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CHAIN MEASURES OF QUANTITY AND PRICES

Bureau of Economic Analysis1

U.S. Department of Commerce

1. In the U.S. national income and product accounts (NIPA’s), changes in quantities and prices are
calculated using a Fisher formula that incorporates weights from two adjacent periods.  For
example, the 1992-93 change in real GDP uses prices for 1992 and 1993 as weights, and the
1992-93 change in prices uses quantities for 1992 and 1993 as weights.2  These annual changes are
“chained” (multiplied) together to form time series of quantity and price.  (The basic formulas used
for calculating these indexes are discussed in paragraph 3.)  The Fisher formula also produces
results that are not affected by the choice of base periods.  In addition, because the changes in
quantities and prices calculated in this way are symmetric, the product of the index of real GDP and
the index of GDP prices equals the index of current-dollar GDP.3

2. Chain-type quantity and price indexes that correspond to most of the current-dollar output, product,
and expenditure measures are presented in various NIPA tables.  Contributions by major
components to changes in real GDP also are presented, as discussed in more detail in the Appendix
of this paper.

3. The basic formulas for calculating annual and quarterly chain-type quantity and price indexes are
discussed in paragraphs 4 - 7.

4. The formula used to calculate the annual change in real GDP and other components of output and
expenditures is a Fisher index (Qt

F) that uses weights for 2 adjacent years (years t-1 and t).

                                                     
1. Additional information on issues in this paper can be obtained from Mr. Robert Parker at the Bureau of

Economic Analysis  (phone:  1-202 606 9607 or e-mail:  robert.parker@bea.doc.gov)

2 Because the source data available for most components of GDP are measured in dollars rather than in units,
the quantities of most of the detailed components used to calculate percent changes are obtained by
deflation.  Two other methods, quantity extrapolation and direct base-year valuation,  are also used to
calculate the real values for a small number of the most detailed GDP components.  For quantity
extrapolation, the real values are obtained by extrapolating the base-year current-dollar estimates in both
directions from the base period (1992) by quantity indicators.  For direct-base-year valuation, the real
values are obtained by multiplying base-year prices by quantity data for each period.

3 For the annual estimates of GDP, this relationship does not hold exactly, because of the price-data
conventions used to calculate the change in inventories.  In addition, the relationship does not hold exactly
for the quarterly series, because all quarterly chain-type quantities and prices are adjusted to average to the
corresponding annual estimates, as discussed in paragraphs 5-7.
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 The formula for real GDP in year t relative to its value in year t-1 is
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where the p’s and q’s represent prices and quantities of detailed components in the 2 years.

 Because the first term in the Fisher formula is a Laspeyres quantity index (Qt

L), or
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 and the second term is a Paasche quantity index (Qt

P), or
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 the Fisher formula can also be expressed for year t as the geometric mean of these indexes as
follows:
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 The percent change in real GDP (or in a GDP component) from year t-1 to year t is calculated as

100(Qt
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 Similarly, price indexes are calculated using the Fisher formula
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 which is the geometric mean of a Laspeyres price index (Pt

L) and a Paasche price index (Pt

P), or
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 The chain-type quantity index value for period t is
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 and the chain-type price index is calculated analogously.  Chain-type real output and price indexes
are presented with the base year (b) equal to 100;  that is, Ib = 100.
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 The current-dollar change from year t-1 to year t expressed as a ratio is equal to the product of the
Fisher price and quantity indexes:
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5. Quarterly indexes are calculated using the same formulas are used to calculate the annual indexes,
but with the modifications discussed below.

6. For the most recent quarters, called the “tail” period, quarterly data are substituted for annual data
in the formula.  The tail period begins in the third quarter of the most recent complete year that is
included in an annual or comprehensive NIPA revision, so the specific quarters covered change
annually.  Modified formulas are used to calculate the indexes for the other quarters, called the
“historical” period.  Quarterly quantity data are used for the quantity indexes, and quarterly price
data are used for the price indexes, but the weights  -  prices for a quantity index and quantities for a
price index  -  are annual data.

7. For the quarterly indexes chain for completed years that have been included in an annual or
comprehensive revision, the weights that are used depend on the quarter being estimated.  For each
quarter, the weights for the closest 2 years are used:  For the first and second quarters of a year, the
weights are from that year and the preceding year; while for the third and fourth quarters, the
weights are from that year and the next year.  In addition, the quarterly indexes for completed years
are adjusted so that the quarterly indexes average to the corresponding annual index.  When an
additional year is completed between annual revisions, the annual index is computed as the average
of the quarterly indexes, so no adjustment is required to make the quarterly and annual indexes
consistent.  For example, until the 1999 annual revision is released, the chain-type indexes for the
year 1998 will be computed as the average of the four quarterly indexes for 1998.

8. BEA also prepares measures of real GDP and its components in a dollar-denominated form,
designated “chained (1992) dollar estimates.”  For GDP and most other series, these estimates are
computed by multiplying the 1992 current-dollar value by a corresponding quantity index number
and then dividing by 100.4  For example, if a current-dollar GDP component equaled $100 in 1992
and if real output for this component increased 10 percent in 1993, then the chained (1992) dollar
value of this component would be $110 ($100 × 1.10) in 1993.

9. For analyses of changes over time in an aggregate or in a component, the percentage changes
calculated from the chained-dollar estimates and from the chain-type quantity indexes are the same;
any differences will be small and due to rounding.  However, because the relative prices used as
weights for any period other than the base period differ from those used for the base period, the

                                                     
4 For change in business inventories, real values are calculated as the difference between end-of-period and

beginning-of-period chain-weighted stocks of inventories.  In addition, the following “real” series are
calculated as the current-dollar value of the series divided by an appropriate implicit price deflator:  The
chained-dollar values of gross national income and gross domestic income, of command-basis exports of
goods and services and receipts of factor income, of gross and net domestic product of nonfinancial
corporate business, and of disposable personal income.

For most “net series,” such as net exports or net foreign travel, real values are calculated as the sum of, or
the difference between, chained-dollar series.  The calculation of chained-dollar series are discussed in
paragraph 8.
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chained-dollar values for the detailed GDP components do not necessarily sum to the chained-dollar
estimate of GDP or to any intermediate aggregate.  A measure of the extent of such differences is
provided in most chained-dollar tables by a “residual” line, which indicates the difference between
GDP (or an other major aggregate) and the sum of the most detailed components in the table.

10. For periods close to the base year, when there usually has not been much change in the relative
prices that are used as the weights for the chain-type index, the residuals tend to be small, and the
chained (1992) dollar estimates can be used to approximate the contributions to growth and to
aggregate the detailed estimates.

11. As one moves further from the base year, the residual tends to become larger, and the chained-
dollar estimates become less useful for analyses of contributions to growth.  For this reason, most of
the chained-dollar detailed component series in this publication are shown beginning with 1982.  In
general, the use of chained-dollar estimates to calculate component shares or component
contributions to real growth may be misleading for periods away from the base year.  In particular,
for components for which relative prices are changing rapidly, these calculations may be misleading
even just a few years from the base year.

12. To assist users in making valid comparisons across components for periods away from the base
year, a supplementary NIPA table provides an accurate measure of the contributions of the major
GDP components to the percentage change in real GDP for all periods.  This table is for use for
periods far from the base period, when the overall residual and the errors in contributions to growth
become quite large.  This table uses exact formulas for attributing growth to the components of
GDP and of other aggregates, but the presentation is limited to the contributions to changes from
the preceding year or quarter and to changes in the major components of GDP.  (For details, see the
Appendix, “Calculation of Component Contributions to the Change in GDP.”)

13. For some analytical purposes, it may be desirable to calculate contributions to growth for more than
a single quarter or year, to calculate contributions to growth for aggregates other than GDP, or to
work with real estimates that are denominated in dollars.  Two articles in the Survey provide
information on how to prepare chained-dollar series with different base periods that permit the
calculation of close approximations of contributions to real growth or relative changes for any
period.5  These articles show how to calculate a chained-dollar series for any period by using the
percent changes in the chain-type indexes to compute chained-dollar series indexed to the current
dollars of whatever base period is appropriate for the analysis.  In addition, these articles provide a
number of chained-dollar series over frequently cited time periods, such as decades and business
cycles.  In computing these series, different base periods were used, depending upon the time period
analyzed; for example, for decades and business cycles, the midpoints of the periods were used.
There other supplemental tables present annual estimates of real GDP and its major components in
chained (1937) dollars, chained (1952) dollars, and chained (1972) dollars, respectively.  However,
users should be aware that contributions calculated from these tables are approximations and may
produce misleading results for periods far from those base periods or when relative prices are
changing rapidly, such as during the energy crisis of 1973-75.

                                                     
5 See “Preview of the Comprehensive Revision of the National Income and Product Accounts:  BEA’s New

Featured Measures of Output and Prices,” Survey 75 (July 1995): 31-38, and Landefeld and Parker, “BEA’s
Chain Indexes, Time Series, and Measures of Long-Term Economic Growth,” SURVEY 77 (May 1997):
58- 68.
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14. While the presentation in this publication of chained-dollar estimates before 1982 has been limited
to key aggregates, the presentation of detailed quantity indexes, which are accurate for all periods,
has been greatly expanded in the NIPA tables.  For GDP and its major components and for other
measures of output, annual growth rates beginning with 1930 and quarterly growth rates beginning
with the second quarter of 1947 are presented.  In addition, the annual growth rates for major NIPA
aggregates for all yearly intervals for 1970 to the present are shown each month under “Historical
Tables” under “National Data” in the section “BEA Current and Historical Data” in the Survey.
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Appendix -- Calculation of Component Contributions to the Change in GDP

Changes from preceding period

 The contributions to the change in real GDP provide a measure of the composition of GDP growth
that is not affected by the nonadditivity of the GDP components.  Two formulas for the
contributions of components to the percent change in real GDP are used  -  one for years following
the base year, and the other for the base year and for years preceding the base year.

 For years following the base year, the contribution to the percent change in real GDP in year t
attributable to the quantity change in component I (C%∆i,t

) is
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where CDt
F
−1  is the chained-dollar GDP in year t-1;

IPDt
F  is the implicit price deflator GDP in year t;

pi t,  is the price of component I in year t;
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P  is the Paasche price index for GDP in year t;
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qi t,  is the quantity of component I in year t.
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where Pt

L is the Laspeyres price index for GDP in year t.

 Because these contributions to the percent change are additive, they can be used to calculate the
contributions to subaggregates as well as the contributions of the detailed components.

 The formula used for the contributions for years after the base period can also be used for the most
recent quarters (the “tail” period), except the quarterly results are expressed at annual rates.

 Changes over other periods

 Users can also prepare close approximations of contributions to real GDP growth or to the growth
of other aggregates using chain-type annual-weighted indexes.  In effect, users compute a chained-
dollar series for a particular period using the percent changes in the chain-type annual-weighted
indexes to compute chained-dollar series indexed to the current dollars of the base period
appropriate for the analysis.  (For references to additional information on these calculations, see
footnote 4.)


