THE CHALLENGE OF REDESIGNING THE CONSUMER PRICE INDEX AREA SAMPLE

Janet L. Williams and Eugene F. Brown, BLS, and Gary R. Zion, Natl. Inst. of Dental Research
Janet L. Williams, U. S. Bureau of Labor Statistics, 2 Mass Ave NE, Rm 3655, Washington, DC 20212

KEY WORDS: multistage, stratifieciontrolled urban parts ofnon-metropolitanareas,and the
selection, overlap CPI-W which covers asubset of this population.
The U. S. Consumer Price Indé&PI) uses a To accommodate this expande€cPl, a larger
multistage sample design which is revisedlumber ofPSUsneeded to be selectéaroughout

approximately every teryears. The first stage the country to cover the populatidiing in rural
consists of selectingprimary sampling units areas outside metropolitan statistical areas.
(PSUs). TheselectedPSUs are alsaised in the Since an increase in the number of sele®ds
Consumer Expenditure Survey (CE) and theentails an increase in thietal cost ofthe CPI, no
Consumer Point of Purchase Survé@POPS). decision to publish @otal CPlhad been made in
This paper describethe recently completed PSU January, 1993when a file containindinal MSA
selection process for the 1998 CPI Revision and theefinitions was received byBLS. At that time
PC software developed to implement this process. noncertaintyPSU formation andselection had to
1. Introduction begin to meet a newly negotiatéebruary, 1993
noncertainty PSU selection deadline. This
necessitated a dual strategy in the formation of non-
metropolitanPSUs and inthe allocation ofnon-

Since the step®llowed in the selection of the
1998-Revision PSUsare basicallythe same as
those followedor the 1987 Revision, the reader is .

. ' metropolitan samplePSUs to the four Census
;g:egegetsoc:ﬁfﬁeéﬁ%yat[)s'gfe%&nnd ;ggoijhses(ig%) regions. Section 3 contains details of this strategy.
Handbook of Method¢1992) formore extensive _ A mainframewas used irthe 1987selection, but
background material on tf@Pl. This papewill  its cost for this project dictatetiat asmuch of the
highlight the differences in the methodolagyd the ~ Selection as possible bdone on aPC. All

sample design between th@987 and 1998 Programs forthe 1987 PSUselection excepthat
Revisions. for controlled selection were adapted for the PC. In

addition, the formation of non-metropolitan PSUs
described in Section was computerized. Section
5 presents research findings on thbkoice of
stratifying variables and characteristics of fimal
PSU stratifications. ~ Themodified controlled

For various reasonsfossing survey andgency
lines, thenew CPl PSUsneeded to be selected by
April, 1992. CPI PSU boundaries historicéiigve
depended orMetropolitan Standard Area (MSA)
definitions, which were not completed until . : - ;
December,1992. The solution to E[)histiming selection program developedfor this project in
problem and changes in the classification of PSU:sL991 IS d.I.SCUISSGd In Section 6.
for this Revision appear in Section 2. 2. Classification of PSUs

When planning begafor this Revision of the Early inthe planningor the total CPI adecision
CPI in 1989,0nemajor changeenvisionedwas the was made to change the classification BSUs.
publication of a Consumer Price Inddgr the Initially PSUs areclassified byone of thefour
entire U. S. population (called thietal CPI). In Census regions imvhich theyare located. The
contrast, BLS currently publisheshe CPI-U second classification variable is sizevith
(urban CPIl)which coversall residents of Census- sometimes athird class variable(indicated in
defined metropolitarareas, asvell as residents of parenthesis in the table below).

PSU TYPE CURRENT NEW (TOTAL CPI)
self-representing A=MSAs with population>| A=MSAs with population>
metropolitan 1.2 million* 1.5 million*
nonself-representing| L=Medium MSAs B=all nonself-representing
metropolitan M=Small MSAs MSAs
nonself-representing| R=(Urban only) C=non-metropolitan
non-metropolitan| T=(Rural only) CE only

fAnchorage and Honolulu are A PSUs with smaller populations.



Having only oneclass ofnonself-representing The consequences of thisundary, asvell as
MSAs rather thanthe two current classes two other boundaries, to the current setseff-
eliminates the difficulty encountered in thast representing PSUs (excluding Honolulu and
revision of defining the population boundary Anchorage) are shown in the table above.
between the smaiind medium sizedMSAs. The BLS wants asnany as possible of the current

current need to have two classes ofionself-  ggif-representin®SUs toremain self-representing,
representing non-metropolitarPSUs  is made  pecause thenly selectedPSUs forwhich indexes
necessary because pricing five CPI-U isdone  areindividually publishedarethe self-representing
only in urban parts ofnon-metropolitanareas, psys. In order to balance thiesire with the
both urban andural parts ofthe non-metropolitan {5q many new self-representing PSUs, the
area. Thiglichotomy is no longer requirddr the  poundary was set 4t5 million with Honolulu and
total CPI,sincePSUswould be sampled from the anchorage remaining self-representing because of
total non-metropolitan area . their uniqueness. When final MSA definitions were
To avoid incurringextra costs, PSUWefinitions  in hand onlyoneadditionalPSU,instead of the two
were needed bthe CensuBureau in April, 1992 in the table above, was made self-representing.
so thatthe CE andCPOPShousehold samples 3 pesign Strategy
could be drawn with samplef®r Census'other
householdsurveys. To partiallyneetthis deadline
and limit extra charges, aecisionwas made to
select only the self-representi@Pl PSUs bythis
date. BLSwould use Censudiest prediction of
which counties would be included in final MSA
definitions. Census would then chodsausehold

- : : : nonself-representing  metropolitan  andon-
samples within the widest possible geograjgineEa . . i
which might be included in the self-representingmewoloom"’InPSUS tothe eight Census-region-by

L size classes proportional to their total populations.
PSUs. Laterwhen the MSA definitions were . e . .
finalized and the remainintptal CPI PSUswere ~ On thebasis ofpreliminary MSA populations, it

selected, Census would selbousehold samples in \IIDVSE al_ioge;:rlgeq tf? hag’gv\}g\?e rsimree}: r;reetr%orolelitan
the nonself-representingSUswith the additional ossisblle u(r)banestlj?qls CP| the’ gelelzte d non-
costsbeing incurred byBLS. Inaddition, Census P i litan PSU y Id ’b divided into tw
would drop sample from counties nitcluded in metropofitan S wou e dvded Into two

: : . classes, the @PSUs, inwhich prices would be
the final MSA-defined self-representir@SUs or ’ ' . ,
not needed because the plrooportionrgl tgize collected, and the PSUs,which would be priced

: only if a total CPI waspublished. Both C and D
aIIocatlo.n.r.]ad decrea§ed. _ PSUswould be surveyedor the CE. Eighteen
The initial population boundary fdreing self-  psyswould be DPSUswhich would represent the
representingvasdetermined athis point withonly  rra| non-metropolitan population and be allocated

approximate populations fothe potential self- g regions on thévasis ofthe regionsrural non-
representing PSUs as Total Population / number @fietropolitan population.

302,245 where & halfsamplo eduivalent consists, AT all PSUsaere selected, the selectad-
of approximately 110@em pricings and138 was P Pop

: : become D PSUs. From the remaining selented
the number of halfsample equivalefas which the :
budget for a total CPI vﬁas bqeing planned. metropolitan PSUs, PSUswould be selected by

region to become CPSUs with probability
proportional to theirban population dfheir strata.

Consideration wagyiven to many design
strategies tanakesure thathe final desigrfor the
CE and possible totaCPl had sample PSUs
allocated in as proportional to populatisize
manner as possible hile still beingadaptable to a
CPI-U. The selectedstrategy was to allocate

Possible SR Number of  Number of The remaining non-metropolitaRSUs would be
Population ~ Current SR New SR designated DPSUs. Inaddition, thePSU'spercent
Boundary PSUsNo  PSUs urban populationwould be used as a stratifying
(in Millions)  Longer SR added variable to ensur¢hat the PSUs ineach stratum
1.8 5 1 were as alike as possible on this variable.
1.5 2 2 On the basis of final MSA definitions, onewly-
1.2 1 7 added APSU nolonger qualified by population




size to be self-representing argbme minor described in the paper by Dippo and Jacobs (1983).
modifications had to be made in the originalResearcldone on the selection ehriables for the
halfsample equivalent allocation to the PSUs. stratification using first 1980 Census data and then,
Sixty-four halfsample equivalentgere allocated to after its receipt athe end 0f1991, 1990Census

the A PSUs which contain 46% of the total data shortened the timeneeded for the final
population and 53% othe CPI-U population. stratification and ultimately fothe PSU selection.
Since each nonself-representif§U contain®nly  This research is described in Sectiohd-5.2.
onehalfsample equivalent, there were then seventySection5.3 discusses thactual stratificatiorused
four nonself-representingSUs for a total CPI and in this revision.

fifty-six for an urban only CPI. 5.1 Stratification Variables

Formonthly publication of a Census region-by-  seyeral lineamodels of PSU-levabrice change
size classindex andfor variance calculation, it is \ere developed to determine thest variables to
necessary to have at leéstir and areven number se in stratifying the nonself-representiR$Us.
of PSUs in a B or C (C and émbinedfor a total  \jost independenvariables in thesenodels were
CPI) Censusegionclass,since most items in these computed from a countyatafile derived by the
PSUs arep_riceo_l bimonthly. After the_ proporti(_)nal Census Bureau froml990 Censusdata. Also
to population siz&SUsample allocation to region- considered were latitude and longitude variables
by-size classes wasompleted, only the @rban provided by anATLAS-GIS database. (ATLAS-
CPI for the Northeast and West could not begs is a geographic information systerwhich
published, This is the case for the curiedex for  5ytomatically calculates the latitude alodgitude
the RPSUs intheseareas. However,for a total  of 4 geographic area’s centroid. This Wwes each
CPlJII" ﬁ dco_mblned Cand D Bm((:jaexsewfhueld ngtorI]DSU's latitude and longitude were found.).
published in every region. Becau -

PSU has absorbed almost alliaé previouslynon- The tablebelow exhibits percent Rvalues for
metropolitanurban population ithe Northeast, the four competing models oPSU pricechange of
: various durations in the RSUsonly (excluding

Northeastid not qualify to haveven one C PSUAAnchorage and Honolulu, whicre outlierdue to

in a proportional to urban population allocation. h . ! :
: : efact thattheyare in adifferent location and are
comparison of the present allocation of halfsampléa lso demographically different):

equivalents with thenew allocation shows an

i i i Interval of Model
{?Vc:er;:t?se in halfsample allocation to the South anElrice Chane| Geo Best4 7 Var 11 Var
_ 6 month 40.23 45.01 34.28 47.69
4. PSU Formation lyear 28.66 21.28 21.07 28.89
Counties were used to form the non-metropolita yggﬁ gg%g %Zgg 22% gg:?
PSUs(minor civil divisions were used in Hawaii 4¥ear 6301 5086 4491 7955
and all sixNew Englandstates). In PSUsvith |5 year 68.97 62.30 53.37 83.71

urbanconsumer units5000 urbanconsumer units
were necessaryper PSU, while 5000 total

consumer unitavere necessary iPSUs without the square ofnormalized longitude, normalized

any urbanconsumer unitsAll counties InPSUS |y ,4e “and percent urban consumer units (LONG,
had to be contiguous, and a reasonable attempt WBSNG2 LAT. and PERURB). LONG?2 issed
made not tacross state boundaries. $omeareas, becausé both, thBast and Weét coastended to
there werd>SUs inwhich it wasimpossible to find have highprice change during theastfew years
contiguous counties with moréan 5000 urban e the middle part of the country had smaller
consumer units (an example is Lake aldok .o change PERURB is used in case the CPI
counties in Minnesota). These counties were treat mains arurbanone. in whichsituation thenon-

as counties with nourban consumer units. . . .
: metropolitanstrata should containPSUswith as
ATLAS-GIS mapping software and an overlay Ofuniform a percent urban population as possible.

the relevant Census populatidatawere employed _ _
in this PSU formation. The three other comparison models, which use

5 Stratification only Census variables, —arthe best 4 Census
: _ _ variable model, the 7variable model created ten
_The procedure and implementation ofyears ago, and an 11 variabieodel which was
stratification, with a few basic changes, is developed in 991 using1980 Censuslata. Note

The geographienodel is afour variablemodel
with independentvariables normalizedongitude,



that the geographicmodel does é&tter than all
the best Census variablmodel. Taking into

the geographicmodel employs onlyfour, the
geographic model was selected as the best.

using county data for the 48 contiguous states.

As shown in thetable's second column, the
modelsexcept the 11 variablenodel, which was stratification using thesevenvariables from 10
years ago along with theiveights gave the largest
account thathe latter modeluses 11 variables and and, thus,the most desirable expected overlap.
The first column is the overlap expectesghen
using the same variables with equal weights. The

The tablebelow shows theariables used in the 7 third column
and 11 variable models, along with the perce%t R stratifying with the new geographicodelvariables
obtained when each census variablasregressed with equal weights.

against the set of variables in the geographic model,The variables in the geograpmmwdel were used

is the expected overlapshen

for stratification purposes in the

7 VAR 11 VAR ) Northeast, West, and Midwest B
CENSUS VARIABLE MODEL MODEL %R 4 PSUs, and _also for all of the
% fuel oil heated HUs X X 81.34 | non-metropolitan PSUs. The
% gas heated HUs X 70.47 seven variables (with equal
Mean contract rent X 54.01 weights) used tepears agavere
% electric heated HUs X X  47.20 | employed tostratify the South B
% two or more wage earner CUs X 39.82 PSUs, since too much overlap
% black CUs X X 39.09| would have beefost otherwise.
% owner occupied HUs X 36.59 This stratification leads to the
% white CUs X 35.44 expected overlap given in thesst
Mean gas bill/HU with gas bill X 33.97| column.
% wage and clerical CUs X 33.13 There areseveral advantages to
Mean wage & salary income/CU X 33.12 | using the four geographic
% CUSs with retired persons X 10.42 variables for stratification. The
Mean interest & dividend X 7.83 | variableswill not changevery
income/CU much over timeThis will lead to
% HUs with electric bill X 7.52 much béter overlap values in the
Mean family size X 7.18 | next  revision, as  the
stratifications will be basically
Noticethat heating variablesend to bemodelled the same. In addition, thenly variablesneeded

very well by theset ofindependenvariables in the
geographic model. Only thdast six census
variables in the above list have less tloae-third

from the Censu®Bureauwill be urban andrural

population. In thefuture, it is not cleathat the
Census Bureauwill continue to collect the

of their variation explained by the set of variablesvariables used ipast stratifications.Finally, the

in the geographic model.
5.2 Overlap

Finally, expected overlapyhich is the expected
number of oldPSUs inthe new design,can be
computed once thestratification has been
completed. Severalstratifications using the
variables in thesenodels withvariousweights on
the variablesvere completed. Thisllowing table
exhibits the expected overlap found ihese
stratifications:

REGION |7 VAR= 7 VAR# GEO MIXED

Northeast 3.89 4.70 4.60 4.60
Midwest | 3.44 3.78 2.91 2.91
South 10.17 10.30 7.96 10.17
West 2.57 2.66 2.75 2.75

u.S. 20.07 21.44 18.22 20/43
Rarge 18-22 19-23 15-19 18-p2

stratification with these variablesiisuch easier to
understand. It basically groups PSidgetherthat
are close together geographically.

5.3 Stratification Results

The stratification program fahe 1987 Revision
was written inPL/I for the mainframe. It was
converted to C andun on a PC first fothe B
PSUs ineach of thefour Censugegions andhen
for the non-metropolitanPSUs in each Census
region. It was found to be easier toun this
program undelOS/2 for the Midwest and South
non-metropolitan PSUs due to RAM memory
problems under DOS. For each of the eight Census
region-by-size classes oPSUs (B andnon-
metropolitan), twenty  stratifications were



completed. In eactlass,the stratificatiorselected generating an initigbattern, andhen manipulating
had the smallest sum of between-PSU-within-stratd until it becomes admissible. The iterative
variances over all stratifying variables. process consists of the following steps:

The distribution of the number 6fSUs ineach 1. Randomly select orleSU per stratumyithout
final B stratum in each region is fairly uniform with regard to thePSU probabilities. A PSWvhose
strata containing two PSUWeing made up of either probability has alreadybeen exhausted by its
two formerly L-sizedPSUs or &formerly A-sized appearance in previously generateatternswill
PSU and dormerly M-sizedPSU. The Bstrata not be selected.
containing the larger number BSUs arenade up 2. |mpose an admissible value of overlap on the
entirely of formerly M-sized®SUs. Theexpected pattern,
total overlappmong the B°SUs rangebetween 19

and23. The amount of overlap in theew sample . :
: : of eachstate. If this cannot beéone without
among the new nonself-representing PSUs is 21. violating the results of step 2hen keep looping

6. Keyfitzing and Controlled Selection through steps 2 and 3 until acceptable values are
The SAS programused in thel1987 PSU found.

selection on the mainframe to Keyfitz PSUy4  Assign to theattern a probabilitywhich is the
probabilities to increase overlap was adapted fofinimum of the probabilities of the PSUs contained

the PC andun only on the Bstrata. The non- jn the pattern and ofhe control limits satisfied by
metropolitanPSUs which for this revision contain  the pattern.

g_oth urban andural population, were sufficiently 5. By the amount found in step 4, reduce the
ifferent from the former R and PSUs tomake it babiliti f th lecte®SUs and of the
difficult to developcriteria forjudging which ones probabrities -of the selecte S

: e ontrol limits satisfied by the pattern .
were in the current sample. In addition, these PSUS o o o
are small in population and respondent burden in6. Reduce the remainingrobability, which is set
them is heavy. Hence, the non-metropolitan PS§dual to 1 forthe first iteration, bythe amount
probabilities were not Keyfitzed. found in step 4.

The modified controlled selectioprogram was 7. If the remaining probability is zero, then stop
developedor this revision and written in Gor the  because a solution of the controllestlection
PC. Itwas run on dile containingdatafrom all  problem has been found. Otherwise, generate
nonself-representingSUs in aregion. The first another pattern by repeating steps i the new
control is that one PSU is to beselected per probabilities found in the previous steps 5-6.
stratum. Theother controlsare onthel state in At the beginning of theprogram's execution,
which thePSU islocated and on thBSU'soverlap  agmissiblepatterns aregenerated quickly if there
status (1=in current sample; O=not in current re any. The program higo modes obperation.
sample). The inpuata is puinto a file like the |, the “interactivemode the programstops when
following example, which is thérst "no solution”  yrompted by theiser, usuallwhen theprogram is

3. Impose an admissible value on the representation

three-dimensional problem given by Lin (1992):  gjow at generating anothepattern.  In the
PSU_Stratum State Overlap Probability unattendednodethe user can specify anaximum
1 1 1 0 5 time which should be allowed to elapse between the
2 1 2 1 5 generation of gattern andhe abandonment of the
3 2 1 1 5 solution attempt. The program always stores the
4 2 2 0 5 initial set of patterns and replaces it by any

First the program checkshat the expected Subseq_u_ent set OIf pattenm'ﬂh a_smaller rema_li_ning
number ofPSUs to beselected from eacktratum  Probability.  This process is calledhodified
is one. Then it computes expected overlap and tm.pntro_lled_ selec_:tlon taontrast |tW|th_ controlled
expected number of times eastatewill occurr in selecjuqn in whlch_ a solution is required to have a
a stratified sample containing one PSU per stratunfémaining probability of zero.
From these expected values it calculates the upper
and lower control limitsfor each state and for
overlap and the probabilities of these limif§hen
the program finds an admissibfmttern, i.e., a
stratified samplewhich satisfies the controls, by



When the previous exampley which there are probabilities of PSU #1 - 4 ta25, .75, .45, and
no admissiblepatterns, was rumvith a 2 second .55, respectively, has two pattemich satisfy the
limit, one sawimmediately theravas no solution. control limits, but ahefty remaining probability of
However, if the overlaptatus of PSUs @nd 4 are .5. Inaddition, PSU #Xoes notappear ireither
reversed there is an exact solution to the problenpattern. This type o$olution is not allowed by
which this program finds instantaneoushyamely, those running the modified controlled selection
Pattern 1 contains PSUs 1 and 4 and Pattern ogram.
contains PSUs 2 and With eachpatternhaving Thefollowing table contains the results eéich
pI‘ObabIIIty .5. A th|rd example,WhICh can be region‘s Contro”ed Selec“on
gotten from thefirst example bychanging the

# PSUs REMAINING TIME
REGION SELECTED #PATTERNS #PSUs PROB x 10° USED
Northeast 12 121 136 1.0 2 mins.
Midwest 18 384 409 2.9 2 mins.
South 34 463 535 307.4 12 hrs.
West 10 150 167 2.0 2 mins.
Each pattern imeset’generatedor eachregion, The authorw0u|d I|ke tOthankeveryone in the

satisfies the control limits of the problehpwever, CPl Survey Research and Analysis Branch of
this set has aonzero remainingrobability. This Prices SMD fortheir help andsupport onthis
meansthat when theregion's finalPSU sample is  Project, especially Bob Baskinho contributed his
selected by choosing one of thatterns from the Ccomputer expertise and insightful analysiading
generatedpattern setthe final probabilitythat a 0 the choice of region-typeariables forthe PSU
particular PSU is in the sample may not be equal tgtratification. Also, our thanks go ohn Marcoot
that PSU's input probability. Imevery region for his encouragement and hlstorl_c perspective and
except the South these probabilities agree to &l readers of this paper for their carefelding
least fourdecimalplaces. In the Soutthey agree and for theirhelpful comments. Finally, we thank
to at |east twojecnmalplaces AS can bmen in R|Ck Va”|ant and Stual’f[ SCOtt fOI’theII’ help In
the table, theremaining probabilitesare of converting thispaper's firstversion toits present
comparable sizes in all regions except the Souttiorm.

for which theprogram was rurovernight because 9. References
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