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Anatomy of price change

Basic components of the cpr:
estimation of price changes

The use of a Laspeyres type of formula in calculating
the Consumer Price Index may be improved

by incorporating an alternative formula that combines
the geometric mean index with the Laspeyres formula

he U.S. Consumer Price Index (cm) is
T constructed from basic component in-

dexes. The goods and services that con-
sumers purchase are classified into 207 strata of
items, and the urban areas in the United States are
divided into 44 areas, each with its own index.
Thus, there are 9,108 (207 times 44) basic cpi
components into which expenditures are classi-
fied. These item-area strata represent the whole
population of goods and services priced by the cei,
so the combination of their component price in-
dexes into indexes at higher levels of aggregation
represents a choice of aggregation formula, rather
than an issue in statistical estimation.

Calculating the price indexes for the basic
components, however, involves estimating the in-
dexes on the basis of samples used from all the
itemns that consumers buy. (The term item is con-
strued narrowly in this article, referring to a spe-
cific brand, product, outlet, or service.) Also, the
available items themselves are constantly chang-
ing as outlets enter and exit the market, new prod-
ucts or brands are introduced, and old products are
medified, improved, or dropped.

Prior to 1978, the cp1 used a nonprobability ap-
proach to selecting sample items. Very detailed
product specifications were set a priori for each
item in the ce1 “market basket,” and prices of a
sample of items meeting those specifications were
collected from outlets. The average prices of the
items were then used in determining the basic

component indexes. A similar method is still em-
ployed in calculating price indexes in most other
countries.'

The 1978 revision of the cpi instituted a prob-
ability approach to sampling, with the purpose of
making the cp1 sample more representative of the
itemns consumers buy and the outlets at which they
shop.? To take account of changes in those items
and outlets, the sample for each urban area in the
cp1, known as a primary sampling unit, is replaced
at approximately 5-year intervals. Thus, both the
higher level aggregation of the cpr (from item-
strajum-area indexes up to higher level aggre-
gates) and the basic component indexes can be
thought of as chained Laspeyres indexes, with
chaining at roughly 10-year intervals for the
higher level aggregates and at rotating 5-year in-
tervals for basic components. The idea underlying
the Laspeyres formula is that it calculates the cost
during period ¢ of buying the same quantities ({2,)
of each itemn i that were consumed during the base
period b. Mathematically,

21: PuQip

) I = ,
2 PuQie

where P;, and P;, are the prices of item i during
periods ¢ and b, respectively.

The index’s basic components, the price in-
dexes of the aforesaid strata of items, are not di-
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rectly observable and must be estimated using
observations from a random sample. The index is
updated each month by an estimated price rela-
tive,

2 I = xR,

where /, denotes the index in period ¢ for a given
area and a given stratum of items, and R, ;| de-
notes an estimate of the average relative price
change from period ¢ — 1 to period ¢ in that area and
stratum. For most strata of commodities and serv-
ices, base-period quantities are estimated indi-
rectly, using the ratio of base-period expenditures
to base-period prices. The Laspeyres-type estima-
tor of relative price change used by BLs for these
strata is

Z Wip % Py [P
(3) R:,r-l =L .
2 Wi X Py 1/Piy

where W is a weight that estimates the base-pe-
ricd total expenditures represented by item i. The
procedures used to estimate the base-period prices
and expenditure weights are discussed below.

Recently, some research findings by BLs econ-
omist Marshall Reinsdorf have led to a reexamina-
tion of the methods used for sampling and estimat-
ing the basic-component indexes of the cp1’ In
particular, Reinsdorf found that over more than a
decade (January 1980 to September 1992), the av-
erage prices for some food items and gasoline sys-
tematically grew at slower rates than did closely
related cp1 component indexes, This observation
has led to concern that the cpl may be overstating
rates of changes in prices and has resulted in addi-
tional research on cp1 procedures.

F. G. Forsyth and R. F. Fowler, Bohdan J.
Szulc, and Jorgen Dalén have studied the chaining
of Laspeyres indexes.* They show that when
Laspeyres indexes are chained together, they can
be subject to “drift”; that is, a chained Laspeyres
index may grow at a faster rate than an unchained
index. The drift tends to be largest when prices
oscillate or bounce, as is common for fresh fruits
and vegetables and other grocery items.

Problems with the chained Laspeyres index
have led researchers to study alternative formu-
las for estimating relative price changes. The
weighted geometric mean is defined as

@ RE =T1Pu /P
=exp[Z S log(Pi /Pi 1)),
where 5y, is the base-period expenditure share for

the item—that is, S;, = W,/ W,,. Note that the
current and lagged prices do not need to be di-
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vided by base-period prices, as in (3). (If they
were divided by base-period prices, the base-pe-
riod prices would cancel out of the numerator
and denominator of the formula.) Thus, the base-
period price affects the geometric mean index
only to the extent that it affects the estimated ex-
penditure share S;;.

An intuitive explanation of the geometric mean
index is that it holds the share of expenditures on
an item constant, whereas the Laspeyres index
holds the quantities of the item constant. Also, the
geometric mean index treats price increases and
price decreases symmetrically. For example, if
item i undergoes a price increase from $4 in base
period b to $5 in period ¢, its relative price change
is 1.25, but if item j decreases in price from $5 to
$4, its relative price change is 0.80. If the base-
pericd expenditures Wy, are the same for the two
items, then the Laspeyres index, applied to for-
mula (3), shows the price increase as more impor-
tant than the decrease, producing a value of (1.25
+ 0.80)/2 = 1.025. The geometric mean index,
treating the increase and decrease symmetrically,
produces a value of 1.25 x 0.80 = 1.

Other formulas for calculating basic compo-
nent indexes have also been proposed, but the geo-
metric mean has been shown to possess the best
statistical properties.’

The next section examines how price oscilla-
tions, in conjunction with consumer behavior that
substitutes purchases of less expensive items for
purchases of more expensive items, can cause the
Laspeyres index formula to overstate the rate of
growth of prices. The section following that dis-
cusses the procedures used by BLs in periodically
replacing its samples of items and considers
some of the effects these procedures have on the
performance of the cpr. The subsequent two sec-
tions make empirical comparisons between the
Laspeyres formula and the alternative geometric
mean formula for basic index components. The
comparisons demonstrate that the formula used in
constructing these components can have a signifi-
cant impact on the measured rate of inflation.

Laspeyres index

The Laspeyres formula measures changes in price
by measuring the cost of a fixed “market basket,”
that is, fixed quantities of goods and services.
How is this basket defined? Prior to 1978, the bas-
ket consisted of several hundred narrowly defined
iterns, and within those narrow definitions, items
were assumed interchangeable. For example, an
item might be a 20-inch color television set with a
remote contro] produced by a major manufacturer.
The basic component price relatives were then
calculated as ratios of average prices for items in
the sample meeting the said specification.




Since 1978, however, the adoption of the entry-
level item approach allows any television set to be
selected. The selection of the itemn is implemented
using the principles of probability sarpling, set-
ting the probability of selection of any item pro-
portional to the expenditures on the item. This
process of selecting items is described below.

One implication of the entry-leve! item (or
probability sampling) approach is that the items
within any stratum are often quite heterogeneous.
For example, a single cp1 stratum of items contains
video cassette recorders, video cameras, video
cassettes, and video game hardware and software,
Clearly, prices of a random sample of goods from
this stratum cannot simply be averaged—any such
average would be meaningless. Instead, some sort
of index number must be formed to measure infla-
tion for strata characterized by this kind of hetero-
geneity. In the 1978 cpi revision, sLs adopted the
Laspeyres index number formula, already in use
for aggregation across strata of items, for the cal-
culation of the basic component indexes under the
entry-level item method of sampling, )

The characteristics that are desirable for an
index have been much discussed by econo-
mists.® One characteristic that seems reasonable
for a basic component index is that it should
measure inflation correctly when a stratum of
items is nearly homogeneous. By “nearly homo-
geneous,” | mean that prices within the stratum
are characterized by having a common trend,
although individual prices per se may deviate
from that trend either permanently or tempo-
rarily.” Thus, over medium to long time inter-
vals, the prices within a nearly homogeneous
straturn of items would move in the same direc-
tion and by about the same amount.

The following simple formal model of eco-
nomic behavior that captures this idea was devel-
oped by Reinsdorf.® Suppose that the common
price trend is multiplicative. In other words, sup-
pose that the price P, of itern { in time period f is a
random variable distributed with a density f(P,,),
and that the density of the price in time period s is
the same as in ¢, except for a multiplicative con-
stant; that is, P;, = cP;,, so that g(P;,) = f(P;fc)fc.
Then the rate of price change between periods ¢
and s is the multiplicative constant c.

This muitiplicative constant for the distribution
of prices is an additive constant for the distribution
of the logarithm of prices. In terms of the latter,
suppose

(5) log Py = W, tu: +ep

where 7, is the logarithm of the common price
trend, &; is a permanent component of variation in
an item’s price (which might represent the effects
of permanent differences in the quality or the

marketing of a product or outlet), and ¢ is a tem-
porary component of variation in prices. It is as-
sumed that the e;, have mean zero, are stationary,
and are independent of the #;. Under this model of
prices, the inflation between periods 7 and s is
exp(m, — 7,), a consequence of the assumption of
multiplicative inflation between periods, which
does not imply. for example, that E{P,,) is equal t0
e™. (In fact, they are not equal.) Also, individual
prices oscillate under such a model, and the
amount of oscillation can be measured by the
variance of differences in e;, that is, Var(e;, —ei,).

Treating prices as outcomes of a random proc-
ess does not suggest that the sellers who set the
prices are behaving randomly. Presumably, the
setting of prices for individual items at outlets is
based on a variety of considerations, including
supply conditions for a particular item and market-
ing strategy. The point is simply that, from the
point of view of the consumer, prices for some
items appear to be oscillating randomly due to
sales and other temporary price changes.

Suppose that the demand for the items within
the stratum can be approximated by the constant-
elasticity demand function

(6) log Qi = -Nlog Py + B +v +wy,

where 1 is the elasticity of demand for the nar-
rowly defined item; &, is the effect on the level of
demand of the business cycle, seasonality, and
other factors relating to or occurring in the period
t; v is an item-specific permanent component of
varixtion in the quantity demanded; and w;, is a
transitory component of variation in the quantity
demanded. Both v; and w;, are assumed to be inde-
pendent of e;;. Economic theory and empirical evi-
dence suggest that the price elasticities of demand
for narrowly defined brands and outlets are much
larger than for more aggregated commodities and
are probably greater than 1 for most items.’

Consider the special case of the model given by
{5) and (6) in which e, is normally distributed with
variance, Var(e;) = 07, and correlations Corr (e,,¢,5) =
P, The appendix describes Reinsdorf’s derivation
of the following expression for the large-sample
limiting value of the Laspeyres index:'?

E(Pin)

7N — = - 1- :
(M EPuln) exp(r, - &, Jexp[n(1 —p_, }o°]

= exp(z, — 1 Jexp| (m/2)yVar[log(P, /P )1}

The true inflation rate is the first exponential factor
on the right, exp{7, — m,), and the exponential fac-
tor following it is always greater than or equal to 1,
so the Laspeyres index is an upper bound on the
true inflation rate. The index measures inflation
correctly when (a) demand is perfectly inelastic,
that is, 1 = 0, or (b) there is no transitory variation
in individual prices, so that all prices move by ex-
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actly the same proportion and ¢* = (. In other
cases, that is, 1 > 0 and 6° > 0, the Laspeyres index
overestimates the inflation, with the magnitude of
the overestimate depending on the price elasticity
of demand, 1, and the magnitude of oscillation in
the prices of individual items around their com-
mon trend.

For example, suppose that 1 = 1.5, ¢* = 0.01,
and p, , = 0.6". Then for the first period (s = b +
1), the Laspeyres index overstates inflation by
€™ — 1, or 0.6 percent. In this example, the index
continues to overestimate inflation during subse-
quent periods, but the magnitude of the overesti-
mate declines. For the first six periods, the curmnu-
lative overestimate in the example amounts to
1.44 percent. After the sixth period, very little ad-
ditional overstatement of inflation occurs, and the
index eventually converges to a value that is too
large by 1.51 percent.

Because the overstatement is proportional to
the variability of individual prices, the Laspeyres
formula is especially likely to overstate inflation
for goods that have highly variable prices or are
frequently put on sale at large discounts, such as
fresh fruits and vegetables and apparel. In addi-
tion, if the correlations p, , are assumed to decline
rapidly to zero, as they would under an autore-
gressive-moving average model, then the over-
statement of inflation would occur principally dur-
ing the first few periods. Essentially, there would
be a one-time overstatement of the price increase,
following which the Laspeyres index would cor-
rectly measure the rate of change of prices.

Let us next consider the problem of estimating
acomponent index when items are heterogeneous,
that is, when they are not characterized as having a
common trend.

For heterogenecus commodities, the theory of
the cost-of-living index can serve as a guide. For
example, if the goods in a component index are
separable from other goods in the consumer utility
function, then a category utility function can be
defined on the basis of the consumers’ preferences
within that category. The partial cost-of-living in-
dex for that component can then be defined in the
usual way, as the ratio of the cost of reaching a
given utility level under prices prevailing during
period ¢ to the cost under prices prevailing during
the base period b." If the category utility functions
do not allow for substitution (that is, if they have a
Leontief functional form, with constant relative
quantities as prices change), then the partial cost-
of-living index is the Laspeyres index. If the cat-
egory utility functions have constant relative ex-
penditure shares as relative prices change (that is,
if they have unitary elasticities of substitution, or
the Cobb-Douglas functional form), then the par-
tial cost-of-living index is the weighted geometric
mean.
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The assumption of constant relative expendi-
ture shares is likely to be a more accurate approxi-
mation for many heterogeneous strata of items
than the assumption of no substitution would be,
although for some such strata (for example, pre-
scription drugs), the assumption of no substitution
may be more nearly appropriate. If data on quanti-
ties or expenditures over time were available, the
degree of substitutability could be estimated di-
rectly, or the Laspeyres index could be compared
with the superlative indexes, such as the Tornqvist
or the Fisher ideal indexes, which accommaodate
substitution flexibly.

Item and outlet sampling and rotation

Because the market is constantly shifting, with
new brands, shifting outlet shares, entries and exits
of firms, the introduction of new items, and other
changes over time, a pure Laspeyres index would
soon have an outdated sample. In recognition of
this problem, since 1978 the cpi samples of items
and outlets for most commodities and services
have been rotated at 5-year intervals, with the
samples in roughly 20 percent of the primary sam-
pling units being replaced during any given year."?
With each rotation, a new sample is selected, the
selection consisting of two stages: selecting outlets
and initiating the item sample within the outlets.
At each stage, the probability of selection of an
outlet or item is set proportional to the estimated
expenditures by consurmers at that outlet or on that
item.

The sample of outlets is drawn from a sam-
pling frame that is created from a special house-
hold survey known as the Point-of-Purchase Sur-
vey. This survey is conducted by the Bureau of
the Census for the Bureau of Labor Statistics in
each of the rotating primary sampling units
about 2 years prior to the rotation of the samples.
It provides data on spending patterns of house-
holds and the specific outlets at which the com-
modities and services were purchased. The results
of the survey are used to estimate expenditures on
iterns at specific outlets, so that a sample of outlets
can be drawn with probability proportional to
expenditure.

Based on a concordance of cp entry-level items
with Point-of-Purchase Survey categories, a num-
ber of price quotes are assigned to each outlet for
collection. About 3 to 6 months prior to the “link
month,” when the old and new samples for the
primary sampling unit are rotated, a BLs field rep-
resentative visits the outlets to initiate the item
sample. During initiation, the field representative
first identifies all items sold at the outlet that fall
within the entry-level item definition. Then, with
the assistance of the store manager or some other
respondent for the outlet, the field representative




tries to determine the proportions of total sales for
the items within the entry-level item, to enable a
particular item to be selected with probability pro-
portional to sales. This process may require a se-
ries of iterations, as groups of products get broken
down into successively smaller categories. If the
respondent does not provide direct information on
sales, alternative methods for estimating the pro-
portion of sales of each item are used. The specific
item that is finally selected is then described in
detail on a checklist that will be used to identify
the item during subsequent visits to collect the
item’s price."

The weight W, carried by the item in the cal-
culation of the index is an estimate of the base-
period expenditures represented by the sample
item. The weight is calculated as the expenditure
for the Point-of-Purchase Survey category in the
primary sampling unit times adjustments for the
following: (a) the ratio of the sales in an entry-
level item category to the sales in the correspond-
ing Point-of-Purchase Survey category in the
specific outlet, (b) a geographic factor that ad-
justs for boundary changes in metropolitan areas
between revisions, (c) a factor that adjusts for the
upper limit on the number of quotes that can be
collected from any single outlet, (d) the probabil-
ity of selection for the entry-level item in the stra-
turn of items, and () an adjustment for the number
of usable quotes, when quotes drop out of the
sample or a substitution is required. The purpose
of all of these adjustments is to keep an item’s
weight equal to the expenditures represented by
the item:.

When the primary sampling unit rotates, the
base price for a specific item is estimated by tak-
ing the item’s price during the link month, Py,
and deflating it by a long-term index relative,
namely, the ratio of the index for the area-item
stratum for the link month to the index for the
base month—that is, P, = P/(I; /I,). The largest
urban areas are known as A-size primary sam-
pling units, and most of them undergo rotation
all at once. In that case, the same long-term rela-
tive adjustment is applied to the link-month
price of each item in the stratum to obtain the
base-month price. Since the base price appears
in both the numerator and denominator of (3),
the adjustments from link-month to base-month
price will cancel and can be ignored.

The cpi estimator, when applied at the lowest
level of aggregation, differs from the pure Las-
peyres concept in several important respects. The
base periods for the basic component indexes are
not the same base period (currently 1982-84) that
is used in the aggregation of basic component in-
dexes to higher level aggregates. Rather, the base
period for the basic components is the middle of
the year in which the Point-of-Purchase Survey

was taken, so there is a change in the base period
every 5 years with each new sample replacement.
Furthermore, a single index can include price
quotes with several base years, because the vari-
ous primary sampling units rotate their samples on
a staggered schedule. More importantly, the base
price is derived from the item’s price during a pe-
riod different from the Point-of-Purchase Survey
and item selection periods, which establish the ex-
penditure weight, Consequently, the formula is
systematically different from a pure Laspeyres
formula, which would use the actual base-period
prices to deflate base-period expenditures 1o form
implicit quantity weights.

If we examine how the elasticity of demand for
an item affects the expenditure weights in the cp
formula, we see that a sample item’s weight de-
pends on the probabilities involved in selecting
outlets during the Point-of-Purchase Survey pe-
riod and selecting items during the initiation pe-
riod. For many categories of items, such as food, it
is likely that the expenditure, and thus the prob-
ability of selection, is influenced more by the
item’s price during initiation of the sample of
iterns than by the variation in the general level of
prices at the outlet. Hence, for the following ex-
ample, T assume that the weight is determined by
the price of the item during initiation of the outlet,
rather than during the Point-of-Purchase Survey
period. The model presented below can be easily
adapted, however, to allow for alternative as-
sumptions about the determination of expenditure
weights.

Under the aforesaid assumption, and suppos-
ing that the sample does not change between the
link month and the period ¢, the crl formula’s esti-
mate of the relative price change between 7— | and
t, for an A-size primary sampling unit, can be
written as

LW X Py [Py
(8) Rl.l—l e —
Z Wis X Pi i 1/Pu

where W,, = P;,Q;, represents expenditures during
the item’s sampling or initiation period, which oc-
curs 3 to 6 months prior to the link month.

Following the model developed in equations
(5) through (7), the relative price change measured
by the cpr between the link month { and a subse-
quent period ¢ will converge to

E(PiQisPir/Pir)
(9 DPLPlPi) _ oot — ) x explll -p,

E(Prs is
Qs +(L-mp,_, - p,_JIo°}.

Examining this expression, we see that, in contrast
to the pure Laspeyres index in (7), it entails that
the crr is likely to overstate inflation immediately
following the link month, even if the price elastic-
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Table 1.  Rates of change of simulated Consumer Price Index
for all Urban Consumers, U.S. city average, by
expenditure category, with basic components
computed using Laspeyres and geometric mean index
formulas, June 1992 to June 1993

Laspeyres | Geometric mean
Expenditure category index index Difference
All available items
(703 porcentof allitems) .......... 2.95 2.48 0.47
Food andbeverages. .............. 2.1 1.56 .58
Food ............ P 2.18 1.59 .59
Foodathome ................ 2.37 1.52 .85
Cereals and bakery products . . . 3.36 2.78 58
Meats, poultry, fish, and eggs . . 3.90 3.28 .62
Dalry products . ............. 1.61 1.29 33
Fruits and vegetables. ... ... .. 1.58 -70 2.28
Frash fruits and vegetables . . 4.09 1.09 3.00
Processed fruits and
vegetables .. ............ -3.03 -3.98 .86
Otherfood athome .......... .B6 .38 .48
Sugarandswests.......... -.09 -.58 50
Fatsandoils.............. -.02 —.46 A4
Noralcohalic beverages . . ... ~.27 -.64 .38
Other prepared foods .. .. ... 2.21 1,67 .55
Food away fromhome .. ...... .. 1.85 1.70 14
Alcoholicbeverages ............. 1.48 1.32 16
Howsing......................... — — —
Shelter. ....................... — — —
Renters’costs . ............... — — —
Homeowners' costs .. .......... — — —
Maintenance and repairs . .. .. ... 1.80 1.84 06
Fuel and other utilities . . .......... — — —
Fuels ....................... a.55 3.54 o
Fuel oil and other
household fuel commodities . . . .38 a1 07
Gas (piped) and electricity
(energy services) ........... 3.88 3.87 .01
Other utilities and public services . - — —
Housshold furnishings and operation — — —
Housefurnishings . ............. 14 -.53 8
Housekeeping supplies . ........ 1.22 59 63
Housekeeping services . ..... ... — -— —
Apparel and upkesp ............... .59 -1.21 1.80
Apparel commaodities. ............ 47 -1.52 1.98
Men’s and boys’ apparel ... .. ... .19 -1.31 1.50
Women's and girls’ appare! . .. ... A4 -2.43 2.87
Infants’ and toddlers’ apparel . . . . -13 =01 -13
Footwear .................... 21 .03 A7
Other apparel commodities . ... .. 1.83 —.84 2.67
Apparel services ... ............. 1.79 1.71 .08
Transportation. . .................. — — —
Private transportation ............ - — —
Newvehicles .. ............... 2.46 2.30 16
Newears .................. 2.23 2.09 15
Usedcars ................... - - -—
Motorfuel. . .................. -3.03 ~3.04 o
Maintenance and repairs . ....... 3.19 2.93 26
Other private transporiation. . . . .. — — —
Other private transportation
commodities . . ............. -1.75 -1.85 A0
Other private transportation
SeIVICES . ................ — — —
Automobile insurance . ... ... 5.39 5.33 .08
Automobile finance charges . . - — -
Automebile fees ........... 5.21 5.18 .02
Public transpertation . ............ 13.19 12.86 33
Medicalcare . .................... — - —
Medical care commodities. .. ...... 3.58 3.1¢9 .38
Madical care services . ........... — — —
Professional medical sevvices . . . . 5.37 4.99 .38
Hospital and related services .. .. 8.74 8.24 .49
See footnote at end of table.
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ity of demand 7 = 0. If the price elasticity of de-
mand is greater than 1, however, as is likely, then
the overstatement is smaller than it would be if
expenditure weights were actually drawn from the
link month (in which case the formula would be-
have like a true Laspeyres index with base period
D. The overstatement, however, is larger than it
would be if prices and expenditure weights were
actually observed during the nominal base period,
when the Point-of-Purchase Survey occurs. The
cases in which the cpt would not overstate inflation
immediately following linking are those in which
the variance of individual price quotes, 62 is near
0. As with the pure Laspeyres index, we might
expect the overstatenent of inflation to occur pri-
marily during the first few months after rotation.

To understand how the cpr index method of
linking may work in practice, consider again the
example in whichn = 1.5, 6 =0.01, and p, =
0.6%, and assume that / — s = 5 months. Then in
the first period after linking, t = + 1, the cpI
could be expected to overstate inflation by 0.42
percent., As in the example of the pure Laspeyres
index, the cp1 index could be expected to overes-
timate infiation during subsequent periods, but
at a declining rate. The cumulative expected
overestimate for the first six periods would
amount to 1 percent, and the cp would eventu-
ally converge to a value that is too large by 1.04
percent. We find that the cumulative overstate-
ment of price change in the cpi formula is rela-
tively insensitive to 1) and usually is close to o°.

In contrast, the weighted geometric mean in-
dex tends 1o track inflation more accurately under
most conditions. Under the same assumptions
made in deriving equation (9), the weighted geo-
MEtric mean converges to

E[P;sQis log(Pi; /Pip)]
E(Pist)

(10)

= exp(m; — 1) X
expl(1 -n)p,_, - P, )0%

The second exponential factor on the right-hand
side of this equation can be larger or smaller than
1, showing that the weighted geometric mean in-
dex can overstate or understate inflation. If n =1
or ¢° = 0, the geometric mean index converges to
the correct relative price change. Even when 1 is
different from 1, however, the geometric mean
formula often converges to an estimate near the
actual change in prices. For the example in the
preceding paragraph, the weighted geometric
mean formula converges to a value that is too large
by 0.04 percent. Because this overstatement
would occur at 5-year intervals as samples are pe-
riodically replaced, the average overstatement
would be less than 0.01 percent per year. This re-
sult suggests that the weighted geometric mean
formula may be more accurate than the Laspeyres




formula, especially during the first months after a
sample is replaced.'®

In sum, the sample rotation procedures used by
BLS in the cpI commodities and services sample
serve many useful purposes, including keeping the
sample up to date and allowing it to incorporate
changes in available products and the mix of out-
lets. The use of the Laspeyres formula, combined
with the procedures for linking the price changes
in old and new samples, however, may cause the
CPI to overstate price change, especially for items
with highly volatile prices and during the months
immediately following a sample rotation and
linking.

Empirical comparison of indexes

This section empirically compares the Laspeyres
and geometric mean formulas for basic ¢p1 com-
ponents. The basic component indexes have been
computed for those strata of items that use the
Point-of-Purchase Survey/outlet rotation sampling

method (these strata carry approximately 70 per- -

cent of the weight, or relative importance, of the
cr1), using both the current Laspeyres-type for-
mula and the aiternative geometric mean formula
over the period from June 1992 to June 1993. The
data base was reconstituted from archived data,
and two sets of basic component indexes were
calculated using exactly the same price quotes.
The computer program used to simulate the cp
Laspeyres index is not identical to the program
used in actual production, so there are slight differ-
ences between the Laspeyres indexes calculated
for this research and the published cpi. In most
cases, however, the simulated cp1 Laspeyres in-
dexes are very close to the published indexes.'

In aggregating the basic components to higher
levels, I have used the usual cpr Laspeyres for-
mula and Consumer Expenditure Survey-based
aggregation weights. There is a difference be-
tween the two formulas only at the lowest level
of aggregation.

Table 1 compares the annual percent changes
for the two sets of indexes for various iterns over
the period. Note that the geometric mean indexes
almost always exhibit lower rates of price growth
than the Laspeyres-type indexes do, a result that is
not surprising in view of the known properties of
the two types of averages.!” More importantly, the
size of the difference between the two indexes
varies substantially between classes of items.
For fresh fruits and vegetables and for apparel,
the Laspeyres indexes showed rates of change 2
to 3 percentage points higher than the geometric
mean indexes. These differences are comparable
in magnitude to the large differences in rates of
change between cpi and average price series for
food that have been noted by Reinsdorf." The

large differences in annual rates of change for
these expenditure classes are consistent with the
model derived in equations (9) and (10). Fresh
fruits and vegetables and appare] are characterized
as having highly variable prices at the level of the
outlet, due to either perishable food items or the
use of frequent sales with substantial discounting,

For other expenditure categories, however, the
differences tend to be smaller, in most cases less
than 1 percent a year. For some expenditure cat-
egories that tend not to rely on sale pricing, such
as automobile parts and equipment and apparel
services, there is little difference between the
Laspeyres and geometric mean indexes. The dif-
ference is also small for motor fuel, which is
typically thought to have volatile prices. Most of
the price variability for motor fuel, however, is
common to all outlets at which it is sold, and the
transitory, outlet-specific price variability that is
measured by o is fairly small.

Another implication of the model sketched out
above is that the largest differences in measured
rates of change between the Laspeyres and geo-
metric mean indexes should occur immediately
following sample rotation. Table 2 compares the
rates of change of local area indexes based on the
simulated Laspeyres and geometric mean estima-
tors for the basic components.

From June 1992 to June 1993, three of the local
areas listed in table 2—New York City, Detroit,
and San Francisco—had new samples introduced.

Table 1.  Contlnued—Rates of change of simulated Consumer
Price Index for all Urban Consumers, U.S. clty average,
by expenditure category, with basic components
computed using Laspeyres and geometric mean index
formulas, June 1992 to June 1993

Laspeyres | Geometric mean
Expenditure category Index Index Ditference
Entertainment .. .................. - — _—
Entertainment commaodities. . . ... .. — _ —
Reading materials ............. 3.60 3.22 .38
Sporting goods and eguipment . .. — - —
Toys, hoblbies, and other
entertainmant. .. ... .......... 1.07 37 .70
Entertainment services . .. ........ 3.32 2.57 .74
Other goods and services. .. ........ 6.41 6.05 .35
Tobacce and smoking products . . . . 7.80 7.21 .60
Personalcare .................. 2.43 2.05 .38
Toilet goods and personal care
appliances .................. 2.40 1.89 51
Peorsonal care services .. ... ... 2.48 2.23 24
Personal and educational expenses . 7.06 6.83 23
School books and supplies .. .. .. 3.76 379 -03
Personai and educational services 7.27 7.03 .24
Nove: Dash indicates data not available (usually because the index includas some strata
that are not part of the Point-of-Purchase Survey and sample rotation). Rates of change of
the simulated Laspeyras indexes are not identical to the published rates of change of the ¢r,
because of differences betwsen the index simulation and the actual index calculation and
because the simulated indexes were not rounded pricr to computing rates of change. For
both indexes, aggregation above the level of the basic components (that is, indaxes of strata
of iterns and areas) was based on the usual Laspeyres formula and weights that were in turn
based on the Consumer Expenditure Survey.
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It is interesting to niote that San Francisco has the
largest difference in rates of change for the
Laspeyres and geometric mean component in-
dexes for both all available items and food at
home. New York has the second largest differ-
ence for food at home. For all three areas, the
Laspeyres component indexes showed a larger
rate of change than the geometric mean indexes
did. In most of the areas that did not introduce a
new sample during the June 1992—-June 1993
period, the Laspeyres component indexes also
showed a larger rate of change than the geomet-
ric mean component indexes did, but the differ-
ences were smaller than those for the cities that

Table 2. Rates of change of simulated Consumer Price Index
for All Urban Consumers, selected local areas, all
available items and food at home, with basic
components computed using Laspeyres and
geometric mean index formulas, June 1992 to Junhe
1993

Laspeyres | Geometric mean
Local area index index Difference
All available tems
{70.3 percent of all items)

Chicago-Gary-Lake County, IL-iNwi. . . . 3.57 2.81 0.76

Los Angeles-Anaheim-Riverside, ca. . . 2.83 2.34 49

N.¥Y.-Northern N.J.-Long Island,

LN v 3.11 2.54 57
Philadelphia-Wilmington-Trenton,

PANJDEMD « .\ vvieeeaiae e 222 1.78 .44
San Francisco-Oakland-San Jose, ca . 2.66 1.77 89
Baltimore, Mo . .. ... ... .. ... .. 2.02 1.63 .40
Cleveland-Akron-Lorain, o' .. .. ..... 2.17 1.66 51
Miami-Fort Lauderdale, r' ... . ... .. 4.22 395 27
St. Louis-East Si. Louis, MO’ ..... .. 56 45 RE
Washington, oc-mp-val ... .o 3.52 3.16 .36
Dallas-Fort Worth, ™ .............. 1.96 1.32 .84
Detroit-Ann Arbor, M. .. ............ 2.95 2.37 .58
Houston-Galveston-Brazoria, x ... . .. 2.18 2.35 -17
Pittsburgh-Beaver Valley, Pa.. .. ... .. 3.21 2.66 .55

Food at home

Chicago-Gary-Lake County, 1-INwi . . ., 2.62 2.00 62

Les Angeles-Anaheim-Riverside, ca . .. 4.21 361 60

N.¥.-Northern N.J.- Long island,

NY-NJGT o i i aas 1.65 .35 1.30
Philadslphia-Wimington-Trenton,

PANIDEMD ..o 1.69 213 —.44
San Francisco-Oakland-San Jose, ca . 2.62 .06 2.56
Baltimore, MD. ... ..... ... ... 2.12 2.05 .06
Boston-Lawrence-Salem, mand . ... .. 3.55 3.46 .09
Clevsland-Akron-Lorain, on ......... 2.81 2.47 34
Miami-Fort Lauderdale, rL. ... ....... 5.81 5.34 47
St. Louis-East St. Louis,MoL . .. ..., -2.55 -2.69 14
Washington, pemova ... ... L., 1.86 2.03 -17
Dalias-FotWorth, 7x . ............. 2.32 1.81 51
Detroit-Ann Arbor, M. .. ............ 1.32 1.04 .28
Houston-Galveston-Brazoria, x . ... .. -.59 -1.68 1.09
Pittsburgh-Beaver Valley, Pa......... 338 2.72 66
'Because of the bimonthly sampling for nonfood items, the period for these indexes is July

1892 to May 1893.

Note: Rates of change of these simulated Laspeyres indexes are not identical 1o the
published rates of change of the cr, bacause of differences between the index simulation
and the actual index calculation and because the simulated indexes were not rounded prior
to computing rates of change. Fer both indexes, aggregation above the level of the basic
components (that is, indexes of strata of itemns and areas) was based on the usual Laspeyres
formuia and weights that wers in turn based on the Consumer Expenditure Survey.
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rotated their samples. The effect of rotation is
particulariy noticeable when one examines the
month-to-month differences. For San Francisco,
the Laspeyres component index for food at home
produced a rate of change 1.11 percentage points
larger than the geometric mean component index
during the month after the new sample was intro-
duced. For New York, the difference during the
month following the introduction of the new
sample was 1.49 percentage points.

To summarize the potential differences be-
tween the two formulas on the all-items cei, con-
sider the differences calculated for all of the 170
available strata of items. These strata carry 70 per-
cent of the weight in the cp1. For all of the available
strata of items, the index based on geometric mean
components grew 0.47 percentage point less than
the index based on Laspeyres components grew.
Most of the remaining 30 percent of the weight in
the ¢ consists of shelter. Because the shelter
sample rotates less frequently than does the com-
modities-and-services sample, it seems likely that
the differences between the two formulas for shel-
ter would be small. For example, if there were no
difference between the Laspeyres and geometric
mean formulas for the unavailable strata, the dif-
ferential for the all-items index would be about 0.7
x (147 = (0.33 percentage point. By contrast, if the
difference for the unavailable strata were 0.2 per-
centage point, then the differential for the all-items
index would be about 0.39 percentage point. Thus,
if the period from June 1992 to June 1993 is repre-
sentative of the differential that might result from
using the geemetric mean formula to estimate the
basic component indexes, the all-items inflation
rate might be lowered by 0.3 to 0.4 percentage
point.

Other empirical evidence

If the application of a Laspeyres type of formula
causes an index to overstate significantly the infla-
tion rate immediately following sample rotation,
evidence of the effect should appear in the histori-
cal behavior of the indexes. Because the samples
in the smaller urban areas do not all rotate at the
same time, | examined the price changes for
large urban areas (A-size primary sampling
units) immediately following rotation. Rotation
schedules designating the link month for the two
samples were obtained for the years 1980 to
1985 and 1988 to the present. The link months are
listed in the footnote to table 3.

Table 3 presents the mean difference between
the measured inflation rate for the rotated area a
and the U.S. average inflation rate during two
separate periods: the 2-month period and the 6-
month period after the rotated samples are intro-




positive shock to the inflation rate, it should result
in positive values for the mean difference.

The results shown in the table are generally
consistent with the above model. There are signifi-
cant positive differences between the area infla-
tion rates and the U.S. average inflation rates for
food, especially fruits and vegetables and meat.
The numerical magnitude of these differences,
however, appears to be too small to explain the
entire difference between the geometric mean in-
dexes and the Laspeyres indexes. For example, if
the Laspeyres index overstates the inflation rate
for fruits and vegetables by about 2 percent a year,
as suggested by the comparison with the geomet-
ric mean index, and most of the overstatement oc-
curs shortly after each 5-year rotation, then we
might expect a 10-percentage-point differential in
the inflation rate immediately following each rota-
tion. The observed differentials for fruits and veg-
etables in table 3 are 2.3 percent for the 2-month
period and 2.0 percent for the 6-month period after
new samples are introduced. One possible expla-
nation is that the autocorrelation of the individual
transitory component of prices may diminish
slowly, rather than rapidly, as has been assumed."
Another possible explanation is that between rota-
tions items drop cut of the sample and are replaced
with substitutes, so that sample initiation effects
reappear.

It is also important to try to verify some of the
assumptions that guided the theoretical model.
For example, from equation (7), we can direct-
ly measure the degree of price oscillation as
Var[log(P;, /P;}]- I selected 10 strata of food-at-
home items that, in my opinion, are likely to be
nearly homogeneous, as explained earlier. Table 4
presents a comparison of the Laspeyres and geo-
metric mean indexes, as well as Var[log(P ju, 93/
Plun '92)], for these strata of items. The theory
predicts that the Laspeyres index will have the
greatest tendency to overstate inflation when price
oscillation, measured by the variance in the loga-
rithm of the price differences, is largest. This im-
plication of the theory is confirmed in table 4: the
three strata with the largest variances—oranges,
lettuce, and tomatoes—also have the largest dif-
ferences between the Laspeyres and geometric
mean indexes, more than 1 percentage point in
cach case. At least for these relatively homoge-
neous food-at-home strata, some of the assump-
tions implicit in equations {9) and (10} are consis-
tent with the data.

Conclusion

This article has discussed two important aspects of
the cpi: estimators used for basic component in-
dexes and the ongoing process for replenishment
of the cpl sample of commodities and services.

Table 3.  Mean differences in measured inflation between
Consumer Price Indexes for A-size primary sampling
units and U.S. average Consumer Price Indexes 2
months and 6 months after rotation of samples’
Expenditure category 2-month difference | 6-month difference
Aliitems ....... e 0.08 (0.10) -0.12 (-0.17)
All items less shelter .. ..... ... ..... 02(10) —-11{.15)
Food andbeverages. .............. 247(.13) 2,43 (.23}
FOOD © oo 250(.13) 2 45 (.24}
Food athome ................ 275 {.19) 268 (.32)
Cereals and bakery products . . . 25 {.23) -.21(.30)
Meats, poultry, fish, and eggs . . 21.07 (.23) 24.05 (.40)
Dairypreducts .. ............ —-.25 (.30) —.29 (.48)
Fruits and vegstables. . ....... 22,30 (.61) 21.99(.89)
Otherfood athome ...... ... .22 (.26) 47 {.34)
Food away fromhome ... ....... .01 (.13) -.03 (.22)
Aicoholic beverages . ............ -.20 (.21} -17 (.28}
Transportation. . .................. .08 (.16} =31 (.23)
Motorfuel ..................... —.30 (43} —.40 (.51)
Medicalcare . .. .................. .08 (.21) 31(.32)
Enmertainment .. .. ... ... -19 (.25) -.36 (.47)
Other goods and services. .. ........ .14 (.19) .01 (.28)

" Numbers in parentheses are standard errors of the means.

2 Significant at the 5-percent level in one-sided test of H,: Diff = 0 vs. H,: Diff > 0, where
Diff is defined as Diff, = 100 X (1.2 /11 }—(/ £, /1 )] and Diff, = 100 X [(/ .6 M}~
(£ /1 ™), in which /¢ is the ce for area ain link month [, and /1* is the same month's U.S. cpl,

Note:  The sample size for this table is N = 35, and the indexas were taken from the eLs
LABSTAT program, The rotatien link months for A-size primary sampling units used in the
analysis are as follows: Philadelphia—January 1980, January 1985, February 1989;
Boston—July 1983, January 1989; Pittsburgh—October 1982, October 1991; Buffalo—
August 1980, February 1985; Chicago—February 1980; Detroit—Fsbruary 1981, October
1992; St. Louis—July 1980, September 1990; Cleveland—October 1982; Minneapolis—
October 1983: Milwaukee—dJanuary 1984; Cincinnati—Seplember 1984; Kansas City—
August 1984; Washington—January 1981, July 1991; Dallas—June 1981, October 1980;
Baltimore—September 1983, July 1989; Houstan—June 1982; Atlanta—August 1982;
Miami—dJuly 1983; Los Angeles—February 1982; San Francisco—August 1982, November
1992; Seatfle—July 1981; San Diego—September 1983; Honoluli—August 1984,
Anchorage—January 1980.

Regular sample rotation provides important ad-
vantages, keeping the sample current within a rap-
idly changing economic environment. Recent re-
search at BLs and the empirical results reported in
this article, however, have identitied possible
problems with the cpi’s Laspeyres-type formula
that may cause it to overstate inflation, especially
immediately following sample rotation.

The basic problem that has been identified is
yet another manifestation of the effects of substi-
tution by consumers as relative prices change. The
research presented herein has explored the effects
of substitution within strata of items, whereas pre-
vipus research has focused on substitution be-
tween strata.” The current research suggests that
for some goods and services, the substitution ef-
fects within strata of items may be larger than the
effects between strata. Several types of empirical
evidence indicate that this class of substitution has
led to overestimation of price change for food at
home. Apparel, because of its price volatility,
clearly has the potential for such overestimation as
well, although other factors may have offset these
effects for the apparel indexes.”

A Laspeyres type of index will always be prob-
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Table 4.  Rates of change of simulated Consumer Price Index, selected items, with
basic components computed using Laspeyres and geometric mean index
formulas, and variances of logarithm of differences of individual price
quotes, June 1992 to June 1993

Laspeyres | Geometric mean Prns
ltem Index index Difference Var[log(m)]

Whitebread .. ............ .. ... 2.70 1.868 0.84 .0290

Roundroast ............ ........ 4.40 4.48 -.08 0624

Roumd steak . ... ................ 4.49 412 37 .0523

Bacon........ouvii s 7.36 7.43 -.08 0403

Porkchops .. .......ovviiannnn.s 3.7¢ 3.45 34 0397

Frash whole chicken . ............ 5.82 5.00 .82 0487

Bananas....................... -3.22 -3.89 67 0976

Ooranges . ... ... -4.82 -7.82 3.00 1108

Lettuce .............cvviait 3.84 212 1.72 1509

Tomatoas ... ... 60.00 55.69 4.31 1603

Note: Rates of change of the simulated Laspeyres indexes are not identical to the published rates of change of the cp,
bacause of differances between the index simulation and the actual index calculation and because the simulated indexes were
not rounded prior 1o computing rates of change. For both indexes, aggragation above the level of the basic companents (that
is, indexes of strata of items and areas) was based on the usuat Laspeyres formula and weights that were in turn based on the

Consumer Expenditure Survey.

lematic for estimating basic index components,
but the research presented in this article suggests
that such a measure would work better if the base-
period price were derived from the price observed
at the time of sample initiation, rather than from
the link month price, as most of the overstatement
of inflation probably occurs during the months
immediately following the observation of the base
price.

The geometric mean index represents an alter-
native formula for estimating basic index compo-
nents. This formula has many beneficial features.
The assumption underlying it is that expenditure
shares are constant, so that consumer substitution
reduces quantities purchased proportionately with
any increase in price. This concept would appear
to be most useful within narrowly defined strata
whose component items are known to be quite
close substitutes for each other. The geometric
mean index approach would support redefining
the classification of strata to ensure that, whenever
possible, they consist of items that are close substi-
tutes for one another. For example, in the case of
prescription drugs, it might make sense to use the
geometric mean index to aggregate across drugs
that are aimed at treating a single ailment, such as
hypertension, and then use the Laspeyres index to
aggregate across treatment groups, where little
consurner substitution takes place. In general, the
geometric mean index could be used to calculate
the basic index components, while the usual
Laspeyres formula, with its standard fixed-basket
interpretation, could be used for the higher level
aggregation.

One possible objection to the use of the geo-
metric mean formula is that such use would lead
to a lack of consistency—a different formula for
different levels of aggregation. In response, we
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merely need observe the following: (a) The
Laspeyres-type formula currently used for esti-
mating the basic components is not defined con-
sistently across levels of aggregation, for reasons
described earlier. (b) The use of a Laspeyres-
type formula at the lowest level of aggregation
has been a feature of the U.S. crI only since the
1978 revision and is not commonly used in the
cp’s of foreign countries. (¢) Specifying the
consumer’s “market basket” as containing fixed
quantities of specific brands purchased from spe-
cific outlets, regardless of each item’s price at
the outlet at which it is purchased, is a qualita-
tively different and stronger assumption than the
assumption at higher levels of aggregation that
quantities of broad categories of expenditures
are fixed.

Additional research is needed to examine the
empirical and conceptual implications of alterna-
tive estimators to the Laspeyres formula. The
measurement objectives of such estimators need
to be clarified, and criteria for assessing the per-
formance of the proposed price measures need to
be established. Although the literature on eco-
nomic and statistical approaches to price mea-
surement provides some guidance, in many re-
spects the implementation of price measurement
for constantly changing commodities and ser-
vices remains a difficult and imperfectly under-
stood problem. [
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APPENDIX: Mathematical derivations

The Laspeyres index estimator (1) for a basic compo-
nent can be rewritten as

(1/n) §n PuQip
(AL L= —=

) P

In large samples, (1/7) Z P, Q; converges in probabil-
ity to E(P 2,), and (1/n) X P(;» converges in prob-
ability to E{P Q). so [, converges in probability to
E(P QY EWPnCin).!

Under the model set out in equations (5) and (6), we
then solve for the two expectations and cbtain

E(P i)
E(Pp(ip)

Elexple;— New)]

(A2) e e
Elexp((1 —n)eis)]

= exp(T, — 7p)

This result is obtained by simply taking the expecta-
tion of the antilogarithm of the sum of the right-hand
sides of equations (5) and (6) for the appropriate peri-
ods, substituting the expression in equation (3) for log
P in equation {6), and noting that if two random vari-
ables x and y are independent, then E[fix)g(y)] =
E[fx)]E[g()]. This allows E {exp[{1 —Nhti + vi + wip] }
to be factored out of both the numerator and denomina-
tor and “cancel out.”™

In the special case where demand is perfectly inelas-
tic, so that 1 = (, the expression in equation (2) for the
Laspeyres index converges to the correct inflation mea-
sure, because the marginal distributions of e, and e, are
assumed to be the same if the error is strongly station-
ary. This is consistent with the theoretical optimality of
the Laspeyres index with perfectty inelastic demand.’

In the case where e;; and ¢;, are normally distributed,
we can solve explicitly for the two expectations. If z is
normally distributed with mean p and variance &, then
¢ has a lognormal distribution, and its mean is exp(lt +
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6%/2).* Thus,
E(eqn—Tiewp) = E(1 - M)ep) =0,
Var(e; —New) = (1 +1° ~2Np5)0%,
(A3) Var((1 —M)eg) = (1 -1y,

Elexpl(e; ~nNei)] _ exp[(1 +n? - 2np,_)0%2]
Elexp((1 —M)ew)] exp[(1 -nYo*2]

= expn(l - p.4)0"].

The same methods are used to derive equation (9) for
the ce1 formula, and similar steps were used in the deri-
vation of equation (10) for the geometric mean formula.
The latter derivation uses the result that if x and y have a
bivariate normal distribution with means p, and p, ,
standard deviations 6, and ¢,,, and correlation p, then
E{xe'}= (0, oyp + Iy Jexp(u, + &%, /2).

T am pursuing additional research on the properties
of the alternative index formulas when e, is drawn from
a nonnormal probability distribution.
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