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AUTOMORBILE PRICES IN MARKET EQUILIBRIUM

BY STEVEN BERRY, JAMES LEVINSOHN, AND ARIEL PAKES!

This paper develops techniques for empirically analyzing demand and supply in
differentiated products markets and then applies these techniques to analyze equilibrium
in the U.S. automobile industry. Our primary goal is to present a framework which
enables one to obtain estimates of demand and cost parameters for a class of oligopolistic
differentiated products markets. These estimates can be obtained using only widely
available product-level and aggregate consumer-level data, and they are consistent with a
structural model of equilibrium in an oligopolistic industry. When we apply the tech-
niques developed here to the U.S. automobile market, we obtain cost and demand
parameters for (essentially) all models marketed over a twenty year period.
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1. INTRODUCTION

THIS PAPER DEVELOPS TECHNIQUES for empirically analyzing demand and supply
in differentiated products markets and then applies these techniques to analyze
equilibrium in the U.S. automobile industry. Our primary goal is to present a
framework that enables one to obtain estimates of demand and cost parameters
for a class of oligopolistic differentiated products markets. Estimates from our
framework can be obtained using only widely available product-level and
aggregate consumer-level data, and they are consistent with a structural model
of equilibrium in an oligopolistic industry. When we apply the techniques
developed here to the U.S. automobile market, we obtain cost and demand
parameters for (essentially) all models marketed over a twenty year period. On
the cost side, we estimate cost as a function of product characteristics. On the
demand side, we estimate own- and cross-price elasticities as well as elasticities
of demand with respect to vehicle attributes (such as weight or fuel efficiency).
These elasticities, together with the cost-side parameters, play central roles in
the analysis of many policy and descriptive issues (see, e.g., Pakes, Berry, and
Levinsohn (1993) and Berry and Pakes (1993)).

Our general approach posits a distribution of consumer preferences over
products. These preferences are then explicitly aggregated into a market-level
demand system that, in turn, is combined with an assumption on cost functions
and on pricing behavior to generate equilibrium prices and quantities. The
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primitives to be estimated are parameters describing the firms’ marginal costs
and the distribution of consumer tastes. The distribution of tastes determines
elasticities, and these, together with marginal cost and a Nash assumption,
determine equilibrium prices.

A familiar alternative is to posit a simple functional form for the market-level
demand system. This requires some aggregation over products, since, for exam-
ple, a constant elasticity demand system for 100 products would require estimat-
ing 10,000 elasticities. This problem is frequently alleviated by aggregating
and /or nesting products into groups, with justification often given by represen-
tative consumer theory. Even apart from the appropriateness of the implied
restrictions, aggregation methods that might seem useful for one policy experi-
ment are unlikely to be useful for another. For example, an applied researcher
investigating tariffs might be tempted to aggregate all foreign and all domestic
cars. However the resulting model is unlikely to prove useful when investigating
domestic competition or pollution taxes. Further problems associated with the
market-level demand approach include an inability to evaluate the impact of the
introduction of new goods on demand and the difficulty of incorporating more
micro information on the distribution of consumers into a representative agent
framework.

One extensively used alternative to the market-level approach is a system that
represents consumer preferences over products as a function of individual
characteristics and of the attributes of those products (an approach that dates
back at least to Lancaster (1971)). Advances in the discrete choice literature
over the last two decades have generated much of the econometric methodology
needed to use micro level data to estimate the parameters determining individ-
ual demands from this characteristics approach (e.g., McFadden (1973) and the
literature he cites in his 1986 review article). Moreover a few studies have, by
using convenient (but restrictive) assumptions, been able to aggregate the
individual demands generated by this approach into a market-level demand
system (e.g., Berkovec (1985), Morrison and Winston (1989)). Finally, there is a
literature that integrates very simple discrete choice demand systems with an
oligopolistic price setting model in a way that allows use of aggregate data to
estimate the parameters of marginal cost and demand (Bresnahan (1987)).

We follow in this tradition, consider two problems that arise quite naturally in
this framework, and provide computationally tractable methods for solving
them. The first of the two problems concerns the imposed functional form of
utility and the resulting pattern of cross-price elasticities. We show how, using
only aggregate data, to interact consumer and product characteristics, thereby
allowing for plausible substitution patterns. The second problem involves the
correlation between prices, which are observed by the econometrician, and
product characteristics, some of which are observed by the consumer but not by
the econometrician, and the bias in estimated elasticities that this induces. This
is just the differentiated products analog of the traditional simultaneous equa-
tions problem in homogeneous product markets (the classic reference being
Working (1926)). The resulting estimation strategy involves solving an aggrega-



AUTOMOBILE PRICES 843

tion problem in moving from the individual to aggregate demands (solved via
simulation, as suggested by Pakes (1986)), and solving a nonlinear simultaneous
equations problem to account for endogenous prices (solved via an inversion
routine as suggested by Berry (1994)). Both these techniques have precursors in
the literature. McFadden, et al. (1977) use simulation to generate aggregate
predictions from micro parameter estimates. Hotz and Miller (1993) use a
related inversion technique to estimate a dynamic model, and Bresnahan (1987)
allows prices to be correlated with a linear disturbance in an equilibrium pricing
equation but does not explicitly model the correlation between prices and
unobserved characteristics.

Because we rely on mostly aggregate data, we do not have the degrees of
freedom associated with more micro-level studies. This naturally raises concerns
about obtaining precise estimates of the parameters of interest. We have two
suggestions for ameliorating any precision problems that may arise. First, we
show how to use widely available data on the distribution of consumer charac-
teristics to augment market level information. Second, we use recent results to
describe and compute an approximation to the efficient instrumental variables
estimator for our system (Chamberlain (1986), Newey (1990), and Pakes (1994)).

Our framework is based upon: (i) a joint distribution of consumer characteris-
tics and product attributes that determines preferences over the products
marketed; (ii) price taking assumptions on the part of consumers; and (iii) Nash
equilibrium assumptions on the part of producers. This a very rich framework
which we have not fully exploited. In particular, to generate our instruments we
use a strong assumption on the orthogonality of observed and unobserved
product characteristics. Though we think this is a natural starting place, it is an
assumption that can be relaxed in future work. Relatedly, and perhaps more
interesting, the framework is rich enough to incorporate nontrivial dynamics
and endogenize the distribution of product attributes. We discuss these exten-
sions in Section 8 below.

The Automobile Industry

Few industries have been studied as intensively as the auto industry and with
good reason. With sales topping $150 billion in 1989, the auto market is one of
the largest in the U.S. and has ramifications for entire state economies.
Moreover it is often at the heart of policy debates (in fields once as diverse as
international trade and environmental regulation) and it is a market that has
evolved in important ways.

Early work treated autos as a homogeneous product and estimated aggregate
demand (e.g. Suits (1958)). Griliches (1971) and later work by Ohta and
Griliches (1976) adopted the hedonic approach. Their work was among the first
to consider the automobile market at the level of the individual product, a
feature that det the tone for much future research (examples include Berkovec
and Rust (1985), Toder et al. (1975), and Levinsohn (1988)). None of these
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studies gave much consideration to the production side of the model, although
many of them used consumer micro data (a point we address below).

Perhaps the first attempt at simultaneously modeling and estimating the
demand and oligopoly pricing sides of the market was Bresnahan’s (1987) study.
In that paper, Bresnahan adopted a vertical differentiation model and assumed
a uniform density of consumers over the quality line. Feenstra and Levinshohn
(1995) extend Bresnahan’s work and allow products to be differentiated in
multiple dimensions, but retain his assumption of the uniform density of
consumers. Manski (1983) investigates the (perfectly competitive) supply side
and demand side of the Israeli automobile market. Our goal is to estimate a
model that allows for products that are differentiated in multiple dimensions,
richer distributions of taste parameters, and unobserved (to the econometrician)
product characteristics. We attempt to integrate and extend the advances in this
literature, thereby taking a step towards a more detailed understanding of
behavior in the auto market. (For a more detailed comparison to previous
studies, see Section 2.3.)

A Road Map

The next two sections describe our theoretical model. Section 2 discusses
utility and demand, while Section 3 models firm behavior and derives industry
equilibrium. Section 4 introduces our instruments, Section 5 formally defines
the estimators and describes their properties, while Section 6 provides the
required computational techniques. The data and estimation results are dis-
cussed in Section 7. This section also provides a quick review of alternative
models and compares our estimates to those of some alternative models. We
conclude and discuss extensions in Section 8.

2. THEORY: UTILITY AND DEMAND

Our demand system is obtained by aggregating a discrete choice model of
individual consumer behavior.? We then combine this demand system with a
cost function, and embed these two primitives into a model of price setting
behavior in differentiated products markets. The demand and pricing equations
that this model generates give us the system of equations that we take to the
data.

Most of this paper assumes that we do not have data that matches individual
characteristics to the products those individuals purchased. Consequently we
proceed (as does much of the prior literature on the empirical analysis of
equilibrium in markets for differentiated products®) by considering the problem

2 For background on demand systems obtained in this manner see McFadden (1981) and the
literature cited there as well as the product differentiation literature cited in Shaked and Sutton
(1982), Sattinger (1984), Perloff and Salop (1985), Bresnahan (1987), and Anderson, DePalma, and
Thisse (1989), among others.

3 For examples see Bresnahan (1987) and Feenstra and Levinsohn (1995).



