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General Information

Data Retrieval Location

This data was retrieved from the Pacific States Marine Fisheries Commission's Economics Data
Program at http://www.psmfc.org/efin.

Contact I nformation

Please direct any questions, suggestions or other comments to:
Geana Tyler
Assistant Fisheries Economics Data Manager
geana_tyler@psmfc.org
(206) 526-6683

CPI Data Sour ces

All CPI data are from the US Department of Labor, Bureau of Labor Statistics. They are
available at http://146.142.4.24/cgi-bin/srgate using the BLS Series ID provided in the
description of the data series.

All Urban Consumers

All CPI's available for download from the Economics Data Program are based on all urban
consumers.

CPl's based on Urban Wage Eaners and Clericll Workers may be obtained at
http://146.142.4.24/cgi-bin/srgate. To obtain a CPl based on urban wage earners and clerical
workers, use the BLS Series ID for the item you want replacing the leading "CU" with "CW".
For instance, the BLS Series ID for a CPI for urban wage earners and clerica workers in the
Western Region would be CWURO0400SAO (instead of the CPI for all urban consumers
CUURO0400SAOQ.) For additional help, follow the Series ID Formats link.

Seasonal Adjustment

All CPI's available for download from the Economics Data Program are NOT seasonally
adjusted.

Seasonally adjusted CPI's may be obtained at http://146.142.4.24/cgi-bin/srgate. To obtain a
seasonally adjusted CPI, use the BLS Series ID for the item you want replacing the second "U"
with an "S'. For instance, the BLS Series ID for a seasonally adjusted CPI for al urban
consumers in the Western Region would be CUSR0400SAO (instead of the unadjusted
CUURO0400SAO0.) For additional help, follow the Series ID Formats link.


http://www.psmfc.org/efin
http://146.142.4.24/cgi-bin/srgate
http://146.142.4.24/cgi-bin/srgate
http://146.142.4.24/cgi-bin/srgate

Periodicity of Data

All CPlI's on the Economics Data Program website are available annually and either monthly, bi-
monthly, or semiannually. Both types of data (annual and (bi)monthly/semiannual) are stored
within each downloadable file. Use the following selection procedures if you only wish to view
one type of data.

(Bi)Monthly vs. Annual Data
- Select period = M13 for annual data.

Select period <> M 13 for (bi)monthly data.

Semi-Annual vs. Annual Data
Select period = S3 for annual data.
Select period <> S3 for semi-annual data.

All Items
CPI's are available for download based on All Items or based on Energy Items Only.

CPl's based on other subsets of items may be obtained at http://146.142.4.24/cgi-bin/srgate. To
obtain a CPl based on another subset of items, use the BLS Series ID for the item you want
replacing "AQ" (or "AOE" for energy items only) at the end of the series with the item code you
want. For additional help, follow the Series ID Formats link.

Energy Items Only
CPI's are available for download based on All Items or based on Energy Items Only.
CPlI's based on other subsets of items may be obtained at http://146.142.4.24/cgi-bin/srgate. To
obtain a CPl based on another subset of items, use the BLS Series ID for the item you want

replacing "AOE" (or "AQ" for al items) at the end of the series with the item code you want. For
additional help, follow the Series ID Formats link.


http://146.142.4.24/cgi-bin/srgate
http://146.142.4.24/cgi-bin/srgate

Data Series Descriptionsfor
Consumer Pricelndices:
All Urban Consumers:
All Items

by region

Anchorage AK

BLS SeriesID CUUSA427SA0
CPl based on all urban consumers (CU)
Not seasonally adjusted (U)
Available semi-annualy (S)
For the metropolitan statistical area (MSA) of Anchorage, AK (A427)
Base period: 1982-84=100 (S)
All items (AO)

L os Angeles-Riverside-Orange County, CA

BLS Series ID CUURA421SA0
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available monthly (R)
For the metropolitan statistical area (MSA) of Los Angeles-Riverside-Orange County,
CA (A421)
Base period: 1982-84=100 (S)
All items (AO)

Portland-Salem, OR-WA

BLS Series ID CUUSA425SA0
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available semi-annually (S)
For the metropolitan statistical area (MSA) of Portland-Salem, OR-WA (A425)
Base period: 1982-84=100 (S)
All items (AO0)



San Diego, CA

BLS Series ID CUUSA424SA0
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available semi-annually (S)
For the metropolitan statistical area (MSA) of San Diego, CA(A424)
Base period: 1982-84=100 (S)
All items (AO0)

Seattle-Tacoma-Bremerton, WA

BLS Series ID CUUSA424SA0
CPI based on al urban consumers  (CU)
Not seasonally adjusted (U)
Available semi-annualy (S)
For the metropolitan statistical area (MSA) of Seattle-Tacoma-Bremerton, WA (A423)
Base period: 1982-84=100 (S)
All items (AO)

San Francisco-Oakland-San Jose, CA

BLS Series ID CUURA422SA0
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available bi-monthly (R)
For the metropolitan statistical area (MSA) of San Francisco-Oakland-San Jose, CA
(A422)
Base period: 1982-84=100 (S)
All items (AO)

Western Region

BLS Series ID CUURO400SA0
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available monthly (R)
For the BLS Western Region, including CA, OR, WA, AK, AZ, HI, ID, NV (0400)
Base period: 1982-84=100 (S)
All items (AO0)



Data Series Descriptionsfor
Consumer Pricelndices:
All Urban Consumers:
Energy Items Only

by region

L os Angeles-Riverside-Orange County, CA

BLS Series ID CUURA421SAOE
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available monthly (R)
For the metropolitan statistical area (MSA) of Los Angeles-Riverside-Orange County,
CA (A421)
Base period: 1982-84=100 (S)
Energy Items Only (AOE)

Seattle-Tacoma-Bremerton, WA

BLS Series ID CUUSA424SA0E
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available semi-annualy (S)
For the metropolitan statistical area (MSA) of Sesattle-Tacoma-Bremerton, WA (A423)
Base period: 1982-84=100 (S)
Energy Items Only (AOE)

San Francisco-Oakland-San Jose, CA

BLS Series ID CUURA422SA0E
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available monthly (R)
For the metropolitan statistical area (MSA) of San Francisco-Oakland-San Jose, CA
(A422)
Base period: 1982-84=100 (S)
Energy Items Only (AOE)



Western Region

BLS Series ID CUURO400SAOE
CPI based on al urban consumers (CU)
Not seasonally adjusted (U)
Available monthly (R)
For the BLS Western Region, including CA, OR, WA, AK, AZ, HI, ID, NV (0400)
Base period: 1982-84=100 (S)
Energy Items Only (AOE)



Bureau of Labor Statistics I nfor mation

IMPORTANT NOTE

The BLS Overview of the CPl and the BLS Handbook of Methods have been added to this file
for your convenience. These documents were downloaded directly from the BLS website at the
URL’s below on 16 September 1999.

You are encouraged to view the most recent version of these documents on the BLS website
before including either document in your citations. The URL'’s are listed below.

If you do discover that either of these documents is not the most recent version, we would greatly
appreciate if you would notify the Economics Data Program. The Economics Data Program can
be reached via email at efin@psmfc.org, via phone at (206) 526-4251, (206) 526-6683 or toll
free at (888) 421-4251.

BL S Resour ces on the Web
The BLS Overview contained in this section was obtained at http://www.bls.gov/cpiovrvw.htm.

The BLS Handbook of Methods, Chapter 17: The Consumer Price Index was obtained at
http://stats.bls.gov/opub/hom/homchl7_a.htm.

Addltlonally you may find the following websites useful when using the CPI:
The BLS CPI Homepage is located at http://www.bls.gov/cpihome.htm
The BLS Answers to Frequently Asked Questions is located at
http://www.bls.gov/cpifag.htm
BLS Contact Information is located at http://www.bls.gov/cpicont.htm
The BLS Homepage is located at http://stats.bls.gov/blshome.htm
The BLS form-based querying system is located at http://stats.bls.gov/sahome.html


http://www.bls.gov/cpiovrvw.htm
http://stats.bls.gov/opub/hom/homch17_a.htm
http://www.bls.gov/cpihome.htm
http://www.bls.gov/cpifaq.htm
http://www.bls.gov/cpicont.htm
http://stats.bls.gov/blshome.htm
http://stats.bls.gov/sahome.html
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Overview

Consumer Price Indexes

Contents

Data Available

Coverage

Sources of Data

Reference Period

Forms of Publication

Uses of the Data

Major Research in Progress

Data available

« Priceindexesare available for the U.S,, the four Census regions, size of city,
cross-classifications of regions and size-classes, and for 26 local areas. Indexes are available
for major groups of consumer expenditures (food and beverages, housing, apparel,
transportation, medical care, recreation,education and communications, and other goods and
services), for items within each group, and for special categories, such as services.

« Monthly indexes are available for the U.S., the four Census regions, and some local areas.
More detailed item indexes are available for the U.S. than for regions and local areas.

« Indexes are available for two population groups: a CPI for All Urban Consumers (CPI-U)

which covers approximately 87 percent of the total population and a CPI for Urban Wage
Earners and Clerical Workers (CPI-W) which covers 32 percent of the population.

« Some series, such asthe U.S. City Average All itemsindex, begin as early as 1913.

Coverage

« The CPI represents changes in prices of all goods and services purchased for consumption by
urban households. User fees (such as water and sewer service) and sales and excise taxes paid
by the consumer are also included. Income taxes and investment items (like stocks, bonds,
and life insurance) are not included.

« The CPI-U includes expenditures by urban wage earners and clerical workers, professional,
managerial, and technical workers, the self-employed, short-term workers, the unemployed,

http://www.bls.gov/cpiovrvw.htm (1 of 3) [9/16/1999 11:31:12 AM]
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retirees and others not in the labor force. The CPI-W includes only expenditures by those in
hourly wage earning or clerical jobs.

Sources of data

« Pricesfor the goods and services used to calculate the CPI are collected in 87 urban areas
throughout the country and from about 23,000 retail and service establishments. Data on
rents are collected from about 50,000 landlords or tenants.

« Theweight for an item is derived from reported expenditures on that item as estimated by the
Consumer Expenditure Survey.

Reference period
« Prices are taken throughout the month.
Forms of publication

« Monthly news release. Consumer Price Index. Electronic access available.

« Historical datain Handbook of Labor Statistics. Electronic access available.
o Diskettes

o LABSTAT database.

Uses

o Asan economic indicator. Asthe most widely used measure of inflation, the CPI isan
indicator of the effectiveness of government policy. In addition, business executives, labor
leaders and other private citizens use the index as a guide in making economic decisions.

« Asadeflator of other economic series. The CPI and its components are used to adjust other
economic series for price change and to trand ate these series into inflation-free dollars.

« Asameansfor adjusting income payments. Over 2 million workers are covered by collective
bargaining agreements which tie wages to the CPI. The index affects the income of almost 80
million people as aresult of statutory action: 47.8 million Social Security beneficiaries, about
4.1 million military and Federal Civil Service retirees and survivors, and about 22.4 million
food stamp recipients. Changesin the CPI also affect the cost of lunches for the 26.7 million
children who eat lunch at school. Some private firms and individuals use the CPI to keep
rents, royalties, alimony payments and child support payments in line with changing prices.
Since 1985, the CPI has been used to adjust the Federal income tax structure to prevent
inflation-induced increases in taxes.

Major research in progress

« Continuing research on technical improvementsin the calculation of the CPI
« Continuing work on the next major weight revision of the CPI

http://www.bls.gov/cpiovrvw.htm (2 of 3) [9/16/1999 11:31:12 AM]
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CPl Home Page

BLS Home Page

Sharon Gibson

Bureau of Labor Statistics

gibson s@bls.gov

Last modified: July 07, 1998

URL: http://stats.bls.gov/cpiovrvw.htm
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Chapter 17.
The Consumer Price Index

Partl. The Index in Brief

IN THIS CHAPTER

he Consumer Price Index (CPI) measures the avef- Theindexin brief

age change in the prices paid by urban consumers f¢ Background
Concepts

a fixed mark_et _basket of goods and services. The B B | i e
reau of Labor Statistics (BLS) calculates the CPI monthl Sampling
and publishes it about 2 weeks after the end of the month Weights and relative importance ..

which it refers. Owners’ equivalent rent
BLS calculates the CPI for two population groups, one SR A2 G
consisting only of wage earners and clerical workers and t Analysis and presentation

other consisting of all urban consumg&fhie Consumer Price Limitations of the index
Index for Urban Wage Earners and Clerical Workers (CPI Const’f‘ﬂc_i'_on Oittue ',”‘cjjex---

. . . : : . . efinition ot the Index
W) is a continuation of the historical mdex_ that was mtrq Index calculation
duced well over a half-century ago for use in wage negotiz Estimation of expenditure-
tions. As new uses were developed for the CPI in recent yea population weights

the need for a broader and more representative index be Annual and semiannual average
index estimation

came apparent. The Consumer Price Index for All Urba g g e o o
Consumers (CPI-U) introduced in 1978 is representative @ Area Samp|e' ’
the buying habits of about 80 percent of the non-institutiong Item and outlet samples:

population of the United States, compared with 32 perce Commodities and services other than shelter
represented in the CPI-W. The methodology for producing Item and outlet samples: shefter
P . . . . 9y . P . Estimation of price change
the index is the same for both populations and is describe Commodities and services other than shelter
in detail in part Il of this chapter. Item substitution, quality
adjustment, and imputation
Other price adjustments
Background Seasonal items
Special estimation procedures ...
The Consumer Price Index was initiated during Worlo Shelter.
War |, when rapid increases in prices, particularly in ship A Estimation of seasonal effects
T . . L \verage prices.
_bU|Id|ng Cen_te_rs, mgde such an index essential for calculat- 5, ision of estimates
ing cost-of-living adjustments in wages. To provide appro 1978-86 CPI variance estimation
priate weighting patterns for the index, so that it would re Estimating variances of the index and
flect the relative importance of goods and services purchasg Eptr_lce fhange_ N
: . . . Stimating variances starting in
_by consumers, studies of _famlly expendltu_res_ were cor_lduct Variance estimates for the index
in 92 industrial centers in 1917-19. Periodic collection o Variance estimates for price change
prices was started, and, in 1919, the Bureau of Labor Statis NONSAMPIING EITOL.......ouvevrieieiie e
ticsbegan publication of separate indexes for 32 cities. Reg Response rates.. &

lar publication of a national index, the U.S. city average Technical references

began in 1921, and indexes were estimated back 1021913

1 The all-urban-consumer population consists of all-urban households in Met-
ropolitan Statistical Areas (MSA's) and in urban places of 2,500 inhabitants or
more. Nonfarm consumers living in rural areas within MSA's are included,
but the index excludes rural consumers and the military and institutional popu-2 Collection of food prices back to 1890 had been initiated in 1903. During
lation. The urban wage earner and clerical worker population consists of cotite course of the 1917-19 expenditure survey, retail prices for other articles
sumer units with clerical workers, sales workers, craft workers, operative, sewere collected in 19 cities for December of each year back to 1914 and in 13
vice workers, or laborers. More than one-half of the consumer unit’s incomether cities back to December 1917 only, Retail prices of food and wholesale
has to be earned from the above occupations, and at least one of the memigiges of other items were used to estimate price change from 1914 back to
must be employed for 37 weeks or more in an eligible occupation. 1913.
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Because people’s buying habits had changed substantiallygnt of homeownership so that the index would reflect only
a new study was made covering expenditures in the yeatlse cost of shelter services provided by owner-occupied
1934-36, which provided the basis for a comprehensiveljriomes.
revised index introduced in 1940. The most recent revision of the CPI, completed in 1987,

During World War II, when many commodities were further improved sampling, data collection, processing, and
scarce and goods were rationed, the index weights were astatistical estimation. This revision stressed techniques that
justed temporarily to reflect these shortages. In 1951, the&ould make the production and calculation of the CPI more
BLS again made interim adjustments, based on surveys efficient, especially with respect to design and allocation of
consumer expenditures in seven cities between 1947 atide samples. The updated samples of items, outlets, and ar-
1949, to reflect the most important effects of immediate postas were based upon data from the Survey of Consumer Ex-
war changes in buying patterhs. penditures for the years 1982, 1983, and 1984; the 1980

The first comprehensive postwar revision of the index wa€ensus of Population; and the ongoing Point-of-Purchase
completed in January 1953, using weights from the 195Gurvey, which, beginning with 1985, reflected the new item
expenditure surveyAt that time, not only were the weight- and area design. The new technique of rolling in the new
ing factors, list of items, and sources of price data updatearea, item, and outlet samples significantly reduced the cost
(appendix 1), but many improvements in pricing and calcuef introducing new samples. In addition, the housing survey
lation methods were introduced. Medium-size and small citwas redesigned to represent optimally both owners and rent-
ies were added to the city sample to make the index reprers, which improved the estimation method for shelter costs.
sentative of prices paid by all urban wage earner and cleri- The improvements introduced over the years have reflected
cal-worker families. not only the Bureau’s own experience and research, but also

Another revision, completed in 1964, introduced new exthe criticisms and investigations of outsiders. A major study
penditure weights based on spending patterns in 1960-61 wfas conducted during World War 1l by the President's Com-
single persons as well as families, and updated samples mwiittee on the Cost of Living.
cities, goods and services, and retail stores and service es-The House Committee on Education and Labor conducted
tablishments. a detailed examination of the index in 1951.

The 1978 revision reflected spending patterns based uponA decade later, a study was made by the Price Statistics
the surveys of consumer expenditures conducted in 197Review Committee, which was appointed by the National
74. A new and expanded 85-area sample was selected ba&deau of Economic Research, at the request of the Office of
on the 1970 Census of Population. The Point-of Purchas®tatistical Standards of the Bureau of the Budget, to review
Survey (POPS) was also introduced. POPS eliminated relall Government price statistié.
ance on outdated secondary sources for screening sampled\ continuing flow of articles in professional journals and
of establishments or outlets where prices are collected. Books has also contributed to the assessment of the CPI's
new store-specific approach to the item selection process wagsality and of the ways in which it might be improvéd.
also introduced, as was a second index, the more broadly Improvements made to the CPI since 1966 are summa-
based CPI for All Urban Consumers. The CPI-U took intarized in the chronology on the following page. The next major
account the buying patterns of professional and salariegvision of the CPI will take effect in January 1998. Con-
workers, part-time workers, the self-employed, the unemsumer Expenditure Survey data from 1993-95 will be used
ployed, and retired people, in addition to wage earners artd calulated a new expenditure weight for each item strata
clerical workers. category in every CPI index area. These new market bas-

In January 1983, the Bureau changed the way in whickets—new geographic area samples, new item structure, and
homeownership costs were measur@dental equivalence new expenditure weights—will take effect with the index
method replaced the asset-price approach to home-owndor January 1998. At the same time, many of the samples
ship costs for the CPI-U. In January 1985, the same changmderlying the CPI will be replaced. These samples include
was made in the CPI-W. The central purpose of the changgographic areas, items selected for pricing, and outlets in
was to separate shelter costs from the investment compuatich items are priced.

8 Report of The President’s Committee on the Cost of L{Wfaghington,
% Interim Adjustment of Consumers’ Price IndBulletin 1039, Bureau of  Office of Economic Stabilization, 1945.

Labor Statistics, 1951 9 Consumers’ Price Index, Report of a Special Subcommittee of the Com-
4Consumer Prices in the United Stat#853-58, Bulletin 1256, Bureau of mittee on Education and Lahdd.S. Congress, House of Representatives,
Labor Statistics, 1959. 82/1, Subcommittee Report No. 2 (Washington, U.S. Government Printing
5The Consumer Prices Index: History and TechnigBefletin 1517, Bu-  Office, 1951).
reau of Labor Statistics, 1966. 10 Government Price Statistics, Hearing before the subcommittee on Eco-
8 The Consumer Price Index: Concepts and Content Over the, Rers  nomic Statistics, U.S. Congresklint Economic Committee, 871. Part 1
port 517, Bureau of Labor Statistics, 1978. (Washington, U.S. Government Printing Office, Jan. 24, 1961).
7 “Changing the Homeownership Component of the Consumer Price Index'! For a list of published papers on the CPI, see the technical references at the
to Rental EquivalenceCPI Detailed Reportanuary 1983, PP-7-13. end of this chapter.
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Improvements to the Consumer Price

Index: Chronology, 1966 to 1996

Change Date Description
Implemented

New construction 1966 Rent samples augmented with uriltsaffer 1960.

Quality adjustment of new changeovers 1967 New automobile prices adjusted for lgyalifferences after model automobile prices.

Sample rotation 1981 Introduced a systematic oepleent of outlets between major revisions.

Rental equivalence 1983 Changed homeownergonent from cost of purchase to value of rental services for
CPI-U

Return from sale price imputation 1984 Introduced procedure to eliminate downward bias for items discontinued by outlets
that went out of index with discounted prices.

Rental equivalence 1985 Changed CPI-W homeownergaoent to value of services.

Enhanced seasonal products 1987 Enhanced mebdology used for seasonal items by expanding the number of price

methodology guotations to select products from alternate seasons and eliminate under-
representation of such items.

Quality adjustment of used car prices 1987 Prices of used cars adjusted for differences ilitgaéter model changeovers.

Aging bias correction 1988 Rental values adjusted for aging of the housing stock.

Imputation procedures for new cars anf 1989 Price changes fapncomparable new models are imputed using only the constant-

trucks quality price changes for comparable model changeovers.

Quality adjustment of apparel prices 1991 Regression models used to adjust apparel prices for changeiynaen new
clothing lines are introduced, and eliminate bias due to linking product substitutions
into the CPI

Discount air fares 1991 Sutfistion rules modified to expand pricing of discount airline fares.

Sample augmentation 1992 Increase in the number of outlets from which prices are collected to replace sample lost
through sample attrition.

New models imputation 1992 Refined imputation mes used when introducing products into the CPI.

Hotels and motels 1992 Samples for hotels and motels quadrupled to reduce variances related to seasonal
pricing.

Seasonal adjustment 1994 Procedures for seasonal adjustment revised to eliminate residuity sffestma

Quality adjustment for gasoline 1994 Treat "reformulated" gasoline as algy&hange and adjust the price to reflect
quality difference. Impact of the change estimated.

Generic drugs 1995 Introduced new procedures that allow generic drugs to be priced when a brand drug
loses its patent.

Food-at-home base period prices 1995 Introduced seasoning procedures to eliminate upward bidsrig eébase period
prices of newly initiated items.

Rental equivalence 1995 Modified imputation of homeowners' implicit rent to eliminate the upward drift
property of the current estimator.

Composite estimator used in housing 1995 Replaced current composite estimator with a 6-month chain estimator. Under reporting
of 1-month rent changes had resulted in missing price change in residential rent and
homeowners' equivalent rent. Old estimator also produced higher variances.

Commodities and services base period 1996 Extendedood-at-home seasoning procedures to remainder of commodities and service

prices

series. Base period prices left unchanged in most noncomparable substitutions.
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Concepts measures the change in income required to maintain the
baseperiod living standard. For this reason, neither the COL

Several key concepts dictate how the Consumer Price Iiirdex nor the CPI are affected by changes in income taxes,

dex should be calculated. but both will include the effects of changes in sales taxes
and other indirect taxes.
Prices and living costs For certain purposes, one might want to define price in-

The CPI is based on a sample of prices of food, clothinglexes to include, rather than exclude, income taxes. One
shelter and fuels, transportation, medical services, and othepuld develop either a COL index or a Laspeyres index along
goods and services that people buy for day-to-day livingthese lines. Such indexes would provide an answer to a dif-
Price change is measured by repricing essentially the sanf@grent question from the one for which the present CPI is
market basket of goods and services at regular intervals anelevant, and would be appropriate for different uses. For a
comparing aggregate costs with the costs of the same magesearch measure of a consumption index inclusive of in-
ket basket in a selected base period. come taxes and Social Security contributions, see Gillingham

A unifying framework for dealing with practical ques- and Greenlees.
tions that arise in construction of the CPI is provided by the
concept of the cost-of-living (COL) indék. Sampling

As it pertains to the CPI, the COL index for the current Since it is not practical to obtain prices for all consumer
month is based on the answer to the following question: Whatansactions in the United States, the CPl is estimated from
is the cost, at this month’s market prices, of achieving th@ set of samples. These samples, which use statistical pro-
standard of living actually attained in the base period?” Thisedures to make the CPI representative of the prices paid
cost is a hypothetical expenditure—the lowest expendituréor all goods and services purchased by consumers in all
level necessary at this month’s prices to achieve the basgrban areas of the United States, are:
period’s living standard. The ratio of this hypothetical cost
to the actual cost of the base-period consumption basket in ¢ Urban areas selected from all U.S. urban areas,

the base period is the COL ind€x. «  Consumer units within each selected urban area,
The COL index is a measure of price change (it compares *  Outlets from which these consumer units pur

current-period and base-period prices). However, the con- chased goods and services,

cept is difficult to implement because it holds the standard *  Specific, unique items—goods and services—

of living constant, and the living standard must be estimated purchased by these consumer units, and

in some way. * Housing units in each urban area for the shelter
The CPI uses a fixed market basket to hold the base-pe- component of the CPI.

riod living standard constant. The CPI equals the ratio of
the cost of the base-period basket at this month’s prices Weights and relative importance
the actual cost of the base-period basket in the base period.The weight of an item in the CPI is derived from the
It is an index of price change only and does not reflecexpenditure on that item as estimated by the Consumer Ex-
changes in buying patterns that consumers probably woulgenditure Survey. This survey provides data on the average
make to adjust to relative price changes. The formula usegkpenditure on selected items, such as white bread, gaso-
for calculating the CPI is the one known in price indexline, and so on, that were purchased by the index popula-
literature as the Laspeyres index. (See part 11.) The CRion during the survey period. In a fixed-weight index such
provides an approximation to a COL index as a measure @&s the CPI, the implicit quantity of any item used in calcu-
consumption costs. It is sometimes said that the CPI'ating the index remains the same from month to month.
Laspeyres formula provides an “upper bound” on the COL A related concept is the relative importance of an item.
index. The relative importance shows the share of total expendi-
Note that both the CPI and the COL index that were deture that would occur if quantities consumed were unaf-
fined above measure changes in expenditures. Neither ofected by changes in relative prices and actually remained
constant. Although the implicit quantity weights remain
fixed, the relative importance changes over time, reflecting
the effect of price changes. Items registering a greater than
20n the use of a cost-of-Living index as a conceptual framework for practiaverage price increase (or smaller decrease) become rela-

cal decision making in putting together a price index, see Robert GiIIinghanﬁve|y more important. Conversely, items reg istering a
“A Conceptual Framework for the revised Consumer Price Index,” Proceed- ller th . . | d b
ings of the Business and Economic Statistics Section, American Statistical asmaller than average price increase (Or arger ecrease) e-

sociation, 1974, pp. 46-52. come relatively less important. Thus, the relative impor-
3 For more information on the cost-of-living concept, see the technical refeggnce of medical care in the index for all urban consumers,
ences at the end of this chapter. . .
1 Gillingham, Robert F. and Greenlees, John. “The Impact of Direct Taxeg\’hmh was 6.0 percentin December 1982, was 6.9 percent
on the Cost of Living, Journal of Political Economy5(4), August 1987.  in December 1986. During the same period, the relative
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importance of energy fell from 12.4 percent to 8.9 percentall 85 locations. Prices of most other goods and services are
The published data on relative importance are often used twllected monthly in the five largest urban areas and bi-
answer such questions as: What was the direct effect on theonthly in the remaining areas. Trained BLS field repre-
overall CPI of a particular price change (e.g., gasoline pricesentatives collect all price information through visits or tele-

for a particular period? (See appendix 2.) phone calls.
The index is the average of the price changes for all the
Owners’ equivalent rent various items within each area. The averaging process uses

The concept of owners’ equivalent rent used to measunseights which represent the importance of the items in the
homeowner shelter costs was introduced in the CPI-U ispending pattern of the appropriate population group in that
January 1983 and in the CPI-W in January 1985. The owrarea. Separate indexes are compiled for: the urban United
ers equivalent rent index measures the change in the cost$ffates, 4 regions, 4 size classes, 13 groups cross-classified
renting housing services equivalent to those services préy region and population size, and 29 local metropolitan
vided by owner-occupied housing. statistical areas.

Prior to the introduction of owners’ equivalent rent, Movements of the indexes from one month to another are
homeowners’ shelter costs in the CPI were represented lmgually expressed as percent changes rather than changes in
five elements: (1) House prices, (2) mortgage interest costgidex points. Index point changes are affected by the level
(3) property taxes, (4) homeowner insurance charges, ard the index in relation to its base period while percent
(5) maintenance and repair costs. These constitute the mghanges are not. The example in the tabulation illustrates
jor costs associated with purchasing and maintaining thine computation of index points and percent changes:
physical asset of a house.

This “asset price” approach to homeowner costs failed to Index point change
distinguish the investment aspect of owning a home from
the consumption aspect. The basic concept of the CPlis asS aCPl ... 136.0
measure of the average change in the prices paid by con-Less CPI for previous period ...........ccccccoeuee. 129.9
sumers for consumption goods and services. Investment pur-Equals index point change .........cc.ccoceeeeiereieenne. 6.1
chases, such as stocks and bonds, are conceptually out of the
scope of the index and are excluded. A house is not con- Percent change
sumed at the time of purchase. It is a long-lived asset (in-
vestment), but it also provides the owner with a flow of shel- Index point difference ...........ccccooiiiiiiiiiienenn. 6.1
ter services over time. Thus, it is the cost of this shelter Divided by the previous index ....................... 129.9
service provided by the asset that is the conceptually appro- EQUALS ........cocooeierrierenie i) 0.047
priate element of the CPI. Results multiplied by 100.0. ...................... 0.047 x 100
To implement the new concept, the old homeownership Equals percent change .........c.cccccooereicieieieennnn 4.7

component was replaced with two items: (1) Owners’ equiva-
lent rent; and (2) household insurance, which contains those Percent changes for periods that are less than 1 year can
parts of homeowners’ insurance that do not insure the strube expressed as annual rates and are computed according to
ture. the standard formula for compound growth rates. These data

In addition, the previous maintenance and repairs comndicate what the percent change would be if the average
ponent was made a new component covering both rentensite for the period was maintained for a 12-month period.
expenses and owners’ expenses—exclusive of those estimated
to be part of owners’ equivalent rent. Also, the weight for Uses
household appliances was reduced to remove those expengdsiost all Americans are affected by the Consumer Price
in homeowners’ costs for appliances included with the houséndex because of the many ways that it is used. Three major

uses are:
Scope and Calculation
As an economic indicatoAs the most widely used measure

Prices for the goods and services used to calculate thoé inflation, the CPI is an indicator of important economic
index are collected in 85 urban areas throughout the coutrends. The President, Congress, and the Federal Reserve
try and from about 21,000 retail and service establishment®oard use trends in the CPI to aid in formulating fiscal and
supermarkets, department stores, gasoline stations, hospionetary policies. In addition, business executives, labor
tals, etc. In addition, data on rents are collected from abolgaders, and other private citizens use the index as a guide
40,000 landlords or tenants and 20,000 owner occupanits making economic decisions.
are asked about their housing units.

Food, fuels, and a few other items are priced monthly i\s a deflator of other economic serig#ge CPI and its com-
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ponents are used to adjust other economic series for prigopulation groups. For example, the indexes represent the
changes and to translate these series into inflation-free daverage movement of prices for the U.S. urban population
lars. Examples of series adjusted by the CPI include retaéind, thus, may not be appropriate for use by non-urban resi-
sales, hourly and weekly earnings, and components of trdents. Also, the CPI does not provide data separately for

gross domestic product. the rate of inflation experienced by any demographic sub-
group of the population, such as the elderly, which may
As a means of adjusting income paymeAtmost 3 mil-  purchase different consumer items and face different rates

lion workers are covered by collective bargaining agreementsf inflation. And, as mentioned earlier, the CPI is an index
which tie wages to the CPI. The index affects the income abf price change, not a cost-of-living index.

more than 70 million persons as a result of statutory action: In addition, the indexes cannot be used to determine rela-
43.1 million Social Security beneficiaries, about 3.9 milliontive living costs. The change in an index for individual geo-
military and Federal Civil Service retirees and survivorsgraphic area index measures how much prices have changed
and about 22.6 million food stamp recipients. Changes im that particular area. It does not show whether prices or
the CPI also affect the cost of lunches for the 24.2 milliodiving costs are higher or lower in that area relative to an-
children who eat lunch at school. Some private firms anather.

individuals use the index to keep rents, royalties, alimony, A further limitation is that the CPI is not a complete
and child support payments in line with changing pricesmeasure of price change. Because the index is estimated
Finally, since 1985, the CPI has been used to adjust the Fefllem a sample of consumer purchases, the results may de-
eral income tax structure to prevent inflation-induced inviate slightly from those which would be obtained if all con-

creases in tax rates. sumer transactions were covered. These estimating or sam-
pling errors are statistical limitations of the index
Analysis and Presentation A different kind of error in the CPI can occur when a

respondent provides BLS field representatives with inaccu-
CPI data are issued initially in a news release about eate or incomplete information. The Bureau attempts to
weeks following the reference month. Summary tables arminimize these errors by obtaining prices by personal ob-
sent to persons on the mailing list at that time. The data aservation wherever possible, and by correcting errors im-
also available on the Internet, in recorded telephone memediately upon discovery. The field representatives, tech-
sages, and by fax. TI@&P| Detailed Reportavailable about nicians,and commodity specialists who collect, process, and
3 weeks after the initial release, provides detailed indexesnalyze the data are trained to watch for deviations in re-
and a monthly analysis of U.S. price movemefiise  ported prices which might be due to errors. Also, an inde-
Monthly LaborReviewalso contains much of the CPI data pendent audit staff conducts a systematic evaluation of all
each month and provides regular analyses of recent pri¢gPl collection and processing activities. The goal is to de-
movements as well as of long-term trends. velop long-term quality improvement in all aspects of the
Seasonally adjusted data—primarily of use for current ecandex calculation.
nomic analysis—are presented in addition to the unadjusted A fuller discussion of the varieties and sources of possible
data. error in the index is presented in part Il of this chapter,
"Precision of Estimates".

Limitations of the Index The construction of the Consumer Price Index is based on

a series of samples—and on estimation procedures described

CPl users should understand that the CPI may not elow

applicable to all questions about price movements for a
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Part Il. Construction of the Index

Definition of the Index

The CPI is defined as a fixed-quantity price index, that is, a ZPH Qm

measure of the price change in a fixed market basket of con- Iig = i X1y 1967
sumption goods and services of constant quantity and qual- * >P Qip P:

ity bought on average by urban consumers, either for all ur- P 1o

ban consumers (CPI-U) or for urban wage earners and cleri-

cal workers (CPI-W). It is a ratio of the costs of purchasing avhere 1p,1967 is the 1967-based value of the CPI for the
set of items (i) of constant quality and constant quantity ifivot month, November or December 1986.

two different time periods. We denote the index by It,0, where NOTE: The base period for the expenditure weights, 1982-
tis the comparison period for which a new index number ig4, should not be confused with the numeric reference base

to be calculated and 0, the reference period: period, although both are currently 1982-84=100. A new
SP. Q numeric reference base period for the index was established
; it =ib effective with the release of the index for January 1988,
It0 = o——=—x100.0 when the index was rebased to 1982-84=100. The previous
?PMQID numeric reference base was 1967=100. Such changes in nu-
meric bases are achieved by dividing all indexes in a series
where: by the appropriate average index on the old base for the

time period of the new base.
Pt is the price for the ith item in comparison

period t o Index Calculation
P,o s the price for the ith item in reference
period 0
Qip s the gquantity of the ith item consumed in
the expenditure base period b.

For sampling and index computation purposes, the set of
all retail consumer expenditures by the target population
for a given index area has been subdivided into 207 classes
of similar items (see appendix 4) called item strata. The

When the expenditure base (b) and reference period (8 m strata are mutually exclusive and exhaustive of all con-
coincide, this becomes the Laspeyres price index formulgMer expenditures. They are defined identically for both

For the 1987 revision of the CPI, however, they did not co'—nc_il?r:( populations. tlv 88 dix 3) which

incide and the formula was modified. The expenditure data,. ere are currently oo areas (see appendix 3) w ch com-
Pib Qib, from the 1982-84 Consumer Expenditure Surve%Ine o yield the 41 basic areas—29 self-representing areas
(described later in this chapter) were updated for relativ lus 12 region- and popula_tlon—5|ze class cross-classifica-
price changes (Pip/Pib) to November or December 19g@dlons for non-self-representing areas. Thus there are 8487

the respective pivot periods, p, when they were introduceg07 times 41) basic C.Pl strata. Each month BLS calcylates
into the CPI. Expenditure data for index areas priced bi|_ndexes for these basic strata and aggregates these indexes

: ) 0 higher area and item groups.
monthly in the odd-numbered months were updated to NG The CPI is computed by a chaining process in which the

vember 1986. Expenditure data for the index areas priced ; .
monthly or bimonthly in the even-numbered months werd/dex for the previous mpnth, I_th—l,O, for each basic area
updated to December 1986. Price relatives from the mi h) and item stratum (z) is multiplied by an estimate of the

point (June 1983) of the Consumer Expenditure Survey (CEr lative change in price from the previous month to the cur-
collection period to November or December 1986 were ca rent month 0 proylde the current-month index for that area
culated from the appropriate detailed indexes for the pe"’—lnd item stratum:
riod. The price relatives were applied to the corresponding
expenditure data, thereby updating the expenditures to the
end of 1986. Continuity with the pre-1987 version of the

CPI was maintained in the published version by modifyingvhere Rhzt,t-1 is an estimate of the one-period mt@nge

the above formula to: in the hth basic area for the zth item stratum. Basic area

lhzt,0o = Ihzt-1,0 X Rhzt,t-1
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and item stratum indexes are then aggregated using aggrelected with each unit having a probability proportional to
gation weights to form desired aggregate area and item imuantity, the estimator of3 ¢ is:
dexes,lyzt o

W,
S 3 Anghao 2 WhzPhi
| _ heH zeZ Rpgpi] = —=2
HZt ..Cl A ].[Z ’ zg‘z wﬂzph.l.t -1

where Ay, is the aggregation weight for the hth basic area This is the ratio of the summation of weighted prices,
and zth item stratum 4y is the aggregate weight for the where the weights (W) reflect the probability of selection
aggregate area and item index, and where H and Z repref the item being priced and a non-interview adjustment.
sent the set of h areas and z items, respectively. Non-interview adjustment is a statistical procedure designed
The U.S. city average all items CPI is computed by aggree adjust for nonresponse. This form of the estimator is used
gating all basic component area and item aggregate indexes:the rent and owners’ equivalent rent item strata.
When the samples of outlets and items are selected ‘with

T T Apgdnso probabili_ty proportional to expenditure, the estimator of
neUs zeUS " Rhzt,t-11:
lyst,0 = A faallh,z
Us Z wthhz_.t "rphla
R _ ZfZ
Aggregation weights for a given area H and item stratum hzt,t-] > WhPnz 1-1 / Phia
Z combination are calculated as the expenditures for the pivot 7oF '
period divided by the corresponding index in the pivot pe-
riod, that is, where Bz4is an estimate of the price of the selected item in
period a, corresponding to the expenditures used in outlet

Avn = P /1 sampling.
hz h%H z%I th'th hzp .1 This is the ratio of the summation of weighted price ra-

tios, where the weights reflect the probability of selection of
the item being priced and non-interview adjustments. It is
where p is November or December 1986 and r is the nuised for all commodity and service item strata.
merical base, currently the same as b (the weight-base), equallThus, construction of the CPI is a twofold estimation pro-
to the average of 1982-84. The pivot period is the time wheoess. First, the aggregation weights. Ahz, must be estimated.
revised CPI is attached to the previous CPI to create a coihese estimates are derived from the Consumer Expendi-

tinuous series. ture Survey as explained in the next section. Second, the
The formula for the aggregation weights of high level itemone-period price changesy 1.1, must be estimated for
and area indexes is: each pricing period. The methodology for estimating price

changes is explained in later sections.

A = P /1

HZ % % hzp nzp HZp Estimation of expenditure-population w  eights

The aggregation weights for each of the index areas, for
each item stratum, and for both the CPI-U and CPI-W popu-
The aggregation weight for higher level indexes is not, ifations, require an estimate of expenditure that serves as its
general, equal to the sum of the aggregation weights of itweight in the market basket of goods and services. When
elements. divided by their respective index for the pivot period, the

The computation of the index using one-period priceexpenditures weight becomes the aggregate weight. Each
relatives based on identical item specifications in adjacergxpenditure weight is the product of the mean annual ex-
periods allows the requisite flexibility to update the samplependiture per consumer unit (estimated from the 1982-84
of outlets and specifications to reflect an updated distributio€E Survey) and the number of consumer units (obtained
of purchases within an item stratum within a local area. Th&om a special tabulation of the 1980 census).
form of the estimator for a one-period price change, Rhzt,t-1, Calculation of mean expenditures consists of three steps:
depends on the procedures used for selecting the sampleqdf Preliminary estimation of expenditures and their rela-
outlets and items and are designed to provide approximatie importance; (2) final estimation of relative importance
unbiased estimators of price changes. When the samples @@&ta, using a composite estimation procedure; (3) final esti-
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mation of mean expenditures using a raking process on thehere:
mean expenditures derived from the relative importance data

determined in (2). The design criterion for this estimation Var Rl - Cov Rly

procedure is to minimize the average mean square error of By ESD Rl

the relative importance of the expenditure weights for thg,here:

index areas. The relative importance is a stratum’s share Var Rjp,, s the estimated variance of the relative im-

(usually expressed as a percent) of the total expenditure for portance for index area h,

consumption. CovRyp, s the estimated covariance of the relative
o ) o importance R} and R}, and

Preliminarymean expenditures and relative importariie- ESDRp, s the estimated expected squared difference

liminary mean expenditures and their relative importance of the relative importance|R and Rim.

were calculated for each area-item stratum and expenditure . )
class, for each population, index area, repligagad ma- |f Bp <0, then B, is set equal to O. If 8> 1.0, then B is

jor geographic area from each survey source—the CE Intefet €qual to 1.0. . o _

view or Diary Surveys. Composite estimation reduced the The above composite estimation procedure defines a
variance of these preliminary relative importance data byShrinkage” estimator. A further refinement to defining the
averaging them with the relative importance of their majofinal composite estimator, CRI, limits the shrinkage. Let
geographic areas. There were eight major geographic area®R!h be the square root of the Var Rih. The final compos-
(index area aggregates), each consisting of either the selfe estimator is calculated as:

representing or non-self-representing index ateasach

Census region. The mean expenditures are estimated using

information from the 1982, 1983, and 1984 CE Surveys.

They are the simple weighted averages (overall consumer

units inthe population desired) of the expenditures for the . o . )
particular stratum or expenditure class. The consumer uritnere Kp mqis a limiting factor defined for each major
weights are those described in the section on the CE Surve§€a, m, and major item group, mg. The paramepﬁr,nlﬁg;

The relative importance of stratum or expenditure class i¢/as determined by testing alternative values on the 1972-73
the proportion of total consumption expenditures that th&E data. The value which maximized the reduction of the
consumer units in a population index area (or major area5\{ISE and. minimized the change for expenditure estimates
and replicate spend for that structure or class. at the major group level was selected.

Composite estimatiorComposite estimation is a method Raking.To reestablish data consistency between item strata

used to decrease the mean square error (MSE) of the re@f1d EC levels and to reflect the special consumer unit
tive importance of area-item strata by using data from th@/eights, an iterative ratio estimation procedure (raking) was
corresponding major areas. It is implemented separately fperformed. That is, the sum of the expenditures for all item
data from the Diary and Interview Surveys. The composit§trata within an EC for an index area was forced to equal
estimated relative importance of a particular area-item strd0€ total expenditures for the EC in the index area. The sum
tum, or expenditure class is a weighted average of the tw®f the expenditures for a specific item stratum across all
preliminary relative importance estimators, RI, one for thdndex areas in a major area was forced to equal the major
index area and major area. area estimate of average expenditures for the item stratum

To calculate the composite estimator, let the relative imtimes the special consumer unit weights. Alter composite
portance for the particular item stratum (or EC) at the in€stimation of the relative importance, initial total expen_d|—
dex area and one for the major area fpead®d Ry, respec-  (Ure estimates, TE, for each item stratum and expenditure
tively. The initial composite estimator, ICRI, is a weighted€lass, population, index area, and replicate for the Diary
average of the PSU level and major area. It is calculated s@0d Interview Surveys were calculated as:

ICRI = By ‘Rl + (1-By)RI,

where ES is the sum of preliminary mean expenditures
across all item strata for index area z. Similarly, total ex-

15 A single selection of entry level items and outlets for all item strata as- di . lcul df hi
signed to a primary sampling unit is called a replicate. For further informalP®€N lture estimates were calculated for each item stratum

tion, see the section on sampling. and EC at the major area level.

16Self representing and non-representing index areas are defined in the Expenditures from the Diary and Interview Surveys were
section on sample and publications areas. Self representing and non-repyg-_ . . . . .
senting index areas are defined in the section on sample and publicatioﬂien mtegrated. Each item has as its EXpendlture source el-

areas. ther the Diary or Interview Survey. All of the processing
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activities described above were performed separately by susents: (1) Purchases of used vehicles that are entering the
vey. After composite estimation and rakingwere completedzonsumer sector for the first time (that is, purchases from
expenditures from the two surveys were combined to fornprivate industry, including auto rental companies, and from
the set of total expenditures. public agencies; as well as purchases of used vehicles that
The raked, composite estimated expenditures were coenter the U.S. market from abroad as used vehicles); and
verted to aggregation weights in a two-step process. Firs?) the difference between, (a) the price a consumer receives
item strata expenditures were updated from June 1983, (tleghen he sells (or trades-in) a vehicle to an auto dealer, and
midpoint of the 1982-84 CE period) to December 1986 (théb) the price another consumer pays when he buys the ve-
pivot month) for the index area. (November 1986 for bi-hicle from that (or a different) auto dealer.
monthly index areas published in odd months.) Each ex- In medical care, the way health insurance premiums were
penditure weight was multiplied by a long-term price changeepresented changed in the expenditures weights. While this
from the CPI for the time interval: change has no effect on the final index result and is math-
ematically equivalent to the former procedure, the new struc-
I ture provides a clearer picture of the role of health insurance
hzdald in the CPI. In both the former and current CPI, the health
IthEEIﬁ insurance weight is only expenditures by consumers for pre-
miums; it does not include employers’ contributions, Just as
where: other medical care expenditures are out-of-pocket payments
by consumers. Insurance premiums can be viewed as pur-
Enzg612 is the updated expenditure for the item strata  chasing two things: (1) the medical care for which benefits
in the hy, area for December 1986, are paid, and (2) the services of the insurance carrier in ad-
Enz8306 is the raked composite estimated expenditure ministering the policy and bearing risk. This second ele-
for the 7}, item strata in the hth area for June  ment has been labeled retained earnings and refers to oper-

Ehzsm = Ehzggnﬁ

1983 ating costs and any profit of the insurance carrier.
Ihzge12 is the CPI index for theth item strata for the In the former CPI, within health insurance, the insurance
hth area for December 1986, and expenditure weight was broken into item strata for each type
Ihzs306 is the CPI index for thet? item strata for the of benefit and for the retained earnings associated with each
h;}, area for June 1983. type of benefit. The price movement for a health insurance

benefit stratum (for example, insurance-paid hospital rooms)
Updated item strata expenditures were summed to arriwgas the same as the price movement for the corresponding
at the required updated expenditures for aggregate items angdical items in the CPI (hospital rooms). The price move-
areas. In the second step, the updated expenditure weigment for a retained earnings stratum was the combination
were divided by a corresponding index for the pivot periodpf price change for the relevant medical care items and an

yielding the aggregation weight: estimate of changes in retained earnings as a proportion of
premiums.

Anz = Enzgs12 In the current CPI, using the same example, instead of

Ihz8612 using the price change for both the hospital room index and

the hospital-room-paid-by-insurance index, the expenditures
Special expenditure-weight proceduréds a result of the for the two types of hospital payment are combined into a
1987 revision, the cost-weight definitions for new and usedingle index. The cost-weight for each medical care item is
vehicles and for medical care item strata were changed sitie combination of direct out-of-pocket expense for the item
nificantly. In the former CPI, all expenditures for vehiclesand indirect out-of-pocket expense for the item paid from
were valued at the net transaction price—the negotiated pri@nsumer-purchased health insurance. The health insurance
less any trade-in value. In the revised CPI, the treatment abst weight is the sum of all retained earnings
trade-ins and outright sales of used vehicles was changed.
Trade-ins at their market value continue to be netted out &fnnual and semiann ual average index estimation
the price of used vehicles. However, the total market value CPI values use 12 successive months of CPI values as:
of trade-ins on new vehicles is now netted from used ve-
hicle purchases, rather than new vehicles. Sales of vehicles
from one consumer to another are netted against the corre-
sponding purchase because the transaction is really an intra-

population exchange of wealth; there is no net change in ) ]
the consumption of used vehicles. As a result of these€miannual average indexes are computed for the first half

changes, the expenditure weight for used vehicles repré&f the year (January-June) and for the second half of the

12

l2av = Z Lip/12
t=1
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year (July-December) using 6 successive months of CPI val- d. Percent of housing units heated by electricity,
ues as: e. Percent of housing units heated by fuel oil,
5 f. Percent black, and
Isav= = lt.p/6 g. Percent retired.
t=]

The Census Bureau defined the four regions: the North-
where the value of each monthly index is real or interpoeast, the Midwest, the South, and the West. These charac-
lated, depending on availability. teristics along with preference factors for each characteris-

For bimonthly indexes, the intermediate indexes are cakic, the number of strata, and the limits on strata size were

culated using a geometric mean of the values in the monthise input to a program which used a modified Friedman-

adjacent to the one being estimated. Rubin clustering algorithm to determine the stratification.

This algorithm attempts to identify the best partition of sam-

Sampling: Areas, Items, and Outlets pling units into strata by minimizing the between PSU vari-
ance.

The 1987 CPI area sample defined 91 geographic areas 1his area design resulted in _31 strata with one pricing
from which 94 PSUs were selected. In 1988 due to budg&®@ per stratum (self-representing PSU's) and 60 non-self-
constraints, 6 PSUs were dropped from the design leavirgPresenting strata. (The three New York PSU's and two
88 PSUs in 85 areas. The following sections describe the®S Angeles PSU's are also self-representing.) One sample
sample as it was designed for the 1987 revision. Wher@SU was selected from the PSU's in each non-self-repre-

changes have occurred due to the 1988 budget constraint€nting stratum. A controlled selection program was used to
the resulting numbers will be noted in parenthesis next th'Sure that the sample areas were distributed geographically
the original numbers. See appendix 3 for more details. ~&Cross the United States and to increase the overlap between

the old area sample and the new area sample.

Area sample Since 39 of the 94 PSU’s selected were new to the CPI the

Pricing for the CPI is conducted in 94 (88) primary sam"eW area sample for the CPI was introduced over a 2-year
pling units (PSU’s) in 91 (85) geographic areas. (The Neweriod. Twenty new PSUS were |n|t!ated QUrlng 1986 and
York area has three PSU’s and the Los Angeles area has tgve been used in CPlindex calculations since January 1987.
PSU’s.) The area desifrand sampling are summarized as Sixteen of the remaining new PSU’s were initiated during
follows: The urban was divided into 1,088 PSU's. Except inL987, and the final three were initiated in 1988. Each of the
New England where they are groups of cities and towns, &2 0ld PSU’s continued to be priced until the new PSU which
PSU is a county or a group of contiguous counties. The basf9rresponded to it was initiated and linked into the index.
of the PSU definition was the geographic areas defined by 1he CPI area design defines 37 (36) publication areas,
the Bureau of the Census for the Current Population Surveeéat is, areas for which a CPI is published. Twenty-seven of
in 1980 with population estimates from the 1980 censudhe self-representing areas were defined as publication ar-
Each Consolidated Metropolitan Statistical Area (CMSA)€aS: Eight (seven—the B size class in the West is no longer
or Metropolitan Statistical Area (MSA) as defined by thePublished due to budgetary constraints) additional publica-
Office of Management and Budget in 1983 is a PSU. gL dion areas were defined by crossing the two city-size classes

grouped the remaining non-MSA counties containing an§non-self-representing MSA areas) by the four Census re-
urban population to form PSU’s. Rural areas of the nondions: The non-MSA areas in the Midwest and South were

MSA counties were excluded. (See appendix 3.) a_Iso defir_1ed_as publication areas. Each of these region-by-
The urban U.S. was partitioned into 91 geographic strat&2€ Publication areas has 4, 6, or 10 strata. Only two strata

The strata were sets of similar PSU’s combined according #§ereé defined in the non-MSA areas in the West and North-

the following characteristics, which were found to be highly®aSt, which made them ineligible for publication. Indexes

correlated with price change: are also published for the U.S. total as well as for region and
city-size class totals.
a. Region, population size, MSA vs. non-MSA, Indexes for the U.S. total, the 10 (9) region—_by—size class
b. Mean interest and dividend income per housing unit, 87€as, and the 5 largest local areas are pu_bllsheq monthly.
c. Mean wage and salary income per housing unit, Indexes for the 10 next largest areas are published bimonthly,

and indexes for the smaller self-representing areas are pub-
To be published, a semiannual average must have at least thbShed only as semiannual and annual averageg.
noninterpolated index values with sufficient samples. An annual average Every 2 months the CPI prices 134 (126) replicates. One
must have at least four noninterpolated index values with sufficient samplepepncate is approximately 1,100 price quotes for commodi-
"Dippo, Cathryn S. and Jacobs, Curtis A, *Area Sample Redesign for thge ¢ 504 services and 390 housing units for shelter. The allo-

Consumer Price IndexProceedings of the Survey Research Methods Sec-"~~ ; : . .
tion, American Statistical Association, 1983, pp. 118-123. cation of the replicates is proportional to the population rep-
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resented by the PSU, with at least one replicate assigned toThe objective of the sample design methodology was to
each PSU. The actual allocation of replicates to PSUs is praletermine, by major group, the number of ELI's to be sampled

vided in the next section. and the number of outlets to be selected per PSU replicate.
There were four major activities in the design project. First,

Item and outlet samples: Commodities and a variance function projected the variance of price change

services other than shelter as a function of the above variables for the commodity and

service components. Second, a cost function modeled the
Item structure and samplinghe CPI item structure bas four total annual cost of the commodities and services compo-
levels of classification. The 7 major groups are made up of 68ents of the CPI. Third, values for all coefficients of the two
expenditure classes (EC's), which in turn are divided into 20functions were estimated (including estimates of outlet over-
item strata. Within each item stratum, one or more substratiap). Fourth, nonlinear programming techniques were used
called entry level items (ELI's), are defined. There are 3640 determine approximately optimal sizes for the item and
entry level items. (See appendix 4 for a complete list of comutlet samples to minimize the CPI variance under varying
sumer expenditure classes, item strata, antsBlThe major assumptions of annual price change subject to cost con-
groups are primarily for emphasis in publication. The Expenstraints.
diture categories are needed to smooth the weights of the itemThe variance and cost functions for the CPI were mod-
strata during composite estimation. (See above.) The CPI useled for 10 PSU groups:
the item strata at the CPI area level to calculate the index each

month. The ELI's are the ultimate sampling units for items as 1. New York City 7. San Francisco, Detroit

selected by the BLS national office. They are the level of item 2. New York, New Jersey 8. Large self-representing

definition at which the data collectors begin item sampling suburbs PSU’s

within each sample outlet. 3. Los Angeles City 9. Small self-representing
To enable the CPI to reflect changes in the marketplace, 4. Los Angeles suburbs PSU’s

new item and outlet samples are selected each year for 206. Chicago 10. Non-self-representing

percent of the PSU’s on a rotating basis. Each year, four 6. Philadelphia PSU’s

regional item-universes are tabulated from the two most re-

cent years of Consumer Expenditure Survey data. An inde- A detailed discussion of the sample allocation methodol-
pendent sample of ELI's is selected for each item straturagy is provided in appendix 5.

for each PSU-replicate scheduled for rotation that year from The solution of the design problem yielded the following
the corresponding regional item universe. For the completeumber of item strata selections per PSU replicate by Major
5-year cycle, 134 samples of ELI's are selected nationallytem group:

Within each region, each ELI sample uses a systematic sam-

pling procedure, in which each ELI has a probability of se- CPI expenditure Item strata
lection proportional to the CPI-U population expenditures categories selections (ELIS)
for the ELI within its stratum. Selection of outlet samples is
described in the following section. Food and beverages ........cccccccviiiiiiiiieeennnenn. 73
Fuel and UtilitieS ...........evveviiiineiiieee e 12
Item and outlet sample desighhe CPI uses two separate  Household services and furnishings ............ 66
sample designs, one for rent and owners’ equivalent rent Apparel and upkeep ..........ccocceeeeeieeiinniinnns 47
and one for all other commodities and services. The meth- Transportation..............ooooccuvviiiieeiieeennnnnns 34
odology employed to determine the commodities and ser- Medical care .............cccouvieeeiiiieiiiiiiciiiiieee, 18
vices item and outlet sample design is presented here. ThoseEntertainment.............cccveeeeeiiiiiiiiiiniiiinne. 27
for the rent and owners’ equivalent rent components are Other commodities and services .................. 21

described later.
For the development of the sample design, all commodi- The number of outlets selected for each Point-of-Purchase-
ties and services item strata were grouped into eight maj@urvey category (see below) for each major item group by

groups: PSU group is as follows:
OPS expenditure PSU group
Food and beverages Transportation categories 12 3456 7 8910
Fuels and utilities Medical care
Household services and  Entertainment Food and beverages...6 7 6 6 8 9 9 4 2 6
furnishings Other commodities and Fuel and utilities........... 7844786426
Apparel and upkeep services Household services and
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furnishings ............... 1111111111 of tracts, a sample of Census enumeration districts (ED’s)
Apparel and upkeep ...2 2 2 2 2 3 3 2 12 was selected, and, within the selected ED’s, the sampled
Transportation............ 2433344313 households were dispersed evenly. Five housing units were
Medical care ................ 33333533114 selected in each ED, and, since the desired sample size per
Entertainment............ 1111111111 cluster was 40 housing units, about 8 ED’s were sampled
Other commodities and from each cluster. In areas that issue permits for new con-

SEIVICES. vveeveeiiieenen 1111121111 struction, construction units were selected from the list of

permits issued; in other areas, selection was made from area
The PSU groups are as defined earlier. With this allocatiorsegments. This sampling approach was used, with minor
outlets and quotes will be initiated each year under samplaodifications, in 1977 and 1978.
rotation. For ongoing pricing, there will be about 25,000 From 1979 through 1984, unclustered samples of house-
outlets visited each month, with prices collected for 95,00tolds were selected for the survey. Since 1985, households
items. have been selected on the basis of a noncompact clustering

procedure which is modeled after the sample design for the
Outlet and price survey$8LS field representatives collect Consumer Expenditure Survey. There are five sample frames:
prices monthly for food, energy items, and a small number diinit, special place, area, block, and permit. The 1980 Cen-
other commodity and service item strata in all PSU’s. Pricesus 100-Percent Edited Detail File is used as the source for
are collected monthly for all commaodity and service item stratall frames, except new construction in permit areas. For this
in the five largest index areas (New York, Los Angeles, Chiframe, an unclustered sample of units is chosen from the
cago, Philadelphia, and San Francisco). Prices are collectpdrmits issued since January 1980. For the unit, special place,
bimonthly for the item strata not cited above in the remainingirea, and block frames, ED’s are selected first. Then, a sys-
index areas. Each bi-monthly PSU was assigned to either thematic sample of four or five units from each chosen ED is
even- or odd-numbered months for pricing. selected.

The Continuing Point-of-Purchase Survey is conducted

Point-of-Purchase Surveffhe Bureau of the Census con- annually over a period of 4 to 6 weeks, usually beginning in
ducts the Continuing Point-of-Purchase Survey (CPOPS) fokpril, in approximately one-fifth of the PSU’s in the CPI.
BLS. It furnishes current data on retail outlets from whichThe eligible population for the survey is the same as for the
urban households made purchases of defined groups of co@E Survey: All civilian, non-institutional persons, includ-
modities and services. Data from the survey provide the sanmng persons residing in boarding houses, housing facilities
pling frame of outlets for food and most commodities andor students and workers, mobile home parks, permanent-
services to be priced in the CPI. CPOPS is the source of tigpe living quarters in hotels and motels, and staff residing
outlet sampling frame for about 90 percent of the commodiin institutions. The interviews, conducted in selected hous-
ties and services items by expenditure weight. (See appeimg units, consist of two parts. First, the interviewer elicits
dix 6 for a list of CPOPS categories. See appendix 7 for mformation on the demographic and socioeconomic char-
complete list of items not covered by the CPOPS.) acteristics of the household. This information is used to ana-

The Point-of-Purchase Survey conducted in 1974 was tHgze the shopping patterns of various segments of the popu-
source of the outlet sampling frame in the 87 PSU’s definethtion. It is also used to determine how many consumer units
for the 1978 CPI revision. It was based on the 1970 censuseside in the housing unit and should be interviewed. A con-
From 1977 to 1984, the Continuing Point-of-Purchase Sursumer unit (CU) consists of all members of a particular hous-
vey was conducted in approximately one-fifth of these PSU’'hg unit or other type of living quarters who are related by
on a rotating basis, so that the outlet sample for any PShlood, marriage, adoption, or some other legal arrangement,
was never more than 5 years old. Since 1985, the survey hsisch as foster children, or who are unrelated but financially
been based on the 1980 census and covers the 94 PSU’s dependent upon each other for major living expenses, such
fined for the 1987 CPI. as housing or food.

Various methods have been tested to determine the sampleln the second part of the interview, the respondent is asked
of households to be interviewed in the survey. In 1974, savhether or not the CU purchased categories of goods and
highly clustered sample of households was selected on tlservices within a specified recall period. Commodities and
assumption that, if families tended to buy in the areas whergervices are grouped into sampling categories called POPS
they live, the outlets given as responses to the survey wouthtegories based on entry level items as defined in the CPI
also be clustered. In order to increase the expected chancecta#ssification structure. Some POPS categories consist of only
clustering the outlets, the household clusters were formeahne ELI, while others consist of combinations of ELI's. ELI's
(where possible) around central business districts, shoppirage combined into a single POPS category when the com-
centers, and other retail centers. These large clusters wermdities or services are generally sold in the same outlets.
called secondary sampling units (SSU’s). Within a clustefFor example, POPS category 106, Meat and Poultry, con-
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sists of eight beef ELI's, six pork ELI's, four ELI's for other replicate, and POPS category using a systematic sampling
meats, and three poultry ELI's. These ELI's are combinegrocedure. Each outlet on the frame has a probability of
because an outlet that sells beef also tends to sell other meatslection proportional to the amount of expenditures reported

Recall periods for POPS categories vary from 1 week to b the POPS. In each PSU replicate, all ELI's selected in the
years. The recall period for a specific POPS category is détem sampling process are assigned for pricing to each
fined to produce a sufficient, but not excessive, number acdample outlet for the corresponding POPS category. When
outlets for sampling purposes. Since consumer units tend toultiple selections of the sample outlet occur, a commen-
purchase food items, tobacco products, and gasoline freurate increase is made in the number of quotes priced for
quently throughout the year, a 1- or 2-week recall period ithe outlet. The designated sample size for a given POPS
used. In contrast, CU’s tend to purchase cars, hard-surfacategory within each major item group for each replicate
flooring, and funeral services infrequently; therefore, a 5within a PSU group was presented in the section on item
year recall period is assigned to these categories. and outlet sample designs. The designated sample size is

In the 1987 survey design, there are 170 POPS categthie number of outlet selections and not the number of unique
ries. Two different checklists of POPS categories are used mutlets. The number of replicates by PSU group is presented
interviewers—each checklist is used in one-half of all samplbelow. There are 134 (126) replicates included in the CPI.
households in the total nationwide sample. Each checklist

consists of a subsample of 147 POPS categories. Most cat-PSU group Number of
egories are included on both checklists. However, some of replicates

the short-recall-period categories are included on only one 1. New YOrk City. .......cooocuuiiiiiiiiiiieiiiniiiiiieeeen, 4
checklist. Subsampling on two checklists is used to control 2. New York suburbs, New Jersey suburbs ....... 4
the expected number of responses received from a house-3. Los Angeles City .........ccceeeeiieeiiiniiiiiiiiieennenn. 4
hold and to minimize respondent burden. The combination 4. Los Angeles suburbs ...........cccccccciieiiiiniins 2
of sample size and reference period for a given POPS cat-5. ChiCago. .........ocooiiiiiiiiiiiiiiiieiieeee e 4
egory is designed to generate 6 to 12, not necessarily unique,6. Philadelphia............cccccoiiiiii. 2

outlets reported for a given PSU/POPS category. For each 7. San Francisco, Detroit..............ccccccceeeeeennnns 4
POPS category on the designated checklist, the respondent3. Large self-representing PSU’S .........cccccceeeeen. 18
for a CU is asked whether purchases were made within the 9. Small self-representing PSU'’s ................. 32 (28)
stated recall period and, if so, the names and locations of alll0. Non-self-representing PSU's.................... 60 (56)

places of purchase and the expenditure amounts.

From the results of the annual household survey, a ne®utlet sampling procedures for commodities and services
sample of outlets is selected for approximately one-fifth ohot included in the POPSome commodity and service
the PSU’s in the CPI. In the year following the survey, BLSitems were excluded from the POPS either because existing
initiates these new outlets, selects items for pricing fronsampling frames were adequate or it was apparent that the
each, and replaces the former set of items in the CPI frolOPS would not yield an adequate sampling frame. (See
each surveyed city with the new outlets and items. appendix 7.) For each non-POPS item, BLS either constructs

the sampling frame or acquires it from another source. Each

Outlet sampling procedureAs indicated earlier, item samples non-POPS item has its own sample design. The frames con-
and outlet samples are selected each year for 20 percent of #isgt of all outlets providing the commodity or service in each
PSU’s on a rotating basis. In self-representing PSU’s, sampgample area. A measure of size was associated with each
households for the POPS are divided into two or more indesutlet on the sampling frame. Ideally, this measure of size
pendent groups by the first-stage order of selection, whictvas the amount of revenue generated by the outlet for the
defines two or more frames of outlets for outlet selection. Thgem for the CPI-U population in the sample area. When-
independent groups or replicates are needed for variance egter revenue was not available, an alternative measure of
mation. A single selection of ELI's and outlets for all item size, such as employment, number of customers, or sales
strata assigned to a PSU is called a replicate. For a given PSldJume, was substituted. All samples were selected using
POPS category and replicate, the total expenditures reportsgstematic sampling techniques with probability proportional
for a given outlet are edited. If a purchase is reported for ato the measure of size.
outlet but the amount of expenditures is not reported, then, to The source of the sampling frame, the definition of the
ensure a chance of selection for the outlet, the mean expendampling unit, the measure of size employed, the final pric-
ture for the PSU, replicate, and category is assigned. If largeg unit, and the number of designated outlets and quotes
expenditures are reported for an outlet, then the amount isr each non-POPS item are presented in appendix 7.
restricted to 20 percent of the total expenditure for the PSU,
replicate, and category. AugmentationBLS monitors the sample of outlets for suf-

Outlet samples are selected independently for each PSfigiency on a regular basis. A sample of outlets for a given

180



PSU replicate and POPS category is sufficient if at least b. Ranking the groups by importance of sales as indi-

one-half of the designated outlets are still active; that is, cated by the respondent and then obtaining the pro-
prices are being collected in at least one-half of the origi- portions directly or using preassigned proportions;
nally specified sample. When a sample no longer meets thec. Using shelf space to estimate the proportions where
sufficiency criteria, BLS augments it, linking new outlets applicable; and

into the index. These augmentation samples are selectedd. Using equal probability.
from the same universe as the original sample and have the
same number of outlets designated. The newly initiated out- After assigning probabilities of selection, the field repre-
lets and quotes are used in addition to any remaining outlesentative uses a random number table to select one group.
and quotes from the original sample. This process allow$he field representative then identifies all items included in
BLS to maintain a sufficiently large sample for each PSUthe selected group, forms groups of those items based on the
replicate and POPS category between the normal 5-year-common characteristics, assigns probabilities to each
rotation cycle. Current BLS plans call for augmentation tayroup, and uses a random number table to select one. The
occur on an annual basis. field representative repeats this process through successive
stages until reaching a unique item. The field representative
Merging item and outlet sampleSince the item and outlet describes the selected unique item on a checklist for the ELI.
samples are selected separately, they must be merged hecklists contain the descriptive characteristics necessary
fore data collection. A concordance that maps ELI's to Pointo identify the item among all items defined within the ELI.
of-Purchase categories allows each sampled ELI to be as-These selection procedures insure that there is an objec-
signed for price collection to the outlet sample selected faive and efficient probability sampling of CPI items other
the POPS category that contains it. The number of pricthan shelter. They also allow broad definitions of ELI's so
quotes for an ELI in each outlet equals the number of timethat the same tight specification need not be priced every-
the ELI was selected for pricing in the PSU replicate duringvhere. The wide variety of specific items greatly reduces
the item sampling process. the within-item component of variance, reduces the correla-
The item/outlet sample merge determines the number d@ion of price movement between areas, and allows a sub-
price quotes assigned for collection in each sample outlestantial reduction in the number of quotes required to achieve
In the outlet sampling process, if the expenditures reportealgiven variance. Another important benefit from the broader
for the outlet are large, an outlet may be selected more th&i_I's is a significantly higher likelihood of finding a
once for a given POPS category. An outlet may also be sericeable item within the definition of the ELI within the
lected for more than one POPS category. If an outlet is ssample outlet.
lected multiple times for a given POPS category, the same This selection process is completed at the visit to the out-
multiple of price quotes is assigned for collection for eacHet to obtain the price for the selected item. Overtime, subse-
sample ELI matching the category. If an outlet is selecteduent personal visits or telephone calls are made either
for more than one POPS category, price quotes are assignanthly or bimonthly, to ascertain that the item is still sold
for collection for all ELI's selected in each category. and to obtain its current price.

Selection procedures within outles.BLS field represen- Item and outlet samples: Shelter
tative visits each selected outlet. For each ELI assigned to The CPI housing unit sample is the source of information
the outlet for price collection, the field representative uses an price change for the two principal shelter indexes—the
multistage probability selection technique to select a spaesidential rent index and the owners’ equivalent rent in-
cific item from among all the items the outlet sells that falldex. The shelter indexes account for approximately 25 per-
within the ELI definition. The field representative first iden- cent of the total CPI weight. The housing unit sample is a
tifies all of the items included in the ELI definition and stratified, systematic, multistage, cluster sample that was
offered for sale by the outlet. When there is a large numbetesigned to consist of approximately 40,000 rental units and
of items in the ELI, they group them by common character20,000 owner units. BLS selected housing units constructed
istics, such as brand, style, size, or type of packaging. Withefore 1980 with data developed from the 1980 Census of
the assistance of the respondent for the outlet, the field repopulation and Housing. For housing constructed since 1980,
resentative assigns probabilities of selection to each grouthe Bureau of the Census supplies an annual sample of new
The probabilities of selection are proportional to the sales afnits from building permits data.
the items included in each group. The field representativeStratification. BLS used two variables, average rent level
may use any of four alternative procedures for determining thend tenure (percent renter occupied), to select the stratify-
proportion of sales. In order of preference, they are: ing area clusters called segments; these variables correlate
with rent change. Using them for sampling stratification
a. Obtaining the proportions directly from a respondentserved to make the sample sizes within clusters more con-
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sistent, uniform, and homogeneous. s = number of strata,

Stratification accomplished two goals. First, stratifying o, = number of owner units in thH‘istrata,
by variables associated with rent change insured sample cov-r; = number of renter units in thH‘istrata,
erage for important characteristics that correlate with rent. L the total unit variance,

Second, stratification by percent renter occupied produced within cluster variance,

the clustering and the consistent sample sizes of renter ando; = number of owners allocated t@"strata,

owner housing units within clusters. It is this geographic r; the number of renters allocated ¥ strata.
clustering that permitted the assignment or “matching” of

renter-occupied units in the sample to the owner units in thBLS determined the strata sample sizegr |, subject to
sample. Matching is the mechanism that provides the basibe sample size constraints, by finding the values;fand
for measuring price change of owner housing that is used i that minimize Z? This produced an optimal sample for
the owners’ equivalent rent index. the given resource constraints for the two indexes.

To meet the stratification goals, BLS stratified at the low- BLS determined an initial allocation simultaneously across
est published Census areas within the 94 (88) CPI PSU's. lil strata and PSU’s based on a criterion requiring a mini-
many cases, this was the block group or block level. In CRhum sample size for each published index. If a publication
areas where the Census Bureau provided data only by enaSU was not allocated the minimum sample, it was assigned
meration district (ED), BLS stratified at the ED level. Be-a designated number of units large enough to meet publica-
fore stratifying areas where both block group and block datdon standards. This minimum sample was allocated apply-
was available, BLS defined partial block groups (PBG’s).ing the above formula for Z among the strata within the
Individual blocks within a block group were established a®SU. A single process reallocated the remaining sample to
independent PBG’s when they had a high percentage of rerihe remaining PSU’s.
ers and a large enough number of housing units to stand asThe budget for the CPIl Housing survey dictated a sample
an individual cluster. The balance of each original blockof 10,000 clusters (called segments) and 100,000 pricings
group was also designated in total as a PBG. Less thanpgr year for the pre-1980 sample portion of the survey. BLS
percent of the block groups were affected by this processdded 900 more segments to compensate for an expected 9-
The use of this process, however, significantly reduced thpercent sample loss that results from differences in the Cen-
cases where large numbers of renters were selected in a singlless Bureau and CPI definitions of housing units. In contrast
building. The resulting PBG’s were generally far more ho-to the Census definition, the CPI excludes public housing,
mogeneous in terms of percent renter occupied and strumstitutional housing, and military housing.
ture type than the original block groups.

Strata boundaries were defined, and the PBG’s and EDSample selection within stratBLS selected sample clus-
were sorted into the strata defined on the basis of the twiers in each stratum using a systematic probability-propor-
variables, average rent level and tenure (percent renter denal-to-size (PPS) sample selection method. Each partial
cupied). Eighteen strata were defined for each PSU, usifdgock group within a stratum was assigned a measure of
three rent ranges and six tenure ranges. An important esize according to the total number of housing units, with
hancement from previous CPI housing samples was thabntrols on the maximum and minimum percent renter oc-
strata boundaries were defined differently for each PSU toupied. BLS sorted the PBG’s geographically and, using
insure that each stratum contained roughly the same nurthe measures of size, allocated the sample of PBG’s sys-
ber of housing units and allowed for between PSU differtematically.
ences in rent levels and housing characteristics. BLS sampledNext, BLS partitioned each selected PBG into a number
PBG/ED’s within each stratum, thereby insuring that theof clusters, depending on the PBG's size, and selected one
survey included housing clusters of all rent and tenure levat random. When a single Census block contained more than
els. Stratifying by tenure also permitted BLS to vary theone cluster and one of these was a selected cluster, BLS field
sample rate for owners and renters in each cluster to obtaiepresentatives defined the individual cluster following strict
consistent sample sizes by tenure within the clusters. procedures derived from the sampling plan. For example,

suppose that the sample design determined that a segment
Sample allocation to PSU’s and straBBLS allocated the began 10.1 percent of the way into a block and ended at 23.8
sample to minimize a value Z, which is proportional to thepercent into the block. If the block was not too big, the BLS
sum of the variance of the rent and owners’ equivalent remepresentative would enumerate the entire block and then

indexes. This value is expressed as: define the segment using these percentages. In large blocks,
a 2
z - % | of Fwl (L, R L
i=1 ! o t ! t ¥ For a full derivation of Z, see W.F. Lane and J.P. Sommers, “Improved
Measures of shelter CostRroceedings of the Business and Economic
where: Statistics SectigrAmerican Statistical Association, 1984.
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the field representative prescreened the blocks and sent tteethe rent sample in owner areas. Although they represent
information to the BLS national office which determinedfew renters in the renter universe and, consequently, have
the segment. very low weight in the rent index, they serve as the main
A field screening determined the final selection of houssource of rental units to match with owner units. It is their
ing units in the sample. In the first step of this processnovement that primarily drives the owners’ equivalent rent
called listing, BLS field representatives enumerated in orindex.
der on listing forms every housing unit or potential housing
unit they saw in each segment. The national office preparesample augmentation and rotation 1989, BLS augmented
unique selection sheets that indicated the sequence numitee renter sample in those strata containing a balanced mix
of each unit to be screened and its “desired tenure” (whethef owner and renter units. Additional renter units in seg-
the unit needed to be owner or renter occupied to pass screaments within these strata were selected, screened, and initi-
ing and remain in the survey). Using these selection sheetted, and the sampling weights for these segments were ap-
the field representatives identified on the listing forms theropriately adjusted. The augmentation resulted in a 5-per-
units to be screened and their desired tenure. cent increase in the overall number of renters in the CPI
The selection sheets for each segment took into accouhbusing survey and specifically added units that support both
each segment’s proportion that was renter occupied accorthe rent and owner’s equivalent rent indexes.
ing to the 1980 census to determine how many units to In 1992, BLS began rotating/rescreening segments in
screen, and how many to require of each tenure to yield dreavily owner-occupied strata, primarily to support the
approximately optimal sample of renter and owner units foowner’s equivalent rent index. Sampled rental units in
the CPI Housing survey. The two within-segment samplindneavily owner-occupied areas have demonstrated a substan-
rates determined how many renters and owners should bi@l propensity to change tenure from renter to owner dur-
in the final sample. These rates were based on the final deng the past 5 years. Through rotation, BLS will regain rent-
sired probability of selection for each tenure, the number ofrs in these areas by rescreening these segments to locate
renters and owners in each stratum, and the number of saaits that were owner-occupied during the original screen-
lected segments and total segments in each stratum. ing process but have since become rentals. This rotation will
Thus, before the field agents contacted survey resporso result in a new sample of owner units in these seg-
dents for the first time, the units in each segment had aments.
ready been assigned to one of four cases:

Estimation of Pr i han
(1) Screen but initiate only if the unit is renter occupied,; stimation o ce Change

(2) Screen but initiate only if the unit is owner occupled;Commodities and services other than shelter

(3) S(():rreen and initiate if either owner or renter occupied, At the end of each pricing period, the estimate of the one-

(4) Do not contact for screening or initiation. period_ (t-1 to t) price change (pri(_:e relative) is co_mput_ed for
each item-area stratum. Only price quotes obtained in both

the current and previous pricing periods for the same or com-
rable items are used in the estimate. Where appropriate,
ﬁce items are converted to a price per unit of measure be-

During screening, the field representatives contacted
eligible respondent for each housing unit to be screened a
determined that the unit met the tenure criteria for the su ore they are used in the estimation of price change. The

vey as_;/vill z?ts St?er Crllgeé'(? sucdh tT]S :)_etlng ayear-rounfj hopsséme guote weights are used both for the current- and previ-
ing unit, bult betore » and that it was someone's pric us-period price quotes. The estimate of the one-period price

i
mary residence. Units that passed screening were Immeéd)ﬁange for the R index area for thet2 item stratum for a

ately !n|t_|ate_d into the sample. . . L given market basket is computed as:
Initiation is the process of collecting a first-time inter-

view. Units that did not pass screening were not initiated; = Wy;Ppe / Phia
however, they may be recontacted at a later date to aug- Ry | = hat,a g
ment or to rotate the sample. oL B T }
As planned, only about one-fourth of the units interviewed Rhﬂ_l’a Ez WiaPhit-1/Phia
for screening met the tenure and other eligibility criteria
required to pass screening and be initiated into the CPYhere:
Housing survey. Because renters were allocated according P IS the price of théfi quote in the current pricing

to total units and each cluster was allocated an equal num- period, t, for item stratum z in index area h;
ber of renters, most of the units contacted in areas known Pn1 is the price of thefiquote in the previous pric-
from the Census Bureau to be mostly owner occupied failed ing period, t-1, for item stratum z in index area
screening. However, this process located the sparse renters h;

in these areas for the survey and added “extra” renter units Phia IS the estimated price for th€ guote for item
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stratum z in the time period, a, of the POPS in specification is set equal to the base-period price for the

index area h; old specification, and the price comparison between the
W,; isthe quote weight forthEhiquote foritem stra- items is used in the index. It is assumed that no quality
tum z in index area h. It is computed as: difference has occurred.
Whi = aEfg/ MB Direct quality adjustmentThis is the most explicit mea-
sure for dealing with specification changes. Direct quality
where: adjustments are frequently made for the automobile and
o is the percent of sales of the ELI to the total Sab%pparel components of the CPI.
of the POPS category in the outlet; The most frequently cited example of direct quality ad-

E is an estimate of the total daily expenditure forj,stment is the annual model changeover for new cars and
the POPS category, for the index area replicatqrycks. Each year, price adjustments are made to account

and the CPI-U population; _ for the quality differences between the old and the new
fis a duplication factor to reflect any special submodels. In some cases, the adjustments are based on the
sampling of outlets or quotes; previous model’s retail price for optional equipment. In other

g is a geographic factor to reflect the difference incases, the quality adjustments must be derived from pro-
coverage for the index area for the pre-1987 aregyction cost data supplied by the manufacturers. These data

definitions to the 1987 area definitions; are adjusted by estimated manufacturer and retailer markup
M is the number of usable quotes for the ELI/PSUrates to derive retail values for the quality changes.
replicate within the item stratum; and Adjustments for quality change in the CPI new car index

B is the proportion of the expenditures for thejnciyde structural and engineering changes that affect safety,
selected ELI is of the total expenditures for theenyironment, reliability, performance, durability, economy,
item stratum in the region (the probability of carrying capacity, maneuverability, comfort, and conve-
selection for the ELI). nience. Although antipollution equipment on automobiles

does not directly increase the quality of the automobile for

NOTE: The geographic factor is 1.000 for all samples sethe buyer, these devices do improve the quality for consum-
lected using the 1987 area definitions. See the section @&rs in general. Consequently, quality adjustments are made
outlet sampling procedures for an explanation of sampléor pollution controls to automobiles on the assumption that,
rotation. by legislative definition, the cost of installing antipollution
devices was no more than the value derived from them.

Quality adjustments of new cars exclude changes in style
imputation or appearance, such as chrome trim, unless these features

One of the more difficult conceptual problems faced ifhave been offered as options and purchased by customers.

compiling a price index is the accurate measurement arfylso, new technology sometimes results in better quality at

treatment of quality change due to changing product Specghe same or reduced cost. Usually no satisfactory value can

fications and consumption patterns. The concept of the CP¥€ developed for such a change. In such cases, itis ignored,

requires that BLS measures through time, the cost of puNd Prices are compared directly. _
chasing a fixed, constant-quality market basket of goods In addition to quality adjustments for physical changes to

and services. In reality, products frequently disappear, prod@rs and trucks, adjustments are made for changes in the war-
ucts are replaced with new versions, and new productré?mty coverage provided by auto manufacturers when suffi-

emerge. BLS uses several methods to adjust for qua“@ent data are available to derive estimates of their values.
change and to account for the change in item specifica- The marketing of apparel items have historically caused

tions. These methods may be categorized as 1) directly cor.number of problems in the maintenance of a constant qual-
parable, 2) direct quality adjustment, and 3) imputation. Ity Mmarket basket of apparel commodities in the CPI. Many

all cases, it is necessary to estimate a new base-period priteParel items are seasonal and subject to frequent style

in order to use the new item specification in future periodsShanges. In addition, heated competition in the marketing

The base-period price (calleg,gin the above formula) is of apparel commodities has led to increasingly rapid turn-

an estimate of the item’s price at the time it was reported oAVe" of styles available in retail outlets. Until recently, these
the POPS. factors have meant that, when new styles replace old ones,

many substitutions were deemed not comparable. Market-
Directly comparablelf the new and old item specifica- ing practices for apparel generally entail introducing such
tions are considered directly comparable, i.e., the charagoods at high regular prices and marking them down to
teristics of the new item are essentially the same as the olower "sale" prices throughout their shelf life. Therefore,
item’s characteristics, the base-period price for the newhe inability to compare prices at the time the new goods

Item substitution, quality adjustments, and
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are introduced (when price increases are normally passeatiatistically significant can also be factored out to permit
along to the consumer) precludes capturing any pure pricgnstant quality price comparisons of apparel items. This
change which accompanies the style changes. As a resuttjtical change allows another incremental step forward in
during the early to mid 1980’s, apparel indexes understatedecreasing the number of substitutions which can not be
price change. Research undertaken to correct this problecompared due to differences in quality characteristics. While
delineate the critical determined apparel quality charactethis change has its greatest impact in apparel, since apparel
istics to hold constant in the substitution process. When amas been plagued with low comparability rates, this same
outlet discontinues an apparel item, the field representativesearch is underway in all other areas of the CPI so that
follows the CPI substitution procedures to find the closestarginal improvements in comparability in other areas can
substitute it offers for sale. The procedure insures that ds expected in the next few years.
many as possible of the critical quality characteristics of The hedonic approach to quality adjustment used for ap-
the substitute are the same as those of the discontinued iteparel is in contrast to the approach used for new cars, which
For those that are not the same, CPI apparel experts esi-based on manufacturers' costs. While those estimates of
mate the value of the difference and directly adjust the pricthe value of the quality change are based on the manufac-
to account for them. turers’ cost differentials adjusted for retail mark-ups, the
Hedonic regression modeling is the technique which wagquality adjustments in apparel are based on the average con-
used to determine the importance of the various quality chasumers’ valuation of the change as well as on the manufac-
acteristics which add value to a particular good. In this apturers’ costs to produce the goods. This valuation is what
proach, an item can be viewed as a collection of charactethe hedonic modeling technique—based on the prices paid
istics which, taken together, provide satisfaction or value tby consumers for the goods for which the CPI collects prices,
the consumer. In other words, a women'’s suit can be commplicitly estimates. As this research continues, BLS ex-
sidered an aggregation of its components, such as a jackstcts to make further improvements in the quality adjust-
and skirt or pants, each of which contributes to the value ahent process.
the suit in the eyes of the consumer. In addition, certain In general, if the new item specification is similar to the
aspects of the suit, such as its fiber content, its construprevious one but has changed one or more of its component
tion, etc., will add or detract value from the consumer’sparts, a quality adjustment can establish comparability be-
standpoint. Hedonic regression modeling is a tool whicliween their prices. A synthetic previous-period price for the
allows the researcher to estimate which factors are the masew item (P} 1- 1) is calculated as follows:
important price-determining characteristics of these goods.
In the CPI, this research resulted in better data collection P*i,t-1 = Pi,t-1 + QA
documents and procedures for pricing apparel commodi-
ties. By noting the most important quality characteristics
on the data collection document, the field agents who colwhere:
lect data for the CPI can try to hold constant these impor-
tant characteristics even when other details change. This P, t.1 Is the actual previous-period price of the previous
improvement in the collection documents resulted in a retem and QA is the dollar value of the quality change, which
markable increase in the number of comparable substitunay be either positive or negative.
tions chosen for apparel commodities.
As additional research led to further improvements in After the above calculation is made, the base-period price
the modeling process, steps were taken to further reduder the new item (P|,a) is computed as:
the number of substitute items deemed not comparable to
the old items. Tests on the data which are collected for ap- B R Pl -1
parel goods determined that direct quality adjustments could 1.4
be made using the estimates of the values of the differemthere:
components of the apparel items. If, for example, a two- Pia is the base-period price for the previous item.
piece men’s suit had been priced but was no longer avaiFor new cars and trucks, where the quality adjustment is
able, all the two-piece suits having been replaced by thexpressed in current doIIars,iﬁfl is calculated as follows:
new tr_\ree-plece style, th_e value_of the vest can be a_dded to P¥it-1 = Pi,t-1 [Pit/ (Pi,t - QA)]
the price of the old two-piece suit and the quality-adjusted
price of the old suit compared directly with the price of thelmputation.For some item specification changes, however,
new three-piece suit. Alternatively, if fiber percentages varBLS has not yet determined how to make quality adjust-
between two items, quality adjustment can account for theents. Substitute items that can neither be directly com-
quality difference to permit comparison of the prices of thgpared nor quality-adjusted are called noncomparable. For
two goods. Other differences which have been shown to beoncomparable substitutions, an estimate of constant-qual-

1:’i -1
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ity price change is made by imputation. price change for noncomparable substitutions will become

There are two types of imputation used for commoditiesncreasingly prevalent for nonfood commaodities.
and services. The first type of imputation is prevalent for In order to impute noncomparable substitutions by the
noncomparable substitutions that occur for food and servicgrice change for comparable substitutions, a current-period
items. In this type of imputation, the rate of price changéoverlap” price (PT,t) is estimated for the old specification
between the old item and the noncomparable new item isf the item as follows:
a_ss_ume_d to be the same as the average price change of all P*it = Pit-1 Ret, t-1
similar items used in CPI calculations that month for the
same geographic area.

To execute this imputation or “link,” two estimates of pricewhere Rt t-1 is the current one-period relative for all com-
change for the item-stratum are requireq_;t(lia)the long- parable and quality-adjusted substitutions in the same item-
term change from the CPOPS period a, to the previous priarea stratum.
ing period t-1 and (?t,t-l) the 1-month change from the = When a price is obtained for the olq’(E’item specifica-
previous period to the current month. A new base-periotion, and imputed for the new (E’t’) specification in the
price (P*zi,a) for item i, in item stratum z is computed as same period (overlap pricing), the estimation of the base
follows: period price is based on the same-period price relationship

The value of Bt-l,ais estimated at either the item level of the two specifications. The new base-period pricg £P*
by using the ratio of the previous-period price to the base is estimated as follows:

e Dow . .
. Pz:i,t P*i,a =P*it (Pi,a/ Pijt)

P .

m.a

E *E . . .
zt-la zt,t-1 For the current month, the price comparison used in the

price, or at the item stratum level by using the ratio of inindex is R ;_1 to P% ; At the next pricing, the comparison
dexes for the item-area stratum where: will be made on the new item. The quality difference is as-
sumed to be the difference in the prices of the old and new

| o
E — z,t-1 varieties in the current month.
wt—1,a
Iz,a
Medical care Another area in which quality adjustment pre-
Ihzt-1 is the index of the previous pricing period for sents particular difficulties is medical care. Not all factors
the item-area stratum hz, affecting the quality of medical care services can be ac-
Ihza is the base-period index for the CPOPS perioccounted for in the description of the item being priced. Quite
(or other frame reference), and often the respondent does not have knowledge of many price-
Rhztt1  is the one-period price change relative for thedetermining quality factors. For example, hospital room
item-strata stratum. modifications, changes in the nurse-to-patient ratio, or the

availability of new equipment are all likely to contribute to

The quality difference between the items in this case idetermining the price level of the room service priced. Such
assumed to be the difference between the price of the neshhanges are normally reflected as price movement because
variety and the imputed price for the old variety. BLS either is not aware of the changes or has no method

For many other items, however, price change is closelgvailable to deal with the change. Improved technologies
associated with the annual or periodic introduction of nevand procedures can lead to quality changes that cannot nec-
lines or models. For example, price changes for new caessarily be measured by BLS. For instance, new advances
often accompany the introduction of new models. Pricen the development of porous materials in the manufactur-
changes for cars within the same model year, then, are nioig of prosthetic implants, such as in hip replacement sur-
the best estimate of price change for noncomparable subsgery, allow the bone to grow around the prosthesis. This is
tutions that occur between model years. Rather, the averaget the case with the nonporous materials that have been
price change that occurs between model year changeovessmmonly used in hip replacement prosthetic implants.
used in CPI calculations provides a superior approximatioMany doctors view this porous implant as an improvement
of price change for noncomparable new car models. Therén the results of hip replacement surgery. In pricing total hip
fore, since October 1989, price changes for noncomparabteplacement surgery, the quality impact of shifting from a
new model vehicles have been imputed using only constantonporous to a porous implant would not be factored out of
quality price change of comparable model changeovers. Pritke index, as BLS has no methodology to account for the
changes recorded within the same model year are excludedlue of the quality difference.
from the estimate. This type of imputation using price There are, however, certain areas in medical care where
changes for substitutions of comparable quality to estimatte quality difference can be measured and adjustments made
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for changes in the quality of priced services. For exampldjon during the period. The utility bills priced for the CPI
the CPI might be pricing a limited visit to a physician’s of- will reflect the full amount of these refunds in the month(s)
fice for treatment of a sore throat, and the physician changetey are credited to the customers.

the fee schedule so that a throat culture was always per-

formed and the price included in the cost of the visit. TheManufacturers’ rebateswhen product manufacturers of-
addition of the throat culture would not be reflected as der cash rebates to consumers for purchases of items priced
price increase, because it was not in the described servigethe CPI, these rebates will be reflected in the index as
and would be considered a substitution. If the physician iderprice reductions. The amount of the rebate adjustment usu-
tifies the cost of the office visit for the current month, a priceally depends on the percentage of purchasers who take ad-
change in the cost of the office visit can be reflected fronvantage of the rebate offer. For example, when auto manu-
the previous month. For subsequent pricing comparisongacturers offer a $500 rebate on the purchase of a new car
the new service would include the office visit and throat cul-or reduced-rate financing, the price of each car eligible for
ture. If a hospital introduces a separate admitting chargde rebate is reduced by the proportion of customers who
that previously was included in the room rate, BLS proratespt for the rebate. If 70 percent of customers choose re-
the admission charge to a per-day basis using an appropbates for a particular model, then the price of each quote
ate hospital-provided length-of-stay measure. The proratefdr that model in the CPI will be reduced by $350, and the
admission charge is then added to the room rate priced iodex will reflect the price decline. The reduced interest

reflect the price movement in the index. rates chosen by the remaining customers will be reflected
in the auto financing component of the CPI. For mail-in
Other price adjustments rebate offers, an attempt is made to determine the propor-

tion of customers who take advantage of the rebate, and
Bonus merchandise adjustmerfmetimes products are the reported prices are adjusted accordingly.
offered with free merchandise included with the purchase
of the original item. Such “bonus” items may provide ad-Cents-off coupongsenerally, no adjustments are made for
ditional satisfaction to consumers, and BLS will, thereforecoupons presented by customers as price reductions at the
make adjustments to the purchase price to take into consitime of payment. One exception is when the coupons are
eration the value of the bonus merchandise. The adjus#ttached to the product for immediate redemption at the
ment made depends on the type of merchandise offergumbint of purchase. BLS field representatives are instructed
and the perceived value of the bonus to the consuman this latter situation to deduct the amount of the coupon
If the bonus merchandise consists of more of the samfieom the price of the item.
item, the adjustment is reflected in the price of the item.
For example, if a manufacturer offers two ounces of toothSeasonal items
paste “free with the purchase of the regular six-ounce tube,” Seasonal items are those commodities and services that
then the item’s price will be adjusted to reflect a decrease iare not available year round but are available only at cer-
the per-ounce price. When the bonus is removed, the prigain times of the year. Heavyweight coats, tents, and fresh
per ounce will return to its prior level, and a price increasgeaches are examples of seasonal items. Special procedures
will be recorded. In this instance, the value to the consumere employed when selecting and pricing these types of items
is assumed to be one-third greater. to ensure they are appropriately represented in the sample
If the bonus merchandise consists of an item that haand price changes are correctly included in the calculation
some significant value to the consumer, and the item is ofaf the CPI. In particular, the procedures prevent substitut-
different genre, an adjustment will be made to account foing away from a seasonal item when it is out of season.
the value of the free item when feasible to do so. Although seasonal items can exist in any ELI, some ELI's
When bonus merchandise adjustments occur, base pricexlude an especially large percentage of items that are sea-
are not adjusted since there is no difference in the quantigonal and, consequently, receive special treatment. These
or quality of the original item being priced. seasonal ELI's include most apparel items, fresh fruit, and
sports and recreational equipment. The designation of an
Utility refunds.Sometimes public utility commissions re- ELI as seasonal or non-seasonal was made at the regional
quire that utilities such as telephone, natural gas, or eletevel, using the four geographic Census regions in the CPI
tricity companies make rebates to their customers. Thegkesign. It is not uncommon for some items that are sea-
rebates may arise from a number of different causes. Fapnal in the Northeast region, for example, to be sold year
example, a utility may be permitted to use a new rate schedeund in the South.
ule temporarily until a final determination is made. If the After the samples for these seasonal ELI's are selected fol-
final rates set by the commission are lower than the tempdswing the normal sample selection procedure, the number of
rary ones, the difference must be refunded for consumpmuotes is doubled to ensure that, despite the seasonal disap-
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pearance of a large number of quotes, a large enough numiesent the transaction price for most new vehicles. Most
of in-season quotes will remain to calculate the index. automotive dealers offer customers concessions on the
The quotes in these ELI's are paired; that is, for eackticker price, or, at those times when models are in high
original quote that is selected, a second quote in the santemand, the dealers will charge an additional markup be-
ELI and outlet is initiated and priced 6 months later. In thegond the sticker price. When pricing new vehicles, BLS
fresh fruit ELI's, one quote of each pair is designated Jantfield representatives obtain separately the base price and
ary-June, and the other quote is designated July—Decerthe prices for options, dealer preparation, transportation,
ber. In all other seasonal ELI's, one quote of each pair istc. In addition, they obtain from the dealer the average
designated fall/winter, and one quote is designated springbncession and/or markup during the preceding 30 days.
summer. The fall/winter and spring/summer designation§his enables BLS to estimate the true transaction price for
are used for the nonfood quotes because these are the diach vehicle after concessions/markups.
tinctions that are most commonly used by the retailing in-
dustry to categorize seasonal merchandise. These seasodakd carsThe only expenditures on used cars included in the
designations are used to help establish the specific iten@@P1 market basket are those for previously owned cars con-
eligible for each quote so that year-round items and itemsumers purchased from the business or government sectors
from each season are initiated in their proper proportionsand the profit of dealers on the sale of used cars. (See special
For every specific commodity and service priced in theexpenditure weight issues above.) The used car sample was
CPl, including year-round items, BLS field representativeselected from types of cars purchased for use by businesses
collect—at the time they initiate the item and every timeand governments. The sample consists of 2-through 6-year-
they must find a substitute for it—its in-season monthsold models. Average wholesale prices of clean cars sold at
These data become a part of the item description and aused car auctions are published by the National Automotive
updated if there is a change. Field representatives attempPealers Association. The average of these prices is adjusted
to price every item in each period it is designated for colfor depreciation using the difference in prices between model
lection, even during those months when the item may bgears for the same model car. The prices used in the index
out of its indicated season. If the item is available, the pricare a 3-month moving average of the average wholesale
is collected and used in the calculation of the CPI. If therices adjusted for depreciation
item is unavailable because it is out of season, no substitute
item is selected nor is any further action taken, and thatiatural gas.The energy value of natural gas varies accord-
item is not used in the calculation of the CPI that month. Iting to the quality of the gas supplied. BLS attempts to price
price is imputed using standard imputation procedures. a constant amount of energy consumption for natural gas.
When an item becomes permanently unavailable, the sta/hen natural gas is sold by volume—e.g., cubic feet—the
dard procedure is to substitute the most similar item. In thamount of gas needed to produce a constant amount of en-
case of a year-round item not in a seasonal ELI, this preergy will vary depending on the heating value of the gas.
cess takes place as soon as the item is permanently unavdit- ensure that a constant amount of energy is being priced,
able. For items in seasonal ELI's and seasonal items in ELIthe amount of gas consumed is adjusted each month based
that are not designated seasonal, however, the period dum the current heating value. Thus, through time, a con-
ing which a substitution can take place is restricted to thosgtant amount of energy is priced. The current adjusted con-
months when a full selection of appropriate seasonal mesumption is calculated as follows:
chandise is available.
These special initiation, pricing, and substitution proce-c rrent adjusted consumption = original consumption x
plures_are m_tended to ensure that an adequate sample of (original heat value/current heat value).
items is available every month, and the correct balance of
seasonal and year-round items is maintained. As a result, . . . . .
the estimates of price movement for the ELI's that includ ealth insuranceHealth insurance is not directly priced

seasonal items are hoped to reflect price changes for the the CPI. The price chang_e is imputed from the price
universe of items included in those ELI's correctly. movement of the various services that are covered by health

insurance and from the change in the ratio of retained earn-
Special estimation procedures ings to benefits paid by type of health insurance carrier -
A number of special estimation procedures are used iBlue Cross/Blue Shield or other. (For additional detail, see
compiling price information for selected categories of itemspecial expenditure weight procedures.) Thus, the price
in the CPI. change for health insurance, by type of carrier, is estimated
each month by the product of two relatives—one for the
New vehiclesPrices for new cars and trucks selected forchange in the various assigned medical care items (e.g.,
inclusion in the CPI pose a special problem since th@hysician services, hospital rooms, etc.) and the other for
manufacturer’'s suggested retail (sticker) price does not rephe change in the retained earnings ratio of the carrier.
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Automobile finance charge$he price used in the CPI for consumers for services and products purchased. A number
automobile finance charges represents the amount paid fof prices for services and products used to calculate the
financing a loan with fixed characteristics such as dowrCPI are collected with taxes included because this is the
payment percentage, term of the loan, type and model afianner in which they are sold. Other prices are collected
car, etc. The price change is affected by two items—thexcluding applicable taxes with those taxes subsequently
interest rate on the loan and the changes in the amouatlded in the Washington office. The tax rates for these items
financed due to price movement for new cars. The automare determined from secondary sources based on the State
bile financing charges index is estimated each month bgnd local tax structure governing the sale of the service or
the product of two relatives, one for changes in interegproduct at the point of purchase. BLS currently is studying
rates charged on new-car loans and the other for changegtiie effects of taxes on the monthly movement of the CPI.
new-car prices.
Shelter: Residential rent and o wners’
Quantity discountsMany items in the CPI are sold both equiv alent rent
individually and in quantity. When consumers are able to The residential rent and owners’ equivalent rent indexes
purchase an amount greater than a single unit at a discounte@éasure the change in the cost of shelter for renters and
price, the first multiple unit price is reported for use in theowners, respectively. Price change data for these two indexes
CPI. For example, if the 12-ounce can of corn being pricedome from the CPI Housing survey. Each month, BLS field
can be purchased at 25 cents for a single can, three cans fepresentatives gather information from renter units on the
69 cents, or five cans for $1, the price used in the CPI wiltent for the current month the previous month and on what
be the per-ounce price of the three cans. services are provided. From owners’ units, they obtain an
estimated or implicit rent and from all units they collect
Unit-priced fruits and vegetable®/hen pricing fresh fruits  information on characteristics of the sample housing units
and vegetables that are sold on a unit basis, two of the iterasd respondents.
are weighed to determine an average weight for the item.
This helps to reduce the variability in the size that occurfesidential renfThe rent estimates used in the CPI are “con-
among individual, loose-produce items and is not overlyract rents:” they are the payment for all services the land-
burdensome for the data collection process. For example,ldrd provides in exchange for the rent. For example, if the
the item being priced is Red Delicious apples and the pridandlord provides electricity, it is part of the contract rent.
is 50 cents each, the BLS field staff will report the price ofThe CPI item expenditure weights also include the full con-
one apple and the combined weight of two Red Deliciousract rent payment. The CPI rents are calculated as the
apples taken from the produce rack. In computing the priceamounts the tenants pay their landlords plus any rent reduc-
per ounce, the weight of the two apples is divided by twaions tenants receive for performing services for the land-
and the price of an apple is divided by this average weighlord (sometimes called “rent as pay”) plus any subsidy pay-
ment paid to the landlord. If the rent is lower than prevail-
Bottle depositsBLS collects information on bottle deposits ing market rents because the renter is related to the land-
for a variety of nonalcoholic and alcoholic beverages in ortord, the unit is not used in the calculation. Reductions for
der to calculate the influence of changes in bottle legislaany other reasons are not considered part of the rent.
tion on price change. Consumers who purchase throw-away BLS makes two preliminary estimates of the rent index
containers are considered to be purchasing both the proddot each CPI area: Its current month’s index is estimated,
itself and the convenience of throwing the container awayirst, by applying estimates of 1-month change to its next
When a local jurisdiction enacts bottle legislation and nandex for the previous month and, second, by applying esti-
longer allows stores to sell throwaway containers, those comates of 6-months rent change to its index for 6 months
sumers who were previously purchasing throwaway contairearlier. The estimate of the 1-month rent change is the sum
ers may experience a change in the price of the conveniena#.the current month’s rents—weighted and adjusted for 1
The price of the same size bottle of product plus its deposihonth of aging—divided by the previous month’'s sum of
establishes an upper bound for the price change since tiwighted rents. The estimate of the 6-month rent change is
consumer could retain the former convenience by now puthe sum of the current month’s rents—weighted and adjusted
chasing returnables and simply throwing them away. In simifor 6 months of aging—divided by the sum of weighted rents
lar fashion, information about deposits and the status of bottker the previous 6 months. The final rent index for the cur-
legislation can be used to estimate price change when a bottkent month is a weighted average of the previous month’s
bill is repealed. Changes due to bottle bills are shown in theent index moved forward by the estimate of 1-month rent
month the legislation is effective. change and the rent index from 6 months earlier advanced
by the estimate of 6-month change.
Sales taxesThe CPI includes all applicable taxes paid by To put this in the form of an equation, lgtks the set of
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rental units in the CPI Housing survey in a CPI area withmates the jump rate based on non-vacant sample units in
valid comparable rents in both time t and in time t-I; and lethe PSU which have had a change in tenant between t and
S be the set of units interviewed in time t with valid compa--6. Non-vacant units without a tenant change are used to
rable rent values in both time t and time t-6. Vacant unitgalculate the average continuous rate of change. These val-
that were previously renter occupied are also included in Sdes are used to impute rents for vacant units for periods t
and $ and have current (t) and previous (t-) month’s rentsand t-1 from their rent in t-8.In general, the imputed rents,
assigned using a vacancy imputation process. Let the renft and ri,t-1, of thetl vacant rental unit in t and t-1 are:

for rental unit i in time t be rit, and let ai be the factor, which

is discussed below, that adjusts for the estimated small loss ri,t-1 = ri,t-6 C5 and ri,t = ri,t-1J

in quality due to the aging that the unit experienced between

t-land t. The 1-month and 6-month estimates of rent changg@nere is the jump rate for the PSU calculated, and C is the

R t-1and R g are calculated by: steady rate of change.
The imputation of vacant rents ensures that the unobserved
o (fi,t + aili,t_l)wﬂ o (Ii,t + ﬁaiii,t_ﬁ)wi rent change that occurs when a unit becomes vacant will be
Rip | - i) Ryig - g5 reflected in the final rent index. The 6-month rent-change
’ T tit-1 Wi : Thi- Wig estimates will capture these changes once the units become
g5 125 occupied, however, they will be missed in 1-month rent-

change estimates without vacancy imputation. Because the

) ) ) final rent index is calculated using both 1- and 6-month
Wi1 and Wg are the sampling weights, which are the oyange estimates, omission or misstatement of rent estimates

verse of the renter units’ probability of selection adjusted fof, \,acant units would lead to BLS missing part of rent

nonresponse. _ _ changes in the CPI.
Using K {1 and Rt6 and the indexes for the previous

month t_1, and for the 6 months previous.d, BLS com-
putes two preliminary estimateg Ry {1 and gRy t-6) Of
the current month’s rent index, It, for each market baskef.
The final rent index for month t for each market basket i%
the weighted average of the two preliminary estimates:

where:

Aging adjustmentThe aging adjustment accounts for the
mall loss in quality as housing units age (or depreciate)
etween interviews. The aging adjustment factqr’sczm

e thought of as 1/(1-d) where d is the monthly rate of physi-
cal depreciation. BLS computes factors for each housing
unit with regression-based formulas. The formulas account

It = A(It-1 Rt,t-1) + (1-A) (It-6 RL,t-6) for the age of the unit and a number of structural character-
istics?2 The aging adjustment procedure was introduced into
where: the CPI in 1988.
A=0.65, the value that simulation studies determined to
minimize the mean squared error of the estirffate: Quality adjustmentQuality adjustments made to the cost

of rental housing are used in the rent and owners’ equiva-
Vacancy imputationVacant units which were previously lent rent indexes. In addition to collecting the rent charged,
renter occupied are used in the calculation pf.Rand  BLS also collects a description of major services and fa-
Rt -6 The vacancy imputation process incorporates sewilities provided by the landlord. If the services and facili-
eral assumptions about the unobserved rents of vacant unitgs differ between two collection periods when rents are
It is assumed that rents tend to change at a different rate foobmpared, the rent for the current period is adjusted to re-
units that become vacant (and are, therefore, in the procefiect the differences in services between the time periods.
of changing tenants) than for other units. The vacancy imFor instance, if the owner no longer provides a certain util-
putation model assumes that, after an initial lease periodty, BLS calculates an estimate of the value of that utility
expected rents change at a steady rate until the old tenamd adds it to the current rent in order to have an adjusted
moves out of the unit. When there is a change in occupanént value. This adjusted rent is the current cost of the same
or a unit becomes vacant, its rent is assumed to “jump” aet of services provided for the previous rent.
some rate, referred to as the “jump rate.” In markets with
generally rising rents, this jump rate is usually greater than

the average rate of change for occupied units. BLS esti# For more information on vacancy imputation, see J.P. Sommers and J.D.
Rivers, “Vacancy Imputation Metrology for Rents in the CPIrdceedings
of the Business and Economic Statistics Secfiorerican Statistical As-
sociation, 1983
2 For a derivation of the optimal value of A, see C.L. Kosary, J., P. Sommers,22 For further information, see Lane, Walter F.; Randolph, William C.,

and J. M. Branscome, “Evaluation Alternatives to the Rent Estimal®n’  and Berenson, Stephen A; “Adjusting the CPI Shelter Index to Compen-
ceedings of the Business and Economic Statistics Setimrican Statisti-  sate for Effect of Depreciation,Monthly Labor ReviewQctober 1988,
cal Association, 1984. pp. 34-37.
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To make quality adjustments in costs of utilities, BLSa time until a satisfactory set of renters is found for all the
uses data from the Department of Energy’s Residential Erowners. In general, a single renter may be assigned to sets
ergy Consumption Survey to develop formulas to estimatéor estimating no more than three owner equivalents. When
utility usage for various types and sizes of housing, in variseveral renters, say nj are assigned to owner j, this counts
ous climates, with different types of heating and air condias only 1/|j1toward each renter’'s maximum of three own-
tioning, hot water, and so on. Prices for utilities come froners. Renters are only checked against their maximum after
the CPI average price program. A similar, simpler formula round of matching, however, soft is possible for a renter
is used to estimate water costs. to move more than three owner equivalents if the renter is

Using data calculated yearly from the aging adjustmeniatched to more than three during one round. The sample
regressions, quality adjustments for major structural changelection process, which sampled renters in owner areas at
(i.e., the number of bedrooms, bathrooms, or other roonesvery high rate, facilitated the matching of renters to own-
and central air conditioning) have been made since Febrers. (See the section on item and outlet samples for shelter.)
ary 1989% Previously, when such major changes occurredBLS estimates the pure rent,{Xor all the rental units in
BLS omitted these observations from the calculation for es@ This pure rent estimate;, P is 1 ¢ minus an estimate of
timation of price change for that time period. the value of any utilities or furnitdre the landlord provides.

QJ]_ is the subset of the renters int@at have valid com-
Owners’ equivalent rentn Part | of this chapter, the con- parable rents in both t and t-1;4Js the subset with valid
cept of using owners’ equivalent rent to measure homeents in both t and t-6. Vacant, previously renter-occupied
owner shelter costs was discussed. BLS estimates the owmsusing units are eligible for; @and s The implicit rent,
ers’ equivalent rent indé&by estimating the owners’ im- mijt for owner jintimetis estlmate from the implicit rent
plicit rent, m for each owner unit, j, in the sample. In con-for t-6 and the average change in the pure rent of the units:

trast to the contract rent concept used in the rent index, tt
implicit rent is a “pure rent”; that is, it excludes payments m ;i = m;; 5 = +6a; /njé
for extra services such as utilities and furniture. Once th 18Q P1 t-5

implicit rents are estimated, the calculation of the ownersiwhere Rt is the ith rental unit’s pure rent, ai is the aging
equivalent rent index essentially follows that of the ren'adjustment factor, and nj6 is the number of rental units in
index. Qj6

The initial value derived for time t forJn@ is an esti- The 1-month previous implicit rent is the current month’s
mate of the rent the owner-occupied housing units in thamplicit rent moved back 1 month with the pure rents in
Housing survey would bring if they were rented. The estiQig-

mate is based on the answer to the question,“How much = P

you think you could rent this house out for monthly, not ; . g = my T Li-1 ' "

including utilities?” For owner-occupied units whose own- ! 50 P i+aF )7 J
1 ) ?

ers are unable to estimate their unit’s implicit rent, BLS
uses estimates provided by its field representatives basedOnce BLS obtains estimates of current, 1-month-ago, and
on their knowledge of the rental market in that area. If thi$-months-ago implicit rents for all owners, it proceeds to
information cannot be obtained, BLS uses an imputatio@stimate the owners’ equivalent rent index for the current
procedure that assigns the implicit rent from a similar unifnonth. The process is similar to that used for the rent in-
to any that have missing values. dex. There is no problem here with missing price change
To get subsequent values of implicit rent each monthfor vacant units or aging since the calculation of implicit
BLS assigns a set of renters, @ each owner unit, j. This rentalready adjusts for these considerations.
assignment is done on the basis of location within the PSU, BLS makes 1-month and 6-month estimates of change in
structure type, and structural characteristics. BLS first triehe owners’ shelter cost for each market basket as follows:
to match owners with renters that fit for all variables. Forl-et S1 be the set of owner units with implicit rents in both
those owners for whom a matching set of renters is not oiime t and time t- 1 andgthe set of owner units with

tained at the first stage, BLS relaxes the constraints one @plicit rents in and t-6. Note that owner units may not be
in Sq or S6 if their sets (@ or Qe are empty. The 1-month

and 6-month estimates of price change for owner units in

zFor additional information on quality adjustments in housing, seeeach market basket are:
Henderson, Steve W. and Berenson, Stephen A. “Quality Adjustments fc-

Structural Changes in CP1 Housing SamphMghthly Labor Revievhov- Z mjtwjl Z mjtwjlﬁ
ember 1990, pp. 40-42. 188 153,

24 Substantial changes in the method of measuring price change of owneRt -1 T = Ri,t—é = =
occupied housing were introduced with the index for January 1983 (Jan Z mj,t_le'l Z mj’t_éwj-ﬁ
ary 1985 for CPI-W). For information on the changes and the old methoc j831 isﬂﬁ

see “changing the Homeownership Component of the Consumer Price |
dex to Rental Equivalence,” CPI Detailed Report, January 1983.
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where wp and wg are the owner units’ inverse probability Census, is an extension of the X-11 methodology which
of selection adjusted for nonresponse. allows the use of regression-ARIMA models for more so-
As in the rent index, two preliminary estimates of thephisticated time series analy$i$n recent years, BLS has
current month’s price index for each market baskefR{ ;. used intervention analysis seasonal adjustment for various
1and {_gRy t.¢) are averaged together to get the final estiindexes—gasoline, fuel oil, new vehicle, women’s apparel,
mate It: and tobacco and smoking products.
It=A (11 RLE1) + (1-A) (I-6R1,1-6) Direct and aggregative adjustmefach year BLS season-

) ) ally adjusts eligible lower level CPI index series indepen-
Again, A =0.65 is a value that reduces the mean squargently with the X-11-ARIMA multiplicative model on to

error. data for the latest 5 to 8 calendar years. This product’s sea-
o sonal factors that will be used to generate seasonal adjusted
Estimation of seasonal eff ects indexes for the current year. BLS recalculates and publishes

) ) seasonally adjusted indexes for the previous 5syear
Seasonal adjustmerieasonal adjustment removes the es- st higher level index series are adjusted by the indi-

timated effect of changes that normally occur at the samgct, or aggregative, method, which is more appropriate for
time every year (such as price movements resulting frofgroad categories whose component indexes show strongly
changing climatic conditions, production cycles, modelyifferent seasonal patterns. Under the aggregative method,
changeovers, holidays, sales, etc.). CPI series are seleCigigect adjustment is first applied to indexes at lower levels
for seasonal adjustment if they pass certain statistical crist getail, and thereafter the adjusted detail is aggregated up
teria and_lf there is an economic rat|qnale for th_e observeg, yield the higher level seasonally adjusted indexes. If in-
seasonality. Seasonal factors used in computing the Ségryention analysis is indicated, it will be used in adjusting
sonally adjusted indexes are derived using the ARIMA Opselected lower level indexes prior to aggregation. For those
tion of the X-11 variant of the Census Method Il Seasonaderies which have not been selected for seasonal adjustment,

Adjustment Program. In some cases, intervention analystfe original, unadjusted data are used in the aggregation
seasonal adjustment is carried out using X-12-ARIMA toyrocess.

derive more accurate seasonal factors. Consumer price in-

dexes may be adjusted directly or aggregatively dependingeyision The seasonal factors are updated annually. BLS

on the level of aggregation of the index, and the behaviggcalculates and publishes seasonally adjusted indexes for
of the component serie%. the previous 5 years.

Intervention analysis seasonal adjustmeéume index se- Average Pr ices

ries that show occasional erratic behavior known as a ‘trend

shift,” which can cause problems in making an accurate Average prices are estimated from CPI data for selected
seasonal adjustment. An index series whose underlying treifidod items, gasoline, utility (piped) gas, electricity, and fuel
has experienced a sharp and permanent shift will genera@dl in order to support the research and analytic needs of
distorted results when put through the X-11 ARIMA pro-CPI data users. For each food item, the average price for
cedure. Trend shifts have been observed, for example, whespecified unit of size (i.e., pound, gallon, etc.) are pub-
gasoline prices have reacted to major changes instituted bghed monthly for the U.S. city average and for the four
the Organization of Petroleum Exporting Countries cartel—+egions - Northeast, Midwest (formerly the North Central),

a recurring event which happens at infrequent and irregiouth, and West. The regional definitions are those of the
lar intervals. Another kind of distorting change may occuBureau of the Census. Metric equivalent sizes are noted as
when the seasonal pattern itself changes. well.

In order to compensate for those instances in which such Average prices for gasoline, utility (piped) gas, electric-
distortions (called interventions) are both substantial andty, and fuel oil are published monthly for the U.S. city av-
identifiable, regression techniques are used to model therage, the 4 regions, the 4 population size classes, 13 of 16
distortiions and account for them as part of the season&¢gion/size-class cross classifications, 4 population size
adjustment process. Intervention analysis seasonal adjustasses, and the 15 largest index areas. For utility (piped)
ment is performed using X-12-ARIMA seasonal adjustmengas, average prices per therm, per 40 therms, and per 100
software. X-12-ARIMA, developed by the Bureau of thetherms are published. For electricity, average prices per kilo-

26 Buszuwski, J.A. and Scott, S. (1988), “On the use of Intervention Analy-
sis in Seasonal AdjustmenBtoceedings of the Business and Economics
25 See appendix A for an explanation of BLS seasonal adjustment methodSection American Statistical Association.
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watt-hour (kwh) and per 500 kwh are published. For fuel The average price for collection period t is estimated as:
oil and gasoline, the average price per gallon is published.
Average prices for popular grades of gasoline are published.

Price quotes for 40 therms and 100 therms of utility gas _ 5 Wby /B
and for 500 kwh of electricity are collected in sample outlets B = T
for use in the average price programs only. Since they are Zi Wit/ g

for prespecified consumption amounts, they are not used in
the CPI. All other price quotes used for average price esti-
mation are regular CPI data. where W; is the quote weight as defined in the estimation
With the exception of the 40 therms, 100 therms, and 500f price change modified to reflect the number of quotes
kwh price quotes, all prices are converted to a price peusable for average price estimation for the ELI/PSU/repli-
normalized quantity. For example, prices for gallons, quartgate. (Imputed prices are used in estimating average prices.)
or pints of milk are converted to prices per ounce. All prices In the equation, Y is an expenditure weight. Dividing
are then used to estimate a price for a defined fixed quantitthe expenditure weight by the pricanfor a given quote
That is, a price per ounce of milk is estimated and multiyields an implicit estimate of quantity. Thus, the average
plied by 64 to yield a price per half gallon, the publishedprice is, conceptually, a weighted average of prices where
quantity. the weights are quantity amounts.
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Part Ill. Precision of Estimates

An important advantage of probability sampling meth-estimates of index variances, which include a component
ods is that a measure of the sampling error of survey estitributable to variation in expenditure weight estimates,
mates can be computed directly from the sample data. Theere then computed using the conditional index variances
CPI sample design accommodates error estimation by maknd December 1977 expenditure weight variances which
ing two or more selections (replicates) of items and outletsvere estimated separately. Variance estimates were com-
within an index area. Therefore, two or more samples oputed for all items and for major groups and selected item
guotes in each self-representing PSU and one in each nosubcategories.
self-representing PSU are available. With this structure, As noted earlier, in CPI estimation price relatives are
which reflects all stages of the sample design, variance esemputed for each item stratum for each index area of the
timation techniques using replicated samples can be use@PI. Variance estimation required that price relatives also

Different methods of variance estimation were used ‘for thébe computed for each item stratum for each index area and
CPI during the period 1978-86 than are used in the currengplicate. The methodology for computing the price rela-
CPI. The sampling of areas, outlets, and items for the CPI faives was the same for the full index area as for the repli-
both periods followed replicated sample designs. The 1982-8Zates. All replicate computations were for the CPI-U popu-
CE Survey also employed a replicated sample design. Hovation with sales and excise taxes included.
ever, the 1972-73 CE Survey, which provided the expenditure For commaodities and services, each replicate sample was
weights for the 1978-86 CPI, did not use a replicated sampkelected independently within each index area. In the shel-
design. Thus it was necessary to perform two additional stepsr survey, for each self-representing PSU, each rental unit
in total variance estimation for 1978-86 to include the contriwas assigned to one of two replicates. For non-self-repre-
bution to the variance from the 1972-73 CE that were not nesenting index areas, the index PSU determined the repli-
essary in estimating total sampling variance for 1987 forwardcate for a given rental unit.

Both methods are described below. For relative computation for rent and owners’ equivalent
rent, preliminary replicate cost weights for each index area
1978-86 CPI Variance Estimation replicate were constructed to provide a basis for weighting

the 1-month and 6-month relatives together. For replicate

The method used to estimate CPI variances for geographidtem stratum i (rent or owners’ equivalent rent), in index
aggregates for 1978-86 depends upon the statistical indarea m, let:
pendence of the estimated indexes for individual index ar-
eas. The independence assumption does not hold entirely’j(i,m,t,t-1)  denote the corresponding 1-month relative
for the 1978-86 time period because during that time pe- between months tand t-1,
riod, the same item sample of ELI's was used in more than CW;(i,m,t) denote the cost weight at montht, and
one index area within a region. However, since the selec- Tj(i.m,t,t-6) - denote the corresponding 6-month relative
tion of specific items to be priced involved considerable between months t and t-6.
subsampling of the ELI's within outlets, the local index area
indexes were regarded as statistically independent for varl-nen CW (i,m.,t) is computed by:
ance estimation. For each index area, two independent esti-
mates of the index were constructed using the replicates CWj(i,m,t) = 0.65 CWy (i,m,t-1) §(i,m,t,t-1)
specified in the design. This required calculation of price +0.35 CW/(i,m,t-6) rj(i,m,t,t-ef
relatives by replicate for each item stratum for each time
period, application of the replicate relatives to the previ-The final shelter relative, &, m,t,t-1), is computed by:
ous-period replicate index for each item stratum, and ag-
gregation across item strata to produce replicate indexes Rj(i.m,t,t-1) = CW(i m t) / CW(i,m,t-1)
for item aggregates in each index area.

Squared differences of these indexes (properly scaled) pro- The CPI for any item stratum in any index area is com-
vided preliminary estimates of the variance of the area inputed by a chaining process in which the estimate of expen-
dex. These variance estimates were conditional on the vatiture for the previous month for the item stratum is multi-
ues of the December 1977 expenditures which were updat@died by its 1-month price relative to provide an estimate of
from estimates from the 1972-73 CE Survey. Unconditionathe current month’s expenditure for the stratum. Item stra-

194



tum expenditure values, called cost weights and denoted by The December 1977 cost weights for the full sample and
CW(i,m,t) are then aggregated and compared to the totall replicates for any series in any index area were equal in
expenditure in the reference period denoted by 0. Thus, fmalue. Variances computed using these cost weight series
a single item stratum index the sequence of computatioredone are termed conditional because they do not reflect the

would be: variance of the index or price change due to sampling varia-

tion of the December 1977 expenditure estimates. That is,

CW(i,m,t) =CW(i,m,t-1) « Ki,m,t,t-1) they are conditional on the values of December 1977 expen-

diture estimates. Also for 1978-86, base period expenditure

and estimates were not separately estimated for full and repli-
cate samples, and thus were not distinguished.

IX(i,m,t) =100 ¢ [CW(i,m,t) / CW(i,m,0)]. In addition, for the database from which these variances

were estimated, cost weights for the Homeowners Equiva-

Estimating Var iances of the Index and lent Rent (REQ) item stratum were computed for every month

Price Change in the 9-year period, even though the REQ stratum was not

Estimates of the variance of the index, conditional orPfficially incorporated in the index before January 1983.
the December 1977 expenditure weights, for all items or #hese REQ cost weights were used in computation of the
subset of items at the national, regional, or area level, weigdex and price change and their variances for All Items
calculated using a random group estimation method. Agnhd Housing for each month. Thus the estimates of the in-
noted above, the sample for the CPI in any index area Rex and price change for All Items, Housing, and Shelter
partitioned into two or more disjoint replicate panels, alsg!sed in variance estimation for 1978-82 do not correspond
termed random groups. In self-representing index areas cor@xactly with their published values.
prising only one PSU, these replicate panels are disjoint Expenditure weight variances and covariances were esti-
subsets of the sample for the PSU. The sample for moBtated using balanced repeated replication (see Wolter, 1985).
self-representing index areas consists of two replicates. fRonsumer unit expenditures were collected for each index
non-self-representing index areas, each replicate consistéea and item stratum in either or both the Diary and Quar-
of the sample for one or more of the sample PSUs in thi€rly Consumer Expenditure Surveys for 1972-73. Expendi-
indexarea. The number of replicates for non-self-representure data for REQ were obtained from the 1974 CE surveys.
ing index areas in this time period ranged from two to fourEach consumer unit was assigned a full sample weight and

Beginning in January 1978, price relatives for each iten Set of 36 replicate weights. For each replicate, region, in-
stratum were computed separately for the full sample andex area, and stratum the estimation of final mean expendi-
for each replicate in every CPI index area to produce septires was accomplished using three steps:
rate cost weight series for all item strata for each replicate as
well as the full sample for each area. (1) preliminary estimation of expenditures,

Cost weights for higher level item aggregates were con- (2) estimation of mean expenditures using a composite
structed for each index area at full sample and replicate lev- estimation procedure which combined index area and
els using the index aggregation methodology described ear- regional expenditure estimates,
lier. Item stratum and item aggregate index variance esti- (3) estimation of final mean expenditures using a raking
mates were then computed for each index area using the  process on the mean expenditures determined in (2).

following formulas: ) _ )
For each item-area, the final raked mean expenditures

S [ij (Im,t) - CW¢(Im ,t)] were combined from the Diary and Quarterly Surveys. Final
Var o[IX (Lm .t)] - i=1 raked mean expenditures were then adjusted to reflect the
- - t(r —1) CW (I,m,0)° new item strata structure which was revised in 1977. This

where | denotes the item or item aggregate, r denotes tH&S done by applying ratio adjustment factors to obtain mean
total number of replicates in the index area, and LY, t) expenditure estimates for newly introduced item strata. In-
and CV\{(l,m,t) denote the cost weights for the full Samp|eflation factors were then applied to estimate expenditures
and replicate j, respectively, in the index area m. for December 1977, denoted 7712 below.

Conditional mixed index covariances between item strata COSt weight variances for 7712 were estimated for each
and | and periods t and t-k were estimated analogously: index area-stratum combination by:

Cov [T (i,m,t), T (I,m, t - k] = Var [CW (i,m,7712)] = rzﬁ (RMEj(i)—RMEf(i))z /36
j=1

Il

[CW;(im,8) - CW (i, m,¢) [ CW(Lm.t ~ k) - CW g(l,m,t - k)]

1=1

where RME(i) is the estimated raked mean expenditure for
t(r = 1)CW (1,m, 0)[CW (I, m,0)] a given index area m, item stratum i, and replicate j, and

RME;¢(i) is an estimate of final raked full sample mean ex-
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penditure. Similarly, between item strata covariances were Indexand price change total variance estimates for higher
estimated by: level geographic aggregates were computed, assuming inde-

pendence of indexes between areas, by summing cost weight
. variances and covariances over index areas within the geo-
{ : [RME j(i,m 7712 ) - RME ¢(i.m 7712 )] - graphic aggregate M:
=

Cow [CW (i, m. 7712 ), CW (1,m 7712 1] =

(55

[RME j(1,m,7712) - RME ¢(L,m,7712)] }/36 Var [IX (1, M, )] = 100 / CW (LM, 0)] - {var [CW (1.1, 0)]+

[CW (1M, t)/CW (1M, 7712 )]* - Var CW (I, M, 7712 )]- 2

Cost weight variance estimates were then combined wit
Jew (LM, t)/ CW (1, M, 7712 )]-

conditional variances to produce unconditional estimates ¢

index and price change variances. The unconditional var Cov [CW (1, M, t), CW (I, M, 7712 )]},
ance of the index for time t was estimated by: ana
Var [IX (1, m, )] = [100 / CW (L, 0) [ {Var [CW (L1m )] Var [PC (1M1t~ )] = [100 £ €W (1M, 1~ )] {Var [CW (100, 1)]
+[CW (Lm,t)/ CW (L 7712 )] - Var [CW (Im 7712 )] +[CW (LMt} CW [I,M,t-k)]z'Var [CW (LMt -k]]-2
=2 [(CW (L, t))/ CW (Lm,7712 )] [CW (1M, )/ CW (LM, ¢ ~ k)] Cow [CW (M, £), CW (LM, £~ k) }
where:

Cov [CW (I.m,t),CW (I.m 7712 )]}

Similarly, the unconditional variance of price change from Var [CW (LM, t)]= X Var [CW (I,m,t)] and

. . m gl
period t-k to period t, Cov [CW (I,M, t),CW (LM, t - k)] =
PC(Lm,t,t~k) =100 [(CW {Lm,tY/ CW {Im,t~k})-1] 3 Cov [CW (I,m,t),CW (I,m,t- k)]

m sl

was approximated as the variance of a first order Taylor exEstimating Var iances of the Index and of
pansion of the ratio of cost weights at times and t-k: Price Change, Starting in 1987
Var [PC (Lm, bt~ k)]= [100 /CW (L, - k) - {var [CW (1,m,1)]
) There are two important differences between the variance
+[CW (Lm, )/ CW {Lm, t- k) - Var [CW {Lm,t-k)]- 2 estimates for the CPI series starting with the 1987 revision
-[CW (Im,t)/ CW (Lm,t- k)] Cov [CW (I, m, 1), CW (I,m,t—k)]} and those computed for 1978-86. The first difference be-
tween the estimates derives from the fact that the December
Here Var[CW(l,m,7712)j is as defined above andjgge revision expenditure estimates based on the 1982-84
Var[CW(I,m,t)] and Cov[CW(l,m,t),CW(l,m,t-k)] are the un- consumer Expenditure Survey were independently estimated
conditional cost weight variances and covariances for itenfyr each replicate. Thus the variances computed for the 1987
or item aggregate |, index area m, and times t and t-k, es{ievision index series directly incorporate the contribution to
mated via the equality: sampling variance attributable to the estimation of expendi-
Var [CW (I,m,t)]= Var {E [cw (L, t)|CW (I,m,7712 )]} ture weights from the 1982-84 CE Survey, and so are un-
conditional estimators of the variance of the index or price
: _ change.
which gives: The second difference between the estimates is that the
1987 revised CPI variances incorporate between-index-area
covariances in estimates for higher level geographic area
+T T {[IX (i,m,7712 3 IX (j, m, 7712 )]‘1 aggregates such as regions, city_-size class_es, and AII C_ities.
ialjal As with the 1978-86 index series, BLS will be estimating
[ G O] [IX (Gom 0] Cov o [IX (i, ), 1K (m,1)] variances for t_he index _series for the CP_I-U popl_JIation with_
sales and excise taxes included. Expenditure weights used in
Cov [CW (i,m,7712 ),CW (j,m,7712 )]} revising item-area weights for the index for this period were
and derived from the 1982-84 Consumer Expenditure Survey.
v [OW AT, m 1)L OW [Lom, t-ki]- As before, the variance estimators given here depend on
ar (T, 00 100 ] I - 7 e T S ' the aggregation structure of the index which supports the
: construction of indexes for higher levels of aggregation such
= 1D w77 X (j.m TTIZ ] as item groups, regions, and All Cities from those for basic
item strata and index areas. The estimators also depend on
the replicate structure of the index sample. Use of replicates

+E {Var [CW (L, 1)[CW (Lm 7712 )]}

Var [CW (1,m,1)]=[CW (I,m,o0)/100 ]2-Var X (TLm, )]
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provides a means of measuring the overall variation of the whereDCWj(I,MAt,t}) is the difference vector:

index from those computed over subsets of the sample. The

full sample for each index area comprises two or more rep?CWj(I,MA,t,t) = [CWJ' (LMALY) - CW(I,MALY), [=1, 2.

licate panels, half of which were designated “odd” and the

other half “even.” Under the assumption that the cost weights for index areas
Each index area is in one of four Census regions. Eadire independent between major areas, the cost weight cova-

region can further be divided into two major areas, one conriance matriX\V(l,M,t,t) for any area aggregate M compris-

posed of the self-representing (A) index areas and one ing index areas in more than one major area, such as All

composed of the non-self-representing (non-A) index areagities, regions, and size classes, is computed by summing

Hence, there are eight major areas in the Nation-For eadl (I,M,MAt,t} over all major areas:

area aggregate larger than one index area, estimates of be-

tween-index-area covariances for each pair of different in-

dex areas in the same major area in the same area aggregate

8
were included in index and price change computation. WML = 5 [W(IL,MMA.L)]

MA=1

Variance estimates for the index . . . ) .
. - . : Given the cost weight covariance matik the variance of
To estimate the unconditional variance of an index, con;

sider the 2n x 1 vectaEW;(IMALL of full sample cost the index or price chang_e can be est_lmated by a flrst_order
Taylor series approximation of the ratio of two cost weights

weights for an item or item aggregate |, whose elements are -. . :
. - . . times t and t The exact expansions are given below.
the cost weights for each of n index areas in major area M . : - .
For the variance of the index at time't, t is December

in months t and.t 1986, denoted 8612. Le(I,M,1,8612) represent 1 x 2 the

CWi(ILM A,t,t} _ linear transformation vector:

T
[CWE(Lmy8)... CW (L, CWELm, 8. CWELMmI™ |\ ¢ 861221 (1,M,8612)(L/ICW(1,M,8612),

Similarly denoteCW(I,MAt,t] and CW,(I,MA,t,t) to be -CW(LM.O/ICW(1,M,8612)3}.

the corresponding vectors of average replicate cost Weigh.ﬁ]
for the item and major area, with 1 denoting the average of

r/2 odd replicates and 2 denoting the average of r/2 eve\?ar[lX(l M= L (LM.£.8612W (1 M.t 8612)L (I M.1.8612)
replicates: WV LY ML ML,

en the variance of 1X(i,m,t) is estimated by:

Variance estimates for price change
[CW{(ILMALY) = 2/r . 2 CWj(LMA t,) An estimate of k-month price change, PC(I,M,t,t-k), from
jodd month t-k to month t for item aggregate | and area aggre-
gate M is computed by:

(CWo(LMALY = 2/r) . 2 CWj(LMAtf)
jeven PC(I,M,t,t-k) = 100 * {{LCW(I,M,/CW(I,M,t-K)]-1)}.

A i i : : : . :
Let “y,ma be the 2 x 2n area aggregation matrix for any Thys, price change is also a simple function of the ratio
area aggregate M with component index areas belonging i cost weights for two time periods. Its variance can be

major area MA where: estimated by:
AmMA(L) = 1lifindex areajeM, 0 otherwise; j=1,...,n
AMMALD) = 0;j=n+l,...2n Var[PC(I,M,t,t-k)] = L(I,M,t,t-k) W(I,M,t,t-k) L(I,M,t,t-K)T
AMMA()) = 0;j=1,...n, and
AM,MA(2]) = 1ifindex area jeM, O otherwise; whereW (I,M,t,t-k) is as defined above and the linear trans-
j=n+1,....2n. formation vectol (I,M,t,t-k) is given by:
The covariance matrix of cost weights for any area agore: (| Mt t-k) =
gate M within a major area MAN(I,M,MA\t,1), is esti- 100+{1/CW(I,M,t-k), - CW(I,M,t)/[CW(I,M,t-k)]2}.
mated by:
W(L,M,MA L) = Nonsampling Error
2

Anma L2l S DCWj(L,MALL DCW](,MALIT] AM,MAT CPI_estlmates are subj_ect to nonsampling error as well as
' j=1 sampling error. Surveys involve many operations that must
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be performed in order to produce the final results. All ofTable 1. Response rates for commodities and services for the
these are potential sources of nonsampling error. The erroé®1-U, U.S. City Average, by majorg roup, 1990

arise from the survey process regardless of whether the dq;gmmo dities | eroie | cofocteq | PerceNt | Usedin | percentin
are collected from the entire universe or from a sample aind services g collected | estimation | estimation

the population. The most general categories of nonsampling

lets 240,212 231613 96.4 222,264 92.5

error are coverage error, Nonresponse error, response err%‘glquotes 062322 | sasesr | s7e | sr60es | 861

processing error, and estimation error. Food 526,600 | 484,871 | 921 | 477945 | o908
Coverage erroiin an estimate results from the omission Hot‘esx”c‘?u ding

of part of the target population (undercoverage) or the in- sheiter) 119,725 | 111,799 53.1 109,212 91.2
clusion of units from outside of the target population?Ppareland

"= upkeep 131,547 | 79,465 60.4 75,181 57.2

(overcoverage). Coverage errors result from the omissionansportation| 73,062 | 67,805 92.8 66,799 91.4
iti H dical care 44,623 41,118 92.8 40,833 915

of cities, hous_eholds, outlets, and items t_hat are part of trtéftertainmem 37363 | 31642 P 30,630 820

target populations from the relevant sampling frames or fromther goods

the double counting or inclusion of them in the frames whepd services | 30507 | 28,685 | 910 | 28368 | 931

they should not be. A potential source of coverage error is
the time lag between the Point-of-Purchase Survey and ttective has been to determine where and to what extent dis-
initiation of price collection for commodities and servicescrepancies occur between the Process Audit collections and
at resampled outlets. Because of the time lag, the produdise routine submissions from the field. Discrepancies are
offered by the outlet at the time pricing is initiated may notot just errors but also contain actual price changes that oc-
coincide with the set from which the POPS respondents werdr in the brief time period between field and process audit
purchasing. collections and cannot be easily identified. Studies have re-

Nonresponse erroresults when data are not collected vealed that these pricing discrepancies tend to be related to
for some sampled units because of the failure to interviewertain pricing characteristics of the item, such as the amount
households or outlets. This can occur when selected hougef- interaction required between the data collector and the
holds and outlets cannot be contacted or refuse to partigiespondent in order to collect the data, those items that have
pate in the survey. Nonresponse rates at initiation for theaultiple components to be priced, the length of the check-
GPI commodities and services and housing surveys atist that is used to fully describe the item, and the degree of
shown in table 3. This nonresponse could bias the CPI firice volatility of the item. A recent redesign of the Process
the rate of price change at the nonresponding survey unifsudit sample will allow for a tracking of these discrepancy
differed from the rate of price change at the survey unitgates from year to year making it possible to measure the
successfully initiated. Nonresponse rates during monthlympact of process improvements and to identify new or ex-
pricing for the CPl commodities and services and housinipting problems in the pricing process.
surveys are shown in tables 1 and 2.

Response erraresults from the collection and use in es-
timation of incorrect, inconsistent, or incomplete data. Rey.p 0 » Response rates for housingfor the CPI-U, U.S. City
sponse error may arise because of the collection of da;@erage’ 1990

from inappropriate respondents, respondent memory or re=
: - ] i i Housing » Collected, | Collected, |No Data at Used in
call errors, deliberate distortion of responses, interviewer gpejien Eligible data found collection | oerimation
effects, misrecording of responses, pricing of wrong items, reported | vacant | orother
i i i i i i Number of
mlsunderstand_mg or mlsappllcatlon of data collection pro rotal units 107,050 | 82643 6609 | 17717 | 82465
cedures, or misunderstanding of the survey needs and/gr ..
lack of cooperation from respondents. The pricing method-eligible units 100.0 77.2 6.3 16.5 77.0
ology in the commodities and services component of th@umber of sroos | 26005 638 sos1 | 27060
CPI allows the previous period’s price to be available at the""*" ’ ’ ’ '
. . . .. . _Percent of
time of collection. This dependent pricing methodology is ejgible
believed to reduce response variance for measuring changyners 100.0 85.1 2.6 123 85.5
i i imber of
but may cause response bias and lag. _The housing compyton 69.000 | 55560 5,636 8605 | 55306
nent of the CPI, however, employs an independent pricing, ..
methodology specifically to avoid potential response bias.eligible
In 1986 BLS established a program called Process Audife”frS f 100.0 95 8.1 124 793
to investigate various kinds of response variance in the CPl, o > 5 405 129 - a1 0
Process auditors independently recollect pricing informapercent of
tion for a subsample of outlets and ELI's drawn from the eligible
.- . . unknown 100.0 2.3 4.1 93.6 0.0
regular commodities and services sample. The primary ob-
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Table 3. Response r ates at initiation of commodities and changes for the residential rent and owners’ equivalent rent

services forthe CPI-U, U.S. City Average, 1990 indexes would have been 0.1 to 0.2 percent larger if some
Commodities and Eligible Collected Percent type of aging adjustment had been included.
services collected The total nonsampling error of the CPI results from er-
Outlets 3,620 3,403 89.1 rors in the type of data collected, the methods of collec-
Quotes 16,360 12,080 738 tion, the data processing routines, gind the estimation pro-
cesses. The cumulative nonsampling error can be much

Processing erroarises from incorrect editing, coding, and greater than the sampling error.

data transfer. Survey data are converted into machine-reaﬁ-

able form by two independent key entry operators, and di xesponse rates

crepancies are resolved by a third person. Processing error%?esponse rates are calculated for the CPI-U at the data

can be introduced by an incorrect resolution or by an identco'lection phase and at the index estimation phase for on-

cal miskeying of an element by two operators. Erors cafloing pricing. The response rate at the data collection phase

also result from software problems in the computer procesés- the number of responding sample units divided by the

ing which cause correctly keyed data to be lost. Comput m of (1) the numbe_r of e_IigibI_e _S?‘T"p'e units and_, (2) the
screening and professional review of the data provide checfgélmber of _Sé?mp'_e _unlts_ V\."th eligibility not dete_rmlned. A
on processing accuracy. Occasional studies of these proce§§-mple_umt is eligible if it belongs to the defined target_
ing errors in the CPI have shown them to be extremely sma _opulatlon and responses should be collected f“’T" th_e un_lt
Estimation errorresults when the survey process does no or one or more items. The response rate at estimation is

accurately measure what is intended. Such errors may gf_ined as the number of sample units useq !n estimation
conceptual or procedural in nature, arising from a misundelo-l'v_IdeOI by the sum of (1) the number O.f ellglble ?'?‘”?P'e
standing of the underlying survey measurement concepts gpits and, (2) the number of sample units with eligibility
a misapplication of rules and procedures. A source of esthot determ|_n_ed. : .

mation error due to conceptual problems was the treatment Corr11mod|'_ues and services items (any except_rent and
of housing before 1983, which failed to distinguish betweefWeS equivalent re“nt) ar(,? _further bquen down into out-
the consumption and investment aspects of homeownershfgtS and quqtes. An “outlet” is a generic term used“by the”
Prior to implementation of the change to the owners’ equiva- PI'to describe places where prices are collected. A *quote

lent rent, an experimental measure using rental equivalen%%a specific item 1o be priced in a specn_‘|c ou_tlet. There may
diverged considerably from the official CPI. e from 1 to more than 50 quotes priced in an outlet. In

Substitutions and adjustments for quality change in th&able 1, it is important to note the relatively low percent-

items priced for the CPI are possible sources of estimatiofid®> of quotes reported collected and used in estimation for

error due to procedural difficulties. 1deally, CPI data collec-apparel and upkeep. Low rates for these items can be largely

tion forms and procedures would yield all information nec_attrlbuted to the design of the apparel sample. Because ap-

essary to determine or explain price and quality dif‘ferencegarel items are commonly in stores only during certain times

for all items defined within an ELI. Since such perfect infor-Of trrwlehyﬁar% tthSt of trlwedapparelt sda;nple _is_ dozblgd, Wm:
mation is not available, BLS economists supplement directl ach hait ot the sample designated Tor pricing during par

collected data with secondary data. Estimation error wil f the year. Thus, at any particular time of the year a large

result if the BLS adjustment process, which may require sig‘jumber of apparel quotes, although eligible, are designated
nificant judgment or lack key data 'is misapplied, or if jrout of season and prices are not collected. For further infor-

consistently overestimates or under-estimates quality changéat'on see the section above on seasonal items. :
The response rates for housing (shelter) shown in table

for particular kinds of items. While individual problems aris- _ . .
include categories for owners, renters, and those for whom

ing from estimating quality change have been identified, th : atus | K A unit lii
evidence to date is that on average there is no systema[ € lenure status 1S unknown. A unit qualinies as an owner

bias from this process. Cases where price change is overegiremer Ifits tenure status is known either by previous

mated are about as frequent as those where it is undere owledge or is collected in the current interview period.
mated e number of responses is higher than the total sample

The effect of the aging of housing units is an example O§ize because some of the samplg Is priced twice ayear. The
potential estimation error, which is similar to the issue of €Sponse rates at the data collection phase for housing (shel-

quality change in commodities and services. Until 1988, BLé_er) are separated into three categories. If usable informa-

did not adjust for the slow depreciation of houses and aparrtj-On Is obtained, the unit is_ d_esignated coll_ected, data_l re-
Prted. If the assigned unit is located but is unoccupied,

ments over time. Current BLS research indicates that annu%] o . .
the unit is designated collected, found vacant. In instances

. , where the unit is eligible but no data are available (e.g.
27 See Gillingham, Robert and Lane, Walter. “Changing the Treatment of Shelter f | th itis desi ted dat t llecti
Costs for Homeowners in the Consumer Price Ind8tatistical Reporter retusa S)’ e unitIs designated no data at colliection or

December 1981. other.
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Data for initiation of commodities and services (table 3)designated sample for the first time. These data are unique
are for those areas which underwent sample rotation in 199ih that the outlets and quotes are only counted once, as op-
Approximately one-fifth of the areas (primary sample units)posed to the repeated (monthly or bimonthly) pricing that
are rotated each year. The response rate data for initiatiamreflected in tablel.
reflect the rate of success in attempting to price the new
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