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Abstract

We examine the effects of a change in the exchange rate on sales and prices in the
framework of a two-country, two-commodity duopoly model with joint production.
We distinguish two kinds of reaction. When the firm located in the country whose
currency depreciates (appreciates) increases (decreases) sales in both countries, we
call it the ‘firm-specific’ effect. If all sales in the country which appreciates
(depreciates) its currency increase (decrease), we call it the ‘country-specific’ effect.
Strategic substitutability, economies of joint production and/or economies of scale
lead to the firm-specific effect. Strategic complementarity, diseconomies of joint
production and/or diseconomies of scale lead to the country-specific effect.

Keywords: Exchange rate pass-through; Oligopoly; Strategic complementarity;
Strategic substitutability

JEL classification: F12; L13

1. Introduction

The model presented in this paper is motivated by the press announce-
ment that the French publishing house Gallimard is putting out an ‘Italian
Pléiade’. Every cultivated person supposedly knows ‘La Pléiade’, Gal-
limard’s French high-quality edition of the collected works of famous
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novelists. The ‘Italian Pléiade’ includes Italian translations and competes
directly with a collection of comparable quality by the Italian publishing
house Mondadori. Gallimard’s initiative came at a time when the Italian lira
was going through a series of devaluations.

This fait divers served as a guide to our analysis of exchange rate
pass-through. There are two markets: the French market (x) and the Italian
market (y). In each market there are two sellers: Gallimard (player g) and
Mondadori (player m). The two markets are treated separately: to travel
from Italy to France or vice versa is expensive for a buyer who wants to buy
one of these books, so that prices can differ between markets; in addition,
the distribution systems are separated by exclusive dealing.'

Mondadori sells its collection in both markets. Gallimard sells its two
collections in both markets. Suppose, to simplify the analysis, that Mon-
dadori’s product is a perfect substitute for Gallimard’s Italian Pléiade. Then
we have two products on each market: the French Pléiade (product a) and
the Italian translations (product b). These two products could be comple-
ments (for language teachers and students) or substitutes (for general
readers who are fluent in both French and Italian). They could also be
independent (for buyers who read only in one of the two languages).

Product a (the French Pléiade) is sold by one producer only (Gallimard)
in both markets. However, product b(the Italian translation) is sold by the
two producers in both markets.

The question to be answered is: How does a depreciation of the lira affect
the sales and the prices of the products in Italy and in France, respectively?
We will show that Mondadori will sell more in both countries and that
Gallimard, to the contrary, will lose sales of its two products in both
markets whether the two products are substitutes, complements or in-
dependent (from the consumer’s point of view), on one condition: both
producers should consider their product(s) as ‘strategic substitutes’. Strategic
substitutability occurs when it is in a firm’s interest to react to an increase in
its competitor’s sales by a decrease in its own sales and vice versa. On the
other hand, when it is in their interest to react to an ‘aggressive’ sales policy
by an increase in sales (this is called ‘strategic complementarity’), then both
Mondadori and Gallimard will increase sales in France and decrease sales in
Italy, whether products a and b are substitutes, complements or indepen-
dent. Whether a good is considered a strategic substitute or a strategic
complement by a player depends on this player’s market share and on the
curve of the demand function.

Strategic substitutability and strategic complementarity thus play a crucial
role. Strategic substitutability leads to increased sales in both countries for

' We ignore the occasional arbitrage telephone call from an [talian language teacher to a
friend in Paris asking him or her to buy there at a lower price and send by mail.
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the firm located in the country whose currency depreciates. We will call this
the firm-specific effect. Strategic complementarity leads to increased sales in
the country that appreciates and to decreased sales in the country that
devalues for both firms. We will call this the country-specific effect.

The normal price reaction is for prices to decrease in the country that
appreciates and to increase in the country that devalues. When the
relationships between two commodities (on the demand side and/or the cost
side) are taken into account, as we do in our model, other price reactions
can appear. We will show that if products a and b are independent on the
demand side, the price of a can go up in both countries, under certain cost
conditions (economies of scale or of joint production for Gallimard) and
strategic substitutability. This is a surprising result at first sight. Yet, it is a
straightforward consequence of the fact that Gallimard is then a price
discriminating monopolist.

Our model uses unspecified demand functions, and is thus more general
than the approach followed by Martin and Phlips (1994), who consider a
duopoly model with differentiated products but operating in a linear
framework. We build on the papers by Hens et al. (1991) and Kirman and
Phlips (1992), who use general demand and cost functions but consider only
one homogeneous good in each market. The points where we extend their
results will be indicated as we proceed.

Section 2 presents the model, introduces the concepts of strategic
substitutes and strategic complements and the a priori restrictions imposed
for comparative statics. In Section 3 the effects of an appreciation on
quantities and prices are analyzed under the assumption that there is no
strategic interaction between duopolists. Section 4 allows for economies and
diseconomies of joint production. We show that economies of joint pro-
duction connected with strategic substitutability lead to the firm-specific
effect. In Section 5 the effects of economies of scale are analyzed. The
proofs of Propositions 2—6 can be found in EUI Working Paper No. 94/20
or can be obtained from the authors upon request.

2. The model

There are two countries (markets), x and y, which are separated in the
sense that demands in one country are independent of the prices in the other
country. The duopolistic structure is as follows: there is one firm, g, which is
located in country x, and one firm, m, located in country y. There are two
products, a and b, which can be independent, imperfect substitutes or
complements. Firm g produces both products; firm m produces only b.
Product b is homogeneous. Both products are sold in both countries. To
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suppose that only one of the duopolists produces the two goods makes the
model tractable without loss of generality.
The inverse demand function for good a in country x is

Pur = Pl X5+ x7) (1)

where x, is the quantity of good a produced by firm g and sold in country x,
x} is the quantity of good b produced by firm g and sold in country x, and
x, is the quantity of good b produced by firm m and sold in country x. Let
x, =x§ +x; be the total quantity of good b sold in country x. We assume
that dp, /ox, =p. <0 and, if goods a and b are substitutes (complements),
then ap,, /dx, = p.. <(>)0.

We can define other inverse demand functions in a similar way:

e for good b in country x:

pbx:p[»(xa’xb)’ (2)

where p; <0 and if goods are substitutes (complements), then p, <
(>)0;
® or good a in country y:

pay:pny(ya’y‘z+y;)"):pay(ya’yh)‘r (3)

where y,, y5, and y, are quantities sold in country y, and y, = y§ +
Vb
® for good b in country y:
pby :pb.\’(yu* yh) N (4)

We assume that the inverse demand functions are twice continuously
differentiable. Analogous assumptions about the signs of partial derivatives
(as in the first two inverse demand functions) are imposed.

The cost function for firm g is

e = ColX, Ty x5+ ¥5) s )
and for firm m:
Cm = Cm(x;:' + y:’) . (6)

The above formulation of the cost functions is somewhat restrictive: it
reduces the concept of economies of scope to one of economies of scale.

It is assumed that cost functions are twice continuously differentiable and
that marginal costs are positive. We will say that both firms exhibit
economies (diseconomies) of scale if

11
Cg 5 c

22
gﬂ

€ <(>)0. ™)
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Firm g exhibits economies (diseconomies) of joint production if the cross-
partial derivative, C;Z, is negative (positive).

The exchange rate, e, is defined as the value of the currency of country x
(French francs) expressed in the currency of country y (italian lira).

Thus, firm g earns profits

UH = Hg('xa’ xi’ x;)n’ ya’ yl[i y:)
:puxxu +phxxllg7 + (1/6)(pa_vya +pbyy§)) - cg v (8)
in the currency of country x, while firm m earns
IIm = Hm('xa’xivx:? ya* yi‘ y:l) = ephxle + pbyybm T Chs (9)

in the currency of country y.
Thus, there are six first-order conditions that must be satisfied in the
interior Nash equilibrium:

Iy =poX, + puct prxy —c, =0, (10)
I = pox, + pp +ppxi —c; =0, (11)
I, = e(pyx; +p,) — ¢, =0, (12)
Iy =Q/e)phyy,+ puy + Po,yi) —ci =0, (13)
I = (Ue)piyy, + poy + Py Y5) — ;=0 (14)
5, =p,,yi +pyy, — € =0. (15)

The first three equations refer to country x, the last three to country y.

We are interested in how the equilibrium given by the system of equations
(10)-(15) reacts to an exogenous exchange rate change. Generally speaking,
the increase in e has two direct effects, namely firm g, located in country x
whose currency appreciates, decreases sales of its two products in country y:
dy,/de <0, dyf/de <0; and firm m, located in country y which depreciates
its currency, increases sales of product b in country x: dx} /de >0.

Then we can distinguish two further effects, namely the changes in sales
of both firms on their domestic markets.

A first possibility is that firm m sells more in its domestic market, y,
whereas firm g decreases sales in its domestic market, x. In this case, firm m,
located in country y which depreciates its currency, sells more of its product
in both countries:

m

dy""
b b
3> 0, 1o>0. (16)
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The second duopolist, firm g, from country x which appreciates its currency,
decreases sales of its two products in both countries:

8

dxu dxh dyu dyi
e <0 g <0 g <%

We will call such a response to the change in the exchange rate the
firm-specific effect.

A second possibility is for firm m to sell less in domestic market y, while
firm g increases sales in domestic market x. Then, the sales of all products
increase in the country which appreciates its currency:

<0. (17)

dx, dxj dry
and all sales in the country which depreciates its currency decrease:
dy, dy} dyy
—Ee—<(), —£<0, —de—<0. (19)

We will call such a reaction the country-specific effect.

The way a change in e affects prices depends on aspects of both countries’
market and production structures. To study the problem more thoroughly
we introduce the concepts of strategic substitutes and strategic comple-
ments.

2.1. Strategic substitutes and strategic complements

This terminology was introduced by Bulow et al. (1985). Strategic
substitutes and strategic complements are defined by whether a more
‘aggressive’ strategy by one duopolist lowers or raises the other duopolist’s
marginal profits.

Firm g regards commodity b as a strategic substitute in market x when

oI
£ — 23
axy axt I <0. (20)

In other words, an increase in firm m’s sales reduces the marginal
profitability of firm g. Conversely, firm g regards commodity b as a strategic
complement when the cross-partial derivative in Eq. (20) is positive.

The concept of strategic substitutes and strategic complements has an
interesting interpretation when the duopolists compete in one market. In
this case the slope of the reaction function for firm g is given by

2 2 23
ENIA /a m,

- = ——= 21
axy oxy/ gx%’ e @b
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Under the assumption of strict concavity of the profit function, the
denominator in Eq. (21) is negative. Hence, if good b is a strategic
substitute (complement) for firm g, then the reaction function is downward
sloping (upward sloping). We can interpret this in another way. Good b is a
strategic substitute (complement) for firm g if the optimal response to a
more aggressive strategy (increase in sales) of firm m is to decrease
(increase) sales.

In our model we have two commodities in every market. Hence we can
distinguish different kinds of strategic substitutability or complementarity.
Eq. (20) gives the usual definition. In a differentiated market where goods a
and b are imperfect substitutes, we can define a new concept involving the
two goods. We will say that firm g considers commodity a as a strategic
substitute (complement) to b in market x if

-

8 13
Ll TSN
rar =< (0. (22)

a

The situation of m is different because it produces only one commodity
and faces two possible strategic actions by firm g, namely through a change
of quantity in product a or product b.

Thus, we can say in the usual way that firm m regards commodity b as a
strategic substitute (complement) in country x if

o1, =117 <(>)0 23

axi ax;:l - m <( ) . ( )

By analogy with (22), we will say that firm m regards commodity b as a
strategic substitute (complement) to @ in country x if

oL, ;) 0 24
— .= <(>)0.
ax, 0x, m<(=) @4
Similar definitions apply to market y. Note that in a linear framework, if
products a and b are substitutes (complements) on the demand side, then
they are treated as strategic substitutes (complements) by both producers.
Thus, demand and strategic substitutability (complementarity) coincide.
If products are independent, i.e. the price of commodity b does not
depend on the sales of commodity a and vice versa, then the inverse demand
functions reduce to

pax :pa.x('xu)’ pb,\' :pbx('xb)’ pay :pay(ya)’ pby :phy(yb) Ll
(25)

and IT)! = H: = 0. In other words, there is no strategic interaction between
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a and b. The concept of strategic substitutability and strategic complemen-
tarity hence applies only to commodity b since a is produced by g only. In
this case a strategic interaction has an interesting interpretation for good b.
From Eqgs. (11) and (12) we have

H§3 :p;n +p”bxxi and H?nz :pilu +p”bxx': . (26)

Let a =x{/x, denote the share of firm g’s sales in total sales. Then (26)
becomes

— + r
a pbx

1 "X
H§3=ap,',x< P bx b)

and

2 1 ) P pXs
Hm _(1 a)pbx<1_a+ p;x ) (27)
Thus, firm g regards b as a strategic substitute (complement) if the sign of

the expression

L, P (28)
«@ Phx
is positive (negative).” The first term in (28) shows how market share affects
strategic interaction. This effect is always positive. The second term in (28)
measures the curve of the inverse demand function. More precisely, it is the
elasticity of inverse marginal demand, p, , which shows the influence of
demand on strategic interaction. If the demand function, p, , is concave
(linear), then p”, x,/p,. is positive (zero) and we have strategic sub-
stitutability. When p,, is convex, strategic complementarity can occur. The
larger is firm g’s market share (i.e. the higher is a), or the more ‘curved’ is
Ps,» the more likely is strategic complementarity.

If one firm (say g) regards b as a strategic complement and the other one
(m) regards b as a strategic substitute, then

1 pN x 1 pH x
—+=2L 0 and T L al]
a bx -« pbx

>0. (29)

* Expression (28) can be helpful in the empirical identification of strategic interaction. We
would need to have data on market shares and to estimate the curve of the demand functions.
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From (29), we get a > 1/2. For this reason, a firm that treats product b as a
strategic complement (substitute) must have a higher (lower) market share
and therefore an upward (downward) sloping reaction function.’

The cross-partial derivative, H , refers only to firm g’s behaviour. It
measures the change in the margmal profit from sales of one product when
firm g increases sales of a second product and is equal to

(Parka + Doe T P0cXb ) — ¢ (30)

The first term in (30) shows how demand affects H:' If the cross-partial
derivatives, p.’ and p;., are small, they do not affect the sign of (30). This
sign is then determined by the sum p>, + p, ., which measures the degree of
product differentiation. Roughly speaking: the higher is the degree of
substitutability (complementarity) of products, the more likely Hgl2 is
negative (positive). The second term in (30) measures the degree of
economies of joint production. We can conclude that economles of joint
production and product complementarity require H to be positive.
Conversely, if g has diseconomies of joint productlon and products are
substitutes, then H is negative Note that if the goods are independent on
the demand side, then Hl” = ci,z and the whole conception is reduced to
(dis)economies of joint productlon.

The cross-partial derivative, Hg can also be interpreted in another way.
Taking the partial derivative of the first-order condition (10) with respect to

x¥ and totally differentiating the result, we obtain

= T (3D

We see that, under the assumption of strict concavity of the profit function,
the sign of dx,/dx? is equal to the sign of H . Hence, if firm g increases the
sales of good b in market x, 1t will also 1ncrease the sales of a in x, when
Hg > (0. Conversely, when Hg <0, it is in g’s interest to decrease the sales
of good a, whenever the sales of good b have increased.

* The same conclusion was obtained by Bulow et al. (1985, p. 500). Another example of a
situation where one reaction curve is upward sloping and the other is downward sloping is
connected with mixed duopoly: one duopolist is a labour-managed firm which maximizes profit
per worker, the second duopolist is a profit maximizer. In this case the labour-managed firm has
an upward sloping reaction curve and the profit maximizing firm has a downward sloping
reaction curve (see Delbono and Rossini, 1992).
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2.2. Second-order and stability conditions
To examine the effect of a change in the exchange rate, we totally

differentiate the first-order conditions to obtain a system of six equations
which can be written in matrix form:

[ 11 12 13 11 12 1r - -
m!' oot et =0 ] [dx, 0]
21 22 23 21 22 F
m' o oal - - dx? 0
H}l H32 1-133 0 0 A dxm K
i i . 44 as 64': "= de, (32)
—c, —¢, m; ;. I, dy, L
—c, —cr my oy e |dy; M
Lo o —ep myons aellay] Lol
where
BH?" 2 m
K= ——=—(poxy + o) (33)
EVIM
L= ——2=(1e)piyya+ Pay + Py 5) - (34)
aHS i 3 o)
M= —— £ =(Ue) P, + Poy + Py ¥h)- (35)
From (12)-(14) we get
K= —(l/e). <0, (36)
L=(lle),>0, (37)
M=(1le)c;>0. (38)

We will refer to the matrix of sixth order from Eq. (32) as the matrix
A =a;]. It can be decomposed into four quadratic matrices of the third
order:

_[ A A 39
A“[fn A] )

It is assumed that the matrix A is negative definite, which in particular
implies that
® the Nash equilibrium is locally strictly stable,
® the trace of A is negative, which implies that the second-order
conditions are satisfied,
® in the absence of market x, market y would be strictly stable and vice
versa, hence detA, <0 and detA, <0,
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® the market for product b is strictly stable in both countries, i.e.

a3
a;z

a,

23
ai;

>0 and

3. No strategic interaction

a
a

55

ase
o

=>0.

205

(40)

We first investigate the case in_ which strategic interaction can be
HZ,(’ =[% =12 are equal
to zero® (or arbitrarily small). The matrix A is then

neglected, i.e. I1,' =12 =1I, =11

m

32:1—146:

g

[ 12 a2
n, 1, 0 -—c, Cy 0
21 22 21 22
mu, 1, 0 —c, —c 0
0 o 1Y o0 0 - 1)
11 21 44 45 ’
¢, —c; T, p 0
12 22 54 55
—c,. ¢, 0 a1, 0
| 0 0 -c¢' 0 0 I

and we can decompose the comparative statics system (32) into two systems:

® for firm m:

(2 —cn|[axr] (K]
" 66 m = de Ll (42)
\,_Cm Hm dyb 0_
e and for firm g:
[ 1t 12 11 12
n, 1. -c . dx, 0
21 22 2 2
;' 02 —c' —c || dxf 0
. 21 44 45 = de . (43)
¢, —¢, I, I, dy, L
| e = o omP || w] [ M

Both firms are therefore independent. Moreover, they adjust to the

I, moreover, products are independent, then from II;'=1II.;=0 and (26) we have
x§ =x,'. Firms thus share total sales equally and « = 1/2. From (27) we get

"
P pXs

= 2.
Doy

By solving the above equation we obtain p, = A + (B/x,), where A and B are parameters.
The assumption about negligible strategic interaction therefore leads to a specific form of the
demand function.
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exogenous movement of the exchange rate like monopolists.” Firm m acts as
a monopolist that discriminates across markets. Firm g acts as a monopolist
that must consider the effects of joint production when discriminating
between markets. We start with firm m.

Proposition 1. If strategic interaction can be neglected, then after a deprecia-
tion of the currency of country y firm m will sell more in foreign country x.
The change of sales in its domestic market y depends on economies of scale.
If firm m has economies (diseconomies) of scale, then it will increase
(decrease) sales in country y.

Proof. Solving (42) we get
sign(dx}'/de) = sign KIT% = +
and
sign(dy}'/de) = sign K¢/ = —signce),. O

The higher marginal revenue in foreign market x pushes firm m to
increase sales in country x. That leads to a decrease (increase) in marginal
costs if firm m has economies (diseconomies) of scale. In order to equalize
marginal revenue with marginal costs in market y, firm m has to increase
(decrease) sales in country y.

For firm g we obtain Propositions 2 and 3.

Proposition 2. If strategic interaction can be neglected and products a and b
are independent, then after the depreciation of the currency of country y firm
g will decrease sales of its two products in both countries if it has economtes
of scale, i.e. c <O and economies of joint production, i.e. cg <0.

Proposition 3. If strategzc mteractton can be neglected and products a and b
are differentiated, and H P ¢ >0, then after a depreciation of the currency
in country y:
(1) if one of the following three conditions is satisﬁed
(a) firm g has only economies of scale, i.e. c >0 and c;
(b) firm 8 has only economies of joint productton ie. c =c
and cg >0, or
(c) firm g has both economies of scale and economies of joint

" If both firms were monopolists, they would have first-order conditions different from Eqgs.
(10)—(15), but it is easy to show that the comparative statics would be the same as in (42) and
(43).
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22

production, i.e. c .cg .c? >0, then firm g will sell less of its two
products in both counmes
(2) if one of the three following conditions is satisﬁed . .
(a) firm g has only diseconomies of scale, i.e. ck , €, <0and c{i,” =0,
or 2
(b) firm 8, has only diseconomies of joint production, i.e. C =c, =0
and cg <0, or
(c) firm g has both diseconomies of scale and diseconomies of joint
production, i.e. ck, ,c; ,clt <o,
then firm g will sell less of 1ts two products in foreign country y and
increase sales of its two products in its domestic country x.

The fall in demand in the foreign market y forces firm g to reduce the
sales of its two products in market y. That leads to an increase (decrease) in
marginal costs if firm g has economies of joint production and/or economies
of scale (diseconomies of joint production and/or diseconomies of scale).
Firm g then reoptimizes in market x by adjusting marginal revenues to
marginal costs and by reducing (raising) sales in market x if marginal costs
have increased (decreased).

We can conclude that in the absence of strategic substitutability and
strategic complementarity, economies of joint production and/or economies
of scale lead to the firm-specific reaction. On the other hand, one can expect
the country-specific reaction when the duopolists have diseconomies of scale
and/or diseconomies of joint production.

4. The effects of economies of joint production

Consider the situation where the markets are only linked by economies of
joint productlon for firm g i.e. c > #0. There are no economies of scale if
cl,‘ =c¢, =c, =0. We start with the general situation where products a and
b are 1mperfect substitutes or complements.

Proposition 4. If there are no economies of scale, then after an appreciation
in the currency of country x:

(1) one can expect the firm-specific effect if firm g has economies of joint
production, i.e. c ~ <0, and both firms regard both goods as strategic
substitutes in both markets ie I, . H’1 i m, H“’ H% o, ne <o
and 11,7, 117" > 0;

(2) one can expect the country-specific effect if firm g has diseconomies of
joint production, i.e. Cg >0, and both fzrms regard both goods as strategic
complements in both markets, i.e. 11;,3, CIEY, I, H:b, H:,(’, e,
>0 and 11,7, 11} >0.

g



208 A. Baniak, L. Phlips /| Int. J. Ind. Organ. 13 (1995) 195-211

The explanation is as follows. Firm g reduces sales of its two goods in its
foreign market y. Hence, by economies of joint production [see Proposition
3(1)] firm g has an incentive to sell less of good a in its domestic market x
(because its sales of b went down in market y), and to reduce sales of good b
in market x (because it reduces sales of @ abroad).

In domestic market x firm g faces higher sales of good b by firm m.
Hence, the strategic substitutability assumption pushes firm g to reduce sales
of its two products in market x [remember that strategic substitutability
means that the optimal response to increased sales by the competitor is to
decrease sales; see Eq. (21)].

Economies of joint production and strategic substitutability both push
firm g to reduce sales in its domestic market.

When firm g is confronted with diseconomies of scale and strategic
complementarity [see Proposition 3(2)], this combination causes firm g to
increase sales of its two products in domestic market x. In this case,
however, the condition H;z >0 means in particular, by (30), that

07 =(puix, + po+poxi+py)—ci’ >0, (44)

and analogously for H:S > 0.
The expression

PacXa * Pu + PoiXh + P
which, roughly speaking, measures the degree of product complementarity,
must not only be positive but also greater than — 0;2. Thus, intuitively
speaking, point (2) is valid only when the degree of product complementari-
ty is high.’
Suppose now that goods a and b are independent on the demand side,’ so

that the relation between markets is established only through economies of
joint production. In this case

I 12 44 12
I, - ¢, 0 i, -, 0
A=l mer 0F mEl | ot el e
(} H32 H33 0 H()S H()()

" Note that in the linear framework 4I,” >0 and 11, > 0 if and only if goods are complements
on the demand side.

"Note that if, in addition, the cost functions were linear, we would have a standard
monopolist selling product @ in markets x and y on the one hand, and duopolists selling a
homogeneous product b in each other’s markets on the other hand. The latter case in handled
in Hens et al. (1991) and there is no point repeating their analysis here, except to recall that
they show strategic substitutability to imply the firm-specific effect.
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Proposition 5. If products are independent, there are no economies of scale
and firm g exhibits economies of joint production, i.e. c;f <0, then after an
appreciation of the currency in country x we have the firm-specific effect if
firm g regards good b as a strategic substitute in market x, i.e. I1 f <0 and
firm m regards good b as a strategic substitute in both markets, i.e.
m:n 9% <0. Moreover, the total sales of good b decrease in country y.

Therefore the price of product a increases in both countries and the price of
product b increases in country y.

Proposition 5 can be considered as a special case of Proposition 4 (see also
Proposition 2). In the absence of product differentiation, strategic sub-
stitutability of b and economies of joint production for g lead to the
firm-specific effect.

Note that if the products are independent, we have from (44):

12 _ ppds _ 12
H-=10;,=-c,,
which means that H;:>0 if and only if firm g has economies of joint
production. Therefore we can say nothing in this case about the effects of
diseconomies of joint production.

5. The effects of economies of scale

Suppose ¢, =0 for i # so that the matrix A is diagonal. Markets x and y
are linked through economies of scale only. However, markets for goods a
and b are separated. Firm g can therefore be considered as a monopolist
which is selling good @ in two markets and price discriminates across
markets.

Proposition 6. If products are independent and there are no economies of
Joint production, then after a change in the exchange rate:

(1) in the case of economies of scale, i.e. c;, c:, ¢, <0, one can expect the

firm-specific effect if b is regarded as a strategic substitute by both players in
. . 23 56 32 65 ;

botk countries, i.e. [1.°, 117, 11" 11,7 <0. Therefore prices of product a
increase in both countries.

(2) in the case of diseconomies of scale, i.e. ¢, ,c,”, c, >0, we can expect
the country-specific effect if b is regarded as a strategic complement by both

. 23 56 32 65 . .

players, ie 11,7 11", 11,7, 11’ > 0. Therefore both prices go .down in the
country whose currency appreciates, and both prices go up in the other
country.

11 22

The intuition is straightforward. Firm m faces lower sales of good b by
firm g in market y. Hence, by strategic substitutability, firm m has an
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incentive to increase sales in the home market. Moreover, firm m sells more
abroad. This decreases its marginal cost and, because of economies of scale,
firm m raises sales at home. As a consequence, strategic substitutability
combined with economies of scale give firm m an incentive to increase sales
in its domestic market.

When firm m is confronted with diseconomies of scale and strategic
complementarity, this combination causes firm m to reduce sales in its
domestic market.

For firm g, both strategic substitutability and economies of scale push firm
g to reduce sales of good b in its domestic market x. The combination of
strategic complementarity and diseconomies of scale works in the opposite
direction.

Proposition 6 is a straightforward generalization to a situation with two
independent commodities. See Proposition 5 (which considers markets with
one commodity) in Kirman and Phlips (1992). Notice that diseconomies of
scale make sure that both prices move in the normal direction (down in the
country that appreciates, up in the other country) when coupled with
strategic complementarity for b. In the economies of scale case, all we are
able to say about prices is that, since g will sell less of a in both countries, its
price will go up in both countries too. This is a surprising result from the
point of view of the standard literature on exchange rate pass-through. Yet,
it is easily understood, since g has the monopoly of commodity a when a is
independent of & from the consumer’s point of view.

6. Conclusions

In this paper the effects of a change in the exchange rate on duopolistic
behaviour are examined in the framework of a two-commodity model with
joint production,

Our six propositions together imply that strategic substitutability or
strategic complementarity are the dominating forces whether the two
commodities are substitutes, complements or independent from the consum-
er’s point of view.

From the point of view of policy-makers, a devaluation should improve
domestic firm competitiveness in international markets and not lead to price
increases. Policy-makers would like the firm-specific effect to occur, not the
country-specific effect, so that domestic firms sell more at home and abroad
and domestic prices go down. Hence it is important to know which factors
induce the firm-specific effect and which factors lead to the country-specific
effect.

From the results obtained we can conclude that the existence of strategic
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substitutability, economies of scale and/or economies of joint production
lead to the firm-specific effect.

If products are strategic complements and there are diseconomies of scale
and/or diseconomies of joint production, then we can expect a country-
specific effect.

There are still some open questions in this model. We can ask about the
joint effect of factors which work in opposite directions. For example: What
is the effect of economies of scale and strategic complementarity? There is
also the very interesting question of how a devaluation affects duopolists
with objective functions other than profit maximization.
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