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Endogenous R&D and Entry in an International Oligopoly

by
B. Ferrett

Abstract

We present two models of the greenfield-FDI, R&D and entry decisions of rival firms in an
international oligopoly. Specifically, we develop a blockaded-entry (BE) two-stage game as a
benchmark: in the first stage, the two incumbents choose whether to undertake greenfield-FDI
or R&D (or both); in the second stage, the firms compete a la Bertrand in two host countries.
The potential-entry (PE) game includes the entry decision of a third firm immediately before
the market stage. The games are solved backwards so that industrial structure becomes
endogenous. Four principal conclusions emerge. First, relationships between industry
greenfield-FDI flows and R&D spending, and structural parameters can be non-monotonic.
Second, two-way relationships exist between firms’ greenfield-FDI and R&D decisions. Third,
equilibria in the PE game differ from those under BE because of equilibrium entry-deterrence
and -accommodation. Fourth, the incumbents’ equilibrium strategies towards entry under PE

depend on the sunk costs of greenfield-FDI and R&D.
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Non-Technical Summary

This paper examines the greenfield-FDI (‘greenfield investment’), process R&D and entry decisions of
rival firms in a concentrated global industry with segmented national product markets (‘international
oligopoly’). We begin with the claim that there are solid intuitive reasons for expecting those three
strategic firm-level decisions to be intimately interrelated. For example, R&D investment affects FDI
behaviour via its creation of superior technologies (‘ownership advantages’ in OLI parlance) that reduce
the costs of doing business abroad; conversely, prior FDI may increase the profitability of R&D investment
by enlarging the firm’s output base, over which cost savings can be spread. We also discuss possible
links between incumbents’ FDI and R&D decisions, and the entry decisions of outside firms (e.g. FDI and
R&D investments may be used pre-emptively to deter entry or may have to be accommodated to certain

entry).

To explore these issues, we develop two game-theoretic models of a two-country world. The benchmark
blockaded-entry (BE) game has two stages: in stage one, the incumbent firms choose whether to
undertake greenfield-FDI or R&D (or both); and in stage two market equilibrium is established in both
countries via Bertrand competition. The potential-entry (PE) game includes an extra, intermediate stage:
an additional firm’s entry decision. Both models are solved backwards so that industrial structure becomes
endogenous: in any stage firms take account of the knock-on effects of their choices on the equilibria of
subsequent stages.

The equilibria of the BE and PE games have several features in common. The relationships between
equilibrium intra-industry greenfield-FDI flows and R&D investment, and structural parameters can be
non-monotonic (e.g. the relationship between greenfield-FDI and market size can be U-shaped). Two-way
linkages are confirmed between firms’ greenfield-FDI and R&D decisions. We also discover that strategic
rivalry between firms in the international oligopoly under consideration can take the form of a Prisoner’s
Dilemma.

In order to gauge the significance of the entry threat in the PE game, we compare the equilibria of the BE
and PE games for given parameter values. The broad finding is that, in addition to the equilibria of the BE
game, the PE game has both entry-deterring and entry-accommodating equilibria. (Whether entry-
deterrence or -accommodation is selected in PE equilibrium depends on the sunk costs of greenfield-FDI
and R&D.) In Fudenberg and Tirole’s (1984) terminology, when deterring entry the incumbents behave as
‘top dogs’, undertaking additional sunk investments; but when accommodating entry they behave as
‘puppy dogs’, undertaking fewer sunk investments because of rent dissipation.



1. Introduction.

This paper examines the relationships between three firm-level decisonsin an internationd
oligopoly: (i) whether to serve foreign product markets by exporting from a domestic production
base or by undertaking FDI to establish loca production facilities (the ‘ FDI decison’); (ii)
whether to undertake R& D investment with the aim of discovering process innovations (the
‘R&D decison’); and (iii) whether to diversfy production into new indudtries (the ‘ entry
decison’). It is the fundamenta contention of this paper that these three decisons are intimately
interrelated, so that al three should be made endogenoudy in atheoretical modd that seeksto
explan the equilibrium industrid gtructure of an internationd oligopoly. While some authors,
whose contributions are reviewed below, have examined the bilateral relationships between two
of the three decisons outlined above, none have developed a unified andlysis of firms FDI,
R&D and entry decisons.

Our andys's grows out of the game-theoretic models of foreign expansion in an internationa
oligopoly pioneered by Rowthorn (1992) and Horstmann and Markusen (1992). Because of this,
we briefly review their common structure. Both Rowthorn and Horstmann/Markusen use a two-
firm, two-country modelling structure, where one firm originates from each country and nationd
product markets are perfectly segmented. Furthermore, both use smilar two-stage games, which
are solved backwards to isolate subgame perfect Nash equilibria: in the first stage the two riva
firms smultaneoudy choose how many plants to establish from a strategy space of {0,1,2}; and
in stage two the firms compete ala Cournot to serve both nationa product markets. (A key
trade-off in these moddsis that, in choosing 2 plants rether than 1, the firm enjoysafdl inits
margina cost abroad — because the trade cost is diminated — but suffers adoubling of plant-
specific fixed cogts.) The authors the examine the effects of changesin avariety of parameters
onthefirms equilibrium location decisons: Rowthorn focuses on the interplay between

‘market Sz€ and trade codts (the ‘trade barrier retio’) in creating a * tariff-jumping’ motive for
greenfidd-FDI; Horsgmann and Markusen analyse how the rlative Szes of firm- and plant-
specific fixed codts affect location decisons.

! For brevity the Appendix material has not been included in this research paper. The Appendix is available from
the author on request. This research paper is based on chapter 4 of my Warwick PhD thesis. The full text of the
chapter is available from the author on request.
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Interms of our initid taxonomy of firms' decisions, Rowthorn and Horstmann/Markusen
provide arich framework for analysing the FDI decison. However, their models do not
incorporate the R& D and entry decisons. both assume a given population of two firmswith
fixed production technologies. A number of attempts have been made to andyse the three
bilatera relationships between the FDI, R& D and entry decisons. On the relationship between
FDI and entry decisions, Smith (1987) and Motta (1992) are key contributions. Both present
three-stage models of duopaligtic rivalry to serve a single host-country product market: in stage
one aforeign firm (the potentiadl MNE) chooses between exporting and greenfield-FDI; in stage
two a domestic firm chooses whether to enter the market; and in stage three market equilibrium
is established ether viamonopoly pricing (if the domestic firm stays out) or via Cournot
competition (if both firms enter). Because decisonsin earlier stages of the game become
common knowledge, the outcome is a subgame perfect Nash equilibrium. The entrant’ s stage-
two decison can therefore interact with the MNE' s decison in two ways. If the entrant’s
optima choice is conditiona on the MNE' s decision, the MNE can use greenfield- FDI
drategically to deter entry in stage two. However, if the entrant possesses a dominant strategy,
then it is natura to consder how the inclusion of stage two affects the MNE' s optimal decision.
It can be shown that certain entry reduces the profitability premium for the MNE of FDI over
exporting, compared to a Stuation where entry will certainly not occur. Thisis essentidly
because entry diss pates the rent earned by the MNE.

An important smplification in the modes of Smith and Motta, relative to those of Rowthorn

and Horsmann/Markusen, is the assumption that domestic firmsin the host country cannot
undertake reciproca FDI in the MNE s home country. This smplifying assumption implies that
the Smith and Motta models cannot be used to analyse FDI cross-hauling. However, redive to
the Rowthorn and Horstmann/Markusen modes, the Smith and Mottamodels are andyticaly
tractable, and they do succeed in partidly endogenising industrid structure (dthough onefirm is
congtrained to remain ‘domedtic’). A congderation of the benefits of moving from a one-way
(Smith, Motta) mode of FDI flowsto atwo-way one (Rowthorn, Horsmann/Markusen) isin
order. Modd s that permit two-way FDI flows are necessary when firms' equilibrium location
drategies vary with those of their rivals, and these connexions are created in generd by the
presence of fixed costs other than those associated solely with greenfield-FDI (e.g. the costs of
maintaining head offices and home plants and the costs of financing R& D).



Two brief examples will illustrate these effects. First, consder an internationa duopoly where
firms choose both production locations and process R&D. If aforeign rival undertakes
greenfidd-FDI in the domestic market (instead of exporting), then ceteris paribus thiswill
increase the domestic firm’s incentive to invest in process R& D in search of dragtic innovations.
In turn, thisincreased R& D investment may make internationa production via greenfield-FDI
profitable for the domestic firm by reducing its margina production costs. Second, consider an
internationa duopoly with high firm-gpecific fixed costs (eg. for head offices) relaive to plant-
specific fixed costs, where firms choose production locations. A two-plant firm (MNE) could be
forced to exit the indudtry if the foreign rival undertakes greenfield-FDI in its home market,
because this would disspate its variable profits a home (which were essentid to financing its
firm-gpecific fixed costs). These two examples of internationd duopoliesillustrate how firms
equilibrium internationa location sirategies can be interconnected. The models we develop in
the following sections have smilarities to the first example above (i.e. the focus on endogenous
R& D), and therefore we must modd dl firms' location decisions endogenoudy in order to
derive robust predictions for equilibrium industria structures.

The rdlaionships between firms FDI and R& D decisons have been andysed by Dunning
(1977) and Petit and Sanna-Randaccio (1998, 2000). Dunning's (1977) OLI framework
investigates how R& D decisons affect FDI decisons. MNES producing aoroad via FDI incur
higher fixed cogts than do their locd rivas because of the difficulties inherent in co-ordinating
business across nationa boundaries (e.g. created by the necessity of learning the host country’s
language and legd system). If product markets are generaly monopoligticaly competitive (so
the ‘representative firm’ earns norma profitsin equilibrium), then the MNE must possess some
proprietary ‘ownership advantage’ to offset its additiond fixed cost burden. Dunning argues that
R&D investment iskey to creeting ‘ ownership advantages : therefore R& D investment enables
international expangion via FDI (perhaps by lowering the MNE's margind production cost).

A common eement in the contributions of Petit and Sanna-Randaccio is the argument that two-
way relationships can exist between R& D and FDI when market structures generate
supernorma profitsin equilibrium. Their 1998 paper focuses on a monopolist’s choice between
FDI and exporting in atwo-country world; the monopolist can dso invest in process R&D to
reduce its margina production cogt. If the cogts of internationa technology transfer are
aufficiently low (o thet technologica knowledge gpproximates a public good within the firm),
then ‘there is atwo-way rdationship between R& D and multinationd expansion by the firm,
since the presence of R& D activities makes the FDI choice more likely, and the FDI choice
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produces a higher level of R& D’ (Petit and Sanna- Randaccio, 1998, p. 22). R& D promotes FDI
viaan OLI-type mechanism of enabling the monopolist to finance the fixed cogts of an
additiond plant abroad, and FDI promotes R& D because an MNE' s global output is larger than

anaiond firm's (s0 the value of a given process innovation is greater to the MNE).

In Petit and Sanna- Randaccio (2000) R& D/FDI linkages are explored in the context of an
internationa duopoly, which creetes the possibility of ‘srategic’, aswell as‘purée, incentives
for R&D and FDI. The modd is smilar to those of Rowthorn and Horsmann/Markusen with an
additiona stage, where the firms smultaneoudy decide how much to invest in process R&D,
inserted between the location and output decisions. Unfortunately, the modd’ s complexity
makesit impossible for Petit and Sanna-Randaccio to derive andytica solutions via backwards
induction; ingtead, aset of illugtrative numerical Smulationsis presented. However, the results
suggest that the intuition on the bilaterd relationship between R& D and FDI gained from the
(1998) monopoly case does carry over to oligopoaly. A key benefit of our moddling structure is

that it enables us to derive closed-form solutions.

Thethird bilatera rdaionship is between firms R&D and entry decisons. Of course, this
relaionship is not specifically connected to MNES, and it has been extensively anadysed in the
theoreticd literature. Dixit (1980), who develops amode of an incumbent monopolist’s
investment decison in anticipation of entry and Cournot competition, is particularly rlevant to
our purpose. (In the one-way FDI models of Smith (1987) and Motta (1992) the FDI/entry
relaionship isa specid case of Dixit'smode because FDI isadiscrete, rather thana
continuous, investment decision.) Dixit's modd was generdlised and |located within a broad
taxonomy of incumbents investment strategies by Fudenberg and Tirole (1984), who confirmed
Ban'scdassc (1956) view that incumbents equilibrium strategies crucidly depend on whether
entry isto be deterred or accommodated. While our modelling structure is not exactly analogous
to Fudenberg and Tirole's, we shall attempt to relate equilibrium behaviour in anticipation of
entry in our model to their ‘animd spirits taxonomy.

Our modelling structure captures formaly the relationships between FDI, R&D and entry
decisions outlined above. A key contention of our approach is that, because any one of those
three decisonsis intimately connected to the other two, focussing on one of the three possible
bilaterd relationships (and thus implicitly holding the third decision fixed) will generate partid
results. For example, andysing the relationship between the FDI and R&D decisons without
modeling the entry decison excludes apriori a potentialy important set of causd linkages. a
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credible entry threat may prompt incumbents to undertake entry-deterring FDI and (additiondl)
R&D, thus dtering the equilibrium FDI/R&D rdaionship.

The remainder of the paper is organised as follows. In Section 2 the tools necessary for our
anadysis are developed. In Section 3 we solve the blockaded-entry (BE) and potentid-entry (PE)
games, which form the core of our andlyss. In Section 4 we investigate the effects of the entry
threat. Findly, Section 5 concludes.

2. The Modelling Structure.

2.1. Corporate Structure Choices.

We adopt the smplest modd necessary to illusirate the implications of an entry threst for
incumbents  greenfidd-FDI and process R& D decisions. We congder a three-firm, two-country
world, where nationd product markets are of identica ‘sze and perfectly ssgmented and the
product is homogeneous. Product markets may be served ether by loca production or by
internationd trade from a plant aoroad, which incurs a per-unit trade cost of ¢. There areinitidly
four production plants, two in each country. Firms 1 and 2 (the ‘incumbents)) initidly own one
plant each, and these plants are located in different countries. (Hence the incumbents * originate
from different countries,) Firm 3 (the * potentid entrant’) initialy owns the remaining two

plants, which are located in different countries.

Firms can establish additiona plantsin either country at a sunk cost of G. Plants have constant
margind production cogts, which are determined by the firm’s stock of technical knowledge.
(Technology is assumed to be a public good within the firm, which can costlessy be gpplied to
production in every plant, but a proprietary good between firms. There are no interfirm
technologica spillovers)) Therefore, there are plant-level economies of scale and no firm will
optimdly maintain more than one plant in ether country.

Initidly firms 1 and 2 possess the same leve of technology, which setsther margind

production costsat ¢ T (0, 1). Firm 3'sinitiad margina production cost is strictly grester than
the monopoly price associated with ¢, which we define beow asx™(c). Technologica progress
occursin steps, and each step incurs asunk cost of 7. The technologica laggard (firm 3) can
purchase the industry’ s best-practice technology (i.e. amargind production cost of ¢) in one
step. For firms on the technological frontier (i.e. firms 1 and 2 initidly, and firm 3 after snking
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an investment of / to catch up) / purchases a process R& D investment with arisky outcome.
With probability p T (0, 1) R&D investment ‘ succeeds and the firm’s marginal production cost
fdlsto O; however with probability (1 — p) R&D invesment ‘fails and the firm’s margind
production cost remains a c.

In the early stages of our modd firms choose their ‘ corporate structures . A firm's corporate
structure choice represents its strategic (‘long-term’) decisons vis-a vis the location of

production and the level of technology. Given the assumptions on initid conditions and sunk
investments outlined above, firms 1 and 2 can both choose between four corporate structure
pars. (1, N), (1, R), (2, N) and (2, R). Thefirst component of the pair indicates how many plants
the firm will maintain. A choice of 1 plant incurs no sunk cost because the plant is pre-existing;
achoice of 2 plants represents adecision to snk G and establish an additiond plant abroad. G is
the internationd flow of greenfield-FDI. The second component of an incumbent’s corporate
structure pair indicates whether the firm undertakes process R& D. Note that loss-mekingin
equilibrium isruled out by theindusion of the (1, V) strategy, which incurs no sunk costs, and

0 an ‘exit’ (or ‘inactivity’) strategy may legitmately be ignored.

Because firm 3 initialy owns one plant in each country and margina production cogs are
constant, its corporate structure choice only contains atechnological eement. Thisisan
extremdy useful smplification. Firm 3 chooses between three corporate structures: A, E and R.
/E represents a decision not to invest in technologica progess. Despite making no sunk
investments under the A strategy, firm 3 will aso earn zero profits in the industry because the
step onto the technologica frontier represents a drastic innovation. Therefore by choosing A&
firm 3iseffectively choosng rnot to ‘enter’ the industry. £ and R both represent ‘entry’ by firm

3, potentidly with production in both countries. The £ strategy represents a decision to step onto
the technologica frontier at a sunk cost of 7. Under the R Strategy firm 3 attempts to take two
steps at a sunk cost of 2x : one onto the technologica frontier, and an additiona step via process
R&D.

Clearly, ‘entry’ by firm 3 via corporate structure choices of £ or R has arather sylized meaning
in our modd. Von Weizsécker (1980) argues that entrants into an industry must pay sunk costs
not incurred by incumbents. whether to pay these costs is the essence of the entry decison. By
assuming that firm 3 possesses pre-exiging but highly (productively) inefficient plantsin both
countries, our mode incorporates avon Welizsacker-type entry decison for firm 3 without

introducing a location decision. Thisregtriction on firm 3's srategic choices, implied by the
6



assumptions of pre-existing plants and congtant margina production costs, both smplifies our
andyss and generates a significant interest (because the credibility of the entry threst is
increased reletive to amodd where firm 3 mugt Snk an investment of G to establish each plant).
However, the question of how to interpret entry by firm 3 remains. A nedt interpretation is to
view firm 3 as a diversafying MNE entrant (rather than a de novo entrant), whose pre-exiging
plants produce for a‘related’ industry (in terms of production processes) and can be adapted to
produce the good under analysis.

The assumptions on corporate structure choices outlined above imply that an active firm's
margina cogt of serving either national product market can take four values:

i Oif thefirm sR & D succeeds and it produces locdly

_ {tif the fim' sR & D succeeds and it produces abroad
magind cost=| . . . .
jcif the fim’ sR& D fals and it produces localy

{c+tif thefim sR& Dfals and it produces abroad

Throughout our andys's we maintain the following assumption (which seemsintuitively

reasonable) on ¢,c:
(A) 0<t<c<l
2.2. Market Size.

There are two countries in the world. Demand conditions in both are identical, and the product is

homogeneous. Market demand in either country is
Qj = mx(l' xj) (1)

Q; and x; are demand and price in country ; respectively, j T {1, 2}. National product markets
are assumed to be perfectly segmented, so consumersin country j are constrained to make
purchases only on their home market. mmessuresthe ‘size’ of ether nationa product market
and can be interpreted as an index of the number of homogeneous consumersin each country,

al of whom have areservation price of 1.

2.3. Net Revenue.



Net revenue equas revenue minus varigble cods. If either national product market is

monopolised by firm i with a constant margind cost of ¢;, the monopoly price will be
¥ (6) =2xL+c)
2
The monopolist’s net revenue is
R ()= e )

If anationa product market is served by a duopoly, then firm i's net revenue function is R(c;, ¢;),
where ¢; isfirm i's margina cost and ¢; isitsriva’s margind cost. (The symmetry across
countries —i.e. identical market demand functions - impliesthat R*(c;) and R(c; , c;) apply to
both countries.) The exact functiona form of R(c; , ¢;) depends on the assumed form of
duopolistic competition. At Bertrand equilibrium and if margind costs are common knowledge

10 for cl [¢;,D
R(¢ )= M- ) e, - ) for ¢ [(¥')(c,).c] @
TR () for ¢, 1 (0,(x")*(c,)]

Theresultsin (2) are standard. (Note that (xM)'l(c,) givesthe margind cot that is associated
with amonopoly price of ¢;.) If ¢; > ¢; thenfirm /'srival optimally sets a price below ¢; and
captures the entire market. If ¢; = ¢; the Bertrand equilibrium price equals the common level of
margind cods. A conventiona assumption isthat the market is divided equaly between the two
firms If ¢; < ¢; there are two possibilities. If the gap between ¢; and ¢; is‘small’ (x"(c;) > ¢;) firm
i optimally sets a price below ¢;, but the gap between the two firms margina costsis not large
enough to dlow firm i to charge its monopoly price. Therefore, i setsapriceof ¢; - e, earns net
revenue per unit of ¢; - ¢; and serves the entire market with X1 - ¢;) units. This ‘undercutting
equilibrium’ is shown in the second line of (2). However, if the gap between ¢; and ¢; is‘large
(c(c;) < ¢;) firm i optimally sets its monopoly price, which is still lessthan ¢;. This ‘ monopoly-
pricing equilibrium’ is shown in the bottom line of (2). If it is assumed that both firmsinitidly
have margina cogts of ¢;, then the distinction between *smdl’ and ‘large’ levels of (¢; - ¢;) can
be linked directly to the 9ze of firm i’ s process innovation (i.e. nondrastic or drastic).
Furthermore, net revenues a a Bertrand equilibrium with more than two firms can be
graightforwardly described using (2) if ¢; is reinterpreted as the minimum of firm ' srivas

margind codts (i.e. ¢; ® min{cy, c2, ..., Ci- 1, Ci+1, -y C})-



The R(c;, ¢j) function is not well-behaved: it is continuous but not smooth. R(¥ is decreasing in
¢; andincreasng in ¢;. The functiona form of R(c;, ¢;) creates both advantages and
disadvantages for our andlyss. The advantages are (i) that certain redisations will dways be
equa to zero; and (ji) that because of the monotonicity of R(3, redisationsfor given ¢; can be

ranked using the redtrictions in assumption (A) as

R(0,0) = R(10) = R(¢,0) = R(c +1,0)= 0 i
RY(0)® R(0,t)>0and R(1,1) = R(c,f) = R(c+ £,6)= 0 i
R (0)3 R(0,9)> R(t,¢) >0and R(c.c) = R(c+1,¢)= 0 Y ®)
RY(0)3 R(O,c+1) >R(z,c+t)>R(c,c+t)>OandR(c+t,c+t):0[,

The disadvantage created by the badly-behaved functiona form of R(3 isthat with only loose
regrictionson ¢, ¢ asin (A), it isimpossble to rank R(3} definitively for different vaues of ¢;
and c;. We return to this problem when solving the BE and PE games below.

2.4. Sequence of Moves and Equilibrium Concepts.

The PE game has 3 stages. In stage one the incumbents smultaneoudy and irreversibly choose
their corporate structures. Stage two is firm 3' s entry decision. Firm 3 can observe the
incumbents chosen corporate structures but not whether their R& D investments (if undertaken)
succeeded or failed. In stage three the incumbents learn what their rivals corporate structure
choices were, and the success/failure of all R& D investments previoudy undertaken becomes
common knowledge. The three firms then compete ala Bertrand to serve both national product
markets. For convenience we term this three- stage game the potentid-entry (PE) gameto
distinguish it from the blockaded-entry (BE) game, which acts as a benchmark case in Section 4.
The BE game conggts of stages one and three of the PE game and omits the possibility of entry
(stage two).

The result in Lemma 1 amplifies the anadyds of equilibrium behaviour in the PE and BE games.

Lemma 1. (i) In the PE and BE games an incumbent will never optimaly choose a corporate
structure of (2, N) becauseit is grictly dominated by one of (1, N). (ii) In the PE gamethe
entrant will never optimaly choose a corporate structure of E becauseit isgrictly
dominated by one of /A

Proof. See Appendix.



Lemma 1 contains smplifications implied by the assumption of Bertrand competition in the
market stage. It alows us without loss of generdity to redtrict the incumbents and the entrant’s
srategy spacesto{(1, N), (1, R), (2, R)} and { A&, R} respectively. This amplification makes our
andysis consderably more tractable; for example, the norma form of the BE game is reduced
from four-by-four to three-by-three, which (given the symmetries across incumbents and

countries) reduces the number of digtinct industrid structures to consider from 10 to 6.

Theresult in Lemma 1(i) captures the greenfid-FDI/R&D link in OLI modes. In order to
make greenfield-FDI profitable, the ‘ ownership advantages generated by process R&D are
necessary. However, asis shown below, there also exist ‘feedback’ linkages from greenfield-
FDI to R&D.

The solution concept we adopt for the BE and PE gamesis a subgame perfect Nash equilibrium
in pure strategies.

3. Analysis.

3.1. Expected Profits.

We now definethe firms expected profit functionsin the BE and PE games.

BE Game (S, = /E)

In the BE game there are Six digtinct industrid structures to consder, three of which are
symmetric and three asymmetric. Expected profitsin the industriad structures
{@L,R),(L,N);A,{(2,R),(1,N);A and{(2,R),(1, R); A may be derived by straightforward

andogy given the underlying symmetric modelling structure.

{@LN)@AN) A
Ep, = Ep, =R(c,c+1)

{LN).(LR): A
Ep,=(1- p)R(c,c+1)
Ep, = pAR(0,c+1) + R(1,0)]+ (1 - p)R(c,c+1)- |
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{@LN).(2,R); A
Ep, =0
Ep, =p%R(0,c+1) +R(0,c)] +( - p) XR(c,c+t)- G-I

{LR),(1,R): A2
Ep,= B, = pX1- p)XRO,c+1) +R(t,c)]+ p° xR(0,1) +(L- p)* XR(c,c+1)-

{LR).(2,R);/8
Ep, = pX{1- p)XR(O, )+ R(t,0)]- 1
Ep, = pX1- p)ARO,c+1)+R(0,c)] + p* xR(O,0) +(1- p)* R(c,c+1)- G- 1

{(2,R).(2,R); /B
Ep, =Ep,=2>X1- p)*R(0,c)-G -1

PE Game with Entry by Firm 3 (S; =R)

In the PE game there are twelve distinct industrial structures to consder. The incumbents

choices form six digtinct pairs (as above), and for each pair firm 3 can choose either & or R. Of
course, if firm 3 chooses A, then expected profits in the PE game are identical to those in the BE
game (and 3 earns zero). Therefore, we have Sx industrid structures to condder; expected
profitsin the indudtria structures {(1, R),(1, N); R},{(2, R),(1, N); R} and {(2, R),(1, R); R} may
be derived by straightforward anaogy.

Because firm 3 owns two plants and the incumbents initidly own one plant each (in different
countries), the smalest possible number of plantsin ether country when firm 3 chooses R is
two. Therefore, a necessary (but insufficent) condition for afirm to earn Strictly postive net
revenue is that it innovates successfully, because there will dways exist alocd riva with a
margina cogt of ¢ at most. For thisreason p isacommon factor in the net-revenue components
of dl the expected profit functions below.

{LN),(L,N), R}
Ep,=Ep, =0
Ep,=2%pxR(0,c) - 2%
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{@LN).,(1,R); R}

Ep, =0

Ep, =px1- p)AR(O, )+ R(t,0)]- I

Ep, =2%pX1- p)XR(0, 0 + p* xR(0,1) - 2X

{(LN).(2,R); R}

Ep,=0

Ep, =2% X1- p)xR(0,c)- G-I
Epy =25 (L= p)R(O,c)- 24

{@ R),(1,R); R}
Ep, = B, = pX1- p)*¥R(0,c)+ R(t,c)] + p* L- p)xR(0,7)- I
Ep, =2 X1- pYxR(0,c) +2xp* X1- p)xR(0,1)- 2%

{LR).(2,R); R}

Ep, = pX1- p)*¥R(0, )+ R(1,9)]- I
Ep,=2%%1- p) R(0,0) +p* A1- p)R(0,1)- G- I
Epy =2 X1- py»R(0,c) + p*X1- p)*R(0,t)- 2X

{(2,R).(2,R); R}
Ep, =Ep, =2xp X1- p)ZXR(O,c) -G-1
Epy =2 (1= pJ R(0)- 2

We can connect the incumbents' optimal behaviour in the PE game to that in the BE game. The

result isgivenin Lemma 2.

Lemma 2. (i) Let S* befirm 1's best response to S, in the BE game. If firm 3's best response
to a choice by the incumbents of the pair {S,*,S,} is/Z, then S** remains a best response
to S» in the PE game.

(ii) Corollary. Let {S. ,S.; /5 bethe equilibrium industrial structure of the BE game. If
firm 3's best response to the pair {S. ,S..} is/E, then {5, ,S. : /B isdso theequilibrium

industrid gructure of the PE game.
Proof. See Appendix.
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Theresultsin Lemma 2 greetly smplify the andlyss of equilibrium industrid sructuresin the

PE game once those in the BE game are known. The general upshot isthat firm 3's entry thresat
can only carry weight when 3 will credibly choose R a the equilibrium of the BE game;
otherwise, the BE game s equilibrium will endure into the PE game.

It isnot immediately obvious what happens when firm 3 optimally chooses R at the BE game's
equilibrium, i.e. SZ*(S. ,S. ) = R . Clearly the equilibrium industrial structure of the BE gameis
undermined because it was premissed on entry not occurring. Two possibilities deserve mention.
The equilibrium industrid structure of the PE game may involve the incumbents investing more
in greenfidd-FDI and R& D reative to the BE equilibrium in order strategically to deter entry
by firm 3. (Recdl from Lemma 3(iv) that increasing the incumbents sunk investments reduces
3'snet revenues) Alterndively, if for example 3 optimaly chooses R regardless of the
incumbents' choices, the incumbents may accommodate entry by undertaking fewer sunk
invesgments than in the BE equilibrium. (Recall from Lemma 3(iii) that ceteris paribus entry
reduces the incumbents  net revenues, thus making the financing of sunk costs more difficult.)
We shall see below that both of these possibilities do indeed arise.

3.2. Best Responses.

Thefirg gep in determining equilibrium indudtrid sructuresisto isolae thefirms best
responses to given corporate structure choices of their rivals, conditiond on the Sx exogenous
parameters m p, t, ¢, G, 1. Bdow we define criticd mvduesm(p; ¢, ¢, G, I) which, given the

actud m alow usto rank the various corporate structures in terms of profitability.
BE Game (S, = /E)
The following results derive from comparisons of the expected profit functions in the BE game.

In response to (1, N)
(LR) = (L N) iff
m> ! (1BE)
rin>{R(o,c+t) FR(,0)- R(crc+1)]%p

13



(2,R) > (4, R) iff

. G (28E)

L¥R0,0- Rt *p
m

(2.R) - (L N) iff

. G+1 (3BE)

%{R(O,c +1) +R(0,¢) - R(c,c+1)]*p

In response to (1, R)
(LR) = (L N) iff
m> ! (4BE)
r—1n>{R(o,c+z) +R(1,¢) Rlc.c+0)]xpXl- p)+r—1an(o,r>XpZ

(2,R) >~ (4, R) iff

. G (5BE)

%>{R(O, 0)- R(t ) >pX1- p)

(2,R) ~ (L N) iff

N G+1 (6BE)

r—1n>{R(o,c+z> +R(0,0)- Rc,c+1)]xp X1- p)+r—1an(o,t)><p2

In response to (2, R)
(LR) > (L N) iff

s ! (7BE)

%>{R(O, )+ R(t,¢)]xp {1- p)

(2,R) - (L R) iff

> G (5BE) repeated

%){R(O,c)- R(t €)]%p {1 p)

(2,R) - (L N) iff

. G+1 (8BE)

z><R(0,c )*pX1- p)
m
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Lemma 3 provides a smplification by demondrating that severd of the inequality conditions
(1BE)-(8BE) can in genera be dropped.

Lemma 3. Let (LR) > (L, N) iff m>m(p; t,¢, G I) , which we write as m (p) for brevity.
Smilatly, (2,R) > (4 R) iff m>my(p) and (2,R) = (L N) iff m>my(p). (i) If
m(p) > m(p), then my(p) isirrelevant to determining the best response. (ii) Conversdly, if
m(p) > m(p) , then only my(p) is relevant to determining the best response.

Proof. See Appendix.

In the next Section we show that Lemma 3(i) can be invoked under quite genera redtrictions on
t, ¢, G, I, which reduces the set of inequdity conditions from eight to five. In turn, this makes
the andysis of equilibrium behaviour consderably more tractable.

PE Game with Entry by Firm 3 (S; =R)

We begin with the penultimate stage of the PE game: firm 3's entry decision. Given that 3's
expected profits are zero if it chooses A, we use 3's expected profit functions from Section 3.1

to derive the following decison rules

In response to {(1, N),(1, N)} R > A iff

m= 1; (1PE)
—=XR(O,c) »p
m
In response to {(1, N),(1,R)} R > A iff
m> 24 (2PE)

2,R0,c)xp XL~ p)+ LxR(0.)%p?
m m

In response to {(1, N),(2,R)} R > Aiff

m> ! (3PE)

LR (0.c)%p A1 p)
m

In response to {(1,R),(1,R)} R > A iff
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m> ! (4PE)

LxR(0,c)xp (1= p)? +LxR(04)%p? X1- p)
m m

In response to {(1R),(2,R)} R >~ AEiff

m> 2 (5PE)

ZxR(0,¢)xp AL~ p)* +=xR(0.4)%p* XL~ p)
m m

In response to {(2,R),(2,R)} R > AEiff

m> ! (6PE)

L R0.c) % A1- p)?
m

Asin the BE game, the critical mvaues defined above can increase as p approaches 1. The
reason for thisisthe same asin the BE game: achoice of R generdly only redlises a profit when
firm 3 done innovates successfully, the probability of which approaches 0 asp approaches 1.
Lemma 4 examines how the critical mvaue where firm 3 chooses R over A changes with the

incumbents selected corporate structures.

Lemma 4. The critical mvaue where firm 3 optimally chooses R over A increases with the
number of sunk investments (in ether greenfidd-FDI or R& D) undertaken by the
incumbents. Specificdly, (i) RHS(6PE) > RHS(5PE) > RHS(4PE); (i) RHS(4PE) 3
RHS(3PE); (iii) RHS(3PE) > RHS(2PE); and (iv) RHS(2PE) > RHS(1PE).

Proof. By ingpection of RHS(1PE) to RHS(6PE).

The number of sunk investments undertaken by the incumbents varies from O under { (1, N), (1,

N)} tod under {(2, R), (2, R)}. Lemma4 formdizesthe intuition from Lemma 2(iv): by
undertaking additiona sunk investments the incumbents can decrease firm 3's expected profits

and thereby increase the critical mat which entry occurs. Therefore, strategic entry-deterring
behaviour by the incumbents would imply alarger number of sunk investments (ceteris paribus)
in the PE equilibrium than in the BE equilibrium.

3.3. Nash Equilibria.
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Equilibrium Industrial Structures in the BE Game (S, = /E)

Our primary purpose is to investigate the effects of p,mon equilibrium choices. To make this
task tractable we place restrictions on the four cost parameters. In the Appendix we show that
the following two assumptions on the cost parameters are sufficient uniquely to determine the
equilibrium indugtriad structures of the BE gamein (p, m-space.

(B) R(O,c+1)- R(c,c+1) +R(t,c)- R(0,1) >0
© G31>0

Assumption (B) on ¢,c¢ is shown below to be only dightly more redtrictive than our maintained
assumption (A). (In generd (B) holdsiif the gap (c —¢) issufficiently large)) Given our solution
method we can distinguish two types of variation in the cost parameters. Nondrastic variaions
int,c,G,I are consstent with both (B) and (C) continuing to hold: the plot of BE equilibria
continues to take the form shown in Figure 1 (athough the inter-regiona boundaries will shift).
Drastic variations, on the other hand, ater the form of the plot in Figure 1 (e.g. by causing
exiging regions to disappear and new ones to emerge). Because we are able to show that (B),
(C) continue to hold under wide ranges of variation for the cost parameters, our discussion
below on the comparative- statics effects of changes in the cost parameters focusses on

nondragtic variations.

Given assumptions (B), (C), Figure 1 illudrates the equilibrium indudtrid structures of the BE

gamein (p, m-space. (A derivation isgiven in the Appendix.)
[INSERT FIGURE 1]
Key to Figure 1

Region Equilibrium Industrid Structure under BE
| {@LN), (L, N), A
Il {1, N), (1, R), A
i {(1,R), (1, R); A
IV {L,R), 1R, A {LN, 2R, A
v {2 R). (2 R; A

(Note: * denotes adominant strategy equilibrium.)
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We examine the equilibrium properties of the BE and PE games smultaneoudy below (because
they have severd featuresin common). Before that we solve the PE game for its equilibrium

indugtrid sructuresgiven p, m

Equilibrium Industrial Structures in the PE Game (S,1 {#E R})

Aswith the BE game above, we look for agenera solution to the PE gamein (p, n)-space that is
robust to changes in the cost parameters. Two conditions on the cost parameters are sufficient to
generate the plot of equilibrium indudtrid dructures in the PE game that we present below: firdt,
assumption (C) on G,/ is maintained; second, we replace assumption (B) on ¢,¢ with

(B)¢ R(0,c+t)- R(c,c+1i) +R(t,c) - R(O,c) >0

Because R(0, ¢) ® R(0O, ¢) (B)¢is (weakly) tighter than (B). In terms of our solution to the PE

game assumptions (B)¢(C) define nondrastic variations in cods.

The mechanics of deriving best responses and equilibrium behaviour in the PE game are set out
in the Appendix. The solution method operates as follows. Usng Lemma4 wefirg derive firm
3'soptimal choicein each region of Figure 1. If 3 optimally chooses A a the BE equilibrium,
then of course that equilibrium industrid structure is sustained under potentia entry (Lemma 2).
If 3'soptima regponse to the BE equilibrium is R, then we conjecture the incumbents new best

responses and check the result.

Figure 2 illugtrates the equilibrium industrid structures of the PE game.

[INSERT FIGURE 2]

Key to Figure 2
Region Equilibrium Industrid Structure under PE
' {@N), @ N), A
Il {@N), A, R), A
3l {(1,R), (1, R); A
IV {(LR), (L, R); A {(L,N), (2 R); A
v {1, R), (1, R); A {(L,N), (1, N); R} or {(1, N), (2, R); A&}
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v {(L, R), (1, R); R}* or {(1, R), (2, R); A&}

I {2, R), 2, R); B*

Vil {(LR), (1, R); R} {(L, B), (1, R); R} or {(2, R), (2, R); A&}
IX {4, R), (1, R); R}
X {2 R), (2, R); R}*

(Note: * denotes adominant strategy equilibrium.)

In the key to Figure 2 multiple equilibriawithin aregion are separated by semicolons. Where PE
equilibria are separated by ‘or’, the rdlevant equilibrium depends on whether entry by firm 3is
accommodated (R) or strategicaly deterred (A) by the incumbents.

In Section 4 we examine the related issues of (i) how the incumbents respond to the entry threat
(accommodate vs. deter); and (ii) how the entry threat affects equilibrium indudtrid structures
relative to the BE case. In the remainder of this Section we discuss first the smilarities between
the BE and PE equilibria depicted in Figures 4 and 5 respectively. Focussing on the BE game
for concreteness, we next consder how gtrategic rivary between the incumbents affects
equilibrium behaviour (athough our conclusions could be extended to the PE game). Findly we
andyse the effects on Figures 4 and 5 of nondrastic variations in the cost parameters.

Comparative statics: the equilibrium effects of varying p,m

Figures 4 and 5 provide empirica implications for the rel ationships between p,mand equilibrium
levels of greenfidd-FDI and R& D investment. The derived reationships can be quite complex.
Congder firg the effect of changesin m In the BE game increasing min low-p indudtries shifts
the equilibrium successively from {(1, N), (1, N)} (region); to{(1, N), (1, R)} (regionl); to
{(1,R), (1, R)} (regionlll); to{(2, R), (2, R)} (region V). A smilar sequence can be observed in
the PE game if the incumbents accommodate entry. Equilibrium industry spending on both
greenfidd-FDI and R& D increases with m(athough not smoothly). (Note, however, that one-
way FDI flows are never observed in the BE game: the equilibrium industrid structure jumps
from two national (exporting) firmsto two MNES (FDI cross-hauling). Furthermore, if entry is
deterred in the PE game, intra-indusiry greenfield- FDI flows will fall as mincreases from region
VIII to region I X, before returning to 2X7 in region X.) These generd predictions gppear
intuitively reasonable: in bigger markets, firms are more easily able to shoulder the sunk cogts of
greenfidd-FDI and R&D.
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In hightp industries the relationships between mand equilibrium sunk investments are more
complex. Increasesin min the BE game shift the equilibrium industria structure successvely

from{(1, N), (1, N)} (regionl); to{(1, N), (1, R)} (region I1); to{(1, R), (1, R)} (regionlll); to

{(1,R), (1, R)} or {(1, N), (2, R)} (region1V); to{(1, R), (1, R)} (regionIll); to{(2, R), (2, R)}
(region V). If the{(1, R), (1, R)} equilibrium issdected in region 1V, then there is no difference

between low- and high-p indudtriesin terms of the sequence of equilibrium industrid structures
as mrises. However, if the asymmetric { (1, N), (2, R)} equilibrium is sdlected, then we will
observe ‘re-switching' in terms of both greenfidd-FDI and R& D behaviour. The positive
relationships between mand both industry greenfidd-FDI and industry R& D would be broken
by region IV, where the equilibrium switches from both firmsinvesting in R&D to only one and
from two nationa (exporting) firmsto one MNE and one exporter, before switching back again
whenregion l11 isre-entered at higher values of m (Similar ‘perverse’ relationships can be
inferred from the PE gamein Figure 2.)

The effect of changesin p is even less straightforward than that of changesin m For brevity, we
shdl only highlight the most interesting aspects of the relationship between p-vaues and
equilibria. Asin the case of varying m it is clear that equilibrium industry spending on
greenfidd-FDI and R&D need not beincreasing in p. In very large markets, increasing p inthe
BE game will take us successvely through the following equilibrium industrid structures: {(1,

N), (1, N)} (region 1); then{(1, N), (1, R)} (region I); then{(1, R), (1, R)} (region IlI); then {(2,
R), (2, R)} (region V); then {(1, R), (1, R)} (region1ll); then{(1, N), (2, R)} or {(1, R), (1, R)}
(region IV). If the{(1, N), (2, R)} equilibrium is sdected in region IV, then equilibrium industry
R& D spending will be decreasing in p for large markets. Furthermore, in large markets
greenfidd-FDI cross-hauling only occurs for intermediate p-vaues. for higher p-vauesthe
equilibrium indudtrid structure ‘re-switches' to one of two nationd (exporting) firms, before
findly one-way greenfield- FDI arisesin equilibrium when p @1. (Again, Smilar ‘perverse
relationships can be inferred from the PE game in Figure 2.) The intuition for some of these

rel ationships can be seen by considering why (1, NV) isabest response to (2, R) for p @1 inthe
BE game (i.e. how the{(1, N), (2, R)} equilibrium arises). Facing aforeign rival’s choice of (2,
R), an incumbent will only undertake the sunk investments associated with (1, R) or (2, R) if it
expects to acquire amargina production cost advantage over itsriva. The probability of thisis
pX1—p), which tendsto 0 as p approaches 1. Therefore, for p @1 (1, N) must be the best
responseto (2, R) inthe BE game.
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Proposition 1 summarises the empirica implications of Figures4 and 5.

Proposition 1. (i) Equilibrium industrial structures in the BE and PE games depend on both p
and m (if) Equilibrium industry greenfield-FDI flows and R&D investment depend on p
and min complex ways. In particular, for certain sets of parameter values equilibrium

industry spending on greenfield-FDI and R&D may be decreasing in p and m

Proposition 1 emphasises the complexity of equilibriain the BE and PE games: part (i) draws
atention to the fact that none of the inter-regiona boundariesin Figures4 and 5 are either
horizonta or verticd. In terms of the existing literature on tariff-jumping FDI, we have seen that
when the R& D decison is made endogenous the relationship between (host-country) market
Sze and greenfidd-FDI may not be increasing. Indeed, larger host- country markets may be
associated with lower levels of inward FDI, because of the new equilibrium industrid structures
they induce.

Strategic rivalry between incumbents in the BE game.

Three types of srategic interaction are noteworthy in the BE game, and we devote a Proposition
to each.

Proposition 2. Two-way relationships exist between greenfield-FDI and R&D (a la Petit and
Sanna-Randaccio) in the BE game. (i) An incumbent that is committed to investing in R&D
is ‘more likely’ to undertake greenfield-FDI than one that is committed to not investing in
R&D. (if) An incumbent that is committed to maintaining 2 plants is ‘more likely’ to
undertake R&D than one that is committed to maintaining only its home plant.

Proof. See Appendix.
Proposition 3. Equilibrium industrial structures in the BE game can exhibit Prisoner’s
Dilemma characteristics.

Proof. See Appendix.

Lemma’5 prepares the ground for the result in Proposition 4.
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Lemma 5. Under assumption (C) and for sufficiently high p-vaues, agloba monopolist will (i)
never choose a corporate structure of (2, N) in equilibrium; and (if) choose equilibrium
corporate structures in the sequence (1, N), (1, R), (2, R) as mrises away from O.

Proof. See Appendix.

Proposition 4. Under assumption (C) and for sufficiently high p-values (as defined by Lemma
5), (i) a necessary-and-sufficient condition for greenfield-FDI to be ‘more likely’ in
equilibrium under monopoly than under BE duopoly is ¢ 3 x™(¢); and (ii) sufficient
conditions for R&D to be ‘more likely’ in equilibrium under BE duopoly than under
monopoly are ¢ 3 x™(f) and ¢ + t3 x™(c).

Proof. See Appendix.

3.4. Nondrastic Variations in Costs.

In this Section we consider the effects of variations in the four cost parameters¢,¢,G,I on the
equilibrium industrid structuresin the BE and PE games. We redtrict our attention to nondrastic
variations, so assumption (C) on G,/ continues to hold; as do assumptions (B) and (B)¢on z,c in
the BE and PE games respectively. Our firgt task isto establish the legitimacy of this focus by
showing that assumptions (B), (B)¢ (C) are compatible with substantia ranges of variationin

the cost parameters. Because assumption (C) is stated explicitly interms of G/, the reader can
reedily assessfor hersdf whether the redtriction it containsis reasonable. However, the opposite
istrue of assumptions (B) and (B)¢ which ¢,c only enter viathe net revenue function.
Assumptions (B) and (B)¢are andysed in the Appendix and Proposition 5 is established.

Proposition 5. For all ¢ 1 (0, 1) assumption (B) is satisfied on a non-empty open interval of t-
values, t1 (0, t*) with t* < c. Likewise for assumption (B)¢

Proof. See Appendix.

Proposition 5is‘loose’ in the sensethat it gives us no indication of the size of the interva of
permissible #-vaues (athough it does state that such an interval dways exists). A Smple

indicator of the -interva’ sgzeisthat ¢ * > 0.5x% for both (B) and (B)¢ Therefore, we can
conclude that assumptions (B) and (B)¢are consstent with large sets of #- and c¢-vaues. Figures

4 and 5 depict generd, rather than specid, cases.
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4. The Effect of the Entry Threat.

Of course, the crucia digtinction between the BE and PE gamesiis the presence of an entry
threet in the latter (i.e. Sage 2 in Figure 3). In this Section we consder two interrel ated aspects
of the entry threat. First, when will the incumbents sdlect strategies of strategic entry-deterrence
over ones of accommodation? Second, for given parameter vaues how do equilibrium industrid
structures in the PE game compare to those in the BE game? (Clearly these two andyses are
intimately interrel ated because the PE equilibria depend on whether the incumbents choose to
deter or accommodate entry.) The second-sep anadysiswill give an indication of whether the
incluson of potentid entry is Sgnificant within our moddling sructure; and it will aso test the
intuition we provided in the Introduction on the interrelationships between firms FDI, R& D and
entry decisions.

We consder first the incumbents choice between entry-deterrence and accommodation. From
Figure 2 it is clear that PE equilibria where entry is accommodated certainly arisefor high m
vaues(i.e. regions VIII, IX and X). Conversdy, for low mvaues entry is blockaded (i.e.
regions|, I, 11l and IV). For some ‘intermediate mvaues (i.e. regionsV, VI and V1II) there
potentialy exist ether entry-accommodating or entry-deterring equilibria (which are separated
by ‘or’ in the key to Figure 2), but assumptions (B)¢and (C) are too loose to alow usto
discriminate between them in genera. However, we can isolate some of the determinants of

whether entry-accommodation or entry-deterrence will arise in equilibrium.

Proposition 6. [f G = I, then (i) { (1, N), (2, R); A} is selected over {(1, N), (1, N); R} for all (p,
N in region V of Figure 2; and (ii) given sufficiently high p, a second equilibrium of { (2,
R), (2, R); A&} exists for all min region VIII of Figure 2.

Proof. See Appendix.

Part (i) of Propostion 6 establishes that the second equilibrium inregion V of Figure 2 isthe
entry-deterring { (1, NV), (2, R); A} when G = I. Under assumption (C), we know that two PE
equilibria (one entry-accommodating, the other entry-deterring) will aways exist in region V|
above RHS(5BE). However, below RHS(5BE) only the entry-accommodeating equilibrium may
aurvive. Part (i) of Proposition 6 establishes that asecond equilibrium of {(2, R), (2, R); A}
exiss bdow RHS(5BE) when G = 1.
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In the Appendix we show that entry-deterrence arisesin equilibrium in region VI when G = [if ¢
is‘suffidently large’.

The preceding analyss of equilibrium sdection inregionsV, VI and VIII of Figure2set G = 1.

Proposition 7 covers cases where G > 1, which are dso competible with assumption (C).

Proposition 7. For all G,I under assumption (C), rises in G relative to I make the selection of
entry-deterring PE equilibria (over entry-accommodating PE equilibria) ‘less likely’ in
regions V, VI and VIII of Figure 2. Specifically, (i) rises in G ceteris paribus weakly
increase the size of the minterval where entry-accommodation is selected in equilibrium in
regions V, VI and VIII of Figure 2, and (ii) in the limit as G ® ¥, entry-deterrence is
never selected in equilibrium in regions VI and VIII of Figure 2, although entry-deterrence

is always selected for some p-values in region V.

Proof. See Appendix.

Theintuitive judtification for the results in Proposition 7 is that, whereas firm 3 must undertake
R&D but not greenfidd-FDI to enter the industry, the incumbents entry-deterring strategies
adways entall greenfidd-FDI. Therefore the result sems directly from our modelling structure.
(Because firm 3 initially owns 2 plants, the cost of additiond plants, G, isirrdevant to its entry
decison. However, the incumbents must invest in greenfield-FDI to deter entry.)

We now turn to the second- step andysis of the effects of the entry threet in the PE game on
equilibrium indudtrid structures. We use equilibrium indudtrid structures in the BE game as
benchmarks. In Figure 2 the inter-regiona boundaries from the BE game (Figure 1) are plotted:
four of them are d o inter-regiona boundaries in the PE game, and the remainder of RHS(5BE)
(apart from the lower boundary of region V1) is shown as adashed line. An interesting
comparison is between region I11 in Figure 1 and regions 111, V, VI, VIII and IX in Figure 2,
which together cover the same set of (p, m)-pairs. Inregionslll, V, VIII and IX of Figure2 aPE
equilibrium where both incumbents choose (1, R) existsfor sure, asinregion 111 of Figure 1;
such aPE equilibrium dso exigsin region VI if G isaufficently closeto /7 (Propositions 6 and
7). Inthelower regionsof Figure 2 (111 and V) entry does not occur when both incumbents
choose (1, R) in PE equilibrium, whereas in the upper regions (VI, VIII and IX) it does.

However, there exist additiona PE equilibriain the areawhere { (1, R), (1, R); A} isthe BE
equilibrium (region I11 of Figure 1). InregionsV, VI and VIII of Figure 2 an entry-deterring PE
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equilibrium where the incumbents undertake more sunk investments than &t the corresponding
BE equilibrium exigsif G issufficiently doseto 7 (Propositions 6 and 7). (In the case of region
V the two entry-deterring PE equilibria both, of course, entall two sunk investments) In
particular, note that the entry-deterring PE equilibrium of { (1, R), (2, R); A} inregion VI is
qualitatively different fromany of the BE equilibriain Figure 1 (in terms of the incumbents
behaviour). A find digtinction between the ‘middle’ areas of Figures 4 and 5 is the possibility of
an entry-accommodating PE equilibrium of {(1, V), (1, N); R} inregion V of Figure 2, where
the incumbents undertake fewer sunk investments than at the corresponding BE equilibrium.

We now consider the area above RHS(5BE), where {(2, R), (2, R); A} isthe equilibrium
indudtria structure of the BE game in dominant srategies (region V of Figure 1). In regions V11I
and IX of Figure 2 (both of which lie partiadly above RHS(5BE)) entry-accommodating PE
equilibriaof {(1, R), (1, R); R} exis for sure, where the incumbents undertake fewer sunk
investments than at the BE equilibrium. PE equilibriawhere both incumbents choose (2, R) exist
(i) inregions VIl and V11 (above RHS(5BE)); and (ii) in region X. In case (i) firm 3 does not
enter the indudtry in the resulting equilibrium industrid structure of the PE game, wheressin
case (ii) it does. Therefore, when entry must be accommodated, larger markets are necessary in
the PE game to induce the incumbents to make sunk investments (RHS(A13) > RHS(SBE) for
dl p); otherwise the incumbents reduce their expenditures on sunk investments (region 1X of
Figure 2) relative to the BE case.

In terms of Fudenberg and Tirole€' s (1984) taxonomy of investment strategies, the incumbents
therefore behave as ‘top dogs when deterring entry (in regions V1 and V111 of Figure 2) but as
‘puppy dogs when accommodating it (in regionsV, VIII and IX of Figure 2). The ‘top dog’
investsin ‘strength’ (by undertaking extra sunk investments) to look tough and ward off rivals,
whereas the ‘ puppy dog’ conspicuoudy avoids looking ‘strong’ (by reducing spending on sunk
invesments) to gppear inoffensive and avert aggressive reactions from rivals.

Proposition 8 sums up the comparisons between equilibrium industriad structuresin the BE and

PE games.

Proposition 8. (i) For given parameter values, the incumbents in the PE game tend to adopt

‘tough’ (resp. ‘soft’) strategies when entry is deterred (resp. accommodated) in

equilibrium by undertaking more (resp. fewer) sunk investments than at the corresponding

BE equilibrium. (ii) The entry threat in the PE game can induce the incumbents to choose
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qualitatively different configurations of corporate structures in equilibrium to any

observed in the BE game.

5. Concluding Comments.

We have andysed the equilibrium corporate structure choices of riva internationa duopolists

both without (BE game) and with (PE game) the threet of entry. This moddling Structure
permits investigation of the interrdationships between firms (greenfidd-)FDI, (process) R&D

and entry decisons. Our principd findings are

0]

(ii)

)

Equilibrium industry spending on greenfidd-FDI and R&D in the BE game depends non-
monotonically on p, the probability of R&D success, and m market size. (Proposition 1.)

Two-way reaionships exist between the incumbents' greenfiedd-FDI and R& D decisions
in the BE game, and the resulting equilibrium industrid structures can exhibit Prisoner’s
Dilemma characteritics. (Propositions 2 and 3.)

Compared to the BE game, additiond equilibrium industrid structures arisein the PE
game. When entry is deterred (resp. accommodated) in PE equilibrium, equilibrium
gpending on sunk investments by the incumbents tends to be higher (resp. lower) than in
the BE game. (Proposition 8.)

Whether the incumbentsin the PE game choose Strategies of entry-deterrence or -
accommodation depends on the sunk cogts of greenfield-FDI and R&D. The higher is G,
the cogt of greenfidd-FDI, relative to 7, the cost of R&D, the ‘more likdy’ isit that entry-
accommodation will arise in PE equilibrium. (Propogitions 6 and 7.)

Therefore, our andysis has uncovered significant interrelationships between firms FDI, R&D

and entry decisonsin the internationd oligopoly under consideration.

Finally, we consder two applications of our moddling structure. Note that our BE and PE

games can be generdly applied to firm expanson across segmented product markets, rather than

solely across national borders that coincide with segmented markets. (In this sense, thereis

nothing ‘ specid’ about MNES, dthough their various markets are probably more completely

segmented than those faced by exclusively nationd firms.) The first gpplication isto policy
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games between nationa governments. For example, rival governments may non-co-operatively
st tariffsor FDI policies. If tariffs were determined endogenoudy, the model would be similar
to those in “gtrategic trade theory’, although production locations would become endogenous.
(Horstmann and Markusen (1992) discuss the jumps in equilibrium industriad structures that can
aiseif t ismargindly adjusted, which would characterise these moddls) Alternatively, suppose
that nationa governments set their FDI policies endogenoudy, choosing between free-FDI,
where inward flows of greenfidd-FDI are unregulated, and no-FDI, where inward greenfield-
FDI is banned. (Governments have no power over outward FDI flows,) Equilibrium policies
would depend on the government’ s objective function, and there will be a conflict between the
interests of domestic consumers (who will favour free-FDI and intense competition) and
domedtic firms (who would prefer the protection afforded by no-FDI). Our modelling structure
provides a framework within whichto investigate these issues.

The second application, which is the subject of ongoing research, isto the distinction between
greenfidd-FDI, the form of FDI modelled in the BE and PE games, and acquisition-FDI,
whereby afirm establishes production facilities aoroad by purchasng alocd rival. Given that
acquistion-FDI is adominant component of empirica FDI flows but has received little
theoretical attention, models where different forms of FDI arise endogenoudy would fill a
sgnificant gagp. They will alow usinter diato develop a more rounded picture of the welfare
effects of internationd flows of FDI.
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C 0.5 1

Figure 1: Equilibrium indudria sructuresin the BE game

Inter-regional boundaries: I/I1 boundary is RHS(1BE); I1/111 boundary is RHS(4BE); I11/1V
lower boundary is RHS(2BE); 111/1V upper boundary is RHS(7BE); 111/V boundary is

RHS(5BE).
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Figure 2: Equilibrium indudtrid structuresin the PE game

Inter-regional boundaries: |/Il boundary isRHS(1BE); II/I1l boundary isRHS(4BE); 111/1V
lower boundary and 1V/V boundary is RHS(2BE); I11/1V upper boundary and [11/V upper
boundary is RHS(7BE); 111/V lower boundary is RHS(2PE); 111/V] boundary is RHS(4PE);
VI/VII boundary is RHS(5BE); VI/VIII boundary and VII/VIII boundary is RHS(5PE); VIII/IX
boundary is RHS(6PE); IX/X boundary is RHS(A13).
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