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Abstract

This paper uses a two-country two-firm imperfect competition model where each
firm is located in a different country. We study the effects of firms’ innovation and
exchange rate change on their international expansion choices. As in Petit and
Sanna-Randaccio (2000), the market structure is endogenously determined by the
subgame perfect Nash Equilibrium of a three-stage game that involves three different
decisions by the firms: how to expand abroad, how much to invest in R&D, and how
much to sell in each country under different market configurations. Since the price of
output is directly affected by the exchange rate, we carefully include the impact of an
anticipated exchange rate change in the future on firms’ current decisions. The results
show that an increase in R&D productivity leads firms towards multinational
expansion. Furthermore, home currency appreciation also raises the likelihood of FDI
by firms. Compared to results of P-S (2000), mixed duopoly is more likely to arise

under exchange rate fluctuation in our model.
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1. Introduction

Technological innovation plays the most important role of firms’ and countries’
growth. The multinational expansion of firms, especially via foreign direct investment
(FDI), not only account for a large share of world trade, but also are the major
producers of research and development and transferors of technology in the world
economy in recent decades. A strong relationship between technological innovation
and international expansion of multinational enterprises (MNEs) has been noted by
the United Nations Conference on Trade and Development (UNCTAD) in its yearly
World Investment Report, and several empirical studies (e.g., Grubaugh, 1987,
Cantwell and Hodson, 1991; and Neven and Siotis, 1996) also point out that investing
abroad encourages technological competence and how their international strategies
affect their innovative activities. The theory of Vernon (1996) and Caves (1996) show
that FDI innovation causes multinational expansion has also helped shape the view
that MNEs invest in the foreign production so that they can use the technological

benefits developed in their home market.

Despite what emerges from the empirical evidence, existing theoretical studies in
the literature have mostly dealt with technological innovation and the mode of foreign
expansion separately. One group of papers studies the R&D competition between
oligopolies, and ignores any problems relating to firms’ foreign expansion since the
oligopolistic firms considered only produce within a single country (e.g., Spence,
1984; D’ Aspremont and Jacquemin, 1988; Kamien et al., 1992; Petit and Tolwinski,
1996, 1998). A second group of studies looks at the choices of foreign expansion
between exporting and FDI as the solution of a two-stage game between international

oligopolies (e.g., Dei, 1990; Rowthorn, 1992; Helpman et al., 2004). However, it does



not take into account the possible effects of technological innovation. A third group of
studies considers both the role of firms’ R&D investment and their choice of
international expansion scheme, but examines only one of the two decisions.
Horstmann and Markusen (1992) and Ethier and Markusen (1996) discuss the effect
of R&D expenditure on firms’ mode of foreign expansion, but ignore the R&D
decision. They only consider a MNE as a transferor of technology instead of a
producer of technological innovations in their models. Furthermore, the studies by
Veugelers and Vanden Houte (1990) and Wang and Blomstorm (1992) consider firms’
R&D decision in an international setting, but their models ignore firms’ choices of the
mode of foreign expansion. A forth group of literature presents the first attempt to
provide a formal model analyzing firms’ decisions on whether to expand abroad
through exporting or FDI, and also on both R&D investment and the level of output.

(e.g., Petit and Sanna-Randaccio, 2000; Sanna-Randaccio, 2002). Petit and
Sanna-Randaccio (P-S) considers a two-firm two-country model where each firm is
located in a different country, and firms’ R&D investments and mode of foreign
expansion are determined endogenously. Their model is structured as a three-stage
game where firms make three different decisions: how to expand abroad, how much

to invest in R&D activities, and how much to sell in each market.

Although the interaction between firms’ innovation and international expansion
has been studied as mentioned above, the formal literature ignores any problems
relating to the impact of exchange rate changes. With the breakdown of the Bretton
Woods Agreement, there has been a large increase in exchange rate volatility. In the
international market, the exchange rate movement matters since it affects financial

markets, the price of traded goods, and the trade balance. In theory, a home currency
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depreciation allows exporters o decrease the local currency price in the foreign
market and to sell more products, holding everything else constant. At the same time,
it makes the foreign exporters charge higher home currency price in the domestic
market, and helps domestic consumers buy fewer imports. As a result, the home
currency depreciation improves the trade balance for the home country. Besides, the
impact of exchange rate movements on the international location of economic
activities has long been a subject of interest. Extant studies show that the level and
volatility of exchange rate can have significant effect on FDI (e.g., Cushman, 1985,
Campa, 1993, Stokman and Vlaar, 1996; De M¢énil, 1999; Ricci, 1998; Lafrance and
Tessier, 2001, Gorg and Wakelin, 2002). However, the impact of currency movements
can be expected to differ across multinational firms according to the type of activity
undertaken in different locations, the sources of intermediate inputs and the

destination of the finished product.

This present paper is closely related to the works by Petit and Sanna-Randaccio
by considering the effect of an anticipated exchange rate change in the future on
firms’ current foreign expansion decisions. The paper is concerned with the following
two issues: the effect of R&D activities and technological spillovers on firms’
international expansion, and the effect of exchange rate changes on the mode of
foreign expansion. As in the P-S model, these issues are studied here using a
three-stage game. The major difference between our model and P-S’s model would be

that the exchange rate effect is considered here.

Our results show that an increase in R&D productivity leads firms towards

multinational expansion. Furthermore, home currency appreciation also raises the
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likelihood of FDI by firms. Compared to results of P-S (2000), mixed duopoly is

more likely to arise under exchange rate fluctuation in our model.

The rest of the paper is organized as follows. Section 2 presents the basic model
setup. Sections 3 and 4 analyze the effects of firm’s innovation and exchange rate

changes on the mode of foreign expansion. Section 5 concludes the paper.

2. Model setup

We consider two countries (A and B) with linear demand equations for a
homogeneous product that is produced by two firms (1 and 2). Firm 1 is located in
country A, and firm two is located in country B. Both firms choose among three
possible strategies: no expansion abroad (NE), which implies that the firm is inactive,
export to the other country (EXP), or manufacture the product in other country
through FDI (FDI). Firms charge the local-currency price in the foreign market. The
consumers in both countries have the same preferences for the goods. The exchange
rate is given exogenously. These two firms maximize their own currency value of the

profits. The (inverse) demand equations take the following linear form:

PA = a_b(qlA +q2A)7 PB = a_b(qlB +q28)’ (D

where p, and P, denote prices in country A and country B respectively, and g

represents sales of firm i in country j (i =1, 2, j=A, B). The demand parameters a and

b are both positive, and 1/b measures the size of the market in each country.



Let Ii denote the level of R&D investment by firm i. Firm 1’s marginal (unit) cost

of production m,(l) is a function of I = (I1, I2) and is given by,

m=A=-0;+a)), 1,j=1,2,i#] )

In (2), A is the initial marginal cost of production of both firms (the cost that would
exist when neither firm engages in any R&D activities); € (€ > 0) denotes the
productivity of firms’ research efforts, it measures how fast firms’ marginal costs
decrease as their R&D levels increase; o € [0,1] is the spillover parameter, for

a >0 a firm’s marginal cost is affected both by its own R&D effort and by the R&D

effort of the other firm. The cost of R&D investment for each firm is given by rl’/2,

r >0, implying diminishing returns to R&D efforts. Our model specifications imply

that the firms are initially equal and face the same opportunities of choices.

For simplicity, the plant specific cost is assumed to be the same in both countries
as G. Each firm has three possible expansion strategies: no expansion abroad (NE),
implying that the firm is inactive, export (EXP) — producing in home country and
exporting abroad, and foreign direct investment (FDI) — producing in both countries
and becoming a MNE. While exporting implies additional marginal (and unit)
transportation costs, s, MNE involves additional plant specific fixed cost, G, and each
firm has an exogenous cost component that captures all other firm-specific activities,
F. Therefore, FDI has higher fixed cost and lower marginal cost while exporting

involves higher marginal cost and lower fixed cost.



We also define the nominal exchange rate by e, which represents the units of
country A’s currency per unit of country B’s currency: e = (country A’s currency) /
(country B’s currency). We focus on the case where only the price of output is
affected by the exchange rate since costs are incurred before the good is produced and
sold. We are looking at the effect of an anticipated exchange rate change in the future

on current decisions. Firms maximize their own currency value of the profits.

Since profits of the two firms are different depending on the market

configuration considered, five different conditions need to be considered as follows:

Case A (MNE Duopoly): Both firms serve the other country by creating a

production subsidiary in the other country. In this case, the firms’ profits are given by

2

rl
H?D = (a_b(qlA +q2A))qlA +e(a_b(q15 +qZB))qlB —(A—9(|1 +a|2))(q1A +qlB) _71 -F-2G (3)

DD |22
Hz = (;)(a_b(qm +q2A))q2A +(a_b(qlB +q23))q28 _(A_ ‘9(0"1 + |2))(q2A +q2B) _L -F-2G (4)

2
In (3) and (4), superscript DD denotes the case where both firms adopt the FDI
expansion path. The first two terms represent revenue from home and abroad
respectively. Since firms charge the local-currency price in the foreign market, we
consider the exchange rate effect while calculating the final profit of each firm. The
third term is total variable production cost, the fourth term is R&D cost, the fifth term
F is an exogenous cost component that captures all other firm-specific activities (P-S,

2000), and the last term is the total plant specific fixed cost incurred.



Case B (Exporting Duopoly): Both firms serve the other country by exporting.

Their profits in this case are

TTEE = (2— (G + )04 +E(2—D(Chg + o))k — (A= (1, +cd,))ay, — (A=, +alz>+s>qm—12—F c

HEE—( )@ —(Ch + Gy) ) +(@— (g + o) Yo —(A— e, +1,) ) —(A— e, +I2>+s>q2A—12—F c (6

In (5) and (6), superscript EE denotes the case of an exporting duopoly.

Case C (Mixed Duopoly): One firm is an MNE, the other is an exporter. As in
P-S (2002), we first assume in our analysis of this case that firm 1 is an exporter and

firm 2 is an MNE. The firms’ profits in this case are given by

2

|
HlED =(@=b(0,, +0p2))0ix +@—D(Gyg +0,5))05 —(A-O(1, +ad )y, —(A=0(l, +cd ) +9)0;5 _%_ F-G (7)

2

ED |2
e = (é)(a—b(qm +Qup)0ap + (@=D(0y5 +Usp))0s5 —(A—0O(al, +1,))(0s, +q25)—r7— F-2c (8

In (7) and (8), superscript ED denotes the mixed duopoly case with firm 1 as an
exporting firm and firm 2 an MNE firm. If Firm 1 is an MNE and firm 2 is an

exporter, their profits in this case are

2

|
HDE—(a b(0,5 + a0 + (@ =B + Uyg))hg — (A=, + ) + ) ———F -2G

2

1 rl
H?E = (E)(a_b(qm +052))04 +(a_b(q15 +0,5))05 —(A—-0(al, +1,))0s —(A-0O(al, +1,) +5)q,, _72_ F-G

Case D (MNE Monopoly): One of the two firms is inactive. The active firm
then becomes a monopolist and creates a production subsidiary in the foreign country.

If firm 1 is the active firm, its profit is given by

8



b rl? 9)
my =(a-Dbg,,)0q,, +e(@a-bq,5)q,s ~(A=-61)0q,, +q,5)— > -F -2G

If firm 2 is the active firm, its profit is given by

rl 2

- F -2G (10)

1
”20 = (g)(a_bq 2a)U,a + (@ =bg,5)0,5 —(A=01)(d,, +0,5) —

Case E (Exporting Monopoly): One of the two firms is inactive. The active
firm only has one plant and exports to the other country. If firm 1 is the active firm,

then its profit is

|2
HIE:(a_bqlA)qlA+e(a_bQIB)qlB_(A_el)qlA_(A_el+S)qlB_r2 -F-G (11)
If firm 2 is the active firm, then its profit is

5 =(=)a-bg,, )0, +(a—-bg,s)d,5 —(A-61)d,s — (A—-06l +5)q,,

oo o (12
2

1
e

The three-stage game unfolds as follows: First, the two firms choose
simultaneously and noncooperatively how to expand abroad among NE, EXP, FDI.
Second, they decide how much to invest in R&D. Finally, they choose simultaneously
and noncooperatively how much to sell in each country. The R&D levels determine
their third stage unit costs of production. The price of output is affected by the
exchange rate. The game is solved backwards to find the subgame Nash equilibrium.

First, the Nash equilibrium for sales in the third stage is computed as functions of the



R&D investment of both firms, the exchange rate, and their expansion strategies.
Second, the levels of R&D investment in the second stage are found for each market

configuration. Finally, the first-stage game is solved to obtain the equilibrium market

structure. We focus on the case where only the price of output is affected by the
exchange rate since costs are incurred before the good is produced and sold. As long
as the exchange rate is not equal to one, firms’ innovation investment and
international expansion strategies are influenced, and the results have different

implications from those in P-S model.

3. The effect of innovation on the mode of foreign expansion

In this section, we endogenize the firms’ foreign expansion decisions to examine
the solution to the full three-stage game played by the two firms. In the first stage of
the three-stage game, the firms independently and simultaneously make their
expansion choices among inactive, FDI and exporting. There are nine possible
outcomes from this stage, corresponding to the five different market configurations,
namely both choose FDI, both choose exporting, one chooses FDI while the other
chooses exporting, one chooses inactive while the other chooses FDI, and one
chooses inactive while the other chooses exporting. Our focus here is on firms’

equilibrium choices in the first stage of the game.

The multiplicity of choice variables and parameters in the model makes
analytical determination of the Nash equilibrium in the first stage too complex to be
very revealing. In the following we rely on numerical analysis. For all of our
numerical analyses in this subsection,a=36,b=2,A=5,s=2, y =1, 6 =03,G
=15, and F = 10. For each example, we consider three levels of R&D spillover, they
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are @ =0, a =0.5, and o = 1.0. These parameter values are chosen to be the
same as those in P-S (2000) so that it is easier to examine the differences between our

model and the P-S model. By computing optimal profits for each of the two

monopoly cases (D and E), and Nash equilibrium profits for each of the three duopoly
cases (DD, EE and ED), we obtain the matrices reported in Tables 1 to 6, and discuss
how changes in some of the R&D parameters (e.g. € increase to 0.7; different levels
of «) and exchange rate parameter (e = 1, 0.5, or 2) affect the equilibrium market
structure. In all tables, the cells denoted by asterisks correspond to the Nash

equilibrium.

Table 1 and Table 4 illustrate how R&D productivity & affects firms’
equilibrium choices of foreign expansion. While the exchange rate is fixed at 1, Table
1 and Table 4 show that both firms choose exporting when R&D investment has low
efficiency, and both firms choose FDI when R&D investment is highly efficient for
any value of the spillover parameter « . The results are exactly the same as those in

the P-S model since the exchange rate is set at 1.

When country A’s currency depreciates relative to country B’s currency (e = 0.5),
Table 2 and Table 5 indicate that an increase in the R&D productivity parameter &
might have different impacts on firms’ mode of foreign expansion. A higher efficiency
in research and innovation pushes the firms from the Export-FDI to the FDI-FDI
equilibrium. By comparing Table 3 and Table 6, when country A’s currency
appreciates relative to country B’s currency (e = 2), an increase in R&D productivity
pushes the firms from the FDI-Export to the FDI-FDI equilibrium. However, an

increase in the value of the spillover parameter o does not demonstrate a certain
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effect on the equilibrium mode of foreign expansion when all other parameters being

fixed.

Therefore, these results show that a higher efficiency in the innovative process
pushes the firms to the FDI choice. A given increase in R&D results in a greater
decline in the firms’ unit variable cost, and thus in a more powerful positive effect on

variable profits.

4. The effect of exchange rate changes on the mode of foreign expansion
In the previous section we have dealt with the effect of innovation on firms’
foreign expansion. Here we discuss how exchange rate changes affect the equilibrium

solutions.

In Tables 1 to 3, a firm with home currency appreciation tends to choose its
mode of foreign expansion from exporting to FDI. By contrast, a firm with home
currency depreciation seems to choose its international strategy from FDI to
exporting. These results are consistent with the general idea that home currency
appreciation deters exporting, and home currency depreciation improves exporting.
Furthermore, under exchange rate fluctuation, mixed duopoly is more likely to arise

in our model.

5. Conclusion
Using a two-country two-firm imperfect competition model where each firm is
located in a different country, this paper studies the effects of firms’ innovation and

exchange rate change on their international expansion choices. As in Petit and

12



Sanna-Randaccio (2000), the market structure is endogenously determined by the
subgame perfect Nash Equilibrium of a three-stage game that involves three different

decisions by the firms: how to expand abroad, how much to invest in R&D, and how

much to sell in each country under different market configurations. Since the price of
output is directly affected by the exchange rate, we carefully include the impact of an
anticipated exchange rate change in the future on firms’ current decisions. The results
show that a higher efficiency in the innovative process leads firms towards
multinational expansion. Furthermore, home currency appreciation also raises the
likelihood of FDI by firms. Compared to results of P-S (2000), mixed duopoly is

more likely to arise under exchange rate fluctuation in our model.
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Tablel 6 =0.3,e=1

Firm 2
NE EXP FDI
a =0.0
NE 0,0 0,210.8 0,211.6
Firm 1 EXP 210.8,0 75.8%,75.8* 67.8,74.7
FDI 211.6,0 74.7,67.8 66.6, 66.6
a =05
NE 0,0 0,210.8 0,211.6
Firm 1 EXP 210.8,0 80.7*, 80.7* 73.3,79.2
FDI 211.6,0 79.2,73.3 71.8,71.8
a =10
NE 0,0 0,210.8 0,211.6
Firm 1 EXP 210.8,0 82.3%, 82.3* 75.2, 80.6
FDI 211.6,0 80.6, 75.2 73.5,73.5
Table2 € =0.3,e=0.5
Firm 2
NE EXP FDI
a =0.0
NE 0,0 0,370.9 0,372.8
Firm 1 EXP 133.8,0 31.2, 188.7 25.2*,190.8%*
FDI 132.2,0 22.6,169.3 19.1,170.4
a =05
NE 0,0 0,370.9 0,372.8
Firm 1 EXP 133.8,0 35.6, 188.6 30*, 189.2%*
FDI 132.2,0 27.5,170.4 242, 171.1
a =10
NE 0,0 0,370.9 0,372.8
Firm 1 EXP 133.8,0 32.5*%,192.9*% 27.1,192.8
FDI 132.2,0 24.0,175.4 20.7, 176

14



Table3 € =0.3,e=2

Firm 2
NE EXP FDI
a =0.0
NE 0,0 0,133.8 0,132.2
Firm 1 EXP 370.9, 0 188.7,31.2 169.3, 22.6
FDI 372.8,0 190.8*,25.2*  170.4, 19.1
a =05
NE 0,0 0,133.8 0,132.2
Firm 1 EXP 370.9, 0 188.6, 35.6 170.4, 27.5
FDI 372.8,0 189*, 30* 171.1,24.2
a =10
NE 0,0 0, 133.8 0,132.2
Firm 1 EXP 370.9, 0 192.9*% 32.5% 175.4,24
FDI 372.8,0 192.8,27.1 176, 20.7
Table4 6 =0.7,e=1
Firm 2
NE EXP FDI
a =0.0
NE 0,0 0,273.3 0,278.2
Firm 1 EXP 273.3,0 68.2, 68.2 50.8,77.8
FDI 278.2,0 77.8,50.8 58.5%, 58.5*
a =05
NE 0,0 0,273.3 0,278.2
Firm 1 EXP 273.3,0 108.4, 108.4 99.2,110.8
FDI 278.2,0 110.8, 99.2 101.4*, 101.4%*
a =10
NE 0,0 0,273.3 0,278.2
Firm 1 EXP 273.3,0 121.6,121.6 114.6, 122.4
FDI 278.2,0 122.4,114.6 115.5%, 115.5%*
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Table5 € =0.7,¢e=0.5

Firm 2
NE EXP FDI
a =0.0
NE 0,0 0,434.8 0,438.7
Firm 1 EXP 193.4,0 72.9,50.7 40.7,104.8
FDI 201, 0 74.2,40.4 64.1%, 43 .4*
a =05
NE 0,0 0,434.8 0,438.7
Firm 1 EXP 193.4,0 85,123.2 75, 136.7
FDI 201, 0 86.8%,112.4*  82.1,112.3
a =10
NE 0,0 0,434.8 0,438.7
Firm 1 EXP 193.4,0 49.2,183.2 43.4,192.9
FDI 201, 0 48,175.4 43.7*, 176%*
Table6 6 =0.7,e=2
Firm 2
NE EXP FDI
a =0.0
NE 0,0 0,193.4 0, 201
Firm 1 EXP 434.8,0 50.7,72.9 404, 74.2
FDI 438.7,0 104.8, 40.7 43.4* 64.1*
a =05
NE 0,0 0,193.4 0, 201
Firm 1 EXP 434.8,0 123.2, 85 112.4*, 86.8*
FDI 438.7,0 136.7, 75 112.3, 82.1
a =10
NE 0,0 0,193.4 0, 201
Firm 1 EXP 434.8,0 183.2,49.2 175.4, 48
FDI 438.7,0 192.9,43.4 176*, 43.7*
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