Chapter 17.

The Consumer Price IndeXx (updated 06/2007)

average change over time in the prices of consumer

items—goods and services that people buy for day-
to-day living. The CPI is a complex construct that combines
economic theory with sampling and other statistical tech-
niques and uses data from several surveys to produce a
timely and precise measure of average price change for the
consumption sector of the American economy. Production
of the CPI requires the skills of many professionals, includ-
ing economists, statisticians, computer scientists, data col-
lectors, and others. The CPI’s surveys rely on the voluntary
cooperation of many people and establishments through-
out the country who, without compulsion or compensation,
supply data to the Government’s data collection staff.

The Consumer Price Index (CPI) is a measure of the

Part 1. Overview of the CPI

Three CPI series. The Bureau of Labor Statistics (BLS; the
Bureau) publishes CPI data every month. The three main CPI
series are:

¢ CPI for All Urban Consumers (CPI-U)
* Chained CPI for All Urban Consumers (C-CPI-U)

* CPI for Urban Wage Earners and Clerical Workers
(CPI-W)

The CPI for All Urban Consumers, or CPI-U, which BLS
began publishing in January 1978, represents the buying
habits of the residents of urban or metropolitan areas in the
United States. The CPI for Urban Wage Earners and Cleri-
cal Workers, or CPI-W, the oldest of the series, covers a
subset of the urban population.! The prices used for pro-
ducing these two series are the same. The CPI-U and CPI-W

! Specifically, the all-urban population consists of all urban house-
holds in Metropolitan Statistical Areas (MSAs) and in urban places of
2,500 inhabitants or more. Nonfarm consumers living in rural areas
within MSAs are included, but the index excludes rural nonmetropolitan
consumers and the military and the institutional population. The
urban wage earner and clerical worker population consists of con-
sumer units with clerical workers, sales workers, craftworkers, opera-
tives, service workers, or laborers. More than one-half of the con-
sumer unit’s income has to be earned from the above occupations, and
at least one of the members must be employed for 37 weeks or more
in an eligible occupation.
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differ only in the consumer spending weights used to com-
bine, or average together, basic indexes.’

The newest CPI series, the Chained CPI for All Urban
Consumers (or C-CPI-U), also represents the urban popula-
tion as a whole. BLS began publishing this series in August
2002 with data beginning in January 2000. The prices used in
the C-CPI-U are the same as those used to produce the CPI-
U and the CPI-W, but the C-CPI-U uses a different formula
and different weights to combine basic indexes. The formula
used in the C-CPI-U accounts for consumers’ ability to
achieve the same standard of living from alternative sets of
consumer goods and services. This formula requires con-
sumer spending data that are not immediately available.
Consequently, the C-CPI-U, unlike the other two series, is
published first in preliminary form and is subject to two sub-
sequent scheduled revisions. (See below for more details.)

CPI populations. A consumer price index measures the price-
change experience of a particular group called its target popu-
lation. The CPI uses two target populations for its main
series:

e All Urban Consumers (the “U” population)

e Urban Wage Earners and Clerical Workers (the “W”
population)

Both the CPI-U and the C-CPI-U target the U-population.
The U-population, which was about 87 percent of the U.S.
population in the 1990 census, covers households in all ar-
eas of the United States except people living in rural non-
metropolitan areas, in farm households, on military installa-
tions, in religious communities, and in institutions such as
prisons and mental hospitals.

The W-population, the target of the CPI-W, is a subset of
the U-population. The W-population consists of all U-popu-
lation households for whom 50 percent or more of house-
hold income comes from wages and clerical workers’ earn-
ings. This group’s share of the population of the United
States has diminished over the years. In 1990, the W-popula-
tion was about 32 percent of the total U.S. population. The
W-population excludes households of professional and sala-
ried workers, part-time workers, the self-employed, and the
unemployed, along with households with no one in the labor
force, such as those of retirees. The CPI began using the
current W-population effective with the CPI for January 1964,
when the population was expanded to include nonfamily
(single-person and unrelated-individuals) households.

2 Until 1982, BLS maintained separate (but overlapping) samples
of outlets and specific items for the W- and U-populations. Given
little variance in the movements between the CPI-U and CPI-W and
facing budget cuts, BLS dropped the separate samples for the W-
population. The CPI-U converted to rental equivalence effective
with the indexes for January 1983; the CPI-W moved to rental equiva-
lence 2 years later. Since January 1985, the movements of all CPI-W
basic indexes have been identical to those of their CPI-U counterparts.

Indexes for other populations. It is possible, although dif-
ficult, to construct consumer price indexes for other subsets
of the U.S. population, such as the elderly or the poor. BLS
has produced experimental indexes for some of these groups.
(See the discussion below for details.)

CPI Concepts and Scope

Concepts

The CPI provides an estimate of the price change between
any two periods. The percent change between the CPIs for
two periods indicates the degree to which prices changed
between them. The CPI follows the prices of a sample of
items in various categories of consumer spending—such as
food, clothing, shelter, and medical services—that people
buy for day-to-day living. The monthly movement in the CPI
derives from weighted averages of the price changes of the
items in its sample. A sample item’s price change is the ratio
of'its price at the current time to its price in a previous time. A
sample item’s weight in this average is the share of total
consumer spending that it represents. The algebraic for-
mulas used for this averaging are called index number
formulas.’

A unifying framework for dealing with practical questions
that arise in construction of the CPI is provided by the con-
cept of the cost-of-living index (COLI). * As it pertains to the
CPI, the COLI for the current month is based on the answer
to the following question: “What is the cost, at this month’s
market prices, of achieving the standard of living actually
attained in the base period?” This cost is a hypothetical
expenditure—the lowest expenditure level necessary at this
month’s prices to achieve the base-period’s living standard.
The ratio of this hypothetical cost to the actual cost of the
base-period consumption basket in the base period is the
COLI. Unfortunately, because the cost of achieving a living
standard cannot be observed directly, in operational terms a
COLI can only be approximated. Although the CPI cannot
be said to equal a cost-of-living index, the concept of the
COLI provides the CPI’s measurement objective® and the
standard by which we define any bias in the CPI. BLS long
has said that it operates within a cost-of-living framework in

* For a review of index number formulas, their properties, and
their relationship to economic theory, see W.E. Diewert, “Index Num-
bers,” in J. Eatwell, M. Malgate, and P. Newman, eds., The New
Palgrave: A Dictionary of Economics, vol. 2 (London, The MacMillan
Press, 1987), pp. 767-80.

4 For more information on the cost-of-living index concept, see
the technical references at the end of this chapter.

> See “Updated Response To The Recommendations Of The Advi-
sory Commission To Study The Consumer Price Index,” prepared in
response to a letter from Jim Saxton, Chairman of the Joint Eco-
nomic Committee, to Katharine Abraham, Commissioner of the Bu-
reau of Labor Statistics, dated Jan. 28, 1997. Also published as “Mea-
surement issues in the consumer price index,” Statistical Journal of
the United Nations, ECE 15 (ISO Press, 1998), pp. 1-36. Available on
the Internet at http://stats.bls.gov/cpi/cpi0698a.htm.



producing the CPL° That framework has guided, and will
continue to guide, operational decisions about the construc-
tion of the index.

Because the COLI is not directly observable, the CPI em-
ploys index number formulas that offer approximations to
the measurement objective. The CPI-U and the CPI-W use a
Laspeyres formula to average the price changes across cat-
egories of items. It is sometimes said that the Laspeyres
formula provides an “upper bound” on the COLI. The C-CPI-
U uses a Tornqvist formula to average across the categories.
This formula belongs to a class of formulas called superla-
tive because, under certain assumptions, they can provide
close approximations to a COLI. Since 1999, the CPI program
has used the geometric mean formula to average price change
within most item categories. Under certain assumptions that
are likely to be true within most categories, an index based
on the geometric mean formula will be closer to a COLI than
will a Laspeyres index.

Scope

The cost of maintaining a standard of living is affected by
phenomena that go beyond the traditional domain of a con-
sumer price index—changes in the cost of consumer goods
and services. The broadest form of a COLI, which is called an
unconditional COLI, would reflect changes in nonprice fac-
tors such as crime rates, weather conditions, and health sta-
tus. The objective of the CPI, by contrast, is to provide an
approximation to a conditional COLI that includes only the
prices of market goods and services or government-provided
goods for which explicit user charges are assessed. Free
goods, characteristics of the environment (such as air and
water quality), the value of leisure time, and items that gov-
ernments provide at no cost are not in scope, although they
undeniably can have a major impact on the cost of living as
broadly defined.

Excluded goods and services. The CPI covers the consump-
tion sector of the U.S. economy. Consequently, it excludes
investment items, such as stocks, bonds, real estate, and
business expenses. Life insurance also is excluded for this
reason, although health, household, and vehicle insurance
are in scope. Employer-provided in-kind benefits are viewed
as part of income. Purchases of houses, antiques, and col-
lectibles are viewed as investment expenditures and there-
fore excluded. Gambling losses, fines, cash gifts to individu-
als or charities, and child support and alimony payments
also are out of scope. Changes in interest costs or interest
rates are now excluded from the CPI scope, although some
were in the CPI for many years. Finally, for practical reasons,
the CPI excludes illegal goods and services and the value of
home-produced items other than owners’ equivalent rent.

¢ On the use of a cost-of-living index as a conceptual framework
for practical decisionmaking in putting together a price index, see
Robert Gillingham, “A Conceptual Framework for the Revised Con-
sumer Price Index,” 1974 Proceedings of the American Statistical
Association, Business and Economic Statistics Section, pp. 46-52.

Taxes. Both the CPI and the conditional COLI measure
changes in expenditures—including the effect of changes in
sales taxes and similar taxes that are part of the final price of
consumer products—needed to achieve the base-period stan-
dard of living. Neither the CPI nor the COLI, however, mea-
sures the change in before-tax income required to maintain
the base-period living standard. For this reason, neither the
COLI nor the CPl is affected by changes in income and other
direct taxes. For certain purposes, one might want to define
price indexes that include, rather than exclude, income taxes.’

The CPI does include the effects of changes in sales taxes
and other indirect taxes. As noted above, however, these are
included as part of the price of consumer products. No at-
tempt is made to reflect changes in the quantity or quality of
government services paid for through taxes.

Government-provided and -subsidized items. The CPI treats
as price changes any changes to fees that the government
charges for items, such as admission to a national park. The
CPI also counts the price of subsidized items that are avail-
able to the general public. For example, governments may
subsidize local transit operation. If the subsidy is cut and
the fare raised, the CPI will reflect this price increase. On the
other hand, the CPI does not reflect changes to means-tested
(dependent on the recipient’s income) subsidies, such as
Food Stamps or Section 8 housing allowances. Changes in
such subsidies are treated as changes to the recipient’s in-
come and, therefore, out of scope.

CPI Structure and Publication

Calculation of price indexes

In the CPI, the urban portion of the United States is divided
into 38 geographic areas called index areas, and the set of all
goods and services purchased by consumers is divided into
211 categories called item strata. This results in 8,018 (38 x
211) item-area combinations.

The CPI is calculated in two stages. The first stage is the
calculation of basic indexes, which show the average price
change of the items within each of the 8,018 CPI item-area
combinations.® For example, the electricity index for the Bos-
ton CPI area is a basic index. The weights for the first stage
come from the sampling frame for the category in the area. At

7 One could develop a COLI or a Laspeyres index along these lines.
Such an index (sometimes called a tax-and-price index) would provide
an answer to a different question (along the lines of “At current prices,
what is the least before-tax income needed to buy . ..”) from the one
that is relevant to the CPIL. It would be appropriate for different uses.
For a research measure of a consumption index inclusive of income
taxes and Social Security contributions, see Robert Gillingham and
John Greenlees, “The Impact of Direct Taxes on the Cost of Living,”
Journal of Political Economy, August 1987, pp. 775-96.

8 This is a slight simplification. In all but 6 of the 38 areas, the
prices of the items in many of the item strata are observed bimonthly.
As a result, in any given month, the number of item-area combina-
tions tracked is slightly below 6,000.



the second stage, aggregate indexes are produced by aver-
aging across subsets of the 8,018 CPI item-area combina-
tions. The aggregate indexes are the higher-level indexes;
for example, the all-items index for Boston is an average of all
ofthe area’s 211 basic indexes. Similarly, the aggregate index
for electricity is an average of the basic indexes for electricity
in each of the 38 index areas. The U.S. city average—all-
items CPI is an average of all basic indexes. The weights for
the second stage are derived from reported expenditures from
the Consumer Expenditure Survey (CE).

CPI publication

Indexes. Each month’s index value displays the average
change in the prices of consumer goods and services since a
base period, which currently is 1982-84 for most indexes. For
example, the CPI-U for March 2002 was 178.8. One interpreta-
tion of this is that a representative set of consumer items that
cost $100 in 1982-84 would have cost $178.80 in March 2002.

Percent change. Rather than emphasizing the level of the
index in comparison to the base period, the monthly CPI
release stresses the CPI’s percent change from the previous
month and from the previous year. The most commonly re-
ported monthly percent change is the 1-month seasonally
adjusted change. Continuing the example, the March 2002
CPIwas 178.8 and the February 2002 CPI was 177.8, so the
CPlincreased 0.6 percent (not seasonally adjusted) from Feb-
ruary to March of 2002. The annual percent change in the
CPI from March 2001 to March 2002 was 1.5 percent.’

CPl area and item indexes. BLS publishes a large number
of additional CPI index series. Appendix 1 shows the major
publication tables. For the U-population areas—the broad-
est geographic coverage—detailed item indexes for most
categories of consumer spending are published every month.
Also every month, BLS publishes all-items indexes, along
with a limited set of detailed indexes, for the three largest
metropolitan areas and for the major geographic areas. In
addition, detailed food, energy, and shelter indexes are pub-
lished monthly for all CPI publication areas. Bimonthly or
semiannually, all-items indexes for selected metropolitan areas
are published along with the limited set of detailed indexes.

The primary reason for publishing CPI item-area detail
indexes is to aid in analysis of movements in the national all-
items CPI. Decisions on which detailed indexes to publish
depend, in part, on the reliability of the estimates.!® CPI area
indexes and CPI item detail indexes use only a portion of the
CPI sample; this makes them subject to substantially greater
sampling error than the national CPI. For this reason, BLS
strongly urges users to consider the U.S. all-items CPI for
use in escalator clauses.

> Annual CPI changes usually are reported on an unadjusted basis.

10 Steven Grandits, “Publication strategy for the 1998 revised
Consumer Price Index,” Monthly Labor Review, December 1996, pp.
26-30, available online at http://stats.bls.gov/opub/mlr/1996/12/
art4full.pdf.

CPI area indexes. BLS calculates and publishes separate
area indexes for:

» Four geographic regions (Northeast, Midwest, South,
and West), sometimes called census regions

» Three population size classes (large metropolitan ar-
eas, small metropolitan areas,!' and nonmetropolitan urban
places)

» Selected region-size classes (regions cross-classified
by population size—for example, large metropolitan areas in
the Northeast)

* Selected metropolitan areas

Comparing the CPI for an area to the U.S. CPI or to the CPI
for another area gives an indication of differences among the
areas’ rates of price change. In other words, such a compari-
son indicates whether—over time—prices of items that con-
sumers in one area tend to buy have risen more or less rap-
idly than the prices of items that consumers in another area
tend to buy. It does not indicate whether the average level of
prices in an area s higher or lower than the average level in
another area.

CPI item indexes. BLS classifies the CPI market basket of
consumer goods and services into a hierarchy of categories.
The top levels of the item category hierarchy consist of:

» The eight major groups
* Other groups
» Expenditure classes

e [tem strata

For the U.S. CPI, BLS publishes all levels down to item
strata. BLS publishes less item detail for the CPI area indexes.

Special aggregations. BLS also calculates and publishes
indexes for special aggregations, such as energy items, that
cut across the above classification scheme. The series All
items less food and energy sometimes is said to measure the
core rate of inflation. Food and energy are two of the most
volatile components of the CPI. For this reason, many ana-
lysts regard the measure of core inflation as more useful for
their purposes.

The C-CPI-U. The Chained CPI-U, BLSs newest index se-
ries, uses a superlative index formula, which reflects con-
sumers’ behavior in response to changes in relative prices.
Unfortunately, this requires current expenditure data, and
expenditure data become available only after a significant

' Prior to January 1998, the CPI published data for medium and
small metropolitan areas, which have been combined to form a single
class.



lag. Consequently, C-CPI-U index values, unlike the values
of the CPI-U and CPI-W, are not final when first published.
To mitigate the difficulties arising from this delay, BLS issues
two preliminary estimates of the C-CPI-U. The “initial” val-
ues come out every month concurrent with the CPI-U and
the CPI-W. The following February, “interim” values replace
the initial values for all 12 months of the previous year. One
year later, the interim values are replaced with the final C-
CPI-U.2 For example, in February 2005, with the January
2005 release of the CPI-U, the CPI-W, and the initial C-CPI-U,
BLS published interim C-CPI-U indexes for the 12 months of
2004, and final C-CPI-U index values for 2003.

Seasonally adjusted indexes and percent changes. In addi-
tion to the originally computed indexes and percent changes,
which are called unadjusted indexes and unadjusted per-
cent changes, BLS calculates and publishes seasonally ad-
justed series. The unadjusted numbers reflect the change in
price resulting from all causes, including normal seasonal
price movement due to regular changes—resulting, for ex-
ample, from weather, harvests, the school year, production
cycles, model changeovers, holidays, or sales—that recur
every year. For economic analysis and for other purposes, it
is useful to remove the estimated seasonal effects from the
original indexes and percent changes. To produce the sea-
sonally adjusted indexes and percent changes, BLS uses
seasonal adjustment techniques that remove these effects.
BLS seasonally adjusts only those CPI series that pass cer-
tain statistical criteria and for which there is an economic
rationale for observed seasonality. For example, while the
unadjusted CPI rose 0.6 percent from February to March
2002, the seasonally adjusted 1-month percent change in the
CPI during that time was 0.3 percent. Seasonally adjusted
indexes are subject to annual revision and therefore are not
recommended for use in escalation contracts. Seasonal ad-
justment is done only at the national level for the U.S. city
average CPI-U and CPI-W. Presently, the C-CPI-U does not
have sufficient historical data to permit calculation of stable
seasonal factors.

Average prices. For some food, beverage, and energy items,
the CPI samples contain enough observations of unique
items to make possible the computation and publication of
meaningful average retail prices. A list of published average
prices is shown in appendix 3.

Correction policy. The CPI, unlike many other statistical
series, does not rely on respondents to transmit data to the
national office. CPI data collectors collect almost all CPI data,
so that routine revisions to account for late-arriving data are
not necessary. Virtually all data are received in time for the

12 The first release of C-CPI-U data took place on Aug. 16, 2002.
At that time, final data for the 12 months of 2000, interim data for
the 12 months of 2001, and initial data for the first 7 months of 2002
were issued.

calculation of indexes for the appropriate month. In rare cases,
however, when we discover that we made an error collecting
or compiling information, we issue corrections to the CPI
series in accordance with BLS policy and CPI practices.

Corrections to the CPI-U and CPI-W. These series are final
when issued. The CPI-U and CPI-W are commonly used in
escalation agreements and to adjust pensions and tax brack-
ets; consequently, revisions can be costly for the users of
these indexes. For this reason, there is a presumption in BLS
policy and practice against revisions to the CPI that extend
back over lengthy periods. When a mistake is discovered,
CPI staff evaluates the error in the context of BLS guidelines
for issuing corrections to previously published CPI data.

Corrections to the C-CPI-U. As noted above, C-CPI-U in-
dexes are not final when first issued. They are routinely re-
vised, and are not final until the publication of data for the
second January after initial publication. If the CPI-U and
CPI-W series are corrected, the C-CPI-U series will be cor-
rected as well. Corrected C-CPI-U indexes will be issued for
all series affected by the error, as far back as the past 5 years.

How to interpret the CPI

Movements of the indexes from one month to another usu-
ally are expressed as percent changes rather than changes in
index points. The level of the index (relative to its base pe-
riod) affects index point changes, but it does not affect per-
cent changes. The example below shows how to compute
percent changes:

Index point change

CPI 178.8
Less CPI for previous period 176.2
Equals index point change 26
Percent change

Index point difference 26
Divided by the previous index 176.2
Equals 0.015
Results multiplied by 100.0 0.015*100
Equals percent change 1.5

Percent changes for periods other than 1 year usually are
expressed as annualized percentages. Annualized percent
changes indicate what the change would be if the CPI con-
tinued to change at the same rate each month over a 12-
month period. These are calculated using the standard for-
mula for compound growth:

PCyi (X /1X,) ™ ~1]100

t+m

where

IX, is the index in month t,



IX.,,,is the index m months after month t, and

PC is the annualized percent change.
annual

Uses of the CPI
The CPI affects virtually all Americans because of the many
ways in which it is used. Its major uses are:

* As an economic indicator. As the most widely used
measure of inflation, the CPI is a major indicator of the effec-
tiveness of Government economic policy. The President, the
Congress, and the Federal Reserve Board use the movement
of the CPI to help formulate and monitor the effect of fiscal
and monetary policies. Business executives, labor leaders,
and other private citizens also use the index as a guide in
making economic decisions.

* Asameans of adjusting income payments. The index
directly affects the income of almost 80 million people. Social
Security" benefits and military and Federal Civil Service pen-
sion payments are all indexed by the CPI. The Food Stamp
program uses the CPI for food at home, and changes in the
CPI affect the cost of school lunches for children. In the
private sector, many collective bargaining agreements tie
automatic wage increases to the CPI. Some private firms and
individuals use the index to keep rents, alimony, and child
support payments in line with changing prices.

* Asameans of preventing inflation-induced tax chan-
ges. The Federal income tax rules, and those of many States
as well, use the CPI to adjust tax brackets, the standard de-
duction, and other monetary values in the tax code. This
prevents inflation from automatically increasing taxes, a phe-
nomenon called bracket creep.

* As adeflator of other economic series. Other statisti-
cal programs use the CPI or its components to adjust for
price changes and produce inflation-free versions of their
series. Examples of CPI-adjusted series include components
of the U.S. Department of Commerce National Income and
Product Accounts (such as gross domestic product and
personal consumption expenditures) and retail sales mea-
sures and the BLS hourly and weekly earnings series.

Limitations of the index

The CPI covers a wide variety of items that all urban con-
sumers purchase, but—because most individuals concen-
trate spending on a relatively small fraction of the total num-
ber of items available in the market—it contains items that a
given individual does not purchase. The CPI must represent
a composite consumer, and it does not necessarily represent
the price-change experience of any one individual, house-
hold, or family. Similarly, the CPI may not be applicable to all

13 Specific information on the Social Security use of the CPI can be
found on the Social Security Administration Web site at Www.ssa.gov/
OACT/COLA/colaseries.html.

questions about price movements for all population groups.

As noted above, CPI indexes cannot be used to deter-
mine relative living costs. The CPIs for various geographic
areas of the United States do not indicate the differences in
price level among them. The change in the CPI for an indi-
vidual area measures the degree to which prices have changed
over time within that particular area. It does not show whether
prices or living costs are higher or lower in that area relative
to another area or to the United States as a whole. Compar-
ing indexes between one area and another indicates which
area has experienced more rapid price change—not which
area has a higher price level or higher living costs.

Sampling and nonsampling error. The CPI is estimated from
a sample of consumer purchases; it is not a complete mea-
sure of price change. Consequently, the index results may
deviate slightly from those that would be obtained if all con-
sumer transactions were covered. This is called sampling
error. These estimating or sampling errors are statistical limi-
tations of the index.

A different kind of error in the CPI can occur when, for
example, a respondent provides BLS field representatives
with inaccurate or incomplete information. This is called
nonsampling error. BLS attempts to minimize these errors
by obtaining prices through personal observation whenever
possible, and by correcting errors immediately upon discov-
ery. The field representatives, technicians, and commodity
specialists who collect, process, and analyze the data are
trained to watch for deviations in reported prices that might
be due to errors.

A fuller discussion of the varieties and sources of pos-
sible error in the index is presented in part I1I of this chapter,
“Precision of CPI Estimates.”

Experimental indexes

Population subgroups. The CPI program also calculates
and publishes some indexes on an experimental basis only.
For example, the program provides experimental indexes sepa-
rately for demographic subgroups, such as the elderly or the
poor. Comparing indexes for such subgroups does not indi-
cate whether the prices they pay are higher or lower than the
prices other groups pay; this comparison indicates only
whether prices of their items have risen faster or slower than
those for other groups. Indexes for subgroups of the popu-
lation are, in some ways, more difficult to construct than
indexes for the whole. In particular, making sure that samples
refer to only part of the population may be difficult or imprac-
tical. Moreover, making subgroup indexes as precise as the
national CPI would require that the sample sizes be as
large.

The Experimental CPI for Americans 62 Years of Age and
Older (CPI-E). BLS periodically issues a report on its ex-
perimental index for the elderly. This index, sometimes re-
ferred to as the CPI for the elderly or CPI-E, is calculated



monthly and is available on request. It should be empha-
sized that the CPI-E is merely a reweighting of the CPI basic
indexes using expenditure weights from households headed
by someone 62 years of age or older. There is no attempt to
recalculate the basic indexes themselves so that they repre-
sent the retail outlets and consumption items of older con-
sumers.'*

The CPI for the poor. A 1996 BLS research paper® presented
price indexes for various definitions of the poor population.
There is no regular attempt to keep this series up to date.
Like the CPI-E, the indexes in the paper were estimated by
reweighting basic indexes, with no refashioning of those
basic indexes to correspond to the purchasing and consump-
tion patterns of the target populations.

CPI research series. Over the years, BLS has made many
improvements to the CPI. When BLS changes its methods, it
always announces them in advance and, if possible, esti-
mates the impact the change would have had in recent peri-
ods. BLS does not, however, revise previously published
CPI data to reflect the new methods. This practice means
that the movement of the CPI over time reflects not only
price change over time but also changes to CPI methods.
To assist users who wish to use the CPI over long periods,
BLS publishes the CPI-U Research Series Using Current
Methods (CPI-U-RS). It provides estimates, for the period
since 1977, of what the CPI would have been had the most
current methods been in effect. Each time there are new
methods introduced into the CPI, the CPI-U-RS is revised
from 1978 forward.'®

History of the CPI, 1919 to 2003

The CPI was initiated during World War I, when rapid increases
in prices, particularly in shipbuilding centers, made such an
index essential for calculating cost-of-living adjustments in
wages. To provide appropriate weighting patterns for the in-
dex, so that it would reflect the relative importance of goods
and services purchased by consumers, studies of family ex-
penditures were conducted in 92 industrial centers from 1917
to 1919. Periodic collection of prices was started and, in 1919,
BLS began publication of separate indexes for 32 cities. Regu-
lar publication of a national index, the U.S. city average, be-
ganin 1921, and indexes were estimated back to 1913."

4 For more information, see Consumer Price Index Detailed Re-
port, February 2000, pp. 5-7.

15 Thesia Garner, David Johnson, and Mary Kokoski, “An experi-
mental Consumer Price index for the poor,” Monthly Labor Review,
September 1996, pp. 32-42.

!¢ Kenneth J. Stewart and Stephen B. Reed, “CPI research series
using current methods, 1978-1998,” Monthly Labor Review, June 1999,
pp. 29-38.

17 Collection of food prices back to 1890 had been initiated in
1903. During the course of the 1917-19 expenditure survey, retail
prices for other items were collected in 19 cities for December of each
year back to 1914 and in 13 other cities back to December 1917 only.

Since its inception, the CPI has been comprehensively
revised on six occasions to implement updated samples and
weights, expanded coverage, and enhanced methodologies.
For example, the 1998 revision, the most recent one, intro-
duced more timely consumer spending weights; updated geo-
graphic and housing samples; a revised item classification
structure; a new housing index estimation system; computer-
assisted data collection; and a new Telephone Point-of-Pur-
chase Survey. BLS also has made important improvements
to the CPI beyond the major revision processes, an example
being the introduction of the geometric mean formula in Janu-
ary 1999. Table 1, on the following pages, provides a chro-
nology of revisions and improvements to the CPI, and ap-
pendix 3 displays historical changes in base period,
population coverage, and other index characteristics.

The improvements introduced over the years have re-
flected not only BLSs own experience and research, but also
the criticisms and investigations of outsiders. Notably, in
undertaking the 1940 comprehensive revision of the CPI,
BLS acted on recommendations made by an Advisory Com-
mittee appointed by the American Statistical Association.
Major studies were conducted during World War II by the
President’s Committee on the Cost of Living'® and in 1951 by
the House Committee on Education and Labor."

The 1961 report of the Price Statistics Review Committee
(sometimes called the “Stigler Committee”) provided impe-
tus for subsequent changes in many aspects of the CPI,
including the sampling of outlets and items, the treatment of
quality changes in consumer durables, and the role of cost-
of-living theory.® Recent studies include the 1996 report of
the Advisory Commission to Study the Consumer Price In-
dex (the “Boskin Commission”)*" and the 2002 report At
What Price? Conceptualizing and Measuring Cost-of-Liv-
ing and Price Indexes by a National Research Council panel
of the National Academy of Sciences.” A continuing flow
of articles in professional journals and books also has con-
tributed to the assessment of the CPI’s quality and of the
ways in which it might be improved. For a list of published
papers, consult the Technical References at the end of this
chapter.

Retail prices of food and wholesale prices of other items were used to
estimate price change from 1914 back to 1913.

18 Report of The President’s Committee on the Cost of Living (Wash-
ington, Office of Economic Stabilization, 1945).

19 Consumers’ Price Index, Report of a Special Subcommittee of
the Committee on Education and Labor, U.S. Congress, House of
Representatives, 82/1, Subcommittee Report No. 2 (Washington, U.S.
Government Printing Office, 1951).

2 Government Price Statistics, Hearing before the subcommittee
on Economic Statistics, U.S. Congress, Joint Economic Committee,
871. Part 1 (Washington, U.S. Government Printing Office, Jan. 24,
1961).

2l Committee on Finance, United States Senate, Final Report of
the Advisory Commission to Study the Consumer Price Index (The
Boskin Commission Report) (Washington, U.S. Government Printing
Office, December 1996).

22 Charles Schultze and Christopher Mackie, eds. At What Price?:
Conceptualizing and Measuring Cost-of Living and Price Indexes
(Washington, National Academy Press, 2002).



Table 1. Chronology of changes in the Consumer Price Index

The Consumer Price Index to 1940

e  Began publication of separate indexes for 32 cities (1919)
Collected prices in central cities periodically.

e  Developed weights from a study that BLS conducted in 1917-19 of family expenditures in 92 industrial centers
Reflected the relative importance of goods and services purchased by consumers.

e  Collected prices for major groups: Food, clothing, rent, fuels, house furnishings, and miscellaneous

e Limited pricing to items selected in advance to represent their categories

e  Began regular publication of a national index, the U.S. city average (1921):
Based index on an unweighted average of the city indexes.

Estimated U.S. city average back to 1913, using food prices only.

The 1940 CPI revision: the first comprehensive revision

e  Used weights based on 1934-36 study of consumer expenditures
e Collected prices in the 34 largest cities

e Implemented a weighted average of cities for the U.S. city average CPI

Improvements made between the 1940 and 1953 revisions

e During World War II:
Discontinued the pricing of unavailable items, such as new cars and household appliances
Increased the weight of other items, including automobile repair and public transportation
e Inl9sl:
Adjusted weights in seven cities using 1947 and 1949 survey of consumer expenditures
Adjusted weights for the 1950 census
Adjusted rent index to remove “new unit bias” caused by rent control

Added new items to the list of covered items, including frozen foods and televisions

The 1953 CPI revision: the second comprehensive revision

e  Used weights from a 1950 expenditure survey conducted in central cities and attached urbanized areas
e Refined the target population to include urban wage earner and clerical worker families

e  Added asample of medium and small cities

e Updated the list of items that the index covered, adding restaurant meals

e Added new sources of price data

e Improved pricing and calculation methods




Table 1. Chronology of changes in the Consumer Price Index—Continued

The 1964 CPI revision: the third comprehensive revision

e Based weights on 1960-61 expenditure patterns in metropolitan areas
e Added single-person households to target population: urban wage earner and clerical worker households
e  Extended pricing to the suburbs of sampled metropolitan areas

e  Updated the sample of cities, goods and services, and retail stores and service establishments

Improvements made between the 1964 and 1978 revisions

e Made quality adjustments for new vehicles at model changeover

e Improved treatment of seasonal items

The 1978 CPI revision: the fourth comprehensive revision

e Added anew Consumer Price Index: the CPI for All Urban Consumers, or the CPI-U
e  Renamed the older CPI as the CPI for Urban Wage Earners and Clerical Workers, or the CPI-W
o Used weights from a 1972-73 survey of consumer expenditures and the 1970 census
e  Expanded the sample to 85 areas
e  Increased minimum pricing frequency from quarterly to bimonthly
e Implemented monthly pricing in the five largest areas
e Introduced probability sampling methods at all stages of CPI sampling:
Used probability selection methods to select the CPI sample items within stores
Eliminated the list of eligible items as virtually all consumer items became eligible for pricing
e Introduced checklists that define each category of spending

e Developed estimates of the CPI’s sampling error and optimal sample allocation to minimize that error

Improvements made between the 1978 and 1987 revisions

e  Began outlet and item sample rotation (1981):
Began systematic replacement of outlets and their item samples between major revisions
Implemented new Point-of-Purchase Survey (POPS)
Selected retail outlets with probability proportional to consumer spending therein
Eliminated reliance on outdated secondary-source sampling frames
Began rotating outlet and item samples every 5 years
Began rotating one-fifth of the CPI pricing areas each year
e Introduced rental equivalence concept (January 1983 for the CPI-U; January 1985 for the CPI-W):
Introduced the flow-of-services method, which removes the investment component from homeowner indexes

Discontinued the asset-price approach, which treated the purchase of a home as a consumer good




Table 1. Chronology of changes in the Consumer Price Index—Continued

The 1987 CPI revision: the fifth comprehensive revision

o  Used weights from the 1982-84 Consumer Expenditure Survey and the 1980 census

e  Updated samples of items, outlets, and areas

e  Redesigned the CPI housing survey

e Improved sampling, data collection, data processing, and statistical estimation methods
e Initiated more efficient sample design and sample allocation

e Introduced techniques to make CPI production and calculation more efficient

Improvements made between the 1987 and 1998 revisions

e Improved the housing estimator to account for the aging of the sample housing units

e Improved the handling of new models of vehicles and other goods

e Implemented new sample procedures to prevent overweighting items whose prices are likely to rise
e Improved seasonal adjustment methods

e Initiated a single hospital services item stratum with a treatment-oriented item definition:

Discontinued pricing of the inputs to the index for hospital services

The 1998 CPI revision: the sixth comprehensive revision

o Weights from the 1993-95 Consumer Expenditure Survey and the 1990 census
e Updated geographic and housing samples

e Extensively revised item classification system

e Implemented new housing index estimation system

e Used computer-assisted data collection

e  Added the Telephone Point-of-Purchase Survey (TPOPS):

Allows rotation of outlet and item samples by item category and geographic area, rather than by area alone

Improvements since the 1998 revision

e Initiated a new housing survey based on the 1990 census (January 1999):
Estimated price change for owners’ equivalent rent directly from rents
e Beganusing a geometric mean formula for most basic indexes (January 1999):
Mitigates lower-level substitution bias
Reflects shifts in consumer spending within item categories as relative prices change
e  Published the CPI-U Research Series
Featured backcastings of all CPI method changes to 1978

Provided revision in cases of methodology change
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Table 1. Chronology of changes in the Consumer Price Index—Continued

Improvements since the 1998 revision—Continued

e Extended the use of hedonic regression to estimate the value of items changing in quality
e Directed replacement of sample items in the personal computer and other categories, to keep samples current
e Implemented 4-year outlet rotation to replace the 5-year scheme
e Began within-outlet item rotation for prescription drugs and other item categories
e Implemented biennial weight updates (January 2002):
Separated weight updates from major revisions to keep weights as current as possible
(Weights used in 2002-2003 were based on the 1999-2000 Consumer Expenditure Survey; weights used in
2004-05 were based on the 2001-02 Consumer Expenditure Survey; weights used in 2006-07 were based on
the 2003-04 Consumer Expenditure Survey.)
Increased sample size of the Consumer Expenditure Survey, so that CPI weights can be based on just 2 years
of data
Specified that future weight updates be done in January of even-numbered years, using
data from expenditure surveys 2 and 3 years previous
e Added the Chained Consumer Price Index for All Urban Consumers (C-CPI-U) (August 2002):
Uses more advanced “superlative” index formula (the Tornqvist formula)
Corrects upper-level substitution bias
e  Began computer-assisted data collection for the Commodities and Services Survey (2002-2003)
e Expanded collection of price data to all business days of the month
(Before 2004, prices were collected the first 18 business days of the month for the first 10 months of the year
and the first 15 business days for November and December.)

e  Began publishing indexes to three decimal places (Jan. 2007)

11




Part Il. Construction of the CPI

Sampling: Areas, Items, and Outlets

The smallest geographic areas in which pricing is done for
the CPI are called primary sampling units (PSUs). Within
these areas, sales outlets are chosen where people shop and
live. The selected nonshelter outlets are matched to a sample
of items that these consumers buy. Appendix 4 shows the
names of the 87 PSUs selected for the 1998 revision CPI-U
and the counties contained therein. Of these PSUs, 36 were
not in the previous PSU sample. Prices from these were
introduced into CPI index calculation with the release of the
January 1998 index. Appendix 4 also gives the percentage of
the CPI-U population represented by each PSU (as of 1990),
and indicates whether items priced bimonthly (see below)
are priced in odd- or even-numbered months, or both.

Area Sample?

For the purpose of selecting the 1998 CPI PSU sample, the
entire United States was divided into PSUs. First, BLS used
the U.S. Office of Management and Budget’s (OMB’s) defi-
nition of Metropolitan Areas (MAs)* to divide the country
into metropolitan and nonmetropolitan areas. The PSUs within
the metropolitan area are, with five exceptions, OMB-defined
MAs.#  In the nonmetropolitan areas, BLS defined the PSU
boundaries. In general, a PSU is delineated by county bor-
ders (with some exceptions in New England) and can com-
prise several counties.

Each PSU was first classified by its size. All PSUs with
populations larger than 1.5 million were declared to be self-
representing and given the size class of A.?° The remaining
non-self-representing PSUs, metropolitan and nonmetro-
politan, are called B and C PSUs, respectively.?’ (To avoid

3 A more detailed description of the 1998 revision area sample
selection is contained in Janet Williams, Eugene F. Brown, and Gary R.
Zion, “The Challenge of Redesigning the Consumer Price Index
Sample,” 1993 Proceedings of the American Statistical Association,
Business and Economic Statistics Section, pp. 200-205; and Janet L.
Williams, “The redesign of the CPI geographic sample,” Monthly
Labor Review, December 1996, pp. 10-17. Available on the Internet
at www.bls.gov/opub/mlr/1996/12/art2full.pdf.

2 MAs are Metropolitan Statistical Areas (MSAs), Primary Met-
ropolitan Statistical Areas (PMSAs), or Consolidated Metropolitan
Statistical Areas (CMSAs). For more information, see the Statistical
Policy Office of the U.S. Office of Management and Budget, Attach-
ments to OMB Bulletin No. 93-05, Metropolitan Areas 1992, Lists I-
V.

%> The five PSU exceptions are the Los Angeles suburbs PSU, the
three PSUs that together form the New York—Northern New Jersey—
Long Island CMSA, and the Washington, DC, PSU.

% Anchorage and Honolulu are A PSUs with smaller populations.

27 When planning began for the 1998 revision of the CPI, one
potential change envisioned was the publication of a Consumer Price
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confusion, it is important to recognize the distinction be-
tween the naming conventions for PSUs and those for CPI
size-class indexes. In general, prices collected in B PSUs are
used to compute the B/C CPI indexes, and prices in C PSUs
are used in the computation of the D CPI indexes. The excep-
tions are the Anchorage and Honolulu metropolitan areas,
which are A PSUs but included in the B/C size-class indexes.)

The second classification variable for PSUs is census
region. The next phase of the area selection was to stratify
(group) PSUs in each region-size class—for example, South
B—into strata (groups) of similar PSUs based on their scores
on several factors (called stratifying variables). Each APSU
is in a stratum by itself—thus the name self-representing.
Selection of the stratifying variables was based on linear
regression modeling of price change (sequentially finding
sums of a constant and a constant times each of a subset of
1990 census and geographic PSU variables that best explain
CPI price change over different periods). The variables (called
geographic variables) used in all stratifications except that
for the South B PSUs were percent urban, the normalized
latitude and longitude of the PSU’s geographic center, and
normalized longitude squared. In the stratification of the
South B PSUs, percent urban and variables used in the 1987
revision—namely, mean interest and dividend income per
consumer unit (CU), mean CU wage and salary income, per-
cent housing units (HUs) heated by electricity, percent HUs
heated by fuel oil, percent owner-occupied HUs, percent
black CUs, and percent CUs with retired person—were used.
The program employed to do the stratifications was a modi-
fied version of the Friedman-Rubin clustering algorithm,
which puts PSUs in the same strata based on their similari-
ties on the stratification variables, while keeping the popula-
tion sizes of the strata approximately equal.

A program was used to select one PSU per stratum so that
the selected PSUs are well-distributed over the States and
there are many 1988-sample PSUs among the newly se-
lected ones.?® Prices from the 36 newly selected non-1988-
sample PSUs were introduced into CPI index calculations
in 1998.

Index for the total U.S. population (called the CPI-T). To accommo-
date this expanded CPI, a larger number of PSUs was selected to cover
the population living in rural areas outside the metropolitan area.

% In case a CPI-T was judged too costly, a selection was made from
nonmetropolitan PSUs that would have their urban parts included in
the CPI-U. Candidate PSUs had to contain some urban population.
From these candidates, a probability (proportional to the urban popu-
lation of their stratum) sample for the CPI-U was selected in each
region except the Northeast. Long after the selection of the PSUs, a
decision was made not to publish a CPI-T because of its increased cost.
At that time, 18 of the previously selected PSUs were dropped from
the CPI sample and designated as “Consumer Expenditure Survey
only” PSUs. (See chapter 16.)



Since 1998, indexes have been published monthly for the
New York, Los Angeles, and Chicago Consolidated Metro-
politan Statistical Areas (CMSAs). Indexes for the Wash-
ington-Baltimore CMSA, along with the next 10 largest A
PSUs (not including those contained in the aforementioned
CMSAs) containing between 1.27 and 2.89 percent of the
CPI-U population, are published bimonthly. In January and
July, semiannual indexes are published for the 12 smallest A
PSUs. Indexes also are published for the U.S. total as well as
for region and size class totals, with the exception of the D
indexes in the Northeast and West. Beginning in 2002, semi-
annual indexes have been published for Phoenix.

Replicates, which are used in variance calculation, are
assigned to each A PSU based on population, with each A
PSU having either two or four replicates. B and C PSUs are
paired in each region, with each pair containing a PSU on the
even and odd monthly pricing cycles, except for single PSU
pairs in the region-size classes in which the number of PSUs
is not a multiple of 4. Publication of a region-size class re-
quires at least four PSUs (two replicates). The allocation of
replicates is provided in the next section, along with the
allocation of replicate panels.”

Item and Outlet Samples
Commodities and services other than shelter

Item structure and sampling. The CPI item structure has
four levels of classification. The 8 major groups are made up
of 70 expenditure classes (ECs), which in turn are divided
into 211 item strata. Major groups and ECs do not figure
directly in CPI sample selection, although ECs are used in
smoothing item stratum expenditure estimates during com-
posite estimation. Within each item stratum, one or more
substrata, called entry-level items (ELIs), are defined. There
are a total of 305 ELIs, which are the ultimate sampling units
for items as selected by the BLS national office. They repre-
sent the level of item definition from which data collectors
begin item sampling within each sample outlet. (See appen-
dix 5 for a complete list of consumer ECs, item strata, and
ELIs.)

To enable the CPI to reflect changes in the marketplace,
new item and outlet samples are selected each year, on a
rotating basis, for approximately 25 percent of the item strata
in each PSU. Each year, four regional item universes are
tabulated from the 2 most recent years of CE data. Inde-
pendent samples of ELIs are selected from the correspond-
ing regional item universe for each item stratum PSU-
replicate scheduled for rotation that year. Within each
sample PSU-replicate, each item sample is based on a
systematic probability-proportional-to-size (PPS) sam-
pling procedure, in which each ELI has a probability of

2 For the A PSUs, the number of replicate panels is the same as the
number of replicates. Each non-self-representing PSU is allocated
one replicate panel.
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selection proportional to the CPI-U population expendi-
tures for the region for the ELI within its stratum.

Item and outlet sample design. The CPI uses two separate
sample designs, one for rent and owners’ equivalent rent,
and one for all other commodities and services. The method-
ology used to determine the commodities and services item
and outlet sample design is presented here in brief. The de-
sign for the rent and owners’ equivalent rent indexes is de-
scribed later.

The primary objective of the Commodities and Services
(C&S) sample design is to determine an allocation of indi-
vidual item and outlet selections, by item stratum and by
PSU, replicate, and POPS category (see below), that mini-
mizes the sampling variance of price change measured by
the all-cities C&S CPI, subject to certain budgetary and
sample share constraints. Models are used to project the
sampling variance and data collection costs in terms of the
decision variables for the sample design. For these models,
all commodities and services item strata are grouped into 13
major groups:

1. Food at home—nonmeat staples

2. Food at home—meat, poultry, fish

3. Food at home—fruits and vegetables

4. Other food at home, plus beverages (alcoholic and
nonalcoholic)

5. Food away from home

6.  Fuels and utilities

7. Household furnishings and operations

8. Apparel and upkeep

9. Transportation less motor fuel

10.  Motor fuel

11.  Medical care

12.  Education and communication

13.  Recreation and other commodities and services

In brief, the C&S sample allocation methodology is as
follows: First, a variance function that projects the variance
of price change as a function of the above variables for the
commodity and service components is modeled. Second, a
cost function that predicts the total annual cost of the com-
modity and service components of the CPI is formulated.
Third, values for all coefficients of the two functions, includ-
ing estimates of outlet sample overlap, are estimated. Fourth,
nonlinear programming techniques are used to determine
approximately optimal sizes for the item and outlet samples
needed to minimize the CPI variance under varying assump-
tions of annual price change subject to cost constraints.

The variance and cost functions for the CPI are modeled
for 15 PSU groups:

PSU group name

1. New York City

2. New York City suburbs
3. Los Angeles City

4. Los Angeles suburbs
5. Chicago



Philadelphia and San Francisco
Detroit and Boston

Other large self-representing PSUs
9. Small self-representing PSUs

O N

10. Medium-sized PSUs, Census Region 1
11.  Medium-sized PSUs, Census Region 2
12.  Medium-sized PSUs, Census Region 3
13. Medium-sized PSUs, Census Region 4
14.  Small PSUs, Census Regions 1-4

15.  Anchorage and Honolulu

A detailed discussion of the sample allocation methodol-
ogy is provided in appendix 6. The allocation is resolved
with each C&S sample rotation, which occurs twice each
year, and allocations change as sample frames are refreshed
and rotated. For ongoing pricing, predicted outlet visits
total 26,400 each month, with prices collected for 85,000
items.

Outlet and price surveys. BLS field representatives collect
prices monthly for food at home, energy, and selected other
commodity and service item strata in all PSUs. Items that are
priced monthly typically are those with more volatile and
variable price movement. The list of commodities and ser-
vices priced monthly in all PSUs is given in table 2 below.
Prices also are collected monthly for all commodity and ser-
vice item strata in the three largest publication areas—New

Table 2. CPI items priced monthly everywhere

All food at home items

Housing at school, excluding board

Other lodging away from home, including hotels and

motels

Tenants’ and household insurance

Fuel oil

Propane, kerosene, and firewood

Electricity

Utility (piped) gas service

Used cars and trucks (secondary source)

Gasoline (all types)

Other motor fuels

Tires

Vehicle accessories other than tires

State and local registration, license, and motor vehicle
property tax

Parking and tolls

Newspapers and magazines

Recreational books

Postage

Delivery services

Landline telephone services, local charges

Landline telephone services, long-distance charges

Wireless telephone services

Cigarettes

Tobacco products other than cigarettes
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York, Los Angeles, and Chicago. Prices are collected bimonthly
for the C&S item strata not cited in table 2 in the remaining
PSUs, which are assigned to either even- or odd-numbered
months for pricing.

Telephone Point-of-Purchase Survey (TPOPS). The U.S.
Census Bureau conducts the TPOPS for BLS. The survey
furnishes data on retail outlets from which metropolitan and
urban nonmetropolitan households purchased defined
groups of commodities and services to be priced in the CPIL.
Commodities and services are grouped into sampling cat-
egories, called POPS categories, based on ELIs as defined in
the CPI classification structure. Some POPS categories con-
sist of only one ELI, while others consist of multiple ELIs.
ELIs are combined into a single POPS category when the
commodities or services generally are sold in the same out-
lets. Currently, there are 214 POPS categories. (Categories
are listed in appendix 7.)

TPOPS uses random-digit dialing technology to select
households for participation in the survey. Within each PSU,
banks of telephone numbers containing at least some resi-
dential numbers are identified. Among these identified banks,
numbers are then randomly dialed. Inevitably, some of the
dialed numbers such as nonworking, ring-no-answer, cellu-
lar, business, and FAX machine telephone numbers are ineli-
gible for TPOPS interviewing. Some numbers belong to in-
eligible households, such as military households.

Eligible respondents include all civilian, noninstitutional
persons residing in regular residences, boarding houses,
student or worker housing, mobile home parks, and perma-
nent-type living quarters in hotels and motels, as well as staff
residing in institutions. Not all of the eligible telephone num-
bers are productive, however, as respondent refusals are un-
avoidable. Approximately 25 percent of the numbers that are
called for the first time result in a productive TPOPS interview.

BLS specifies a target number of completed TPOPS inter-
views for each PSU. In the small and medium-sized PSUs,
that target number is 110 completed interviews. For most of
the self-representing PSUSs, the target number of completed
interviews ranges from 200 to 400. In New York City and
Chicago, the target number of completed interviews is 460.
In Los Angeles, the specified goal is 500.

Upon first contact and after determining the eligibility
and willingness of the household, a Census Bureau inter-
viewer asks a variety of administrative and demographic
questions. One of these is how many people are part of that
particular CU. A CU consists of all members of a particular
housing unit or other type of living quarters who are 1) re-
lated by blood, marriage, adoption, or some other legal ar-
rangement, such as foster children, or 2) unrelated but finan-
cially dependent upon each other for major living expenses,
those for housing or food. Demographic and socioeconomic
information also is elicited. This information allows BLS to
monitor how well the selected CUs represent the overall
population, as well as to analyze the shopping patterns of
various segments of the population.



Any given responsive CU is called once a quarter for four
successive quarters. Each time, the interviewer administers
the survey to the original respondent, if possible. During
each interview, the respondent is asked whether the CU had
expenditures for a set of POPS categories over a duration of
time called a “recall period.” Recall periods are POPS-cat-
egory-specific and vary from 1 week to 5 years. The recall
period for a specific POPS category is defined to produce a
sufficient, but not excessive, number of outlets for sampling
purposes. For instance, because CUs tend to purchase gaso-
line frequently, a 1-week recall period is used. In contrast,
people tend to purchase cars and funeral services infre-
quently; therefore a 5-year recall period is assigned. If the
respondent reports expenditures for a particular POPS cat-
egory, the interviewer prompts the respondent for the outlet
name, location, and amount spent. At the end of each quar-
ter of interviewing, the Census Bureau sends the TPOPS
outlet frame data to BLS for processing. BLS processes
TPOPS data two quarters at a time. The primary objective of
BLS processing of TPOPS data is to select a sample of out-
lets at which specific items ultimately will be priced for inclu-
sion in the CPI. The expenditure amounts reported in TPOPS
are used as outlet selection probabilities.

TPOPS employs a quarterly rotating-panel sample design.
On a quarterly basis, every PSU is assigned 1 of 16 TPOPS
questionnaires. Each questionnaire consists of up to 16
POPS categories. In a particular quarter and for a particular
PSU, the selected TPOPS respondents are asked about ex-
penditures made for some or all of the POPS categories on
the assigned questionnaire. During each subsequent quar-
ter of TPOPS interviewing, the given PSU is administered a
different questionnaire until each of the 16 questionnaires
has been administered. It takes 4 years of quarterly inter-
viewing to rotate through all 16 questionnaires. After the 4
years, the cycle for the PSU starts over again. In this manner,
all TPOPS samples are refreshed once every 4 years. This
practice is repeated for each PSU. The quarterly pattern of
assigned POPS categories varies from PSU to PSU in a stra-
tegic fashion to ensure that every POPS group is assigned to
at least a few PSUs each quarter.

Outlet sampling procedures. The design for TPOPS pro-
vides for the rotation of approximately one-quarter of the
items in each sample PSU during the course of each year.
With each rotation, item samples and outlet samples are se-
lected for the designated items and corresponding POPS
categories.

In self-representing PSUs, sample households for each
TPOPS rotation are divided into two or more independent
groups. This process defines two or more frames of outlets
per category-PSU for outlet selection. The principal purpose
of constructing these independent groups, or replicate pan-
els, is variance estimation. A single subset of independently
selected ELIs and outlets for all item strata within a PSU is
called a replicate. The number of replicates per PSU group
and the number of PSUs in each PSU group are given in table 3.

15

Table 3 . Construction of replicate panels

Number | Number of
PSU group of replicate
PSUs panels
1. New York City 1 4
2. New York City suburbs 2 4
3.  Los Angeles City 1 4
4. Los Angeles suburbs 1 2
5.  Chicago 1 4
6. Philadelphia and San Francisco 2 4 (2 each)
7. Detroit and Boston 2 4 (2 each)
8.  Other large self-representing
PSUs 7 14 (2 each)
9. Small self-representing PSUs 12 24 (2 each)

10. Medium-sized PSUs,

Census Region 1 8 8
11.  Medium-sized PSUs,

Census Region 2 10 10
12.  Medium-sized PSUs,

Census Region 3 22 22
13. Medium-sized PSUs,

Census Region 4 6 6
14.  Small PSUs, Census

Regions 1-4 10 10
15.  Anchorage and Honolulu 2 4 (2 each)

Reported expenditures for each outlet within the frame for
each POPS category and PSU-replicate are edited prior to
sample selection. Sometimes, a purchase is reported for an
outlet but the amount of expenditures is not reported; to
ensure a chance of selection for the outlet in those cases, the
mean expenditure for outlets for the POPS category-PSU
replicate is assigned to the outlet. Large expenditure totals
for an outlet are edited, in some cases, to be no greater than
25 percent of the total expenditure reported for the POPS
category-PSU-replicate. In cases in which there are more
than 20 outlets reported for a POPS category-PSU-replicate,
the largest reported expenditures are trimmed to be no greater
than 10 percent of the total reported for that POPS category-
PSU-replicate.

Outlet samples are selected independently for each PSU,
replicate, and POPS category using a systematic PPS sam-
pling procedure. Each outlet in a frame has a probability of
selection proportional to the total expenditures reported for
the outlet in the POPS category in the TPOPS survey. In
each PSU-replicate, all ELIs selected in the item sampling
process are assigned for pricing to each sample outlet se-
lected from the frame for the corresponding POPS catego-
ries. When multiple selections of a sample outlet occur, a
commensurate increase is made in the number of quotes
priced for the outlet.

Outlet sampling procedures for commodities and services
not included in the TPOPS. Some commodity and service
items are excluded from the TPOPS, either because existing
sampling frames are adequate or because it became apparent
that the TPOPS would not yield an adequate sampling frame.
(See appendix 8.) For each of these items (non-POPS), BLS
either constructs the sampling frame or acquires it from an-



other source. Each non-POPS item has its own sample de-
sign. The frames consist of all outlets providing the com-
modity or service in each sample area. A measure of size is
associated with each outlet on the sampling frame. Ideally,
this measure is the amount of revenue generated by the out-
let from the item for the CPI-U population in the sample area.
Whenever revenue is not available, an alternative measure
of size, such as employment, number of customers, or sales
volume, is substituted. All samples are selected using sys-
tematic sampling techniques with probability proportional
to the measure of size.

The source of the sampling frame, the definition of the
sampling unit, the measure of size employed, the final pricing
unit, and the number of designated outlets and quotes for
each non-POPS item are presented in appendix 8.

Merging item and outlet samples. Item and outlet samples,
which are selected independently, must be merged before
data collection. A concordance that maps ELIs to POPS cat-
egories allows each sampled ELI to be assigned for price
collection to the outlet sample selected for the POPS cat-
egory that contains it. The number of price quotes for an ELI
in each outlet thus equals the number of times the ELI was
selected for pricing in the PSU-replicate during the item sam-
pling process. The item-outlet sample merge determines the
number of price quotes assigned for collection in each sample
outlet. In the outlet sampling process, outlets with large ex-
penditure reports may be selected more than once from the
frame for a given POPS category. An outlet also may be se-
lected from the frame for more than one POPS category. If an
outlet is selected multiple times for a given POPS category,
the same multiple of price quotes is assigned for collection
for each sample ELI matching the category. If an outlet is
selected for more than one POPS category, price quotes are
assigned for collection for all ELIs selected in each category.

Selection procedures within outlets. A BLS field representa-
tive visits each selected outlet. For each ELI assigned to the
outlet for price collection, the field representative uses a
multistage probability selection technique to select a spe-
cific item from among all the items the outlet sells that fall
within the ELI definition. The field representative first identi-
fies all of the items included in the ELI definition and offered
for sale by the outlet. When there is a large number of items
in the ELI, the representative groups them by common char-
acteristics, such as brand, size, or type of packaging. With
the assistance of the respondent for the outlet, the field repre-
sentative assigns probabilities of selection to each group.
The probabilities of selection are proportional to the sales
of the items included in each group. The field representative
may use any of four procedures for determining the propor-
tion of sales. In order of preference, they are listed below:

1. Obtaining the proportions directly from a respondent;

2. Ranking the groups by importance of sales as indi-
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cated by the respondent, and then obtaining the propor-
tions directly or using assigned proportions;

3. Using shelf space to estimate the proportions, where
applicable; and

4. Using equal probability.

After assigning probabilities of selection, the field repre-
sentative uses a random-number table to select one group.
The field representative then identifies all items included in
the selected group, forms groups of those items based on
the in-common characteristics, assigns probabilities to each
group, and uses a random number table to select one. The
field representative repeats this process through successive
stages until reaching a unique item. The field representative
describes the selected unique item on a checklist for the ELI.
Checklists contain the descriptive characteristics necessary
to identify the item among all items defined within the ELI.

These selection procedures ensure that there is an objec-
tive and efficient probability sampling of CPI items other
than shelter. They also allow broad definitions of ELIs, so
that the same unique item need not be priced everywhere.
The wide variety of specific items greatly reduces the within-
item component of variance, reduces the correlation of price
movement between areas, and allows a substantial reduc-
tion in the number of quotes required to achieve a given
variance. Another important benefit from the broader ELIs is
a significantly higher likelihood of finding a priceable item
within the definition of the ELI in the sample outlet.

This selection process is completed during the visit to
the outlet to obtain the price for the selected item. Subse-
quently, personal visits or telephone calls are made, either
monthly or bimonthly, to ascertain that the item is still sold
and to obtain its current price.

Computer-assisted data collection for commaodities and
services. A new computer-assisted data collection (CADC)
system was used in the C&S beginning in September 2002.
The data collection instrument is composed of two main
modules. The interactive electronic checklists of item speci-
fications allow the data collector to identify the same item
upon returning to an outlet, to substitute a similar item, or to
initiate a new item for pricing. Each ELI is subdivided into
clusters, with each cluster having its own set of specifica-
tions. Checklists contain descriptive information about items,
including features of the items themselves and components
of the item that might affect the price. A checklist can be a
straightforward list of specifications, or it can be fairly com-
plex, with hierarchical dependencies among specifications
and complicated mathematical formulas. The interactive elec-
tronic checklist enforces rules regarding patterns of specifi-
cations that may be necessary to identify an item. The check-
list also prevents inconsistencies.

The other module of the C&S CADC collection instru-
ment comprises some screens that make up the pricing form
and various functions pertaining to the task of data collec-



tion. For instance, some screens enable the economic assis-
tant (EA) to organize his or her work at the level of the outlet
or the quote, while some allow review of collected data or
information about the outlet and respondent. An EA selects
an action, such as substituting a new item for one that is
unavailable (only options that are appropriate for that action
are offered in the collection instrument). The pricing screens
allow the EA to enter the price of the item as well as relevant
information about it, such as quantity, size, unit of size, sales
tax, and seasonality; the EA also can see the previous price
and other data relevant to the quote.

Electronic data collection improves data quality in part by
activating important rules at the moment the data are being
collected. For instance, a suspiciously large price change
can be noted immediately, rather than after data have been
sent to Washington and examined by commodity analysts.
The collection instrument contains more than 100 edits, which
either warn the EAs about some important aspect of a quote
or prevent them from entering invalid information.

CPI data collection is scheduled in terms of business days
(that is, weekdays excluding holidays). Before 2004, data
collection covered three pricing periods, each comprising 6
business days in most months and 5 days in November and
December. Consequently, the last scheduled data collection
was usually the 18th business day of the month. Beginning
with data for January 2004, the three pricing periods now are
of variable length and end on the last business day of the
month.

Shelter

The CPI housing unit sample is the source of the data on
residential rents used to calculate changes in rents for the
rent of primary residence (rent) index. The housing survey
also uses these rent data in calculating changes in the rental
value of owned homes for the owners’ equivalent rent of
primary residence (REQ) index. These two shelter indexes
account for over 28 percent of the total CPI weight as of
December 2003.

Stratification. Research indicates that location (geography)
is the most important variable in determining rent change;
that is, it accounts for most of the variance. Once geography
is taken into account, only rent level is significant in predict-
ing rent change.

Geographic software allowed stratification by geography
for the 1999 housing sample. The geographic stratification
accomplishes five goals:

1. It helps ensure sample coverage for the major charac-
teristics (geography and rent level) that are correlated with
rent change.

2. The geographic nature of the strata and the neighbor-
hoods within the strata allows correlation of renter-occupied
units with owner-occupied units. This correlation of renter-
occupied units in the neighborhood with the owner-occu-
pied units in the same neighborhood is the basis for measur-
ing the REQ index.
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3. Housing units constructed after 1990 can be located
and assigned to the existing geographic strata. (See New
construction augmentation, below.)

4. By meeting goals 1 through 3, stratification should
lead to a reduction in the sampling variance of the rent and
REQ indexes.

5. The stratification structure allows the rotation of hous-
ing samples on a rolling basis, thereby distributing the intro-
duction of future census samples over an extended period.

The 1999 Housing Sample is a stratified cluster sample,
which represents housing units built before 1990. Housing
units built after 1989 are handled through the New Construc-
tion survey. (See New construction augmentation, below.)
Using data from the 1990 census, staff of the BLS Price Sta-
tistical Methods Division (PSMD) divided the PSUs into
geographic neighborhoods (segments). The segments are
small contiguous groups of census blocks (sectors). The
segments contain at least 50 housing units in the larger PSUs
and at least 30 housing units in the smaller PSUs. These
segments are stratified by geographic location within the
PSU. Six geographic strata were formed in each PSU. Once
geography was taken into account, only rent level was found
to be significant in predicting rent change. Thus, the stratifi-
cation boundaries were determined using information about
population, housing expenditure, and median rent levels.

To create the two central strata for each PSU, PSMD staff
found the smallest square in the central part of the PSU con-
taining one-third of the housing expenditure for the PSU.
Staff then split the square into two parts, either by latitude or
by longitude, in a way that maximized the difference in me-
dian rent levels between them. These parts became strata 1
and 2. The four noncentral strata were determined iteratively
in a similar fashion: the noncentral part of the PSU was split
into two parts, either by latitude or by longitude, in a way
that maximized the difference in median rent level between
them. Within each half a second split was made, perpendicu-
lar to the first. This determined the four noncentral strata.

Thus, rent levels and housing expenditure data were used
to determine the geographic strata boundaries. The result-
ing strata, however, are purely geographic divisions of the
PSU. In summary, two of the strata correspond roughly to
the most densely populated part of the PSU, and the other
four strata correspond to surrounding suburban areas.’*® The
PSMD staff then selected segments in the strata to represent
housing units constructed before 1990 as described below.

Weighting during segment sample selection. In the 1999
Housing Sample, segments were selected with probability
proportional to size, the size measure being estimated expen-
ditures. In the segment selection process, the segments are

3 For more details see Eugene F. Brown and William H. Johnson,
“Comparison of Stratification Designs for the Housing Sample of the
Consumer Price Index,” 1994 Proceedings of the American Statistical
Association.



ordered within each stratum by county and then by segment
rent level within county. Because the segment selection is
systematic, this guarantees that not all high-rent or low-rent
segments are chosen.

Each segment, s, was assigned a probability of selection
p within the stratum S, which is the ratio of the cost of hous-
ing in the segment TC, relative to the cost of housing in the
stratum. Therefore,

P, =TC,/> TC,

seS

where § =stratum, and

TC, is defined below.

Each segment also has a weight, W, , which is the recipro-

cal of the probability of selection. Therefore,
WS = 1/ PS

The total cost of housing in the segment, TC,, is the cost
of rented housing in the segment, RCS , plus the cost of
owned housing in the segment, OCs . The RC, is the num-
ber of rented housing units in the segment, F\fs , times the
average rent value within the segment, RR;. The OC_ is
the number of owned housing units in the segment, U,
times an estimated average owner equivalent rent value within
the segment, IR;. This gives segments with higher-valued
units (higher rent levels) a higher probability of selection
and a lower segment weight.

TC, =RC, +OC, =R, *RR, +0, * IR,

The estimated average owner equivalent rent value, IR
was determined by a nonlinear regression of the 1990 census
owner value within census blocks on the 1990 census aver-
age rent value within the corresponding census block.

The following is the nonlinear (exponential) regression
that was used:

y =b, *(1-exp(-b, *x))+¢

1=y-¢
where y = average rent;
X = average owner value; and
Z = average implicit rent.

The actual regression coefficients ( b0 and bl ) were de-
termined uniquely within each PSU.

Because rents are not volatile, the housing sample is di-
vided into panels; one panel is priced each month and each
panel is priced twice a year. For example, panel 1 is priced in
January and July, panel 2 in February and August, and so on
through panel 6. The segments within the strata are as-
signed to these panels. These assignments are made such
that each panel has a representative subsample of the PSU.
Because each panel is representative of the entire sample
and there is never an off-cycle month for the housing sur-
vey, a panel of data provides sufficient information for
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monthly publication of the rent and REQ indexes. Segments
were selected within the PSUs in multiples of 36, so that each
combination of stratum and panel had the same sample size.

New construction augmentation. The augmentation of the
housing sample with newly constructed housing units is not
part of the segment sample selection process, but it is in-
cluded here because these housing units fit neatly into the
geographic stratification of the housing sample. The Cen-
sus Bureau supplies to BLS a sample of address records
from building permits, representing housing units built after
1989. BLS calls this list of address records the New Con-
struction sample. BLS expects to receive about 1,000 ad-
dress records per year from the Census Bureau, of which 20
percent will yield usable renter-occupied units after they have
gone through the screening process. (See Screening, be-
low.) Once BLS receives the New Construction sample, it
assigns each address record to 1 of the 6 geographic strata
based on the address’s zip code. BLS then allocates the New
Construction sample into segments using the Census Bu-
reau sample design and zip code. There are some areas that
do not issue building permits and thus are not covered by
the sample received from the Census Bureau. The Census
Bureau gives BLS a file that indicates which areas do not
issue building permits. In these areas, renter-occupied hous-
ing units built after 1989 are eligible to be in the housing
sample.

About 10,000 segments were selected in the PSUs. The
1999 Housing Sample is designed to consist of approximately
50,000 rental units. PSMD staff computed sampling rates for
each segment, so that the sample design would be realized
after the listing, sampling, and screening processes described
below were completed. These sampling rates were used dur-
ing the listing process to select the addresses to be screened
for use in the housing sample.

Sample allocation to PSUs and strata. BLS allocated the
sample to PSUs based on the estimated total housing expen-
diture in each PSU. The estimated total housing PSU expen-
diture is the sum of the total cost of housing, defined above,

across all segments and strata.

6
PSU expenditure =" >"TC,
S=I seS
There are six strata within each PSU and six collection
panels. It was desired that the segment sample size be equal
within each stratum and collection panel. It was also de-
sired that there be at least two segments per stratum per
collection panel. Thus, the segments were allocated in blocks
of 36 segments with a minimum of 72 segments per PSU.
For PSUs with multiple replicates, it was desired to have
at least 36 segments per replicate and an equal sample
size in each replicate. It was determined that a minimum
of 108 segments was needed to support publication in
areas that were published semiannually and that a mini-
mum of 180 segments was needed for areas that are pub-
lished bimonthly. The one exception was Baltimore, which
received 108 segments but is published bimonthly as part



of the Washington-Baltimore CMSA. As the sample size
was previously about 10,000 segments and the budget for
housing data collection was comparable, multiples of 36
segments were chosen so that the total would be near 10,000
segments.

In some segments, the number of renters was so small
that BLS did not expect to find at least 4 renters by sampling
50 housing units in the segments. So, additional segments
were selected that were similar to these segments with rela-
tively few renters. The additional segments are called “helper
segments.” Any segment with fewer than 8 percent of hous-
ing units reported as renter in the 1990 census was assigned
a helper segment. If a segment had fewer than 4 percent of
housing units reported as renter in the 1990 census, only the
helper segment would be visited, because the expected num-
ber of renters found would be less than 2. There were 9,720
regular segments chosen and 1,870 helper segments. There
were 955 segments with fewer than 4 percent renters that
were not sent out for initiation. That left a total of 10,635
segments to be visited for the housing sample.

Sample selection within strata. BLS took a systematic PPS
sample of segments within each stratum. The segments were
ordered prior to sample selection. The counties within each
stratum were ordered using Peano ordering; then, within
counties, the segments were ordered by composite rent
level, according to the formula:
R.*RR, +0, * IR,

R, +0O,
The goal in taking a systematic sample of the ordered seg-
ments is to obtain a sample with good coverage of both
geography and rent levels. The measure of size used for
segments was the total cost of housing, TCS.

The final selection of the sample took place in the field.
The process consisted of listing the housing units in the seg-
ment, selecting a sample of housing units to be screened,
and then screening those units to determine the in-scope
units. For the 1999 Housing Sample, this process used CADC.
A key element of the 1999 Housing Sample was the conver-
sion of all data collection and transmission to electronic sys-
tems. There are two Housing CADC instruments, listing and
collection, that handle electronic data collection.

CR, =

Listing/sampling. Listing is the process of recording the ad-
dresses of all housing units in a segment. The segments are
the outputs of the sample selection process. The listing of
the sampled segments is a highly labor-intensive portion of
the Housing Sample preparation activities. Once a segment
has been listed, the sampling rate mentioned above is applied
to the listed addresses using a sampling algorithm to select
the addresses for the next stage of the process, Screening.

The CADC listing/sampling (listing) instrument. The use
of portable computers for these activities resulted in sub-
stantial savings, because CADC consolidates listing and
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data capture into one operation. The CADC listing instru-
ment was designed to make listing as easy as possible for
the field staff. Selected segment information was electroni-
cally transmitted to the field, and the field staff was assigned
to list these segments. When the field staff selects a street
name from the sector boundary data, street names are auto-
matically entered. The first street number is entered and is
then automatically incremented (or decremented) as speci-
fied by the field staff. As the street numbers change, the
street names are copied to each line as the field staff lists the
addresses within the segment. When the staff member moves
to another street, he or she can select the next street name
from the sector boundary data and proceed. In areas where
the street numbers are not clearly marked or do not exist, the
staff member must enter a description of the property. A
computerized phrase builder has been designed to reduce
the amount of typing required of the field staff as they enter
these descriptions.

Using the CADC listing instrument, the computer and the
field staff together determined if the collected listing data
conformed to the expected results. If the listing data were
acceptable, the sampling algorithm was applied to the listing
data by the computer. The result of the sampling was a set of
addresses that have been selected for screening. All of the
listing/sampling data were electronically transmitted to the
housing database in Washington, DC.

If time permits, the field staff may choose to screen/initi-
ate the selected addresses. The CADC listing instrument
generates screening/initiation schedules using data that were
collected during listing/sampling. These screening/initia-
tion schedules are passed to the collection instrument, so
that field staff can screen and initiate in-scope addresses
while in the segment. If time does not permit, the screening/
initiation process carries over to the next month—that is, it
takes one or more collection periods to successfully initiate
all the housing units.

Collection. The field staff receives housing units to screen/
initiate, either from the listing instrument or from the Wash-
ington database, as specified in the Listing/sampling (list-
ing) instrument section above. Collection includes the
screening of the selected housing units to determine if the
units are in scope for the housing sample. If a unit is in
scope, it is initiated. Initiation is the initial collection of rent
data, which consists of the rent paid and the specific hous-
ing services that are associated with the unit and the rent
paid. These data are the basis for all calculations of rent
change that occurs during the life of the unit in the housing
sample. After initiation, the housing unit is priced on panel
every 6 months. Pricing is very similar to the initiation pro-
cess, but some previous answers are provided. The collec-
tion of the housing data, and particularly the rent data, is
independent. That is, the field staff collects the data without
giving the respondent the previous answer. Previous an-
swers for some nonrent data are provided, so that the field
staff can confirm certain changes with the respondent. In-



herent in all of the structured housing questionnaires (screen-
ing, initiation, and pricing) are various flow determinations
(skip patterns), such that the answer to one question deter-
mines the next question that must be asked/answered.

The CADC instrument. The CADC instrument receives the
screening/initiation schedules electronically. The field staff
obtains answers to various (screening) questions (through
observation and through direct questioning of eligible re-
spondents) that determine whether an address is in scope
for the housing sample. The screening criteria consist of
tenure (whether the unit is renter or owner occupied) and
other criteria, such as not being in public housing projects,
being built before 1990, being a primary residence, and the
tenant not being a relative of the landlord.

With the computer, the skip patterns can be very efficient.
Because the computer has stored all of the previously col-
lected data, automated logic checks remove all redundant
question patterns, thereby reducing the field staff’s work
and the respondent’s burden. Automated data checking
ensures that only correct data types are collected, other au-
tomated logic checks ensure that collected data are consis-
tent, and the instrument informs the field staff if any required
data have not been collected. These data checks are being
performed at the time of collection, so errors and inconsis-
tencies can be corrected while the respondent is present.
The result is that the data that are sent to Washington are as
accurate as possible. The collection instrument also auto-
matically determines appropriate “scope status”—perma-
nently out of scope, temporarily out of scope, incomplete, or
complete and in scope.

If the housing unit is found to be out of scope for some
reason that is not likely to change, the collection instrument
assigns a scope status of “permanently out of scope” and
the unit is never visited again. (An example of this would be
units in public housing projects.) If the housing unit is found
to be out of scope for some reason that might change, its
status is “temporarily out of scope,” and another screening/
initiation attempt is made after a specified waiting period.
(An example of this might be when the unit is not the primary
residence for the current tenant, but may become the primary
residence for some future tenant.) If the screening was in-
complete, the housing unit is assigned a scope status that
results in another screening/initiation attempt in 6 months.
Selected addresses that pass the screening criteria are con-
sidered in scope for the housing sample and are eligible for
the next stage of the process, initiation.

Initiation. The CADC instrument automatically flows into
the initiation portion of the instrument when the instrument
has determined that the screening is complete and the hous-
ing unit is in scope. As mentioned above, the collection
instrument handles the skip patterns, the automated data
and consistency checks, the schedule completion checks,
and the final initiation status. The screening and initiation
data are then electronically transmitted to the housing data-
base in Washington.
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Pricing. The field staff receives, electronically, the housing
units to price from the Washington database. The CADC
collection instrument automatically flows into the pricing
portion of the instrument and, as mentioned above, the col-
lection instrument handles the skip patterns, the automated
data and consistency checks, the schedule completion
checks, and the final schedule status. The pricing data are
electronically transmitted to Washington, where they are re-
viewed and corrected as necessary.

These data, along with the initiation or pricing data from
6 months earlier, are used in the housing price relative calcu-
lation (PRC) described below. Occasionally situations occur
during pricing that affect the unit’s scope status and, on a
scheduled but infrequent basis, additional questions are
asked to ensure that the housing units are still in scope for
the housing sample. If changes occur, the units are treated
as indicated in Screening, above, based on their new scope
status.

Augmentation. As mentioned above, the 1999 Housing
Sample was designed to produce roughly 50,000 rental units.
Mainly due to an inability to locate renters in heavily owner-
occupied areas, the actual yield initially was roughly 25,000.
A two-stage augmentation effort was begun in March of
1999 to increase the sample size within certain segments.

With certain exceptions, each segment in the sample was
supposed to produce roughly five rental units. Segments
that yielded four or more rental units were not considered as
candidates for augmentation. The first stage of augmenta-
tion dealt with segments that had initially produced two or
three rental units. In these segments, the sample of housing
units was doubled, with the expectation that an additional
two or three rental units would be found after screening.
The second stage of augmentation dealt with those seg-
ments that had initially produced no rental units or one rental
unit. BLS economic assistants in the field who were familiar
with the segments were asked to provide information to help
determine whether it would be worthwhile to augment these
segments or whether such an effort would prove fruitless.
By March 2000, the augmentation effort had added approxi-
mately 10,000 rental units to the housing sample.

Estimation of Price Change in the CPI

As stated above, the CPI is calculated in two stages. In the
first stage, basic indexes are calculated for each of the 8,018
CPI item-area combinations. For example, the electricity in-
dex for the Boston CPI area is a basic index. The weights for
the first stage come from the sampling frame for the category
in the area. Then, at the second stage, aggregate indexes
are produced by averaging across subsets of the 8,018 CPI
item-area combinations. The aggregate indexes are the higher-
level indexes; for example, the all-items index for Boston is
the average of all its 211 basic indexes. Similarly, the aggre-
gate index for electricity is the average of the basic indexes
for electricity in each of the 38 index areas. The U.S. city
average—all-items CPI is the grand average of all basic in-



Table 4. ltem categories using the Laspeyres formula

school, excluding board)

property tax)

professionals; and nursing homes and adult daycare.)

1. Selected shelter services (rent of primary residence; owners’ equivalent rent of primary residence; and housing at

2. Selected utilities and government charges (electricity; residential water and sewerage maintenance; landline tele-
phone services, local charges; utility (piped) gas service; State and local registration, license, and motor vehicle

3. Selected medical care services (physicians’ services; hospital services; dental services; services by other medical

dexes. For the CPI-U and CPI-W, the weights for the second
stage are the base-period expenditures on the item category/
areas from the CE. For the C-CPI-U, weights for the second
stage represent base- and current-period expenditures from
the CE.

Estimation of price change for commodities and
services other than shelter

As discussed above, the C&S is the CPI’s primary source of
price change data. Of the 209 C&S item strata, 185 are priced
strata. The other 24 C&S strata, all of which have very small
weights, are—for a variety of reasons—unsampled or trun-
cated from pricing. The price movements of unsampled strata
are imputed from related priced strata.

For most priced C&S strata, the C&S is the primary source,
meaning that information on price change comes from samples
that the survey maintains. A few C&S strata, including those
for airline fares, intercity train fares, and used vehicles, use
secondary sources of data on prices for their samples.

Price relatives. Each month, the processing of the C&S data
yields a set of price relatives (a price relative is a measure of
short-term price change) for all of the monthly and on-cycle
bimonthly basic indexes. The PRC uses an index number
formula to obtain an average price change for the items in
each basic index’s sample. Prior to January 1999, all CPI price
relatives used a modified Laspeyres index number formula.
This is a ratio of a weighted arithmetic mean of prices in the
current period to the same average of the same items’ prices
in the previous period, with estimated quantities of the items
purchased in its sampling period serving as weights. In
January 1999, the PRC for most of the item strata converted
to the geometric mean index formula, which is a weighted
geometric mean of price ratios (an item’s current price di-
vided by its previous price) with weights equal to expendi-
tures on the items in their sampling periods. (Calculations for
13 strata—including the two shelter strata—continue to use
the Laspeyres formula; see table 4).>' BLS will continue to
evaluate the appropriateness of the formula used in the cal-
culation of basic or elementary item indexes and, on an an-

31 See “Planned Change in the Consumer Price Index Formula,”
http://stats.bls.gov/cpi/cpigm02.htm.
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nual basis, may change or adjust the formula for construct-
ing these indexes. For example, effective with the release of
January 2004 data, the geometric mean formula replaced the
Laspeyres arithmetic mean formula in the calculation of the
basic indexes both for cable and satellite television and radio
services and for eyeglasses and eye care.

Since January 1999, most item strata have used an expen-
diture-share-weighted geometric average aIiRG[I:[_”. The other
strata use the Laspeyres formula average, aviRL[m_l], which all
strata used prior to 1999. The Laspeyres is a base-period-
quantity-weighted arithmetic average. Every month the C&S
system computes price relatives for each area-item combina-
tion (a,i) using these formulas:

[Wj,POPS / sz,Popsj

kea,i

Z(Wj,POPs / Pj,POPS)Pj,t

L jea,
2 Rttty =
z (Wj,POPS / Pj,POPS ) Pj,t—l
jea,i
where
G L 1 1
aiR ey and R are, respectively, the geometric and

Laspeyres price relatives for area-item combination, a,i, from
the previous period, t-1 (either 1 month or 2 months ago), to
the current month, t;

Pi is the price of the jth observed item in month t for

area-item combination a,i;
P

i1
PJ.’pOPS is an estimate of the item j’s price in the sampling

period when its POPS was conducted; and

W].’F,OPS isitem j’s weight in the POPS, which is defined in

detail below.

is the price of the same item in time t-1;

The product in the geometric mean formula and sums in
the Laspeyres formula are taken over all usable quotes in
area-item combination a,i. It is important that the price of



each quote be collected (or estimated) in both months in
order to measure price change.

Quote weights. For each individual quote, the weight W,
is computed as:

,POPS

where

o is the proportion of the total dollar volume of sales
for the ELI relative to the entire POPS category within the
outlet (called the outlet’s percent of POPS for the ELI);

E isan estimate of the total daily expenditure for the
POPS category in the PSU half-sample by people in the U-
population (called the basic weight);

f  isaduplication factor that accounts for any special
subsampling of outlets and quotes;

g is a geographic factor used to account for differ-
ences in the index area’s coverage when the CPI is changing
from an area design based on an old decennial census to a
design based on a more recent census;

b isthe number of times the ELI was selected to repre-
sent the item stratum, divided by the total selections for the
item stratum, in the PSU half-sample;

M is the number of quotes with usable prices in both
months t-1 and t for the ELI-PSU half-sample; and

B is the proportion of the item stratum’s expenditure
accounted for by the ELI in the region.

POPS-period prices. In the Laspeyres formula, the item ex-
penditure weightis divided by an estimate of the item’s
price in the sampling period to convert the expenditure into
an estimated quantity. An item’s POPS period occurred some-
time before its outlet’s initiation, so that one cannot observe
its POPS price directly. Itis estimated from the item’s price at
the time the sample was initiated and the best estimates of
price change for the period from the POPS period to the
initiation period:

Pipops = Pjo/ [1Xj 0/ 1X pops ]
where

Pio is the price of the jth item at time O (when it was

initiated or chosen for the sample);

X, is the value of the price index most appropriate
for the jth item in period 0, the time it was initiated; and

IX. oops 18 the value of the same price index in the POPS

period (period POPS).

Item replacement and quality adjustment

One of the more difficult problems faced in compiling a price
index is the accurate measurement and treatment of quality
change due to changing product specifications and con-
sumption patterns. The concept of the CPI requires a mea-
surement through time of the cost of purchasing an unchang-
ing, constant-quality set of goods and services. In reality,
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products disappear, products are replaced with new versions,
and new products emerge.

When the data collector finds that he or she can no longer
obtain a price for an item in the CPI sample (most commonly
because the outlet permanently stops selling it), the data
collector uses the CPI replacement procedure to find a new
item. As explained above in the section on CPI item and
outlet samples, each item stratum consists of one or more
ELIs. CPI staff economists, called commodity analysts, in
Washington have developed checklists that define further
subdivisions of each ELI. When seeking a replacement in a
retail outlet, the data collector first uses the checklist for the
ELI to find the item the outlet sells that is “closest” to the
previously priced one. Then the data collector describes the
replacement item on the checklist, capturing its important
specifications. The commodity analyst assigned to the ELI
reviews all replacements and selects one of three methods to
adjust for quality change and to account for the change in
item specifications.

The following example describes the most common type
of quality adjustment problem. Assume that in period t a
data collector tries to collect the price for item j in its as-
signed outlet and is not able to do so because the outlet no
longer sells the item. A price for item j was collected in period
t-1. Following the procedure, the data collector finds a re-
placement and collects a price for it. The replacement be-
comes the new version (version v+1) of item j. The decision
as to how the CPI treats the replacement is made by the
commodity analyst assigned to the ELI to which item j be-
longs. The commodity analyst has the descriptions of the
two versions of item j. In addition, he or she has the t-1 price,
PVJ.’F1 , for the earlier version (version V) and the period t price,
PV“].’t , of the replacement version v+1. The following table
displays the price information available to the commodity
analyst.

Item version Period t-1 price | Periodt price
Old version ij,t-l
Vv
Replacement version
v+1 T

To use the item in index calculation for period t, we need
an estimate of PV+1j,t»l , the price of the replacement version,
v+1, in period t-1 , or we need an estimate of ij,t , the price of
the earlier version, v, in period t. If there is no accepted way
of estimating either PV+1j,t»l or P", , the observation for item |
is left out of index calculation for period t, meaning that the
observation is treated as a nonresponse handled by imputa-
tion (see below).

The commodity analyst chooses one of three methods to
handle the replacement:

1) Direct comparison;

2) Direct quality adjustment; or

3) Imputation.



Direct comparison. If the new and old items are essentially
the same, the commodity analyst deems them directly com-
parable, and the price comparison between the items is used
in the index. In this case, it is assumed that no quality differ-
ence exists.

Direct quality adjustment. The most explicit method for deal-
ing with a replacement item is to estimate the value of the
differences. The estimate of this value is called a quality
adjustment amount QA . In this case:
Jit-1
1 —
P it ij,t-l + QAj,t-l
Chief sources of direct quality adjustment information are
manufacturers’ cost data and hedonic regression.

Imputation. Imputation is a procedure for handling missing
information. The CPI uses imputation for a number of cases,
including refusals, inability to collect data for some other
reason (the item may be out of season), and the inability to
make a satisfactory estimate of the quality change. Substi-
tute items that can be neither directly compared nor quality
adjusted are called noncomparable. For noncomparable sub-
stitutions, an estimate of constant-quality price change is
made by imputation. There are two imputation methods: Cell-
relative imputation and class-mean imputation.

Cell-relative imputation. If there is no reason to believe that
price change for an item is different from those for the other
items in its cell or basic index, the cell-relative method is the
appropriate way to impute. This method is used for missing
values because in that case we have no knowledge about
the observation. For noncomparable substitutions, the cell-
relative method is prevalent for food and service items. The
price change between the old item and the noncomparable
new item is assumed to be the same as the average price
change of all similar items in 1 month for the same geo-
graphic area—that is, the same as the average price change
for the cell for that item strata and index area.

In this method, which is sometimes referred to as “link-
ing,” the item is effectively left out of the calculation for 1
month; the cell relative is computed without the observa-
tion. The price relative (either R";  , orR® ;) is computed
with one less usable quote. The variable M in the quote
weight formula adjusts the weights of other quotes.

When there is a new version of the item that is not compa-
rable to the previous version, a price for the new version
(PV”M) is available. That price is not used in the calculations
for period t but, in the subsequent period PV“.J’ is used as
the previous price. If, on the other hand, the reason for the
imputation was that the item was temporarily missing (mean-
ing that no price was collected), a period-t price must be
estimated for use in period t+1. For this purpose, the cell
relative is used:

Vv e * \
P it Rai,t,t»l P

i1
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Although this value is not used in the calculations for the
current period t, ij’t is used in the subsequent period’s PRC
as the t-1 price.

Class-mean imputation. The C&S uses class-mean imputa-
tion for many noncomparable replacements, primarily in the
item strata for vehicles, for other durables including high-
tech items, and for apparel. The logic behind the class-mean
procedure is that, for many items, price change is closely
associated with the annual or periodic introduction of new
lines or models. For example, at the introduction of new model
year vehicles, there are often price increases while, later in
the model year, there are commonly price decreases. The CPI
uses the quality adjustment method as frequently as pos-
sible to handle item replacements that occur when vehicle
product lines are updated. Class-mean imputation is employed
in the remaining replacement situations. In those cases the
CPI estimates price change from the price changes of other
observations that are going through item replacement at the
same time and were either quality adjusted directly or were
judged directly comparable. For class-mean imputation, the
CPI estimates P'o which is an estimate of the current (t) price
for the old version (v), and uses this estimated current price
in the calculation of the price relative for period t. The esti-
mated current-period price is the previous-period (t-1) price
of the old version times a specially constructed price rela-
tive for the class.

PV

it

*
Pj,t-l cR[t;t-l]

. R[t;t-l] is computed with either the geometric mean or
Laspeyres formula over the subset of observations in the
stratum to which item j belongs. The subset is the class of
interest—that is, all the comparable and quality-adjusted re-
placement observations in the cell (item stratum by index
area).

Estimation of price change for shelter

The rent and REQ indexes measure the change in the cost of
shelter for renters and owners, respectively. Price change
data for these two indexes come from the CPI Housing sur-
vey. Each month, BLS field representatives gather informa-
tion from renter units on the rent for the current and previous
months and on what services are provided.

Rent. The rent estimates used in the CPI are “contract rents.”
They are the payment for all services the landlord provides
in exchange for the rent. For example, if the landlord provides
electricity, it is part of the contract rent. The CPI item expen-
diture weights also include the full contract rent payment.
The CPI rents are calculated as the amounts the tenants pay
their landlords plus any rent reductions tenants receive for
performing services for the landlord (sometimes called “rent
as pay”) plus any subsidy payment paid to the landlord.
Reductions for any other reasons are not considered part of
the rent.



Rental equivalence (REQ). The REQ approach to measur-
ing price change for owner-occupied housing started in the
CPI-U in January 1983 and the CPI-W in January 1985. The
REQ index is designed to measure the change in the rental
value of owner-occupied housing. In essence, REQ mea-
sures the change in the amount a homeowner would pay to
rent, or would earn from renting, his or her home in a com-
petitive market. It is a measure of the change in the price of
the shelter service provided by owner-occupied housing.

PRC for Housing. The housing and the C&S systems do
not directly calculate indexes. Instead, they produce price
relatives, and the index estimation system then uses the price
relatives for basic index calculation. Price relatives are ratios
of price change from the previous month (t-1) to the current
month (t), and basic index calculation updates the last month’s
indexes (t-1) to the current month (t).

Weighting during the PRC. The renter and owner costs of
housing in the segment (see Weighting during segment
sample selection, above) become the basis of the renter and
owner weights used by the PRC for the segment.

To derive the total renter weight in the segment ( RW,),
the segment weight (W, ) must be adjusted by the propor-
tion of renter cost in the segment ( RA, ) and the probability
of a particular renter in the segment being selected for the
sample ( RPS ).

The proportion of renter cost in the segment ( RAs ) is the
renter cost ( RC, ) divided by the total cost ( TC,).

RA, = RC, / TC,

The probability of a particular renter in the segment being
selected for the sample ( RP,) is the number of sampled
housing units in the segment (SU ) divided by the total
number of housing units in the segment ( HU ().

RP, =SU_/HU,

The total renter weight for the segment ( RW), there-
fore, is the segment weight (W, ) times the renter cost pro-

portion ( RA, ) adjusted by the proportion of renters sampled
(RP,).

« RC, , HU

RW, =, * R
TC, SU

R PS ) S

To derive the total owner weight in the segment (OW, ),
the segment weight (W, ) must be adjusted by the propor-
tion of owner cost in the segment ( OAs ) and the propor-
tion of renters in the segment selected for the sample ( Rl::’s ).
Because owners are not sampled, renters are reweighted
to represent owners, and the RP, is used in both deriva-
tions.
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The proportion of owner cost (OA) is the owner cost
(OC,) divided by the total cost (TC,).

OA, = 0C, / TC,

The total owner weight for the segment (OWS ), there-
fore, is the segment weight (W, ) times the owner cost pro-

portion ( OAS ) adjusted by the proportion of renters sampled
(RP,).

OA _
RP, ° TC,

,OC, , HU,
sU

S

oW, =W, *

The rent and REQ estimators. The rent estimator uses the
change in the “economic rent,” which is basically the “con-
tract rent” adjusted for any changes in the quality of the
housing unit. The REQ estimator uses the change in the
“pure rent,” which excludes the cost of any utilities included
in the rent contract.

The 6-month chained estimator. For the rent index, the cur-
rent month’s index is derived by applying the sixth root of
the 6-month rent change to the index for the previous month.
For the REQ index, the current month’s index is derived by
applying the sixth root of the 6-month REQ change to the
index for the previous month.

The rent estimator uses the change in the “economic rent.”
Because of the panel structure used in the housing sample,
the 6-month change in rent is based on sampled, renter-oc-
cupied units that have usable 6-month rent changes. The
sum of the current (t) economic rents for each usable unit
within a segment, weighted by the renter weight for that
segment, is divided by the sum of the economic rents charged
6 months earlier (t-6) for each usable unit within a segment,
weighted by the renter weight for that segment. This ratio is
used to represent the 6-month change in rent for all renter-
occupied units in the segment.

In a parallel calculation, the sum of the current (t) pure
rents for sampled, renter-occupied units within a segment,
weighted by the owner weights, is divided by the sum of the
weighted pure rents 6 months earlier (time t-6) . This ratio is
used to represent the 6-month change in the REQ index for
all owner-occupied units in the segment.

The functions of the PRC have been designed to make
use of the parallel rent and REQ computations. In general,
the PRC aggregates the weighted rents for the units (i) in the
Index Area (@) for the current period (t) and for 6 months
earlier (time t-6), and then computes the price relatives:

ZWS * Ri,t

ica

2 W R

ica
When the PRC is run for rent, economic rents ( ERi )and
renter weights ( RWS ) are used:

RELI—(),t,a =



2 RW,*ER,,
~ S RW, *ER,

ica

RENT
RE —6t,a

When the PRC is run for REQ, pure rents ( PR;) and
owner weights (OWS ) are used. That is,

> OW, *PR,,
RELSS . =<5
> OW, *PR,
ieA

The index estimation system needs a 1-month price rela-
tive, not a 6-month price relative; therefore, the 6th root of
the REL . isderived:

t-6,t,a

{/REL, ..

and then passed to the index estimation system for basic
index computation for the rent and REQ item strata.

RELH,t,a

Vacancy imputation. Vacant units that were previously oc-
cupied by renters are used in the calculation of R, and
R, .s- The vacancy imputation process incorporates several
assumptions about the unobserved rents of vacant units. It
is assumed that rents tend to change at a different rate for
units that become vacant (and are, therefore, in the process
of changing tenants) than for other units. The vacancy im-
putation model assumes that, after an initial lease period,
expected rents change at a steady rate until the old tenant
moves out of the unit. When there is a change in occupant
or a unit becomes vacant, the rent is assumed to jump at
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-
mates the jump rate based on nonvacant sample units in the
PSU that have had a change in tenant between t-6 and t.
Rent changes for nonvacant units without a tenant change
are used to calculate the average continuous rate of change.
These values are used to impute rents for vacant units for
periods t and t-1 from their rent in t-6.°> The imputed rents,

r.andr, ., of the ithvacant rental unit in t and t-1 are:
M., =r.J%andr, =r Jifthe unit was not vacant in t-6
r.="r.Candr, =r  C°ifthe unit was vacant in t-6

32 For more information on vacancy imputation, see J.P. Sommers
and J.D. Rivers, “Vacancy Imputation Methodology for Rents in the
CPL,” 1983 Proceedings of the American Statistical Association, Busi-
ness and Economic Statistics Section.
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where J is the 6-month jump rate calculated for the PSU, and
C is the 1-month steady rate of change.

The imputation of vacant rents ensures that the unob-
served rent change that occurs when a unit becomes vacant
is reflected in the final rent index. The 6-month rent-change
estimates capture these changes once the units become oc-
cupied; however, the changes are missed in 1-month rent-
change estimates without vacancy imputation.

Aging adjustment. The aging adjustment accounts for the
small loss in quality as housing units age (or depreciate)
between interviews. The aging adjustment factors can be
thought of as 1/(1-d) where d is the monthly rate of physical
depreciation. BLS computes factors for each housing unit
with regression-based formulas. The formulas account for
the age of the unit and a number of structural characteris-
tics.® The aging adjustment procedure was introduced into
the CPIin 1988.

Quality adjustment. Quality adjustments made to the cost
of rental housing are used in the rent and REQ indexes. In
addition to collecting the rent charged, BLS also collects a
description of major services and facilities provided by the
landlord. If the services and facilities differ between two
collection periods for which rents are compared, the rent for
the current period is adjusted to reflect the differences in
services between the periods. For instance, if the owner no
longer provides a certain utility, BLS calculates an estimate
of the value of that utility and adds it to the current rent in
order to have an adjusted rent value. This adjusted rent is
the current cost of the same set of services provided for the
previous rent.

To make quality adjustments in costs of utilities, BLS
uses data from the U.S. Department of Energy’s Residential
Energy Consumption Survey to develop formulas to esti-
mate utility use for various types and sizes of housing, in
various climates, with different types of heating and air-
conditioning, hot water, and so on. Prices for utilities come
from the CPI average price program. A similar, simpler for-
mula is used to estimate water and sewer costs.

Using data calculated yearly from the aging adjustment
regressions, quality adjustments for major structural
changes (that is, the number of bedrooms, bathrooms, or
other rooms and central air-conditioning) have been made
since February 1989 .34

3 For further information, see Walter F. Lane, William C. Ran-
dolph, and Stephen A. Berenson, “Adjusting the CPI shelter index to
compensate for effect of depreciation,” Monthly Labor Review, Octo-
ber 1988, pp. 34-37.

3* For additional information on quality adjustments in housing,
see Steven W. Henderson and Stephen A. Berenson, “Quality adjust-
ments for structural changes in CPI housing sample,” Monthly Labor
Review, November 1990, pp. 40-42.



Special pricing and estimation procedures for
medical care

Although third parties—mainly government agencies and
employers—pay much of the cost of medical care on behalf
of consumers, the medical care component of the CPI covers
only that part of healthcare commodities, services, and health
insurance premiums that consumers pay for “out of
pocket.”®

Medical insurance premiums constitute the largest part
of consumers’ out-of-pocket spending for medical care. To
date, BLS has not been satisfied with its attempts to price
medical insurance directly.*® Unlike those on other forms of
consumer insurance in the CPI, the data needed from insur-
ers to hold the quality of the insurance policies constant is
so extensive and so closely held that BLS has not been able
to construct a constant-quality health insurance index. Con-
sequently, the CPI has employed an indirect method for pric-
ing health insurance. As described below, the CPI allocates
most of consumers’ out-of-pocket expenditures on health
insurance premiums to the weights for other healthcare ser-
vices and commodities, placing the small remainder, which
covers the insurance companies’ costs and their profits, in
an unpublished CPI health insurance stratum.

Use of the indirect method for pricing health insurance
has two important effects on the CPI. First, the relative shares
of the weights for each of the other CPI medical care item
strata are significantly increased, because they include their
portions of the reallocated consumer expenditure for health
insurance premiums.?’ Second, the CPI approach to measur-
ing price change for medical care items reflects the fact that
these items are—for the most part—paid for by insurance
companies and, therefore, the approach must take account
of insurance arrangements such as type of reimbursement
method.

Medical care items and their prices. The movement of CPI
medical care indexes is based on the average change in the
prices of a sample of items selected to represent them. The
items are, for example, a prescription for a specific medicine
or a visit of a specified duration to a doctor or a hospital.
These are inputs to medical treatments addressing a specific
medical condition.”® The CPI data collectors, following CPI

3 As a consequence, the medical care portion of the CPI is much
smaller than its portion of the National Accounts.

36 At the time of this writing, efforts were underway in conjunction
with the Producer Price Index program to test-price health insurance
directly. For a description of an earlier effort, see Ina Kay Ford and
Phil Sturm, “Test of the direct pricing of health insurance policies,”
appendix to “CPI revision provides more accuracy in the medical care
component,” Monthly Labor Review, April 1988, pp. 25-26.

37 See U.S. Bureau of Labor Statistics, “Direct Pricing of Health
Insurance in the Consumer Price Index,” Paper presented at the
Sixth Meeting of the International Working Group on Price Indices,
Canberra, Australia, April 2001.

In that study, the share of the CPI weight for health insurance
under direct health insurance pricing was 2.7 percent—compared
with 0.3 percent under indirect insurance pricing. At the same time,
the shares of the other medical care items were commensurately
smaller (for example, for hospitals, 0.4 percent versus 1.4 percent).

26

sampling procedures, select the sample items by working
with respondents in pharmacies, doctors’ offices, hospitals,
and other outlets that provide medical care.

CPI defines the transaction price for medical care items as
all payments or expected payments received from eligible
payers, including both the patient and appropriate insur-
ers.’ In most cases, the field staff is able to collect transac-
tion prices; if the respondent is unable or unwilling to pro-
vide transaction prices, the field staff codes the hospitals as
refusals.

CPI1 medical care indexes. The CPI medical care aggregate
index covers medical care commodities, which consist of pre-
scription and over-the-counter (OTC) drugs and supplies,
and medical care services, which include professional ser-
vices, hospital services, and medical insurance.

Medical care commodities has a smaller weight in the CPI
than medical care services. One reason for this is that medi-
cal commodity items that are commonly sold with a medical
service are included in the service stratum. Eyeglasses, for
example, are in the eye care stratum, because they often are
sold as part of an eye examination.

The professional medical services expenditure category
serves as the umbrella for a series of stratum indexes: Physi-
cians’ services, dental care, eye care, and services by other
medical professionals. The hospital and related services cat-
egory includes item strata for hospital services and nursing
home services. Medical insurance, whose weight share is
reduced due to indirect pricing, is the remainder of the medi-
cal care services category. Details on the more difficult pric-
ing issues associated with these item strata follow:

Prescription drugs. In response to technological change
and the complex marketing of prescription drugs, the CPI
program has developed a series of techniques to show the
effects of such trends. Field staff uses special procedures to
handle the expiration of a drug’s patent protection and the
subsequent introduction of equivalent generic drugs, a pre-
scription drug’s conversion to OTC status, and the stream of
new pharmaceutical products into the marketplace.

Brand vs. generic. Since 1995 a method allowing generic
versions of prescription drugs coming off patent to have a
chance for inclusion in the CPI has been in place. Six months
after the expiration of the patent for a particular prescription
drug, the CPI field agent (data collector) disaggregates among
all the FDA-designated therapeutically equivalent versions
of the medicine, including the brand name, that are available

3% A recent National Academy of Sciences panel that reviewed CPI
practices suggested that BLS should experiment with using selected
medical conditions as the CPI items. Under that approach, the CPI
would follow the movement to new treatments—such as drug therapy
replacing surgery—and, to the extent possible, show any price changes.
See Charles L. Schultze and Christopher Mackie, eds., At What Price?
Conceptualizing and Measuring Cost-of-Living and Price Indexes
(Washington, National Academy Press, 2002), pp. 178-90.

3 Elaine M. Cardenas, “The CPI for hospital services: concepts
and procedures,” Monthly Labor Review, July 1996, pp. 38-39.



in each outlet in which the original drug is priced. This
process allows the newer generics an opportunity to build
sales in the individual pharmacy over a 6-month period, and
then, through disaggregation—a probability-proportional-
to-size statistical technique—the generic versions of the drug
have a one-time chance for selection in proportion to sales
volume at the particular outlet. Should a generic drug be
selected, any price change that occurred from brand to ge-
neric is reflected in the index.

Prescription vs. over-the-counter. When a drug in the CPI’s
prescription sample loses its prescription status and can be
sold as an OTC drug, the CPI retains the item as part of the
prescription drug sample while using its OTC price. Thus,
the prescription drug index series shows any price change
that occurs as the result of drugs changing status from pre-
scription to OTC. The OTC version of the drug remains in
the prescription drug sample until it rotates out during the
next rotation scheduled for that item, generally slated for 2
years after the original prescription drug was brought into
the sample at initiation. At future sample rotations, the OTC
item is eligible for initiation in the nonprescription drug stra-
tum and ineligible in the prescription drug stratum. Similarly,
should a drug in the nonprescription sample change its sta-
tus (that is, from OTC to prescription), the CPI would show
the resulting price change, if any, in the nonprescription drugs
and supplies index.

Accelerated item rotation for prescription drugs. With the
acceleration of drug introductions into the market for phar-
maceuticals, BLS needs to ensure that it picks up new items
in the CPI sample in a timely fashion. In August 2001, the CPI
implemented a process called “within-outlet item rotation”
for prescription drugs. BLS now rotates prescription drug
quotes within existing outlets (retail pharmacies) approxi-
mately once every 2 years, in addition to rotating the outlets
and the items within the outlets every 4 years. This acceler-
ated pattern of both item and outlet sample rotation keeps
the array of prescription drugs priced in the index represen-
tative of those purchased by consumers. (Within-outlet item
rotation, which is distinguished from outlet rotation in that it
involves the updating of individual items within an outlet
between outlet rotation periods, is being expanded to other
items, starting in 2003. Within-outlet item rotation is designed
to enhance the timeliness and representativeness of the item
samples in categories where the array of items consumed is
thought to be changing rapidly.)

Physicians’ services. This item stratum covers services that
are performed and billed by private-practice medical doctors.
This includes all medical professionals with a doctor of medi-
cine (MD) degree except for ophthalmologists, whose ser-
vices are priced in the eye care stratum. It also includes
osteopaths (they are not MDs, but often have hospital privi-
leges). House, office, clinic, and hospital visits are included
so long as the bill comes from the physician.*® At initiation
of a quote for physicians’ services, the CPI data collector
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first establishes the practitioner’s specialty and then disag-
gregates to an appropriate service. The data collector de-
scribes the characteristics of the selected visit and any re-
lated procedures using a CPI checklist specific to the medical
specialty. Common Procedural Terminology (CPT) codes are
used to help describe the item precisely; this description
remains fixed for the 4 years during which the CPI program
follows its price, unless either the selected combination of
services changes or a CPT code definition is modified. Trans-
action prices in the physicians’ services index may include
Medicare B payments as well as those fees that the doctor
expects to receive directly from the patient or from private
insurance.

Services by other medical professionals. This stratum cov-
ers services performed and billed by medical practitioners
who are not medical doctors (lack an MD degree) and are not
covered in the dental stratum or the eye care stratum. In-
cluded here are chiropractic and physical therapy, podiatry,
audiology (including hearing aids), acupuncture, nursing,
nutritional counseling, occupational therapy, and psychol-
ogy and psychotherapy.

Hospital services. Items in the hospital services stratum cover
the hospital portion of a medical treatment, including inpa-
tient and outpatient services. The pricing unit is the hospital
visit, defined by a date of admission and a date of discharge
as documented on a hospital bill and usually associated with
a specific diagnosis or medical condition.* At initiation, the
CPI data collector works with the respondent to select a hos-
pital bill based on revenues generated by eligible payers.
The data collector refers to the bill to describe the item in
terms of the bundle of goods and services consumed during
a timeframe or visit for the purpose of bringing the patient to
the physical (or mental) state required for discharge from the
hospital. The form that the hospital visit takes as the pricing
unit is that of its reimbursement method, the method used by
the insurer to pay the hospital for the services. There are
several possible types of reimbursement that insurers may
write into their contracts with providers: Fee-for-service, di-
agnosis-related group, per diem, case rate, admission rate,
package, ambulatory patient group, service units, and capi-
tation. With the exceptions of fee-for-service and fee sched-
ule, each type of reimbursement reflects either a lump-sum
payment based on the diagnosis or type of procedure per-
formed or a flat fee per unit of service.

Current procedures for selecting hospital services to price
in the CPI involve the following basic steps:

40 Ina Kay Ford and Daniel B. Ginsburg, “Medical Care in the CPL,”
in E. Berndt and D. Cutler, eds., Medical Care Output and Productiv-
ity, NBER Research Studies in Income and Wealth (Chicago, Univer-
sity of Chicago Press, 2001), p. 215.

41 At this time, neither the pricing of total treatment paths nor the
measurement of patient outcomes is available for the CPI, given the
structure of the medical care component and the difficulty of evaluat-
ing the results of treatments.



¢ Disaggregation by setting to reflect the relative pro-
portions of inpatient services versus outpatient services
at the individual hospital outlet level;

* Disaggregation by payer (for example, self-pay or in-
surance company);

* Selection of hospital bills based on selected payers,
when the hospital administration will provide them;

* Request for the type of reimbursement method and
the actual or estimated payment for the described hospital
visit, based on the terms of the contract between the pro-
vider and the insurer; and

* Description of the hospital visit, including a bundle
of procedures, services, equipment use, supplies, and
materials typically associated with the hospital event or
episode, as defined by both the bill and the contract (the
visit).

Monthly pricing and bimonthly pricing consist of updat-
ing the reimbursement method and amount based on the
contract between provider and insurer, and maintaining cur-
rent discounts and—for those fee-for-service reimburse-
ments based on the hospital chargemaster with applied dis-
counts—Iist prices.

Quiality adjustment. Not all factors affecting the quality of
medical care services can be accounted for in the list of de-
scriptors for the priced item. Many factors contributing to
the quality of a medical care event (for example, a hospital
visit, a dental appointment) are somewhat intangible and not
casily measured. In particular, improved technologies and
procedures sometimes can lead to quality changes that BLS
cannot measure.

There are, however, certain types of changes in medical
care items for which the BLS can quantify a quality differ-
ence and adjust for it. For example, suppose the item that the
CPl is following is a limited visit to a physician’s office for
treatment of a sore throat. If the physician changes the ser-
vice so that a throat culture is always included in the cost of
the visit, BLS would not reflect the addition of the throat
culture as a price increase. In this case, the item description
would make the change in service clear to the medical care
analyst so that BLS could treat it as a different unique ser-
vice. If the physician identifies the cost of the office visit
with the throat culture for the previous month, a price change
in the cost of the office visit with a throat culture can be
reflected from the previous month.

Health insurance. As noted above, the CPI employs an indi-
rect method to measure price change for health insurance.
This indirect approach decomposes medical insurance into
three parts:
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* Changes in the prices of medical care items covered by
health insurance policies;

* Changes in the cost of administering the policies; and

* Changes in the cost of maintaining reserves and, as
appropriate, profits.

Most of the expenditure for health insurance goes for the
first item—the part that reflects insurers’ payments for medi-
cal treatment. The CPI program allocates this part of health
insurance spending to the medical care indexes for those
treatments in proportion to claims paid out for them.* The
remaining weight for the other two parts of insurance is for
the overhead of the insurers; this is all that remains in the
unpublished CPI health insurance index. Note that it is only
consumer-paid insurance that is in scope; out-of-scope or
ineligible health insurance receipts include those from em-
ployers, Medicare Part A (funded through payroll taxes),
Medicaid, TriCare (coverage for military families), and work-
ers’ compensation.

Price movement over time for the unpublished health in-
surance indexes in the CPI is determined by the movements
of the other medical care strata, adjusted by changes in the
retained-earnings ratio (see below). This process yields a
measure of price change for insurance of constant coverage
and utilization. That is, changes in benefit coverage and
utilization levels generally are offset by compensating pre-
mium charges and thus do not significantly affect retention
rates. Implicit in the process is the assumption that the level
of service from the individual carriers is strictly a function of
the benefits paid. Other changes in the amount of service
provided for policyholders, such as more convenient claims
handling, affect the movement of the index even though,
strictly speaking, they should be removed; still, the effects
are probably small.

Retained-earnings ratio. BLS obtains calendar year data
for premium income, benefit payments, and retained earn-
ings. For each year, the ratio of retained earnings to benefit
payments is calculated, yielding a retained-earnings ratio.
Next, the latest year’s ratio is divided by the previous year’s
ratio to obtain the relative of change in the ratios. Finally,
this annual relative of change is converted to a monthly
relative (by taking its 12th root) so that the CPI can reflect
the change month by month over the calendar year. Because
it is not feasible to obtain the monthly change in price caused
by changing retention margins, spreading the annual change
evenly over the year is preferable to reflecting the entire
annual change in 1 month.

“ For a full discussion of health insurance in the CPI, see Dennis
Fixler, “The treatment of the price of health insurance in the CPL”
Unpublished paper (Bureau of Labor Statistics, 1996).

4 Ford and Ginsburg, “Medical Care in the CPL” p. 216.



Special pricing for other items

New vehicles. Prices for new cars and trucks selected for
inclusion in the CPI pose a special problem because the
manufacturer’s suggested retail (sticker) price is not the trans-
action price for most new vehicles. Most automotive dealers
offer customers concessions on the sticker price or, for mod-
els that are in high demand, the dealers charge an additional
markup beyond the sticker price. When pricing new vehicles,
BLS economic assistants obtain separately all of the compo-
nents of the sticker price. This includes the base price and
the prices for options, dealer preparation, transportation, and
so forth. In addition, they obtain from the dealer the average
rebate, concession, and/or markup during the preceding 30
days. This enables BLS to estimate the true transaction price.

Quality adjustment also is common in the calculation of
the new vehicles index. The most frequently cited example of
direct quality adjustment in the CPI deals with the annual
model changeover for new cars and trucks. Each year, price
adjustments are made to account for the quality differences
between the old and the new models. In some cases, the
adjustments are based on the previous model’s retail price
for optional equipment. In other cases, the quality adjust-
ments must be derived from production cost data supplied
by the manufacturers. These data are adjusted by estimated
manufacturer and retailer markup rates to derive retail values
for the quality changes.

Adjustments for quality change in the CPI new car index
include structural and engineering changes that affect safety,
reliability, performance, durability, economy, carrying capac-
ity, maneuverability, comfort, and convenience. Since 1999,
quality adjustments have not been made for changes associ-
ated with pollution control mandates.*

The derivation of production-cost-based quality adjust-
ments for new cars is carried out in association with the BLS
Producer Price Index and International Price programs. The
adjustments exclude changes in style or appearance, such
as chrome trim, unless these features have been offered as
options and purchased by customers. Also, new technology
sometimes results in better quality at the same or reduced
cost. Usually, no satisfactory value can be developed for
such a change. In such cases, the quality change is ignored,
and prices are compared directly.

In addition to quality adjustments for physical changes
to cars and trucks, adjustments are made for changes in the
warranty coverage provided by auto manufacturers when
sufficient data are available to derive estimates of their
values.

Vehicle leasing. The vehicle leasing index was first pub-
lished in January 2002. The prices used in the index are
monthly lease payments. As with new vehicles, the agreed-
upon purchase price of the vehicle must be estimated. BLS

4 See Bureau of Labor Statistics, “Treatment of Mandated Pollu-
tion Control Measures in the CPI,” at www.bls.gov/cpi/cpitreat.htm.
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economic assistants collect the base price and the prices for
options, dealer preparation, transportation, and so forth. Also,
any rebate(s) available are included, along with the largest
estimated concession or discount the dealer would allow for
the leased vehicle on the day of pricing. Then, the lease
terms are applied to obtain the residual value, depreciation
amount, rent charge, and total monthly lease payment. Dur-
ing the annual model changeover, the quality adjustments
developed for the CPI new car index also are used in the CPI
vehicle leasing index.

Used cars and trucks. Models that are from 2 to 6 years old
are priced in the used car and truck index. Data on used
vehicle prices are obtained from a secondary source. Once a
year, each sample vehicle is updated by 1 model year to
maintain the same vehicle age. The sample prices are ad-
justed for quality change using the same information used
for quality adjustment in the new vehicle index. This is done
by figuring the percentage that the quality adjustments rep-
resent of the price of the vehicle when it was new. The
quality adjustments are then assumed to depreciate at the
same rate as the car as a whole.

Apparel. The special characteristics of apparel marketing
have historically caused a number of problems in the mainte-
nance of a constant-quality market basket of apparel in the
CPI. Many apparel items are seasonal and subject to fre-
quent style changes. In addition, heated competition in the
marketing of apparel commodities has led to increasingly
rapid turnover of styles available in retail outlets. Until re-
cently, these factors meant that, when new styles replaced
old ones, many substitutions were deemed not comparable.
Marketing practices for apparel generally entail introducing
such goods at high regular prices and marking them down to
lower sale prices throughout their shelf life. The inability to
compare prices at the time the new goods are introduced
(when price changes are normally passed along to the con-
sumer) precludes capturing any pure price change that ac-
companies the style changes. As a result, during the early
to mid-1980s, it is likely that apparel indexes understated
price change.

Research undertaken to correct this problem delineates
the critical apparel quality characteristics to hold constant in
the substitution process. When an outlet discontinues an
apparel item, the BLS field representative follows the CPI
substitution procedures to find the closest substitute that
the outlet offers for sale. The procedure ensures that as many
as possible of the critical quality characteristics of the sub-
stitute are the same as those of the discontinued item. For
those characteristics that are not the same, CPI apparel ex-
perts estimate the value of the difference and directly adjust
the price to account for them.

Hedonic regression modeling is the technique used to
determine the importance of the various quality characteris-
tics that add value to a particular good. In this approach, an
item can be viewed as a collection of characteristics that,



taken together, provide satisfaction or value to the consumer.
In other words, a woman’s suit can be considered an aggre-
gation of its components, such as a jacket and skirt or pants,
each of which contributes to the value of the suit in the eyes
of the consumer. In addition, certain aspects of the suit, such
as its fiber content and its construction, add or subtract
value from the consumer’s standpoint. Hedonic regression
modeling is a tool that allows the researcher to estimate
which factors are the most important price-determining char-
acteristics of these goods. In the CPI, this research has re-
sulted in better data collection documents and procedures
for pricing apparel commodities. By noting the most impor-
tant quality characteristics on the data collection document,
the field agents who collect data for the CPI can try to hold
constant these important characteristics even when other
details change. This improvement in the collection docu-
ments has resulted in a remarkable increase in the number of
comparable substitutions chosen for apparel commodities.

As additional research led to further improvements in the
modeling process, steps were taken to further reduce the
number of substitute items deemed not comparable with the
old items. Tests on the data collected for apparel goods de-
termined that direct quality adjustments could be made us-
ing the estimates of the values of the different components
of the apparel items. If, for example, a two-piece man’s suit
that had been priced is no longer available because three-
piece-style suits replaced all the two-piece suits, the value of
the vest can be added to the price of the old two-piece suit
and the quality-adjusted price of the old suit compared di-
rectly with the price of the new three-piece suit. Alterna-
tively, if fiber percentages vary between two items, quality
adjustment can account for the quality difference to permit
comparison of the prices of the two goods. Other differences
that have been shown to be statistically significant also can
be factored out to permit constant-quality price compari-
sons of apparel items. This critical change allows another
incremental step forward in decreasing the number of substi-
tutions that cannot be compared because of differences in
quality characteristics. While this change has its greatest im-
pact in apparel, because apparel had been plagued with low
comparability rates, this same research is underway in other
areas of the CPI, so that marginal improvements in compa-
rability in other areas can be expected in the next few years.

The hedonic approach to quality adjustment used for
apparel is in contrast to the approach used for new cars,
which is based on manufacturers’ costs. While estimates of
the value of the quality change for new cars are based on the
manufacturers’ cost differentials adjusted for retail markups,
the quality adjustments in apparel are based on the average
consumer’s valuation of the change as well as on the manu-
facturers’ costs to produce the goods. This valuation is what
the hedonic modeling technique—based on the prices paid
by consumers for the goods for which the CPI collects
prices—implicitly estimates. As this research continues, BLS
expects to make further improvements in the quality adjust-
ment process.
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Utility (piped) gas service. To measure a constant con-
sumption amount for the CPI’s utility (piped) gas service
index, the data collector initiates a fixed level of energy or
heat consumption for each observation. The fixed consump-
tion amount is selected in Washington, based on household
bill expenditure data as reported in the CE. Subsequently,
when the observation is priced each month, field staff col-
lects the cost of that fixed amount. This amount is defined as
a fixed number of therms (a therm is 100,000 British Thermal
Units, or BTUs). When the surveyed outlet delivers and
bills its residential customers by the number of therms con-
sumed, the CPI uses the current price per therm to determine
the prices of that outlet’s observations. But, when piped gas
is delivered and billed by volume (for example, cubic feet),
the CPI program must adjust each quote to account for the
fact that the volume of gas needed to produce a constant
amount of energy or BTUs varies depending on the quality
of gas (BTUs/CF). In this case, the amount of gas priced
each month is adjusted based on the heat value of gas deliv-
ered by the outlet, as follows:

Current adjusted consumption = original consumption *
(original heat value/current heat value).

This adjustment ensures that a constant amount of en-
ergy is being priced from month to month for the utility (piped)
gas service index.

Special pricing for seasonal items

Seasonal items are those commodities and services that are
available only at certain times of the year rather than year
round. Down parkas, snow skis, and fresh tangelos are ex-
amples of seasonal items. Special procedures are employed
when selecting and pricing items generally available only
part of the year to ensure that they are appropriately repre-
sented in the sample and that price changes are correctly
included in the calculation of the CPI. In particular, the pro-
cedures prevent substituting away from a seasonal item when
it is out of season.

Although seasonal items can exist in any ELI, some ELIs
include an especially large percentage of such items and,
consequently, receive special treatment. These seasonal ELIs
include most apparel items, fresh fruit, indoor plants and cut
flowers, fans and air-conditioners, some sports and recre-
ational equipment, and admission to sporting events. The
designation of an ELI as seasonal or nonseasonal is made at
the regional level, using the four geographic census regions
in the CPI design. Some items that exhibit a seasonal selling
pattern in the Northeast region, for example, may be sold
year round in the South. In practice, though, nearly all ELIs
designated seasonal are seasonal in all four regions.

After the samples for these seasonal ELIs are selected
following the normal sample selection procedures, the num-
ber of quotes is doubled to ensure that, despite the seasonal
disappearance of a substantial number of quotes, a large
enough number of in-season quotes remains to calculate the
index.



The quotes in these ELIs are paired,; that is, for each origi-
nal quote that is selected, a second quote in the same ELI
and outlet is initiated and priced 6 months later. In the fresh
fruit ELIs, one quote of each pair is designated January-
June, and the other quote is designated July-December. In all
other seasonal ELIs, one quote of each pair is designated
fall/winter, and one quote is designated spring/summer. The
fall/winter and spring/summer designations are used for the
nonfood quotes because these are the distinctions that are
most commonly used by the retailing industry to categorize
seasonal merchandise. These seasonal designations are used
to help establish the specific items eligible for each quote, so
that year-round items and items from each season are initi-
ated in their proper proportions.

For every specific commodity and service priced in the
CPI, including year-round items, BLS field representatives
collect—at the time when they initiate the item and every
time they must find a substitute for it—its in-season months.
These data become a part of the item description and are up-
dated if there is a change. Field representatives attempt to
price every item in each period during which it is designated
for collection, even during those months when the item may
be out of its indicated season. If the item is available, the
price is collected and used in the calculation of the CPI. A
common practice in marketing seasonal items, particularly
seasonal clothing, is to mark down prices to clear the mer-
chandise from the stores as the end of each season approach-
es. During the period when a seasonal item is unavailable, its
price is imputed following standard imputation procedures.
When an item returns at the beginning of its season several
months later, the price is directly compared with the item’s
last price, as it has been imputed forward. This completes the
circle in a sense: having followed the price of the item down
to clearance price levels, BLS then follows the price back up
to regular (or at least higher) prices the following season.
Keep in mind that, in this context, the “following” season
means the same season the next year, that is, the following
fall/winter season for the fall/winter sample, and the follow-
ing spring/summer season for the spring/summer sample.

When an item becomes permanently unavailable, the stan-
dard procedure is to substitute the most similar item sold in
the outlet. In the case of a year-round item not in a seasonal
ELI, this process takes place as soon as the item is perma-
nently unavailable. For items in seasonal ELIs and seasonal
items in ELIs that are not designated seasonal, however, the
period during which a substitution can take place is restricted
to those months when a full selection of appropriate sea-
sonal merchandise is available.

These special initiation, pricing, and substitution proce-
dures are intended to ensure that an adequate sample of
items is available every month, and that the correct balance
of seasonal and year-round items is maintained. As a result,
the estimates of price movement for the ELIs that include
seasonal items correctly reflect price changes not just for
items available year round but for the entire universe of items
included in those ELIs.
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Other price adjustments and procedures

Bonus merchandise adjustments. Sometimes, products are
offered with free merchandise included with the purchase of
the original item. Such “bonus” items may provide additional
satisfaction to consumers, and BLS will, therefore, make ad-
justments to the purchase price to take into consideration
the value of the bonus merchandise. The adjustment made
depends on the type of merchandise offered and the per-
ceived value of the bonus to the consumer. If the bonus
merchandise consists of more of the same item, the adjust-
ment is reflected in the price of the item. For example, if a
manufacturer offers 2 ounces of toothpaste “free with the
purchase of the regular 6-ounce tube,” the item’s price is
adjusted to reflect a decrease in the price per ounce. When
the bonus is removed, the price per ounce returns to its prior
level, and a price increase is recorded. In this instance, the
value to the consumer is assumed to be one-third greater
during the bonus period. If the bonus merchandise consists
of an item that has some significant value to the consumer,
and the item is of a different genre, an adjustment is made to
account for the value of the free item when it is feasible to do
so. Bonuses that are contingent on an additional unrelated
purchase, such as a free can of soup when purchasing a
whole chicken from the poultry case, are ignored.

Cents-off coupons. In order for a coupon to be used to re-
duce the reported price of an item, the coupon must be either
attached to the item, attached to the product’s display shelf,
dispensed by machines attached to the product’s display
shelf, located at promotional displays, or distributed to all
shoppers by product representatives standing in the imme-
diate vicinity of the display shelf. All other coupons pre-
sented by customers as purchase reductions at the time of
payment are ineligible.

Concessions. A concession is a deduction of a specific
amount from the proposed selling price for the item. The
usual CPI practice is to subtract from the proposed selling
price the average concession for the priced item over the
past 30 days.

Different-day pricing. For a subset of items, if the selected
priced item is not available for sale at the time of collection,
prices from up to 7 days prior to the actual day of collection
are eligible. The item must have been offered for sale during
the previous 7 days and the most recently available price is
reported. The list of items eligible generally are those for
which specific items may not be available every day, such as
a specific type of fresh fish.

Discounts. A discount price is a reduced price that is avail-
able only to certain customers in a specific outlet. If the
discount is available only during the period of price collec-
tion, such as that for a grocery-card discounted item, the
discount is included only if 50 percent or more of sales for



the affected item are discounted. If the discount is in effect
for more than one collection period and the discount applies
to 5 percent or more of the dollar sales of the item in the out-
let, a probability selection is made to determine if the dis-
count should be collected. For example, if the regular cash
price accounts for 84 percent of sales, senior citizens’ dis-
counts account for 10 percent and employee discounts ac-
count for 6 percent of sales, a one-time probability-based
selection is made among the three options to determine which
price to report.

Manufacturers’ rebates. When product manufacturers offer
customers cash rebates at the time of purchase for purchases
of items priced in the CPI, these rebates are reflected in the
index as price reductions. When a rebate is offered for a
priced new vehicle, it is the estimated average rebate over
the past 30 days that is subtracted from the vehicle’s re-
ported price. For vehicle leasing, it is the rebate in effect as
of the day the collected price is obtained. For mail-in rebate
offers, the price of the affected item is reported without sub-
tracting the amount of the rebate. An attempt is made to
determine the proportion of customers who take advantage
of'the rebate, and, prior to use in the index, the reported price
is then adjusted accordingly.

Membership retail outlets. Outlets that require a member-
ship fee to be paid in order to be able to shop at the outlet are
eligible for pricing in the CPI. If the actual price paid for
products varies with the level of membership, a specific mem-
bership is selected and the reported prices reflect that mem-
bership level.

Quantity discounts. Many items in the CPI are sold both
individually and in quantity. When consumers are able to
purchase an amount greater than a single unit at a discounted
price, the first multiple-unit price is reported for use in the
CPL. For example, if the 12-ounce can of corn being priced
can be purchased at 25 cents for a single can, three cans for
69 cents, or five cans for $1, the price used in the CPI is the
per ounce price of the three cans.

Shoppers’ cards. If a priced outlet issues a card offering a
“card discount” on selected products purchased by card-
holders, such discounts are treated as “temporary discounts”
and processed as follows. The discount is included only if
50 percent or more of sales for the affected item during the
collection period are subject to the card discount.

Special-day prices. If a selected outlet has different prices
for priced items based on the day of the week when a pur-
chase is made, a selection is made between special-day and
regular-day purchases, based on revenue. If the “special
day” is selected, the price collected is for the most recent
special-day price.

Utility refunds. Sometimes, public utility commissions re-
quire that utilities such as telephone, piped gas, or electricity
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companies make rebates to their customers. These rebates
may arise from a number of different causes. For example, a
utility may be permitted to use a new rate schedule tempo-
rarily until a final determination is made. If the final rates set
by the commission are lower than the temporary ones, the
difference must be refunded for consumption during the pe-
riod. Such refunds do not reflect the actual current-period
prices (what new customers would pay) for utility services.
Thus, the CPI disregards any refund for past excess charges
when they appear on residential bills as a separate refund
credit that is subtracted from charges for the current billing
period’s usage. This procedure reduces month-to-month
volatility of utility indexes and ensures that they reflect cur-
rent prices and price trends more accurately. The utility in-
dexes do include current-period credits that are based on
current consumption, such as purchased gas adjustment and
fuel adjustments.

Unit-priced food items. When food items that are sold on a
unit basis but lack a labeled weight are being priced, two
items are weighed to permit calculation of an average weight
for the item. This helps to reduce the variability in size that
occurs among individual, loose items and is not overly bur-
densome for the data collection process. For example, if the
item being priced is Red Delicious apples and the price is 50
cents each, the BLS field staff reports the price of one apple
and the combined weight of two apples taken from the pro-
duce rack. In computing the price per ounce, the combined
weight is divided by 2 and the 50-cent price of the Red Deli-
cious apple is divided by this average weight.

Container deposits. BLS collects information on container
deposits for a variety of nonalcoholic and alcoholic bever-
ages to reflect the influence of changes in deposit legislation
on price change. Consumers who purchase throw-away con-
tainers are considered to be purchasing both the product
itself and the convenience of throwing the container away.
When a local jurisdiction enacts deposit legislation and no
longer allows stores to sell throwaway containers, those
consumers who were previously purchasing throwaway con-
tainers may experience a change in the price of this conve-
nience. The price of the same-sized container of product
plus its deposit establishes an upper bound for the price
change, because the consumer could retain the former con-
venience by now purchasing returnables and simply throw-
ing them away. In similar fashion, information about depos-
its and the status of legislation can be used to estimate price
change when a container bill is repealed. Changes due to the
enactment or repeal of container bills are shown in data for
the month in which the legislation becomes effective.

Sales taxes. The CPI includes all applicable taxes paid by
consumers for services and products purchased. Many prices
for services and products used to calculate the CPI are col-
lected with taxes included because this is the manner in which
they are sold. Examples are tires and cigarettes. Other prices
are collected excluding applicable taxes, with those taxes



subsequently added in the Washington office. The tax rates
for these items are determined from secondary sources based
on the State, county, and local tax structure governing the
sale of the service or product at the point of purchase.

Index Calculation

As stated earlier, the CPI is actually calculated in two stages.
The sections above describe the first stage of that calcula-
tion—how the CPI calculates the basic or elementary in-
dexes, which show the average price change of the items in
each of the 8,018 CPI item-area combinations.

The section below describes the second stage of calcu-
lation—how the aggregate indexes are produced by aver-
aging across the 8,018 CPI item-area combinations.

Estimation of upper-level price change

Aggregation of elementary CPI data into published indexes
requires three ingredients: Elementary indexes, elementary
expenditures to use as aggregation weights, and a price
index number formula that uses the expenditures to aggre-
gate the sample of elementary indexes into a published index.

1. Input elementary price indexes. The CPI-U, CPI-W,
and all three versions of the C-CPI-U (initial, interim, and
final) are constructed using the same combination of
Laspeyres and geometric mean elementary indexes. There
is one exception to this general rule. The final version of the
C-CPI-U contains a slightly different method of imputing
off-cycle elementary index values for elementary item-area
combinations priced on a bimonthly schedule. In the CPI-U,
CPI-W, and the initial and interim versions of the C-CPI-U,
off-cycle bimonthly elementary indexes are set equal to the
previous-month index value. In contrast, off-cycle indexes
used in final C-CPI-U aggregation are set equal to the geo-
metric mean of the indexes for the adjacent months (see
equation below).

2. Input elementary expenditure weights. To aggregate
elementary indexes into published indexes, an aggregation

weight for each elementary item-area combination is required.
The function of the aggregation weight is to assign each
elementary index a relative importance or contribution in the
resulting aggregate index. (See appendix 9.) The aggrega-
tion weight corresponds to consumer tastes and preferences
and resulting expenditure choices among the 211 elemen-
tary items in the 38 elementary areas comprising the CPI
sample, for a specified time period.

a. CPI-U and CPI-W. In the CPI-U and CPI-W, aggrega-
tion weights (AW) are defined as:

iap AW, =

where |, , ﬁa is the estimated price of item (i) purchased
in area (@) by population (p) in period (), and i,Q; is the
estimated quantity of item (i) purchased in area (a) by popu-
lation (p) in period (). Period () is the base period of the
corresponding elementary item-area index. For example, the
“Sports equipment” (ITEM =RC02) in Seattle (AREA=A423)
index has a base period of = June 1985. CPI elementary
indexes have varying base periods. Most published indexes
have an index base period of or = 1982-84.

Time period () corresponds to the reference period of
the expenditures used to derive the implicit quantity weights
needed for Laspeyres aggregation. As of 2005, the CPI-U
and CPI-W had an expenditure reference period of f=2001-
02. Historically, the CPI expenditure reference period has
been updated approximately every 10 years (table 5). In 2002,
BLS instituted a biennial rotation schedule for updating the
expenditure reference period. Effective with the January 2004
index, the expenditure reference period changed from 3 =
1999-2000 to B=2001-02; effective with the January 2006
index, it was updated again to 2003-04; and so forth. It is
worth noting that a change in the expenditure reference
period results in a change in the implicit quantity (Q) as-
signed to each elementary index, but not the implicit price
component (P) of the aggregation weight (AW) of each el-
ementary index.

Imputation of

where

CPl elementary area

CPIl elementary item

year and month

base-period reference month

Q=20

X

S
It

ia

month (t)

Off-Cycle Indexes, C-CPI-U estimation

12
_ *
i.a,p IX[Ot,t] - (i,a,p Ix[a,tfl] i,a,p Ix[a,tﬂ])

population (Note: C-CPI-U is produced for the urban population only.)

index of price change for elementary item (i) in area (a) from base period (0) to
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TasLe 5. Expenditure reference periods in the CPI

Expenditure Month Terminal
reference period introduced month

1917-19 1919 Dec. 1924
Avg. 1917-19 and 1934-36 Jan. 1925 Dec. 1929
1934-36 Jan. 1930 Dec. 1949
1947-49 Jan. 1950 Dec. 1952
1950 Jan. 1953 Dec. 1963
1960-61 Jan. 1964 Dec. 1977
1972-73 Jan. 1978 Dec. 1986
1982-84 Jan. 1987 Dec. 1997
1993-95 Jan. 1998 Dec. 2001
1999-2000 Jan. 2002 Dec. 2003
2001-02 Jan. 2004 Dec. 2005
2003-04 Jan. 2006 Dec. 2007

Note that, prior to January 1953, previously published indexes
often were revised retroactively based on more recent consumer
expenditure data.

Aggregation weights for the CPI-U and CPI-W are de-
rived from estimates of household expenditures collected in
the CE. Despite an increase in the CE sample size in 1999,
expenditure estimates at the elementary item-area level would
be unreliable due to sampling error without the use of statis-
tical smoothing procedures. BLS uses two basic techniques
to minimize the variance associated with each elementary
item-area base-period expenditure estimate. First, data are
pooled over an extended period in order to build the expendi-
ture estimates on an adequate sample size. The current refer-
ence period (f) uses 24 months of data.** Second, elemen-
tary item-area expenditures are averaged, or composite
estimated, with item-regional expenditures.*® This has the
effect of lowering the variance of each elementary item-area
expenditure at the cost of biasing it toward the expenditure
patterns observed in the larger geographical area. This pro-
cess is summarized in the following equations.

The estimated expenditure i,a,p(lﬁ(j) 5, foritem (i) in area
(@) for population (p) in reference period () is derived from
a weighted average of the item’s relative importance in the
elementary area (@) and its relative importance in its corre-
sponding region-size classification (m), for each year en-
compassing reference period (). The weight (8) assigned to
the region-size class (M) and the weight (1-0) assigned to the
elementary area (@) are a function of the variance in each area
and the covariance of each measure.”’” The resulting aver-
age share ( §) is then multiplied by the sum of all expendi-
tures in the elementary area in the corresponding year, to
obtain a revised item expenditure. In a process called “rak-

4 Prior to 2002, the expenditure reference period was based on 36
months of data (for example, $=1993-95 from 1998 to 2001 and
=1982-84 from 1987 to 1997).

6 Elementary areas are grouped into region-by-city-size classifica-
tions for the purpose of composite estimation. There are four regions
(Northeast, Midwest, South, and West) and two city-size classifica-
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ing,” the revised item expenditures are adjusted by a factor
such that, once summed, they equal the unadjusted expendi-
tures at the region-size class (M) expenditure class (e) level.
Annual item-area expenditures (f3,) have a lower bound of
one cent ($0.01). The raked item expenditures in each year of
reference period (f) are then averaged to obtain the esti-
mated expenditure in (). Finally, the estimated expenditure
is adjusted by the corresponding item-area index to obtain
the aggregation weight: an expenditure value with an implicit
price of time period () and implicit quantity of time period

B).

b. Initial C-CPI-U and interim C-CPI-U. Because the
initial version of the C-CPI-U is published simultaneously
with the CPI-U, it uses expenditure data from the same ex-
penditure reference period (f) as the CPI-U aggregation
weights. Unlike those in the CPI-U, however, the expendi-
tures are not adjusted forward to a December pivot month
and rebased so that the implicit price corresponds to the
corresponding item-area index base period. Rather, the esti-
mated expenditure weights with implicit prices of time pe-
riod (f) and implicit quantities of time period (f3) are used as
aggregation weights.

The interim version of each monthly C-CPI-U index is
published in February of the ensuing year. Hence, if the
ensuing year is one in which the weight is updated, then the
interim version of each monthly C-CPI-U is based on more
contemporaneous expenditures than its initial version. For
example, 2002 initial indexes produced in 2002 used S =
1999-2000. Interim indexes for 2002 were produced in 2003
and likewise used f=1999-2000. Initial indexes for 2003
alsoused = 1999-2000. However, 2003 interim indexes pro-
duced in 2004—a weight-update year—were constructed
using $=2001-02.

¢. Final C-CPI-U. For the final C-CPI-U, which uses the
Tornqvist index for upper-level aggregation in a monthly
chained construct, monthly expenditure estimates for each
elementary item-area combination are required as aggrega-
tion weights. These are derived from the same CE data as the
CPI-U aggregation weights. Like the biennial data used for
CPI-U aggregation, adequacy of the underlying sample size
from which the expenditure weights are estimated is an issue
for C-CPI-U aggregation. To minimize the variance of the
elementary item-area monthly expenditures, a ratio-alloca-
tion procedure is adopted to estimate each item-area monthly

tions (A-sized cities and non-A-sized cities) for a total of eight region-
by-city-size classifications.

47 For more information on composite estimation, see Michael P.
Cohen and John P. Sommers, “Evaluation of the Methods of Com-
posite Estimation of Cost Weights for the CPI,” 1984 Proceedings of
the American Statistical Association, Business and Economic Statis-
tics Section, pp. 466-71.



Estimation of CPI-U Elementary Aggregation Weights

Expenditure on item (i) in area (a) by population (p) in year ()

Total expenditures in area (a) by population (p) in year (8.

Share of total expenditures for item (i) in area (a)

for population (p) in year (8)

Expenditure on item (i) in major area (m)
by population (p) in year (B,)

Total expenditures in major area (m)
by population (p) in year ()

Share of total expenditures for item (i) in area (m)

for population (p) in year (8)

Composite-estimated share of total
expenditures for item (i) in area (a)
for population (p) in year (8)

Estimated expenditure on item (i) in
area (a) by population (p) in year (8.

Raked expenditure on item (i) in
area (a) by population (p) in year (8.

Estimated expenditure in expenditure
reference period (f)

Cost weight in pivot month (v)

Aggregation weight
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where

period (pB) for item (i) in area (a)

ia

(i) in area (a)

p = population (urban or urban wage earner)

a = CPIl elementary area

i = CPIl elementary item

e = expenditure class

m = One of eight CPI major areas, defined by region-and-city-size classification. Regions are
Northeast, Midwest, South, and West; city-size types are self-representing and non-self-
representing.

P = price

Q = quantity

N = number of years in the CPI-U expenditure reference period (NOTE: currently N=2.)

B, =year belonging to expenditure reference period f (NOTE: n=1 is 1999 and n=2 is 2000 in
the current CPI-U expenditure reference period.)

1) = weight assigned to major area (m), where 0 < § < 1

o = lower-level index base period

\% =year and month, usually December, prior to the month when expenditure weights from

reference period f are first used in the CPI
i,a,p°p, = estimated expenditures (PQ) for item (i) in area (a) for population (p) as a percent of
total CPI expenditures in area (a) in period
ia wa = lower-level index of price change from index base period (&) to expenditure reference

IX,, = lower-level index of price change from index base period () to pivot-month (v) for item

expenditure from U.S. monthly item expenditures (see equa-
tion below).

The monthly expenditure for an item in an elementary
area is derived in two steps: First, the monthly expendi-
ture for the item is summed across all 38 areas to obtain a
U.S. monthly item expenditure; second, the U.S. monthly
item expenditure is allocated among all 38 elementary ar-
eas according to each area’s relative expenditure share
for the item during the current and preceding 11 months.
Note t