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Abstract: Models of imperfect competition have been introduced recently
(Dombusch, 1987, Mann, 1989) in order to explain the behavior of prices in
international markets. The Law of One Price does not yield a good
explanation of prices in the short and medium term. In this paper market
structure, the degree of risk aversion and the aggressiveness in the behavior
of the firms are shown to be crucial determinants of the response of import
prices to exogenous exchange rate fluctuations (i.e. the pass-through
relationship). In a Cournot oligopoly model we let a general number of two
different types of firms operate in the industry. As the number of firms in the
industry increases or as the expected response of the rivals becomes more
aggressive, results get closer to what the Law of One Price predicts.
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Economia, Universidad Carlos Ill, Madrid, and in the VIII Jornadas de
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1. Introduction

The Law of One Price statesthat there is perfect arbitrage in
commodity trade and that price differentials between homogeneous
products in different countries reflect only the existing barriers to
trade and the exchange rate. Empirical studies in international trade
flows do not. in the short and medium term, support this theory of
price behavior (Kravis and Lipsey, 1977; Krugman, 1988)1. The main
line of criticism regards the perfect competition assumption of the
theory. If the Law of One Pricewere to hold, the pass-through
relationship.  that is. the way domestic prices change with exchange
rate  movements, would be one-to-one. This would require that an
exchange rate devaluation of the importing country's currency result in
a fall of the imported quantity that would in turn drive the equilibrium
price of the imported good down in exact proportion to the fall in the
exchange rate. The direct implication for the exchange rate pass-
through is that we should observea one-to-one relationship between
any change in the exchange rate andthe domestic price of the imported
good.

It has been empirically found, though, that the pass-through
relationship, tested for different levels of aggregation, is not equal to
one (the absolute version of the Law of One Price) and is not constant
over time (the relative version of the Law). Not only are exchange rate
changes not reflected one-to-one in the domestic prices of imported
goods, but evidence has also been found that changes in certain
variables are passed on incompletely into domestic prices. Feenstra
(1988) has studied the pass-through of exchange rates on the one side,
and of import tariffs on the other, and found that the way that tariffs
and exchange rates were passed into the domestic import price had
similar lag structures.

The empirical observation that import prices adjust incompletely
to exchange rate changes gives support to the hypothesis of imperfect
competition in international trade. In fact in the last three decades the

1 In both articles the main objective was to test the relative version
of the Purchasing Power Parity doctrine.
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greatest growth in international trade has taken place in intra-industry
trade, i.e. international trade in imperfectly competitive markets
where the interactions among firms influence the behavior of prices
and quantities traded. In a seminal article Dornbusch (1987) proposed
the introduction of models of imperfect competition, coming from the
industrial economics literature, to explain pricing behavior in
international markets. In the rest of the paper | follow this tradition
and extend some basic results, by introducing a specific form of
uncertainty in order to study price adjustment when different types of
imperfect competition are assumed.

2. An oligopoly model of trade with uncertainty and risk averse firms
2.1. Context and scope

The literature on the pass-through relationship has had a short
but intense life. Dornbusch (1987) introduced the idea of analyzing the
behavior of prices at a disaggregated level when the exchange rate
fluctuates by introducing various forms of imperfect competition in
the markets, linking in this way two literatures: that of Industrial
Organization (10) and of international trade. Afterwards, Bertola
(1987), Mann (1989), and Knetter (1990) used the 10 framework to
study the behavior of prices in international markets. Krugman (1987)
applied a general Cournot oligopoly model to explain the "pricing to the
market" policy and the price differentials between different countries
of the same good. Giovannini (1987) explained deviations from
Purchasing Power Parity with the introduction of three elements: (1)
exchange rate surprises, (2) price-staggering and (3) ex-ante price
discrimination. In order to study the price discrimination element we
need to use models of imperfect competition. Mann (1989), using a
general specification of demand functions and modelling exchange rate
uncertainty with the first two moments of the distribution of exchange
rate changes, introduced the idea that risk aversion on the part of the
firms as well as of consumers matters. In this section | start from the
general specification used by Mann (1989) and extend it in a number of
ways. In Sections 1 and 2, specific linear demands for the case of
quantity setting firms are introduced, a general number of firms is
modelled allowing two different types of rivals that might have
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different strategic behaviors: exporters and domestic producers. A
special form of product differentiation is introduced: goods produced in
different locations (i.e. countries) are regarded by consumers as
different varieties of the same good . The conjectural variations
approach is used in Section 3 to study different types of competition
assumed by eachrival and their implications for the pass-through
relationship: the adjustment in prices and quantities traded after
exchange rate uncertainty is introduced. Finally in Section 4 1 study the
difference between economic exposure and exchange rate pass-through
in the context of international oligopolies.

2.2 The invoicing currency, the source of risk and exchange rate the
pass-through

Before setting out the model, we need to specify the source of
risk. Given that exporters make an ex-ante decision, i.e., they set the
price (or the quantity) before the exchange rate is known, each firm has
the choice of invoicing its contracts on its own currencyor in the
destination market’s currency. If the (say. German) exporter quotes the
price of the goods in the foreign (destination, i.e. the US) country's
currency then it will be facing a "price risk", since the final price, or
unit revenues, will depend on the realization of the exchange rate®. In
this case the equilibrium price will be affected by the relative risk
aversion of the exporter, since it isthe exporter who faces an
uncertain home currency price (in DM). On the other hand if the exporter
invoices the contracts in its home country's currency then he will face
a "quantity risk" because the final demand will depend on the
realization of the exchange rate. In this case the final destination
market price (in US$) is uncertain and the consumer's risk aversion
matters as well.

When uncertainty is introduced in an oligopoly model the choice
of the strategic variable has two main implications: (a) it affects
expected profits, and (b) the choice of the strategic variable together
with the invoicing currency of the contract determine thesource of
risk of the firm. Klemperer and Mayer (1986) have shownthat if an
additive demand shock is introduced in an oligopoly model, the firm

2 The distinction in the invoicing currency is based on Mann (1989).
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will be better off if itchooses quantities rather than prices as the
strategic variable when there are decreasing returns to scale and
should choose prices when there are increasing returns to scale. If
there are constant marginal costs, both strategic variables vyield the
same expected profits. Furthermore, the choice of strategic variable
affects the source of risk for the firm. If competition is of the Cournot
type, the firm faces random unit revenues, as will happen if Bertrand

competition is assumed and the firm quotes its prices in the
destination market's currency. Table | gives a summary of the
interactions between these three elements.

To model exchange rate uncertainty | introduce a stochastic

multiplicative shock into the export (foreign) demand for the
oligopolist in the lognormal form:

E = peat Q)
with e-(0.1)
Table 1. the choice of the strategic variable, the invoicing currency

and the source of risk( P and P* are the home and foreign currency
denominated prices respectively)

Strategic variable Invoicing currency Uncertainty
foreign P (unit revenues)
Prices
domestic Quantity (P*)
Quantities P (unit revenues)

The exchange rate e includes a stochastic shock, has mean p and
constant variance a2- The disturbance term e is white noise. By using a
Taylor series expansion”™ it is possible to obtain the approximation

3 Expanding the random distribution around the mean value p * 0,
applying the substitution theorem and checking that the series
converges to zero after the third term in the expansion, we obtain the
approximation.



E=peCE«p(l+ae)

that can be used directly in the demand function”.

There are two types of firms: (1) n] exporters, firms based in
country h that export to market f (denoted by the subscript i). and (2)
n2 domestic producers (denoted by j); firms based in country f that
produce only for home consumption.

In the case of price or unit revenues risk faced by the exporter
and when the perceived (inverse) demand curve in the destination
market is assumed to be linear, we have

Phf=«-P .|=1XW + j)-(.L 4 i=1—n, (3-a)

>
pff=« ~P J_Xixff+t0|Z:|th j=1—n2 @3.b)

where a is the demand intercept. p is the slope of the (inverse) demand
curve and to is the degree of product differentiation between the h-
country and the f-country varieties (0 <w < I). If w = 0. h-country and f-
country varieties are independent in demand. When U = 1 they are
perfect substitutes. An implication of the demand system (3.a) and (3.b)
is that h-country varieties are perfect substitutes one for another and
likewise for f-country varieties.

2.3. An international oligopoly model with risk averse firms

We assume that each firm is risk averse, which we model with
the use of an objective function that has two parts: the expectation of
profits minus a loss function that depends on the degree of risk
aversion of the exporter,

4 The approximation is valid only for a certain range of the parameters
of the distribution, which is equivalent to working with small values of
the variance of the random distribution. This approximation allows us
to linearize the multiplicative random demand shock and simplifies
greatly the algebra afterwards.



max. r= E(n')-5VVar(n')

xhh-x hf (4)

where xhh and xhf is production for the home and the export (foreign)
market respectively, and 5 is the Arrow-Pratt measure of (absolute)
risk aversion, 5 = u(n)"/u'(n). E(.) and Var(.) are the expectations and
the variance operators. Our cost function is of the form: Cj(xhf+xff) = ¢
xhf+ ¢ xff. By assuming constant returns to scale and Cournot
competition we are in fact segmenting the home and the export
markets: each firm takes two output decisions, one for each market.
That is, the firm sees each country as a different market and there is
no arbitrage among markets. This separation property has important
implications®. The firm also is able to choose the strategic variable it
wants to set in each market.

With constant marginal costs, the profits for firm 1 of country h
in the export market (0 are”

\
nir= cc-0 | xif+u I xff M(1ltoe) Xt-c xif (5)
-l j=i

Profits are measured in units of the h-country currency.
Substituting these expressions into the objective function (4). and
maximizing we obtain the first order conditions for each firm, which in
turn yield the firm's reaction functions, one for each market. We can
solve the system of reaction functions and finally obtain the Nash-
Cournot equilibrium.

In equilibrium, all exporting firms will produce the same output
and all domestic firms will produce the same output. Imposing this
symmetry on the reaction functions, we obtain a system of condensed

5 This property depends on the particular form of the pay-off function,
even though in our context this is implied by the constant marginal
costs together with the Cournot behavioral assumptions.

6 The first subscript (i = f.h) denoting the country of origin (and
production) and second subscript (j = h,f) indexes the destination
country.
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reaction functions that can be solved for equilibrium outputs in market
f:

LRS! « n2\]/*hif\ a™=
. — *
wni n2 ool
[
where z(c,p, <) =
h(1l-5ct
When ni = 1 and n2 = 1 we have the special case of duopoly, one

exporter and one domestic producer. This is illustrated in Figure 1. for
the case of perfect substitutes (to=1) in Figure 1.

Initially the Nash-Cournot equilibrium is depicted in Figure 1 in N
where the reaction functions R(h) and R(f) cross. After an appreciation
of the destination market's currency, the reaction function of the
exporter. R(h), shifts north-east in proportion to [(c/(2(3)]. to R*(h)and
the reaction function of the domestic producersstays where it was, at
R(f). The new Nash-Cournot equilibrium lies at N(p), where the exporter
produces a higher output. (x**(h) > x*(h)) and the domestic producer
reduces the optimal production plan (x**(f) < x*(f)). Even though the
domestic firm does not directlyface exchange rate uncertainty, its
equilibrium quantity traded doeschange after an appreciation of its
currency.



Figure 1. an appreciation of the foreign market currency and the
Nash-Cournot equilibrium

Solving (6) simultaneously, we obtain the Nash equilibrium
outputs. These are the noncooperative equilibrium best response
outputs for h-firms and f-firms. For the representative exporter, xhf’ ,
we obtain the Nash-Cournot equilibrium quantity

; afl +n,(l —o)L+c *wn, - (nN9+1) z
Xhf~ p[N +1 +n,n2 (1 —02)] <>

where N = n] + n2 and ¢* and z = (c/pfl-bo)) are the marginal costs
schedules for the two types of firms: constant schedule for the home
producer and a function of the first two moments of the random
distribution for the exporter.

If we allow for different values of the risk aversion coefficient
of each firm, or for the value of the first two moments of the
distribution of exchange rate changes to differ among countries,
equilibrium prices will differ among the two markets. This is not price
discrimination policy by the firm, but the result of ruling out arbitrage
among the different markets where the firm operates and the fact that
each firm is facing different elasticities of demand in each market.
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This result, called pricing to the market by Krugman (1987), Knetter
(1989, 1991) and Mann (1989) is a direct implication of the segmented
markets hypothesis in an oligopolistic model. We can see this result
from the first order condition of the representative exporter when it
faces the shipping decision: how much quantity to send to each market
(its home one, h, or the destination market, f).

The equilibrium prices, in terms of deviations from marginal costs.

are:
. :(1+n2)(a-z)-wn2(a-c*) 8. 2)
and IQJ C;j:(l+n,)(a- c*)-ton,(a-2z) (8.b)

A

where A= N + 1+ nin2(l - to").

From equation (7) we can see that the first two moments of the
exchange rate distribution (p.a) affect the equilibrium as expected: the
variance (cr) and the absolute risk aversioncoefficient (5) negatively
affect the quantity sold by each firm facing the shock. The uncertainty
as represented by the first two moments, has an asymmetric effect in
the optimal strategy of each type of firm, affecting in opposite
directions the equilibrium quantities traded: the exporter increases the
quantity traded after a unit increasein p, and the domestic producer
reduces the quantity of equilibriumbut in  smaller amount than the
initial increase in the exporter's quantity.

To reach an expression for the pass-through relationship (in
prices) we notice that the moments of the random distribution affect
the equilibrium quantity and price via the random marginal costs
schedule of the exporter, z(c,p,a). From the Nash equilibrium price of
the industry, we compute

el (e
(4 | |5z|J|aMJ

In our case we have linear demands and cost schedules, and we find
that (dPhf/dz) > 0 and (Bz/<Bp) < 0, so that the pass-through



relationship is negative. In terms of the parameters of the model, we
evaluate expression (9)

gPh, ~zf B
dp p +1+B

<0

where B = nl+ nin2(l -w”"). The pass-through has a negative sign
because it reflects the effect on the domestic price of a unit increase
in the mean of the exchange rate (i.e. an appreciation of the destination
market's currency), and hence it models a positive shock for the
exporter.

There are two different effects when an appreciation (or
devaluation) occurs: (1) a substitution effect: the market becomes more
(less) attractive due to the reduction in the marginal costs schedule.
We can directly see thiseffect in the Nash-Cournot equilibrium, by
differentiating the equilibrium quantity with respect to p and checking
the resulting expressions are positive; and the (2) "income effect" or
rather a decreasing risk aversion effect: the increment(decline) in
demand in home  currency units makes the firm increase (decrease) its
quantity sold to the foreign market and it will be willing to take up
more risk. This amounts to a movement north-east along the concave
utility function of the firm. The further from the origin, along the
utility function.  the smaller the relative risk aversion coefficient for
the firm.

3. The pass-through relationship and market structure

The pass-through relationship in prices, i.e. the way the import
domestic price changes with changes in the exchange rate, can be
derived from the Nash equilibrium. We can decompose the pass-through
in two parts; the pass-through for the expected value of the exchange
rate (p):

(10)
dp p *

7 As Katz, Paroush and Kahana called it.



and the pass-through for the volatility part of the exchange rate (a)

dPhf ~ z5 (11
da (@-5a)°

where rj = (nj/(n] + n2 + 1)) is the relative number of firms of type i in
the industry. Both expressions are obtained for the case of perfect
substitutability among the varieties in trade (to = 1). The pass-through
of the volatility has the opposite sign as the one for the trend of the
exchange rate because exporters we assumed are risk averse. The pass-
through for the volatility depends on the degree of risk aversion of the
firms (5): this expression reflects the way that an oligopolies will pass
into the final equilibrium price the increased volatility in exchange
rates.

Proposition 1. an increase in the expected value of the exchange rate
(i.e. in \s) causes a decrease in the (Nash-Cournot) equilibrium price of
the industry. The reduction in the equilibrium price (i.e. the pass-
through relationship) is an increasing function of the level of marginal
costs and a decreasing function of the total number of firms in the
industry(N). Since we distinguish between exporters (nj) and domestic
producers(n2), we can conclude also that the higher the number of
exporters, the higher the pass-through will be.

To show the first part of this proposition, we just check the two
effects working in the determination of the pass-through relationship:
(1) the effect of a higher expected exchange rate in the marginal cost
schedule, (dz/dp), and (2) the effect of a change in the marginal cost
schedule on the equilibrium price, (dPhf/dz). The total effect s

(dP/dp) = (dP/dz)(dz/dp). We have that, in our case with linear
schedules, (dP/dz) > 0, which together with  (dz/dp) < O implies that
(dP/dp) < 0.

The reduction in the equilibrium price will be bigger the higher
the number of exporters in the industry relative to home producers. We
want to compute, (d/dni)*(dP/dp), which we decompose into,
(d/dni)*(dP/dz)*(dz/dp). We obtain that, (d/dn])*(dP/dz) < 0. and
(dz/dp) < 0, so that the total second derivative is defined only for
positive values



The relative number of each type of firm (whether exporters or
home producers) determines the degree of the pass-through
relationship. We have two different effects working in the opposite
direction depending on whether we increase the number of exporters
(nl) or the number of domestic producers (n2) in the destination
market.

If we include only one exporter (nj = 1, n2 = 0, and r] = 1/2). we
obtain the monopoly pass-through, which takes the value (c/2). As we
increase the number of exporters (n)) (keeping constant the number of
home producers), the pass-through increases with n| and the upper
limit of the pass-through is the level of marginal cost (c). Increasing
the number of home producers (n2) drives the pass-through to zero.
Clearly then, as we increase the number of rivals that don't face
directly the exchange rate uncertainty relative to the number of
exporters, the impact of exchange rate changes will be smaller in the
industry equilibrium.

In Figures 2 and 3, the pass-through relationship (dP/dp) is
shown when both the number of exporters and the number of domestic
producers increases. In the vertical axis we draw the pass-through
values, and these two figures are drawn for the following parameter
values: ¢ = 4, @ = 0.5. Two different schedules are obtained: the first
one, AE. is the adjustment of the industry price when the number of
exporters is let to increase (from 1 to 30), keeping the number of
domestic rivals fixed(at 1). In Figure 3 the schedule AD describes the
pass-through relationship when the number of domestic producers is
allowed to vary.



Figure 2: the pass-through when the number of exporters increases,
when ¢ =4p =1 a=0and n2 =0. where N = n] + n2

pass-through

In the schedule AE. as the number of exporters (nl) increases,
the reduction in the industry price due to the positive shock of the
exchange rate increases as well, until it reaches the level of marginal
costs (set at 4). The pass-through is shown to be negative in this case,
because a unit increase in p is a positive shock (i.e. an appreciation of
the foreign market's currency) for the exporter and this drives the
price closer to marginal cost level.

The schedule AD. in Figure 3. shows how the pass-through
decreases with increasing number of domestic producers (n2). until it
approaches zero(keeping n| = 1).

Hence with Cournot competition the pass-through relationship
will be determined by the absolute number of each type of firms in the
industry as well as by the relation exporters’/home producers in the
industry: home producers tend to reduce the influence of exogenous
exchange rate changes into the domestic price level, and foreign
producers tend to increase the pass-through in the equilibrium price.



Figure 3: the pass-through when the number of domestic
producers increases(n2). when n| = L, c=4,p=1a=0.

pass-through

From the equilibrium quantity traded for each Firm, by taking the
partial derivative with respect the expected value of the exchange rate
(p). we obtain the pass-through in quantities, at the Nash-Cournot
equilibrium, of a unit change in the equilibrium exchange rate. Calling

r2 = (n2)/(N+l), i-e. the relative number of home producers, and
assuming for now that u) = I, we have
i, _ [EL - Z fr , M

dp 1dz JU m, Pml 2 N+1J

w'hich is the optimal pass-through in quantities for the exporting Firm
after a unit change in the expected exchange rate value, evaluated at
the Nash equilibrium. Three variables are relevant in explaining the
pass-through in quantities: (1) market structure: (the second term in
(12)). i.e. the relative number of domestic Firms in the industry and the
inverse of the total size of the market; the higherthe number of
domestic rivals, the smaller the perceived elasticity of demand for
each Firm in the industry: the pass-through, then, will be smaller; (2)
the level of marginal costs (c), which determines the upper limit of the
pass-through when the number of exporters goes to inFinity, and (3) the



Table 1I: the pass-through (Pt) for (p,02) in the Nash equilibrium of the
industry with different market structures, when to=l and i=h,f.

Pt for the expected value for the volatility
cP - F ap c5
dup aa2°22l (5-1h2r
cr= U=1
<?xhf dXhf -c 5
- 1 1 rr + 1 1
ap 1 k2 N+ acr p(-N212 N+
0'=0
axg. a% c5
ap p da2° 3 pes-iy2 B
G'=0 U1
Since we are in a quantity setting model. the individual

adjustment takes place via quantities.  From expression (12) we saw
that the adjustment in quantities for each firm is a decreasing function
of the number of exporters and an inverse function of the number of
domestic rivals. The picture we obtain, Figure 4, graphs the opposite
adjustment to that obtained when studying the pass-through in  prices
(Figures 3 and 4). Graphing on the horizontal axis the number of
exporters and of home producers (nj, n2), the schedule BE describes the
pass-through in quantities when the number of domestic rivals is fixed
at 1, and the number of exporters is let to increase, that is, it is the
limit as

The individual pass-through is a decreasing function on the
number of exporters. The schedule BD, on the other hand, describes the
individual adjustment in quantities by the representative exporter
when the number of domestic rivals increases (and the number of
exporters is fixed, n[ = 1):



elasticity of demand and the degree of substitutability of the varieties
in trade (w).

Proposition 2: an increase in the expected (equilibrium) exchange rate
ft will cause the exporter to increase the optimal quantity sold in the
destination market in proportion to the ratio (c/$). The optimal
adjustment depends directly on the relative number of domestic rivals
(r2) in the industry.

We have that at the Nash equilibrium. xhf(n],n2.z(.)), so that a
change in the expected exchange rate affects the optimal quantity
traded via the marginal costs term z(.). We need to find the sign of
(Sxhf/5p), and we can divide this expression into two terms. (<3xhf/Sz)
and (dz/6p). It is easy to find that, (dz/dp) < 0. and that (dxhf/dz) < 0,
so that (Sxhf/op) > 0. Applying the chain rule we can compute the sign
of (d/dn2)*(6xhf/<3|i). and obtain that the second derivative is positive
which tells us that the higher the relative number of domestic rivals in
the industry (r2). the higher also the individual pass-through in
quantities for each exporter will be.

Developing the analysis in the opposite market (the home one), it
is easy to see that the prices (expressed in a common currency) of the
same variety in both markets will differ”.

Proposition 3: a unit increase in the volatility of the exchange rate
(in, a), leads to an increase in the equilibrium price and a decrease in
total quantity traded in the industry (see Appendix).

In Table IlI, expressions for the two measures of the pass-through
relationship are given in terms of the first two moments of the
distribution of the exchange rate changes and of the market structure
variables.

8 Different optimal quantities sold in each market can lead also to
different equilibrium prices, even though other market structure
variables might be identical in both locations. This would be understood
as "pricing to the market” and not as price discrimination. For

empirical tests on this, see Knetter (1991).
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The pass-through is an increasing function of the number of
domestic producers due to the no entry/exit in the industry hypothesis.

Figure 4: the pass-through in quantities when the number of exporters
and the number of domestic rivals increase (for ¢ = 4, « = 1 and 3=
0.5)

quantity adjustment

N=nl+n2

So far we have seen how market structure variables and the risk
aversion on the part of the exporters influence the adjustment of
prices an quantities to exogenous shocks. The other determinant of this
adjustment comes next: it is the expected type of competition to be
played by the rivals.

4. The pass-through relationship under different types of competition

In order to study the sensitivity of the pass-through relationship
with respect to different types of competition played by the firms we
introduce next conjectural variations parameters. We develop in the
section the approach for the case of homogeneous goods with an
indeterminate number of two different types of competitors in the
industry: the home producers and the exporters. We find that under
Cournot competition, the higher the number of firms in the industry.



the closer the pass-through will tend to the competitive outcome, i.e,
the Law of One Price. Bertrand conjectures imply a constant and more
competitive price adjustment than Cournot conjectures for any market
structure and the collusive case shows important implications for
price adjustment when exchange rate uncertainty.

The idea with the conjectural variations approach is to capture
the indirect effect of a change in one firm's strategic variable on the
rival's strategic variable level with a parameter that enters the first
order condition of the representative exporter. Call the conjectural
parameter X = (Sxffl/dxhf).; it reflects the way the rival (firm j in
market f) reacts to a change of the firm's (firm i in market f) strategic
variable, xhfl With the conjectural variations approach we can model
different aggressiveness in the expected response of the other firms in
the industry (i.e. collusion among one type of firm) not easily modelled
otherwise. The representative exporter faces aforeign inverse demand
curve: Phf(x,x) = P*hf(xhfixff)E, where E is the bilateral exchange rate.
The firm maximizes profits in each market, the home and the foreign
one, and because of constant returns to scale technology, it can
separate the optimization problem in each market. In the foreign
market (subscript f) its profit function can be expressed as:
nhf*(xhfixff) = Phf(xhfixff) xhf* E - Cj(xhf). If we introduce, as before,
the possibility of risk averse firms, we can use the objective function
in (4). Substituting the profit expression into (4) we arrive at the first
order conditions for the exporter as

[n, +1 +(n, - 1)X+w n2K] xhf +ton2 xff = - — P (13.a)

ton, xhf + [n2+1 + (n2-1)X +ton2k] xff = (13.b)

P
where X = (dxhfA/dxhfi) and k = (dxffj/dxhfl) are the conjectural
variation parameters that reflect the belief of firm i of country h with
respect the expected response of its rivals (those of the exporters and
the domestic firms, respectively) in the foreign market(indexed by f).
We let this parameter to vary across firms.

From the first order conditions we obtain the reaction curves for
each firm in each market. Solving them yields the Nash equilibrium



from which we can derive expressions for the pass-through
relationship under different conjectures. We consider the following
type of beliefs on the part of the firms:

a. when A=0 that reflects the Cournot conjecture: each firm
assumes that its rivals will not react to any change in its own
strategic variable so that the indirect effect term is equal to zero. We
can see in expression (15) that the Cournot behavioral assumption
implies that the additional term in A is equal to zero, and the first
order conditions now become the same as in the case we studied before
in Section 2.

b. when A=l, the collusive conjecture: which reflects the belief of
the part of the firm that market share matters, since each change in its
own strategic variable is believed to be matched by the rivals. The
indirect (or strategic) effect here is at its maximum. With this
conjecture the firm believes that it can affect total industry output
but not its on market share.

c. when A= -1, that represents Bertrand conjectures, in that it
resembles the price competition case. Each change in the strategic
variable will be matched by the rival. This conjecture makes sense if
we think of the firms as competing in prices. When linear demands and
constant marginal costs, Bertrand conjectures are also consistent
conjectures, in that this conjecture is equivalent to the optimal
response of the rivals at the equilibrium defined by the conjecture
itself”.

9 Whereas Cournot and the collusive conjectures are not consistent
conjectural equilibria, but we study them in order to gain insight into
the different aggressiveness in the behavior that they imply. On
consistent conjectural variations, see Bresnahan (1981).
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Table IlIl: the pass-through in prices and quantities with different
conjectures (to = 1)

Pass-throui>h: Cournot Bertrand Collusion
0P i
- = ’
dp T n
@=0
dxhf ——f1
aMr | N+1 2 pNI
a0

So far we have introduced a general (but fixed) number of rivals
in both markets (the domestic and the foreign one). When free entry is
allowed only the competitive behavior (i.e. conjecture) will be a
consistent conjectural equilibrium. We focus here only on the three
conjectures mentioned above when the number of exporters and of
domestic rivals is fixed (but can be very large).

4.1 The pass-through relationship

In Figure 5 the different pass-through elasticities are graphed.
The picture is drawn for the special case when goods are perfect
substitutes, no domestic producers (n2 = 0) and constant marginal
costs schedules (for the graph fixed at the level ¢ = 4). As the number
of exporters increases, all three different adjustments in the
equilibrium price tend towards the full pass-through, i.e. the
equilibrium price in the industry will reflect the whole change in
marginal costs due to the exchange rate movement, as under perfect
competition.

The picture changes as soon as we introduce a variable number of
domestic rivals. Since domestic forms do not face directly the
exchange rate changes, an increase in the number of domestic producers
implies that in the Ilimit the price adjustment to an exchange rate
shock will be negligible, which is what happens with all of the
different types of behavior modelled as the number of domestic firms
increases.



Figure b5: the pass-through after a unit increase in the equilibrium
exchange rate (c = 4. n2 =0 and w = 1)

pass-through

exporters

From both Figures (5 and 6) we can see that the exchange rate
adjustment depends on the relative number of the different types of
firms in the industry. For all of the three conjectures introduced,
exporters, on the one hand. tend to make the adjustment in prices
closer to what the Law of One Price predicts (full pass-through), and
domestic producers, on the other hand, tend to reduce the impact of
exchange rate changes in the industry price.

Figure 6: the pass-through when the number of domestic rivals
increases(n 1=1)
pass-through

4.2. The adjustment in quantities
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The other side of the adjustment process is the quantity pass-
through. In Figure 7 is depicted the quantity adjustment with different
aggressiveness in the expected response of the rivals. The constant
pass-through corresponds to the Bertrand case, in which case it does
not matter the number of exporters in the industry: the adjustment in
quantities is constant and equal to the level of marginal costs (c = 4).
This is the reflection of the more competitive behavior modelled with
Bertrand beliefs: there is no strategic effect and each exporter behaves
as under perfect competition. This can be interpreted as the Bertrand
paradox in our context.

When no domestic rivals are incorporated we find that the
collusive pass-through declines faster that the Cournot equilibrium
price adjustment when the number of exporters increase. The reason
for this is clear if we take into account the specific linear demands
that we use: under collusion, and in order to keep the change in the
equilibrium price constant (at -c/2), i.e. the same pass-through as
under monopoly, the market share of each individual exporter must
decline at a faster rate than under Cournot, and the individual mark-up
(our measure of pass-through in quantities) decreases with an
increasing number of exporters due to the fact that the demand
elasticity increases with the export volume.

If we increase the number of domestic rivals (n2 > 0) we find that
now the relative number of each type of firm in the industry becomes
the crucial determinant of the sign and degree of the pass-through
elasticity when Bertrand and collusive beliefs are introduced, as shown
in Figure 8.

Under Cournot conjectures as the number of domestic producers
(n2) increases, the pass-through in quantities converges to zero, as
happened also for the case when only exporters served the whole
destination market. The interesting case is when Bertrand conjectures
are introduced, since then the adjustment takes place in the negative
quadrant (in Figure 8). If a unit increase in g comes as a positive shock
to the exporter, this can only be explained by the fact that under
Bertrand conjectures the relative number of domestic producers
determines the sign of the adjustment in quantities.
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Figure 7: the adjustment in quantities when Bertrand, Cournot and
collusive conjectures are held among the exporters (for the case when
c=4,w=1I P=05and n2=0)

quantity adjustment

In terms of expected competitive responses. Bertrand supposes a
more aggressive behavior than Cournot and in turn this models a still
more aggressive behavior than under the collusive conjecture.

Figure 8: quantity pass-through for different conjectures (o = 1 p =
05 . c=4
and nl=1)

quantity adjustment

5. Exchange rate risk and economic exposure: the role of strategic
behavior

When the exchange rate appreciates (increase in p), there are two
effects influencing the behavior of the foreign firm: (1) as the per unit



price in foreign currency increases, the revenues increase as well for
the exporter: the direct effect, and (2) after an appreciation, the
exporter will change the quantity supplied to the destination market,
and given that the goods are strategic substitutes. the home producer
will reduce itsmarket share. This indirect effect is  the channel
through which the home producer(s), even though it is not facing the
exchange rate fluctuations directly, is affected also by them. To
account for the two effects is crucial the assumptionof strategic
substitutes in determining the final equilibrium outcome of the
industry. It is also easy to see that the higher the number of Firms in
the industry, the smaller this indirect effect will be. We can see these
two effects in the following way: lets express the profitfunction of
the exporter as, nhf(xhf) = n(xhf(e), xff(xhf)), that is.the optimal
quantity shipped to the export market depends on the exchange rate (e).
We can now express the first order condition as

— *f 1 (’*i i

={arsf" (k) d*hf

vdeJd | dJ [k~ J | delJ
A B C D

A > 0 is the direct effect, and BCD the indirect effect. Since the
goods are strategic substitutes, we have that B < 0, since ex-post. C
(k = (Sxfflc*xhf)) < 0, and we know that D > 0 (an increase in e means an
appreciation of the home currency), then we have that the indirect
effect will be overall positive, which strengthens the direct positive
effect in A.

It would be different if the goods were strategic complements: in
which case the term in B will be bigger than zero,also C > 0. but
(5xhf/de) < 0 and the overall effect will be negative. In fact, as Mishra
and Sundaram (1989)*0 point out. for conjectures other than Cournot,
the first order condition will be based on the total derivative of profits
with respect to the quantity, rather than the partial derivative, which
is enough in the Cournot case if we consider that the Cournot
behavioral assumption implies that [dxff/dxhf] = C = 0 and hence the

10 For this point also Bulow, Geanakoplos and Klemperer (1985).
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perceived marginal profit for firm i from reacting to the exchange rate
change will consist of the direct effect alone, leaving BCD = 0.

The distinction between exchange rate risk and economic
exposure now becomes clear: exchange rate risk implies a random unit
revenue, due to the volatility in the export foreign price, and economic
exposure is the effect that the variations in the unit price have on the
equilibrium profits of the firm. In oligopoly, and because of the
strategic interdependence among the firms, the exposure is higher than
under perfect competition. The direct effect accounts for the exchange
rate risk, in the profits level, that has a direct relationship with the
price fluctuation. As long as the indirect effect, BCD >0, the economic
exposure will be higher® than the direct effect alone.

In oligopoly the uncertainty affects the level of profits more than
under perfect competition, and as the number of competitors tends to
infinity, the indirect effect tends to zero, and the only remaining
influence of the exchange rate change will be the direct one, cTl/<3e. Von
Weizsacker and Von Ungem (1989)*! have studied the optimal hedging
policies for an oligopolist when facing exchange rate uncertainty. In a
similar model they concluded that the hedging policy, defined only at
the Nash-Cournot equilibrium and for the expected value of the
exchange rate, will be of magnitude bigger than twice the Nash Cournot
quantity. The hedging in this model that each firm performs, is by
selling(buying) foreign currency in the futures (perfect) market at an
expected price.

6. Conclusions

In an internationaloligopolistic model with exchange rate
uncertainty, we have seen how volatility can affect total amount of
goods traded depending on the risk aversion attitude of the firms, the
market structure and the degree of product differentiation of the
varieties in trade.

In  determining thesign and the degree of the pass-through
relationship it is important to take account not only of market
structure elements but also the more or less aggressive response
expected from the rivals. We have shown how by increasing the number

nVon Weizsacker and Von Ungem (1989).
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of participants in the industry or by assuming a more aggressive
response among the firms competing in an international market with
uncertainty, results get closer to the Law of One Price.

More empirical evidence at a desegregated level is necessary in
order to gain insight into other elements that might be influencing the
behavior of international prices, and more specifically, the
sluggishness in the response of prices to exchange rate movements in
the short and medium term. Market structure variables, and types of
competition can explain only part of this price inertia.
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Appendix
m"Derivation of the pass-through expressions

In our oligopoly model with the multiplicative shock in the
demand functions, we defined the objective function of the risk averse
exporter as

max. r= ECITj-SVVarjrP)
ah’ Xhf

where we introduced in the quantity setting case a multiplicative
random shock into the inverse linear demand functions facing each firm
of the form

E peo where e—0,1)

that we could approximate by Taylor expansion by
E =ue ~p(@l+ocz)

Our profit expression is.

rinf= a-P| £ xhf+ w £ xff  p(l +cte) xj,f - ¢ Xjj
L vi=l i= )\
Maximizing the objective function for each exporter and each
domestic producer, we obtain a system of nl + n2 first order

conditions, as

C “ri “2
S| xhf . -+
—if! + =

2+ — +10
xhf dut eXpf
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From this system of first order conditions we obtain the reaction
functions for each rival in terms of the domestic rivals and of the
exporters.

We can now apply the symmetric firms hypothesis and get the
condensed reaction functions, that is, a reaction function for the i-th
exporter in terms only of the domestic rivals as

"n, +1 +(n, -1 )X+ton2 k ton2 Xfiafx Xe X

ton. n2+1 +(n2- DX+ toiijk vx8, sg>

where X = (Sxhfr/dxhf) and k = (Sxffj/dxhf*), Shf = (a-z)/p , Sff = (a-
c¢*)/p, and z = (c/(p(l-8a)). Let Det be the determinant of the matrix
on the left hand side. Note that for X=k = 0, and w= 1 Det = N + 1
From here by inverting the matrix on the left hand side and after some
manipulation we find the Nash-Coumot equilibrium, x*hf and x*ff :

(X [n2+ 1+ (n2- 1) X+toiq K][a - Z] wn2 (a- ¢y

P Det
v [n, +1 +(n, - ) X+ton2 k][a -¢c *] ton, (a- z)

Writing the condensed reaction functions in terms of deviations
from marginal costs,

and substituting into the system (A.4) the Nash-Cournot equilibrium
quantities, x*hf and x*ff obtained in (A.3), we finally get the market
clearing prices, P*hf and P*ff. The expressions for equilibrium price
are complex; they have been obtained with the help of the software
Mathematica. As a special case, when k = X =0 (i.e. Cournot
conjectures), we obtain
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j _a[n2(l- co)+ 1+ic n2c*+zn2 (L +A)]
Pm = N+l +n A

J(1-a))+1+c*n2(1+A) +z ion,
and FjiEa[n( a)) c*n2( ) +z ion
N+1+n2B

where A= n2(l -w") and B = ni(l - c)2).

From the Nash equilibrium we can check that, z = z(c,g,a.5), Xxj2 =
x(c*,z(.).ni,n2), and P = P(ni,n2,z(.)). Any change in any of the two
moments of the random distribution affects the Nash equilibrium via
z(-).

From the Nash equilibrium we can derive different expressions
for the pass-through relationship, in prices or in quantities, by taking
the appropriate derivative. After some manipulation we obtain
expressions in Table 1V. Second derivatives re used to get the speed of
adjustment of the -equilibrium price to exchange rate changes with
respect to the market structure and the degree of product
differentiation in the industry.

Il. Proof of Proposition 3

As before, we just need to check that (dPhf/dz) > 0. and that
(oz/oo) > 0, so that the total effect is positive, (<3Phficcr) > 0, for the
first part. To prove that total quantity traded declines with more
volatility, we have that (dxhf/do) < 0 and that (dxff/do) > 0, and we
only need to check that

fohf _ dxff

dz dz
which is true always since in our case this condition reduces to

[(M2+ 1)/nA >1
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