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Alternative Measures of Change in

Real Output and Prices

By Allan H. Young

This article and the one that follows it, “Economic
Theory and BEA’s Alternative Quantity and Price In-
dexes,” present results of Bea’s work on alternative
measures of production and prices. These measures,
which are designed to supplement Bea’s featured fixed-
weighted measures, were first described in “Alternative
Measures of Real gnNP” in the April 1989 SUurvEY OF
CurrenT Business; in that article, Bea stated that it
would develop the alternative measures as part of the
next comprehensive revision of the national income and
product accounts.

MAJOR INNOVATION in the recent compre-

hensive revision of the national income
and product accounts (~tpa’s) was the devel-
opment of alternative measures of real gross
domestic product (cppr) and of Gop prices. This
article describes these measures and provides an-
nual estimates for the period from 1959 to 1990.
Later this year, Bea expects to provide quarterly
estimates of the alternative measures.

BeAa now features real cpp calculated in 1987
prices as its measure of real output! Before
the comprehensive revision, the featured measure
was real gross national product (cnp) calcu-
lated in 1982 prices. However, for reasons set
forth in this article, no single measure of real
Gpp can be considered sufficient for all analytical
applications.

BEA first introduced an alternative measure of
real output in 1989, when real one calculated in
1987 prices was presented as an alternative to real
onp calculated in 1982 prices.” This alternative
provided a preview of the use of 1987 prices to
value real output in the comprehensive revision.
BEA also announced that it was conducting re-
search into alternative measures that would not

1. Depending on the context, real cop is described in this article in
two different but equivalent ways: As the sum of detailed quantities valued
in base-year prices, and as the weighted sum of detailed quantity relatives
(indexes), where the weights, which are referred to as price weights, are shares
of current-dollar output in the base year. Footnote 12 in the appendix to
this article, “A Note on Alternative Measures of Real GDP” provides several
equivalent algebraic formulations for real cop.

2. See Allan H. Young, “Alternative Measures of Real GNP,” SURVEY OF
CurreNT Busingss 69 (April 1989): 27-34.

be based on the fixed price weights of a single
year.

In general, a fixed-weighted measure of real
output based on the prices of a more recent year
increases less than one based on prices of an ear-
lier year. This property, which has often been
observed in index number construction, exists
because the commodities for which output grows
rapidly tend to be those for which prices increase
slowly or decrease (and, conversely, the com-
modities for which output grows slowly tend to
be those for which prices increase rapidly). Thus,
when real output is recalculated using more re-
cent prices, the commodities with strong output
growth receive less weight, lowering the growth
rate of the aggregate.’

This property has always been recognized as a
problem in long-term comparisons of real out-
put. However, until recently, the difference in the
effect of using one set of prices rather than an-
other in measuring real gpr in the United States

3. In considering whether the price of a commodity has increased more
or less rapidly than prices of other commodities from one period to another,
it is necessary to restate the price weights of the commodities for one of
the two periods so that they reflect the same quantities as the weights for
the other period. For example, to compare the price of a commodity in
1982 with the price in 1987, output shares in 1982 valued in 1982 and 1987
prices may be compared. It would be incorrect to compare the current-dollar
output share in 1982 with the current-dollar output share in 1987 because
such comparisons are affected by changes in both prices and quantities.
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had generally been considered small enough to be
safely ignored. The simplicity of an output meas-
ure in which the prices of a single year were used
to value real gor for all years was considered to
outweigh any advantage provided either by pre-
senting alternative measures based on prices of
other years or by using more complex approaches
to weighting.

Two situations have contributed to a change in
this view. First, beginning in the 1970’s, changes
in the prices and quantities of the energy and
food components of gop have been large enough
in certain periods to make the measurement of
the change in real gpp sensitive to the choice of
price weights. However, to some extent these
price and quantity movements reversed direc-
tion in later periods, moderating the effects on
measured long-term growth.

Second, since the introduction of Bea’s price
index for computers in the 1985 comprehensive
revision, changes in the prices and quantities of
computers have been large enough to make the
measurement of the change in real cpr quite
sensitive to the choice of price weights. For ex-
ample, over the period 1982 to 1987, business
expenditures on computers and peripheral equip-
ment in 198y prices increased over 3oo percent,
while computer prices declined 6o percent. Con-
sequently, computers receive a lower valuation
when real cor is calculated in 1987 prices than
when calculated in 1982 prices; for this reason,
they contribute about 1.5 percentage points less
to the growth from 1982 to 1987 in real gop in
1987 prices than in 1982 prices.

In addition, if improved measures of prices of
high-tech goods other than computers (and of
high-tech services) are developed in the future,
they may show larger declines or smaller increases
in prices than the price indexes now used in the
deflation of these commodities. If so, the effect of
the selection of price weights on the calculation
of real gbp may become greater still.

Real gpP Measures

In this article, sea’s featured measure of real cpp
is shown as a fixed-weighted quantity index in
which the weights are 1987 prices. This index
multiplied by the 1987 value of current-dollar cop
is equal to real gop in constant 1987 dollars—the
form of real gpp customarily presented in the
N1pA charts and tables. The two series are iden-
tical in terms of percent changes. Showing the
featured measure in index form facilitates com-

parisons with the two alternative measures of real
Gpp introduced in this article.

Unlike the fixed-weighted measure, the two al-
ternative measures of real gop introduced in this
article are not based on the price weights of
a single base year: In one, the weights change
each year; in the other, the weights change each
benchmark year—that is, at about s-year in-
tervals. The first index is referred to as the
chain-type annual-weighted quantity index; the
second, as the benchmark-years-weighted quan-
tity index.* (The alternative quantity indexes are
presented in table 2 at the end of this article.)

These alternative indexes use the Fisher Ideal
index formula to provide a measure of change
between two periods.’ A Fisher ldeal quantity
index is a geometric mean of a Laspeyres and a
Paasche quantity index. The Laspeyres quantity
index uses the prices of the first of the two pe-
riods being compared to weight quantities. The
Paasche quantity index uses the prices of the sec-
ond period. Given that the Fisher Ideal index is
a geometric mean, the change in the Fisher ldeal
index falls between the changes in the Paasche
and Laspeyres indexes.’

BEA expects to introduce a third alternative in
1993: A fixed-weighted quantity index with 1992
prices as weights. If, in the comprehensive revi-
sion of the mid-1990’s, Bea continues to feature
real gpp calculated in the prices of a given year,
the price weights are likely to be those for 1992.

4. The concept of the benchmark-years-weighted quantity index was de-
veloped by Jack Triplett, Chief Economist at Bea. He has referred to such
an index as the “Time-series Generalized Fisher Ideal Index.” See Jack E.
Triplett, “Superlative and Quasi-Superlative Indexes of Price and Output for
Investment Goods: Office, Computer, and Accounting Machinery,” Bea Dis-
cussion Paper No. 40 (presented at a National Bureau of Economic Research
Summer Workshop, Boston, ma, July 1988). Copies may be obtained from
the author.

5. The Fisher Ideal index was one of many index formulas examined by
Irving Fisher in The Making of Index Numbers, New York: Houghton Mifflin
Company, 1922.

6. The Fisher ldeal quantity index formula is Qf = 4/Ql xqQr,
where Ql is the Laspeyres quantity index and Q’7 the Paasche quantity

index. For the first period, Qi = Q}f = Zplfh/ qul = 1.0,

and Q{ = 1.0, where the p’s and q’s represent prices and quantities. For
the second period,
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The growth rate from period 1 to period 2 is IOO(Qg/Q{ - 1.0)=
100(Q} - 1.0).
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Gross Product by Industry: A Preview

When BEea revises the gross product by industry estimates to
make them consistent with the comprehensive revision of the nipa’s,
estimates of real gross product by industry will be calculated using
fixed 1987 price weights. Updating the fixed weights from 1982 to
1987 will have the largest impact on manufacturing—specifically,
on the nonelectrical machinery industry, in which computers and
peripheral equipment are produced. Bea will also prepare alternative
estimates of real gross product by industry using benchmark-years
weights. (Bea does not plan to calculate chain-type annual-weighted
indexes—the other alternative measure presented in the article—for
real gross product by industry, because less product detail is available
annually than for benchmark years.)

Because of the substantial change in the relative price
structure—traceable largely to the declining prices of computers and

Exhibit 1.—Fixed-Weighted and Benchmark-Years-Weighted Indexes

of Real Gross Product in Manufacturing: Average Annual

Rate of Change Over Selected Periods
Fixed-weighted indexes Benchmark-
years-weighted
1977 weights 1982 weights 1987 weights index

1977-87 wovvvrceres 4.7 2.6 16 26

1977-82 wovcvreres 038 -07 -13 01

1982-87 ... 8.8 6.0 45 5.2

Note.—With fixed-weighted indexes, real gross product is obtained by the double deflation method as the difference
between real gross output and real intermediate inputs. For the benchmark-years-weighted quantity index, the
following relationship was used to obtain the gross product index: (I;p) 02 Igo/Up) 01 , Where
I p s the derived benchmark-years-weighted index of gross product, I'; () is a benchmark-years-weighted
quantity index of gross output, I7 is a benchmark-years-weighted quantity index of intermediate input, and 0 1
and 92 are the average current-dollar shares of gross output accounted for by intermediate inputs and value
added. Use of this relationship provides a close approximation to a benchmark-years-weighted quantity index.

peripheral equipment—the use of fixed 1987 price weights for the
gross product by industry series will not adequately portray the
course of manufacturing in the late 1970’s or early 1980’s. Like-
wise, use of fixed 1977 or fixed 1982 price weights will not adequately
portray manufacturing in the late 1980’s. The benchmark-years-
weighted index, which allows for change in the relative price
structure, will present a more accurate picture.

Exhibit 1 shows the differences in growth rates for manufac-
turing that result from the use of prices of either 1977, 1982, or
1987 as fixed weights in calculating an index of real manufacturing
gross product. The exhibit also shows the growth rates that result
from the use of benchmark-year prices as weights. The index based
on 1982 price weights essentially corresponds to the 1982 dollar se-
ries released in April 1991, before the comprehensive revision of the
n1pA’s (it incorporates small revisions that have little effect on the
growth rates). The other three indexes are calculated from the same
price and quantity information as used for the 1982 dollar series.
When the gross product by industry indexes are revised, the growth
rates may differ from those in the exhibit; however, the pattern of
differences in growth rates will remain about the same.

The lack of additivity of the benchmark-years-weighted quantity
index may present a problem to some users of the gross product
by industry series. Within the framework of the benchmark-years-
weighted quantity indexes, it may not be possible to calculate, in
an exact sense, a time series for manufacturing as a share of total
output. However, by comparing the growth rates of manufacturing
with those of total cpp, it will be possible to determine whether
manufacturing gross product increased more or less rapidly than
total Gop.

Chain-type annual-weighted quantity index.—For
this alternative, a Fisher Ideal quantity index is
used to calculate the change from year t — 1 to
year t. Thus, the annual change is provided by
the geometric mean of the year ¢ values of two
fixed-weighted quantity indexes, one of which
uses prices of year £ — 1 as weights and the other,
prices of year t as weights. Annual changes com-
puted in this manner are “chained” (multiplied)
together to form a time series.

Benchmark-years-weighted quantity index.—For
this alternative, the Fisher Ideal index formula is
adapted to use weights from two adjacent bench-
mark years, which are customarily 5 years apart.
For each pair of adjacent benchmark years and
the interval between them, two fixed-weighted
guantity indexes are computed: One with the
prices of the first benchmark year as weights,
and the other with the prices of the second
benchmark year. The geometric mean of these
indexes is the benchmark-years-weighted quan-
tity index. Cumulation of the annual changes

in the benchmark-years-weighted index is equal
to the Fisher Ideal change calculated directly
from one benchmark to the next. Benchmark
years are used as weighting periods because, for
components of gop that incorporate information
from the quinquennial economic censuses, the
benchmark-year price and quantity estimates are
considered to be more accurate than those for
other years.

For 1982-87, the benchmark-years-weighted
quantity index is the geometric mean of the fixed-
weighted quantity index that uses 198 prices as
weights and the fixed-weighted quantity index
that uses 1982 prices as weights. (Except for sta-
tistical and definitional revisions, this latter index
corresponds to the fixed-weighted cpp measure
used before the comprehensive revision in 1991.)
For years beyond the most recent benchmark
year, the benchmark-years-weighted quantity in-
dex is calculated as the geometric mean of the
fixed-weighted quantity index that uses prices of
the most recent benchmark year and the fixed-
weighted quantity index that uses prices of the
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most recent year. Thus, at present, for years
beyond 1987, the index is calculated with 1987
and 1990 prices. Following the annual ~ipa revi-
sion, the index will be recalculated using 1987 and
1991 prices. When prices for the next benchmark
year, 1992, become available, the index will be
recalculated using prices of the two benchmark
years.

Considerations in selecting an appropriate index

A difference between two measures of real gpp
is not evidence that one is wrong. A measure of
real gop is not composed of actual transactions
that can, at least in principle, be added up from
information obtained from transactors to obtain
a single, correct total. A measure of real Gpe is
a construct in which transactions are valued by
the compiler in terms of prices chosen, at least
in part, arbitrarily. The worth of such a measure
lies in whether or not it proves useful in analysis.
Viewed in this way, there can be more than one
useful measure.

The fixed-weighted quantity index has the ad-
vantage of simplicity. This simplicity is the result
of three characteristics. First, the index formula
itself is simple. Second, when the fixed-weight
formula is applied to a fixed base year, it is pos-
sible to compare any two, or in fact any number
of, periods on a consistent basis. Third, the index
may be stated in terms of real dollars (by using
only the numerator of the formula), making it
possible to “add up” the components of real out-
put and to compute “real dollar shares” of cpr
for each component.

The disadvantage of a fixed-weighted quantity
index lies in the fact that the relative price struc-
ture in the economy changes over time. For
most purposes, a fixed-weighted quantity index
can only be considered appropriate for compar-
isons in which both of the years being compared
have relative price structures that are approxi-
mately the same as that of the base year. Thus,
real Gop in 1987 prices may only be appropri-
ate for assessing the performance of the economy
in the years around 1987, when the relative price
structure resembled that in 1987.

Whether the fixed-weighted index remains ad-
equate for assessing the U.S. economy in the
mid-1990’s will depend on the extent to which
the relative price structure changes. The two al-
ternatives introduced in this article, as well as the
rebased fixed-weighted measure to be introduced
in 1993, will provide a basis for monitoring such
changes; in the mid-1990’s, each of them will re-

flect more recent price weights than the featured
measure.

The two alternatives are designed to allow for
change over time in the relative price structure of
Gpp. The annual chain-type index measures the
performance of the economy from one year to the
next in terms of the price structures of the 2 years
involved in the comparison. The benchmark-
years index measures the performance of the
economy between benchmark years in a simi-
lar fashion. The alternatives have the advantage
that they portray as accurately as possible, that
is, as accurately as any other indexes that could
be calculated, the year-to-year or benchmark-
to-benchmark changes in the economy over the
entire period covered by the indexes. The disad-
vantage of these alternatives is that, because of
the use of geometric means, they lack the addi-
tive property of the fixed-weighted index. Real
GDP cannot be obtained by “adding up” its com-
ponents; consequently, the contribution of each
component to a given change in real cor is not
readily apparent.

One of the most interesting uses of the alter-
natives will be in business cycle analysis. One
would expect that more useful analytical rela-
tionships will emerge from using the alternatives
for such analyses; for example, one may find a
closer correspondence between declines in the al-
ternative measures of real cpp and declines in
employment.

In selecting an index, it is useful to keep in
mind that the estimates of the change in real cpp
are subject to several types of error. Particularly
for current quarter-to-quarter changes, the net
effect of such errors may be as large as, or larger
than, differences arising from the use of one or
another of the index formulas.

Index numbers in practice.—Other major indexes
prepared by U.S. statistical agencies, such as the
Bureau of Labor Statistics consumer price in-
dex and the Federal Reserve Board industrial
production index, do not maintain the same
fixed-weighted structure over all years. For exam-
ple, in the consumer price index, the composition
of the market basket is changed periodically.
Although the index number formulas are not
the same, the approaches to weighting taken in
these other indexes tend to resemble that in the
benchmark-years-weighted index.

In measuring real gop, few countries follow
the U.S. practice of using the Laspeyres index
formula with the same fixed-weighted structure
over all years. Among the countries surveyed
for this article, Japan is the only one that essen-
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tially follows the U.S. practice. Australia, Canada,
Germany, and the United Kingdom update price
weights at about 5-year intervals. Real pp is cal-
culated for the 5-year interval using the Laspeyres
index formula. The series is then extended back
by linking on the data for previous years that in-
corporate earlier price weights. The Netherlands
and Norway calculate an annual chain index of
real epp using annual price weights and the
Laspeyres index formula; Canada provides such
a measure as an alternative. France prepares two
measures: In one, the price weights are updated
at 10-year intervals; the other is an annual chain
index.

Thus, with the exception of Japan, the surveyed
countries use a chain-type procedure with the
Laspeyres index formula, updating weights at 5-
or 10-year intervals or annually. A characteristic
of such procedures, as mentioned earlier, is that
additivity is not maintained over all periods—
that is, the components do not add to the total as
in the U.S. measure. In order to provide additive
results, some countries that link at 5- or 10-year
intervals adjust either the total or the components
for the earlier periods; other countries include an
adjusting entry so that the components add to
the total. Some of the countries do not provide
additive results.

Why does Bea feature the fixed-weighted index?

The choice between the fixed-weighted measure
and the alternative measures may be viewed as
a choice between simplicity and accuracy as one
moves away from the base period, with the ex-
tent of the gain in accuracy depending on the
degree of change in the relative price structure as
one moves away from the base year. Given this
choice, one may ask why Bea continues to fea-
ture the fixed-weighted index. Several practical
considerations entered into the decision.

First, users of the n1pa’s have a substantial in-
vestment in the fixed-weighted measure in terms
of knowledge and experience. Although users
may come to prefer another measure, it seems
best for any such change to be evolutionary.

Second, the differences between the featured
and alternative measures may not be large enough
to affect many types of analysis. Consistent use
of one measure may very well lead to the same
analytical results as consistent use of another
measure. If experience shows that the differences
are generally insignificant, the simplicity of the
fixed-weighted index would constitute a strong
argument for its retention as the featured meas-
ure. It seems best for both users and Bea to

gain such experience before considering whether
another measure should be featured.

Third, Bea cannot currently prepare the al-
ternative measures on the same schedule as the
fixed-weighted measures. The computations un-
derlying the alternatives, which are described
later in the article, are substantial. Initially, Bea
will calculate the alternative measures for the pre-
liminary and final gop estimates of the current
quarter and present them in the Survey or Cur-
RENT Busingss; eventually, Bea probably will be
able to prepare them for the advance Gop esti-
mates and also to prepare them on a schedule
that permits their inclusion in the news releases.

As the previous paragraphs suggest, experience
with the alternatives may lead to a decision to
feature a different measure of real gop in the next
comprehensive revision. That measure could be
one of the alternatives presented in this article or
a different measure. BEA expects to do further
research on the selection of weights for measuring
real gop. Both the use of quarterly price weights
in the chain-type index and the use of business
cycle peak years in place of benchmark years as
weights will be explored.

Comparison of real cpp measures

For 1959-87, the alternative indexes of real cpp
show somewhat more rapid growth than the
fixed-weighted index (chart 1 and table A). Both
alternatives increase at an average annual rate
of 3.4 percent, compared with 3.1 percent in
the fixed-weighted index. For intervals between
benchmark years, the largest differences occur in
1963—67, when the chain-type annual-weighted
index increases an average o.4 percentage point
per year more than the fixed-weighted index, and
the benchmark-years-weighted index increases
0.5 percentage point per year more. The smallest
differences occur in 1982—87, when both alterna-

Table A.—Fixed-Weighted and Alternative Measures of
Real GDP: Average Annual Rate of Change Over
Selected Periods

[Percent]

Fixed- | Chain- | Bench-

weighted | type an- | mark- _ _ _
index, nual- years- Ccorl)i 21 Cco[I).I 31 Cco[I).I 32
1987 [ weighted | weighted ’ ' '
weights | index index
1959-87 ...covevivrene 31 34 34 03 03 0
1959-63 35 38 38 3 3 0
1963-67 ... 49 5.3 5.4 4 5 1
1967-72 ... 3.0 33 33 3 3 0
1972-77 ... 26 29 2.9 3 3 0
1977-82 ... 13 1.6 17 3 4 1
1982-87 38 4.0 4.0 2 2 0
1987-90 ....ovcvvvrneee 25 25 2.4 0 -1 -1
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tives increase o.2 percentage point per year more
than the fixed-weighted index.

On an annual basis, the differences between
the changes in the fixed-weighted Gop index and
the alternatives range up to 1.0 percentage point
(see table 1 at the end of the article). The largest
differences between the fixed-weighted index and
the chain-type annual-weighted index occur in
1962 (0.9 percentage point), 1965 (0.9), 1973 (0.7),
1981 (0.7), and 1984 (0.8). The largest differ-
ences between the fixed-weighted index and the
benchmark-years-weighted index occur in 1962

(0.9), 1965 (0.8), 1966 (0.7), 1977 (0.7), and 1981
(0.9).

For 1987—90, the benchmark-years-weighted in-
dex increases slightly less than the fixed-weighted
index.  The benchmark-years-weighted index
increases at an average annual rate of 2.4 per-
cent; both the fixed-weighted and the chain-type
annual-weighted indexes increase 2.5 percent. On
an annual basis, the differences are no larger than
0.1 percentage point.

For the major components of real cpp, the al-
ternative indexes in general also show more rapid
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Table B.—Fixed-Weighted and Alternative Measures of Real GDP and Its Major Components: Average Annual Rates of Change Over Selected Periods

[Percent]
1959-87 | 1982-87 | 1987-90 | 1987-88 | 1988-89 | 1989-90 1959-87 | 1982-87 | 1987-90 | 1987-88 | 1988-89 | 1989-90

Gross domestic product: Merchandise:

Fixed 1987 weights ............. 31 38 25 39 25 1.0 Fixed 1987 weights ............. 55 34 12.7 19.3 11.8 74
Chain-type annual weights . 34 4.0 25 39 2.6 1.0 Chain-type annual weights .. 5.9 39 124 19.0 117 6.9
Benchmark-years weights ... 34 4.0 24 38 25 1.0 Benchmark-years weights ... 6.1 4.2 125 19.0 118 71

) Services:
Peg%f:]'dictﬂf::g'mmlon Fixed 1987 weights .............. 7.0 6.1 8.6 75 9.8 8.6
4 - Chain-type annual weights .. 6.9 6.0 8.7 7.6 9.8 8.6

Fixed 1987 weights ........... 35 4.0 22 36 L9 -16 Benchmark-years weights ... 7.1 6.1 8.7 7.6 9.8 8.6

Chain-type annual weights . 36 41 22 36 19 -1.9

Benchmark-years weights .. 3.6 4.2 2.2 35 19 -1.8 Imports:

Durable goods: Fixed 1987 weights ................. 6.1 108 32 37 37 2.2

° o Chain-type annual weights ....... 5.9 104 2.9 35 33 2.0
Fixed 1987 weights .................. 4.6 9.0 2.8 6.2 2.8 -4 g ;

Chain-ype annual Weights ... 53 9.2 27 62 27 i Benchmark-years weights ........ 6.1 10.9 3.0 36 34 2.1

Benchmark-years weights ........ 53 9.3 2.7 6.1 2.8 -5 Merchandise:

Nondurable goods: Fixed 1987 WeIGtS ........... 71| 113 34 40 44 18
(F:'ﬁed %987 We'ghlts s %‘é 28 ig %j %‘3‘ 1 Chain-type annual weights .. 66| 109 31 38 40 16

ain-ype annual weights ....... : : : : : : Benchmark-years weights ... 6.8 114 3.2 4.0 41 16

Benchmark-years weights ........ 2.6 3.0 12 23 13 1 Services:

Services: vod ;

4 ) Fixed 1987 weights 35 8.6 2.2 2.2 .2 4.2
oy, S S a0l 37| 27| 37| 20| 23 Craope anual wegnts . | 40| 85| 21| 21| 1| 40
Benchmark-years weights ........ 40 37 27 37 2.0 23 Benchmark-years weights .... 41 86 21 21 2 41

Gross private domestic Government purchases:
investment: Fixed 1987 weights ... 22 4.0 18 6 15 32
E'F](g% %)?r?g :{lﬂggltsw o 2‘11 gg —-g gg gg —gg Chain-type annual weights .. 23 42 1.8 6 17 32
- . g : E : . s Benchmark-years weights ............ 23 42 17 5 15 32

Benchmark-years weights .. 43 7.0 -3 31 2.1 -5.8 y g

Fixed investment: Fegeral

: 2 Fixed 1987 weights 13 47 -4 -2.0 -6 1.6
Fixed 1987 Weights ................. 34 53 10 42 41 -16 Chain-type annual weights ....... 15 5.0 -3 -21 -3 15
Chain-type annual weights ... 40 54 8 42 3 19 Benchmark-years weights ........ 15 49 -4 =22 -6 15
Benchmark-years weights ........ 44 5.6 8 41 3 -18

A National defense:

Nonresidential: Fixed 1987 Weights ............. 57| -12| 7] 22 2
Fixed 1987 weights .............. 4.0 2.8 33 6.6 2.2 12 Chain-type annual weights .. 6.0 -13 -1.8 23 1
Chain-type annual weights .. 48 30 31 6.6 20 8 Benchmark-years weights ... 6.0 -14| -19 -23 1
Benchmark-years weights ... 5.2 33 31 6.5 20 1.0 Nondefense:

Structures: Fixed 1987 weights .............. 19 24 -2.8 4.6 55
h p . Chain-type annual weights .. 19 2.8 =32 6.1 5.7
Fixed 1987 weights ......... 3.0 -1.1 13 1.6 2.0 3 . ; _
Chain-type annual Benchmark-years weights .... 17 25 3.0 5.0 5.6
weights 30|  -16 12 16 8 2 State and local:
Benchmark-yeay 30| -7 12 16 9 2 Fixed 1987 Weights ............... 31 35 3.4 26 31 4.4
Producers dgrable Chain-type annual weights ....... 32 36 34 2.6 31 4.4
equipment: Benchmark-years weights ........ 32 36 34 26 31 44
Fixed 1987 weights ......... 47 5.3 43 9.3 2.3 16
Chain-type annual
WEIGNtS s 5.9 6.0 41 9.3 1 1.1 || Addenda:
Benchmark-years weights 6.5 6.5 41 9.2 .0 13 Final sales of gross domestic

Residential: product:

e 1967 WGHS . 23| 127| -46| -11| 38| -87 Fixed 1987 Weights .............. 31 36 25 41 22 17
Chain-type annual weights .. 24 12.6 -46 -12 -38 -88 Chalr;]—typekannual Wf}'% — 2-4 gg %5 4% gg 1~g
Benchmark-years weights .... 24| 127| -46| -11| -38| -87 Benchmark-years weights ... 4 : 5 4 : L

) . . . Gross domestic purchases:
Change in business iNVENtONES ... | ..ocoevvcves | vovvrvevenies | vvererirens | evvreienins | e | v Fixed 1987 WeIGHIS ....oo.erorre 31 38 18 30 19 5
Chain-type annual weights ....... 34 4.0 1.8 29 19 5
Ne; ;)\(l?ger;s ofgoodsand IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Benchmark-years weights ........ 34 4.0 17 2.9 18 .5
. Gross national product:

Exports: ) Fixed 1987 Weights ................ 3.1 37 25 4.0 24 11
Fixed 1987 WEigtS .............. 5.9 42| 116/ 159 113 77 Chain-type annual weights ...... 34 38 25 40 25 11
Chain-type annual weights ....... 6.1 4.5 113 157 112 73 Benchmark-years weights ........ 3.4 38 25 39 24 11
Benchmark-years weights ........ 6.3 47 114 15.6 11.2 75
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growth before 1987 than their fixed-weighted
counterparts (table B). For personal consump-
tion expenditures and for government purchases,
the alternative indexes increase an average o.1
percentage point per year more than the fixed-
weighted index.  For exports, the differen-
tial for the chain-type annual-weighted index
iS 0.2 percentage point per year and for the
benchmark-years-weighted index, o.4 percentage
point. For imports, the differential for the chain-
type annual-weighted index is —o.2 percentage
point per year.

The differentials for fixed investment (as well
as for gross private domestic investment) are
much larger than those for the other major
components: 0.6 percentage point per year for
the chain-type annual-weighted index, and 1.0
percentage point per year for the benchmark-
years-weighted index. Thus, the alternative meas-
ures, particularly the benchmark-years-weighted
index, show a higher rate of gross capital forma-
tion relative to output than do the fixed-weighted
indexes. In terms of the fixed-weighted indexes,
fixed investment increases at an average annual
rate of 3.4 percent from 1959 to 1987, while gpr
increases at a rate of 3.1 percent. In terms of the
benchmark-years-weighted indexes, fixed invest-
ment increases at an annual rate of 4.4 percent,
while Gpp increases at a rate of 3.4 percent.

An analysis of the sources of the differences
between the fixed-weighted indexes and the alter-

natives requires further work. Itis clear, however,
that changes in the prices and quantities of com-
puters and peripheral equipment are the major
source of the differences for total cpp, fixed in-
vestment, and exports. In addition to changes in
the prices and quantities of computers, the dif-
ferentials for imports reflect changes in the prices
and quantities of imported petroleum. Imported
petroleum behaved atypically during 1959—87 in
that both quantities and relative prices increased;
this behavior worked to offset the contribution
of computers and peripheral equipment.

GDP Price Measures

The featured measure of goe prices is the fixed-
weighted cpp price index with 1987 quantity
weights.” The fixed-weighted Gop price index,
like the fixed-weighted measure of real cpp, has
the property that, when weights of a more recent
year are substituted and the index recalculated,
the index increases less than when the weights for
an earlier year are used. For the reasons discussed
earlier, this property exists because the commodi-
ties with strong (weak) price increases receive less

7. As part of the 1991 comprehensive revision, the fixed-weighted gross
domestic purchases price index with 1987 quantity weights replaced the fixed-
weighted gnp price index with 1982 quantity weights as the featured measure
of price change in the U.S. economy. This section focuses on measures of pp
prices in order to provide a parallel discussion with the section on real Goe.
The fixed-weighted and alternative price indexes for gross domestic purchases
are shown as addenda to the tables in this article.

Real Gross Domestic Product: Average Annual Rate of Change in
Fixed-Weighted and Alternative Measures Over Selected Periods

Percent
]
@ . Fixed 1987 weights

D Chain-type annual weights —
|:| Benchmark-year weights

4 —]

21— —

0

1958-63 1963-67 1967-72 1972-77 1977-82 1982-87 1987-90

U.5. Department of Commerce, Bureau of Economic Analysis
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(more) weight, thus lowering the increase in the
aggregate measure.

Two alternative measures of cpp prices are in-
troduced in this article. They involve the use of
the Fisher Ideal index formula and are analogues
to the two alternative quantity measures dis-
cussed earlier; that is, the p’s and g’s are simply
reversed in the index formulas. One alternative
is referred to as the chain-type annual-weighted
price index; the other, as the benchmark-years-
weighted price index. (The alternative price
indexes are presented in table 3 at the end of this
article.)

One property of price and quantity indexes cal-
culated with the Fisher Ideal index formula is that
they fully account for the current-dollar change;
that is, the product of the price change and the
guantity change equals the current-dollar change.
The featured Laspeyres fixed-weighted-price in-
dex and Laspeyres fixed-weighted quantity index
do not have this property. This full accounting
of the current-dollar change applies to annual
changes in the chain-type annual-weighted index
and to changes between adjacent benchmarks in
the benchmark-years-weighted index.”

The fixed-weighted price indexes for several
components of cpp—producers’ durable equip-
ment (ppEe), exports, and imports—and for total
cpp and the investment aggregates will not be
shown in the ~ipa tables for years before 1982,
because the use of the relative quantity structure
in 1987 to measure price change for those years
is inappropriate. Before 1982, the combination of
the high level and very rapid decline of the price
index for computers and the large 1987 quantity
weight for computers results in either very small

8. Using the notation in footnote 6, the Fisher Ideal price index is Pf =
\/Pl X PP, where Pl s the Laspeyres price index and PP the Paasche
price index. For the first period, P% = Pf = Z vi4q1/ Z p14q1 = 1.0,

and P{ = 1.0. For the second period,

pl_ > pd1
2 - ’
> pidi

pP _ > p24q2

= , and
2 Yna

2.p2dr 2. P2d2
dria1 2.paz

The current-dollar change from period 1 to period 2 expressed as a ratio is

Z p2q2/ Z p141 and is equal to the product of the Fisher Ideal price
and quantity indexes:

S
P) =

D p2az
D poai

D p2az \/Z p2di

Sriar \ 2 riai

o ZPMzX\/quz "

Yriaz \ 2 priam

overall price increases or price declines for these
components and for total coe.” The affected en-
tries are bold-italicized in the tables in this article;
these bold-italicized entries should not be used
as measures of price change.

Comparison of gpp price measures

The differences between the fixed-weighted cpe
price index and the two alternative price indexes
average o.2 percentage point per year or less for
1982-87 and for 1987—90, the two periods shown
in table C for which use of the fixed-weighted
price index is appropriate. For 198287, the fixed-
weighted Gpp price index increases at an average
annual rate of 3.3 percent, while the chain-type
annual-weighted index increases at a 3.4-percent
rate and the benchmark-years-weighted index,
at a 3.5-percent rate. For 1987—90, the fixed-
weighted and benchmark-years-weighted indexes
increase at a 4.2-percent rate, compared with
a 4.a-percent rate for the chain-type annual-
weighted index. On an annual basis, the dif-
ferences are no larger than o.3 percentage point
during 1982-87 and o.1 percentage point during
1987—90 (see table 1 at the end of the article).
For 1959-8y, the alternative price indexes grow
more rapidly than the fixed-weighted indexes
for personal consumption expenditures (pcE)
and government purchases (table D). For pck,
the chain-type annual-weighted index increases
at an average annual rate of 4.7 percent, the
benchmark-years-weighted index at a 4.6-percent
rate, and the fixed-weighted index at a 4.3-percent
rate. For government purchases, the chain-

9. The fixed-weighted a~e price index published prior to the compre-
hensive revision of 1991 was not affected to the same extent, because the
computer price index for ppe was carried back only to 1969 and was held
at a constant level in earlier years. In the 1991 comprehensive revision, the
computer price index for ppe was extended back to 1959. In addition, the
relative quantity of computers increased greatly from 1982 to 1987.

Table C.—Fixed-Weighted and Alternative Measures of
GDP Prices: Average Annual Rate of Change Over
Selected Periods

[Percent]

Fixed- | Chain- | Bench-
weighted | type an- | mark- _ _ _
index, nual- years- Cco[I).I 21 Cco[I).I 31 Cco[I).I 32
1987 [ weighted | weighted ’ ’ '
weights | index index
1959-87 -53 4.7 4.6 -1
1959-63 .. -22.3 13 13] .. 0
1963-67 .. -22.8 2.3 23] .. 0
1967-72 .. -2.0 4.7 47 0
1972-77 .. 35 7.2 7.2 0
1977-82 .. 58 8.1 79 -2
1982-87 .. 33 34 35 . 1
1987-90 .. 42 41 42 -1 0 1

Note.—Bold-italicized entries should not be used as measures of price change. See the
text for an explanation.
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type index increases at a s.6-percent rate, the
benchmark-years index at a s.7-percent rate, and
the fixed-weighted index at a s.1-percent rate.

Because use of the fixed-weighted price in-
dex for op for periods before 1982 is not

SURVEY OF CURRENT BUSINESS

source data.

dex over each benchmark interval from 1959 to
1977. Most of the difference is due to the differ-
ent approaches to weighting and not to revised

appropriate, it is of interest to compare the
alternative gop price indexes with the fixed-
weighted onp price index calculated with 1982

guantity weights that was published before the
comprehensive revision.
lowing tabulation, the previously published fixed-
weighted onp price index increases more slowly
than the benchmark-years-weighted Goe price in-

As shown in the fol-

Fixed 1982 Benchmark-years
weights, onp weights, gpp Difference
prices prices

195963 +.vuunn- 1.0 1.3 —0.3
196367 «vvvnnn- 1.9 2.3 —.4
196772 +uuunnn- 3.6 4.7 —1.1
1972=77 wuwunnnn 6.2 7.2 —1.0
197782 viinnnn 7.9 7.9 o

Table D.—Fixed-Weighted and Alternative Measures of GDP Prices and Its Major Components: Average Annual Rates of Change Over Selected Periods

[Percent]
1959-87 | 1982-87 | 1987-90 | 1987-88 | 1988-89 | 1989-90 1959-87 | 1982-87 | 1987-90 | 1987-88 | 1988-89 | 1989-90
Gross domestic product: Imports:
Fixed 1987 weights .......... -53 33 42 39 44 4.4 Fixed 1987 Weights ..........c..coueveet 14 -2 42 5.4 31 43
Chain-type annual weights .. 4.7 3.4 4.1 3.9 4.3 4.2 Chain-type annual weights .. 56 4 4.1 5.2 3.1 4.2
Benchmark-years weights ... 46 35 42 39 43 43 Benchmark-years weights ............ 54 -1 41 5.1 3.0 4.2
Personal consumption Merchandise:

expenditures: - 7 wei _

Fixed 1987 weights 43| 38| 48| 43| 48| 23 Fixed 1987 WeIGNtS ... L0 o | B -] B

Chain-t : Chain-type annual weights .. 5.6 -2 37 5.0 31 31

-type annual weights 47 39 47 42 438 21 Benchmark iah 54 7 36 18 3 31

Benchmark-years weights 46 39 47 42 48 2.2 Serv?cngsmar -years Weights ....... - = - - 0 -

Durable goods: Fixed 1987 weights .................. 47 3.0 6.2 6.3 3.0 9.3
Fixed 1987 weights ................. 22 16 22 2.0 25 21 Chain-type annual weights .. 54 32 6.1 6.2 3.0 9.3
Chain-type annual weights 2.9 19 21 2.0 24 19 Benchmark-years weights ... 53 3.0 6.1 6.1 3.0 9.3
Benchmark-years weights ........ 29 19 21 19 24 2.0

Nondurable goods:

Fixed 1987 weights ... 4.2 24 51 3.8 55 6.2 || Government purchases:
Chain-type annual weig| 44 24 51 3.8 54 6.0 Fixed 1987 Weights .........cccccvueeen. 51 33 40 37 4.1 4.2
Benchmark-years weights ........ 4.4 24 51 38 54 6.1 Chain-type annual weights .. 5.6 34 3.9 3.6 4.0 4.0

Services: ) Benchmark-years weights ............ 57 34 39 37 4.1 41
Fixed 1987 weights ...........c...... 5.2 5.2 5.2 51 5.0 54
Chain-type annual weights 5.3 5.4 51 5.1 5.0 5.3 Federal:

Benchmark-years weights ........ 53 5.3 5.1 5.1 5.0 5.3 Fixed 1987 WeIQhtS .............. 46 25 39 28 43 45
Fixed i tment: Chain-type annual weights ... 55 25 37 27 4.0 43
'x;?ixe'(',"’l%%;”\f,gigms —11.1 9 28 33 3.0 23 Benchmark-years weights ........ 55 26 38 2.8 41 44

Chain-type annual weights 43 14 2.7 3.2 2.8 2.1 National defense:

Benchmark-years weights 89 12 27 81 28 22 Fixed 1987 Weights .......... 22 39 31| 41| 46

Nonresidential: Chain-type annual weights .. 2.4 3.8 3.0 39 4.4
Fixed 1987 weights ...........c...... -12.3 -1 2.6 2.8 2.7 2.2 Benchmark-years weights ... 24 3.8 3.0 39 44
Chain-type annual weights 39 7 25 2.8 2.6 2.0 Nondefense:

Benchmark-years weights ........ 34 4 24 2.7 26 2.1 Fixed 1987 WeIghts ......cccoeers | ovvevrrreenns 34 37 2.0 48 43

Structures: Chain-type annual weights .. | ........... 31 34 17 4.6 4.0
Fixed 1987 Weights ... 52 15 38 46 42 26 Benchmark-years weights ... | .....cccc.ee. 3.2 3.8 25 4.8 41
Chain-type annual weights .. 5.2 7 3.8 4.6 4.2 2.7 State and local

Pr&%@%ﬁ?ﬂﬁ}ﬁ?ﬁ%&'ﬁﬁjﬁ:" 52 9 38 45 42 27 Fixed 1987 Weights ............. 57 a0| a1 43| 40 39
Fixed 1987 Weights .......... | —13.6 -8 20 19 19 20 Chain-type annual weights .. 5.8 41 41 43 4.0 39
Chain-type annual weights .. 3.1 7 18 19 18 17 Benchmark-years weights ........ 5.8 41 41 43 4.0 39
Benchmark-years weights .... 24 3 17 17 17 1.8

Residential: Addenda:

Fixed 1987 weights ................. 5.1 3.2 34 43 34 24 inal sales of d )

Chain-type annual weights 52 33 34 4.2 35 2.4 F'”pamz%gﬁ of gross domestic

Benchmark-years Weighs ...... 52| 32 4] 42 84 24 Fixed 1987 Weights ............. -53] 33 42 40| 44| 44

Exports: Chain-type annual weights .. 4.7 35 41 4.0 43 4.2

Fixed 1987 weights 1 -1 32 5.7 2.3 16 Benchmark-years weights ........ 47 35 42 4.0 43 43

Chain-type annual weights 44 T 31 55 2.3 1.6 .

Benchmark-years weights 42 4 3.0 53 2.2 1.6 Gross domestic purchases:

! Fixed 1987 weights ...........c..... =53 33 43 39 44 4.6

Merchandise: Chain-type annual weights .. 47 34 42 39 43 4.4
Fixed 1987 Weights ................. -8 -13 29 6.5 2.1 2 Benchmark-years weights ........ 4.6 35 43 3.9 44 45
Chain-type annual weights 4.2 -2 29 6.2 2.1 3
Benchmark-years weights ........ 4.0 -5 2.7 6.0 2.0 3 Gross national product:

Services: ) Fixed 1987 weights ..... -53 33 4.2 39 4.4 4.4
Fixed 1987 weights ................. 4.6 3.2 3.8 3.6 2.7 5.0 Chain-type annual weights .. 47 34 41 39 43 41
Chain-type annual weights 50 33 38 36 27 5.0 Benchmark-years weights ........ 46 35 42 39 43 4.2
Benchmark-years weights ........ 48 3.2 3.8 3.6 2.7 5.0

Note.—Bold-italicized entries should not be used as measures of price change. See the text for an explanation.
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How the Alternative Measures Are
Calculated

With one exception, the alternative measures of
real gop and of Gop prices are calculated using
the same level of detail as used in calculating
real gop in 1987 prices.’” As shown in table E,
the number of components increases from 765 in
1959 t0 2,678 in 1987. Most of this increase came
in producers’ durable equipment and change in
nonfarm business inventories. For 1990, the
number of components falls to 1,088, mainly re-
flecting drops in these same two components.
The drops occur because of a lag in the avail-
ability of detailed product and industry data for
manufacturing; in the next annual ~n1pa revision,
the number of components used for 1990 will
increase to the level used for 198;.

For most of the detailed components, a
current-dollar estimate and an associated price
index are available to compute a quantity meas-
ure.  For those components for which the
quantity measure is obtained by extrapolation,
a price measure is computed from the current-
and constant-dollar estimates. Most of the de-
tailed price indexes used in the calculations are
components of the major price indexes com-

10. The exception is Federal Government purchases by the Departments of
Defense and Veterans Affairs, for which sea develops very detailed constant-
dollar estimates from price and quantity information provided by these
agencies. This information, which is available beginning in 1972, is aggre-
gated to about 200 components for use in calculating the fixed-weighted price
index and alternative measures.

Used in
GDP and

Table E.—Number of Detailed Components
Calculating Alternative Measures of Real
GDP Prices, Selected Years

1959 | 1972 | 1977 | 1987 | 19901
Gross domestic product .........ccc...... 765| 992| 2,260( 2,678| 1,088
Personal consumption expenditures  ...... 197| 197| 200| 203 203

Durable goods
Nondurable goods
Services

Gross private domestic investment .
Fixed investment ..........ccoeveneen. .| 201| 221| 455| 683 105

Nonresidential .. 201| 203| 437| 665 87
Structures 18| 20 20 20 20
Producers’ durable equipment ....... 183 183| 417 645 67

Residential ..o 18| 18 18 18 18

Change in business inventories ...

Net exports of goods and services ........
EXPOIS oo . 25| 42 48| 135 135
Merchandise .
SEIVICES oo 20 31 37 37 37
IMPOIS oo 26| 41 43| 143 143

Merchandise .........cccoveneeneereeneennienens 5[ 13 13| 113 113
SEIVICES vvuverirrireiereeseessssenseissinens 21 28 30 30 30
Government purchases .........oceeriinen. 171| 364| 366| 366 366
FEAEral ... 68| 261| 261| 261 261
National defense ........cvrvveiviinis | veveens 191 191| 191 191
NONAEfENSE ...ooveriieeeciiins | e 70 70 70 70

State and 10cal ..o 103 103| 105 105 105

1. See the text for an explanation of the drop in component detail for 1990.
Note.—The level of detail shown in this table is also used in calculating the fixed-weighted
GDP price index.

piled by the Bureau of Labor Statistics—that is,
the consumer price index, the producer price
index, and the international price indexes. Ex-
ceptions include the price indexes for comput-
ers and for national defense purchases, which
are prepared by BEaA; the construction price
indexes, prepared by the Census Bureau and
BEA; and agricultural commodity prices, pre-
pared by the Department of Agriculture." The
prices for government employee compensation
are computed from current- and constant-dollar
estimates, where the latter are prepared by ex-
trapolating base-year compensation for detailed
categories by indexes of employment or hours
worked.

BEa plans to make available the detailed
current-dollar and price-index components used
to prepare the alternative measures of real Ggpp
and of gpp prices. Information on the availabil-
ity of this database will appear in a subsequent
issue of the SurvEy.

Appendix:
A Note on Alternative Measures
of Real GDP

The effect of different approaches to weighting on
the measurement of real gop can perhaps best be
illustrated using a hypothetical two-commodity
economy. Exhibit 1 shows prices, guantities,
and current-dollar values—that is, price times
quantity—for two commodities (A and B) in
years 1 to 6. An important characteristic of the
example is that the price of A grows more than
the price of B while the quantity of A grows less
than the quantity of B.

Fixed weighting.—Using the entries in exhibit 1,
fixed-weighted measures of real gop are obtained

1. A summary of the price information used in preparing the constant-
dollar estimates is provided in table 7 in “The U.S. National Income and
Product Accounts: Revised Estimates,” Survey 7o (July 1990): 30-33. See
also the individual methodology papers listed on the inside back cover of this
issue.

Exhibit 1.—Hypothetical Two-Commodity Economy

Year Ratio:

Year 6

to year
1

Price (dollars):
A

5 6 8 9 11 12 240
4 4 5 5 6 6 1.50
6 7 7 8 8 7 117
5 7 8 10 1 1 2.20

30 42 56 72 88 84 2.80
20 28 40 50 66 66 3.30
50 70 96 | 122 | 154 | 150 3.00
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by multiplying quantities in each year by prices in
a designated base period. Thus, with year 1 as the
base period, real gop in year 1is (5x6)+(4x5)=
50; in year 2, (5 X 7)+(4 x 7)= 63; and so
on. Likewise, with year 2 as the base period, real
GDP in year 1 is (6 X 6)+(4 x 5)= 56; in year
2, (6 X 7)+(4 x 7)=70; and so on. Similarly,
real gpp can be calculated using the other years
as the base period.”

Thus, in principle there are as many measures
of fixed-weighted real gpp as there are years that
could be used as the base period. Exhibit 2 shows
a matrix of real gpp measures calculated from
exhibit 1, using each of the 6 years as the base
period. The first six rows in the exhibit show real
cpp in dollars; the next six rows show real gpp as
indexes with the base period set equal to 100.0;
the last six rows show period-to-period growth
rates in the measures.”

In the exhibits, years 1, 3, and 5 are designated
as benchmark years. Thus, the index of real gpp
based on prices in year 5, the most recent bench-
mark year, corresponds to the fixed-weighted
measure that is featured in practice.

In this example, selecting a later year as the
base period produces a lower growth rate than
selecting an earlier year because of the char-
acteristic mentioned earlier—that the price of
commodity A grows more than the price of com-
modity B, while the quantity of A grows less
than the quantity of B. Therefore, commod-

12. Because quantity data are not available for most components of real
Gop, real gop is obtained by deflating current-dollar values by price indexes
that express the price of each period relative to that of the base period. This
procedure yields results identical to those obtained directly from prices and
quantities. For example, using prices and quantities directly with year 1 as the
base year, commodity A in real terms in year 2 is (5X7)= 35. The identical
result is obtained by deflating the current-dollar value of 42 for commodity
A in year 2 by the price index with year 1 as the base year for commodity A
in year 2. The price index is (6 = 5)= 1.20. Thus, commodity A in real
terms is (42 + 1.20)= 35.

Algebraically, these two procedures can be shown to be identical as fol-
lows: Using prices and quantities directly, real aoe is Z Podt, Where
Po is the price in the base period and ¢ is the quantity in year t.
Deflating current-dollar values, the fixed-weighted measure of real cop is

Z (ptqt/(pt /po)) = Z Podt- Real cpp may also be expressed as a
weighted sum of quantity relatives (indexes) scaled by the base-year value of

Gpp; that is,
Z Z—t(Wt)X Z Podo = Z Podt, where
0

Podo
> Podo
is the share of current-dollar output in the base year accounted for by the
commodity, and Z Podo Is the base-year value of cpe.
13. As shown in footnote 12, the fixed-weighted measure of real Gpp in

year L is Z Podt, Where po is the price in base year 0, and gt is the
quantity in year £. The growth rate in this measure from year t — 1 to year

tis
100 (M - 1.0) .
Z%—lpo

Wi =

ity A receives more weight (and commodity B
less) when a later year is the base period. It is
true generally that a later base period produces
lower growth in real cpp because fast-growing
quantities tend to be associated with relatively
slow-growing prices and slow-growing quantities
with relatively fast-growing prices.

Over long timespans, such inverse relationships
in the growth of prices and quantities tend to be
the rule. One explanation for such relationships
is that as changes in technology or in market
structure lower some relative prices and raise oth-
ers, buyers respond by demanding relatively more
of the low-priced goods and relatively less of the
high-priced ones and that these responses out-
weigh any contrary effects arising from changes
in taste or in income levels.

Chain-type annual weighting.—In this alternative,
the Fisher Ideal index formula is used to calculate
the annual change in real gope. The Fisher Ideal
index is the geometric mean of a Laspeyres and
a Paasche index. In terms of the example, the
year 2 value of the fixed-weighted measure based
on prices in year 1 is a Laspeyres quantity in-
dex, while the year 2 value of the fixed-weighted
measure based on prices in year 2 is a Paasche
quantity index. The year 2 values of these in-
dexes (in terms of percent changes) may be taken
from the bottom panel of exhibit 2. The geo-
metric mean of these two indexes is the Fisher
Ideal index for year 2; that is, the Fisher Ideal

Exhibit 2.—Fixed-Weighted Measures of Real GDP

Year Ratio:

Year 6

to year
1

Real GDP in dollars, based on prices in year:

50 63 67 80 84 79| 1.580
56 70 74 88 92 86| 1.536
73 91 96 114 119 111 1521
79 98 10 122 127 118 1.49%4
96 119 125 148 154 143 1.490
102 126 132 156 162 150| 1.471

Indexes of real GDP, based on prices in year:

100.0| 126.0| 1340| 160.0| 168.0f 158.0| 1.580
80.0| 100.0| 105.7| 1257| 131.4| 1229| 1536
76.0 948| 100.0( 1188| 124.0| 1156| 1.521
64.8 80.3 84.4| 100.0( 104.1 96.7| 1.494
62.3 77.3 81.2 96.1| 100.0 929 1.490
68.0 84.0 88.0| 104.0| 108.0{ 100.0| 1.471

oo wWN R

Percent change in real GDP, based on prices in year:

............ 26.0 6.3 19.4 5.0 6.0
............ 25.0 5.7 18.9 45 -6.5] ...
............ 24.7 55 18.8 44| -6.7] ..
............ 24.1 5.1 18.4 4.1 =710 ..
............ 24.0 5.0 18.4 4.1 =710 ..
............ 235 4.8 18.2 3.8 1.4
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index is +/1.260 x 1.250 = 1.255, and the
growth rate from year 1 to year 2 iS 25.5 per-
cent. Similarly, the Fisher Ideal index for year
3is +/1.057 x 1.055 = 1.056, and the growth
rate is 5.6 percent. Thus, the growth rates in the
chain-type annual-weighted index are computed
from pairs of year-to-year changes (expressed
as ratios) in the fixed-weighted quantity indexes
moving diagonally down and across the bottom
panel of exhibit 2. These growth rates are entered
in the top panel of exhibit 3 and are chained to-
gether to provide the chain-type annual-weighted
index (with year s=100) in the bottom panel.™*

Benchmark-years weighting.—In this alternative,
the geometric means of the two fixed-weighted
quantity indexes based on prices in adjacent
benchmark years are used to calculate the annual
change in real gop. In the example, years 1 and 3
form the first pair of adjacent benchmark years,
and the fixed-weighted quantity indexes used to
calculate the growth rates in real gpp from year
1 to year 3 are based on prices in years 1 and 3.
The growth rate from year 1 to year 2 is given

14. The chain-type annual-weighted measure of real gpe growth from
year t — 1 toyear t is

100 (

Exhibit 3.—Alternative Measures of Real GDP Compared
With Fixed-Weighted Measures Based on Prices in
Year 5

Dapi-1
D ar-1pi-1

Ydi-1pt

>.arpe 1_0> _

Year Ratio:
Year
6 to

year 1

Percent change in real GDP, based on:

Chain-type annual weights 255| 56| 186
Benchmark-years weights 25| 59| 186
Fixed weights, year 5 prices ... | ... 240| 50| 184

Indexes of real GDP (year 5 = 100), based on:

Chain-type annual weights ....... 61.1| 76.7| 81.0| 96.1| 100.0| 92.7| 1.517
Benchmark-years weights* ...... 60.9| 76.3| 80.8| 95.9| 100.0| 92.7| 1.522
Fixed weights, year 5 prices ... | 62.3| 77.3| 81.2| 96.1| 100.0| 92.9| 1.490

1. Years 1, 3, and 5 are benchmark years.

by the geometric mean of the year 2 values of
the two fixed-weighted indexes. These values (in
terms of percent changes) may be taken from the
bottom panel of exhibit 2. For year 2, the in-
dex value is v/1.260 x 1.247 = 1.253, and the
growth rate is 25.3 percent. Similarly, the geomet-
ric mean for year 3 is +/1.063 x 1.055 = 1.059,
and the growth rate is 5.9 percent. The cumu-
lated change from year 1 to year 3 of 32.7 percent
is identical to the growth rate calculated with the
Fisher Ideal index directly from year 1 to year
3—that is, +/1.340 x 1.315 = 1.327 (where
134.0 = 100.0 = 1.340, and 100.0 + 76.0 =
1.315)."

Beyond the most recent benchmark year, only
one set of benchmark weights is available, but the
index formula requires two. Therefore, the most
recently available year is used as if it were the next
benchmark year. In the exhibit, this procedure
provides the same annual change for year 6 as in
the chain-type annual-weighted index. Once data
for year 7 become available, the annual change
for year 6 in the benchmark-years-weighted index
would be recalculated.

The growth rates for the benchmark-years-
weighted index are entered in the top panel of
exhibit 3 and chained together to provide an
index in the bottom panel. For comparison,
exhibit 3 also shows the fixed-weighted quantity
index based on prices in year 5, the most recent
benchmark year.

Tables 1 through 3 follow. lf

15. The benchmark-years-weighted measure of real cpe growth from year
t—1tovyeartis

100 2.dtPa X 2P —1.0 |, where
> di-1Pa  D.di-1Pp
a and b are benchmark yearsand t = a+1,a+2,...,b. The cumulation

of the benchmark-years-weighted index values for the years between a and
b is equal to the Fisher Ideal index value calculated directly from year a to
year b:

ZQaHpa
> daPa

2.4da+1Pp 2. dar2Pa , >.da+2Pb .,
> dabp > da+1Pa > 4da+1Pb

April 1992 o 43

> dpPa

> apPp _\/quvaXquvb

ZQbflpa ZQbflpb - ZQaPa Zﬂlapb.
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Table 1.—Fixed-Weighted and Alternative Quantity and Price Indexes for Gross Domestic Product, Percent Change from Preceding Period

[Percent]
GDP Final sales of domestic product Gross domestic purchases GNP
e Chain-type | Benchmark- . Chain-type | Benchmark- — Chain-type | Benchmark- . Chain-type | Benchmark-
Index and year wltzelixﬁtjed annual- years- WZIiX?'I?ed annual- years- wlélixﬁltjed annual- years- w':elixﬁ(tjed annual- years-
in%iex weighted weighted in?jex weighted weighted in?jex weighted weighted in%iex weighted weighted
index index index index index index index index
Quantity indexes
2.2 2.3 23 25 26 2.5 14 15 15 22 24 24
2.7 2.4 24 2.7 25 2.5 2.6 23 23 2.7 24 2.4
5.2 6.1 6.1 48 55 55 54 6.4 6.4 5.2 6.1 6.2
41 43 44 41 44 45 3.9 41 4.2 4.1 43 4.4
5.6 6.0 5.9 5.7 6.1 6.1 5.3 5.6 55 5.7 6.0 6.0
55 6.4 6.3 5.2 5.7 5.7 59 6.8 6.7 55 6.4 6.3
5.9 6.5 6.6 55 6.0 6.1 6.4 6.9 6.9 5.8 6.4 6.4
2.6 2.5 2.7 3.0 3.0 3.2 2.8 28 29 26 25 2.7
4.2 4.6 45 44 49 48 4.6 5.0 4.9 4.2 4.6 45
2.7 31 3.0 2.7 31 30 2.8 31 31 2.7 30 30
0 0 0 7 8 1 -2 -3 -3 0 0 0
2.9 34 34 23 2.8 2.8 32 36 37 29 34 35
51 55 5.7 51 54 5.6 54 5.6 5.9 51 55 5.7
5.2 5.9 5.7 4.7 53 5.1 44 4.9 4.9 54 6.1 5.9
. : : : -3 -2 -15 -15 -15 -5 -5 -4
N .6 -1.6 -1.6 =17 -11 -9 -1.1
39 41 5.9 6.4 6.4 51 55 5.7
45 48 5.1 5.7 5.7 4.6 5.0 5.3
5.2 5.2 48 5.2 5.1 48 5.2 51
35 36 2.0 21 22 28 31 31
.6 8 -16 -1.9 -16 -6 -2 0
1.3 16 2.0 2.6 29 1.6 2.3 25
-1.0 -6 -14 -16 -12 -2.3 24 -2.0
34 34 5.2 5.2 5.2 3.8 37 3.8
4.9 49 78 85 83 6.0 6.8 6.5
45 45 3.6 3.6 3.6 29 3.0 3.0
33 32 3.0 31 31 2.8 2.7 2.7
2.7 2.9 2.7 28 29 3.0 3.0 31
4.1 4.0 3.0 29 29 4.0 4.0 39
23 2.2 19 19 18 24 25 24
1.6 1.6 5 5 5 11 11 11
15 15] .. 15 1.4
12 11]. 12 11
14 13]. 13 13
12 12].. 12 12
14 13]. 14 13
19 19] .. 19 19
2.9 29( .. 2.8 29
32 33] . 32 3.2
4.4 43] .. 4.4 43
4.7 471 .. 47 a7
54 53] .. 5.3 53
51 51].. 5.0 5.0
43 4.4 43 45
5.6 55 5.6 55
8.8 86| .. 8.8 8.6
94 941 .. 9.5 94
5.9 59] .. 5.9 5.9
6.5 6.6] .. 6.4 6.5
75 6.7] .. 75 6.6
85 83] .. 8.4 8.4
9.1 9.1] .. . X . 9.0 9.2
9.2 9.1] .. . . . 9.2 9.1
6.4 6.5] .. . X . 6.3 6.4
4.2 41 33 3.7 3.6 38 41 41
36 36 3.0 34 34 33 36 36
3.6 3.6 33 3.4 35 35 3.6 36
2.8 2.9 2.7 2.8 2.9 2.7 2.7 2.9
31 32 34 35 35 31 31 32
4.0 4.0 39 39 39 39 39 39
43 43 43 43 4.4 43 43 43
42 43 45 44 45 43 4.1 42

GDP=Gross domestic product; GNP=Gross national product
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Table 2.—Fixed-Weighted and Alternative Quantity Indexes for Gross Domestic Product
[Index numbers, 1987=100]

Personal consumption expenditures Gross private domestic investment Government purchases
— Final Gross Gross
Year GDP Non- Fixed investment Exports | Imports sales of | domestic national
Total Durable durable | Services | Total Total | Federal State | domesic | pur- roduct
goods 00ds Total Non- Residen- and local | product | chases P
g residential tial
Fixed-weighted index
425 38.6 283 51.3 333 39.6 39.1 33.2 52.2 20.3 18.9 53.9 69.0 42.2 424 41.7 42.7
434 39.7 28.6 52.1 34.7 38.8 39.1 348 48.6 243 18.9 54.1 67.3 43.9 435 42.2 43.6
44.6 40.6 27.1 53.2 36.1 38.6 39.0 34.6 48.9 24.7 18.8 56.9 70.2 46.6 4.7 433 44.8
46.9 424 29.8 54.7 37.9 42.9 423 37.2 53.5 26.1 20.8 59.5 74.6 47.7 46.8 45.7 47.2
48.8 44.0 323 55.7 39.6 45.8 453 38.6 59.9 28.0 212 60.8 74.2 50.5 48.7 474 49.1
51.6 46.4 34.8 58.2 42.0 49.6 49.3 43.0 63.1 317 22.3 62.3 73.2 53.8 515 49.9 51.9
54.4 49.0 38.7 61.0 44.2 55.1 53.6 50.3 61.0 324 245 64.3 73.3 57.4 54.2 52.9 54.8
57.6 51.6 41.1 64.0 46.4 58.5 55.5 55.6 55.3 345 28.3 70.6 83.0 61.0 57.1 56.2 57.9
50.1 53.2 414 65.2 48.6 55.9 54.1 54.4 53.4 35.7 30.3 75.8 91.2 63.8 58.9 57.8 59.5
61.6 55.9 45.7 67.9 51.1 58.7 57.6 56.3 60.5 385 35.0 77.9 91.7 67.2 61.4 60.5 62.0
63.3 58.0 47.3 69.5 53.6 61.6 60.4 59.5 62.2 40.6 373 7.4 88.4 68.8 63.1 62.2 63.6
63.3 59.4 455 70.9 55.7 57.4 58.6 58.7 58.5 443 38.7 75.5 81.8 70.7 63.5 62.1 63.6
65.1 61.4 49.9 71.8 57.8 63.5 62.9 57.6 74.6 445 41.0 74.0 75.6 72.8 65.0 64.1 65.5
68.4 64.8 55.8 74.8 60.9 71.0 70.5 62.6 87.9 47.7 454 74.1 73.9 74.2 68.3 67.6 68.8
72.0 67.7 61.1 76.9 63.6 79.0 76.6 71.8 87.3 57.8 48.2 73.1 68.9 76.3 71.6 70.5 72.6
715 67.3 56.3 75.1 65.2 72.5 70.8 71.6 69.1 64.4 47.0 744 68.2 79.1 71.3 69.4 72.2
71.0 68.7 56.2 75.9 67.4 58.4 62.5 63.6 59.8 64.0 414 75.3 68.2 80.7 717 68.3 715
74.5 72.3 63.5 79.3 70.2 69.5 68.5 66.0 73.9 66.9 49.3 74.8 67.1 80.8 74.3 72.3 75.1
77.8 75.2 69.3 81.1 73.1 80.1 783 732 89.6 67.8 54.2 75.3 68.3 80.8 775 76.0 785
81.6 78.4 725 83.6 76.6 88.7 86.8 82.9 95.2 74.2 59.2 76.8 69.8 82.2 81.2 79.7 82.3
83.6 80.2 71.6 85.3 79.2 89.4 90.8 90.2 92.1 80.6 60.0 78.2 70.6 84.1 83.8 81.3 84.6
83.2 80.2 65.1 85.1 80.9 79.3 83.4 88.0 73.2 88.0 57.2 79.9 74.0 84.4 83.8 80.0 84.1
84.7 81.2 65.5 85.8 82.1 84.2 83.9 91.4 67.3 89.6 60.0 80.9 76.9 84.0 84.6 81.6 85.5
82.8 82.0 65.0 86.3 83.6 72.1 77.2 87.2 55.1 815 60.0 82.1 79.5 84.1 83.7 80.5 83.5
86.0 85.8 737 89.0 86.8 80.0 82.3 84.5 7.4 785 67.5 84.4 83.3 85.2 86.5 84.6 86.7
91.4 90.0 83.8 92.4 90.0 101.1 95.4 98.5 88.5 84.0 84.3 87.0 86.0 87.8 90.4 91.2 91.9
94.3 93.9 91.7 94.8 93.9 99.5 100.1 104.8 89.7 84.9 89.7 92.3 92.3 92.3 94.3 94.5 94.5
97.0 97.3 99.6 98.0 96.3 98.1 100.5 100.5 100.4 90.5 95.6 97.0 96.9 97.1 97.4 97.4 97.1
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
103.9 103.6 106.2 102.4 103.7 103.2 104.2 106.6 98.9 115.8 103.7 100.6 98.0 102.6 104.1 103.0 104.0
106.5 105.6 109.2 103.8 105.8 105.3 104.6 109.0 95.1 128.9 1075 102.1 97.4 105.8 106.4 104.9 106.5
107.6 106.9 108.7 103.9 108.3 99.4 102.9 110.2 86.8 138.9 109.8 105.4 99.0 1104 108.2 105.4 107.7
Chain-type annual-weighted index

39.2 373 23.6 494 33.0 327 334 27.0 515 18.9 20.1 52.2 65.8 41.0 39.4 39.0 394
40.1 38.3 24.1 50.2 345 325 33.6 285 47.8 22.8 203 51.7 62.7 42.6 40.4 39.6 40.3
41.0 39.2 232 51.3 35.9 321 335 283 47.9 232 20.2 54.4 65.5 45.3 414 40.5 413
435 41.1 25.9 53.0 31.7 36.3 36.5 30.7 52.5 244 225 57.6 713 46.5 43.6 431 43.8
454 42.8 284 54.1 39.4 38.7 39.2 32.3 58.7 26.3 23.1 58.9 70.6 49.3 45.6 44.9 45.7
48.1 453 31.0 56.7 41.8 42.0 42.9 36.1 62.2 29.8 243 60.2 69.4 52.7 48.3 474 484
51.2 48.1 35.0 59.5 44.0 47.8 47.3 42.3 60.3 304 26.9 62.1 69.4 56.2 51.1 50.6 515
54.5 50.8 379 62.5 46.3 51.8 49.8 475 54.9 324 30.8 68.2 784 59.9 54.2 54.1 54.8
55.9 52.3 385 63.6 48.5 49.6 48.8 46.7 53.2 331 33.0 73.6 87.1 62.8 55.8 55.6 56.2
58.5 55.3 42.8 66.3 51.0 52.1 52.2 48.7 60.5 355 37.9 75.8 87.7 66.2 58.6 58.3 58.8
60.3 57.3 44.3 68.0 53.5 55.2 55.3 52.2 62.3 374 40.0 75.3 84.4 67.9 60.4 60.1 60.6
60.3 58.6 42.9 69.5 55.6 51.3 53.9 51.7 58.5 415 417 732 773 69.7 60.8 59.9 60.6
62.3 60.7 47.1 70.7 57.7 57.0 58.0 51.7 74.6 41.8 43.9 71.8 71.6 72.0 62.5 62.1 62.7
65.7 64.3 53.1 73.7 60.8 63.9 65.0 56.3 87.9 45.1 48.8 71.8 69.5 735 65.9 65.6 66.1
69.6 67.5 58.6 76.0 63.5 71.6 70.9 64.5 87.3 54.6 51.0 71.2 65.7 75.7 69.4 68.8 70.1
69.1 67.0 54.7 74.6 65.0 65.9 66.2 64.9 69.3 59.7 49.7 72.6 65.6 784 69.2 67.8 69.8
68.7 68.4 54.7 75.6 67.3 53.8 58.8 58.1 60.3 59.3 44.2 73.4 65.5 79.8 69.7 66.8 69.2
72.4 72.2 61.7 79.2 70.1 64.6 64.6 60.9 744 62.6 52.7 73.0 64.5 80.1 724 71.0 73.0
75.9 75.4 67.5 81.3 73.1 75.3 74.2 68.1 90.2 64.0 58.3 73.7 65.9 80.1 75.7 75.1 76.6
79.9 785 70.8 83.9 76.6 84.2 83.0 78.2 95.8 71.0 63.8 75.3 67.5 817 79.7 78.9 80.6
82.2 80.3 70.2 85.6 79.1 85.6 87.6 85.9 92.3 .7 64.9 76.9 68.6 83.7 82.5 80.6 83.1
82.0 79.9 64.2 85.1 80.7 76.5 81.8 85.6 73.1 86.2 60.6 78.7 72.3 84.0 83.0 79.1 82.9
84.1 80.8 64.7 85.7 81.9 83.5 83.4 90.2 67.3 87.5 62.1 80.2 75.9 83.6 84.0 81.2 84.9
82.2 81.6 64.4 86.2 834 716 77.1 86.1 55.2 80.3 60.9 81.4 785 83.8 83.2 79.8 82.8
85.3 85.6 733 88.9 86.7 78.2 82.0 84.1 7.4 77.8 68.1 83.9 82.5 85.0 86.0 83.9 85.9
91.3 89.8 835 92.3 89.9 101.8 95.6 98.7 88.5 83.8 84.2 86.4 84.9 81.7 90.2 91.1 91.8
94.2 93.8 91.4 94.7 93.8 99.8 100.2 104.8 89.7 84.8 88.7 91.9 91.6 92.2 94.3 94.4 94.5
97.0 97.2 99.5 98.0 96.2 98.0 100.3 100.3 100.4 90.4 95.3 96.9 96.7 97.1 97.3 97.3 97.1
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
103.9 103.6 106.2 102.4 103.7 103.0 104.2 106.6 98.8 115.7 103.5 100.6 97.9 102.6 104.1 102.9 104.0
106.6 105.5 109.1 103.7 105.8 105.7 104.4 108.7 95.1 128.6 106.9 102.2 97.6 105.8 106.4 104.9 106.6
107.6 106.8 108.4 103.9 108.2 99.4 102.4 109.6 86.7 138.1 109.1 105.5 99.1 1104 108.1 105.4 107.7
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Table 2.—Fixed-Weighted and Alternative Quantity Indexes for Gross Domestic Product—Continued
[Index numbers, 1987=100]

Personal consumption expenditures Gross private domestic investment Government purchases
— Final Gross Gross
Year GDP Non- Fixed investment Exports | Imports sales of | domestic national
Total Durable durable | Services | Total Total | Federal State | domesic | pur- roduct
goods 00ds Total Non- Residen- and local | product | chases P
g residential tial
Benchmark-years-weighted index

38.8 372 235 49.3 33.0 30.6 30.2 24.0 51.1 18.0 19.2 52.5 66.6 41.0 38.8 38.7 39.0
39.7 38.2 24.0 50.1 345 303 304 253 474 217 19.4 52.0 63.6 42.6 39.8 39.2 39.9
40.7 39.1 231 51.2 35.9 30.0 30.2 25.1 47.6 221 19.3 54.7 66.3 45.3 40.8 40.1 40.9
43.2 41.0 25.8 52.9 31.7 34.0 33.0 273 52.1 232 214 58.0 72.0 46.4 43.0 42.7 434
45.1 42.7 28.3 54.0 394 36.3 355 28.9 58.3 25.0 22.1 59.2 714 49.2 44.9 445 454
471.7 45.2 309 56.6 41.8 39.4 38.9 322 61.7 28.3 232 60.5 70.2 52.6 47.7 46.9 48.1
50.7 48.0 34.8 59.4 44.0 44.7 42.8 37.8 59.8 28.9 25.6 62.4 70.1 56.2 50.4 50.1 511
54.1 50.7 37.7 62.4 46.2 48.6 453 42,5 54.5 30.9 29.4 68.5 79.1 59.8 53.4 53.5 54.4
55.5 52.2 383 63.5 48.5 46.8 44.8 424 52.8 316 315 74.0 87.9 62.7 55.1 55.1 55.8
58.0 55.1 425 66.2 51.0 49.1 47.8 44.2 59.9 339 36.2 76.2 88.6 66.1 57.8 57.8 58.4
59.8 57.1 44.1 67.9 53.4 52.1 50.6 47.3 61.7 35.7 38.3 75.7 85.5 67.8 59.5 59.6 60.1
59.8 58.4 42.7 69.4 55.6 48.5 49.4 46.9 58.0 39,5 40.0 735 784 69.6 59.9 59.4 60.1
61.8 60.6 46.9 70.6 57.6 54.0 53.3 47.0 73.9 39.8 42.1 72.0 72.3 71.8 61.6 61.5 62.2
65.3 64.2 52.9 73.6 60.7 61.0 60.1 51.7 87.2 43.0 46.7 72.0 70.2 73.3 65.1 65.1 65.7
69.0 67.3 58.3 75.9 63.4 68.4 65.6 59.3 86.6 51.8 49.6 712 65.9 75.5 68.4 68.3 69.6
68.6 66.8 54.3 744 64.9 63.1 61.4 59.7 68.7 57.7 484 72.6 65.8 78.2 68.3 67.3 69.3
68.0 68.2 54.3 75.5 67.1 50.9 54.5 53.5 59.7 57.7 42.8 735 65.7 79.8 68.7 66.1 68.5
71.8 72.0 61.3 79.0 70.0 61.4 60.1 56.3 73.8 60.9 50.9 732 64.8 80.0 71.6 70.4 724
75.5 75.2 67.1 81.1 72.9 71.6 69.2 63.3 89.5 62.7 55.9 73.9 66.3 80.0 75.0 74.4 76.2
794 78.3 70.3 83.7 76.4 79.6 775 727 95.0 69.2 60.4 75.5 68.0 81.6 78.9 78.2 80.1
817 80.0 69.8 85.4 79.0 81.2 82.0 80.1 91.7 75.8 61.4 77.0 69.0 83.5 817 79.9 82.7
817 79.8 63.9 84.9 80.6 73.6 77.6 80.7 72.8 84.2 57.8 78.9 721 83.9 82.4 78.6 82.6
83.9 80.7 64.3 85.7 817 81.1 80.5 86.7 67.1 86.1 60.1 80.2 76.0 83.6 83.7 80.8 84.7
82.3 81.6 64.2 86.1 83.2 714 76.1 85.0 55.0 79.4 59.6 81.6 78.9 83.8 83.1 79.8 83.0
85.5 85.4 73.0 88.9 86.5 78.7 811 82.7 773 76.8 66.8 84.0 82.8 85.0 85.9 84.0 86.1
91.2 89.7 83.1 92.3 89.7 100.7 94.6 97.2 88.4 82.7 83.1 86.7 85.5 87.6 90.1 91.0 91.7
94.2 93.6 90.9 94.7 93.7 99.1 99.3 103.4 89.6 84.0 87.8 92.1 92.0 92.1 94.2 94.3 94.4
96.9 97.2 99.2 98.0 96.2 97.5 99.5 99.3 100.3 89.8 94.6 96.9 96.7 97.1 97.2 97.2 97.0
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
103.8 103.5 106.1 102.3 103.7 103.1 104.1 106.5 98.9 115.6 103.6 100.5 97.8 102.6 104.0 102.9 103.9
106.4 105.5 109.0 103.7 105.8 105.2 104.4 108.7 95.1 128.6 107.1 102.1 97.3 105.8 106.3 104.8 106.4
1075 106.8 108.4 103.8 108.2 99.1 102.5 109.7 86.8 138.3 109.3 105.3 98.7 1104 108.0 105.3 107.6

GDP=Gross domestic product
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Table 3.—Fixed-Weighted and Alternative Price Indexes for Gross Domestic Product
[Index numbers, 1987=100]

Personal consumption expenditures Fixed investment Government purchases

Final Gross Gross
sales of | domestic )
Year GDP Non- ; Exports | Imports - national
Durable ; Non- Residen- State and | domestic pur-
Total qoods durable | Services | Total residential tial Total Federal local product | chases product

goods

Fixed-weighted index

30.5 54.1 31.4 24.1 25.0 23.9 21.2 21.41.

30.9 53.9 318 24.7 25.1 24.4 27.6 220].

312 53.6 32.0 251 25.1 24.9 27.9 225].

314 53.2 321 255 25.0 25.7 28.8 233].

316 53.0 325 25.9 247 26.2 29.5 237].

32.0 53.0 32.8 26.3 24.9 26.8 30.2 24.21.

323 52.2 333 26.8 255 275 311 247].

32.9 514 34.3 271.5 26.4 28.6 32.0 2591.

33.8 52.0 35.1 28.5 27.2 29.9 33.1 27.31.

35.1 53.2 36.5 29.7 28.6 315 34.9 288].

36.4 54.3 38.1 308 ... 307 .. 333 36.7 30.7

38.0 55.2 39.9 325] ... 3L7]. 36.0 39.6 33.0

39.6 56.8 411 335 385 424

40.9 57.2 424 35.6 41.1 46.0

42.8 57.9 45.3 . 387 43.7 48.4 .

46.8 61.1 51.3 404 ... 428 .. 46.9 50.2 443

50.6 66.2 55.3 438 ... 46.6 .. 51.4 54.6

53.4 69.3 57.5 46.9 49.7 54.4 57.3

56.7 71.9 60.8 50.5 54.7 57.6 60.4

60.7 75.5 64.7 54.6 61.4 61.7 64.1

65.9 80.1 713 59.0 68.2 66.8 68.9

72.6 84.8 79.6 65.3 75.3 733 75.2

78.9 89.5 86.0 719] ... 813].. 79.6 82.3

83.2 92.4 88.8 7.4 100.6 85.3 100.1 85.0 88.5

86.7 93.7 91.1 82.4 . 98.5 87.3 99.5 88.5 92.2 . . . .
89.9 94.9 93.7 86.4 94.8 97.0 89.8 99.8 92.2 95.6 89.6 91.2 91.1 911
93.3 96.0 96.2 90.9 95.8 975 92.1 98.2 95.4 97.9 93.5 94.4 94.1 94.4
96.1 97.1 96.2 95.8 97.9 98.9 95.8 97.3 97.6 99.0 96.5 97.0 96.6 97.0
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
104.3 102.0 103.8 105.1 103.2 102.7 104.3 105.7 103.7 102.8 104.3 104.0 103.9 103.9

109.3 104.6 109.5 1104 106.2 1055 107.8 108.1
1150 106.8 116.2 116.3 108.7 107.9 1104 109.8

107.9 107.2 108.5 108.5 108.5 108.4
1124 1121 112.7 1132 113.4 1131

Chain-type annual-weighted index

28.0 44.9 29.7 234 30.9 34.6 24.2 30.0 219 215 22.6 20.5 27.6 27.1 27.8
284 44.7 30.2 24.0 311 34.7 24.4 304 222 21.9 22.9 21.0 28.0 275 28.2
28.7 44.8 30.3 24.5 31.0 34.5 24.4 30.9 222 22.3 232 215 28.3 278 28,5
29.1 45.0 30.6 24.9 31.0 345 245 30.8 219 23.0 238 22.3 28.7 28.2 28.9
29.4 45.1 30.9 25.3 31.0 34.6 24.3 30.8 223 23.6 24.4 22.8 29.0 285 29.2
29.8 454 313 25.7 31.2 34.8 24.5 31.0 22.8 24.2 25.2 23.3 29.5 29.0 29.7
30.3 44.9 319 26.3 317 35.2 25.2 320 232 24.9 26.0 23.9 30.0 29.5 30.2
311 44.7 33.0 27.0 324 35.7 26.1 33.0 23.7 25.9 26.9 25.1 30.9 30.3 311
319 454 33.7 27.9 33.3 36.6 21.0 34.3 23.9 27.0 21.7 26.5 319 31.2 32.1
33.1 46.9 35.0 29.1 34.7 38.0 28.4 35.0 243 28.6 29.4 28.1 333 32.6 335
345 48.2 36.7 30.3 36.4 39.6 304 36.2 24.9 304 30.9 30.0 34.9 34.1 35.1
36.1 49.3 38.5 319 38.0 414 314 37.7 26.4 33.0 33.6 325 36.7 36.0 36.9
37.8 51.1 39.6 33.9 39.9 434 332 39.0 28.0 354 36.3 34.8 38.6 37.8 38.8
39.1 517 41.0 354 417 45.0 35.2 40.3 30.1 38.2 39.9 36.9 40.2 395 40.5
41.2 52.4 44.2 37.0 44.0 46.7 383 46.2 35.3 411 42.9 39.7 425 41.8 427
45.4 55.7 50.5 39.8 48.4 51.3 42.3 57.2 50.5 45.1 46.6 43.9 46.2 46.0 46.5
49.1 60.8 54.4 431 54.5 58.5 46.2 63.1 54.7 49.7 51.3 48.4 50.6 50.3 50.9
51.8 64.2 56.5 46.3 57.7 61.8 49.2 65.4 56.5 53.0 54.7 517 53.6 53.2 53.8
55.3 67.0 59.7 50.0 62.2 65.9 54.3 68.2 61.7 56.7 58.3 55.3 57.0 56.8 57.3
59.3 70.8 63.8 54.0 67.6 70.5 61.0 72.1 65.6 60.8 62.5 59.5 61.3 61.1 61.5
64.6 75.5 70.8 58.4 738 76.3 67.8 80.9 76.8 66.2 67.9 64.8 66.5 66.5 66.7
L7 82.0 79.4 64.5 80.7 83.1 74.8 89.0 95.7 73.1 75.2 715 72.6 735 72.8
78.1 87.5 85.9 711 88.3 913 80.8 95.1 100.9 79.4 82.4 77.1 79.2 80.1 79.4
82.6 91.0 88.7 76.9 93.2 96.5 85.1 96.7 98.2 84.7 88.2 82.0 84.3 84.8 84.5
86.4 93.0 91.0 82.1 93.1 95.6 87.2 97.7 95.1 88.2 91.9 85.4 87.9 87.9 88.0
89.8 94.3 93.6 86.3 93.7 95.5 89.7 99.2 94.9 92.0 95.1 89.6 91.0 90.9 91.2
93.2 95.6 96.1 90.8 95.2 96.6 92.0 97.8 92.9 95.3 97.7 93.5 94.3 94.0 94.4
96.0 97.0 96.1 95.8 97.7 98.6 95.8 97.1 93.5 97.5 98.8 96.5 97.0 96.6 97.0
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
104.2 102.0 103.8 105.1 103.2 102.8 104.2 1055 105.2 103.6 102.7 104.3 104.0 103.9 103.9
109.2 104.4 109.4 110.3 106.2 105.4 107.8 107.9 108.4 107.8 106.9 108.5 108.4 108.4 108.3

1148 106.4 116.0 116.2 108.4 107.6 1104 109.6 113.0 1122 1114 112.7 1130 113.2 1128
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Table 3.—Fixed-Weighted and Alternative Price Indexes for Gross Domestic Product—Continued

[Index numbers, 1987=100]

Personal consumption expenditures

Fixed investment

Government purchases

Final Gross Gross
les of | domestic -
Year GDP Non- : Exports | Imports saes 0 national
Durable ; Non- Residen- State and | domestic pur-
Total goods dgu;gglse Services | Total residential tial Total Federal local product | chases product
Benchmark-years-weighted index

28.0 28.0 45.0 29.8 235 342 38.8 244 314 231 214 223 20.5 28.0 274 28.0
28.4 285 44.8 30.2 24.0 344 38.9 24.6 318 233 21.8 22.7 21.0 284 27.8 284
28.8 28.8 44.9 304 245 342 38.7 24.6 323 233 222 23.0 215 28.7 28.1 28.7
29.1 29.1 45.1 30.6 24.9 342 38.6 24.7 323 23.0 229 236 22.3 29.1 284 29.1
295 29.5 45.3 31.0 25.3 34.1 38.7 245 322 234 234 242 22.8 295 28.8 29.5
29.9 29.9 455 314 25.7 341 38.6 24.7 324 239 24.1 25.0 233 29.9 29.2 29.9
304 30.3 45.1 32.0 26.3 34.6 38.8 254 335 243 24.8 25.7 23.9 304 29.7 304
313 311 44.9 33.0 27.0 35.2 39.3 26.3 345 24.9 25.8 26.6 25.1 313 30.6 313
323 320 45.7 33.8 27.9 36.3 404 27.2 36.0 25.0 26.9 274 26.6 323 315 323
337 332 47.1 35.1 29.1 37.6 415 28.6 36.7 25.4 285 29.1 28.1 337 32.8 33.7
352 34.6 484 36.7 303 394 43.1 30.6 379 26.1 303 30.7 30.1 353 343 35.2
37.1 36.2 49.5 38.5 319 41.0 45.1 316 39.6 276 329 334 32.6 37.1 36.2 37.1
39.0 37.8 51.3 39.7 339 43.1 47.2 334 40.9 29.3 353 36.0 34.9 39.0 38.1 39.0
40.7 39.2 51.9 41.0 354 45.1 49.0 355 42.3 314 38.1 39.6 37.0 40.8 39.8 40.7
43.0 413 52.7 44.2 37.0 474 50.6 38.6 47.8 36.8 41.0 42.5 39.8 43.0 42.2 43.0
46.7 454 56.0 50.5 39.9 52.0 55.4 42.6 58.7 52.5 45.0 46.3 44.0 46.7 46.4 46.7
51.1 49.2 61.2 54.4 432 58.3 62.8 46.6 64.6 57.0 49.7 51.2 48.5 51.0 50.7 51.1
54.1 51.9 64.6 56.4 46.3 61.7 66.4 49.6 66.7 58.8 52.9 54.3 51.7 54.0 53.6 54.1
57.6 55.4 67.5 59.8 50.1 66.6 70.8 54.7 69.6 64.3 56.5 58.0 55.4 57.6 57.4 57.6
61.4 59.4 71.2 63.9 54.1 69.7 727 61.4 73.0 68.3 60.7 62.1 59.5 61.4 61.2 61.4
66.6 64.8 75.9 70.9 58.5 75.5 78.0 68.2 81.6 79.3 65.9 67.4 64.7 66.6 66.6 66.6
727 71.8 82.2 79.5 64.7 82.0 84.5 75.2 89.6 98.2 729 74.8 715 72.6 73.6 727
79.3 78.3 87.7 86.0 713 89.6 92.7 81.2 95.9 103.8 79.2 82.0 77.1 79.2 80.2 79.3
84.3 82.7 91.2 88.7 77.1 94.3 97.8 85.2 97.8 100.4 84.5 87.8 82.0 84.4 84.8 84.3
87.7 86.4 92.9 91.0 82.1 93.9 96.4 87.3 98.1 97.1 88.0 915 85.3 87.8 87.8 87.8
90.9 89.7 94.2 93.6 86.3 94.2 95.9 89.9 99.2 96.6 91.8 94.9 89.5 90.9 90.8 90.9
94.2 93.2 95.4 96.1 90.8 95.7 97.0 92.2 97.8 94.5 95.1 97.4 934 94.2 93.9 94.2
96.9 96.0 96.8 96.1 95.7 98.0 98.8 95.8 96.9 93.2 97.3 98.5 96.4 96.9 96.6 96.9
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
103.9 104.2 101.9 103.8 105.1 103.1 102.7 104.2 105.3 105.1 103.7 102.8 104.3 104.0 103.9 103.9
108.4 109.2 104.4 109.4 110.3 106.0 105.3 107.8 107.7 108.2 107.9 107.1 108.5 108.4 108.5 108.4
113.0 114.9 106.5 116.0 116.2 108.3 1075 1104 109.3 112.7 112.3 1118 112.7 1131 113.3 113.0

GDP=Gross domestic product
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