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Index Number lssues'; in the Consumer
Price Index

W. Erwin Diewert

precedented public interest in price measurement issues and an increased

awareness on the part of academics about the difficult problems involved
in measuring price change in a dynamic economy. There is also increased coop-
eration between economists and statisticians in attempting to solve these probiems.
This comment offers some perspectives on the magnitude of the differences be-
tween the fixed base Laspeyres price index that statistical agencies produce and a
theoretical cost of living index, along with some thoughts about what can be done
to reduce these differences or *‘biases.”

T he Boskin Commission has fulfilled a useful purpose. There is now un-

What is an Appropriate Concept for the Price Index?

Defining a true cost of living index must begin on the household level, and
then move to the social level. The Koniis (1939) true cost of living index for a single
household is defined as the ratio of the minimum costs of achieving a certain ref-
erence utility level in a base period, given the prices prevailing at that time, and at
a later “current’’ period, given whatever changes in prices had occurred in the
interval. An appropriate generalization of the Koniis cost of living concept to the
case of many households is Pollak’s (1981, p. 328) social cost of living index, which
is the ratio of the total minimum cost or expenditure required to enable each of
the households present in the two periods to attain their reference utility levels in
both time periods.

As economists have long known, a Laspeyres index, which finds the cost of
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British Columbia, Canada. His e-mail address is {diewert@econ.ubc.ca).
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purchasing a fixed basket of goods representing the base period and then the cost
of buying the same basket in the present, tends to overstate the rise in the cost of
living by not allowing any substitution between goods to occur. Conversely, a
Paasche index, which finds the cost of purchasing a fixed basket of goods repre-
senting the present and then the cost of buying that same basket in the past, tends
to understate the rise in the cost of living. Diewert (1983, p. 191) showed that the
{(unobservable) Pollak-Koniis true cost of living index was between the (observable)
Paasche and Laspeyres price indexes. An implication of this result is that some
average of the Paasche and Laspeyres aggregate price indexes should provide a
reasonably close approximation to the underlying true cost of living. Note that this
argument does not rely on any particular assumption about the form of the house-
hold preferences; in particular, it does not assume that indifference curves are
homothetic (that is, shaped so that the slope of the indifference curves will be the
same along the path of a ray extending out from the origin).

One strong candidate for an average of the Laspeyres and Paasche indexes is
the Fisher (1922) ideal price index, which is the geometric average of the Laspeyres
and Paasche indexes (that is, the square root of their product). This choice can be
defended from at least four different perspectives. First, it is evident that the base
period basket used in the Laspeyres index is just as valid as the current period
basket used in the Paasche index. Hence it makes sense to take an even-handed
average of the two. The geometric mean is more desirable than other simple av-
erages, like the arithmetic mean, because it has a time reversibility property: using
the Fisher formula, price change going from the current period to the base period
is the reciprocal of the original price change (Diewert, 1997). Note that the Paasche
and Laspeyres indexes also do not satisfy this time reversal test. This leads to a
second justification for the Fisher formula: it satisfies more reasonable “‘tests” or
“‘axioms” than any of its competitors (Diewert, 1992). The test approach to index
number theory, initiated by Walsh (1901) and Fisher (1922), looks at an index
number formula from the viewpoint of its mathematical properties. For example,
if current period prices increase, does the price index increase? Does the price
index lie between the Paasche and Laspeyres indexes? If current period prices
increase by a common factor of proportionality, does the price index increase by
that same factor of proportionality? These reasonable tests are all satisfied by the
Fisher formula.' A third justification for the use of the Fisher formula is the fact
that it is exact for (that is, consistent with) a homothetic preference fanction that
can approximate arbitrary homothetic preferences. Diewert (1976) calls index
number formulae that have this property “superlative””. The Térnqvist index which
is discussed by the Boskin Commission is an example of another superlative for-

' The Fisher Formula satisfies all 20 of Diewert's (1992) desirable tests while the Tdrngvist formula
satisfies only 13 of these tests. Thus the Fisher formula seems preferable from the axiomatic point of
view. However, Diewert (1978) shows that numerically, there will be only small differences between the
two formutae.
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mula® A final justification for the use of the Fisher formula rests on its consistency
with revealed preference theory (Diewert, 1976, p. 137).

Thus in what follows, we will take the Fisher formula as our best *'practical”’
approximation to a theoretical cost of living index or “true” price index.

Substitution Biases

Most statistical agencies have used a fixed-base Laspeyres index to approximate
the true price index. The fixed-base Laspeyres index does not allow for substitution
between goods, which can ameliorate the ctfect of price increases on household
utility, and it has a hard time dealing with changes in the quality of goods. This
section takes up three kinds of substitution: at the elementary index level, at the
commodity level, and between outlets. The next section takes up the issue of quality
improvement and new goods.

The discussion in the previous section assumed that it was straightforward to
obtain a single price for a commodity. In reality, households may purchase a com-
modity at a variety of prices at different outlets. This price heterogeneity at the
lowest level of aggregation has to be summarized as a single price so that it can be
inserted into an index number formula. The appropriate price that should be in-
serted into an index number formula at the lowest level of aggregation appears to
be an “outlet unit value,” defined as the total value of the commaodity sold during
the time period divided by the corresponding quantity sold at an outlet. As Diewert
(1995, pp. 20-24) discusses, this approach was first proposed by Walsh (1901,
p. 96}.

To aggregate the price and quantity information for a particular commodity
over many outlets, we can either: i) construct a unit value for the commodity over
all outlets for each period and use the resulting average price and total quantity
sold of the good as an input into an index number formula at the next level of
aggregation; or i} use the Fisher index formula to aggregate the outletspecific
prices and quantities into an aggregate price and quantity for that commodity. If
the outlet characteristics do not seem important in the final consumption of the
commodity—for example, a can of beer yields the same utility to me at home no
matter where I purchased it—then the first approach of averaging over all outlets
can be justified. But if the choice of outlet does matter, then using the Fisher ideal
index has a better economic justification, since it allows for substitution between
outlets (Diewert, 1995, pp. 17-20).

Until very recently, many statistical agencies substituted *‘representative’’ out-
let price quotations for a broader calculation of outlet unit values and they used a
modification of the Laspeyres formula to aggregate the outlet prices. The modifi-
cation typically assumes that outlet expenditure shares are approximately equal in

*Theil (1967, pp. 136-7) provided a strong justification for the use of the Térnqvist formula From the
viewpoint of the stochastic approach to index number theory; see also Diewert (1997).
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the base period. (This assumption is not as restrictive as it appears, since the sam-
pling of outets can be carried out so that the assumption of equal expenditure
shares holds roughly true.) The statistical agencies then aggregate the elementary
price indexes for each commodity class into an overall index, again using a:
Laspeyres-style fixed basket approach, but this time weighting according to the
consumer expenditures on each commodity class. The double use of the fixed-base
Laspeyres index, at the elementary and the commodity aggregation level, does not
allow substitution between clementary goods at the lower level, nor substitution
between commodities at the higher level. Thus, it creates elementary index bias
and commodity substitution bias.

Elementary substitution bias By can be defined as the difference between the
fixed base Laspeyres index P, and the corresponding Fisher index P, where the
prices in these indexes refer to some homogeneous component of the CPL The
Appendix shows that this bias will be approximately equal to one-half the Laspeyres
price index F; times the variance of the inflation-adjusted percentage changes in
prices among the goods examined:

By=P — Po= (1/2)(1 + ) Var(e),

where i is the inflation rate in the CPI component as measured by its Laspeyres
price index; that is, I + ¢ = P,. For the purposes of illustration, assume that the
variance of the percentage change in prices is .005, which is a plausible amount of
variation. Then, according to the formula, inflation rates at the present level of
about 2 percent will imply that the Laspeyres index is upwardly biased by .00255,
or .255 percentage points.

In the case of commodity substitution bias, this calculation can be repeated,
except that, in this case, the aggregation is happening across different commodity
prices instead of prices for the same commodity across different outlets. It is difficult
to say a priori whether the variability of outlet prices for the same commodity is
greater or less than the variability of prices across commodities. But if we stick with
a variance estimate of .005 and an inflation estimate of 2 percent, then commodity
substitution bias would be another .255 percentage points. These two effects taken
together would represent an upward bias of .5 percentage points—which is quite
similar to the Boskin Commission estimate.

Now let us return to the subject of outlet substitution bias, which was assumed
away by the earlier formulation. Suppose that discount outlets move into a market
area and capture market share from traditional high cost retailers. If differences in
the services provided by discount and traditional retailers can be neglected (a con-
troversial assumption), then a reasonable concept of the “true” price index is the
average price (or unit value) paid by consumers over all outlets (Reinsdorf, 1993;
Hill, 1993, p. 399; Diewert, 1995; p. 28). In this case, the relationship between the
Laspeyres index and the true price index can be defined as:

Pr=(1=-50+d+s(1+d0—d,
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where (1 + i) = Py is the Laspeyres price index for the traditional retailers in the
current period, 5 is the market share captured by low cost retailers in the current
period and d is the percentage discount of the low cost retailer over traditional
retailers.” Essentially, this formula says thatto take the discount stores into account,
one must weight the existing Laspeyres index measure of inflation by the discount
store share of the market and their lower prices. The outlet substitution bias—that
is, the gap between the true index and the original Laspeyres index—then works
out to be:

.BoﬂPL“"“'PT=(1'+‘i)Sd.

For a back-of-the-envelope estimate of the outlet substitution bias, assume that
the increased market share (s) captured by low cost retailers in a given year is 2
percent, a rather conservative estimate, and that the percentage discount (d} of the
low cost retailer over traditional retailers is 20 percent, which is consistent with
some limited Canadian evidence reported by White (1997). Then, if the Laspeyres
index 1 + #{was 1.02, the upward bias of this measure over a ‘‘true’ index would
be .0041, or .41 percentage points.

This figure is higher than the Boskin Commission’s estimate of .1 percentage
points for outlet substitution bias, in part because the commission was conservative
in its estimates,” and in part because the method here assumes no quality difference
between the different types of stores, which presumably overestimates the change
in utility that consumers receive from buying at outlets that provide a lower quality
of service.

In contrast to substitution and elementary index bias, which can continue for-
ever as long as there is dispersion in relative prices, outlet substitution bias must
end when low-cost retailers capture the entire market. For example, Reinsdorf
(1993) found no evidence of outlet substitution bias in the United States in the
1960s, since at that time the transition from general stores and corner siores to
department stores and supermarkets had largely been completed. However, in the
1980s when the impact of large discount stores was felt, Reinsdorf found substantial
evidence of outlet substitution bias. In recent years in the United States and Canada,
discount chains and specialty megastores have continued to gain market share. In
the future, new outlet competition will come from discount selling of goods over
the Internet.

Quality Change and New Goods Bias

Every year, statistical agencies find that some of the commodities that they are
pricing in various outlets disappear. Although disappearance from one outlet does

* This formula implicitly assumes that the discount is constant in the two perieds and the period-to-
period trend in discount retail prices is the same as the traditional retailer’s trend.

* Using scanner data, Saglio (1994) found that the outlet substitution bias for milk chocolate bars in
France averaged .8 percentage points per year. Neglecting service quality differences, Reinsdorf (1993)
found outlet substitution bias in the United States to be about .25 percentage points per year.



52 Journal of Economic Perspectives 3

not mean that the good has vanished altogether from the market, statistical agencies
typically require that the good be found and priced in the same outlet, as a way of
minimizing any variation in price related to location or quality of service at various
outlets. The typical disappearance rate of goods from the outlet where they were
previously surveyed is about 20 percent'per year. Some of these disappearances are
due to seasonal factors and temporary inventory outages, but a substantial fraction
result from improved models. Examples of this phenomenon include faster com-
puting, light bulbs that last Jonger and use less energy; television sets that no longer
have tubes that burn out frequently; new automobiles that require less maintenance
and have a higher fuel efficiency; hand-held video cameras that now offer color
viewfinders and double the zoom capability at 60 percent of the price of a com-
parable model of three years ago; and so on (Gordon, 1981, pp. 130-133; 1990;
1993, p. 242). The question then becomes how the index should capture these
quality changes.

In many cases, the statistical agency will simply “link in”’ the new model, a
process which involves looking at price changes in the old model up to a point in
time, and then after that point, looking at price changes in the new model. After
two pericds of pricing the new model, the price ratio for the new model can be
aggregated or “linked” in with the price ratios of old models that have not disap-
peared. This approach works if any quality differences between the two models are
reflected by the price difference between them. But more typically, the new model
has improved efficiency which is not fully offset by its price. For a rough measure
of the bias created here, the true price index is assumed to be

Pre=(1-90 4+ +s(1+0/(1+ 4,

where P, = (1 + ) is the Laspeyres index calculated by the statistical agency, sis
the share of commodities that have been replaced by new models and ¢ is the
percentage increase in the efficiency of new models that is missed when the new
models are linked into the index. Notice that this formulation is parallel to the
earlier discussion of outlet substitution bias: there, the weights were the growing
market share of discount stores and their price difference; here, the weights are
the market share of the new models and their efficiency (or quality) difference.
The quality change bias By is then the difference between P, and Py, which is:

BQEPL""PT= (1+Z)S€/(1+€).

Assume that inflation as measured by the Laspeyres index is 2 percent, so that
(1 + 4 = 1.02, Assume further that the share of commodities that have been re-
placed by new models (s) is .1, which may be too high for many commodity cate-
gories, and that the percentage increase in the efficiency of new models (¢} which
was missed by the linking procedure is .05, which will be too low for many classes
of electronic goods. Then the quality change bias will be .0049, or .49 percentage
points, which is quite similar to the .4 percentage point estimate of quality change
from the Boskin Commission.
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The appearance of new goods offers an additional problem for a fixed-weight
index. Again, such goods can be “linked” into the index over time, but it often
takes a period of years before the new good is actually included in the basket, As
Alfred Marshall (1887, p. 373) observed many years ago, when a new product is:
introduced into the market, it generally: has a high price which is reduced in sub-
sequent periods. Since statistical agencies do not introduce new goods into their
commodity baskets until the new product has become important in the market,
they often miss this early decline in price. In addition, for the period before the
new good appears, we can follow Hicks (1940, p. 114) and imagine an imputed
price for the new good that would cause consumers to demand zero units of it.
Statistical agencies also miss the (imputed) price decline of a new product in the
period when the new good makes its first appearance. Hausman (1996, 1997)
econometrically estimated these imputed prices for cellular telephones and for
certain brands of breakfast cereals; for new cereals, he found that the average im-
puted price was approximately double the introduction price.

In the spirit of the earlier estimates, a rough estimate of the neglect of new
goods begins with a true price index Pr, defined by

Pr=(1-(1/2)9(1 + 9 + (1/2s(1 + (1 — d),

where 1 + i = F is the Laspeyres estimate of overall price change, s5is the market
share of new goods which have not yet been introduced into the basket of com-
modities and dis the percentage decline in the prices of the new goods from their
initial imputed prices.® The new goods bias By will be the difference between P,
and Pr

BNEPL""'P'r:(]./Q)(I"'i)Sd.

Again assume that the inflation rate is 2 percent, so that P, = (1 + £) is 1.02. Assume
that the share of new commodities that are not in the statistical agency basket is
.05 and that the average decline in price that was missed was 20 percent. Then, the
new goods bias is .0051, or .51 percentage points.

New goods bias is an even more pervasive phenomenon than it may appear at
first sight. From the viewpoint of the local market place, the introduction of an
increased selection of commodities creates new goods bias even though the newly
available commodities are not ‘‘new” in a global sense.® Increased product variety

" The Paasche index under our assumptions is Po= {1 - (1 + ™" + s[(1 + (1 — H17'1"". We
approximate this weighted harmonic mean by the corresponding weighted arithmetic mean so that
Po= (1 - 5(1 + 4 + s(1 + (1 — o). Finally, define the true index Py to be the Fisher index Pr
= (PP and approximate the geometric mean by the arithmetic mean so that Pr = (%)P,, + %P,.
= (%)(1 + 8 -+ (%)[1 — 5 (1 + §{1 — d)} which simplifies to the formula in the text. For alternative
models of the true price index under these conditions, see Diewert (1987, p. 378).

% Thus, a household with a credit card and a new Internet connection can achieve a vast increase in its
choice set.
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thus leads to goods bias. Transportation and communication improvements also
lead to larger choice sets and greater variety, a point emphasized by Marshall (1887,
pp- 373-374).

What Can Be Done to Reduce Biases?

Recent developments in index number theory should help statistical agencies
address some of the bias problems discussed in previous sections.

The most significant new development is the application by Shapiro and Wil-
cox (1997) of an index number formula that was independently proposed by Lloyd
(1975) and Moulton (1996). This formula offers the promise of overcoming the
major practical difficulty of using a superlative index like the Fisher ideal index:
that information on quantities currently being consumed is typically not available
for a lag of a year or more—which clearly makes it unsuitable for producing a
monthly estimate like the Consumer Price Index. However, Lloyd and Moulton
developed a formulation for a true cost-of-living index in the case where consumer
preferences can be represented by a constant elasticity of substitution utility func-
tion.” Then, Shapiro and Wilcox showed that this cost-of-living index, based on a
constant elasticity of substitution parameter of 0.7, could exactly capture the trend
rate of growth of a U.S. superlative index (like the Fisher ideal) while using the logged
consumer expenditure weights of two years ago. Hence, this method can predict a super-
lative index on a2 monthly basis, using data that are presently available to statistical
agencies. This methodology could be used to reduce both elementary index bias
and commodity substitution bias. It should be mentioned that the superlative in-
dexes constructed by Shapiro and Wilcox averaged .3 percentage points per year
below the corresponding fixed basket Laspeyres index during the period 1984-94;
therefore, an estimate of the commodity substitution bias in the U.S. CPI during
this period is .3 percentage points per year.

A second major recent development is the willingness of statistical agencies to
experiment with scanner data, which are the electronic data generated at the point
of sale by the retail outlet and generally include transaction prices, quantities, lo-
cation, date and time of purchase and the product described by brand, make or
model. Such detailed data may prove especially useful for constructing better in-
dexes at the elementary level. Recent studies that use scanner data in this way
include Silver (1995), Reinsdorf (1996), Bradley, Cook, Leaver and Moulton
(1997), Dalén (1997}, de Haan and Opperdoes (1997) and Hawkes (1997). Some
estimates of elementary index bias (on an annual basis) that emerged from these

7 If consumer preferences over Ncommodities can be represented by a Constant Elasticity of Substitution
utility function, then Lloyd and Moulton showed that the corresponding true cost of living index is equal
to [E5., S 7]~ where & = 0 is the elasticity of substitution between the commodities. The base
period expenditure share s, for commeodity n and the price relative for commodity n, r,, are defined as
in the Appendix, Note that when the elasticity substitution « is equal to zero, this index number formula
reduces to the Laspeyres index defined by (1) in the Appendix.
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studies were: 1.1 percentage points for television sets in the United Kingdom; 4.5
percentage points for coffee in the United States; 1.5 percentage points for ketchup,
toilet tissue, milk and tuna in the United States; 1 percentage point for fats, deter-
gents, breakfast cereals and frozen fish in Sweden; 1 percentage point for coffee in’
the Netherlands and 3 percentage poiits for coffee in the United States, respec-
tively. These bias estimates incorporate both elementary and outlet substitution
biases and are significantly higher than our earlier ballpark estimates of .255 and
41 percentage points. On the other hand, it is unclear to what extent these large
bias estimates can be generalized to other commeodities.

A third significant new development is the willingness of statistical agencies to
consider using hedonic regression techniques on a more widespread basis to adjust
for quality change. These methods use the characteristics of goods (either over
time or in different models) as the independent variables to explain its price in a
regression, and thus estimate the value of particular qualities along with a measure
of general price change. For example, see Moulton, La Fleur and Moses (1997)
who found an upward bias of approximately 3 percentage points per year in the
U.S. CPI component for television sets using hedonic techniques.

The final type of bias, new goods bias, can be controlled by introducing new
products into the CPI more quickly—scanner data will be helpful in doing this—
and perhaps by utilizing the econometric techniques for estimating the imputed
price decline of a new good when it first appears that were pioneered by Hausman
(1996, 1997).

Conclusion

The previous section may have left the impression that it is relatively easy for
statistical agencies to control for biases in the CPI. However, all of the methods
discussed in the previous section that could be used to estimate biases suffer from
a lack of reproducibility. As the Bureau of Labor Statistics (1997, p. 19} has noted,
it must use methods that are ohjective, reproducible and verifiable. The basic prob-
lem is that traditional index number theory assumes that the set of commaodities is
fixed and unchanging from period to period, so that like can be compared to like.
Unfortunately, the real world is not so accommeodating: new products, outlets and
consumers appear; other products, outlets and consumers disappear. It is simply
impossible to decompose period-to-period value changes into completely objective
price and quantity components (Dalén, 1997; Hawkes, 1997). These problems in-
tensify when using econometric techniques for estimating new goods bias, because
different econometricians will make alternative statistical specifications and thus,
obtain different quality adjustments using the same data.

The numerical estimates of the biases made by the Commission were based on
the information available to them at the time of writing and seem reasonable to
me. The additional evidence that has come to light generally supports their con-
tention that their estimates were relatively conservative. The present paper can be
viewed as a complement to the work of the Boskin Commission in that some very
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rough and ready models of the determining factors of the size of the biases have
been presented.?

1 conclude with a few words of praise for both the BLS and the Boskin Com-
mission. I believe that the origins of the gtu'r'rént interest in price measurement can
be traced back to the work of BLS researcher Marshall Reinsdorf (1993). Other
prominant BLS researchers past and present who have contributed to the current
debate include Aizcorbe, Armknecht, Dean, Fixler, Greenlees, Harper, Jackman,
McDonald, Manser, Moulton, Pollak, Stewart, Triplett and Zieschang. On the other
hand, with a total budget of $25,000, Boskin, Dulberger, Griliches, Gordon and
Jorgenson have probably written the most important measurement paper of the
century in terms of its impact: Every statistical agency in the world is reevaluating
its price measurement techniques as a direct result of their report and the wide-
spread publicity it has received.

Appendix: An Approximate Substitution Bias Formula

Assume that the statistical agency has collected N price quotations g, n = 1,
..., N, for two periods, t = 0, 1, for some homogeneous component of the CPL
Associated with each price quotation f;, is the amount of ¢, of the commodity sold
in period ¢ in the =nth outlet. Define the nth price ratio r, = pl/piforn=1, ...,
N. These price ratios can be used to define the Laspeyres, Paasche and Fisher ideal
price indexes as follows:

N
(1) Pp= 3% s
=]
N -
(2) Pp= [Z SiTI‘] ;
n=]
(3 Po= (P Pp)'?

where the period ¢ outlet expenditure shares s, are defined as s, = phgi/ZX, pigh
forn=1,...,Nand t=0, 1.

Statistical agencies typically use sampling techniques to ensure that outlet ex-
penditure shares are approximately equal in the base period. We make the further
simplifying assumption that outlet expenditure shares are equal in both periods;
i.e., we assume that

(4) $s$=1/N for n=1,..., N and t=0,1.

Strictly speaking, outlet expenditure shares would remain constant only if con-

* Our models can be used to answer the question: do the biases increase as the inflation rate increases?
The answer is: not very much, since each bias formula has the term (1 + #) in it so a change in i from
2% to 10% will have little effect on the magnitude of the biases.
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sumer preference functions over outlets were Cobb-Douglas; see Diewert (1995; p.
18). Lloyd (1975) developed more complex bias formulae when preferences are CES.
Under assumptions (4), the Laspey_res ipdex Py defined by (1) is equal to

N e
(5) Pr=2% (1/Nyr,= (1 +9)

n=1
where we have defined (1 + #) to be the arithmetic mean of the price relatives and
we interpret ¢ to be the measured inflation rate. We can now define the residual
variation of each price ratio r, deflated by its mean 1 + i to be &,

(6) l+e,=r/(1+4d; n=1,...,N

Using (5), we have 2., &, = 0. Now substitute (4) and (6) into (2) in order to
obtain the following formula for the Paasche price index:

N -1
(7 Pp=(1+ 0[2 (1/MQ1 + 8")"} = (1 + [l — Var(e)]

n=FI

where Var(g) = Z_; (1/N)&] is the variance of the residuals ,, . . ., ey defined by

(6). The approximation (7) follows from the line above by taking a second order
Taylor series approximation of [ZY.; (1/N)(1 + e,)7'1 ' around e, = 0 for n. = 1,
.-+, N see Dalén (1992; pp. 146-147) and Diewert (1995; pp. 28—29) for examples
of similar second order approximations. Note that (5) and (7) imply that P, = P,
with a strict inequality unless all &, = 0, in which case all price ratios r, are equal
and Pp = P, = 1 + i Intuitively, Py is less than P, because the harmonic mean of
N price ratios is less than the corresponding arithmetic mean.

In a similar manner, substituting (4) and (6) into (3) and taking a second
order Taylor series approximation, we obtain the following approximation to the
Fisher ideal price index:

(3) = Pee (1 +49[1 — (1/2)]Var(e).

Substituting (5) and (8) into By = P, — Pryields the approximate bias formula By
= (1/2) (1 + @)Var(g) which appears in the text.

& The author thanks Timothy Taylor and Alan Kruger for their very extensive attempls to
make this paper more readable.
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