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IMPLEMENTING CHAIN-TYPE INDEXES USING A FISHER FORMULA:
EDUCATING THE DATA USER IN THE UNITED STATES

U.S. Bureau of Economic Analysis

1. Although the concept of a chain index was introduced during the 1880’s (Diewert, 1996, p. 272) and
Fisher proposed his index formula in 1921, it is probably fair to say that prior to the 1980’s
relatively little attention was given to the practical implications of these measures.  There were
several factors that caused  interest in the chain index and the superlative index formulas to grow:

1) During the 1970’s the significant changes in relative prices due to the oil crisis and other
supply shocks led to increased awareness of the problems resulting from fixed-price weights.
These problems were exacerbated by the large relative price changes that appeared in the
accounts in 1985 when the Bureau of Economic Analysis (BEA) introduced quality-adjusted
deflators for computer equipment (Cole, et al., 1986;  Congressional Budget Office, 1988).

2) There were important advances in the economic theory of aggregation—in particular,
Diewert’s (1976) demonstration that superlative index numbers, such as the Fisher formula,
provide a tractable nonparametric way of estimating the substitution response of purchasers
to changes in relative prices.

3) Improvements in computers and information technology made feasible the aggregation of
prices and volume measures using chain and superlative index formulas.

2. By the late 1980's it was becoming clear that the failure of fixed-weighted formulas to account for
the substitution response to changes in relative prices was causing significant distortions in the
long-run time series for real GDP, leading to current-period estimates of growth in real output that
were biased upward and to revisions that significantly distorted the historical record.  In response to
these concerns, Young (1989) announced a BEA plan to introduce a set of alternative volume
measures as experimental aggregates that the Bureau would consider for adoption in future
comprehensive revisions.  Unlike the fixed-weighted measure that BEA was then publishing, under
the proposed alternatives the components of real GDP did not add up to the total.  The concern
about lack of additivity was already clear in Young’s discussion, and BEA staff conducted research
on possible ways to avoid the non-additivity associated with the chain and superlative formulas.
Unfortunately, no magical formula was found that would retain additivity for the time series and, at
the same time, retain the other important features of the chain-type, superlative formulas.
Consequently, BEA recognized that it must begin educating its users about the use of the non-
additive measures.

3. BEA embarked on a long-term education program that included a series of articles in BEA’s
monthly journal, the Survey of Current Business (Young, 1992, 1993;  Triplett, 1992) and in other
scholarly and professional journals (Parker and Triplett, 1996).  Several alternative chain-type
measures were published.  At the same time, user dissatisfaction with the biases associated with the
fixed-weighted output measures grew (Gordon, 1996).
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4. BEA’s decision to replace the fixed-weighted index as its featured measure of real GDP with a
chain-type, superlative index was greatly influenced by the positive reception this proposal received
at a national users’ conference held on March 21, 1995 (U.S. Department of Commerce, 1995).
Following the meeting, BEA announced that it would adopt a chained, Fisher-type index formula at
the time of the comprehensive revision, which was released in January 1996.

5. Although there was virtually no opposition to the conceptual superiority of the chain-type, Fisher
indexes for measuring changes in real GDP, there were several issues that concerned users:

1) The chain-type measures are based on aggregating data from the lowest level of detail for
which separate measures of price and volume are available.  Thus, it was harder for users to
replicate the BEA calculations, nor was there an easy way to create specially defined
aggregates, such as GDP less information technology.

2) A component’s share of fixed-weighted GDP was a measure of the relative importance or
“contribution” of that component to the total.  With the chain-type formula, however, this
calculation could be highly misleading, especially when there was significant change in
relative prices from the base-year prices.

3) Macroeconomic models had to be revised so that additive identities that had been
appropriate under fixed weights would no longer be maintained.

6. Senior BEA staff held a series of meetings to educate key users and to address their concerns.
Meetings were held with users in Federal agencies (including the central bank), with private-sector
forecasters, and with World Bank and IMF staff.  Business economists were contacted through the
National Association of Business Economists newsletter and journal and through talks at their
national and regional meetings.  Finally, the press and the general public were notified through
notices in BEA news releases beginning in June 1995, through seminars and briefings for the press,
and through parallel use of the new index numbers in publications (Landefeld and Parker, 1995).

7. In spite of these efforts, a spirited public debate ensued immediately after the introduction of the
official chain measures, including articles or editorials in Business Week, the Wall Street Journal,
the New York Times, the Washington Post, and the Economist.  Several business economists
vehemently criticized the chain measures (though, in some cases, these same economists now
concede the efficacy of the chain-index numbers).  Despite BEA’s efforts to educate and
communicate, there were problems, particularly with the “occasional user,” that is, the user who
does not keep up with new developments in statistics or is poorly informed about the techniques for
appropriately analyzing data.  There was also a general communications problem because the press
did not consider the change to be newsworthy until the revision took place, and the chain-type
measures became the official measures.  Perhaps, in retrospect, BEA should have done more to
emphasize the importance of the change and the magnitude of the impact.

8. Efforts to help users have continued.  Users have been cautioned about the non-additivity of the
chain-type measures through footnotes in tables and revised documentation (Seskin and Parker,
1998).  New tables were introduced that gave alternative base years and  tables were developed that
show the contribution of components to the change in real GDP (U.S. Department of Commerce,
1998;  Ehemann, 1998).  For research over historical periods, several new tables were introduced
that were based on alternative base years.  Methods for calculating special aggregates and for
approximating contributions to real growth were described in the Survey of Current Business
(Landefeld and Parker, 1997).
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9. Although implementing the change to the chain-type indexes using the Fisher formula required
significant efforts by BEA and its data users, the efforts were worthwhile.  As BEA has continued to
introduce new quality-adjusted deflators for semiconductors, telephone switching equipment, etc.,
the empirical importance of the change has continued to grow.  For example, the growth rates of
real GDP in fixed-weighted 1992 dollars for the first two quarters of 1998 were 8.7 percent and 4.2
percent, which compare to the official chain-type growth rates of 5.5 percent and 1.6 percent.
Clearly substantial bias is avoided by the use of the chain-type, superlative indexes.

10. BEA plans to continue work along these lines:  New contributions tables are being developed,
including contributions to price change, and the possibility of providing software to simplify re-
basing and other tasks is being explored.  Seminars and other types of user education continue to
take place.  The optimal frequency of updating the base year remains an issue with competing
concerns.  Updating the base year is a way to keep the residual that results from the non-additivity
small, at least for the current-period estimate, but updating the base year also imposes costs on users
because the historical series must be replaced.  Consequently, BEA intends to start updating the
base year somewhat more frequently, perhaps every 3 to 4 years.
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