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Anatomy of price change

The commodity substitution eftect
In cp1 data, 1982-91

Recent analysis of the substitution effects

in CpI-like Laspeyres measures

of price change indicate small differences

across index number formulas

he Consumer Price Index (cpr1) is a measure
I of the average price change of a fixed mar-
ket basket of goods and services purchased
by the average household. The market basket con-
tains a sample of items—food, clothing, shelter,
fuels, and other goods and services—that people
buy for day-to-day living. While it is often re-
ferred to as a ‘““cost-of-living index™ (cL1), and in-
deed was so titled until 1945, the cpi is not in gen-
eral a cL1. A cu1 is defined as the ratio of the
minimurm expenditure required to attain a particu-
lar level of satisfaction in two price situations; a
comparison period and the base period.' The cpr, a
modified Laspeyres index, holds the standard of
living constant (in the span between major revi-
sions) by keeping quantities fixed, but allows
prices to vary. In addition, over an extended pe-
riod of time the cp1 is a chain index, because the
expenditure pattern of consumers is updated and
sequentially linked into the index at approxi-
mately 10-year intervals.” The restriction imposed
on the cp1, by keeping the quantities fixed and not
allowing substitution among goods in response to
relative price change, results in a substitution ef-
fect,” or a divergence between the cp1 (or any other
index with fixed quantity weights) and the cv1. In
the case of a Laspeyres index, the effect is such
that it is greater than or equal to the true cost of
living, Indeed, as is well known a Laspeyres index
is an upper bound to the true CLL

Prior research

Several empirical studies have examined the ex-
tent of the substitution effect between a Laspeyres

measure and the cL1. On an aggregate level, these
include studies by Steven D. Braithwait*, Mary F.
Kokoski®, and Marilyn E. Manser and Richard J.
McDonald.® Braithwait estimated the complete set
of demand equations corresponding to three speci-
fications of preferences, the linear expenditure
system’ the generalized linear expenditure sys-
tem,® and the indirect addilog.® Then, he measured
the substitution effect of a Laspeyres index against
the cvLr’s calculated for each of these consumer de-
mand systems. In his study, Braithwait utilized
annual price and quantity data on personal con-
sumption expenditures from the National Income
and Product Accounts for 53 commodities. He
found that for the 15-year period, 1958-73, the
Laspeyres index overstated the cL1 by 1.5 percent,
or about 0.1 percent a year. Later studies utilized
the theoretical results of W. Erwin Diewert,'* who
showed that there exists a class of index numbers
allowing for substitution, termed “‘superlative,”
which could be calculated using only price and
quantity data. The study by Kokoski, which was
primarily designed to measure group specific price
and cost-of-living indexes, also yielded an esti-
mate of the substitution effect. Utilizing data from
the 1972 and 1980 Surveys of Consumer Expen-
ditures for 54 components, Kokoski estimated the
aggregate substitution effect of the Laspeyres in-
dex between these periods to be 1.3 percent of the
index level or 0.16 percent per vear, The fixed-
base price indexes—Laspeyres and Paasche—
were based on cpi data and the cL1 measures were
indexes of the Tornqvist and Fisher type.'' The cLI
measures were derived without estimation of the
complete set of demand equations by utilizing
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Diewert’s results on exact and superlative in-
dexes. The definitive study on the substitution ef-
fect is the work by Manser and McDonald, which
covered from the 195985 period and utilized data
on personal consumption expenditures for 101
commodities. Fixed-base Laspeyres and Paasche
indexes were constructed and compared with the
superlative indexes of the Torngvist and Fisher
type. The amount of the substitution effect was
estimated for both fixed base and chained specifi-
cations over selected time intervals. For the entire
sample period, the Laspeyres index overstates the
cL1 by 15.7 index points or about 5 percent of the
index level, when compared with the fixed-base
Tomngqvist measure. This resulted in an estimate of
the substitution effect of 0.19 percent per year. In
addition to the numerical estimate of substitution
effect, the Manser and McDonald study estab-
lished the upper and lower bounds for the amount
of substitution effect in the Laspeyres index—be-
tween 0.14 percent and .22 percent per year in the
1959-85 period. The study also added support for
the contention that disaggregated data were neces-

Exhibit 1. Comparison of the formulas used to measure price

Laspeyres: If,

Paasche:
Fisher Ideal: CIF

Torngvist:

change

Fixed-base index number formulas
FJX{J

=E‘ P:‘ Xn’le 1.n 1
=% [RI;’ (PLIP?) |

i=l.n

where: RIf =P X}/ 2. X

Paasche: Ifa =2, B X/ Z,.=1,n PIX!
= 1/3,_, RI' (P?IP))
Fisher Ideal: ¥, = [I£, x I, |\”

Torngvist: [T, =TI, [P/ /P7 1"/
where: "/ = (Y, )RI? + (Y )(RI])
Chained index number formulas
Laspeyres: CIL[’O = ]_[s=a‘H [X_ ,[RE (Pi.“l/Pr.) 1
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where: ¥ = (Y RI? + (")(RI)

Note:  Subscripts i denote each of n (number of cells) commeodity/gec-
graphic area classes.
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sary to measure the amount of the substitution ef-
fect and that the magnitude of the effect in the
Laspeyres index was positively related to the
amount of inflation and the length of the period
covered.

While previous studies examine data from an
earlier time period (pre-1985), there is interest in
examining the substitution effect issue using more
recent data, Furthermore, the data used in previous
studies (except Kokoski) is personal consumption
expenditure data at the national level provided by
the Bureau of Economic Analysis. In contrast, this
article examines the substitution effect issue using
expenditure data from the Bureau of Labor Statis-
tics Consumer Expenditure Survey, the source
used for the official ce. Consumner expenditure
data include a finer level of disaggregation in the
commodity classes as well as geographic detail
than do data from the Bureau of Economic Analy-
sis, and also allows the different formulas to be
applied at a lower level of aggregation. The impor-
tance of allowing for interarea differences in price
trends has been documented in recent studies by
Brent R.Moulton'? and Diane F. Primont and
Mary F Kokoski." Finally, the time period cov-
ered in the analysis is 1982-91 which allows an
assessment of the potential substitution effect in
more recent years.

Constructing the measures

As noted, in this study, estimates of the substitu-
tion effect are based on data from the annual Sur-
vey of Consumer Expenditures and the cpi. These
estimates have been calculated at the lowest level
of detail consistent with the cp1 classification
structure and data collected from the Consumer
Expenditure Survey—207-item strata. The cp1 has
a two-tiered weighting structure,” the basic
weights (derived from the Point of Purchase Sur-
vey), and the expenditure weights (derived from
the Consumer Expenditure Survey data). (The ef-
fect of the functional form on the calculation of the
price relatives at the elementary aggregate level,
the area in which substitution is most likely to be
observed, is discussed by Brent Moulton on pages
13-24, this issue.) The analysis of the substitution
effect utilizes the price relatives derived by the of-
ficial cer procedure, that is, a base-weighted or
Laspeyres-type calculation, and examines the pos-
sibility of substitution effect in the upper tier of
aggregation. (The appendix details the sources and
calculation of data.)

As in previous studies, the measures of the
substitution effect are derived by comparing
Lagpeyres measures of price change to the superla-
tive indexes: the Fisher Ideal and Tornqvist mea-
sures. To construct the Fisher Ideal and Torngvist
indexes, as measures of the true cost of living, one




Table 1. Long-term measures of price change In flxed-hase and chained indexes,
1982-91

Year Laspeyres Fisher Tornqvist Paasche Sula:ftfletg:lon
Fixed weight:
1982, ... 100.0 100.0 100.0 100.0 0.0
1983, .. 103.8 103.7 103.7 103.5 2
1984, . 108.1 107.9 107.8 107.6 2
1985, .. 112.5 1121 1121 1117 4
1986, ..o 114.4 113.6 113.6 112.9 8
1987, . e 119.6 118.7 118.7 117.8 9
1988. .. ... 125.0 123.7 123.7 122.5 1.3
1989, ... 130.9 129.3 129.4 127.7 1.6
1980, ... 139.2 137.3 137.0 135.5 2.2
1991, . 143.8 141.3 141.2 138.9 2.6
Chalned:
1982, . 100.0 100.0 100.0 100.0 0.0
1983. .. 103.8 103.7 103.7 103.5 A
1984, ... 108.1 107.8 107.8 107.5 3
1985, ... 112.6 112.1 1121 1116 5
19B6. ..o 114.8 113.9 113.9 113.0 9
1987 . 120.0 118.8 118.8 117.5 1.2
1988. .. ... 125.4 123.7 123.7 122.0 1.7
1989. .. ... 131.2 129.2 129.2 1271 2.0
1990. ... ... 138.3 136.9 136.6 1348 2.7
1991, e 144.3 141.3 140.9 138.5 3.4

may calculate either fixed-based or chained in-
dexes. This article uses both indexes because each
is designed to answer different questions,'® and
also because it is interesting to know the effect of
various formulas on both long-and short-term
measures of price change.

Fixed-base index formulas. Exhibit 1 presents
formulas for measuring price change from some
base period (o) to period ¢ where the prices and
quantities are indexed by { to represent each com-
modity/geographic cell. Note that the difference
between a Paasche and Laspeyres index formula
lies in which period expenditure weights are used
to aggregate over commodities: the Laspeyres
uses the base period weights while the Paasche
uses weights for the current period.

The popularity of the Laspeyres measure is
partly because it does not have the data require-
ments of other formulas. To illustrate, note that to
calculate a Laspeyres index, expenditure data are
required only for the base period. Calculation of
the index in subsequent years requires only rela-
tive prices [ Ps+L / Ps ], For the other formulas in
exhibit 1, expenditure data (as well as the price
relatives) must be collected each period.

Chained index formulas. One interpretation of
the fixed-base measures is that they are obtained
first by “chaining” period-to-period price relatives
within each cell to obtain a cell-specific measure
of price change from the base period o to period ¢
( P/ Ps ) and then aggregating over cells to ob-
tain an index. That is, the month-to-month price
relatives from period o to period 7 are “chained”
using the following formula;

P;'IIIP,'D = Hs:o,r—f(Ps-hE /Pf)
=( Pl po ) potijpo+l ) (ptypt-i)

Given this long-term price relative, a fixed-base
index is obtained by aggregating over cells using
the formulas in exhibit 1. The salient feature of the
fixed-base approach is that chaining is done
within the disaggregate cells followed by aggrega-
tion over cells using the expenditure weights.

Another approach reverses the order of
chaining and aggregation. The chaining method
first agpregates period-to-period price relatives
( Ps+! / P} ) over all cells for each intermediate
period to form an individual period index, and
then chains these intermediate period indexes to
obtain a measure of long-term price change, For
example, the Laspeyres period-to-period price
index is written as:

It

541y = Zr':.’.n[RIiS(PS*‘i!/PES)Jr’
where # equals the number of cells. Given one pe-
riod-to-period Laspeyres index for each interme-
diate period from time o to time ¢, the chained
Laspeyres measure of price change over the pe-
riod is obtained by “chaining” the intermediate
period indexes as follows:

IL

L =
1:‘,0 - H_q:g.,f,l s+l5-

Therefore, the difference between the fixed-base
and chained indexes lies in that the fixed-base
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indexes, 1982-91

Chart 1. Comparison of Laspeyres, Paasche, and Tornqvist fixed-weight

[1882=100]
Index
g
e L ASPEYFES
140 — Paasche 140
Tormnguist
130 130
120 [ 120
19 - 10
100 | 100
ap L 1 ] ] { ! ! ] ] 90
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Chart 2. Comparison of Laspeyres fixed weight chained indexes, 1982-91

I Index
150 ndex 150
- Fixed weight index /
140 |- Chained index -~ - 140
130 | -{ 130
120} - 120
10 |- e - 110
100 |- - 100
90 1 L 1 1 Il | | 1 ! a0
4982 1983 1984 1985 1986 1987 1988 1889 1990  19M

method ¢hains price relatives, while the chaining
method chains indexes.

Exhibit 1 also shows how chained formulas for
the remaining indexes are obtained.

Substitution effect

Two measures of price change are utilized in this
article. First, we use long-term indexes (such as
the e} for which price change is measured rela-
tive to the price level in December 1982, Second,
because the cri is often used to measure changes in
prices over shorter periods of time, we also utilize
short-run price changes to further examine the po-
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tential effects in using Laspeyres measures to
make inferences about year-to-year price move-
ment. (See appendix table A-1 for the results.)

Long term price change. Year-end values for
fixed-base indexes of long-term price change rela-
tive to December 1982 are shown in chart 1. As
was found in earlier studies, the gap between the
Laspeyres and Paasche indexes increases over
time. The Torngvist and Fisher Ideal indexes are
generally very close over the period (within 0.1
index points except for 1990). (See table 1.) The
magnitude of the substitution effect also increases
over time, and at an increasing rate. For the entire




period—1982-91—the amount of the substitution
effect reaches 2.6 index points, or an average
rate of about 0.2 percent per year. This annual
estimate of the substitution effect is substantially
higher than that reported by Braithwait, where he
found a 0.1-percent annual difference between the
Laspeyres and his measures of the cLi over a 15-
year period (1958-73).!% The annual estimate is
about the same as the 0.19-percent difference esti-
mated by Manser and McDonald, but over a sub-
stantially shorter time span.'” This variation in the
estimates of the substitution effect is most likely to
be due to the level of detail at which the substitu-
tion effect is being measured. As noted earlier,
Braithwait used 53 national aggregates, and
Manser and MacDonald used 101 national catego-
ries. Another potential cause is that the 1982-91
period was characterized by greater price variabil-
ity than that during the periods covered by the
other studies. This, however, seems unlikely in
view of the average rates of inflation during the
different periods; 3.1 percent in the 1958-73 pe-
riod, 5.2 percent during the 1955-85 period and
3.9 percent in the 1982-91 period. In this study,
we have used over 8,000 area/itemn categories. The
potential effects of differences due to substitution
are greater as the level of detail becomes finer.

The degree of the substitution effect in chained
indexes is somewhat larger than that found using
the fixed-base indexes. (See table 1.) Using the
Tornqvist index as the basis for comparison,’® the
estimated degree of the substitution effect is 3.4
percentage points by 1991, or an annual rate of
0.27 percentage points, compared with 2.6 index
points using the fixed-weight index, or an annual
rate of 0.2. Finally, as shown in table 1, the
chained and unchained superlative indexes pro-
vide virtually identical estimates.

Given that the substitution effect problem
atises because the expenditure weights are fixed,
one would think that the chained Laspeyres—
where weights change every year—would pro-
vide an index closer to the Tomqvist than would
the fixed-base index. However, a comparison of
the Laspeyres indexes in table 1 reveals that the
chained Laspeyres increases at a faster rate over
the 1982-91 period than does the fixed-base
Laspeyres: by December 1991, the chained
Laspeyres was 144.3, compared with 143.8 for the
fixed-base Laspeyres.'”” Second, the differences
are numerically small. (See charts 1 and 2.) Fi-
nally, other empirical studies of price indexes
have reported similar findings.”* One should con-
trast this result with the findings of Mary Lynn
Schmidt (pages 5962, this issue) which show that
for each year of the 1987-91 period, the annual
reweighting of the cpr with the most recent 3-year
average of data from the Consumer Expenditure
Survey data results in a lower index than that using

earlier consumer expenditure patterns. The use of
3 years of consumer expenditure data, the proce-
dure utilized for the official cpi, has two effects.
First, it reduces the sampling variance of the con-
sumer expenditure data. Second, it should reduce
what is called “chain drift,” the effect of the corre-
lation between price relatives and the quantity
relatives, If the price relatives are negatively cor-
related with the quantity relatives, the chain index
tends to be higher than the fixed-base measure.
This is less likely to occur when changes in expen-
ditures are collected over longer time intervals.

Short-run price change. Short-term price
movement in Laspeyres measures {such as the cp1)
is normally measured by forming ratios of the re-
ported index for the period of interest. For ex-
ample, the change in prices from time ¢ to time r+%
is obtained by dividing the t+& Laspeyres index
by the time ¢ index, both of which use the same
reference month, o, Using the traditional formula
for the Laspeyres (7,  =[X,_, (P'* X?)/
x, 1 (PPX 7)), the resulting measure of price
change ( PCIJL”(_I yis: .

[Zici PXPJIZ,, (POXP) ]
PCIE =

1 +k

[Zai o (BXNAZ, L POXD)]
z“l'=].n P[.!X;?

3

i=tn P{X:)

which may be called a “modified-Laspeyres” be-
cause the base period for expenditures (o) does not
coincide with the reference month for prices (¢). In
this article this method of obtaining short-term
price change is called the “ratio™ method.

Jack Triplett has pointed out that although this
practice is valid for Laspeyres measures, one can-
not do the same for other index number formu-
las.?' This is because although the ratio of two
Laspeyres indexes is still a (modified) Laspeyres
and therefore provides a measure of price change
between two periods, this relationship does not
hold for other index number formulas such as the
Paasche. Therefore, the formulas used to measure
short-term price change are standard Paasche,
Fisher, and Tornqvist indexes rather than taking
ratios of the long-term indexes to obtain the short-
run price change. For example, applying the for-
mulas in exhibit 1, a Paasche measure of price
change between the two periods ¢ and t+£ is given

by:
Z;I P;+kxlr+k
PCP | = S
LItk

4 r+k
z"1‘:1,:1 Pi X!

A true (not modified) Laspeyres measure of short-
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Table 2. Annual price changes in fixed-
base indexes, December
1983-91
Laspeyres
Year Tornqvist | Paasche
Ratio True
1983 .. .. 3.8 38 37 35
1984 _ ... 4.1 4.1 4.0 ag
1985 .. .. 41 41 4.0 3.8
19686 .. .. 1.7 19 16 1.3
1987 .. .. 45 46 43 40
1988 ... 45 44 4.1 3.8
1989 . ... 47 47 44 42
1990 . ... 6.3 6.2 57 59
1901 ... 33 36 a1 29

term price change is also calculated to examine
differences in price change measured through the
“ratio” method.

Year-to-year changes in the Laspeyres index.
Table 3 provides several measures of 12-month
price changes, calculated at December of each
year. These measures indicate how the cost of liv-
ing changed over the current year, rather than over
a 9-year period. In common parlance, these mea-
sures represent 1-year inflation rates.

The ratio method is the measure typically used
(modified Laspeyres) to calculate the percent
change in the price indexes which is obtained by
taking ratios of the Laspeyres long-term indexes
for the two periods in question. For example, the
modified Laspeyres measure for the price increase
over the December 1986-December 1987 period
is 4.5 percent. The remaining columns provide
fixed-base indexes for each of the formulas in ex-
hibit 1. So, for example, the fixed-base Laspeyres
measures shows a price change of 4.6 percent
from December 1986 to December 1987, This
measure uses 1986 expenditure data and is, there-
fore, a true Laspeyres measure of price change.

A comparison of the estimates provided by the
“ratio” method and the Laspeyres method sug-
gests short-term price measures may be more sen-
sitive to the choice of formula, For the 12 months
ended in December 1986, for example, the dif-

Table 3. Substitution etfect in annual measures of fixed base,
Laspeyres-type indexes, December 1983-91

Laspeyres Substiution Laspeyres Substitution

Year (ratlo) sffect (true) sffect
{percent) (percent)

1983 ......... 38 2 38 2
1984 ......... 41 A 4.1 A
1985 ......... 4.1 A 4.1 2
1986 ......... 17 A 1.9 3
1987 . ........ 45 2 48 a
1988 ......... 45 4 a4 3
1889 ......... 4.7 2 4.7 2
1980 ... ...... 6.3 5 6.2 4
1981 ......... 33 A 36 4
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ference between the Laspeyres and modified
Laspeyres measures is 0.2 index points (1.9 minus
1.7), or more than 10 percent of the Laspeyres
measure. The differences in the two measures
range from 0.0 to 0.3 index points. While the pe-
riod is too short to make any conclusions, the peri-
ods with the largest relative differences (1986 and
1991) are those characterized by a sharp decelera-
tion in prices, particularly those for petroleum-
based energy.

If one takes the view that the superlative index
number formulas provide the best measure of price
change, it is interesting to compare the “ratio” cal-
culations to those provided by the Fisher and
Tornqvist measures. The focus on the “ratio”
method stems from the fact that this is the method
typically used. The question, then, is: How much
is the annual percent change in the true cLI (ap-
proximated by the superlative indexes) overstated
by the “ratio” method? Table 3 gives the calcu-
lated measures of the substitution effect in the an-
nual measures.

The estimates of the “ratio” method substitu-
tion effect range from 0.1 percentage point to 0.5
percentage point. The greatest difference in the
two measures occurs in 1990, where the discrep-
ancy in the two measures is about 0.5 percentage
point. Using the true Laspeyres measure yields es-
timates of the substitution effect within the same
general range from 0.1 percentage to 0.4 percent-
age point, but peaking in different periods. The
largest relative substitution effect occurs in the 12-
month periods ended in December of 1986 and
1991—periods characterized, as noted earlier, by a
sharp deceleration in energy prices.

In concLusion, the calculated aggregate price in-
dexes were not particularly sensitive to the choice
of formulas over the 1982-91 period. A compari-
son of Laspeyres measures to the calculated super-
lative indexes provided measures of the substitu-
tion effect only slightly higher than those found in
earlier studies.

The results suggest that the substitution effect
in the cpi-like Laspeyres measures of price change
was small. Because of the similarities in these data
to those used in calculating the official cei, the re-
sults suggest that the latter is likely to display a
substitution effect of similar magnitudes over the
1982-91 period.

It would be useful to have some criteria for
judging whether the differences in the Laspeyres
and superlative measures is in some sense “signifi-
cant.” The data used in calculating the cp1 relies on
statistical surveys which are estimated with some
variance. Because the reported differences across
index number formulas are small in magnitude, it
is important to know whether these differences
may be attributed to the randomness inherent in




using survey data. Efforts are underway to calcu-
late variance measures for the indexes reported

Footnotes

here so that one can test the statistical significance
of the substitution effect estimates. ]
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Data used in the calculations

The two types of data necessary to construct the in-
dexes described in this article are expenditure data to
calculate relative importances and price data from
which to calculate price relatives. The data, briefly de-
scribed, allow the calculation of superlative indexes
over the December 1982-December 1991 period.
Average monthly relative importances for each
year are obtained using data from the Consumer Ex-
penditure Survey conducted by sLs. Data are available
beginning in 1980 for expenditures in a relatively high
level of disaggregation both with regard to commodity
items as well as geographic detail. The commodity
identifiers in these files are consistent over the time pe-
riod, and provide, at the most disaggregate level, ex-
penditures for over 200 commodities. Unfortunately, a
break in the data occurs in 1986, where the geographic
identifiers changed slightly. A concordance was con-

structed to form 44 geographic areas which are consis-
tent over the period.

The price relatives are constructed using unpub-
lished indexes from the cp1 program. Disaggregaie in-
dexes are available for geographic areas and commod-
ity items roughly comparable to those used in the
Consumer Expenditure data. A major break in the data
occurred with the 1987 revision, where several com-
meodity classes as well as areas underwent changes in
classification. Several concordances were required to
form geographic/commodity ceils which were both
consistent over time and with the Consumer Expendi-
ture data cells. The highest level of disaggregation pos-
sible provides indexes and expenditure levels for
roughly 200 commodity classes and 44 geographic ar-
eas {over 8,000 cells) from which to form the indexes
described earlier.
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The Commadity Substitution Effect

Within a particular area and commodity item, the
available indexes are used to construct month-to-
month price relatives as follows:

Py Pff',w = ]”/ fti
that is, the indexes for each cell are treated as basic

prices.
Although expenditure data are available beginning

in 1980, the first period of analysis in this article is De-
cember 1982, A conceptual change in the treatment of
shelter (the largest component in the index) which re-
duced the weight of the component and altered the mea-
sure of price movement, was made in December 1982.
Although it may be possible to extend the new measure
of shelter back to 1980, that is not atlempted here, and
instead December 1982 is chosen as the initial period
for analysis.

Table A-1. Changes in fixed-base and chained indexes, as measured by four formulas over the December
1982-91 period
Price change from To December
December 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Fixed-base indexes
Laspeyres:
982 ..... 100.00¢ | 103.848 108.073 | 112496 | 114436 | 119.634 124.985 130.008 | 132.214 | 143783

1983 ... .. 100.000 | 104.123 | 108425 | 110.471 115336 | 120395 | 126.098 | 133873 | 138.503
1984 ... 100000 | 104137 | 106.127 | 110723 | 115558 | 120903 | 128233 | 132664
1985 ... .. 100000 | 101925 | 106.355 | 111.0%4 116.090 | 123.038 | 126.924
1986 ..... 100.000 | 104585 | 109.082 | 114.101 121.154 | 124.966
1987 ..... 100,000 | 104443 | 108170 | 115770 | 119.391
1088 ..... 100000 | 104653 | 111.065 | 114619
1989 ... .. 100000 | 106178 | 109.560
1990 . .... 100.000 | 103.556
1991 ..... 100.000

Paasche:
1982 .. ... 100.000 103.493 | 107.636 | 111.650 | 112.855 | 117.839 | 122483 | 127.707 [ 135498 | 138937
1083 ... .. 100.000 | 103.860 107.810 | 100.048 | 143824 | 118.284 | 123286 | 130.801 134,152
1984 ..... 100.00¢ | 103794 | 105062 | 109.868 | 114002 | 118741 125060 | 129.175
1985 ..... 100.000 101253 | 105666 | 100853 | 114522 | 121.454 | 124.588
1986 ..... 100.00C | 104.003 | 108146 | 112876 | 118379 | 122514
1987 ..... 100000 | 103.848 | 108278 | 114754 | 117.728
1988 .. ... 100000 | 104212 | 110260 | 113.086
1089 ... .. 100.000 | 105.863 | 108.526
1990 ... .. 100000 | 102885
1991 ... 100.000

Fisher Ideal:
1982 ..... 100.000 | 103670 | 107.854 112072 | 113.643 118733 | 123728 | 120298 | 137.343 141.339
1983 . ... 100.000 | 103.994 108.117 | 109757 | 114583 | 119.335 | 124684 | 132328 | 136.310
1984 ... .. 100.000 | 103.965 | 105593 | 110189 | 114777 | 119817 | 127.091 130.908
1985 ... 100.00¢ | 101.588 106.010 | 110.432 | 115303 | 122243 | 125735
1986 ..... 100.000 | 104.289 | 108813 113487 | 120263 | 123.734
1987 .. ... 100.000 104.145 | 108723 | 115261 118.557
1988 ..... 100.000 | 104.432 | 110662 | 113.850
1989 ..... 100.000 | 106.020 | 109.042
1990 . .... 100.000 | 103.220
1091 . ... 100.000

Tornquist:
1982 .. ... 100000 | 103.864 | 107.842 112.066 113626 | 118720 | 123726 | 129352 | 137.005 | 141.226
1983 ..... 100.000 | 103.983 | 108.110 | 109.764 | 114.577 119.324 | 124733 | 131.980 | 136203
1984 ..... 100000 | 103.066 | 105626 | 110185 | 114790 | 119.879 | 126750 | 130.809
1985 ..... 100000 | 101615 | 106.014 | 110434 | 115353 | 121910 | 125.6H1
1986 100000 | 104290 | 108.604 | 113500 | 119.886 | 123.610
1087 ... .. 100.000 104.142 | 108735 | 114943 | 118.456
1988 ... .. 100000 | 104.443 ; 130357 | 113.745
1989 ..... 100.000 | 105.744 108.950
1990 ... 100.000 | 103.134
1991 ... 100.000
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Table A-1. Continued—Changes in fixed-base and chained indexes, as measured by four formulas over the
December 1982-91 period
Price change from To December—
December 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Chained indexes

Laspeyres:
1982 ... .. 100.000 | 103.848 | 108.130 | 112603 | 114.771 120.044 | 125378 | 131.212 | 139.318 | 144272
1983 ... .. 100.000 | 104.123 108.431 110518 | 115596 | 120.732 | 126.350 | 134.156 | 138.926
1984 ... .. 100.000¢ | 104.137 | 106.142 | 111019 | 115951 121347 | 128,843 | 133.425
1985 .. ... 100.000 | 101.925 | 106.608 | 111.345 | 116526 | 123725 | 128.125
1986 . .... 100.000 | 104.595 | 109.242 | 114325 | 121.388 | 125705
1987 ..... 100.000 | 104.443 | 109303 | 116.055 | 120.182
1988 ..., 100.000 | 104653 | 111118 | 115.070
1989 .. ... 100.000 | 106.178 | 109.954
1990 .. ... 100.000 | 103.556
1991 ..., 100.000

Paasche:
1982 ... .. 100.000 103.493 107.488 | 111.566 112,964 | 117.486 | 122007 | 127.146 | 134.600 | 138.483
1983 ..... 100.000 103.860 | 107.800 109.151 113.521 117.888 | 122.854 | 130.057 | 133.809
1984 ..... 100.000 | 103.794 105.095 [ 109.301 113.507 | 118288 | 125.224 | 128.836
1985 ... .. 100000 | 101.253 | 105306 | 109.358 | 112.965 | 120.646 | 124.127
1986 ... .. 100.000 | 104.003 | 108.005 | 112554 | 119153 | 122.591
1987 ... .. 100.000 | 103.848 | 108.222 | 114567 | 117.872
1988 ... .. 100000 | 104212 | 110322 | 113.505
1980 ... .. 100.000 | 105863 | 108.917
1990 ... .. 100.000 | 102,885
1991 ... .. 100.000

Fisher Ideal:
1982 ... .. 100.000 108.670 107.808 112.083 | 113864 | 118758 | 123.681 129163 | 136939 | 141.348
1983 ... 100.000 103.991 108115 | 109832 | 114554 | 119.302 | 124580 | 132.091 136.344
1984 ... .. 100.000 | 103.965 | 105617 | 110157 | 114.723 | 119.808 | 127.021 131,111
1985 ..... 100000 | 101.588 | 105955 | 110.347 | 115238 | 122176 | 126.110
1986 .. ... 100.000 | 104299 | 108.622 | 113.436 | 120266 | 124.138
1987 .. ... 100.000 | 104.145 | 108.7561 115309 | 119.022
1988 ..... 100000 | 104432 | 110719 | 114.285
1989 ..... 100.000 | 106.020 | 109.434
1990 ..... 100.000 | 103.220
1991 .. ... 100.000

Torngvist:
1982 ... .. 100.000 | 103.664 | 107.793 | 112.068 | 113.878 | 118.763 | 123682 | 129.178 | 136508 | 140.87¢0
1983 ... ., 100.000 | 103.883 | 108.107 | 109.853 114.566 | 119.311 124612 | 131770 | 135.899
1984 .., ., 100.000 | 103.966 | 105645 | 110177 | 114.741 119.839 | 126722 | 130.694
1085 ... .. 100000 | 101615 | 105974 | 110364 | 115267 | 121.888 | 125708
1986 ..... 100000 | 104200 | 108610 | 113435 | 119.951 123.710
1987 ..., . 100.000 | 104.142 | 108.768 | 115017 | 118821
1988 ... .. 100.000 | 104.443 | 110442 | 113.903
1989 .. ... 100.000 | 105.744 | 109.058
1990 ..... 100.000 | 103.134
1991 ..., 100.000
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