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A class of differentiated products is completely described by a vector of
objectively measured characteristics. Observed product prices and the
specific amounts of characteristics associated with each good define a set
of implicit or “hedonic” prices. A theory of hedonic prices is formulated
as a problem in the economics of spatial equilibrium in which the entire
set of implicit prices guides both consumer and producer locational
decisions in characteristics space. Buyer and seller choices, as well as the
meaning and nature of market equilibrium, are analyzed. Empirical
implications for hedonic price regressions and index number con-
struction are pointed out.

I. Introduction and Summary

This paper sketches a model of product differentiation based on the
hedonic hypothesis that goods are valued for their utility-bearing attrib-
utes or characteristics. Hedonic prices are defined as the implicit prices
of attributes and are revealed to economic agents from observed prices of
differentiated products and the specific amounts of characteristics asso-
ciated with them. They constitute the empirical magnitudes explained
by the model. Econometrically, implicit prices are estimated by the first-
step regression analysis (product price regressed on characteristics) in the
construction of hedonic price indexes. With few exceptions, structural
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support from the Center for Naval Analysis and the National Institute of Education is
gratefully acknowledged.
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interpretations of the hedonic method are not available.! Therefore, our
primary goal is to exhibit a generating mechanism for the observations
in the competitive case and to use that structure to clarify the meaning
and interpretation of estimated implicit prices. It will be shown that these
data generally contain less information than is commonly supposed. How-
ever, the model suggests a method that often can identify the underlying
structural parameters of interest. Also, as a general methodological point,
it is demonstrated that conceptualizing the problem of product differen-
tiation in terms of a few underlying characteristics instead of a large num-
ber of closely related generic goods leads to an analysis having much in
common with the economics of spatial equilibrium and the theory of
equalizing differences.

The model itself amounts to a description of competitive equilibrium
in a plane of several dimensions on which both buyers and sellers locate.
The class of goods under consideration is described by n objectively mea-
sured characteristics. Thus, any location on the plane, is represented by a
vector of coordinates z = (2, Z3,- .., Z,), With z; measuring the
amount of the ith characteristic contained in each good. Products in the
class are completely described by numerical values of z and offer buyers
distinct packages of characteristics. Furthermore, existence of product
differentiation implies that a wide variety of alternative packages are
available. Hence, transactions in products are equivalent to tied sales
when thought of as bundles of characteristics, suggesting applicability of
the principle of equal advantage for analyzing market equilibrium.

In particular, a price p(z) = p(zy, 235 - - -, Z,) is defined at each point
on the plane and guides both consumer and producer locational choices
regarding packages of characteristics bought and sold. Competition
prevails because single agents add zero weight to the market and treat
prices p(z) as parametric to their decisions. In fact the function p(z) is
identical with the set of hedonic prices—‘“equalizing differences”’—as
defined above, and is determined by some market clearing conditions:
Amounts of commodities offered by sellers at every point on the plane
must equal amounts demanded by consumers choosing to locate there.
Both consumers and producers base their locational and quantity deci-
sions on maximizing behavior, and equilibrium prices are determined so
that buyers and sellers are perfectly matched. No individual can improve
his position, and all optimum choices are feasible. As usual, market clear-
ing prices, p(z), fundamentally are determined by the distributions of
consumer tastes and producer costs. We show how it is possible to recover,

1 Excellent summaries of the hedonic technique are available in Griliches (1971,
chap. 1) and Gordon (1973). Major exceptions to the statement in the text are those
studies dealing with depreciation and obsolescence (see Griliches 1971, chaps. 7 and 8)
and some recent models based on markup pricing (e.g., Ohta and Griliches 1972).
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or identify, some of the parameters of these underlying distributions by a
suitable transformation of the observations.

An early contribution to the problem of quality variation and the theory
of consumer behavior has been made by Houthakker (1952). His analysis
is designed to take account of the fact that consumers purchase truly
negligible fractions of all goods available to them without having to deal
with a myriad of corner solutions required by conventional theory. That
virtue of Houthakker’s treatment is preserved in the present model. More
recently Becker (1965), Lancaster (1966), and Muth (1966) have ex-
tended Houthakker’s methods to more explicit consideration of utility-
bearing characteristics. Again, the emphasis is on consumer behavior and
properties of market equilibrium have not been worked out, a gap we
hope to fill, in part, here. The spirit of these recent contributions is that
consumers are also producers. Goods do not possess final consumption
attributes but rather are purchased as inputs into self-production func-
tions for ultimate characteristics. Consumers act as their own “middle-
men,” so to speak. In contrast, the model presented below interposes a
market between buyers and sellers. Producers themselves tailor their goods
to embody final characteristics desired by customers and receive returns
for serving economic functions as intermediaries. These returns arise from
economies of specialized production achieved by specialization and
division of labor through market transactions not available outside
organized markets with self-production.

Section II discusses individual choices in the market and the nature of
market equilibrium. Some simple examples of analytic solutions for
general equilibrium are given in Section III. Section IV presents an
empirical method for identifying the underlying structure from the
observations, while Section V applies the model to price index number
construction in the presence of legislated restrictions. To highlight essen-
tial features, the simplest possible specifications are chosen throughout.
As a further appeal to intuition, use is made of geometrical constructions
wherever possible.

II. Market Equilibrium

Consider markets for a class of commodities that are described by n
attributes or characteristics, z = (24, 25, ..., 2,). The components of z
are objectively measured in the sense that all consumers’ perceptions or
readings of the amount of characteristics embodied in each good are
identical, though of course consumers may differ in their subjective valua-
tions of alternative packages. The terms “product,” “model,” “brand,”
and “design” are used interchangeably to designate commodities of given
quality or specification. It is assumed that a sufficiently large number of
differentiated products are available so that choice among various com-
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binations of z is continuous for all practical purposes. That is, there is a
“spectrum of products” among which choices can be made. As will be
apparent, this assumption represents an enormous simplification of the
problem. It is obviously better approximated in some markets than others,
and there is no need to belabor its realism.? To avoid complications of
capital theory, possibilities for resale of used items in secondhand markets
are ignored, either by assuming that secondhand markets do not exist, or
alternatively, that goods represent pure consumption.

Each product has a quoted market price and is also associated with a
fixed value of the vector z, so that products markets implicitly reveal a
function p(z) = p(zy,..., z,) relating prices and characteristics. This
function is the buyer’s (and seller’s) equivalent of a hedonic price regres-
sion, obtained from shopping around and comparing prices of brands
with different characteristics. It gives the minimum price of any package
of characteristics. If two brands offer the same bundle, but sell for different
prices, consumers only consider the less expensive one, and the identity
of sellers is irrelevant to their purchase decisions. Adopt the convention
of measuring each z; so that they all may be treated as “goods” (i.e., so
that consumers place positive rather than negative marginal valuations
on them) in the neighborhood of their minimum technically feasible
amounts. Then firms can alter their products and increase z only by use
of additional resources, and p(zy,..., z,) must be increasing in all its
arguments. Assume p(z) possesses continuous second derivatives. Since a
major goal of the analysis is to present a picture of how p(z) is determined,
it is inappropriate to place too many restrictions on it at the outset. How-
ever, note that there is no reason for it to be linear as is typically the case.
The reason is that the differentiated products are sold in separate, though
of course highly interrelated, markets. This point is spelled out in some
detail below.

A buyer can force p(z) to be linear if certain types of arbitrage activi-
ties are allowed. Let z,, z;,, and z, be particular values of the vector z.
(1) Suppose z, = (1/t)z,, and p(z,) < (1/t)p(z,), where ¢ is a scalar and
t > 1. Then ¢ units of a model offering z, yield the same amount of
characteristics as a model offering z,, but at less cost, ruling out transac-
tions in convex portions of p(z). (ii) Suppose z, < z, < 2. and p(z,) >
op(z,) + (1 — d)p(z.), where 0 < 6 < 1 and 2, is defined by z, =
0z, + (1 — 8)z.. Then characteristics in amount of z, could be achieved
by purchasing & units of a model containing z, and (I — §) units of a
model containing z, at lower cost than by direct purchase of a brand
containing z,, and products in concave portions of p(z) would be un-
economical. Arbitrage is assumed impossible in what follows (at this point

2 This assumption was first employed by L. M. Court (1941) and allows the use of
marginal analysis rather than the programming methods required by Lancaster’s (1966)
formulation. Following the general rule, it is not without its costs, however (see below).
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we depart from Lancaster [1966]) on the assumption of indivisibility.
This amounts to an assumption that packages cannot be untied. For
example, in terms of one characteristic, two 6-foot cars are not equivalent
to one 12 feet in length, since they cannot be driven simultaneously (case
[i]); while a 12-foot car for half a year and a 6-foot car for the other half
is not the same as 9 feet all year round (case [ii]). Similarly, assume sellers
cannot repackage existing products in this manner or do not find it
economical to do so, as might not be the case with perfect rental markets
and zero transactions and reassembly costs.

A.  The Consumption Decision

To begin, suppose consumers purchase only one unit of a brand with a
particular value of z. Write the utility function as Ul(x, z,, z,,.. ., z,)
assumed strictly concave, in addition to the other usual properties, where
x is all other goods consumed. It would not be difficult to treat z as inter-
mediate goods and relate them to yet more ultimate commodities through
self-production functions, but that complication is ignored. Set the price
of x equal to unity and measure income, y, in terms of units of x: y =
x + p(z). Maximization of utility subject to the nonlinear budget con-
straint requires choosing x and (z,,. . ., z,) to satisfy the budget and the
first-order conditions dp/dz; = p; = U, |U,, i = 1,..., n. Optimality
is achieved by purchasing a brand offering the desired combination of
characteristics. Second-order conditions are fulfilled on the usual assump-
tions regarding U, so long as p(z) is not sufficiently concave (for a general
statement of these conditions under a nonlinear constraint see Intriligator
[1971]).

To stress the essential spatial context of the problem, define a value or
bid function 6(zy, ..., z,; 4, ) according to

Uy —0,z4,...,2,) = u (1)

The expenditure a consumer is willing to pay for alternative values of
(z1-.., 2,) at a ‘given utility index and income is represented by
0(z; u, »). It defines a family of indifference surfaces relating the z; with
“money” (i.e., with x foregone), and has been widely used in urban
economics (e.g., see Alonso 1964). Differentiate (1) to obtain

0,, = U,JU,>0,0,= —1/U, < 0,and 0, = 1, )
ez‘zi = (szUz;z,- - 2UxUztsz.- + [Jzz.(]xx)/[]x3 < 07 (3)

where the inequality in (3) follows from the assumptions about the bor-
dered Hessian matrix of U. Also, strict concavity of U implies that @ is
concave in z. Equations (2) and (3) show that the value function is
increasing in z; at a decreasing rate. Alternatively, 0,, is the marginal
rate of substitution between z; and money, or the implicit marginal



