


This document is disseminated under t h e  sponsorship of t h e  
Federa l  Highway Administration, United S t a t e s  Department of 
Transpor ta t ion  i n  t h e  i n t e r e s t  of informational  exchange. C 

The United S t a t e s  Government assumes no l i a b i l i t y  f o r  i t s  
contents  o r  use  thereof.  

*' 
The con ten t s  of t h i s  r epor t  r e f l e c t  the views of t h e  authors,  
who a r e  responsible  f o r  f a c t u a l  accuracy of t h e  information 
presented there in .  The contents  do not necessa r i ly  r e f l e c t  
t h e  o f f i c i a l  views o r  p o l i c i e s  of t h e  Federa l  Highway 
Administration. This r epor t  does not  c o n s t i t u t e  a s tandard,  
s p e c i f i c a t i o n ,  or regula t ion.  

- 



I. Ilcporv No. 1 2. Governmant Accesr~on No. 

4. Tit le and Subtitle 
Development of a Statewide Traffic Counting Program 
Based on the Highway Performance Monitoring System 

7. Author's) 
M.E. Hallenbeck and L.A. Bowman 

9. ParLrming Otgmitotion Nome ond Addrmrr 

Peat, Mamick, Mitchell & Co. 
1990 K. Street, N.W. 
Washington, D.C. 20006 

It. Sponsoring Agency Nomm and Addross 

Federal Highway Administration 
Department of Transportation 
Washington, D.C. 20590 

TECHNtCAL REPORT STANDARD TITLE FAG E 

! 
5. Rmpors Dot* 
March 1984 

8. P.rlermins Orgonirotion Report NO. 

10. Work U n ~ f  No. 

11. Canrroct or Grant No. 

- DTFH61-82-C-00099 
13. Typ* o i  Roport ond Par~od Cowwrud 

Final Report 
September 1982 - Elarch 1984 

IS. Supplamentory Notas 

FHWA COTR T. Esteve HHP-44 

16. Abrhacr 

This report presents a cost-effective method for collecting statewide Eraffic 
information. It provides a means of integrating vehicle classification, rruck 
weight and traffic volume information, and includes procedures for determining 
the nmber of each of these types of monitoring sessions to provide data esti- 
mates within specified levels of precision. 

17. Kay W ~ d s  
Traffic Monttoring, Traffic Counting,- 
Vehicle Classification, Truck Weight 
Moni toxing 

I I I 
:oras DOT F 1700.7 (8-69) 

18. 0is:ributaon S l o t ~ m l  

No restrictions 

I 
19. kcurotv Glossal. (e l  this r w p d  

Unclassified 
20. Security Cfoss8l. (of rlur poqd 

Unclassified 
21. No. ot Pogar 

219 
22. Prtca 





Sect ion 

I INTRODUCTION 

~ackground 
Objectives 
Purpose 
Scope 
Organization 

TABLE OF CONTENTS 

11 STUDY APPROACH 

Overview 
Procedure 

111 OBJECTIVES AND DATA REQUIREMENTS 

Overview 
Roadway System Management and Maintenance 
Future System Improvements 
Reporting and Research 
Conclusions 

IV RECOMMENDED PROGFLAM 

Overview 
Continuous Count Program Element 
EPMS Element 
HPMS Volume Data Subelement 
Special Data Collection Program Element 
Processing the Data for Reporting Purposes 
Local Roads 
Footnotes 

V PROGRAM IMPLEMENTATION 

APPENDICES 

A Default Values for Statistical Equations 

B Equipment Capabilities 

C Cost Tradeoffs 

D Case Studies 

E Statistical Definitions and Derivations 

i 

IV. 1 

IV.1 
IV. 3 
IV.12 
IV.19 
IV. 56 
IV.57 
IV.68 
IV. 74 



LIST OF EXHIBITS 

E x h i b i t  

111-P 

I V - 1  

IV-2 

IV- 3 

IV-4 

PV-5 

IV-6 

IV-7 

IV-  8  

IV-9 

IV-10 

I V - 1 1  

IV-12 

IV-13 

IV-14 

IV-15 

IV-16 

IV-17 

IV- 18 

T r a f f i c  Data Requirements 

Maine Monthly R u r a l  T r a f f i c  P a t t e r n s  

Comparison o f  S t anda rd  E r r o r  Before  and 
A f t e r  Fac to r  Group Combination 

Cost  of ATRs V e r s u s  P r e c i s i o n  

R e l a t i v e  Cost  and Accuracy of Count 
Dura t ion  and Frequency (Curve) 

~ e l a t i v e ' c o s t  and Accuracy of Count 
Dura t ion  and Frequency ( C h a r t )  

C a l c u l a t i o n  of Weighted Veh ic l e  
C l a s s i f i c a t i o n  COVs 

E f f e c t  of Veh ic l e  Class COV Weighting 

E f f e c t  of Veh ic l e  Class COV Weighting 

Seasona l ly  Adjus ted  Veh ic l e  C l a s s i f i c a t i o n s  
Based on ATR Veh ic l e  Length Data 

C a l c u l a t i o n  of Weighted EAL C O V s  

E f f e c t  of EAL COV Weightings 

E f f e c t  of EAL COV Weightings 

Comparison of Weekly T r a v e l  From 1 9 8 1  
and 1982 

Comparison of  P e r c e n t  AADT by Day f o r  
May 1981 and 1982 

Monthly T r a f f i c - P a t t e r n s  

Weekly T r a f f i c  P a t t e r n s  

Conversion o f  Veh ic l e  C l a s s i f i c a t i o n  Data 
t o  A x l e  C o r r e c t i o n  F a c t o r s  

Comparison o f  Growth F a c t o r  C a l c u l a t i o n  
Techniques  

Paqe 

III  . 4  

IV,5 

IV.6 

IV.10 

IV.23 

IV.25 

16V.36 

IV.37 

I V , 3 8  

I V , 4 %  

IV.49 

I V . 5 0  

IV.51 

I V .  6% 

I V  . 62  

IV.63 

IV.64 

I V .  67 

I V .  69 



APPENDIX A 

Vehicle Classification and Weight Data 

Vehicle Class Precision-Sample Size Rural 
Interstates 

Vehicle Class Precision-Rural Principal 
Arterial Sample Size 

Vehicle Class Precision-Sample Size for 
Rural Minor Arterials 

Vehicle Class Precision-Sample Size for 
Rural Collectors 

Vehicle Class Precision-Sample Size for 
Urban Interstates 

Vehicle Class Precision-Urban Principal 
Arterial Sample Size 

Vehicle Class Precision-Sample Size for 
Minor Arterials 

Vehicle Class Precision-Sample Size for 
Urban Collectors 

EAL Precision-Sample Size for Rural 
Interstates 

A-PO 

A-11 

A-12 

A-13 

EAL Precision-Rural Principal Arterial 
Sample Size 

EAL Precision-Sample Size for Rural 
Minor Arterials 

EAL Precision-Sample Size for Rural 
Collectors 

EAL Precision-Sample Size for 
Urban Interstates 

EAL Precision-Sample Size For Urban 
Principal Arterials 

EAL Precision-Sample Size For Urban 
Minor Arterials 

EAL Precision-Sample Size for Urban 
Collectors 

Statistical Defaults for Traffic Volumes 

iii 



APPENDIX B 

K3-1 FHWA-Recommended Vehicle CPassifisation 



APPENDIX D - CASE STUDIES 

Map of Georgia 

Distribution of ATR Stations 

Vehicle Classification.Sample Size 

Truck Weight Sample Size 

Number of Existing ATRs in Recommended 
Factor Groups 

ATRs With Unusual Seasonal Patterns 

Vehicle Classification Sample Size 

Truck Weight Sample Size 

Map of Maine 

Comparison of Standard Deviation With 
and Without the Beach Region 

Maine Monthly Rural Traffic Patterns Maine-3 

Maine-4 

Maine-5 

Maine-6 

Ohi 0-1 

ATR Stations by Factor Group 

Vehicle Classification Sample Size 

Truck Weight Sample Size 

Current and Recommended Seasonal 
Factor Groups 

Vehicle Classification Sample Size Ohio- 2 

Ohio-3 

Or egon-1 

Oregon-2 

Truck Weight Sample Size 

Map of Recommended Oregon Regions 

Number of Existing ATRs in Recommended 
Factor Groups 

Rural Minor Arterials Seasonality 

Vehicle Classification Sample Size 

Truck Weight Sample Size 





EXECUTIVE SUMMARY 

The recommendations i n  t h i s  r epor t  descr ibe  a  s ta tewide 
t r a f f i c  monitoring program Peat  Marwick developed a s  a r e s u l t  of 
FHWA's *Developnent of a  Statewide T r a f f i c  Counting Program 
Based on t h e  Highway Performance Monitoring Systemn pro jec t  . 
T h i s  r epo r t  includes: 

. a  review of f ede ra l  and s t a t e  t r a f f i c  da ta  needs; 

. a  descr ip t ion  of a  recommended t r a f f i c  monitoring 
program designed t o  meet those needs i n  a  cos t  
e f f e c t i v e  manner ; 

. a  sampling plan f o r  co l l ec t i ng  da t a  w i t h  a  given 
s t a t i s t i c a l  precis ion;  

, a  s e r i e s  of defau l t  values f o r  use i n  t h e  sampling 
plan s t a t i s t i c a l  equations;  

. a l t e r n a t i v e  sampling plans  f o r  es t imat ing volumes on 
l o c a l  roads; 

. a  review of ava i l ab l e  t r a f f i c  counting, c l a s s i f i c a -  
t i o n ,  and weighing equipment c u r r e n t l y .  on t he  
market; and 

. f i v e  case s t u d i e s  implementing t he  proposed program 
f o r  s t a t e s  chosen by FHWA. 

H i s to r i ca l l y ,  t r a f f i c  count da ta  have been co l l ec t ed  by 
s t a t e  t ranspor ta t ion  agencies t o  support a  wide range of 
i n t e r n a l  and ex te rna l  programs and needs. I n t e r n a l  needs have 
included using t r a f f i c  count da t a  t o  develop es t imates  of annual 
average d a i l y  t r a f f i c  (AADT)  and vehic le  miles of t r a v e l  (VMT) 
f o r  individual  highway sec t ions ,  ind iv idua l  func t iona l  c l a s s i f i -  
ca t ions  of roadways, and _other func t iona l  o r  geographic d iv i -  
s ions  of t h e  s t a t e  highway system. External  needs have included 
c e r t a i n  t r a f f i c  count and t ruck weight da t a  and es t imates  f o r  
submission t o  t h e  FHWA. These da t a  a r e  used by FHWA and other  
f ede ra l  agencies: 

... 

. t o  e s t a b l i s h  na t iona l  t r a v e l  t rends;  

. t o  prepare r epo r t s  a s  requested by Congress; 

. t o  plan f o r  f u t u r e  t ranspor ta t ion  needs; and 

. t o  a s se s s  ove ra l l  e f f i c i ency  of various programs and 
po l i c i e s .  



The  HPMS was in t roduced  i n  1978 t o  c o n s o l i d a t e  many p r e v i o u s  
f e d e r a l  d a t a  requi rements  and t o  s t r e n g t h e n  t h e  ne thods  used by 
t h e  s t a t e s  f ~ r  c o l l e c t i n g ,  e s t i m a t i n g ,  and r e p o r t i n g  t r a f f i c  
count  d a t a .  

Many s t a t e s  f a c e  s e v e r e  f i n a n c i a l  d i f f i c u l t i e s  due t o  t h e  
e f f e c t s  05  t h e  economic c l i m a t e  and t h e  i n c r e a s i n g  needs  f o r  
s t a t e  funds  t o  ma in t a in  and improve highway systems.  As a  
r e s u l t ,  many s t a t e s  a r e  l ook ing  f o r  ways t o  reduce  t h e  c o s t s  o f  
t r a f f i c  d a t a  c o l l e c t i o n  and r e l a t e d  programs wi thou t  reduc ing  
t h e  o v e r a l l  e f f e c t i v e n e s s  o f  t h e  programs. 

Although s t a t e s  expend s u b s t a n t i a l  f i n a n c i a l  r e s o u r c e s  on 
t r a f f i c  count ing  and r e l a t e d  d a t a  c o l l e c t i o n  programs, t h e i r  
programs o f t e n  r e f l e c t  t h e  c o n t i n u a t i o n  of p a s t  p r a c t i c e s  r a t h e r  
t han  a d d r e s s  c u r r e n t  d a t a  needs.  I n  p a r t i c u l a r ,  most s t a t e  
t r a f f i c  count ing  programs do  n o t  make e f f e c t i v e  use  of s t a t i s -  
t i c a l  sampling and e s t i m a t i o n  t echn iques .  S t a t i s t i c a l  t ech-  
n iques  p rov ide  c o s t  e f f e c t i v e  procedures  t o  develop r e l i a b l e  
e s t i m a t e s  of AADT and VMT w i t h i n  p r e s c r i b e d  l e v e l s  of p re -  
c i s i o n .  T h e s e  t echn iques  a l s o  p rov ide  a  c o n s i s t e n t  s i m p l i f i e d  
p r o c e s s  f o r  c o l l e c t i n g  v e h i c l e  c l a s s i f i c a t i o n  d a t a  f o r  most 
s t a t e  and f e d e r a l  u ses .  To a  l e s s e r  degree ,  t h e y  can a l s o  be 
used f o r  improving t h e  e s t i m a t e s  of  t r u c k  weights  c u r r e n t l y  
d e r i v e d  from e x i s t i n g  t r u c k  weight  moni tor ing  programs. 

The HPMS program o f f e r s  s t a k e s  a  convenien t  s t r u c t u r e  w i t h  
t h e  p o t e n t i a l  t o  r e d i r e c t  t h e i r  t r a f f i c  coun t ing  programs. The 
HPMS sample p rov ides  a  b a s i c  s e t  o f  t r a f f i c  coun t  l o c a t i o n s  f o r  
which geomet r i c ,  o p e r a t i o n a l ,  and t r a f f i c  volume d a t a  w i l l  be 
a v a i l a b l e  on a  c o n t i n u i n g  b a s i s .  By u s i n g  s t a t i s t i c a l  sampling 
concep t s  t h a t  complement t h e  HPMS, s t a t e s  can  p o t e n t i a l l y  
i n c r e a s e  o v e r a l l  t r a f f i c  moni tor ing  program e f f i c i e n c y  through 
t h e  development of  coo rd ina t ed  d a t a  c o l l e c t i o n  p r o c e s s e s  
i n c l u d i n g  t r a f f i c  volume d a t a ,  v e h i c l e  c l a s s i f i c a t i o n  d a t a ,  and 
t r u c k  weight  d a t a .  

T h i s  s t u d y  was - i n i t i a t e d  t o  i d e n t i f y  ways of i np rov ing  t h e  
c o s t  e f f e c t i v e n e s s  of  s t a t e  t r a f f i c  moni tor ing  programs by 
deve loping  a  program based on t h e  HPMS. The program t o  c o l l e c t  
t r a f f i c  volume coun t s ,  v e h i c l e  c l a s s i f i c a t i o n s ,  and t r u c k  weight  
d a t a  w i l l  s a t i s f y  most s t a t e  and FHWA i n fo rma t ion  needs wi th  
s t a t i s t i c a l l y  v a l i d  d a t a .  While t h e  o b j e c t i v e s  and needs of 
s t a t e s  may be  n e t  i n  o t h e r  ways, u s ing  t h e  HPWS p r e v e n t s  
d u p l i c a t i o n  of e f f o r t  a s  i t  i n c l u d e s  an  e s t a b l i s h e d  sample and a  
ready  t i e - i n  between t h e  d i f f e r e n t  program e lements .  

A s  n o t  a l l  neces sa ry  d a t a  can b e  c o l l e c t e d  e f f i c i e n t l y  w i t h  
a  s t a t i s t i c a l l y  v a l i d  annua l  count  program, a  s p e c i a l  d a t a  
c o l l e c t i o n  element  i s  provided  i n  t h e  recommended program t o  
f u l f i l l  t h o s e  needs n o t  met by t h e  d a t a  c o l l e c t e d  a s  p a r t  of  



the recommended HPMS monitoring program. In pursuit of the 
project's overall goal, several objectives are addressed: 

. identification of the kinds of information required 
by the states and FHWA as well as the level of 
detail needed in the data; 

. development of a coordinated traffic monitoring 
program designed to collect inf ormation for more 
than one purpose when possible; 

. identification of the capabilities of modern equip- 
ment to automatically collect data on vehicle 
classifications and weights as well as volumes; and 

. development of central office analysis procedures 
incorporating statistical techniques, where appro- 
pr iate. 

This report recommends a methodology for developing a 
statewide traffic monitoring program based on those objectives. 
The program uses statistical sampling (based on the H P N S )  
wherever possible to reduce costs and provide statistically 
defensible data. It also provides cost effective solutions to 
data collection problems that cannot be addressed viably with 
statistical counting procedures. The program is designed to 
provide each state with sufficient flexibility in implementing 
the program so that the program can be adapted to address any 
specific needs, while providing the data normally collected by a 
state department of transportation, including volume counts, 
vehicle classification counts, and truck weight monitoring. 

b 

The HPMS portion of the program is intended to collect 
comparable levels of traffic data on a representative sanple of 
segments of each state's road system. The HPMS sanple locations 
will not be changed by this study, but our analysis: 

. evaluates the frequency and amount of data collected 
on the HPMS sample sections; and 

. incorporates the remaining data collection elements 
of the state's traffic monitoring program with the 
RPHS sample, including vehicle classification and 
truck weight data, 

The special data collection element of the program includes 
traffic data taken outside the normally planned annual traffic 
count program. These data would include such needs as requests 
for volume counts at proposed construction projects and requests 
for intersection turning movements to evaluate traffic opesa- 
tions, as well as special surveys, additional truck weighings, 
or any other state traffic data need. 



The  scope  o f  a t h i s  s t u d y  does  n o t  a l l ow t h e  enforcement  
a s p e c t s  of  t r a f f i c  d a t a  t o  b e  addressed .  Truck weight en fo rce -  
ment is  d i s c u s s e d  on ly  where i t  a f f e c t s  t h e  p r e c i s i o n  of weight  
moni tor ing  f o r  pbannin9 purposes .  Furthermore,  t h i s  r e p o r t  does  
n o t  recommend s p e e i f  i c  makes o r  models of  equipment. Ava i l ab l e  
equipment is  d e s c r i b e d ,  and i t s  l i m i t a t i o n s  and c a p a b i l i t i e s  
d i scussed ,  b u t  each s t a t e  i s  l e f t  t o  de te rmine  .wh ich  equipment 
b e s t  f u l f i l l s  i t s  equipment needs.  

STUDY APPROACH 

A f  i ve - s t ep  p roces s  i s  used i n  t h i s  s t u d y  used t o  des ign  
t h e  program. These s t e p s  i nc lude :  

de te rmine  o b j e c t i v e s  and d a t a  r equ i r emen t s  of d a t a  
users ; 

. review c a p a b i l i t i e s  and l i m i t a t i o n s  of equipment 
used t o  c o l l e c t  t h e  d a t a ;  

ana lyze  e x i s t i n g  d a t a  t o  de te rmine  t h e  amount of 
d a t a  r e q u i r e d  t o  p r o v i d e  e s t i m a t e s  w i t h i n  s p e c i f i e d  
amounts of  u n c e r t a i n t y ;  

deve lop  t h e  s t a t i s t i c a l  sample d e s i g n ;  and 

. determine  t h e  consequences of  phas ing  i n  % h e  
program, s i n c e  i t  w i l l  b e  implemented g r a d u a l l y  i n  
most c a s e s .  

OBJECTIVES AND DATA REQUIREMENTS 

To deve lop  a  moni tor ing  program cove r ing  t h e  maximum number 
of d a t a  u s e r  needs wh i l e  expending t h e  minimum amount of 
r e s o u r c e s ,  t h e  o b j e c t i v e s  of t h e  d a t a  users were examined and 
t h e  a c t u a l  d a t a  needs from bo th  t h e  s t a t e  and f e d e r a l  perspec-  
t i v e s  were determined.  Not a l l  d a t a  r e q u e s t e d  is c o l l e c t e d  by 
t h e  proposed program. The a n a l y s i s  shows t h a t  some of t h e  
r e q u e s t e d  d a t a  could no t  b e  e f f i c i e n t l y  provided  by a  s t a t i s -  
t i c a l l y - b a s e d  moni tor ing  program, and should be c o l l e c t e d  on an  
as-needed b a s i s  i n s t e a d :  

S t a t e  and f e d e r a l  d a t a  needs a r e  o f t e n  ve ry  s i m i l a r .  
However, t h e r e  a a e  a r e a s  where t h e  s t a t e s  r e q u i r e  more d a t a  t h a n  
is needed by FHWA, and t h e r e  a r e  i n s t a n c e s  where t h e  s t a t e  n i g h t  
n o t  c o l l e c t  some d a t a  i f  FHWA d i d  n o t  r e q u e s t  i t .  An examina- 
t i o n  o f  t h e  a c t u a l  u s e s  of  t r a f f i c  d a t a  shows t h a t  t h e  m a j o r i t y  
of  t h e  d a t a  u s e s  a t  both t h e  s t a t e  and f e d e r a l  l e v e l s  could  b e  



served by a single comprehensive monitoring program producing 
statistically representative estimates of traffic characteris- 
tics. The remaining data needs can be met through a special 
data collection program to collect site-specific data as each 
funding authority deems appropriate. This was, therefore, 
recommended. 

RECOMMENDED PROGRAM 

The recommended statewide traffic data collection program 
is divided into three major parts: 

. the Continuous Element, consisting of continuous 
traffic counters ( A T R s ) ;  

. the NPMS Element, consisting of statistically repre- 
sentative statewide samples of volune, vehicle 
classification, and truck weight data; and 

. the Special Data Collection Element, consisting of 
site-specif ic traffic measurements and other data 
necessary to fulfill state needs not met by the 
other elements. 

Each part collects data for different purposes and in a 
different manner, yet they are interrelated in that data 
collected in each program will often be used in one of the other 
programs in an altered form. Each element is described in 
detail in this section of the report, along with the methodology 
used and the issues considered in developing the element. 

PROGRAM IMPLEMENTATION 

Certain issues are involved with the actual implementation 
of the recommended program; in particular, phasing in the 
program slowly, as 3s recommended, will have certain effects. 
The effects from delaying the implementation of particular 
program elements and procedures fall under the following 
headings : 

. seasonal factor procedures; 

. changes to the HPMS volume counting schedule; 

. axle correction factor procedures; 

. growth factor procedures; and 

. vehicle class and weight elements. 



These e f f e c t s  were considered i n  t h e  study,  bu t  f i n a l  determina- 
t i o n  of Row each s t a t e  would time implenentatfon Q £  t he  recom- 
mended program was beyond t h e  scope of this repor t ,  



I. INTRODUCTION 

This report describes Peat Marwick's recommended traffic 
monitoring program developed as a result of FHWA's "Development 
of a Statewide Traffic Counting Program Based on the Highway 
Performance Monitoring Systemn project. Included in this report 
are: 

. a review of federal and state traffic data needs; 

. a description of a recommended traffic monitoring 
program designed to meet those needs in a cost 
effective manner; 

. a sampling plan for collecting data with a given 
statistical precision; 

. a sampling plan for estimating volumes on local 
roads ; 

. a series of default variances for use in the 
sampling equations; 

. a review of available traffic counting, classifi- 
cation, and -weighing equipment currently on the 
market; and 

. five case studies implementing the proposed program 
for states chosen by FHWA. 

This introductory section includes discussions of: 

. the project's background; 

. the purpose of the project; 

. the scope of the project; and 
the organization of the report. 

Subsequent sections detail the specifics of the count program, 
the analysis used to develop the program, and default statistics 
that can be used when applying the program to specific states. 

BACKGROUND 

Historically, traffic count data have been collected by 
state transportation agencies to support a wide range of 
internal and external programs and needs. 



. Internal. States have used traffic count data in 
developinp estimates of annual average daily traffic 
(AABT) and vehicle miles of travel (VMT) for indi- 
vidual highway sections, individual functional 
c%assifications of roadways, and other functional or 
geographic divisions of the state highway system. 

External. For many years, states have submitted 
certain traffic count and truck weight data and 
estimates to the FHWA. These data are used by FHWA 
and other federal agencies: 

to establish national travel trends; 

. to prepare reports as requested by Congress; 

. to plan for future transportation needs; and 
to assess overall efficiency of various programs 
and policies. 

The introduction of the BPMS in 1978 was intended to consolidate 
many previous federal data requirements and to strengthen the 
methods used by the states for collecting, estimating, and 
reporting traffic count data. 

Most states face severe financial difficulties due to the 
effects of inflation and the increasing needs for state funds to 
maintain and improve highway systems. As a result, many states 
are looking for ways to reduce the costs of traffic data collec- 
tion and related programs without reducing the overall effec- 
tiveness of the programs. 

Although states expend substantial financial resources on 
traffic counting and related data collection programs, their 
programs often reflect the continuation of past practices. In 
particular, most state traffic counting programs do not make 
effective use of statisti-cal sampling and estimation techni- 
ques. Statistical techniques provide cost effective procedures 
to develop reliable estimates of AADT and VMT within prescribed 
levels of precision. These techniques also provide a consistent 
simplified process for collecting vehicle classification data 
for most state and federal uses. To a lesser degree, they can 
also be used for improving the estimates of truck weights 
currently derived from existing truck weight monitoring programs. 

The HPr4S program offers states a convenient structure with 
the potential to redirect their traffic counting programs. The 
HPMS sample provides a basic set of traffic count locations for 
which geometric, operational, and traffic volume data will be 
available on a continuing basis. By using statistical sampling 



concepts that complement the HPMS, states potentially can 
increase overall traffic monitoring program efficiency through 
the development of coordinated data collection processes 
including: 

. traffic volume data; 

. vehicle classification data; and 

. truck weight data. 
OBJECTIVES 

The goal of this study is to identify ways of improving the 
cost effectiveness of state traffic monitoring programs by 
developing a program based on the HPMS. The program to collect 
traffic volume counts, vehicle classifications, and truck weight 
data will satisfy most state and FHWA information needs with 
statistically valid data. While the objectives and needs of 
states may be met in other ways, using the HPMS prevents dupli- 
cation of effort as it includes an established sample and a 
ready tie-in between the different program elements. 

Because not all necessary data can be collected efficiently 
with a statistically valid, annual count program, a special 
count element is provided in the recommended program to fulfill 
those needs not met by the data collected as part of the recom- 
mended traffic monitoring program. In pursuit of the project's 
overall goal, several objectives are addressed: 

. identification of the kinds of information required 
by the states and FHWA as well as the level of 
detail needed in the data; 

. development of a coordinated traffic count program 
designed to collect information for more than one 
purpose when possible; 

. identification of the capabilities of modern equip- 
ment to automatically collect data on vehicle 
classifications and weights as well as volumes; and 

- 
. development of central office analysis procedures 
incorporating statistical techniques, where 
appropriate. 



PURPOSE 

This report presents a program methodology for developing a 
statewide traffic monitoring program. The program is intended 
to fulfill several purposes: 

. build on the existing HPMS concept and data base; 

. integrate both federal and state data requirements; 
coordinate volune, vehicle classification, and truck 
weight data collection programs; and 

incorporate recently developed equipment and data 
collection techniques. 

The program uses statistical sampling wherever possible to 
reduce costs and provide statistically defensible data. It also 
provides cost effective solutions to data collection problems 
that cannot be addressed viably with statistical counting 
procedures. The program is designed to provide each state with 
sufficient flexibility in implementing the program that each 
state can adapt the program to address any specific needs. 

SCOPE 

The traffic monitoring program is designed to plrovide the 
data normally collected by a state department of transporta- 
tion. These data include: 

. volune counts; 

. vehicle classification counts; and 
, truck weight monitoring. 

In addition, this report deals with field data collection, the 
equipment used to collect data, the manpower used for each kind 
of equipment, and the processing of the data collected. 

Several types of volume counts are examined in the report. 
Among the types examined are counts on HPMS segments, continuous 
counts, control counts, coverage counts, and special counts. 

The HPMS program is intended to collect comparable levels 
of traffic count data on a representative sample of segments of 
each state's road system. The sample locations will not be 
changed by this study, but our analysis: 

evaluates the frequency and amount of data collected 
on the HPNS sample sections; and 



incorporates the remaining data collection elements 
of the state's traffic count program with the HPMS 
sample, including vehicle classification and truck 
weight data. 

The special count category includes traffic volume counts 
taken outside the normally planned annual traffic count pro- 
gram. These counts would include such needs as requests for 
counts at proposed construction projects and requests for 
intersection turning movement counts to evaluate traffic 
operations. 

This report does not address the enforcement aspects of 
traffic data, Truck weight enforcement is discussed only where 
it affects the precision of weight monitoring for planning pur- 
poses. Furthermore, this report does not recommend specific 
makes or models of equipment. Available equipment is described, 
and its limitations and capabilities discussed, but each state 
is left to determine which equipment best fulfills .its equipnent 
needs. 

ORGANIZATION 

This report consists of five sections. Section I is this 
introduction. 

Section I1 describes the study approach used to develop the 
traffic monitoring program. The approach entails: 

. a determination of both state and federal needs; 

. a review of available equipment, its capabilities 
and limitations; 

. an analysis of available data to determine the 
variance in the - data to be collected; 

. the development of statistical formulas; and 
, an analysis of the consequences of following the 
recommended program. 

- 
Section I11 presents the data needs of both federal and 

state data users. This information is used to determine a set 
of objectives used to develop the recommended program. 

Section IV contains the recommended program. The program 
is divided into three major parts: 

. continuous counts; 



. a statistically valid data collection program ele- 
ment based on the HPMS; and 

a special monitoring program designed to provide the 
states with a mechanism for collecting data not 
readily collected using an annual count program, 

This chapter also contains statistical formulas for determining 
necessary sample sizes and levels of precision. Finally, the 
processing of the raw data is discussed to outline the ability 
of states to trim their processing costs and at the same time 
improve the accuracy of their traffic estimates. 

Section V discusses the implications of the recommended 
program in terms of the many programs currently used by some 
states. This includes the steps taken to implement the program, 
and the effect of phase-in on existing programs. 

Appendix A presents default statistics for use in the 
sample size equations presented in Section IV. These estimates 
will be used until the states obtain more statistically valid 
data bases. 

Appendix B contains a summary of the capabilities and 
limitations of existing data collection equipment, and estimated 
costs and uses for that equipment. 

Appendix C presents a cost summary of the changes recom- 
mended in state traffic monitoring procedures. This appendix 
uses assumed cost estimates, and details the steps involved in 
making the cost versus precision tradeoffs presented in the main 
body of the report and in the five case studies. 

Appendix D presents the five case studies, in which the 
recommended program is applied to five states: Georgia, Kansas, 
Maine, Ohio, and Oregon. 

Appendix E includes .an explanation of the derivation of 
statistical formulas used in the text, and a glossary of the 
terms used in the formulas. 



I I. STUDY APPROACH 

This chapter discusses the study approach used in designing 
the recommended traffic monitoring program. The essence of the 
approach is the recognition that each state may have different 
data needs, and that the structure of any recommended program 
must be sufficiently flexible to neet these different needs. 

OVERVIEW 

The study approach uses the existing HPMS sample to provide 
a basis for efficiently collecting integrated, statistically 
valid data. The recommended program is intended to provide a 
framework for meeting system data needs, while providing flexi- 
bility for each state, so that state-specific data needs can be 
fulfilled as well. 

A five-step 
steps include: 

. determine 
users ; 

process is used to design the program. These 

objectives and data requirements of data 

review capabilities . and limitations of equipment 
used to collect the data: 

. analyze existing data to determine the amount of 
data required to provide estimates within specified 
amounts of uncertainty; 

. develop the statistical sample design; and 

. determine the consequences of phasing in the pro- 
gram, since it will be implemented gradually in nost 
cases. .. 

PROCEDURE 

Three sources of information were used to develop the 
recommended traffic monitoring program's objectives and data 
requirements: 

. published studies: 

. interviews with FHWA personnel involved in the HPMS 
program or otherwise concerned with the reporting of 
traffic data by the states; and 

. interviews with five state DOTS to discuss the 
conduct of their state traffic monitoring programs. 



The literature review included Peat Marwickss files of 
related engagements, such as the Guide to Urban Traffic Volume 
Counting; FHWA files; and the DQT library. 

The interviews with FHWA personnel were with individuals 
working in various aspects of the collection and analysis of 
traffic data reported to FHWA by the states, including HPMS 
program data, continuous traffic. count data, and truck weight 
data. 

The state interviews provided the major source of infor- 
mation with which to analyze existing traffic monitoring 
programs and identify recommendations for improvement. FH~JA 
identified five states to participate in this study. Interviews 
were conducted with personnel who manage state traffic nonitor- 
ing programs and with personnel who use the traffic data 
collected, The interviews included questions such as: 

. What data are collected? 
How are the data collected and what types of equip- 
nent are used? 

. How are the data edited, adjusted, analyzed, and 
reported? 

. What are the relative sizes of the costs of the 
different data collection programs? 

Who uses the data and for what purposes? 

The first step was to analyze the current traffic nonitor- 
ing program methodologies and to look for areas that can be 
improved, either through changes in the data collected or the 
manner in which the data are collected, or through the use of 
statistical techniques to obtain the information at lower cost. 

The second step was to examine the ability of available 
equipment and data collection techniques to collect the data 
required. Equipment is examined to determine its ability to 
collect : 

. volume data; 
vehicle classification data; and 

. truck weight data. 



Reports by FHWA and various states were used along with informa- 
tion provided by manufacturers to determine equipment capabi- 
lities and costs. Equipment types examined included: 

manual; 

. automatic; 

. portable; 
- semi-portable; and 
. fixed. 

Details of this review are included in Appendix B of this report. 

The third step consisted of an examination of existing data 
sources to determine the variation that exists in the data being 
collected. The variation in the data directly affects the pre- 
cision of the collected data. The data was examined for vari- 
ation due to: 

. spatial uncertainty; 

. temporal uncertainty; 

. seasonal uncertainty; 

. axle correction error; and 

. measurement error. 
All of these terms, except for measurement error, are used in 
determining the precision levels achieved by the program as a 
result of the number of sample locations counted. 

Data to estimate the relative sizes of the above variance 
terms are taken from existing data bases provided by FHWA. The 
principal data bases used include: 

. the FHWA continuous count file (ATR data); 

. the HPMS vehicle -classification case study; and 

. the HPMS truck weight case study. 
This data is supplemented by state-specific data collected 
during the .state interviews, or from subsequent telephone 
calls. It is acknowledged that these data bases have serious 
limitations in terms of statistical rigor. Tt is therefore 
suggested that states utilize their own data wherever they have 



a statistically valid estimate of their own. If such a data 
base is not available, the implications of the default data 
values should be carefully examined before they are used in a 
specific application. 

Statistical equations to determine precision levels that 
can be achieved with various sample sizes are developed in the 
fourth step. The equations include all composite errors with 
the exception of measurement error. Equations are included for 
the majority of data uses, so that the precision of specific 
traffic estimates can be determined as well as the precision of 
statewide averages. The most important statistical formulas are 
also presented in graphic form to simplify the selection of 
sample sizes for each of the states. This conversion of an 
equation to graphic form is performed using default values 
determined in step three and presented in Appendix A. 

The final step included determining the consequences of 
phasing in the recommended program. This phase-in may be 
affected by several factors including: 

lack of necessary modern equipnent; 

the gradual planning process necessary for 
implementation; and 

. jurisdictional issues within a state DOT. 
The phase-in will delay the financial benefits of the reconnend- 
ed program, but will also allow a state to make changes to its 
existing program more slowly. This may help a state ensure a 
smooth transition from one count process to another, resulting 
in an improvement in the quality of the data collected. 



111. OBJECTIVES AND DATA REQUIREMENTS 

To deve lop  a  moni tor ing  program cover ing  t h e  maximum number 
of d a t a  user needs wh i l e  expending t h e  minimum amount of  
r e s o u r c e s ,  it is  neces sa ry  t o  examine t h e  o b j e c t i v e s  of t h e  d a t a  
u s e r s  and de te rmine  t h e  a c t u a l  d a t a  needs from bo th  t h e  s t a t e  
and f e d e r a l  p e r s p e c t i v e s .  S e v e r a l  s o u r c e s  were examined t o  
determine t h e  o b j e c t i v e s  of s t a t e  and f e d e r a l  d a t a  c o l l e c t i o n  
programs. The most s i g n i f i c a n t  of these s o u r c e s  a r e :  

. i n t e r v i e w s  wi th  t h e  s t a f f s  of  t h e  f i v e  p a r t i c i p a t i n g  
s t a t e  DOTS; 

. i n t e r v i e w s  wi th  v a r i o u s  Fede ra l  Highway Adn in i s t r a -  
t i o n  pe r sonne l ;  and 

an  exhaus t ive  l i t e r a t u r e  review on t h e  uses  of 
t r a f f i c  volume, v e h i c l e  c l a s s i f i c a t i o n ,  and t r u c k  
weight  d a t a .  

The r e s u l t i n g  d a t a  is  o rgan ized  t o  show t h e  amount of i n fo rna -  
t i o n  and degree  of d e t a i l  needed by d a t a  u s e r s .  T h i s  informa- 
t i o n  is t h e n  used t o  des ign  t h e  moni tor ing  program. Not a l l  
d a t a  r eques t ed  i s  c o l l e c t e d  by t h e  proposed program. The ana ly-  
sis shows t h a t  some of t h e  r eques t ed  d a t a  could  n o t  be  e f f i -  
c i e n t l y  provided  by a  s t a t i s t i c a l l y - b a s e d  moni tor ing  program, 
and shou ld  be  c o l l e c t e d  on an  as-needed b a s i s  i n s t e a d .  

OVERVIEW 

S t a t e  and f e d e r a l  d a t a  needs a r e  o f t e n  v e r y  s i m i l a r .  How- 
e v e r ,  t h e r e  a r e  a r e a s  where t h e  s t a t e s  r e q u i r e  more d a t a  t h a n  i s  
needed by FHWA, and t h e r e  a r e  i n s t a n c e s  where t h e  s t a t e  might 
n o t  c o l l e c t  some d a t a  i f  FHWA d i d  n o t  r e q u e s t  it. An examina- 
t i o n  o f  t h e  a c t u a l  u s e s  of t r a f f i c  d a t a  shows t h a t  t h e  m a j o r i t y  
of t h e  d a t a  u s e s  a t - b o t h  t h e  s t a t e  and f e d e r a l  l e v e l s  could  be  
s e rved  by a  s i n g l e  comprehensive moni tor ing  program producing 
s t a t i s t i c a l l y  r e p r e s e n t a t i v e  e s t i m a t e s  of  t r a f f i c  c h a r a c t e r i s -  
t i c s .  The remaining d a t a  needs can be f u l f i l l e d  through a  
s p e c i a l  d a t a  c o l l e c t i o n  program t o  c o l l e c t  s i t e - s p e c i f i c  d a t a  a s  
each funding  a u t h o r i t y  deems a p p r o p r i a t e .  

Study P e r s p e c t i v e  

To deve lop  a comprehensive l i s t  of  d a t a  needs,  t h e  s t u d y  
focused on both t h e  needs of f e d e r a l  and s t a t e  d a t a  u s e r s .  The 
i n i t i a l  s t e p  i n  deve loping  t h e  recommended program was t o  pro- 
v i d e  d a t a  t h a t  would f u l f i l l  both f e d e r a l  and s t a t e  needs .  The 
program was expanded t o  p rov ide  d a t a  neces sa ry  f o r  e i t h e r  s t a t e  
o r  f e d e r a l  u s e r s ,  b u t  n o t  r e q u i r e d  by both .  A s  s t a t e d  above, 



some requests for data from both federal and state users are not 
appropriately provided by a statistically based annual count 
program. These data needs are indicated in the report, and 
should be met through the expansion of state special count pro- 
grams, Systemwide data needs can normally be met efficiently 
using sampling techniques. Moat site-specific? needs cannot be 
met through sampling. The proposed annual count program is 
flexible enough to permit further expansion should a state have 
additional data needs that can' be met efficiently using a 
statistically based count program. 

Development of Data Objectives 

On-site interviews were conducted with the five states 
participating in the study to determine the objectives and data 
needs of the state traffic count programs. Discussions with 
FHWA employees were used to determine the basic objectives and 
traffic data needs from a federal perspective. The information 
obtained from the interviews were corroborated by the inforna- 
tion obtained from the literature review. The literature review 
covered: 

ongoing research topics; 

recent surveys; and 

. FHWA policy statements. 

Documents included in the review were obtained from several 
sources, including: 

. the Department of Transportation Library; 

. Peat Marwick's project files; and 

. documents submitted to FHWA by various research 
organizations and states. - 

The composite federa1 and state objectives developed from 
this data were then submitted for review to FHWA and the parti- 
cipating states. PHWA gave final approval to the objectives 
after receiving comments from the states. 

- 
Orqanization of This Chapter 

As a result of the interviews and literature review, it 
became apparent that traffic data needs could be incorporated 
into three basic objectives: 

. roadway system management and maintenance; 



. fu tu re  system improvements; and 

repor t ing and research.  

Within each of these  t h r ee  ca tegor ies ,  t he  s p e c i f i c  da t a  needs 
a r e  discussed for  each of t h r e e  t r a f f i c  count program elements: 

. t r a f f i c  volume counts; 

. vehic le  c l a s s i f i c a t i o n  counts; and 

. t ruck weight data.  

Vehicle speed data  a r e  not considered within t h i s  s ec t i on ,  
a s  required vehic le  speed da ta  a r e  s p e c i f i c a l l y  defined i n  
ex i s t i ng  federa l  regula t ions ,  and not open t o  review under t h i s  
con t rac t .  Both t he  type of da ta  and the  l e v e l  of d e t a i l  needed 
f o r  t h a t  data  a r e  discussed i n  t h i s  chapter fo r  each of the  
t r a f f i c  monitoring program e lenen ts  within t he  broad ob jec t ive  
categor ies .  The volume, vehic le  c l a s s i f i c a t i o n ,  and truck 
weight data  needed for  performing s p e c i f i c  a c t i v i t i e s  within 
each of the  above general  ca tegor ies  a r e  discussed below, 
Exhibit 111-1 conta ins  a  summary of these  data  needs. 

ROADWAY SYSTEM MANAGEMENT AND MAINTENANCE 

Data on roadway system management and maintenance a r e  
needed t o  make day-to-day decis ions  t h a t  provide fo r  t h e  upkeep 
of t he  road system. The da t a  user is  pr imari ly  concerned w i t h  
sho,rt-term goals,  and has l imi ted  resources budgeted f o r  a t t a i n -  
ing those goals .  Among the  t asks  t h a t  f a l l  under t h i s  broad 
category are:  

. road maintenance; 

. capaci ty  analyses;  

. s a f e t y  analyses;  

, t axa t ion  enforcement; and 

environmental impact analyses.  

Each task requ i res  similar, s i t e - s p e c i f i c  da ta  inpu t .  I n  most 
cases,  the  data  required shou ld  be co l lec ted  on an as-needed 
bas i s  ra ther  than a s  a  p a r t  of a  regu la r ly  scheduled count 
program. A coverage count or a  s imi la r  scheduled count system 
l a rge  enough t o  ensure c o l l e c t i o n  of t h e  appropr ia te  da t a  would 
not be cos t  e f f ec t i ve .  



EXllIBIT 111-1 

TRAFFIC DATA REQUIREMENTS 

Volume Vehicle Class Truck Weight 
Roadway System Management 
and Maintenance 

Maintenance 

Capacity Analysis 

site-specific AADT Average by functional class (None 

( None 9 

(None) 

N/A 

(None) 

site-specific or average 
by functional class 

Site-specific AADT and 
turning movements 

Safety Analysis Site-specific AADT and 
turning movements 

Site-specific AADT 
I 

Site-specific (average by 
functional class if 
necessary) 

Future System Improvenknts 

Trend Analysis VMT by functional class Average vehicle class by 
(by region) functional class (by 

region) by year 

(Optional site-specific (Optional site-specific 
AADTs ) vehicle classification) 

Average weight (EAL) by vehicle 
class by functional class 

(None 1 Project Identification 
and Selection 

Project Design Site-specific AADT Site-specific vehicle class 
or average vehicle class hy 
functional class 

Average weight by vehicle class 
by functional class 

(None 1 

(None) 

Highway Investment 
Analysis 

EIS 

Site-specific AADT Average vehicle class by 
functional class by region 

VMT by functional class Average vehicle class by 
functional class (option- 
ally by region) 

Reporting and Research 

System Usage Monitoring 
- fund allocation VMT by functional class by 

region 
VMT by functional class by 

reg ion 

Average by functional class 
(by region) 

Average by functional class 
(by region) 

Average by vehicle class by 
functional class 

Average by vehicle class by 
functional class 

- trend analysis 

Ptblic Policy and . 
P u b l i c  Legislation 

VMT by functional class 
by region or site-specific 

Average by functional class 
by region or site-specific 

Average by vehicle class by 
functional class 

VMT by functional class (Optionally vehicle class 
by functional class) 

Taxation (None) 

VMT by functional class Research Vehicle class by functional 
class 

Weight by vehicle class by 
functional class 



Road Maintenance 

Daily maintenance includes rou t ine  a c t i v i t i e s ,  such as:  

pothole r epa i r ;  

minor road overlays;  and 

. s t r e e t  repa i r  due t o  damage caused by bui ld ing con- 
s t r u c t i o n ,  u t i l i t y  maintenance, and various other 
p ro j ec t s ,  

A l l  r e p a i r s  t o  damaged pavement on e x i s t i n g  s t r e e t s  a r e  included 
i n  t h i s  ob jec t ive .  Daily maintenance p ro j ec t s  a r e  mostly detes-  
mined through: 

. observer surveys (both formal and informal) ;  

publ ic  requests ;  

. engineering department n o t i f i c a t i o n s  by con t rac tors  
and u t i l i t y  companies; and 

. t he  p o l i t i c a l  process.  

Routine maintenance p ro j ec t s  a r e  not usual ly  i d e n t i f i e d  through 
the  ana lys i s  of annually co l lec ted  t r a f f i c  da ta ,  

T r a f f i c  data  used t o  plan f o r  maintenance p r o j e c t s  a r e  
usual ly  rou t ine  and tend t o  cons i s t ,  a t  most, of a s i t e - s p e c i f i c  
volume es t imate  and a  measure of the  amount of t ruck t r a f f i c  or 
equivalent  ax le  loadings. The volume da t a  should be co l l ec t ed  
through a spec i a l  count program, and the  required truck data  can 
be obtained through the  use of statewide veh ic le  c l a s s i f i c a t i o n  
da ta  by func t iona l  c l a s s i f i c a t i o n .  S i t e - spec i f i c  truck weight 
data  a r e  not necessary f o r  t h i s  work. 

Capacity Analyses 

Capacity analyses a t  t h e  day-to-day l e v e l  include: 

. s igna l i za t i on  pro jec t s ;  
- . various Transportat ion System Management (TSM) 

measures; and 

. i n t e r s e c t i o n  capaci ty  s tud i e s .  

To a l a rge  degree, t h e  above tasks  requ i re  s imi l a r  da t a  inpu t ,  
s i t e - s p e c i f i c  volume counts, and knowledge of t h e  percentage of 



v a r i o u s  v e h i c l e  t y p e s  i n  t h e  t r a f f i c  s t r eam,  I n  mare i n s t a n c e s ,  
t h e  pe rcen tage  of  loaded v e r s u s  unloaded t r u c k s  i n  t h e  t r a f f i c  
s t r eam is d e s i r e d  because a c c e l e r a t i o n  and d e c e l e r a t i o n  charac-  
t e r i s t i c s  a r e  d i f f e r e n t ,  However, s i t e - s p e c i f i c  t r u c k  weights 
d a t a  a r e  n o t  needed f o r  t h i s  k ind  of c a p a c i t y  a n a l y s i s .  

I n  most i n s t a n c e s  where v e h i c l e  c l a s s i f i c a t i o n  d a t a  a r e  
necessary ,  a  s i t e - s p e c i f i c  v a l u e  . i s  d e s i r e d  b u t  o f t e n  cannot  be 
c o l l e c t e d  because of f i s c a l  c o n s t r a i n t s .  I n  t h e s e  c a s e s ,  s t a t e -  
wide o r  r e g i o n a l  ave rages  of v e h i c l e  c l a s s  d i s t r i b u t i o n  by 
f u n c t i o n a l  roadway t y p e  a r e  used, combined w i t h  s i t e - s p e c i f i c  
volume counts .  A s  p r e v i o u s l y  s t a t e d ,  s i t e - s p e c i f i c  d a t a  cannot  
b e  c o l l e c t e d  c o s t  e f f e c t i v e l y  through a n  annua l ly  scheduled  
count  program, and should  be c o l l e c t e d  through a  s p e c i a l  count  
program. 

S a f e t y  Analyses  

On a  d a i l y  b a s i s ,  t h e  t r a f f i c  e n g i n e e r ' s  r o l e  i n  s a f e t y  
a n a l y s i s  is concerned p r i m a r i l y  w i t h  reduc ing  t h e  number of 
a c c i d e n t s  a t  s p e c i f i c  l o c a t i o n s .  To do t h i s ,  t h e  eng inee r  u ses  
s i t e - s p e c i f i c  volume and v e h i c l e  c l a s s i f i c a t i o n  d a t a  t o  ana lyze  
t h e  f requency  of a c c i d e n t s  a t  a  l o c a t i o n .  Truck weight  d a t a  i s  
on ly  r a r e l y  a  p a r t  of such a  s t u d y .  A s  i n  t h e  c a p a c i t y  a n a l y s i s  
above, t h i s  work r e q u i r e s  up-to-date,  s i t e - s p e c i f i c  d a t a  on 
volumes, t u r n i n g  movements, and v e h i c l e  c l a s s i f i c a t i o n s ,  whfch 
should  be c o l l e c t e d  a s  p a r t  of  a  s p e c i a l  count  program r a t h e r  
t han  through a  r e g u l a r l y  scheduled  count  program. 

S a f e t y  a n a l y s i s  can a l s o  be a  very  broad t o p i c  i n c l u d i n g  
moni tor ing  of a c c i d e n t s  and exposure .  Data t o  s u p p o r t  such 
a n a l y s e s  a r e  beyond t h e  scope  and c a p a b i l i t y  o f  a  b l a n k e t  
moni tor ing  program. 

Taxa t ion  Enforcement 

T h e  t a x a t i o n  enforcement t a s k  c o n s i s t s  p r i m a r i l y  of 
e n f o r c i n g  t r u c k  weight  laws and r e s t r i c t i n g  v e h i c l e s  from 
d e s i g n a t e d  p o r t i o n s  of  t h e  road  system. Even though d a t a  i n  a  
s t a t e  t r a f f i c  coun t ing  program might be u s e f u l  i n  e n f o r c i n g  
v a r i o u s  laws and c o l l e c t i n g  user t a x e s ,  d e t a i l e d  c o n s i d e r a t i o n  
of t h i s  s u b j e c t  is beyond t h e  scope  of t h i s  r e p o r t .  - 
Environmental  Impact Analyses  

T h e  d a t a  u s e s  covered under t h i s  environmental  t a s k  i n c l u d e  
t h e  a n a l y s i s  of t h e  e f f e c t s  o f  t r a f f i c  on n o i s e  and a i r  p o l l u -  
t i o n  l e v e l s .  I n  t h e  c o n t e x t  of day-to-day o p e r a t i o n s ,  t h i s  t a s k  
e n t a i l s  u s ing  s i t e - s p e c i f i c  d a t a  t o  ana lyze  t h e  e f f e c t s  of cu r -  
r e n t  t r a f f i c  volumes and v e h i c l e  mixes a t  s p e c i f i c  sites. 
(Regiona l  environmental  i s s u e s  such a s  NOx a r e  d e a l t  w i t h  under 



Future Systems Improvements.) Statewide average vehicle classi- 
fication data by functional class may be used along with site- 
specific traffic volumes, but statewide average data may lead to 
unacceptably high errors in some analyses. 

FUTURE SYSTEM IMPROVEMENTS 

The basic objective in preparing for future system needs is 
to provide information for planning and constructing new facili- 
ties, and to project the effects of current and historical traf- 
fic levels on the future life of existing roads. This projec- 
tion includes estimating trends, determining where possible 
needs will surface, and analyzing plans that can be used to meet 
those needs. 

Data used in these analyses often cannot be site-specific 
because the projects may consist of roads which do not yet 
exist, or affect more than one existing road. As a result, data 
needs for most tasks included in this objective are more aggre- 
gate than data needed to manage daily operation of the road 
system. Data needed in these tasks can best be described as 
estimates of traffic volumes, vehicle classifications, and truck 
weights (EALs) by functional classification of road. For some 
state uses, a regional division of this data is also advisable 

. because of significantly different traffic characteristics in 
portions of the state. For example, the amount of truck travel 
in a mountainous, mining-oriented portion of a state can be 
quite different from that in an agricultural portion of the 
state. 

The objective of preparing for future system needs can be 
broken into several specific tasks: 

. trend analysis; 

. project identification - and selection; 

. project design; 

. highway investment analysis; and 

. environmental impact analysis. 
As with the objective of managing and maintaining the road 
system, these tasks tend to have similar data needs. 

Trend Analysis 

State engineers need data to examine the growth and changes 
in state highway traffic to determine where new road construc- 
tion will be needed and where to expect heavier or lighter 



maintenance needs than current programs are designed to 
provide. These data are usually provided by using trend 
analyses to extrapolate historic travel voPumes and vehicle 
characteristics. 

Data to be used should represent all aspects of the highway 
system and should be collected within a specified tolerance to 
determine when significant changes are taking place. Such data 
would include estimates of VMT,~ vehicle classifications, and 
EALS by vehicle type for each functional road classification. 
Some states may need these data by regional stratification as 
well. Use of a randomly selected volume and vehicle classifi- 
cation sample, such as one based on the HPMS, is appropriate for 
this data collection task. 

The ability to differentiate truck weights by region as 
well as by functional class could add significantly to the value 
sf this analysis, as it is possible that E A L s  per truck type 
differ between regions within a state. Available truck weight 
data do not indicate whether this variation is significant. The 
need to collect these data and the cost effectiveness of 
collecting them will depend on the variation within the state 
and on the equipment used to collect it. 

Project Identification and Se.1ection 

States need a way to identify potential projects fo r  
investing in transportation system improvements. Transportation 
projects are suggested by numerous sources: 

. trained observer surveys; 

. high accident location studies; 

. citizen complaints; 

. the experience of the district engineers; and 

. the political process. 
It does not seem necessary to collect traffic information for °.\ 

the purpose of identifying additional projects. 

Considerable traffic data are needed to prioritize the 
projects identified. The data typically requested by the 
project selection divisions of the five state DOTS interviewed 
include : 

. AADT for the present and a 20-year forecast; 

. the present daily peak-hour volume or the 30th 
highest design hour volume and 20-year forecasts; and 



. truck percentages for daily and peak-hour travel for 
today and the 20-year forecast. 

The volume and truck data for the 20-year forecast are cal- 
culated from existing conditions and the trend analysis data 
described above. Site-specific data an volumes, truck pezcent- 
ages, and peaking characteristics should be collected on a 
special count basis. The state8 interviewed only needed such 
data for 100 to 200 projects annually, In addition, the infor- 
mation required is more detailed than can be collected effi- 
ciently by a coverage count or an annual random sample process. 

Project Design 

Providing traffic data for road construction or reconstruc- 
tion is probably the single most important use of data under the 
objective of preparing for the future. To a large degree, the 
data provided for project design will be the result of the 
planning and forecasting just described. Site-specific AADT and 
vehicle classification data are used for many projects, but most 
design work relies even more heavily on the projection of data 
for 20 years in the future. These projections are the direct 
result of the trend analysis described above. Due to the large 
effect of this 20-year forecast on the design process, ,the 
site-specific vehicle classification count may not be appre- 
ciably better than the use of a statewide or regional average of 
vehicle classification data by functional classification. 

Traffic volumes, variation of vehicle types by functional 
class (and region) and statewide EALs, as all are projected for 
the roadway design life, will produce the data needed for esti- 
mating axle loadings for the design of new roads. Although it 
would be ideal to obtain a historical record of traffic volumes, 
vehicle types, and weights for each road segment in question, 
the collection of this kind of data is too expensive to be 
seriously considered. A more realistic data collection approach 
is to use site-specific volume counts in conjunction with 
average (statewide or regional) vehicle classification and truck 
weight data by functional" roadway classification for input to 
the design process. 

a 

Highway Investment Analysis 
a 

Highway investment analysis includes examination of the 
cost effectiveness of the road system. Data are needed to 
compare usage and cost of new construction versus significant 
reconstruction of existing highways. Data for these uses is 
usually sufficient if they include VMT by section of roadway by 
vehicle classification. These data can be estimated by conbin- 
ing site-specific volume counts with regional data to vehicle 
types by functional classes. 



Environmenta 1 Impact Ana lys i s  

Environmental  impact a n a l y s e s  a r e  performed p r i m a r i l y  f o r  
urban a r e a s  o r  a i r  b a s i n s .  Required d a t a  a r e  mos t ly  VWT by 
v e h i c l e  t y p e  by f u n c t i o n a l  c l a s s i f i c a t l l o n  f o r  a  s p e c i f i c  a r e a .  
These d a t a  a r e  used a s  i n p u t  t o  a i r  q u a l i t y  models and t h e  
r e s u l t i n g  p o l l u t i o n  e s t i m a t e s  a r e  inc luded  i n  s t a t e  a i r  q u a l i t y  
p l a n s .  A r e g u l a r l y  scheduled  qount ing  program w i l l  p robably  
supp ly  a p p r o p r i a t e  e s t i m a t e s  of  t h e s e  d a t a  i n p u t s .  However, i n  
l a r g e  urban a r e a s ,  t h e  m e t r o p o l i t a n  p l ann ing  o r g a n i z a t i o n  (MPO) 
may c o l l e c t  d a t a  t h a t  can supplement i n fo rma t ion  provided  
through t h e  DOT r egu la r  count  program. Weight d i s t r i b u t i o n s  by 
v e h i c l e  t y p e  a r e  n o t  u s u a l l y  an  i s s u e  i n  such an  a n a l y s i s .  

REPORTING AND RESEARCH 

The f i n a l  o b j e c t i v e  i s  t o  p rov ide  d a t a  t o  u s e r s  n o t  
d i r e c t l y  involved  w i t h  t h e  o p e r a t i o n s ,  c ~ n s t r u c t i o n ,  o r  main- 
t enance  of t h e  road  system. These u s e r s  a r e  a n a l y s t s  and p u b l i c  
o f f i c i a l s  who monitor t h e  changes i n  t h e  highway system a s  a  
whole, and e s t i m a t e  t h e  e f f e c t s  of t h o s e  changes on budgets  and 
des ign  c r i t e r i a ,  S p e c i f i c  uses of d a t a  f o r  t h i s  o b j e c t i v e  
i nc lude :  

. system usage monitor ing;  

p u b l i c  p o l i c y  and l e g i s l a t i o n  fo rmula t ion ;  

. t a x a t i o n  requi rements ;  and 

, r e s e a r c h .  

Data needed f o r  t h e s e  a n a l y s e s  t end  t o  be a t  an a g g r e g a t e  l e v e l  
of d e t a i l .  For t h e  most p a r t ,  s t a t e w i d e  o r  r e g i o n a l  e s t i m a t e s  
of VMT by v e h i c l e  c l a s s  by f u n c t i o n a l  highway system f u l f i l l  
t h e s e  d a t a  needs.  - 

System Usage Monitor inq 

The  highway system is  monitored both a t  t h e  s t a t e  and 
f e d e r a l  l e v e l .  S t a t i s t i c s  used f o r  moni tor ing  t h e  highways 
s e r v e  two purposes:  

. c o s t  a l l o c a t i o n ;  and 

. . t r e n d  a n a l y s i s .  

Even though t h e  f e d e r a l  government c u r r e n t l y  a l l o c a t e s  
f e d e r a l  monies on t h e  b a s i s  of s t a t e w i d e  VMT e s t i m a t e s ,  t h e r e  
w i l l  be  a  con t inued  d e s i r e  by v a r i o u s  f e d e r a l  and s t a t e  a g e n c i e s  
and e l e c t e d  o f f i c i a l s  t o  t e s t  t h e  impact of a l t e r n a t i v e  funding  



policies using truck VMT estimates. Some states currently use 
estimates of truck VMT and passenger car VMT in their calcula- 
tion of highway cost allocations. As a result, the annual state 
traffic monitoring program should collect data to estimate 
statewide VMT by vehicle class by functional highway class. 

Similar data will also be useful for the trend analysis 
?a performed for reporting and research purposes. Several studies 

for which these data might be used include: 

. effects of gasoline prices on national levels of VMT; 
effects of the federal law raising the maximum legal 
truck weight and vehicle length; or 

trends of state and national VMT. 

In all cases, a statistically valid estimate of statewide VMT by 
vehicle class by functional class is the most appropriate data 
base that could be used. 

Public Policy and Legislation 
Formulation 

State and federal officials generally deal with the highway 
system in' either a highly aggregate or highly disaggregate 
sense. That is, they deal with either the weight limits on the 
entire interstate system, or with the limits imposed on a parti- 
cular bridge in their legislative district. Their information 
needs are therefore focused at the ends of the data spectrum. 
Aggregate data for vehicle travel on road systems is used for 
policy formulation. Specific information on individual loca- 
tions is necessary for project issues. 

A monitoring system based on the HPMS sample is therefore 
the preferred mechanism for providing statistically valid data 
to be used in policy formulation and analysis. To satisfy the 
information needs of' public policy and regulation analyses, the 
data should provide estimdtes of VMT by vehicle type for each 
functional classification of road, and possibly region, within a 
state. Data for site-specific projects should be collected on a 
project by project basis, not included in an annual monitoring 
program. - 

Taxation Requirements 

The issue of taxation can be considered a sub-issue under 
public policy and legislation. It may be appropriate for this 
analysis to use statewide estimates of VMT by vehicle type along 
with estimates of the costs of road system upkeep to help deter- 
mine the need for user fees and other taxes that provide revenue 
used to maintain the system. The appropriate level of taxation 



f o r  each t y p e  of  v e h i c l e  (e .g . ,  we igh t /d i s t ance  t a x e s )  is a l s o  a  
major s u b j e c t  be ing  r e sea rched  a t  t h i s  time, a s  many a u t h o r i t i e s  
seek  a  method of a t t r i b u t i n g  highway c o s t s  t o  t h e  v e h i c l e s  
caus ing  them. 

Research 

~t t h e  p o l i c y  l e v e l ,  resear-ch c o n s i s t s  o f  broad a r e a s  of 
concern about  t h e  e f f e c t s  of v e h i c l e  t y p e s  and weights  on t h e  
s e v e r i t y  and f requency  of a c c i d e n t s ,  pavement d e t e r i o r a t i o n ,  and 
o t h e r  s u b j e c t s .  Aggregate d a t a ,  such a s  VMT by v e h i c l e  t y p e  by 
f u n c t i o n a l  c l a s s ,  is neces sa ry  t o  p r o v i d e  s t a t e w i d e  and n a t i o n a l  
s t a t i s t i c s  f o r  a n a l y s i s .  (For  example, does  t h e  n a t i o n ' s  a c c i -  
d e n t  r a t e  i n c r e a s e  a s  a  r e s u l t  of t h e  law l e g a l i z i n g  80 ,000-  
pound g r o s s  v e h i c l e  weights  i n  a l l  s t a t e s ? )  However, some 
a n a l y s e s  w i l l  r e q u i r e  s i t e - s p e c i f i c  d a t a .  These d a t a  needs 
should  j u s t i f y  t h e  expense of c o l l e c t i n g  . t h e  a d d i t i o n a l  d a t a  
neces sa ry  r a t h e r  t h a n  a t t e m p t  t o  d e s i g n  an annual  program 
supp ly ing  d a t a  f o r  a l l  p o s s i b l e  r e s e a r c h  s u b ~ e c t s .  

CONCLUSIONS 

Based on t h e  d a t a  r equ i r emen t s  d i s c u s s e d  above, i t  can be 
concluded t h a t  t h e  s t a t e w i d e  annua l  t r a f f i c  moni tor ing  program 
should  p r o v i d e  t h e  fo l lowing  informat ion :  

. VMT by f u n c t i o n a l  c l a s s ,  o p t i o n a l l y  by r e g i o n ;  

. v e h i c l e  c l a s s i f i c a t i o n  d i s t r i b u t i o n s  by f u n c t i o n a l  
c l a s s ;  and 

. a x l e  we igh t s  by v e h i c l e  c l a s s  by f u n c t i o n a l  c l a s s .  

These d a t a  w i l l  a l low t h e  computat ion of VMT and EAL e s t i m a t e s  
by f u n c t i o n a l  c l a s s  f o r  u s e  i n  t h e  v a r i o u s  a n a l y s e s  performed a t  
t h e  s t a t e  and f e d e r a l  l e v e l s .  Some r e g i o n a l  s t r a t i f i c a t i o n  o f  
t h e  above e s t i m a t e s  may a l s o  be neces sa ry  f o r  s t a t e  needs.  

Many r e q u e s t s  f o r  volume, v e h i c l e  c l a s s i f i c a t i o n ,  and t r u c k  
weight  d a t a  a r e  f o r  s p e c i f i c  l o c a t i o n s  f o r  p a r t i c u l a r  p r o j e c t s .  
I t  is  t o o  expens ive  t o  c o l l e c t  s i t e - s p e c i f i c  d a t a  through t h e  
g e n e r a l  moni tor ing  program, s o  s i t e - s p e c i f i c  d a t a  r e q u e s t s  
should  be r e f e r r e d  t o  t h e  s p e c i a l  d a t a  c o l l e c t i o n  program. I f  a  
p r o j e c t  does  n o t  war ran t  t h e  c o s t  of a  s p e c i a l  count ,  t h e  
a n a l y s t  h a s  t h e  o p t i o n  of u s ing  a  r e g i o n a l  o r  s t a t e w i d e  average ,  
based on t h e  f u n c t i o n a l  c l a s s  of t h e  roadway, which should  be  
a v a i l a b l e  a s  a  r e s u l t  of a  s t a t i s t i c a l l y  based annua l  v e h i c l e  
c l a s s i f i c a t i o n  program. Annually scheduled  v e h i c l e  c l a s s  c o u n t s  
shou ld  be  r e s t r i c t e d  t o  t h o s e  l o c a t i o n s  t h a t  w i l l  p r o v i d e  a  
s t a t i s t i c a l l y  v a l i d  e s t i m a t e  f o r  a l l  g e n e r a l  v e h i c l e  c l a s s i -  
f i c a t i o n  d a t a  u ses ,  



The term regional refers to the fact that traffic charac- 
teristics within a state often vary significantly within a 
functional highway classification based on the location of 
individual highways. For example, a highway classed as a "rural 
principal arterialu in a mountainous region including a heavy 
concentration of mining activity will have a different distri- 
bution of vehicles than a rural principal arterial in a flat 
farmland area. Not only will the distribution of vehicles be 
different, but the weights of the vehicles within each vehicle 
category could conceivably be substantially different. As a 
result, a regional outlook at this information is recommended 
whenever possible. 

The largest drawback to the above recommendation is the 
cost of obtaining acceptable truck weight data for each func- 
tional highway classification and region within a state. In 
some states it may not be economically feasible to collect 
sufficient data to provide this level of detail. Also, a state 
with uniform traffic characteristics may not require a regional 
breakdown of these data. In cases where a regional parameter is 
needed but data collection costs are too high, statewide aver- 
ages will have to suffice until the more cost-effective vehicle 
classification and weight data collection procedures described 
in Appendix B are validated and readily available to the states. 

A second drawback is that some states do not currently use 
data for these needs on the basis of functional classification. 
In these states, data are requested by such categories as high- 
way jurisdiction (state highways, county highways, focal roads, 
and so on) or federal-aid highway system, and individual state 
DOTS may resist altering their procedures to accommodate a 
change in the manner in which data are collected and reported. 

The advantages of the proposed system are: 

. cost savings in the collection of data; 
, easier administration of the monitoring program; 

. improvements to the representativeness and 
statistical validity of the data collected: and 

. integration of the various elements of the program. 
By conforming to the existing HPMS sampling base, the need for. 
development of a new sample framework is eliminated, duplication 
is avoided, and a direct, statistically valid linkage to other 
HPMS variables is automatically provided. 





IV. RECOMMENDED PROGRAM . 
This chapter presents the recommended statewide traffic 

monitoring program developed using the previously described data 
collection objectives. The chapter includes an overview of the 
entire program as well as its various elements. Following the 
overview, the specific program elements are examined in detail. 
This examination includes: 

. a description of the purpose of the program elements; 
changes to the current state programs that would 
result from the recommended program: 

. instructions for determining appropriate sample 
sizes for each program element; 

. selection of the data collection locations; 

. the data collection schedule; 

. processing of the data collected; and 

. procedures for estimating the precision of traffic 
data . 

OVERVIEW 

The recommended statewide traffic data collection program 
is divided into three major parts: 

, the Continuous Element, consisting of continuous 
traffic counters (ATRs): 

. the HPMS Eaement, consisting of statistically 
representative statewide samples of volume, vehicle 
classification, and truck weight data: and 

. the Special Data Collection Element, consisting of 
site-specific traffic movements necessary to fulfill 
state needs not met by the other elements. 

Each part collects data for different purposes, yet they are 
interrelated in that data collected in each program will often 
be used in one of the other programs in an altered form. For 
example, the continuous counters will provide seasonal factors 
for adjusting volume counts to AADT estimates for both the HPMS 
elements and the special data collection element. Similarly, 



the HPMS element will be able to provide estimates of the 
percentage of t~ucks using a road on which a special volume 
count is taken. 

~ l l  factoring is based on the functional classification of 
the roadway to facilitate the interrelationship of these three 
elements and to provide an easily identifiable characteristic to 
use in applying these elements.. Functional class was chosen 
because it is the basis for the HPMS sample, and offers 
continuity of roadway designations between states. fn states 
where substantial variations in traffic characteristics occur 
due to regional differences in population density and land use 
(e.g. mountainous mining areas versus oceanside roads subject to 
heavy recreational travel), functional classifications nay be 
supplemented by some regional stratifications. 

The program is structured to minimize changes to most 
states1 continuous count programs, However, it is recommended 
that solid state recorders be utilized at ATR sites instead of 
paper tape recorders to improve the accuracy of data collection 
storage and facilitate the processing of the collected data. 

The statistically-based HPMS element consists of the HPI-IS 
sanple and subsamples drawn from the existing HPHS sample for 
collecting vehicle classification and truck weight data. The 
procedure to be followed in developing the vehicle class and 
truck weight elements includes: 

estimating the required sample size; 

. selecting sample locations from the existing HPMS 
sanple sections; 

. scheduling the counts; 

. collecting the data; and 

. processing the data to include seasonal adjustments, 
axle correction factors, and other necessary 
adjustments. 

The data collected from the selected locations is then used in 
the equations presented'in this chapter (and in the HPMS Field 
Implementation Manual) to develop estimates of traffic 
characteristics and determine the precision of those estimates. 

The special data collection element is designed to provide 
each state with a mechanism for collecting site-specific data 
and other data deemed necessary for state use, but not provided 
by the continuous or HPMS elements. In the Special Data 
Collection Element, the state highway agency will determine what 



additional counts are needed and funded to fulfill 
state-specific data uses. Several examples of counts that a 
state might include under this special count element are: 

, site-specific data requested by county engineers, 
project engineers, and elected officials for use in 
the design and decisionmaking processes; 

.b . additional vehicle classiiication and truck weight 
data on roads designated by the state as "heavy 
truck routes"; and 

. volume counts at high accident locations throughout 
the state, with the locations determined using 
criteria set by the state. 

Many other types of measurements could conceivably be included 
in this last program element. Each state will have the option 
of utilizing this program for their: highest priority purposes, 
given their funding constraints. 

CONTINUOUS COUNT PROGRAM ELEMENT 

This program element consists of permanently located ATR 
stations. Each station provides, at the minimum, hourly volume 
data for that location every day of the year. 

Purpose 

The primary purposes of the proposed Continuous Element are 
to provide seasonal adjustment factors and to collect short- and 
long-term trend data. This is consistent with the current use of 
ATR data. Some ATR stations are also capable of providing some 
combination of vehicle classification, vehicle weight, and 
vehicle speed data, depending on the equipment available at the 
site and the type of sensing device used. This additional 
information is not required by the Continuous Element, but it is 
one of the goals of an integrated program, and can be of 
considerable use to the state. Thus, while this program design 
does not require construction of these "enhancedw ATR locations, 
their use is encouraged as being consistent with the HPMS 
program philosophy. - 

Recommended Program Element 

Peat Marwick recommends a structured continuous program 
element that combines ATRs by functional classification to 
provide seasonal and day-of-week adjustment factors for other 
count locations within those functional classifications. 
Available data show that roads of the sane functional 
classification generally exhibit similar seasonal traffic 
patterns. In practice, different functional classifications of 



roads  may a l s o  e x h i b i t  s i m i l a r  s e a s o n a l  c h a r a c t e r i s t i c s .  I n  
t h i s  e a s e ,  more than  one f u n c t i o n a l  c l a s s  may be combined i n t o  
one s e a s o n a l  f a c t o r  group. Th i s  approach i s  recommended where 
a p p r o p r i a t e  t o  reduce t h e  number of ATR l o c a t i o n s  r e q u i r e d .  

There may be more t h a n  one p a t t e r n  p e r  f u n c t i o n a l  c l a s s  
w i t h i n  a  s t a t e  a s  a  r e s u l t  of d i f f e r e n c e s  i n  t h e  r e g i o n a l  
composi t ion of t r a f f i c .  For example, a highway c l a s s i f i e d  a s  a  
r u r a l  p r imary  a r t e r i a l  i n  a  mountainous r eg ion  w i t h  heavy mining 
a c t i v i t y  may have d i f f e r e n t  t r a f f i c  c h a r a c t e r i s t i c s  t h a n  a  r u r a l  
pr imary a r t e r i a l  i n  an a r e a  of f l a t  farmland.  I n  t h i s  ca se ,  
f u n c t i o n a l  c l a s s e s  may be s t r a t i f i e d  i n t o  more t h a n  one s e a s o n a l  
f a c t o r  group based on t h e  r eg ion  of t h e  s t a t e  con ta in ing  t h e  
road.  The  number of r e g i o n s  w i t h i n  a  s t a t e  should  be  s t r i c t l y  
l i m i t e d  because t h e  number of r e g i o n s  d i r e c t l y  a f f e c t s  t h e  
number of ATR s t a t i o n s  needed t o  compute s e a s o n a l  f a c t o r s .  

For example, t h e  e x i s t i n g  Maine ATR s t a t i o n s  w i l l  b e  formed 
i n t o  s e a s o n a l  f a c t o r  groups,  based on f u n c t i o n a l  c l a s s i f i c a -  
t i o n .  I t  was determined t h a t  t h e  s e a s o n a l  c h a r a c t e r i s t i c s  of 
roads  a long  t h e  Maine c o a s t  were s u b s t a n t i a l l y  d i f f e r e n t  from 
t h o s e  found i n  t h e  r e s t  of t h e  s t a t e .  I t  was a l s o  found t h a t  
w i t h i n  t h i s  r e g i o n a l  s t r a t i f i c a t i o n ,  s e v e r a l  f u n c t i o n a l  c l a s s e s  
of roadway could be combined i n t o  one group, because of t h e i r  
s i m i l a r  s e a s o n a l  p a t t e r n s .  E x h i b i t  I V - 1  shows t h e  s e a s o n a l  
p a t t e r n s  of Maine's r u r a l  i n t e r s t a t e  and r u r a l  o t h e r  primary 
a r t e r i a l  f u n c t i o n a l  c l a s s e s  which were combined i n t o  one 
s e a s o n a l  f a c t o r  group. E x h i b i t  I V - 2  shows the e f f e c t  of 
combining t h e s e  two f u n c t i o n  c l a s e s  on t h e  s t a n d a r d  e r r o r  of t h e  
average  monthly s e a s o n a l  f a c t o r s .  Computation and use  of 
s e a s o n a l  and day-of-week f a c t o r s  i s  d i s c u s s e d  under t h e  
"P roces s ing  of Data f o r  Repor t ing  Purposesn  heading,  p r e s e n t e d  
l a t e r  i n  t h i s  s e c t i o n .  

Changes t o  A Continuous Count Program 

A procedure  f o r  conve r t ing  an e x i s t i n g  s t a t e  cont inuous  
count  program i n t o  t h e  recommended cont inuous  program element  
c o n s i s t e n t  wi th  t h e  o t h e r  e lements  of t h i s  s t a t e w i d e  program is 
d e t a i l e d  below. I t  assumes t h a t  a l l  s t a t e s  c u r r e n t l y  have an 
o p e r a t i n g  ATR program. The procedure  can be  broken down i n t o  
s e v e r a l  s t e p s :  

. u s e  p r o f e s s i o n a l  knowledge of t h e  s t a t e ' s  t r a f f i c  
p a t t e r n s  and a n a l y s i s  of a v a i l a b l e  s t a t e  ATR d a t a  t o  
de te rmine  any obvious r e g i o n a l  s t r a t i f i c a t i o n ( s ) ;  

. use  e x i s t i n g  ATR d a t a  t o  compute means and s t a n d a r d  
e r r o r s ,  and develop s e a s o n a l  f a c t o r s  f o r  each 
f u n c t i o n a l  c l a s s  of road  w i t h i n  t h e  s t a t e  o r  r e g i o n ,  
i f  r e g i o n s  a r e  necessary ;  
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EXHIBIT IV-2 

COMPARISION OF STGINDARD EFZROR BEFORE 
AND AFTER FACTOR GROUP COMBINATION 

Standard Error* 
Rural  Primary Combined Factor  

Month - Rural  I n t e r s t a t e s  - A r t e r i a l s  Group 

January 
February 
March 
Apr i l  
May 
June 
J u l y  
August 
September 
October 
November 
December 
Mean 

*Standard e r r o r  of t h e  monthly average d a i l y  t r a f f i c  a s  a f r a c t i o n  of AABT. 
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. plot the mean ATR data and examine standard errors: 

. consolidate functional classes or regions where 
possible; 

. determine the number of existing ATRs within each 
grouping; 

. determine the costs or savings of adding, 
eliminating, and moving ATRs: 

. compare the above costs with the resulting changes 
in the estimated sample variance to determine the 
need for adding, eliminating, or moving ATR 
locations; and 

randomly select new ATR sites and eliminate or 
relocate extraneous old ATR locations. 

It is also recommended that states periodically check their ATR 
groupings by repeating the above procedures at regular 
intervals. A recommended cycle for checking ATR groups is every 
six years, which is two cycles of the recommended HPMS program 
element. 

Compute Initial Seasonal Factors 

The staff of the state DOT should include only full years 
of ATR data for the examination of seasonal factors. Using 
their knowledge of the state's traffic patterns, the staff 
should be able to make an initial estimate of whether a regional 
stratification of functional classes will be necessary or 
desirable- A plot of individual ATR seasonal factors, as in 
Exhibit IV-1, may be helpful when determining the need for 
regional stratifications. 

Once the initial classification of ATRs to functional class 
seasonal factor groups is made, means and standard deviations 
should be computed for each monthly factor for each group, A 
comparison of the mean factors for these groups will show which 
groups can be combined into larger groups, and which groups may 
need regional stratification. As can be seen by examining 
Exhibit IV-1, plotting the seasonal factors for each ATR or 
functional classification group helps in visualizing the various 
seasonal patterns, and in determining which functional classes 
can be combined. 

The combination of functional classes into larger seasonal 
factor groupings, or their breakdown into smaller regional 
stratifications, is performed using statistics tempered by 
professional judgment. The standard deviation of the average 
monthly seasonal factor affects the precision of the AADT 
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est imates  computed using t h a t  f ac to r .  The standard devia t ion 
should there fore  be kept a s  small as  poss ible .  However, the  
need fo r  l e s s  va r i a t i on  i n  the  seasonal  f ac to r  m u s t  be weighed 
aga ins t  the  cos t  of co l l ec t i ng  add i t iona l  da ta  $ i . e . ,  more ATR 
l oca t i ons ) .  

Sone profess ional  judgment is necessary t o  make t h i s  
t r adeof f .  No hard r u l e  was determined f o r  t h e  appropr ia te  s i z e  
sf the  standard e r ro r  within a  seasonal  f ac to r  group. Ins tead,  
when determining the  number of ATR s t a t i o n s ,  t he  number of new 
ATR s t a t i o n s  needed should be minimized, and the  va r i a t i on  i n  
t he  seasonal  f a c t o r s  should be minimized a s  well.  A s imi la r  
philosophy should be used for  combining func t iona l  
~ P a s s i f i c a t i o n s  w i t h  s imi la r  seasonal  pa t te rns .  These bas ic  
c r i t e r i a  a r e  followed i n  the  case study examples included in  
Appendix D of t h i s  r epor t .  

The procedure described above of combining a n d  s p l i t t i n g  
funct ional  c l a s se s  continues u n t i l  a  s a t i s f a c t o r y  s e t  of f ac to r  
groups is  achieved. No more than two i t e r a t i o n s  of t he  process 
should be necessary. The seasonal  f a c t o r s  w i l l  conta in  some 
va r i a t i on ,  s ince  they a r e  computed f r o a  A T R s  i n  d i f f e r e n t  
loca t ions ,  and there fore  have s l i g h t l y  d i f f e r e n t  t r a f f i c  
pa t t e rn s .  The seasonal  f a c t o r s  w i l l  a l so  vary s l i g h t l y  from 
year t o  year a s  t r a f f i c  a t  those  ATR s t a t i o n s  va r i e s .  However, 
the  f a c t o r s  w i l l  be represen ta t ive  of the  funct ional  
c l a s s i f i c a t i o n  a s  a  whole, and w i l l  con t r ibu te  a  known magnitude 
of e r ro r  t o  t he  fac tor ing  process,  T h i s  i s  an improvement over 
nost  seasonal  f ac to r  ing techniques, which induce e r r  or s s imi lar  
i n  type, but of an unknown magnitude. 

AS a  general  r u l e ,  e igh t  f ac to r  groups were i n i t i a l l y  
examined f o r  the  f i v e  case s t u d i e s  included i n  Appendix D: 

r u r a l  i n t e r s t a t e s ;  

. r u r a l  other primary a r t e r i a l s ;  

. r u r a l  minor a r t e r i a l s ;  

. r u r a l  co l l ec to r s ;  

. urban  i n t e r s t a t e s  and other  freeways and expressways; 

. urban other p r inc ipa l  a r t e r i a l s ;  

. urban minor a r t e r i a l s ;  and 

. urban c o l l e c t o r s .  

These i n i t i a l  groups were then s p l i t  regional ly  a s  necessary, or 
combined whenever reasonable. Consideration should be given t o  
the  poss ible  need t o  separa te  the  i n t e r s t a t e  system from other 



roads  due t o  t h e  f a c t  t h a t  u s i n g  r e g i o n s  w i l l  i n c r e a s e  t h e  
number of ATR s t a t i o n s  necessary ,  and t o  t h e  f a c t  t h a t  some 
s p e c i f i c  roads  i n  a  s t a t e  may need t o  b e  t r e a t e d  a s  s p e c i a l  
c a s e s  due t o  unusual  s e a s o n a l  l o a d i n g s  ( such  a s  s k i  r e s o r t s ) ,  

Determine t h e  Number of 
A T R s  p e r  Fac to r  G r o u ~  

A f t e r  t h e  f a c t o r  g roups  have been e s t a b l i s h e d ,  t h e  s t a t e  
must examine t h e  need f o r  a l t e r i n g  ATR l o c a t i o n s .  T h i s  i n v o l v e s  
a  t r a d e o f f  between t h e  number of  ATR l o c a t i o n s  (and  t h e  
consequent r e d u c t i o n  i n  t h e  e r r o r  a s s o c i a t e d  w i t h  t h e  s e a s o n a l  
f a c t o r )  and t h e  c o s t s  of p r o c e s s i n g  ATR d a t a ,  ma in t a in ing  ATR 
l o c a t i o n s ,  and adding new ATR sites,  E x h i b i t  IV-3 p rov ides  some 
i n s i g h t  i n t o  t h e  c o s t s  of  ATR s i tes  v e r s u s  t h e  r e d u c t i o n  i n  t h e  
s e a s o n a l  f a c t o r  v a r i a t i o n  provided  by each a d d i t i o n a l  ATR 
l o c a t i o n .  E x h i b i t I V - 3  i s  c a l c u l a t e d  us ing  a u n i t  c o s t  
approach, because i n d i v i d u a l  s t a t e  c o s t s  f o r  ATRs v a r y  g r e a t l y .  
The  a c t u a l  c o s t s  a  s t a t e  may expe r i ence  a r e  dependent on t h e  
s t a t e ' s  equipment, t h e  number o f  l a n e s  counted,  and o t h e r  c o s t s  
s p e c i f i c  t o  t h a t  s t a t e .  

I n  E x h i b i t  IV-3 ,  t h e  annual  c o s t  of an ATR s t a t i o n  
i n c r e a s e s  l i n e a r l y  w i th  each  a d d i t i o n a l  ATR s t a t i o n  e . ,  one 
ATR h a s  a  u n i t  c o s t  of  one,  two A T R s  have a c o s t  of two, and s o  
o n ) .  T h i s  c o s t  does  n o t  i n c l u d e  t h e  one- t ine  c o s t  of i n s t a l l i n g  
new ATR l o c a t i o n s .  The p r e c i s i o n  of t h e -  s e a s o n a l  f a c t o r  is 
computed a s :  

where d = t h e  accu racy  of  t h e  count  a s  a f r a c t i o n  
n  = t h e  number of  ATR l o c a t i o n s  i n  t h a t  

f a c t o r  group. 
z = t h e  normal v a r i a t e  f o r  t h e  s p e c i f i e d  

l e v e l  of  conf idence  equa l  t o  1 . 9 5  i n  t h e  
e x h i b i t  f . 

COV = t h e  c o e f f i c i e n t  of  v a r i a t i o n  of t h e  
s e a s o n a l  f a c t o r  (assumed e q u a l  t o  0.1 i n  
t h e  e x h i b i t ) .  

T h e  e x h i b i t  shows t h a t  each  a d d i t i o n a l  ATR s t a t i o n  r educes  t h e  
p r e c i s i o n  of t h e  f a c t o r  by a  d e c r e a s i n g  amount. I t  is t h e r e f o r e  
n o t  c o s t  e f f e c t i v e  t o  add an i n f i n i t e  number of ATR l o c a t i o n s .  
I t  should be noted  that the l o c a t i o n  of t h e  cu rve  i n  
E x h i b i t  IV-3 i s  determined by t h e  COV term and w i l l  be  d i f f e r e n t  
f o r  each s e a s o n a l  f a c t o r  group, b u t  t h e  shape  o f  t h e  curve  w i l l  
a lways be  t h e  same, 

S e v e r a l  o t h e r  r u l e s  m u s t  b e  cons ide red  when d e c i d i n g  t h e  
proper  number of  ATR l o c a t i o n s :  

. Two ATRs  a r e  needed t o  de te rmine  v a r i a n c e .  
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Since ATRs can fail. due to maintenance needs, 
construction, weather, and other causes, it is 
useful to have at least one additional ATR location 
per factor group, so as to maintain the minimum two 
counters if one fails. 

. Since ATR data is useful in examining long-term, 
trends on roads, it makes sense to maintain the 
majority of stations that already exist, 

The example state cases in Appendix B will lend some additional 
clarification to the recommended methods for determining the 
appropriate number of ATR locations. In general, it is 
recommended that the factor groups should have between 3 and 8 
counters, and have a standard deviation of 18 percent of AADT or 
less. 

Selectinq ATR Sites 

Existing ATR sites should be used whenever possible to 
reduce costs. If new ATR sites are necessary, a random sample 
of roads in the appropriate functional class should be drawn 
from the existing HPMS sample. The HPMS volume sections may be 
weighted by VMT on each section for this selection process if 
the state desires. This procedure is covered fully under the 
heading "Select Sample Locations and Tinesn within the HP1.E 
program element section of this report. Another alternative 
would be to utilize existing speed monitoring locations if they 
were located on the appropriate functional class of roads. 

Adoption of the new factor groups nay also result in the 
elinination of existing ATR sites. The states will determine 
which ATR sites will be eliminated or moved. A random 
elimination technique may be used here, although professional 
knowledge of the ATR locations may also be useful. ATR 
locations that are on HPMS sample segments should be kept 
whenever possible. 

ATR Equipment 

The use of modern solid state traffic counting equipment at 
ATR locations is strongly recommended. Solid state counters 
have significant advantages over paper tape counters. These 
advantages include: 

. the reliability of the counter and recording 
mechani sm ; 

. the relatively low cost of processing the collected 
data; and 

. the capability to collect more than just volume data. 



The cost of new solid state equipment can almost always be 
recovered from savings in labor costs. The time needed for this 
cost recovery varies, depending on various state-specific 
costs. A complete analysis comparing the cost of processing ATR 
data using both paper tape and solid state counting equipment is 
included in Appendix C. 

The use of telemetry is not specifically recommended as 
telenetry may or may not be cost effective for a state. 
State-specific factors substantially affect the cost and 
functioning of a telemetry system. Such factors include: 

. the size of the state; 
the number of ATR locations; 

the availability of telephone lines at ATR locations; 

the cost of telephone service within a state; and 

. the compatibility of existing solid state ATR 
equipment with telemetry. 

Some of the currently available solid state equipnent can be 
used as either a telemetry site or as a traditional ATR site 
requiring periodical visits to collect data. By purchasing 
equipnent with this flexibility, it is possible to switch from 
paper tape equipment to solid state equipment, and then at a 
later date convert to telemetry. This kind of equipment may be 
appropriate for a state that does not wish to use telemetry at 
this time, but wishes to reserve that option for later, without 
incurring substantial new equipnent costs. 

Sone of the newer solid state devices are also capable of 
collecting vehicle classification, speed, and truck weight 
data. This kind of data collection is also a function of the 
type of vehicle sensor used. The costs of an ATR station and 
sensors capable of these functions increase as the complexity of 
the collected data increases. The high cost of these enhanced 
stations prohibits Peat Marwick from recommending their 
construction by all states. The data collected at such a 
station would, however, be quite useful for any state purchasing 
one. 

HPMS ELEMENT 

The following discussion describes the collection and 
processing of data that will provide estimates of volume, 
vehicle classification, and truck weights which may be in the 



form of Equivalent Axle Loads (EALs), which are needed for 
planning, design, and reporting purposes by both state and 
federal users. This discussion includes: 

the purpose of the HPMS program element; 

the design of the sanpling approach; 

the sources of error, th;eir magnitude, and their 
effect on sample size: 

the changes recommended in the frequency and 
duration of volume counts on MPMS sample sections; 

the definition and computation of a vehicle 
classification subsample of the HPMS volume sanple 
(the classification subelenent); and 

the definition and conputation of a truck weight 
subsample of the vehicle classification subsanple 
(the truck weight subelement). 

Default statistics that nay be used by states performing 
this analysis without their own data are presented in 
Appendix A. These statistics are used in the computations 
presented in this section and those performed -for the case 
studies presented in Appendix D. The data used to compute these 
statistics were the best data available to FHWA and Peat Narwick 
at the tine of the analysis, These data were not collected in a 
statistically rigorous manner. Therefore, some of the values 
used in this section and presented in Appendix A may vary 
significantly from their "truew value. Statistically valid data 
should be substituted for these values whenever possible. 

Purpose 

The purpose of the HPMS program element is to provide 
statistically representative data for the user needs described 
in Section 111--Objectives and Data Needs. The program element 
consists of three subelements: 

. traffic volume data; - 

. vehicle classification data; and 

. truck weight data (transformed into E A L S ) .  

The program is designed to produce estimates of the above data 
by highway functional classification, within a regional 
stratification if one is established. These estimates can then 
be applied to any road in the state HPMS inventory with a given 
level of precision. 



The d a t a  c o l l e c t e d  by t h i s  program element  a r e  n o t  i n t ended  
t o  a d d r e s s  needs f o r  d a t a  on s p e c i f i c  road segments,  a l though 
t h e y  may be used a s  s i t e - s p e c i f i c  e s t i m a t e s  f o r  t h o s e  road 
s e c t i o n s  on which d a t a  i s  c o l l e c t e d ,  Averages determined from 
t h i s  program element  (e.g., t h e  average  pe rcen tage  o f  352 t r u c k s  
on a  r u r a l  i n t e r s t a t e  highway) nay be used t o  supplement 
s i t e - s p e c i f i c  d a t a .  

Design Approach 

The HPE4S program element  i s  designed t o  be a  r e p e a t i n g  
subsample of  t h e  e x i s t i n g  HPMS sample.  K t  f o l l o w s  t h e  s ane  
b a s i c  procedures  of t h e  H P M S ~  sampling p l a n ,  and r e l i e s  on t h e  
e x i s t i n g  HPMS sample a s  a  s t a r t i n g  p o i n t  f o r  f u r t h e r  sampling.  
The d e s i g n  approach can be  b r i e f l y  d e s c r i b e d  a s :  

d e f i n i n g  t h e  p o p u l a t i o n  and s a n p l e  s t r a t a  foa: 
r e p o r t i n g  in fo rma t ion  and reduc ing  sampling e r r o r ;  

. computing s a n p l e  s i z e  by s t r a tum;  

s e l e c t i n g  s a n p l e  l o c a t i o n s  and t imes  of measurement; 
and 

. expanding t h e  r e s u l t s  t o  r e p r e s e n t  t h e  p o p u l a t i o n ,  

Define Popu la t ion  and Sample S t ra tum 

The p o p u l a t i o n  d e f i n e d  f o r  t h i s  program e l e n e n t  i s  t h e  same 
a s  f o r  t h e  HPMS; i . e . ,  i t  exc ludes  roads  f u n c t i o n a l l y  c l a s s i f i e d  
a s  l o c a l .  The sampling s t r a t a  f o r  volume d a t a  a r e  a l s o  
u n a l t e r e d  f r o n  t h e  HPMS sample;  i . e . ,  s t r a t i f i c a t i o n  of roads  by 
t y p e s  of a r e a ,  f u n c t i o n a l  c l a s s e s ,  and volume group. 

For t h e  v e h i c l e  c l a s s i f i c a t i o n  subelement ,  t h e  s t r a t u m  is 
d e f i n e d  a s  f u n c t i o n a l  c l a s s  of roads .  F u r t h e r  s t r a t i f i c a t i o n  of 
t h e  v e h i c l e  c l a s s i f i c a t i o n  s a n p l e  by h igh  volume v e r s u s  low 
volume road is  sugg6s ted .  Each s t a t e  should  de te rmine  i t s  own 
d e f i n i t i o n s  f o r  h igh  and low volume roads ,  a s  w e l l  a s  t h e  need 
t o  f i t  t h e s e  d e f i n i t i o n s  t o  i t s  own t r a f f i c  c o n d i t i o n s  i n  t h a t  
s t a t e .  

S t r a t i f i c a t i o n  all-ows a  s t a t e  t o  de te rmine  t h e  pe rcen tage  
of each t y p e  of v e h i c l e s  t r a v e l l i n g  on h igh  volume roads  w i t h  
g r e a t e r  accuracy .  T h i s  s t e p  was chosen due t o  t h e  common w i s h  
of many s t a t e s  f o r  b e t t e r  i n fo rma t ion  on h igh  volume r o a d s  than  
on low volune roads .  I f  a s t a t e  does n o t  need such in fo rma t ion ,  
t h e  h igh  volume v e r s u s  low volume s t r a t i f i c a t i o n  may b e  
d i sca rded .  I n  e i t h e r  c a s e ,  t h e  v e h i c l e  c l a s s  sample must be 
s e l e c t e d  from t h e  HPMS volume sample s e c t i o n s .  



The truck weight subelement sample i s  a l s o  s t r a t i f i e d  by 
funct ional  c l a s s  and by high volume/low volume roads f o r  t he  
same reasons a s  t h e  vehic le  c l a s s  s t r a t i f i c a t i o n .  Truck weight 
loca t ions  a r e  t o  be drawn from the  vehic le  c l a s s i f i c a t i o n  sample 
loca t ions  (which a r e  already s t r a t i f i e d  by high and low volume 
roads) .  Because of the  l im i t a t i ons  of t ruck weighing equipment 
a s  well  a s  the  p roh ib i t ion  of t rucks  from some roads, t he  
se lec ted  loca t ions  m u s t  be reviewed t o  prevent the  s e l e c t i o n  of 
inappropr ia te  locat ions .  T h i s  i s sue  i s  d e a l t  w i t h  more f u l l y  
under the  truck w e i g h t  subelement heading l a t e r  in t h i s  sec t ion .  

Compute Sample Size  

The sample size fo r  each of these  subsanples w i l l  be 
determined using s imi la r  procedures. The number of sanpfe 
loca t ions  depends on: 

. t h e  estimated composite var ia t ion  of the  population 
which the  subsanple w i l l  represent:  

. t he  frequency and durat ion of the  counts; and 

. t he  des i red precis ion of t he  co l lec ted  data .  

The r e l i a b i l i t y  of the  sample depends on sampling e r r o r  and 
external  (non-sampling) e r r o r .  Sanpling e r r o r  includes: 

. temporal e r ro r  ( t h e  var ia t ion  a t  a  loca t ion  across  
days):  and 

. s p a t i a l  e r ro r  ( t h e  va r ia t ion  across  l o c a t i o n s ) .  

External e r r o r  includes: 

. seasonal var ia t ion  and e r r o r s  i n  seasonal  adjustment 
f a c t o r s ;  

. va r i a t i on  i n  the  ax l e  cor rec t ion  f ac to r  needed by 
counts made w i t h  road tube counters;  and 

. measurement e r r o r s  ( a x l e s  miscounted by road tubes ) .  

Estimates o f  temporal,- s p a t i a l ,  seasonal  adjustment, and axle  
cor rec t ion  e r r o r s  a r e  included i n  the  sample s i z e  equations 
presented l a t e r  i n  t h i s  s ec t i on .  The ex ten t  of measurement 
e r ro r  is  a l s o  discussed l a t e r  i n  t h i s  r epor t ,  but  no e f f o r t  i s  
made t o  d i r e c t l y  account f o r  t h a t  e r r o r  i n  t h e  sample s i z e  
equations. The equations do not include any measure of the  
amount of e r ro r  i n  a t r a f f i c  es t imate  t h a t  i s  not  a f fec ted  i n  
some manner by the  sampling process. 



A discussion of the effects of count frequency and duration 
on the precision of the count data is also included. The 
resulting improvements in precision from longer and more 
frequent counts are then conpared with the cost of taking 
counts. The results are used to determine sampling frequency 
and duration for the pEogram element. Appendix C includes the 
complete cost analysis perf orned to compute the 
frequency/duration/cost tradeoffs presented here. 

Although the frequency and duration of the count program 
affects the level of precision of the data, the selection of the 
precision desired actually drives the sample size equations. 
The precision selected for each application of the sample, size 
equations results from a combination of user needs and the cost 
of collecting data. 

Select Sample Locations and Times 

Sample locations have already been established for volume 
counts as a result of the existing HPMS program. The selection 
of vehicle class sample locations fron that sanple can be 
performed in one of several ways. The essence of each procedure 
is to select a series of representaive locations randomly fron 
the volume locations. The two most applicable means for 
selecting these locations are: 

. a simple random sample: 

. a random sanple of sections, with the sections 
weighted by the VMT on each section. 

The first procedure is the easiest to accomplish, It requires 
creating a listing of (and sequentially numbering) HPf.1S volume 
segments within a stratum. Each location should be listed once 
for each day in the count cycle. The random selection of 
monitoring location-days should be chosen fron this list. The 
result of the selection will be that some locations are selected 
for monitoring on more than one day. The random selection can 
be performed using a computerized process or by using a 
published random number table. 

This procedure assumes that there is no significant 
difference in vehicle elass distributions between the different 
volume groups that make up a stratum. It will result in a 
probability of a sample being selected equal to one divided by 
the total number of volume samples taken in that 
stratification. This means that the volume groups with higher 
sampling rates in the HPMS volume sample will have higher 
representation in the vehicle classification sample. 



The second procedure is more complicated to perform, but 
may yield a more representative number. (This is unclear 
because of a lack of statistically valid vehicle classification 
data.) The weighting of each sample location by VMT assumes 
that vehicle class percentages are different for different 
volume stratifications. This procedure automatically weighs the 
probability of a section being selected for a vehicle class 
location according to that location's contribution to the 
stratum's average vehicle classification (based on VMT), 

To perform a weighting by VMT, a state should first create 
a listing of HPMS volume locations by functional class strata. 
Each location should be asigned a weight equal to the VMT for 
that section divided by the sampling rate for that volume 
group. All the weighted volume sample sections in the strata 
should then be combined into one list with each weighted 
location listed once for each day in the count cycle. A 
computerized or manual process should then be used to select 
locations for vehicle class locations with each location-day 
having a probability of selection equal to the weight calculated 
for that location divided by the sum of all weighted 
location-days in the strata. 

All states will use a simple random sample for determining 
truck weight locations from within the vehicle class sample. 
The vehicle classification sample selection will provide any 
weighting that a state should apply to sample selection (i.e. 
selection of location proportional to VMT). Any further 
weighting of the sample will bias the collected data. Truck 
weight locations will also be selected based on the equipment 
available to each state for collecting weight data. 

The tempering of statistically rigorous sampling with the 
practical realities of manpower utilization and equipment 
capabilities will also affect the timing of data collection. 
The computation of VMT for a state or entire functional class is 
statistically cleaner if volume counts are taken evenly 
throughout the year and seasonal factors are not used. This 
procedure may not be practical at this time because states often 
rely on inexpensive summer help to perform much of their data 
collection. Summer collection makes the sample seasonally 
biased, and requires the use of seasonal factors to correct the 
summer weighting. One-of the goals of the integrated program is 
to emphasize the need to develop monitoring programs equally 
distributed across seasons so as to eliminate or at least 
diminish seasonal bias. 

It is expected that a majority of states will use some kind 
of systematic process to collect data. From a cost standpoint, 
this makes sense. The systematic collection of data, however, 
may reduce the precision of the data collected. The magnitude 
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of this additional error is hard to estimate, and is generally 
ignored because it is not cost effective to try to eliminate 
it. Two examples of common types of systematic error that some 
states will encounter are: 

restricting truck weighing operations from certain 
roads and road segments, due to equipment 
limitations and crew safety requirements; and 

. focusing on the collection of data from specific 
areas of a state at one time, rather than collecting 
data from locations randomly (e.g., counting all 
HPMS sections in a county before counting any HPMS 
sections in another county of the state). 

One important advantage of this integrated program element 
is that the volume, vehicle class, and truck weight counts all 
coincide. That is, a volume count and a vehicle classification 
count should be taken at the same time and location as every 
truck weight monitoring session. A volume count should be taken 
at the same time and location as every vehicle classification 
count. In this manner, the amount of travel for data collection 
is reduced in that the same crew (or equipment) can perform the 
labor necessary for all three measurements. 

Sample Expansion 

The vehicle classification and truck weight data do not 
need to be expanded in the same manner as the volume data. The 
results of the vehicle class and truck weight data collection 
efforts are ratios that will be applied to volume estimates, 
both at the individual site level and at the functional class or 
system level. 

The result of the various truck weighings are truck 
weights, axle weights, or an average EAL for each truck type for 
each road stratification. If the EAL estimate is used within 
the sample stratum from -which it is drawn (e.g., for high 
volume, rural interstates), no weighting or expansion is 
necessary. If an average EAL is desired for a combination of 
sampling strata, the estimates must be combined proportional to 
the strata sampling rates. The actual calculation of this 
procedure is presentedcunder the truck weight heading of the 
HPMS program element. An example of combining two strata would 
be the combination of high and low volume rural interstate 
strata into a single rural interstate stratum. 

Vehicle classification data is expanded in the sane manner 
as truck weight data. The purpose of the sampling and data 
collection is to provide estimates of the percentage of traffic 
by vehicle type. No expansion factor is needed. If sample 
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strata are to be combined, the data must be weighted by the 
respective sampling probabilities of the two strata. These 
actual calculations are discussed under the vehicle 
classification heading of the HPWS program element. 

To obtain the total VMT of a particular vehicle type for a 
functional classification, the average percentage of travel by 
that vehicle type for that class -of road would be multiplied by 
the total amount of vehicle miles traveled on those roads. T o  
obtain total VMT by vehicle type for a state, the above 
procedure would be followed for each functional class of road 
and the results summed, The expansion process is described more 
fully later in this section. 

The HPMS Field Manual contains the methodol~gy for 
expanding the HPMS sample volume counts to represent the entire 
HPMS population. The manual also contains instructions for 
conputing VMT for various reporting purposes. 

HPMS VOLUME DATA SUBELEMENT 

The purpose of this study is to develop an integrated state 
traffic data collection program based on the HPMS. The HPMS 
program yields estimates of statewide traffic volumes and VMT 
for reporting purposes and trend analysis. 

The HPMS sample strata and count locations are accepted 
unchanged in the recommended data collection program. Within 
these constraints, some analysis was performed to show areas 
where the data collection process could be improved to benefit 
an integrated statewide traffic count program. The areas of 
analysis included: 

. evaluating the frquency and duration of traffic 
counts taken at HPMS sample locations; and 

. building on the HPMS sample t o  provide data for 
estimation of growth rates. 

Frequency and Duration of HPMS 
Element Traffic Volume Counts 

One of the fundamental tradeoffs in data collection is 
reducing costs versus reducing uncertainty. This involves 
questions such as how many counts to take, how long to collect 
data at a single count location (duration), and how frequently 
to take counts at those locations. 

States typically take volume counts with 24-hour machine 
counts {with or without hourly breakouts) for use in estimating 
annual average daily traffic (AADT). These counts are often 



taken annually at %he same location. This use of a volume count 
to calculate or represent AADT creates an uncertainty that that 
count value is the true term (iaea, that the volume for that day 
or the value calculated with that volume is the actual N T ) ,  
'6his uncertainty is s function of the variation in the amount of 
traffic at that location and the growth of traffic at that 
location between the time of the count and the day for which the 
AADT value is desired. 

The magnitude of daily traffic variation is much larger 
than the long-term growth trends Q£ most focations. As a 
result, analysis shows that it is more cost effective to count 
less frequently for longer periods of time. For cast 
effectiveness, Peat Maswick recommends that HPMS volume counts 
be taken for 48 hours at a time, but at three-year intervals. 
PHWA has expressed the desire to maintain annual counts on 
interstate sections to monitor annual volume changes on these 
sections. The following equations show how Peat Marwick's 
recommendation was reached. 

The uncertainty in a specific daily volume count at the 
time the count is made is represented by the following 
equation : 2 

where : 
SVOLj = 

SVOED = 
SVOLS = 

SVOLA = 

ncc = 

nvc = 

nd = 

Each of these 

the standard deviation of the volume count 
at location j 
the standard deviation of volume across days - 
the standard deviation of volume across 
seasons 
the standard deviation of the average nunber 
of axles per vehicle per day 
the number of counts locations used to 
calculate seasonal factors 
the number of vehicle classification counts 
taken to calculate the axle correction factor 
the length of the count in days 

variance terms can be reduced by taking longer 
counts, e.., for 48 or 72 hours. For an entire sampling 
stratum, thls expression can be expanded to:3 



where : 
* SVOLh = t h e  s t a n d a r d  d e v i a t i o n  of  t h e  a v e r a g e  volume 

f o r  s t r a t u m  h  
SVOLDh t h e  s t a n d a r d  d e v i a t i o n  of  t h e  volume a c r o s s  

d a y s  f o r  s t r a t u m  h  
SVOLLh t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  volume a c r o s s  

l o c a t i o n s  f o r  s t r a t u n  h 
SVOLSh t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  volume a c r o s s  

s e a s o n s  f o r  s t r a t u m  h 
SVOLAh t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  a v e r a g e  number 

of axles p e r  v e h i c l e  f o r  s t r a t u m  h  
n  h  = t h e  number o f  volume c o u n t s  t a k e n  i n  s t r a t u m  

h 
ncch = t h e  number of  l o c a t i o n s  coun ted  t o  d e t e r m i n e  

t h e  s e a s o n a l  f a c t o r s  f o r  s t r a t u m  h 
nvch = t h e  number o f  v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  

t a k e n  t o  compute t h e  a x l e  c o r r e c t i o n  f a c t o r  
i n  s t r a t u m  h  

For combining s t r a t a ,  the u n c e r t a i n t y  of the  estimate c a n  be 
computed as: 

where: 
S V  OL = t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  combined 

volume e s t i m a t e  
t l i l e s h =  t h e  t o t a l  number o f  m i l e s  i n  s t r a t u m  h 
SVOLh = See e q u a t i o n  3 

Another  s o u r c e - o f  u n c e r t a i n t y  i s  i n t r o d u c e d  i f  growth t r e n d  
d a t a  a r e  used  t o  a d j u s t  a n  o l d  c o u n t  f o r  c u r r e n t  use :  

VOL = VOLi ' GF - 

where : 
VOL = t h e  volume e s t i m a t e  c o r r e c t e d  f o r  growth 
V O L i  = a d j u s t e d  AADT t r a f f i c  c o u n t  t a k e n  e a r l i e r  
CF = t h e  growth f a c t o r  between t h e  y e a r  o f  t h e  

c o u n t  and t h e  p r e s e n t  t i n e  
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The additional uncertainty introduced by appiying a growth 
factor to an old count is represented as fol$sws: 

Where : 

SVOLGF= the uncertainty of the volume estimate as a 
result of the growth factor 

SGF = the standard deviation of the estimated growth 
factor 

ngf = the number of data points available to calculate 
the growth factors 

The use of growth factors in the HPMS data collection effort 
also means that some additional error is included in the 
computation of volumes by sample stratum, The revised error can 
be determined by c~mbining equations 3 and 6: 

Exhibit IV-4 illustrates the relative costs and accuracy of 
a variety of count durations and frequencies, based on the 
following assumptions drawn from Appendix A, and assuming 
appropriate numbers*£ counts for each factor: 

SVOLD = 0.07 of AADT 
SVOLS = 0.04 of AADT 
SVOLA = 0.03 of AADT 
SGF = 0.01 of AADT 
-2, = 6.0 (locations used to determine seasonal 

factors 
= 12.0 (vehicle classification counts) 
= 40.0 (counts used to estimate the growth factor) 

cost2 (second day of count) = 0.15 of first day cost 
cost3 (third day) = 0.05 of first day cost 
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- 
DEGREE OF 

ERROR 
7 

(Percent of 
AADT) 

m 

RELATIVE COST AND ACCURACY OF COUNT DURATION 
AND FREQUENCY 

9.0 * 8.9 8.85 8.8 
.L - - I 244-our count 

5-year 3year 
cycle , cycle 1-year cycle 

48-hour count 

COST PER YEAR 
(Expressed as a Unit Cost) 

Assumes: SVOLD = .07 SGF = -01 
SVOLS = .04 Ngf = 40 
SVOLA = .03 Cost of +Day Count = 1 
Ncc = 6 Cost of 2nd 24 hours = 0.15 
N v c =  12 Cost of additional 24 hours = 0.05 



The exhibit uses example data. It does not indicate the 
accuracy of counts on any specific functional class of roads. 
The actual accuracy of any count will depend ~w $he variability 
of the traffic at that location. Exhibit IV-5 presents a graph 
of the same data to help the reader visualize the effects of 
increasing the duration of counts and decreasing the frequency 
of counts. 

As can be seen in Exhibits IV-4 and PV-5, the increase in 
count duration significantly affects the accuracy of the count. 
The decrease in count frequency [and use of a growth factor) has 
only a marginal effect on count accuracy, but does have a 
significant effect on reducing the cost of the count program. 
Exhibits IV-4 and IV-5 also show that a three-year-old volume 
count with a growth factor is only slightly less accurate than a 
new count (roughly 1.2 percent of the above percentages). This 
is because the error from daily variation in traffic at a 
location is considerably larger than the error in estimating a 
comparatively small growth rate, even after several years of 
growth. The sum of the daily variation error and the growth 
factor error for equal length counts is therefore only slightly 
larger than the error from the daily variation by itself, 

For the sane reasons, a 48-hour count with a three-year 
cycle and growth factor is more precise than an annual 24-hour 
count. Therefore, it is logical to collect data for 
multiple-day periods once every several years. The lengthening 
of the count cycle reduces the cost of the program, while the 
longer counts improve accuracy. In practice, the count schedule 
would be constrained by non-statistical issues such as: 

. the deteriorating reliability of road tubes left in 
place for long periods of time; 

. the occurrence of major development in the area for 
which growth factors cannot be accurately estimated; 
and - 

. the scheduling of counts to make cost effective use 
of manpower and equipment. 

Given these other considerations, it is recommended that a 
48-hour count and a three-year count cycle be adopted for the 
HPMS volume count program. This data collection plan yields 
more accurate data on the vast majority of sections for a 
reduced cost in comparison to the existing plan of annual 
24-hour counts. This procedure's principal disadvantage is that 
it reduces the effectiveness of the MPMS program in detecting 
large changes in volume on an annual basis. Since few locations 
exhibit major volume changes within a year, this should only be 
a problem at a few locations. As a result, the special data 
collection program can be used to collect data at those few 
locations which require counts before the three-year cycle ends, 



Count Schedule 

24 Hours Every Year 
24 Hours Every Other Year 
24 Hours Every Three Years 
24 Hours Every Five Years 
48 Hours Every Year 
48 Hours Every Three Years 
48 Hours Every Five Years 
72 Hours Every Yeat 
72 Hours Every Three Years 
72 Hours Every Five Years 

EXHIBIT IV-5 

RELATIVE COST AMI ACCURACY OF COUNT 
DURATION AND FREQUENCY 

Total Cost 
of Count 

Cost of Count 
Per Year for Cycle 

Accuracy at 
End of Cycle 

.0880 standard 

.0886 standard 

.0891 standard 

.0903 standard 

.0?27 standard 
-0741 standard 
-0755 standard 
,0669 standard 
.0684 standard 
.0699 standard 

deviations 
deviations 
deviations 
deviations 
deviations 
deviations 
deviations 
deviations 
deviations 
deviations 



One significant advantage is that the use of a three-year 
count cycle results in a two-thirds reduction in the number of 
volume counts taken in a year. This results in a reduction in 
the resources needed to collect HPMS data. A reduction of half 
the total HPMS budget for a state may be achieved by a 
two-thirds reduction in HPMS traffic volume counts. The actual 
cost reduction each state would achieve is highly dependent on 
the manner in which each state .collects HPMS data, and could 
only be calculated after a specific analysis of each state's 
budgeting and counting procedures, 

Growth Factors From the HPMS 
Volume Sample 

If the above recommendation to count HPMS segments on a 
three-year cycle is accepted, growth factors must be used to 
update old counts to current year estimates. States have 
historically relied on ATR stations and control counts to 
estimate growth factors. Control counts are rarely used for 
purposes other than estimating growth or seasonal adjustments. 
Peat Marwick recommends that the HPbS sample be used to provide 
growth factors. 

The analysis shows that the HPIG sample provides a better 
data base for estimating growth than does a limited control 
count program. Like a control count psogram, the HPNS sanple 
essentially consists of a very large fixed panel survey. Each 
location is counted either every year or every third year. The 
reliability of growth estimations increases with the number of 
counts used to estimate that growth. The HPMS sample is 
invariably larger, better distributed, and randomly selected. 
It is therefore better than the control count programs performed 
by the states examined in the analysis. Furthermore, the HPMS 
sanple is already counted for other reasons (e.g., reporting to 
the federal government). The use of the data for computing 
growth factors is therefore essentially free. 

The use of the HPMS sample for computing growth and the ATR 
program for computing seasonal factors means that the control 
count program serves no useful purpose. This means that it can 
be discarded, and those resources used for other purposes. 

A state's ATR stations by themselves may be used to 
calculate annual growth factors, but this could cause some 
states to rely on a very small number of locations to determine 
growth. A small number of counters is highly susceptible to 
local effects (e.g., the construction of a shopping center). It 
is therefore probable that the accuracy of statewide growth 
estimates from many 48-hour HPMS volume counts is greater than 
the accuracy of estimates computed from ATR data. 



Vehicle Classification Proqram Element 

The vehicle classification program element is designed to 
produce estimates of the percentage of each vehicle type 
traveling on each functional classification of highway. The 
program element requires a subsample of the HPMS sample 
locations, The selection of the vehicle classification sample 
is accomplished in five basic steps: 

. defining the sample; 

. estimating the sources ~f error; 
determining the required precision; 

. computing the sample size; and 
selecting the sample locations and times, 

The data collected at these locations are then arranged within 
each strata to provide estimates of percentage of travel by 
vehicle type. 

Define the Sample Strata 

Peat Marwick . recommends using the same functional 
classification strata used in the HPMS volume sample, but 
without the use of the HPMS volume substrata. In addition 
several of the functional classes exhibit similar traffic 
characteristics and thus have been combined (e,g,, urban 
interstates, urban freeways, and other expressways). The 
recommended strata are: 

. rural interstates; 

. rural principal arterials; 
- 

rural minor arterials; 

. rural collectors; 

. urban interstates, other urban freeways, and - 
expressways; 

. urban principal arterials; 
urban minor arterials; and 

. urban collectors. 
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States may wish to combine some of these strata, if those strata 
show similar vehicle traffic characteristics. The individual 
states may also need to further stratify the above 
classifications. Three possible reasons for needing further 
stratification are: 

. the desire to separate high volume from low volume 
roads for sampling purposeq; 

. the existence of two or more regions in the state 
(within the urban or rural stratification) that 
experience distinctly different truck travel 
characteristics; and 

. an interest in stratifying by other characteristics, 
such as toll roads or roads prohibiting trucks, 

A state might choose to use either of these additional 
stratifications if its data showed that the variance within a 
larger stratum (e.g,, a functional class) would be significantly 
reduced by creating the additional strata (e.g., functional 
class by high and low volume). If the new strata have 
substantially different traffic mixes from each other, a net 
reduction in sample size will result because the variance within 
each of the new strata is less than the variance within the old 
stratum. If there is no decrease in variance, the total sample 
size -necessary to achieve a specific precision will increase 
because of the stratification. 

Sources of Composite Variation 

Several factors in addition to the actual variance within a 
stratum affect the reliability of volume estimates by vehicle 
classification. The volume of vehicles of a particular type for 
a location is dependent on two primary factors: 

. the total volume at the location; and 

. the percentage of that vehicle type in the traffic 
stream. 

Volume estimates may be from actual counts on a road section or 
average values for a strata. Similarly, vehicle classification 
percentages may be derived from a classification count taken at 
a specific location, or may be a stratum average. Where these 
estimates come from determines how the reliability of the 
estimate is calculated. 



For an  a c t u a l  v e h i c l e  c l a s s i f i c a t i o n  c o u n t  a t  a s p e c i f i c  
l o c a t i o n ,  the  volume by v e h i c l e  type a n d  u n c e r t a i n t y  o f  tha t  
c o u n t  c a n  be e x p r e s s e d  as:5 

[ 
SVOL-2 SPVCi.2 2COV (VO ., 

S V O L ~ ~ ~  = (VOLj PvCii)2 ---+ * - + voL J(vc4 
V0LI PVCii2 I' Wcigl 19) 

[ 
SVOL 2 SPVC-2 

SV0Lii2 = V0Lii2 2 + 
V0Li2 PvC,12 I 

where:  
V O L i j  = t h e  volume f o r  v e h i c l e  t y p e  i a t  l o c a t i o n  j 
VOL j = t h e  t o t a l  volume a t  l o c a t i o n  j 
PVCij = t h e  p e r c e n t a g e  o f  v e h i c l e  t y p e  i i n  t h e  

t r a f f i c  s t r e a m  a t  l o c a t i o n  j 
S V O L i j  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  volume f o r  

v e h i c l e  t y p e  i a t  l o c a t i o n  j 
S V O L j  = see e q u a t i o n  2 

a n d  where:  

where: - 
SPVCDih= t h e  s t a n d a r d  d e v i a t i o n  of t h e  p e r c e n t  o f  

t r a f f i c  a c r o s s  d a y s  f o r  v e h i c l e  t y p e  i and  
s t r a t u m  h  

SPVCSih= t h e  s t a n d a r d  d e v i a t i o n  of t h e  p e r c e n t  of 
t r a f f i c  across s e a s o n s  f o r  v e h i c l e  t y p e  i 
a n d  s t r a t u m  h  

nvcs h = t h e  number o f  v e h i c l e  c l a s s i f i c a t i o n  c o u n t  
l o c a t i o n s  used  t o  d e t e r m i n e  s e a s o n a l i t y  i n  
v e h i c l e  c l a s s i f c a t i o n s  i n  s t r a t u m  h 



T h e  sampl ing  p r o c e d u r e  w i l l  p r o d u c e  estimates s f  t h e  
p e r c e n t a g e  o f  t r a v e l  f o r  each v e h i c l e  c l a s s i f i c a t i o n  f o r  e a c h  
f u n c t i o n a l  class o f  r o a d  w i t h  a .  known s t a n d a r d  error. These  
estimates c a n  t h e n  be used  a l o n g  w i t h  a c t u a l  volume c o u n t s  
( a d j u s t e d  f o r  the t r u e  number o f  a x l e s  per v e h i c l e )  t o  estimate 
t h e  a c t u a l  number o f  v e h i c l e s  b y  v e h i c l e  class f o r  a n y  r o a d  
s e c t i o n  o n  which n o  v e h i c l e  c l a s s i f i c a t i o n  c o u n t  i s  t a k e n .  T h i s  
is e x p r e s s e d  m a t h e m a t i c a l l y  as: . 

w i t h  t h e  u n c e r t a i n t y  o f  t h a t  estimate b e i n g  c a l c u l a t e d  from: 

where: 
SVOL j = see e q u a t i o n  2 
SPVCih = t h e  s t a n d a r d  d e v i a t i o n  i n  p e r c e n t a g e  of  

t r a f f i c  f o r  v e h i c l e  t y p e  i i n  s t r a t u m  h 
PVCih = the a v e r a g e  p e r c e n t a g e  of v e h i c l e  t y p e  i 

i n  s t r a t u m  h 

and : 

w i t h :  
SPVCDihZ t h e - s t a n d a r d  d e v i a t i o n  of  t h e  p e r c e n t  o f  

t r a f f i c  a c r o s s  d a y s  f o r  v e h i c l e  t y p e  i and 
s t r a t u m  h  

SPVCLihs t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  p e r c e n t  of  
t r a f f i c  a c r o s s  l o c a t i o n s  f o r  v e h i c l e  type i 
and s t r a t u m  h 

SPVCSih= t h e  s t a n d a r d  d e v i a t i o n  of  t h e  p e r c e n t  of  
t r a f f i c  a c r o s s  s e a s o n s  f o r  v e h i c l e  t y p e  i 
and s t r a t u m  h  

nvcsh = t h e  number o f  v e h , i c l e  c l a s s i f i c a t i o n  c o u n t  
l o c a t i o n s  used  t o  d e t e r m i n e  s e a s o n a l i t y  i n  
v e h i c l e  c l a s s i f c a t i o n s  i n  s t r a t u m  h  



Cost limitations prohibit a state from collecting data to 
determine the daily, locational, and seasonal variation in 
vehicle class data directly, Therefore, equation 14 can be 
simplified to: 

Where: SPVCTih = The total standard deviation in the 
percentage of vehicle types across 
all factors,  

This term is easier to both calculate and use, and is therefore 
recommended for use by the states. 

SPVCTih may be calculated by taking a series of random 
vehicle classification counts at various locations in a stratum 
throughout the year. The standard deviation of the mean 
percentage for each vehicle type from that sample can then be 
used in later precision estimates. 

The advantage of this method of determining standard 
deviations is the simplicity of the necessary data collection. 
The disadvantage is that the sampling plan cannot directly 
address those areas causing the greatest variation in the data, 
because the components of variation are not treated separately. 
However, a more detailed analysis of component variation can be 
carried out if desired. 

Equation 12 allows a state to take only a volume count and 
still have a reasonable estimate of the number of vehicles 
within each vehicle type on that road. Thus a state can reduce 
the number of special vehicle classification counts needed. 

The use of a subsample also permits the statistically valid 
computation of total travel by vehicle type within a stratum. 
The average volume (to be converted to VMT) for a vehicle class 
within a stratum (functional class) can be expressed as: 

This is the average stratum volume times the average 
percentage of travel for vehicle class i, Multiplying this 
estimate by the number of miles in a stratum gives VMT by 
vehicle type i within that stratum. 



The standard error of this estimate is calculated from:g 

where : 
SVOLih = the standard deviation of volumes for 

vehicle class i in stratum h 
SVOLh = see equation 3 
S P V C ~ ~  = see equation 15 

This equation would be used primarily for developing VWT 
estimates by functional class for reporting purposes, or for 
conparing the differences in travel on different functional 
classes of highways. 

More than one sample stratum can be combined for reporting 
or other purposes. For example, a state with a high/low 
stratification of rural interstates . might want to produce a 
report indicating the amount of truck travel on all rural 
interstates. 

For aggregation or combination of strata, the average 
volume for a vehicle class can be computed as: 

- - Miles, 
VOLi = C VOLih ' - - : VMT,, 

h E Milesh E Miles 
h h 

with a standard error equal to: 

where: 
V O L i h  = see equation 16 
SVOLih = see equation 17 
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As can be seen in the above equations, the precision of the 
average daily traffic volume estimate by vehicle type is 
dependent on: 

variation of the volume estimate (also affected by 
variation across days, seasons, average numbers of 
axles, and so on); 

daily variation in the of traffic at that 
site by that vehicle type; 

. seasonal variation in the percentage of traffic at 
that site by that vehicle type; and 

. variation between the percentage of travel by 
vehicle type at that location and the mean 
percentage of travel by that vehicle type for the 
stratum to which the location belongs. 

The effect of the variability from all these terms on the 
precision of the estimate can be reduced by taking more counts, 
more frequent counts, or longer counts. The precision for a 
stratum can also be reduced by stratifying the sample so that 
the variance within the stratum (SPVCh) decreases. As with 
volume counts, a tradeoff must be made between increased 
precision and the cost of collecting more data. 

Determininq the Precision 

As shown in equation 15 the standard error of an estimated 
percentage of traffic for any one vehicle type is a function of 
the variance in the percentage of travel by that vehicle type, 
and the number of locations counted. Using a simple random 
sample the precision of the estimate can be determined by 
assuming a confidence interval and turning the standard error 
into a coefficient of variation. This is expressed 
mathematically as : ' 

- 

where : 
d = the accuracy of the estimate as a fraction 
z = the normal variate for the specified level of 

confidence 
COV = the coefficient of variation for the 

percentage of vehicles in class i stratum h 
nh = the number of counts taken in stratun h 
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I n  t h e o r y ,  t h e  u s e r  s p e c i f i e s  t h e  p r e c i s i o n  l e v e l  a t  which 
t h e  d a t a  i s  d e s i r e d ,  and de t e rmines  t h e  number of samples t o  be 
t aken  us ing  t h e  above equa t ion .  Unfo r tuna te ly ,  t h e  sample s i z e  
r e q u i r e d  t o  ach ieve  a  s t a t e d  p r e c i s i o n  l e v e l  d i f f e r s  f o r  each 
v e h i c l e  t ype .  Th i s  is because t h e  v a r i a t i o n  of t h e  pe rcen tage  
of t r a f f i c  by each v e h i c l e  t y p e  is d i f f e r e n t .  T h i s  r e s u l t s  i n  a  
s i n g l e  sample s i z e  be ing  chosen and d i f f e r e n t  l e v e l s  of 
p r e c i s i o n  be ing  ob ta ined  f o r  each v e h i c l e  t ype .  To s e l e c t  a  
s i n g l e  sample s i z e  t h e  d i f f e r e n t  v a r i a t i o n s  f o r  each v e h i c l e  
t y p e  m u s t  be reduced t o  one number. There  a r e  two ways of 
looking  a t  t h i s  problem: 

use  t h e  c o e f f i c i e n t  of v a r i a t i o n  ( C O V )  of t h e  most 
impor t an t  v e h i c l e  t ype ;  o r  

combine t h e  COVs of t h e  d i f f e r e n t  c l a s s e s  i n t o  one 
number. 

Rega rd l e s s  of which of t h e  above methods is  used,  t h e  
chosen sample s i z e  w i l l  s t i l l  r e s u l t  i n  p r e c i s i o n  l e v e l s  
c a l c u l a t e d  from t h e  number of sample l o c a t i o n s ,  and t h e  
v a r i a t i o n  w i t h i n  each of t h e  i n d i v i d u a l  v e h i c l e  c l a s s e s .  Th i s  
p r e c i s i o n  l e v e l  can be e s t i m a t e d  f o r  each v e h i c l e  t ype .  

T h e  c h o i c e  of a "most impor t an tm v e h i c l e  t y p e  i s  L e f t  t o  
t h e  decis ionmaker .  An a p p r o p r i a t e  cho ice  might be 352 t r u c k s ,  
because of t h e  l a r g e  number of these  v e h i c l e s  on t h e  road ,  and 
t h e i r  f a i r l y  h igh  weight .  

Combining COVs can be  done i n  s e v e r a l  ways: 

. s imple  averag ing;  

. weight ing  t h e  averag ing  by pe rcen tage  of v e h i c l e s  i n  
t h e  t r a f f i c  volume; 

. weight ing  t h e  - ave rag ing  by ave rage  EAL pe r  v e h i c l e  
t ype ;  o r  

weight ing  t h e  a v e r a g i n g  by t o t a l  EAL pe r  v e h i c l e  
type.  

Each of t h e s e  methods produces  a  s l i g h t l y  d i f f e r e n t  s a n p l e  s i z e  
v e r s u s  p r e c i s i o n  curve.  

The simple ave rag ing  w i l l  most l i k e l y  cause  t h e  mean COV 
de t e rmina t ion  t o  be l a r g e r  t h a n  is  neces sa ry .  T h i s  i s  because 
t h e  v a r i a n c e  i n  t h e  pe rcen tage  of t r u c k s  i n  unusual  c a t e g o r i e s  
( i . e .  non 3S2, f i v e - a x l e  t r u c k s )  can be q u i t e  l a r g e ,  wh i l e  t h e  
need t o  know t h e  t r u e  pe rcen tage  of t h e s e  v e h i c l e s  is f a i r l y  
low. The re fo re ,  we do n o t  recommend t h i s  o p t i o n ,  
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The weighting of COVs by the amount of traffic in that 
vehicle type gives a more representative "average" COV in that 
the COV used in the sampling equation reflects the amount of 
travel contributed by each vehicle type. 

The final two weighting procedures use a measure of the 
damage the vehicle type causes to the roadway. This method 
gives emphasis to collecting data in such a way as to be better 
able to estimate axle loadings within the stated precision 
levels. 

Exhibit IV-6 presents examples of how to perform the 
various weightings described above using data for rural 
interstates from Appendix A. Exhibit IV-7 presents sample size 
versus precision estimates using the different weighting 
procedures for the rural interstate functional classification, 
using default values contained in Appendix A. Exhibit IV-8 
compares sample size versus precision curves for 3S2 trucks, 
standard automobiles and the COV weighted by the volume of 
traffic for each vehicle type. Both Exhibit IV-7 and 
Exhibit IV-8 are plots of equation 20 using the data calculated 
in Exhibit IV-6. A confidence interval of 95 percent is assumed 
for these curves. 

The curves in Exhibits IV-7 and IV-8 are most easily 
explained by an example. Exhibit IV-8 shows that a sample size 
of 30 vehicle class count locations will result in a level of 
accuracy of 31 for 3S2s. This means that the estimate of the 
percentage of 352 trucks derived from those 30 counts is within 
31 percent of the true value with a confidence interval of 
95 percent (e.g., 12 percent + 3.7 percent). The precision 
level for any other vehicle Type could be computed by using 
equation 20 and substituting the number of sample locations 
(nh '3 30 in this case), the z score for the chosen confidence 
interval ( z  = 1.95) and the COV from Appendix A, Exhibit A-1, 
for that vehicle type and functional class (COV = SPVC/PVC). 

- 
The sampling size procedure described above must be 

repeated for each vehicle classification sampling stratum. 
Default sample size curves are included in Appendix A for each 
of the recommended functional classification strata. 

Sample Selection -. 

Sample locations are chosen from the HPMS sample sections. 
There are two recommended methods for choosing the appropriate 
locations. The two methods are: 

. simple random sampling; and 

. sampling proportional to VMT. 



EXHIBIT IV-6 

CALCULATION OF WEIGHTED VEBICLE CLASSIFICATION COVS 

(1 1 (21 (3)  ( 4 )  (5) (6) ( 7  1 t 8 ( 91  
Weighted By 

Proportion Total Percent Tots1 
Vehicle of Deviation COV W e i ~ h t  EAL Volume lieigtrt 
Type Traf f ic  of Percent ( 3 ) / ( 2 )  EAL (2)  ( 5 )  (4)(5) /sum(5)  ( 3 )  (6)  (4)/sun1(6) 

Standard Car 
Small Car 
Motorcycle 
Bus 
2 axle, 4 t i r e  
2 axle,  6 t i r e  
3 axle s ingle  

unit  
3 axle combination 
252 
Other 4 axle  

combinations 
352 
Other 5 axle  

combinations 
6 and larger axle  

H combinations 
C 
W 
m SUH 

COV Used For Sample 
Size Calculation 

Note tha t  the numbers presented in  t h i s  t ab le  have been rounded ftoti, the i r  ac tua l  values, therefore,  some coPumns appear t o  
contain e r rors  when i n  f a c t  the values a r e  correct .  
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E i t h e r  of t h e s e  methods should provide an accep tab le  means of 
s e l e c t i n g  s e s s i o n  loca t io r i s ,  The random s a n p l e  Goes not  t a k e  
t h e  l eng th  and velum of t h e  HPMS segment i n t o  account  when 
c a l c u l a t i n g  t h e  p r o b a b i l i t y  of t h a t  s e c t i o n  being s e l e c t e d  a s  a  
count l o c a t i o n .  S a ~ p l i n g  p r o p o r t i o n a l  t o  VKT r ~ ~ a k e s  t h e  
p r o b a b i l i t y  of a  s e c t i o n  being s e l e c t e d  equal  t o  t h e  r a t i o  of 
t h a t  s e c t i o n ' s  VMT t o  t h e  t o t a l  VBT of a l l  s e c t i o n s  i n  t h e  
sacp le .  See t h e  headincj " S e l e c t  Sample Locat ions Eina T inesn  
presented  e a r l i e r  f o r  a  d e s c r i p t i o n  of t h e  s t e p s  e n t a i l e d  i n  

m t h e s e  procedures .  

Count Schedulinq 

We recornnend t h a t  t h e  v e h i c l e  c l a s s i f i c a t i o n  counts  be 
taken every  t h r e e  y e a r s  on the  same cyc le  used f o r  volume 
counts .  The samples should be taken i n  each season of t h e  y e a r ,  
i f  p o s s i b l e ,  t o  avoid  t h e  problem of seasonal  v a r i a t i o n s  i n  t h e  
composition of t h e  t r a f f i c  s t r e a n .  T h i s  w i l l  p rov ice  an annual  
e s t i n a t e  of t h e  percentage  of v e h i c l e s  ope ra t ing  on each 
f u n c t i o n a l  type  of highway. I d e a l l y ,  count days should be 
sampled randomly t o  determine t h e  eountincj scheciule. Given t h e  
r e a l i t i e s  of manpower and e q u i ~ m e n t  u t i l i z a t i o n ,  a s y s t e m a t i c  
raniion sample a ~ p r o a c h  i s  acceptable. E ~ c h  s t a t e  m u s t  work 
w i t h i n  i ts  l i n i i t a t i o n s ,  but  every e f f o r t  should be made t o  
reduce t h e  p o s s i b i l i t )  of b i a s  i n  the  sanple  from obvious 
sources  ( e . 5 . ,  tahincj a l l  counts  Curin5 the  s u m e r  1 .  

Idltir~y s t h t e s  w i l l  no t  be a b l e  t o  c o l l e c t  v e h i c l e  
c l a s s i f i c a t i o n  dh ta  a l l  kear rounc. I f  v e h i c l e  c l h s s  clata i s  
co l l ec t e t i  p redon ina te ly  ciurinc, t he  suciner nonttls cue t o  t h e  
a v a i l a b i l i t y  of l abor  o r  equipment, some seasonal  a a f u s t n e n t  of 
t h e  G P ~ &  061 be necessary.  The lIPkS v e h i c l e  c l a s s i f i c a t i o n  
s tudy i n d i c a t e d  t h a t  t h e  t r a f f i c  nakeup of f u n c t i c n a l  c l a s s e s  of 
roads chcngee by season of t h e  year  f o r  some s t a t e s .  For o t h e r  
s t a t e s ,  t h i s  s tudy  showed t h a t  seasonal  c h a n ~ e  was 
i n s i g n i f i c a n t .  Each s t a t e  w i l l  have t o  determine whether a  
seasona l  adjustment  t o  t h e i r  c o l l e c t e d  v e h i c l e  c l a s s  d a t a  i s  
necessary.  T h i s  may be done by a n a l y s i s  of e x i s t i n s  d a t a  i n  
each s t a t e .  

Two ne thods  for comparincj s easona l  v a r i a t i o n s  i n  t r a f f i c  
composition a r e :  

. using ATR s t a t i o ~ s  t o  examine t h e  seasona l  changes 
i n  makeup of a  l i m i t e d  number of v e h i c l e  l e n g t h  
c a t e g o r i e s ;  and 

. a s p e c i a l  s tudy  of v e h i c l e  c l a s s i f i c a t i o n  makeup t o  
determine seasona l  changes. 

The f i r s t  of t h e s e  two metlioas is probably t h e  most c o s t  
e f f e c t i v e ,  i f  t h e  recomnendation t o  use s o l i d  s t a t e  equipment 
f o r  ATR s t a t i o n s  has  been accepteci. The major i ty  of s o l i d  s t a t e  
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equipment is capable of determining basic vehicle length 
categories as well as the number of vehicles. The state must 
install a second inductance Poop at each ATR location and 
program the counting device to collect the appropriate vehicle 
length classes to provide year round vehicle class data for 
calculating seasonal adjustments. An example of how vehicle 
length categories might be used to adjust complete vehicle 
classification data is included in Exhibit IV-9. 

Vehicle classification data should be collected for 24 
hours at a time whenever automatic equipment can be used. If 
manual classification counts are performed , 16-hour 
cfassifications with a 24-hour volume count is normally 
sufficient. The HPMS vehicle classification study, consisting 
of data from four states (Arkansas, Iowa, Minnesota and 
Washington) and one urban area (Philadelphia), showed a 
considerable change in traffic composition of the night hours 
from the day hours. However, the total volume of vehicles in 
the night hours is often so small compared to total daily 
volumes that the increased percentage of night truck travel does 
not significantly affect the total daily vehicle percentages 
calculated from 16-hour classification data, The small amount 
of precision added in most data collection locations when late 
night hours are counted does not justify the cost of the 
additional 8 hours of manual counts, In addition, counts should 
be taken during all seven days of the week to account for 
differences between weekdays and weekends. 

Both the use of a seasonal adjustment factor for vehicle 
classification data and a factor to correct for short count data 
add error to the vehicle classification estimate. Equation 11 
would become : 

where: 
SPVCHihz t h e  standard d e v i a t i o n  of t h e  1 6  to 2 4  hour 

corr ectlon factor 
nhrh = the number of locations used to calculate 

the hourly correction factor 

Both the seasonal and short count adjustment terms are equal to 
zero if all vehicle classification counts are for 24 hours and 
the counts are evenly distributed throughout the yeas. 



EXHIBIT I!?-9 

SEASONALLY 
CLASSIFICATIONS BASED 

For Vehicle Class* 

Matorcycles 
Passenger Cars 
Two Axle, Four T i r e  Trucks 
Buses 
Two Axle, S i x  T i r e  Trucks 
Three Axle S ing le  Unit Trucks 
Four o r  More Axle S i n g l e  Unit  Trucks 
Four o r  Less Axle S ing le  T r a i l e r  Trucks 
F ive  Axle S i n g l e  T r a i l e r  Trucks 
S ix  o r  More Axle S i n g l e  T r a i l e r  Trucks 
F ive  o r  Less Axle ~ u l t i - T r a i l e r  Trucks 
S i x  Axle Mul t i -Tra i ler  Trucks 
Seven o r  More Axle Mul t i -Tra i ler  Trucks 

ADJUSTED VEHICLE 
ON ATR VEHICLE LENGTH DATA 

Apply Seasonal  F a c t o r  For 

Group 1 
Group 1 
Group 2 
Group 3 
Group 2 
Group 3 
~ r o u p  3 
Group 4 
Group 4 
Group 4 
Group 4 
Group 4 
Group 4 

Given Length Categor ies  o f :  Length 4 14'. = Group 1 
14' 5 Length425 '  = Group 2 
25' C Length < 34' = Group 3 

Length 2 34' = Group 4 

*Based on proposed FHWA v e h i c l e  c l a s s e s  
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I t  is advised  t h a t  au tomat ic  equipment be used t o  c o l l e c t  
v e h i c l e  c l a s s i f i c a t i o n  d a t a  whenever p o s s i b l e .  The advantac,es 
of t h i s  equipment inc lude:  

reduced f i e l d  crew needs; 

. l e s s  expensive d a t a  c o l l e c t i o n  ( w i t h  s av ings  of up 
t o  50 p e r c e n t  over manual counts ;  s e e  Appendix C); 

. simultaneous c o l l e c t i o n  . o f  volume d a t a  with 
c l a s s i f i c a t i o n  d a t a ,  s o  a  s e p a r a t e  volume count  i s  
n o t  necessary ;  and 

. autonatec; t r a n s f e r  of d a t a  t o  t h e  f a c t o r i n g  p rocess .  

TLe e q u i p e n t  does have s e v e r a l  drawbacks. I t  canriot be  use^ i n  
a l l  t r a f f i c  l o c a t i o n s ,  or  on sorne rtluPti-lane roads,  
FBCA-sponsorea t e s t s 9  have shohn t h a t  e r r o r  r a t e s  of up t o  
25  pe rcen t  can occur if t h e  ax le-sens ing  devices  used a r e  not  
k e ~ t  i n  e x c e l l e n t  cond i t ion .  However, a s tudy  p e r f o r ~ ~ e t  bk 
P. Davis and D.R. S a l t e r  of t h e  Transpor t a t ion  Road Research 
Laboratory i n  ~ n ~ l a n d l O  i n d i c a t e s  t h a t  e r r o r s  f ron manual 
v e h i c l e  c l a s s i f i c a t i o n  counts  a r e  o f t e n  a s  h i g h  a s  35 p e r c e n t .  
T h i s  p o i n t s  t o  t h e  conclus ion  t h a t  t h e  ~ a t n  provideti by we l l  
maintained an2 c o r r e c t l y  s e t  up e q u i p ~ ~ e n t  i s  a t  l e a s t  a s  9ooZ a s  
n a n u a l l ~  c o l l e c t e c  d a t a ,  and c e r t & i n l y  l e s s  expensive.  More 
inf  orrdcttion on a u t o n a t i c  d a t a  c o l l e c t  ion e q u i p m n t  i s  includeG 
i n  Appendix B ,  

As p a r t  of t h e  v e h i c l e  c l a s s i f i c a t i o n  element ,  i t  is 
reconnended t h a t  t he  newly p r 0 ~ 0 s e d  n a t i o n s 1  v e h i c l e  
c l a s s i f i c a t i o n  c a t e g o r i e s  be adopted by t h e  s t a t e s .  These 
c a t e g o r i e s  a r e  presented  on page b-8, i n  t h e  appendix, 

T h i s  c l a s s i f i c a t i o n  scheme has  s e v e r a l  advantages.  Amoncj t h e  
most important  a r e :  

. i t  can  be c o l l e c t e d  w i t h  au tomat ic  e $ u i p m n t ;  and 
- . i t  would make d a t a  between s t a t e s  conparable .  

While t h i s  c l a s s i f i c a t i o n  scheme does not  n e c e s s a r i l y  f u l f i l l  
a l l  s t s t e  needs,  it should provilie d a t a  f o r  t h e  mafo r i tk  of 
ther,i. S t a t e s  have t h e  ok t ion  of co l l ec t inc ,  more d e t a i l e d  d a t a ,  
b u t  t h i s  w i l l  reduce t h e  e f f e c t i v e n e s s  of t h e  a u t o n a t i c  
e ~ u i p z i e n t ,  hn6 prol ja t ly  i n c r e a s e  t h e  c o s t  of v e h i c l e  
c l a s s i f i c a t i o n  d a t a  c o l l e c t i o n .  

Data t h a t  is needed by s t a t e s  bu t  not  c o l l e c t e d  bk t h i s  
s t r a t i f i c a t i o n  c6n be supp l i ed  by t h e  manual c l i i s s i f i c a t i o n  
counts  t h a t  a r e  tiiken i n  l o c a t i o n s  where a u t o r d t i c  e ~ u i p w e n t  is 
no t  a p p r o p r i s t e .  A prime example of t h i s  is d a t a  on i n - s t a t e  
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versus  ou t -o f - s t a t e  v e h i c l e  t r a v e l .  Resu l t s  f  rorn the  manual 
count l o c a t i o n s  or  throucjh s p e c i a l  counts  coltld be app l i ed  t o  
t h e  d a t a  c o l l e c t e d  w i t h  automatic  equipment if necessary .  

Truck Weight Program Element 

The des ign  approach f o r  t h e  veh ic le  weight program element 
is s i m i l a r  t o  t h a t  used f o r  the  v e h i c l e  c l a s s i f i c a t f o n  program 
element.  It  is designea t o  be a subsample of t h e  v e h i c l e  
c l a s s i f i c a t i o n  sample s e c t i o n s ,  'in t h e  sar,ie manner t h a t  t h e  
v e h i c l e  c l a s s  sanp le  is  drawn f r o n  t h e  volume sarliple s e c t i o n s .  
The v e h i c l e  weight sample, however, is  a f f e c t e d  by s e v e r a l  rr~afor 
l i m i t a t i o n s  no t  experienced by t h e  v e h i c l e  c l a s s  sample: 

The a v a i l a b l e  equipment f o r  c o l l e c t i n 5  weight d a t a  
cannot Le used on a l l  road s e c t i o n s ,  

. There a r e  inhe ren t  b i a s e s  s f  an unknown magnitude i n  
t h e  c o l l e c t i o n  of weisht  d a t a  caused bb enforcement 
of weight laws. 

The equat ions  used t o  c a l c u l a t e  EALs  f r o n  a x l e  
weights a r e  e s s e n t i a l l y  f o u r t h  o rde r  polynomials.  
T h i s  r e s u l t s  i n  t h e  va r i ance  of weicjhts f o r  heavier  
t r u c k s  having a  g r e a t e r  e f f e c t  on t h e  p r e c i s i o n  of 
t o t a l  EALs  f o r  a  roac  seyaent  t h 6 n  t h e  v d r i a t i o n  f o r  
l i g h t e r  v e h i c l e  types .  

. The e x i s t e n c e  of loaded anZ unloa2ea t r u c k s  causes  
the  d a t a  t o  have a  bi-nodal na tu re  w i t h  one avera5e 
weight per t ruck  type f o r  loadeti t rucks   an^ one f o r  
unloaded t r u c k s .  T h i s  causes s i g n i f i c m t  i n c r e a s e s  
i n  t h e  v a r i a b i l i t ~ :  of the  d a t a  and e r r o r  i n  ELLS 
c a l c u l a t e d  f  rorn any s i z e  s a ~ i p l e .  

Nany of these  f a c t o r s  cannot be addressed d i r e c t l y  through t h e  
use of s t a t i s t i c s .  For e x a ~ p l e ,  b i a s  is no t  a f f e c t e d  bk sample 
s i z e .  Therefore,  t h e  t ruck  weight p o r t i o n  of this s a c p l i n 5  p lan  
uses  p r o f e s s i o n a l  judgment l i b e r a l l y  t o  ensure  t h a t  t h e  sar,lple 
Plan can be r ea l i s t i ca -111  i~p le rnen ted  by each s t a t e .  
Unfor tunate ly ,  t h i s  r e l a x a t i o n  of s t a t i s t i c a l  r i g o r  means t h a t  
t h e  s t a t e d  e r r o r s  determined by t h e  fornwlas presented  he re  rnay 
underest imate t h e  s t andard  e r r o r  a c t u a l l y  occur r ing .  U n t i l  
t h e r e  a r e  t e c h n i c a l  adivances al lowing accura te ,  inexpensive,  
random sampling of v e h i c l e  weights ,  l i t t l e  can be done about  
t h e s e  problems. Each problem a f f e c t s  t h e  s e l e c t i o n  of t h e  
sample s i z e  and d a t a  c o l l e c t i o n ,  They w i l l  be d i scussed  i n  
d e t a i l  a s  they  d i r e c t l y  a f f e c t  t h e  sampling process  desc r ibed .  
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The bas i c  ssmpling process i s  s imi la r  t o  t h a t  used fo r  the  
vehic le  c l a s s  program element. It  includes: 

d e f i n i t i o n  of t he  sample population; 

es t imat ion of t he  sources of composite e r r o r ;  

determination of the  p rec i s ion  require6 fo r  the  da ta  
colf.ected; 

conputation of the  required sanple s i z e ;  and 

se l ec t i on  of the  sample, loca t ions ,   an^ t i n e s .  

The r e s u l t  of t he  datg co l l ec t i on  i s  ax le  weights t h a t  can be 
used t o  es t imate  average gross weight, average ax le  weicjht, 
average EAL values,  or other s t ~ t i s t i c s  such a s  the  percentage 
of overwei5ht t rucks  f o r  each vehic le  type fo r  each funct ional  
c l a s s  cf road and add i t iona l  s t r a t a  require6 by the  s t a t e .  
Vehicle types fo r  the  height  element a r e  the  same a s  f c r  the 
vehic le  c l a s s i f i c a t i o n  elerient.  

Define the  Sample S t r a t a  

Peat Eriaruick recomnends t h a t  the  same s t r a t a  used i n  t h e  
vehic le  c l a s s i f i c a t i o n  e lenent  be used f o r  the  veh ic le  weight 
element. A s t a t i s t i c a l l y  r e l i a b l e  est imate of vehic le  wei9hts 
ty funct ional  road type does not e x i s t  a t  t h i s  time, so i t  is  
unknown whether fu r the r  s t r a t i f i c a t i o r i  w i l l  decrease variance 
within the sanple s u f f i c i e n t l y  t o  r e s u l t  in  s a ~ , p l e  s i z e  
savin5s.  The variance t h a t  already e x i s t s  because of the 
loadea/unloaded dichotomy of t rucks  i l l u s t r a t e s  t h a t  accurate 
d i f f e r e n t i a t i o n  between even moderate d i f fe rences  i n  weight per 
vehic le  type msy be d i f f i c u l t ,  and fu r the r  s t r a t i f i c a t i o n  would 
fie a  waste of resources.  Also, the  cos t  of co l l ec t i n5  vehic le  
weight information places  s t r i c t  cons t r a in t s  on the  t o t a l  sample 
s i z e  t h a t  can be used. 

Sources of Composite Error 

The sources of e r r o r  i n  es t imates  of t o t a l  veh ic le  weight 
a r e  very s imi la r  t o  those fo r  vehic le  c l a s s i f i c a t i o n .  The 
prec i s ion  of an es t imate  of the number of veh ic les  of a  
pa r t i cu l a r  type i s  dependent. on the  e r r o r s  i n  two p r inc ipa l  
es t i r ia tes :  . 

. t he  volume count; and 

the  composition of veh ic les  i n  t h a t  volume count. 

The e r r o r s  i n  the  use of weight da t a  a r e  composed of very 
s imi l a r  terms, w i t h  the  aad i t i on  of a t h i r a  area  of u n c e r t a i n t ~ ,  
t h a t  due t o  the  e r r o r  i n  the  average weight per veh ic le  type. 
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These three basic terms must be considered together because 
weight data are normally used in some kind of estimation of the 
daily (or annual) number of loadings experienced by a particular 
roadway segment, Only occasionally is a data user interested in 
the average EAL for a vehicle type without some corresponding 
estimate of the number of vehicles in that classification, As a 
result, this discussion will deal primarily with the error in 
the estimate of total EALs for a location or stratum. 

It is assumed that the average EAL per vehicle type for a 
specific location is not a function of the vehicle weight 
subelement of the recommended traffic monitoring program. If 
site-specific weight data is needed, it should be collected as 
part of the special data collection element. It is further 
assumed that the only time the accuracy of EAL data by itself 
will be used is for trend analysis reporting purposes, or for 
investigating the need for increasing the sample size at a later 
date. The HPMS vehicle weight subelement is designed to provide 
an estimate of EAL (or other vehicle weight statistics) per 
vehicle type for a stratum. The EAL estimate can be computed as: 

where: 
EALih = the equivilent axle load for vehicle type i 

in stratum h 
EALihk = the equivilent axle load for vehicle type i 

in stratum h for day k 
k = the number vehicles weighed during a session 

with an uncertainty that would be computed as: 

where: 
SEALih = the standard deviation of EAL for vehicle 

type i for stratum h 



SEALDih t h e  s t a n d a r d  d e v i a t i o n  o f  EAL f o r  v e h i c l e  
t y p e  i a c r o s s  d a y s  f o r  s t r a t u m  h 

 SEALS^^= t h e  s t a n d a r d  d e v i a t i o n  of  EAL f o r  v e h i c l e  
t y p e  i a c r o s s  s e a s o n s  f o r  s t r a t u m  h  

SEALLih= t h e  s t a n d a r d  d e v i a t i o n  o f  EAL f o r  v e h i c l e  
t y p e  i a c r o s s  l o c a t i o n s  i n  s t r a t u m  h 

ntws = t h e  number of  t r u c k  weight  l o c a t i o n s  u sed  
t o  compute s e a s o n a l  d i f f e r e n c e s  

n twl  = t h e  number o f  t r u c k  we igh t  l o c a t i o n s  used 
t o  c a l c u l a t e  t h e  d e v i a t i o n  of  E A L s  due  t o  
l o c a t i o n a l  d i f f e r e n c e s  

Equation 23 can be simplified by combining the component 
variation terms into one value. The standard deviation would 
then be expressed as: 

Where: SEALTih = The total standard deviation in the mean 
EAL for vehicle class i and stratum h, 

As for equations 14 and 15, this simplified form allows an 
easier examination of sample size versus precision and 
subsequent design of the data collection program. The 
simplified form does not, however, allow for the design of the 
sampling plan to address the specific components of variations 
of EALs, 

These equations detail the size of the measurable error in 
the EBL estimate, They do not t a k e  into account such factors as 
the bias in truck weight data due to overweight trucks bypassing 
weigh stations, or the measurement errors occurring in the data 
collection. This means that the reliability of the data, and 
thus the error in any EAL estimate, may be higher than that 
calculated using any statistical equation, 

As can be seen in equation 23, the same factors that affect 
the variation in traffic composition and volume affect truck 
weights: 

, seasons; 
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. daily variation; and 

. locational differences. 
The effect of the variation due to these factors on the 
precision of the EAL estimate is directly related to the sample 
size of the counts used to make that EAL estimate. The cost of 
collecting weight data makes it doubtful whether the sample size 
can be increased sufficiently as a part of this count program to 
significantly reduce this error. 

One possible method for reducing this error, other than 
taking more counts within the program, is to use data collected 
by the state in its weight enforcement function, if available, 
to calculate seasonal adjustments. Most enforcement data may be 
heavily biased towards trucks carrying below the legal weight 
limit due to avoidance problems. In other cases the opposite 
may be true, since only loaded trucks are weighed. It can be 
argued, however, that the seasonal variation within this sample 
of trucks is equivalent to the seasonal variation within the 
true population (i.e., the enforcement data estimates are biased 
consistently to the same degree), 

The use of a large enforcement data base to calculate the 
seasonal variability and adjustments could considerably reduce 
the variation in the data base. For example, enforcement data 
might show a stable average EAL for 3S2 trucks for 10 months out 
of a year, but a 60 percent increase in July and August. The 
mean annual EAL would then be computed more accurately by using 
an appropriate seasonal adjustment. 

Equation 24 serves as the basis for estimating the 
variation in the EAL per vehicle for each vehicle type. This in 
turn allows the calculation of sample size, given stated 
precision levels. As for vehicle classification, a difficulty 
arises in that the variation of EALs for each vehicle type is 
different. This means that a different sample size is needed 
for each vehicle type to achieve the same level of precision. 
Since only one sample size can be chosen, a method must be used 
to determine a single variance term for computing the required 
sample size. 

As for vehicle classification, two basic approaches can be 
taken for determining a single sample size. One vehicle type 
can be chosen as the most important, and that vehicle type's COV.  
can be used, or a composite of the COVs for all vehicle types 
can be used. Three methods for weighting EAL COVs are presented: 

. use the percentage of VMT for each vehicle type 
within the stratum; 

. use the mean EAL per vehicle for each vehicle type; 
and 
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. use the total EAL attributed to each vehicle type. 
The first of these weighting schemes applies weights equal to 
the percentage of traffic due to that vehicle type. This 
results in a weighting of the COV towards the smaller, lighter, 
but more numerous trucks. The second method applies the 
heaviest weights to the heaviest truck types. This may lead to 
an overemphasis on very heavy trucks that occur infrequently in 
the strata, The third method provides for weighting the COVs by 
the amount'of damage each vehicle type causes on the road, This 
method is recommended as providing the best overall weighting. 

Exhibit IV-10 includes examples of how to perform the 
various weightings described above. Data for rural interstates 
from Appendix A is used to compute the exhibit. The first four 
columns are taken directly from Appendix A. The COV is 
calculated for each vehicle type by dividing the standard 
deviation of the EAL estimate by the EAL estimate for that 
vehicle type. Total weight by a vehicle type is the average EAL 
times the percentage of vehicles for that vehicle type. The 
various weighted COVs for each vehicle type are then computed by 
multiplying the COV for that vehicle type by the weighting 
variable ( E A Z ,  total weight, or percentage of volume) and 
divided by the sum of the weighting variable for all vehicle 
types. For example, the COV for 352 trucks, weighted by total 
weight, is the COV (.246) times the total weight (-1457) divided 
by the sum of all total weights (.1884). The weighted COVs for 
all vehicle types are summed, and this value is used in 
equation 20 to estimate precision versus sample size. Precision 
in this equation is expressed as a fraction of the estimated EAL. 

Exhibits IV-11 and IV-12 present graphs of precision versus 
sample size for the various weighting methods used in 
Exhibit IV-10. These curves are plots of equation 20, 
substituting EAL COVs for vehicle class COVs (i.e., substituting 
EAL for PVC and SEAL for SPVC). To use the curves in 
Exhibit IV-11 and IV-12, read the calculated precision level 
(accuracy at a 95 percent con£ idence interval) from the Y axis 
and sample size from the X axis. Using Exhibit IV-12, a sample 
size of 10 weight monitoring sessions would provide an estimate 
of 3S2 EAL within - +15 percent. The same sample size would 
provide estimates of all EALs (weighted by total weight 
contributed by each vehicle type) within +20 percent. This 
indicates only that the 3S2 category has a-smaller amount of 
variation than some other vehicle types, and that those other 
vehicle types have EAL estimates from the 10 monitoring sessions 
that are less reliable than those for the 3S2 vehicle type. 
Equation 20 and the values from Appendix A, Exhibit A-1 could be 
used to estimate the specific precision of the EAL estimate for 
any particular vehicle type. 
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EXHIBIT IV-10 

CALCULATION OF WEIGHTED EAL COVS 

( 7 )  Weighted ( 8 )  By ( 9  

Percent Total Percent 
of Traffic 

Total 
Weight 
( 2 )  ( 4 )  

Vehicle 
Type 

Standard Car 
Small Car 
Motorcycle 
Bus 
2 axle, 4  tire 
2 axle, 6 tire 
3 axle single 

unit 
3 axle combination 
252 
Other 4 axle 

combinations 
3S2 
Other 5 axle 

combinations 
6 and larger axle 

combinations 

Deviation 
of EAL 

E AL Vehicles Weight 
( 2 )  ( 5 ) / s u n > ( 2 )  ( 4 )  ( 5 )  ( 6 )  ( 5 ) / s u n 1 ( 6 )  

Average 
EAL 

cov 
( 3 ) / ( 2 )  

SUM 

COV Used For Sample 
Size Calculation 

Note that the values presented in this table have been rounded fro% the acutal values used in the calculations.  his gives the 
appearance of mathnatical errors in some of the conputations. 
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It shoul~ be re~iembere~ that the error associatea with 
using EAL data is not limite~ to the error in the EAL estimate, 
but also includes error in the estimates of the co~position of 
the traffic and in the total volume of the traffic. These 
coE,ponents are ~ ~ S C U S S ~ G  below. 

For road desicjn, the ensineer needs an estimate of total 
EALs per day or year projected for the design life of the r o a ~ .  
The precision of the total EAL estimate is a function of the 
precision of volu~~e, vehicle classification, and vehicle weight 
estimates. Peat Marwick selected several possible alternatives 
for computation of total EALs based on available data, and 
developed equations for estimates of variance based on that 
data. These alternatives include: 

total EALs for a location, baseu on a site-specific 
vehicle classification and volume count, and an 
avera2e EAL per vehicle type for a stratun; 

. total EALs for a location, based on a site-specific 
volume count, average vehicle classification for a 
stratum, and an average EAL per vehicle type for a 
stratum; and 

. Total EALs by vehicle class for a stratum. 
The standard error in a sample can also be computed for other 
data permutations, but these equations were ~mitted here for the 
sake of brevity. Estimates for other weight characteristics 
(averac;e weight, number of overweisht trucks, anci so on) can 
also Le computed with these forculas by substitutin5 the 
ap~ropriate value anc deviation of that value in place of the 
EAL estimate and deviation of the EAL estihate. These e~uations 
can be derived tk usins the vehicle cl&ssification e~uations as 
a 5 u i ~ e  for extrapolatin5 the EAL equations listeu below. (See 
also Appenaix E . )  

For a location, usin5 site-specific volume and vehicle 
class data, the total EAL can be expressed as: 

EAL j = the total EAL at location j 
E a i h  = see equation 22 
VOLi j = see equation 8 
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with the uncertainty of that estimate computed from: 

where : 
SEALj =-the standard error in the estimate of total 

EALs at location j 
EALi j = the total EAL for vehicle type i at 

location j 
SEALih = see equation 24 
SVOLi j = see equation 10 
VOLi = see equation 8 

The total EAL at one location for a day using average 
vehicle classification data with a site-specific volume count 
can be expressed as: 

with the uncertainty of that estimate computed from: 

Where the EAL for vehicle type i at location j; is equal to the 
average EAL for that vehicle type within that stratum times the 
volume of that vehicle type; or 

with: SEALih = see equation 24 
SVOLij = see equation 10 
V O L i  j = see equation 8 



The average EAL for a vehicle fype for roads within a 
stratum is calculated as: 

where: 
EALih = the total EAL for vehicle class i and 

stratum h 
EALih = the average EAL for vehicle class i and 

stratum h 
VOLih = the average volume for vehicle class i and 

stratum h 

with the uncertainty computed from: 

where: 
EALih = see equation 22 
VOLih = see equation 16 
SEALih = see equation 24 
SVOLih = see equation 17 

Sample Selection 

The vehicle weight locations are selected from the vehicle 
classification sample sections. This subelement's goal is 
random selection, but practical considerations must be analyzed 
on a case-by-case basis. Ideally, the vehicle classification 
sections would be randomly sampled. In reality, because of 
limitations in equipment capabilities, weight data cannot be 
collected on all roadway sections. Some weighing devices need 
wide shoulders, or pull-outs where trucks can safely park. 
Other devices can only be placed on bridges. Some WIM equipment 
can be placed on any road section, but the collected data is 
biased because of vertical and horizontal sloping in the road. 
The net result is that a true random sample of vehicle 
classification count locations might result in count locations 
where a state cannot physically collect vehicle weight data. 

Two recommended alternatives are provided for selecting the 
sample given these limitations. Both alternatives begin with 
vehicle classification sites as the basis for choosing truck 
weight locations. The first is more statistically rigorous 
while the second allows for more professional judgment. 



The first involves: 

. choosing a random sample of locations for truck 
weighing for each stratum; 

. determining for each location whether weight data 
collection at that location is plausible, including 
such considerations as safety and reasonableness of 
results (i.e., no stations next to cement plants); 

. if the location is not plausible, selecting an 
additional site (randomly) to replace it: and 

. continuing this process until all locations have 
been determined. 

The second method depends on the ability of the engineer 
selecting the sites to pick representative locations. This 
method requires that an engineer select locations based on his 
or her judgment, knowledge of the equipment to be used, and the 
candidate road segments. Guidelines for choosing sites in this 
manner are taken from a W i s c o n s i n ~ ~ ~ l  paper: 

. Where possible, establish stations on high volume 
routes, as they are the routes most data users are 
interested in, and the larger number of weighed 
trucks will improve the reliability of the data. 

. Locate stations on lower order roads with special 
attention to avoiding atypical traffic conditions. 

. Existing weighing sites should be used, if they are 
part of the sample. 

Additional considerations for choosing truck weight sites can be 
found in Truck Traffic Volume and ~eiqht Data FO; 1971 and Their 
Evaluation, by R. Winfrey, P.D. Howell, and P.M. Kent, FHWA, 
1976. FHWA prefers the statistical approach, but realizes that 
practical considerations must be incorporated in the plan. 

Both methods result in the addition of some systematic 
error to the estimated EAL value. The second method will more 
than likely add more error than the first method. The degree of 
this increase is not known. The second method, however, does a 
better job of allowing a state to maintain high levels of safety 
for its truck weight crews, and limits the cost of collecting 
data by allowing the state to take these factors into account 
when selecting sites. 

Gardner, W.D., Truck Weiqht Study Sampling Plan in Wisconsin, 
for presentation at 1983 Transportation Research Board Meeting. 
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S c h e d u l i n g  o f  Truck Weight Noni tor incj  

The v e h i c l e  w e i g h t  d a t a  s h o u l d  b e  t a k e n  o v e r  a t h r e e - y e a r  
c y c l e ,  t h e  same a s  t h e  v e h i c l e  c l a s s i f i c a t i o n  and volume 
c o u n t s ,  A t h i r d  of  t h e  d a t a  s h o u l d  b e  c o l l e c t e d  e a c h  y e a r .  
T h i s  w i l l  a l l o w  t h e  s t a t e  t o  meet f e d e r a l  r e q u e s t s  f o r  t r u c k  
w e i g h t  d a t a  s u c h  a s  t h e  c u r r e n t  t r u c k  we igh t  s u r v e y .  ( T h i s  
program d o e s  n o t  i n c l u d e  a  c i r iver  s u r v e y ,  a s  d o e s  t h e  c u r r e n t  
f e d e r a l  t r u c k  w e i g h t  s u r v e y .  Such a  s u r v e y  would have  t o  b e  
a d d r e s s e d  i n  t h e  s p e c i a l  program e l e t i e n t . )  T h e  w e i c , h t  d a t a  
s h o u l d  be  c o l l e c t e d  t h r o u g h o u t  t h e  y e a r .  A yea r - round  couri t  
program w i l l  e l i m i n a t e  t h e  rieecc f o r  s e a s o r L a l  v a r i s t i o n  
c o r r e c t i o n  i n  t h e  d a t a .  

S c h e d u l i n g  we i5h t  m o n i t o r i n g  s e s s i o n s  nay  be p r  ir;,ar i l k  a  
f u n c t i o n  of equipment  and  crew a v a i l a b i l i t y .  Vihile a  random 
s e l e c t i o n  o f  m o n i t o r i n g  d a y s  is  s t a t i s t i c a l l y  c o r r e c t  and  t h e  
recommended a p p r o a c h ,  i t  w i l l  p r o b a b l y  have  an undu ly  l a r f j e  
e f f e c t  on t h e  c o s t  of t h e  program. T h e r e f o r e ,  a  s t a t e  s h o u l d  
make e v e r y  e f f o r t  t o  e v e n l y  d i s t r i b u t e  m o n i t o r i n g  s e s s i o n s  s o  a s  
t o  o b t a i n  a  r e p r e s e n t a t i v e  sample  w h i l e  conforming  t o  t h e  
l i m i t a t i o n s  imposed by b u d g e t s  and  equipment  c a p a b i l i t i e s .  

S e s s i o n  d u r a t i o n  s h o u l d  be  a  minimum of e i g h t  h o u r s  i f  
manual p r o c e d u r e s  a r e  u sed  w i t h  a  16-hour v e h i c l e  c l a s s i f i c a t i o n  
c o u n t  t a k e n  s i m u l t a n e o u s l y .  I f  an  au tomated  WIN sys t em c a n  b e  
u s e d ,  a 24-hour w e i g h t  s e s s i o n  i s  p r e f e r a b l e .  T h i s  s e s s i o n  
l e n g t h  may n o t  be  p r a c t i c a l  i f  l a r g e  c r ews  and c o n v e n t i o n a l  
p o r t a b l e  s t a t i c  s c a l e s  a r e  u sed .  I f  c o n v e n t i o n a l  s t a t i c  
we igh ing  equipment  is used ,  t h e  d a t a  w i l l  be  l e s s  b i a s e d  i f  CB 
r a d i o  announcements  a r e  made i n d i c a t i n g  t h a t  t h e  s t a t i o n  i s  
t a k i n g  we igh t  d a t a  f o r  p l a n n i n g  p u r p o s e s  o n l y .  

S P E C I A L  DATA C O L L E C T I O N  PROGRAM ELEMENT 

The p u r p o s e  of t h i s  program e l e n e n t  i S  t o  c o l l e c t  d a t a  t h a t  
c a n n o t  b e  c o l l e c t e d  c o s t  e f f e c t i v e l y  u s i n g  a s t a t i s t i c a l l y - b a s e d  
approach .  T h i s  e l e m e n t  i s  meant t o  be  i n d e p e n d e n t  of  t h e  
EWMS-based program e l e m e n t  a n c  t h e  c o n t i n u o u s  c o u n t e r s ,  a 1  though 
t h e  a v e r a g e s  d e t e r m i n e d  from t h o s e  e l e m e n t s  s h o u l d  b e  u s e &  t o  
f a c t o r  c o u n t  d a t a  c o l l e c t e d  i n  t h i s  e l e m e n t .  

T h i s  e l e m e n t  i s  i n t e n d e d  t o  p r o v i d e  each  s t a t e  w i t h  a  
v e h i c l e  f o r  c o l l e c t i n c j  a d d i t i o n a l  d a t a  n o t  ~ r o v i d e d  f o r  i n  t h e  
o t h e r  two program e l e m e n t s  b u t  n e c e s s a r y  t o  t h e  s t a t e ' s  f u n c t i o n  
a s  a  d a t a  p r o v i d e r .  T h i s  e l emen t  s h o u l d  be used  t o  f u l f i l l  
s p e c i f i c  d a t a  r e q u e s t s  made by v a r i o u s  d a t a  u s e r s .  Such d a t a  
might i n c l u d e :  

t r u c k  d r i v e r  i n t e r v i e w  s u r v e y s ;  



. t r a f f i c  volume, v e h i c l e  c l a s s i f i c a t i o n ,  o r  we igh t  
m o n i t o r i n g  s e s s i o n s  a t  s p e c i f i c  l o c a t i o n s ;  

. t r a f f i c  d a t a  a t  a  d i s a c j g r e g a t e  l e v e l  below t h a t  of  
t h e  HPMS; 

. p r o j e c t - s p e c i f i c  v e h i c l e  c l a s s  and we igh t  s t u d i e s ;  

. co rdon  l i n e  c o u n t s ;  and  

. s p e c i a l  p u r p o s e  s t u d i e s .  

The combina t ion  of t h i s  program e l e m e n t  and t h e  WPMS 
e l e m e n t  r e n d e r  much o f  many e x i s t i n g  c o v e r a g e  c o u n t  p r o g r a m  
u n n e c e s s a r y .  The WPMS e l e m e n t  p r o v i d e s  s t a t i s t i c a l l y  r e l i a b l e  
e s t i m a t e s  of  t r a f f i c  volumes and vMT. The d a t a  f r o n  t h e  
Cont inuous  and  HPPIS Elements  s h o u l d  be  s u f f i c i e n t  t o  p r o v i d e  
d a t a  f o r  r e p o r t i n g ,  t r e n d  a n a l y s i s ,  and g e n e r a l  s t a t e w i u e  
t r a f f i c  f l o w  maps. T h i s  s p e c i a l  c o u n t  element p r o v i d e s  a  
v e h i c l e  f o r  p r o v i d i n g  d a t a  f o r  a l l  o t h e r  s p e c i f i c  d a t a  n e e d s .  
The combina t ion  o f  t h e  two e l e m e n t s  f u l f i l l s  t h e  same p u r p o s e s  
a s  a  c o v e r a g e  c o u n t  p r o g r a n .  

The c o n t e n t  o f  t h i s  program e l emen t  s h o u l d  be rev iewed 
e v e r y  y e a r .  Each r e q u e s t  f o r  d a t a  can  t h e n  be c o n p a r e a  a n n u a l l y  
w i t h  t h e  c o s t  f o r  c o l l e c t i n g  t h a t  d a t a ,  t h u s  provid inc j  a  
mechanism f o r  m a i n t a i n i n g  t h e  c o s t  e f f e c t i v e n e s s  of  t h e  t r a f f i c  
m o n i t o r i n g  program. 

S p e c i a l  d a t a  c o l l e c t i o n  pro5ram l o c a t i o n s  s h o u l d  be chosen  
by t h e  s t a t e  s o  a s  t o  b e s t  f u l f i l l  t h e  d a t a  r e q u e s t s ,  No 
sampl ing  t ech f i i ques  need t o  b e  a p p l i e d  when s e l e c t i n g  
l o c a t i o n s .  S e s s i o n  d u r a t i o n  a n 6  t i m i n g  s h o u l d  b e  d e t e r m i n e &  s o  
a s  t o  b e s t  u s e  t h e  s t a t e ' s  manpower and  equ ipmen t .  

A s  a  means of s i m p l i f y i n g  s c h e d u l i n g ,  t h e  s t a t e  s h o u l d  
c o n s i d e r  s c h e d u l i n g  t h e  HPMS program e l e m e n t s  f i r s t ,  s i n c e  t h e y  
r e q u i r e  t h e  same e f f o r t  e v e r y  y e a r ,  and t h e n  s c h e d u l e  t h e  
s p e c i a l  d a t a  c o l l e c t i o n  e f f o r t s  t o  t a k e  a d v a n t a g e  of  a v a i l a b l e  
manpower and  equipment .  F a c t o r s  d e r i v e d  f r o n  t h e  ATR a n 6  HPMS 
program e l e m e n t s  s h o u l d  b e  used  i n  t h e  s p e c i a l  d a t a  program t o  
make r e p r e s e n t a t i v e  a v e r a g e  a n n u a l  numbers.  

PROCESSING THE DATA FOR R E P O R T I N G  PURPOSES 

T h i s  s e c t i o n  d e a l s  w i t h  t h e  s t e p s  i n v o l v e d  i n  c o l l e c t i n g  
and p roces s inc j  t r a f f i c  d a t a  f o r  t h e  t h r e e  m o n i t o r i n g  procjram 
e l e m e n t s  p r e v i o u s l y  d e s c r i b e d .  P e a t  Marwick 's  r e c o n n e n d a t i o n s  
f o r  s t r e a m l i n i n g  m a n i p u l a t i o n  o f  t h e  l a r g e  amounts  ~ f  t r a f f i c  
d a t a  c o l l e c t e d  by a  s t a t e  a r e  d i s c u s s e d  h e r e ,  and a r e a s  o u t l i n e d  
i n  which s i g n i f i c a n t  c o s t  savincjs  can  be  made o v e r  p r o c e s s i n g  
t e c h n i q u e s  commonly used  by s t a t e s .  
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An e f f o r t  should  a l s o  be made by each s t a t e  t o  coo rd ina t e  
monitoring s e s s i o n s  w i t h  lower j u r i s d i c t i o n s  w i t h i n  t h e  s t a t e  t o  
minimize d u p l i c a t i o n  of e f f o r t .  S t a t e s  should a l s o  work toward 
keeping a l l  d a t a  i n  a  s i n g l e  p l ace  where i t  i s  a v a i l a b l e  t o  a l l  
u se r s .  

Overview 

S t a t e  DOT d a t a  c o l l e c t i o n  and process ing e f f o r t s  can be 
broken down i n t o  two b a s i c  a c t i v i t i e s :  

. d a t a  c o l l e c t i o n ;  and 

. d a t a  ref inement .  

C o l l e c t i o n  i nc ludes  t h e  a c t  of p lac ing  a  monitorinq dev ice  a t  a  
d a t a  c o l l e c t i o n  l o c a t i o n  and t rans format ion  of t h a t  d a t a  i n t o  a  
usab le  format.  Data ref inement  inc ludes  t h e  e d i t i n g  of obvious 
e r r o r s  i n  d a t a  t r a n s f e r  from t h e  recording ner2iun1 t o  a more 
u sab l e  form, and t h e  adjus tment  of t h a t  d a t a  t o  account f o r  
l i m i t a t i o n s  i n  t h e  raw d a t a .  These l i m i t a t i o n s  can be 
summarized a s  having t h r e e  causes :  

. seasona l  v a r i a t i o n s  i n  t r a f f i c ;  

. Use of d a t a  c o l l e c t i o n  equipment which counts  a x l e s  
r a t h e r  than v e h i c l e s ;  and 

. growth in  t h e  d a t a  between the  t i n e  of t h e  
monitoring s e s s i o n  and i t s  use  a s  a  d a t a  p o i n t .  

Co l l ec t  ion 

The methods used f o r  c o l l e c t i n g  t r a f f i c  d a t a  a r e  dependent 
on: 

. t h e  equipment used; 

. personnel  c o n s t r a i n t s ;  and 

. j u r i s d i c t i o n a l  i s s u e s  s p e c i f i c  t o  each s t a t e .  

Because of t h e s e  m u l t i p l e  i s s u e s  and t h e i r  s i t e - s p e c i f i c  n a t u r e ,  
no s i n g l e  r e p o r t  can make d e t a i l e d  recorimeadations f o r  improving 
t h e  c o s t  e f f e c t i v e n e s s  of d a t a  c o l l e c t i o n  i n  a l l  s t a t e s .  
Therefore ,  only  broad recommendations w i l l  be maae on what 
t echnolog ies  and methodologies o f f e r  c o s t  advantages over connon 
c u r r e n t  p r a c t i c e s .  

The p r i n c i p a l  nat ionwide recommeniiation t h a t  Pea t  Marwick 
makes i s  t h a t  s o l i d  s t a t e  t r a f f i c  monitoring equipment be used 
whenever p o s s i b l e  t o  c o l l e c t  t r a f f i c  d a t a ,  I n  p a r t i c u l a r ,  paper 
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tape recording equipment should be replaced at ATR locations as 
soon as practical. Portable paper tape counters should be 
phased out more gradually, through the normal replacement cycle, 
as funding permits. 

Considerable savings can be achieved by using solid state 
counters due to electronic data transfer. In several states, 
data is transferred manually or by machine from paper tape to 
punched cards. These cards are then edited for mistakes, and 
finally put in a computer file. Once there, the data may be 
further edited or factored manually or through computer 
program. By using solid state equipment, data can be 
transferred electronically either directly from solid state 
memory or from a cassette tape containing the data from several 
counters. This data can then be edited directly on the 
computer, and submitted for automatic factoring, based on 
information contained on the data tape (e,g., the functional 
class of the roadway section). 

The savings obtained by switching from paper tape equipment 
to solid state can be most dramatically illustrated with the ATR 
stations. Assuming that data is collected every two weeks for 
each station means that a single ATR station generates 26 
two-week paper tapes a year. Fifty ATR stations thus equal 1300 
tapes annually. While the same amount of data would still be 
transferred with the new counters, the speed of the electronic 
transfer will decrease the amount of staff needed to transfer 
and edit the data. A typical state uses a third of a man-year, 
annually, to administer the ATR data manipulation, A brief 
examination of the steps involved indicates that an electronic 
data transfer takes as little as a third of the time currently 
taken by the transfer. This is equivalent to a minimum saving 
of 22 percent of that person's time. Additional savings also 
result from a reduction in the number of errors requiring 
correction in the data, because electronic data storage of data 
is more accurate than the storage of data on a paper tape by 
mechanical means (either punched holes or printed ink). 

Twenty-four hour cumulative counters do not require the 
same amount of data transfer, but they do require a precise 
setup and retrieval schedule, They also do not allow an 
examination of hourly data as a check on counter malfunction, 
Using solid state equipment in place of these counters will not 
result in cost savings equal to that obtained by replacing paper 
tape counters, but it will result in more data collection 
capability and greater productivity of field personnel resulting 
from more flexibility in the timing of counter placement. 



S e a s o n a l  Ad jus tmen t s  

The p r o c e s s  f o r  d e t e r m i n i n g  s e a s o n a l  a d j u s t m e n t  f a c t o r  
g r o u p s  h a s  a l r e a d y  been  d i s c u s s e d  under  t h e  Con t inuous  Count 
Program Element  h e a d i n g  o f  t h i s  r e p o r t .  The p u r p o s e  of t h e  
recommended s e a s o n a l  a d j u s t m e n t  f a c t o r s  is  t o  a l l o w  a  s t a t e  t o  
e s t i m a t e  a v e r a g e  a n n u a l  t r a f f i c  f rom a s i n g l e  raw t r a f f i c  c o u n t  
a t  a  l o c a t i o n .  The s e a s o n a l  f a c t o r s  recommended f o r  t h i s  
p u r p o s e  a r e  month o f  t h e  y e a r ,  combined w i t h  day  of t h e  w e e k .  
T h e  o t h e r  p o s s i b l e  f a c t o r i n g  p r o c e d u r e s  examined f o r  t h i s  
p r o j e c t  were :  

. week o f  t h e  y e a r ,  combined w i t h  day  o f  t h e  week i f  
n e c e s s a r y ;  and  

. day  o f  t h e  y e a r .  

An e x a m i n a t i o n  o f  weekly t r e n d  d a t a  from two Maine ATR 
s t a t i o n s  (see E x h i b i t  IV-13) shows t h a t  a  weekly f a c t o r  i s  n o t  
s u f f i c i e n t l y  s t a b l e  f rom one  y e a r  t o  a n o t h e r  t o  be used  f o r  
s e a s o n a l  a d j u s t m e n t .  

An a n a l y s i s  o f  day-of - the-year  f a c t o r s  shows them t o  be  
even  more u n s t a b l e  t h a n  weekly f a c t o r s  ( s e e  E x h i b i t  I V - 1 4 ) .  
D a i l y  f a c t o r s  a r e  t a k e n  t o  mean t h e  f i r s t  Monday of J u n e ,  1983 ,  
would b e  u s e d  t o  f a c t o r  t h e  f i r s t  Monday o f  J u n e ,  1984.  

The month-of- the-year  f a c t o r s  f o r  t h e  s e a s o n a l  f a c t o r  
g r o u p s  a p p e a r  q u i t e  s t a b l e  (see E x h i b i t  IV-15) .  T h e  month ly  
f a c t o r s  a l s o  p r o v i d e  a means f o r  d e v e l o p i n g  s t a b l e  week of t h e  
y e a r  f a c t o r s  by i n t e r p o l a t i n g  between month ly  p o i n t s  ( s e e  
E x h i b i t  IV-16) . 

The u s e  o f  a  day-of-the-week f a c t o r  is needed b e c a u s e  of 
t h e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t r a f f i c  volumes be tween  weekdays 
and weekends on most  r o a d s .  Our a n a l y s i s  showed t h a t  a  s i n g l e  
f a c t o r  c a n  b e  deve loped  f o r  Monday th rough  Thursday ,  b u t  t h a t  
s e p a r a t e  f a c t o r s  s h o u l d  b e  d e r i v e d  f o r  t h e  r ema in ing  t h r e e  
d a y s .  Count ing  on weekends i s  n e c e s s a r y  i f  s e a s o n a l  and  
day-of-the-week a d j u s t m e n t  f a c t o r s  a r e  n o t  u sed .  

T h e  u s e  of t h e  day-of-the-week f a c t o r  a l s o  f a c i l i t a t e s  t h e  
t r a f f i c  c o u n t s  s c h e d u l i n g .  The a b i l i t y  t o  f a c t o r  F r i i c i a ~ s  and 
weekends s e p a r a t e l y  f rom t h e  o t h e r  d a y s  a l l o w s  a  s t a t e  t o  
c o l l e c t  d a t a  whenever i t s  manpower and equipment  l i m i t a t i o n s  
p e r m i t .  T h i s  r e s u l t s  i n  a s t a t e ' s  more e f f i c i e n t  u s e  of i t s  
r e s o u r c e s ,  and t h u s  r e s u l t s  i n  a  lower  c o s t  p e r  c o u n t  and  a 
h i g h e r  number o f  c o u n t s  t a k e n  w i t h  the same amount o f  r e s o u r c e s .  

ATR d a t a  s h o u l d  b e  u s e d  t o  compute s e a s o n a l  and  day  of t h e  
w e e k  f a c t o r s  f o r  t h e  s e a s o n a l  g r o u p i n g s  d e t e r m i n e d  e a r l i e r  i n  
t h e  a n a l y s i s .  T h e s e  f a c t o r s  c a n  t h e n  b e  a p p l i e d  t o  any  c o u n t  
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EXHIBIT IV-14 
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of 

AADT 

1 40 

130 

COMPARISON OF PERCENT AALlT BY DAY 
FOR MAY 1981 AND 1982 

DAYS IN MAY 
(Matched First Monday To First Monday) 
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taken wi th in  t h e  s t a t e ,  a s  ' long  a s  t h e  roadway's f u n c t i o n a l  
c l a s s  (and reg ion ,  i f  t h e r e  i s  a  r eg iona l  s t r a t i f i c a t i o n  t o  
seasona l  f a c t o r s )  i s  known, I t  is  recommended t h a t  ho l idays  be 
e l imina ted  from t h e  a n a l y s i s  computing day of t h e  week f a c t o r s .  

Axle Cor rec t ions  

Axle c o r r e c t i o n s  a r e  needed t o  develop volume e s t i m a t e s  
because road tubes  can on ly  c o l l e c t  t he  number of a x l e s  pass ing  
a  p o i n t ,  r a t h e r  than  t h e  number of v e h i c l e s  pass in9 t h a t  p o i n t .  
The t r u e  number of v e h i c l e s  is  c a l c u l a t e d  by d i v i d i n g  t h e  number 
of a x l e s  counted by t h e  average number of a x l e s  per v e h i c l e  i n  
t h e  t r a f f i c  pass ing  t h a t  l o c a t i o n .  

I n  some s t a t e s ,  t h e  average number of a x l e s  i s  assumed t o  
be 2 . 0 .  This i s  c o r r e c t  on ly  when no mul t i -ax le  v e h i c l e s  a r e  i n  
t h e  popula t ion.  Data from t h e  HPMS v e h i c l e  c l a s s i f i c a t i o n  s tudy  
i n d i c a t e s  t h a t  t h e  average a x l e  c o r r e c t i o n  f a c t o r  ranges  from 
around 2.04 f o r  some urban roads  t o  2 . 4 1  f o r  some r u r a l  roads .  

The use of an e s t i m a t e  of 2 . 0  f o r  roads  w i t h  an a c t u a l  
average number of a x l e s  of 2 . 4 1  r e s u l t s  i n  overes t imat ing  t h e  
number of v e h i c l e s  by 17 percen t  ( f i f t y  v e h i c l e s  per  100 a x l e s  
versus  41.5 v e h i c l e s  per  100 a x l e s ) .  This  s i z a b l e  e r r o r  can be 
e a s i l y  reduced us ing  t h e  v e h i c l e  c l a s s i f i c a t i o n  d a t a  c o l l e c t e d  
on t h e  HPMS samples a s  p a r t  of t h e  S t a t i s t i c a l l y  Val id  Count 
Program Element. 

Recommended Axle Cor rec t ion  Process  

Pea t  Marwick recommends t h a t  t h e  v e h i c l e  c l a s s i f i c a t i o n  
d a t a  c o l l e c t e d  f o r  t h e  purpose of e s t i m a t i n g  t r a v e l  by v e h i c l e  
t ype  be used t o  c a l c u l a t e  t h e  averacje number of a x l e s  per 
v e h i c l e  w i t h i n  a  s t ra tum.  I t  i s  f u r t h e r  recommended t h a t  
s e p a r a t e  a x l e  c o r r e c t i o n  f a c t o r s  be c a l c u l a t e d  f o r  each road 
s t r a t i f i c a t i o n  used t o  c o l l e c t  v e h i c l e  c l a s s  d a t a .  

The recommended process  i nc ludes  t h e  fol lowing s t e p s :  

. Assign an average number of a x l e s  t o  each v e h i c l e  
c l a s s i f i c a t i o n  ca tegory  c o l l e c t e d  f o r  t h e  v e h i c l e  
c l a s s  program. This  g ives  t h e  average number of 
a x l e s  per  v e h i c l e  type ,  

. Mult iply  t h e  number of a x l e s  per v e h i c l e  type by t h e  
percentage of t r a f f i c  volume f o r  t h a t  v e h i c l e  type 
f o r  each v e h i c l e  c l a s s  l o c a t i o n  i n  a  s t ra tum.  T h i s  
g i v e s  t h e  average number of a x l e s  a t  each count 
l o c a t i o n  i n  t h a t  s t ra tum.  
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Sum t h e  average number of a x l e s  f o r  each count 
l o c a t i o n  w i t h i n  t h e  s t ra tum,  an2 d i v i d e  by t h e  
number of l o c a t i o n s .  T h i s  y i e l d s  t h e  average number 
of a x l e s  per  v e h i c l e  f o r  t h e  s t ra tum.  

. Use t h i s  average t o  compute t he  s t anda rd  e r r o r  of 
t h e  a x l e  c o r r e c t i o n  f o r  t h a t  s t r a tum.  

. Repeat t h e  p rocess  f o r  a l l  t h e  remaining s t r a t a .  

An example of t h i s  p roces s  can be seen  i n  Exhib i t  IV-17. 

Like t h e  s ea sona l  f a c t o r s ,  t h e  computed a x l e  c o r r e c t i o n  
f a c t o r s  can be used f o r  any road s e c t i o n ,  provided t h e  s e c t i o n  
can be ass igned  t o  t h e  a p p r o p r i a t e  s t r a tum i f  f u n c t i o n a l  
c l a s s ,  and p o s s i b l y  r e g i o n ) .  

Growth Fac tors  

Growth f a c t o r s  a r e  needed t o  a d j u s t  o l d  t r a f f i c  counts  and 
thereby e s t i m a t e  c u r r e n t  t r a f f i c  l e v e l s ,  because i t  i s  too  
c o s t l y  t o  count  a l l  l o c a t i o n s  every year .  Furthermore,  t h e  
e r r o r  added t o  an AADT e s t i m a t e  by applying growth f a c t o r s  i s  
smal l ,  a s  long a s  t h e  per iod  of growth is  f a i r l y  smal l  ( i . e .  , 
l e s s  than f i v e  y e a r s ) .  Growth r a t e s  tend t o  be i n  t h e  ranQe of 
1 t o  4 pe rcen t  per  year ,  w i t h  t h e  excep t ion  of roads s u b j e c t  t o  
major development, Th is  means t h a t  t he  e r r o r  i n  t h e  growth 
f a c t o r  is  around 2 pe rcen t  (assuming an e r r o r  not  l a r 5 e r  than 
h a l f  t h e  c o r r e c t i o n ) ,  whi le  t h e  e r r o r  i n  an A A D T  e s t i m a t e  based 
on a  s i n g l e  t r a f f i c  count  i s  around 1 5  pe rcen t .  

Recommended Process  

A s  s t a t e d  e a r l i e r ,  i t  is recommended t h a t  t h e  RPMS volume 
counts  be used t o  e s t i m a t e  t h e  annual  growth f a c t o r s  app l i ed  t o  
o l d  volume counts .  The growth f a c t o r s  should be determined f o r  
t h e  same f a c t o r  groups a s  t h e  s ea sona l  adjus tment  f a c t o r s  ( i . e . ,  
by f u n c t i o n a l  c l a s s  and reg ion  where n e c e s s a r y ) .  

The recommended HPMS program uses  a  three-year count 
cyc l e .  T h i s  means t h a t  growth ' f a c t o r s  m u s t  be app l i ed  t o  volume 
e s t i m a t e s  on two-thi rds  of a l l  HPMS segments every  yea r .  The 
three-year  c y c l e  a l s o  r e s u l t s  i n  t h r e e  r o t a t i n g  f i x e d  pane l s  f o r  
c a l c u l a t i n g  growth r a t e s .  Two methods a r e  p resen ted  f o r  
c a l c u l a t i n g  growth f a c t o r s :  

. a  s imple  average of t h e  growth ca lcu la ted ,  from t h e  
f i x e d  pane l s ;  o r  

. c o r r e c t i o n  of t h e  s imple  average f o r  t h e  d i f f e r e n c e  
between t h e  c u r r e n t  three-year average growth and 
t h e  p rev ious  three-year  average growth. 
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EXHIBIT IV-17 

Vehicle Type 

Passenger Cars 
Two Axle, Four T i r e  Trucks 
Buses 
Two Axle, Six T i r e  Trucks 
Three Axle S ingle  Unit  Trucks 
Four or  More Axle Single  Units  

H 
Four o r  Less Axle S ing le  T r a i l e r  Trucks 

4 Five Axle Single T r a i l e r  Trucks 

b Six  o r  More Axle S ing le  T r a i l e r  Trucks 
Five o r  Less Axle Mult i -Trai ler  Trucks 
S ix  Axle Mult i -Trai ler  Trucks 
Seven or  More Axle Mul t i -Tra i le r  Trucks 

CONVERSION OF VEHICLE CLASSIFICATION DATA TO AXLE 
CORRECTION FACTORS 

(2  ( 3  ) ( 4 )  
Percentage of T r a f f i c  

Obtained From 
Number of Axles Vehicle Class  Counts Column 2 * Column 3/100 

Axle Correc t ion  Fac to r  
i s  t h e  Sum of Column 4 2.201 



The s i m p l e  a v e r a g e  methoci is t h e  e a s i e r  of t h e  two growth 
f a c t o r s  t o  c a l c u l a t e ,  I t  assumes t h a t  cjrowth is  u n i f o r r ,  over  
t h e  t h r e e - y e a r  p e r i o d .  T h i s  growth f a c t o r  i s  t h e  d i f f e r e n c e  
between t h e  e s t i m a t e d  volume of a  s t r a t u m  f o r  t h e  cu r r e r r t  y e a r  
minus t h e  e s t i m a t e d  volur ,~e f o r  t h a t  s t r a t u m  from t h r e e  y e a r s  
ago ,  d i v i d e d  by t h r e e .  T h i s  is e x p r e s s e d  m a t h e m a t i c a l l y  a s :  

VOL,, - VOL,, 
GF = 

3 

where : 
GF = t h e  c a l c u l a t e d  growth f a c t o r  
V O L h l  = t h e  a v e r a g e  volume f o r  s t r a t u m  h f o r  t h e  

c u r r e n t  c y c l e  
VOLh2 = t h e  a v e r a g e  volume f o r  s t r a t u m  h  f o r  t h e  

p r e v i o u s  c y c l e  

The c o r r e c t i o n  of  t h e  s i m p l e  a v e r a g e  a d j u s t s  t h e  s i m p l e  
a v e r a g e  t o  accoun t  more h e a v i l y  f o r  t h e  growth o c c u r r i n g  i n  t h e  
l a s t  y e a r .  T h i s  method r e q u i r e s  t h a t  t h e  e s t i m a t e d  t h r e e - y e a r  
growth f o r  each  volume s t r a t u m  b e  k e p t  f o r  use i n  c a l c u l a t i n g  
t h e  n e x t  y e a r ' s  growth f a c t o r .  The growth f a c t o r  i s  c a l c u l a t e d  
by add ing  a  t h i r d  of t h e  d i f f e r e n c e  between t h e  c u r r e n t  
t h r e e - y e a r  growth and  t h e  p a s t  t h r e e - y e a r  growth,  t o  t h e  a v e r a g e  
of t h e  c u r r e n t  t h r e e - y e a r  growth. Th i s  is  e x p r e s s e d  
m a t h e n a t i c a l l y  a s :  

where: 
GF1 = t h e  growth f a c t o r  c a l c u l a t e d  from t h e  

c o u n t s  o f  t h e  c u r r e n t  y e a r  
GF2 = t h e  growth f a c t o r  c a l c u l a t e d  from t h e  

c o u n t s  o f  t h e  p r e v i o u s  y e a r  

A comparison of  t h e s e  two methods i s  shown i n  E x h i b i t  IV-18. I t  
is a p p a r e n t  i n  t h i s  e x h i b i t  t h a t  t h e  a d j u s t e d  a v e r a g e  y i e l d s  a 
b e t t e r  e s t i m a t e  of a n n u a l  growth.  T h i s  approach  i s  t h e r e f o r e  
recommended. T h e  growth f a c t o r s  c a n  b e  a p p l i e d  a s  soon  a s  t h e  
t h r e e - y e a r  coun t  c y c l e  is approved ,  because  d a t a  a l r e a d y  e x i s t s  
on t h e  sample  segments  due  t o  t h e  e x i s t i n g  HPMS program. 

LOCAL ROADS 

The problem of  d e t e r m i n i n g  VMT on l o c a l  r o a d s  h a s  been 
d i s c u s s e d  f o r  many y e a r s .  For t h i s  d i s c u s s i o n ,  " l o c a l  r e a d s n  
a r e  d e f i n e d  a s  t h o s e  r o a d s  n o t  i n c l u d e d  i n  t h e  BPMS i n v e n t o r y .  
D e s p i t e  s e v e r a l  w e l l  i n t e n t i s n e d  e f f o r t s ,  an  a c c u r a t e  method of 
d e f i n i n g  t r a v e l  on t h e s e  roads  t h a t  i s  a l s o  c o s t  e f f e c t i v e  h a s  
y e t  t o  b e  demons t r a t ed ,  
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E X H I B I T  IV-18 

COMPARISON OF GROWTH FACTOR CALCULATION TECHNIQUES 

A c t u a l  Measured Growth Simple Adjus ted  
Year Growth Cycle 1 Cycle 2 Cycle 3 Average Average* - 

*Adjusted Average = ( C u r r e n t  Cycle  - P r e v i o u s  Cyc le ) /  3 + ( C u r r e n t  Cycle /  3) 

**Weighted Average = ( 3  * Current  Cycle) /3  - (2  * Prev ious  Cyc le ) /3  

Weighted 
Average ** 



Overview 

For t h e  most p a r t ,  e s t i m a t e s  of VMT on l o c a l  roads a r e  used 
only  f o r  determining t o t a l  VMT i n  a  s t a t e .  Few d a t a  u s e r s  have 
a  need f o r  volume o r  VMT e s t i m a t e s  on roads ca r ry ing  verk l i t t l e  
t r a f f i c ,  and when u s e r s  do need d a t a  on t h e s e  roads ,  t h e i r  needs 
a r e  i n v a r i a b l y  f o r  s p e c i f i c  roads o r  a r e a s .  collect in^ d a t a  t o  
f u l f i l l  t h i s  k ina  of s i t e - s p e c i f i c  nee6 i s  no t  p o s s i b l e  whi le  
s t i l l  mainta ining an unbiased sample f o r  e s t ima t ing  s t a t ewide  
vMT. A s  a  r e s u l t ,  t h e  methodology used t o  e s t i m a t e  l o c a l  road 
VMT does not  need t o  provide  d a t a  f o r  any purpose bu t  t o t a l  
l o c a l  road VMT. T h i s  has some advantages when a l t e r n a t i v e  
methods of e s t i m a t i n g  t h i s  q u a n t i t y  a r e  examined. 

Three a l t e r n a t i v e  procedures  a r e  p resen ted  f o r  e s t ima t ing  
l o c a l  road VMT. Each s t a t e  w i l l  need t o  t a i l o r  i t s  l o c a l  road 
e s t ima t ion  procedure t o  i t s  s p e c i f i c  s i t u a t i o n ,  so  no one 
p a r t i c u l a r  method can be deemed a p p r o p r i a t e  a t  t h i s  t i n e  f o r  a l l  
s t a t e s .  The t h r e e  methods d i scussed  i n  t h i s  r e p o r t  a r e :  

. t ak ing  c l u s t e r  samples of l o c a l  roads w i th in  t h e  
s t a t e ,  and expanding t h e  r e s u l t s  t o  r e p r e s e n t  t he  
e n t i r e  s t a t e .  

. e s t i m a t i n g  an average mi les  per g a l l o n  f u e l  
consumption r a t e  f o r  t h e  s t a t e ' s  v e h i c l e  f l e e t ,  and 
computing t o t a l  VMT from f u e l  purchase d a t a .  Local 
road VMT i s  then  c a l c u l a t e d  by s u b t r a c t i n g  I-IPMS VMT 
from t o t a l  VMT. 

. using a  s p e c i a l  survey t o  e s t i m a t e  t h e  percen tage  of 
t r a v e l  on l o c a l  roads i n  p ropor t ion  t o  t r a v e l  on 
non-local  roads ,  then using t h i s  f a c t o r  and t h e  VMT 
e s t i n a t e  from t h e  HPMS sample t o  e s t i m a t e  l o c a l  VMT.  

The f i r s t  two methods a r e  q u i t e  conmon today. Both have 
s i g n i f i c a n t  l i m i t a t i o n s  i n  terms of accuracy.  The c l u s t e r  
sampling approach i s  a l s o  r a t h e r  expensive .  The t h i r d  method i s  
a  new idea ,  based on use of a  r a t i o  e s t i m a t o r ,  s i m i l a r  t o  t h a t  
p resen ted  above f o r  e s t i m a t i n g  v e h i c l e  c l a s s  and t ruck  weight 
d a t a .  T h i s  method has  no t  been t e s t e d ,  a l though i n d i c a t i o n s  a r e  
t h a t  i t  could  be c o s t  e f f e c t i v e  whi le  a l s o  providing f a i r l y  good 
e s t i m a t e s  of l o c a l  road VMT. 

C l u s t e r  Sampling 

T h i s  approach u s e s  c l u s t e r  sampling t ech iques  t o  e s t i n a t e  
average volumes f o r  l o c a l  roads .  Roads w i t h i n  each s t r a t u m  may 
o r  may not  be s t r a t i f i e d  by volume group w i t h i n  t h e  c l u s t e r .  
The r e s u l t i n g  average  volumes a r e  m u l t i p l i e d  by t o t a l  m i l e s  of 
road w i t h i n  t h e  c l u s t e r .  The d a t a  from t h e  c l u s t e r s  a r e  then  
expanded t o  r e s u l t  i n  e s t ima ted  l o c a l  road VMT f o r  t he  s t a t e .  



T h e  d i f f i c u l t i e s  w i t h  t h i s  p r o c e d u r e  stem from t h e  enormous 
p o p u l a t i o n  s i z e ,  and  t h e  f a c t  t h a t  few, i f  any ,  s t a t e s  and  u r b a n  
a g e n c i e s  have good e s t i m a t e s  o f  t h e  t o t a l  number o f  m i l e s  o f  
l o c a l  r o a d s ,  o r  t h e  t r a f f i c  volumes t h e s e  r o a a s  c a r r y .  These  
u n c e r t a i n t i e s  i n v a r i a b l y  l e a d  t o  s i z a b l e  v a r i a t i o n  i n  t h e  d a t a  
c o l l e c t e d ,  and t o  poor  e s t i m a t e s  o f  t o t a l  VMT. T h e  l a r g e  amount 
o f  t r a f f i c  d a t a  t h a t  m u s t  b e  c o l l e c t e d  t o  p r o v i d e  t h e  e s t i m a t e s  
o f  a v e r a g e  volumes a l s o  c o n s t i t u t e s  a  drawback.  

No amount o f  s t a t i s t i c a l  m a n i p u l a t i o n  c a n  a c c o u n t  f o r  t h e  
l a r g e  number o f  unknowns i n  t h e  l o c a l  r o a d  p o p u l a t i o n .  T h e  o n l y  
way t o  d e t e r m i n e  a c c u r a t e  numbers u s i n g  t h i s  p r o c e d u r e  i s  t o  
c o l l e c t  e x t r e m e l y  l a r g e  sample  s i z e s .  Such a n  app roach  i s  
no rma l ly  i m p r a c t i c a l  b e c a u s e  o f  t h e  s h e e r  number o f  l o c a l  r o a d s  
i n  a  s t a t e .  

T h i s  p r o c e d u r e  is c u r r e n t l y  u sed  by s e v e r a l  s t a t e s .  ~t h a s  
t h e  a d v a n t a g e  o f  known weaknesses ,  and  i t  f i t s  well i n t o  t h e  
t r a d i t i o n a l  t r a f f i c  c o u n t i n g  f u n c t i o n  of  s t a t e  DOTS. D e s p i t e  
t h e  l a r g e  e r r o r s  a s s o c i a t e d  w i t h  i t ,  no o t h e r  program a t  t h i s  
time h a s  been  shown t o  p r o v i d e  b e t t e r  d a t a .  

T h e  s p e c i f i c  p r o c e d u r e s  f o r  a p p l y i n g  t h i s  methodoloyy have 
been  d i s c u s s e d  h e a v i l y  i n  o t h e r  documents  and  t h u s  w i l l  n o t  b e  
r e p e a t e d  h e r e ,  I f  more d a t a  on t h e s e  s p e c i f i c s  a r e  n e e d e d ,  t h e  
r e a d e r  is  r e f e r r e d  t o :  

. "Sampling S u r v e y s  For  E s t i m a t i n 5  Loca l ,  R u r a l ,  and  
Urban V e h i c l e  Mi l e s  of  T r a v e l , "  by R .  E o d l e ,  FHWA, 
Highway P l a n n i n g  T e c h n i c a l  R e p o r t  #31, ~ u l y  1973;  a n d  

" I m p r o v e d  Methods For V e h i c l e  Count ing  and  
Determining  V e h i c l e  Miles of  T r a v e l ,  by John 
Hamburg & A s s o c i a t e s ,  I n c . ,  NCNRP R e p o r t  CN-8-20, 
J a n u a r y  19  81. 

F u e l  Consumption E s t i m a t e s  

S e v e r a l  s t a t e s  have  used  f u e l  consumption e s t i m a t e s  t o  
c a l c u l a t e  VMT, T h i s  p r o c e d u r e  h a s  one  d i s t i n c t  a d v a n t a g e  o v e r  
c l u s t e r  s ampl ing  i n  t h a t  i t  is less  c o s t l y .  T h e  e s t i m a t i o n  o f  
a v e r a g e  f u e l  consumpt ion  (mpg) f o r  t h e  v e h i c l e  f l e e t  o f t e n  d o e s  
n o t  e n t a i l  even  a  s p e c i a l  s t u d y .  Taxes  on v e h i c l e  f u e l s  a r e  
u sed  t o  e s t i m a t e  t h e  t o t a l  g a l l o n s  of f u e l  used  i n  t h e  s t a t e .  
The a c t u a l  c a l c u l a t i o n  of t h e  l o c a l  road  VMT is  t h e n  a  v e r y  
s i m p l e  m a t t e r .  T h i s  method, however,  i s  n o t  c o n s i d e r e d  
a c c e p t a b l e  by FHWA. 

The problems w i t h  t h i s  methoaology stem from two s o u r c e s .  
One is  t h e  e s t i m a t i o n  o f  t o t a l  f u e l  consumed i n  t h e  s t a t e  f o r  
t r a n s p o r t a t i o n  p u r p o s e s ,  and t h e  o t h e r  is  t h e  e s t i m a t i o n  o f  
a v e r a g e  f u e l  consumpt ion  r a t e s .  T h e  f i r s t  of  t h e s e  problems i s  
much more s i g n i f i c a n t  t h a n  t h e  s e c o n d .  
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Two major  e r r o r s  (among o t h e r s )  o c c u r  i n  t h e  c a l c u l a t i o n  o f  
f u e l  consumed i n  t h e  s t a t e .  Both s t e m  from t h e  u s e  o f  f u e l  t a x  
d a t a  t o  e s t i m a t e  t o t a l  f u e l  consumpt ion .  T h e  f i r s t  i s  t h a t  some 
t r a v e l  is i n  t h e  s t a t e  w i t h  f u e l  p u r c h a s e d  o u t s i d e  o f  t h e  s t a t e ,  
and some f u e l  p u r c h a s e d  i n  t h e  s t a t e  i s  used o u t s i d e  of  the 
s t a t e .  T h i s  may o r  may n o t  b e  s i g n i f i c a n t ,  depend ing  on t h e  
p r i c e  of f u e l  i n  n e i g h b o r i n g  s t a t e s ,  and t h e  a r ~ o u n t  of i n t e r n a l ,  
e x t e r n a l ,  and  t h r o u g h  t r a v e l  o c c u r r i n g  i n  each  s t a t e .  The 
second  problem is  t h a t  f u e l  t a x  d a t a  h a s  been  shown t o  
u n d e r e s t i m a t e  t r a v e l  i n  r u r a l  a r e a s .  T h i s  is  b e c a u s e  some 
u n t a x e d  f u e l  i n t e n d e d  f o r  fa rm use i s  used  f o r  t r a v e l  p u r p o s e s .  

On t o p  of  these  e r r o r s  i s  t h e  e r r o r  i n  the e s t i m a t e  o f  
a v e r a g e  f u e l  consumpt ion  p e r  m i l e .  The e r r o r  i n  this t e r n  nay  
o r  may n o t  b e  l a r g e ,  b u t  t h e  r a p i d l y  changing  f u e l  consumpt ion  
c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e  f l e e t  w i l l  more t h a n  l i k e l y  
i n t r o d u c e  more u n c e r t a i n t y  i n  t h i s  e s t i m a t e  t h a n  would have  
e x i s t e d  a  d e c a d e  a g o ,  

R a t i o  E s t i m a t o r  

T h i s  methodology i s  p roposed  a s  a n  a l t e r n a t i v e  t o  t h e  
c o n v e n t i o n a l  m e t h o d o l o g i e s  p r e s e n t e d  above.  I t  h a s  n o t  been  
t e s t e d  f o r  a c c u r a c y  o r  r e l i a b i l i t y ,  b u t  c e r t a i n l y  p r e s e n t s  t h e  
p o s s i b i l i t y  o f  p r o v i d i n g  a n  improved e s t i m a t e  of  l o c a l  r o a d  VMT 
f o r  an  a c c e p t a b l e  p r i c e .  T h e  e s s e n c e  of  t h i s  app roach  is  t o  
s u r v e y  t r i p  makers  t o  d e t e r m i n e  a c t u a l  r o u t i n g s  f o r  t h e i r  
t r i p s .  These  r o u t i n g s  would t h e n  be  used  t o  d e t e r m i n e  t h e  
amount o f  t r a v e l  on l o c a l  r o a d s  v e r s u s  t h o s e  i n c l u d e d  i n  t h e  
HPMS i n v e n t o r y .  T h e  r a t i o  of  l o c a l  t r a v e l  t o  n o n - l o c a l  t r a v e l  
computed from these  s u r v e y s  would t h e n  b e  m u l t i p l i e d  by t h e  
t o t a l  VMT f o r  t h e  HPMS i n v e n t o r y .  T h i s  would p r o v i d e  an 
e s t i m a t e  of  l o c a l  r o a d  VMT. 

The above  e s t i m a t e  would e n t a i l  two s o u r c e s  of e r r o r .  T h e  
f i r s t  is  t h e  e r r o r  i n  t h e  VMT e s t i m a t e  based  on t h e  HPMS 
sample .  T h i s  is  a  known q u a n t i t y .  T h e  s econd  is  t h e  e r r o r  i n  
t h e  l o c a l  road  t o  n o n - l o c a l  road  r a t i o .  T h i s  e r r o r  i s  dependen t  
on t h e  v a r i a b i l i t y  o f  t h e  r a t i o  and t h e  sample  s i z e  of t h e  
s u r v e y  used  t o  e s t i m a t e  t h a t  r a t i o .  

I t  is l o g i c a l  t h a t  s u c h  a r a t i o  would b e  f a i r l y  s t a b l e  f rom 
y e a r  t o  y e a r .  A s  a  r e s u l t ,  a  s p e c i a l  s t u d y  would n o t  b e  
n e c e s s a r y  e v e r y  y e a r  t o  p r o v i d e  t h i s  e s t i m a t e ,  I n s t e a d ,  such  a  
s t u d y  might  be  pe r fo rmed  o n l y  e v e r y  s e v e r a l  y e a r s  t o  c o n f i r m  any  
changes  i n  t h i s  r a t i o .  A s i x - y e a r  c y c l e ,  t w i c e  t h e  recommended 
HPMS c o u n t  c y c l e ,  is  a l o g i c a l  c h o i c e  f o r  p e r f o r m i n g  t h i s  k i n d  
o f  s u r v e y .  

T h e  s u r v e y  would have  t o  a c c o u n t  f o r  d i f f e r e n c e s  i n  r u r a l  
and u r b a n  s t r e e t  s y s t e m s  t h a t  migh t  a f f e c t  t h e  r a t i o .  I n  
a d d i t i o n ,  i t  might  a l s o  need t o  a c c o u n t  f o r  s e a s o n a l  
d i f f e r e n c e s ,  o r  d i f f e r e n c e s  due  t o  d e n s i t y  o f  deve lopment .  
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Because t h i s  procedure has  not  been prev ious ly  t e s t e d ,  i t  
i s  suggested t h a t  a p i l o t  program be i n s t i t u t e d  by FHWA t o  t e s t  
t h e  f e a s i b i l i t y  of t h e  approach. I t  seems l o 5 i c a l  t h a t  
Performing such a survey would b e  more a c c u r a t e  than e i t h e r  of  
t h e  previous  methods because of t h e  few sources  of e r r o r ,  and i t  
would almost  c e r t a i n l y  be l e s s  e x p e n s i v e  than  a  t r a d i t i o n a l  
count ing approach. 
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V. PROGRAM IMPLEMENTATION 

This chapter focuses on the issues involved with the actual 
implementation of the recommended program. In particular, it 
details the steps involved in program implementation, and the 
effects of phasing in the program slowly. 

C This section is divided into headings detailing the effects 
of delaying the implementation of particular program elements 
and procedures. These headings cover: 

.B . seasonal factor procedures; 
. changes to the HPMS volume counting schedule; 

. axle correction factor procedures; 

. growth factor procedures; and 

. vehicle class and weight elements. 

Seasonal Factor Procedures 

If the recommended seasonal factor approach is delayed, 
the existing state method for applying seasonal factors will 
have to be maintained. Thus the state may have to continue 
collecting control counts if those counts are used to compute 
seasonal factors or to help allocate seasonal factors to 
particular roadway segments. This in turn will result in a more 
expensive count program with no significant advantage in 
accuracy, that is also more difficult to automate. 

HPMS Count Scheduling 

A delay in implementing the three-year count cycle for HPMS 
counts has numerous effects. The most significant effect is 
that the HPMS sections may continue to be counted on an annual 
basis, This results in a sizable increase in the number of 
counts that must be taken in a year'over that needed by the 
recommended program, and a consequent increase in program cost. 

The added number of counts does have several advantages: 

, It maintains the HPMS data at the current Levels of 
precision, rather than lowering the precision slightly. 

. It eliminates the need to modify HPMS counts for growth, 
although it does not reduce the need for growth factors 
in other traffic counts. 



. It modifies the procedure nee~ed to conpute annual growth 
factors, as it allows the annual srowth to be computed 
directly from changes in the estimated annual volume for 
each HPMS stratum. 

It does not have an effect on either the need for seasonal or 
axle correction factors. 

Axle Correction Factors 

This factor adjustment cannot be disregarded. 1f some axle 
correction factor is not used, the estimated volumes for those 
road segments counted with single-tube axle counters will be 
overstated. The state may continue using an axle correction 
factor based on some method other than the recommended process, 
but the accuracy of that estimate will probably be less than 
that of the recommended factors. 

Growth Factors 

Growth factors can be calculated from several sources other 
than the HPMS sample segments. The most common of these methods 
is using control counts and ATR counts to estimate growth. This 
method may be used while the HPMS growth factor method is being 
implemented, but the accuracy of the growth factors is certain 
to be below that of the recommended procedure because of the 
reduced number of counts used in the factor calculation. The 
use of control counts would also result in the neea for an 
additional set of counts, 

Vehicle Class and Weiqht Element 

These program subelements niay be delayed due to lack of 
modern classification and weighing equipment. If these program 
elements are delayed, the state will probably not have a 
statistically valid estimate of traffic composition or truck 
weights for the majority of roads in its highway network, The 
state would therefore need to continue using their existing 
procedures to estimate traffic composition and truck weights. 

None of the states examined in this project had a 
statistically valid method for estimating either vehicle 
classification or truck weights. To achieve a statistically 
valid estimate for either of these quantities, a special data 
collection session would have to be conducted at the location of 
interest each time an estimate was needed. This is expensive 
for vehicle classification data, and unreasonable for truck 
weight data. Therefore, in many instances, statistically 
unreliable estimates may be used out of necessity. 
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APPENDIX A--DEFAULT VALUES 

FOR STATISTICAL EQUATIONS 

This appendix presents the values used in the statistical 
equations presented in the main body of this report. These 
values may be used for calculating sample sizes and for deter- 
mining the precision of various traffic estimates. 

The values for this appendix were derived from three 
principal sources: 

. ATR data provided by the five participating states 
and maintained by the FHWA; 

. vehicle classification data from the BPMS vehicle 
classification case study; and 

. truck weight data from the HPMS truck weight case 
' study. 

It is acknowledged that these data bases are not statistically 
valid. They were, however, the best available data, As a 
result, states are encouraged to provide their own data whenever 
possible in lieu of this data base, In particular, they are 
encouraged to develop their own statistically valid data base 
using this study as a guide. Data collected in the recommended 
manner can then be used to update the sample sizes derived using 
these tables. 

This appendix is divided into two basic sections: 

. vehicle classification and weight data; and 
, traffic volume data. 

The vehicle classification and weight data are presented in 
Exhibit A-1. This table shows means and standard deviations for 
the percentage of traffic (PVC and SPVC) and equivalent axle 
loads (EAL and SEAL) for each of the recommended functional 
classifications of roads. These data are used to compute 
precision versus sample size (number of monitoring sessions) 
graphs for each of these classifications (Exhibits A-2 through 
A-17). Precision is defined as the accuracy of an estimate 
within a stated level of confidence, In this appendix, a 
95 percent confidence interval is always used. The graphs were 
computed using equation 20 from section IV of this report. 

To use the graphs in Exhibits A-2 through A-17 the user 
must first choose the graph for the appropriate functional 
classification of road. The next step is to choose the method 
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for selecting sample size. Each graph includes a curve for 
three different precision versus sample size relationships, or 
weightings of coefficients of variation (see page 337.34). These 
curves represent the precision of: 

. 352 truck estimates; 

. all vehicles weighted by volume of traffic; 
all vehicles weighted by total weight contributed by 
each vehicle class. 

The different curves show how different weightings affect the 
"accuracy" of estimates. The most important fact to remember is 
that five samples (or any other number) will result in the same 
level of precision for a single classification of vehicles, no 
matter which curve is used to select sample size. The three 
curves only differ in how the estimates for all individual 
vehicle types are weighted when they are combined. 

Once a curve has been selected the accuracy for a given 
number of counts can be determined. For example, using 
Exhibit A-2, a sample size of 20 locations is chosen. This 
sample will result in an estimate sf vehicle classifications 
that is accurate to within 19 percent, if the accuracy of the 
estimates of each vehicle class are weighted by the volume of 
that class. The accuracy of ,the estimate of 35% trucks is 
slightly worse than the composite. Twenty monitoring sessions 
produce an estimate within roughly 37 percent for this vehicle 

The accuracy of other vehicle types can be calculated using 
equation 20 and the default values for percentage of traffic and 
standard deviation of that estimate for a vehicle class from 
Exhibit A-1. For standard automobiles, this estimate would be 
computed as: 

The accuracy d is therefore equal to ,077 or 7.7 percent of the 
vehicle classification estimate produced by the 20 counts (i.e., 
the estimate is 41.6 percent plus or minus 3.2 percent,) 

Truck weight (EIU;) estimates are performed in exactly the 
same manner. One of the curves in the graphs in Exhibits A-10 
through A-17 is used to estimate a composite accuracy for a 
given sample size. The accuracy of an estimate for any specific 
vehicle type must then be computed using equation 20, the 



sample  s i z e  s e l e c t e d ,  and  EAL and  SEAL e s t i m a t e s  i n c l u d e d  i n  
E x h i b i t  A - l  f o r  comput ing t h e  COV t e r m  i f  s u b s t i t u t e  SEAL 
f o r  SPVC and EAL f o r  PVC i n  t h e  e q u a t i o n  a b o v e ) .  

For volume e s t i m a t i o n s ,  a v e r a g e  s t a n d a r d  d e v i a t i o n s  f o r  
SVOLD ( v a r i a t i o n  a c r o s s  d a y s ,  e x p r e s s e d  a s  a  f r a c t i o n  of AADT) 
and SVOLA ( t h e  v a r i a t i o n  i n  t h e  " t r u e w  a x l e  c o r r e c t i o n  f a c t o r )  
a r e  p r o v i d e d  i n  E x h i b i t  A-18. The s t a n d a r d  d e v i a t i o n  a c r o s s  
l o c a t i o n s ,  SVOLL, c a n  b e  e s t i m a t e d  from t h e  e q u a t i o n :  

SVOLLh = Volume r a n g e  i n  s t r a t u m  h  -t 1000 
3 * 5  

For  example ,  SVOLL f o r  a  r o a d  w i t h i n  a  s t r a t u m  with a  volume 
r a n g e  between 5,000 and  10 ,000  ADT would b e  computed a s :  

T h i s  would t h e n  b e  e x p r e s s e d  i n  t e r n s  o f  p e r c e n t  AADT 

I t  is assumed t h a t  e a c h  s t a t e  w i l l  d e t e r m i n e  t: 
d e v i a t i o n  of  t h e  s e a s o n a l  c o r r e c t i o n  f a c t o r  (SVBL: 
f a c t o r  g r o u p  a s  a  by-product  o f  t h e  d e t e r m i n a t  
a p p r o p r i a t e  f a c t o r  g r o u p s .  

ie s t a n d a r d  
) f o r  e a c h  
on of t h e  



EXHIBIT A - 1 8  

STATISTICAL DEFAULTS FOR TRAFFIC VOLUMES 

F u n c t i o n a l  C l a s s i f i c a t i o n  

R u r a l :  
I n t e r s t a t e  

O t h e r  P r i n c i p a l  
A r t e r i a l s  

Minor Ar t e r i a l s  

C o l l e c t o r s  

SVOED* SVBLA* * -- 

Urban: 
I n t e r s t a t e  a n d  

o t h e r  F reeways  0 .078  0 .067  

O t h e r  P r i n c i p a l  
Ar t e r i a l s  

Minor A r t e r i a l s  , 0 . 0 6 5  0 . 0 2 1  

C o l l e c t o r s  0 .065  0 . 0 2 1  

* E x p r e s s e d  a s  a f r a c t i o n  o f  AADT. 
* *  E x p r e s s e d  a s  a f r a c t i o n  o f  t h e  ax l e  c o r r e c t i o n  f a c t o r ,  
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This appendix details the results of Peat Marwick's 
examination of existing vehicle classification and truck 
weighing equipment. This section is a summarization of: 

published research; 
W . other literature available from FHWA or from Peat 

Marwick's project library; 

. manufacturer" specifications and test data; and 

. comments from state DOT personnel who use traffic 
counting equipment, 

No new research was performed for this contract in this area. 
Only equipment with working models currently available for sale 
or test are included in this review. Other equipment with 
enhanced capabilities which may soon be available is not 
discussed here. 

This appendix is divided into two major sect'ions: 

. vehicle classification equipment; and 
truck weighing equipment. 

Most truck weighing equipment currently being designed can also 
collect vehicle classification data, but such devices are 
generally too expensive to be used strictly for vehicle 
classification data collection. For this reason, such equipment 
is discussed in the truck weighing portion of the appendix. 

As stated in the main body of this report, different states 
use different vehicle classificati~n systems. Suggested 
classification schemes use as few as ten or as many as 32 
vehicle classes. The FHWA has recently issued a nationwide 
standard for vehicle classification categories. This 
classification system is presented in Exhibit B-1. 

Overview 

The proposed national system follows the standard system of 
delineating vehicle classes based on the number of axles on a 
vehicle and the spacing of those axles on the vehicle. The 
principal difference between this system and many state systems 
is that no division is made between in-state and out-of-state 



E X H I B I T  B - l  

FHWA-RECOMMENDED VEHICLE CLASSIFICATION 

V e h i c l e  C a t e g o r i e s  

l 

2 

V e h i c l e  D e s c r i p t i o n  

M o t o r c y c l e s  ( O p t i o n a l )  

P a s s e n g e r  c a r s  

O t h e r  two-axle ,  f o u r - t i r e  s i n g l e  u n i t  
v e h i c l e s  

Buses  

Two-axle, s ix - t i r e  s i n g l e  u n i t  t r u c k s  

T h r e e - a x l e  s i n g l e  u n i t  t r u c k s  

Four o r  more a x l e  s i n g l e  u n i t  t r u c k s  

Four o r  f ewer  a x l e  s i n g l e  t r a i l e r  t r u c k s  

F i v e - a x l e  s i n g l e  t r a i l e r  t r u c k s  

S i x  o r  more a x l e  s i n g l e  t r a i l e r  t r u c k s  

F i v e  o r  fewer  a x l e  m u l t i - t r a i l e r  t r u c k s  

S i x - a x l e  m u l t i - t r a i l e r  t r u c k s  

Seven o r  more a x l e  m u l t i - t r a i l e r  t r u c k s  

Source :  FHWA, Memorandum on V e h i c l e  C l a s s i f i c a t i o n s :  A l t e r n a -  
t i v e  S c h e d u l e  and  a  Recommended Group ing ,  J u n e  1983,  a s  
r e v i s e d  on Oc tober  1, 1983.  



v e h i c l e s .  From a  f e d e r a l  p e r s p e c t i v e  oa: a  d e s i g n  p e r s p e c t i v e ,  
t h i s  d e t a i l  is  n o t  n e c e s s a r y .  F u r t h e r m o r e ,  au tomated  
c l a s s i f i c a t i o n  c o u n t e r s  a r e  n o t  c a p a b l e  s f  making t h i s  
d i s t i n c t i o n .  I f  a  s t a t e  w a n t s  t h i s  d a t a ,  i t  c a n  b e  c o l l e c t e d  by 
manual c l a s s i f i c a t i o n  c o u n t s  ( a n d  u s e d  t o  f a c t o r  au tomated  
c o u n t s ) ,  o r  t h r o u g h  a  s p e c i a l  s u r v e y .  

Automat ic  c l a s s i f i c a t i o n  o f  t r a f f i c  u s i n g  t h e  FHWA's  
p roposed  sys tem r e q u i r e s  a  t r a f f i c  c o u n t e r  t h a t  u s e s  some k i n d  
o f  a x l e  s e n s o r .  The most  common o f  t h e s e  s e n s o r s  i s  t h e  
pneumat ic ,  o r  r o a d ,  t u b e .  Some e x p e r i m e n t s  h a v e  used  o t h e r  
d e v i c e s  such  a s  c o a x i a l  c a b l e s  a s  a x l e  s e n s o r s ,  b u t  t h e s e  
d e v i c e s  a r e  n o t  c u r r e n t l y  i n  common u s e  i n  t h e  U n i t e d  S t a t e s .  

A second  k i n d  s f  a u t o m a t i c  c o u n t e r  can a l s o  c l a s s i f y  
v e h i c l e s .  These  c o u n t i n g  d e v i c e s  u s e  i n d u c t a n c e  l o o p s  which 
c l a s s i f y  v e h i c l e s  b a s e d  on t h e i r  o v e r a l l  body l e n g t h .  These  
c o u n t e r s  a r e  c a p a b l e  o f  u s i n g  l o o p s  a l r e a d y  embedded i n  t h e  
pavement f o r  o t h e r  p u r p o s e s  a s  s e n s i n g  d e v i c e s .  The c o u n t e r s  
c a n n o t ,  however,  c l a s s i f y  v e h i c l e s  u s i n g  t h e  FHWA s y s t e m ,  
b e c a u s e  t h e y  c a n n o t  d i s t i n g u i s h  a x l e s .  

Axle-Sensing C l a s s i f i e r s  

From t h e  d i s c u s s i o n  w i t h  t h e  p a r t i c i p a t i n g  s t a t e s ,  i t  i s  
a p p a r e n t  t h a t  t h e  a x l e - s e n s i n g  c l a s s i f i e r s  a r e  t h e  t y p e  . o f  
equipment  most a c c e p t a b l e  t o  , s t a t e  DOTS, b e c a u s e  t h e y  c a n  
c l a s s i f y  v e h i c l e s  . i n  a  manner s i m i l a r  t o  t h e  manual  c o u n t s  
c u r r e n t l y  t a k e n .  A t  t h i s  t i m e ,  however,  no  t y p e  o f  au tomated  
v e h i c l e  c l a s s i f i c a t i o n  equ ipment  is  w i d e l y  u s e d ,  m o s t l y  b e c a u s e  
e a r l y  models  were n o t  r e l i a b l e .  For  t h e  most  p a r t ,  e a r l y  
p rob lems  a r e  b e i n g  worked o u t ,  a l t h o u g h  most  a v a i l a b l e  mach ines  
s t i l l  s u f f e r  from two s h o r t c o m i n g s :  

. t h e  i n a b i l i t y  t o  c l a s s i f y  v e h i c l e s  i n  s l o w  moving 
( congested).,  t r a f f i c ;  and  

. t h e  a b i l i t y  t o  c l a s s i f y  o n l y  one  l a n e  o f  t r a f f i c .  
T h i s  c o u l d  b e  e i t h e r  t h e  r i g h t  hand l a n e ,  c l o s e s t  t o  
t h e  s h o u l d e r ,  o r  t h e  l e f t - h a n d  l a n e ,  p r o v i d i n g  t h e  
c o u n t e r  is p l a c e d  i n  t h e  median s t r i p  o f  a  r o a d .  

Each a v a i l a b l e  a x l e - s e n s i n g  c l a s s i f i c a t i o n  c o u n t e r :  

. d e t e r m i n e s  t h e  a x l e  s p a c i n g  o f  p a s s i n g  v e h i c l e s  as a  
f u n c t i o n  o f  s p e e d ;  

. u s e s  a  minimum s p e e d  programmed i n t o  i t s  s o f t w a r e  a s  
a  f a i l - s a f e  s i g n a l  f o r  t h e  end  o f  one  v e h i c l e  and  
t h e  b e g i n n i n g  o f  a n o t h e r ;  and  

. u s e s  a  minimum s p e e d  a s  a  g u a r d  a g a i n s t  v e h i c l e s  
c h a n g i n g  l a n e s  and s t r i k i n g  t h e  s e n s o r  w i t h  o n l y  one  
a x l e .  

B.3 



These  p r e c a u t i o n s ,  which e n h a n c e  t h e  v a l i d i t y  of  t h e  d a t a ,  
r e s u l t  i n  a n  i n a b i l i t y  t o  c l a s s i f y  v e h i c l e s  a t  s l o w  s p e e d s ,  
which ,  i n  t u r n ,  p r e v e n t s  t h e  u s e  o f  t h e  mach ines  on r o a d  
s e c t i o n s  e x p e r i e n c i n g  stop-and-go t r a f f i c  d u r i n g  t h e  c o u n t  
p e r i o d  . 

The r e s t r i c t i o n  t o  o n e  l a n e  ( e i t h e r  l e f t - m o s t  or 
r i g h t - m o s t )  i n  which t r a f f i c  c a n  b e  c o u n t e d  and  c l a s s i f i e d  i s  a  
d i r e c t  r e su l t  o f  t h e  a x l e - s e n s i n g  d e v i c e  p r e s e n t l y  used  b y  many 
American a n d  f o r e i g n  m a n u f a c t u r e r s ,  t h e  p n e u m a t i c  t u b e .  The * 
r o a d  t u b e  r e g i s t e r s  any  a x l e  s t r i k i n g  t h e  t u b e .  When s t r e t c h e d  
o v e r  two l a n e s ,  t h e  t u b e  i s  i n c a p a b l e  o f  d e t e r m i n i n g  t h e  l a n e  
from which t h e  a x l e  s i g n a l  i s  e m i t t e d .  The t u b e ' s  u s e  is  
t h e r e f o r e  r e s t r i c t e d  t o  t h e  l a n e  n e a r e s t  t h e  c o u n t e r .  * 

Some m a n u f a c t u r e r s  c l a i m  t h e i r  c o u n t i n g  equ ipment  is  
c o m p a t i b l e  w i t h  o t h e r  a x l e - s e n s i n g  d e v i c e s ,  b u t  o n l y  t h e  s y s t e m s  
d e s i g n e d  by t h e  T r a n s p o r t a t i o n  Road R e s e a r c h  L a b o r a t o r y  (TRRL)  
i n  t h e  U n i t e d  Kingdom and  a  new Canadian  s y s t e m  m a n u f a c t u r e d  by 
IRD a r e  d e s i g n e d  s p e c i f i c a l l y  f o r  a  d i f f e r e n t  k i n d  o f  s e n s o r ,  

The TRRL s y s t e m  u s e s  a  r e f i n e d  t r i b o e l e c t r i c  c a b l e ,  a  form 
o f  c o a x i a l  c a b l e .  Tests  a t  t h e  TRRL show t h a t  t h e  c a b l e  s e n s o r ,  
i f  c a r e f u l l y  m a n u f a c t u r e d ,  c a n  h a v e  a  u s e f u l  l i f e  o f  up  t o  f o u r  
y e a r s .  Thus ,  i t  c a n  b e  i n s t a l l e d  a t  pe rmanen t  l o c a t i o n s  t o  
c o l l e c t  d a t a  on l a n e s  o t h e r  t h a n  o u t s i d e  l a n e s .  A p o r t a b l e  
c a b l e  i s  c u r r e n t l y  under  development  a t  TRRL. 

The I R B  s y s t e m  is  a l s o  d e s i g n e d  f o r  a  pe rmanen t  l o c a t i o n .  
T h i s  s y s t e m  c o n s i s t s  o f  1 2  p r e s s u r e  s e n s o r s  p e r m a n e n t l y  p l a c e d  
i n  t h e  pavement t o  d e t e c t  axles. I t  t o o  c a n  c o l l e c t  d a t a  f rom 
m u l t i p l e  l a n e s .  

A t  t h i s  time, r o a d  t u b e s  a r e  t h e  most  common a x l e  s e n s i n g  
d e v i c e s  u s e d  i n  t h e  U n i t e d  S t a t e s .  A Maine DOT s tudy1  o f  
a u t o m a t i c  v e h i c l e  c l a s s i f i e r s  conc luded  t h a t  u s i n g  r o a d  t u b e s  a s  
s e n s i n g  d e v i c e s  r e s u l t s  i n  a  h i g h  e r r o r  r a t e ,  Road t u b e s  s u f f e r  
f rom a  h i g h  d e g r e e  o f  i n t e n t i o n a l  and  u n i n t e n t i o n a l  damage d u e  
t o  v e h i c u l a r  t r a f f i c .  Dur ing  t h e  s t u d y ,  t h e  t u b e s  d i s p l a y e d  a  
t e n d e n c y  t o  u n d e r c o u n t  a x l e s ,  even  when i n  working o r d e u ,  Maine 
DOT p e r s o n n e l  were  u n a b l e  t o  t r a c e  t h e  c a u s e  o f  t h e  
u n d e r c o u n t i n g ,  b u t  a t t r i b u t e d  i t  t o  a  c o m b i n a t i o n  o f  t u b e  
d e t e r i o r a t i o n ,  a i r - s w i t c h  m a l f u n c t i o n i n g ,  and  i n t e r n a l  
p r o c e s s i n g  p rob lems .  The p rob lems  i n c u r r e d  w i t h  r o a d  t u b e s  when 
u s e d  f o r  v e h i c l e  c l a s s i f i c a t i o n  d i d  n o t  seem t o  a f f e c t  t h e  same 
c o u n t i n g  d e v i c e s  when u s e d  f o r  s p e e d  a n a l y s i s .  

Maine F a c i l i t y  L a b o r a t o r y ,  E v a l u a t i o n  o f  V e h i c l e  C l a s s i f i c a -  
t i o n  Equipment,  p r e p a r e d  f o r  FHWA, September 1982.  



To q u o t e  f rom t h e  Maine s t u d y :  

While i t  was n o t  t y p i c a l l y  o b v i o u s  whe the r  t h e  
t u b e s  o r  t h e  sys tems  b e i n g  t e s t e d  were  r e s p o n s i b l e  
f o r  some of  t h e  e r r o r ,  i t  was c l e a r  t h a t  t h e  
tube-based  s y s t e m s  d i d  n o t  seem t o  h a v e  a  h i g h  
d e g r e e  o f  r e l i a b i l i t y  ( e . g . ,  a  t h r e e  o r  more a x l e  
v e h i c l e  d i d  n o t  h a v e  a l l  o f  i t s  a x l e s  c o u n t e d ) .  
I n  a d d i t i o n ,  i t  was r a r e l y  c l e a r  when a  t u b e  was 
b r e a k i n g  down, o r  when i t  had ,  when t h a t  breakdown 
h a d  o c c u r r e d .  

The Maine r e p o r t  e s t i m a t e d  t h a t  t h e  tube-based  s y s t e m s  
t e n d e d  t o  m i s c l a s s i f y  v e h i c l e s  l a r g e r  t h a n  t h r e e  a x l e s r  1 0  t o  
2 0  p e r c e n t  o f  t h e  time. 

The Maine DOT s t u d y  r a t e d  t h e  TRRL s y s t e m  c o n s i d e r a b l y  
h i g h e r  t h a n  a n y  o t h e r  c l a s s i f i c a t i o n  s y s t e m .  The Maine s t u d y  
a c h i e v e d  a  98.3 p e r c e n t  a c c u r a c y  r a t e  f o r  v e h i c l e  c l a s s i f i c a t i o n  
d u r i n g  t h e  s t u d y .  The equ ipment  c l a s s i f i e d  95.7 p e r c e n t  o f  t h e  
t r u c k s  c o r r e c t l y .  S i m i l a r  tes ts  i n  t h e  U n i t e d  Kingdom compar ing 
t h e  a u t o m a t i c  s y s t e m  w i t h  manual  c o u n t s  a c h i e v e d  a c c u r a c y  r a t e s  
o f  between 9 6  and 98 p e r c e n t  ( a s suming  no e r r o r s  i n  t h e  manual  
c o u n t s ) .  The s y s t e m  t e s t e d  by Maine DOT was d e s i g n e d  f o r  u s e  a s  
a  permanent  s t a t i o n ,  b u t  t h e  TRRL' is  d e v e l o p i n g  a  p o r t a b l e  
s y s t e m .  

The new I R D  s y s t e m  was n o t  a v a i l a b l e  f o r  t e s t i n g  a t  t h e  
time of  t h e  Maine e v a l u a t i o n ,  b u t  i t  is c u r r e n t l y  b e i n g  
e v a l u a t e d  i n  Canada and Minnesota .  P r e l i m i n a r y  i n f o r m a t i o n  
shows t h a t  t h e  c o u n t e r  is  e q u a l  i n  a c c u r a c y  t o  t h e  TRRL s y s t e m .  

Lenqth  C l a s s i f i e r s  

~ o s t  c o u n t e r s  u s i n g  pneumat ic  t u b e s  a r e  a l s o  c a p a b l e  s f  
u s i n g  d u a l  i n d u c t a n c e  l o o p s  f o r  v e h i c l e  l e n g t h  c l a s s i f i c a t i o n .  
These  c l a s s i f i c a t i o n s  a r e  c u r r e n k l y  pe r fo rmed  a t  s e v e r a l  
permanent  speed-moni to r ing  l o c a t i o n s  i n  t h e  U n i t e d  S t a t e s .  The 
l e n g t h  d a t a  a v a i l a b l e  t h r o u g h  t h e  l o o p s  i s  n o t ,  however ,  
s u f f i c i e n t  t o  c l a s s i f y  v e h i c l e s  t o  t h e  l e v e l  o f  d e t a i l  needed  b y  
most highway e n g i n e e r s .  The u s e  o f  l o o p s  a t  ATR s t a t i o n s  c a n ,  
however,  g i v e  e x c e l l e n t  i n f o r m a t i o n  on  s e a s o n a l  and  h o u r l y  
d i s t r i b u t i o n  o f  t r u c k  t r a f f i c ,  e v e n  i f  d a t a  a r e  n o t  a v a i l a b l e  i n  
t h e  p r e f e r r e d  v e h i c l e  c l a s s i f i c a t i o n s .  

The Maine r e p o r t  a s s e s s e d  t h e  pe r fo rmance  o f  c o u n t e r s  u s i n g  
i n d u c t a n c e  l o o p s  f o r  i n p u t  o f  raw v e h i c l e  c l a s s i f i c a t i o n  d a t a  a s  
somewhat b e t t e r  t h a n  t h e  p e r f o r m a n c e  of  a x l e - s e n s i n g  d e v i c e s ,  
The l o o p s  were g e n e r a l l y  more a c c u r a t e  i n  c l a s s i f i c a t i o n s ,  
a l t h o u g h  a l l  c o u n t e r s  showed s i g n i f i c a n t  q u a l i t y  c o n t r o l  
problems.  The a c c u r a c y  o f  t h e  l e n g t h  c l a s s i f i c a t i o n s  was c a u s e d  



in part by the simplified categories used. The four-vehicle 
categories used by most systems were significantly less 
intricate than the 14-vehicle categories that used axle sensors 
for classification. The Maine report indicated that automatic 
vehicle classifiers using loops placed up to 95 percent of 
passing vehicles in the appropriate category. Machine 
breakdowns in the test, however, considerably reduced the 
overall accuracy of the machines. In addition, the Maine study 
showed that the loop equipment tended to be very sensitive to 
minor adjustments in the tuning of the inductance loops. This 
sensitivity created some calibration problems with those 
counters not specifically designed to allow testing at the site. 

Limitations sf Automatic Counters 

The discussion above suggests that improvements in 
automatic classification equipment have not progressed to the 
point where manual counts are unnecessary. Besides the 
shortcomings previously mentioned for both axle-sensing and 
length classification equipment, some states require information 
that cannot be collected by any existing automated counter. 
Among the data that must normally be collected manually are: 

. in-state versus out-of-state designations; 

. vehicle categories based on the numbe'r of tires per 
axle; and 

. truck-type analysis by body type (e.g., refrigerated 
truck trailer versus tanker), 

The need for these data, as well as the need for vehicle 
classification data where automatic equipment does not function 
accurately (e.g., in congested areas), results in a continued 
need for manual classification counts. 

Manual classification counts are not without accuracy 
limitations. While manual counts are often used as the 
"correct" figures to which automatic counts are compared, 
studies have shown that manual counts can contain substantial 
errors. A paper written by P. Davies and D.R. Salter and 
published in Transporation Research Record 905 indicates that a 
study they performed indicated that manual classification count 
error ranged as high as 35 percent, even when counters were 
closely supervised. These results would indicate that the error 
from automatic counters functioning properly is not 
significantly different from the error in manual counts, 

In summary, automatic vehicle classification equipment is 
rapidly developing the capability to provide the majority of 
data desired from vehicle classification counts. Permanent 
stations performing limited auto/truck splits are currently in 



use (for example, Illinois' telemetry system collects speed data 
by vehicle length class) using loop inputs. Permanent and 
semipermanent axle-sensing classification equipment have shown 
high accuracy correlations. Portable axle sensors using road 
tube sensors have exhibited less accuracy, but in many instances 
can provide the majority of data needed. 

TRUCK WEIGHING EQUIPMENT 

This section includes an outline of the issues affecting 
truck weight data collection and an overview of the equipment 
available on the market. 

Truck weight data has traditionally been collected for two 
different purposes, weight enforcement and data collection f o r  
engineering and planning. The scope of this appendix allows 
discussion of only the planning aspects of truck weight data 
collection. Enforcement activities are dealt with only where 
they af f ect planning. 

Overview 

Historically, truck weight data has been collected as a 
means of determining pavement loadings, These loads in turn can 
be translated into design requirements and estimates of pavement 
life. The majority of vehicle (usually truck) weighings have 
been taken at fixed weigh stations on major roads. Some axle or 
wheel-load weighings are taken using portable loadometers at 
nonpermanent roadside locations to determine vehicle weights at 
sites away from permanent stations. 

The primary federal impetus behind truck ,weight studies has 
been the biennial truck weight survey. This survey consists of 
truck weighings, driver interviews, and vehicle classifications 
submitted to the FHWA every two years. From this survey, the 
FHWA and states determine truck weight trends and revise 
estimates of equivalent axle loadings for various truck 
classifications to be used in design and maintenance 
computations. This program is currently under review, as FHWA 
examines: 

methods of streamlining the surveying process; 

. uses of the truck weight data; and 

. capabilities of the new WIM equipment. 
Many states are therefore currently delaying truck weight 
planning studies until the results of the federal review are 
made available. 



O b t a i n i n g  a c c u r a t e  i n f o r m a t i o n  on t r u c k  w e i g h t s  i s  
d i f f i c u l t .  The main problem i s  t h a t  t h e  c o s t s  pf c o l l e c t i n g  
w e i g h t  d a t a  a r e  h i g h ,  l i m i t i n g  t h e  amount o f  d a t a  t h a t  c a n  be 
c o l l e c t e d ,  w h i l e  s e v e r a l  f a c t o r s  c o n t r i b u t e  t o  c a u s e  
i n a c c u r a c i e s  i n  t h e  d a t a  t h a t  c a n  b e  c o l l e c t e d .  S e v e r a l  o f  
t h e s e  f a c t o r s  a r e :  

The a v o i d a n c e  of  weigh s c a l e s  by o v e r w e i g h t  v e h i c l e s  
s k e w s  t h e  d a t a .  

. The s m a l l  number o f  l o c a t i o n s  used  f o r  weigh 
s t a t i o n s  d o  n o t  r e p r e s e n t  e i t h e r  a  random o r  a  
r e p r e s e n t a t i v e  sample  o f  t h e  s t a t e  highway s y s t e m .  

. * T h e  c o s t  o f  t h e  manpower n e c e s s a r y  t o  r u n  a  s t a t i o n  
a s  w e l l  a s  t h e  c o s t  o f  s c a l e s  p r e v e n t s  s t a t e s  f rom 
e x p a n d i n g  t h e i r  v e h i c l e  w e i g h i n g  programs.  

. The c o n s i d e r a t i o n s  n e c e s s a r y  f o r  weigh s t a t i o n  crew 
s a f e t y  and s c a l e  a c c u r a c y  l i m i t  t h e  number o f  s i t e s  

' 

s u i t a b l e  f o r  most  e x i s t i n g  p o r t a b l e  s c a l e s ,  

I t  i s  t h e  e n f o r c e m e n t  o f  w e i g h t  l a w s  t h a t  c a u s e s  o v e r w e i g h t  
t r u c k s  t o  t a k e  p r e c a u t i o n s  t o  a v o i d  a n y  o p e r a t i n g  weigh 
s t a t i o n .  The r e s u l t  o f  t h i s  a v o i d a n c e  i s  w e i g h t  d a t a  which 
u n d e r r e p o r t s  t h e  h e a v i e s t  t r u c k s ,  t h u s  making a v e r a g e  s u r v e y  
w e i g h t  f a l l  below t h e  a c t u a l  a v e r a g e  w e i g h t .  

I n  t h e  f i v e  p a r t i c i p a t i n g  s t a t e s ,  v e h i c l e  w e i g h t  d a t a  f o r  
p l a n n i n g  p u r p o s e s  was c o l l e c t e d  s e p a r a t e l y  f rom w e i g h t  
e n f o r c e m e n t  measurements .  T h i s  had two p r i m a r y  i m p a c t s :  

. The d a t a  was less a f f e c t e d  by u n d e r r e p o r t i n g  o f  
heavy  t r u c k s  s i n c e  t h e r e  were no l aw e n f o r c e m e n t  
o f f i c e r s  a t  t h e  s u r v e y  s i g h t s .  

. ~ e s s  d a t a  were a v a i l a b l e  f o r  p l a n n i n g  p u r p o s e s  t h a n  
i f  t h e  v e h i c l e  w e i g h i n q s  done f o r  e n f o r c e m e n t  
p u r p o s e s  were i n c l u d e d .  

S e v e r a l  s t a t e  DOT p e r s o n n e l  i n t e r v i e w e d  f o r  t h i s  r e p o r t  conceded 
t h a t  d r i v e r s  w i t h  o v e r w e i g h t  l o a d s  were  less l i k e l y  t o  
p u r p o s e f u l l y  a v o i d  a  weigh s t a t i o n  i f  t h e y  knew t h a t  no  
e n f o r c e m e n t  a c t i v i t i e s  were  b e i n g  c o n d u c t e d  a t  t h a t  s i t e .  They 
d i s a g r e e  a b o u t  whe the r  d a t a  f rom e n f o r c e m e n t  w e i g h i n g s  s h o u l d  b e  
s o u g h t  by p l a n n i n g  d e p a r t m e n t s .  The l a c k  o f  r e p r e s e n t a t i v e  d a t a  
on heavy  t r u c k s  d i m i n i s h e s  t h e  q u a l i t y  o f  t h e  d a t a  c o l l e c t e d ,  
b u t  t h e  s i z e  o f  t h e  e n f o r c e m e n t  d a t a  b a s e  i s  u s u a l l y  g r e a t e r  
t h a n  t h e  amount o f  d a t a  t h e  p l a n n i n g  d e p a r t m e n t  c a n  a f f o r d  t o  
c o l l e c t .  The p l a n n i n g  d e p a r t m e n t s  u s u a l l y  lack  f u n d s  and  t a k e  a  
r e l a t i v e l y  s m a l l  number o f  w e i g h i n g s  i n  compar i son  w i t h  t h e  
number t a k e n  by e n f o r c e m e n t  d e p a r t m e n t s ,  



Truck Weighing Equipment C a p a b i l i t i e s  

The l a t e s t  improvements i n  v e h i c l e  w e i g h i n g  t e c h n o l o g y  
a t t e m p t  t o  min imize  t h e  above p rob lems .  The newes t  s y s t e m s  a r e  
d e s i g n e d  t o  o p e r a t e  w i t h o u t  human o b s e r v a t i o n  and  i n  s u c h  a  way 
a s  t o  b e  i n c o n s p i c u o u s  t o  t h e  p a s s i n g  m o t o r i s t ,  I n  a d d i t i o n ,  
s e v e r a l  newer s y s t e m s  a r e  d e s i g n e d  t o  b e  t r u l y  p o r t a b l e  s o  t h a t  
more a p p r o p r i a t e  samples  may b e  s e l e c t e d  from t h e  highway 
sys tem.  The f o l l o w i n g  d i s c u s s i o n  p r e s e n t s  t h e  c h a r a c t e r i s t i c s  
and c a p a b i l i t i e s  o f  t h r e e  t y p e s  o f  t r u c k  w e i g h i n g  equipment :  
f i x e d  s c a l e s ,  p o r t a b l e  s c a l e s ,  and  Weigh-In-Motion ( W I M )  scales.  

F i x e d  S t a t i c  S c a l e s  

Almost a l l  s t a t e s  o p e r a t e  a t  l e a s t  one  f i x e d - s c a l e  
l o c a t i o n .  Some s t a t i o n s  a r e  manned 24 h o u r s  a  day ,  365 d a y s  a  
y e a r .  Many, however,  a r e  o p e r a t e d  f o r  o n l y  p o r t i o n s  of  e a c h  day  
o r  d u r i n g  p a r t i c u l a r  s e a s o n s ,  s u c h  as h a r v e s t  time. F i x e d  
l o c a t i o n s  a r e  used  b e c a u s e  t h e  c o s t  o f  weigh s t a t i o n  
c o n s t r u c t i o n  i s  h i g h ,  and h i s t o r i c a l l y  t h e  d i f f i c u l t y  i n  
t r a n s p o r t i n g  and s e t t i n g  up  we igh ing  equipment  h a s  a l s o  been 
g r e a t .  

F ixed  s t a t i o n s  are  e f f e c t i v e  f o r  we igh ing  a l l  v e h i c l e s  o n l y  
when no  b y p a s s  r o u t e s  e x i s t .  T h i s  happens  p r i m a r i l y  i n  t h e  
w e s t e r n  U n i t e d  S t a t e s ,  a t  b o r d e r s  between s t a t e s  o r  t h r o u g h  
mounta in  p a s s e s .  F i x e d  s t a t i o n s  a r e  l e a s t  e f f e c t i v e  a t  
l o c a t i o n s  where numerous b y p a s s e s  exist ,  which t e n d s  t o  b e  t h e  
norm i n  most  o f  t h e  U.S. To a  l i m i t e d  e x t e n t ,  t h e  p r o b l e m s  o f  
t r u c k s  r o u t i n g  a round  f i x e d  s t a t i o n s  c a n  b e  d e c r e a s e d  w i t h  t h e  
p e r i o d i c  u s e  of  p o r t a b l e  equipment  on t h e  a v a i l a b l e  b y p a s s  
r o u t e s .  U n f o r t u n a t e l y ,  t h e  t r u c k e r s '  u s e  o f  CB r a d i o  and o t h e r  
communicat ion t e c h n i q u e s  t e n d s  t o  g r e a t l y  r e d u c e  t h e  
e f f e c t i v e n e s s  of t h i s  p r a c t i c e .  

P o r t a b l e  S t a t i c  S c a l e s  

P o r t a b l e  s c a l e s  h a v e  e x i s t e d  f o r  many y e a r s .  For  t h e  most  
p a r t ,  t h e  e a r l y  models  c o n s i s t e d  o f  s c a l e s  d e s i g n e d  t o  weigh 
i n d i v i d u a l  w h e e l s .  These  s c a l e s  were  se t  u p  on r o a d s  w i t h  
s u f f i c i e n t l y  wide  s h o u l d e r s  o r  t u r n o u t s  t o  a l l o w  t h e  s c a l e  c rews  
t o  p u l l  t r u c k s  c o m p l e t e l y  o f f  t h e  r o a d .  

Improvements i n  t e c h n o l o g y  h a v e  r e s u l t e d  i n  wore 
s o p h i s t i c a t e d  s c a l e s  t h a t  c a n  weigh e n t i r e  tandem a x l e s  and 
s t i l l  b e  c a r r i e d  on t r a i l e r s  p u l l e d  by a  l a r g e  van o r  m o b i l e  
home. These  improvements h a v e  g r e a t l y  i n c r e a s e d  t h e  s p e e d  w i t h  
which a  crew c a n  weigh a  v e h i c l e .  These  s c a l e s ,  f o r  t h e  most  
part, s t i l l  need  a  wide ,  f l a t  road s h o u l d e r .  T h i s  t y p e  o f  
we igh ing  s t a t i o n  a l s o  s u f f e r s  f rom t h e  same e v a s i o n  p rob lem t h a t  



plagues f ixed-scale weighing loca t ions :  t ruck d r i v e r s  repor t  
t h e  operat ion of the  s c a l e  soon a f t e r  i t  is  s e t  up and 
overweight t rucks  use a l t e r n a t i v e  rou tes  t o  bypass t h e  s c a l e ,  
The q u a l i t y  of the  data  then rap id ly  de t e r io r a t e s .  

A second kind of por tab le  s c a l e  is  used i n  conjunction w i t h  
f ixed-scale  loca t ions .  I n  t h i s  case ,  s eve ra l  f ixed  scalehouses 
a r e  constructed w i t h  removable dummy sca l e s .  Por table  weighing 
equipment a r e  then ro t a t ed  between them. The por table  s c a l e  
replaces  t he  dumny s c a l e  i n  t he  prepared s c a l e  p i t s  and 
transforms the  scalehouse i n t o  a  working s t a t i o n .  The advantage 
of t h i s  method i s  the  c a p i t a l  savings i n  only having t o  buy one 
s c a l e  f o r  severa l  f ixed  loca t ions .  The system s u f f e r s  from the  
same bas ic  de f i c i enc i e s  a s  both t h e  f ixed and " t r a d i t i o n a l "  
por tab le  systems. 

Several  new technologies fo r  weighing veh ic les  a r e  
cu r r en t ly  being marketed worldwide. The new systems can weigh 
veh ic les  while t he  vehic les  a r e  i n  not ion.  Two such systems, 
bridge W I N  and t h e  capaci tor  pad, have considerable p o t e n t i a l .  
Their s i z e  and loca t ion  reduce t h e i r  v i s i b i l i t y  t o  vehic le  
d r ive r s .  I f  they a r e  not used i n  conjunction w i t h  enforcement 
p r ac t i ce s ,  i t  nay be poss ib le  t o  reduce t he  problem of truck 
evasion which r e s u l t s  i n  unrepresenta t ive  da ta .  However, i f  
they a r e  used i n  conjunction w i t h  enforcement a c t i v i t i e s ,  the  
trucking community w i l l  avoid them and the  weight data  w i l l  
s t i l l  f a i l  t o  accurate ly  represent  heavy t rucks .  

Weigh-in-Motion Scales 

The bas ic  idea i n  W I M  s ca l e s  i s  t h a t  they weigh vehic les  
without fo rc ing  them t o  s top .  WIM i s  viewed a s  a way t o  
increase  t h e  e f f ic iency  of ex i s t i ng  scalehouses and t o  obta in  
data  not previously ava i lab le  through the  use of s t a t i c  s ca l e s .  
Subs t an t i a l  obs tac les ,  however, prevent the  wholesale 
s u b s t i t u t i o n  of WIM equipment f o r  e x i s t i n g  s t a t i c  s ca l e s .  These 
obs tac les  include: 

. di f fe rences  between weights measured w i t h  W I M  
equipment and those measured w i t h  s t a t i c  s ca l e s ;  

. t h e  i n a b i l i t y  of s t a t e s  t o  use the  W I M  equipment by 
i t s e l f  i n  an enforcement ro l e ;  and 

. t h e  high cos t  of WIM equipment. 

The.main drawback t o  using W I N  i s  the  problem of "dynamic 
weight" versus " s t a t i c  weight." The measured weight of an ax le  
on a  moving veh ic le  o f ten  d i f f e r s  from t h e  measured ax l e  weight 
of a  s t a t i ona ry  vehic le .  T h i s  d i f ference i s  due t o  the  f a c t  
t h a t  the  load and suspension of a moving veh ic le  i n t e r a c t  w i t h  
pavement condit ion and road p r o f i l e  i n  such a  way t h a t  the  s i z e  



o f  t h e  l o a d  e x p e r i e n c e d  by e a c h  whee l  o f  t h e  t r u c k  o * s c i l l a t e s  
( i .  t h e  t r u c k  bounces ,  s o  t h a t  t h e  l o a d  e x p e r i e n c e d  by t h e  
t i r e s  i s  e i t h e r  d e c r e a s i n g  a s  t h e  t r u c k  bounces  i n t o  t h e  a i r ,  o r  
i n c r e a s i n g  a s  t h e  t r u c k  l a n d s . )  The f a s t e r  t h e  v e h i c l e  is  
t r a v e l i n g  and  t h e  r o u g h e r  t h e  r o a d  s u r f a c e ,  t h e  g r e a t e r  t h e  
r a n g e  of o s c i l l a t i o n  o f  t h e  dynamic w e i g h t  a round  t h e  s t a t i c  
w e i g h t .  T h i s  o s c i l l a t i o n  c a u s e s  W I M  s y s t e m s  t o  measure  a x l e  
l o a d i n g s  which d i f f e r ,  o f t e n  s u b s t a n t i a l l y ,  f rom t h e  a c t u a l  
s t a t i c  l o a d i n g s ,  which ,  i n  t u r n ,  p r e c l u d e s  t h e i r  u s e  f o r  many 
enfo rcement  p u r p o s e s .  

A s  a  r e s u l t  o f  t h i s  p rob lem,  t h e  m a j o r i t y  of  W P M  s y s t e m s  
c u r r e n t l y  on t h e  m a r k e t  a r e  used  p r i m a r i l y  t o  s u p p o r t  
en fo rcement  a c t i v i t i e s  by s o r t i n g  v e h i c l e s  a p p r o a c h i n g  e x i s t i n g  
c o n v e n t i o n a l  s t a t i c  weigh s t a t i o n s .  By s l o w i n g  t h e  a p p r o a c h i n g  
v e h i c l e  and making t h e  approach. pavement t o  t h e  WIN s e n s o r s  a s  
smooth a s  p o s s i b l e ,  t h e  m o t i o n s  o f  t h e  v e h i c l e  a r e  re'duced 
s u f f i c i e n t l y  s o  t h a t  t h e  W I M  s y s t e m  c a n  a c t  a s  a n  e f f e c t i v e  
s o r t i n g  d e v i c e .  A W I M  s o r t i n g  d e v i c e  u s e s  a  s i g n i n g  s y s t e m  t o  
r o u t e  p o t e n t i a l l y  o v e r w e i g h t  t r u c k s  t o  t h e  s t a t i c  s c a l e s  and 
l e g a l  t r u c k s  back o n t o  t h e  highway.  T h i s  p r o c e s s  a l l o w s  s t a t i c  
s c a l e  u s e  t o  b e  l i m i t e d  t o  t h o s e  v e h i c l e s  l i k e l y  t o  b e  
o v e r w e i g h t .  I t  a l s o  d e c r e a s e s  t h e  time n e c e s s a r y  t o  p r o c e s s  t h e  
m a j o r i t y  o f  t r u c k s .  

F o r  p l a n n i n g  p u r p o s e s ,  W I M  s y s t e m s  c a n  b e  p l a c e d  d i r e c t l y  
i n  t h e  t r a f f i c  l a n e s  o f  a  roadway. A c o m p l e t e  c o n v e n t i o n a l  W I M  
i n s t a l l a t i o n  (weigh p a d s ,  e l e c t r o n i c s  and  equipment  h o u s i n g ,  and 
o f t e n  a  v a n )  c a n  b e  p u r c h a s e d  f o r  r o u g h l y  $100,000.  A d d i t i o n a l  
weigh pads  c a n  be  p u r c h a s e d  f o r  a n o t h e r  $10,000 per t r a f f i c  
l a n e ,  I n s t a l l a t i o n  i n  t h e  pavement i s  n o t  i n c l u d e d  i n  t h e s e  
f i g u r e s .  One set  of e l e c t r o n i c  equipment  c a n  b e  moved from s i t e  
t o  s i t e ,  t h u s  r e d u c i n g  t h e  c o s t  o f  a  c o m p l e t e  s y s t e m .  The 
i n i t i a l  c a p i t a l  c o s t s  f o r  a  m u l t i - s i t e  s y s t e m ,  however,  may b e  
h i g h ,  a s  a r e  t h e  c o s t s  f o r  m a i n t a i n i n g  t h e  f i x e d  s i t e s  u s e d  by 
t h e  s y s t e m .  

To p r o v i d e  a n  a l t e r n a t i v e  t o  t h e s e  c o n v e n t i o n a l  f i x e d  W I M  
s i t e s ,  two new W I M  s y s t e m s  h a v e  been  i n t r o d u c e d :  

. t h e  c a p a c i t o r  pad;  and 

. t h e  b r i d g e  W I M .  

Both s y s t e m s ,  s t i l l  i n  t h e  development  s t a g e ,  h a v e  been  t e s t e d  
i n  t h e  U n i t e d  S t a t e s ,  where  i t  is  hoped t h a t  t h e y  may be 
produced i n  t h e  n e a r  f u t u r e .  

C a p a c i t o r  Pad 

T h i s  s y s t e m ,  o r i g i n a l l y  deve loped  by t h e  N a t i o n a l  I n s t i t u t e  
f o r  Road R e s e a r c h  i n  S o u t h  A f r i c a ,  i s  c u r r e n t l y  u n d e r g o i n g  



t e s t i n g  by t h e  Arizona Department of Transportat ion,  The 
capaci tor  pad cons i s t s  of a  l . 8 m e t e r  by 0 .5me te r  by 
8 mil l imeter  hard rubber pad containing the  capaci tor  and 
at tacked t o  the  roadway using n a i l s  and bituminous tape.  The 
pad i s  placed i n  t he  extreme right-mast por t ion  of t he  t r a f f i c  
lane  ( lef t -most  s i d e  fo r  ins ide  Panes) ,  and measures the  loads 
on the  outs ide  wheel of each ax le  cross ing it. The l a t e s t  
version of t h i s  pad uses dual inductance loops t o  determine 
vehic le  presence and speed, while inpu ts  from the  capaci tor  pad 
a r e  used t o  determine weight per axle ,  spacings between ax les ,  
vehic le  c l a s s i f i c a t i o n ,  and weight Paw compliance. 

The pad has severa l  d i s t i n c t  advantages: 

I t  i s  por table ;  one person can p lace  i t  on almost 
any road segment i n  2 0  t o  25 minutes. 

T h e  pad does not  resemble conventional law 
enforcement equipment; the re fore  the  i n t en t iona l  
des t ruc t ion  or avoidance of t h e  weigh s i t e  may be 
prevented. 

. The pad cos t s  l e s s  than a  t h i r d  of what most 
conventional WIM systems cos t .  An i n i t i a l  capaci tor  
pad with data  r e t r i e v a l  equipment can be purchased 
fo r  approximately $35,000. Addit ional  capacitor  
pads w i l l  be ava i l ab l e  f o r  roughly $10,000 apiece.  

The pad does not  requ i re  on-site personnel t o  
operate i t .  

The capacitor  pad has severa l  drawbacks: 

. I t  covers only p a r t  of a  lane;  

By weighing only one moving wheel (o r  pa i r  of 
wheels) per ax le ,  t h e  measurement i s  suscep t ib le  t o  
both t h e  e f f e c t s  of roadway curvature i n  hor izon ta l  
and v e r t i c a l  d i r e c t i o n s  and the  e f f e c t s  ~f  
crosswinds. 

. The pad might become dislodged by t rucks  passing 
over i t ,  p a r t i c u l a r l y  i f  a  truck i n t en t iona l ly  t r i e s  
t o  damage the  pad, 

The pad i s  meant f o r  operat ion i n  the  ou ts ide  lanes 
of t r a f f i c .  

. The t r a f f i c  lane  t o  be used m u s t  be closed 
temporarily fo r  pad i n s t a l l a t i o n .  



B r i d g e  W I M  

B r i d g e  W I M  c o n s i s t s  o f  s e t s  o f  s t r a i n  g a u g e s  p l a c e d  on t h e  
s u p p o r t  beams o f  b r i d g e s .  The e l e c t r o n i c  g a u g e s  a r e  a t t a c h e d  t o  
a  min i -  o r  microcomputer  which u s e s  s t r a i n  measurements  f rom t h e  
b r i d g e  and i n p u t  f rom t a p e s w i t c h  a x l e  s e n s o r s  on t h e  r o a d  t o  
c l a s s i f y  and  weigh p a s s i n g  v e h i c l e s .  The s y s t e m ,  t e s t e d  i n  
Maine and Iowa, a p p e a r s  t o  work f a i r l y  w e l l .  

r 

The main a d v a n t a g e s  o f  t h e  s y s t e m  a r e :  

The w e i g h i n g  d e v i c e  i t s e l f  ( t h e  set  o f  s t r a i n  
g a u g e s )  i s  i n v i s i b l e  t o  t h e  p a s s i n g  m o t o r i s t ,  

. The s y s t e m  is  p o r t a b l e  f rom b r i d g e  t o  b r i d g e .  

. L i k e  t h e  c a p a c i t o r  pad,  e s s e n t i a l l y  no  s i t e  
c o n s t r u c t i o n  is  needed t o  i n s t a l l  t h e  s y s t e m .  

. I t  r e q u i k e s  o n l y  one  o n - s i t e  p e r s o n  t o  m o n i t o r  t h e  
d e v i c e  w h i l e  i t  o p e r a t e s .  

The p r i m a r y  drawbacks  t o  t h i s  s y s t e m  a r e :  

. I t  c a n  o n l y  b e  p l a c e d  on t h e  u n d e r s i d e  o f  b r i d g e s ,  
and  c a n n o t  be  used  on a l l  b r i d g e s .  

. The b r i d g e  g i r d e r s  must  b e  a c c e s s i b l e  t o  t h e  crew 
member p l a c i n g  t h e  s t r a i n  g a u g e s ,  

. The s y s t e m  l o s e s  a c c u r a c y  when more t h a n  o n e  v e h i c l e  
i s  on t h e  b r i d g e  a t  a  time. 

. The s y s t e m  must  b e  c a l i b r a t e d  f o r  e a c h  b r i d g e  i t  i s  
p l a c e d  u n d e r ,  u s i n g  one  o r  more measured w e i g h t  
c a l i b r a t i o n  t r u c k s .  

. The s y s t e m  r e q u i r e s  t h a t  t h e  computer  b e  l o c a t e d  
n e a r  t h e  b r i d g e ,  u s u a l l y  i n  a van ( f o r  
p o r t a b i l i t y ) .  Some c o n c e r n  e x i s t s  a b o u t  t h e  a b i l i t y  
t o  l o c a t e  t h e  van  i n  a  p l a c e  b o t h  a p p r o p r i a t e  and  
u n o b t r u s i v e .  

The a c c u r a c y  o f  i n d i v i d u a l  a x l e  w e i g h t s  f rom b r i d g e  W I M  s y s t e m s  
a r e  u n c e r t a i n .  D a t a  from a n  Iowa tes t  showed t h a t  t h e  v a r i a t i o n  
between b r i d g e  W I M  a x l e  w e i g h t s  and s t a t i c  a x l e  w e i g h t s  was 
f a i r l y  h i g h .  T o t a l  E A L s  computed w i t h  t h e  two s e t s  of  a x l e  
d a t a ,  however,  were  w i t h i n  1 . 4  p e r c e n t  o f  e a c h  o t h e r .  T h i s  
would i n d i c a t e  t h a t  t h e  i n d i v i d u a l  a x l e  e r rors  were randomly 
d i s t r i b u t e d  f o r  t h e  h e a v i e r  l o a d s ,  and t h e  r e s u l t i n g  d a t a  would 
b e  a c c e p t a b l e  f o r  many p l a n n i n g  p u r p o s e s  s u c h  a s  c o m p u t a t i o n  o f  
E A L s ,  The d a t a  would n o t  b e  a c c u r a t e  enough f o r  t h e  e n f o r c e m e n t  
o f  t r u c k  w e i g h t  l aws .  

B. l 3  



W I M  L i m i t a t i o n s  

W I M  s y s t e m s  l a c k  t h e  w e i g h i n g  t o l e r a n c e  n e c e s s a r y  f o r  
e n f o r c e m e n t  we igh ings  when v e h i c l e s  a r e  t r a v e l i n g  a t  highway 
s p e e d s  b e c a u s e  o f  t h e  dynamic e f f e c t s  p r e v i o u s l y  d i s c u s s e d .  On 
a  smooth roadway s u r f a c e ,  a n  e r r o r  o f  r o u g h l y  3 0  p e r c e n t  on  any  
i n d i v i d u a l  a x l e  c a n  b e  e x p e c t e d . 1  With s i g n i f i c a n t l y  g r e a t e r  
r o a d  r o u g h n e s s  t h e  " i m p a c t  f a c t o r n  ( t h e  d i f f e r e n c e  between 
s t a t i c  a n d  measured dynamic f o r c e s )  c a n  b e  as  h i g h  a s  
100 p e r c e n t . 2  The v a r i a n c e  between dynamic and  s t a t i c  w e i g h t s  
a r e  h i g h e s t  f o r  tandem a x l e s  and  o t h e r  m u l t i p l e  se t s  of  a x l e s .  
These  e r r o r s  a r e  i n  a d d i k i o n  t o  a n y  e r r o r s  c a u s e d  b y  machine  
m a l f u n c t i o n ,  and a r e  c a u s e d  by t h e  movement o f  t h e  v e h i c l e ,  i t s  
s u s p e n s i o n ,  and i ts  l o a d .  

Work pe r fo rmed  by TRRL h a s  shown that: e r r o r s  c a u s e d  by 
dynamic f o r c e s  a r e  randomly d i s t r i b u t e d .  A s  a  r e s u l t ,  w i t h  a  
smooth roadway s u r f a c e  and  a  l a r g e  sample  s i z e  e . ,  2 4  h o u r s  
o r  g r e a t e r ) ,  t h e  median g r o s s  t r u c k  w e i g h t  measured by a n  
a c c u r a t e l y  f u n c t i o n i n g  W I N  s y s t e m  i s  n o r m a l l y  w i t h i n  10 p e r c e n t  
o f  t h a t  measured u s i n g  a  s t a t i c  s c a l e ,  a c c o r d i n g  t o  p e r s o n n e l  
who h a v e  used  t h i s  equ ipment  i n  t h e  p a s t .  Average  a x l e  w e i g h t s  
f o r  v e h i c l e  c l a s s  c a t e g o r i e s  a l s o  a p p r o x i m a t e  t h e  t r u e  norm much 
c l o s e r  t h a n  do i n d i v i d u a l  v e h i c l e  w e i g h t s .  

Another  s i g n i f i c a n t  a s p e c t  o f  W I M  s y s t e m s  i s  t h a t  t h e y  
p r e c l u d e  t h e  d r i v e r  i n t e r v i e w  p o r t i o n s  o f  t h e  c u r r e n t  f e d e r a l  
b i e n n i a l  t r u c k  w e i g h t  s u r v e y .  An FHWA s u r v e y  of  d a t a  u s e s  and  
a n  i n t e r n a l  Wiscons in  DOT q u e s t i o n n a i r e  i n d i c a t e d  t h a t  p o r t i o n s  
of  t h e  i n f o r m a t i o n  f rom t h e  i n t e r v i e w  p o r t i o n  o f  t h e  s u r v e y  
c o n t r i b u t e d  s u b s t a n t i a l l y  t o  v a r i o u s  d a t a  u s e r  a n a l y s e s .  Among 
t h e  d a t a  items needed b y  t h e s e  u s e r s ,  b u t  n o t  c a p a b l e  o f  
d e t e r m i n a t i o n  by W I M  s y s t e m s ,  a r e :  

. commodity t y p e ;  

. p e r m i t  s t a t u s ;  

. t , r i p  r o u t i n g ;  

. r e g i s t e r e d  w e i g h t ;  

. t r u c k  c h a r a c t e r i s t i c s  ( e n g i n e  t y p e ,  i n d u s t r y  t y p e ,  
t r a i l e r  t y p e ) ;  and  

a P r e s e n t a t i o n s  by Dr. Clyde  L e e  and D r .  Robin Moore a t  t h e  
W I M  C o n f e r e n c e ,  Denver,  Co lo rado ,  J u l y  11-15, 1983, 

I b i d .  



. origin/destinatisn data. 
Such data would have to be collected with a special survey if 
all truck weight data were collected using WIM equipment. 

In summary, the emerging WIN systems offer the possibility 
of significant improvements in the quality and cost 
effectiveness of truck weight data collected. The WIM systems 
will not, however, totally supplant the use of static scales and 
driver interviews for the collection of planning data. 
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APPENDIX C--COST ANALYSIS 

This appendix contains the cost calculations used to 
estimate cost versus precision trade-offs in the main body of 
this report. This appendix is intended to provide the states 
with procedures for estimating their own actual costs. The 
numbers presented in this appendix are examples, and are not 
directly applicable to any particular state. The discussion is 
split into three sections: 

. paper tape versus solid state equipment; 

. automatic vehicle classification equipment versus 
manual counts; and 

. cost and accuracy trade-offs for different count 
durations and frequencies. 

Costs for performing different tasks vary considerably from 
state to state due to: 

. varying wage rates; 

. varying skill levels of the personnel performing the 
task; 

. varying methodologies used to perform the tasks; and 

. varying types of equipment used in each state. 
These cost differences are illustrated by the average cost per 
location in each example state's speed monitoring program. The 
costs for these programs determined from their fiscal year 1983 
budgets are shown below: 

State Cost Per Count 

Kansas $449 
Maine $306 
Ohio N/A 

w Oregon $277 
Georgia N/A 

The speed program is the best source for data to be used in 
comparing costs between the various states, as the state 
programs are quite similar, though they do differ in the 
equipment and methods used to collect and transcribe the data. 
Other count programs are not readily comparable because of 
significant differences in the amount of data collected, the 
manner in which the data are collected, and each state's 
budgeting process. Because of these differences, an average 



c o s t  per count f o r  t h e  example s t a t e s  cannot be computed. 
Therefore ,  u n i t  c o s t s  ancl o t h e r  d e s c r i p t i v e  measures w i l l  be 
used i n  t h e  ana lyses  i n  t h e  remainder of t h i s  appendix. 

PAPER TAPE VERSUS SOLID STATE 
EQUIPMENT 

S o l i d  s t a t e  t r a f f i c  counters  and magnetic t ape  c a s s e t t e  
d r i v e s  have some s i g n i f i c a n t  advantages over t r a Z i t i o n a 1  paper 
t ape  devices .  These advantages a r e :  

. t h e  e a s e  anG speed of d a t a  t r a n s f e r  between t h e  
counting device  and a  usable  format;  and 

t h e  accuracy of t h e  t r a n s f e r  process .  

Both of t h e s e  a s p e c t s  r e s u l t  i n  c o s t  savings  t o  DOTS usin5 s o l i d  
s t a t e  equipment. These advantages i n c r e a s e  i f  l a r 5 e  &mounts of 
d a t a  m u s t  be t r a n s f e r r e d  frem a  counter  t o  another  format .  The 
more d a t a  t h e r e  a r e  ( e ,  v e h i c l e  c l a s s i f i c a t i o n  da ta  or  
15-ninute count volurnes, r a t h e r  than hourly or ciafly volumes) 
t h e  2 r e a t e r  t h e  aZvant&ge of the  s o l i u  s t a t e  device .  

There a r e  two s l t e r n a t i v e s  t o  s o l i d  s t s t e  aev ices  usint, 
e l e c t r o n i c  t r a n s f e r  of c a t s :  manual ~ a t a  t r a n s f e r  or uata 
t r a n s f e r  using a  paper t&ye reading niachine ( e i t h e r  an o p t i c a l  
reacter, or a  nechanica l  reauer  of punchea h o l e s ) .  The ~danuhl 
techniques  seen  t o  be most common, a s  most countin5 device  
manufacturers  have stopped riaking paper t ape  r e a d e r s ,  ancl rrtan) 
of t h e  paper t a p e  r eader s  s t i l l  i n  use a r e  near t h e  end of t h e i r  
use fu lness .  

Both of t h e s e  a l t e r n a t i v e s  & r e  more time-consumincj anG nore 
error-prone than e l e c t r o n i c  t r a n s f e r  of d a t a .  I n  a d d i t i o n  t o  
e r r o r s  i n  reading o r  w r i t i n g  of d a t a  (by h a n d  or  machine) during 
t h e  t r a n s f e r  from paper t a p e ,  t h e r e  a r e  f r equen t ly  e r r o r s  i n  t h e  
d a t a  on t h e  t ape .  counting devices  ( p a r t i c u l a r l y  o ld  ones)  a r e  
w e l l  known f o r  occas iona l  malfunct ions i n  t h e i r  punch mechanisms 
a s  we l l  a s  f o r  worn p r i n t  r ibbons and p r i n t  heads. S u c h  e r r o r s  
cannot be c o r r e c t e d  i n  t h e  d a t a  t r a n s f e r  s t e p ,  only augnented by 
t h e  a d d i t i o n a l  e r r o r s  made during d a t a  t r a n s f e r .  Mhile t h e  
e l e c t r o n i c  coun te rpa r t  of t h e  p r i n t  or punch'c~echanism i s  a l s o  
s u b j e c t  t o  malfunct ion,  t h e s e  e r r o r s  occur cons iderzbly  l e s s  
f r equen t ly .  

These f a c t o r s  lead t o  t h e  conclusion t h a t  s o l i d  s t a t e  
recording devices  have s i g n i f i c a n t  c o s t  advantages over 
mechanical dev ices ,  T h e  following d i scuss ion  a t t empts  t o  
q u a n t i f y  t h b t  advantage. The c o s t  and xiampower f i 5 u r e s  usea 
below r e f l e c t  d a t a  c o l l e c t e d  by Peat  Piarwick i n  riumerohs 
engaqements, an& a r e  not  Ciirectly a p p l i c a b l e  t o  an) one s t a t e .  



I t  is s u g g e s t e d  t h a t  a  s t a t e  f o l l o w  t h e s e  b a s i c  s t e p s  u s i n g  
s t a t e  d a t a  t o  e s t i m a t e  s t a t e - s p e c i f i c  s a v i n g s .  

The a s s u m p t i o n s  used  were: 

. Data  is manua l ly  t r a n s f e r r e d  from paper  t a p e s  
d i r e c t l y  o n t o  a  computer  f i l e ,  v i a  a  CRT. 

. Each paper  t a p e  i s  from a n  ATR s t a t i o n ,  and c o n t a i n s  
h o u r l y  d a t a  s a t h e r e d  d u r i n g  a  14-day p e r i o d .  

. Data  can  b e  ~ , a n u a l l y  t r a n s f e r r e d  a t  a r a t e  of  t h r e e  
t a p e s  p e r  hour  ( 4 2  d a y s  of h o u r l y  i n f o r r L l a t i o n )  
i n c l u o i n y  s t a t i o n  i e e n t i f i e r s .  

. The s a l a r y  of t h e  p e r s o n  r e s p o n s i b l e  f o r  d a t a  
t r a n s f e r  is  $15,000 p e r  y e a r ,  i n c l u d i n g  b e n e f i t s  b u t  
n o t  o v e r h e a d .  

. The example  s t a t e  h a s  a n  overhead  of  5 0  p e r c e n t .  

The i n t r o d u c t i o n  of  s o l i d  s t a t e  equipment  i n  L i e u  of  p a p e r  
t a p e  equ ipment ,  g i v e n  t h e  above a s s u m p t i o n s ,  would l e a d  t o  
s e v e r a l  changes .  The t i n e  needed t o  t r a n s f e r  d a t a  w o u l ~  d r o p  
s l i g h t l y .  The d a t a  from t h e  s o l i d  s t a t e  d e v i c e  would b e  
t r a n s f e r r e d  d i r e c t l y  t p  t h e  DOT compute r ,  a s  were  t h e  m a n u a l l y  
t r a n s f e r r e d  d a t a .  The e l e c t r o n i c  equipment  would b e  a b l e  t o  
o p e r a t e  by i t s e l f  e x c e p t  t h a t  a  s t a f f  member would need t o  l o h c  
t h e  a p p r o p r i a t e  t a p e s .  T h i s  s t a f f  member c o u l d  b e  t h e  same 
p e r s o n  t h a t  woulc  examine  t h e  d a t a  f o r  e r r o r s ,  e f f e c t i v e l y  
removing t h e  need f o r  a  p e r s o n  t o  t r a n s f e r  d a t a  from t a p e  t o  
compute r .  

T h i s  r e d u c t i o n  i n  s t a f f i n 5  n e e d s  due  t o  d a t a  t r i i n s f e r  
improvements would b e  p r o p o r t i o n a t e  t o  t h e  amount o f  d a t a  b e i n s  
t r a n s f e r r e d .  I f  t h e  s t a t e  h a s  50 ATR l o c a t i o n s ,  t h e  c o s t  
s a v i n g s  i n  t h e  d a t a  t r a n s f e r  can  b e  calculates a s :  

cost 5 $15,000 (per year) * 1.5 (overhead) * 50 (stations) = $4,700 per year (rounded off) 
80 (hrs. per 2-week period) * 3 (stations per hr.) 

T h i s  r e d u c t i o n  would b e  even  l a r g e r  i f ,  ins tea^ of t h e  
f i r s t  a s s u m p t i o n ,  t h e  d a t a  were  f i r s t  t r a n s f e r r e d  manua l l )  t o  a  
c o d i n g  s h e e t  from t h e  paper  t a p e  and t h e n  keyed i n t o  t h e  
computer .  A d d i t i o n a l  s a v i n g s  a c c r u e  from t h e  e l e c t r o n i c  
t r a n s f e r  of  d a t a ,  s i n c e  t h e  t r a n s f e r  i s  n o r e  a c c u r a t e  t h a n  a  
manual t r a n s f e r ,  an2  t h e  t i m e  needed t o  e d i t  t h e  d a t a  c a n  b e  
reduced .  The s a v i n g s  c o u l d  b e  a s  much a s  a  50 p e r c e n t  d e c r e a s e  
i n  t h e  time s p e n t  e d i t i n g  t h e  d a t a .  A s  i t  is  e s t i m a t e 6  t h a t  t h e  
P e o p l e  who e d i t  ATR d a t a  spend 3 0  p e r c e n t  of t h e i r  t i m e  a t  t h a t  



f u n c t i o n ,  a  50 p e r c e n t  r e d u c t i o n  would e q u a l  15  p e r c e n t  of  t h o s e  
p e o p l e ' s  t i m e .  A t  a  s a l a r y  of $20,000 ( n o t  i n c l u d i n 5  o v e r h e a d )  
t h e  c o s t  s a v i n g s  would be :  

These  two c o s t  s a v i n g s  would r e s u l t  i n  a  combined s a v i n g s  
o f  $5,200 i n  s t a f f  c o s t s  p e r  y e a r .  The same t y p e s  of c o s t  
r e d u c t i o n s  would b e  a p p l i c a b l e  t o  any  d a t a  c o l l e c t i o n  and 
t r a n s f e r  p r e s e n t l y  pe r fo rmed  w i t h  p a p e r  t a p e  equ ipment .  T h i s  
i n c l u d e s  volume c o u n t s  ( f o r  any  p u r p o s e ) ,  v e h i c l e  c l a s s i f i c a t i o n  
c o u n t s  and s p e e d  n o n i t o r i n y .  The more d a t a  t r a n s f  e r r e d  ( i  .e .  , 
15-minute volumes r a t h e r  t h a n  h o u r l y  v o l u m e s ) ,  t h e  h i g h e r  t h e  
s a v i n g s  f r ~ m  t h e  au tomated  date t r a n s f e r .  Assuming t h e  c o s t  of  
a c o u n t e r  is $2,100 and t h a t  t h e  c o s t  o f  s t a f f  time i n c r e a s e d  
p r o p o r t i o n a l  t o  t h e  i n t e r e s t  r a t e  p a i d ,  t h e  $9 ,200 a n n u a l  
s a v i n g s  computed above  would pay f o r  t h e  r e p l a c e m e n t  of  t h e  50 
p a p e r  t a p e  r e c o r d e r s  i n  11 .4  y e a r s  ( 5 8  * $2,lOO/$9,2OO). 
Because  t h e  i n t e r e s t  may a c t u a l l y  b e  h i g h e r  t h a n  s t a f f  pay 
i n c r e a s e s ,  t h e  c o s t  of c o u n t e r  r e p l a c e m e n t  mhy a c t u a l l y  t a k e  
l o n g e r .  

One p r i n c i p a l  r e a s o n  f o r  t h e  development  ana  e x a m i n a t i o n  of 
a u t o r , ~ a t i c  v e h i c l e  c l a s s i f i c a t i o n  c o u n t e r s  i s  t h e  h i g h  c c s t  of  
manual c l a s s i f i c a t i o n  c o u n t s ,  T h e  h i g h  one- t ime c a p i t a l  c o s t  o f  
a u t o m a t i c  equipment  a l l o w s  s u b s t a n t i a l  a n n u a l  r e d u c t i o n s  i n  
l a b o r  c o s t s  of  6 s t a  c o l l e c t i o n .  Most s t a t e s  u s i n g  t h e  a u t o m a t i c  
c o u n t e r s  6 i s c o u n t  t h e  a c c u r a c y  problems found  i n  a  Maine DOT 
s t u d y  (see Appendix B). The c o n s e n s u s  anon5 t h e  u s e r  s t a t e s  is 
t h a t  t h e  a u t o m a t i c  c o u n t e r s  a r e  a s  a c c u r a t e  a s  t h e  n a n u s l  and  
s h o r t  c o u n t  manual c o u n t  t e c h n i q u e s  used  p r e v i o u s l y .  No 
d e f i n i t i v e  s t u ~ y  h a s  been pe r fo rmed  comparing t h e  a c c u r a c y  of  
t h e  v a r i o u s  manual c o u n t  t e c h n i q u e s  w i t h  t h a t  of t h e  a u t o m a t i c  
c o u n t e r s .  

The c o s t  o f  manual v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  v a r i e s  
from s t a t e  t o  s t a t e ,  depend ing  on t h e  s i z e  o f  t h e  a v e r a g e  crew, 
t h e  d u r a t i o n  o f  t h e  c o u n t ,  and t h e  wages p a i d  t h e  crew. I n  some 
i n s t a n c e s  ( f o r  example ,  P e n n s y l v a n i a )  t h e  m a r g i n a l  c o s t  t o  t h e  
s t a t e  f o r  t h e  manual c o u n t s  i s  s i g n i f i c a n t l y  less t h a n  t h e  
a c t u a l  c o u n t  c o s t  s i n c e  t h e  crew is made u p  o f  DOT c o n s t r u c t i o n  7P 

i n s p e c t o r s  c u r r e n t l y  w i t h o u t  s t a t e  c i u t i e s  who would b e   aid 
whe the r  o r  n o t  t h e y  were  t a k i n g  t r a f f i c  c o u n t s .  

The f i v e  s t a t e s  i n c l u d e d  i n  t h i s  s t u d y  used  e i t h e r  one- o r  
two-person c rews  t o  p e r f o r m  manual v e h i c l e  c l a s s i f  f c a t i o n  
c o u n t s .  The c o u n t s  l a s t e d  from s e v e n  t o  2 4  h o u r s  a t  e a c h  
l o c a t i o n ,  r e q u i r i n g  between o n e  and t h r e e  c rews  p e r  c o u n t .  I f  a 
$20,000 a n n u a l  c o s t  i s  assumed f o r  each   ember of t h e  crew 



(including overhead), working 220 count days per year, the cost 
of each person day for manual counts is roughly $91 A 
one-person seven-hour manual count would thus cost roughly $91 
plus travel expenses. A 24-hour count would cost between $273 
(three one-person crews) and $546 (three two-person crews) plus 
travel, 

In comparison, the cost of an automatic vehicle 
classification counter is roughly $2,300. A single-person crew 
can place as many as ten counters in a single day. If it is 
assumed that the counter can be used LOO times each year, and 
that the machine is written off in one year, the per count 
capital cost would be $25. If the single-person crew can place 
10 counters per day, the cost per count would be roughly $18, 
This is based on the assumption of one day to place the counter, 
and one day to pick up the counter, at a cost of $91 for 10 days 
or roughly $9 a day.) The total cost per 24-hour count is thus 
roughly $43, Less than half the cost of a single-person manual 
count. Even if the assumptions for the automatic counter usage 
above are cut in half (five placed per day, 50 counts taken per 
year) the cost per 24-hour count is only $86, still less than a 
third the cost of a manual 24-hour count. 

The cost savings from the use of automatic vehicle 
classification equipment become increasingly important with the 
size of the vehicle classification program, Oregon and Georgia 
perform eight- to 24-hour classification counts at or near their 
ATR stations every three years and each quarter, respectively. 
Ohio takes quarterly 24-hour counts at 14 fixed locations. 
Kansas takes 16-hour manual counts at 40 fixed locations 
quarterly and 40 supplemental locations annually. Maine takes 
two seven-hour staggered counts at 38 locations each quarter, 
Any expansion of current vehicle classification ' counting 
programs using current methodologies would substantialy affect 
these states' traffic counting budget. The use of automatic 
equipment might permit the moderate expansion of these programs 
without the necessity of cutting back another program. 

In addition to the lower cost of data collection, the 
states will obtain machine readable data as a result of the 
microprocessor technology used by the machines, thus saving 
money in data processing as described earlier. ' The 24-hour 
counts are also more statistically reliable in comparison to the 
short counts currently used in some instances by four of the 
five states. 

COST AND ACCURACY TRADE-OFFS FOR DIFFERENT 
COUNT FREQUENCIES AND DURATIONS 

The cost versus frequency curve in Exhibit IV-5, presented 
as a table in Exhibit EV-4, shows the cost versus frequency 



trade-off for volume counts. (Exhibit IV-4 is repeated here as 
Exhibit C-1, for the reader's convenience.) The graph is 
determined by using equation (7): 

svo~, 2 = SVOLD~ + SVOLS~ * ( 1 + 1 ) + 
nd ncc 

where: SVOLD = 0.07 
SVOLS = 0.04 
SVOLA = 0. Q3 
SGF = 0-01 
ncc = 6.0 
nvc = 12.0 
ngf =40.0 
nd = 1.0 

The maximum error is assumed to take place during the final year 
before a new count is taken. That is, for a three-year count 
cycle, the maximum error occurs after two years. During the 
third year, a new count is taken. The minimum error occurs when 
the count is taken and no growth factor is applied, The effect 
of the duration of the count is determined by altering the 
variable nd, which represents the number of days counted. 

The cost of the counts were determined at the same time. 
It was estimated that the majority of a count's cost comes from 
placing the counter in the field. Therefore, leaving the 
counter in place would not dramaticaPly increase the count's 
cost. The increased costs of the second and third day are 
intended to reflect the cost of processing the data, and of 
additional inefficiencies in the field personnel's count 
schedule from having to leave the counts in one location for a 
longer period. One "cost" not covered is that due to the 
equipment being unavailable for use elsewhere while collecting 
the second day's data. 

Vehicle Classification Counts 

The cost/precision relationship of manual vehicle 
classification counts is not similar to that of the volume 
counts. If manual counts are used, the costs of collecting 
additional data do not increase slowly, as they do for volume 
counts. The cost rises linearly with the number of days of data 
collected. The added precision of the data does not rise in the 
same manner e . ,  the cost doubles, but the precision is not 
twice as good with one additional day of data collection). The 
added data collection is therefore not as cost effective as 
taking the same count elsewhere. 
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RELATIVE COST AND ACCURACY OF COUNT DURATION 
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COST PER YEAR 
(Expressed as a Unit Cost) 

Assumes: SVOLD = .07 SGF = -01 
SVOLS = -04 Ngf = 40 
SVOLA = -03 Cost of 1-Day Count = 1 
Ncc = 6 Cost of 2nd 24 hours = 0.15 
Nvc = 12 Cost of additional 24 hours = 0.05 



If a u t o m a t i c  v e h i c l e  c l a s s i f i c a t i o n  equipment  i s  u s e d ,  t h e  
c o s t  v e r s u s  p r e c i s i o n  r e l a t i o n s h i p  e x p r e s s e d  i n  t h e  volume 
c a l c u l a t i o n  h o l d s  t r u e .  HoWeVeK, t h e  r e l i a b i l i t y  of t h e  
c o u n t i n g  cievice i s  n o t  s i m i l a r .  A s  e x p l a i n e d  i n  Appendix E ,  
tes ts  o f  a u t o m a t i c  c l a s s i f i c a t i o n  equipment  have  r e p e a t e d l y  
shown t h a t  t h e  a c c u r a c y  o f  t h e  c o l l e c t e d  d a t a  is h i g h l y  
dependen t  on t h e  a x l e - s e n s i n g  d e v i c e s .  S i n c e  most p o r t a b l e  
c o u n t e r s  u s e  road  t u b e s ,  t h e  a c c u r a c y  o f  t h e  c o u n t  depends  on 
t h e  road  t u b e ,  and i t  i s  n o t  c l e a r  t h a t  t h e s e  t u b e s  c a n  o p e r a t e  
c o n s i s t e n t l y  f o r  more t h a n  a  day w i t h o u t  becoming l o o s e  o r  
damaged. I t  is  t h e r e f o r e  recommended t h a t  u n t i l  b e t t e r  a x l e  
s e n s o r s  a r e  d e v e l o p e d ,  a u t o m a t i c  c l a s s i f i c a t i o n  c o u n t s  b e  
l i m i t e d  t o  2 4  h o u r s  when u s i n s  p o r t a b l e  equipment .  

 ruck Weighings  

Truck w e i s h t  n e a s u r e n e n t s  a r e  s i m i l a r  t o  v e h i c l e  
c l a s s i f i c a t i o n  c o u n t s ,  o n l y  w i t h  g r e a t e r  problems.  For t h e  most 
P a r t ,  e x i s t i n g  t r u c k  w e i g h t  l o c a t i o n s  mst  t e  manua l ly  
o p e r a t e d .  T h i s  means t h a t  t h e  c o s t  of  t a k i n g  t r u c k  w e i g h t  d a t a  
i n c r e a s e s  l i n e a r l y  w i t h  t h e  number of d a y s  c o u n t e d ,  which 
p r e v e n t s  any a p p r e c i a b l e  s a v i n g s  from mul t ip le -Gay  c o u n t s .  

O t h e r  f a c t o r s ,  however,  a l s o  a f f e c t  t h e  a c c u r a c y  of t r u c k  
w e i g h t  d a t a .  The l o n g e r  a  t r u c k  w e i g h t  s t a t i o n  i s  open ,  t h e  
h i g h e r  t h e  p o s s i b i l i t k  t h a t  o v e r w e i g h t  t r u c k s  w i l l  b ~ p a s s  t h e  
s t a t i o n ,  u n l e s s  no  b y p a s s  r o u t e  e x i s t s .  I n  c a s e s  where no 
b y ~ a s s  r o u t e  e x i s t s ,  t h e  a c c u r a c y  o f  t h e  t r u c k  w e i 5 h t  d a t a  w i l l  
p r o b a b l y  improve w i t h  t h e  i n c r e a s e d  d u r a t i o n  o f  t h e  c o u n t .  
U n f o r t u n a t e l y ,  t h e  magn i tude  of t h e  charr9es i n  p r e c i s i o n  
a t t r i b u t a b l e  t o  a n y  o f  t h e s e  f a c t o r s  i s  n o t  q u a n t i f i a b l e  a t  tk~is 
time. 
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APPENDIX D--CASE STUDIES 

This appendix contains five examples of proposed traffic 
monitoring program implementation by states. The five states 
included in these case studies were chosen by FHWA, and 
contributed data used in the design of the program. The five 
case studies included in this appendix cover: 

. Georgia; 

. Kansas; 
Maine; 

. Ohio; and 

. Oregon. 
The scope of this project does not allow for in-depth 

analysis of each state's budgeting process, manpower 
utilization, or department organization. Theref ore, the 
recomnendations included in this appendix center prjmarily on 
the number and frequency of traffic data counts taken by each 
state. The effect of these recommendations on the cost or 
manpower needs of a state's traffic counting program are dealt 
with only within the limits of the budget data provided by the 
states during the state visits. 

For this appendix, vehicle classification count locations 
are assumed to be chosen as simple random samples of the HPMS 
volume locations. This assumption is made to simplify the 
examples and tables in this appendix. This is not intended to 
imply that simple random sampling is recommended over sampling 
proportional to VMT. It implies only that it is easier to 
present. 

Each case study is organized by existing count program 
element. The proposed program will be detailed in terms of its 
effects on the existing program and any other necessary changes 
required to implement the new program.' 

GEORGIA 

The Georgia DOT count program contains the following 
elements: 

. Continuous Counts; 

. Control Counts; 



Coverage Counts (including HPMS volume counts); 

. Vehicle Classification Counts; 

. Speed Monitoring; and 

. Truck Weight Monitoring. 
All of these programs, except the speed monitoring program, are 
subject to some change by the recommended traffic monitoring 
program. These changes include: 

. altering the existing seasonal factor approach; 

. eliminating the control counts; 

. moving some of the ATR locations; 
reducing the total number of ATR sites by four; and 

. possible reductions to the coverage count program. 
These changes are discussed in detail under the following 
headings. 

Continuous Counts 

The ATR program would be modified as a result of the new 
seasonal factor process. The modifications are intended to 
redistribute the ATR locations so as to more completely cover 
all functional classes of roads. 

The seasonal factors were derived using the process 
described in the main body of this report. First, a brief 
discussion with state DOT staff indicated three possible regions 
within the state that might require separate seasonal factors 
for each functional classification. These regions are: 

the counties north of Atlanta (region 1); 

. the counties -south of a line drawn between Columbus 
and Augusta (region 3); and 

. the counties between these two areas (region 2). 
These regions are shown in Exhibit Georgia-1. The seasonal 
patterns for these regions within each functional class were 
then computed and compared. This analysis showed that the 
functional classifications for several of the regions had 
similar seasonal patterns. These functional classes were then 
combined. The resulting seasonal factor groups are shown in 
Exhibit Georgia-2. This exhibit also includes the number of 
existing ATR counters included in each factor group. 



EXHIBIT GEORGIA-1 





An e x a m i n a t i o n  of  t h e  number o f  ATR l o c a t i o n s  f o r  each  o f  
t h e s e  f a c t o r  g r o u p s  i n d i c a t e s  t h a t  a l l  b u t  one of  t h e  f a c t o r  
g r o u p s  h a v e  more t h a n  t h e  recommended minimum of t h r e e  ATR 
s t a t i o n s .  The r e m a i n i n g  g r o u p s  have  between f o u r  and 1 4  ATR 
s t a t i o n s .  E x h i b i t  PV-3, f rom t h e  main body of  t h i s  r e p o r t ,  
examines  t h e  c o s t  e f f e c t i v e n e s s  of  t h e  number o f  ATR s t a t i o n s  
p e r  f a c t o r  g roup .  From t h i s  e x h i b i t  we see t h a t  t h e  a d d i t i o n a l  
a c c u r a c y  a c h i e v e d  by m a i n t a i n i n g  n o r e  t h a n  e i g h t  ATRs  per g roup  
d e c r e a s e s  s h a r p l y  w i t h  e a c h  a d d i t i o n a l  ATR l o c a t i o n .  I t  is 
t h e r e f o r e  recommended t h a t  no  more t h a n  e i g h t  A T R s  b e  k e p t  i n  
any one  f a c t o r  g r o u p .  T h i s  c h o i c e  of  a  maximum number o f  ATRs  
per  f a c t o r  g r o u p  i s  r e l a t i v e l y  a r b i t r a r y ,  and t h e  s t a t e  may wish  
t o  c h o o s e  some o t h e r  number o f  s t a t i o n s  a s  a maximum. 

The c h o i c e  o f  e i g h t  ATRs  a s  a  maximum r e s u l t s  i n  t h e  
e l i m i n a t i o n  of  e i g h t  ATR s t a t i o n s ,  s i x  from g r o u p  4 ,  and two 
from g r o u p  8 .  To s t a n d a r d i z e  t h e  number o f  ATRs p e r  f a c t o r  
g roup  and make u s e  of  t h e  l a r g e  number o f  A T R s  a l r e a d y  i n  each 
s e a s o n a l  g roup ,  it is recommended t h a t  f i v e  s t a t i o n s  b e  chosen  
a s  t h e  minimum number o f  s t a t i o n s  p e r  f a c t o r  group.  

a E x h i b i t  IV-3 shows t h a t  t h e  a d d i t i o n a l  two s t a t i o n s  per f a c t o r  
g r o u p  ( a d d e d  t o  t h e  minimum t h r e e  s t a t i o n s )  add s i g n i f i c a n t l y  t o  
t h e  p r e c i s i o n  of  t h e  s e a s o n a l  f a c t o r .  S i n c e  t h e  s t a t e  o n l y  
n e e d s  t o  c o n s t r u c t  f o u r  new s i t e s  t o  a c h i e v e  t h i s  minimum ( t h r e e  
i n  g r o u p  6 and one  i n  g r o u p  31,  t h i s  recommendation a p p e a r s  
r e a s o n a b l e  from a  c o s t  s t a n d p o i n t .  

The f a c t o r  g r o u p s  w i t h  numbers of  c o u n t e r s  between t h e s e  
e x t r e m e s  a r e  l e f t  unchanged.  T h i s  a l l o w s  t h e  s t a t e  t o  t a k e  
a d v a n t a g e  of  t h e  m a j o r i t y  o f  ATR l o c a t i o n s  a l r e a d y  c o n s t r u c t e d  
w h i l e  s t i l l  c o l l e c t i n g  d a t a  i n  a  c o s t  e f f e c t i v e  manner. 

G e o r g i a  DOT w i l l  have  t o  a l t e r  i t s  s e a s o n a l  f a c t o r  approach  
i f  i t  a d o p t s  t h e  recommended c o u n t  p r o c e s s ,  The new f a c t o r  
p r o c e s s  i s  somewhat s i m i l a r  t o ,  t h e i r  e x i s t i n g  p r o c e s s  i n  t h a t  
t h e  f u n c t i o n a l  c l a s s i f i c a t i o n  of a  r o a d  s e c t i o n  i s  a  p r i m a r y  
means o f  i d e n t i f y i n g  t h e  s e a s o n a l  f a c t o r  f o r  a  c o u n t .  G e o r g i a  
c u r r e n t l y  a p p l i e s  s e a s o n a l  f a c t o r s  f rom i n d i v i d u a l  ATRs t o  t h e  
m a j o r i t y o f  t r a f f i c  c o u n t s .  The combined f a c t o r  g r o u p s  i n  t h e  
recommended p r o c e s s  s h o u l d  r e s u l t  i n  a  s l i g h t l y  more s t a b l e  
f a c t o r i n g  The a p p l i c a t i o n  of  f a c t o i s  s h o u l d  a l s o  b e  
e a s i e r ,  i n  t h a t  t h e  o n l y  need  is  f o r  t h e  f u n c t i o n a l  
c l a s s i f i c a t i o n  of t h e  roadway i n s t e a d  o f  t h e  t h r e e  t i e r s  of 
i n f o r m a t i o n  c u r r e n t l y  u s e d .  These  t i e r s  a r e :  

. l ook  f o r  a  f a c t o r  f o r  t h e  s p e c i f i c  r o u t e ;  

. l o o k  f o r  a  f a c t o r  f o r  t h e  c o u n t y  and t h e  f u n c t i o n a l .  
c l a s s i f i c a t i o n  needed ;  and  

. l ook  f o r  a  f a c t o r  f o r  t h e  s t a t e w i d e  f u n c t i o n a l  c l a s s  
needed.  



The recommended program also uses a monthly factor with a 
day-of-the-week adjustment, while Georgia currently uses a 
weekly adjustment. The recommended process should provide a 
slightly better factor in this case due to the better stability 
of the monthly factor. Georgia DOT may wish to use an 
interpolated weekly average if it chooses to continue using a 
weekly factor. 

Control Counts 

The control counts are no longer necessary once the 
recommended seasonal factors are accepted. The purpose of the 
control counts is to help assign individual traffic counts to 
seasonal factors. This function is no longer necessary as roads 
are automatically assigned to factors due to their regional 
location and functional class. 

HPMS and Coverage Counts 

The coverage .count program is not necessary in its present 
form to provide estimates of statewide VMT for functionally 
classified roads. Georgia DOT has stated that it wishes to 
retain its coverage count program in its present form, in order 
to provide site specific volume counts for those locations 
covered by the count program. This data may also be used for 
estimating ADT and VMT on roads not included in the HPMS 
inventory, and for updating the volume group classification of 
BPMS sections. 

By keeping the coverage count program intact as it is 
currently performed, the Georgia DOT count program provides an 
extensive amount of information that the state believes is 
important and worth the cost of data collection. The continued 
collection of this data, however, does prevent the DOT from 
obtaining some of the cost reductions that they would otherwise 
receive from relying more heavily on the HPMS system. These 
savings could have been quite substantial in Georgia because the 
coverage count program is a major part of the annual $570,000 
budget for volume count data. 

The HPMS volume counts are affected by the recommended 
changes in the length and duration of HPMS volume counts, and by 
the reduction of the coverage count program. Since HPMS data is 
collected as-a part of the coverage count program, some change 
in the methods used to collect this data is necessary to provide 
for 48-hour HPMS counts. The need for HPMS data every three 
years rather than every year further reduces the demand for the 



e x i s t i n g  c o v e r a g e  c o u n t  program e l e m e n t .  The a d o p t i o n  of  t h i s  
p a r t i c u l a r  recommendation w i l l  t h e r e f o r e  r e q u i r e  some 
s i g n i f i c a n t  changes  i n  t h e  manner i n  which G e o r g i a  DOT s c h e d u l e s  
and c o l l e c t s  HPMS volume c o u n t s ,  

V e h i c l e  C l a s s i f i c a t i o n  Coun t s  

The s i z e  of  t h e  example v e h i c l e  c l a s s i f i c a t i o n  program is 
less  t h a n  G e o r g i a  DOT'S c u r r e n t  program.  The e x i s t i n g  program 
i n c l u d e s  q u a r t e r l y  c o u n t s  a t  a l l  6 4  ATR l o c a t i o n s ,  o r  256 c o u n t s  
p e r  y e a r .  The p roposed  c o u n t  program i n c l u d e s  3 0 0  c o u n t s  s p r e a d  
over t h r e e  y e a r s ,  o r  r o u g h l y  100 c o u n t s  p e r  y e a r .  The number of 
v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  i s  dependen t  upon t h e  d e f a u l t  
c u r v e s  i n  E x h i b i t s  A-2 t h r o u g h  A-9, and t h e  p r e c i s i o n  L e v e l s  
shown i n  E x h i b i t  Georgia-3.  E x h i b i t  Georgia-3  a l s o  c o n t a i n s  t h e  
d i s t r i b u t i o n  of t h e  c l a s s i f i c a t i o n  c o u n t s  by f u n c t i o n a l  
c l a s s i f i c a t i o n .  The number o f  c o u n t s  and t h e i r  d i s t r i b u t i o n  a r e  
s u b j e c t  t o  change a s  a  r e s u l t  of  s p e c i f i c  s t a t e  n e e d s  and 
r e q u i r e m e n t s  f o r  s p e c i f i c  p r e c i s i o n  l e v e l s .  

The 300 c o u n t s  s e l e c t e d  f o r  G e o r g i a  s h o u l d  be  t a k e n  
randomly f rom a l l  d a y s  w i t h i n  t h e  c o u n t  c y c l e  from t h e  e x i s t i n g  
HPMS volume s e c t i o n s .  The c o u n t s  s h o u l d  b e  s p r e a d  e v e n l y  
t h r o u g h o u t  a l l  t h r e e  y e a r s .  A s y s t e m a t i c  approach  t o  t h i s  n i g h t  
be t o  c o l l e c t  d a t a  a t  r o u g h l y  100 l o c a t i o n s  t h r e e  times e a c h .  
The t h r e e  s e s s i o n s  f o r  each  1oca . t ion  c o u l d  b e  s e l e c t e d  randomly 
from: 

a l l  d a y s  w i t h i n  t h e  t h r e e - y e a r  c o u n t  c y c l e :  

. o n e  y e a r  o f  t h e  c o u n t  c y c l e ;  o r  

. a  d i f f e r e n t  y e a r  f o r  e a c h  c o u n t  ( i .e . , ,  c o u n t  o n e  i n  
y e a r  o n e ,  o n e  i n  y e a r  two,  and o n e  i n  y e a r  t h r e e ) .  

P r o f e s s i o n a l  judgment was used  t o  d e t e r m i n e  t h e  a p p r o p r i a t e  
l e v e l  o f  a c c u r a c y  f o r  e a c h  f u n c t i o n a l  c l a s s i f i c a t i o n .  A 
c o n f i d e n c e  i n t e r v a l  a f  95  p e r c e n t  was used  f o r  a l l  f u n c t i o n a l  
c l a s s e s .  The g r a p h s  i n  E x h i b i t s  A-2 t h r o u g h  A-9 were u s e d  t o  
d e t e r m i n e  t h e  sample  s i z e s .  

Speed Moni tor  i n q  

No c h a n g e s  a r e  recommended t o  t h e  s p e e d  m o n i t o r i n g  program 
e l e m e n t .  

Truck Weiqht  

L i k e  t h e  v e h i c l e  c l a s s i f i c a t i o n  program e l e m e n t ,  t h e  s i z e  
s f  t h e  t r u c k  w e i g h t  program e l e m e n t  i s  dependen t  on t h e  l e v e l  of 
p r e c i s i o n  s p e c i f i e d  by t h e  s t a t e .  P r o f e s s i o n a l  judgment was 
used  t o  d e t e r m i n e  t h e  l e v e l  o f  a c c u r a c y  used  i n  t h e  sample  s i z e  



E X H I B I T  GEORGIA-3 

Vehicle  C l a s s i f i c a t i o n  Sample 

BPMS Vehic le  P r e c i s i o n  P r e c i s i o n  
volume Sample Class  by by 
Group S i z e  S amp1 e 3 S2 Volume 

Rural:  I n t e r s t a t e  
Group 1 3 3  
Group 2 3 2 
Group 3 28 
Group 4 1 2  
Group 5 4 
Group 6 2 
Group 7 1 
Group 8 1 
Tota l  113 

Other P r i n c i p a l  A r t e r i a l s  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
To ta l  

Minor A r t e r i a l s  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5  
Group 6 
Tota l  

C a l l e c t o r s  
Group 1 
Group 2 
Group 3  
Group 4 
Group 5 

Minor C o l l e c t o r s  
Group l 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Tota l  

Col lec tors  

30 counts  3 0 %  

4 0  counts  3 5 %  

3 0  counts  40% 

79 
1 7  

7 
17 
17  

3 

30 3 4 8  counts  4 0 9 



Urbanized and small  Urban 

'HPMS 
Volume S amp% e 
Group S ize  

Urban: I n t e r s t a t e  

Group l 99 
Group 2 3 9 
Group 3 16 
Group 4 4 
To ta l  158 

Other P r i n c i p a l  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Group 8 
To ta l  

Minor A r t e r i a l s  
Group 1 55 
Group 2 3 9 
Group 3 4 1  
Group 4 3 6 
Group 5 15  
Group 6 11 
Group 7 5 
T o t a l  202 

C o l l e c t o r s  
Group 1 4 4 
Group 2 3 6 
Group 3 5 2  
Group 4 3 0  
Group 5 1 0  
Group 6 1 2  
To ta l  184 

Vehicle  P r e c i s i o n  P r e c i s i o n  
c l a s s  by by 

Sample 3S2 Volume 

48 counts  30% 



r 

calculations along with a confidence interval of 95 percent. 
Exhibits A-10 through A-17 were then used to calculate the 
sample sizes shown in Exhibit Georgia-4. 

The truck weight monitoring sessions are to be selected 
from the vehicle classification location-days. Ideally, 
measurement sessions should be selected randomly from the 
vehicle classification counts. In practical terms, a more 
systematic approach is more appropriate. For example, 
Exhibit Georgia-4 indicates that 25 monitoring sessions are 
necessary to collect 3S2 weight data for rural interstates 
within 10 percent accuracy and 95 percent confidence, A 
systematic approach might be to count eight different rural 
interstate locations three times each (plus one location a 
fourth time). Each of the three counts at a location would be 
taken during a different part of the year (e.g. March, August, 
November). The counts at each of the stations could be spread 
between the three years as best suits the budgetary restrictions 
of the state, or one count could be taken each year at each 
location. A vehicle classification count would also be taken at 
each weight monitoring site. The vehicle classification count 
would be used as past of the 300 locations necessary per cycle. 

Special Studies 

Special data collection may increase. Georgia's continued 
reliance on an extensive coverage count program significantly 
reduces its need for special counts. For special data needs, 
the HPMS sample and inventory should be utilized along with 
coverage count data whenever possible. Any additional data 
needs can be performed by personnel and equipment previously 
used in the control count program. 

The special data collection program element should be used 
to collect all kinds of traffic data not supplied by countinuous 
counts, coverage counts or the HPMS data base, This could 
include, but not be limited to, site-specific volume counts, 
special studies for determining in-state versus out-of-state 
trave1,'or any other set of data the state may desire. 



EXHIBIT GEORGIA-4 

TRUCK WEIGHT SAMPLE SIZE 

Vehicle Truck 
Classification Weight 3 S2 Total Weight 

Sample Size Sample Size Precision Precision 

Rural : 
Interstate 3 0 
Other Principal 

Arterials 40 

Minor Arterials 30 11 30% 36% 

Collectors 48 6 30 % 4 3% 

Urban: 
Interstates h 

Freeways 48 

Other Principal 
Arterials 40 3 428 

Minor Arterials 3 0 3 9 7 %  

Collectors 30 3 99% 



KANSAS 

The c u r r e n t  Kansas t r a f f i c  m o n i t o r i n g  program c o n s i s t s  of 
t h e  f o l l o w i n g  program e l e m e n t s :  

. Cont inuous  Counts  ( A T R s ) ;  

. C o n t r o l  Counts ;  

. Coverage Counts  ( i n c l u d i n g  HPMS volume c o u n t s ) ;  

. V e h i c l e  C l a s s i f i c a t i o n  Counts ;  

Truck Weight Moni to r ing ;  

. Speed M o n i t o r i n g ,  and;  

. S p e c i a l  Data  C o l l e c t i o n .  

HPMS volume d a t a  is c o l l e c t e d  a s  p a r t  of t h e  c o v e r a g e  c o u n t  
program, and w i l l  b e  d i s c u s s e d  under t h a t  h e a d i n g .  

Most of these program e l e m e n t s  w i l l  b e  s u b j e c t  t o  changes  
i f  t h e  recommended t r a f f i c  m o n i t o r i n g  program i s  a c c e p t e d .  The 
most s i g n i f i c a n t  of  t h e s e  changes  a r e :  

. t h e  a l t e r a t i o n  o f  t h e  e x i s t i n g  s e a o n a l  f a c t o r i n g  
p r o c e s s ;  

. t h e  e l i m i n a t i o n  of t h e  c o n t r o l  c o u n t s ;  

. a  r e d u c t i o n  i n  t h e  number o f  c o v e r a g e  c o u n t s  t a k e n  
e a c h  y e a r ;  

. a  r e d u c t i o n  i n  t h e  number o f  c o n t i n u o u s  c o u n t  
l o c a t i o n s ;  

. a  i n c r e a s e  i n  t h e  number o f  t r u c k  w e i g h t  m o n i t o r i n g  
s e s s i o n s  e a c h  y e a r ;  and 

a n  i n c r e a s e  i n  t h e  amount o f  t r a f f i c  m o n i t ~ r i n g  
pe r fo rmed  under t h e  s p e c i a l  d a t a  c o l l e c t i o n  program 
each y e a r .  

The s p e e d  m o n i t o r i n g  program is n o t  changed a s  i t  i s  beyond t h e  * s c o p e  of  t h i s  c o n t r a c t .  

Con t inuous  Coun t s  

Kansas c o n t i n u o u s  c o u n t s  a r e  used t o  p r o v i d e  s e a s o n a l  
c o n t r o l s  f o r  o t h e r  t r a f f i c  c o u n t s .  The recommended t r a f f i c  
c o u n t i n g  program a l t e r s  t h e  c u r r e n t  Kansas  s e a s o n a l  f a c t o r i n g  



process to one based entirely on the functional classification 
of each road section. As a result of this change, Kansas does 
not need to maintain all 102 of its current continuous counters. 

While Kansas currently utilizes factors for six different 
districts, the recommended seasonal factors stratify the state 
only by urban and rural areas. The analysis performed for this 
case study did not determine a consistent difference in seasonal. 
factors between the districts, so the recommended factor groups 
are not stratified by regions within the state. The proposed 
factor groups are delineated strictly by the functional 
classification of the roadway section. The proposed factor 
groups and the number of existing counters within each factor 
group are shown in Exhibit Kansas-1, 

Several of the Kansas ATRs did not follow the seasonal 
patterns of the majority of roads within their functional 
classification. These ATR locations are shown in 
Exhibit Kansas-2. Discussions with Kansas DOR indicated that 
these locations were different for several reasons, ranging from 
proximity to major recreation sources to road construction near 
the count location. Kansas DOT will. need to determine which of 
these counters needs to be treated as "special" cases, and which 
should be included with the ATR functional groups. 

The large number of ATR locations within the Rural 
Principal Arterial Category and the Rural Minor Arterial 
Category indicates that many of these locations are not 
necessary for determination of seasonal factors. Exhibit IV-3 
in the main body of this paper indicates that roughly eight ATRs 
is a reasonable maximum number of ATRs per seasonal factor 
group. After eight ATRs are reached, the cost effectiveness of 
the additional ATRs starts to decline rapidly. The choice of 
eight ATRs is, however, somewhat arbitrary, and the state may 
wish to choose a slightly different number. If a maximum of 
eight ATRs are used per factor group, the new seasonal factor 
groupings allow 53 ATRs to be discontinued for collecting 
seasonal data. One factor group (urban collectors) has only two 
ATR locations, while urban interstates and other freeways have 
only four counters. Kansas may wish to relocate six counters to 
locations (to achieve a minimum of six ATRs per factor group) 
within these functional classes to provide for better seasonal 
estimates on these functional classes. 

If both of the above ATR recommendations are accepted, 
Kansas will have a net reduction of 47 ATR locations. This 
could conceivably represent a savings of $50,500 per year for 
the state (47/102 * $110,000 per year for the existing ATR 
program). However, Kansas may wish to retain some of these ATR 
locations for other purposes (e.g,, trend analysis). 





E X H I B I T  KANSAS-2 

A T R s  WITH UNUSUAL SEASONAL PATTERNS 

ATR I D  District 

3-100-0400-00 3 

5-630-9001-64 5 

2-027-1415-00 2 

1-044-2370-33 1 

6-038-0500-00 6 

Road 

US--40 

Douglas A v e .  

K-141 

I<-237 

US-50 



Control Counts 

Kansas indicated (in comments presented in an earlier paper 
on state data needs) that they collect control counts four times 
a year for one week at two urban lscatisns. It is unclear what 
these counts are used for, but they do not appear necessary 
within the recommended traffic monitoring program. 

HPMS and Coverage Counts 

Kansas collects HPMS volume data while performing its 
regularly scheduled coverage count program. The coverage count 
program currently operates on several cycles: 

. interstates and principal arterials are counted 
* every year; 

. minor arterials and collectors on the rural state 
highway system are counted on a two-year cycle; 

. the remaining county federal-aid system roads are 
counted on a six-year cycle; 

. coverage counts are also collected in cities on 
arterials and collectors using a six-year cycle; and 

. random counts are performed on l~cally classified 
roads in cities with a population greater than 5,000 
people to help estimate VMT. 

The recommended program relies on the HPMS sample and data 
base to provide statewide estimates of VMT, The only non-HPMS 
coverage counts necessary for VMT estimation are those used for 
estimating VMT on roads not in the HPMS data base or counts used 
for updating the volume group classifications of HPMS sections. 
Like Georgia, Kansas has specific needs for some coverage count 
data, and will continue to collect some data in this manner. 
The coverage count program does provide information that.can not 
be supplied through the HPMS data base, and is of significant 
importance to the state. 

The' recommended program will increase the length of HPMS 
volume counts from 24 to 48 hours. This will require some 
additional changes in' the manner in which Kansas schedules 
annual traffic counts. Volume data needs for specific road 
segments not counted in the HPMS or coverage count programs will 
be provided through the special data collection element. 



V e h i c l e  C l a s s i f i c a t i o n  C o u n t s  

Kansas  c u r r e n t l y  t a k e s  100 v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  
p e r  y e a r  a l o n g  w i t h  v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  t a k e n  a t  t r u c k  
we igh t  l o c a t i o n s .  The recommended program w i l l  t a k e  e s s e n t i a l l y  
t h e  same number o f  v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  e a c h  y e a r .  
E x h i b i t  Kansas-3 shows how t h e s e  c o u n t s  a r e  d i s t r i b u t e d  a c r o s s  
f u n c t i o n a l  c l a s s e s .  The number of  c l a s s i f i c a t i o n  c o u n t s  and 
t h e i r  d i v i s i o n  between f u n c t i o n a l  c l a s s e s  is a  f u n c t i o n  of t h e  
assumed p r e c i s i o n  l e v e l s ,  a l s o  shown i n  E x h i b i t  Kansas-3.  The 
number and d i s t r i b u t i o n  o f  v e h i c l e  c l a s s  c o u n t s  n a y  t h e r e f o r e  
change a f t e r  Kansas  r e v i e w s  t h i s  a p p e n d i x ,  b a s e d  on  t h e i r  r ev iew 
of a v a i l a b l e  s t a t e w i d e  d a t a ,  a s  well a s  t h e i r  b u d g e t  
r e s t r i c t i o n s .  

The 300 c o u n t s  s e l e c t e d  f o r  Kansas s h o u l d  b e  t a k e n  randomly 
f rom a 1 1  d a y s  w i t h i n  t h e  c o u n t  c y c l e  f o r  t h e  e x i s t i n g  HPMS 
volume s e c t i o n s .  The c o u n t s  s h o u l d  b e  s p r e a d  e v e n l y  t h r o u g h o u t  
a l l  t h r e e  y e a r s .  A s y s t e m a t i c  approach  t o  t h i s  migh t  b e  t o  
c o l l e c t  d a t a  a t  r o u g h l y  100 l o c a t i o n s  t h r e e  times e a c h .  The 
t h r e e  s e s s i o n s  f o r  e a c h  l o c a t i o n  c o u l d  b e  s e l e c t e d  randomly from: 

a l l  d a y s  w i t h i n  t h e  t h r e e - y e a r  c o u n t  c y c l e ;  

. one  y e a r  o f  t h e  c o u n t  c y c l e ;  o r  

. a  d i f f e r e n t  y e a r  f o r  e a c h  c o u n t  ( i . e . ,  c o u n t  o n e  i n  
y e a r  one ,  one  i n  y e a r  two, and  one  i n  y e a r  t h r e e ) .  

P r o f e s s i o n a l  judgment was used  t o  d e t e r m i n e  t h e  a p p r o p r i a t e  
l e v e l  o f  a c c u r a c y  f o r  e a c h  f u n c t i o n a l  c l a s s i f i c a t i o n .  A 
c o n f i d e n c e  i n t e r v a l  o f  9 5 . p e r c e n t  was used  f o r  a l l  f u n c t i o n a l  
c l a s s e s .  The g r a p h s  i n  E x h i b i t s  A-2 t h r o u g h  A-9 were  used  t o  
d e t e r m i n e  t h e  sample  s i z e s .  Appendix A i n c l u d e s  a  d e s c r i p t i o n  
o f  how t o  u s e  t h e s e  e x h i b i t s .  

One f i n a l  change i s  recommended f o r  v e h i c l e  c l a s s i f i c a t i o n  
c o u n t i n g  i n  t h e  s t a t e  of Kansas.  The s t a t e - - s h o u l d  make g r e a t e r  
use  of  a u t o m a t i c  v e h i c l e  c l a s s i f i c a t i o n  equipment .  Kansas 
c u r r e n t l y  u s e s  two-person manual c o u n t s  f o r  i t s  v e h i c l e  
c l a s s i f i c a t i o n  d a t a .  ' The s t a t e  d o e s  own some a u t o m a t i c  
c l a s s i f i c a t i o n  equipment  and h a s  i n d i c a t e d  s a t i s f a c t i o n  w i t h  t h e  
pe r fo rmance  of t h e  machines .  The i n c r e a s e d  u s e  o f  t h i s  
equipment  s h o u l d  a l l o w  t h e  s t a t e  t o  t a k e  24-hour c l a s s i f i c a t i o n  
c o u n t s  u s i n g  fewer  r e s o u r c e s  t h a n  c u r r e n t l y  used  t o  t a k e  16-hour 
manual c l a s s i f i c a t i o n  c o u n t s .  T h i s  s h o u l d  f r e e  a d d i t i o n a l  
r e s o u r c e s  f o r  u s e  i n  o t h e r  i m p o r t a n t  a r e a s .  



E X H I B I T  KANSAS-3 

Volume 
Group 

Rural i n t e r s t a t e  
Group 1 
Group 2 

Total  

Vehicle C la s s i f i ca t i on  Sample 
HPMS Vehicle Precis ion Precis ion 
S amp1 e Class by by 
Size Sample 3S2 Volume 

7 4  30 counts 30% 

Other Pr inc ipa l  A r t e r i a l s  
Group 1 
Group 2 
Group 3  
Group 4 
Total  

Minor Ar t e r i a l s  
Group 1 
Group 2 
Group 3  
Group 4 
Total 

Col lectors  
Group 1 
Group 2 
Group 3 

Minor Col lectors  
Group 1 
Group 2 
Total 

Col lectors  

4 0  counts 3 5 %  

30 counts 4 0 %  

48 counts 4 0 %  



Urbanized and small Urban 
Vehicle C la s s i f i ca t i on  Sample 

HPMS Vehicle Precis ion Precis ion 
Volume Sample c l a s s  by by 
Group Size Sample 35 2 Volume - 

Urban: I n t e r s t a t e  

Group 1 
Group 2 
Group 3 
Group 4 
Total  

Other Pr inc ipa l  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Group 8 
Group 9 
Total  . 

Minor Arter i.aPs 
Group 1 
Group 2 
Group 3 
Group 4, 
Group 5 
Group 6 
Total  

Col lectors  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Total  

48 counts 30% 

Ar te r i a l s  
132 

9 0 
6 7 
32 
20 

9 
1 0  
1 
2 

3 6 3 40  



Truck Weight Monitoring 

The proposed truck weight monitoring program increases the 
number of weighing sessions that the state conducts each year 
from 15 sessions every two years to 80 sessions every three 
years (roughly 23 per year). It is recommended that the state 
conduct some truck weighings every year rather than every other 
year as is the current practice. This should result in more 
representative truck weight estimates. 

Exhibit Kansas-4 contains the recommended number of truck 
weight monitoring sessions and their distribution by functional 
class. The data in Appendix A was used to compute these sample 
sizes based on assumed levels of precision. The actual sample 
size chosen by the state may vary from that in Exhibit Kansas4 
depending on a review of the selected precision levels and 
specific data needs and resources. 

The truck weight monitoring locations are to be selected 
from the vehicle classification locations. Ideally, counts 
should be selected randomly from the vehicle classification 
location-days. The proposed sites, however, will have to be 
examined to ensure that the state's weighing equipment can be 
used at those locations. 

A systematic approach to site selection may be more readily 
applied than the purely random site selection. For example, 
Exhibit Kansas-4 indicates that 24 monitoring sessions are 
necessary to collect 352 weight data for rural interstates 
within 10 percent accuracy and 95 percent confidence. A 
systematic approach might be to count eight different rural 
interstate locations three times each. Each of the three counts 
at a location would be taken during a different part of the year 
fe.g. March, August, November). The counts at each of the 
stations could be spread between the three years as best suits 
the budgetary restrictions of the state, or one count could be 
taken each year at each location. 

Speed Monitoring 

Speed monitoring is beyond the scope of this study, and 
thus is not changed by these recommendations. 

Special Data Collection Element 

The state traffic counting department already collects some 
special count data if requested data are unavailable. Most 
special counts are collected by coverage count personnel who are 
collecting data in the area. These counts are collected in such 
a manner as to minimize additional travel costs. Personnel. in 
charge of data collection are responsible for determining the 
need for special count data and for scheduling collection. 



E X H I B I T  KANSAS-4 

TRUCK WEIGHT SAMPLE SIZE 

Vehicle Truck 
Class i f i ca t ion  Weight 3S2 Total  Weight 

Sample Size  Sample Size Precis ion Precis ion - 
Rural: 

I n t e r s t a t e  30 
Other Pr inc ipa l  

A r t e r i a l s  40  

Minor A r t e r i a l s  30  

Collectors  48 6 30% 43% 

Urban: 
I n t e r s t a t e s  & 

Freeways 48 

Other Pr inc ipa l  
Ar t e r  i a l s  4 0  3  

Minor A r t e r i a l s  3 0  3 

Collectors  30 3 



The procedures currently in place appear to be well 
designed to determine actual data needs as well as to provide 
scheduling for the expected increase in special data requests. 

The special data collection program element should be used 
to collect all kinds of traffic data not supplied by the 
countinuous counters or the HPMS data base. This could include, 
but not be limited to, site-specific volume counts, special 
studies for determining in-state versus out-of-state travel, or 
any other set of data the state may desire. 

MAINE 

The current Maine DOT traffic data collection program 
consists of the following programs: 

These 

Continuous Counts (ATRs); 

Control Counts; 

Coverage Counts (ADT) including HPMS Counts; 

Vehicle Classification Counts; 

Speed Monitoring; 

Truck Weight Monitoring; and 

Special Study Counts. 

program elements will be subject to change if the 
recommended program is implemented. The most significant 
changes would be: 

. the alteration of the existing seasonal factor 
process ; 

. the elimination of contss% counts; 

. a reduction in the number sf coverage counts taken 
each year; 

. an increase in the number of vehicle classification 
counts performed in a year; and 

. an increase in the number of special counts taken. 
The speed monitoring program is not changed in the revised 
traffic count program. The Maine DOT truck weighing program is 
currently in the planning stage, so the proposed weigh program 
cannot be compared to an existing procedure. 



Cont inuous  Coun t s  

I t  i s  recommended t h a t  t h e  Maine ATR program be  changed 
s l i g h t l y  t o  conform t o  t h e  n e e d s  o f  t h e  recommended t r a f f i c  
coun t  program. These  changes  i n c l u d e :  

. t h e  e l i m i n a t i o n  of  f i v e  ATR l o c a t i o n s ;  

. t h e  a d d i t i o n  o f  one  t o  t h r e e  ATR sites a t  d i f f e r e n t  
l o c a t i o n s  t h a n  t h e  e l i m i n a t e d  s i tes ;  and 

. t h e  a l t e r a t i o n  of  t h e  s e a s o n a l  f a c t o r i n g  p r o c e s s  
pe r fo rmed  w i t h  ATR d a t a .  

The r e p l a c e m e n t  of some ATR s i tes  w i t h  new s i t e s  is n e c e s s a r y  t o  
p r o v i d e  f o r  a  b e t t e r  d i s t r i b u t i o n  o f  ATRs by f u n c t i o n a l  
c l a s s i f i c a t i o n .  

An e x a m i n a t i o n  o f  Maine ' s  p r e s e n t  s e a s o n a l  f a c t o r i n g  
p r o c e s s  and i n d i v i d u a l  ATR d a t a  i n d i c a t e s  t h a t  a  r e g i o n a l  
s t r a t i f i c a t i o n  o f  f a c t o r  g r o u p s  i s  n e c e s s a r y ,  Three  p r i m a r y  
r e g i o n s  a r e  a p p a r e n t :  

. t h e  u r b a n  a r e a s ;  

. t h e  s o u t h e r n  beach a r e a s ;  and 

. t h e  r emainder  of  t h e  s t a t e .  

I n  a d d i t i o n  t o  t h e s e  b a s i c  r e g i o n s ,  t h e r e  a r e  some s k i  r e s o r t  
a r e a s  t h a t  a r e  t r e a t e d  a s  a  s p e c i a l  c a s e  due  t o  t h e i r  u n u s u a l  
s e a s o n a l  t r a f f i c  p a t t e r n s .  I t  w i l l  b e  n e c e s s a r y  f o r  Maine DOT 
t o  d e s i g n a t e  t h o s e  r o a d s  t o  b e  i n c l u d e d  i n  t h i s  s p e c i a l  
c a t e g o r y ,  i f  t h e y  a g r e e  w i t h  t h e  recommendation.  

The c u r r e n t  Maine DOT f a c t o r i n g  g r o u p s  and 1982 ATR d a t a  
show s u b s t a n t i a l l y  more s e a s o n a l i t y  t o  t h e  t r a f f i c  on t h e  beach 
s i d e  o f  1-95 and US-1 (see E x h i b i t  Maine-1) t h a n  i n  t h e  
r emainder  o f  t h e  s t a t e .  To c o n f i r m  t h i s  t e n d e n c y ,  s e a s o n a l  
f a c t o r s  were computed f o r  f a c t o r  g r o u p s  c o n t a i n i n g  a l l  ATRs 
w i t h i n  a  f u n c t i o n a l  c l a s s i f i c a t i o n  b o t h  w i t h  and w i t h o u t  t h e  
beach A T R s .  A s  can  be  s e e n  i n  t h e  s t a n d a r d  d e v i a t i o n s  of t h e s e  
two e s t i m a t e s  (see E x h i b i t  Maine-2) ,  t h e  f a c t o r  g r o u p s  a r e  more 
un i fo rm w i t h  t h e  beach s i t e s  a s  a  s e p a r a t e  f a c t o r  g roup .  





E X H I B I T  MAINE-2  

COMPARISON OF STANDARD D E V I A T I O N  
WITH AND WITHOUT 
THE BEACH REGION 

Factor Group 

Rural I n t e r s t a t e s  and 
Primary A r t e r i a l s  

Rural Minor A r t e r i a l s  

Rural Col lectors  

Urban I n t e r s t a t e s  and 
Other Freeways 

Urban A r t e r i a l s  and Col lectors  

Beach Group 

Average 

Without Specia l  
Beach Region 

With Specia l  
Beach Regions 



The s p e c i a l  s k i  a r e a s  were r e t a i n e d  f rom t h e  e x i s t i n g  Maine 
f a c t o r  g roups  b e c a u s e  t h e  s e a s o n a l  p a t t e r n  of  t h e  K i n g s f i e l d  ATR 
showed a  r a d i c a l l y  d i f f e r e n t  p a t t e r n  from any of  t h e  o t h e r  ATR 
l o c a t i o n s .  T h e r e f o r e  i t  d i d  n o t  f i t  a c c e p t a b l y  i n t o  t h e  
f u n c t i o n a l  c l a s s i f i c a t i o n  f a c t o r  g r o u p s .  

A f t e r  t h e  d e l i n e a t i o n  o f  t h e  beach r e g i o n  and s p e c i a l  s k i  
r o a d s ,  t h e  r e m a i n i n g  ATR f u n c t i o n a l  g r o u p s  were examined f o r  
s i m i l a r i t i e s .  I t  was d e t e r m i n e d  from g r a p h s  of  t h e  s e a s o n a l  
f a c t o r s  t h a t  r u r a l  i n t e r s t a t e s  ( F u n c t i o n a l  c l a s s  1) and r u r a l  
p r i n c i p a l  a r t e r i a l s  ( F u n c t i o n a l  c l a s s  2 )  c o u l d  b e  combined,  a s  
c o u l d  u rban  a r t e r i a l s  and c o l l e c t o r s ,  ( A l l  f u n c t i o n a l  c l a s s e s  
a r e  combined i n  t h e  beach r e g i o n  and s p e c i a l  s k i  a r e a s . )  
E x h i b i t  Maine-3 p r e s e n t s  s e a s o n a l i t y  g r a p h s  f o r  t h e  two r u r a l  
f u n c t i o n a l  c l a s s e s  t h a t  were  combined. E x h i b i t  Maine-4 c o n t a i n s  
a  l i s t i n g  o f  ATRs  f o r  e a c h  of  t h e  f i n a l  s e a s o n a l  f a c t o r  g r o u p s .  

With t h e  f a c t o r  g r o u p s  now e s t a b l i s h e d ,  t h e  number o f  ATRs  
w i t h i n  e a c h  c a t e g o r y  was examined: 

Number o f  
F a c t o r  G r o u ~  C o u n t e r s  F u n c t i o n a l  C l a s s e s  

Group 1 13 R u r a l  I n t e r s t a t e s  and  P r i n c i p a l  A r t e r i a l s  
Group 2 5 R u r a l  Minor A r t e r i a l s  
Group 3 2 R u r a l  C o l l e c t o r s  
Group 4  3  Urban I n t e r s t a t e s  and Other  Freeways 
Group 5 4 Urban A r t e r i a l s  and C o l l e c t o r s  
Beach Group 5 V a r i o u s  

No s p e c i f i c  number of ATR s i tes  i s  recommended f o r  e a c h  f a c t o r  
g roup .  Using t h e  l o g i c  p r e s e n t e d  i n  t h e  main body o f  t h i s  
r e p o r t ,  t h e  a b s o l u t e  minimum number of s i t e s  was c o n s i d e r e d  t o  
be  t h r e e  except f o r  s p e c i a l  c a s e s .  Two s i t e s  a r e  needed t o  
d e t e r m i n e  t h e  v a r i a t i o n - i n  t h e  d a t a ,  and t h e  t h i r d  a l l o w s  f o r  a  
m a l f u n c t i o n  of  one  t r a f f i c  c o u n t e r .  T h i s  l o g i c  i n d i c a t e s  t h a t  
one c o u n t  l o c a t i o n  s h o u l d  b e  added t o  t h e  r u r a l  c o l l e c t o r  
c l a s s i f i c a t i o n .  

The d e t e r m i n a t i o n  of t h e  a p p r o p r i a t e  number o f  c o n t i n u o u s  
c o u n t e r s  i n  t h e  r e m a i n i n g  g r o u p s  is  more d i f f i c u l t .  The t a b l e  
above shows t h a t  t h e  f i r s t  g r o u p i n g  ( R u r a l  I n t e r s t a t e s  and 
P r i n c i p a l  A r t e r i a l s )  h a s  c o n s i d e r a b l y  more ATR s i t e s  t h a n  t h e  
r emain ing  g roups .  E x h i b i t  I V - 3  i n  t h e  main body of  t h i s  r e p o r t  
shows t h a t  t h e  i n f o r m a t i o n  g a i n e d  f rom a d d i n g  ATR s i t e s  
d i m i n i s h e s  q u i c k l y  a f t e r  more t h a n  e i g h t  si tes a r e  i n c l u d e d  i n  a  
f a c t o r  g roup .  T h e r e f o r e ,  i t  is  recommended t h a t  o n l y  e i g h t  
l o c a t i o n s  b e  k e p t  i n  any s e a s o n a l  f a c t o r  g r o u p i n g .  I f  f i v e  ATRs  
a re  e l i m i n a t e d  from t h e  f i r s t  f a c t o r  g roup ,  a s i g n i f i c a n t  c o s t  
s a v i n g s  would be  a c h i e v e d  by Maine DOT, w h i l e  t h e  r e m a i n i n g  
e i g h t  s t a t i o n s  would e n s u r e  c a l c u l a t i o n  o f  a n  a c c e p t a b l y  
a c c u r a t e  s e a s o n a l  f a c t o r  f o r  t h a t  f u n c t i o n a l  c l a s s .  





EXHIBIT MAINE-4 

ATR STATIONS BY FACTOR GROUP 

F a c t o r  G r o u p  ATRs 

R u r a l  I n t e r s t a t e s  a n d  
P r i m a r y  A r t e r i a l s  

R u r a l  Minor  A r t e r i a l s  7 0 , 1 0 0 , 1 3 0 , 6 5 0  

R u r a l  C o l l e c t o r s  010 , 0 4 0  

U r b a n  I n t e r s t a t e s  a n d  
O t h e r  F r e e w a y s  2 6 2 , 7 9 2 , 8 0 0  

U r b a n  A r t e r i a l s  a n d  C o l l e c t o r s  1 4 0 , 1 9 0 , 2 0 0 , 1 8 0  

Beach  S i t e s  3 0 , 2 3 0 , 4 0 0 , 6 7 0 , 7 8 0  

S p e c i a l  F a c t o r  G r o u p  28  0 



The remaining factor groups contain an acceptable number of 
ATR Pocations. However, the state may want to add ATR sites at 
some of the other locations in case of multiple counter failure, 
or just in the interest of additional information. The most 
likely locations for additional ATRs would be in factor groups 3 
and 4. One additional counter in each of these factor groups 
would provide a minimum of four counters per group, and result 
in a greater margin of safety in case of counter failure or 
construction at ATR sites. Maine DOT would need to make these 
decisions based on available resources and information needs. 

Control Counts 

The control count program should be eliminated. The 
purpose of the control counts is to help assign traffic counts 
to seasonal factor groups. With the recommended factor process, 
all count locations are automatically assigned to a factor group 
on the basis of the functional class of road. Thus a series of 
counts to assist in this process is unnecessary. The specific 
cost savings associated with this reduction in counts cannot be 
determined because of the combination of continu~us counts, 
control counts, and coverage counts as a single line item in the 
DOT budget. 

HPMS and Coverage Counts 

The coverage counts that Maine DOT performs include both 
coverage counts and HPMS sample section counts. The recommended 
procedure would reduce the number of non-BPMS counts in the 
annually scheduled data collection process. 'Only those counts 
that provide information for roads not on the HPMS system, for 
updating the assignment of sections to HPMS volume groups, or 
for specific state needs would be collected in addition to the 
HPMS data. The state will have to decide how much, if any, its 
coverage count program can be reduced. The EPMS inventory and 
special traffic counts would be used in place of any eliminated 
coverage counts. 

Changes to the volume counting procedures for HPMS occur 
for the frequency and duration of the HPMS counts, The 
three-year count cycle results in roughly 510 HPMS counts each 
year. These counts, however, are to be taken for 48 hours, 
rather than 24 hours. The effect of this change on the traffic 
count budget is difficult to determine. The actual number of 
HPMS counts currently taken each year is unclear, as these 
counts are collected as a part of the overall coverage count 
program. It is recommended that the state collect the entire 
HPMS sample on the recommended three-year cycle, rather than 
over the seven years needed for the current coverage count 
cycle. The changes will improve the accuracy of the HPMS data. 

Some changes in the scheduling of HPMS counts may be 
necessary due to the reduction of the coverage count program and 
the inclusion of vehicle classification and truck weighing into 
an integrated HPMS process. 

3 . 3 0  



V e h i c l e  C l a s s i f i c a t i o n  Coun t s  

The v e h i c l e  c l a s s i f i c a t i o n  program is  a l s o  r e d u c e d  a s  a  
r e s u l t  of t h e  new program.  The rec~mmended  program a l l o w s  f o r  
m o n i t o r i n g  r o u g h l y  300 l o c a t i o n s  e v e r y  t h r e e  y e a r s ,  o r  r o u g h l y  
100 p e r  y e a r .  Each c o u n t  is  e i t h e r  a  16-hour manual c o u n t ,  o r  a  
24-hour a u t o m a t i c  c o u n t .  The e x i s t i n g  program manua l ly  c o u n t s  
38 l o c a t i o n s  e i g h t  t i m e s  a  y e a r ,  o r  304 seven-hour  s e s s i o n s .  
T h i s  would compare t o  200 e i g h t - h o u r  c o u n t s  f o r  t h e  new 
program. (The s t a t e  DOT may need t o  r e t a i n  t h e  p r a c t i c e  of 
u s i n g  two seven-hour c o u n t s  r a t h e r  t h a n  one  16-hour c o u n t  due t o  
l a b o r  i s s u e s ,  b u t  t h i s  s h o u l d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  
a c c u r a c y  o f  t h e  sample .  ) A recommended a l t e r n a t i v e  would b e  t o  
c o l l e c t  a s  much of t h i s  d a t a  a s  p o s s i b l e  w i t h  24-hour c o n t i n u o u s  
a u t o m a t i c  equipment  c o u n t e r s .  

The v e h i c l e  c l a s s i f i c a t i o n  s t r a t a  a r e  d e f i n e d  by t h e  
f u n c t i o n a l  c l a s s i f i c a t i o n  o f  r o a d s ,  w i t h o u t  f u r t h e r  
s t r a t i f i c a t i o n  by volume g roup .  E x h i b i t  Maine-5 shows t h e  
sample  s i z e s  chosen  f o r  Maine" EPPS v e h i c l e  c l a s s i f i c a t i o n  
damplee  For example,  t h i s  e x h i b i t  shows t h a t  30 m o n i t o r i n g  
s e s s i o n s  s h o u l d  b e  s e l e c t e d  f rom t h e  60 WPMS r u r a l  i n t e r s t a t e  
s e c t i o n s  t o  a c h i e v e  t h e  e s t i m a t e d  p e r c e n t a g e  o f  3S2 t r u c k s  
w i t h i n  3 1  p e r c e n t  ( i . e .  a n  e s t i m a t e  of  1 2  p e r c e n t  p l u s  o r  minus 
3 . 7  p e r c e n t . )  

The 300 c o u n t s  s e l e c t e d  f o r  Maine s h o u l d  b e  t a k e n  randomly 
from a l l  days  w i t h i n  t h e  c o u n t  c y c l e  from t h e  e x i s t i n g  HPMS 
volume s e c t i o n s .  The c o u n t s  s h o u l d  b e  s p r e a d  e v e n l y  t h r o u g h o u t  
a l l  t h r e e  y e a r s .  S i n c e  a  t r u e  random sample  may n o t  be 
f e a s i b l e ,  a  s y s t e m a t i c  approach  nay b e  n e c e s s a r y .  Such a n  
approach  might  b e  t o  c o l l e c t  d a t a  a t  r o u g h l y  100 l o c a t i o n s  t h r e e  
times e a c h .  The t h r e e  s e s s i o n s  f o r  each  l o c a t i o n  c o u l d  b e  
s e l e c t e d  randomly from: 

. a 1 1  d a y s  w i t h i n  t h e  t h r e e - y e a r  c o u n t  c y c l e :  

. one y e a r  of  t h e  c o u n t  c y c l e ;  o r  

. a  d i f f e r e n t  y e a r  f o r  each  c o u n t  e  moni to r  one  
l o c a t i o n  i n  y e a r  o n e ,  one  i n  y e a r  two, and  .one i n  
y e a r  t h r e e )  . 

P r o f e s s i o n a l  judgment was used t o  d e t e r m i n e  t h e  a p p r o p r i a t e  
l e v e l  of  a c c u r a c y  f o r  e a c h  f u n c t i o n a l  c l a s s i f i c a t i o n .  A 
c o n f i d e n c e  i n t e r v a l  o f  95  p e r c e n t  was used f o r  a l l  f u n c t i o n a l  
c l a s s e s .  The g r a p h s  i n  E x h i b i t s  A - 2  t h r o u g h  A-9 were  used  t o  
d e t e r m i n e  t h e  sample  s i z e s .  The n e c e s s a r y  sample  s i z e s  were 
s e l e c t e d  by r e a d i n g  t h e  X a x i s  o f  t h e  g r a p h  f o r  the d e s i r e d  
a c c u r a c y  o f f  t h e  Y a x i s  o f  t h e  g raph .  Appendix A i n c l u d e s  a n  
example o f  t h e  u s e  o f  t h e s e  g r a p h s .  



L 

E X H I B I T  MAINE-5 

Veh ic l e  C l a s s i f i c a t i o n  Sample 

HPf4S Veh ic l e  P r e c i s i o n  P r e c i s i o n  
volume sample c l a s s  by bY 
Group S i z e  Sample 3S2 Volume 

Rural :  I n t e r s t a t e  
0-10 39 
10-20 12  
20-30 9 
T o t a l  60 30 coun t s  30% 15% 

Other P r i n c i p a l  A r t e r i a l s  
0-5 246 
5-18 5  4 
10-15 12 
15-20 4  
T o t a l  3  16 

Minor A r t e r i a l s  
0-2 - 5  P I 1  
2 -5-5 2 5  
5-10 L O  
10-20 5 
T o t a l  15% 

C o l l e c t o r s  
0-2.5 91  
2 *5-5 15  
5-10 5 

Minor C o l l e c t o r s  
0  -1 155 
1-2 2 5  
2-3 6 
3-5 1 4  
T o t a l  

C o l l e c t o r s  311 

30 coun t s  35% 

30 coun t s  40% 11% 

50 coun t s  40% 



U r b a n i z e d  and  s m a l l  Urban 

HPMS 
Volume Sample  
Group S i z e  

Urban: I n t e r s t a t e  

O t h e r  P r i n c i p a l  A r t e r i a l s  
0-5 4  7 
5-10 7 3 
10-15 7 1  
15-20 3 3  
20-25 7 
25-30 7 
30-35 2  
T o t a l  240 

Minor A r t e r i a l s  
0-2.5 9 5  
2.5-5 5 2  
5-10 45 
10-15 1 3  
15-20 1 5  
20-25 2  
T o t a l  220 

C o l l e c t o r s  
0-1 124  
1-2 6 6  
2-5 1 0 1  
5-10 3 3  
T o t a l  324 

-. 

V e h i c l e  
C l a s s  

Sample 

48 c o u n t s  

4 0  c o u n t s  

3 0  c o u n t s  

30 c o u n t s  

D. 3 3  

P r e c i s i o n  P r e c i s i o n  
by by 

3 S2 Volume 



Speed Monitoring 

No changes are recommended for the speed monitoring program 
element. 

Truck Weight Monitoring 

Like the vehicle classification program element, the size 
of the truck weight program is a function of the level of 
precision wanted by the state. Professional judgment was used 
to determine desirable levels of accuracy within a 95 percent 
confidence interval for computing sample size. The default 
sample size versus precision curves found in Exhibits A-10 
through A-17 were used to calculate the required sample size for 
the selected levels of precision. The selected truck weight 
sample size and levels of precision are shown in Exhibit Maine-6- 

The selection of actual truck weight locations for Maine 
should take into account the availability of the WIM system they 
are currently purchasing, This in turn may slightly affect the 
selection sf vehicle classification sites, but it should not 
significantly affect the accuracy of the recommended data 
collection process. 

The truck weight monitoring locations are to be selected 
from the vehicle classification locations, Ideally, 
measurements should be selected randomly from the vehicle class 
locations and days. In practical terms, a more systematic 
approach is more appropriate. For example, Exhibit Maine-6 
indicates that 20 monitoring sessions are necessary to collect 
3S2 weight data within 11 percent accuracy and 95 percent 
confidence for rural interstates. A systematic approach might 
be to monitor seven different rural interstate locations three 
times each. Each of the three counts at a location would be 
taken during a different part of the year (e.g., March, August, 
November). The measurements at each of the stations could be 
spread between the three years as best suits the budgetary 
restrictions of the state, or one count could be taken each year 
at each location. Each truck weight session should also include 
complete vehicle classification data, which will. be used in 
place of a separate vehicle classification count at that 
locat ion, 

Special Study Counts 

The number of monitoring sessions taken in the special 
study category may increase. The reduction of the coverage 
count program may deprive some data users of count data they 
need, and these needs will often have to be filled by the 
special count program. The HPMS sample and inventory should be 
utilized whenever possible, but some data needs will not be met 
by the HPMS data. 

D. 34  



E X H I B I T  MAINE-6 

TRUCK WEIGHT SAMPLE S I Z E  

Vehicle 
Class i f i ca t ion  

Sample Size  

Rural : 
I n t e r s t a t e  30 
Other P r inc ipa l  

A r t e r i a l s  4 0  

Minor A r t e r i a l s  3 0  

Collectors  48 

Urban : 
I n t e r s t a t e s  & 

Freeways 

Other Pr inc ipa l  
A r t e r i a l s  40  

Minor A r t e r i a l s  30 

Col lectors  30 

Truck 
Weight 3 S2 

Sample Size  Precis ion 
Total  Weight 

Precis ion 



The special data collection program element should be used 
to collect all kinds of traffic data not supplied by the 
countinuous counters, coverage counts, or the HPMS data base. 
This could include, but not be limited to, site specific volume 
counts, special studies for determining in-state versus 
out-sf-state travel, or any other set of data the state may 
desire. 

An increase in the special data program may actually 
benefit a majority of users when compared with the existing 
program, in that the special count program should quickly 
address existing needs in all parts of the state. 

The Ohio traffic monitoring program currently contains the 
following elements: 

. Continuous Counts; 

. Coverage Counts (including HPMS volume counts); 

. Vehicle Classification Counts; 

. Truck Weight Monitoring; and 

. Special Counts. 
The HPMS volume counts are taken at the same time the coverage 
counts are taken, and will be discussed under that heading. 

The effects of implementing the recommended traffic 
monitoring program in Ohio can be summarized as follows: 

. a new seasonal factoring procedure should be used; 

. the coverage count program can be reduced; 

. the number of regularly scheduled vehicle 
classification counts will be reduced, although 
additional vehicle classification counts may be 
added to the special data collection program; and 

. the special data collection program will be expanded. 



The e f f e c t  of  t h e  program on t h e  Ohio  t r u c k  w e i g h t  m o n i t o r i n g  
program i s  u n c l e a r  b e c a u s e  i n s u f f i c i e n t  d a t a  were  a v a i l a b l e  a s  
t o  t h e  c u r r e n t  s i z e  o f  t h i s  program now t h a t  t h e  s t a t e  is  u s i n g  
W I M  equipment .  

While t h e  s t a t e  a l s o  p e r f o r m s  s p e e d  m o n i t o r i n g ,  t h i s  
p a r t i c u l a r  a s p e c t  of  t r a f f i c  m o n i t o r i n g  is  beyond t h e  s c o p e  of 
t h i s  p r o j e c t .  The s p e e d  m o n i t o r i n g  program i s ,  t h e r e f o r e ,  l e f t  
unchanged.  

Con t inuous  Coun t s  

The g r o u p i n g  of  ATRs by f u n c t i o n a l  c l a s s  f o r  Ohio i n d i c a t e d  
t h a t  t h e r e  is more v a r i a b i l i t y  i n  t h e  s e a s o n a l  p a t t e r n s  among 
t h e s e  r o a d s  t h a n  f o r  t h e  m a j o r i t y  of  t h e  o t h e r  s t a t e s  examined.  
I t  i s  u n c l e a r  whe the r  t h i s  i s  d u e  t o  t h e  a c t u a l  t r a f f i c  on t h o s e  
r o a d s ,  o r  whether  e r r o r s  i n  t h e  d a t a  c a u s e d  a d d i t i o n a l  v a r i a t i o n  
i n  t h e  s e a s o n a l  f a c t o r  g r o u p s  t h a t  d o e s  n o t  a c t u a l l y  e x i s t .  
C o n s i d e r a b l e  d i f f i c u l t y  was e x p e r i e n c e d  p r e p a r i n g  t h e  ATR d a t a  
c o n t a i n e d  i n  FHWA f i l e s  f o r  t h i s  a n a l y s i s  o f  t h e  Ohio  program. 
The a v a i l a b l e  d a t a  had a  c o n s i d e r a b l e  number o f  m i s s i n g  d a t a  
p o i n t s  and o t h e r  o b v i o u s  e r r o r s ,  and t h e s e  and  o t h e r  p o s s i b l e  
e r r o r s  may have  had a  s i g n i f i c a n t  e f f e c t  on t h e  outcome of t h e  
a n a l y s i s .  

The f i n a l  s e l e c t i o n  o f  s e a s o n a l  f a c t o r  g r o u p s  f o r  Ohio is 
v e r y  s i m i l a r  t o  t h e i r  c u r r e n t  f a c t o r  g r o u p i n g s .  The c u r r e n t  and 
recommended f a c t o r  g r o u p s  a r e  shown i n  E x h i b i t  Ohio-1. A s  
s t a t e d  above,  t h e  v a r i a t i o n  w i t h i n  t h e  recommended f a c t o r  g roups  
was h i g h e r  t h a n  f o r  most o f  t h e  o t h e r  example s t a t e s .  R e g i o n a l  
s t r a t i f i c a t i o n s  d i d  n o t  r e d u c e  t h i s  v a r i a t i o n ,  s o  t h e  s t a t e  is 
t r e a t e d  a s  a  whole,  w i t h o u t  r e g i o n s .  

The l a c k  of  a  need f o r  r e g i o n a l  breakdowns means t h a t  
c o n s i d e r a b l y  fewer  ATR s t a t i o n s  a r e  needed t o  p r o v i d e  s e a s o n a l  
a d j u s t m e n t  f a c t o r s  f o r  t h e  e n t i r e  s t a t e .  A s  can  b e  s e e n  i n  
E x h i b i t  IV-3 i n  t h e  main body of  t h i s  r e p o r t ,  t h e  b e n e f i t s  from 
ATR s t a t i o n s  d e c r e a s e  s h a r p l y  i n  compar i son  t o  t h e  c o s t  of 
s e r v i c i n g  them a f t e r  a p p r o x i m a t e l y  e i g h t  c o u n t e r s  a r e  a c h i e v e d  
p e r  group.  I t  i s  t h e r e f o r e  recommended t h a t  no  f a c t o r  g roup  
have more t h a n  e i g h t  c o u n t e r s ,  a l t h o u g h  t h i s  i s  a  r e l a t i v e l y  
a r b i t r a r y  number, and Ohio  may wish  t o  k e e p  more o r  f ewer  A T R s  
i n  a  f a c t o r  g roup .  

T h r e e  of  t h e  recommended f a c t o r  g r o u p s  h a v e  more t h a n  e i g h t  
c o u n t e r s .  T h i s  means t h a t  Ohio c a n  r e d u c e  t h e  t o t a l  number of 
ATR l o c a t i o n s  by s i x .  However, t h r e e  of t h e  f a c t o r  g r o u p s  have  
o n l y  f o u r  c o u n t e r s .  I t  is  recommended t h a t  t h e s e  f a c t o r  g r o u p s  
be i n c r e a s e d  t o  s i x  c o u n t e r s  t o  p r o v i d e  f o r  improved d a t a  f o r  
t h e  s e a s o n a l  f a c t o r s .  These  two recommendat ions  t o g e t h e r  r e s u l t  
i n  no change i n  t h e  t o t a l  number o f  A T R s  f o r  t h e  s t a t e .  



EXHIBIT OHIO-l 

CURRENT AND RECOMMENDED SEASONAL 

FACTOR GROUPS 

C u r r e n t  

R u r a l  I n t e r s t a t e  

R u r a l  I n t e r  s t a e  (1-75 ) 

R u r a l  H i g h w a y s  1 0 0 0  ADT 
S o u t h  sf US-30 

R u r a l  Highways  1 8 8 0  ADT 
N o r t h  o f  US-30 

R u r a l  Highways  1 0 0 0  ADT 

R u r a l  R e c r e a t i o n a l  

U r b a n  4 0 , 0 0 0  ABT 

U r b a n  w i t h  ADT 1 5 , 0 0 0  a n d  
ADT 4 0 , 0 0 0  

U r b a n  w i t h  ADT 1 5 , 0 0 0  

Recommended 

R u r a l  I n t e r s t a t e  

R u r a l  P r i n c i p a l  A r t e r i a l s  

R u r a l  M i n o r  A r t e r i a l s  

R u r a l  C o l l e c t o r s  

U r b a n  I n t e r s t a t e s  

U r b a n  P r i n c i p a l  A r t e r i a l s  

U r b a n  Minor  A r t e r i a l s  
a n d  C o l l e c t o r s  



HPMS and Coverage Counts 

The Ohio coverage count program currently takes four years 
to cover the entire state. HPMS volume counts are taken at the 
same time as these counts. The recommended program would 
collect only the HPMS counts, counts for estimating VMT off of 
the HPMS system, counts for updating the HPMS volume group 
classifications, and other counts specifically needed by the 
state. The state DOT indicated that their coverage count 
program fulfilled specific state needs that could not be met 
through the HPMS. It is therefore unclear exactly what savings 
the state can make in the reduction of its coverage count 
program. 

The recommended program would increase the frequency sf 
HPMS counts to every three years. The counts would also become 
48-hour machine counts, rather than 24-hour machine counts. 
(Manual counts will be discussed under vehicle classification 
counts.) Ohio would need to take 992 counts per year to satisfy 
the HPMS volume count needs of the recommended program. Other 
counts would be necessary for updating the volume strata of HPMS 
sections not included in the volume sample as well as for other 
reasons. These counts compare to the roughly 6,000 machine 
counts currently being taken for all purposes every year. 

Vehicle Classification Counts 

Because of the industrial nature of much of the state sf 
Ohio, it is suggested that the state stratify its vehicle 
classification counts for rural interstates and principal 
arterials by high and low volume roads. For this appendix, high 
volume roads are considered to be those roads with AADT greater 
than 20,000 vehicles per day. Since data are not available to 
indicate a reduction in the variation within the vehicle class 
strata resulting from this stratification, this causes an 
increase in the vehicle classification sample size. 

Exhibit Ohio-2 shows the selected vehicle classification 
sample sizes and levels of precision. The data in Appendix A 
are used to calculate these estimates, with the data for each 
full stratum being used for both high and low volume roads. 



EXHIBIT OHIO-2 

Vehicle  C l a s s i f i c a t i o n  Sample 
HPMS Vehic le  P r e c i s i o n  P r e c i s i o n  

Volume Sample Class  by by 
Group S ize  SarnpS e 3S2 Volume 

Rural:  I n t e r s t a t e  
Low Group 1 9 
Vol Group 2 68  50 counts  23% 10 % 

Group 3 3 5 
H I  Group 4 5 
VOI Group 5 a 

Tota l  118 50 counts  23% 10% 

Other P r i n c i p a l  
Group 1 256 

Low Group 2 86  40 counts  35% 12% 
Vol Group 3 2 4  
- Group 4 - 3 

H i  Group 5 7 
Vol Group 6 1 

Tota l  377 40 counts  35% 

Minor A r t e r i a l s  
Group 1 8 4 
Group 2 47 
Group 3 20 
Group 4 7 
Tota l  158 

C o l l e c t o r s  
Group 1 71 
Group 2 13  
Group 3 1 0  
Group 4 9 

Minor C o l l e c t o r s  
Group 1 142 
Group 2 . 19 
Group 3 3 
Group 4 1 9  
Group 5 6 
~ o t a i  

C o l l e c t o r s  292 

30 counts  40% . 13% 

50 counts  40% 



Urbanized and sma l l  Urban 
Vehic le  C l a s s i f i c a t i o n  Sample 

HP MS Vehic le  P r e c i s i o n  P r e c i s i o n  
volume Sample C la s s  by by 
Group S i z e  Sample 3S2 Volume 

Urban: I n t e r s t a t e  

Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
T o t a l  

Other P r i n c i p a l  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Tota l  

Minor A r t e r i a l s  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
T o t a l  

C o l l e c t o r s  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
T o t a l  

50 counts  30% 

Ar te r  i a l s  
10 4 
195 
166 , 

9 4 
5 4 
4 8 
2 1 

682 4 0 



The 410 counts selected for Ohio should be taken randomly 
from all days within the count cycle for the existing HPMS 
volume sections. The counts should be spread evenly throughout 
all three years. A systematic approach to this might be to 
collect data at 100 locations three times each, and data from 
another 110 locations once during the cycle. For those 
locations counted three times, the three sessions could be 
selected randomly from: 

all days within the three-year count cycle; 

one year of the count cycle; or 

. a different year for each count (i.e., count one in 
year one, one in year two, and one in year three). 

Professional judgment was used to determine the appropriate 
level of accuracy for each functional classification. A 
confidence interval of 95 percent was used for all functional 
classes. The graphs in Exhibits A-2 through A-9 were then used 
to determine the sample sizes. Appendix A includes a 
description of how these graphs are used. 

Currently, Ohio t.akes vehicle classification counts as a 
part of their coverage count progran. Roughly 2,200 of their 
8,200 coverage counts are manual counts that include vehicle 
classification information. In addition, Ohio takes vehicle 
classification data at its 14 fixed truck weight locations four 
times a year. The recommended program would reduce the amount 
of regularly scheduled vehicle classification counts to 410 
sessions every three ye,ars, or roughly 135 per year. If this 
reduction in counts hinders some data user needs, additional 
vehicle classificati~n counts can be taken as part of the 
special data collection element. As an option, given Ohio's 
current large vehicle classification program, these counts could 
be taken annually. 

It is recommended that Ohio reduce the number of manual 
classification counts it takes, and utilize more automatic 
counters. This should result in a more cost effective vehicle 
classification program. 

A final change to the Ohio vehicle classification progran 
element is the need for the state to revis-e the vehicle 
classifications used to conform to the newly issued federal 
guidelines. This should result in some improvement to the data 
available for state data users, although it will increase the 
number of vehicle categories collected in some instances. 



Truck Weight Monitoring 

The recommended number of truck weight monitoring sessions 
for each functional class of road is presented in 
Exhibit Ohio-3. As with the number of vehicle classification 
counts, the recommended number of weight monitoring locations is 
dependent on the ,level of precision required by the state, and 
may vary from those shown in the exhibit as a result of state 
needs. As stated earlier, it is unclear how many truck weight 
locations the state is currently operating, because Ohio's WIM 
equipment was not in operation at the time of the state 
interviews. It is therefore not possible to compare the 
recommended and current truck weight programs at this time. 

The selection of actual truck weight locations for Ohio 
should take into account the availability of the bridge WIM 
system currently used. This may slightly affect the selection 
of vehicle classification sites, but it should not significantly 
affect the accuracy of the recommended data collection process. 

The truck weight monitoring locations are to be selected 
from the vehicle classification locations. Ideally, 
location-days should be selected randomly from the vehicle class 
location-days. In practical terms, a more systematic approach 
is more appropriate. For example, Exhibit Ohio-3 indicates that 
20 monitoring sessions are necessary to collect 3S2 weight data 
within 11 percent accuracy and 95 percent confidence for rural 
interstates. A systematic approach might be to monitor seven 
different rural interstate locations three times each. Each of 
the three sessions at a location would be during a different 
time of the year (e.g., March, August, ~ovember). The sessions 
at each of the stations could be spread between the three years 
as best suits the budgetary restrictions of the state, or one 
session could be taken each year at each location. A vehicle 
classification count would also be taken at each weight 
monitoring site at the same time as the weight monitoring. This 
classification count would be part of the required 410 counts 
per cycle described above. 

Special Counts 

Ohio DOT currently takes traffic counts for the MPOs in the 
state, as well as other "special" data. The recommended traffic - 
monitoring program may expand this program to include other 
requested data not collected through one of the other program 
elements. This may include vehicle classification counts, 
additional truck weight monitoring, or any other traffic data 
need for specific sites that would normally be provided by the 
state highway department. Non-site-specific data should be 
available through one of the other traffic monitoring elements. 

Other Ohio DOT "special" programs, such as the collection 
of data at railroad grade crossings, should continue, although 
the frequency of these counts should be reviewed by the 
department. 



E X H I B I T  OHIO-3 

TRUCK W E I G H T  SAMPLE SIZE 

Vehicle Truck 
Class i f i ca t ion  Weight 3S2 Total  Weight 

Sample Size  Sample Size Precis ion Precis ion 

Rural: 
I n t e r s t a t e  1 0 0  
Other Pr inc ipa l  

A r t e r i a l s  8 0  

Minor A r t e r i a l s  30 

Col lectors  50 

Urban: 
I n t e r s t a t e s  & 

Fr e eways 50 

O t h e r  P r inc ipa l  
A r t e r i a l s  4 0  

Minor A r t e r i a l s  3  0 

Col lectors  30 



OREGON 

The Oregon DOT t r a f f i c  m o n i t o r i n g  program c u r r e n t l y  
c o n t a i n s  t h e  f o l l o w i n g  e l e m e n t s :  

. Cont inuous  Counts ;  

. Coverage  Coun t s  ( i n c l u d i n g  HPMS volume c o u n t s ) ;  

V e h i c l e  C l a s s i f i c a t i o n  Counts ;  

. Truck Weight Moni to r ing :  and 

. S p e c i a l  Coun t s .  

Volume c o u n t s  f o r  t h e  HPMS a r e  o b t a i n e d  f rom t h e  r e g u l a r l y  
s c h e d u l e d  c o v e r a g e  c o u n t  program. A s  a  r e s u l t ,  t h e  recommended 
HPMS volume c o u n t i n g  p r o c e d u r e s  w i l l  be  d i s c u s s e d  under  t h e  
c o v e r a g e  c o u n t  h e a d i n g .  

A s  w i t h  t h e  o t h e r  s t a t e s ,  Oregon a l s o  p e r f o r m s  s p e e d  
m o n i t o r i n g .  T h i s  program e l e m e n t  is beyond t h e  s c o p e  o f  t h i s  
p r o j e c t .  T h e r e f o r e ,  t h e  recommended t r a f f i c  m o n i t o r i n g  program 
d o e s  n o t  make changes  t o  t h e  s p e e d  m o n i t o r i n g  program e l e m e n t .  

T h e  i m p a c t s  of  t h e  recommended program on t h e  Oregon DOT 
t r a f f i c  m o n i t o r i n g  program c a n  b e  summarized as f o l l o w s :  

. t h e  number o f  c o n t i n u o u s  c o u n t e r  l o c a t i o n s  is 
reduced  w i t h  some c o u n t e r s  b e i n g  moved; 

. t h e  s e a s o n a l  f a c t o r i n g  p r o c e s s  i s  changed s l i g h t l y ;  

, t h e  c o v e r a g e  c o u n t  program i s  reduced ;  

. t h e  number of  v e h i c l e  c l a s s i f i c a t i o n  c o u n t s  t a k e n  
p e r  y e a r  i s  r e d u c e d ,  a n d  t h e  l o c a t i o n s  a l t e r e d ;  and 

. t h e  s i z e  o f  t h e  s p e c i a l  c o u n t  program i s  i n c r e a s e d .  

The e f f e c t s  o f  t h e  recommended program on O r e g o n ' s  t r u c k  w e i g h t  
m o n i t o r i n g  c a n n o t  b e  a n a l y z e d ,  a s  Oregon h a s  t e m p o r a r i l y  
suspended i ts  w e i g h t  m o n i t o r i n g  program s u b j e c t  t o  t h e  r e l e a s e  

_of new f e d e r a l  g u i d e l i n e s .  

Con t inuous  Coun t s  

Oregon DOT c u r r e n t l y  o p e r a t e s  115 ATR l o c a t i o n s  i n  f o u r  
r e g i o n s  of t h e  s t a t e .  The recommended program u s e s  o n l y  two 
r u r a l  r e g i o n s  (see E x h i b i t  Oregon-1) and one  u rban  r e g i o n  w i t h i n  
t h e  s t a t e ,  a l t h o u g h  t h e  s t a t e  may d e c i d e  t o  keep s e v e r a l  r o a d s  
s e p a r a t e  a s  s p e c i a l  r e c r e a t i o n a l  r o u t e s .  The recommended 
s e a s o n a l  f a c t o r  g r o u p s  a r e  p r e s e n t e d  i n  E x h i b i t  Oregon-2. The 





recommended groupings are based on the original Oregon regions. 
An examination of the available data showed that differences in 
the seasonal traffic patterns between several of the current 
regions were not large enough to warrant keeping them separate 
in this analysis. This is illustrated in Exhibit Oregon-3 for 
the Minor Arterial functional class. 

As can be seen in Exhibit Oregon-1, the 115 ATR locations 
are split between only 8 factor groups in the recommended 
program. This is an average of over 14 counters per factor 
group. In Exhibit IV-3 in the main body of this report, the 
advantages of maintaining more than eight ATR locations per 
factor group are shown to decrease in comparison to the cost of 
operating them. If the state accepts the recommended factor 
grouping, and eight counters are accepted as a maximum number 
per factor group, it will be possible for the state to eliminate 
as many as 51 ATR locations. As stated in the other case 
studies, the choice of eight ATRs as the maximum number of ATRs 
per factor group is somewhat arbitrary, and the state may decide 
that another number is more appropriate. 

Oregon will have to move I1 ATR locations if they wish to 
have eight counters in each seasonal factor group. Currently, 
the Urban Principal Arterial group has only 3 stations, while 
the Urban Minor Arterial and Collector group has only 2. The 
movement of count locations would result in a one time cost to 
the state, but this cost would be offset by the savings 
resulting from the the reduction in the total number of ATRs 
from 115 to 64. This savings could be as much as $84,000 per 
year for the state (51/115 * $190,000/year ATR budget). 
However, Oregon may wish to maintain some of these RTRs for 
other reasons such as trend data. 

HPMS and Coverage Counts 

The Oregon coverage count program is performed on a 
two-year cycle. During this cycle, BPMS volume counts are also 
collected. During one year, the state collects data for state 
roads, while in the second year, the state collects data on FA$ 
county roads, It is unclear exactly how many of these road 
segments are included on the HPMS inventory and how many are not 
included in the inventory. There are, however, only 1,930 HPMS 
volume count sample sections in the state of Oregon. 

The recommended HPMS program element would cut back the 
coverage count program to a third of the HPMS volume sections, 
or 643 sections per year, plus whatever non-HPMS counts are 
needed by the state on ' a regular basis f e-g., counts for 
updating the volume grouping of other HPMS sections, or data for 
local road estimation). However, the HPMS volume counts would 
be counted for 48 hours rather than the 24 currently counted. 







Vehicle Classification Counts 

Oregon currently takes one manual vehicle classification 
counts at 113 ATR locations every three years, an average of 38 
counts per year. The recommended program would increase the 
number of vehicle classification counts to roughly 105 per year 
(320 on a three-year cycle). These counts are broken down by 
functional class in Exhibit Oregon-4, The number of count 
locations selected for the WPMS vehicle class subelement is 
dependent on the level of precision desired by the state, so the 
actual number of counts needed by the state may vary from those 
shown in Exhibit Oregon-4. The state will need to examine its 
particular needs and budgetary constraints before determining 
these precision levels. 

The 320 counts selected for Oregon should be taken randomly 
from all days within the count cycle for the existing HPMS 
volume sections. The counts should be spread evenly throughout 
all three years. A systematic approach to this might be to 
collect data at 105 locations three times each. The three 
sessions for each location could be selected randomly from: 

. all days within the three-year count cycle; 

. one year of the count cycle; or 

. a different year for each count (i.e., count one in 
year one, one in year two, and one in year three), 

Professional judgment was used to determine the appropriate 
level of accuracy for each functional classification. A 
confidence interval of 95 percent was used for all functiona1 
classes. The graphs in Exhibits A-2 through A-9 were used to 
determine the sample sizes. Appendix A includes a description 
of how these graphs are to be used. It is further recommended 
that the state make use of automatic vehicle classificatisn 
equipment wherever possible. 

Truck Weight Monitorinq 

The number of days of truck weight monitoring necessary for 
each functional class of roadway is shown in Exhibit Oregon-5. 
As for the vehicle classification data, the number of days is a 
function of the precision desired, and the actual number of 
counts taken by Oregon may change depending on the available 
budget and the accuracy needed, 



E X H I B I T  OREGON-4 

Vehicle  C l a s s i f i c a t i o n  Sample 
HPMS Vehicle  P r e c i s i o n  

Volume Sample Class  bl' 
Group - Size  Sample 3S2 

Rural:  I n t e r s t a t e  
Group 1 5 3  
Group 2 4 6 
Group 3 6 
Group 4 9 
Group 5 3 
Group 6 1 
Tota l  118 50 counts  2 3 %  

Other P r i n c i p a l  A r t e r i a l s  
Group 1 20 5  
Group 2 5 8 
Group 3 1 2  
Group 4 5  
Group 5 2 
To ta l  282 40 counts  35% 

Minor A r t e r i a l s  
" Group 1 10 0 

Group 2 2  3  
Group 3 . 15 
Group 4 3 

' Tota l  1 4 1  

C o l l e c t o r s  
Group 1 1 1 6  
Group 2 13 
Group 3  8 
Group 4 3 

Minor C o l l e c t o r s  
Group 1 1 4 2  
Group 2 1 4  
Group 3 3 
Group 4 3 
Tota l  

Co l l ec to r s  302 

30 counts  

48 counts  

P r e c i s i o n  
by 

Volume 



Urbanized and small Urban 
Vehicle C la s s i f i ca t i on  Sample 

HPMS Vehicle Precis ion Precis ion 
Volume Sample Class by 
Group Size Sample 352 Volume 

by - - 
Urban: I n t e r s t a t e  

Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Total  

Other Pr inc ipa l  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Group 8 
Group 9 
Group 1 0  
Total  

Minor A r t e r i a l s  
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Tota l  

Col lectors  
Group P 
Group 2 
Group 3 

- Group 4 
Group 5 
Group 6 
Total  

A r t e r i a l s  
5 5 
9 5 
5 7 
4 2 
30 
15 

7 
6 
1 
l 

3 0 9 

48 counts 30% 



ir 

EXHIBIT OREGON-5 

TRUCK W E I G H T  SAMPLE SIZE 

Vehicle Truck 
Class i f i ca t ion  Weight 3S2 - Sample Size  Sample Size Precis ion 

Rural: 
I n t e r s t a t e  50 

iZ 

Other Pr inc ipa l  
A r t e r i a l s  4 0  

Minor A r t e r i a l s  3 0  

Collectors  48 

Urban: 
I n t e r s t a t e s  & 

Freeways 48 

Other Pr inc ipa l  
A r t e r i a l s  4 0  

Minor A r t e r i a l s  30  

Col lectors  30 

Total  Weight 
Precis ion 



The truck weight monitoring locations are to be selected 
from the vehicle classification locations. Ideally, counts 
should be selected randomly from the vehicle classification 
location-days, although the proposed sites would have to be 
examined to see if they could be used given Oregon's truck 
weighing equipment. 

In practical terms, a more systematic approach is more 
appropriate, For example, Exhibit Oregon-5 indicates that 25 
monitoring sessions are necessary to collect 3S2 weight data for 
rural interstates within 10 percent accuracy and 95 percent 
confidence. A systematic approach might be to count eight 
different rural interstate locations three times each (plus one 
location a fourth time). Each of the three counts at a location 
would be taken during a different part of the year (e.g., March, 
August, November). The counts at each of the stations could be 
spread between the three years as best suits the budgetary 
restrictions of the state, or one count could be taken each year 
at each location. 

S~eciah Counts 

The number of monitoring sessions taken in the special 
study category may increase. Any reduction of the coverage 
count program may deprive some data users of count data they 
need, and these neeas will often have to be filled by the 
special count program. The HPMS sample and inventory should be 
utilized whenever possible, but some data needs will not be met 
by the HPMS data. 

The special data collection program element should be used 
to collect all kinds of traffic data not supplied by the 
countinuous counters or the HPMS data base. This could include, 
but not be limited to, site specific volume counts, special 
studies for determining in-state versus out-of-state travel, or 
any other set of data the state nay desire, 
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APPENDIX E--STATISTICAL DEFINITIONS AND DERIVATIONS 

This appendix is intended to provide the reader with a 
means of following the statistical equations presented in the 
main body of this report. The first part of this appendix 
presents the derivation of the equations in the main body of the 
paper. The remainder of the appendix presents a list of 
definitions of the terms used in the equations. 

EQUATION DERIVATION 

Several methods of estimating the standard error of a 
traffic estimate have been presented in the past. This document 
expands on the methodologies presented in the document, Guide to 
Urban Traffic Volume Counting, by Robert Ferlis, Larry Bowman, 
and Bart Cima of Peat Marwick, for FHWA, February 1980. In that 
document, the error in a volume estimate is divided into two 
terms, "internal" error and "external" ,error. Internal error 
contains locational, daily, and seasonal terms. It is affected 
by sample size. The external error includes axle correction 'and 
seasonal adjustment terms. It fs stated that these terms are , 

unaffected by sample size. This study differs in that we assume 
that the axle correction and the seasonal adjustment factors 
contribute errors which are affected by the sample size of the 
counts used to calculate the estimates. In the Guide to Urban 
Traffic Volume Counting, these terms were given, not calculated 
as a part of the counting process. A statewide traffic 
monitoring program, however, is in charge of collecting the data 
that determTnes these values and thus can affect their 
precision, by altering the data collection procedures. Axle 
correction adjustment terms and seasonal adjustment terms are 
therefore included in the equations for calculating the standard 
error of a traffic estimate. 

The equations presented in the text of this document are 
also in a slightly different form than those in the Guide to 
Urabn Traffic Volume Counting. The main difference is that some 
of the variance terms on the right sides of equations are not 
simply divided by the sample size used to collect the data used 
in estimating the factor. For example, equation 2 contains the 
term : 

where this might normally be presumed to be: 



.' 
For the above, ncc equals the number of classification counts 
used to estimate the seasonal factor. That factor has a 
standard deviation equal to SVOLS. 

It is our contention that the seasonal factor contributes 
two sources of error, an error in the estimated mean value (the 
factor) and an error due to the distribution of the actual 
values that are the population. The first of these is the error 
in the factor itself, the difference between the estimate and 
the "true" average seasonal adjustment factor for that factor 
group. This error is affected by the number of samples used to 
estimate it. The second portion of error is that due to the 
difference between the "true" average for the strata, and the 
actual value for that road section. 

For estimates of traffic at specific locations, this 
portion of the error is not affected by the sample size, and 
thus contributes the entire standard error of the factor. In 
equation 2 the first of these errors is that represented by the 
term l/ncc, the second is represented by the value X, It should 
be noted that the same data used to estimate the deviation in 
the mean value is also the data that provides the estimate of 
the deviation in the population. The standard deviation of the 
mean and the population are therefore the same for these cases, 

This same effect occurs for axle correction and for 
growth. Daily and locational variancer however, do not exhibit 
this characteristic. These terms are therefore completely 
affected by the number of monitoring sessions used to compute 
the desired estimate. 

The estimation of an average value for a stratum (as in 
equations 3 and 7), rather than a value for a single location, 
creates a slightly different form of equation 2 to develop. The 
two* sources of error are still present for seasonal, axle, and 
growth variance, but the manner in which these effects are 
computed changes slightly. For volume estimation, the number of 
counts taken within a stratum affects the difference between the 
true mean value and that of the sample. The greater the sample, 
the less the difference between the sample mean and the stratum 
mean. Equation ' 2  changes to accommodate this and results in " 

equation 3. As an example, the seasonality term presented ,- 
earlier in this appendix becomes: 

This version of the basic equation indicates that the error from 
the seasonal factor is still affected by the number of counts 
taken to compute the factor, The error from the difference 
between the population mean and the computed stratum mean, 



however, decreases as the number of volume counts grows (i.e., 
as the sample grows, the mean of the sample will approach the 
mean of the population, and there will be no error from this 
source 1. 

The vehicle classification and truck weight equations 
continue to use the basic format shown above, where several 
sources of error have two basic forms, the error in the mean 
estimate, and the error due to the difference between the actual 
estimate and the true mean value of the population. 

The calculation of standard error for individual estimates 
or for stratum estimates of percentage of vehicle classification 
and for weight per vehicle type is a simple extension of the 
formulas for estimating volumes. The only.differences are from 
the substitution of terms. For example, the variance across 
days of the percentage of vehicles is substituted for the 
variance of volume across days. In addition, there are no terms 
for axle correction or growth in the computation of the standard 
error of the vehicle classification percentage estimate or of 
the truck weight estimate, 

A second type of formula was necessary for determining 
error in estimates that are made by multiplying two previous 
estimates together. For example, the estimated number of 3S2 
trucks at one location can be computed as the estimated volume 
times the estimated percentage of 352 trucks. The error 
calculation for this type of estimate is determined using 
formulas derived for applying ratio estimates. The text Sample 
Survey Methods and Theory by Hansen, Hurwitz, and Madow, 
published-by Sons, New York, 1953, serves as the 
basis for deriving these equations (see volume I, page 163. 

Equation 9 is derived from the data in this source, and the 
covariance term is assumed equal to zero. This results in 
equation 10: 

which serves as a model for further derivations. 

the basic form of equation 10 is used to provide the basis 
for estimates of volume by vehicle type and total weight by 
vehicle type. This form is simply the square of the products of 
the two estimated values times the sum of their squared 
coefficients of variation, This same basic formula is used in 
equations 10, 13, 17, 26, 28, and 31. The major differences 
between these equations and equation 10 are in the substitution 
of terms. For example, the estimated values for EALs and the 
deviation of the EAL estimate are substituted for the estimates 
of percentage of traffic by vehicle type and the standard 
deviation of that estimate when equation 10 is used to estimate 
total EALs by vehicle type as in equation 26. 



DEFINITION OF TERMS 

L i s t e d  below a r e  d e f i n i t i o n s  of  a l l  terms used i n  t h e  
e q u a t i o n s  p r e s e n t e d  i n  t h i s  r e p o r t .  V a r i a b l e s  a re  d e f i n e d  
s y s t e n a t i e a l l y ,  f o l l o w i n g  t h e  p r o t o c o l  l i s t e d  below: 

. t h e  c a p i t a l  l e t t e r  S a t  t h e  b e g i n i n g  of a  term 
a l w a y s  i n d i c a t e s  t h a t  t h e  t e r m  is a  s t a n d a r d  
d e v i a t i o n  o r  e r r o r ;  

. t h e  lower  c a s e  i i n d i c a t e s  " f o r  t h e  v e h i c l e  t y p e  in;  

. t h e  lower  c a s e  j i n d i c a t e s  " f o r  t h e  l o c a t i o n  jR;  

. t h e  lower  c a s e  h  i n d i c a t e s  " f o r  t h e  s t r a t u m  h w ;  and 

t h e  lower  c a s e  k i n d i c a t e s  " f o r  t h e  v e h i c l e  k". 

Once t h e  r e a d e r  becomes f a m i l i a r  w i t h  t h e  sys tem,  h e  o r  s h e  
s h o u l d  b e  a b l e  t o  r e a d i l y  i d e n t i f y  any v a r i a b l e  u s i n g  t h e s e  
b a s i c  n o t a t i o n s  and an u n d e r s t a n d i n g  of t h e  r o o t  v a r i a b l e .  A 
l i s t  of  
below: 

d  

EAL i-, 

EALih 

EALihk 

E A L i  j 

EAL j 

GF 

GF1 

t h e  s p e c i f i c  terms used  i n  t h i s  r e p o r t  is  p r e s e n t e d  

= t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  a n  e s t i m a t e .  

= t h e  a c c u r a c y  o f  a n  e s t i m a t e ,  e x p r e s s e d  a s  a 
f r a c t i o n  of  t h a t  e s t i m a t e  ( i . e . ,  m u l t i p l y  by 
100 t o  e x p r e s s  a s  a  p e r c e n t a g e ) .  

= t h e  a v e r a g e  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  
t y p e  i f o r  s t r a t u m  h .  

= t h e  t o t a l  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  
t y p e  i f o r  s t r a t u m  h .  

= t h e  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  k of  
v e h i c l e  t y p e  i f o r  s t r a t u m  h .  

= t h e  a v e r a g e  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  
t y p e  i f o r  l o c a t i o n  j. 

= t h e  t o t a l  e q u i v a l e n t  a x l e  l o a d  a t  l o c a t i o n  j .  

= a  growth f a c t o r  e s t i m a t e .  

= a growth f a c t o r  e s t i m a t e  b a s e d  on t h e  c o u n t s  
from t h e  c u r r e n t  y e a r  and t h o s e  same l o c a t i o n s  
from a p r e v i o u s  i t e r a t i o n  o f  t h e  c o u n t  c y c l e .  



GF 2 = a growth factor estimate based on the counts 
from the previous year and those same 
locations from a previous iteration of the 
count cycle. 

Milesh = the number of miles of roads in stratum h. 

n = the number of monitoring sessions taken. 

"h = the number of monitoring sessions taken in 
stratum h. 

r9 

ncc = the number of control locations used to 
calculate the seasonal factor. 

= the number of control locations used to 
calculate the seasonal factor for stratum h. 

nccsh = the number of control locations used to 
calculate the seasonal variation or seasonal 
factor for vehicle mix for stratum h. 

nd = the number of days of monitoring used to 
estimate volume at a location. 

Wf = the number of count locations used to estimate 
the growth factor. ' ' 

nhr = the number of monitoring locations used to 
estimate the variation in percentage of 
vehicle mix across hours. 

n twh = the number of truck weight monitoring sessions 
for stratum h. 

ntwsh = the number of truck weigh4t monitoring sessions 
for determining seasonal variation for 
stratum h. 

nv c = the number of vehicle classification counts 
used to estimate the axle correction factor. 

nvch = the number of vehicle classification counts 
used to estimate the axle correction factor 
for stratum h. 

PVC ih = the average percentage of volume contributed 
by vehicle type i for stratum h. 

PVCi j = the percentage of volume contributed by 
vehicle type i at location j. 



SEAL j 

SPVC i j 

= t h e  s t a n d a r d  e r r o r  o f  t h e  a v e r a g e  e q u i v a l e n t  
a x l e  l o a d  f o r  v e h i c l e  t y p e  i f o r  s t r a t u m  h. 

= t h e  s t a n d a r d  e r r o r  o f  t h e  t o t a l  e q u i v a l e n t  
a x l e  l o a d  f o r  v e h i c l e  t y p e  i f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  e r r o r  o f  t h e  t o t a l  e q u i v a l e n t  
a x l e  l o a d  f o r  l o c a t i o n  j. 

= t h e  s t a n d a r d  d e v i a t i o n  a c r o s s  d a y s  o f  t h e  
a v e r a g e  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  t y p e  
i f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  d e v i a t i o n  a c r o s s  l o c a t i o n s  o f  t h e  
a v e r a g e  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  t y p e  
i f o r  s t r a t u m  h.  

= t h e  s t a n d a r d  d e v i a t i o n  a c r o s s  s e a s o n s  o f  t h e  
a v e r a g e  e q u i v a l e n t  a x l e  l o a d  f o r  v e h i c l e  t y p e  
i f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  e r r o r  o f  t h e  growth f a c t o r  
e s t i m a t e .  

= t h e  s t a n d a r d  d e v i a t i o n  of t h e  a v e r a g e  
p e r c e n t a g e  o f  volume c o n t r i b u t e d  by v e h i c l e  
t y p e  i f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  d e v i a t i o n  of t h e  p e r c e n t a g e  of 
volume c o n t r i b u t e d  by v e h i c l e  t y p e  i a t  
l o c a t i o n  j. 

SPVCD i h  = t h e  s t a n d a r d  d e v i a t i o n  of  t h e  p e r c e n t a g e  of 
v e h i c l e s  of t y p e  i f o r  s t r a t u m  h  a c r o s s  d a y s .  

SPVCHih = t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  p e r c e n t a g e  of 
v e h i c l e s  of t y p e  i f o r  s t r a t u m  h a c r o s s  h o u r s .  

P 

SPVCLih = t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  p e r c e n t a g e  o f  
v e h i c l e s  of  t y p e  i f o r  s t r a t u m  h  a c r o s s  
l o c a t i o n s .  

SPVCT i h  

SVOL 

= t h e  s t a n d a r d  d e v i a t i o n  of t h e  p e r c e n t a g e  of 
v e h i c l e s  of t y p e  i f o r  s t r a t u m  h  a c r o s s  
s e a s o n s .  

= t h e  s t a n d a r d  d e v i a t i o n  of  t h e  p e r c e n t a g e  of 
v e h i c l e s  of  t y p e  i f o r  s t r a t u m  h a c r o s s  a l l  
p u r p o s e s ,  as a compos i t e .  

= t h e  s t a n d a r d  e r r o r  of  t h e  a v e r a g e  volume f o r  
combined s t r a t a .  



S V O L i  j 

SVOL j 

SVOLA 

SVOLD 

SVOLS 

VOL 

VOLh 

VOL h  1 

VoLh 2 

VOL i 

= t h e  s t a n d a r d  e r r o r  of  a  volume e s t i m a t e  f o r  
v e h i c l e  t y p e  i f o r  combined s t r a t a .  

= t h e  s t a n d a r d  e r r o r  of  t h e  a v e r a g e  volume of 
v e h i c l e  t y p e  i f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  e r r o r  0.f t h e  volume o f  v e h i c l e  
t y p e  i a t  l o c a t i o n  j .  

= t h e  s t a n d a r d  e r r o r  of a  volume c o u n t  a t  
l o c a t i o n  j .  

= t h e  s t a n d a r d  d e v i a t i o n  of volume due  t o  
d e v i a t i o n  i n  t h e  a v e r a g e  number of  a x l e s  pe r  
v e h i c l e .  

= t h e  s t a n d a r d  d e v i a t i o n  of v o l u n e  due  t o  
d e v i a t i o n  i n  t h e  a v e r a g e  nunber o f  a x l e s  p e r  
v e h i c l e  f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  d e v i a t i o n  of v o l u n e  a c r o s s  d a y s .  

= t h e  s t a n d a r d  d e v i a t i o n  o f  v o l u n e  a c r o s s  d a y s  
f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  d e v i a t i o n  of  volume a c r o s s  
l o c a t i o n s  f o r  s t r a t u m  h .  

= t h e  s t a n d a r d  d e v i a t i o n  o f  volume a c r o s s  
s e a s o n s .  

= t h e  s t a n d a r d  d e v i a t i o n  of volume a c r o s s  
s e a s o n s  f o r  s t r a t u m  h .  

= t h e  v e h i c l e  miles of  t r a v e l  f o r  v e h i c l e  t y p e  i 
w i t h i n  s t r a t u m  h .  

= a volume e s t i m a t e s  

= t h e  a v e r a g e  volume e s t i m a t e  f o r  s t r a t u m  h .  

= t h e  a v e r a g e  volume e s t i m a t e  f o r  s t r a t u m  h  f o r  
t h e  c u r r e n t  y e a r  o f  t h e  c o u n t  c y c l e .  

= t h e  a v e r a g e  v o l u n e  e s t i m a t e  f o r  s t r a t u m  h  f o r  
t h e  p r e v i o u s  i t e r a t i o n  of t h e  c o u n t  c y c l e .  

= t h e  volume e s t i m a t e  f o r  v e h i c l e  t y p e  i ( f o r  
combined s t r a t a ) .  

= t h e  volume e s t i m a t e  f o r  v e h i c l e  t y p e  i f o r  
s t r a t u m  h. 



VOEi j = t h e  volume e s t i m a t e  f a r  v e h i c l e  t y p e  i a t  
l o c a t i o n  j. 

VQL j = t h e  volume e s t i m a t e  f o r  l o c a t i o n  j. 

z = t h e  normal v a r i a t e  for t h e  s p e c i f i e d  
c o n f i d e n c e  i n t e r v a l .  






