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consumer demand and firm interactions. The model is estimated using a panel data set of
automobile exports from France, Germany, Sweden, and the United States to a variety of
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market share is significantly non-linear; pass-through is the lowest when the source country’s
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Theoretical and empirical research in international trade has focused
increasingly on environments in which firms have the ability to set prices. New trade
theory has applied models of imperfect competition from industrial organization to
trade in international markets. There has been a corresponding increase in empirical
studies of price behavior in international markets; in particular, on studies of the
related issues of exchange rate "pass-through"--which refers to the response of import
prices to exchange rates--and "pricing to market"--which refers to price discrimination
across export markets that is correlated with exchange rate movements. The ample
evidence that import prices do not respond proportionately to exchange rates (i.e.,
incomplete pass-through) is widely attributed to market power. The convincing
evidence of price discrimination across buyers from different countries that varies
with exchange rates (i.e., pricing to market) demonstrates that markets for
manufactured goods are not well-integrated. These results support the shift in
emphasis to imperfect competition in trade.

Empirical studies of pass-through and pricing to market consist mainly of
descriptive statistical models, as opposed to the estimation of structural models of
market behavior, largely because of limitations in the availability of consistent data
on prices, quantities, costs, trade restrictions, and other factors relevant to pricing
in international markets. Nonetheless, these studies are quite informative about the
response of traded goods prices to exchange rate changes, given the large magnitude
of changes in exchange rates between industrialized countries, relative to other cost
shocks, in the last two decades.

A common pattern in many of these studies has been the tendency to observe
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less pass-through or, alternatively, more pricing to market, on shipments from foreign
countries to the United States than on shipments to other foreign markets from the
United States. This regularity appears in the work of Mann (1986), Knetter (1989),
Marston (1990), Ohno (1989), Gagnon and Knetter (1990) and others. More recent
work by Knetter (1993) finds that variations in pricing-to-market behavior across
industries are even more important than variations across source and destination
countries. For the automobile industry, Mertens and Ginsburgh (1985), Kirman and
Schueller (1992), and Le Cacheux and Reichlin (1992) document a significant degree
of price discrimination’and pricing to market within the European Community.
Market structure and trade restrictions, which are likely to vary a great deal
by industry and by source and destination, may help explain the wide
industry-specific variation in pass-through and pricing to market. This paper
examines one way in which market structure may affect pass-through and pricing to
market. We begin by deriving a general theoretical relationship between pass-
through and market share, defined to be the export country’s share of total sales in
a particular destination market. The main result is that pass-through tends to be
highest for very high market shares. When market share is very high, the firms face
little competition that has not experienced a similar change in costs, and thus will
more fully pass through an exchange rate change for a given market demand
schedule. Pass-through may rise steadily from low market shares to high market
shares or it may decrease with market share for low market shares before rising as

market share becomes larger.
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We then consider whether price adjustment on automobile shipments by the
United States, Germany, France and Sweden to 12 destination markets is consistent
with the predictions of the model. This section of the paper extends the data set and
empirical approach taken by Gagnon and Knetter (1990). We allow pass-through to
vary systematically by source and destination market, and according to the market
share. The empirical results confirm the main prediction of the model: Pass-through
rises with market share at an increasing rate as share becomes large. The
relationship between pass-through also appears to be significantly nonlinear, as pass-
through decreases with market share for small market shares. Finally, we find
evidence that source and destination market effects are important for pass-through

in automobile trade.

1. Theoretical Model

The model of this paper is an extension of Feenstra (1989) and Knetter (1989).1
We shall consider the market for a differentiated product, such as automobiles. The
demand for variety i is denoted by xi(ﬁ,l) i=1,.. N, where P = Pp - p,) is the
price vector in units of the buyers’ currency (say, dollars) and [ is total expenditure
on all var‘ieties.2 Some of the varieties can be produced domestically, while others

are imported. We assume that each firm produces a single variety, and treats the

1l“isher (1989) and Harrison (1992) develop theories of exchange rate pass-through and market
structure for the case of a homogeneous good. See Marquez (1991) for a treatment of pass-through in the
context of the Rotterdam model of consumption applied to total U.S. imports disaggregated by source.

2This specification of demand assumes that the differentiated product is weakly separable from all
other goods in the consumer’s utility function.
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prices of the other firms as fixed, i.e., they are Bertrand competitors. In addition, we
shall assume that firms treat total expenditure I as fixed when determining their
optimal price. Letting c: denote the marginal cost of an exporter in its own currency
(say, yen), and ¢; the exchange rate (dollars/yen), the profit maximization problem for
an exporter to the United States is:
max (p,-¢;c; )x,(B,1), L
P;
where p; is the price quoted in dollars.3  For domestic producers, the profit
maximization problem is very similar, except that the marginal cost eic;{r is replaced
by ¢;.

The first-order condition for (1) is familiar:

pi = ¢ Inyftn,-Ll, @)

where 1; = -(3x;/0p;)(p;/x;) is the (positive) elasticity of demand, which depends on the
price vector P and expenditure /. Since the demand function x;(P,1), is homogeneous
of degree zero in (P,]), then the derivative dx;/dp; is homogeneous of degree negative
one in these arguments. It follows that the elasticity n; is homogeneous of degree
zero in (P,I), and this condition will be used below.

To determine the effect of a change in the exchange rate on the import price,

3Since we are treating the exchange rate and other variables as non-stochastic, there is no difference
between setting the price in the currency of the exporter or the importer. The model assumes that
marginal cost is constant with respect to the volume of sales and the exchange rate. The empirical section
relaxes these assumptions,



differentiate (2) to obtain:

1 olnn,

-1
— 1 — . 3)
dlne; [ ;-1 alnpi]

We shall refer to this expression as the pass-through elasticity, which must be
positive from the second-order conditions for profit maximization. Its magnitude
clearly depends on how the elasticity of demand changes along the demand curve:
if the elasticity increases (decreases) as the price rises, then pass-through is less
(greater) than unity. This expression can be simplified by differentiating the log

elasticity ln(ni) = ln(-axi/apl—) + lnpi - lnxi with respect to price, to obtain:

g, _ [2+ 1 (aln(—ax,./ap,.) +2)J_l. (3)
alne, (-D\ anp,

In this form, the pass-through elasticity is seen to depend on a measure of the
curvature of the demand curve relative to the demand elasticity itself. Further
simplification will be possible when the market share of variety i is very small, as

considered next.

Small Market Share

We shall suppose that each product variety has a finite reservation price, at
which demand equals zero. This price will depend in general on the prices of all

other varieties and total expenditure. Thus, letting P"*denote the price vector P with
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the ith component deleted, the reservation price for variety i is denoted by ¢i(£'i,1).
We shall assume that the demand function is well-behaved in a neighborhood of the

reservation price, in the following sense:

Assumption 1: There are bounds Bl’ By and £>0 such that as

p; = 6;(P"LD then

x;

op;

.o .

€ < lim {—| < B, and lim < B,.
1 2

ap,

This is a relatively weak assumption on demand, but it rules out the demand
equation from a CES utility function, for which the reservation prices are infinity;
that case will be discussed at the end of this section. When Assumption 1is satisfied,
then it is immediate that 1;—e as pi—>¢i(£'i,l), since demand x; approaches zero.
Moreover, the curvature of the demand curve dln(-dx;/dp;)/dlnp; will have a finite
limiting value as p; approaches its reservation value. Then from (3’) we immediately

obtain:
Proposition 1: Under Assumption 1, as p; —¢ i@'i,l) then alnpi/alnei —1/2.
Thus, for any product varieties with very small market shares, whose prices must be

close to their reservation levels, the pass-through elasticity will be approximately one-

half. This is a remarkably strong result for the broad range of demand functions
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allowed by Assumption 1. The explanation is that, in a neighborhood of the
reservation price, the response of the firm tq changes in marginal cost is identical to
that obtained by linearizing the demand curve. With the slope of the linearized and
actual demand curves equal at the reservation price, then the corresponding marginal
revenue curves are arbitrarily close for p; close to ¢i(_12'i,l). It is well known that
pass-through for the linear case equals one-half (since marginal revenue is twice the
slope of demand), and we obtain this same value as a limiting case for all demand
functions satisfying Assumption 14

As the price falls below its reservation level, and market share increases, what

happens to the pass-through elasticity? For any finite value of n; > 1, we see that:

dnp, > 1 dn(-ax/dp) < Fx > 2 ‘ax‘.j @
dlne, < 2 olnp, > apf < p,; |9p;
The second-order condition for maximizing profits in (1) can be expressed as,
Px, .
i < 205, (5)
api pi apl

Comparing (4) and (5), we see that either of the cases in (4) are consistent with the

4F‘or a linear demand curve, pass-through equals one-half when evaluated as a derivative, Dpt—/a(el—cl—*)
=1/2. Then in elasticity form we obtain (api/aet-)(ei /pi) = eici*/Zpi, which is less than one-halfexcept when
price equals marginal cost, at zero demand.
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second-order conditions, and can certainly occur.5 Thus, as the market share rises
above zero, pass-through can be greater or less than one-half. As the market share
becomes large, approaching unity, additional restrictions on demand will allow us to

determine the pass-through elasticity more precisely, as discussed in the next section.

Large Market Share

When considering large market shares, we wish to avoid a single firm having
significant market power. Rather, we will consider the expenditure share obtained
in a destination market by a group of exporting firms i = 1, ..., M, all from the same
source country. As M grows, the exporting country share in that destination market
will also rise. In particular, as M approaches N (the total number of product
varieties), the exporting country share in that destination market will approach
unity. We are interested in solving for the pass-through elasticity in this limiting
case.

The first-order condition for each exporting firm is still stated as (2), where the
exchange rate € takes the common value of e for i = 1, ..., M. We shall suppose that
the prices and elasticities also take the common values p; =p andn, =nfori=1, ..,
M, so that the equilibrium is symmetric across the exporting firms. Then the effect

of changes in the exchange rate on the common import price is:8

5An example of the pass-through elasticity falling below one-half is provided by linear demand,
considered in the previous footnote.

61t should be emphasized that (6) holds constant the prices of other varietiesj = M+1, ..., N. In general,
these prices would change as p does, which would further affect the value of p. However, in our estimating
equation, we will include the prices of other varieties as explanatory variables, so we are interested here
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s 2 < dlnn

71‘1 i=1 alnp,

(6)

In comparison with (3), we see that this pass-through elasticity depends on how the
demand elasticity | adjusts when all the prices pj; i=1,.., Mchange. To determine
this effect, recall that the demand elasticity 1 is homogeneous of degree zero in (P,]),

and it follows that the elasticities of n with respect to these variables sum to zero.

_ Some simplification is provided by the following restriction on demand:

Assumption 2: x;(PD) =f(P)I,i=1, .. N, so that income elasticities of

demand are unity.

Under this assumption, the price elasticities of demand are n; = ~(0f;/9pp; /),
which do not depend on expenditure I. Thus, the elasticities of n; with respect to
changes in all prices must sum to zero. If we presume that n; is increasing in its own
price p; then it must be decreasing in at least some of the other prices p;.
Referring back to (6), 1 denotes any one of the elasticities Mpi=1.,M In
the symmetric equilibrium, we can suppose that n; has the same elasticity with
respect to any of the other prices p; from that exporting country, j =1, ..., M, j = .
If the elasticity of n; with respect to p; is positive in (6), tending to make the pass-
through less than unity, then all other terms in the summation are negative, tending

to raise the pass-through. The reason for this is that with muitiple firms exporting
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from a source country, their optimal prices will respond to both the exchange rate and
the prices of .other firms: as all import prices rise with an appreciation of the source
country currency, the increase in its competitors’ prices will make each firm more
willing to increase its own. This feedback effect is most pronounced when the source
country is the only supplier in the destination market, so that it has market share
of unity. In that case M = N, and under Assumption 2, the summation appearing in

(6) equals zero. We then have:

Proposition 2: ~Under Assumption 2, when M=N so the exporting

country has a share of unity in the destination market, then dlnp/dlne=1.

While we have already provided some intuition for this result, a further
exploration may be helpful. Under Assumption 2, the elasticity n; in the first-order
condition (2) does not depend on expenditure I, and is homogeneous of degree zero in
P. Then if all varieties are supplied from the same exporting country, and there is
an equi-proportional change in prices due to movements in the exchange rate, the
elasticity n; will not change. Then it is immediate from (2) that movements in the
exchange rate must be fully reflected in the import price, so that the pass-through
elasticity is unirty.

Our results can be summarized in Figure 1, where we graph the pass-through
elasticity depending on the share of an exporting country in a destination market.

For very low market shares, the price of the exporting firm(s) must be close to their
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reservation level, and the pass-through

elasticity is approximately one-half Z:T,’,,".,;g_n.: ’

under Assumpti(;n 1. For higher market

shares, pass-through can either fall 0.5

below or rise above this range, as

illustrated. Under Assumption 2, as the

o 10

market share approaches unity so does Figure 1 Horkel Shere

the pass-through. The general
relationship that is suggested is a pass-through elasticity that might initially decline
as market share rises, but will increase towards unity as market share approaches

100 percent.

CES Utility

The previous two subsections discussed the relationship between market share
and pass-through under very general assumptioﬁs about the nature of consumer
demand. This subsection shows that even more specific results can be obtained if one
is willing to make a more restrictive assumption about consumer demand, namely
that consumers have a constant elasticity of substitution across automobiles produced
by different firms. (Recall that the case of CES utility was ruled out in the first
subsection.)

In general, when the elasticity of substitution--denoted by o--is constant, the

elasticity of demand perceived by firm i is given by n; = 0(1-sL-) +s;, where s; 18 the
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firm's market share. For the i = 1, ..., M exporting firms in a given country, we
assume that the destination market shares and prices take the common values s; =
s and p; = p. Substituting the firm's perceived demand elasticity into equation (3)

yields an expression for the pass-through elasticity in the CES case:

s - Ms?

( i )(l—s) - (M-1)s?
g-1

)

The expression in brackets on the right of (7) is the ratio of two quadratic
functions of the market share, s. The numerator equals zero when s = 0 or s = UM,
where in the latter case the M exporting firms have obtained the entire market in the
destination country (Ms = 1). For intermediate values of the market share, 0 < s <
1/M, the numerator is positive, and is maximized when the total share in the
destination market is Ms = 1/2. The quadratic function in the denominator is
declining in s (and positive for 0 <= s <= 1/M). This means that the pass-through
elasticity will be minimized at a total market share of Ms > 1/2, and the pass-through
elasticity equals unity for s = 0 and s = /M.

Let S = Ms denote the total share of the exporting firms from a given country
in the destination market. Then lower and upper bounds for the expression in (7)

are:

2
1 - (“;)(%} (5-5% < sﬂm’% <1- ("—;)(3-32). )
a - a

If M is reasonably high, then we could conclude that the pass-through elasticity is
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well-approximated by a quadratic

. . , 10
function of the exporting country’s share |pass-

Through
. . . . . Etasticity
in the destination market. This will be

the functional form we adopt in
estimation. Figure 2 graphs the pass-
through elasticity as a function of S for

fixed values of M and 6. Note that

0 10
equation (7) implies that pass-through is Market Share

Figure 2 Pass-Through with CES Utility

unity for § = 0 and S = 1. These
endpoint conditions will not be imposed in estimation, and from our discussion in the

last section, we do not expect the former condition to hold outside the CES case.

Discussion

The CES model described above offers relatively specific predictions: Pass-
through may approximate a quadratic function that equals one for market shares of
zero and unity and lies below one between these extreme values of market share.
The model with more general demand curves and a finite reservation price predicts
pass-through equal to one-half as market share approaches zero and pass-through
equal to one as market share approaches unity. Other models of imperfect

competition also suggest that pass-through should increase as the market share of
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the foreign firms rises.! We shall investigate the empirical relationship between

pass-through and market share for the automobile industry next.

II. Empirical Implementation

From the first-order condition (2), the optimal price p; depends on the marginal

costs, all other prices, and total expenditure. We can write this price as a function,

pi = mileje, 7LD 8)

Since the demand elasticity n; is homogeneous of degree zero in (P,I), the function T
is homogeneous of degree one in all its arguments. We shall be measuring prices in
terms of the exporter’s currency, denoted p? = pi/ e;. Then dividing (8) through by

e;, we obtain the pricing equation,

*_ .* _P_’_l I ' (8)

We shall distinguish the export price from country i b); the destination market
j and year t. Adding these subscripts to the variables in (8), we consider the

following functional form:

* * -i
Iopjy = Wy + Byjneyy + -Byiplnlpy fejje) + ¥yjinjglesje). ®

7See, for example, the Cournot model in Dornbusch (1987) and the Rotterdam model in Marquez (1991).
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In this expression, Ry is an intercept term that differs across source and destination
markets in order to capture differences in markups or quality that are constant over
time. The elasticity of the export price with respect to marginal cost is precisely the
pass-through elasticity in (3) and (6), and is denoted by Bijt' The term pjé is the
aggregate price of all varieties in destination j except those from source i, measured
in units of the importer’s currency. Dividing by &t converts this to the exporter’s
currency. The term Ijt/ ejt denotes total expenditure on automobiles in destination
J converted into exporter i’s currency. Y is the elasticity of price with respect to

8

total expenditure.” Finally, we will allow the pass-through elasticity to depend on

market share as well as source and destination effects, with:

Bijt = Boij + Busijz - stijz-t’ 10
where Sijt is the share of source i exporters in destination market j for year .
Substituting (10) into (9), we obtain an equation that is nonlinear in the parameters,
and will be estimated.

In the estimating equation, the response of export prices to domestic costs and
competitors’ prices (all measured in the exporter’s currency) is constrained to be
homogeneous of degree one: a 10 percent increase in costs matched by a 10 percent
increase in competitors’ prices leads to a 10 percent increase in export prices. From

the buyer’s point of view, this constraint imposes symmetry between pass-through of

8Reca]l that under Assumption 2, y equals zero.
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producer cost shocks and exchange rate changes. In practice, the data did not reject

this homogeneity restriction.

Data

The data used in this study are annual observations from 1970 through 1988
compiled using national sources in seven automobile-producing countries: Canada,
France, Germany, Japan, Sweden, the United Kingdom, and the United States.?
According to the Motor Vehicle Manufacturers Association of the United States, these
seven countries accounted for 80 percent of the non-communist world’s automobile
production in 1988. To our knowledge this is the only dataset that matches exports
and domestic sales to obtain a nearly complete picture of the automobile market in
a broad range of countries.

The price data are domestic and export unit values of shipments of passenger

cars from the producing countries to themselves, plus five npnproducing countries:

Norway, Finland, Austria, Switzerland, and Tsrael. 10 The market share data are

9French trade data are from Statistiques du Commerce Exterieur de la France, Institut National de 1a
Statistique et des Etudes Economiques. French production data were obtained by correspondence with the
Institut National. German trade data are from Aussenhandel nach Waren und Landern Fachserie 7 Reihe
2, and production data are from Produzierendes Gewerbe Fachserie 4 Reihe 3.1; both from Statistisches
Bundesamt. Japanese trade data are from Japan Exports and Imports: Commodity by Country, Japan
Tariff Association. Japanese production data were obtained by correspondence with the Economic Planning
Agency. Swedish trade data are from Utrikeshandel and production data are from Industri; both are
annual publications of Statistics Sweden. U.S. trade data are from U.S. Exports: Schedule B Commodity
by Country and U.S General Imports: Schedule A and production data are from Annual Census of
Manufactures; all are published by the Department of Commerce. Canadian trade data are from Exports,
Merchandise Trade and Imports, Merchandise Trade and production data are from Annual Survey of
Manufactures; all are from Statistics Canada. U.K. trade data are from Annual Statement of the Querseas
Trade of the United Kingdom and production data are from Monthly Digest of Statistics; both are published
by the Central Statistical Office.

10The domestic sales unit value was created by subtracting total export value from production value
and dividing by domestic sales units.
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based on number of units shipped and are obtained from the same sources as the unit
value data. For the producing countries, total market sales are determined by adding
total production and total imports and subtracting total exports. For the five
nonproducing countries, total market sales are assumed to be total imports from the
seven producing countries in our sample. Exchange rate data are annual average
nominal exchange rates from the IMF International Financial Statistics. Marginal
cost data are proxied by total production unit values.

The behavioral equations are estimated for sales from four producing countries-
-France, Germany, Sweden, and the United States--in all 12 destination markets, for
a total of 48 bilateral relationships.11 The destination markets were chosen to
include both major auto producers and some countries that rely on imports
exclusively. Since major producing countries tend to dominate their home markets,
including only major producing countries as destination markets would leave few
source-destination market pairs with intermediate market shares. Exporters would
have a large share of the home market and a small share of the other destination
markets. The smaller, nonproducing countries provide bilateral relationships with
intermediate market share values. These observations will help identify whether

market share affects pass-through.

11Our original intention was to include the United Kingdom, Canada, and Japan in our sample of
exporters. We decided not to estimate pass-through behavior for UK. and Canadian exports because the
unit value data were very noisy due to the low volume of exports to a number of the destination markets.
An earlier version of this paper included Japanese exports, but since Japanese auto producers face explicit
or implicit quantitative restrictions in many of our destination markets we decided to eliminate them from

our sample, also.
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Estimation

The estimating equation constitutes a long-run equilibrium pricing condition
based on the theoretical models of the previous section. Since all of the variables in
equation (9) except the market shares appear to be integrated of order one, it is
natural to think of the equilibrium as a cointegrating relationship. The empirical
results below support this interpretation.

The theoretical models aid not examine the dynamic adjustment paths of
consumers and firms to income and exchange rate shocks. In the short run,
deviations from the equilibrium relationship between export prices, marginal costs,
and market shares will be determined by the simultaneous interaction of consumers
and firms, and it will be affected by considerations such as the currency denomination
of trade contracts. Rather than model these interactions explicitly, we follow Phillips
and Loretan (1991) in using an estimating procedure for long-run equilibria that is
robust to short-run simultaneity and dynamic adjustment lags. In estimation we
allow for short-run departures from equilibrium by including a lagged disequilibrium
term and lagged and lead time-differences of the explanatory variables.12 By
focusing on the long-run pass-through coefficients, we avoid the maintained
assumption that producer unit values precisely capture short-run movements in

marginal cost. Instead, we require the weaker assumption that producer unit values

12Due to limited degrees of freedom, time differences of the market share and total expenditure
variables were not included. The market shares move quite slowly over time, while the total expenditures
are highly correlated with the competitors’ prices because of the common exchange rate component. To
minimize any residual simultaneity bias, the market shares were lagged one year, although the results are
not significantly affected by using contemporaneous market shares.
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move one-for-one with marginal cost in the long run.13

The estimating equation based on (9) and the Phillips-Loretan procedure is

given by:
Inpj, = wy+Bydnc, +(1-B,)In(p, fe,) +v,In(( e )II)
+ag[lnpg, ;- ;= By lncy
-(1-By, Pin(p; ifey, )~y I, ifey )] an

+01,Aln(p; Je,) + &1, Alnc,

+ 62,’j A hl(pjtjl/eijt+]) + ¢2,'j Alnci:d

Equation (9) is embedded in the estimating equation in the form of a cointegrating
relationship between export price, marginal cost, competitors’ price, and market
expenditure. Because the marginal cost proxy for each exporter is equal to his total
world sales price, world market expenditure cannot have an effect on world sales
price by construction. Therefore, the market expenditure variables were expressed
as the ratio of expenditure in the destination market to total expenditure in all
markets. The coefficient o estimates the speed of adjustment to deviations from

equilibrium; if equation (9) is a valid cointegrating relationship, o should be

13As an additional check on the effect of simultaneity in this measure of marginal cost, the producer
unit values were regressed on a time trend and the wholesale price index for each exporting country
separately. The fitted values were then used for marginal cost in the standard estimating equation. While
the resulting coefficient standard errors are not appropriate for statistical inference, the coefficient values
were extremely close to those of the basic regression for almost all parameters of interest, and they were
always within two standard errors of the reported coefficients.
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significantly less than unity. The coefficients 61, 62, ¢1, ¢2 allow for reasonably
general short-run dynamics due to adjustment costs, simultaneity, and feedback from
dependent to independent variables.
The estimating equation was initially estimated for the 48 source-destination

14 1 many cases, the linear and

pairs without any cross-equation restrictions.
quadratic market-share effects on pass-through were not not well-estimated and
prevented the convergence of the estimation algorithm. In order to obtain
convergence, we were forced to constrain these coefficients, B and By, to be equal for
all source-destination pairs.15 We then performed Wald tests to determine whether
various additional restrictions could be imposed across equations.16 All tests used
a 5 percent significance level.

Most restrictions on the intercept, adjustment speed, and dynamic coefficients
(m, o, 61, 62, ¢1, 62) were strongly rejected, so we kept those coefficients unrestricted
for all of the reported results. Restrictions on the coefficients on destination market

expenditure, y, were also rejected, but since these restrictions had no discernible

impact on the pass-through coefficients, the basic results report estimates with the

14The equations were estimated jointly using a two-step procedure. In the first step, the coefficients
were estimated by minimizing the total sum of squared residuals across all equations. In the second step,
the squared residuals for each equation were weighted by the inverse of the estimated equation variance
from the first step. Limited trials repeating the second step demonstrated little change in the estimated
parameters. This procedure is an approximation to maximum likelihood with a diagonal covariance matrix
of residuals. Because of the large number of equations relative to observations, it is not feasible to
estimate an unrestricted covariance matrix.

15We estimated a version of the model with a cubic pass-through function, but the estimated cubic
coefficient was small and we could not reject the restriction that the relationship is quadratic.

16The Wald test is based on the variance-covariance matrix of the unrestricted coefficient estimates,
see Harvey (1981, pp. 165-67) for a description. The following test results have incorporated a small-
sample correction factor, (T - p/Q)/T, where T is the number of observations, p is the number of unrestricted
parameters, and q is the number of equations. See Whittle (1953).
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expenditure coefficients restricted to 4 source and 11 destination effects for ease of
interpretation. The intercept terms in the pass-through function, B, could be
restricted to a constant (which incorporates the France-Canada relationship), three
source effects (one for each source country except France), and 11 destination effects
(one for each destination except Canada). Further restrictions on the pass-through
intercepts were rejected. The restrictions imposed on the estimating equation are

summarized in equations (12) and (13).

2
Byr = By B+ Bo* By * Pyt 12

Yij =y, + Y,_,' (13)

The residual autocorrelations from the estimates of (11)-(13) are almost never
significant for any source-destination pair. The equilibrium adjustment coefficients,
a, take an average value of 0.52 for French exports, 0.56 for German exports, 0.39 for
Swedish exports, and 0.18 for U.S. exports, and they are usually significantly less
than unity. These results support our hypothesis that equation (9) is a valid
cointegratiné relationship.

The coefficients that determine the pass-through of costs and exchange rates
from each source to each destination market are presented in Table 1. There are
three coefficients that are common to every relationship: a constant and linear and

quadratic terms on market share. The constant, which embodies the French source
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and Canadian destination effects on pass-through is virtually zero and insignificant.
The linear and quadratic terms on the market share are positive and the quadratic
term is signiﬁcant.17 These estimates imply that pass-through rises with market,
share as market share becomes large, consistent with the main result of the theory
section of the paper. While the theory section had no clear result for the effect of
market share on pass-through when market share is small, the empirical results
imply that pass-through is declining in market share for small market shares,
reaching a minimum when the exporting country has a 45 percent market share.
The source effects for Germany, Sweden and the United States are positive and
significant, indicating that pass-through is significantly higher from these source
countries than from France, although differences between Germany, Sweden, and the
United States are not significant. Relatively high pass-through by U.S. and German
auto producers is consistent with previous research by Gagnon and Knetter (1990).
Abstracting from market share effects, the coefficients for each source must be added
to the constant term to determine pass-through from the source country to Canada.
The destination market effects are differences from the Canada destination
effect, which is implicit in the constant term in the pass-through formula. Very few
of the destination market effects are individually significant, although the main
exception is the United States, which has a coefficient of -.88, indicating that

pass-through of automobile prices to the United States is much lower than it is to

17The linear and quadratic market shares were orthogonalized for estimation so that the constant term
captures pass-through at a 50 percent market share for the France-Canada pair. The linear coefficient
captures the slope of the relationship, while the quadratic coefficient captures its curvature. A positive
quadratic coefficient implies a bow! shape; a negative coefficient implies a hump shape.
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Canada or any other destination market at similar market shares for a given
exporter.

The destination market expenditure coefficients, y, are very small. (See Table
2.) Indeed, by adding the source and destination effects together, it is apparent that
the effect of market expenditure on export prices from France, Germany, and Sweden
is negligible and insignificant for nearly all destinations. Market expenditure does
have a small but significant negative effect on U.S. export prices to all destinations.
We are slightly puzzled by this last result, but the presence or absence of market
expenditure coefficients has very little effect on the estimated pass-through
coefficients.

Figures 3-10 display the estimated pass-through relationship for eight
representative source-destination pairs. The + symbols indicate two-standard-
deviation bands above and below the estimated pass-through elasticities. Because the
linear and quadratic market share coefficients are constrained to be equal across all
source-destination pairs, the curvature of the pass-through relationship is the same
in all plots. The vertical position of the curve is shifted by the estimated source and
destination effects. The standard errors also vary with the covariance of the source,
destination, and market share coefficients. Among source countries, France and the
United States are the two extremes, with French exporters showing almost no
pass-through, and U.S. exporters showing more complete pass-through. Among
destination countries, the United States and Switzerland are the extremes, with the

United States receiving the least pass-through and Switzerland the most.
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IT1. Conclusion

This paper derives a theoretical relationship between pass-through and market
share for monopolistically competitive exporters. The degree of pass-through depends
on the functional form of demand at small market shares, but it rises to a value of
one as market share approaches unity for a group of exporters from one country. The
data on automobile exports tend to support this relationship between pass-through
and market share. Pass-through decreases with market share for low market shares,
but it rises at an increasing rate as market share grows large. Pass-through also
varies substantially across different exporting and importing countries. Source
country differences are driven largely by the lack of pass-through in French exporter
behavior, with German, Swedish, and U.S. behavior quite similar. Destination
market differences are greatest between the United Kingdom and the United States--

with very low pass-through--and Switzerland--with very high pass-through.
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Table 1: Export Price Pass-Through Coefficients

Market Squared
Intercept (B) Share (B4 Share (B5)
-.14 .04 H2**
(.23) (.09) (.08)

Source Effects (B; )

F G S U
n.a. 80** B51%* 82x*
(.16) (.15) (.14)
Destination Effects (B.j)
c E F G d S
n.a. -.63* -.20 -.12 .28 -.14
(.26) (.27 (.27) (.26) (.25)
U N L A Z 1
-.88* -.46 .25 .25 .57 -.12
(.29) (.26) (.25) (.25) (.25) (.29)

Note: This table presents estimates of equations (11)-(13) over the years 1972-87.
The countries are Canada (C), United Kingdom (E), France (F), West Germany (G),
Japan (J), Sweden (S), United States (U), Norway (N), Finland (L), Austria (A),
Switzerland (Z), and Israel (I).

* denotes significance at 5 percent level.
** denotes significance at 1 percent level.



Table 2: Market Expenditure Effects on Export Prices

(@]

U

-.008
(.004)

el

.006
(.003)

|

-.004
(.003)
N

-.010*
(.003)

Source Effects ;)

G

.006
(.003)

Destination Effects (y_ j)

S

.005
(.003)

F
.002
(.003)

L

-002
(.003)

G

-.000
(.003)
A

-.008*
(.003)

=

-007*
(.003)

Ie

-.009*
(.004)

I\

-.009*
(.003)

[}

-.007
(.003)

-.002
(.003)

Note: See Table 1.
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