h as both  adva ntages and disadva ntages for  cr im e ana lysis . At  a
theoret ical level, it  is t he m ost  developed  of the four  st ages sin ce ther e h as been  ext en sive
resear ch on t ra vel mode choice.  For crime an alysis, on t he oth er ha nd, it  r epresents t he
‘weakest  link’ in  the ana lysis  sin ce there is  very lit t le  ava ilable in format ion  on t ravel m ode
by offender s.  Since researchers can not  int erview the gener a l public in order  to document
cr imes  committ ed by responden ts n or , in  most  cases, even in terview offender s a ft er  they
have been caught , th ere is very lit t le in format ion  on  t ravel mode by offender s t ha t  has been
collected.1 Con sequent ly, we have to depend on the exist in g t heory of t r avel m ode choice
and adapt  it  in tu it ively to cr im e da ta .  The approach  is  solely theoret ica l a nd depends on
the va lidit y of th e exist ing theory a nd on the in tu it iveness of guesses.  H opefully, in  the
fu ture, th ere will be more informat ion  collected t ha t  would a llow the model to be ca libra ted
against  some r ea l da ta .  But , for  the t ime being, we are limited  in wh at  can  be done.

Theoret ica l  Backgroun d

Th e t heoret ical backgr oun d beh ind t he m ode split  modu le is  pr esen ted firs t .  Next ,
the specific procedures a re discussed wit h  the model bein g illust ra ted wit h  da ta  from
Ba lt imore County.

Util ity of  Trave l  and  Mode  Choice

The key a im of mode choice ana lysis is t o dist ingu ish  the t r avel mode t ha t  t r aveler s
(or , in  the case of cr im e, offenders) use in  t r aveling between  an  or igin  loca t ion  and a
dest ina t ion  loca t ion .  In t he t r avel dem and m odel, th e choice is for  t r avel between  a
par ticular  origin zone an d a pa rt icular  destinat ion zone.  Thus, the t rips th at  ar e
dis t r ibu ted from each origin zone t o each  dest ina t ion  zone in  the t r ip d ist r ibu t ion  module
ar e fur th er split int o distinct t ra vel modes.

With  few excep t ion s, t he assumpt ion  beh in d the mode split  decis ion  is  for  a  two-wa y
t r ip.  Th a t  is, if an  offender  decides on  dr iving to a par t icula r  crim e loca t ion , we n orm ally
assume tha t  th is  person will a lso dr ive ba ck to the or igin  loca t ion .  Sim ila r ly, if the
offender  t akes  a  bus  to a  cr ime loca t ion , then  tha t  person  will a lso t ake the bus  back  to the
origin  locat ion .  Ther e a re, of course, except ions.  A car  th ief ma y take a  bus t o a cr ime
loca t ion , then  s tea l a  ca r  and  d r ive back . But , in  genera l, withou t  in format ion  to the
con t ra ry, it  is  a ssumed  tha t  the t r avel mode is  for  a  round  t r ip  journey.  
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15.2

Un der lying the choice of a  t r avel mode is a ssu med t o be a utility fun ction .  This is a
funct ion  tha t  descr ibes  the benefit s  and cos t s of t r avel by tha t  mode (Or tuzar  and
Willumsen , 2001).  This  can  be wr it t en  wit h  a  conceptua l equa t ion :

Ut ility  =   F(benefits, costs) (15.1)

wh er e ‘f’ is some fun ction of the ben efits  and t he cost s.  Th e ben efits  have to do wit h  the
adva ntages in  t r aveling t o a  par t icu la r  dest in a t ion  from a  par t icu la r  or igin  while the cost s
have to do wit h  the r ea l and per ceived cost s of usin g a  pa r t icula r  mode.  Sin ce th e ben efits
of t r aveling a  par t icu la r  des t ina t ion  from a  par t icu la r  or igin  a re p robably equa l, the
differences in  u t ility between  t ravel modes essen t ially repr esen t  differences in  cost s.  Thu s,
equa t ion  15.1 breaks down to:

Ut ility cost =   F(costs) (15.2)

If differen t  t r avel m odes  (e.g., dr iving, bik ing, wa lking) ar e ea ch r epresen ted by a
sepa ra te u t ility cost  funct ion , th en  they can  be compa red:

Ut ilit y cost 1 = F 1(cost 1 + cos t 2 + cos t 3 + .....+cost k) (15.3a

Ut ilit y cost 2 = F 2(cost 1 + cos t 2 + cos t 3 + .....+cost k) (15.3b)

Ut ilit y cost 3 = F 3(cost 1 + cos t 2 + cos t 3 + .....+cost k) (15.3c)

.

.

.
Ut ilit y cost L = F L(cost 1 + cos t 2 + cos t 3 + .....+cost k) (15.3d)

where Utility cost 1 th rough Ut ility cost L represent s L  distinct t ra vel modes, cost 1th rough
cost k  r ep resen t  k  cost component s an d ar e var iables, an d F1 t h rough  FL  r ep resen t  L
differen t  u t ilit y fu nct ion s (one for  ea ch mode).

Ther e a re sever a l obser vat ions t ha t  can  be m ade about  th is r epresen ta t ion .  Fir st ,
each  of the cost  componen ts can  be applied to a ll modes.  However, t he cost  componen ts a re
va r ia bles in  tha t  the va lu es may or  may n ot  be the same.  F or  exa mple, if cost 1 is  the
oper a t ing cost  of t r aveling from an  or igin t o a  dest ina t ion , th e cost  for  a  dr iver  is, of course,
a  lot  h igher  than  for  a  bus  pa ssen ger s ince th e lat t er  per son sh ares t ha t  cost  with  other
passengers.  Sim ila r ly, if cost 2 is  the t r avel t im e from a  par t icu la r  or igin  zon e to a
pa r t icu lar  dest ina t ion  zone, th en  t ravel by priva te au tomobile may be a lot  quicker  than  by
public bus.  As ment ion ed in  the la st  chapter , t im e differences can  be conver ted in to cost s
by a pplyin g some type of hour ly wage/pr ice to the t im e.  To take one more exa mple, for
dr ivin g m ode, t here could  be a  cost  in  parkin g (e.g., in  a  cen t ra l busin ess dis t r ict ); for
t ransit  use, on  the other  hand, t h is  cost  component  is  zero.   In  other  words, each of the
t ravel m odes has a  differen t  cost  st ructure.  The same cost s can  be enumera ted, bu t  some
of them  will n ot a pp ly (i.e., th ey h ave a  va lue of 0). 
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15.3

Second, t he cost s can  be per ceived cost s a s well a s r ea l cost s.  F or example, a
number  of studies have demonst ra ted tha t  pr iva te au tomobile is  seen  as fa r  more
conven ien t  to mos t  peop le than  a  bus  or  t r a in  (e.g., see Schnell, Smith , Dimsda le, and
Th rash er , 1973; Roemer  and S inha , 1974; WASH COG, 1974; Carnegie-Mellon U niver sit y,
1975; J ohnson, 1978; Levine and Wachs, 1986b).  ‘Convenience’ is defined in t erms of ease
of access and effor t  in volved in  t r avel (e.g., how lon g it  t akes to walk  to a  bus stop from an
or igin  loca t ion , the number  of t r ans fer s  tha t  have to made to reach  a  fina l des t ina t ion , and
the t ime it  t akes to walk from the la st  bus s top to th e fina l des t ina t ion).  While it  is
somet imes  difficu lt t o sepa ra te the effect s of convenience from t ravel itself, it  is clear  tha t
most  people per ceive th is as dim ension  in t r avel choice.  In t u rn , convenience can  be
conver ted in to a  moneta ry va lu e in  order  to a llow it  to be  ca lcu la ted in  a  cost  equa t ion , for
exa mple how much people a re willing t o pay in  t im e savings  to yield  an  equiva len t  amount
of conven ience (e.g., asking how many more m inutes in  t r avel t ime by bu s a n  individua l
would be willing to absorb in  order  to give up h aving to dr ive).  

Thir d, t hese cost s can  be considered a t  an  aggrega te as well as in dividua l level.  At
an  aggregat e level, they repr esen t  avera ge or  median  cost s (e.g., th e avera ge time it t akes
to t r avel between  zon e A and zon e B by pr iva te au tomobile, bus, t r a in , wa lk in g, or  bikin g; 
the average dolla r  va lu e assigned by a  sample of survey r espondents to the convenience
they a ssocia te in  t r avelin g by car  as opposed to bus).  

On  the other  hand, a t  an  individua l level, t he cost s a re specific to the in dividua l. 
For exa mple, t r avel t ime differ en ces bet ween  car  and bu s can  be conver ted in to an  hour ly
wage usin g th e individua l’s income; someone makin g $100,000 a yea r  is going to pr ice tha t
t ime savings d iffer en t ly than  someone m aking only $25,000 a  yea r .  

Four th , a m ore cont rovers ial poin t , th e specific mathemat ica l funct ion  tha t  t ies the
cos t s together  in to a  par t icu la r  u t ility funct ion  may a lso d iffer .  Typ ica lly, mos t  t r avel
dem and m odels h ave assumed t ha t  a  similar  mathemat ica l funct ion  is used for  a ll t r avel
modes; th is  is  the nega t ive exponent ia l fu nct ion  descr ibed below (Domencich  and
McFa dden , 1975; Ort uzar  an d Willum sen , 2001).  However, th ere is n o rea son  why
differen t  funct ion s cannot  be used.  Thus, t he equa t ion s above iden t ify differen t  funct ion s
for t he modes, F 1 t h rough  F L.  One can  th in k of th is  in  terms of weights .  Each  of the
differen t  mathem at ical function  weigh t  the cost  componen ts d iffer en t ly.

It  is  an  empir ica l quest ion  whether  in dividua ls  apply differen t  funct ion s to
evalua t ing the differen t  modes.  For  exam ple, most people would not  dr ive just  to t r avel
one block (un less it  was pour ing ra in or u n less a  heavy object  had t o be delivered or picked
up).  Even  though  it  is conven ien t  to get  in to a veh icle and dr ive the one block, most  people
see t he effor t  involved (and, m ost  likely, t he fuel a nd oil cost s) a s n ot bein g worth  it . 

In  other  words, it a ppea rs t ha t  a  differen t  u t ility funct ion  is being applied to
wa lking as opposed to dr iving (i.e., walk for  dis t ances u p t o a cer t a in  dis t ance; dr ive
ther ea fter ).  A st r ict u t ilit y theorist  might  disagree with  th is in ter pr et a t ion saying tha t  the
per  minute cost  of wa lking the one block and ba ck wa s les s t han   monet a r ized per  minute
cost  of opera t in g t he veh icle (which  may inclu de openin g a  ga rage door , get t in g in to the
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15.4

veh icle, st a r t ing the veh icle, dr iving out  of the parking spot, closing the ga rage door , and
then  dr iving the one block). In  oth er  words , it  cou ld be a rgued tha t  the differ en ce in
behaviors h as t o do with  the values of the differen t  cost  componen ts, ra ther  than  the way
they ar e weighted toget her  (th e m athem at ical function).   In  ret rospect, one can  expla in
any difference.  We argu e in  th is  chapter , h owever , t ha t  cr im e t r ips appear  to show
differen t  likelihoods by t ravel mode and  tha t  t r ea t ing each  of these funct ions  as d is t inct
a llows m ore flexibilit y in  the framework . 

Disc rete  Choice  Ana lysis

No mat ter  how the u t ilit y fu nct ion s a re defin ed, t hey h ave to be  combin ed in  such  a
way a s to a llow a  discrete choice.  Tha t  is , a n  offender  in  t r aveling fr om zon e A to zon e B
makes a  discrete choice on t ravel m ode.  There may be a  probabilit y for  t r avel by each
mode, for  exa mple 60% by ca r  and 40% by bus.  But , for  an  in dividua l, the choice is  car  or
bus, n ot  a  probabilit y.  Th e probabilit ies a re obt a in ed by a  sample of in dividua ls , for
exam ple of 10 individua ls 6 went by car  an d 4 went by bus. But , still , at  th e individua l
level, there is a d ist inct choice tha t  was m ade.

Multinomia l Logi t Funct ion

A common mathemat ica l framework  tha t  used  is  for  mode choice modeling a t  an
aggregat e level is t he m ultinom ial logit function  (Domincich  and McFadden , 1975; St oph er
and Meyburg, 1975; Oppenheim , 1980; Or tuza r  and Willumsen , 2001):

    e (-$C
ijL

)

P ijL  = -------------- (15.4)
  P

E[ e (-$C
ijL]

L=1

where P ijL is t he probability of us ing a  mode for  any pa r t icula r  t r ip pa ir  (par t icula r  origin
and par t icula r  dest ina t ion) L is  the t r avel m ode, C ij is  the cost  of t r aveling fr om or igin  zon e

i to dest ina t ion zone j, e is th e base of th e nat ur al logar ithm , an d $ is  a coefficien t .

Severa l obser vat ions can  be made a bout  th is funct ion .  Fir st , each t ravel mode, L,
has it s own costs and benefit s, a nd can  be eva lu a ted by it self.  Th a t  is , t here is  a  dis t in ct

u t ilit y fun ction  for  ea ch m ode.  Th is is  the n umer a tor of th e equa t ion, e (-$C
ijL

)
.  However ,

the choice of any one mode is  dependent  on it s u t ilit y va lu e rela t ive to other  modes (the
den omina tor  of the equa t ion).  The m ore choices t ha t  a re available, obviously, the less
likely an  in dividua l will u se tha t  mode.  But  the va lu e associa ted wit h  the mode (the
u t ilit y) does not  change.  As ment ion ed above, we genera lly a ssume tha t  the benefit  of
t raveling between  any two zones is iden t ica l for  a ll modes a nd, hen ce, an y differences a re
du e t o cost s. 
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15.5

Second, t he m athem at ical form is t he nega t ive exponen t ia l.  The exponen t ia l
funct ion  is  a growth  funct ion  in  wh ich  growth  occur s a t  a  const an t  rate (either  posit ive - 
gr owth , or  nega t ive - decline).  The use of the nega t ive exponent ia l a ssumes tha t  the cost s
a re r ela ted to th e likelih ood a s a  fun ction  tha t  declines a t  a  const an t  ra te.  It  is a ctu a lly a
‘dis incent ive’ or ‘dis count ’ fun ction  ra ther  than  a  u t ilit y fun ction , per se.  That  is, as t he
cost s in crease , the probabilit y of usin g tha t  mode decrea ses, a ll oth er  th ings bein g equ a l. 
St ill, for  h is tor ica l r easons, it  is  st ill ca lled a  u t ilit y fu nct ion .

Thir d, for  any on e mode, t he tota l cos t  is  a  logar it hmic fu nct ion  of in dividua l cos t s:

Ut ilit y cost i = e (-$C
ijL

) (15.5)

Ln(Ut ility cost L) = C ijL = " + $1X1 + $2X2 + ......+ $kXk (15.6)

where C ijL is a cum ulat ive cost  made u p of componen ts X1, X2 t h rough  Xk , " is  a const an t ,
an d $1 t h rough  $k  a re coefficient s for  the individua l cost  componen ts.  Thu s, we see tha t  the
u t ility function is a  loglinea r  model, as was seen  in  cha pt er  12.  Th us, t he u t ility function is
Poisson distr ibut ed, declining at a  const an t rate wit h  increasin g cum ula t ive cost s. 
Domincich  and McFadden  (1975) su ggest  tha t  the er ror  t erms a re not  Poisson dist r ibut ed,
bu t  skewed in  a  Weibul fu nct ion .  As discussed in  chapter  12, t here a re a  va r iety of
differen t  models t ha t  incorpora te skewed er ror  terms (negat ive binomia l, a  simple linear
cor rect ion of dispersion ) so th a t  the Weibul is bu t  one of a  number  of poss ible descrip tors . 
Never theless, t he mean  u t ilit y is a  Poisson-type funct ion .

Gene ralized  Relative  Ut i li ty  Funct ion

On e can  gener a lize th is fur ther  to allow any type of ma them at ical function.  While
the Poisson  has a  lon g h is tory a nd is  widely used, a llowin g ot her  non-linear  funct ion s
a llows grea ter  flexibility.  It is possible tha t  individua ls apply differen t  weigh ting sys t ems
in  eva lu a t in g differen t  modes (e.g., a  nega t ive exponent ia l for  walk in g, bu t  a  lognormal
funct ion  for  d r iving). We cer ta in ly see wha t  appear  to be d ifferen t  funct ions  when  the
actu a l t r avel beh avior  of individua ls a re exa mined (e.g., homeless in dividua ls don’t  wa lk
everywhere even t hough t he cost  of wa lking long dista nces is cheaper  in t r avel t ime t han
tak ing a  bus2; people don’t  dr ive or t ake a  bu s for ver y sh ort  dis t ances, say a  block or t wo). 
Therefore, if we a llow tha t  there are differen t  t r avel funct ions for  differen t  modes, t hen
more flexibilit y is possible t han  by a ssuming a  sin gle m athem at ical function .  

We can , th erefore, writ e a  gen eralized  relative u tility function  as:

     FL(-$C i jL)          IijL

P ijL  = ------------------ = ----------------- (15.7)
 P           P

E[F L(-$C ijL)]     E[I ijL]
L=1         L=1
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15.6

wh er e t he t er ms a re t he same a s in  15.4 except  the function , F L, is some fun ction tha t  is
specific to th e t r avel mode, L.  The numer a tor is  defined  as t he impeda nce of mode L in
t raveling between  two zones i an d j, while the denomina tor  is the su m of a ll impeda nces.

Notice tha t  the r a t io of the cost  fun ction for  one m ode r ela t ive to th e t ota l cost s is
a lso the ra t io of t he im pedance for  mode L rela t ive the tota l impedance.  The tota l
im pedance was defin ed in  chapter  14 as the dis in cen t ive to t r avel a s a  funct ion  of
sepa ra t ion  (dist ance, tr avel t ime, cost ).  We see t ha t  the sh are of a  pa r t icu lar  mode,
therefore, is the propor t ion  of the tota l impedance of tha t  mode.  This  share will va ry, of
course, with  the degree of sepa ra t ion .  For any given  sepa ra t ion , th ere will usu a lly be a
differen t  sh are for  each mode.  For example, at  low sepa ra t ion  between  zones (e.g., zones
tha t  a re n ext  to each other ), walking and biking are m uch m ore a t t ractive than  taking a
bus or a  t r a in a nd, perhaps even  dr iving.  At  grea ter  sepa ra t ion  (e.g., zones t ha t  a re 5
miles a pa r t ), wa lking and bik ing are a lmost  ir r eleva nt  choices and t he likelihood of dr iving
or u sing public tr an sit is mu ch great er.  In oth er words, the sha re th at  an y one mode
occupies  is  not  cons tan t , bu t  va r ies  with  the impedance funct ion .

Why th en can ’t we estima te t he m ode split directly at t he t rip distr ibut ion st age?  If
the t r ip d ist r ibu t ion  fun ction is

T ij = " P i
8 $ Aj

J I ij (14.12 repea t )

and if these t r ips, in t u rn , ar e split  int o dist inct m odes u sing equa t ion  15.7, cou ldn’t  14.12
be re-wr itt en  as

T ijL = " P i
8 $ Aj

J I ijl (15.8)

where T ijL is t he n umber  of t r ips  bet ween  two zones , i and j, by m ode L, P i is t he production
capacity of zone i, Aj is t he a t t r action  of zone j, " an d $ a re cons tan t s tha t  a re applied  to the
pr oductions a nd a t t r actions r espectively, 8 an d J a re ‘fin e tun in g’ exponents of the
productions a nd a tt ra ctions r espectively, an d I ijL, is t he impeda nce of using mode L to
t ravel between  the two zones?   Th e answer  is , yes, it  could  be calcu la ted dir ect ly.  If I ijL

was a  per fect ly defined m ode impeda nce funct ion  (with  no er ror ), th en  the mode sh are
cou ld  be ca lcu la ted  direct ly a t  the d is t r ibu t ion  s tage ins tead  of separa t ing the ca lcu la t ions
in to two d is t inct  s t ages . The p roblem, however , is  tha t  the impedance funct ions  a re never
per fect  (fa r  from it , in fact ) an d t ha t  re-scalin g is r equ ired both  to get  the origin s a nd
dest ina t ions ba lanced in  the t r ip d ist r ibu t ion  st age and t o ensure t ha t  the probabilit ies in
equa t ion  15.7 add to 1.0.  The effect  of these adju stments genera lly t h rows off a  model such
as 15.8.3  Consequ ent ly, th e t r ip dist r ibut ion  and m ode sp lit st ages ar e usu a lly ca lcu lat ed
as separ at e operat ions.

Mea su ring Travel  Costs

The next  quest ion  is  wha t  types of t r avel cos t s a re there tha t  defin e im pedance? As
ment ion ed above, t here a re rea l a s well as perceived cost s tha t  a ffect  a  t r avel m ode
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decision .  Some of these can  be m ea su red ea sily, wh ile oth er s a re ver y difficult  requ ir ing
det a iled sur veys of individua ls. Among th ese cost s a re:

1. Dis tance or  t r avel t im e.  As ment ion ed th rough out  th is  discussion , d is t ance
is on ly a  rough  indica tor of cost  sin ce it  is in var ian t  wit h  respect t o tim e. 
Actua l t r avel t ime is  a  much  bet t er  ind ica tor  because it  va r ies  th roughout
the day a nd can  be easily con ver ted in to a  t ravel tim e value, for  exam ple by
multiplying by a un it wa ge.

2. Ot her  rea l cost s, such a s t he oper a t ing cost s of a  pr ivate veh icle (fuel, oil,
maint enance), par kin g, and insu rance.  Some of these can  be subsu med
under  t r avel t ime va lue by working ou t  an  hour ly pr ice for t r avel.

3. Perceived cost s, such  as convenience, fea r  of being caught  by an  offender ,
ea se  of escape from a  crim e scene, difficult ies  in  moving s tolen goods , and
fea r  of reta lia t ion  by other  offen ders or  ga ngs).

Some of these cost s can  be measured and some cannot .  F or  exa mple, t he va lu e of
t ravel t ime can  be in ferred from the m edian  househ old income of a  zone for  aggrega te
ana lysis or from the actua l househ old income for  individua l-level an a lysis.  Pa rkin g can  be
avera ged by zone.  Insurance cost s can  be est ima ted from zone avera ges if the da ta  can  be
obtained.

Many perceived cost s a lso can  be measu red.  Convenience, for  exam ple, cou ld be
measured from a  genera l survey.  Th e fea r  of bein g ca ugh t  can  be in fer red from the amount
of su rveillance in a  zone (e.g., the number  of police per sonnel, secur ity guards , secur ity
cameras).  Even  though it  may be a difficu lt en umera t ion  pr ocess, it is s t ill possible to
measu re these cost s a nd come up with  some a vera ge estim ate.

Other  per ceived cost s, on  the other  hand, may not be easily measu red.  For example,
the fea r  an  offender  belon ging t o one ga ng h as about  reta lia t ion  from another  ga ng is not
ea sily m ea su red.  Sim ilar ly, th e cost s in  moving st olen  goods by a  th ief is not ea sily
mea su red; one wou ld n eed  to kn ow the loca t ion of th e dist r ibu tors  of these goods .  

In  pract ice, t r avel m odeler s make sim ple assumpt ion s about  cost s because of the
difficult y in mea su r ing many of th em .  For exa mple, t r avel t ime is t aken  as a  pr oxy for a ll
the opera t in g costs.  P arkin g cost s can  be in corpora ted th rough  sim ple assumpt ion s about
the dist r ibu t ion a cross zones  (e.g., zones  wit h in  the cen t ra l bu sin ess d ist ract - CBD, are
given  an  average h igh  pa rk ing cos t s; zones  tha t  a r e cen t r a l, bu t  not  in  t he CBD, a re
ass igned moder a te parking cost s; zones t ha t  a re subu rba n  are a ss igned low pa rking cost s). 
It  would be just  too t ime consu ming to document  each  and every cost  a ffect ing t ravel
beh avior , pa r t icula r ly if we a re developing a  model of offender  t r avel.

Never theles s, t heoret ically, t hese a re a ll poten t ia lly mea su rable cost s.  They a re
rea l a nd probably have an  im pact  in  the t r avel decis ion s tha t  offenders make. As
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resea rcher s, we have to work towards  a r t icula t ing as m any of th ese cost s a s possible in
order  to p roduce a  rea lis t ic represen ta t ion  of offender  t r avel.  

Aggregate  and Indiv idual  Uti li ty  Funct ions

One of th e big debat es in t ra vel modeling is wheth er to use aggregate or individua l
u t ilit y fu nct ion s to ca lcu la te mode share.  The aggrega te approach  measures common cost s
for  each  zone, assuming an  avera ge va lue.  The d isaggregat e appr oach  (somet imes  ca lled
‘second gener a t ion’ models) measures un ique cost s for  individu a ls, then sums upwa rd t o
yield  va lu es for  each  zon e pa ir .   E ven  though  the end resu lt  is  an  a lloca t ion  of cost s to each
zon e pa ir , t he a r t icu la t ion  of un ique cost s a t  the in dividua l level ca n , in  theory, a llow a
more rea list ic a ssessment  of the u t ilit y fu nct ion  tha t  is  applied to a  region .

The aggrega te approach  will m easure cost s by a verages.  Thus, a  typ ica l equa t ion
for  dr iving mode m ight  be:

Tota l cos t ij = " +  $1T ij + $2 P j (15.9)

where T ij is th e avera ge tra vel time between two zones, i  an d j, an d P ij is t he a ver age
pa rking cost  for  pa rking in zone j.  Notice th a t  ther e a re a  limited number  of var iables  in
an  aggrega te m odel (in t h is case, on ly two) and t ha t  the a ss igned average is for  an  en t ire
zone.  Not ice a lso tha t  t he park ing cos t  is  applied  on ly to the des t ina t ion  zone.  It  is
assumed tha t  any t raveler  will pay t ha t  fee in  tha t  zon e ir respect ive of which  or igin  zon e
he/sh e came from.  

A disaggregate appr oach can  allow more cost component s, if th ey ar e measu red. 
Thus, a t ypica l equa t ion  for  dr iving mode m ight  be:

Tota l cos t ijk  = " +  $1T ijk  + $2 P j + $3C ijk  + $4CM ijk  + $5S ijk  (15.10)

where T ijk  is t he t r avel t ime for  individua l k  bet ween  two zones , i and j, P ij is t he a ver age
pa rking cost  for  pa rking in  zone j, Cijk  is the convenience of t r aveling to zone j from zone i
for  individua l k , CMijk  is t he comfor t  and pr ivacy exper ienced by individua l k  in  t r aveling
from  zone i to zone j, and S ijk  is t he per ceived sa fety exper ienced by individua l k  in
t raveling fr om zon e i t o zon e j.  N ot ice tha t  there a re more cost  va r ia bles in  the equa t ion
and t ha t  the m odel is  t a rget ed specifica lly to th e in dividua l, k .  Two individua ls who live
next door t o each oth er an d who tr avel to th e same destinat ion m ay evalua te th ese
components  differen t ly.  If these ind ividua ls  have subs tan t ia lly d ifferen t  incomes , then  the
value of the t r avel t ime will differ .  If one values pr ivacy enorm ously while th e other
doesn’t , then  the cost  of dr iving for  the first  is less  than  for  the second.  S imila r ly,
conven ien ce is a ffected by both  t r avel t ime a nd t he ea se  of get t ing in  and ou t  of veh icle. 
F ina lly, th e per cept ion  of sa fety ma y differ  for  these t wo hypothet ica l individu a ls.  Ther e
are m any st udies t ha t  have documen ted the s ignifican t  role pla yed by sa fety in  a ffect ing,
par t icu la r ly, t r ansit  t r ips (Levine and Wa chs, 1986b).
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In  oth er  words , the aggrega te approach applies a  very elem en ta ry type of ut ility
fun ction wh er ea s t he disa ggrega te approach a llows much m ore complexity and in dividua l
var iabilit y.  Of cour se , one has t o be able t o measu re t he in dividua l cost  componen ts, a
difficult t ask  un der most circum sta nces.

Ther e is a lso a  quest ion  about  wh ich a pproach is m ore a ccura te for  cor rectly
forecas t ing actua l mode split s .  His tor ica lly, mos t  Met ropolit an  P lann ing Organ iza t ions
have used the aggrega te method because it ’s easier .  H owever , m ore recen t  research
(Domin cich  and McFadden , 1975; Ben-Akiva  and Lerman, 1985; McF adden , 2002) has
su ggest ed tha t  the disa ggrega te m odeling may be m ore a ccura te.  At  the ver y minimum,
the disa ggrega te is  more amen able t o policy in ter pr et a t ions  because it  is m ore beh aviora l. 
If one could  in terview t raveler s wit h  a  survey, then  it  is  possible to explor e the va r iety of
cos t  factor s  t ha t  a ffect  a  decis ion  on  both  des t ina t ion  and mode split , and a  more r ea lis t ic
(if not u n iqu e) ut ilit y fun ction  der ived. 

Bu t , as m en t ioned a bove, wit h  crim e t r ips , th is is  ver y difficu lt , if not  impossible, t o
do.  Consequent ly, for  the t im e bein g, we’re stuck wit h  an  aggrega te approach  towards
modeling the u t ility of t r avel by offender s.

Relative Access ibi li ty

For  th is  vers ion  of Crim eS tat, an  approxima t ion t o a u t ilit y fun ction  wa s crea ted. 
The approach  is  to es t imate a  relative accessibility funct ion  and then  app ly tha t  funct ion  to
the predict ed t r ip  dis t r ibu t ion . The rela t ive accessibilit y fu nct ion  is  a  mathemat ica l
approxima t ion t o a u t ilit y fun ction , ra ther  than  a  mea su red u t ilit y fun ction  by it se lf. 
Because the cos t  components  cannot  be measured , a t  leas t  for  offenders , we use an
indu ctive a pproach.  Reasonable a ssumpt ions a re m ade and a  mathem at ical function is
foun d th at  fits th ese assu mpt ions.

It  is a  pla usible model, not a n  ana lyt ical one.  The plausibility comes by making
reasonable assu mpt ions a bout  actu al tr avel beha vior.  One can  assu me th at  walking tr ips
will occu r  for  shor t  t r ips, say u nder  two miles.  Bicycle t r ips, on  the other  hand, cou ld  occur
over  lon ger  dis t ances, bu t  will s t ill be rela t ively shor t  (a lso, t here is  a lways  the r isk  of
t ra ffic on  the sa fety of bicycle t r ips).  Transit  t r ips (bus and t ra in ) will be used for
moderat ely long dista nces but  require an a ctu al tr an sit network .  Finally, driving tr ips ar e
the m ost  flexible becau se they can  occur  over any size dis t ance and r oad  net work.  They a re
less likely to be used for  very sh or t  t r ips, on  the other  hand, due to reasons d iscussed
above. 

Hierarch ical  Approac h to Es timatin g Mode  Acce ssibi l i ty

Usin g th is a pproach, specific st eps can  be defined t o produce a p lausible
accessibility model.  To help in est ablishing a m odel, an  Excel spr eadsh eet  has been
developed for  makin g t hese ca lcu la t ion s (Estim ate m ode split im pedan ce valu es.xls). I t  can
a lso be downloaded from t he Crim eS tat download pa ge.  The spr eadsh eet  has been  defined
wit h  respect  to dis t ance, bu t  it  can  be adapted for  any t ype of im pedance (t r avel t im e or
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cost).  A spreadsh eet h as been used becau se it  is more flexible th an  incorpora ting it a s a
rou t ine in  Crim eS tat to est im ate the parameter s.  There is  not  a  sin gle solu t ion  to the
pa rameters est ima tes, an d t he differen t  choices can  be seen  more easily in a  spr eadsh eet .

D efi n e t a r g et  p r op o r ti on s

Firs t , define t he m odes.  In  the Crim eS tat mode sp lit r ou t ine, up t o five differen t
modes  a re a llowed.  These h ave defau lt  names of “Walk”, “Bike”, “Dr ive”, “Bu s”, and
“Train”.   The user is not r equired to use th ese na mes nor all five modes.  Clearly, if th ere
is not  a  t r a in system in t he st udy ar ea , th en  the “Tra in” mode does not a pply.  Travel
modeler s use var ia t ions on  these, such  as “dr ive a lone”,”carpool”, “au tomobile”,
“motorcycle”, a nd so for th .

D efi n e t a r g et  p r op o r ti on s

Second, define t he target  proportions.  These a re the expected pr oport ions of t r avel
for  each  mode.  Wher e would su ch  pr oport ions come from?  Ther e have been m any studies
of dr iving and t ransit  beh avior , bu t  rela t ively few s tudies of bicycle and pedest r ian  use
(Turner , Shu nk, and H ot tenst ein, 1998; Schwa r tz et a l, 1999; Por ter , Suh rbier a nd
Schwa r tz, 1999).  Ther e are not  simple tables tha t  one can  look u p defau lt va lues .

To solve th is p roblem, examples wer e sough t  from differen t  size met ropolitan  a rea s. 
Est ima tes of t r avel mode sh are for  a ll t r ip pu rposes (work a nd n on-work) were obta ined
from1) Ot tawa  (Ot tawa , 1997); 2) Por t la nd (Por t la nd, 1999); and Houston 4.  Table 15.1
sh ows t he es t imated sh ares.  The H ouston da ta  does n ot in clude wa lking and bik ing
sha res, and tr an sit tr ips ar e not distinguished by mode in t he Port land an d Otta wa dat a.

Ta ble 15.1
Est imated  Mode  Share  for  Three  Metropoli tan  Areas

Al l Tr ip  Pu rposes

Ottaw a P o rt la n d Houston

P o p u la ti on : 725 thousand 2.0 million 4.6 million
 (1995) (2001) (2000)

Pe rcent  o f trips  by: (1995) (1994) (2025 forecast )
Dr iving 73.5%   88.6% 98.3%
Tr ansit 15.2%     3.0   1.7% 

(bu s 1.1%; ra il 0.6%)
Walking  9.6%     4.6%    -
Bicycle  1.7%     1.0%    -
Other   -     2.8%    -

Wh ile it ’s difficu lt  to genera lize, wa lk in g is very m uch dependent  on the existence of
an  exten sive tr ansit  syst em.  In H oust on , th e t r ansit  syst em is pr ima r ily a  commuter
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sys tem whereas in  Por t la nd and Ot tawa , it  serves mult ip le purposes.  Clear ly, t he more
compact  the u rban  a rea , the more likely tha t  t r ips will occur  by t rans it , wa lk ing or  bik ing. 
But , even  in  the case of Ot tawa  where a lm ost  10% of t r ips a re by walk in g, the major it y of
t r ips  a re by pr ivate veh icle.  In  the United St a tes and Ca nada , for m et ropolitan  a rea s with
ext ensive t r ansit  facilit ies (New York, Chica go, Bos ton , Mont rea l), a  major it y of r egiona l
t r ips a re st ill by au tomobile.

Based on t h is, some defau lt va lues  were selected a nd pu t  int o the spr eadsh eet .  The
sprea dsheet  requ ires tha t  they a re en ter ed as p ropor t ions (not per cent ages). The defau lt s
va lu es were (table 15.2):

Ta ble 15.2
D e fa u lt  Mo de  S h are  Va lu e s

Propor t ions
Mode Sh are
Walk    .04
Bicycle    .01
Dr iving    .90
Bus    .04
Tr a in    .01

The user  can  modify these in  the spreadsheet .  I t ’s im por tan t  tha t  a  user  contact  the
loca l Met ropolit an  Pla nnin g Orga niza t ion  to fin d out  wha t  would  be reasonable va lu es for
the u rba n  area .  The defau lt  va lues  a re bu t  guesses based on  a  limited amoun t  of da ta . 

An  a lt erna t ive approach  is  to use the J ourney to Work  da ta  of the U.S . Census
Bureau  (2004).  Dur in g every census, t he Census Bu reau  documents home-to-work
‘commute’ t r ips a nd br eaks  down t hese da ta  by mode share.  They relea se t hese da ta  under
the t it le “J our ney to Work ”.  In  the United St a tes in  2000,  87.9% of all h ome-to-work t r ips
wer e by pr ivate veh icle (au tomobile, van , t ruck), 4.7% wer e by public tr ansit  (bus  2.5%; ra il
2.1%; other  0.1%), 2.9% were by walkin g, 0.4% were by bicycle, 0.1% were by motorcycle,
0.7% were by other  means, an d 3.3% worked  a t  home.

Nat iona l journey to work st a t ist ics for 1990 a nd 2000 a nd for  met ropolitan  a rea s in
1990 can  be foun d at  h t tp://www.censu s.gov/popu la t ion/www/socdem o/journey.h tml.  Dat a
on  met ropolita n  a reas for  2000 can  be found in  McGuckin  and Sr inivasan  (2003).  In 2000,
the home-to-work m ode sh are for  a  sa mple of lar ge met ropolita n  (including th e 15 lar gest )
a reas is  shown in  Ta ble 15.3.  They a re rank-ordered by the 2000 popula t ion  of the
met ropolit an  a rea .

As  can  be seen , t he la rger  met ropolit an  a reas genera lly have a  h igher  sha re of
t ransit  use and walk in g t han  smaller  met ropolit an  a reas, bu t  the differences a re not  tha t
dr amat ic.  Even  the la rgest  met ropolitan  a rea s h ave a  major ity of th eir  home-to-work t r ips
by priva te vehicle.
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Ta ble 15.3
Mode  Sh are  of J ou rn e y to  Work  Trips: 2000

(From McGuckin  and Sr in ivasan , 2003)

G r e a te r M o d e  S h a r e

M e tr o p o li ta n 2 0 0 0

A r e a P o p  ( M )   Walk     B ic y c le D r iv e   B u s R a i l O t h e r *

N ew  Yor k 21 .1      5 .6%        0 .3%  65 .7%   6 .8% 17.1%   4 .5%

Los An geles 16 .4      2 .6%        0 .6%  87 .6%   4 .3%   0 .3%   4 .6%

Ch ica go   9.2      3 .1%        0 .3%  81 .5%   4 .6%   6 .6%   3 .9%

W a s h in g t on  D C   7.6      3 .0%        0 .3%  83 .2%   4 .1%   5 .0%   4 .4%

Sa n  Fr an ci sco   7.0      3 .3%        1 .1%  81 .0%   5 .7%   3 .5%   5 .4%

P h ila d elp h ia   6.2      3 .9%        0 .3%  83 .6%   5 .3%   3 .3%   3 .6%

D et r oit   5.5      1 .8%        0 .2%  93 .4%   1 .7%   0 .0%   2 .9%

B os t on   5.8      4 .1%        0 .4%  82 .7%   3 .2%   5 .5%   4 .1%

D a lla s   5.2      1 .5%        0 .1%  92 .7%   1 .6%   0 .1%   4 .0%

H ou s t on   4.7      1 .6%        0 .3%  91 .3%   3 .1%   0 .0%   3 .7%

At la n t a   4.1      1 .3%        0 .1%  90 .6%   2 .4%   1 .1%   4 .5%

M ia m i   3.9      1 .8%        0 .5%  90 .1%   3 .2%   0 .5%   3 .9%

S ea t t le   3.6      3 .2%        0 .6%  84 .4%   6 .2%   0 .0%   5 .6%

P h oen ix   3.3      2 .1%        0 .9%  90 .0%   1 .9%   0 .0%   5 .1%

M in n ea p olis /S t  P a u l   3.0      2 .4%        0 .4%  88 .4%   4 .4%   0 .0%   4 .4%

C leve la n d   2.9      2 .1%        0 .2%  91 .1%   3 .1%   0 .3%   3 .2%

Sa n  Diego   2.8      3 .4%        0 .6%  86 .9%   3 .1%   0 .2%   5 .8%

S t  Lou is   2.6      1 .6%        0 .1%  92 .5%   2 .1%   0 .2%   3 .5%

Den ver   2.6      2 .4%        0 .7%  87 .1%   4 .2%   0 .1%   5 .5%

P it t sbu r gh   2.4      3 .6%        0 .1%  87 .1%   6 .0%   0 .1%   3 .1%

P or t la n d   2.3      3 .0%        0 .8%  85 .2%   5 .1%   0 .5%   5 .4%

C in cin n a t i   2.0      2 .3%        0 .1%  91 .4%   2 .8%   0 .0%   3 .4%

S a cr a m e n t o   1.8      2 .2%        1 .4%  88 .9%   2 .4%   0 .3%   4 .8%

K a n s a s  C it y   1.8      1 .4%        0 .1%  93 .2%   1 .2%   0 .0%   4 .1%

Milwa u kee   1.7      2 .8%        0 .2%  90 .0%   3 .9%   0 .0%   3 .1%

I n d i a n a p o lis   1.6      1 .7%        0 .2%  93 .3%   1 .2%   0 .0%   3 .6%

O r l a n d o   1.6      1 .3%        0 .4%  92 .7%   1 .6%   0 .0%   4 .0%

S a n  An t on io   1.6      2 .4%        0 .1%  90 .9%   2 .8%   0 .0%   3 .8%

N or folk   1.6      2 .7%        0 .3%  91 .0%   1 .7%   0 .0%   4 .3%

L a s Vega s   1.6      2 .4%        0 .5%  89 .5%   3 .9%   0 .0%   3 .7%

C h a r l ot t e   1.5      1 .2%        0 .1%  93 .8%   1 .3%   0 .0%   3 .6%

N ew  Or lea n s   1.3      2 .7%        0 .6%  87 .7%   5 .2%   0 .0%   3 .8%

S a lt  L a k e C it y   1.3      1 .8%        0 .4%  90 .3%   2 .7%   0 .3%   4 .5%

M em p h is   1.1      1 .3%        0 .1%  93 .9%   1 .6%   0 .0%   3 .1%

Roch es ter   1.1      3 .5%        0 .2%  90 .9%   1 .9%   0 .0%   3 .5%

O k la h om a  C it y   1.1      1 .7%        0 .2%  93 .8%   0 .5%   0 .0%   3 .8%

Lou isv ille   1.0      1 .7%        0 .2%  92 .9%   2 .2%   0 .0%   3 .0%

------------------------------------------------------------------------------------------------------------------  

* Inclu des taxi, fer ry, and wor kin g a t  home

Th e problem wit h  these da ta , however , is t ha t  they only examine work t r ips . 
Na t iona lly, home-to-work t r ips represen t  on ly about  15% of all da ily tr ips (BTS, 2002). On
the oth er  hand, 45% of da ily tr ips  a re for  sh oppin g and er rands  and 27% ar e socia l and
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recrea t iona l.  Fur ther , non-work t r ips  a re even  more likely t o occur  by au tomobile, and a re
genera lly shor ter . F or  exa mple, in  Houston , for  home-based non-work t r ips, on ly 1% of
t r ips a re by t ransit  compared to 3.1% for  home-to-work t r ips.  These home-based non-work
t r ips  may be a  bet t er  ana logy to cr ime t r ips  than  work t r ips  sin ce th ey t en d t o be of similar
tr ips lengths a s crime tr ips.

Thus, u n less t he u ser  is willin g to assu me t ha t  a  crim e t r ip is  like  a  work t r ip
(which is  quest ionable), th en  the J our ney to Work  tables  a re probably not t he bes t  guide
for  the ta rget  propor t ion s.  Never theless, a n  exa min a t ion  of them is  va lu able to see how
work  tr ips ar e split am ong the various t ra vel modes.

S el ec t m o d e fu n ct i on s

Third, select  mathem at ical functions t ha t  approximate accessibility ut ility.  Again ,
some plau sible assu mpt ions n eed to be made.  In Crim eS tat, the u ser  can  select  among five
differen t  mathem at ical functions (linea r , nega t ive exponen t ia l, norm al, lognorm al,
t runcated nega t ive exponent ia l).  Th e defau lt  funct ion s a re (Ta ble 15.4):

Ta ble 15.4
D e fa u lt  Mo de  S h are  F u n ct io n s

Mode Funct ion
Walk Nega t ive exponen t ia l
Bicycle Nega t ive exponen t ia l
Dr iving Logn ormal
Bus Logn ormal
Tr a in Logn ormal

The reasoning behind th is is th at  walking and biking are r elat ively short  tr ips,
whereas t r ansit  modes a re used for  in termedia te lengt h  t r ips while dr ivin g ca n  be used for
any length  t r ip.  Th us, it ’s u n likely tha t  an  au tomobile will be u sed for  very sh ort  t r ips
(less than  a  quar ter  mile) an d it ’s ver y un likely tha t  t r ansit  will be u sed for  sh ort  t r ips
(less t han  a  ha lf mile or  more).  Nevert heless, th e user  can  modify th ese choices a nd
exam ine t he appr opr iat e colum n in t he spr eadsh eet .

S elect  m od el p r ior it ies

Four th , select  the pr ior it ies for  modeling t he ta rget . Unfor tunately, t here may n ot
be a s ingle solut ion  tha t  will yield the ta rget pr oport ions. Ther efore, a decision  needs t o be
made on  which  o rd e r the spreadsheet  will be calcu la ted. The defau lt  order  is  (table 15.5 ):
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Ta ble 15.5
D e fa u lt  Mo de  S h are  F u n ct io n s

       Order of
Mode        Iteration
Walk  1
Bicycle  2
Dr iving  3
Bus  4
Tr a in  5

The r ea soning is t ha t  the offender  fir st  makes a  decision  on t he len gth  of the t r ip
(sh or t , medium , long, or  the equiva lent  in t r avel t ime).  Then , with in ea ch  ca tegory, makes
a  decis ion  on which  mode to choose.  F or  very shor t  t r ips, t he defau lt  mode is  walk in g.  For
in ter media te t o long t r ips , the defau lt  choice is d r iving.  However , the u ser  can  cha nge th is
order .

It er a t i v el y es ti m a t e  p a r a m e t er s

Fifth , in  the spr eadsh eet , it era t ively adjus t  the pa rameters u n t il the ta rget
propor t ion  is  reached.  Do th is  in  the order  selected in  the above step.  Aga in , t here is  not  a
sin gle solu t ion  tha t  will produce t he ta rget  propor t ion .  F or  example, each of the
ma th emat ical fun ctions h as t wo or t hr ee par am eters t ha t can  be adjusted:

1. For  the negat ive exponent ial, th e coefficient  and exponent
2. For  the normal d is t r ibu t ion , t he mean  dis t ance, s t andard devia t ion  and

coefficient
3. For  lognormal d is t r ibu t ion , t he mean  dis t ance, s t andard devia t ion  and

coefficient
4. For t he linear  distr ibut ion, an int ercept an d slope
5. For  the t runca ted nega t ive exponent ia l, a  peak dis t ance, peak likelihood,

in ter cept , and exponen t .  

Th e t a rget  pr oport ion can  be a chieved by adju st ing any or a ll of the paramet er s. 
For example, to ach ieve a  ta rget  pr oport ion of 0.05 (i.e., 5%) usin g the n ega t ive
exponent ial, an  infin ite n umber  of models can  yield th is, for  exam ple coefficient =0.0366,
exponent=-2.63; coefficien t=0.0459 or  exponent=-5; coefficien t=0.01966, exponent=-1; and
so for th .  Ther efore, th ere must  be addit iona l cr iter ia t o const ra in t he choices.

On e crit er ia  is t o set  an  approximate m ea n  dis t ance.  For  example, with  wa lking
t r ips, th e mean  dist ance can  be set  to a  ha lf mile or  for  dr iving, th e mean  dist ance can  be
set  to 6 m iles.  Then , ch eck the approximate mean  dis t ance of the selected funct ion .
Though  ra rely will t he exa ct  mean  dis t ance be replica ted, t he ca lcu la ted mean  dis t ance
sh ould be close to th e idea l.  The one except ion  is for  very sh ort  t r ips .  Since th e in ter vals
in t he spr eadsh eet  a re a  ha lf mile each , th ere is consider able err or  for  very sh or t  dist ances.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



15.15

Exa m in e th e gr a p h s in  th e sp r ea d sh eet

Another  is  to examine the graph  of the funct ion  in  the spreadsheet  (below the
ca lcu la t ions ).  Does  the typ ica l t r ip  approximate the expected  mean  d is tance?  Does  the
selected funct ion  pr odu ce somet h ing tha t  looks  int u itive?  Adm itt edly, these a re su bject ive
decisions.  But , if the funct ion  looks  st range, it can  be caught  and r e-ca lcu lat ed.

In  sh or t , th e a im should be to produ ce a  funct ion  tha t  not  on ly capt ures t he ta rget
pr opor t ion , but  looks  plau sible.  Severa l examples ar e shown below.  Figure 15.1 shows t he
defau lt  wa lking model usin g a  nega t ive exponen t ia l.  Figu re 15.2 shows t he defau lt  bik ing
model, a lso usin g a  nega t ive exponent ia l.  Figure 15.3 shows the defau lt  dr ivin g m ode
usin g a  lognormal fun ction .  Figure 15.4 shows t he defau lt  bu s m ode, a lso usin g a
lognormal funct ion  and figure 15.5 shows  the defau lt  t r a in  mode us ing a  lognormal
funct ion .

F igure 15.6 shows the cumulat ive resu lts  of the defau lt va lues .  This is a lso gra ph ed
in  the spr ea dsheet , st a r t ing in  cell I1. Notice h ow the r ela t ive a ccessibility fun ction  works. 
As dista nce increases, the mode proport ions cha nge.  At very short  dista nces, walking tr ips
pr edomina te with  biking t r ips a lso gett ing a  moder a te sh are.  As t he dist ance increa ses,
the propor t ions in creasin gly sh ift t oward dr iving.  Even  though  the likelihood of dr iving
declines with  dis t ance, the other  modes  decline even  fas ter .  In  oth er  words , the r ela t ive
accessibilit y fu nct ion  is  es t im at in g t he rela t ive shares of ea ch mode as a  funct ion  of the
impeda nce (in  th is case , dis t ance). 

Ad a p ti ng  sp rea d sheet  for t ra vel  t im e or tr a vel  cost

The illus t ra t ions t o th is poin t  have used  dist ance as a n  impeda nce un it.  However,
oth er  impeda nce unit s, such a s t r avel t ime a nd gener a lized t ravel cost , can  a lso be u sed. 
These gener a lly require a  network (see below) in t ha t  weight s h ave to be ass igned t o
segmen ts.  Never theless, t he same logic applies .  For ea ch t ravel mode, a  specific
impeda nce function  is est imated and t hen  app lied to th e t r ip d ist r ibu t ion m at r ix.

Em p ir ica lly est im a ti ng  th e m od e-sp ecific im p ed a nce

As ment ioned  a t  the beginn ing of th is  chap ter , the lack  of in format ion  about
offender  t r avel modes  has necessit a ted  the use of mathemat ica l ‘guesses ’ abou t  t r avel
behavior .  However , if it wer e possible to obta in a ctua l in format ion  on  t ravel modes by
offenders, t hen  th is  in format ion  could  be u t ilized dir ect ly to est im ate a  much more
accura te im peda nce function .  If th is da tabase existed , th en  two appr oaches a re possible:

1. F it  the da ta  wit h  the va r ious m athem at ical functions t o see wh ich ones fit
best a nd t o estimat e the par am eters.

2. Use the ker nel densit y function to est imate a  non-linea r  impeda nce valu e
wit h  the specific in format ion .
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Figure 15.1: 

Negative Exponential Function: Walk Mode
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Figure 15.2: 
Negative Exponential Function: Bike Mode
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Figure 15.3: 
Lognormal Function: Drive Mode

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
Distance

Im
p

ed
an

ce
 p

ro
p

o
rt

io
n

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



Figure 15.4: 

Lognormal Function: Bus Mode
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Figure 15.5:
Lognormal Function: Train Mode
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Figure 15.6:

Default Relative Accessibility by Mode
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These a ppr oaches wer e discussed in cha pt er  9 (J ourney to Crime) and in  chapt er  14
(Tr ip  Dis t r ibu t ion ).  The “Calibra te im pedance funct ion ” rout in e in  the Tr ip  Dis t r ibu t ion
module can  be used for  th is  purpose.  The adva ntage would  be enormous.  Instead of
guesses a bout  likely impeda nce funct ions of specific t r avel modes, t he user  would have a
fun ction tha t  wa s based on rea l da ta .  Ther e should be a  su bstan t ia l impr ovem en t  in
modeling accuracy th a t  would resu lt.  However, t hese da ta  have to be firs t  collected.

Cr i m eS t a t  III Mode  Sp lit Tools

The Crim eS tat mode sp lit m odu le allows t he relat ive accessibility funct ion  to be
calcu la ted.  Figure 15.7 shows t he set up page for  the m ode split  rout ine a nd figure 15.8
shows the setup for  modes 1 and 2, in  the exa mple “Wa lk ” and “Bicycle”.  The setup for
modes  3, 4, a nd 5 a re s imila r .  

Mo de  S pli t S e tu p

On the mode sp lit set up pa ge, the pr edicted origin  and pr edicted des t ina t ion  files
must  be inpu t  as t he pr ima ry an d seconda ry files.  If the or igin a nd des t ina t ion  files ar e
ident ica l (i.e., a ll the or igin zones a re included in  the dest ina t ion  zones), then  the file must
be in pu t  as t he pr imary file.  

In  add it ion , the u ser  must  inpu t  a  pr edicted  origin -dest ina t ion  t r ip file from t he t r ip
dist r ibut ion  modu le.  Fin a lly, an  assu med impeda nce value for  t r ips from t he “Exter na l
zone” mu st be specified.  The defau lt is 25 miles. Choose a  va lue tha t  wou ld  rep resen t  a
‘typica l’ t r ip  from outside the study r egion .

For  each  mode, th e user  must  pr ovide a  label for  the name and define the
mathem at ical function wh ich is  to be app lied a nd specify the paramet er s.  Th e firs t  t ime
the rou t ine is opened , th e defau lt va lues  a re list ed. However, t he user  can  change th ese.

Hin t : Once the parameter s a re en tered, t hey ca n  be saved on the Opt ion s
pa ge.  Then , th ey can  be re-ent ered by loading th e sa ved pa rameters file.

Con stra in  Cho ice  to N e tw ork

The impeda nce will be ca lcu lat ed either  direct ly or  is const ra ined  to a  network.  The
defau lt  im pedance is  defin ed wit h  the type of dis t ance measurement  specified on the
Mea su rem en t  Paramet er s page (un der  Da ta  setup).  On  the oth er  hand, if the impeda nce is
to be const ra ined to a n et work, then  the n et work has t o be defined.  

Defa u l t

The defau lt impedan ce is th at  specified on t he Measu rem ent  par am eters  page. If
d irect  d is t ance is  the defau lt  d is t ance (on  the measurement  pa rameters  page), then  a ll 
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Figure 15.7:

Mode Split Module
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Figure 15.8:

Set Up for Individual Modes
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impeda nces a re calcula ted as a  dir ect  dis t ance.  If indir ect  dis t ance is the defau lt , then  a ll
impeda nces a re calcula ted as in dir ect  (Manha t tan) dist ance.  If net work dis t ance is the
defau lt, t hen  a ll impeda nces a re ca lcu lat ed u sing th e specified net work a nd it s pa rameters;
t r avel impedance will a u tomat ica lly be const ra in ed to the network under  th is  condit ion .

C on st r a i n  t o n et w o r k

An impedance ca lcu la t ion  shou ld  be const r a ined  to a  network  when  there a re
limit ed choices.  F or  exa mple, a  bus t r ip  requir es a  bus route; if a  par t icu la r  zon e is  not
nea r  an  exist ing bus r out e, then  a  dir ect  dis t ance ca lcula t ion  will be m islea din g sin ce it
will pr obably under est ima te t rue dist ance.  Similar ly, for  a  t r a in t r ip, th ere needs t o be an
exist in g t ra in  route. Otherwise, t he rout in e will a ssign  t ransit  t r ips where those a re not
possible (i.e., it  will a ss ign  t ra in  t r ips  wh er e t her e a re n o tr a in  st a t ions  and it  will a ss ign
bus t r ips wh ere there are no bus  rou tes).  The r ou t ine does not  ‘kn ow’ whether  there are
t ransit  rout es and m ust  be t old wher e t hey a re.  Even  for  wa lking, bicycling and dr iving
t r ips , an  exist ing net work might  pr oduce a m ore r ea list ic t r avel impeda nce th an  sim ply
assuming a  dir ect  t r avel pa th .  

If the im pedance calcu la t ion  is  to be  const ra in ed to a  network, t hen  the network
must  be defined . A more exten sive discussion of a  network is p rovided in  chapt er  3 (under
Type of dis t ance mea su rem en t  on t he Mea su rem en t  Paramet er s page) an d in  cha pt er  16 in
the discussion  of the Tr ip  Assignment  module.  E ssen t ia lly, a  network is  a  ser ies of
conn ected segment s th at  specify possible rout es.  Ea ch segment h as t wo end nodes (in
Crim eS tat, t hey a re ca lled ‘FromNode’ and “ToNode).  Dependin g on  the type of network,
the segmen ts can  be bi-dir ectiona l (i.e., t r avel is a llowed  in  eit her  dir ection) or  sin gle
dir ect iona l (i.e., tr avel is  a llowed only from t he “FromN ode” to th e “ToNode”).  

A cr it ica l component  of a  network  for  the mode split  rou t ine is  tha t  t r avel can  on ly
pa ss  th rough  nodes.  This m ea ns t ha t  two segm en ts t ha t  a re connected can  a llow a  t r ip t o
pa ss over t hose two segmen ts wherea s t wo segmen ts t ha t  ar e not connected cannot  allow a
t r ip t o pass  dir ectly from one t o th e oth er . From out side t he net work, a  t r ip connects t o it
a t  a  node.  For a  t r ansit  network, t h is can  be cr itical.  For  a  bus  rou te, it  may or  may not be
impor t an t .  A p recise bus network  defines  nodes  by bus s tops so tha t  a  tr ip  can  ‘en ter ’ or
‘leave’ the bus  syst em a t  a  rea l stop.  A less pr ecise bus  network defines  nodes by the ends
of segments (e.g., th e end  nodes of a  TIGER segmen t ).  The rou t ine will not know whether
the node it  en ter s or  leaves from is  a  rea l bus s top or  not.  In  the case of bus r out es, it
pr obably doesn’t  mat ter  since they genera lly make very regular  st ops (every two or  th ree
blocks).  

Ac cu r a t e ly d e fi n ed  t r a n s i t  n et w o r k s

For  t r a in n etworks , however , it  is absolut ely cr itical th a t  the network be defined
accura tely.  The nodes must  be legit imate st a t ions; a  t r ip can  only en ter  or lea ve the t r a in
sys tem through  a  st a t ion  (i.e ., it  cannot  en ter  or  leave a  t r a in  network a t  the en d of an
arbit ra ry segm en t  node).  Most  t r avel demand m odels u se very pr ecise bu s a nd t ra in
networks  tha t  have been car efu lly checked ; where er rors occur , th e networks  a re edited
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and u pda ted.  If th e u ser  does n ot h ave an  edited t r ansit  net work, one can  be m ade in  the
t r ip a ss ignmen t  module.  Ther e is a  “Cr ea te a  t r ansit  net work from pr imary file” rout ine
tha t  will d raw segm ents between  in put  pr im ary file poin t s; the user  in put s the st a t ion  or
bu s s top locat ions a s t he pr imary file and t he r out ine crea tes a  net work from one poin t  to
the next in  the sam e order  as in  the pr imary file (i.e., the pr imary file needs t o be pr oper ly
sor ted in  order  to tr avel).  See  cha pt er  16 for  more in format ion  about  crea t ing a  t r ansit
network.

En t er i n g t h e n et w o r k  p a r a m e t er s

The network is  in put  by select in g “Con st ra in  to network” and click on the
‘Parameter s’ bu t ton .  A dia logue is  brough t  up tha t  a llows the user  to specify the network
to be  used.  The network file can  be eit her  a  shape line or  polyline file (the defau lt ) or
another  file, eith er  dBa se IV  ‘dbf’, Microsoft  Access  ‘mdb’, Ascii ‘da t ’, or  an  ODBC-
complia n t  file.   If th e file is a  sh ape file, the r out ine will k now the loca t ions  of the n odes . 
All the user  needs t o do is ident ify a weight ing var iable, if used, and possible one way
routes (‘flags’).  For a  dBase IV or  other  file, the X and Y coordina te var iables of the end
nodes m ust  be defined . These a re ca lled th e “From” node a nd t he “End” node, th ough t here
is n o par t icula r  order .  

An opt iona l weigh t  var iable is  a llowed  for  both  a  sh ape or dbf file. The r out ine
iden t ifies  nodes and segmen ts a nd finds  the short est  pa th .  By defau lt , the short est  pa th  is
in  terms of dis t ance though  each  segm ent  can  be weighted by t ravel t im e, t r avel speed, or
genera lized cost; in th e lat ter case, th e units a re minu tes, hour s, or u nspecified cost u nits. 

F in a lly, the number  of gr aph  segm ents to be  ca lcu la ted is  defin ed as the network
limit .  The defau lt is 50,000 segmen ts.  This can  be changed, but  be su re tha t  th is number
is  greater  than t he  number  of segments  in  your  network. 

Mini m um  a bsolu te im p ed a nce

If a  mode is const ra ined  to a  network, an  addit iona l const ra int  is needed t o ensu re
rea listic a lloca t ions of t r ips.  This is t he minim um absolu te impeda nce between  zones. The
defau lt  is 2 m iles.  F or a ny zone pa ir  tha t  is closer  toget her  than  the m inimum specified (in
dis tance, tim e in ter val, or  cost ), no tr ips  will be a llocat ed to th a t  mode.  Th is const ra in t  is
to pr event  unrea listic t r ips being a ssigned t o int ra -zona l tr ips or t r ips bet ween  nearby
zones.

Crim eS tat uses three im pedance com ponents for  a  const ra in ed network: 

1. Th e im peda nce from t he origin  zone to th e n ea rest  node on the n et work (e.g.,
nea res t  r a il s t a t ion); 

2. Th e im pedance a lon g t he network to the node nearest  to the dest in a t ion ; and 

3. Th e im peda nce from t ha t  node t o th e dest ina t ion zone.  
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Since most  impeda nce funct ions for  a  mode const ra ined to a  network will ha ve th e
h ighest  likelihood some d istance from the or igin, it’s possible th a t  the mode would be
ass igned to, essen t ia lly, very sh ort  t r ips  (e.g., the dist ance from a n  origin  zone t o a r a il
network a nd t hen  back a gain  might  be modeled a s a  h igh  likelihood of a  t r a in t r ip even
though  su ch a  t r ip is  ver y un likely).  

For ea ch m ode tha t  is const ra ined to a n et work, specify the m inimum absolu te
impeda nce.  The un its  will be th e sa me as t ha t  specified by th e measu rement  un its . The
defau lt  is  2 miles.  If the un it s a re dis t ance, t hen  t r ips will on ly be a lloca ted to those zon e
pairs t ha t a re equal to or great er in dista nce tha n t he minimu m specified.  If th e units a re
t ravel t ime or speed, t hen  t r ips will on ly be alloca ted t o those zone pa irs  tha t  a re fa r ther
apar t  than  the dis t ance t ha t  would  be t r aveled in  tha t  t im e a t  30 miles per  hour .  If the
unit s a re cost , t hen  the rout in e ca lcu la tes the average cost  per  mile a lon g t he network and
only a lloca tes  t r ips to those zone pa ir s  tha t  are fa r ther  apar t  than  the d is tance tha t  would
be t raveled  a t  tha t  aver age cost . 

Applying  the  Relative  Access ib i li ty  Funct ion

To apply th e relat ive accessibility funct ion , th e pa rameter  choices for  each  mode a re
entered int o the mode sp lit r ou t ine. All t r ansit  modes a re then  const ra ined
Once the mode split setup h as been defined and all tr an sit modes have been const ra ined to
a  pr oper  net work, the m ode split  rout ine can  be r un . 

F igure 15.9 shows the top 300 wa lking cr ime t r ips in Ba ltim ore County est ima ted
wit h  the defau lt  accessibility functions.  As seen , the vast  major ity of walking t r ips  a re
int ra -zona l (loca l).  Ther e are on ly a  couple of int er -zona l walk ing t r ip links  sh own.  The
defau lt im peda nce funct ion  assigned a ppr oximately 4% of the t r ips t o th is mode a nd t he
result is man y int ra -zona l tr ips.

F igure 15.10 sh ows t he top 300 bicycle cr ime t r ips in Ba ltim ore County.  Ther e are
fewer  t r ips by bicycle and they a lso tend to be  qu it e loca l.  Th e im pedance funct ion  used for
bicycle tr ips a lloca ted a ppr oximately 1% of a ll t r ips t o th is mode.  Thu s, it’s less frequ ent
than  walking mode.  There are pr oport iona tely more int er -zona l tr ips a mong th e top 300
than  for  walk in g t r ips, bu t  these tend to be qu it e shor t  (t r avel between  adjacen t  zon es).

On  the oth er  hand, dr iving is t he predomin ant  t r avel mode for  the crim e t r ips
(Figu re 15.11).  The impeda nce function used a llocat ed approximately 90% of th e t r ips  to
dr iving.  The pa t t ern  a lmost  per fect ly replica tes t he pr edicted t r ip dist r ibut ion  (see figur es
14.12 and 14.20 in  chapt er  14).  Fu r ther , th e t r ips a re a  lot  longer.  Among th e top 300
links, there were no int ra -zona l dr iving t r ips.  The u se of a  lognorm al funct ion  minim ized
in t ra -zona l t r avel. 

To a lloca te bus and t ra in  t r ips, h owever , it  was necessary t o const ra in  them to a
net work.  Separa te bu s a nd t ra in  net works wer e obta ined from the Ba lt imore Met ropolitan
Council.  F igure 15.12 shows the Ba lt im ore bus network and figure 15.13 shows the
predict ed bus t r ips super im posed over  the bus network.  Overa ll, a bout  4% of the tota l
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t r ips wer e a lloca ted t o the bus  mode by th e accessibility funct ion .  As seen , th e t r ips t end t o
be moder a te dist ances a nd t end t o be close t o the bus  network.  Const ra ining th ese t r ips by
the net work decreases t he likelihood t ha t  the r out ine would a ss ign a  pa r t icula r  t r ip lin k
tha t  wa s fa r  from the bu s work  to a bus t r ip. 

F ina lly, tr a in crime t r ips wer e const ra ined  to the t r a in n etwork.  F igure 15.14
su per imposes t he assigned t ra in t r ips over  the int ra -urban  ra il network.  Overa ll, on ly 1%
of the tota l t r ips were a lloca ted  to t r a in  mode.  Therefore, the number  of t r ips for  any zone
pair is quite sma ll.  The trips ar e genera lly longer th an  th e bus t rips, as m ight  be expected,
and they a lso tend to fa ll a lon g t he major  ra il lines. Some of the t r ips st a r t  qu it e fa r  from
the r a il lines, so it ’s possible tha t  these a re not r ea list ic r epresen ta t ions.  Keep in  mind
tha t  th is  is  a  mathemat ica l m odel a nd is  fa r  from per fect .

Overa ll, the mode sp lit r ou t ine h as pr odu ced a  reasona ble app roximat ion  to t r avel
modes for  cr im e t r ips.  Sin ce there was no da ta  upon which  to ca libra te the funct ion s,
reasona ble guesses  were made a bout  the accessibility funct ion .  The m athemat ica l model
pr oduced a  pla usible, though  not per fect , represen ta t ion  of these a ssumpt ions, gen er a lly
fitting int o what  we kn ow about  crime tr avel pat tern s.

U se fu ln e s s o f Mo de  S plit  Mo de lin g

The mode split  model is a  logica l ext ension  of the t r avel demand framework.  F or
t ranspor ta t ion  pla nnin g, it  is  an  im por tan t  st ep in  the process.  But , it  a lso is  im por tan t  for
cr im e ana lysis .  F ir st , it  addresses the complexity of t r avel by separa t in g t he t r ips from
specific or igin s to specific dest in a t ion s in to dis t in ct  modes.  In  th is  sense, it  adds more
rea lism t o our  under st anding of cr imin a l tr avel beha vior .  The J ourney to Crime lit era ture,
which  has been  used by cr ime a na lyst s a nd crimina l just ice resea rchers t o “under st and”
crim ina l t r avel behavior, is  sim plis t ic in t h is r espect.  I t  assumes a  sin gle m ode, t hough
tha t  is ra rely a r t icu lat ed by th e resea rchers.  By poin t ing ou t  typica l tr avel dist ances by
offenders circum vents t he critical question of how they made th e trip.   This was, perha ps,
not  as crit ica l 50-60 year s a go when most  cr imes  were committ ed with in a  sm aller
community and  it  cou ld  be assumed  tha t  mos t  offenders  wa lked  to the cr ime loca t ion .  Bu t
in post - Wor ld War  era , au tomobile t r avel has become increa singly domina te.  This m odel
assumes tha t  the vast  major ity of cr ime t r ips  a re t aken  by au tomobile.  While ther e is
cur ren t ly no da ta  to p rove tha t  a sser t ion , it  follows  from the t ranspor ta t ion  pa t t erns  tha t
have become widespr ead in  the U.S. and elsewh ere.

Th er e is  a  second r ea son  wh y an  ana lysis  of crim e t ravel m ode can  be im por tan t .  If
the limit a t ion s of t r avel m ode in format ion  could  be im proved th rough  bet t er  and more
car eful da ta  collection by police and other  law en forcemen t  agencies, th is t ype of an a lysis
could  be very u sefu l for  policin g.   For  one th in g, it  could  a llow more focused police
deployment .  F or  neighborhoods wit h  a  predomin ance of walk in g cr im e t r ips, t hen  a  police
foot  pa t rol cou ld  be most  effect ive. Conversely, for  neighborhoods wit h  a  predomin ance of
dr iving cr ime t r ips , then  pa t rol car s a re probably the m ost  effective.  Police int u it ively
underst and t hese cha racter ist ics, but  the crim e m ode sp lit  model makes th is m ore explicit.
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For  another  th in g, a  mode split  ana lysis  of cr im e can  bet t er  help  cr im e prevent ion
effor t s. As  the Ba lt imore dat a  sugges t , many of t he loca l (in t r a -zona l) cr ime t r ip s a re
commit ted a roun d h ous ing pr ojects a nd in  very low income communit ies. Most  likely, th is
is a  by product of pover ty, lack of loca l em ploymen t  oppor tun it ies , deter iora ted hous ing,
and even  poor  surveilla nce. Sin ce teenagers a re more likely to not own  vehicles, it  might  be
expected tha t  the major it y of t hese loca l cr im e t r ips a re commit ted by very young
offender s .  Th is  can  be usefu l in  cr ime p reven t ion .  Aga in , t he “Weed  and Seed” and a ft er -
school progr ams are genera lly t a rgeted to you th  from very low in come neighborhoods.
What  is shown by the m ode sp lit  ana lysis  is probably the crim e pa t t er ns a ssocia ted wit h
these neighborh oods .  Even  though  it  is in tu it ively underst ood, t he m ode sp lit  ana lysis
quant ifies these r elat ionsh ips in a n  explicit m anner .

In  sh ort , a  mode split  ana lysis  of crim e t r ips  is a n  impor tan t  tool for  crim e a na lyst s
and cr im in a l ju st ice researchers. If correct ly ca libra ted, it  can  help  focus police
enforcement  and cr im e prevent ion  effor t s more specifica lly a nd can  im prove the theory of
cr im in a l t r avel behavior .

Hopefully, police depar tmen ts will st a r t  to impr ove t he qu a lity of da ta  in  captur ing
likely t r avel modes wh ile t akin g incident  report s.  Even  though m ost  police depa r tments
have an  item  sim ilar  to “Met hod of depa r ture”, ther e has n ot been  a  lot  of em ph asis  on t h is
in forma t ion  and mos t  cr ime data  set s  a r e deficien t  on  th is  in forma t ion .  However , with
improved da ta  will come more accura te accessibility funct ions a nd, hopefu lly, even  rea l
u t ility funct ions wh ere actua l cost s a re measu red.  The expecta t ion  is tha t  th is will happen
an d we should work  towar ds accelerat ing th e process.

Limitations  to  the  Mode Spl i t  Methodology

There are a lso limita t ions t o the method, pa r t icu lar ly the aggregat e appr oach .  The
aggregat e appr oach  does not consider  individua ls, on ly proper t ies associat ed with  zones
(e.g., average t ravel t ime bet ween  two zones).  As m en t ioned ea r lier , the accessibility
funct ion  used  (or  the under lying u t ility theory) is  much  s impler  for  zones  than  for
individua ls.  Consequ en t ly, th e ana lysis  is cruder  a t  an  aggrega te level t han  a t  an
individua l level.  Policy scenar ios a re m uch m ore lim ited wit h  aggrega te m ode sp lit  than
with  individu a l-level models.  For  example, if an  an a lyst  wan ted to explore wha t  was  the
likely effect  of in creased public surveilla nce on walk in g behavior  by pick pocket s, it  is  more
difficult t o do with  aggregate dat a t ha n with individua l dat a.  For example, it  could be
hypothesized tha t  actua l p ick pocket s a re more sensit ive to in creased public surveilla nce
than , say, ca r  th ieves, but  th is can’t  be tes ted a t  the aggregat e level.  Inst ead, some gener a l
cha racter ist ics are a ss igned to all individua ls (e.g., th e number  of secur ity per sonnel in  a
zon e).

Second, t he zona l model for  mode sp lit  (as  wit h  t r ip d ist r ibu t ion) cannot exp la in
in t ra -zon a l t r avel.  Th e accessibilit y fu nct ion  is  applied to in ter -zon a l t r ips; for  in t ra -zon a l
t r ips, it  is  in accura te and genera lly defau lt s to sim ple choices (e.g., wa lk in g, bik in g or
dr iving).  For exam ple, bus or t r a in m ode can  rarely be applied at  an  int ra -zona l level
because there a re usua lly too few network  segmen t s t ha t  t r aver se a  zone and the segmen t s
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ra rely stop wit h in  the zon e.  While th is  deficiency a lso applies to the t r ip  dis t r ibu t ion
model, th e depen den ce on  a  network for  t r ansit  modes, pa r t icu lar ly, lead t o
un derestimat ion of tr an sit use for very short  tr ips.

Third , th e zona l mode split m odel cannot  explain  individua l differences.  This goes
ba ck t o th e first  poin t  tha t  a  sin gle u t ilit y fun ction  is bein g app lied a t  the zona l level. 
Thus, the value of t ime t o differen t  individua ls living in  the sa me zone cannot  be exam ined;
ins tead, everyone is given t he sa me value.

Four th , th e aggregat e mode sp lit m odel does n ot  ana lyze time of da y very well.  The
proba bilit ies a re assigned to a ll t r ips, r a ther  than  to t r ips taken  a t  pa r t icu la r  t im es of the
da y.  To conduct t ha t  ana lysis , an  ana lyst  has t o brea k down  crim es by t ime of da y and
model the differen t  per iods sepa ra tely.  Aside from being awkward, th e su mmed t r ips n eed
to be balanced to ensur e tha t t hey sum t o th e tota l nu mber of tr ips.

F ift h , a nd fin a lly, the mode split  model, both  aggrega te and disaggrega te, ca nnot
expla in  linked trips (somet imes called t rip  cha in ing).  An  offender  might  leave home one
da y, go ou t  to ea t , visit a  fr iend , commit a  st reet  robbery, go to a  ‘fence’ to dist r ibut e the
goods, buy dru gs from a  dr ug dealer , an d t hen  fina lly go home.  The mode sp lit m odel
t rea t s ea ch  of these a s separa te t r ips; in  the case of cr ime m ode sp lit, th ere are th ree
dis t inct cr ime t r ips  - comm it t ing the r obber y, selling the s tolen goods  to th e ‘fence’, and
buying th e dr ugs from the dr ug dealer .  The m odel doesn ’t  under st and t ha t  these a re
rela ted even t s, bu t  inst ea d a ss igns separa te m ode pr obabilit ies to each  t r ip.  Th us, it  is
possible to produce absurd choices, such  as dr ivin g t o the cr im e scene, t akin g t he bus to the
dr ug dea ler , and t hen  bik ing home.  In  th is r espect, t he disa ggrega te approach is equa lly
flawed  as  the aggrega te s ince both  t r ea t  each  t r ip  as  independen t  even t s.  The solu t ion  to
th is lies in a  ‘th ird genera tion’ of tr avel modeling in which individua l tr ip ma kers a re
sim ula ted over  a  day; activity-based  m odeling, as it  is k nown, is s t ill in  a  resea rch s t age
(Goulias, 1996; Miller , 1996; Pas, 1996). But , it  will even tua lly emer ge as t he domin ant
t ravel dem and m odelin g a lgorit hm. 

Co n clu s io n s

Never theless, m ode sp lit  modeling can  be a  very useful a na lysis  st ep for  crim e
ana lysis .  It  represen t s a  new approach for  cr im e ana lysis  and one wit h  many u seful
possibilities.  It  will require bu ilding more systemat ic da tabases in  order  to document
t ravel m odes .  Bu t , the possibilit ies  tha t  it  offers u p can  be im por tan t  for  crim e a na lyst s
and crimina l just ice resea rchers a like.

In  the next cha pt er , th e fina l step in t he cr ime t ravel dem and m odel will be
discussed, net work a ssignment .
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1. There is  no reason  th is  da ta  could  not  be collected.  Typica lly, many police
depa r tments collect  informat ion  on  ‘Method of depa r ture’ from a  cr ime scene.  When
a  police r epor t  is  t aken , t he vict im  is  somet im es asked how the offen der  left  the
scene. In  most  cases, t he informat ion  is not r ecorded on t he police forms, or  a t  leas t
those tha t  have been  exa min ed. This  in format ion  is  probably unreliable in  any ca se
sin ce m any offenders will t ake the bu s or  leave their  car  nearby while they walk /run
to th e crim e scene.  St ill, if police depar tmen ts wer e t o put  more effort  in to
collecting this inform at ion a nd, perh aps, to validat ing it with a rr ested offenders,
then  it  is  possible to bu ild up reliable da ta  set s tha t  can  be used to model m ode
split .  Unt il then , un for tuna tely, we ha ve to rely on  theory ra ther  than  eviden ce.

2. In  a  survey of t he t r avel behavior  of homeless persons, it  was noted tha t  most
homeless walked very sh ort  dis t ances over the day even  though  the va lue of their
t ime wa s very low.  For longer t r ips, th ey st ill t ended t o take t he bus  ra ther  than
walk.  Survey on  the t r avel beha vior  of very low income individua ls.  Urban
Planning Program, Un iver sit y of Californ ia  a t  Los Angeles , 1987 (wit h  Ma r t in
Wachs).

3. In  test s, I  did  find t ha t  the t wo models p roduced sim ilar  pa t t er ns.  Th ey wer e off in
terms of the magnitude of the pr edicted t r ips, but  the relat ive pa t t ern  was very
sim ilar .

4. Houst on-Ga lvest on  Area  Council. Persona l communica t ion . 2004.

En dn ot e s fo r Ch ap te r 15
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Chapter 16

Network Assignment

In this chapter, the fourth, and last, com ponent of the crim e travel
dem an d m od el w ill be described .  Network assignment involves the assigning of
pred icted trips to particular routes. The p redicted trips are those  that are
either  pred icted from  the trip  distr ibution sta ge  or  from  the m od e split stag e. 
In the form er case, all trips from each origin zone to each destination zone are
assigned  to a  particular  trave l rou te, usually  on  the assum ption  that they  all
trave l with  the sam e m ode  of travel (usu ally w alking, biking  or driving).  In
the latter case, the predicted trips from each origin-destination zone pair by
specific trave l m od es  are assign ed  to a p articu lar rou te which  is m od e specific. 
Thus, bus trips  are assign ed  to bus routes ; train trips are assigned  to train
routes; driving trips are assigned to a road ne twork; walking trips are
assigned to a m ore limited road network; and biking trips are assigned to a
m ixture of roads and bike paths.  In other words, the assignm ent of travel
m odes is specific to  a particu lar  ne tw ork.

Once the trips are assigned to routes, several statistics can be
calculated. First , the predicted path from an origin zone to  a  dest ination zone
can be  displa yed.  T his can very  usefu l for p olice  who cou ld in crease th eir
patrol on high crim e routes.  Second, the entire trip load on road segm ents can
be calculated .  Since m any crim e trip routes pass over the  sam e netw ork
segm ents (e.g., freewa ys, m ajor arterial roads), the total num ber of predicted
trips on a segm ent can be en um erated.  The result is a m ap of the m ost
heavily traversed segm ents in the network.  Again, this can be very useful for
police.

Thus, the network assignment completes  the four stage modeling
process of the crime travel dem and  framew ork.  To sum m arize, in the first
stage  - trip  generation , sep arate m odels  of th e num ber of crim es origin ating
in each zone  and the nu m ber o f crimes en ding  in each  zone are  developed. In
the second stage - trip distribution, the predicted num ber of crim es
originating in each zon e are allocated to each destination zone; the result is a
prediction of the num ber of trips that occur between each origin-destination
zone pair.  In the third stage - mode split,  each predicted origin-destination
trip pair is separated (split)  into distinct travel m odes (e.g., walking, biking,
driving, bus, train) with the result being a m ode-specific origin-destination
zone pair.  Finally, the fourth stage - network assignm ent, assigns these trips
to specific routes.

Theoretical Background

To un derstand the background, we need to look, first, at the nature of
netw orks and  second, at types of routing algorithm s.
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16 .2

Networks

The m ost fundam en tal elem en t of assign m en t is, o f course, a  netw ork. 
The  netw ork  can  be a  road netw ork , a bus netw ork  (e.g., bus routes w ith
stops ), a train  ne tw ork (e.g ., train  lines w ith station s), or  even  a b icycle
network (e .g ., a  mixture of roads and bicycle  paths). Other kinds of networks
can also be considered, for example telecom m unication lines or even trade
routes.  W e w ill concentrate on  urba n transportation n etworks, how ever.

Th e m athem atical properties of netw orks are know n as graph theory
(Sedgewick, 2002).  A network (or graph) is  a set of nodes (or vertices)  and a
set of segm ents (or edges) that connect pairs of nodes. If there are V n odes
(vertices), then there are V 2 pairs of nodes, including the distance from a node
to itse lf. A  grap h with  V  nod es  has , at most, V(V-1)/2  segm en ts (edg es); if
m ultiple segm ents share nodes, then  there w ill be even  fewer.

Figure 16.1 illustrates a sim ple n etw ork . Travel occurs along  the
segm en ts th rough  the con necting n odes.  A pa th is a  sequ en ce of nodes in
w hich each successive node is connected to its predecessor in the pa th.  Thus,
in the figure, there cannot be direct travel between node A and node C, but
m ust go th rough  an  interm ediate node (e.g., through B  or through  a path
from  D to E  to C ).

Impedance of a Network

There are several properties of a network that are im portant for travel
m odeling.  First, the length of a segm ent is proportional to its im pedance (see
chap ters 14 an d 15 ).  The m ost simple kind  of im pedance is distance in w hich
each unit  length of the network corresponds to  some unit  o f distance in  the
real w orld (e .g., on e inch  = 1 m iles; one cen tim eter =  5 k ilom eters).  T his is
analogous to the scale used in m apping systems.  M ore complex types of
imped ance involve travel tim e, speed, or even generalized cost (a collection of
several cost elem en ts).  Thus, to  use th e exam ple  in figure 16 .1, node A  is
connected to nodes B and D .  The path from A to B is 50 units long; sim ilar
lengths are found for the other segm en ts in  the exam ple .  Th is could
represent distance (e.g., 50 m iles), travel tim e (e.g., 50 m inutes), or
generalized  cost (e.g., $50).1  To a graph, the units are irrelevant.  As long as
the user is explicit about these an d consistent, path  calculations w ill work
properly.  

Bi-directional and Single Directional Networks

Bi-directional networks

Second , typical transportation netw orks are either bi-directional or single
directional.  In  a b i-directional netw ork, trave l can occur in  either  direction. 
Again, using  figure  16.1, if the netw ork is bi-directiona l, then  travel can occu r
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16 .4

from  A to B  or from  B to A .  A w ell know n exam ple of a bi-directiona l network
is the T IGE R system  of the U .S. Cen sus B ureau  (2004).  Th is is a
representation of all ma jor urban lines, including streets, railroad lines,
census geography boundaries, jurisdictional boundaries, Congressional
boundaries, and other features .  It  is  used to  map out census areas for the
purpose of collecting the decennial Census. Virtually the entire Un ited States
is now  m app ed in the  TIG ER system .  Depend ing on  how  carefully each
jurisdiction updates the database for new roads and changes in  existing
roads, the TIGER  system can be a  very accurate  spatial representation of the
an u rban road  system .  It is a w idely available system and  is often the first
network that most police departments  use when they create  a  crime m apping
system.   Figure 16.2  shows a TIGER network for Balt imore County and the
City of Baltim ore. There are 49,015 road segm ents in the TIG ER  m ap show n
in the figure.

Problems with the TIGER system for travel modeling

O n the other hand, for travel modeling, there are substantial problem s
w ith bi-d irectional n etw orks and w ith TIG ER in p articu lar .  TIG ER is
typically  less  accurate with respect to  rail lines and has virtually  no
inform ation about bus routes, wh ich are local in nature.   Depending on h ow
diligent the local governm ent is in upd ating the database, the representation
m ay not be as accurate as possible (though, in general, it’s getting better over
tim e).  

A  m ajor p roblem  is that connectivity is often not tested.  Since the aim of
the TIGE R system  is to represent a metropolitan area for the purpose of
collecting the Cen sus, connectivity is not guaranteed since it’s irrelevant for
that pu rpose.  It’s not clear that all roads are properly represen ted, a feature
that could substantially a lter  a shortest path algorithm .  For exam ple , in
figure 16.1, if the segmen t from  A to B w as not connected, then travel from  A
to C w ould have to take a circuitous path from A  to D to E to C.   Having an
accurate  and edited  netw ork  is critical for m odeling  travel beha vior.  W ith a
large number of segments  in  a  TIGER  system,  it  is  often not c lear where in  a
file connectivity is  not properly linked.

An other ma jor deficiency of the TIG ER  system is the lack of
inform ation about trave l tim e or travel cost.  Travel along  a TIGER netw ork
is defined by distance, wh ich does not change by tim e of day.  It does not have
cost inform ation either, wh ich m akes it  less flexible for examining alternative
routes as a function of additional cost factors (e.g., an ana lysis of travel
through  an  area w ith h igh surve illance  versus trav el through  an  area w ith
low  security  presen ce even  if trave l through  the firs t area  is sh orter  in t im e
than through the second area).  The T IGE R system  does have inform ation
about functional class of road (interstate, state highway, collector road) and
it ’s  possible  to  assign a priori speeds to the different segm ents based on  these
classes (e.g., 35 m iles per hour for Interstate highwa ys, 25 m iles per hour for
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16 .6

principal arterial roads) .  But, beca use  the netw ork  is bi-d irect ional, it ’s
impossible to assign speeds for travel in opp osite directions; in reality, there
are  usua lly differen ces in  travel speeds in opposite d irections  (e.g., travel into
the central business  distr ict in  the morning might be  at 15 miles per hour
w herea s travel in the op posite d irection  m ight be  at 35 m iles per h our).

Another m ajor problem  with TIG ER and  with a bi-directiona l network
in general is in the representation of one-w ay streets.  The T IGE R system
does not provide this inform ation.  Consequently, in using a TIGE R file for
modeling travel, a  shortest path could easily  travel up a  one-way street in  the
wrong direction.  To make the system w ork properly, there needs to be an
ad ditional field  in the datab ase that  iden tifies a  segm en t as one-w ay . 

Single directional networks

A single directional (or uni-directional)  network, on the other hand,
allows travel in only one direction.  This has the advan tage of keeping travel
consisten tly d efined .  Tw o-w ay  trave l is represen ted  by  tw o segm en ts, one in
each  direction  (e.g., one for  travel from  A to B  an d one  for tra vel from  B to A ).
O ne-w ay  streets can  be  characterized  by  on ly one o f the paired directions. 
M ost transportation modeling networks are single directional since an
accurate representation of travel is  critical.  Travel t im es, speeds or costs can
be assigned to the different directions of  travel between two nodes and can be
furth er assign ed to different tim es of the d ay  (e.g., 20 m iles per hour  in the
m orning peak period, 15 m iles per hour in the afternoon peak period, 30 m iles
per  hou r in  the o ff-peak da ytim e period , an d 45  m iles  per hou r at n igh ttim e). 

An  exam ple of a single directional network is that used for travel
dem an d m od elin g by m ost M etropolitan  Planning O rgan izations (M PO ). 
These are used to m odel travel over an entire metropolitan area (regional
trave l) an d are generally  up da ted  regu larly; connectivity is  continuou sly
tested  an d errors a re few  in n um ber. The travel m odeling n etw ork is usually
a ‘skeleton’ network, covering all the m ajor roads - freeways, principal
arter ial roads , m inor arter ial roads , and som e collector road s.  They  usually
do not include m uch  inform ation about local or neighb orhood streets since
these are not very relevant for regional travel mod eling.  Figure 16.3 show s a
m odeling netw ork used by the Baltim ore M etropolitan C ouncil for their travel
dem and m odel.  There are only 11,045 road segm ents in the file, less than one
fourth the  size of the corresp ond ing TIGER netw ork.  Considering  that each
segment in a single direction, effectively only about 5,000-6,000 actual roads
are bein g rep resented in the file . 

M ost im portantly, modeling networks usually include information
about travel t im e or travel speed (which can be converted to travel t im e by
div idin g d istance by  speed) and are usually  broken  dow n into d ifferen t tim e
periods.  Thus, it  becomes possible  to  analyze travel at different times of the
day to account for the major congestion effects that occur at the peak travel
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periods, particularly the afternoon peak.  Som e m odeling networks also
include information on travel costs, which include parking, toll roads, and
other costs that im pact a trip.  As m entioned in chapter 11, any analyst
wishing to develop a crim e travel demand m odel should contact the local
M PO  about obtaining a copy of the m odeling network used.

H int: A  single  directional netw ork can also be treated  as  bi-directional. 
In th is case , all the trips on  that roadw ay will gen era lly be assign ed to
only on e of the paired  segm ents (for a two-way pa ir).  For the network
load output, particularly, this can be useful for showing the total
num ber of trip s on a road segm en t, indep en den t of direction. 
O therw ise, if defined as a single directional netw ork, the loads in ea ch
direction w ill  be displayed separately.

Problems with modeling networks

M odeling networks also have their problems.  The biggest one is  that
they  do  no t include  all road s, but on ly th e m ore im portant regional ones. Th is
can lead to unrealistic paths bein g m od eled at  a n eighborhood level (e .g.,
entering or leaving a neighborhood from a centroid, rather than from a real
street; tak ing c ircu itou s routes  to travel a  short distance in spa ce when , in
fact, there are connecting local roa ds  that actually  ex ist but aren ’t included in
the  file). H ow ever, neighb orhood  roads can  usua lly be added to the netw ork  to
provid e m ore detail at  the neighborhood level and to correct m od elin g errors. 
I t’s  a tedious process , but a  police department could slowly update  such a
system  over tim e and  imp rove its accuracy.  Care m ust be taken  in doing this,
however, to ensure that connectivity is  correctly portrayed.

Another problem , wh ich m ay or m ay not be critical, is that th e
representation of roads in a m odeling network is  spatially sim plif ied.  Road
segm ents are stra ight lines, rather tha n h aving curvature.  In th e TIGER
system , the basic record of a segm ent is a straight line connecting two n odes,
bu t also includes up to 10 in term ediate ‘shap e gram m ar ’ nodes that de fine
curvature  (integrated  with  spatially m ore accurate inform ation  from  the U .S.
G eolog ical Survey ).  Thus , a m odeling  netw ork  looks a little ‘unreal’ at a
neighborhood level since there are nothing but straight lines.  But, as
m entioned above, additional segm ents can be added to the file to improve
local connectivity as well as fam iliarity.

Transportation Networks

The third property of a network for travel m odeling is the type of
netw ork.  Road n etw orks w ere m en tion ed  above.  B ut there are also tran sit
networks (e .g ., bus routes, train routes) and even bicycle  networks (e .g ., bike
paths).
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If a  trip  distribution  m atrix  of tr ips  from  origin s to  destin ations is
an alyzed  by  trave l m od e, th en  it is critical  to hav e a  m od e-specific n etw ork. 
Using TIGER  or a sim ple modeling network will im ply that all trips occur by
the existing road system .  For transit  trips (bus and rail)  particularly, but
also  for bik ing  trips and  possibly  walking  trips, featu res th at are sp ecific to
the travel m ode must be included.  Bus routes will use the existing road
system , bu t they  don’t use  all roads, typica lly on ly the m ajor arteria l road s. 
Train systems rarely use the existing road system, but usually have dedicated
tracks.  There are exceptions.  Some l ight rail system s do run on arterial
roads.  Other rail system s will run on an arterial road, but with a grade
separation.  Depending on how the MP O conceptualizes this, there may be
separa te lines  for the ra il or not.

Thus, it’s  very  im portant to  check an d ed it all netw orks th at  are u sed. 
For transit  networks, in particular, the lines needs to be connected and
thoroughly tested.  Figure 16.4 repeats the B altimore bus netw ork m ap from
chapter 15 (figure 15 .12).  Each of the lines on the  m ap represen t bus routes;
there can  be  (and usu ally a re) m ore than  on e bus rou te at  an y one lin e. 
Typically, these are  draw n as separa te line ob jects and are  overlaid on each
other .  This particu lar netw ork does  not hav e in form ation  ab ou t bus stops. 
Con sequently, a shortest path algorithm  will choose the end nodes of
segments to allow a trip to “enter” or “leave”.  Thus, it  is  possible that a bus
trip w ould start at a location w here there is not a bus stop.  How ever, given
that buses in B altimore and elsewh ere stop very frequently (every two or
three b locks on average), the am ou nt of error introdu ced is  qu ite sm all.

W ith trains, however, it  is  absolutely critical that station locations be
used to define the rail lines; people cannot enter or leave a train betw een
stations.  Figure 16.5  shows each of the four intra-urban rail lines with the
station  location s.  Later in  this ch apter, there w ill be  a d iscussion  of a u tility
for creating rail lines from  station locations.  But a critical point is that each
of the end points of the rail segm ents be associated rail stations. In the figure,
each  of th e four ra il lines is show n in separate color.  For m odeling in
CrimeStat, how ever, the  ind ividual lines  need  to be m erged in to a  single  file in
order  for  the shortest p ath routine to be able to m ove betw een rail lines  (i.e.,
if there are separate line objects for each line, the routine w ill not know  how
to m ove from  one line to  an oth er).  Figure 16 .6 show s the fu ll rail line
network.

Shortest Path Algorithms

O nce a network h as been created, edited and thorough ly tested for
accurate connectivity, it  can be used for a shortest path analysis.  In a shortest
path for a sin gle trip  (from  an  origin  zon e to a  destination zone), the route
with the lowest overall im pedance is  selected.  As m entioned, im pedance can
be defined  in term s of dista nce, travel tim e, speed , or gen era lized cost.
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There are a num ber of shortest path algorithm s that have been
deve loped (Sedgew ick, 2002).  They  differ in term s of wh ether they are
breadth-first (i.e., search  all possibilities) or depth -first (i.e., go stra ight to the
target) algorith m s and whether  they  exam ine a  on e-to-m an y rela tionsh ip (i.e.,
from  a s ingle  origin  node  to m an y n odes) or a m an y-to-m an y relation sh ip (A ll
pa irs; from  each  node  to ev ery  other n ode).

The algorithm  that is m ost com m only used for shortest path analysis of
m oderate-sized data sets (up to a million cases) is  called A*, which  is
pronounced “A-star” (Nilsson, 1980; Stout, 2000; Rabin 2000a, 2000b;
Sedgew ick, 2002).  It is a one-to-man y algorithm  but is an improvem ent over
another comm only-used algorithm called Dijkstra (Dijkstra, 1959). Therefore,
I ’ll start first by describing the Dijkstra algorithm  before explaining the A*
algorithm.

Dijkstra Algorithm

The Dijkstra algorithm is a  one-to-many search strategy in  which a
shortest path from  a s ingle  node  to a ll other nodes is calculated .  Th e rou tine
is a breadth-first algorithm in that it  searches all possible paths, but it  builds
the path one segm en t at  a tim e.  Starting from  an  origin  loca tion  (node), it
iden tifies the n ode that is nearest to  it and wh ich has not already been
identified on the shortest path.  After each node has been identified to be on
the  shortest pa th, it is rem oved from  the  search  possibilities.  Th e algorithm
proceed s until the shortest path to all nodes has b een d eterm ined.  In term s
of a  matrix  of origin nodes (on the vert ical) and dest ination nodes (on the
horizon tal - see figu re 14.1 in  cha pter 14 ), the search a lgorithm  estim ates the
shortest path for an y one row  (i.e., from  a particu lar  origin  to a ll
destinations ).

The algorithm  can also be structured to find the shortest path betw een
a particu lar  origin  node  an d a  particular destin ation  node .  In this case, it will
qu it once  the destination  nod e h as  been  iden tified on  the shortest p ath.   The
algorithm  can also be stru ctu red to find the shortest path from  each  origin
node to each destination node.  It does this one path at a tim e (e.g., it  finds
the shortest path from node A  to all other nodes; then it finds the shortest
pa th from  node  B to a ll other n odes; and  so forth ).

Let ’s use  the n etw ork in figu re  16 .1 as an exam ple.  F igu re  16 .7
presents the network in terms of a particular origin node (A = Start)  and a
particular destination n ode (G  = F inish ). In the  first step  (not show n), the
algorithm  finds the node that is closest to A that has not already been put on
the shortest path.  In this case, it  is  to itself  ( i.e ., A to A is  the shortest path at
this  point).  It  thus removes A from the list o f possible  nodes and puts  it  in  a
shortest path node list.  Next, the routine finds the node that is closest to A
that has not already been put on the shortest path list.  This will be node B ,
w hich is 50 units distance from  A (figure 16.8).   Thu s, the shortest path now
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goes from  A to B .  Su bsequen tly, node B  is rem oved  from  the list  of possib le
new  nodes an d is put on th e shortest pa th list.

In step 2, the routine finds the node that is  closest  to one of the existing
nodes on the shortest path list but which has not already been put on that
list. Th is w ill be node D , which is  70  un its from  A (figure 16.9).  That is, if A
and B  have already been put on the shortest path list, then only tw o nodes
are connected to these - C and D .  The distance from A to C is 120 (50 + 70)
w hile the d istan ce from  A to D  is 70.  T hus, th e rou tine selects  nod e D  next. 
Subsequen tly, node D  is rem oved  from  the list  of possib le new  nodes and is
pu t on  the  shortest pa th list.

In step 3 (figure 16.10), the routine determ ines the node that is closest
to A  and w hich  has not yet been put on the shortest pa th.  There are tw o
possib ilities - C  an d F ; both  are  120 u nits  distan ce from  A.  In the case o f a
tie , the rou tine ‘flips a  coin ’ and chooses one, in  this case n od e F . 
Subsequen tly, node F  is rem oved  from  the list  of possib le new  nodes and is
pu t on  the  shortest pa th list.

In  step 4 (f igu re  16 .11 ), the rou tine adds nod e C  to the shortest p ath. 
N ote that had the ‘coin flip ’ in step 3 chosen node C instead of F, in this stage
node F would have been selected; thus, the routine produces the same
solution, just in a d ifferent order.  Both nodes C  and  F are 120  un its distance
from node A.  Node C is  now removed the list o f possible  new nodes and is  put
on  the  shortest pa th list.

In step 5 (figure 16.12), the routine adds node E  to the shortest path list
because the distance to E through B is shorter than any other route that has
not yet been determ ined (130 un its from  A).  N otice that the path to E
through  C or D  would have been  longer than  through B  (180  and 140  un its
respectively ).  

F inally, in  step 6 (f igu re  16 .13 ), the rou tine goes to  the fin ish , nod e G . 
The path through B and E is shorter than by any other path to G (180 total
un its).  Thus, the D ijkstra algorithm  has searched every nod e in the network
an d de term ined  a shortest p ath from  nod e A  to each  of them  (figure  16 .14 ). 
Even though we are  only  interested in  the path from A  to  G, the algorithm
solves all shortest paths from  A to all nodes.

A* Algorithm

The biggest problem with the Dijkstra algorithm is that it  searches the
path to every single node.  If the purpose w ere to find the shortest path from
a s ingle  nod e to a ll other  nod es , then  this w ou ld prod uce the best so lution. 
H ow ever, with an origin-destination m atrix , we  rea lly wan t to kn ow  the
distan ce betw een a p air of nod es  (on e orig in an d on e destination ). 
Consequently , the D ikjstra  algorithm  is very , very  slow  com pared  to w ha t we
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need.  It  would be a  lot quicker  if we could find the distance from each origin-
destination pair one at a tim e, but qu it the a lgorithm  as soon  as that d istance
has been determined.

This is w here the A * algorithm  com es in .  A*  was d eve loped w ithin  the
artif icial intelligence research area as a means for developing a heuristic ru le
for solv ing  a prob lem  (Nilsson , 1980).  In th is case , the heuristic rule is the
remaining distance from a solved node to the final destination.  That is , at
every step  in the D ijkstra  routine, an estim ate is m ad e of the rem ain ing
distance from  each  possible  choice to  the final destination .  Th e node th at is
chosen  for the shortest path is that which  ha s the least total combined distance
from  the previously  determ ined  node  to th e final goa l.  Th us, for  an y step , if
D i1 is the distance to a node, i, which has n ot already been pu t on the shortest
path and D i2 is  an estim ate of the distance from that node to the final
destination, the estim ated total distance for that node is:

D i  =   D i1 +  D i2 (16.1)

O f all the n odes that could  be chosen , the node, i, w hich  has the
shortest tota l distan ce is se lected  next for th e shortest pa th.  There are tw o
caveats to this statem ent.  First, the node, i,  cannot have already been
selected for the shortest pa th; this is just re-stating the rules by w hich w e
search  for  nod es  which  hav e n ot yet been pu t on the shortest p ath list. 
Second, the estim ate of the rem aining distance to the final destination m ust
be less than or equal to the actual distance to the final destination.  In other
w ords, th e estim ated  dista nce, D i2, can not be  an  overestim ate  (N ilsson , 1980 ).
H ow ever, the closer the estim ated d istance is to the real distance, the m ore
efficient w ill be the search. 

H ow  then  do w e determ ine a reasonable estimate for D i2?  The answ er is
a  straight line  from the possible  node to  the final dest ination since the
sh ortest d istan ce betw een tw o poin ts is  a stra igh t line (or, on a sphere, a
Great Circle distance since the shortest distance between two points is  an
arc).  If we sim ply calculate the straight-line from  the node tha t we  are
exploring to  the final node, then the heuristic  will work.

Let’s look at the exam ple aga in.  Figure 16 .15 displays the  netw ork
again.  Like the Dijkstra algorithm , the routine first finds a node closest to A,
w hich is itself.  Next, it finds a node that has the least total distance from A
to the final destination, G (figure 16.16).  There are two possibilities, go
through B or go through D. The distance from A  to  B is  50 and the remaining
distan ce from  B to G  is 130 .  Thus, th e total dista nce through  B wou ld be  18 0. 
O n the  other hand, the distance from  A to D  is 70 and  the rem aining d istance
from  D to G is 120.  Thu s, the total distance through D  would be 190 .  Since
180 is smaller than 190, we choose node B .
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In step 2 (figure 16.17), three possibilities are explored for reaching G
from A  -  through B and E; through B and C; and through D. The total
distance through B  and  E is 180 (50 +  80 +  50) w hile the total distance
through  B and C  is 200 (50 + 70 +  80) and throu gh D  is 190 (70 + 120).  Thus,
the routine chooses through B and E.

In step 3 (f igure 16.18), it  is  but a short path from E  to the final
destination G. The total distance through B and E to G is 180 while the total
distance through B  and C  is 200 and  through D  is 190.  Thus, the A *
algorithm  ha s determ ined  a shortest path in three step s, rather than  the 6  it
took th e D ijkstra a lgorithm  (figure 16.19).

In gen eral, if V is the nu m ber of nod es in the network, the D ijkstra
algorithm  requires V 2 searches whereas the A* algorithm requires only V
searches (Sedgewick, 2002). As can be seen, this is  much m ore eff icient than
having  to search every single possible node, wh ich is wh at Dijkstra requires.

Applying A* to multiple origins

As w ith the D ijkstra algorithm , A* can be applied to m ultiple origins. It
does it one origin-destination combination at a tim e.  If an origin-destination
m atrix is represented by the origins as rows and the  destinations as colum ns,
then the A* algorithm takes each origin-destination com bination and finds
the shortest path.  Sin ce it does  no t search  all possib le nodes (on ly th ose in
w hich  the to tal distance to th e destination  is sh ortest), it cannot determ ine in
on e step  the d istance from  an  origin  to a ll possible  destin ations.  H ow ever, it
is  so  quick as an algorithm that it  can be applied to  each cell o f the or igin-
destination m atrix and  still come out m uch  faster than a  D ijkstra search.

Weighting of Segments

As m entioned above, the units of the network can be any type of
imp edan ce - distance, travel tim e, or cost.  These can be thou ght of as weights
applied to  a  segment.  The A* algorithm does not really  care  what are  the
units of the segm en ts a s long as th ey  are con sistent and prop ortional to cost. 
The algorithm w ill determine the path with the shortest total cost (or total
w eight).  

Thus, th is algorithm  can be  applied to a  trip  distribution  or m ode split
m atrix of origin-destination pairs.  It will determine the shortest path from
each origin zone to  each dest ination zone and can do this  in  the measurement
units that are selected for weighting.

The advantages for travel demand m odeling are enorm ous.  It m eans
that if the w eigh ting  variable is travel tim e, then th e algorithm  will find the
shortest time path through  the n etw ork  for each  origin-destination  pair.  If
the  weigh ting  variable is gen era lized cost, then  the  algorithm  will find the
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sh or test  cost  pa th  th rough t he network.  F ina lly, if the weight ing var iable is speed , th en
th is must  be convert ed int o an  impeda nce weight  by dividing the dist ance of the segment
by t he speed to yield  t r avel t im e.  In  shor t , t he A* algor it hm is  an  amazing on e and a llows
the bu ildin g of a r out ing algor ithm.2

R ou t in g  Alg o ri th m s

In  applyin g a  shor test  pa th  ana lysis  to a  network assignment , severa l a ssumpt ion s
ha ve to be ma de.  As ment ioned earlier, network  assignm ent involves assigning trips to
pa r t icula r  rout es .  Given  a  net work of segmen ts (e.g., r oad  segmen ts, t r a in  segmen ts), a
routin g algorithm  a lloca tes t he pr edicted n umber  of t r ips t o one or  more rou tes.  In  other
words , the net work ass ignmen t  is done t h rough  a  rout ing algor ithm.  What  makes th is
complex is th at  th ere ar e a nu mber of different  rout ing algorith ms, of which a  short est
pa th  is on ly one.  Most  of them are bas ed on the assu mpt ion  of t r avel cost  relat ive to
network capacit y (Or tuza r  and Willumsen , 2001).

The simplest type of rout ing algorith m is an All or None assignment .  F or  each
origin -dest ina t ion  pa ir  (eith er  for  a ll t r ips  or t r ips  by specific t r avel mode), th e a lgor ithm
calculat es the shortest pa th  th rough th e network  an d assigns all t r ips  to th a t  pa th .   This
is the most  ra t iona l model in  tha t  the cost  of t r avel (whether  measu red by dist ance, tr avel
time, or some cost m easur e) is minimized.

A second r out ing algorith m is a  stochastic path  in  which  each  rou te has  a  cer ta in
pr obability of being selected.  Mu lt iple pa ths can  be selected, bu t  wit h  a  pr obability
in versely propor t ion a l t o their  cost . The shor test  pa th  will be selected most  often ; the
second short es t  pa th  next  most  oft en ; th e t h ird short es t  pa th  th ird m ost  oft en ; an d so fort h . 
This  type of a lgor it hm a t t empts to capture the va r ia bilit y in  t r avel behavior  tha t  can  come
from  t raveler ’s per cept ions  or in complete in format ion a bout  the choice of pa th .  

A th ird  rou t ing a lgor ithm is  a  congested  assign m ent in  which  there is  feedback from
the capa city of the network t o the choice of rou te.  In t he classic case, as  t r avel volum es
increa se on network segmen ts, the capa city of the segment  to absorb t r a ffic is appr oached.
The h igher  the ra t io of t he volume-to-capacit y (V/C), t he slower  t r a ffic becomes on the
segment .  In oth er  words, t he cost  of t r avel increa ses. Event ua lly, if the volum e keeps
in creasin g, the speed slows so much as to eventua lly r educe the amount  of t r a ffic t ha t  can
enter  the segm ent  (ITE, 2000).  In  theory, if t here is  so much t ra ffic volu me rela t ive to the
capa city, tr a ffic comes t o a  complete ha lt (gr idlock).  However, in pract ice th is doesn’t
happen  as dr ivers t ake oth er  rou tes. Consequ ent ly, with  h igh  V/C ra t ios, other  rou tes
become more desir able and some t ra ffic spills  over  on to those segm ents.  This  type of
model is frequent ly used in  met ropolit an  t r avel demand models  for  t r anspor ta t ion  sin ce
congestion is a ma jor factor in m ost u rban  ar eas.
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There are  ad va ntages and disadva ntages to  each  of these approaches . 
The  “All or none” ass ignm ent is the c losest to a ra tiona l choice m odel; the
route w ith the low est tota l cost is chosen.  O n th e oth er han d, this a lgorithm
w ill continue to assign trips to a route even if the road segmen t becomes
extrem ely congested, w hich  is not realistic.  A  stoch astic m odel has the
advantage of accounting for variability.  I f individual-level data could be
obta ined that m easu red individual choices a nd perceptions o f routes, then it’s
possib le that  a rea listic proportional sp lit am on g rou tes cou ld be  de tected. 
M ore often, however, such information is  lacking and a variation on the mode
split mod el is used to proportion the trips am ong the different possible routes
(see  Ortuzar an d W illum sen , 2001 , cha pter 10  for m ore  inform ation).

The “C on gested assign m en t” algorithm  can be  seen  as  a m ore rea listic
variation on  the “A ll or non e” in that the costs of travel chan ge as the netw ork
capacity is reached.  M ost transportation m odels use that type of m odel
because it  is  a more realistic  representation.

Lack of information about crime trips

The problem  with crim e tr ips , how ever, is that the num ber of trips is
liable  to  represent only  a  very small proportion of the total tr ips  on any
segment of a  network.  Thus, there  is  not  liable  to  be any feedback from the
capacity limits of segm ents to crim e trips per se.  An y feedback  is liable to
ap ply  to a ll trips, of w hich  the crim e tr ips  are a  sub-set.  It m igh t be  possible
to link a  cr ime trip  route  choice algorithm to  a general congested assignment
in order to approxim ate this situation, but the amount of information that
would be necessary to  be obtained and the complexity of the modeling
algorithm  would probably not produce m uch tang ible bene fits beyond w ha t a
simp le mod el predicts.

Further, there  could be feedback from surveillance and other polic ing
practices that might increase the cost to an offender of traveling along a
particular route.  H owever, without any detailed inform ation about perceived
costs of particular routes, it is difficult to postulate any type of m odel for
choosing a lternatives.  This w ou ld be a  very  va luab le area o f research  in
understa nding the trave l behav ior  of o ffenders. 

But, short of th at inform ation , an  “A ll or n on e” assign m en t routine is
probably th e easiest to im plem ent for alloca ting  the  predicted cr im e trips  to
routes. 

The CrimeStat Network Assignment Routine

The CrimeStat network assignm ent routine imp lements an “All or none”
ass ignm ent based  on  the  A* shortest pa th a lgorithm .  Figu re 16.20  show s the
setup  page for netw ork assignm ent.  On  the page, there is a netw ork
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Figure 16.20:

Network Assignment Module
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ass ignm ent routine and  there are som e netw ork  utilities.  Let’s start w ith the
network assignm ent routine.

Network Used

The first in put that  needs to  be  m ad e is  which  netw ork is to  be  used. 
The choices are the network specified on the Measurem ent parameters page
(the defa ult) or an alternative  netw ork. 

Network on measurement parameters page

Check the ‘Network on M easurement parameters page’ box to use that
network.  All the param eters will have been defined for that setup (see
M easu rem en t param eters pag e).  

Alternative network

If an  altern ative  netw ork  is to be  used , it m ust be d efined.  Check th e
‘Alternative network’ box and click on the ‘Parameters’ button.  Figure 16.21
shows the dialogue box for the alternative network.

N ote: if a network is also used on the M easurem ent Param eters page,
then  it m ust b e defin ed  there as w ell.  CrimeStat will check whether that
file exists; if it does not, th e rou tine w ill stop and an error m essage  will
be  issu ed .  Th erefore, if an  alternative  ne tw ork is used, th e user sh ou ld
probably  change the distance measurement on the Measurement
Param eters page to direct or indirect distance.

Type of network

N etwork files can be bi-directional (e.g., a TIGER file) or single directional
(e.g ., a tra nsportation  m odeling file ).  In a  bi-d irectional file , trave l can be  in
either  direction.  In  a s ingle  directional file, trave l is only in  on e d irection. 
Specify the type of network to be used.

Input file

The n etwork file can either be a shape file (line, polyline, or polylineZ
file) or another file, either dBase IV ‘dbf’,  M icrosoft Access ‘m db’, Ascii ‘dat’,  or
an O D BC -com pliant file.  The default is a shape file.  If the file is a shape file,
the routine w ill know the locations of the nodes.  For a dB ase IV or other file,
the X  and  Y coordinate variables of the end  nodes m ust be defined. These are
called  the “F rom ” node and the “E nd” node .  An option al w eight va riable  is
allow ed for both a  shape or d bf file. The rou tine identifies nod es and  segm ents
and finds the shortest path.   I f there are one-way streets in a bi-directional
file, the flag fields for the “From” and “To” nodes should be defined.
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Figure 16.21:

Alternative Network Dialogue
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Weight field

By d efault, each segm ent in the network is not weighted.  In this case,
the routine calculates the shortest distance between two points  using the
distance of each segment.  How ever, each segm ent can be weighted by travel
tim e, speed  or travel costs.  If trave l time is used  for w eigh ting  the  segm ent,
the routine  calculates the sh ortest tim e for an y rou te betw een  two po ints.  If
speed is used for weighting the segm ent, the routine converts this into travel
tim e by dividing the distance by the speed.  Finally, if  travel cost is used for
w eighting the segm ent, the routine calculates the route w ith the sm allest
total trave l cost.  Specify the w eigh ting  field to be  used  and be sure to indicate
the  m easurem ent un its (distan ce, speed , trave l time, or travel cost) at the
bottom  of th e page.  If th ere is n o w eighting fie ld assign ed , then the rou tine
w ill calculate using distance.

From one-way flag and To one-way flag

On e-way segm ents can be identified in a bi-directional fi le by a ‘f lag’
field (it is not necessary in  a single d irectional file).  Th e ‘flag’ is a field for the
end nodes of the segmen t with values of ‘0 ’ and ‘1’.   A ‘0’ indicates that travel
can pass through that node in either direction whereas a ‘1 ’ indicates that
travel can only pass from  the other node of the same segm ent (i.e. , travel
cannot occur from another segment that is  connected to  the node).  The
de fau lt assum ption  is for  trave l to be a llow ed  through  each  node  (i.e., there is
a ‘0’ assum ed for each  node). T here  is a ‘From  one-w ay flag’ fie ld  and a ‘To
one-way flag’ field. For each one-way street, specify the flags for each end
node.  A  ‘0’ allow s travel from  an y con necting segm en ts w hereas a  ‘1’ on ly
allows travel from the other n ode of the sam e segm ent. Flag fields that are
blank are assumed to  allow travel to  pass in  e ither direction.

FromNode ID, ToNode ID

If the network is single directional, there are individual segm ents for
each  direction. Typically, two-wa y streets hav e two segm ents, one for each
direction.  On the other  han d, one-w ay  streets h av e only one segm en t.   The
FromN ode ID and the ToNode ID identify  from w hich end of the segment
travel should occur .  If no From N ode ID  and T oN ode ID  is defined , the
routine w ill chose th e firs t segm en t of a  pa ir that it find s, w heth er trave l is in
the  right or w rong d irection .  To identify correctly travel d irection , define  the
From N ode an d ToN ode ID  fields.

Type of coordinate system

The type of coordinate  system for the network file  is  the same as  for the
primary file.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



16.36

Measurement unit

 By  defau lt, the shortest path is in term s of distance.  How ever, each
segm en t can be  weighted by  trave l tim e, trav el speed, or trave l cost.  

1. For travel tim e, the un its are m inutes, hours, or unspecified cost
units. For speed, the units are miles per hour and kilometers per
hou r.  In  the case of speed as a  weighting var iab le, it is
autom atically conv erted into travel time by d ividing the distance
of the  segm ent by  the  speed , keeping units constant.

  
2. For travel cost, the units are undefined and the routine identifies

routes by those  w ith the sm allest tota l cost.

Network Utilities

There are  tw o n etw ork utilities th at  can be  used.  

Check for one-way streets

First, there is a routine that w ill identify one-way  streets if the ne twork
is single directional. In a single directional file, one-way streets do not have a
reciprocal pa ir (i.e., a segm en t trave ling  in the opp osite d irection).  Th is is
indicated by a reciproca l pair of ID ’s for the  “From ” and “To” nodes . If
checked, the routine identif ies those segments that do not have reciprocal
node ID’s.  The network is  saved with a new field called “Oneway”.  One-way
segm ents are assigned a value of ‘1 ’ value and two-way segm ents are assigned
a value of ‘0 ’.  The output is  saved as an ArcView '.shp', MapInfo '.mif ' or
Atlas*GIS '.bna' file.

Create a transit network from primary file

Second, there  is  a routine that wi ll create  a  transit  network from the
primary file.  This is useful for creating a transit network from  a collection of
bu s stops (bus netw ork) or rail station s (ra il netw ork).  If checked , the  routine
w ill read the primary file and w ill draw  lines from  one point to another in the
order in w hich  the  points appear in the prim ary  file. N ote, it is essentia l to
order the points in the sam e order in which the network should be drawn
(oth erw ise, an  illogical ne tw ork will be  obtained ).  It is ea sy  to do th is in  a
spreadsheet program.

Transit Line ID

The routine can hand le multiple lines, for exam ple different rail lines or
bu s rou tes (e.g., Line A , Line B , Route  1, Route 2). In  the  prim ary  file, the
po ints m ust be grouped by lines , how ever, and m ust be classified by a  Transit
Line ID field.  W ithin each group, the points mu st be arranged in order of
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occurrence; the routine will draw lines from one point to another in that
order. In th e Tran sit Line ID  field, indica te w hich  variable is the
classif ication variable. The output is  saved as an ArcView '.shp', MapInfo '.m if'
or Atlas*GIS '.bna' file.

Figure 16.5 above shows the effect of creating four separate rail lines
from  the station locations while figure 16.6 shows the m erged four lines
im plem en ted with  the G roup ID . 

Network Output

There are  three typ es  of output for th e n etw ork assignm en t routine. 
First, the m ost frequent inter-zonal (i .e.,  trips between different zones) routes
can be output as polylines.  Second, the m ost frequent intra-zonal (i.e ., trips
w ithin the sam e zone ) routines can  be output as p oints.  Third, the entire
netw ork can  be output in term s of the total num ber of trips that occur on  each
segm ent (network load).

Save routes

The shortest routes can be saved as separate polyline objects for use in  a
G IS.  Specify the  outpu t file form at (ArcView '.shp', MapInfo '.mif' or Atlas*GIS
'.bna') and the file nam e.

Save top routes

Becau se the output file is very large (num ber of origin zones x num ber
of destination zones), the user can  select a zone-to-zone route with the m ost
predicted trip s.  The defa ult is the top  10 0 orig in-destination  com bination s. 
Each  outpu t object is a line from  the  origin  zon e to the destination  zon e w ith
a R ou te prefix .  The prefix is p laced be fore the output file  nam e.  T he
graph ical output includes:

1. An ID number from 1 to K,  where K is the number of links output
(ID)

2. The feature  prefix  (ROU TE)
3. Th e origin zone (ORIGIN )
4. The destination zone (DEST)
5. Th e X  coord inate for th e origin zone (ORIGIN X)
6. Th e Y  coord inate for th e origin zone (ORIGIN Y)
7. The X coordinate  for the destination zone (DESTX )
8. The Y coordinate  for the destination zone (DESTY )
9. The  nu m ber of trips on  tha t particu lar route (F REQ )
10. The distance between the or igin zone and the destination zone

(DIST).
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Figure 16.22 shows the top 300 routes calculated with the modeling
network.  The assignment was weighted by travel time and the thickness  and
color  of the lin e is  prop ortional to the n um ber of predicted trip s.  

To see how this differs from the trip distribution matrix, figure 16.23
zoom s into a  high vo lum e rou te in  eastern  Baltim ore C ou nty.  Th e m odeling
streets are displayed as are the predicted links from  the trip distribution for
that area.  As seen, the trip distribution sim ply produces straight-line links
betw een  origins an d destination s.  In th is case , the cr im e trips  com e into  to
the centroid of the Traffic An alysis Zone (TAZ ) in the m iddle of this hot spot
of crim es (TAZ 610).  The actua l routes, on  the  other han d, follow  the  streets
(in this case , the m odeling  netw ork ) and are m ore  circuitous .  Severa l of the
streets a re  used m uch  m ore h eavily than  others, according to the assign m en t. 

An addit ional poin t shou ld be noted, how ever.  Sin ce the m odeling
network w as used rather than the T IGE R n etwork, the trips into and from
the  centroid  of the  TA Z do not follow  any particu lar road ; the a lgorithm
sim ply d raw s a  straigh t line from  the cen tro id to the n earest road segm en t. 
In sub sequent m odeling , it m ight be w orthw hile to d igitize ad ditional streets
in this neighborhood since  there are  m an y crim es  be ing a ttracted to it.  A
crim e m apping analyst can easily add the additional features to im prove
reso lution .  The m odel w ould have to re -run , how ever, to get a  m ore  accu rate
display.

Save points

Intra-zonal trips (trips in which the origin and destination are the same
zone) can be output as separate point objects as an ArcView '.shp', MapInfo '.m if'
or Atlas*GIS '.bna' file. Ag ain, the top K  points are ou tput (defau lt=100). Ea ch
ou tput obje ct is  a p oin t representing an intra -zonal trip  w ith  a R ou tePoin ts. 
The prefix is p laced be fore the output file  nam e. 

Th e graph ical output for each includes:

1. An ID number from 1 to K,  where K is the number of links output
(ID)

2. Th e feature prefix (RO U TE Points)
3. Th e origin zone (ORIGIN )
4. The destination zone (DEST)
5. Th e X  coord inate for th e origin zone (ORIGIN X)
6. Th e Y  coord inate for th e origin zone (ORIGIN Y)
7. The X coordinate  for the destination zone (DESTX )
8. The Y coordinate  for the destination zone (DESTY )
9. The  nu m ber of trips on  tha t particu lar route (F REQ )

These are not illustrated  in th is cha pter becau se they a re identica l to
the intra-zon al ou tpu t of the trip  distribu tion  m odule  (see  chapter 1 4).
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Save network load

It is  also possible  to  save the total network load as an ArcView '.shp',
MapInfo '.mif' or Atlas*GIS '.bna' file. Th is is the total num ber of trips on each
segm ent of the network.    The routine takes every origin zone to destination
zone com bination and su m s the num ber of trips that occur on each segm ent of
the network.  Click on the “Save output network” box and specify a file  name
for the ou tpu t.

Figure 16.24 sh ow s the entire crim e trip volum e on the netw ork
(network load).  The assignm ent was w eighted by travel time.  Notice how
there are m an y trips on  the  circular B altim ore  Beltw ay  (I-695 ).  Becau se the
road  is a  freew ay , trave l is gen erally m uch  faster th an  on  m ost arteria l road s. 
Con sequently, there are m any crime trips being assigned to the freeway even
thou gh  it is longer th an  m an y d irect lin ks.  

To see  how  this d iffers from  a shortest distance assignm en t, the rou tine
was re-run using only distance as the weighting variable.  Figure 16.25
displays the  results.  As seen, the rou tine does n ot use the  Be ltway  very
m uch, but instead uses the arterial roads more, particularly the diagonal
arterial roads coming out of the City of Baltim ore. Since the routine was
determ ining th e shortest path on  the bas is of d istance on ly, it w ill inevita bly
find the m ost direct routes in terms of distance.  In term s of travel tim e,
how ever, many of those routes w ill be much slow er because of traffic lights,
cross-traffic, drivers pulling in and ou t of parking spa ces, and  so forth. Thu s,
the freeway is alm ost always quicker for travel than an arterial road except
at peak rush hour conditions.  This points out the im portance of using travel
time  and , better yet, travel cost as an im pedance variable.  Distance is much
too sim ple an indicator of it.

The n etwork load routine can even be used for specific travel modes
(and usually is for transportation travel dem and m odeling).  Figure 16.26, for
exam ple, show s the network volum es (load) of bus crim e trips, again weighted
by  travel tim e.  According to th e m odel, man y of these  trips originate  in the
City of Baltim ore.  But at the high crim e locations, multiple bus routes tend
to converge producing a  high  bu s tr ip vo lum e on the adjacen t streets. 
Because of the very small num ber of bus crim e trips predicted by the mode
sp lit m od el, th e volu m es are n ot high , even  for  the h igh est volu m e lin ks. 
A lso, notice how  the  Beltw ay  is not used  very m uch for  bus trips , com pared  to
the total network load in f igure 16.24.  The reason is  that most bus routes do
not use the freeway but stay on arterial roads (express buses would be an
excep tion , but those  tend to  be  used  prim arily for com m uting ).

Figure 16.27 shows the network volum es of  train trips.  Since there was
no data on travel tim es along each train segm ent, the volum es are weighted
on ly by d istance. Th e num ber of trips, of cou rse , are  very  few , as was  no ted  in
chapter 15. Also, notice how most of the cr ime trips  taken by train occur on 
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tw o lines , the M etro  line to th e w est and  the  M arcP line to th e east.  In both
cases, the train trips start in the City of Baltimore  and  travel to Ba ltim ore
Cou nty.  Th ese, of cou rse , are  pred ictions of crim e travel volum es on  the rail
netw ork, not empirical verifications.

Crime Types

The n etw ork assignm en t routine can  be  ap plied  to specific crim e typ es . 
In general, it is a good idea to calibrate a general assignm ent for all crim es
be fore analyzing specific crim es.  Th e reason is that there are vo lum e
dimen sions that assign m ost crim e trips to the sam e segm ents.  Still,  som e
differences can be  observed .  Figure 16 .28  show s the likely  routes  for vehicle
thefts (in  blu e) and com pares  it to  the lik ely  routes for a ll crim es  (in  red). 
There are similarities and differences.  There is overlap in the predicted
routes in the southeast and southwest edges of the C ounty w ith the City of
Baltim ore, and there is som e overlap at the northwest border with the City of
Baltim ore.  At the sam e tim e, though, some differences are visible,
particu larly  at  the w estern  border  w ith  the C ity  of B altim ore. 

In other words, the network assignm ent m odel shows different routes
for vehicle thefts than for crim es in general.  This difference, of course,
represents  differen ces in  the  trip d istribution m atrix  of the  veh icle thefts
com pared to all crimes.3

Uses of Network Assignment

A n etwork assignm ent routine is the culmination of the crim e travel
dem and m odeling process.  Essentially, it assigns predicted trips (whether for
entire origin-destination trip pairs or for mode-specif ic  trip pairs) to an actual
netw ork  and usually on  the  basis of least cost.  The  algorithm  used  in the
CrimeStat netw ork assignm ent routine calculated the sh ortest path (in term s
of d istance, trave l tim e, or  cost) and assign ed  all th e tr ips  for each  origin -
dest ination pair  to  this  route .  The representation is  more complex than a
simple tr ip  link (which is  a straight line) s ince it  uses  information on the
actu al netw ork  used .   The result is a p red iction o f routes that are taken to
com m it crim es and a prediction of the total crim e trip volum e on ea ch
netw ork segm en t.  This is clearly  an  advance on  the geograp hic
profiling/journey-to-crim e approach, which has simply analyzed travel
distance as an explanatory variable.

N etw ork assignm en t also has  m an y u ses for police .  First, it ca n po int
out where police need  to focus their deploym ent. In this sense, the
progression of the four modeling stages represents  adding information to  the
know ledge of the crime events.  Simp ly mapping  the crim e events tells a
po lice d epartm en t w here th e crim es are occu rrin g.  A nalyzing th e tr ip
distribution tells the department from  wh ere the crim es might be originating.
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Split t ing the dist r ibu t ion  by t ravel model pr ovides in format ion  about  the likely
t ravel m ode used.  F in a lly, assign in g t he predict ed t r ips to actua l r outes gives in format ion
about  how offenders may h ave t raveled to the cr im e loca t ion .  The model provides a  lot
more informat ion  than  a  simple descript ion  of a  h igh  cr ime a rea .

Second, kn owing the likely rout es of offender s can  a llow for  increa sed surveillance’
and t a rget h arden ing.  Not  on ly can  police pa t rol th e likely rout es in  a  more focused
manner , but  other  su rveillance tools can  be used, too.  For exam ple, sur veillance cameras
th at  monitor t ra ffic can  be used for a  var iety of pur poses.  In th e U.S., th ey ha ve tended to
be u sed for  monit orin g t ra ffic sign a ls for  red-light  running (IIHS, 2004).  However , in
Europe t hey ar e widely used for  a  var iety of t r a ffic monitoring pur poses - speed
en forcemen t , bus la ne en forcemen t , en ter ing the London congest ion  zone, a s well a s
monit orin g t ra ffic sign a ls.  In  London, for  example, the en t ire m onit orin g pr ocess is
au tomated.  For  a veh icle ma king a violat ion , the camera  takes a  picture an d a  software
packa ge identifies th e license plat e.  The license num ber is then  ma tched against  a
da taba se of veh icles and a  t r a ffic cita t ion  is sen t  to th e owner .  Ther e is n o rea son wh y th is
type of t echnology could not  be st ructured t o a lso look for  st olen vehicles or  vehicles
belon ging t o in dividua ls  for  which  out standin g cit a t ion s have been  issued.  In  shor t ,
knowin g on  which  roads h igh  cr im e t r ips volumes are likely to occur  can  help  police focus a
range of surveilla nce tools  on those loca t ion s.

Co n clu s io n s

In  shor t , n etwork assignment  is  a  logica l s t ep in  the modeling of cr im e t r ips and one
tha t  br ings t he t r ips  down  to actua l rout es tha t  a re u sed.  It  is a  more r ea list ic
repr esen ta t ion  of t r avel beha vior  and one tha t  can  a llow focused deploymen t  by police.

In  the next  cha pt er , two case st udies a re exa mined.  Dick Block and Dan  Helm s
app ly the cr ime t ravel dem and t heory to Chicago and Las Vega s r espectively.
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1. Speed  could be used, but  it is inversely pr oport iona l to impeda nce (i.e., the h igher
the speed, the les s t he im peda nce).  Most  sh ort es t  pa th  a lgorit hms t rea t  the weight
as p ropor t iona l.  However , speed  can  be conver ted in to tr avel t ime by dividin g
dis tance by speed.  To use the exa mple, if the len gth  is 1 m ile long and t he speed is
50 miles per  hour , t hen  the t r avel t im e is  1/50 hours (or  1.2 min utes).

2. For la rger  da taba ses gr ea ter  than , sa y, 1 million r ecords , however , A* is too slow. 
An  a lgor ithm tha t  is  appropr ia te for  very la rge da tabases  can  be found  in  Shekhar
and Ch awla  (2003).

3. The differ en ces could be du e t o th e m ode sp lit  rout ine a s well a s t he t r ip
dis t r ibu t ion  mat r ix.  H owever , in  the case of veh icle theft s, t he t r avel m ode is  not
very relevant  since the return  t r ip is alwa ys by vehicle - the st olen vehicle.

En dn ot e s fo r Ch ap te r 16
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Chapter 17
Case Studies in Crime Travel Demand Modeling

In  th is chapt er , Richard Block and Daniel Helm s presen t  case studies in  crim e
t ravel dem and m odelin g for  Ch icago and Las Vega s r espectively. 

I. Trave l P at te rn s o f Ch ic ag o R obbe ry Offen de rs
Richard Block

Loyola  Univers i ty  
Chicago

Some n eigh borhoods  a re danger ous  oth er s a re sa fe.  Cr ime clust er s in  specific a rea s. 
So too do cr imin a ls.  Criminologist s, police, an d civilians h ave known th is for  near ly 150
yea rs. H owever , rela t ively lit t le r esea rch h as been  done on the t r avel pa t t er ns of offen ders. 
Usin g a  modifica t ion of st anda rd t r ansport a t ion m odels , Crim eS tat III a llows  police and
resea rcher s t o descr ibe a nd predict t r avel pa t t er ns based on four  sequ en t ia l models.

The object  of research  presen ted here is  to test  the usefu ln ess and feasibilit y of
Cr imeSta t ’s Cr ime Tr avel Dem and m odel u t ilizing police repor t s of a ll robber ies occur r ing
in  Ch icago in  1997 a nd 1998 tha t  had a t  lea st  one known offender  wh o lived in  the city.  In
su m, th e object ives  of th is st udy of robbery in  Chicago were:

1. To test  the Crim eS tat III cr ime t ravel demand  model in  a  mature cen t ra l
city.

2. To describe the t r avel pa t t erns of robbery offender s ba sed u pon offender s
home and locat ion of inciden t .  

3. To predict  the t r avel pa t t erns of robbers in  1998  ba sed upon character is t ics
of th e offender's resident n eighborh ood an d th e incident n eighborh ood an d a
gravity model of the r ela t ionsh ip bet ween  the t wo..

4. To predict t he tr avel pat tern s of robbers in 1998 based upon t he pat tern s of
1997.

5. To asses s t he qua lity of the pr edict ions a nd t heir va lue t o the police.

Tw o Mode ls: Econ om etric a nd  Oppo rtun istic     

As out lined in cha pter 13, a t ra vel deman d model is a four -step sequent ial model. 
The firs t  st age is t r ip gen er a t ion , wher eby t he number  of crim es origina t ing in a
neighborhood and the number  of cr im es endin g in  a  neighborhood are modeled.  The second
st age is t r ip d ist r ibu t ion  wh ich is  a  model of the number  of t r ips  tha t  go from each origin
zone to each  des t ina t ion  zone.  The th ird s tage is  mode split , wh ich  models  the number  of
t r ips  for  each zone pa ir  (or igin zone and dest ina t ion  zone) th a t  t r avels by a  pa r t icula r
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t r avel.  The four th , an d fina l stage, is net work a ssignment  which  models t he likely rout es
taken  by offender s in  t r aveling bet ween  pa r t icula r  zone pa ir s.

 Th is m apping of links a ssumes tha t  t r avel decisions a re ba sed u pon minimizing
costs  to get  to a  valued des t inat ion–as sor t  of geographic ra t ionality. When I go to work, I
weigh cost s a nd benefits .  I choose t he rou te tha t  will get m e there quickest  with  the fewest
pr oblems .  Ea r ly theor ies of cr imin ology assu med t ha t  cr imin a l activity was  no differen t
than  oth er  beh avior .  It  wa s det er mined ra t iona lly. By extension,  t r avel rout es and cr ime
loca t ions  a re a lso determined  ra t iona lly. 

Tr ips of offen ders a re sim ila r  to any r epea ted act ivit y.  Most  of our  act ivit ies occur
nea r  wh er e we live or  work or on the pa th  in  bet ween . This is  our  knowledge spa ce. Trips
wit h in  it  maximize our  efficiency an d m in imize cost s. Da ily purchases occur  close to home
wit h  a  rapid  fa ll off wit h  dis t ance.  But  major  purchases a re an  except ion .  They m ay occu r
far  awa y.  Th is d ist ance decay can  be gener a lized to tr avel cost  decay.  Th e m ore expen sive
in  t im e, m oney, and dis t ance, t he less likely a  t r ip  will occu r . Applied to robbery, most
in ciden t s occur  close to home, bu t  a  bank robber  might  in cur  gr ea ter  cost s to fin d a  good
ta rget .  Most  previous research  has found tha t  preda tory cr im in a ls  avoid in ciden t s too
close to home for  fear  tha t  they will be r ecognized.  Combined wit h  dis t ance decay, th is
crea tes a  bu ffer  zon e of few cr im in a l inciden t s (Rossmo, 2000).

Environmenta l cr im in ology a ssumes tha t  most  act ivit y occu rs in  a  knowledge space
tha t  includes  nodes  of res idence work and p lay and t he r out es  bet ween  these (Bran t ingham
and Bran t ingham, 1984,1990)  However, t he componen ts of t r avel for  cr imin a ls may not be
the same as other  people.  F or  exa mple, for  someone wit h  a  fu ll t im e job, get t in g t o work as
quickly as  possible is impor tan t ; t ime is m oney.  For a  jobless crimina l, t ime m ay be less
impor t an t .  

Rout ine act ivit ies  theory assumes  tha t  both  t a rget s  and offenders  choose their
act ivit ies based on a  weighin g of cost s and benefit s. Offenders seek out  t a rget s in  loca t ion s
wh er e t hey a re likely t o congr ega te (e.g. Bars a t  closin g t ime, r apid  t r ansit  st a t ions ).  A
cr ime occurs  when  an  offender  and  a  t a rget  converge in  the absence of a  capable guard ian
(Felson , 2002). The r ou t ine a ct ivities of offender  may most ly be ha nging ou t  ra ther  than
ra t ion a lly seekin g t a rget s.  What  is  the basis  of convergence?  Ch ance or  the decis ion s of
offender s?  Any poten t ial r obbers decision  is  effected by both  chance and cost .  Time and
dist ance are both  measu res of cost .  However , with in a  sh or t  dist ance of home t ime a nd
dis tance cost s a re near  to zero.

An a lt er na t ive h ypothesis is  tha t  robber s do not  weigh  cost s a nd ben efits of tr avel. 
Ra ther , t he may see an  oppor tun ity for  cr ime and t ake it .  Because much  of t heir  day to
da y activity is nea r  home, ma ny incident s occur  near  the robbers’s  home.  Travel pa t t erns
are ir releva nt  for  these cr im es.  The number  of robber ies decline wit h  dis t ance from the
offender 's h ome because fewer  of the r obber 's da ily activit ies  occur  far  from home. On  the
other  hand, more pr ofessiona l robbers m ay seek out  specific a reas or loca t ions wh ere
lucra t ive t a rget s a re found a nd m ay be willing to tr avel gr ea t  dis t ances. 
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In  Chicago, an  opport un ist ic robber’s knowledge of good t a rgets  may be limit ed t o
the isola ted area  a round h is  residence. In  addit ion , t r ips wit h in  the a rea  cost  a lm ost
noth ing, alt hough oth er  cost s, such  as r isk of capt ure may be rela t ively h igh . The
differences bet ween  Chicago and Ba ltim ore County or  between  Chicago and it s su burbs h as
to do as  much with  knowledge of the dist r ibu t ion of opport un it ies  as with  the cost  of t r avel. 
Chica go’s neighborhoods a re so isola ted tha t  some offenders may h ave lit t le  knowledge of
oppor tun it ies  ou t s ide their  r es iden t  a rea . The cr ime t ravel demand  model holds tha t  in  the
aggregat e offender s a ppea r  to weigh  cost s a nd benefits .  However , th e da ta  ana lyzed her e
sa ys noth ing about  individua l decisions.  Decisions m ay be ma de with  other  factors  not
capt ured by shor test  dist ance or  t ime.

In  one of the few studies of non-a r rested robbers Wr ight  and Decker  (1997) found
tha t  most  St  Lou is  robbers a re oppor tun is t ic a nd rob close to home. Ra t ion a lity a nd careful
cost  ca lcu la t ion  have lit t le  to do wit h  their  decis ion s.  These a re people who have a  need for
quick m oney.  If they saw an opport un ity near  home, th ey would take it .  Oppor tun ities
wer e m ost  likely to occur  as t he poten t ia l offen der  and vict im go about  their  da ily rout ine
act ivities.  Many of them are close t o home.  Ther efore, cr ime occurs close t o home.

The closer  to an  offender 's home t ha t  an  inciden t  occurs t he more likely th e inciden t
resu lt s from a  cha nce meet ing.  The fur ther  awa y tha t  it  occur s t he m ore lik ely tha t  it  is
planned.  Pa r t  of the planning is t r ansport a t ion  cost s.  Usu a lly th is is ca lcu lat ed in t erms
of income.  It is difficu lt t o do th is for  offender s.  The best  we can  do is est ima te t r avel
t ime. 

Crime Travel  Demand Models  in  Chicago

The Offender  Travel Model is a n ew applica t ion  of the Tra vel Demand Model. The
t ravel dem and m odel ha s been  in developm ent  since the 1950's.  It  is used in ever y
met ropolitan  a rea  in  the United St a tes . Crim eS tat 's  cr ime t ravel demand m odel was
out lined in  Chapt er  13.  

 As a pp lied t o robber y in Ch icago, descrip t ion  is a s im por tan t  as p rediction.  While
the CP D has lon g collected in format ion  of the loca t ion  of the in ciden t  and residence of t he
offender , th ese wer e not  linked  in a ny system at ic way. In  meet ings with  the depa r tment ,
credible descr ipt ive maps, pr oved to be th e most  convincing reason t o use t he new
Crim eS tat t r avel demand m odule.  Before a  new t echn ique is t ested, its poten t ia l crediblity
must  be demonst ra ted.  Ther efore, th e las t  ph ase, in t he Chicago Travel Demand Model
em ph asized both  the predicted t r avel dem and m odel a nd t he observed t ravel of offenders. 

Ana lysis of Chicago's Crim e Tra vel Demand pr oceeds in  th ree st ages.  The firs t  st ep
(t r ip gener a t ion) is a p redict ion  of var iables a ssociat ed with  the number  of cr imes
origin a t ing in  ea ch zone a nd t he n umber  of crim es en din g in  ea ch zone.  

The second step is  the predict ion  of links between  zon es based on zon a l
character is t ics  of inciden t  loca t ions  and offender  res idences  and a  measure of the
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a t t ract ion  between  the two zones. These pr edict ive models a re compa red t o the obser ved
links and t r ips and the previous year ’s t r ips used as a  predict ion .

Th e m ode split  st ep wa s n ot r un  because of the la ck of da ta . Unfor tuna tely, t he
Chicago police data  does not perm it an  an alysis by different  modes of tr an sport at ion (see
chap ter  15).  Da ta  on  whether  the offender  d rove, wa lked , or  rode rap id  t ransit  to the
inciden t  a re not  collected.

The fin a l s t ep is  the descr ip t ion  of probable t r avel r outes from the offender ’s home
zone to the inciden t  zone based  on  shor t es t  t ime or  dis t ance a long a  t r anspor t a t ion
network.  The links modeled in  the second step can  be conver ted to a  probable route
between  home and in ciden t  zon es over  a  road network or  a  summary n etwork loa d which
aggrega tes t r avel of a ll offenders a lon g a  t r anspor ta t ion  network.

Data  for the  Study  

Inc id e n t an d Arre st  Fi le s

The ana lysis  presen ted here merged in format ion  from many sources.  This  research
is ba sed on inciden t  and a r rest  records  from the CP D.  Excludin g O’Hare Airport , the city
of Chicago is divided in to 946 tr a ffic ana lysis zones.  Incident s a re assigned t o these zones
for  both  residen ce loca t ion  (the or igin) an d t he cr ime loca t ion  (the dest ina t ion). These
include a ll Chicago robber ies in 1997 and 1998 tha t  had a t  leas t  one kn own offender  who
lived in  Ch ica go.  Th ese were geo-coded by t he address of the in ciden t  and a ll known
offenders.  Offenders who t raveled lon ger  dis t ances a re probably under -represen ted (Block,
2004).  About  20% of a ll r eport ed r obber ies a re included.  In  1997, there were 25,000
robberies report ed to th e police.  Of th ese robberies, 4,636 resulted in t he ar rest of at  least
one Chicago residen t . In cluding robber ies wit h  mult iple offen ders, t her e were 6,643 crim e
tr ips.

Traffic  Analys is  Zones

Th ese in ciden t s a nd offen ders a re counted in  946 Tr affic Ana lysis  Zones (TAZ). 
O’Hare Air por t  is  excluded.  Chica go's t r a ffic a na lysis  zon es a re most ly based on a  un ifor m
gr id of 1/2 m ile squ ares .  These a re n ot based on  censu s t r acts  or other  city d ivisions. 
However , some census da ta  is  ava ilable for  these zon es a lon g wit h  in format ion  on
em ploymen t .  About  100 of them  have n o cen su s popu la t ion a nd t her efore a re u n likely t o
include t he residen ce of an  offender .  Lan d u se, employmen t , popu lat ion , an d r obbery
in ciden t  and offender  residence counts a re ava ilable for  a ll zon es.  Land use goes beyon d
the st anda rd censu s m easu res t o include cha racter ist ics from m any dat a  sour ces t ha t
might  be rela ted to cr im e.  Am ong t hese a re code viola t ion s, vacant  parcels , fir es, liquor
licenses, pawn shops, en ter t a in ment  venues, d is t ance from the cen t ra l busin ess dis t r ict
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In  con tr ast  to ma ny cities, Ch icago has a  lar ge popu lat ion  living in t he centr a l bus ines s
dist rict a nd lacks  a  rin g of impoverish ed communities s urr ounding downtown.
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and other  poten t ia lly cr im in ogenic ch aracter is t ics .1  These t r a ffic ana lysis zones a re the
units  of ana lysis.  Trips  a re defined from t he cen ter  of a  zone.

Chic ag o’s Ro ad  Ne tw ork

The bas e of Chicago's road  network is a  grid with  1/8 mile between  blocks , a feeder
st reet  every ha lf mile, and a  main s t reet  every mile.  Layer ed on top of th is grid is a  ser ies
of d iagona l s tr eet s  t ha t  t end to be ma jor  shopping s tr eet s  and a  r ela t ively small number  of
expressways  tha t  converge a t  the edge of the cen t ra l city.  A semi-expressway, Lake Shore
Dr ive, runs a long the lakefront  for  25 m iles.  Ch icago ha s a  well developed rapid  t r ansit
system t ha t, unfort un at ely, could not be included in th e cur rent  an alysis.

Two str eet n etwork s were available for a na lysis:

1. Modi fie d TIGER Lin e  Fi le :  A mos t ly complete map  of a ll s t r eet s  and ra il
lines.  F ollowin g police pract ice, t he modified TIGER file a llows for
geo-coding in n on-addr essed ar eas, such a s par ks, by extending the base grid. 
All pu blic st reet s a re included, bu t  one-wa y st reet s a re not t aken  in to
accoun t  and t he short est  dis t ance may be on a  rout e t ha t  no one would
tr avel.  Some ar eas of th e city ar e not well ma pped.

2. Model ing  ne twork: This includes Expressways, principal ar terials and
collector r oads. Each road segment  is un i-directiona l; th at  is, it  expresses
t ravel in on ly one direction .  Thus, for  a t wo-way road, th ere will be two
records  for  ever y segmen t , one in  ea ch d irect ion.  Th is h as t he a dva ntage
tha t  one-wa y st reet s can  examined sin ce th er e will n ot be an  opposit e
dir ect ion  pa ir .  On  the other  hand, a  modeling n etwork is  less complete sin ce
minor s t reet s a re ignored .  This t ype of ma p is  useful for  captur ing t r ips  tha t
occur  over a  mile or  more, but  is not ver y useful for  the many tr ips of less
than  1/2 mile tha t  occur  in  Ch ica go.  I t  does  take in to account  one-way
st reet s. Usin g dis t ance, t he network will over -emphasize sur face dia gon a l
str eets a nd will un der-empha size expressways.

One of the advantages of the modeling network is t ha t  st r eet  segments can  be
weigh ted by speed  or t r avel t ime, r a ther  than  jus t  dis t ance.  There a re eigh t  dis t inct t ime
per iods wit h  the t r avel t ime on ea ch  segment  by period being indica ted. Ea ch  st reet
segment  can  be weighted by its t r avel t ime in  minu tes du r ing a  specific t ime per iod (e.g.; 7-
9 AM) to allow a  more r ea list ic descr ipt ion  of t r avel beh avior .  Fur ther , t r avel in  opposit e
dir ect ions  can  be t r ea ted differen t ly sin ce t r avel t imes can  be d iffer en t  for  ea ch d irect ion. 
Dur ing rush  hour , tr avel in one dir ect ion  may be mu ch  quicker  than  t ravel in t he other
direct ion .  Weight ing by tr avel t ime will allow lar ger a r t er ial roads a nd expresswa ys to be
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chosen  more s ince tr avel speeds will gener a lly be fas ter  on t he la rger  capacity r oads. Th is
network tends to be  most  rea list ic for  lon ger  t r ips bu t , a ga in , is not  usefu l for  very shor t
‘loca l’ t r ips sin ce the loca l, neighborhood r oad network is n ot  included.  A grea ter
percentage of the t r avel is  on expr essways. 

Trip Gene ration

Usin g the a r rest  da ta , even t s wer e aggrega ted to th e TAZ’s by both  the origin s a nd
the dest in a t ion s.  As expected, t he dis t r ibu t ion  of cr im es by or igin  zon e and by dest in a t ion
zone were h ighly skewed.  F or exa mple, 419 zones h ad n o robber ies origina te in  them  wh ile
one zone had 27 origins a nd a noth er  had 24 origins.

A similar  condit ion  held for  the number  of cr imes  by dest ina t ion .  For exam ple, 409
zon es had no robber ies occur  wit h in  them while one zon e had 24 cr im es occur  and two  had
23 cr im es occur .

Separa te models  of these in ciden t s were developed a t  the zon e level.  Th e regr ession
ana lysis  tools  in  Cr im eSta t  a re excellen t , bu t  choosin g r egr ession  predict ors requir es both
sk ill and t heory.  Many explana tory var iables wer e test ed.  The indepen den t  var iables
chosen for a na lysis were based on t hose previously foun d to be import an t pr edictors of
violent  cr ime in  Chicago.  Sign ifican t  var iables wer e:

1. POP2000 The m ost  impor tan t  was t he 2000 popu lat ion    because t he
depen den t  var iable was a  pr edicted count  of or igins  or  dest ina t ion .  Oth er
var iables t ha t  were included wer e:

2. ETH NICP ER Th e per cent age of the domin ant  racial or et hn ic group wit h in
the TAZ. Recent  research  (Sampson & Raudenbush , 2001) has found tha t
racial isolat ion  and pover ty pred icted h igh  community levels of violence.

 
4. POVPERCE NT Th e per cent  of the h ouseh olds below t he poverty level. 

Sa mpson a nd Rauden bush  (2001) found t h is to be a domina nt  var iables
expla in ing community disorder . 

5. VENUE The number  of en ter ta inment  venues  (clubs , thea ter s , bowling
a llies) in  a  TAZ.  This is informat ion  gat hered from t he Met roMix and  the
Reader  in 2002.  It wa s n egat ively relat ed t o the residen ce of the offender
and was p robably m ore a  mea su re of perceived neigh borhood sa fety than
availabilit y of t a rget s. 

6. PAWNSHOP  Th e n umber  of pa wn sh ops is in cluded in  sever a l regr essions.  A
pa wn sh op is both  a  focus  for  poten t ia l t a rget s a nd a  good p lace to get  cash . 

7. VACANT: Coun t  of vacan t  bu ild ings  in  the TAZ.  Perhaps  th is  is  an  indica tor
of genera l n eighborhood dilapida t ion  (Br oken  Windows).
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The var iables t ha t  were not  significan t ly relat ed t o or igins  or  dest ina t ions included
many t ha t  a re typ ica lly r ela ted to t r avel demand in clu din g employment  and dis t ance from
the cen t ra l bu sin ess d ist r ict.  In  add it ion, va r iables  tha t  a re oft en  associa ted wit h  robber y,
such  as counts of drug a r rest s, con venience stores, liquor  licences, banks and cur rency
exchanges were unrelat ed t o or igins  or  dest ina t ions a ft er  pover ty an d populat ion  were
accoun ted for .  Few TAZ cha racter ist ics tha t  might  a t t r act a n  offender  to comm it  a  crim e
wer e significan t ly rela ted to th e number  of robbery inciden t s in  a  TAZ.  In  gener a l the
resu lt s of the regr ession s and the resu lt in g t ravel demand mat r ix suppor ted the depict ion
of robbery in  Ch ica go occu r in g in  or  near  the offender ’s rela t ively isola ted home
neighborh ood.
  

Poisson r egressions for  or igin a nd des t ina t ion  zone counts for  overn igh t  t r ips wer e
sim ilar  in  1997 and 1998.  Ta bles  17.1 a nd 17.2 pr esen t  the fina l Poisson r egression models
for  the residen t  zone of robbers in  1998 an d t he loca t ion  zones for  robber ies tha t  occur red
overn igh t . In  a ll regr ession  models , popula t ion  had a  posit ive rela t ion sh ip  to the number  of
crim es, both  origins a nd dest ina t ions.  Similar ly, th e pover ty var iable a nd t he et hn ic
homogeneit y var iable were posit ively rela ted to th e number  of crim es, both  origins a nd
dest ina t ions . 

Ta ble 17.1

Final  Overnight  1998 Robbery Orig in  Model

 Data file:                         Chicago TAZ with Time.dbf
 Type of model:                     Origin
 DepVar:                            Robbery Origins 8PM-5:59AM
 N:                                   946
 Df:                                  940
 Type of regression model:          Poisson with over-dispersion correction
 Log Likelihood:                    -2011.35
 Likelihood ratio(LR):              2962.73
 P-value of LR:                     0.0001
 AIC:                               4034.71
 SC:                                4063.82
 Dispersion multiplier:             1.00
 R-square:                          0.443
 Deviance r-square:                 0.445

-----------------------------------------------------------------------------
                                            Pseudo-
 Predictor   DF  Coefficient  Stand Error   Tolerance   z-value      p-value
  CONSTANT   1    -2.072610     0.170828            .   -12.132746    0.001
   POP2000   1     0.000235     0.000011     0.876420    22.156415    0.001
 ETHNICPER   1     0.015786     0.001746     0.909463     9.042151    0.001
POVPERCENT   1     0.037134     0.002144     0.872974    17.321707    0.001
    VACANT   1     0.016970     0.002528     0.835809     6.712064    0.001
     VENUE   1    -0.115182     0.033458     0.933336    -3.442566    0.001
----------------------------------------------------------------------------
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The pseudo-R-square va lues a re r ea sonably good and a n  ana lysis  of the r esidu a l
er rors do not  revea l a ny m ajor  out lier s. Given  the la rge number  of zones (n=946) the
regr essions p redict va r ia t ions  in  the count  of origin s a nd dest ina t ion fa ir ly well. 

Ta ble 17.2

Final Overnight  1998 Robbery  Dest inat ion  Model

 Data file:                         Chicago TAZ with Time.dbf
 Type of model:                     Destination
 DepVar:                            Robbery Destinations 8PM-5:59AM
 N:                                   946
 Df:                                  941
 Type of regression model:          Poisson with over-dispersion correction
 Log Likelihood:                    -2041.56
 Likelihood ratio(LR):              2661.30
 P-value of LR:                     0.0001
 AIC:                               4093.11
 SC:                                4117.37
 Dispersion multiplier:             1.00
 R-square:                          0.380
 Deviance r-square:                 0.474

-----------------------------------------------------------------------------
                                            Pseudo-
 Predictor   DF  Coefficient  Stand Error   Tolerance   z-value      p-value
  CONSTANT   1    -1.946591     0.032370            .   -60.135432    0.001
   POP2000   1     0.000218     0.000008     0.898680    26.418877    0.001
 ETHNICPER   1     0.015913     0.000874     0.944910    18.201093    0.001
  PAWNSHOP   1     0.335678     0.029184     0.954563    11.501940    0.001
POVPERCENT   1     0.035707     0.001888     0.989400    18.913079    0.001
-----------------------------------------------------------------------------

Trip  Dis tr ibut ion

After t he two predicted models were developed, th e tr ip distr ibut ion  st age was
modeled, in  other  words the number  of t r ips tha t  go fr om each  or igin  zon e to each
dest ina t ion  zone (th e t r ip d ist r ibu t ion).  The inpu t s wer e t he predicted  origins a nd
pr edicted dest ina t ions  for  robber ies  in  1998 from t ables  17.1 and 17.2.  

Th e t es t  of Cr imeSta t ’s cr ime t ravel dem and m odule, began  wit h  ana lysis  of 1997. 
Prepara tory a na lysis  in dica ted tha t  29% of robbery t r ips occur red in  the offender ’s home
zone. While the number  of in t ra -zona l t r ips can  be mapped  and p red icted , t r avel with in  a
zone can not be described.  

Usin g observed cr im e t r ips, t he number  of t r ips from each  zon e to every ot her  zon e
wa s ca lcula ted. Figure 17.1 depicts  the volum e of obser ved in ter - an d in t ra -zona l t r ip lin ks
in  1997. The zone sh adin gs in dicate t he number  of in t ra -zona l t r ips . The width  of the links
indicat es the frequency of tr ip links.  Impoverished areas of th e west a nd sout h side
domina te th is ana lysis.  Most  int er -zona l link s a re quit e sh or t .  Man y begin in  zones t ha t
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also ha ve man y int ra -zona l tr ips.  In Las Vegas a nd Baltimore Coun ty ma ny links ar e
associa ted wit h  specific sit es  su ch a s shoppin g malls or  en ter t a inmen t  a rea s.  Wit h in  the
City of Chicago, the links la ck a  clea r  focal zone for  inciden t s.  H owever , few r obbery t r ips
a re m ade to th e cen t ra l bu sin ess d ist r ict. 

A t r ip  dis t r ibu t ion  ana lys is  includes  both  in ter - and  in t ra -zona l t r ips in  a  single
ana lysis .  The ana lysis  is  not  of t r avel fr om home to dest in a t ion , bu t  from a  home zon e to a
dest in a t ion  zon e.  F or  t r anspor ta t ion  pla nners in ter -zon a l t r ips a re more im por tan t  than
in t r a -zona l t r ip s because these p red ict  changing t r anspor t a t ion  needs.  The volume of
wit h in  zone t ravel can  be predicted bu t  not specific rou tes    However , many Ch icago
robber ies  (29% in 1997, 26% in 1998) a re in t ra -zonal.

Th er efore, t wo techniqu es  a re t es ted to account  for  the m any in t ra -zona l t r ips .  In
the firs t  ana lysis , both  in ter - an d in t ra -zonal overn ight  robber ies t r ips  a re included in  the
sa me ana lysis .  In  the second a na lysis , to see wh et her  differ en t  var iables  wer e predictin g
inciden t s  close to the offender ’s  home address from those fu r ther  away, in ter - and  in t ra -
zona l tr ips wer e ana lyzed sepa ra tely.  Ultim ately, I concluded t ha t  there was litt le to be
ga ined by separa t ing the t wo types of tr ips . 

Trip Dis tribut ion

The gra vity model th at  un derlies CrimeSta t’s t r ip dist r ibut ion  model assumes  tha t
t ravel between  or with in  zones is  dependent  upon  the offender  pool, opport un it ies , and
costs.  Conceptua lly, th is can  be written a s:

T(ij) = "(Offen der  Pool) $(Opport un ities)/Cost 8 (17.1)

where " an d $ ar e coefficient s an d 8 is an  exponent .  The impeda nce (or  ‘cost ’) componen t
is modeled with a  ma th emat ical fun ction.  After experiment at ion, I foun d th at  th e best
impedance fun ction was a  lognorm al distr ibut ion with a  mean  of 2 miles and a  sta nda rd
deviat ion  of 5.  The resu ltin g model fit t he actua l tr ip length  dist r ibut ion  quit e well. The
coinciden ce ra t io was a bout  the same for  both  the 1997 a nd 1998 compa r isons (figur e 17.2). 

To gra ph ica lly indica te the t r ips, st r a igh t  lines a re used t o indica te links  between
zon es and wid ths to in dica te volume (figu re 17.3). An  inspect ion  of figure 17.3, shows th a t
many specific links  were not  well pr edicted.  In  gener a l, the pr edict ion  under est ima ted
very shor t  t r ips bu t  overest im ated middle dis t ance t r ips (2-4 miles).

Predic t ing  1998  Tr ips  From 1997 Tr ips

From a  police perspect ive, even  the dis t r ibu t ion  of cr im e t r ips can  be of va lu e for
tactica l pu rposes  and for pla nning in ter ven t ions .  However , the descrip t ion of 1998 n ight
t im e robber ies t r avel demand was ret rospect ive-done lon g a ft er  1998.  Can  th is  dis t r ibu t ion
be successfu lly pr edicted?    In  t ime ser ies analysis , the bes t  pr ediction of one per iod is
gen er a lly the per iod tha t  immedia tely preceded it .  In  spa t ia l ana lysis , th is is  a lso likely t o
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be t rue, especially in  a  mature city.  However , wh ile n eigh borhood character ist ics cha nge
slowly in  Ch ica go, they do change.  Dur in g t he la te 1990's  many public housin g project s
were em pt ied and some wer e t orn  down .  While few n eigh borhoods  deter iora ted, many
gen t r ified.  Any of these m ight  cau se a  cha nge in  the dist r ibu t ion of robbery t r ips .  

The 1997 obser ved r obbery t ravel mat r ix was u sed t o predict observed t ravel in
1998. Crim eS tat III, in  con junct ion  with  a  GIS and  a  s t a t is t ica l package, p rovides  severa l 
compa r ison  tools.  Compa r ing 1997 an d 1998, th e fit is qu ite good. Including st reet
segments t ha t  had n o t r ips in eit her  year , 55% of the t r ip links  in 1998 wer e pr edicted by
the t r ip  links in  1997 (r2=.741). The coin cidence ra t io of .86 for  1998 and the dis t ance
dis t r ibu t ion in  figur e 17.2 above indica te a  h igh  degree of sim ila r ity.  However , a
compar ison  of the top  300 t r ip  links illus t ra tes  tha t , while zones  with  many in t ra -zona l
inciden t s a re fa irly well pr edicted, int er -zona l tr ips a re not  well pr edicted.  Mapping th ese
makes clear  tha t  1997 in ter -zona l links cannot a ccura tely predict specific 1998 lin ks (figur e
17.4).  However , specific links  may be less im port an t  from a  police per spective th an
kn owledge of the frequency of offender  t r avel on  specific st reet s.

Predic t ing  Overnight  Robbery  Tr ips

After  select ing only t hose 1998 r obber ies  tha t  occur red from 8 PM t o 5:59 AM, a
zone to zone ma t r ix was const ruct ed .  Un like the ana lys is  above, t h is  mat r ix included  both
int ra -zona l (31.5% of the tota l) an d int er-zona l tr ips.  As sh own in F igure 17.5, zones with
many in t ra -zona l overn igh t  t r ips a lso had m any in ter -zona l tr ips.  In t ra -zona l link s wer e
widely disper sed t h roughout  the city with  an  area  of concent ra t ion  on  the west  side, but
ther e wa s n o clea r  pa t t er n .  

Mode Spl it

Because of the la ck of in format ion  about  t r avel m ode, t he mode split  model was not
run .  It is h oped t ha t , with  bet t er  informat ion , th is type of model could be ru n  in t he fu ture.

N e tw o rk  As sig n m en t

The th ird , an d fina l step, in t he ana lysis wa s t o exam ine t he likely rout es t aken  as
well a s t he t ota l dem and p laced on t he r oad  net work.  Network ass ignmen t  is a n  especially
useful t ool for police work because it  su ggest  poss ible loca t ions for  in ter ven t ion .  Becau se it
is based on  the a ctu a l st r eet  net work, it  is m ore concrete t han  a  depict ion of link s. 
Therefore, I tes ted severa l ways t o depict network a ssignment  for  1997 robbery t ravel
before proceeding to th e 1998 ana lysis.

  The net work ass ignmen t  rout ine in  Crim eS tat III ou tpu t s two r esult s :

1. Th e short es t  rout es  on a  st reet  net work. For each zone-to-zone pa ir , the
short est pat h is calculat ed.
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2. The Net work load.  Net work load counts t he number  of t r ips over  each  st reet
segment  regar dless of or igin or des t ina t ion  and su ms t hese.

Both  th e short est routes an d th e tota l network  load can  be based on t ime or cost
ra ther  than  dis t ance.  

F ir st , a ll in ter -zon a l r obber ies in  1997 were mapped a lon g Chica go’s st reet  network
by short est  dist ance.  The 4000 t r ips wer e counted a long each of Chicago’s 51,000 st reet
segments a nd m apped  as a  network load.  As t he width  and color  changes from blue t o red
in  Figure 17.6, t he number  of t r ips  tha t  pa ssed over  a  segmen t  increases.  H owever , th is
map is difficu lt t o int erpr et  and lacks  credibility.  Much of the load is a long small side-
st reet s.  Diagona l st reet s a re emph asized an d expresswa ys ar e ignored because t hey
usua lly a re not  the shor test  route in  terms of dis t ance.  Also, t r avel in  the wrong dir ect ion
on a  one wa y st reet  is possible s ince on ly dis t ance was u sed t o ca lcula te t he short es t  pa th . 
Th e CP D did n ot believe th is t o be a  useful m ap.  

The same in ter -zona l links wer e m apped again  a long usin g the Ch icago modeling
net work, bu t  weigh t ing segm en ts only by dist ance (figure 17.7).  While th is r esu lted in  a
grea t ly simplified map, it st ill lacked some credibility. Expr esswa ys ar e ra rely the sh or test
dist ance, th erefore, th eir u se is under  emph asized.  The a lgor ith m resu lts  in a n  over
emphasis  on dia gon a l m ain  st reet s.  Some connected segm ents look ed like a  st a ir  case
following a long Chicago’s gr id of main a nd seconda ry st reet s from one h igh  inciden t
neigh borhood t o an oth er  on t he west  and sout hwest  sides .  

In  oth er  words , dis t ance did  not seem  to be a  good r epresen ta t ion of tr avel r out es . 
Given  tha t  police records in clu de t im e of in ciden t  and t ravel t im e a lon g Chica go’s road
network  is available, an d th at  Crim eS tat a llows for  ana lysis by tr avel t ime, I r e-
concep tua lized  t ravel cos t  a s shor tes t  t ime ra ther  than  dis tance.

S h ort e st  Ti m e  or S h ort e st  D is ta n ce ?

What  does dista nce measu re?    Traveling ten m iles during Chicago's evening ru sh
is quit e differen t  than  a t  midnight .  However , th e two blocks  from my house t o the nearest
convenience store is  unaffected by t he t im e of day a nd lit t le  effected by t he mode of
t ranspor ta t ion .  While dis t ance appears to be a  st ra igh t  forward measure, it  is  not .  At
close dist ance, it  specifies kn owledge space or  the loca t ion  of  rou t ine a ct ivities.  Fur ther
from home, it  is  r ela ted  to a  lack  of knowledge, bu t  is  a lso an  inaccura te measure of the
cos t  of t r avel.  Bet ter  measures  than  d is tance a re often  ava ilable.  All U .S . major
met ropolitan  a rea s m ap t ravel t ime by t ime of da y on m ajor  st reet s, feeder  st reet s, a nd
expresswa ys us ing modeling networks  (see chapt er  16).  These m aps a long with  police da ta
on  t ime of inciden t  can  be combined to rea listically describe sh or test  t r avel t ime r a ther
than  sh or test  dist ance.

The Ch icago Area  Transport a t ion  Su rvey (CATS) divides  the day into eight  t ime
per iods ba sed on t ravel demand.  Wheth er a  cr ime t r ip was in t ra - or  int er-zona l was
unaffected by t ime of da y (P2=7.07 s ig=.421 in  1998).  Not surpr isin gly, th e r obber 's da ily
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t r avel cycle is differen t  than  the gener a l popu lat ion .  In 1998, robbers  sh ow litt le demand
for  t r avel in  the morn ing rush  hour  per iod  (6 AM to 10 AM).  Of the remain ing t r ips, abou t
ha lf  (46% in  1998) occur red from 8 PM to 5:59 AM.  These overn igh t  t r ips a re the subject
of the ana lysis pr esen ted h ere.

Overn igh t  Robbery  Tr ips

 Overn igh t  network loa d was mapped on Ch ica go's a r t er ia l r oads accordin g t o bot h
sh or test  dist ance (figure 17.8 left ) and sh or test  t ime (figure 17.8 right ).  As before, th e two
maps a re very differen t .  Expr esswa ys ar e ra rely included in  the sh or test  dist ance between
zones.  Much of the t r avel is on dia gona l su r face st reet s.  H owever , if t ime is t aken  in to
accoun t , many of the t r ips  a re on expressways a nd on  La ke Shore Dr ive.  Th is is  pr obably a
more rea list ic descrip t ion of longer  dis t ance t r ips .  

In  moving from a  complete st reet  network t o a  simplified net work u sing dista nce as
an  im pedance to a  t im e-based network, t he descr ip t ion  moves from an  unrea list ic a nd
pr obably un-int erpr etable ma p t o one tha t  pr obably cor responds t o the rou tes t aken  by
offender s.  Does th is a dd  to police knowledge? Of th e 10,763 m apped segmen ts in  the
network, 65.1% had no predict ed t r ips assigned to them.  Two percen t  of the road
segments, those with  15 or  more t r ips, con t r ibut ed 20.2% of the 16,162 robber 's movemen ts
across road segment s.  These were typically ar terial roads or expressways. Neverth eless,
by iden t ifying th ese st reet s a s t hose m ost  likely to ca r ry cr ime t r ips, th ese ‘hot  st reet ’
segments could become a  focus for  police pa t rol or  for  int ervent ion  to pr event  cr ime.

F e as ib ili ty  & Ad v an t ag e s

The police a lrea dy collect  informat ion  on  the loca t ion  and t ime of inciden t s a nd t he
home addr ess of a r rest ed offender s. Can  th is informat ion  be ut ilized to describe and
pr edict t he t r avel pa t t er ns of Chicago robber s?    Fir st , Crim eS tat 's  t r ip  dis t r ibu t ion
modu le was  used t o describe zona l pa t t erns of t r avel for  a ll kn own 1997 Chicago robbery
offenders.  Aroun d 30% of Chicago robber ies  a re commit ted nea r  to th e offender 's h ome. 
For  these a  zona l model cannot  pr edict  t r avel pa t t erns.  For oth er  robber ies, a t ime-
weighted t ravel pa t t er n  resu lt ed in  a  more credible descrip t ion t han  one ba sed on  dis t ance. 
However , even  th is descrip t ion  resu lted in  an  over  em ph asis  on t ravel a long su r face gr id
st reet s a nd d iagona l st reet s r a ther  than  expressways.  

The key t o ana lyzing t he robber 's  t r avel pa t t ern  is  to reconsider  the meanin g of
dist ance.  Close t o home or  work, dist ance repr esen t s a  kn owledge space and a n
opport un ity space, a place the offender kn ows in which h e or sh e spends a  lot t ime.  This is
an  area  wh er e t he ben efits  of knowledge m ay outweigh  the cost s of poss ible cap ture or it
may s im ply be where the offender  hangs  out ..  Fur ther  away, shor test  dis t ance is  a  poor
represen ta t ion  of t r avel cost .  In  major  met ropolitan  a rea s, a  bet t er  represen ta t ion  is
shor test  t r avel t im e.  Combin in g t ravel t im e of day wit h  t im e of in ciden t , r esu lt s in  a  more
rea lis t ic t r avel pa t t ern .
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These in t ra - and in ter -zon a l lin ks a re, t hemselves, a  new way t o look  a t  the
rela t ion sh ip  between  offender  and in ciden t .  H owever , t hey n eed some represen ta t ion
before t hey a re u seful t o th e police for  t actica l ana lysis  or cr ime preven t ion.  In  my
discussion  wit h  the Ch ica go P olice Depar tment , a  network loa d map seemed to be  most
usefu l.  Network loa d summar izes the number  of cr im e t r ips tha t  passed over  each
segment  in  a  road network.

Lim it ing ana lysis  to robber ies  occur r ing overn ight  (8PM t o 5:59 AM), 1997 t ravel
pa t t erns were a  good predict or  of t r avel d is t ances, in t ra -zon a l r obber ies, a nd network loa d
in  1998.  However , 1997 t ravel pa t t er ns only wea kly pr edicted  specific links bet ween  t ra ffic
ana lysis  zon es.  F or  1998 in ciden t s, a  t r ip  dis t r ibu t ion  model (u sin g P oisson  regr ession  of
the zon a l cou nt  of robbers' h omes and in ciden t  loca t ion s, a nd a  im pedance funct ion )
modeled the overnigh t  t ravel lin ks between  home and in ciden t . Subst it u t in g a  lognormal
impeda nce funct ion   - tha t  bet t er  matched t he obser ved overn igh t  robbery pat t ern , resu lted
in  pr edictions t ha t  wer e n ea r ly as good as t he 1997 obser ved t ravel pa t t er ns.  A
combina t ion  of these p red ict ions  with  ana lys is  of t r avel pa t t erns  over  severa l years  migh t
even tua lly resu lt  in  an  excellen t  zona l pr ediction  of crim e t ravel pa t t er ns.  

Cr ime t ravel dem and a na lysis is complex an d t ime consu ming and r equires  a
rela t ively power fu l P C wit h  a  la rge memory ca pacit y.  Is it  wor th  it ?  Yes .  In format ion  on
cr ime t r ips is au tomat ica lly gat hered by th e police, but  it is n ot  fu lly u t ilized.  However ,
un like t r ansport a t ion  planners, police are gener a lly concerned with  the sh or t  t erm and
with  acu te ra ther  than  chron ic p roblems .  They work  on  an  exis t ing s t reet  network  ra ther
than  planning for  the fu ture.  Crime t ravel dem and m odels m ay bett er  ser ve th e police as
sh or t  t erm descript ions r a ther  than  long ter m pr edict ions a nd can  pr obably be used t o
descr ibe t he effect of specific police in ter ven t ions  su ch a s r oad  blocks or  dr ug in ter dict ions . 
The cr im e t ravel demand model a lon g wit h  a  GIS can  iden t ify hot  st reet  segm ents–those
segm ents tha t  a re most  likely to be  on the t r avel r outes of offen ders and most  usefu l for
in ter ven t ion t o preven t  crim e.  

For r esea rchers, on  the other  hand, a  crim e t ravel dem and m odel is  a  good way to
ask  long-term, st ructura l quest ions.  If the t r avel pa t t erns r emain r elat ively const an t  over
t ime, t hen  these r elat ionsh ips can  be modeled using a limit ed n umber  of var iables.  The
resu lt is a  way to compa re differen t  met ropolita n  a reas a s well as  a  way to look a t  the sa me
met ropolita n  a rea  over differen t  t ime per iods.  It ’s a  framework for  ana lysis t ha t  is broader
than  jus t  a  journey-to-cr ime type of descr ip t ion .
 

Lim it at io n s

Ther e a re a lso limita t ions t o th e m odel:

1. Only cr imes  with  a t  leas t  one kn own offender  a re ana lyzed.  To the exten t
tha t  offender  t r avel pa t t er ns in  unsolved cr imes a re differ en t  than  those wit h
known offenders, t r avel pa t t er ns will be m isr epresen ted.  

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



17.22

2. The model work s best if records a re gath ered in su ch a  way tha t t he addr ess
of an  offender  home can  be linked  to the addres s of an  inciden t .

2. The t ravel demand m odel assumes tha t  the offender ’s h ome address is
accur at e.  Offenders ma y not h ave a sta ble address or m ay give a false
addr ess.

3. The t ravel demand model a ssumes tha t  offenders t r avel d ir ect ly from home
neighborhood to in ciden t  neighborhood; many probably do not .

4. The cr ime t ravel dem and m odel is an  aggregat e model, not a  individua l one.
It  pr edicts  t r avel from t he cen ter  of one zone to th e cen ter  of anoth er .  It
cannot  predict  specific t r ips or  the behavior  of specific offenders and cannot
pr edict  t r avel with in a  zone.

5. The model m ust  be cr im e and cit y specific.  Chica go r obbers were much more
likely to at ta ck close to home th an  th ose in Baltimore Coun ty or Las Vegas. 
Because t hese h omes wer e dist r ibut ed t h roughout  the city, th e t r avel
pa t t erns of Chicago robbers wer e much  less focused on s ingle ta rget zones
th an  in t he oth er test  sites.

6. The study of Chica go was limit ed to in ciden t s tha t  occur red in  the cit y of
Chicago.  It does n ot  model t r avel pa t t erns of inciden t s occur r ing ou t side t he
city and can  say noth ing abou t  t hem. 

7. The da ta  ava ilable from the Ch ica go P olice Depar tment  did  not  a llow for  a
test  of t r avel mode u sed.  It  cannot  be as su med t ha t  cr imin a l tr ips u se t he
sam e  modes of tr an sport at ion a s non-criminal tr ips.

Conclus ions: Chicago

Chicago is a city of isolat ed n eighborhoods.  Even n earby neighborh oods m ay be
terra incognita.  Cr ime t ravel follows t he pa t t er n  of neigh borhoods .  In  Ch icago, many
robber ies occur  very close t o the home addr ess of the offender .  The cr ime t ravel dem and
model cannot a na lyze t hese cr ime t r ips  because ea ch zone is  represen ted by a  sin gle point . 
In  some im pover ished neighborhoods, r obbery is very com mon.  An  offender  can
oppor tun is t ica lly a t t ack  on  any block . Even  when  offender s  t r avel t hey t end to s tay nea rby
their  home neighborh ood.  Th e isola t ion  of robbery in the a  few neighborh oods  resu lt s in  a
downtown tha t  is  rela t ively free of in ciden t s and cr im e t r ips a re rela t ively shor t .

Ch icago is a  mature city.  Neighborh oods  cha nge slowly.  Large sca le cha nges in
housing, pover ty, or  a t t r actor s do occur ---the dest ruct ion  of pu blic housing, widespr ead
gen t r ifica t ion  and the rep lacement  of ra il ya rds with  upsca le hous ing.  With  these changes
come new opport un ities for  cr ime a nd changing cr ime t ravel pa t t erns.  These may be
pr edicted with  the new cr ime t ravel dem and m odu le.
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II. Ap p li ca ti on  o f Tra v el D e m an d  B e h av io r Mo d e l 
on  Crime Data  from Las  Vegas , Nevada

D an  He lm s
GIS & Crime Analys i s  Spec ia li s t

Crime Mapping  & Analys is  Program
Nation al  Law  Enforcem en t & Correc tions  Tec hn ology Cen ter

Rocky  Mounta in  Region
De n ve r, CO

Introduct ion

St ra tegic cr ime forecas t ing has for  many years r elied on a  limited and s implis t ic
su ite of methods t o pr edict  appr oximately where fu ture event s m ay occur  in br oad st rokes .
Ext rapola t ion  of percen t ile change is  probably the most  commonly used means of
forecast ing fut ur e crime frequencies, based on t he notion fun dam enta l to all predictions,
tha t  the fu ture will resem ble th e pa st . Unfor tuna tely, th is method is completely unable to
cope wit h  cha nges in  the dem ogra ph ics, popula t ion, a nd socia l makeu p of a ju r isd iction . 

For  a  number  of year s, inn ovat ive cr ime a na lyst s a nd criminologist s h ave looked  to
other  discip lines out side the study of cr im in a l behavior  for  methods of predict in g h ow the
fu ture will unfold. Economics, epidemiology, met eorology, an d biology have all offered
s ign ifican t  con t r ibu t ions , a s  their  more soph is t ica ted  and crea t ive methods for  foretelling
fu ture frequencies have been a da pt ed t o cr imin ology with  var ying degrees of su ccess.

Tr ansport a t ion  modeling is t he m ost  recent  exter na l science to su ggest  poten t ia l
mea ns of pr edictin g cr imina l beh avior . The success of t r avel-dem and m odeling in the
civilian  wor ld  of t r anspor ta t ion  behavior  has  p resen ted  us with  another  possible t echn ique
wh ich could be ada pt ed to forecast ing cr ime.Tr avel-dem and m odeling offer s a n  a lgor ithm
for  est im at in g n ot  only how much act ivit y will occu r  in  a  given  region , bu t  a lso how
offender s will t ravel across t he ju r isdict ion  to commit t heir crimes. This m odel ha s been
implemen ted in t he Crim eS tat softwa re applicat ion for u se against  crime dat a.

In  th is  study, we will r eview the applica t ion  of th is  model a ga in st  da ta  from the
met ropolita n Las Vegas a rea over a period of th ree years.
 

Th e  La s  Ve g as  Me t ro p oli ta n  Are a

Th e La s Vega s m et ropolitan  a rea  is compr ised of Clark County, Neva da , and
severa l independent  municipa lit ies wit h in  it . The Las Vegas Met ropolit an  Police
Depar tmen t  (LVMP D) ser ves Clark Coun ty (in  the capacity of a  Sh er iff's Office) as  well a s
the Cit y of La s Vega s (in  the capa city of a m unicipa l police depa r tmen t ). Although  the va st
major ity of the la nd a rea , popu la t ion, a nd busin esses with in  th is a rea  a re policed by t he
LVMPD, t her e a re t h ree other  sign ifican t  jur isd ictions: Th e Cit y of Nort h  La s Vega s, t he
City of Hender son, an d t he City of Boulder  City, each h aving th eir own police depa r tment .
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In  addit ion  to these import an t  sibling agencies, severa l other  law en forcement
agencies h ave overlappin g ju r isdict ion  with in a reas pr incipa lly policed by th e LVMPD: The
Paiu te Tr iba l Police, t he Sout her n  Pacific Railwa y Police, t he Neva da  Highwa y Pa t rol, US
Air  Force Secur ity Police, US Air  Force Office of Specia l Inves t iga t ions , Federa l Bureau  of
Invest iga t ion , Veteran 's Adm inist ra t ion  Police, an d oth ers. Alth ough t hese a gencies
per form valuable police functions, t he LVMPD u nqu est ionable dea ls with  the vast  major ity
of crime in the vast m ajority of locat ions, mak ing it a n a tt ra ctive can didat e for offender
t ravel r esea rch .

In  many ways, La s Vegas r esem bles  an  isla nd. Sur roun ded by bar ren  deser t , with
very few roads en ter ing or  leaving the city, it is an  urban  oasis in  a  spa rsely popu lat ed
deser t  wilderness, con sis t in g of la rgely im passable ter ra in . This  geogr aphic posit ion  and
isola t ion  make Las Vegas h igh ly in terest in g fr om the perspect ive of a  t r anspor ta t ion  (or
crim e t r ip m ovemen t ) modeler . 

Another  un ique fea tu re of the Las  Vegas  a rea  is  the h igh ly t rans ien t  na tu re of the
popula t ion , which  fa lls in to th ree discret e ca tegor ies:

1. F ir st , t he Residen t  Popula t ion  consis t s of some one million  persons,
approxim ately 880,000 of wh ich  live in  the ju r isdict ion  of the LVMPD (the
remain der  bein g served pr im ar ily by H enderson and Nor th  La s Vegas).
These perma nent  resident s ar e the ma insta y of th e comm un ity an d th e
source for dem ograph ic da ta  used by t he censu s burea u  and p lanning
agencies.

2. Second, we must  consider  the Vis it or  Popula t ion , con sis t in g of some
35,000,000 - 40,000,000 per sons per  year . On a ny given  da y, between  100,000
and 500,000 vis itors  will be s t aying in the La s Vegas a rea  - a  crit ical factor  in
t ranspor ta t ion , demogr aphy, and cr im e! These tour is t s somet im es act  as
crim e impor ter s (e.g., cr imina l st r eet  gangs from n eighborin g Californ ian
cit ies often  visit  Las Vegas for  weekend mayh em, or  more profession a l
cr imin a l purposes); in m ost  ins tances, however, th ey serve a s a  pool of pr ey
for  local cr imina ls.

3. Th ird, a nd fina lly, ther e is  a  su bstan t ia l Homeless P opu la t ion in  La s Vega s,
drawn by t he seasona lly warm climate and the ease wit h  which  th is  cit y ca n
be r ea ched  as a  dest ina t ion . Although  not famous  for  a  "frien dly" at t itude
toward t he homeless, th ese per sons a re pr otected by law en forcement  in La s
Vega s and are well served by m any ch ar it able socia l inst it u t ion s and
services. Becau se Las Vegas is  a lso an  ea sy place to sin , homeless in dividua ls
wit h  drug, a lcohol, a nd ga mbling a ddict ion s often  gr avit a te here; the
poss ibility of "win ning big" and in st an t ly rever sin g a  life of misfor tune a lso
weighs in  the consider a t ion  of many homeless wh o choose t o make t heir ba se
in  Las  Vegas . Although  not  a  major  source of annoyance as  cr imina ls , nor
over ly vict im ized by cr im in a ls , t hese persons do const it u te a  sign ifican t
(alt hough  never  well-m ea su red) fraction  of the loca l popu la t ion, a nd
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ther efore of local cr ime sta t ist ics. However , du e t o th e inability to accura tely
measu re a "home" locat ion for t hese persons when t hey do comm it crimes,
few of these h ave been  represen ted in  th is s tudy.

This  study will focu s on the cr im in a l m ovement  behavior  of the residen t  popula t ion
of the grea ter  Las  Vegas  met ropolita n  a rea .

Source  Data  Proven ance  and Organizat ion

Da ta  concern ing the La s Vega s m et ropolitan  a rea  wa s p rovided by t he La s Vega s
Met ropolitan  Police Depa r tmen t 's In vest igat ive Division. Often , resea rcher s u nderest imate
the severe difficu lt ies and chronic shor tcomin gs  of la w enforcement  da ta . Thanks to a
fir s t -ra te RMS, and  a  voluminous  t act ica l da tabase repos itory, the Las  Vegas  Met ropolit an
Police Depar tment 's  da ta  presen ted rela t ively few problems; however , geocodin g a ccuracy
issues, m issin g da ta  fields from m odus operandi t ables, a nd er roneous a r restee home
loca t ion s resu lt ed in  some difficu lt ies. These had to be  overcome before any a na lysis  or
t est ing of new methods wa s possible.

Crime report  dat a for t he LVMPD is ma inta ined in a n SQL-Server 7.0 dat abase
const ructed by the Pr int rak (now owned by Motorola) compa ny, maker s of the Law RMS
(LRMS) police r ecords  managemen t  sys tem  used by La s Vegas, a mong other s. Th is
repository cur rent ly houses  many hundr eds of thousa nds of cr ime r epor t s, field int erviews,
and oth er  cr itical police da ta  in a  well-organ ized, rela t iona l da tabase.

Cr ime r eport s a re filled out  by either  sworn  officers (when  taken  in t he field) or  by
st a t ion  per sonn el (when report ed in person a t  an  LVMPD su bst a t ion  or  city ha ll). These
pa per  report s include ample MO det a il and descr ipt ive informat ion  in compa r tmenta lized,
"force-choice" fields, a s well a s substan t ia l exposit ory n ar ra t ives. "Forced-choice" fields a re
also typically supplement ed by "Oth er" options which can  th en be individua lly explained,
to dea l with  very unusu a l cr ime beh aviors, descrip t ions, or  deta ils.

At  the end of each sh ift , officers  submit  their r epor t s t o their ser gean t  for  review;
after  a  qu ick  check to ensure the most  basic levels  of da ta  qua lity a nd in tegr it y, the repor t s
a re t hen  pla ced in  a  mailbox for p icku p, which occurs sever a l t imes ea ch day and n ight .
Report s a re t r ansferr ed by int radepa r tmenta l cour iers  to city ha ll, where they ar e collected
by t he Records Sect ion . P rofession a l da ta  en t ry specia list s then  met icu lou sly type each
report  in to th e LRMS da taba se. 

The data  entr y process includes several validat ion a nd err or-tra pping element s.
These u su a lly grea t ly enhance the completeness a nd a ccuracy of each  report , but  a re
somet im es bypassed by busy clerks. P erhaps the most  sign ifican t  va lidit y ch eck which  can
be bypassed is t he address ver ificat ion  sys tem , wh ich per forms a  bru te-force match a gainst
a  "geofile" of kn own, va lid loca t ions. When  a  match ing addr ess is en tered int o the syst em,
geograph ic coord ina tes  and other  usefu l da ta  is  au tomat ica lly p ropaga ted  in to the file.
Because many cr imes  do not  occu r  a t  va lid , documen ted  phys ica l s tr eet  add res ses  (cr imes
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in  remote or  deser t  a reas, or  in  new const ruct ion  zon es, or  on buses or  in  taxi cabs, for
exam ple), however , dat a  ent ry clerk s h ave grown accust omed t o overr iding the addr ess
ver ifica t ion m odule. Th is is  a lso somet imes done in  the in ter es t s of speed  and expediency,
even wh en a  valid, ma tchable add ress is p rovided in  the cr ime r eport . When th is happen s,
the resu lt in g a ddress must  be cleaned usin g a  da ta  clean in g a pplica t ion  pr ior  to
su ccessfully ma tch ing in a  geocoding oper a t ion . Once ent ered int o the LRMS da tabase,
crime report  inform at ion m ay be extr acted th rough a var iety of sta nda rd m ethods.

The LVMPD rou t in ely downloa ds cr im e repor t s on  a  da ily basis  in to an  ATAC
analyt ical da taba se wh er e cr ime a na lyst s a nd in vest iga tors  can  exa mine a nd s tudy t he
da ta  with out  crea t ing any dra g on  the pr ima ry server. The ATAC da tabase is st r eamlined
for  ana lys is , and  is  much  eas ier  to query and  ana lyze than  the LRMS repos itory it self. The
ATAC da tabases a re Microsoft  J et -complian t  relat iona l da tabase very sim ilar  to the MS
Access 2000 da tabase.

Da ta  used for  the Next -Genera t ion  Offender  Crim e Tra vel Model pr oject  were
der ived from r ecords s tored in s evera l ATAC an a lyt ica l da tabases crea ted a nd m aint a ined
by th e LVMPD Cr ime Ana lysis Section . These da tabases a re a rch ived by ca lendar  year  and
by cr ime ca t egory. The a rch ive dat es  for  ca lenda r  yea r  a r e a ss igned  based  on  the yea r  of
occur ren ce. Crim e cat egories a re: Auto Crim es (including motor  veh icle t hefts, bu rglar ies
from motor  veh icles, and cr imina l da mage to au tomobiles); Burglar ies (including all
burgla ry s t a tu tes); Larcen ies (in clu din g a ll Larceny/Theft  st a tu tes); and Persona l
(including a ll s exua l offenses , a ssau lt s  and aggrava ted  as sau lt s , robber ies  and home
in va sion s, k idnappin gs , a nd homicides).

These da tabases conta in MO, Persons, and Vehicles tables, rela ted by event
number . The MO table cont a ins a ll in format ion per t inen t  to th e loca t ion, t iming, cat egory,
and methods of ea ch  cr im e event ; the Persons table a ll in format ion  on persona l
iden t ificat ion , descrip t ion , and h ist ories , not only for suspect and a r restees , bu t  a lso
victim s, witnesses, r eport ing pa r t ies , et c.; the Vehicle table a ll in format ion concer n ing any
vehicles which  may be in volved in  the offense, inclu din g descr ip t ive and iden t ifica t ion
informat ion , whether  the veh icle rela tes  to the cr imina ls , vict ims , or  has  some other
relat ionsh ip to the cr ime.

For  purposes of th is  project , t he LVMPD author ized access and t ransmission  of the
con ten t s  of the complete ATAC da tabase inven tory for  the Cr ime Ana lys is  Sect ion . Of the
fifty-odd databases  provided , t he Per sona l Cr imes  da t abases  for  t he yea r s 1996 - 2002 were
initially selected.
 

D a ta  Sc re e n in g

Three broad  ca tegor ies were selected from t he complete da ta  inventory provided:

1. Confron ta t iona l
2. Burgla ry, and  
3. Vehicular  crimes.
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Th ese in ten t iona lly dispa ra te da ta  wer e select ed in  the in ter es t s of increa sin g the
lat itu de of the st udy. It wa s h ypothesized th a t  t r avel beha vior  would var y between  these
ca tegor ies of event s. Confron ta t iona l cr imes  included sexua l assa u lts , robberies,
kidn appings, a nd m urders. Th ese crim es wer e included in  a  sin gle group as par t  of th is
init ial appr a isa l of the effect iveness of t r avel-dem and m odeling on  cr imin a l beha vior , even
though it  is obvious t ha t  the beha viors exhibited by offender s a cross t hese crime types a re
likely to va ry. These cr im es were gr ouped in  spit e of these likely differences because
s imila r it ies  in  t a rget ing behavior  across these cr imes  migh t  make them amenable to
collect ive ana lysis ; a  hypothesis  which  can  be tested usin g t he techniques bu ilt  in to the
t ravel-dem and m odu le.

Burglar ies used in  th is a na lysis  included both  residen t ia l and commer cial
burgla r ies, bu t  not  burgla r ies from motor  veh icles. Only cr im es in  which  a  bu ildin g or
pr oper ty was  illega lly entered for  the pu rpose of theft  were included in  th is st udy, th ereby
elim ina t ing the prolific lar ceny cat egory.

Vehicular  crimes included both  au to th efts a nd bur glaries from m otor vehicles.
"Ca r jackin gs" were not  specifica lly inclu ded, bu t  some au to theft s in  which  the modus
oper andi followed t he confron ta t iona l "ca r jackin g" pa t t ern  may ha ve been included  when
specifica lly s t a tu tory designa t ion s were missin g t o differen t ia te these from more typica l
au to th efts.

Some opera t iona l definit ions of these crimes a re in order .

1. Sexu a l a ssau lt s used in  th is  ana lysis  in clu ded forcible rapes wit h  vict im s of
eit her  sex, as well as any ot her  physica l, sexu a l a buse of another  person  of
eit her  sex - su ch a s d igita l or  objective penet ra t ion , fondling, etc. - and a lso
open  and gr oss lewdness (e.g., "fla sh in g"). S ta tu tory sexu a l seduct ion
("sta tu tory ra pe") was excluded.

2. Robber ies used in  th is a na lysis  included a ll robbery-rela ted st a tu tes in  the
Neva da  Revised Sta tu tes (2002), inclu din g h ome in va sion s.

3. Kidnappin gs  were in clu ded in  confronta t ion a l cr im es, bu t  the applica t ion  of
kidnappin g a s a  st a tu tory offense by la w en forcem ent  in  La s Vegas (and
elsewhere) may be counter -int u itive to some reader s. Kidna ppin g is oft en
a t t ached a s a n  add it iona l offense to other  crim es, su ch a s r obber ies  or sexu a l
assau lt s, in  any ca se in  which  the vict im  is  forcibly moved from one loca t ion
to another . This  pract ice is  used pr im ar ily a s an  adjunct  to prosecut ion ,
because k idnappin g (un like eith er  robbery or  sexua l assa u lt) is a federa l
cr im e, a nd in  some cases may be easier  to prove in  cour t .

4. Homicides  used in  th is a na lysis  included a ll murder  st a tu tes, as well a s a ll
ma nslau ght er sta tu tes. No just ified homicides were included.
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Once the ta rget  cr im e ca tegor ies have been  defin ed, separa te da tabases for  each  of
the t h ree categories wer e compiled . Although  da ta  for  severa l years was m ade available, a ll
bu t  th ree year s of da ta  were excluded from t he st udy. Dat a  pr ior  to 1997 was  often
rela t ively poor ly main ta in ed and prepared, a nd somet im es conta in ed ser iou s omission s
which  made it u nreliable. Dat a  for  the year  2002 was incomplete wh en t h is study was
commissioned. Alth ough crime da ta  for  the year s 1997 and 1998 was fun ct iona lly reliable,
socio-economic and  t ranspor ta t ion  da ta  for  these years  was  not  read ily obta inable a t  the
t ime t h is s tudy commen ced; since th ese da ta  wer e necessary for im plemen ta t ion  of th is
model, th ese year s, too, were excluded from ana lysis. Ther efore, on ly the year s 1999, 2000,
and 2001 wer e in cluded in  th is s tudy.

Because th is  study focu ses on spa t ia l r ela t ion sh ips between  cr im e event  loca t ion s
an d criminal home locat ions, only solved crimes could be used. Crimes were included as
"Solved" when  an  a r res t  was  made - unfor tuna tely, d ifficu lt ies  in  obta in ing da ta  from the
jus t ice syst em  and t he long delays in evit able in  the prosecut oria l pr ocess m ade it
impossible to ident ify cr imes  in wh ich  a  convict ion  had been  obta ined; an  a r rest  was t he
closest  approximat ion  to a  reliable solu t ion  possible for  th is  research .

Of those "solved" crim es in  which  an  ar rest  was made, on ly those in  which  the
offender 's  home address and  the p recise loca t ion  of the cr ime it self were both  known cou ld
be used. Even  when cr imes  were closed by a r rest , an d a dequ a te da ta  was a vailable t o
geogr aphica lly p lot  and ana lyze the case, some have st ill been  excluded. Instances in  which
the offender  and vict im both  live at  the scene of the cr ime h ave been excluded from t hese
ana lyses, since no t ravel was involved; however, ins tances in  which  eith er  pa r ty lived a t
the scene of the crim e bu t  the oth er  did  not h ave been  ret a ined. The r ea soning beh ind t h is
decis ion  is  tha t  the decis ion  to commit  a  cr im e a t  a  given  pla ce does in clu de the decis ion  to
commit  a  crim e in  one's  own h ome. Ther efore, the spa t ia l t r avel (none) componen t  of th is
decision  sh ould st ill be r eflected in  the m odel if we h ope to event ua lly der ive a  valid
sta t is t ica l r epresen ta t ion  of offen der  t r avel behavior .

Also, cr ime in  wh ich t he offender  lived out side t he s tudy a rea  (Clark County,
Neva da) have been  exclu ded in  most  cases - bu t  not  a ll. In  some cases, "tour is t " offenders
may have been  included wh en  their  t em porary "ba se of oper a t ions" (i.e., local lodgin gs)
have been r ecorded. In  these ins tances, th e hotel, motel, resort , or  pr iva te dwelling th ey
lived in  has been  used a s a  "home" locat ion  for  pu rposes of origina t ing a  crim e t r ip.

The number  of cases u sa ble for  each  ca tegory of cr ime va r ied significan t ly from year
to year  (t able 17.3).

Ta ble 17.3
Confrontation al  Crime s Available for Ana lysis

Year Tota l Offense s  U s ab le  Offe n s e s
1999        5272 1080
2000        7560 1643
2001        3588   991
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The la rge increase in  number  of offens es from 1999 to 2000 is d ifficult  to expla in ;
the following su bst an t ial dr op (52%!) is even m ore t roubling. A similar , but  inver ted,
discrepa ncy em er ges in  the frequ en cy of bu rglar ies report ed du r ing those yea rs (Table
17.4).

Ta ble 17.4
Bu rglary Crime s Available for Ana lysis

Year Tota l Offense s  U s ab le  Offe n s e s
1999      17234 2520
2000      12899 2040
2001      16403 2733

A fin a l en igma, m ost  sign ifican t  of a ll, is obviou s when  we look  a t  the frequency of
au to crim es over  the same three-year  per iod (table 17.5).

Ta ble 17.5
Veh icular Crime s Available for Ana lysis

Year Tota l Offense s  U s ab le  Offe n s e s
1999        6871   646
2000      15025 1219
2001        8349   894

These dispar it ies a re hard to account  for .

On  the whole, 1999 ha d a  middling number  of auto theft s a nd confron ta t ions, but  a
shockin gly h igh  number  of bu rgla r ies; in  2000, on  the other  hand, t he confronta t ion s and
auto theft s r adica lly increa sed (th e au to cr imes  by more t han  double!), but  bur gla r ies
dropped notably. F in a lly, in  2001, confronta t ion a l cr im es drop to the lowest  levels  (a
sta ggering decrease), as do au to crimes, while bur glaries leap up t o near ly 1999 levels!

How can  we explain  these st range fluctu a t ions? Given t he lar ge percent ages
involved, it's t empt ing to ima gine some change in  count ing or  report ing pr ocedu res in  2000;
however , a  scru t in y of t he policies and procedures for  the LVMPD does not  seem to bear
th is ou t . Pr evious year s (1996 - 1999) do not  evince a  similar  wide degree of var iat ion . The
reason or  reasons for  these crime report ing "mood swin gs" remains  unkn own. Is there
reason , therefore, to d is t rust  these da ta?

For  pu rposes of th is st udy, th e answer  appea rs t o be, "No." Tha t  is, th e da ta  used
for  these a na lyses should , even  a llowing for  as yet -un expla ined vagar ies  in  report ing,
compr ise a  repr esen ta t ive sa mple of the report ed crime act ivity in La s Vegas over  these
years.

Sin ce for ecast in g t he frequency of cr im e is  a  rela t ively min or  component  of the
t ravel-dem and m odel, th ese n umer ic sine-waves shouldn 't cau se u s t oo much  concern .
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Instead, s in ce t he focus of th is  model is the effect ive expla na t ion  and represen ta t ion  of the
dis t r ibu t ion  of crim e t r ip  genera tors and cr im e t r ip  dest in a t ion s (and, a s a  funct ion  thereof,
of the cr ime t r ip pa ths bet ween  them), th e frequencies themselves should mat ter  lit t le.

Refere nc e D ata

The Tr affic Ana lysis  Zone (TAZ) file for  Las Vegas was selected as t he opt imum
polygona l refer en ce them e for  th is s tudy (figur e 17.9). This file was p rovided by t he
Met ropolit an  Pla nnin g Office for  Las Vegas, t he Regiona l Transpor ta t ion  Com mission
through  the cour tesy of David Gr ana ta , Sen ior  GIS  Analyst , himself an  exper t  in
t ransport a t ion  modeling th rough t he use of geogra ph ic informat ion  syst ems (GIS). The
da ta  provided in clu ded h is tor ica l da ta  for  1999, 2000, a nd 2001, enabling m ore accura te
modeling of t he im por tance of va r iou s factors lon gitudin a lly a cross t im e. The TAZ da taset
was pr ovided in  ESRI sh apefile format , which  is int r ins ica lly legible to the Crim eSt a t
app lica t ion  on wh ich t he m odel is t o be built .

The TAZ sh apefile includes informat ion  on  housing, employmen t , income,
popula t ion , r oad mileage, a nd a  va r iety of subset  da ta  specific to par t icu la r  types of
employmen t  (e.g., "St r ip" jobs, Nellis Air F orce Base employmen t , ent er t a inm ent -relat ed
jobs , va cant  proper t ies, n umber  of pawn shops, et c.).

An  addit iona l r eference theme is  needed  to apply the fina l s t ep  in  the
t ravel-dem and m odel, the net work ass ignmen t  met hod. The Ma jor  St reet  Cen ter line file
(LVMAJ SCL.sh p) in  ESRI  sh apefile format  was selected (figure 17.10). Although  only
including a r t er ia l s tr eet s , fr eeways , and ma jor  t horoughfa res , t h is  tr anspor t a t ion  network
layer  is a ll tha t  is n eeded to describe t he va st  major ity of t r ips  (of an y sor t ) in Las Vega s.
Th e addit ion  of bu s route in format ion  may prove a  useful supplementa ry n etwork to future
ana lyses  usin g th is m odel.

Ass ignmen t  o f Cr ime Trips

Dat a from each year, by cat egory, is assigned to a simple ta bular da ta base
consis t in g of a n  iden t ifyin g var ia ble (Event  Number  as pr im ary k ey), Or igin a t ion
coord ina tes  (coord ina tes  of the offender 's  home address, or  loca l base of opera t ions  in  the
case of externa l offenders), a nd Dest in a t ion  coordin a tes (coordin a tes of the cr im e scen e).
These da ta  were then  combin ed in to an  MS  Access 97® da tabase for  ana lys is  using
Cr im eSta t . F igures 17.11 and 17.12 shows the assigned or igin s and dest ion a t ion s.

Each  or igin -dest in a t ion  pa ir  is  t ermed a  "Cr im e Tr ip ." Followin g t he reasonin g of
t ransport a t ion  modelers, it is u nder st ood t ha t  offender s t o not  leave their h omes, tr avel
direct ly to a  cr ime scene to commit a n  a t t ack, t hen  return  home. Ins tead, each "sor t ie" is
likely to consist  of severa l stages.

For  exam ple, a sexua lly pr eda tory offender  may get  up in  the morn ing, leave home,
dr ive t o work (stopping for  coffee a long t he wa y), th en  go out  to lun ch before r et urn ing to
the office, then  on h is way home depa r t  from his u su a l rout e t o dr ive th rough  a  residen t ia l
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Figure-17.9: Traffic Analysis Zones in metropolitan Las Vegas 
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Figure-17.10: Las Vegas major street centerline network 
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Figure 17.11: Crime Trip Origins (All Confrontational Crimes, 1999 – 2001) 
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Figure 17.12: Crime Trip Destinations (All Confrontational Crimes, 1999 – 2001) 
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17.35

neigh borhood, lookin g for  t a rget s for poten t ia l victim s. I f a p romis ing ta rget  is obser ved, he
may t hen  commit  an  a t t ack, t hen  dr ive back toward h is  home area , s toppin g off for  ga s or
a t  a  dr ive-th ru  restauran t  on t he wa y, before parking at  h is h ouse. Although  th is
round-t r ip  from home to home consis t s of mult ip le dest in a t ion s, some of which  are
repea ted th rough out  the day, the wh ole journey is consider ed to be a sin gle "Cr ime Tr ip”.

In  some cases, a  sin gle offender  wa s r esponsible for  many cr imes. When  th is
happen s, t he single origin  is pa ired wit h  mult iple dest ina t ions, r esu lt ing in sepa ra te Cr ime
Tr ips .  In  oth er  cases, one crim e m ay be per pet ra ted by mult iple offen ders. Wh en  th is
happen s, ea ch offender 's origin is pa ired wit h  the single dest ina t ion , again  resu lt ing in
separa te Crime Trips.

While it  is possible to dist inctly m odel ea ch Cr ime Tr ip ba sed on pr ecise spa t ia l
loca t ions, it  is  genera lly accep ted  to aggrega te both  or igins and des t ina t ions to the cen t roid
of each  Tra ffic Ana lys is  Zone. Th is  enables  the spa t ia l a ssignment  of TAZ var iables  such  as
in come and popula t ion  to the aggrega te frequencies of bot h  or igin s and dest in a t ion s.

This  assignment  is  per formed in  Cr im eSta t  by cen t roid  a lloca t ion  - the nearest  TAZ
cent roid is  used t o assign  the TAZ da ta  to each  origin  and dest ina t ion . This m et hod is
fas ter  and  s impler  than  "poin t -in -polygon" spa t ia l aggrega t ion  and assignment , bu t  shou ld
resu lt  in  compara t ively few mis taken  assignments due to unusua l TAZ polygon  shape or
dis t r ibu t ion . Sin ce Crime Tr ip da ta  is a ggrega ted to th e zona l level, ther efore, the r esu lt ing
ana lyses  and forecas t s a re only a pp licable t o th is level a nd cannot m ea ningfu lly
disaggrega ted to a  more refin ed resolu t ion .

The accepted t ravel-demand model fr amework conta in s a  bu ilt -in  "er ror  factor" for
ext er na l t r ips  - tha t  is, crime t r ips  origina t ing with in  the study a rea  bu t  having
dest ina t ions falling ou t side t he area , or , conversely, or igina t ing ou t side t he st udy ar ea  but
having in terna l dest ina t ions. These "exter na l tr ips" were cu lled from the cr ime da tabase
dur in g t he da ta  screen in g process; therefore, "Ext erna l Zon e" da ta  is  in applicable to the
tr ip genera tion st age of th e ana lysis.
 

Trip Gene ration

Each origin/dest ina t ion  pa ir  having been  aggrega ted to th e TAZ polygon  layer , it  is
now possible t o evalu a te t he r ela t ionsh ip between  socio-economic var iables  available in  the
TAZ da tabase with  the frequency of cr ime origins a nd des t ina t ions. This is a ccomplished
through  regression modeling, and m ay pr ove one of the m ost  useful s ingle feat ures in  the
new modeling capa bilit ies of the Crim eS tat applica t ion .

There are two main r egression  opt ions a vailable in t he software a t  pr esen t :
Ordinary Least  Squares (OLS) and P oisson. The P oisson est ima t ion  a lso includes a
separa te opt ion  which  a llows backward elimin a t ion  of va r ia bles. This  opt ion , P oisson
Regress ion  with  Backwa rd E limina t ion , was  the most  effect ive of the techniques  evalua ted,
resu lt in g in  consis t en t ly bet t er  visua l fit s to the da ta  and lower  residua ls . This  very u seful
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st ep exam ines  each  var iable elemen t  su ggest ed by th e ana lyst  for  its  pr edict ive value as a
coefficien t  in  est im at in g t he frequency of eit her  or igin s or  dest in a t ion s by TAZ.

In  every case, th ree var iables with in t he TAZ da tabase for  Las  Vegas  pr oved
consis ten t ly useful a s predict ive measures: 

1. In come, 
2. Populat ion, and 
3. Tota l Employmen t . 

The m ea su rable successfu lness of these va r iables  to accoun t  for  the predicta ble
dist r ibut ion  of both  or igins a nd dest ina t ions was somewhat  counter-intu itive; it wa s
su spected pr ior  to th e app lica t ion  of th is m odel tha t  oth er  var iables  (in  pa r t icula r  the
number  of pawn shops, t he number  of St r ip  employment  oppor tun it ies, a nd the number  of
Nellis  AFB employment  oppor tun it ies) would  be cr it ica l predict ors of cr im e. In  fact ,
however, a ll of these var iables dem onst ra ted st rong mu lticolinea r ity with  the th ree
pr im ary var ia bles list ed above. When these other , ext raneous factors were excluded from
the regression  process, th e effect iveness of the model's pr edict ive capa bilities was
substa nt ially impr oved.

A su ggest ed a nd a ccept ed t ravel-dem and m odeling t echniques  widely implemen ted
by t ransport a t ion  pla nner s is  the adopt ion  of “special gen er a tor” var iables  to expla in
unusu a l or  un ique factors im plicit in  some a reas. It  was expected t ha t  Nellis AFB, th e Las
Vega s St r ip  it self, and some other  seemin gly s ign ifican t  factors would  likely fill t he role of
"special gen er a tor;" however , resu lt s in dicated tha t  none of th ese were a s effective in  a
pr edict ive or  explan a tory role as In come, Popula t ion , an d Tota l Em ploymen t .

La t itudin a l forecast ing of cr ime t r ip or igins a nd dest ina t ions per formed fair ly well;
compar ison  of expected  versus observed  t r ip  numbers  did  not  match  par t icu la r ly well, bu t
the rela t ive dis t r ibu t ion  by TAZ was a  very close match (figu res 17.13-17.16).

Longitudin a l forecast ing of crim e t r ip fr equ en cy by da ta  from one yea r  to th e n ext
yea r  per formed very poor ly; th is is  pr obably an  ar t ifact  of the st ill-unexpla ined dr ast ic
var ia t ion  in  frequency between  the th ree years  cons idered  in  th is  study. Resu lt s  from other
yea rs, or  oth er  jur isd ictions, m ay exem plify ver y differen t  find ings.

Side-by-s ide compar ison  of observed and predict ed cr im e t r ip  or igin s revea ls  some
persu asive sim ila r it ies , bu t  sign ifican t  discrepa ncies, a lso (figures  17.17 a nd 17.18).  In
gener a l, relat ive pr oport ions a re very accura tely described, but  sm aller-producing zones
are somewh at  under est ima ted (th e model seem s t o per form bet t er  on  zones with  h igher
productions).

Side-by-s ide compar ison  of observed versus predict ed cr im e t r ip  dest in a t ion s
su ggest s t ha t , propor t iona lly, th e model again  per forms very well, pa r t icu lar ly on  zones
wit h  h igher  product ion  scores. Zon es wit h  very weak cr im e t r ip  dest in a t ion  product ion s (of
one or t wo crimes) ar e not a s accur at ely depicted.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



 
 
 
 
 
 

 
 
Figure 17.13: Relative equal-interval frequency distribution of actual crime trip origins 
 
 

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



 
 
 
 
 
 
 

 
 
Figure 17.14: Relative equal-interval frequency distribution of actual crime trip 
destinations 
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Figure 17.15: Relative equal-interval frequency distribution of predicted crime trip 
origins 
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Figure 17.16: Relative equal-interval frequency distribution of predicted crime trip 
destinations 
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Figures 17.17: Comparison of observed (left) and predicted (right) origins 
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Figure 17.18: Comparison of observed (left) and predicted (right) destinations  
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Trip Dis tribut ion

Assignment  of tr ip  links between  TAZ polygons per formed very well (figu re 17.19).
Or igina lly, some concern  wa s felt  tha t  the a ss ignmen t  of crim e even t s t o TAZ cent roids
(r a ther  t han  us ing the actua l cr ime scene and home addres s coordina tes ) migh t  r esult  in
significan t  dist or t ion ; however, t h is does not a ppea r  to have occur red. Compa re the raw
(actua l) cr ime t r ip  lines  with  the cen t roid -cor rect ed  tr ip  lines  to s ee how nea t ly they ma tch
(figure 17.20). The r esu lt ing dis t ance decay and im peda nce functions per form per fect ly
well. Ther e are a lmost  no discrepa ncies visible to th e naked  eye.

Var ious impedan ce fun ction calculat ions were at tem pted in th e cour se of th is stu dy.
Even tua lly, an  adapt ive (100-bin) norm al in terpolat ion  with  100 minim um samples was
selected a s t he bes t  fit . However , a  nega t ive exponen t ia l impeda nce function a lso fit  well,
sim ilar  to th e Ba lt imore Coun ty and Ch icago models.

Int ra -zona l crime tr ips - th ose having both  origin and destina tion within t he sam e
TAZ - cannot  be d isplayed  as lines , s ince they have no length . Ins tead , they can  be
repr esen ted by point s (figure 17.21). Int er -zona l cr ime t r ips, on  the other  hand, ar e bet t er
displa yed by lines (figu re 17.22).

In t ra -zon a l cr im e t r ips accounted for  42% of a ll cr im e t r ips overa ll, bu t  only 12% of
robber ies, indicat ing a  much longer  "hunt ing range" for  robbers; th is m ay be in  keeping
with  the hypothes is  tha t  the tour is t  cor r idors  draw robbery cr ime t r ips as  des t ina t ions
wh ich origina te in  oth er  neighborh oods . More than  50% of sexua l assau lt s wer e in t ra -
zona l, indica t ing a  shor t er -than -usua l hun t ing r ange for  sexua l a t t acker s , who seem to
prefer  st r ik in g in  their  home neighborhoods.

Mode Spl it

Un fort un at ely, th e mode split port ion of th e tra vel-deman d model is th e weak est
element  for t he Las Vegas da ta .

Tr anspor ta t ion  modes across met ropolit an  La s Vegas a re va r ied. Typica l of a
western  cit y, the overwhelm in g m ajor it y of r esiden t s rely on pr iva te au tomobiles for
t ransport a t ion, a s do ma ny tour ist  visit ors . However , th is m ainst ay is supp lem en ted by a
robust  bu s syst em , as well a s a lt er na te per sona l t r ansport a t ion for short  t r ips  (i.e.,
wa lking, bicycling, or  scooters). The p icture of au tomobile t r ansport a t ion  is somewh at
muddled by t he h igher  than  usua l dependency on  taxi-cabs and limousin es for
tr an sport at ion by out -of-sta te visitors.

Data  provided by t he LVMPD in clu ded a  field  ca lled "Method of Depar ture" wh ich
was in tended to conta in  in format ion  about  how the offen der  depar ted the scen e of the
crim e, wh ich in  tu rn  would  have been  an  effective wa y of ca lcula t ing pr obable mode sp lit
for  cr ime t r ips sampled . Unfor tuna tely, th is  da ta  field  was  blank  in  the overwhelming
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Figure 17.19: Raw Crime Trip Links 
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Figure 17.20: Actual (left) and Predicted (right) TAZ-centric crime trip links 
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Figure 17.21: Predicted Intra-zonal crime trips 
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Figure 17.22: Top 100 predicted inter-zonal crime trips 
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major ity of cases (approximately 4% cont a ined en t r ies, and only 75% of th ese - 3% over a ll -
conta in ed apparen t ly va lid da ta ).

Therefore, a ny empir ica l est im at ion  of mode split  for  these da ta  requir es in ference
from other  da t a . For  example, au to theft  cr imes  may safely be a ssumed  to use a  ca r  t o
pr ovide t r ansport a t ion for a t  lea st  some port ion of th e cr ime t r ip. In  oth er  cases , the
pla in-text  nar ra t ive includes veh icle descript ions or st a tements a bout  how the offender
moved tha t  were not  dis t illed in to the correct  field . Unfor tuna tely, t he la rge volume of
cases  makes  recover ing in format ion  from these free na r ra t ives  impract ica l for  the small
number  of cases in  which  mode sp lit informat ion  can  beneficially be der ived.

Du e t o th is la ck of reliable da ta , on ly two mode sp lit  opt ions wer e included in  th is
ana lysis : Wa lk in g a nd Dr ivin g. Defau lt  im pedance funct ion s proved very a cceptable for
both  modes : Inver se  Exponen t ia l for  wa lking t r ips  and Lognormal for  dr iving.

N e tw o rk  As sig n m en t

Th e complete s t reet  center line (SCL) file for  the m et ropolitan  La s Vega s a rea  wa s
available in  a  rout able format  (topologica lly rectified ESRI  Sh apefile); however , th is file
pr oved pr ohibit ively large and u nwieldy for t he A* sh ort est -pa th /leas t -cost  a lgor ithm
implemen ted in  Crim eS tat. In st ea d of the complete SCL da ta  layer , a  layer  consis t ing on ly
of a r t er ial st r eet s a nd freewa ys was u sed in st ead. This m ajor  roads file pr oved adequa te to
nea t ly expla in in g t he probable t r anspor ta t ion  pa th  choices made by t he top 100 and top
300 in ter -zona l cr im e t r ips (figu res 17.23 and 17.24).

In  gener a l, the visu a l goodn ess-of-fit for  pr edicted crime t r ips impr oved as  the
category of cr ime was narrowed. Predict ions  from one year  to the  next  remained weak,
probably as a  resu lt  of the as-yet -unexpla in ed radica l va r ia nce in  cr im e frequencies across
a ll st udies cat egor ies; however, with in d iscrete cr ime cat egor ies pr edict ive capa bilit ies
were somet imes  visu a lly impressive.

Mode ling Auto The ft  Site  to Re cove ry Site

In  the case of au to theft s, a n  a t t empt  was made to isola te the movement  from
vehicle theft  sit e to veh icle recovery s it e, r a ther  than  use the theft  sit e and offender  home
loca t ion  as  the des t ina t ion  and or igin , r espect ively, of the cr ime t r ip . It  was  hoped  tha t  th is
var ia t ion  of the t r avel-demand  model for  cr ime t r ip  ana lys is  migh t  p rove more usefu l for
th is  type of da ta  than  home-based cr im e t r ips, pa r t ly because more accura te loca t ion
informat ion  wa s a vailable for  recovery sit es  than  for  home locat ions, a s well a s becau se it
wa s h ypothesized tha t  the t heft /recover y "t r ip" segmen t  might  pr ove more represen ta t ive
th an  th e home/th eft t rip.

Resu lts  for  au to theft s a ppea red wea k, with  pr edicted crime t r ips m uch  longer t han
the obs erved (figure 17.25). While the obs erved t r ips focused t igh t ly on the cen t ra l cor e
area s a nd den sely-popu la ted residen t ia l zones, the predicted  t r ips  seem ed to skir t  the
edges of the met ropolit an  a rea . This  is  possibly due to an  im plied over -emphasis  on
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Figure 17.23: Top 100 Inter-zonal Crime Trips as allocated to Major Streets Network 
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Figure 17.24: Top 300 Crime Trips (Intra- and Inter-zonal) as allocated to Major Streets 
Network 
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Figure 17.25:  Observed (left) and Predicted (right) Top 100 Auto Theft Crime Trips as Allocated to Major Street Network 
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freeway tr avel which  may be cor rect ible with  bet t er  network-alloca t ion  pa rameters. The
median distan ce for observed crime tr ips was 2.3 miles.

R e si de n ti al B u rg la ri e s

Differen t iat ion  of residen t ial from commercial or  au to bur gla r ies was a ccomplished
by th ree filter ing cr iter ia: Sta tu te, Pr emise, an d Zoning.  Some specific Nevada  Revised
St a tu tes h ave been r eser ved for  residen t ial burgla r ies; bur gla r ies in wh ich  these st a tues
were cited  were therefore accept ed a s r esiden t ial in n a ture. Cat egor ica l Pr emise type da ta
wa s provided in  the MO da ta  for  each cr ime; when  th is da ta  explicit ly noted a  residen t ia l
sit e, these cases wer e a lso accepted as r esiden t ia l.

Some bu rglar ies didn 't  specifically include a  residen t ia l st a tue or explicitly
residen t ia l premise code; bu t  were spa t ia lly loca ted in  a reas of the ju r isdict ion  reserved for
residen t ial r a ther  than  commercial, indu st r ial, or  other  zoning pu rposes. These cases wer e
therefore a lso accept ed a s r esiden t ial in cha racter .

Resu lt s for  ana lysis  of residen t ia l burgla r ies was more promis in g t han  for  au to
theft s, or  for  burgla r ies overa ll (figure 17.26). While, a ga in , observed cr im e t r ips focused on
the most  den sely-popula ted r esiden t ial neighborhoods, and pr edicted crime t r ips wer e
much longer  and spr ea d m ore fa r  a field, th is spr ea d was m uch smaller  than  tha t  seen  in
au to theft s and more closely conformed to the obs erved dis t r ibu t ion . The media n  dis t ance
for r esidential bur glary crime tr ips was 1.1 miles.

Se xu al  Assau lts

The spa t ial dist r ibut ion  of sexua l assa u lt crim e t r ips in m any ways seem ed t o inver t
th e problems seen in t he pr edicted crime t rips for a ut o th efts a nd r esident ial bur glar ies. In
the previous  examples, a n  obser ved t en dency toward cen t ra lity seemed to be confused with
a  pr edicted t enden cy towar d dispersion  toward out lying a reas. In  th is case, however, a very
nebulous, ou t lying dist r ibut ion  of obser ved cr ime t r ips (cen ter ing in t h ree fa int  clus ter s
a round t he per imet er  of the cen t ra l met ropolita n  region) was observed. The p redicted
crim e t r ip d ist r ibu t ion  mist aken ly emph asized  cent ra l area s, a nd seem ed to complet ely fail
to predict  the southeastern-most  "cluster" of cr im e t r ips (figu re 17.27).

The la rge median  crim e t r ip len gth  for  sexua l assau lt s - 3.2 miles - may help expla in
the r ela t ively poor  pr edictiven ess of these r esu lt s. Differen t  impeda nce functions will
pr obably help improve th e reliability of th is model against  these t ypes of cr imes .

R ob be ri e s

Robber y crim e t r ips  in  La s Vega s a ppea r  to closely para llel t he m ajor  gaming and
t ransport a t ion  cor r idors r unning nort h  to sou th  th rough  the center  of the m et ropolitan
area  (figure 17.28). The visua l fit  of predict ed aga in st  obs erved cr im e t r ips was most
impressive aga ins t  these cases . Alth ough t he pr edicted crime t r ip dist r ibut ion  appea rs
more compa ct  an d cent ra lized th an  the observed, the directiona lity an d pola r ity of the two
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Figure 17.26: Observed (left) and Predicted (right) Top 100 Residential Burglary Crime Trips as Allocated to Major Street Network 
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Figure 17.27: Observed (left) and Predicted (right) Top 100 Sexual Assault Crime Trips as Allocated to Major Street Network 
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Figure 17.28: Observed (left) and Predicted (right) Top 100 Robbery Crime Trips as Allocated to Major Street Network 
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para llel n icely, a nd make a  st r ik in g visua l m atch . The media n  cr im e t r ip  dis t ance for
robberies was 2.3 miles.

Conclus ions: Las  Vegas

Overa ll, the model appea red t o per form well in some ways, but  weaker  in oth ers.
On e of the m ost  t roubling pr oblems facing t he eva lua t ion of th e n et work ass ignmen t  st age
of the model is  the lack  of any good  fina l met r ic other  than  visua l approximat ion  for
deter mining the va lue of the r esu lt ing pr ediction. Some m ea su rem en t  of congruen ce is
needed to ma ke th e determ inat ion of usefulness reliable an d valid.

The firs t  st age of the m odel - cr ime t r ip gen er a t ion , is a rguably the m ost  useful t o
la w enforcement . This  elega nt ly sim ple model ca n  readily be adapted to differen t  types of
da ta , and with  the for thcoming inclus ion of addit iona l regr ession  met hods (specifica lly the
negat ive binomia l dist r ibut ion  model) to su pplem ent  the exist ing ordinary least  squ ares
(OLS) and P oisson va r ian t s, t h is fea ture is lik ely to rem ain  useful for  the foreseea ble
fu tu re.

The second s tage of the m odel - cr ime t r ip d ist r ibu t ion , is a lso poten t ia lly highly
useful. The ana lysis n ot  merely of where offender s live, or  where cr imes  a re committ ed, but
of the t r avel a nd t ranspor ta t ion  decis ion s linkin g t he two loca t ion s, m ay h ave sign ifican t
repercussion s for  cr im e ana lyst s. This  type of ana lysis  will be par t icu la r ly usefu l for
st ra tegic and a dm inist ra t ive ana lyst s wh en recommending ma npower a lloca t ion , beat
boundar ies  and p recinct /d is t r ict  configura t ion  schemes , and  assessing the impact  of major
developments  such  as  t r anspor ta t ion  cor r idors , shopping malls , or  spor t s  complexes  on  the
dist r ibut ion  of cr ime.

The mode sp lit st age of the model was difficu lt t o apply meaningfully to the Las
Vegas dat a  in  th is  study, because of deficiencies  in  the dat a  it s elf. E ither  t r anspor t a t ion
choice values  wer e n ot r ecorded, or  wer e r ecorded in  ir ret r ieva ble form ats, m aking an
em pir ical eva lua t ion of offen ders' t r ansport a t ion choice proclivit ies  impr actica l. Fa iling the
ava ilabilit y of empir ica l da ta , fa llin g back on overa ll t r ends in  public t r anspor ta t ion  choice
are a ll tha t  is possible for  the ana lyst . Since it  is possible tha t  cr ime t r ips m ay be
qua lita t ively differen t  than  other  types of t r ips on wh ich  these st a t ist ica l models ha ve been
based, fu r ther  resea rch  is required  to asses s wh ether  or  not  these st anda rds will be
applicable to cr im in a l behavior .

Th e fina l st age of the m odel - net work ass ignmen t , fun ctioned mechanically a s
expected, bu t  did  resu lt  in  some poten t ia lly weak resu lt s (such  as overemphasis  on the
speed  of freewa ys a pparen t  in  some r esu lt s) wh ich m ay be overcome wit h  bet t er  mode sp lit
an d network  choice para met ers.

One aspect of the model tha t  caused for  init ial concern , th e aggregat ion  of cr imes  to
the Traffic An a lysis  Zone polygon  level, proved to have no sign ifican t  im pact  on the
resu lt in g a na lysis . The TAZ st ructure seems admir ably su it ed to ana lysis  of th is  sor t  of
movemen t  - as indeed one m ight  expect  from its  pr ovena nce.
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The most  successfu l predict ive va r ia bles for  est im at in g cr im e t r ip  product ion ,
wh et her  of origin s or  dest ina t ions , wer e in fallib ly Tota l Popu la t ion, Tota l Employmen t , and
In come. In clus ion of addit iona l var iables  dis tort ed ra ther  than  impr oved t he predictive
va lu e of the model, most  of the t im e wit h  measurable mult icolin ear it y which  was not
a lwa ys a pparen t  a  pr ior i.

With  the mechanica l a spect s of the model - a s im plemented in  the la test  ver sion  of
Crim eS tat, complete and funct ion ing cor rect ly, it  remains  to be lear ned h ow to bet t er
calibr a te and im plemen t  the m odel to ma ke it  an  effective tool for la w en forcemen t  ana lysis
and p lanning.
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Appen dix  A

Dy n am ic  Da ta  Exch an ge  (DDE) Su pp ort

Crim eS tat su pport s Dynamic Data  Exchange (DDE).  This a llows t he pr ogra m to be
link ed to an oth er progra m, which can  call up Crim eS tat a s  a  rou t ine.  The following a re the
progra mm ing codes used to support  DDE comm an ds.

C r i m eS t a t ’s  DDE Topics  That  Support the  DDE “poke” Comm and 

Topic Item Data  format

Pr imary F ile File Rem oveAll

AddTextF ile| <name>| <columns>| <separa tor>|
<header rows>

AddDbfF ile| <name>

AddShpFile| <name>

X <file name>| <colum n name>

Y <file name>| <colum n name>

Weigh t <file name>| <colum n name>

In tensity <file name>| <colum n name>

Dir ect ion <file name>| <colum n name>

Coordina te <coordina te>| <unit>
Valid coordina tes:
  Longtitude, lat itude
  Pr ojected
  Dir ect ion
Valid un its:
  Decima l degrees
  Feet
  Meters

Seconda ry File File See Pr ima ry File 

X See Pr imary F ile

Y See Pr imary F ile

Weigh t See Pr imary F ile

In t ensity See Pr imary F ile

Dir ect ion See Pr imary F ile

 Referen ce File Source <source>
Valid sour ces:
  F rom File
  Genera ted

File See Pr imary F ile
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X See Pr imary F ile

Y See Pr imary F ile

Tr ue Gr id <number  of columns>
a value of zer o (0) will uncheck t he check box.

Bound <lower -left x>| <lower -left y>| <upper -righ t
x>| <upper -righ t  y>

Cell
specifica t ion

<source>| <value>
Valid sour ces:
  By cell-spa cing
  By number  of columns

Measurement
Pa rameter s

Measurement
Type

<type>
Valid types:
  Dir ect
  Indirect

Area <area>| <a rea  un it>
Valid un its : See Dia log

Length <length>| <len gth  un it>
Valid un its : See Dia log

C r i m eS t a t ’s  DDE Topics  That  Support the  DDE “request” Comm and

Topic Item R e tu rn  v alu e

Syst em Sys It ems Na me of the su pport ed items of the “syst em”
topic.

ReturnMessag
e

Det a iled in format ion  (if an y) of the la st
messa ge.

S ta tus Server  st a tus, either  “Rea dy” or “Bu sy”.

Forma t s Support ed data  form at s.

Help Deta iled help  on Cr im eSta t ’s DDE suppor t .

TopicItemList Na me of the su pport ed items of the cur ren t
topic.

C r i m eS t a t ’s  DDE Topics  That  Support the  DDE “execu te” Comm and 

Topic Co m m a nd Descr iption

Syst em Qu it Close CrimeSta t.

P r imary F ile Select Select  the P r imary file t ab.

Seconda ry File Select Select  the Seconda ry file t ab.

Referen ce File Select Select  the Referen ce file t ab.

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



A-3

Measurement
Pa rameter s

Select Select  the Measuremen t  pa rameter s t ab.

Spa t ia l Dis t r ibu t ion Select Select  the Spa t ia l d is t r ibu t ion  tab.

Distance Analysis Select Select  the Distance an a lysis  t ab.

'Hot spot'  Ana lysis I Select Select  the 'Hot spot'  ana lysis I t ab.

'Hot spot' Ana lysis II Select Select  the 'Hot spot'  ana lysis II t ab.

In ter pola t ion Select Select  the In ter pola t ion  tab.

Example: Contro ll ing  C r i m eS t a t  from  w ithin  Visua l  basic

Public Fu nction Open Cr imeSta t (topic As S t r ing) As Var ian t
    On  Er ror Resume Next
    Dim  cha nnel, I
    Dim file As St r ing
    file = "Cr imeSta t .exe"
    channel = DDEInit ia te("Cr im eSta t ", t opic)
    If Er r  Then
        E rr  = 0
        I = Shell(file, 1)
        If Er r  Then
            Retu rn
        End If
        channel = DDEInit ia te("Cr im eSta t ", t opic)
    En d If
    OpenCrimeSta t  = channel
End Funct ion

Public Su b Test Cr imeSta tDde(foo As S t r ing)
    On  Er ror Resume Next
    Dim file As St r ing
    Dim channel
    
    file  = "SampleData .dbf"
    channel = OpenCr imeSta t ("P r imary File")
    DDEP oke cha nnel, "Coordina te", "Projected| Feet"
    DDE Poke channel, "F ile", "Rem oveAll"
    DDE Poke channel, "F ile", "AddDbfFile | " & file
    DDEP oke channel, "X", file & "| LON"
    DDEP oke cha nnel, "Y", file & "| LAT"
    DDEP oke cha nnel, "Coordina te", "Longtit ude, lat itu de| Decima l degrees"
    DDETer mina te channel
    
    file  = "Gr id .dbf"
    channel = OpenCr imeSta t ("Reference File")
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    DDEP oke cha nnel, "Sour ce", "From File"
    DDEP oke cha nnel, "True Gr id", "0"
    DDE Poke channel, "F ile", "Rem oveAll"
    DDE Poke channel, "F ile", "AddDbfFile | " & file
    DDEP oke channel, "X", file & "| LON"
    DDEP oke cha nnel, "Y", file & "| LAT"
    DDEP oke cha nnel, "True Gr id", "108"
    DDEP oke cha nn el, "Sour ce", "Generat ed"
    DDEP oke cha nnel, "Bound", "-78.5| 22.4| -75.3| 24.2"
    DDEP oke cha nnel, "Cell Specifica t ion", "By cell-spa cing| 0.5"
    DDEP oke cha nnel, "Cell Specifica t ion", "By nu mber  of colum ns| 20"
    DDETer mina te channel
    
    channel = OpenCr imeSta t ("Measuremen t  Pa rameter s ")
    DDEPoke channel, "Measurement  Type", "Direct "
    DDEPoke channel, "Measurement  Type", "Indir ect "
    DDEP oke cha nn el, "Area", "734.12| Squar e meters"
    DDEP oke cha nn el, "Length ", "1734.12| met ers"
    DDETer mina te channel
    
    channel = OpenCr imeSta t ("In terpola t ion ")
    DDEExecute channel, "select "
    DDETer mina te channel
End Su b 

Pr iva te Sub Cr im eSta tQuit _Click ()
    On  Er ror Resume Next
    Dim channel
    channel = OpenCr imeSta t ("System")
    DDE Execut e cha nnel, "qu it "
    DDETer mina te channel
End  Sub
Pr iva te Sub TestCr im eSta t_Click ()
    Tes tCr imeSta tDde “bar”
End  Sub
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Appendix B

Some Notes on the Statistical Comparison of Two Samples

The following pr esen t s m ethods for  t est ing the spa t ial differences bet ween  two
dis t r ibu t ions .  At  th is point , Crim eS tat does not include rou t ines  for  t est ing the differences
bet ween  two or  more sa mples.  The following is p rovided for  the r ea der ’s in format ion. 
Chapter  4 discussed the ca lcu la t ion  of these st a t is t ics  as a  sin gle dis t r ibu t ion .

Di ffere n ce s i n  th e  Mean  Cen te r of Tw o S am ple s

For  differences between  two samples in  the mean  cen ter , it  is  necessa ry t o test  both
differences in  the X coordin a te and differences in  the Y coordin a tes.  Sin ce Crim eS tat
outpu t s both  the mean  X, mean  Y, s t andard  devia t ion  of X, and  s tandard  devia t ion  of Y, a
simple t -t est  can  be set  up.  The n u ll hypothesis is t ha t  the mean  centers a re equa l

H 0: :XA = :XB

:YA = :YB

and t he a lter na t ive hypothesis is t ha t  the mean  centers a re not  equa l

H 1: :XA =/  :XB

:YA =/  :YB

Because the t rue s t anda rd devia t ions  of sa mple A, FXA an d FYA, and sample B, FXB

an d FYB, a re not  known, the sample s t andard  devia t ions  a re t aken , SXA, SYA, SXB an d SYB. 
However , s in ce there a re two differen t  va r ia bles bein g t ested (mean  of X and mean  of Y for
groups  1 an d 2), the a lter na t ive hypothesis h as t wo funda menta lly differen t
interpr etat ions:

Compa rison I: Tha t  EITH ER :XA =/  :XB OR :YA =/  :YB is  t rue

Compa rison II: Tha t  BOTH :XA =/  :XB AND :YA =/  :YB a re t rue

In  the firs t  case, th e mean  centers will be consider ed n ot  being equa l if eith er  the
mean  of X or the mean  of Y are sign ifican t ly differen t .  In  the second case, both  the mean  of
and the mean  of Y must  be sign ifican t ly differen t  for  the mean  cen ter s to be  considered not
equ a l.  The first  case is  clear ly ea sier  to fu lfill th an  the second.  

Si gn ific an ce  le ve ls

By t rad it ion , s ign ificance t es t s for  compar isons  between  two means  a re made a t  the
"#.05 or  "#.01 levels , t hough  there is  noth in g a bsolu te about  those levels .  The sign ificance
levels a re selected t o minim ize T ype 1 Errors, inadver ten t ly declar ing a  differ en ce in t he
means wh en, in  rea lity, th ere is not a  difference.  Thus, a t est  est ablishes  tha t  the

This document is a research report submitted to the U.S. Department of Justice. This report has not 
been published by the Department. Opinions or points of view expressed are those of the author(s)  

and do not necessarily reflect the official position or policies of the U.S. Department of Justice. 



B-2

likelihood of fa lsely reject in g t he nu ll hypothesis  be less than  one-in -twenty (less st r ict ) or
one-in -one hundred  (more s tr ict ). 

However, with  multiple compa r isons, the chances increase for  find ing ‘significance’
du e to the multiple t est s.  For example, with  two test s - a difference in t he means of the X
coord ina te and  a  d ifference in  the means  of the Y coord ina te, the likelihood  of reject ing the
first n ull hypoth esis (:XA =/  :XB) is  one-in -twenty a nd the likelihood of reject in g t he second
nu ll hypoth esis (:YA =/  :YB) is  a lso one-in -twenty, then  the likelihood of reject in g eit her  one
null hypothesis or t he other  is actu a lly one-in-ten .

To ha ndle th is s itua t ion , compar ison I - the ‘eit her /or ’ condit ion , a  Bonfer oni t est  is
appr opr iat e (Anselin, 1995; Syst a t , 1996).  Because t he likelihood of ach ieving a  given
sign ifican ce level increa ses with  mult iple t est s, a  ‘pena lty’ must  be a ss igned in  findin g
eith er  the differences in  means for  the X coordina te or  differences in  means for  the Y
coord ina tes  sign ifican t .  The Bonferoni cr it er ia  divides  the cr it ical p robabilit y level by the
number  of t est s.  Thu s, if the "#.05 level is  t aken  for  reject ing the n u ll hypothesis, t he
cr itical probability for  each  mean  must  be .025 (.05/2); tha t  is, differences in  eith er  the
mean  of X or  mean  of Y between  two groups  must  yield a  significance level less t han  .025.

For  compar ison  II - the ‘both /and’ condit ion , on  the other  hand, t he test  is  more
st r ingen t  since the differences bet ween  the means of X and t he means of Y must  both  be
sign ifican t .  Followin g the logic of th e Bonferoni criter ia , the crit ical probability level is
multiplied by th e number  of t est s.  Thu s, if the "=.05 level is  t aken  for  rejectin g the nu ll
hypothes is , then  both  t est s m ust  be significan t  a t  the "#.10 level (i.e., .05*2).1

Tests

Th e sta t is t ics  used are for  the t -test  of the difference between  means (Ka nji, 1993).

a . F irs t , test  for  equa lity of var ian ces by ta kin g th e ra t io of the var ian ces
(squ ared sa mple st anda rd deviat ions) of both  the X and Y coordina tes:

    SXA
2

F X = ---------- (B.1)
    SXB

2

    SYA
2

F Y = ---------- (B.2)
    SYB

2

wit h  (NA - 1) a nd (NB - 1) degr ees of freedom for  gr oups A  an d B  r espectively. 
Th is t es t  is u su a lly done wit h  the la rger  of the va r iances in  the n umer a tor. 
Sin ce ther e a re t wo var iances being compa red (for X and Y, respectively), th e
logic sh ould follow eith er  I or  II above (i.e., if eith er  a re to be tr ue, th en  the
crit ical " will be actu a lly "/2 for ea ch; if both  must  be t rue, then  the crit ical "
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will be actu a lly 2*" for  ea ch).

b. Second, if the va r ia nces a re considered equa l, then  a  t -t est  for  two gr oup
mea ns with  unknown, bu t  equ a l, var iances can  be u sed (Ka nji, 1993; 28). 
Let  

       N(A)           _       N(B)           _
      G (XAi - XA)2 +G (XB i - XB)2 

       i=1        i=1    
SXAB =  SQRT [---------------------------------------] (B.3)

       (NA + NB - 2)

        N(A)          _       N(B)         _
      G  (YAi - YA)2 +G (YB i - YB)2 

       i=1         i=1

SYAB =  SQRT [---------------------------------------] (B.4)
       (NA + NB - 2)

where the su mmat ions a re for  i=1 to N wit h in ea ch  group sepa ra tely.  Then
the test  becomes

          _      _
                (XA - XB) - (:XA - :XB)

t X =   --------------------------------------- (B.5)
                    1          1
    SXAB * SQRT[ ----   +  ----  ]

             NA        NB

          _      _
        (YA - YB) - (:YA - :YB)

t Y = ---------------------------------------- (B.6)
                    1          1
   SYAB * SQRT[ ----   +  ----  ]

            NA        NB

wit h  (NA + NB - 2) degrees  of freedom for  each  test .

c. Th ird, if the va r iances a re not equa l, then  a  t -test  for  two group m ea ns with
unknown and unequa l var ia nces  should  be used (Ka nji, 1993; 29).
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         _      _
                (XA - XB) - (:XA - :XB)

t X =   ---------------------------------- (B.7)
      SXA

2      SXB
2    

  SQRT { [ ----   +  ----  ] }
       NA       NB

          _      _
                (YA - YB) - (:YA - :YB)

t Y =   ---------------------------------- (B.8)
              SYA

2     SYB
2    

  SQRT { [ ----   +  ----  ] }
       NA       NB

wit h  degr ees of freedom

        SA
2        SB

2    
     [ ----   +  ----  ] 
        NA        NB

v =   { ------------------------------------------- } - 2 (B.9)
             SA

4            SB
4    

   [ -----------------   +   ----------------- ]
      NA

2( NA + 1)        NB
2 (NB + 1)

for  both  the X and Y t es t .   Even  though  th is  la t t er  formula  is  cumbersome,
in pract ice, if the sa mple size of each  group is gr ea ter  than  100, th en  the t -
va lues  for  in fin ity can  be t aken  as  a  reasonable approximat ion  and the above
degr ees of freedom need not  be tested (t=1.645 for  "=.05; t=1.960 for  "=.01).  

d. Th e sign ificance levels  a re those selected above.  F or  compar ison I - tha t
either  differences in  the means of X or  differences in  the means of Y a re
sign ifican t , the crit ical probability level is "/2 (e.g., .05/2 = .025; .01/2 = .005). 
For  compa r ison  II  - tha t  both  differences in  the means of X and differences
in  the m ea ns of Y are significan t , the crit ical probability level is "*2 (e.g.,
.05*2 = .10; .01*2 - .02).

e. Reject  the nu ll hypothesis  if:

Compa rison I: Eit her  t ested t -va lu e (t x or  t y) is  grea ter  than  the
Cr it ica l t  for  "/2

Compa rison II: Bot h  tested t -va lu es (t x an d t y) a re grea ter  than  the
cr it ica l t  for  "*2
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Exam ple 1: Bu rglaries  an d Robbe ries  in  Balt imo re Coun ty

To illu st ra te, com pare the dis t r ibu t ion  of bu rgla r ies in  Ba lt im ore Cou nty wit h  those
of robber ies, both  for  1996.  F igure B.1 shows the mean  center  of a ll robber ies (blue squ are)
and a ll r esiden t ial burgla r ies (red t r ian gle). As can  be seen , th e mean  centers a re loca ted
with in  Ba lt imore City, a  p roper ty of the unusua l shape of the coun ty (which  sur rounds the
city on t h ree s ides). Thus, t hese m ea n  cent er s cannot be consider ed an  unbia sed est imate
of t he met ropolit an  a rea , bu t  unbia sed  es t ima tes  for  t he Coun ty on ly. When  the r ela t ive
posit ion s of the two mean  cen ter s a re compared (figure 4.12 in  chapter  4), t he cen ter  of
robber ies is  south  and west  of the cen ter  for  burgla r ies.  Is th is  difference sign ifican t  or
not?

To tes t  th is , the s t andard  devia t ions  of the two d is t r ibu t ions  a re fir s t  compared  and
the F -test  of the la rger  to th e smaller  var iance is u sed (equ a t ions  B.1 a nd B.2).  Crim eS tat
pr ovides t he st anda rd deviat ion  of both  the X and Y coordina tes; the var ian ce is th e square
of the s t andard  devia t ion .  In  th is  case, the va r iance for  burgla r ies  is  sligh t ly la rger  than
for  robber ies for  both  the X and Y coordina tes.

    SXA
2 0.0154

F X = ---------- =      ------------ = 1.058  
    SXB

2 0.0145

    SYA
2 0.0058

F Y = ---------- =     ------------ = 2.007
    SYB

2 0.0029

Because both  sa mples a re fair ly la rge (1180 robber ies  and 6051 bu rgla r ies), th e
degrees  of freedom a re a lso ver y la rge.  Th e F -ta bles  a re a  lit t le in deter mina te wit h  la rge
samples, bu t  the va r ia nce ra t io a pproaches 1.00 as the sample reaches in fin it y.  An
approximate crit ical F -ra t io can  be obta ined by the next  largest  pa ir  of values in  the t able
(1.22 for  p#.05 and 1.32 for  p#.01).  Usin g t h is  cr it er ia , d ifferences in  the va r ia nces for  the
X coordina te a re p robably not  sign ifican t  wh ile t ha t  for  t he Y coordina tes  defin it ely a re
sign ifican t .  Consequ en t ly, th e t est  for  a  differ en ce in m ea ns with  unequ a l var iances is
used (equ a t ions  B.7, B.8 and B.9).  

  _ _

(XA - XB) - (:XA - :XB)      -76.608482 - (-76.620838)

t X =  ---------------------------- =  --------------------------------
             SXA

2    SXB
2             0.0154  0.0145

  SQRT { [----  + ---- ]}       SQRT{ [-------- + --------]}
     NA      NB            6051    1180

  0.0124
= ------------- =   3.21 (p#.005)

  0.0039
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Figure B.1:

1996 Burglaries and Robberies in Baltimore County
Comparison of Mean Centers
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     _      _

           (YA - YB) - (:YA - :YB)        39.348368 - 39.334816

t Y =   --------------------------- =     -------------------------------------
    SYA

2   SYB
2        0.0058       0.0029

  SQRT{[ ----- + -----]}       SQRT{[----------  + ----------]}
     NA     NB          6051         1180

   0.0136
= -------------  = 7.36  (p#.005)

   0.0018

Ther efore, wh et her  we u se the ‘eit her /or ’ t est  (cr it ical "#.025) or  the ‘both /and’ test
(cr it ical "#.1), we find t ha t  the differ en ce in the m ea n  center s is  h ighly sign ifican t . 
Bu rgla r ies  have a  differen t  center  of gravity than  robber ies  in  Ba lt imore County.

Di ffere n ce s i n  th e  St an da rd D is ta n ce  De vi at io n  of Tw o S am ple s

Sin ce the s t anda rd d ist ance devia t ion, S XY (equa t ion  4.6 in  chapter  4) is  a s tanda rd
deviat ion , differ en ces in  the st anda rd d ist ances of two groups  can  be compa red wit h  an
equa lity of va r ia nce t est  (Ka nji, 1993, 37).

    SXYA
2

F = ---------- (B.10)
    SXYB

2

wit h  (NA - 1) a nd (NB - 1) degr ees  of freedom for  groups A and B, r espectively.  Th is t est  is
usua lly done wit h  the la rger  of the va r ia nces in  the numera tor .  Sin ce there is  only one
var iance being compared, the crit ical " ar e as listed in th e tables.

F rom Crim eS tat, we find  tha t  the st anda rd dist ance deviat ion  of bur gla r ies is 8.44
miles while th a t  for  robberies is 7.42 miles.  In  chapt er 4, figure 4.12 displayed th ese two
st anda rd d ist ance devia t ions .  As can  be seen , the disper sion  of inciden t s, a s defined by t he
standard dis t ance devia t ion , is gr ea ter  for  bu rgla r ies than  for  robber ies. The F-test  of the
difference is ca lcu lat ed by

    SXYA
2   8.442

F = ----------- = ---------- = 1.29
    SXYB

2   7.422

wit h  6050 and 1180 degrees  of freedom respectively.   Aga in , the F -ta bles  a re slight ly
indetermina te with  respect t o lar ge sam ples, but  the next la rgest  F  beyond infinit y is 1.25
for  p#.05 and 1.38 for  p#.01.  Thu s, it a ppea rs t ha t  bur gla r ies have a significan t ly grea ter
disper sion  than  robber ies, at  leas t  a t  the p#.05 level.  
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Di ffere n ce s i n  th e  St an da rd D e vi at io n al E llip se  of Tw o S am ple s

In  a  st anda rd deviat iona l ellipse, th ere are actua lly six var iables being compa red:

Mean  of X
Mean  of Y
Angle of rota t ion
St anda rd devia t ion  a long the t r ansform ed X axis
St anda rd devia t ion  a long the t r ansform ed Y axis
Area of th e ellipse

Di ffere n ce s in  th e  m e an  ce n te rs

Compa r isons bet ween  the t wo mea n  center s can  be t es ted wit h  the a bove st a t ist ics. 

Differences  in  the  angle  o f rotat ion

Unfor tuna tely, to our  knowledge, t her e is n ot a  formal test  for  the differ en ce in t he
angle of rota t ion .  Unt il th is t est  is developed, we have to rely on  su bject ive judgements.

Differences  in  the  s tandard dev iat ions  a long  the  transformed axes

The differences in  the st andard devia t ion s a lon g t he t r ansformed axes (X and Y) can
be tested wit h  an  equa lity of va r ia nce t est  (Ka nji, 1993, 37).

    SX1
2

F S x = ---------- (B.11)
    SX2

2

    SY1
2

F S Y = ---------- (B.12)
    SY2

2

wit h  (NA - 1) a nd (NB - 1) degr ees  of freedom for  groups A and B r espectively.  Th is t est  is
usua lly done wit h  the la rger  of the va r ia nces in  the numera tor .   The exa mple above for
compar ing the mean  cen ter s  of Ba lt imore County burgla r ies  and robber ies  illus t ra ted  the
use of th is t es t . 

Differences  in  the  areas  o f the  tw o e l lipses

Since an  area  is a va r ian ce, th e differences in  the areas of the two ellipses can  be
compared wit h  an  equa lity of va r ia nce t est   (Ka nji, 1993, 37).
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  Area A

F = ------------ (B.13)
  Area B

wit h  (NA - 1) a nd (NB - 1) degr ees  of freedom for  groups 1 and 2 r espectively.  Th is t est  is
done wit h  the la rger  of the va r iances in  the n umer a tor. 

Si gn ific an ce  le ve ls

The t est ing of each  of these paramet er s for  the differ en ce between  two ellipses is
even m ore complica ted t han  the difference between  two mean  centers sin ce there are up t o
six parameter s which  must  be tested (differences in  mean X, mean  Y, angle of rota t ion ,
st anda rd devia t ion  a long t ransform ed X axis, st anda rd devia t ion  a long t ransform ed Y axis,
and a rea  of ellipse).  However, a s with  differences in  mean  center  of two groups , th ere are
two differen t  int erpr eta t ions of differences.

Compa rison I: Tha t  the two ellipses d iffer  on  ANY of the pa rameters

Compa rison II: That  th e two ellipses differ on ALL  par am eters.

In  the first  case, t he cr it ical p robabilit y level, ", m ust  be divided by t he number  of
pa ramet er s bein g tes ted, "/p.  In  theory, t h is cou ld in volve up t o six test s, t hough  in
pract ice some of these may n ot  be tested (e.g., the angle of rota t ion ).  F or  exa mple, if five of
the paramet er s a re bein g est imated, then  the crit ical probability level a t  "#.05 is actu a lly
"# .01 (.05/5).

In  the second case , the cr it ical p robabilit y level, ", is mult ip lied by t he number  of
pa ramet er s bein g tes ted, "*p, since all t est s m ust  be significan t  for  the two ellipses t o be
consider ed a s differen t .  For exam ple, if five of the pa rameters a re being est ima ted, th en
the cr it ical p robabilit y level, say, a t  "#.05 is  actu a lly "#.25 (.05*5).

Differences  in  Mean Direct ion  Betwee n  Tw o Groups

Sta t is t ica l t est s of differen t  angu la r  dis t r ibu t ion s can  be made wit h  the dir ect ion a l
mean  an d var ian ce st a t istics.  To test  the differen ce in the an gle of rota t ion  between  two
groups , a Watson-William s t est  can  be used (Kan ji, 1993; 153-54).  The st eps in  the test  a re
as follows:

1. All an gles , 2i, are conver ted in to ra dia ns

Radia n i = Angle i * B/180 (B.14)

2. For each sample sepa ra tely, A  an d B , th e following m easu res a re ca lcu lat ed
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N 1 N 1

C j =   G cos 2j
S j =     G s in  2j (B.15)

A=1 A=1

 N 2 N 2

Ck  =   G cos 2k
Sk  =    G s in  2k (B.16)

B=1 B=1

where 2j an d 2k  a re the in dividua l a ngles for  the respect ive gr oups, A  an d B .

3. Ca lcu la te the resu lt an t  lengt hs of ea ch  gr oup
          
RA = SQRT[ CA

2 + SA
2 ] (B.17)

            
RB = SQRT[ CB

2 + SB
2 ] (B.18)

4. Resulta nt  lengths for t he combined sample are calculat ed as well as t he
lengt h  of the resu lt an t  vector .

C = CA + CB (B.19)

S = S A + SB (B.20)
      
R = SQRT[ C2 + S2  ] (B.21)

N = NA + NB (B.22)

(RA + RB)
R* =     ----------- (B.23)

     N

5. An  F-t es t  of t he two angu la r  means is  ca lcu la t ed  with

     RA + RB - R
F = g (N - 2) --------------------- (B.24)

    N - (RA + RB)

where 
     3

g = 1 -   ------- (B.25)
     8k

with  k being iden t ified from a  maximum likelihood Von Mises dist r ibut ion  by
refer en cing R * with  1 an d N-2 degrees  of freedom (Mar dia , 1972; Ga ile and
Bur t , 1980).  Some of the r eferen ce k’s a re given  in  table B.1 (from Ma rdia ,
1972; Ka nji, 1993, t able 38).
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Ta ble  B .1

 Maximum Likelihood Est imates  for  Given R * in  the  Von Mises  Case
(from Mard ia, 1972; Kanji, 1993, tab le 38)

R* k

0.00 0.00000
0.05 0.10013
0.10 0.20101
0.15 0.30344
0.20 0.40828
0.25 0.51649
0.30 0.62922
0.35 0.74783
0.40 0.87408
0.45 1.01022
0.50 1.15932
0.55 1.32570
0.60 1.51574
0.65 1.73945
0.70 2.01363
0.75 2.36930
0.80 2.87129
0.85 3.68041
0.90 5.3047
0.95 10.2716
1.00 infinit y

Ta ble  B .2

Comp arison o f Tw o Grou ps for Ang ular Meas urem en ts
Ang le of  Dev iation  From D ue  North

Group A Group B
Me a su re d Me a su re d

In c id e n t Angle In c id e n t Angle

     1    160     1    196
     2    184     2    212
     3    240     3    297
     4    100     4    280
     5      95     5    235
     6    120     6    353

    7    190
    8    340
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6. Reject the nu ll hypothesis of no an gular  differ en ce if the calcula ted F  is
grea ter  than  the cr it ica l va lue F 1 , N -2.  

Example  2: Angular comparisons  betw een  two groups

A four th  exam ple is th at  of sets of an gular  measu rem ents from t wo different  groups,
A and B.  Ta ble B.2 provides t he da ta  for  the t wo set s. Th e angular  mea n  for  Gr oup A is
144.830 with  a  direct iona l var ian ce of 0.35 while th e angula r  mean  for  Group B is 258.950

with  a  direct iona l var ian ce of 0.47.  The h igher  direct iona l var ian ce for  Group B su ggest s
tha t  there is  more angu la r  va r ia bilit y t han  for  Group A.

Using th e Wat son-Wheeler t est,  we compa re th ese two distr ibut ions.

1. All a ngles a re conver ted in to radia ns (equa t ion  B.14).

2. The cosines and sines of each a ngle are ta ken a nd a re sum med with in groups
(equa t ion s B.15 and B.16).

CA =  -3.1981 SA = 2.2533
CB =  -.8078 SB =  -4.1381

3. Th e resu lt an t s a re calcu la ted (equa t ion s B.17 and B.18).

RA = 3.9121
RB = 4.2162

4. Com bin ed sample character is t ics  a re defin ed (equa t ion s B.19 th rough  B.23).

C = -4.0059
S = -1.8848
R = 4.4271
N = 14
R* = 0.5806

5. Once the pa rameter , k, is obta ined  (appr oximated from t able 4.1 or  obta ined
from  Ma rdia , 1972 or Ka nji, 1993), g is calcula ted, and a n  F-test  is
const ructed (equa t ion s B.24 and B.25).

k = 1.44
g = 0.7396
F = 5.59

6. Th e cr it ica l F  for  1 a nd 12 degr ees of freedom is  4.75 (p#.05) and 9.33
(p#.01).  The t est  is significan t  a t  the p#.05 level a nd we r eject t he nu ll
hypothesis  of no angu la r  differences between  the two gr oups.  Group A has a
d ifferen t  angu la r  d is t r ibu t ion  than  Group  B.
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1. Ther e a re limit s t o th e Bonferoni logic.  For exa mple, if ther e were 10 t est s, h aving
a  th reshold  sign ificance level of .005 (.05 / 10) for  the ‘eit her /or ’ condit ion s and a
threshold  sign ificance level of .50 (.05 * 10) for  the ‘both /and’ would  lead to an
excessively difficu lt  t es t  in  the first  case a nd a  much t oo ea sy t es t  in  the second. 
Th us, t he Bon fer oni logic should  be applied to only a  few test s (e.g., 5 or  fewer ).

Endnotes  for Appen dix  B
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Appendix C 
 

Ordinary Least Squares and  
Poisson Regression Models 

by 
Luc Anselin 

University of Illinois 
Champaign-Urbana, IL 

 
This note provides a brief description of the statistical background, estimators and model 

characteristics for a regression specification, estimated by means of both Ordinary Least Squares 
(OLS) and Poisson regression.  

  
Ordinary Least Squares Regression 

 
With an assumption of normality for the regression error term, OLS also corresponds to 

Maximum Likelihood (ML) estimation. The note contains the statistical model and all expressions 
that are needed to carry out estimation and essential model diagnostics.  Both concise matrix 
notation as well as more extensive full summation notation are employed, to provide a direct link 
to “loop” structures in the software code, except when full summation is too unwieldy (e.g., for 
matrix inverse). Some references are provided for general methodological descriptions. 
 

Statistical Issues 
 

The classical multivariate linear regression model stipulates a linear relationship between 
a dependent variable (also called a response variable) and a set of explanatory variables (also 
called independent variables, or covariates). The relationship is stochastic, in the sense that the 
model is not exact, but subject to random variation, as expressed in an error term (also called 
disturbance term). 
 

Formally, for each observation i, the value of the dependent variable, yi is related to a sum 
of K explanatory variables, xih, with h=1,...,K, each multiplied with a regression coefficient, βh, 
and the random error term, εi:   

 
           K         

 yi =  Σ xih βh + εi      (C-1) 
          h=1 
 

Typically, the first explanatory variable is set equal to one, and referred to as the constant 
term. Its coefficient is referred to as the intercept, the other coefficients are slopes. Using a 
constant term amounts to extracting a mean effect and is equivalent to using all variables as 
deviations from their mean.  In practice, it is highly recommended to always include a constant 
term. 

 
In matrix notation, which summarizes all observations, i=1,...,N, into a single compact 

expression, an N by 1 vector of values for the dependent variable, y is related to an N by K matrix 
of values for the explanatory variables, X, a K by 1 vector of regression coefficients, β, and an N 
by 1 vector of random error terms, ε :   

 
 y= Xβ + ε    (C-2) 
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This model stipulates that on average, when values are observed for the explanatory 

variables, X, the value for the dependent variable equals Xβ, or:   
 

 E(y | X) = Xβ    (C-3) 
 
where E[ | ] is the conditional expectation operator.  This is referred to as a specification for the 
conditional mean, conditional because X must be observed.  It is a theoretical model, built on 
many assumptions.  In practice, one does not know the coefficient vector, β, nor is the error term 
observed.   

 
Estimation boils down to finding a “good” value for the β, with known statistical 

properties.  The statistical properties depend on what is assumed in terms of the characteristics of 
the distribution of the unknown (and never observed) error term.  To obtain a Maximum 
Likelihood estimator, the complete distribution must be specified, typically as a normal 
distribution, with mean zero and variance, σ2.  The mean is set to zero to avoid systematic under- 
or over-prediction.  The variance is an unknown characteristic of the distribution that must be 
estimated together with the coefficients, β.  The estimate for β will be referred to as b (with bh as 
the estimate for the individual coefficient, βh).  
 

The estimator is the procedure followed to obtain an estimate, such as OLS, for bOLS, or 
ML, for bML. The residual of the regression is the difference between the observed value and the 
predicted value, typically referred to as e.  For each observation,  

 
             K         

 ei  =  yi  - Σ xih βh      (C-4) 
       h=1 

 
or, in matrix notation, with ŷ=Xb as short hand for the vector of predicted values,  
 
   e=y-ŷ        (C-5) 
 

Note that the residual is not the same as the error term, but only serves as an estimate for 
the error.  What is of interest is not so much the individual residuals, but the properties of the 
(unknown) error distribution.  Within the constraints of the model assumptions, some of the 
characteristics of the error distribution can be estimated from the residuals, such as the error 
variance, σ2, whose estimate is referred to as s2. 

 
Because the model has a random component, the observed y are random as well, and any 

“statistic” computed using these observed data will be random too.  Therefore, the estimates b will 
have a distribution, intimately linked to the assumed distribution for the error term.  When the 
error is taken to be normally distributed, the regression coefficient will also follow a normal 
distribution.  Statistical inference (significance tests) can be carried out once the characteristics 
(parameters) of that distribution have been obtained (they are never known, but must be estimated 
from the data as well).  An important result is that OLS is unbiased.  In other words, the mean of 
the distribution of the estimate b is β, the true, but unknown, coefficient, such that “on average,” 
the estimation is on target.  Also, the variance of the distribution of b is directly related to the 
variance of the error term (and the values for the X).  It can be computed by replacing σ2 by its 
estimate, s2. 
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An extensive discussion of the linear regression model can be found in most texts on 
linear modeling, multivariate statistics, or econometrics, for example, Rao (1973), Greene (2000), 
or Wooldridge (2002). 
 

Ordinary Least Squares Estimator 
 
In its most basic form, OLS is simply a fitting mechanism, based on minimizing the sum 

of squared residuals or residual sum of squares (RSS). Formally, bOLS is the vector of parameter 
values that minimizes  

 
    N  N  K 

 RSS =  Σ ei
2 = Σ (yi  -  Σ xih bh)2    (C-6) 

  i=1 i=1 h=1 
 
or, in matrix notation,  
 
 RSS=e'e=(y-Xb)'(y-Xb)   (C-7) 
 

The solution to this minimization problem is given by the so-called normal equations, a 
system of K equations of the form:   
 
  N  K 

 Σ (yi -   Σ xihbh )xih  = 0   (C-8) 
 i=1 h=1 
 
for h=1 to K, or, in matrix notation,  
 
 X'(y-Xb) = 0    (C-9) 
 X'Xb = X'y    (C-10) 
 
The solution to this system of equations yields the familiar matrix expression for bOLS:   
 
 bOLS = (X' X)-1 X'y      (C-11) 

 
An estimate for the error variance follows as  

  
  N   K 

   s2
OLS  =   Σ (yi -   Σ xihbOLS,h)2 / (N – K)      (C-12) 

   i=1     h=1 
 
or, in matrix notation,  
 
   s2

OLS  =   e'e / (N-K)      (C-13) 
   

It can be shown that when the X are exogenous1 only the assumption that E[ε]=0 is needed 
                                                           
1  In practice, this means that each explanatory variable must be uncorrelated with the error term.  The easiest way to 

ensure this is to assume that the X are fixed.  But even when they are not, this property holds, as long as the 
randomness in X and ε are not related. In other words, knowing something about the value of an explanatory 
variable should not provide any information about the error term.  Formally, this means that X and ε must be 
orthogonal, or E[X’ε]=0. Failure of this assumption will lead to so-called simultaneous equation bias. 
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to show that the OLS estimator is unbiased. With the additional assumption of a fixed error 
variance s2, OLS is also most efficient, in the sense of having the smallest variance among all 
other linear and unbiased estimators. This is referred to as the BLUE (Best Linear Unbiased 
Estimator) property of OLS.  Note, that in order to obtain these properties, no additional 
assumptions need to be made about the distribution of the error term.  However, to carry out 
statistical inference, such as significance tests, this is insufficient, and further characteristics of the 
error distribution need to be specified (such as assuming a normal distribution), or asymptotic 
assumptions need to be invoked in the form of laws of large numbers (typically yielding a normal 
distribution). 
 

Maximum Likelihood Estimator  
 
When the error terms are assumed to be independently distributed as normal random 

variables, OLS turns out to be equivalent to ML. 
 

Maximum Likelihood estimation proceeds as follows.  First, consider the density for a 
single error term:   

 
 ε  ~  N(0, σ2), or      (C-14) 

  

f([ε]i|s
2)= 

1

 2Aσ2
e-(1/2)(εi2/σ2)    (C-15) 

    
A subtle, but important, point is that the error itself is not observed, but only the “data” (y 

and X) are.  We move from a model for the error, expressed in unobservables, to a model that 
contains observables and the regression parameter by means of a standard “transformation of 
random variables” procedure.  Since yi is a linear function of ε it will also be normally distributed.  
Its density is obtained as the product of the density of ε and the “Jacobian” of the transformation, 
using εi = yi – xiβ  (with xi as the i-th row in the X matrix). As it turns out, the Jacobian is one, so 
that  
  

f([yi |β]i|s
2)= 

1

 2Aσ2
e-(1/2)((yi-xiβ)2/σ2)  (C-16) 

  
The likelihood function is the joint density of all the observations, given a value for the 

parameters β and σ2. Since independence is assumed, this is simply the product of the individual 
densities from equation C-16. The log-likelihood is then the log of this product, or the sum of the 
logs of the individual densities.  The contribution to the log likelihood of each observation follows 
from equation C-16:   
 
   Log f(yi|β, σ2) = 
   Li = -(1/2)log(2π)–(1/2)log(σ2)–(1/2)[( yi - xiβ)2/σ2]  (C-17) 
 
 The full log-likelihood follows as:   
  
  N       N 
   L = Σ Li = -(N/2)log(2 π)–(N/2) log(σ2)–(1/2 σ2)  Σ (yi - xiβ)2 (C-18) 
 i=1       i=1 
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or, in matrix notation,  
 
   
   L = -(N/2)log(2 π)–(N/2) log(σ2)–(1/2 σ2) (y - X β)' (y - X β) (C-19) 

 
A Maximum Likelihood estimator for the parameters in the model finds the values for β 

and σ2 that yield the highest value for equation C-19.  It turns out that minimizing the residual 
sum of squares (or, least squares), the last term in equations C-18 and C-19, is equivalent to 
maximizing the log-likelihood.  More formally, the solution to the maximization problem is found 
from the first-order conditions (setting the first partial derivatives of the log-likelihood to zero), 
which yield the OLS estimator for b and  

 

 s
2
ML= ∑

i=1

N
 ei

2/N   (C-20) 

or, in matrix notation,  
 

 s
2
ML=e'e/N    (C-21) 

 
Inference  
 
With estimates for the parameters in hand, the missing piece is a measure for the precision 

of these estimates, which can then be used in significance tests, such as t-tests and F-tests.  The 
estimated variance-covariance matrix for the regression coefficients is  

 
 Var(b)=s2(X'X)-1    (C-22) 
 
where s2  is either sOLS

2 or sML
2.  The diagonal elements of this matrix are the variance terms, and 

their square root the standard error.  Note that the estimated variance using sML
2 will always be 

smaller than that based on the use of sOLS
2.  This may be spurious, since the ML estimates are 

based on asymptotic considerations (with a “conceptual” sample size approaching infinity), 
whereas the OLS estimates use a “degrees of freedom” (N-K) correction.  In large samples, the 
distinction between OLS and ML disappears (for very large N, N and N-K will be very close). 

 
 
Typically, interest focuses on whether a particular population coefficient (the unknown 

bh) is different from zero, or, in other words, whether the matching variable contributes to the 
regression.  Formally, this is a test on the null hypothesis that bh = 0.  This leads to a t test statistic 
as the ratio of the estimate over its standard error (the square root of the h,h element in the 
variance-covariance matrix), or  

 

 t=bh/ s2(X'X)
-1
hh   (C-23) 

 
This test statistic follows a Student t distribution with N-K degrees of freedom.  If, 

according to this reference distribution, the probability that a value equal to or larger than the t-
value (for a one-sided test) occurs is very small, the null hypothesis will be rejected and the 
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coefficient deemed “significant.”2  
 

Note that when sML
2 is used as the estimate for s2, the t-test is referred to as an 

“asymptotic” t-test.  In practice, this is a standard normal variate.  Hence, instead of comparing 
the t test statistic to a Student t distribution, its probability should be evaluated from the standard 
normal density. 

 
A second important null hypothesis pertains to all the coefficients taken together (other than the 
intercept). This is a test on the significance of the regression as a whole, or a test on the null 
hypothesis that, jointly, bh = 0, for h=2,...,K (note that there are K-1 hypotheses).  The F test 
statistic for this test is constructed by comparing the residual sum of squares (RSS) in the 
regression to that obtained without a model.  The latter is referred to as the “constrained” (i.e., 
with all the β except the constant term set to zero) residual sum of squares (RSSC).  It is computed 
as the sum of squares of the yi in deviation from the mean, or  

 

 RSSC= ∑
i=1

N
 (yi-ȳ)2   (C-24) 

where ȳ= ∑
i=1

N
 yi/N.  The F statistic then follows as:   

 
 F = [(RSSC – RSS) / (K - 1)] / [RSS / (N - K)]   (C-25) 

It is distributed as an F-variate with K-1,N-K degrees of freedom. 
 

Model Fit  
 
The most common measure of fit of the regression is the R2, which is closely related to 

the F-test.  The R2 departs from a decomposition of the total sum of squares, or the RSSC from 
equation C-C-24, into the “explained” sum of squares (the sum of squares of predicted values, in 
deviations from the mean), and the residual sum of squares, RSS.  The R2  is a measure of how 
much of this decomposition is due to the “model.”  It is easily computed as:3   

 
 R2=1-RSS/RSSC   (C-26) 

 
In general, the model with the highest R2 is considered best.  However, this may be 

misleading since it is always possible to increase the R2 by adding another explanatory variable, 
irrespective of whether this variable contributes “significantly.”  The adjusted R2 (Ra

2) provides a 
better guide that compensates for “over-fitting” the data by correcting for the number of variables 
included in the model. It is computed by rescaling the numerator and denominator in equation C-
26, as  

 
 Ra

2  = 1 – [RSS / (N – K)] / [RSSC / (N – 1)]   (C-27) 
 
                                                           
2  Any notion of significance is always with respect to a given p-value, or Type I error.  The Type I error is the 

chance of making a wrong decision, i.e., of rejecting the null hypothesis when in fact it is true. 
3  When the regression specification does not contain a constant term, the value obtained for the R2 using 

equation (C-C-26) will be incorrect.  This is because the constant term forces the residuals to have mean zero.  
Without a constant term, the RSS must be computed in the same waysameway as in equation (C-24), by 
subtracting the average residual ê = Σ ei/N.  
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For very large data sets, this rescaling will have negligible effect and the R2 and Ra
2 will be 

virtually the same.  
 

When OLS is viewed as a ML estimator, an alternative measure of fit is the value of the 
maximized log-likelihood.  This is obtained by substituting the estimates bML and sML

2  and into 
expression C-18 or C-19.  With e = y - XbML as the residual vector and sML

2 = e'e/N, the log-
likelihood can be written in a simpler form:   

 
 L  =  -(N/2)log(2π) - (N/2)log(e'e/N) - (1/2[e'e/N])(e'e)  (C-28) 
 
        =  -(N/2)log(2 π) - (N/2) - (N/2)log(e'e/N)   (C-29) 
 

Note that the only term that changes with the model fit is the last one, the logarithm of the 
average residual sum of squares.  Therefore, the constant part is not always reported.  To retain 
comparability with other models (e.g., spatial regression models), it is important to be consistent 
in this reporting.  The model with the highest maximized log-likelihood is considered to be best, 
even though the likelihood, as such, is technically not a measure of fit. 

 
 
Similar to the Ra

2, there exist several corrections of the maximized log-likelihood to take 
into account potential over-fitting.  The better-known measures are the Akaike Information 
Criterion (AIC) and the Schwartz Criterion (SC), familiar in the literature on Bayesian statistics. 
They are easily constructed from the maximized log-likelihood. They are, respectively:   

 
 AIC =-2L+2K,   (C-30) 
 SC =-2L+Klog(N)   (C-31) 
 
The model with the lowest information criterion value is considered to be best. 
 
Poisson Regression 
 
 Next, the Poisson regression model is examined. 
 

Likelihood Function 
 

In the Poisson regression model, the dependent variable for observation i (with i=1,...,N), 
yi is modeled as a Poisson random variate with a mean 8i that is specified as a function of a K by 1 
(column) vector of explanatory variables xi, and a matching vector of parameters β. The 
probability of observing yi is expressed as:   

 

 Prob(yi)= 
e-8i8i yi

yi!
   (C-32) 

The conditional mean of yi, given observations on xi is specified as an exponential 
function of x:   

 
 E[yi|xi]=li=exi'b,   (C-33) 
 
where xi' is a row vector. Equivalently, this is sometimes referred to as a loglinear model, since  
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 ln li=xi'b.    (C-34) 
 

Note that the mean in C-33 is nonlinear, which means that the effect of a change in xi will 
depend not only on β (as in the classical linear regression), but also on the value of xi. Also, in the 
Poisson model, the mean equals the variance (equidispersion) so that there is no need to separately 
estimate the latter. 

 
There is a fundamental difference between a classical linear regression model and the 

specification for the conditional mean in the Poisson regression model, in that the latter does not 
contain a random error term (in its “pure” form). Consequently, unlike the approach taken for the 
linear regression, the log-likelihood is not derived from the joint density of the random errors, but 
from the distribution for dependent variable itself, using C-32. Also, there is no need to estimate a 
residual variance, as in the classical regression model. 

 
 
Assuming independence among the count variables (e.g., excluding spatial correlation), 

the log-likelihood for the Poisson regression model follows as:   
 

 L= ∑
i=1

N
 yixi'b-exi'b-ln yi!   (C-35) 

Note that the third term is a constant and does not change with the parameter values. Some 
programs may not include this term in what is reported as the log-likelihood. Also, it is not needed 
in a Likelihood Ratio test, since it will cancel out. 

 
The first order conditions, ∂L/∂β=0, yield a system of K equations (one for each β) of the 

form:   
 

 ∑
i=1

N
 (yi-e

xi'b)xi=0   (C-36) 

 
Note how this takes the usual form of an orthogonality condition between the “residuals” (yi-e

xi'b) 
and the explanatory variables, xi. This also has the side effect that when x contains a constant 
term, the sum of the predicted values, exi'b equals the sum of the observed counts.4  The system C-
36 is nonlinear in β and does not have an analytical solution.  It is typically solved using the 
Newton-Raphson method (see section ). 

  
 Once the estimates of β are obtained, they can be substituted into the log-likelihood 
(equation C-36) to compute the value of the maximum log-likelihood. This can then be inserted in 
the AIC and BIC information criteria in the usual way. 

 
 Predicted Values and Residuals 
 

The predicted value, ŷi, is the conditional mean or the average number of events, given the 
xi. This is also denoted a 8i and is typically not an integer number, whereas the observed value yi 

                                                           
4   A different way of stating this property is to note that the sum of the residuals equals zero.  As for the 

classical linear regression model, this is not guaranteed without a constant term in the regression. 
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is a count.  The use of the exponential function guarantees that the predicted value is non-
negative.  Specifically:   

 

 8î=exi'b̂   (C-37) 
 
The “residuals” are simply the difference between observed and predicted:   

 

 ei=yi-e
xi'b̂=yi-8î   (C-38) 

 
 
 Note that, unlike the case for the classical regression model, these residuals are not 
needed to compute estimates for error variance (since there is no error term in the model).  
 

Estimation Steps 
 

The well known Newton-Raphson procedure proceeds iteratively. Starting from a set of 
estimates β̂t the next value is obtained as:   

 
 β̂t+1=β̂t - Ĥt

-1ĝt   (C-39) 
 
where ĝt is the first partial derivative of the log-likelihood, evaluated at β̂t and Ĥt is the Hessian, or 
second partial derivative, also evaluated at β̂t. 

 
In the Poisson regression model,  

 

 g= ∑
i=1

N
 xi(yi-8î)     (C-40) 

  

 H= - ∑
i=1

N
 8îxixi'     (C-41) 

 
In practice, one can proceed along the following lines. 

 
1. Set initial values for parameters, say b0[h], for h=1,...,K. One can set b0[1]=ȳ, the 

overall average count as the constant term, and the other b0[h]=0, for h=2,...,K. 

2. Compute predicted values for each i, the value of 8î=exi'b0. 
 
3. Compute gradient, g, using the starting values.  Note that g[h] is a K by 1 vector.  

Each element of this vector is the difference between:   
 

 N  

   Oi = Σ xihyi       (C-42) 
 i=1 
 

 N  
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 Pi =  Σ xih8i       (C-43) 
 i=1 

 
 gi = Oi - Pi       (C-44) 

 
 
Note that C-42 does not contain any unknown parameters and needs only to be computed 

once (provided there is sufficient storage).  As the Newton-Raphson iterations proceed, the values 
of g will become very small. 

 
4. Compute the Hessian, H, using the starting values. H is a K by K matrix (C-41) 

that needs to be inverted at each iteration in C-39. It is not the X'X of the classical 
model, but rather more like X' Σ X, where Σ is a diagonal matrix.  One way to 
implement this is to multiply each row of the X matrix by 8̂i, e.g., 
xs[i][h]=x[i][h]*sqrt(8̂[i]), where xs is the new matrix (X*), i is the observation 
(row) and h the column of X. The Hessian then becomes the cross product of the 
new matrices, or,  H=X*' X*.  This needs to be done at each iteration.  There is no 
need to take a negative since the negative in C-41 and in C-39 cancel. 

 
5. Update the estimate for the b[h], say b1[h] is obtained using the updating 

equation C-39 except that the product H-1g is added to the initial value.  In 
general, for iteration t, the new estimates are obtained as bt+1.  After checking for 
convergence, the old bt is set to bt+1 and inserted in the computation of the 
predicted values, in step 2 above. 

 
6. Convergence.  Stop the iterations when the difference between bt+1  and bt 

becomes below some tolerance level.  A commonly used criterion is the norm of 
the difference vector, or  Σh (bt+1[h] - bt[h])2.  When the norm is below a preset 
level, stop the iterations and report the last bt as the result.  The reason for not 
using bt+1 is that the latter would require an extra computation of the Hessian 
needed for inference. 

 
Inference 

 
 The asymptotic variance matrix is the inverse Hessian obtained at the last iteration (i.e., 
using bt). The variance of the estimates are the diagonal elements, the standard errors their square 
roots.  The asymptotic t-test is constructed in the usual way, as the ratio of the estimate over its 
standard error.  The only difference with the classic linear regression case is that the p-values 
must be looked up in a standard normal distribution, not a Student t distribution. 

 
Likelihood Ratio Test 

 
 A simple test on the overall fit of the model, as an analogue to the F-test in the classical 
regression model is a Likelihood Ratio test on the “slopes”. The model with only the intercept is 
nothing but the mean of the counts, or  

 
 λI = ȳ œ    (C-45) 
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with ȳ= ∑
i=1

N
 yi/N.   

  
 The corresponding log-likelihood is:   
 

 LR=-Nȳ+ln(ȳ)( ∑
i=1

N
 yi)- ∑

i=1

N
 lnyi!,    (C-46) 

 
where the R stands for the “restricted” model, as opposed to the “unrestricted” model with K-1 
slope parameters.  The last term in C-46 can be dropped, as long as it is also dropped in the 
calculation of the maximized likelihood (C-35) for the unrestricted model (LU), using li=exi'bt.  The 
Likelihood Ratio test is then:   
 
 LR=2(LU-LR),   (C-47) 
 
and follows a P2 distribution with K-1 degrees of freedom. 
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