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Estimating discrete-choice models of product
differentiation

Steven T. Berry*

This article considers the problem of “supply-and-demand” analysis on a cross section of
oligopoly markets with differentiated products. The primary methodology is to assume that
demand can be described by a discrete-choice model and that prices are endogenously
determined by price-setting firms. In contrast to some previous empirical work, the techniques
explicitly allow for the possibility that prices are correlated with unobserved demand factors
in the cross section of markets. The article proposes estimation by “inverting” the market-
share equation to find the implied mean levels of utility for each good. This method allows
for estimation by traditional instrumental variables techniques.

1. Introduction

B Traditional “supply-and-demand” analysis has long been a staple of empirical eco-
nomics. This analysis attempts to uncover cost and demand information from market data
under the assumption of a static, perfectly competitive equilibrium. In recent years, in-
creasing attention has been paid to estimating demand and cost parameters under imperfect
competition. Much, though not all, of this existing literature on estimation under imperfect
competition is tied to homogeneous goods markets.

This article considers the problem of estimating supply-and-demand models in mar-
kets with product differentiation. In common with some previous articles, market demand
is derived from a general class of discrete-choice models of consumer behavior. The utility
of consumers depends on product characteristics and individual taste parameters; product-
level market shares are then derived as the aggregate outcome of consumer decisions.
Firms are modelled as price-setting oligopolists, and endogenous market outcomes are
derived from an assumption of Nash equilibrium in prices.

The proposed estimation methods do not require the econometrician to observe all
relevant product characteristics. The presence of unobserved product characteristics allows
for a product-level source of sampling error. More importantly, it reintroduces the econo-
metric problem of endogenous prices (or “simultaneity”) that is familiar from studies of
homogeneous goods markets. In these studies, the “error” in the demand equation is usually
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given an explicit structural interpretation as representing unobserved (by the econometri-
cian) demand factors. These demand factors are, by inspection of the supply curve, seen
to be correlated with prices. It is well known that ignoring the correlation between price
and the demand error frequently leads to findings of upward sloping demand curves and
other anomalies.

As is illustrated below, similar problems arise in the study of differentiated products
markets when some product characteristics are unobserved. Importantly, unobserved prod-
uct characteristics are a feature in many markets that economists study. Characteristics
such as style are inherently difficult to quantify but are frequent determinants of demand.
In some markets, products may be physically similar but differ in consumers’ perceptions
about quality, durability, status, or service at point-of-sale. Also, in practice, the number
of product characteristics that are important to consumers may be much larger than the
number of observations available to the econometrician, making it impossible to estimate
the separate effects of each characteristic.

The endogeneity of prices that follows from the presence of unobserved product char-
acteristics is not just an econometric quibble. A later set of Monte Carlo results will dem-
onstrate that (as in the homogeneous goods case) estimation methods that ignore the
endogeneity of prices in the presence of unobserved product characteristics can be severely
misleading. In a more concrete example, the importance of price endogeneity is illustrated
by Trajtenberg’s (1989) careful study of the medical CT scanner market. This study notes
that, in some cases, prices appear to have a positive effect on demand. In Trajtenberg’s
model, this finding implies that an increase in price increases consumer benefits. Consis-
tent with the arguments made here for the importance of unobserved product character-
istics, Trajtenberg attributes this anomaly to the presence of unobserved product quality.
Empirical results on the automobile industry, reported in Berry, Levinsohn, and Pakes
(1993), are also consistent with the importance of accounting for unobserved product
characteristics.

In the homogeneous goods case, demand parameters can be consistently estimated in
the presence of unobserved demand factors via the use of traditional instrumental variables
methods. However, in the context of discrete-choice models, both prices and unobserved
product characteristics enter demand equations in a nonlinear fashion. This frustrates any
straightforward application of instrumental variables methods.

This article introduces a method for avoiding the nonlinear instrumental variables
problem. This method inverts the function defining market shares to uncover the mean
utility levels of various products as specified by the primitives of the model. These mean
utility levels can then be related to product characteristics and prices using instrumental
variables techniques. The mean utility method is applicable to a wide class of discrete-
choice models, does not rely on the existence of a unique equilibrium, and frequently
involves a smaller computational burden as compared to previously used alternatives.

After a brief description of related models, I shall outline the basic framework of
discrete-choice demand and oligopolistic pricing. The method of recovering mean utility
levels is then introduced and discussed. To illustrate, I show how to implement the method
in several special cases, including logit, nested logit, and the vertical differentiation model.
Final sections of the article discuss some problems with and extensions of this approach
and also provide some Monte Carlo evidence.

2. Previous empirical models of differentiated products oligopoly

B Markets with perfectly homogeneous goods are empirically rare, although not un-
known. Accordingly, empirical models of differentiated products oligopoly have received
some attention. Empirical studies of differentiated products oligopoly address topics as
varied as the mode of market conduct (e.g., Bresnahan, 1987), the welfare effects of the
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introduction of new products (Trajtenberg, 1989), or of deregulation (Morrison and Win-
ston, 1986). The focus in this article will be on estimating structural demand and cost
parameters without reference to specific applications; applications that are related to the
concerns of this article include those of Berry (1990), who estimates separate cost and
demand effects of airline hubbing, and Berry, Levinsohn, and Pakes (1993), whose article
embodies and extends the ideas of this article in an empirical study of the automobile
industry.'

Perhaps the simplest approach for dealing with endogenous prices in a differentiated
products industry is to posit simple aggregate (that is, market level) demand curves in
which quantity demanded is decreasing in a firm’s own price and increasing in the price
of its rivals. Consider, for example, the constant elasticity framework:

In(g) =a;+ 3 nuln(py + €, (1)
k

where 7, is the elasticity of good j with respect to the price of good k. When € and p are
correlated, the demand system described by (1) can be easily estimated by traditional
instrumental variables techniques. The well-known problem, however, is that a system of
N goods gives N elasticities to estimate, which is a very large number in many real-world
applications. For example, in the automobile industry model of Bresnahan (1987), there
are close to 100 distinct products, implying almost 10,000 separate elasticities.

It is possible to avoid the problem of “too many elasticities” by placing a priori
restrictions on the pattern of cross-price elasticities. For example, a researcher could decide
that many of the cross-price elasticities are equal to zero or that many sets of cross-price
elasticities are equal to each other. This approach is obviously arbitrary, and in many
markets, economic theory will provide little guidance on such restrictions.

It is desirable, therefore, to put some structure on the demand problem in order to
reduce the number of demand parameters. This article will impose such structure by mak-
ing assumptions on consumer utility. The utility of a given consumer is assumed to depend
on the characteristics of the chosen product, on random consumer “tastes,” and on a small
set of parameters to be estimated. Market demand is then derived as the aggregation of
individual consumer choices. Explicitly deriving aggregate demand from consumer choices
has several advantages. This approach avoids the problems of (1) by deriving all the rel-
evant demand elasticities from a much smaller number of utility parameters. Also, the
resulting model can make predictions about the demand for new products and about the
demand for dissimilar products found in different markets. Finally, such a model allows
us to move easily between statements about aggregate demand and statements about con-
sumer utility.

Discrete-choice models are a common, tractable, and parsimonious method for ob-
taining the desired structure on demand. This parsimony comes at some cost, as the models
rule out the purchase of multiple items and do not easily incorporate dynamic aspects of
demand. Furthermore, they typically place important parametric restrictions on the demand
structure. Discrete-choice models of product demand have, of course, a long history in
econometrics, most notably influenced by McFadden (e.g., McFadden (1974)). Recently,
discrete-choice models have received increasing attention in the theoretical literature on
differentiated products oligopoly, either as a means of justifying particular assumptions
on aggregate demand or as an independent focus of analysis.’

' The model of this article is also related to the hedonic pricing models of Griliches (1971), Rosen (1974),
and Epple (1987). Indeed, my model implicitly produces a hedonic equilibrium pricing function that depends
on product characteristics. However, the focus in this article on structural estimation with price-setting firms
and unobserved demand characteristics differs from the typical focus in the hedonic literature.

* Theoretical works that apply discrete-choice models to the study of oligopoly product differentiation
include Shaked and Sutton (1982), Sattinger (1984), Perloff and Salop (1985), Anderson, DePalma, and Thisse
(1989), and Caplin and Nalebuff (1991).



