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1. Introduction
The problem of computing price indexes is an important and troublesome aspect of the construction of
national accounts data and of macro- as well as microeconomic analyses in general. Part of the problem
is related to the fact that products are differentiated and the number of variants may be very large. Also
many of the variants that appear in the market today represent dramatic improvements over their
counterparts a few years back. Moreover, since products are sold in retail stores with different locations
with different characteristics and costs, and consumers have preferences over stores, product prices may
vary across stores for a given variant. For example, Carlson and Pescatrice (1980) have found that
prices of “identical products” tend to be dispersed.* The traditional way of accounting for differentiated
products in demand analysesis either simply to increase the number of (observable) variant categories
or to apply Hicks aggregation. Although many variants can in principle be classified in observable
categories, therewill, in practice, be a limit to how many variants one can treat as separate goodsin a
demand system. To aggregate goods into composite ones is also problematic. If consumers have
heterogeneous preferences the corresponding price indexes will be individual specific and can therefore
not readily be implemented. As aresult, it becomes a forbiddening task to estimate for example
empirical demand systems and price indexes without some sort of aggregation of commodity variants.
Thetraditional approach to the construction of price indexesis to apply some sort of Laspeyres
or fixed quantity index, which can be used to obtain a first order approximation to a Cost-of-Living
index. Most Consumer Price Indexes (CPI) are based on the Laspeyres formulae. The point of departure
for computing the CPI is a classification of items into successively higher item group levels. At the
lowest levd (dlementary level) price observations are collected. According to the Laspeyres formulae,
the CPI can be constructed on the basis of price (indexes) from any item group level using the
corresponding group budget shares as weights. However, for items at the dementary level (thefirst leve
at which price observations are combined) information on budget shares is not readily available. Hence,
at the dementary level, most countries rely on less relevant weighting information or simply unweighted
measures. This has led to the search for an appropriate alternative that can be justified by theoretical
arguments. One strand of theory (see Eichhorn and Vodler (1983) for a survey), which dates back to
Fisher (1922), advocates the view that the price indexes should pass certain tests (or axioms) such as

monotonicity, proportionality, etc. From a theoretical point of view it is, however, not always clear to

! Carlson and Pescatrice obtained prices of 34 identical products from different storesin New Orleans. Thus, it is possible
that some of this price dispersion may be explained by the locations of the stores.



what extent indexes that pass these tests are consistent with consumer theory. Thus, to the extent that a
Cost-of-Living index should serve as a basis for the CPI (for which there are strong arguments that it
should), it would be desirable to derive indexes for d ementary aggregates that are consistent with
behavioral assumptions. In this paper we shall discuss the choice of index for elementary aggregates
based on exact aggregation that follows from particular assumptions about consumer preferences. In the
context of demand analysis the setting we draw on here has been discussed in Dagsvik (1996), Dagsvik
et al. (1998), and Brubakk and Dagsvik (1998). However, since these papers were primarily concerned
with demand analysis we shall in the present paper discuss the relevance to index construction, and in
particular the construction of indexes for e ementary aggregates.

Other authors that have discussed the problem of price and commodity aggregation include for
example Anderson (1979) and Feenstra (1995). Feenstra assumes a finite number of variants within a
single commodity group and an “outside’” numeraire commodity. Furthermore, he discusses the so-
called hedonic index problem which arises when nonpecuniary attributes associated with the variants are
observed. In contrast, the framework developed in this paper is designed to deal with random sets of
feasible product variants that are unobservable by the analyst. This randomness can be interpreted as
stemming from variations in for example the set of feasible stores across consumers. Alternatively, one
may attribute random choice sets to consumers being boundedly rational in the sense that they only take
into account a subset of alternatives within their respective "objective’ choice sets in the decision
making process. However, we do hot consider the issue of hedonic regression nor do we explicitly
discuss how the distribution of prices are determined in market equilibrium. Feenstra shows that the
inddex derived from a discrete choice type of micro modd also can be interpreted within a
representative consumer setting. Similarly to Feenstra we also demonstrate that the index referred to
aboveis consistent with a representative approach.

While the present approach, and those of Anderson (1979) and Feenstra (1995) assume that the
consumers are perfectly informed about the distribution of variants and their prices, a few authors have
assumed that the consumers are not fully informed about the price distribution they face, and
consequently they search to abtain acceptable prices. These authors include Baye (1985), Anglin and
Baye (1987), and Reinsdorf (1994).

The paper is organized as follows: In Section 2 we present the modelling framework, and in
Section 3 we discuss Cost-of-Living indexes. In Section 4 we discuss estimation and computational
issues. In Section 4 we demonstrate that the results of Section 3 can aso be obtained from a

representative consumer analogue to the model introduced in Section 2.



2. The model

The commodity space is supposed to consist of n different types of products (goods), where each
product consists of a set of different variants/locations characterized by price and quality attributes. The
n goods refer to the observed commodity categories while the product variants refer to theitemsin the

lowest level of grouping, i.e. theindividual retail stores and unobservable variants. Let Q;(z) be the

quantity of observable good j and unobservable location and variant z, and let T; (2)>0 bean

unobservable quality/location attribute associated with variant z. For example, let the commodity type
be bread, available in two stores as the variants wheat bread and rye bread. Let z=1 represent store A
and whegt bread, z=2 store A and rye bread, z=3 store B and whegt bread, and finally z=4 store B
and rye bread. These are all possible combinations of locations and variants in the example. The T'-
attributes are consumer specific in the sense that they are subjectively perceived. The setup aboveis
similar to the approach of Lancaster (1966), where the T -attributes represent the characteristics
dimension.

Next we state the assumption about the distribution of consumers preferences and the quality
attributes. Evidently, we can represent the vector of product variants and their attributes as the

Cartesian product

(@T)= . (.7, 2.Q,.T;(2).....Q, (. T, (2).

The consumer is assumed to be perfectly informed about the distribution of product locations, variants
and prices. Heis assumed to have preferences over product variants and associated quantities,

represented by a utility function U(Q, T").

Assumption 1
The utility function U(Q, T') has the structure

2.1) U(Q,T*):ugaeé 2.4 S@...4 Sn(z)g,
where

S@=Q@T @,

and uisamapping u: R, ® R, , thatisincreasing and quasiconcave.



Assumption (2.1) implies that within a specific type of good, the different variants are perfect
substitutes. Thisimplies that the consumer will only buy one variant of each type of good at atime.
This setup is therefore a version of the“Ideal Variety Approach”, proposed by Lancaster (1979). The
realism of (2.1) depends of course on how detailed the observable commodity types are defined. It also

depend on the time unit because the consumer specific attributes {Tj* (z)} may change from one instant

of timeto another. If the purchases are made on a daily basis then the perfect substitute assumption
might seem rather plausible, while this assumption is quite strong if one assumes that “ month” is the
proper time unit.

The budget constraint is given by

2.2) a a Q@rP@¢ty
=1z
wherey isincome.
Let
(2.3) R;(2)=P, (z)/Tj* (2).

The consumers optimization problem is equivalent to maximizing the utility function (2.1) with respect

to {Sj(z), z=12,...,]j =1,2,...,n} subject to the “ budget” constraint
d o

(2.4) a a S@R@¢ty.
=1z

Weredlize immediately that the problem above is formally equivalent to a conventional consumer

optimation problem where S, (z),z=12,..., are perfect substitutes that enter symmetrically in the
modd, and {R i (z)} represent "prices’. As mentioned above we realize easily that the consumer will

choose only one variant within each observable type of good. Specifically, variant ; will be chosen if

(2.5) Rj(ij)zmzin R, (2),

2 The price observations in the Consumer Price Index in Norway are supposed to be valid for one day (the 15th.) each
month.



which means that ij is the variant with the lowest taste-and-quality-adjusted”price".

For notational convenience, let IEQJ- =Rj($j), éj =Qj(ij), @i =Sj(ﬁj

) and B, =P|(3). Let
Y (r ,y), j=12,...,m, bethefunction that yieds expenditure on good of typej that follows from
maximizing u(s,,s,,...,S,) subjectto § r;s; £y, where r=(r,,r,,...,r,, ). Werealizeimmediately

j=1
that the purchased quantity of good j, (% i » Isgiven by

&Ry (Ry)

2.6 =T =7
(26) Q=5 3

j j

where R = (I&l, R P IF‘Q” ) . Thus, we have expressed the expenditures that correspond to the chosen

quantities by means of an ordinary and deterministic Marshallian demand system whereR represents
the vector of prices. We shall call {I& j} virtual prices. The effect of unobserved heterogeneity in quality
and preferences is thus entirdly captured by the virtual prices. The virtual prices as wdl as the unit
prices, { ﬁ’j } are of course endogeneous because they are associated with the respective chosen product

variants/locations, while prices are exogenous to the consumers. Note that the virtual prices are not
observable. They can beinterpreted as taste-and-quality-adjusted-prices in the sense that if the virtual
prices were known, consumer behavior could be represented by an ordinary deterministic demand
system that does not depend on the consumer (within suitable defined population groups) nor on the
unobservable product variants. This is so because the * quantities” S;(z) enter symmetrically in the
utility function within each commodity type. Due to this property the virtual prices arein fact latent
stochastic price indexes.

Similarly, it follows that the Hicksian (compensated) demands can be expressed as

@ &= (: Y

where ¢;(r,u), j=12,...,m, isthe function that yields minimum expenditure on good j given that the

utility leve is equal to u. From (2.7) it follows that the expenditure function ¢(} equals

(2.8) c(ﬁt,u) :é cj(ﬁ?,u).



From (2.8) we realize that the expenditure function has the crucial property that it depends on prices
soldly through virtual prices. This property is useful in the context of priceindexes and cost of living
indexes.

To obtain aggregate relations that apply to empirical settings, it is hecessary to make further

assumptions. Without loss of generality we can write Tj* (2)=T,(2)x;(2), where T;(2) represents the
mean attribute value of variant z of typej in the population, and x;(z) are taste-shifters that represent the

heterogeneity in consumers tastes. According to Lancaster (1966) the attributes {TJ- (z)} correspond to

the notion of vertical product differentiation, while the taste-shifters {x i (z)} correspond to the notion of

horizontal product differentiation. We shall in the sequel call T;(z) the quality attribute associated with

variant z.

Assumption 2

The taste-shifters {x,(2} areassumed to bei.i.d. random variables with

2.9) P(xj(z)Ey)=eXp(- y'a‘)

for y>0,where a; >0 isa constant.

A useful interpretation of a; is as

2 _ p’
(210 47 6Var (Iong(z))'

A possiblejustification for (2.9) is that it is consistent with the notion of “ Independence from Irrelevant
Alternatives’, which is discussed in Dagsvik et al. (1998).

Let gi(p,t) be the density of prices and quality attributes of the variants in the market within
commodity group j, and let D; be the support of gi(3. Let § ;(p,t) bethe probability that a consumer

shall purchase a variant with price and quality (p,t) given that a variant of type| is purchased. The
empirical counterpart to gi(p,t) is the fraction of variants of typej with list price p and quality attributet

that appear in the stores. The empirical counterpart to § ;(p,1) isthe number of consumers that

purchase a variant with price and quality (p,t) to the number of consumers that purchase a variant of



typej. From the assumptions above it follows readily from the theory of discrete choice that the

relationship between §; (p,t) and g(pt) is given by

&0

855 g;(p.t)

(2.11) §,(p.t)= .
a &9 gxy

' &y o
xy1D; X

The interpretation of (2.11) is as follows: Due to the consumer's random taste-shifters, {x i (z)} ,a

sdlection effect arises and the distribution of prices (unit values) and quality attributes of the purchased
variants will differ from the corresponding distribution of list prices and quality attributes offered in the
market. Eq. (2.11) expresses the structure of this sdection effect. Note that according to (2.10) the

selection effect decreases when the variance of logx;(z) increases, and disappears when the variance
approaches infinity, which means that the distribution of unit values and market values coincidein the
limit.

It follows from (2.9) that the distribution of R ; hasthe structure

(2.12) P(ngj £r)=l- exp(- r Kj)

for r3 0, where

(2.13) K;=b; & %2 g;(x.y)

and where b; represents the number of variants of type | that is supplied to the market.
In empirical analyses, (2.11) is not readily applicable due to the fact that the quality attributes
are unobservable. We shall therefore derive aggregate relations that correspond to observations of prices

and unit values. To thisend let

a tg;(pY

(2.14) | .(p)° E(Tj(z)a‘ Pj(z)=p)° t

g;(p)






where R o denotes the vector of virtual pricesin the basis period. Theindex givenin (3.1) is household
specific and random due to the fact that the virtual prices are household specific. The corresponding

aggregate index E I(IfQ 0 R t u) can, by first order Taylor approximation, be expressed as

E1{RoR,,u)» ti‘ ; |(ERgER, )

Thus, to afirst approximation we can interpret | (E R o E R t u) as an (aggregate) Cost-of-Living

index. As aresult, the corresponding Laspeyres and Paasche indexes follow from the usual expression
by substituting the prices by the respective mean virtual prices.
Let us next discuss the issue of commodity group-specific indexes (elementary indexes). To this

end we consider the cost function conditional on group j. Due to assumption (2.1) it follows that
a s@

is equivalent to a utility function when only consumption allocation within group j is considered. This

implies that the "subutility"

(3.2) u°s

J J

represents the "indirect” utility, due to the fact that only one variant within group j is purchased.

Therefore, the group-specific cost function at time't equals
it

(3.3 c(Ry.uy)=u; R,

and consequently, the group-specific cost of living index equals

C. (ﬁ?lt,uj) B ﬁajt
cj(ﬁ?jo,uj)_ﬁ?jo'

(3.4) (&Joﬁjt’ J)

Thisindex isreferencefreg, i.e., it does not depend on theleve of the subutility. Asin the unconditional
case, theindex given in (3.4) is household specific and random. We shall therefore be interested in the
corresponding aggregate index

11



ak o
(3.5) EIS(R,, R, u)=EG .
( )=Ecq.2

In contrast to the treatment in the general unconditional caseit isin fact possible to calculate an exact

formulae for the right hand side of (3.5) dueto a bivariate extension of (2.12), provided the correlation

between ﬂ?jt and ﬁ?jo is sufficiently strong. Specifically, we prove in the Appendix B that

(3.6) EGt+=

wherer; isaconstant suchthat r ; <a, with the interpretation as

(3.7) 1-r% =Corr(|ogl$jt,logl$j0).

We have therefore demonstrated that the index I; defined by

ER,
(3.8) T
jo

can (apart from a multiplicative constant) be interpreted as an exact aggregate cost of living index for

commodity group j.2

4. Calculation of mean virtual prices
We shall in this section consider the problem of calculating (estimating) the virtual prices. We shall

demonstrate that the assumptions introduced in Section 2 imply rather convenient expressions for E R i

For simplicity we drop the indexation of time in the notation. From (2.12) and (2.14) it follows, with the

normalization,

I-I-O

Q

a2 1
(4.1) b! —G§1+;
]

3t is easy to verify that the result (3.6) does not essentially depend on the Weibull distribution (2.12). It isin fact sufficient
that the virtual prices have the structure ﬁ?it =E ﬁ?it X, , where {h;t} are positive random variable with distributions that

do not depend on the mean virtual prices, and with the property that E(hi,/hjo) isfinitefor all j.

12



that one gets

-a. d]/ai -a; -Ya
P )P o ([ER@ ™1 (P@))

g

4.2) ER, =K =

:

One can also express the mean virtual price E R ; by means of the distribution of unit values.

= QD

Specifically, it can be demonstrated that

= b §,(m0 |
4.3 EI?Qj =¢e——F 0 (ETj(z)ai)-]/ai (Eﬁ’jai)]/a]

8 30

where @; (t)° é g;(p,t) , isthe marginal density of T(z) across variants (see Dagsvik et al. (1998)).
p

We shall next introduce an additional assumption which implies a useful restriction on the

functional form of | (3.

Assumption 3
The conditional distribution of unit values within each commodity group given that a variant

is purchased, is not affected by a scale transform of the prices of the variants.

Assumption 3 seems reasonable since only changes in relative prices matter due to the fact that

&,() isindependent of income.

In Appendix A we demonstrate that Assumption 3 impliesthat | ;(% is a power function. Thus,

under Assumption 3

(4.4 | j(pl/ai)o E(Tj(z)ai P (2 aj =p) =A, pki

where A; >0 and k; >0 are constants. From (4.4) we obtain that A; has the interpretation

(4.5) A :M
| " ER@™)

13



From (4.4) weredlizethat | j(p”a‘) is convex when k; >1 and concave when k; <1. This means that

when k; >1, increasing prices do not reduce the perceived attractiveness of the product variants as
much as when k; <1, because high prices are perceived as an indication of high quality, and vice versa.
When k; >1, for example, the relationship between prices and quality is strengthened as the price level

increases.

From (4.2) and (4.4) it follows that we can express E R, as

Kk YA
-1a, B EP (z aki @
(4.6) E&F(ETJ'(Z)E”) ! 9%3
&EP, (9"
or, aternativey, E ﬁ?j can be expressed by (4.3).
To gain some intuition about the properties of the index formulae (4.6), we will discuss a few

particular cases below. If we arewilling to assumethat ET, (2)* is constant through time we can

without loss of generality normalize suchthat E T, (z % =1. Consider first the case with k;»0. Inthis

case expression (4.6) reduces to the generalized harmonic mean

(Epj(z)-ai)'l/ai_

Note that this expression is little affected by the right tail of price distribution. This means that since
quality in this caseis not correlated with price, high prices will have a small effect on the price index
simply because consumers will not buy from stores with high prices (or variants with high prices). In

the “reference case’ with k; =1, theindex above reduces to the generalized mean

(EPj (Z)ai)]/ai.

This reference case means that relative changes in prices yield the same relative changes in mean
perceived quality. In this case we realize that high prices will be much more important that in the
previous case, unless a; is very small. Recall that a small a; means large heterogeneity in tastes, and
consequently the effect of the price dispersion will be reduced. This conforms with the intuition that

since consumers value the product variants differently, the influence on demand of a specific price

14
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where ﬁ’ij ,

i=12,...,N, isarandom sample of unit values. It is interesting that while it is hecessary to
know a; and k; to apply (4.7), only a; is needed to compute the index formulaein (4.8). In practice,
however, it will usually not be possible to apply (4.8) dueto the fact that the samples used in consumer
expenditure surveys are too small.

In Dagsvik (1996), part 11, it is discussed how a ;k ; - a; can be estimated provided one has a
sample of unit values and list prices. To estimate a;, however, one needs to make further assumptions
about the structure of the function y;(r,y) introduced in Section 2. Thisissueis discussed in Dagsvik
et al. (1998).

Finally, let us consider the case with very large population heterogeneity in tastes, i.e., when

a; ® 0, cf. (2.10). By using I'Hi pital's rule we get from (4.6) that

UM
(4.9) Jii(gnoEﬁ?,» =e><p(Elog Pj(Z)) @jé Pj(zs)g

which we recognize as the geometric mean of the prices. Notice that in this case the parameter k;

vanishes in the index formulae. From (4.3) we also abtain

. UN
(4.10) JiiénoEﬁej =exp(E|ogﬁ>j)@:§ ﬁ’"’% _

In other words, when a; is close to zero we can estimate the mean virtual prices by a geometric mean of
list prices or, alternatively, by the geometric mean of unit values. The geometric mean alternative (4.9)
has been recommended by the so called CPI Commision, see Boskin et al. (1997). See also Dalén
(1992).

We conclude this section by a discussion on the differences between the generalized mean given

by (4.7) when k; =1, and the geometric mean. From Hdlder's inequality (see for example Berck and

Sydsader, 1993) it follows easily that

@1 Y o' "
(4.12) —a P(z)"+ 3 % P (z )+
gwa Plz)"s g0 Rlz)
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where equality holds only when all prices are equal. Moreover, the difference between theright and the
left hand side will increase as the variance of the logarithm of prices increases, provided the central
moments of order higher than two are not too “large’. To seethis we note that the asymptotic

counterpart to (4.11) is

(E Pj(z)""i)]/ai 3 exp(EIog Pj(z))
which is equivalent to
(4.12) [Eexp(aj (Iog P.(2)- Elog Pj(z)))r/a; 31
By a second order Taylor expansion it follows that the left hand side of (4.12) is approximately equal to

& a2 LY
ac“ (0]
§1+—’Varlog P (23

2 a

which shows that the left hand side of (4.12) isincreasing in VarlogP;(z) provided that

%E(Iog P;(2)- Elog Pj(z))n

issmall for n3 3.

5. A representative consumer analogue

Anderson et al. (1992) and Feenstra (1995), among others, have discussed how discrete choice behavior
can be interpreted within a representative consumer setting. In this section we shall demonstrate that the
indexes derived above can also be derived from a representative consumer approach.

To this end we assume that the representative consumer has utility function given by

(5.1) U@ T)=u(Vy,Vs,....V,)
where

2 O aii
(5:2) Vi :gé (Tj(Z)Qj(Z))l*aii

Q
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The representative consumer's problem is to maximize (5.1) subject to (2.2). This problem can be
formulated as a two stage budgeting problem as follows: First, maximize utility with respect to variants
within commodity groups subject to expenditure on each commodity type. Second, maximize utility with
respect to consumption allocation between commodity groups.

Consider first allocation within commodities. As above, |et ¢; denote the (conditional)

expenditure function for commodity group j. It follows readily that

® o ()0
G
~¢@ £p o

The interpretation of (5.3) is as the expenditure Y; which is required to achieve utility level u; within

(5.3) Y, =

Y
&IIO
Q- IO

group j, given prices and quality attributes. With the same notation as in Section 2 it follows that we can

write (5.3) as
& 0-va; & o (Z)O 40. ]/al
(54) Y =% @ gy—% g;(xY)I uj =¢bjE gP <Y
& (eyin,&X g & @5 P

From (2.12) we have that (5.4) also can be expressed as
(5.5) Y =u K

If now K}]/a‘ is linear homogeneous in prices, it is clear from (5.5) that u; can be interpreted as

composite consumption of typej while K}]/a‘ is the corresponding “price’ (priceindex). Thus the total
expenditure function can therefore be expressed as a function of the “ price indexes’,
K}]/ai ,j=212,...,n. But from (4.2) weredlize that the index formulae for E ﬁ?j and K}]/a‘ arethe

same. In other words, the representative consumer approach presented above yields the same price index

as the micro-approach outlined in Section 2.

In the representative consumer setting the interpretation of the parameters {a j} is different

from the case with a population of consumers. In that case a; is associated with the dispersion of the
random taste-shifters, cf. (2.10), and is constrained to be positive. In the representative consumer

approach 1+ a; can beinterpreted as the elasticity of substitution between variants within commodity

group j, and a; can take any real value except zero.

18



6. Empirical results
To gain someinsight on the importance of the value of the parameter k; in the formulae (4.7) one can
compute (4.7) for different values of k; and a;. We have computed estimates by means of (4.7), the

arithmetic mean (k; =a; =1), and the geometric mean given by (4.9), for selected commodities based

on data from January 1989 to December 1994. Plots of the resulting indexes are displayed in Figures 1
to 19. For the sake of comparison we have also displayed theindex currently in use by Statistics
Norway. The three indexes shown are: (i) The actual eementary index used by Statistics Norway in the
construction of the Consumer Price Index (CPI) (See Koht and Sandberg (1997)), which is based on
regional ratios of mean prices, weighted together using appropriate regional weights.” This index will be
referred to as kj, where j denotes the commodity group. (ii) Theindex given by (4.7), with k; =1 and

a; = 063 (the chosen value of a is taken from Brubakk and Dagsvik (1998)), is referred to as d; and,

finally, (iii) the geometric mean given by (4.9), is referred to as g;. In Figures 10 to 19 we display the
respective arithmetic and geometric means, where the arithmetic mean for group j isreferred to as a. All
the indexes are normalized to 100 in January 1989.

From Figures 10 through 19 we realize that the geometric and the arithmetic means yield very
similar result except for the commodity groups “ Bread” and “ Fish products’. From the discussion in
Section 4 we realize that this may be due to the fact that the variance of the logarithm of prices
increases for these particular commodity groups. From Figures 1 to 9 we note that the elementary index
currently in use in Statistics Norway differs from the other indexes for some goods in some months.
Since the difference between this index and the geometric mean evidently is due to the regional

weighting, we realize that it may be of some importance how the weights are sdected.

4 Thus, for a given commodity group j, we have that the elementary index for the time period O to t can be expressed as
1o
T a Pj!(zsr)
- 2 nf S
“Eawg
r rT a Pjo(zg)

where {W,} denote regional weights. For each region r, the summation is made across the set of stores, indexed zs. The
number of storesin each region is denoted n.
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Figure 7. Priceindexesfor potatos
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Figure 8. Price indexesfor sugar
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Figure 17. Price indexes for sugar
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Figure 18. Price indexesfor coffee
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Figure 19. Priceindexesfor a particular type of bread
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6. Conclusions

In this paper we have discussed possible theoretical justifications for a class of price indexes for
eementary aggregates. Two different approaches have been discussed. Thefirst oneis based on a
particular representation of preferences for heterogeneous consumers in which goods are allowed to be
differentiated with product variants that are perfect substitutes to theindividual consumers. Moreover,
this representation allows prices to depend on latent “quality” attributes of the variants. Thisis of
particular interest for product variants where price is perceived by the consumers as a signal of quality.
From the stated assumptions, a convenient class of prices indexes for eementary aggregates follows.
Second, we demonstrate that the same class of indexes can be derived from a representative consumer
approach. Many of the indexes for el ementary aggregates proposed in the literature emerge as special

cases within this class. An example of a case of particular interest is the geometric mean.

29



References

Aczd, J. (1966): Lectures on Functional Equations and Their Applications. Academic Press, New
York.

Anderson, R.W. (1979): Perfect Price Aggregation and Empirical Demand Analysis. Econometrica, 47,
1209-1229.

Anderson, S.P., A. de Palma and J.-F. Thisse (1992): Discrete Choice Theory of Product
Differentiation. MIT Press, Cambridge, Massachusetts.

Anglin, P.M. and M.R. Baye (1987): Information, Multiple Search, and Cost-of-Living Index Theory.
Journal of Palitical Economy, 95, 1179-1195.

Baye, M.R. (1985): Price Dispersion and Functional Price Indices. Econometrica, 53, 217-223.
Berck, P. and K. Sydsader (1993): Economist’s Mathematical Manual. Springer-Verlag, New York.

Boskin, M.J., E.R. Dulberger, R.J. Gordon, Z. Griliches and D.W. Jorgenson (1997): The CPI
Commision: Findings and Recommendations. American Economic Review, 78-93.

Brubakk, L. and J.K. Dagsvik (1998): Consumer Demand and Unobservable Product Attributes.
Discussion Papers 223, Statistics Norway.

Carlson, J. and D. Pescatrice (1980): Persistent Price Distributions. Journal of Economics and
Business, 33, 21-27.

Dagsvik, J.K. (1996): Consumer Demand with Unobservable Product Attributes. Part | and Part I1.
Discussion Papers, 166 and 167, Statistics Norway.

Dagsvik, J.K., Y. Zhu and R. Aaberge (1998): A Framework for Empirical Moddling of Consumer
Demand with Latent Quality Attributes. Discussion Papers 229, Statistics Norway.

Dalén, J. (1992): Computing Elementary Aggregates in the Swedish Consumer Price Index. Journal of
Official Satistics, 8, 129-147.

Eichhorn, W. and J. Vodler (1983): The Axiomatic Foundations of Price Indexes and Purchasing
Power Parities. In Price Level Measurement: Proceedings from a Conference Sponsored by Statistics
Canada.

Feenstra, R. (1995): Exact Hedonic Price Indexes. Review of Economics and Satistics, 634-653.
Fisher, 1. (1922): The Making of Index Numbers. Houghton-Mifflin, Boston.

Koht, B. and L. Sandberg (1997): Sources of Measurement Error in the Consumer Price Index (In
Norwegian). @konomiske analyser, 22-26, Statistics Norway.

Lancaster, K.J. (1966): A New Approach to Consumer Theory. Journal of Political Economy, 74, 132-
157.

30



Lancaster, K.J. (1979): Variety, Equity and Efficiency. Columbia University Press, New Y ork.

Reinsdorf, M. (1994): The Effect of Price Dispersion on the Cost-of-Living Indexes. International
Economic Review, 35, 137-149.

Stiglitz, J.E. (1987): The Causes and Consequences of the Dependence of Quality on Price. Journal of
Economic Literature, 25, 1-48.

31



Appendix A

Proof of the result that Assumption 3 impliesthat | j(p) isa power function
For analytic convenience we shall present a proof for the continuous case wherel j(p) is a continuous

function. Let § iq(P) denote the density of unit values within commodity group j after the prices have
been multiplied by a common positive scale g. The corresponding density of prices equals g; (p/q)/q .

Hence, by (2.15)

P 1 (P g;(pa?)

(A.1) 8,(P) =+ :
Ox j(x)gj(xq'l)dx
0

By change of variable in theintegral in the denominator of (A.1) we get

AR .
(A.2) 8, (po) = ¥p i(@p) g;(p)

adx 1 ;(ax)g;(x) dx
0

Under Assumption 3 it follows readily that

8,0 (P) =81 (pa )

which implies that for all pl (0,¥)

b,(pa)  &:(p)

A.3 = .
(A9 gjq (Q) gjl(l)

When (A.2) and (A.3) are combined we obtain that

(A4 LiGap) _15(P)
i@ 1@

Let f,(p)=1 ;(p)/1 ;(1). Then (A.4) yields

(A-5) fi(ap) =1;(p)f;(q).
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Eq. (A.5) isa Cauchy type of functional equation which only continuous solution is f; (p) = pbj (seefor

example Aczé (1966)). Hence | ;(p) =3, pbj , Where a; >0 and b; are constants.

Q.E.D.
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Appendix B

Derivation of the mean of R, /R g
Since ﬁ?jt and ﬁ?jo are Weibull distributed it seems reasonable to assume that ﬁ?jt and ﬁ?jo are

bivariate Weibull distributed, i.e, R, =ER, xh, , where

3 ca . —an\NO
(B.1) F(x,Y) ® P(ho £x.h £y) = epfE k(x i/t gy ail ) <,
x>0,y>0,k>0 isaconstant and r ; T (0,1] is a constant which has the interpretation

(B.2) rJ? =1- corr(loghjt,loghjo)zl- corr(log ﬁjt,log ﬁjo)

where Ff denotes the partial derivative with respect to the second variable. From (B.1) it follows by

straight forward calculus that

¥

a&h, o] A 1
B.3 P—Jt>Vf=‘Fal—, 9 = .
B3) ho & Ooﬂ:gv yﬂdy 1+ v/
Accordingly, we obtain
& 06 * &, 0 F r
Eg—”:=(‘)Pg—”>v:dv=(‘) d\:r = iP .
hioo hio & o 1tV i & po
ajsmg—;

provided r ; <a ;. Hencethe proof of (3.6) is complete.

Q.E.D.



