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Voluntary Export Restraints on Automobiles:
Evaluating a Trade Policy

By STEVEN BERRY, JAMES LEVINSOHN, AND ARIEL PAKES*

We evaluate the voluntary export restraint (VER) that was initially placed on
exports of automobiles from Japan in 1981. We evaluate the impact this policy had
on U.S. consumer welfare, firm profits, and forgone tariff revenue from its initiation

through 1990. (JEL F13)

In May 1981, a voluntary export restraint
(VER) was placed on exports of automobiles
from Japan to the United States. Our primary
goal in this paper is to provide some econo-
metric evidence on the welfare implications
of the VER. We evaluate the impact of this
policy on the United States through 1990. We
estimate the policy’s impact on both con-
sumer welfare and, since the auto industry is
an oligopoly, U.S. auto producer profits. We
also estimate the potential impact this policy
might have had on U.S. government revenue
had the policy been implemented differently.
As such, we provide (what we believe is) the
first complete evaluation of a strategic trade
policy. In the course of evaluating the VERs,
we also address the issue of when the policy
significantly impacted prices. We find that the
policy mattered in some years, but not in
others. We now provide an overview of our
results on each of these issues.

* Berry and Pakes: Department of Economics, Yale
University, 37 Hillhouse Avenue, New Haven, CT 06520
(e-mail: SteveB@econ.yale.edu; Ariel@econ.yale.edu);
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I. The Voluntary Export Restraint on
Automobiles

A. The Policy and the Magnitude
of Its Impact

As noted above, the VER was initiated in
May 1981, and at that point Japan agreed to
limit total Japanese exports of passenger cars to
the United States to 1.68 million cars.! The
enforcement mechanism was up to the Ministry
of Trade and Industry (MITI) and was rein-
forced by U.S. political pressure. MITI gave
each Japanese manufacturer a separate sub-
quota, allegedly based on past sales. If a firm
violated its allocation, there was no clear en-
forcement mechanism in place. Cars made in
the United States by Japanese firms (e.g., Hon-
das made in Ohio) did not count against the
limits, although cars imported from Japan and
sold under a U.S. brand were counted against
the VER. These so-called captive imports were
cars usually produced by Mitsubishi, Suzuki,
and Isuzu and sold under the Dodge/Chrysler or
Geo labels by Chrysler and General Motors
respectively.

The agreement was initially scheduled to ex-
pire after three years. In 1984, though, the VER
was extended and the 1.68 million car figure
was increased to 1.85 million.? As the economy
recovered, the Reagan administration dropped

! Japan also agreed to limit exports to Puerto Rico to
70,000 cars and to limit sport utility vehicle (SUV) exports
to 82,500. This gave a total limit on U.S. imports from
Japan of 1,832,500 vehicles.

2 When exports to Puerto Rico and SUVs are included,
the figure is 2.016 million.



VOL. 89 NO. 3

its support for the VER. In 1985, Japan agreed
to extend its already nominally voluntary export
restraint. From 1985 through early 1992, ex-
ports to the United States were limited to 2.30
million passenger cars.> In 1988, MITI an-
nounced that for the first time, the quota had not
been met. However MITI stated that the VER
would be maintained because it was not clear
that imports would stay low in 1988-1989.

To the extent that the VERs impacted prices
in the auto industry, consumer welfare and firm
profits change. We examine the magnitude of
the VER’s impact on U.S. welfare. In so doing,
we address the following “big-picture” ques-
tions. First, how much did the VERSs benefit the
domestic producers and how much did they hurt
Japanese producers? Also, how were European
firms affected by the policy? Second, were the
VERSs sound domestic public policy and, if not,
could they have been if they had been imple-
mented differently? The point estimates of our
model imply that: (1) summing over the years
for which the VER’s raised Japanese prices, the
VERSs increased the profits of U.S. producers by
about ten billion (1983) dollars, and this esti-
mate has a standard error of about seven billion
dollars. We also find that U.S. producers re-
sponded to the VERs by selling more cars, but
they did not significantly raise prices as it was
typically the price-sensitive consumer who
switched from Japanese to domestic cars; and
(2) the VERSs resulted in moderate net welfare
losses to the United States (our point estimate of
the loss is close to $3 billion, but it has a
standard error of $7.5 billion).

We also compute what would have happened
to U.S. welfare had the VERs instead been
implemented as tariffs or quotas. However, this
calculation requires us to assume that the tariffs
would not cause any change in the cars mar-
keted in the United States or lead to trade retal-
iation of any form. Under these questionable
assumptions, replacing the VERs with a tariff
would have enhanced U.S. welfare by about 8.3
billion (1983) dollars with a standard error of
8.3 billion dollars, leaving open the possibility
that strategic trade policy could have actually
worked. This change in welfare is comprised of

3 This figure rises to 2.506 million when SUVs and
shipments to Puerto Rico are included.
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three components—the above-mentioned in-
crease in domestic profits, the forgone tariff
revenue, and the change in consumer welfare.
We estimate that the revenue forgone by using
a VER instead of a tariff was 11.2 billion dollars
(with a standard error of 3.1 billion dollars).
This forgone revenue almost equals the loss in
consumer welfare of 13.1 billion dollars (with a
standard error of 2.5 billion dollars).

B. The Policy and the Timing of Its Impact

As a reasonable first pass at the data, we
examine figures on U.S. imports from Japan
during the VER years. Table 1 provides such
data. The second column lists imports as re-
ported by the U.S. International Trade Commis-
sion (ITC). These figures are for the April
1-March 31 “VER year” and include sport util-
ity vehicles as well as sales to Puerto Rico.*
These ITC figures are comparable to the VER
limit listed in the second column.5 (This column
also includes the SUV’s and Puerto Rican
sales.) Column 3 lists the difference. According
to the official U.S. statistics, imports exceeded
the VER in 1981 (barely) and in 1983-1986. In
1987-1990, imports fell short of the limit. Until
the 1988 VER year, the difference between the
imports and their limit was relatively small.

Table 1 might lead one to believe that the
VERs were responsible for limiting imports in
the early years of the policy (leading to higher
prices for Japanese cars), and that the VERs had
no impact on imports in the later years (and
hence no impact on prices). However, there
were differences of opinion on this matter, and
these manifested themselves in newspaper ac-
counts of the period.® In particular, there are at

4 Neither the sport utility vehicles nor Puerto Rican sales
are in the Automotive News Market Data Book (Crain Com-
munications, 1984 -1988) data set we use below.

5 We are grateful to a referee as well as Ms. Laura Polly
of the ITC for clarifying the VER limits.

6 The Reagan administration gave conflicting predictions
about the impact of the VERs, asserting that they would
help the domestic industry but would not restrict car sales
“enough to affect the price.” (U.S. Trade Representative Bill
Brock in the May 2, 1981, New York Times.) Trade Repre-
sentative Brock claimed that the VERs would facilitate U.S.
firms attempts to obtain financing for several billion dollars
of needed new investment by providing a stable short-term
future for the domestic industry. Roger Smith, the Chairman
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TABLE 1—U.S. AUTOMOBILE IMPORTS FROM JAPAN

Year International Trade VER limit Difference

Commission data

U.S. imports from (Imports-VER)

Japan including
Puerto Rico

1981 1,833,313 1,832,500% 813
1982 1,831,198 1,832,500 -1,302
1983 1,851,694 1,832,500 19,194
1984 2,031,250 2,016,000° 15,250
1985 2,605,407 2,506,000° 99,407
1986 2,518,707 2,506,000 12,707
1987 2,377,383 2,506,000 —-128,617
1988 2,115,304 2,506,000 -390,696
1989 2,015,920 2,506,000 —~490,080
1990 1,911,828 2,506,000 —594,172

Sources: The ITC figures are for “VER years” which ran
from April 1 to March 31. The ITC data are from the May
issue of The U.S. Automobile Industry: Monthly Report on
Selected Economic Indicators, published annually by the
U.S. International Trade Commission.

# Computed as 1.68 million autos to the United States;
82,500 “utility” vehicles to the United States, and 70,000
vehicles to Puerto Rico.

b Of the 2.106 million total, 1.85 million were autos sold
to the United States.

¢ Of the 2.506 million total, 2.30 million were autos sold
to the United States.

least five somewhat interrelated reasons for
doubting what might seem, at first glance, to be
the obvious implications of Table 1.

(i) The VER year typically spanned two
model years. Since cars can be invento-
ried, and since there was a reported large

of General Motors, stated that “in a 10 million car market, a
decline of 140,000 vehicles will have little immediate impact”
(United Press International, May 2, 1981). Smith also claimed
that Japanese firms were sitting on an inventory of 500,000
vehicles that would buffer the impact of the VER. News stories
following the announcement generally adopted the tone that
the short-term impact was expected to be small, although many
of those quoted were not disinterested parties. United Auto
Workers (UAW) President Douglas Fraser predictably claimed
the 1.68 million figure was too high to have much of an impact,
while on the other side of the Pacific, Japanese newspapers
were critical of the accord and were skeptical that it would do
much to help the American industry. (See the May 3, 1981,
New York Times quotes from the Tokyo Shimbun.) On the other
hand, there were many accounts of the difficulty of obtaining
specific base models of Japanese cars in the period following
the VER.
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inventory of Japanese cars in stock in
1981, it is possible, indeed perhaps
likely, that firms may have decided to use
up their allocation in order to obtain the
option value conferred by the inventory
should demand pick up later. For exam-
ple, if it looked like Nissan would not be
able to sell its 1981 allocation, Nissan
might still opt to export the cars to the
United States. Late in the 1981 VER
year, Nissan would be selling its 1982
model cars, and these cars could, if de-
mand picked up, then be sold during the
1982 VER year (even though they were
shipped during the 1981 VER year). This
procedure can be shifted forward until a
year when demand is sufficiently high.
The strategy of maintaining an ability to
meet future increased demand when the
need arose might have looked particu-
larly attractive in the early years of the
VER. In the early 1980’s, demand for
cars was well below trend due to very
high consumer interest rates and the re-
cession. With a prime interest rate of
almost 19 percent in 1981, demand for
cars was just not strong. As late as 1985,
the prime rate was still about 10 percent
with consumer rates yet higher. This had
a substantial dampening impact on the
demand for autos. This too suggests the
Japanese would not have sold more cars
in the early 1980’s had the VER not been
there.

It was clear that MITT’s allocations were
based, at least loosely, on existing market
shares. Hence, during the recession of the
early 1980’s, Japanese firms may have
shipped cars to the United States in an
attempt to fill their allocations and hence
preserve those allocations for future use
when demand would presumably be
higher. This strategy would imply lower
prices as Japanese firms tried to fill their
allocations.

There is the question of why MITI agreed
to the VERs at the outset. Politics and the
threat of other alternative policies may
have played a role. Still, the quantity data
are consistent with the view that the limits
were set sufficiently high so that they had
no effect whatsoever. Under this view, Jap-



VOL. 89 NO. 3

anese firms were in fact not constrained,
and the limits in the first several years were
set at about market demand anyway. In-
deed, it is perhaps because the limits were
set so high that the Japanese agreed to
them.

(v) During the late 1980’s, when the recession
had ended and the interest rates had de-
creased, the demand for new cars in-
creased. The Japanese, though, may have
been hesitant to increase shipments. If
there was a significant inventory of cars
when demand first picked up [see point (i)
above and footnote 6], this would have
been the time to “clean off the shelves.”
Also, the Reagan administration never
agreed to the higher limits, having publicly
dropped its support for the VER, and there
remained substantial pressure from the
UAW, some automakers, and some sectors
of Congress to keep Japanese imports low.
Japan may have elected not to push too
hard, and instead used some self-restraint
after the limits were raised to 2.3 million.
Some industry observers thought that if
Japan’s market share topped 25 percent,
the U.S. would put up new protection.
Rather than run into the “buzzsaw of pro-
tection,” the Japanese may have elected to
keep imports below their announced VER
limits. Hence, while MITI might have been
hesitant to formally commit to a lower ag-
gregate limit, it may have pressured firms
in subtle ways to keep prices high and sales
low.

And, as noted above, it may instead be that
the Japanese sold about their limits during the
early years of the VER because the constraint
prevented them from selling more and that they
did not sell their limits in the later years because
demand was insufficient. The important point is
that one cannot simply examine the VER limits
and exports and then “know” when the VER
impacted prices.

Hence, it seems it is insufficient to merely
examine VER limits and recorded data on ex-
ports to the United States and then deduce when
the VER led to higher prices. Rather, an eco-
nomic model of the impact of the VER needs to
be analyzed. Our strategy is to specify an equi-
librium model of the auto industry. We are very
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explicit on exactly what assumptions we make,
and we engage in extensive sensitivity analysis.
Our results concerning the timing of the impact
of the VER are as follows. We find that the
VERs did not significantly raise prices when
they were first initiated, but they were respon-
sible for higher prices of Japanese cars in the
later 1980’s. Accounting for direct foreign in-
vestment by the Japanese auto producers into
the United States does not really change this
conclusion. In particular, we find that the VERs
first contributed to higher Japanese prices in
1986, and that they continued to contribute to
higher prices throughout the rest of the decade.
This concludes our review of the results. (Read-
ers interested only in a fuller discussion of the
results, but not the methodology used to obtain
them, can skip to Section V.)

This paper has, of necessity, a large method-
ological component. This is due to some large
discrepancies between the standard theoretical
models and the actual structure of the automo-
bile market. While theory is typically con-
structed around models with two countries,
symmetric firms each producing one product, a
constant elasticity of demand between differen-
tiated products (or homogeneous products), a
representative consumer with a love of variety,
and observed marginal cost, empirical work
must confront a very different situation. In the
case of the U.S. automobile market, there are
multiple firms of vastly different sizes, almost
all of which produce multiple products. These
firms are from about a half dozen different
countries. There are, in any given year, roughly
20,000 unknown elasticities and they are not
equal. These elasticities play a key role in de-
termining the Nash equilibrium prices firms
charge. There are over 90 million households
potentially in the market and they are quite
heterogeneous. Finally, marginal cost is unob-
served. Dealing carefully with these facts and
constraints, while still obtaining explicit guid-
ance from an equilibrium oligopoly model, re-
quires new methodological tools, which we take
largely from Berry et. al. (1995b) (henceforth
BLP).

As in any policy analysis of the VERs, in
order to arrive at our conclusions we have to
make a host of very detailed assumptions about
functional form and behavior. We are explicit
on exactly what these assumptions are, hence
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allowing other researchers to evaluate and
expand our analysis.” We also provide extensive
sensitivity analyses investigating how changes
in these assumptions impact results.

This paper is organized into seven sections.
In Section II, we review some of the existing
empirical literature examining the VERSs on au-
tomobiles. In Section III, we outline the under-
lying theoretical model used here to evaluate the
VERs, while Section IV discusses the method-
ology used to estimate this model. Section V
presents a discussion of the data and the base
case results, while Section VI is focused on
determining how robust our results are to sev-
eral alternative theoretical and econometric
specifications. Conclusions and caveats are
gathered in Section VII.

II. The Previous Literature

At the most general level, we hope this paper
might contribute to the debate on the applica-
bility of the insights of the strategic trade policy
literature. On the one hand, some of the econ-
omists most responsible for the development of
the theory of strategic trade policy have argued
eloquently against its use in the public policy
arena. See, for example, Paul Krugman’s (1994)
Peddling Prosperity: Economic Sense and Non-
sense in the Age of Diminished Expectations.
On the other hand, the insights from the strate-
gic trade policy literature appear to have struck
a chord with some currently powerful policy
makers and advisors.

Since the early theoretical models are now
over a decade old, one might have expected that
there would be several econometric studies in-
vestigating exactly this question in a multitude
of industries. We know of no econometric stud-
ies of strategic trade policy. This absence is
documented in the recent review of empirical
studies of trade policy by Robert C. Feenstra
(1995). As noted in Feenstra’s survey, the em-
pirical studies of strategic trade policy have
been simulation models in which simple theo-
retical models are parameterized and experi-
ments run.

7 To facilitate this, all of our data and programs will be
made available on the web at http://www.econ.
Isa.umich.edu/jamesl.
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While we know of no econometric studies
investigating the efficacy of an implemented
(possibly) strategic trade policy, there have
been several studies of international trade and
the U.S. automobile industry. While a complete
survey of this literature is beyond the scope of
this paper, we provide an overview of some of
this work. (See Levinsohn [1994] for an ex-
tended survey.)

Some of the first studies of the effects of
VERs on the U.S. automobile industry were by
Feenstra (1984, 1988). These studies focused on
the phenomenon now referred to as quality up-
grading. Feenstra documented that when the
VERs were implemented, the list prices of Jap-
anese cars as well as the base-model character-
istics of those cars increased. Using data from
1979 to 1985,8 he showed that some of the
observed price increases in Japanese cars could
be accounted for by corresponding increases in
“quality,” such as more horsepower, larger ve-
hicle size, and the like. Hence, if one only
looked at the change in prices, without adjusting
for the concurrent change in quality, one would
overestimate the price rise due to the VERs.

Avinash K. Dixit (1988) constructed a simple
simulation model of the U.S. automobile indus-
try in which there were two types of products,
U.S. and Japanese. Assuming linear inverse de-
mands and constant marginal cost, Dixit cali-
brated his model to perfectly fit data that were
aggregated in this way. This was done for the
industry in 1979 and again for 1980. Drawing
on elasticities and estimates of marginal cost
from various sources, Dixit computed the opti-
mal strategic trade policy and compared the
welfare gain this would have yielded relative to
the simpler policy of levying a standard most-
favored-nation tariff of 2.9 percent. Dixit found
that the gains from employing strategic trade
policy would have been very small—on the
order of 17 to 300 million dollars depending on
the policy tools adopted and the parameters
selected.

Elias Dinopoulos and Mordechai Kreinin
(1988) treat the U.S. automobile industry as a
homogeneous product perfectly competitive in-
dustry with linear supply and demand schedules

8 Not all the Feenstra papers used all these years of data,
but Feenstra (1988) uses all years.
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and compute the triangles that comprise the
deadweight loss from the quality-adjusted price
increase the VER induced.

A more recent and more sophisticated em-
pirical investigation of the effect of the auto-
mobile VERs on the United States is Pinelopi
Goldberg (1995).° In that paper, Goldberg
estimates a structural oligopoly model of the
U.S. automobile industry using both product-
level data and consumer-level data from the
Consumer Expenditure Survey (CES). Her an-
nual data cover 1983 to 1987. Goldberg first
estimates a logit-based demand system from
the consumer data in the CES. This yields
demand elasticities that feed into the oligopo-
listic firms’ profit maximizing first-order con-
ditions. These first-order conditions result
from multiproduct firms maximizing profits in
a Bertrand fashion. Goldberg finds that the
VERs were binding in 1983, 1984, and again,
but much less so, in 1987. A principal mes-
sage of Goldberg’s paper is that the main
effect of the VERs came immediately after
they were imposed and that in later years the
policy had little or no effect. Goldberg reports
on the profit-shifting aspect of the trade pol-
icy, but notes that “the objective of our anal-
ysis is not to compute national welfare, but to
assess the quota impact on prices, production
and market shares ... .” We return to her con-
clusions after presenting our results.

We address the broader question of whether
the VERs were sound U.S. public policy. In
particular, when the entire picture of U.S. firm
profits, consumer welfare, and government rev-
enues are considered, who were the winners,
who were the losers, and what was the magni-
tude of these gains and losses? To address these
questions, we use a structural model of static
oligopoly. This model is presented in the next
section.

III. A Model of VERs in Oligopoly
To proceed we need a model of demand and

supply for the new car market. The model we
use has four primitives: (i) a distribution for

° A less technical paper that also addresses many of these
issues is Goldberg (1994).
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consumer utility functions; (ii) a distribution for
producer cost functions; (iii) a specification for
the rules governing the impacts of the VER’s;
and (iv) a behavioral assumption which deter-
mines equilibrium. We take our specification
for the distribution of the utility and cost sur-
faces from our earlier work (BLP, 1995b) which
we review briefly now. We next provide our
specification for the VERs and then consider
alternative equilibrium concepts.

A. Utility and Demand

Our demand system is obtained by explicitly
aggregating over the discrete choices of indi-
viduals with different characteristics.'? The util-
ity that a consumer derives from a given choice
depends upon the interaction between the con-
sumer’s characteristics, to be denoted by », and
the product’s characteristics. Thus the prefer-
ence for a car of a particular size may depend on
family size, while price trade-offs may depend
on family income. We distinguish between
three kinds of product characteristics; those that
are observed by the econometrician but deter-
mined before the current period (such as horse-
power and vehicle size) to be denoted by x,
price, or p, which is also observed but may be
changed in every period, and unobserved (by
us) product characteristics, denoted by & The
vector & is meant to take account of character-
istics that are observed by market participants,
but are either inherently difficult to measure
(such as “prestige”) or are potentially measur-
able but are not included in our specifications
(usually because of a lack of data).

The consumer has J + 1 choices. She can
choose to purchase one of the J cars marketed,
or she can choose not to purchase a new car. We
let the (indirect) utility derived by consumer i
from choosing alternative j be

U(Vi’ pj’ xj, gj; 0)’

where @ is a vector of parameters to be esti-
mated. Consumer i chooses alternative j if and
only if

10 For a discussion of the advantages of demand systems
obtained in this way, and a review of the relevant literature,
see BLP (1995b) and the literature cited therein.
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U(v, Pj> Xjs fj? ) =U(v,p, x, &5 0),
for r=0,1,..,J,

where alternatives r = 1, ..., J represent pur-
chases of the competing differentiated products.
Alternative zero, or the outside alternative, rep-
resents the option of not purchasing any of those
products and allocating all expenditures to other
commodities. It is the presence of this alterna-
tive that allows us to model changes in the total
quantity of automobile purchases.

Let A(0) be the set of values of v that induce
the choice of good j when the parameter vector
is 0:

(1) A/(o) = {V : U(V’ pj’ xj’ ‘fj; 0)
=U(v, p,, x,, §5 0),

for r=0,1, .. J}

The market share, 5js of a product is given by
computing the fraction of the population with »
(= Aj. That is,

2 sj(p’ x, & 0) = J Py(dv),

vEA;(6)

where P, provides the distribution of w.

A note on functional forms is appropriate
here. Computational constraints have frequently
induced the traditional discrete-choice literature
to analyze models in which utility is additively
separable into a component that depends only
on product-level attributes, say Sj, and a distur-
bance, say €,; i.e., U(v;, p;, x;, §; 0) = §; +
€; ;- The g, ; are assumed to be independently
and identically distributed (i.i.d.) across
choices, as the specification then enables one to
compute market shares from the solution to a
unidimensional integral (if, in addition, the € are
distributed multivariate extreme value, the
needed integral has an analytic form). However,
the computational simplicity that these assump-
tions produce comes at a large cost. These as-
sumptions result in a model which, no matter
the parameter estimates (or the precise values of
the 8j), implies that when consumers substitute
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away from one product they will not substitute
towards products with similar characteristics,
but rather to products with large market shares;
a fact which leads to counterintuitive cross-
price elasticities (see BLP, 1995b).!!

To enable richer substitution patterns we al-
low different consumers to have different inten-
sities of preferences for different characteristics.
We do this in a tractable way via a random
coefficients utility specification. The utility
function for consumer i, considering products
indexed by j, is

3) Uu; = ij + & — ap;
+ Ekakxjkvik + gy
for j=1,..J,
while u;, = oy, + €.

The ¢; are traditional i.i.d. extreme value
(“logit”) draws, which capture an idiosyncratic
taste of this consumer for this product. The term
x;,B + &, where B is a parameter to be esti-
mated, is common to all consumers. This term
allows the mean level of utility to vary with
observed and unobserved characteristics. Con-
sumers then have a distribution of tastes for
each of the product characteristics. For each
characteristic k, consumer { has a taste v,
which is drawn from an i.i.d. standard normal.
The parameters o, capture the variance in con-
sumer tastes. Similarly, the parameter o, cap-
tures additional variance in consumers’ tastes
for the outside good. Because the outside good
is in fact a broad category including, e.g., all

! Related properties of the standard assumptions have
been noted by several authors and have led to several
alternative modeling assumptions. Probably the most well
known of the modifications is the nested logit. In the nested
logit the researcher provides an a priori classification of
products into groups and then has substitution patterns
constrained only between members of the same group and
between a member of one group and members of any other
group (see N. Scott Cardell [1991] for an intuitive discus-
sion). An alternative, and one which is closer to our spec-
ification, is the random coefficients model used by Jerry
Hausman and David Wise (1978). This specification does
not produce an analytic integral for the shares. However, if
the dimension of the random coefficients is small enough
(as it was in the Hausman and Wise case), numerical inte-
gration can be used to solve for those shares.
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used cars and public transport, we expect the
idiosyncratic variance for this alternative to be
larger than the variance for the “inside” goods.

The term o; is the consumer’s distaste for
price increases. As in BLP, we assume that the
distribution of «; varies with income. Accord-
ingly, we assume that «; has a time-varying
distribution that is a lognormal approximation
to the distribution of income in U.S. households
in each year. If y; is a draw from this lognormal
income distribution, then

o

o = —,
Vi

1

where a is a parameter to be estimated. In this
way, price sensitivity is modeled as inversely
proportional to income.'?

Because the utility specification in (3) allows
consumers to differ in their preferences for
product attributes, consumers who substitute
out of, say, a large car will tend to be consumers
who like large cars and, precisely because of
this preference, will substitute disproportion-
ately to other large cars. As a result, the speci-
fication in (3) allows for a much richer set of
substitution patterns than does the traditional
logit model.

The random coefficient generalization of the
logit model does, however, carry the cost of an
increased computational burden. Now, to obtain
the market shares implied by the model we will
need to evaluate a k + 1-dimensional integral.
As shown in Pakes (1986), this aggregation
problem can be solved by simulation.

The other novel feature of our model is the
allowance for unmeasured product attributes,
the £;. Just as with the disturbances in the ho-
mogeneous goods supply and demand model,
these unobserved characteristics are not inte-
grated out in computing aggregate demand.
Hence, they are a real source of difference be-
tween the aggregate predictions of the model
and the actual data. As one might suspect, how-
ever, the §; also generate a differentiated prod-
uct analogue to the econometric endogeneity
problem we are familiar with from the homo-

'2 This functional form for the interaction between in-
come and price can be derived as a first-order Taylor series
approximation to the “Cobb-Douglas” utility function used
in BLP.
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geneous goods model. That is, unmeasured
characteristics, such as perceived reliability or
prestige, are likely to be determinants of and
hence correlated with the product’s price. If the
econometric endogeneity of price is unac-
counted for in the estimation algorithm, it will
generate inconsistent estimates of the demand
elasticities. Berry (1994) suggests using an in-
version routine to solve for the & and then
instrumental variable techniques to estimate the
parameters, and BLP provides a simple way of
implementing these suggestions (see below).
BLP also shows that the bias generated by the
econometric endogeneity of price is likely to be
empirically important.!3

This completes the discussion of the utility
side of our model. We now turn our attention to
the firm’s problem.

B. Firms, Costs, and Equilibrium Prices

The firm side of the model is straightforward. In
any given year, there are F firms, each of which
produces some subset of the J products, J;. The
decision of which products (bundles of character-
istics) are produced in any year is assumed to be
predetermined outside of our model.!4

Marginal costs are assumed to depend on
observed product attributes, country-specific
cost shifters such as wages and exchange rates,
and an unobserved productivity variable. The
product attributes that enter marginal cost may
be the same as those that determine utility
(though this is not necessary), and the unob-
served productivity term may be correlated with
the unobserved product attributes (or the &)
Note that we assume that marginal costs are
independent of output levels. The decision to
model a product’s marginal cost as constant is
the result of our data limitations. We do not
observe worldwide output of foreign models
and this, not just sales in the United States, is

' As an example, when we do not account for the
endogeneity of price, several products are estimated to face
inelastic demands; this is problematic in an oligopoly
model.

'4 Modeling the firm’s decision of which products to
produce conditional on its beliefs about the products other
firms will produce and the state of future demand in a
multidimensional differentiated products oligopoly is an
important and very difficult problem that is beyond the
scope of this paper.
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what marginal cost might vary against (see the
discussion in BLP). In addition, almost all re-
searchers since Timothy Bresnahan (1981) have
adopted the constant marginal cost assump-
tion.!> Using a logarithmic specification then,
the marginal cost of product j is written as:

“) In(mc); = wy + w;,

where 7y is a vector of parameters to be esti-
mated, w; is a vector of observed marginal cost
shifters, and w is the unobserved productivity
term.

To move from demand and costs to industry
equilibrium requires two modeling decisions.
First, how should the VER be modeled? Sec-
ond, what is the equilibrium concept—Cournot,
Bertrand, or something yet different?

When Japan “voluntarily” agreed to reduce
automobile exports in May 1981, the agreement
pertained to total exports from Japan. These
were to be limited to 1.68 million units (a figure
that increased in later years). The Ministry of
Trade and Industry in Japan then essentially
divided this limit across the Japanese automak-
ers. It has been suggested that a firm’s alloca-
tion depended in various ways on past sales or
market shares, and this is surely true, but there
is not a (publicly available) hard and fast for-
mula used by MITL

Modeling the VER raises several issues.
There is a large literature discussing tariff-
quota equivalences or nonequivalences in the
presence of imperfect competition, and the
lessons from that literature might, at first
glance, appear relevant here. For example,
Jagdish N. Bhagwati (1969) showed that in a
linear monopoly model, tariffs and quotas
might be nonequivalent. In an oligopoly set-
ting, Kala Krishna (1989) has demonstrated
that when firms compete by setting quantities
(as in Cournot), the quota and an appropri-
ately set specific tariff are equivalent, in that
they yield the same equilibrium. This is not
the case when firms set prices. Krishna notes
that with a VER or quota on the foreign firm,
the home firm’s best-response function is dis-

!5 The importance of the constant marginal cost assump-
tion in the analysis of trade policy in the auto industry is
explored, using a partially calibrated model, in Melvin Fuss
et. al. (1992).
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continuous, and there need not be an equilib-
rium in pure strategies.

However, in light of how the VER was actu-
ally implemented, we believe that the target
levels of exports MITI allocated to the firms
should not be viewed as firm specific quotas.
Failure to meet the target presumably impacted
negatively on the firm’s relationship with MITI
and probably on the firm’s future allocations. It
did not prevent an additional unit from being
exported. Indeed, as shown in Table 1, aggre-
gate exports exceeded the limit in five of the
first six years of the policy. Rather, the firm
would have to evaluate these costs and decide
on a course of action. As a result we choose to
model the impact of the firm-specific limits as a
tax on exports in excess of that limit. The tax
rate is the implicit unit cost of exceeding MITI’s
limits, and becomes a parameter to be esti-
mated.

For simplicity, we begin with the case in
which the VER is implemented as an implicit
tax on every unit exported. If the tax per unit is
denoted by A, the firm’s profits are given by

(5) m = 2, (p;— mc; — A\VER))

i€Jr

X Ms(p, %, & 0) — 2, Fixed Costs,,

ji€Js

where M denotes the market size and VER is a
dummy variable that is set to one if the car is
subject to the tax.

Initially assume that the equilibrium is Nash
in prices, i.e., at equilibrium each firm is setting
each of its product prices to maximize total firm
profits conditional on the prices charged by the
other firms and the characteristics of all the cars
marketed. Provided such an equilibrium exists,
the resulting prices must satisfy the first order
conditions:

(6) sj(p’ x, & 0)

+ 2,¢j(p, — mc, — AVER)

as.(p, x, & 0
5P % & 60)

0.
ap;
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In the simple case where there is one product
per firm, equation (6) sets a price equal to
marginal cost plus the tax (where applicable)
plus a markup equal to the inverse of the elas-
ticity of demand for that product. For our mul-
tiproduct firms the markup is more complicated
as the firm takes account of the effect of a
change in the price of one of its product on the
profits earned from all of its products. In par-
ticular if we let the vector of markups for the
multiproduct firm case be b(p, x, & ), then

() b(p, x, & 0)
=A(p, x, & 0)'s(p, x, & 0),

where A is a J by J matrix whose (j, r) element
is given by:

—as, if r andj are produced by
, the same firm;
A, =1 9p;
0, otherwise.

Given the markups, or b(p, x, & 0), and our
model for marginal costs, (4), the first-order
conditions can be rearranged to yield

(8) In(mc;)
= In(p; - b(p, x, & 6) — AVER))

=w¥ + ;.

Note that in (8), the VER, as modeled, looks
like a specific (as opposed to an ad valorum)
tariff. That is, the VER raises prices by an
amount in excess of cost plus markup. It is this
aspect of the VER that may have led firms to
adjust their product mix by upgrading [as doc-
umented empirically by Feenstra, and as mod-
eled theoretically by Satya Das and Shabtai
Donnenfeld (1987) and Krishna (1987)].

The first-order condition in (8) is restrictive in
several ways. First, it assumes that the same tax is
placed on each firm. It has been suggested that
since the VERs were allocated according to a
formula that placed heavy weight on past market
shares, it penalized the smaller upstart firms more
heavily. Honda, in particular, claimed that it was
more constrained in the early years of the VER,
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while other firms were less so. To investigate this
possibility, our robustness analysis includes runs
that estimate separate tax rates for large and small
Japanese firms (where the division is admittedly
somewhat arbitrary).

Note, however, that the first-order condition
in (8) does not require that the tax be placed on
each unit produced, but only on the marginal
units. MITI might exempt some initial level of
production from any political pressure. For our
purposes, the level of the exemption might vary
across firms, as long as the marginal tax rate
was the same. Depending on how we modeled
exemptions, they might once again place a dis-
continuity in the firms’ reaction functions which
might in turn lead to existence problems. We
assume that either the exemptions do not cause
problems or else that the tax rate is in fact
applied to all units of production.

We also investigate the robustness of our
results to the assumption that equilibrium is
Nash in prices. The effect of any change in the
equilibrium assumption will be to change the
definition of the markups, or b(p, x, & 0), in
equation (7). One familiar alternative to our
Bertrand assumption (Nash in prices) is to as-
sume that firms play a Cournot game (Nash in
quantities). The problem with this is that few, if
any, industry observers seem to believe that, in
the automobile industry, firms really set quan-
tities and let the Walrasian auctioneer set the
prices that clear markets. From Bresnahan
(1981) on, researchers have modeled imperfect
competition in the automobile industry in a Ber-
trand fashion. One might, however, posit a Nash
game in which Japanese firms set quantities
(subject to the export limits set by MITI), but
the rest of the firms set prices. This is an ap-
proach empirically adopted by Feenstra and
Levinsohn (1995) and coined “Mixed Nash.”
Another possibility is that the VER somehow
“taught” the Japanese firms to collude, and
these colluding firms played a Bertrand game
with the rest of the world. In Section VII, we
examine the robustness of our results by esti-
mating the model under the Cournot, the Mixed
Nash, and the collusion assumptions.'6

16 Readers interested in the derivation of the Mixed Nash
first-order conditions and the resulting markups are referred
to Appendix I of the National Bureau of Economic Research
working paper version of this paper (1995a). The markups
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In concluding, we would like to stress that
our estimates do not assume the VER raised
prices in every year. If it had no effect on
prices in a particular year, we ought to esti-
mate a A which is within estimation error of
zero in that year.

This completes the discussion of the theory
underlying our structural model. The key param-
eters to be estimated are those characterizing the
distribution of tastes in the population, B, o, and
a, those determining marginal costs 7y, and the tax
rates associated with the VERs, the A’s. The pa-
rameters on the demand side will permit us to
evaluate how consumer welfare changes with the
VER. These plus the cost-side parameters allow
us to estimate the effect of the VERs on the
distribution of profits. The A’s measure the im-
plicit tax on Japanese cars and allow us to com-
pute the revenue forgone by the implementation of
a VER (modeled essentially as an export tax by
Japan) instead of a tariff imposed by the United
States (assuming a tariff could be implemented
without changing any of the other details of the
problem, including the cars that are marketed in
the United States). One needs these pieces of
information, or something very close to them, to
evaluate this strategic trade policy.

IV. Estimation and Computation

We closely follow the estimation methods de-
tailed in BLP. Here we outline those methods
referring the interested reader to BLP for details.

A. Overview

As in an OLS or two-stage least-squares es-
timation procedure, we base our estimates on a
set of moment restrictions. In particular, we
assume that the unobservables defined by the
model, evaluated at the true values of the pa-
rameters, are mean independent of a set of ex-
ogenous instruments, z. Formally,

) E[£(60)Iz] = E[w;(60)lz] = 0.

from the Cournot game are familiar from the previous
literature.

JUNE 1999

Equation (9) implies that the unobservables are
uncorrelated with any function, H,(-), of the
instruments. Defining

10 o= éE[H,-(z)< o )|

equation (10) implies
G’(0,) = 0.

Following the literature on Generalized Method
of Moments (GMM) (see Lars Hansen, 1982)
then, we choose as our estimate of  that value
that comes “closest” to setting the sample ana-
log of the moments in equation (9) to zero. This
sample analogue is

1l ;
11 G(0) =5 ZHJ'(Z)( f;j(((l;)) ) ‘

The GMM estimator then minimizes

(12) 1G(0)la,,

where for any vector y, [ylla, = y'Ay, and
where the matrix A; converges in probability to
some positive definite matrix A [we use the
sample analogue of EG,(6,)G,(0,)’, where 6,
is an initial consistent estimate of 6, as our A].
Under suitable regularity conditions this esti-
mate is consistent and asymptotically normal
with covariance matrix detailed below.

To make use of the method, we must be able to
calculate the unobservables as functions of the
data at different values of the parameter vector.
BLP provides a simple method for doing this
computation and we follow this method exactly.

We turn next to the choice of instruments, z.

B. Instruments

The estimation method as outlined requires
us to find a vector of observables, the z vector,
that are mean independent of the unobservables
(and are in that sense “econometrically exoge-
nous”), and then use functions of them, the
H,(z), as instruments. Since all the equilibrium
notions discussed above imply that the p and g
of every product are functions of the (§ w)
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pairs of all products, we do not want to place
price and quantity in the z vector. This is pre-
cisely the same reasoning that leads to the use of
instruments for price and quantity in the analy-
sis of demand and supply in homogeneous
goods markets.

As in the analysis of homogeneous goods mar-
kets we look for observables that shift the demand
and cost functions to use as the components of z.
In the differentiated products framework these
include the characteristics of all the products mar-
keted (their size, fuel efficiency, acceleration,
etc.), or the observed x vectors, as well as the
variables, such as wage rates, that determine costs
conditional on product characteristics, or the com-
ponents of the observed w vectors that are not
included in x.!7

Note that the observed characteristics of all
the products marketed in a given year are in-
cluded in z, and the value of the instrument for
any given product, the H;(-), can be any func-
tion of z. In oligopolistic differentiated products
markets the price of each good depends on the
characteristics and prices of all goods marketed
(thus markups will be lower for products which
have many competitors with similar character-
istics). As a result the value of the efficient
instrument for any given product will be a func-
tion of the x and w vectors of all the products
marketed (see Gary Chamberlain [1986] for a
discussion of efficient instruments given condi-
tional moment restrictions). In the Appendix,
we develop an easy-to-compute approximation
to the efficient instruments; these are used in our
estimates.

C. Panel Data

The data set we actually use is not a single
cross section, but a panel data set that follows
car models over all years they are marketed. It is
likely that the demand and cost disturbances of

'7 Of course just as in the homogeneous product model,
to the degree that there are unobserved cost and demand
factors that are correlated with our observed characteristics,
our parameter estimates will be inconsistent. Indeed, once
we start considering dynamic models in which product
characteristics are endogenous, the restrictions we are cur-
rently using for identification become questionable. As a
result we are exploring alternative identifying assumptions
in our current work (see the discussion in BLP).
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a given model are more similar across years
than are the disturbances of different models.
Correlation in the disturbances of a given model
marketed in different years will affect the vari-
ance-covariance matrix of our parameter esti-
mates. As a result, we use estimators that treat
the sum of the moment restrictions of a given
model over time as a single observation from an
exchangeable population of car models. That is,
replacing product index j by indices for model
m and year #, we define the sample moment
condition associated with a single model as

gn(0) =2 Hmt(Z)( f)::((?’)) )

and then obtain our GMM estimator by mini-
mizing our quadratic form in the average of
these moment conditions across models. As
noted in BLP, this is not likely to be the most
efficient method for dealing with correlation
across years for a given model, but it does
produce standard errors that allow for arbitrary
correlation across years for a given model and
arbitrary heteroskedasticity across models.!8

V. Data, Results, and Interpretation

This section begins with a discussion of the
available data and some of its more important
features. Next we discuss the variables included
in the utility function (3), and the marginal cost
function (4). The results of our base case sce-
nario are presented next, and the section con-
cludes with interpretation of these results.

A. Data

All of our product-level data are obtained
from the Automotive News Market Data Book
(Crain Communications, annual issues). These
data include information on most engineering
specifications of the automobiles marketed. The
data span the period 1971 to 1990. In terms of
the theory presented in Section IV, these data
comprise the product attributes. They include

'8 Unlike BLP the standard errors we present here do not
correct for simulation error in the computed market shares.
We were able to increase the number of simulation draws to
the extent that this error should not be important.



