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Abstract

This paper analyzes how the investment strategies chosen by a multinational enterprise
inter-relate each other when it is constrained to budged in investing inward and outward in an
oligopolistic market. I assume that if a multinational enterprise increases in inward cost-
reducing R&D investment, then the residual resource necessary for outward foreign direct
investment will be reduced. It is shown that whether firms" R&D investments are strategic
substitutes or strategic complements are endogenously determined depending on how much a
multinational invests in R&D. The way how the initial technology gap between a multinational
and firms of the host country is affected by the host country’s trade policy is also considered.

1. Introduction

Nowadays, the activities of firms are interrelated each other across national borders and even a
local small and medium-sized enterprise has to recognize the world market. Multinational
enterprises (henceforth, MNEs), which are defined as firms engage in foreign trade and foreign
direct investment, are no longer a special class of firms’ organization.! To suryive

internationally competitive markets, MNE must maintain competitiveness and investment in

innovative activities.
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The United Nations defines MNE as firms owning a production facility and a business institution in
more than 2 countries.



In the early 60’s when the Japanese market was just opened to the foreign affiliates, the
investment strategies for foreign investors were limited. For IBM, then the giant in the world
computer industry, it was no exception. IBM was first allowed to export computers to Japan, but
barriers for foreign direct investment (henceforth, FDI) were still very high and it took some
time until its fully owned subsidiary was opened. When a firm behaves as MNE, it confronts
with investment strategies how much to invest inward in product and process innovation, i.e.,
R&D investment, and outward in obtaining part of or entire ownership of a foreign subsidiary,
ie., FDI, or in forming business alliance with a local partner if necessarily. It is a MNE's
decision-making problem on resource allocation when its budget is constrained.

There are many literature on firms’ R&D investment competition in oligopolistic markets, in
which tecimological spillovers play central role in deciding the level of firm’s R&D investment.
For example, d’Aspremont and Jacquemin (1988), Suzumura (1992) and Kamien et al. (1992),
have analyzed the conditions under which collaborative R&D investments improve social
welfare. But tI1e5e litefature do not consider the possibility of firms’ foreign operations. On the
other hand, most of literature on strategic trade policy deal with market structures as given and
trade theérists convent:idnally do not consider how inward and outward investment policies of
MNE inter-relate each other when they face competition both in production and innovation.?
With very few exception like Horstmann and Markusen (1987), Wong (1995) and Petit and
Sanna-Randaccio (2000), innovative activities and firms’ strategies for international expansioh
have generally been dealt with as seﬁarate issues. Horstmann and Markusen (1987) construct a
model which allowed the existence or non-existence of MNE to arise as an equilibrium
phenomenon. They show that it is the market size that affects MNE's expansion strategies
between export and FDI, and MNE tends to choose FDI if firm-specific and export costs are
large relative to plant scale economies. Extending them, Wong (1995) internalizes MNE's
strategic choice between export and FDI in a duopoly model. Wong (1995) assumes that MINE is
constrained to budget»and shows how the money is allocated between inward and outward
investments. However, competitiveness effect enhanced by the increase in R&D investment is
not considered and interaction between MNE's investment strategies and those of firms in the
host country are absent in the models mentioned above.

The objective of this paper is to make clear how the inward and outward investment
strategies of MNE inter-relate each other when the money spent for the investments is limited
and goods are supplied in an imperfectly competitive market. I construct the model by
assuming that if MNE increases in R&D investment, which contributes to reduce production
marginal cost, the money left for setting up a subsidiary is reduced, which results in thé increase

in its operational cost. If the options for foreign expansion of MNE are export and/or FDI, and

Markusen (2002) provides comprehensive theoretical frameworic to understand MNE in economics.



MNE initially has superior production technology than firms in the host country, it was shown
that: (i) whether R&D investments are strategic substitutes or strategic complements is
determined depending on the magnitude of MINE's R&D investment.3 If it is very small (big),
firms consider R&D investments be strategic substitutes (complements). (ii) If R&D investments
are strategic substitutes, protective trade policy by the host government reduces technology gap
betw_een' MNE and firms in the host country. The same effect can be obtained if the home
government tries to promote inward FDI by preparing infrastructure and/or reducing non-
trade barrier, when R&D investments are strategic complements.

The paper is organized as follows. Section 2 explains the framework of the model reflecting
inter-relation between inward and outward investment strategies for MNE. Section 3 derives
the characteristics of the equilibrium. The effects on the market brought by trade policy of the

host country are statically analyzed. Section 4 concludes.

2.  Themodel

I consider a model with two countries, a foreign country and a home country, and one MNE
locates in the foreign country and # firms in the home country. All firms produce homogeneous
goods. There is no uncertainty in the market as well as in firms’ investments. MNE (I simply call
the head office of a multinational enterprise MINE, henceforth) must decide investment and
production strategies. To focus on the issues of MNE’s decision-making problems, I follow
. Wong (1995) and assume that MNE may export but home firms can not.4 So, MNE monopolizes
foreign market, however, the home country is under oligopolistic competition.

Firms invest in cost-reducing R&D activities, that is, process innovation is undertaken. The
possible instruments for MNE's foreign operation are assumed export and/or FDI.5 MNE may
set up a foreign subsidiary by evading knowledge spillover to the local competitors. With
characteristics of quasi-public goods, I assume that R&D activities are conducted only' in the
head office. So the subsidiary can use the same production technology to that of the parent
company without cost. When MNE exports, it must pay specific type of export cost including

tariff and shipping costs. In case for FDI, initial investment money is required and additionally,

For simplicity, I assume that FDI is the only option for outward investment other than export, and

that MNE can not raise fund. Or otherwise, it may be acceptable if we restrict our attention on firms’

short-run activities.

This will be the case when the initial productlon technology, which is expressed in production

marginal cost, of MNE is superior to that of the home firm. As I explain later, of course, firms can
_improve production eff1c1ency by mvestmg into R&D activities which contribute to reduce

production marginal cost.

Agency problem in FDI is assumed away since there is no asymmetric information. The case for

MNE’s business alliance with a local firm will be considered i in the next version of this paper.



operational or distribution costs for localization is also necessarily. I assume that the bigger the
amount of initial investment for FDI, the easier the subsidiary sells its goods in the host country

since its distribution cost will be reduced.6

Let Y*=y* and Y=3y, j=1, 2,., N, E, F, be the market demand for the foreign and home
countries, respectively, where E and F mean respectively exports by MNE and goods produced
by MNE’s subsidiary. The asterisks attached to the variables mean foreign market. Assume that
inverse demand in two markets are linear: o
(A-1) p*=a*—b*y* and p=a—bY,’
where p* and p are prices and a*, b*, a, b>0.

Before R&D investments, firms’ constant production marginal costs are assumed.:

(A-2) c>c*>0, i=1,2,.., N.

With R&D efforts, firms can reduce production marginal cost, because there is no dncertainty in
R&D investment. Let e* and ¢; be respective MNE’s and home firm’s R&D efforts, and
production functions of firm’s R&D effort are assumed x*=f*(e*) and x,~f/(e,), where x* and x, are
- firm’'s R&D outputs. Like most of effort consuming activities, R&D activities exhibit decreasing
return to scale so that quadratic R&D expenditure of MNE and home firms with unit effort cost

2 2
: x*
can be -
, 2

and —'%—- , reépecﬁvely 7

Smce each home firm has no investment option other than R&D investment, it is free from
allocation problems so that x>0. Profit of the home firm is

(€O ﬂi“[f:_b./,'“ by ly;—( i“xf)Ji'fkiR'
where k= ’-’? and i=12,..., N, j=1,..., N, E, F, iwj.

In contrast to home firms, MNE is constrained to the budget. Let MNE's limited amount of
fund is K*>0, which will be allocated among possible two types of investments: inward R&D

*2 .
investment and outward FDI MNE s R&D investment Ky is Kp = x2 20, ie., x*20, and its

initial investment for FDI is K;20, the sunk cost. For simplicity, I assume that R&D activities are

conducted only in the parent company. So, when budget constraint for MNE holds equal, it
becomes

6 It is said that one of the main reasons for the success of P&G in the ’ohgopollstxc ]apanese consumer
goods market is in its huge investment in advertisement, which has established its brand—unage s0
as to contribute to reduce its actual distribution cost.

g

The assumption of diminishing returns to R&D expendlture is typical in strategic R&D investment
literature. (See, for example, d'Aspremont and Jacquemin (1988) and Suzumura (1992).) For its
justification, d’Aspremont and Jacquemin (1988) cited from Dasgupta (1986, p. 523) that “the
technological possibilities linking R&D inputs and innovative outputs do not display any economles
of scale with respect to the size of the ﬁrm in which R&D is undertaken"



(A-3) K*=K,+Kg,
so that K can be rewritten as

x*?

(A-4) + Kp=K*-Kp=K*- 5 =0,

oK (x*) B
ax*

the fund is left for FDI. On the other hand, there are counter effects on subsidiary’s market

3K (x*)

where 5 =0 according as ~x*=0. The more MNE spends in R&D, the less
x ‘

competitiveness when MNE increases R&D investment: directly it reduces production marginal
cost and indirectly increases its distribution cost. To make clear this process caused by allocation

issue, I define distribution cost as following. Let d per unit distribution cost for the subsidiary,

distribution cost function can be defined as
(A-5) =d(Ky), d'<0, d”>0, d(0)=w, d(K*)=d>0,
8d(K,)

F

whered' = < 0 is direct distribution-cost-reduction-effect brought by the increase in the

3*d(K,
3K

amount of initial investment, andd"” = 5 )>0.8 The lowest positive distribution cost,

N F
d(K*) = d > 0, is realized if entire money is invested in FDI, or MNE does not invest in R&D. As

seen in (A-4), it is noted that there is an indirect distribution-cost-increase-effect, because K is a

function of R&D investment. It can be checked by substltutxon (A~4) for (A-5) that the change in

R&D effortis
d(Kp) _ od(Ky) dKe (2*) _

*d' =0,

(A-6) ,
dx* oK, dx*
d*d(K(x* , " .
ARG o a v @y d >0 i x>0,

The more MNE incréases in R&D investment, which reduces tﬁe money lgft for FDI, the higher

distribution cost of the subsidiary becomes. With these assumptions, variable cost C, for the

subsidiary can be
(A-7) - C=[er—x* 4 d(Kp) v , ,
dCp(x*, Kp (x* dc dKp (x*
where - £ e *F (=) = dxi + glcéi c;x(* ) = ~(1+x*d') is the marginal effect on C; when R&D

investment is changed.

I assume that subsidiary considers its own profit only. This means that it does not matter
how its production strategy affects exports, the productsvi)f its parent company. This may be the
case when MNE expects subsidiary to monitor production efficiency of the group. Because,
rivalry or tension between exports and subsidiary’s produciton may reduce X-inefficiency. Then,
joint profit of MNE which is earned through possible three channels, i.e., foreign monopoly
market, exports and FD], is defmed as

" Trivially, there is no FDI when all money is invested in R&D investment so that distribution cost
becomes infinity. Since Ky=0 and K*=K*;(or x* = /2K * ), then y=0. (See Fig.1.)



@ 0 =g+
=[Pyt — (= Ky a—bY)yg— (]
+[(a—bY)yp— (c* —x*+d(Kp)ye — K, ; ‘ '
where >0 is the given level of per unit export cost. Superscript M attached to variables means
MNE.

3. MNE’s decisions: Export and/or FDI under process innovation

3.1 Firms’ decisions
I set a simple two-stage game:

(i) t=1; at the beginning of the first stage, given trade policies of the home céuntry, home
firms and MNE decide the level of R&D investments. MNE, however, has to decide its
mode for foreign expansion, i.e., export and/or FDI, at the same time. Since there is no
uncertainty in R&D investment, effort outcomes become clear at the end of this stage,

(i) t=2; in the second stage, using new production technology firms produce goods and
engage in a Cournot-Nash competition. ' ‘

As convention, the model is solved backward. The solution concept is sub-game perfect Nash

equilibrium (SPNE) and all equilibria are assumed to be interior and stable.

First, I solve for the equilibrium of the oligopoly market in the‘host country for the second

stage. Representative home firm i maximizes its profit (1) in terms of y;, and its first-order

condition becomes
(3 a—2by,—b(Zy)=c;—x; i=1,2,.., N, j=1,.,N,E,F, iwj.

On the other hand, since MNE does not control production strategy of the subsidiary, they
decide production independently. MNE maximizes joint profit (2) in terms of y* and y;, and the -

- subsidiary in y;. First-order conditions for the group are

“) ‘ a*~2b*y*=c*-—x*. , o
G)  a—2y—bSy)=c—x+t =12, NF,
6)  a—2by—b(Sy,)=c*—x*+d(Kp) m=12,..., N, E,

The equilibrium output, price and profit in the foreign market are derived by solving (4):
) Yi=yt=(a*—c*+a%)/ (%), pr= (e —x%)/2, wr=(ar—ct+at)?/ (4090

Before deriving the equilibrium values for the home market, define reaction functions of

9 Second-order conditions of home firms and MNE are satisfied. (See Appendix 1.)



~ firms in the home market as

(A-8) p(Y,) = augmax (. q Yy Y. .
where Y ZJEa LN ERY 7=1,..., N, E, F. From (3), (5), (6), we have acp]/ 0Y <0, and this
means that firm’s individual reaction curve slopes downward, that is, goods are strategic
substitutes.10

To derive market equilibirum, we rewrite firms’ .first—order conditions (3)-(5) as
3) a—by,—bY=c,—x;

59 a—byy—bY=c*—x*+t

(6") a—byp—bY=c*—x*+d(Kp).

By summing up (3"), ("), (6)", we have :

) a(N+2) —b(N+3)Y=3, N(c,—x,)+2(c* —x*)+t+d(Ky),

and then we obtain fo]lowmg eq_uﬂlbnum total output and price,
® a(N+2) 2 (¢ ~x)+2(c —x )+t+d(K;)

~WN+3) BN +3)
a 2:’(c,-—xi)+2(c' —x" )+ t+d(K;)
pss + .
(N +3) (N +3)

Substitution (8) for (3°), (5’), (6)" yields firm’s equilibrium output in the home market:
a=(N+2)(c, =x)+ D), (e, —x)+2c” == )+t +d(K;)

| e (N +3) |
9 a+ 3 (e, —x)~(N+1)(c —x" )= (N +2)t +d(K;)
® e T (N + 3)
a+ 2:’@: —x)—(N+1)(c —x")+t—(N +2)d(K;)
Ye = )
b(N +3)

From (8) and (9), we know that the equilibrium indusi:ry’s and firm’s outputs depend on the
sum of marginal costs in the home country, which is affected by firm’s R&D investment, MNE's

. expansion mode, and the number of domestic firms. These results are contrary to those obtained
when marginal costs are constant, that is, R&D investment is assumed away. ( See, Shy (1995), |
Proposition 6.6.)

By assessing those equilibrium values, we have

YiZYe if ¢—xsctH—xt,
(10) yayy  if g—xsc+d(Kp—x*,

Y2V if  t5d(Kp),
when domestic firms are assumed symmetry.}! After R&D investments, if home firm’s marginal
cost is still higher than MNE’s, market share of home firm is smaller than exports and that of
subsidiary. But note that marginal change in R&D investment of MNE affects subsidiary’s

10 For firm's strategic behavior regarding to its choice variable, see Bulow, et. al (1985).

u Y;— ye=l(c*—x*+t) — (g —x)1/b, y;—yp=[(c* —x*+d(Kg)) — (c;— x)1/b, and yg— Y= AXg)—1t)/b.
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variable cost so that subsidiary’s market share will be affected.12 The difference in exports and
subsidiary’s outputs depends on the difference in export cost and distribution cost, where
marginal increase in Ré&D investment of MNE reduces subsidiary’s share relative to exports.
Whether MNE exports or not, however, depends on the maghitude of relative export cost to
distribution cost. If export cost is as high as t>d(K}), then y;=0 and y>0, that is, FDI is chosen for
so-called tariff evasive strategy. Even if MNE holds export, (i) buffer-effect; it owns a subsidiary
and earns monopoly rent in the foreign market, (ii) resource-allocation-effect; since ex-ante
production technology is superior to those of home firms, MNE can put bigger weight on FDI

and allocate more money for FDI, which reduces subsidiary’s disf:ributiqn cost.

Lemma 1. Since MNE’s resource allocation between R&D investment and FDI directly affects its
production marginal cost and indirectly operational costs of the subsidiary, MNE's strategy affects the
market equilibrium by changing distribution of firm’s marginal cost in the home country.

From (8) and (9), we have

Y 1 ap 1
U eas—— 01 o= 0/
dx; b(N+3) ox; N+3
Sy, ((N+2) o O % 1 g W e _ 1
ax; b(N +3) ox; ox; b(N +3) ox;,  ox b(N +3)
1) aY*g?.-kxd o ap* _—(2+x d)’ ‘
ax B(N+3) dx N+3 o
dy, —(2+x'd) oy, (N+1)-x"d oo S (N+1)+(N+2)x"d’
ax~  B(N+3) " ax°  BN+3) ©oex b(N +3) !
ye +yr) (N+DQ@+xd)  dye—ye) _x*d' ‘
ax* N+3) dx* b g
where A '
a2y Hizo, 9 20, ¥ 20 accordingas 0S2+x*d
ox dx ox
91?20 if'Ozxtd'z—-—%,
dx 3
e, o _2.xasa,
ax 3

e 0 if ~122'd"
ox

The change in home firm’s R&D investment affects positively on its own market outputs, and
negatively on its domestic rival's and subsidiary’s output as well as export!® Due to
competitiveness effect, increase in MNE’s R&D investment promotes exports, however, its

impact on the outputs of the subsidiary and the market are ambiguous depending on the sign of

12 Gee dCp/dx*=—(1+d'x*) in (A-7).
13 For derivation of (11) and (12), see Appendix2.



(2+x*d’) and the number of entrants. The difference in export and the subsidiei;‘y’s output
increases with MNE’s R&D investment, market share of them are ambiguous; a(yg—yyg)/8x*>0
and. sigd(yg+yg)/ ox*=sig(2+x*d’). If MNE increases R&D investment, its production marginal
cost decreases and distribution cost of subsidiary increases. These opposite effects affect the
subsidiary’s output. In the lower range of R&D expenditure, O=x*d'=—(2/3), the former effect
exceeds the latter and output of the subsidiary increases; dyp/9x*z0. In the range of —
(2/3)>x*d’>—1, the sign of dy;/dx* is ambiguous. However, in the relatively higher range of
R&D expenditure, —1=x*d’, marginal increase in R&D investment pushes up distribution cost
higher and offsets the increase in production competitiveness. This results in the reduction of

subsidiary’s output; 91/ 8x*<0.14 These are summarized as following:

Lemma 2. If MINE increases R&D investment, its export and the difference in export and subsidiary’s
output increases. However, the effects on subsidiary’s output, individual home firm’s output as well as
total outputs of the home country are ambiguous. In the lower range of R&D expenditure, MINE can

increase both export and subsidiary’s output by increasing R&D expenditure.

Next, solve for firms’ optimal investments in-the first-stage. Given the equilibrium outputs in
the second-stage, y*(x*), y(x; x;, x*; N, £, K*), yp(x; x*; N, t, K* ), yg(x, % N, t, K¥), home firms
maximize profits and MNE ]omt profit in terms of own Ré&D investment.

The first-order condition of the home firm i becomes

,0Y_
(13) w, =(p —5'£L+1)yi_xi=0f
i

xi

i . o1 ‘1
where :n:; -Et—- an _ay__, - ENi Jf‘_*_ Y + Y
tooox; ox; iiex;  ex,  ax

1

. Assessing this with (11), home firm's

reaction in the R&D investment-plane is
2(N +2)
14 Sy, —x; =015
(4 (N+3) /1T

On the other hand, objective function of MINE becomes
(15) =[p*— (c*—a)]y*+p— (* — ) (g +ys) — typ — AKp(x*))yp —K*,
which is maximized in terms of x*. Its first-order condition is

(16) o =yt Y‘F +1+x*d)=0,
Y +Ye p'
o™  aY N oY r N By ay . ..
where M o = <E L2 i E . Assessing this with (11
Ty dx ax* 2‘ ox * ax* 2‘ ox * ax* & (1)

and with symmetry assumpﬁon of the home firms, MNE's reaction in R&D investment-plane is
(17) y*+ {Yel(N+D)=x*dT+ye [(N+ D) +(N+2)x*d]} < 0.

(N 3)

14 geeFig.1 and 2.
15 (14) and followmg (17),(20),(23) are derived in Appenchx 3and 4.



By solving N+1 simultaneous equations of (14) and (17), we have equilibrium Ré&D investments
level as ‘

(18) x ==x;(NtK*) and x*=x*(N,t,K¥), .
where ~ attached to the variables mean equilibrium values. The other SPNE outcomes are
derived by substitution of (18) for (8) and (9). Since the set (%, ¥*) satisfies (14) and (17), output

of home firm is ;>0 as far as % >0. However, if x*=0, then (17) becomes

2N +1) (e +¥:) > 0, which contradicts. That is, the optimal R&D investment of MNE is

7

(N +3)

positive: 3*>0.

Lemma 3. The optimal R&D investment is positive for MNE. At the equilibrium, R&D investment of
producing firm depends on the number of domestic firms, export cost and MINE's available fund.

3.2 Comparative statistics
To see how the change in rival firm’s R&D investment and MNE’s export cost affect firm’s »
decision, I perform comparative static analysis under the assumption of symmetric domestic
firms. Total differentiation of (13) yields ,
(19 . dx; + 2 j.;“wd"j + 90 o * 430, AN + 0 dt +vcxK‘dK =0,
where subscripts attached to n: denote cross-derivatives.1é Then from (11), we have

; 2(N +2)* —=b(N +3)*

ey T mNwar
o= 2(N+2)
(N +3)
o o= 2(N ;(i)](f ;')2-’ *d') 20 accordingas 032+x*d,
o ‘qN+m
“ TN +3Y?
o o AN+ 2
ke = B(N + 3)?

For home firm, whether Ré&D mvestment of MNE is strateglc substitutes or complements
depends on the sign of (2+x*d"). Fig.2 shows the relation between R&D investment of MNE and
(2+x*d’), when [K*=10, d=1/,/K.(x*)]. MNE's R&D investment affects competitiveness of its
export and subsidiary’s, which in turn affects home firm. If it places bigger weight on FDI as in

the range of (2+x*d’)>0, then R&D investments are strategic substitutes. With smaller weight
2(N +2)*
(N +3)?

sufficient condition for home firm’s second-order condition in the first stage, we have

like (2+x*d")<0, st::ategié complements. With (20) and assuming b> , which is

16 We have to analyze how the change in the number of entrants affects the market. I deal with this

issue in the next version of this paper, which will analyze the possibility of business alliance.

10



Sl RPN 0,
,dxj nxx
(21) i ;
I -
dx 7T &7 e

For MNE, total differentiation of (16) yields
(22) M dx* +27nf.x‘ dx; + iy dN + x,dt + i dK* = 0.

Then from (11), we have
™M 2{[(N+1) —x*d'P +[(N+ 1)+ (N +2)x*d'T}
(23) e 2b* b(N+3)2
_G{2ye +ye[6(N +3) - (N +’1)]}
N+3
M _2AN+1)(2+x
e B(N + 3y
2 2 * 7
-m[”‘(N-}'l) +2(N+2)x d]< 0,
o 2d' (N +1)? +[1+ (N +2)*Jx*d} 2x*gd"
J'E;\;.{K.,— b(N+3)2 - N+3 (yE—yF)’

* :
4) =0 accordingas 0s2+x*d’,

M
TC ey

where G=d’ — (x*)?d'’<0. MNE's second-order condition in the first stage is satisfied if and only if

¥g>0, ie., sto, and b< i]]:; .17 Since optimal R&D investment is strictly posiﬁve for MNE

(Lemma 3), MNE invests in both R&D and FDI. For MNE, too, whether R&D investments of
home firms are strategic substitutes or complements depends on the sign of (2+x*d’), the

distribution-cost-reducing-effect. If it places bigger weight on FDI, then R&D investment is
strategic substitutes. With smaller weight, strategic complements. With gz <0 and (22), we

have

> M
(24) szgn dx - ::;4* <« signm,

Xt

Propositionl. The investment policy of MNE determines whether R&D investments are strategic
substitutes or complements. In particular, they are strategic substitutes (complements) with sufficiently
large (small ) spending in FDI. The joint investments in R&D and FDI are optimal for MEN. Moreover,
MNE invests in both R&D and FDI in the equilibrium.

Next, look into how the changes in parameters like home country’s trade policy and the
amount of MNE's initial fund affect the market. If we assume the equilibrium is stable

i oM
underA =m0l “x,x i, >0, wehave

t'x‘
! . \rd E

(25) X% xlx X - x‘t dt — xiK dK *
nﬁx, nx"x* dx nx"l J‘C x*K*

17 This means2K* > ¥*> 0.
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and

| T YT 0 i a5 (5)0,

dx* '—‘ﬂ: ixnx«t +3'Baii3tx.xf ? 0 i n S(>)0

= : <@ i =
from (19) and (22), where dN=0 and dx;=0, j=1,...,N, iwj, is presumed. In case that R&D
. . ) . . M ax; dx* 18
investments are strategic substitutes, ie, xl . <0 and m. <0, we have pr >0, e <0.

The increase in tariff increases R&D investment of home firm, but reduces that of MNE.

. dx * .
However, with strategic complements, its effects are ambiguous; -:i—;'— 20 and % 20. (See Fig.3.)

The trade policy affects not only firm’s. R&D investments strategy but also MNE’s over all
investment strategy, which in turn firms’ share rivalry in the home market. When R&D
investments are strategic substitutes, the protective trade policy in the home market stimulates
R&D investments of the home firms” but decreases R&D investment of MNE’s, because the
increase in export cost promotes internal allocation m MNE by sh:'fl:ing investment money from
R&D to FDL So the technology gap between two countries becomes smaller. On the other hand,
the effects of protective policy of the home government are ambiguous when R&D investments
are strategic complements

The general effects of the changé in MNE's fund on the market are not clear. However, if

the cross derivative of MNE's proﬁt in terms of its fund and its R&D investment is positive, i.e.,
M. >0, ‘we have

dx, - .:rc"’fx. +a M., '

- dK'* - SR i IR <0 i wl.=(>)0,
dx * :rr,, n,..+:mx oM )
de< - - X K - K Vv, > (?)0 l_f “g;, = (>)0.

When R&D investments are strategic substitutes, the increase in the. fund of MNE directly
boosts IVINE s R&D investment and indirectly reduces that of home firm’s. Then, the technology

gap becomes bigger. With strategic complements, if, for example, MNE can raise capital in the
host country and invest it into FDI, the gap may be reduced. (See Fig.4.)

Proposition2. With smaller R&D investment by MNE, i.e., R&D investments are strategic substitutes,
the protective trade policy of the home government reduces technology gap between two countries.
Because, with higher export cost, MNE reduces R&D investment by shifting money from R&D to FDI
internally, and home firm increases R&D  investments. When R&D investments are stfafegic

complements, -the same effect can be obtained if the home government tries to promote inward FDI.

18 See‘Appendix 5 for the relation between (26), (27) and the sign of (2+x*d’).
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4. Conclusions

As far as money spent for investments is limited for MNE, it must allocate the resource among
expansion strategies such as R&D investment and FDI. If it spends more on R&D activity,
competitiveness of its exports increases, however, reduction in money spent for FDI reduces
subsidiary’s in the host country. To analyze the behavior of MNE in deciding its investment
strategies, I incorporate these opposite effects in an international oligopoly model. It is shown
that it is this internal resource allocation in MNE which determines whether firms’ Ré&D
investments are strategic substitutes or strategic complements and, as a result, affects market
share rivalry. ‘ '

The most crucial point of this paper is in the assumption that a fully owned subsidiary does
not care the total supply by the family including exports and local production in the host market.
The relation beMeen a parent company and its subsidiary must be treated explicitly in the
model. Moreover, it is assumed that homogeneous goods are consumed only in the host country.
In reality, however, vertical trade and firms’ alliance are prevalent so that investments strate gies
of MNE must be analyzed under bilateral trade mode.19 The possibility of MNE's technology
alliance with a local firm must be studied. Because market structure will be affected if firms
jointly conduct R&D investments or collaborate each other complementary. These issues are

explored in the next version of this paper.

19 As explained in Brander and Krugman (1983), discriminative price set by oligopolistic firms induces
intra-industry, when markets are separated. To save duplication of export costs, which are paid by
monopolistic rent, firm may invest directly each other in the export market.
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Appendix

1. From (3)'-(5)" and (6), the second-order condition for the home firm is -2b and Hessian matrix

of MNE is negative definite.

2. From (8) and (9), we have

(N +2)

oY __ 1 s _ 1 dy oy 1 e __
ot  B(N+3)" a8t N+3' ot ot BN+3) ot
N
- 21009 e Oy —(N+1)
ax, ox, ax; o8x; b(N+3) .~
Ei 8 , yr _ ~(N- 1)+2x @,
ax ax' b(N +3) "
21 Wi, e Z(N-D-(N+Dx'd’
ax‘ ox ox b(N +3) !
3%y d'-x"d" %y, -—d'+x"d"

= Vi 7 M 0,
ax?  B(N +3) DR b(N +3) g
3y, —d'+x"d" *yr (N +2)(d'-x"d")

vy = ’ - : 0.
ax?  B(N+3) g dx? b(N +3) =

b(N +3)’

In (11), 9yg/ 8x*> (=)0 if x*d">(s)— (N+1)/ (N+2). Since we have x*d’'<0 and 1 >(N+1)/ (N+2)=(2/3),

dYy/9x*>0 if O=x*d’> — (2/3). On the other hand, we have dy;/ax*=0 with

— (2/3)=

x¥d’=(N+1)/(N+2)>—1, dyp/ 0x*<0 if 2+x*d’<0 (or, x*>0 and x*d’<—1) but the sign of dy./ax* is

ambiguous when— (2/3)zx*d">—1 with x*>0.

3. From (11), (13) and Appendix 2, we have

N
e D Y1 By
[ +
0. ax.

i

N
0, = YPp J"]+J —x =y (1+7 x)—xf

Differentiate it in terms of (x;, Xy X*, 1, K*), respectively, yields

ay Y. Y 4 _ 2N +2)" ~b(N + 3
+ 1)t — <0,
:rm =t (p : )axi b(N+3)2
n , aY_; Y , oy _2N+2)
i ox; ox;  ox; CB(N+3)R?
0Y, 8y, 8y 2(N+2)2+x*d')
Toxr =P ox, dx* Toxr b(N +3) ’
Y, 9y, 2N +2) 0
Tt =P ax, at  B(N+3):
, %Y, 2(N + 2)d'

T -<P oz, )aK* TYeP ax, 0K *

%, B(N+3)F
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4. Similarly, from 3 (11), (16) and Appendix 2, we have

=y Yy (p “E+1)+“JF(P "’+1+x*d)

. ZJE[(N+1) x*d'] 2JF[(N+1)+(N+2)x*d’]
YT Ny (N+3)

=y*

N+ E,,)UE[(I\TH) x*dT+ Y [(N+1)+(N +2)x*d']} = 0.

leferentiate it in terms of x*, x;, t and K*, respectiirely, yields

Nay! aJF 3./5 N 8y, a./s JF Yi 3y
Ve ey g Be (3 ey g xr a1 e gy (B D
I 1 " a 1 a1
+p'y(d -x**d "'Z?B“%*’g;%’
1, 20N +1)- x*d]2+[(N+1)+(N+2)x*d}2} _ GRys +ye[HN +3)-(N +1)]} _
26+ B(N +3) | N+3
where G=d'—x** d" <0 from (A-6).
N ay; Gy; N8y,  dy: n Y
s =P (X 5 ax*)+1} P ax*+35)+1+x*d]6_9q
2N +1)(2 +x*d) = S
B(N 137 <0 = 2+x d>0, |
M 1, N Y 3_/1.- a./s ~oN Y | OYe * g 9YE
Tlpes [p(z, ax* ) 1] [p(zl ax*+ax*)+1+x d]
2
= [«(N +1)* +2(N +2)x*d'] < 0,
BN+ 3)2[( +)+( +2)x*d'1<0
%Y y -, 3. ,8%Y. e . ,, 9*Y ad'
e = (' 5+1)6Ki+/5p ax*al'é*‘"(P Py *’+1+x*d)aKi Yr(p E—dx*

2d{(N+1)2+[1+(N+2)2]x*d} 2x*d"

ax*aK*+ aK*)
BN+3Y "Ny WETYR):

5. The signs of & oy and e «, depend on that of (2+x*d’) in (20) and (23). Then, (26) becomes
%’;—>o nd %w if 2+x*d'>0 < o

XY x*x, <0,

dx dx* . .

-—a-f}O and —<0 if 2+x*d'=0 < . 0 =0,
*

%7 and % ? if 2+x*d'<0 <

Xy x4 x"x; > 0

Andif z},.>0, then (27) becomes

dx* . :
o dK*>0 if 2+x*d'>0 <« =ni.aM <0
) *
;;(ci*<0 and g;*>0 if 2+4x*d'=0 < xn. «) . =0,
Dy g E if 2+x*d'<0 <« ni.aM >0
dK* dK * T
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d'(Kp)<0, d"(Kp)>0

Fig.1 The amount of FDI, K, and distribution cost of the subsidiary, d(Kp).
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2+x*d’>0

[ > x* becomes smaller (or, bigger FDI)
x*d <0 -2 -1 0
—2Ex*d <0 /
x* becomes bigger 2*d'=0

Fig.2a R&D investment of MNE (x*)

2+x*d’>0: Firms’ R&D are strategic substitutes

~4

-6

2+x*d'<0: Firms’ R&D are

strategic complements

Fig.2b R&D investment of MNE and strategic substitutes (complements):

[K*=10, d=1/K:(x*)]
The smaller MNE’s R&D investment (x*), the bigger (2+x*d") becomes.
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* ‘ x R*(x)

<+

Fig. 3.1 Increase in export cost when Fig.3.2 2+x*d'=0:
Ré&D investments are strategic substitutes: 2+x*d’>0

R(x*)

x*

>
>

Fig. 3.3 Increase in export cost when R&D investments are strategic complements: 2+x*d’<0
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R(x*)

v
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Fig. 4b Increase in MNE's fund when Ré&D investments are strategic complements: 2+x*d’<0
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