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Strategic Foreign Direct Investment in Developing Countries under
Demand Uncertainty: Commitment vs. Flexibility

1. Introduction

In the presence of uncertainty about the future prosperity of an economy, timing of
investment arises as a main issue for potential new entrants into the market. Particularly when
the information on market demand is incomplete, firms have incentive to delay the
investment until the uncertainty is resolved. This situation is more often observed among
foreign multinational enterprises than domestic firms because, in general, MNEs have less
experience and knowledge in predicting the future profitability of a new market. To gain a
better idea on the demand of a host country, MNEs tend to begin by exporting to a new
market rather than foreign direct investment. Case studies support this idea that export leads
FDI. Survey results suggest that 69 % of the firms in their sample exported to Australia
before serving the market via FDI. (Nicholas et al., 1994)

In general, when transportation and other transaction costs of trade are significant, export
usually incurs a higher marginal cost of supply than production resulting from FDI.
Particularly when transaction occurs between the North and the South, variable costs (major
components are labor costs in many cases) of production in high-income source country will
exceed those in low-income countries. On the other hand, to serve the foreign market through
FDI, the MNE may have to bear the higher fixed cost (most of them are irreversible sunk
cost) of investment than export though some fixed cost of exporting will be incurred in
establishing a distribution network in the host country. (Buckley and Casson, 1981) Thus, a
firm in a foreign market has to choose the mode of entry based on this trade-off. Export is
chosen as a means to reduce the risk of investment regarding high sunk costs and potential
loss from low demand. As market grows rapidly, however, there comes time when market
demand reaches a sufficiently high level to make incurring sunk cost worthwhile, and a MNE
has an incentive to build a plant in the foreign country instead of exporting.

Deciding when to switch to FDI could be affected by the uncertainty of demand and
market structure as well as the level of demand. The presence of sufficiently large uncertainty
generates an option value of waiting. Firms will hesitate to switch to FDI even when they
expect demand to hit the threshold level for investment. On the other hand, for a small
uncertainty, MNEs have incentive to move first to preempt the market. Firms face a trade-off
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between commitment by FDI first and flexibility by a wait-and-see strategy.

The purpose of this paper is to propose an explanation of the strategic behavior of MNEs
headquartered in developed country with respect to the switching time from exporting to FDI
under demand uncertainty in a host developing country. Our model accounts for how the
timing and mode of entry strategically chosen' by identical firms can persist as equilibrium
by reference to key variables without assumption on exogenous heterogeneity across MNEs.*

Various sources of uncertainty can affect the investment decision-uncertain cost of
production, unexpected political regime change, or factors associated with the goal of FDI.
Dunning (1993) suggested that motivation of FDI can fall into four categories: market-
seeking, resource-seeking, efficiency-seeking and strategic asset-seeking FDI. Among these,
we pay attention to the market-seeking FDI, and assume that the uncertainty originates from
the unpredictability of demand side rather than cost side.”

This paper contributes to the literature in several ways. First, it demonstrates that the
uncertainty plays a crucial role for the occurrence of endogenous sequential FDI. Only a few
articles deal with strategic FDI under demand uncertainty. Most of the related literature does
not consider uncertainty (Horstmann and Markusen, 1987, Buckley et.al, 1981), FDI (Maggi,
1996, Pacheco-de-Almeida and Zemsky, 2003, Sadanand and Sadanand, 1996) or strategy
between multiple firms (Das, 1983, Saggi, 1996, Itagaki, 1991, Ziacik, 2001, Yu, Chang and
Fan, 2007). Second, the firm’s attitude toward risk is explicitly incorporated in the model.
Although the uncertainty may have more negative effects on investment decisions when firms
are risk averse than risk neutral, the importance of this rationale is hardly discussed in the
related literature. In this paper, firms pursue maximizing CARA (constant absolute risk

aversion) utility function. The result suggests that the strategic behavior of duopoly depends

! Rob and Vettas (2003) explore entry into a foreign market with uncertain demand growth, but strategic
behavior is not considered in the model.

2 Helpman et al. (2004) show that heterogeneity across firms such as productivity and firm size significantly
influence the tendency of firms to substitute FDI for export. In our model, we assume higher productivity of
MNEs over domestic firms as initial condition while MNEs within industry are homogeneous. This assumption
allows different approach from the argument that within-sector heterogeneity may be an important determinant
in organization of the firm.

® This assumption is necessary for analysis in our partial equilibrium framework. In a general equilibrium
model, both demand shock and supply shock can be analyzed regardless of the goal of FDI. However, Aizenman
and Marion (2004) shows that demand shock discourages both vertical and horizontal FDI, while productivity
shock adversely affects vertical FDI but promotes horizontal FDI. According to their argument, our assumption
of demand uncertainty is more appropriate for analysis of MNE in general case than the alternative assumption
of supply uncertainty.



on demand and the joint role of uncertainty and risk aversion®.

The remainder of the paper is organized as follows. Section 2 discusses the related
literature. In section 3, we explore the firm’s behavior in a monopoly case as a benchmark
case. Section 4 sets up the model and analyzes the equilibrium of duopoly switching time

game. Section 5 draws out the implications of the model and concludes.

2. Literature Review

This section relates this paper to existing literature. First, the basic set up of our model
borrows the idea of trade-off between exporting and FDI from Buckley and Casson (1981).
They analyze optimal timing of switching from exporting to FDI based on NPV (net present
value) method, incorporating the costs of servicing the foreign market. As market size
increases, the firm that begins by exporting will finally switch to FDI at some point. Here,
set-up cost (the cost of transferring technology to the foreign subsidiary) plays a crucial role
in postponing time to switch, but not permanently. Their model is one of a few pioneers that
attempted to study timing of the switch from exporting to FDI. Their simple assumptions of
one firm and no uncertainty are relaxed in this paper.

Horstmann and Markusen (1987) provide conditions on cost structure and technology of
multinationals to result in the situation where MNE-domestic production or solely domestic
production arises as equilibrium. MNE will emerge in industries in which firm-specific costs
and trade costs are large relative to plant-specific costs. High plant-level fixed costs
discourage the incentive for centralized production and serving the host country via exporting.
Firm-specific activities include organizational activities, advertising expenditures, research
facilities and marketing that give a MNE a cost advantage over domestic producers. The firm-
specific costs may arise from headquarters services and R&D. (Markusen and Venables,
2000) In our model we use this concept to set the basic assumption that MNEs from a
developed source country have firm-specific advantage over domestically owned firms in a
developing host country. But the relative magnitude of firm-specific costs to plant-specific
costs is not one of main interests in our model, since firms must have already incurred firm-

level fixed costs when they built headquarters in the source country before starting export. It

* Our model contrasts to R&D competition model in industrial organization literature. In general, cost saving R&D
competition model assumes risk-neutral firms, thus strategic behavior is not affected by firms’ attitude toward risk, while it is
altered by risk aversion in our model. Also in R&D competition model cooperative joint investment can be equilibrium due
to externality of knowledge spillovers, while investment is non-cooperative in our model because firms do not have
incentive to cooperate in our model setting.
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may be more applicable for the case with the firm in its initial stage of organization that cost
structure is an important factor in decision making.

Second, the implication of our model can be compared to the industrial organization
literature addressing timing issues in investment under uncertainty, despite the different
approaches. Maggi (1996) emphasizes the role of uncertainty as a source of asymmetric
equilibria when two firms are in the market. If the profitability of a market is uncertain,
asymmetric outcome can arise even if firms are ex ante identical and have symmetric entry
opportunities, provided that irreversible investment has preemptive value, and if and only if
capital levels are strategic substitutes. Maggi’s model builds on the similar implication of our
model in that investment timing could be endogenously determined without using other
exogenous conditions such as heterogeneous firm size and technologies. This suggests that
introducing uncertainty can yield the implication contrary to the folk theorem which implies
that oligopolies are best modeled by Cournot equilibria under the assumption that firms are of
equal size, and by Stackelberg equilibria in the presence of different firm size. But this paper
contrasts to Maggi’s paper in that it extends the case of domestic firms to MNEs involved in
international trade. Here, exporting substitutes for the wait-and-see strategy often used in
other existing literature, but in fact, exporting gives a more powerful option value than
delaying-strategy. By remaining an exporter, firms in our model do not have to invest after
the uncertainty is resolved, allowing many possible ways in which entry strategy can evolve;
this does not arise in Maggi’s model in which export is absent.

Pacheco-de-Almeida and Zemsky (2003) develop a theory of investment under uncertainty
when a clear lag exists between investment and production. Allowing time- to-build creates
the equilibrium in which the follower invests in both periods. Their benchmark model setting
and the implication of the equilibrium is approximately close to our model. If the uncertainty
is sufficiently large, the unique equilibrium is both delaying investment, while it is leader-
follower equilibrium for small uncertainty. However, Pacheco-de-Almeida and Zemsky do
not deal with tradable goods produced by MNEs and their equilibrium is mainly affected by
time-to-build, which is not a major issue in this paper.

In Sadanand and Sadanand (1996), both uncertainty and relative firm sizes play crucial role
in determining equilibrium. Instead of investment decision as modeled in other literature,
they study the timing of irreversible output decisions, where the first-mover advantage is due
to the early output decision made by a committed firm in the first period while the other firm

defers its output decision and choose its quantity in period 2. Their model suggests that with
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moderate uncertainty in demand, the larger the disparity in sizes between two firms, the more
likely it is that larger firms become Stackelberg leaders and smaller firms are followers. For
sufficiently small uncertainty, the Nash equilibrium consists of leader-follower equilibrium
even under the assumption of identical firm size. But if the uncertainty is large, this
asymmetric equilibrium is replaced by a symmetric Cournot equilibrium where both firms
enter the market at the same time. Specifically, Sadanand and Sadanand propose the same
idea in explaining identical firms’ behavior under small uncertainty with the model of this
paper. As in Maggi’s paper, however, trade is not modeled in their paper, while it is one of
distinctive features in our model. In section 4, we compare the characteristics of equilibrium
of our model to theirs.

The third strand of papers deals with FDI decision in the face of uncertainty, but strategies
among multiple firms are absent. In his article, Saggi (1998) analyzes a two period model of
one firm in the face of switching from exporting to FDI under demand uncertainty. He argues
that FDI can occur only when learning from exporting reveals that the market is large enough
to support FDI. If the sunk cost as a fraction of fixed cost is not too high, the firm could
switch back to exporting in case of low demand. From the role of exporting as a learning
process, even a small fixed cost can easily deter FDI as a natural consequence of his model’s
assumption. In our model, firms are involved in exporting before they face change of market
demand, but demand uncertainty is resolved by nature. In addition, the concept of uncertainty
differs between two models. In Saggi’s model, the uncertainty about demand is represented as
the probability that the true value of demand parameter turns out to be either a low value or a
high value without reflecting the variability of demand. To the contrary, in our model, the
unpredictability associated with attitude toward risk, independently of the level of demand,
plays a crucial role in explaining firms’ behavior.

Using a different approach and model set-up, Itagaki (1991) develops the model of MNE;
FDI is not endogenously chosen, but is initially done by the firm and exporting is an option in
the second period. The basic assumption is that a multinational firm maximizes the expected
utility of total global profit over domestic output and host country output, and international
trade occurs only between MNE’s parent firm and foreign subsidiaries. The main results
suggest that efficient allocation of capital is still achieved under demand uncertainty in the
presence of an MNE, but a risk-averse MNE may invest less and produce less total output
than a risk-neutral MNE. The effect of firm’s risk-averse nature on resource allocation

introduced in Itagaki’s article is applied to our model. In his paper, however, timing is not
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explicitly modeled and international trade does not refer to trade as a substitute for FDI; it is
only arm’s length transaction in his model.

The main issue addressed in this paper can be compared to Smets’ (1993) model. The
major implication of duopoly case has a discrepancy between two models, whereas it is quite
similar for monopoly case. The main motivation of FDI in his paper is relatively low wage of
production in the East (low-income host country) compared to the West (high-income source
country). Using optimal stopping time model approach, Smets argues that the presence of
uncertainty creates an option value of waiting for the follower, allowing the leader to preempt
the market. This idea is also proposed by our model in which sequential leader-follower
equilibrium develops endogenously due to the uncertainty about demand. In Smet’s model,
however, higher uncertainty will make asymmetric equilibrium more likely. Moreover, the
sequential FDI occurs only if demand is sufficiently low compared to investment cost. The
intuition behind this argument is that if demand is sufficiently high, both firms will be
involved in FDI and first-mover advantage will disappear, and vice versa. This implication is
a contrast to our model. In our model, asymmetric FDI equilibrium occurs only for
sufficiently low level of uncertainty and sufficiently large demand. The presence of
uncertainty matters because it causes the sequential movement game, but the magnitudes
should be small in order for the leader to invest earlier. The difference may be due to the
assumption of his model that firms can collude on the timing decision though not on output
decision. In this paper, except the assumption of Cournot leadership game, the possibility of
cooperative outcome is excluded, which prevents simultaneous FDI equilibrium in the first

period.

3. Benchmark Case: Monopoly

Initially, we consider the case with a monopoly as our benchmark model. The entire market
share of a foreign country is assumed to be dominated by one multinational enterprise. In the
presence of uncertain demand, there are four periods: t=1 through t=4. The first period is the
time to make an investment decision. Before t=1, the firm is an exporter. At the beginning,

the firm faces decision on whether to switch to FDI or to wait based on its belief on demand

parameter. 0 denotes a true demand parameter, and is assumed to be constant during period

1 through 4, though it may be changed from period 0 to 1. Under uncertainty, 6 isunknown

to the firm at the first stage (t=1). The uncertainty is resolved during t =2 and is observed by
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the firm. In the third period (t=3), the firm decides whether to invest, if it did not invest at t=1,
or to keep exporting. At t=4, the firm will produce output via FDI or exporting. Note that the

duration of each period may vary across periods. For example, delay in making an FDI
decision may be only temporary if the second period is very short: if 0 is revealed shortly.
The inverse demand function is
pZD(é ;%) =0 —x
where p is the price of the good, 0 isan intercept term, x is an output produced by

monopolist at t=4. 0=0+¢, where 0 is an expected demand parameter and ¢ is a

2

disturbance term, where the variance o® represents the uncertainty about demand. Given the

assumed distribution of &, 6 is normally distributed-6~ N (0,0°). FDI incurs initial fixed
cost F and marginal cost is assumed to be zero, while exporting incurs marginal cost of
production, c. Focusing on the determinant of the investment decision, we assume that the
goal of the firm is to maximize its expected value, not its profit. The key assumption in this
section is that the monopolist is risk averse. Although the uncertainty about demand may not
directly lower the firm’s expected profit, it will ultimately discourage the investment decision
because a firm wants to avoid uncertainty of incurring potential loss in relation with sunk cost.
To reflect the firm’s concern about the negative effect of uncertain demand, the objective
value function includes the variance of profit multiplied by risk aversion as an additional term.

The firm’s expected value EV is expressed as’
EVF =R(xF,0)—F —yo?(xF)?, when the firm decides to switch to FDI
EV¢ = R(x°,0)—cx®-yo?x°)*, when the firm decides to keep exporting
where R denotes an expected revenue function, y is a parameter for risk aversion. The

superscripts F and e of x indicate that x is a product of FDI and exporter respectively. The

firm’s objective function throughout all periods is
EV =maxKVe EyF
Naturally, we assume that the expected demand parameter is greater than costs; otherwise,

both exporting and FDI will never be profitable. In the sections that follow, we will start from

the simple case of perfect foresight and will further analyze the case of uncertain demand.

° See Appendix 1 for derivation of the monopolist’s expected value function.
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3.1.Perfect Foresight

We assume that at the time of investment decision, the monopolist has full information
about future demand. In the absence of uncertainty, there is no role for multiple stages
because waiting does not have option value; there is no difference between payoffs across
different periods under a monopoly. Thus, the firm’s choice is whether or not it will switch to
FDI. The firm will choose the quantity of output that will maximize its expected ex ante
payoff of FDI or exporting. The firm will invest if its expected payoff of FDI exceeds that of

exporting, and it occurs when the demand parameter exceeds a certain level. Taking

~

expectation®, =6

EVF>EV when 9>%+27F 1)

3.2. Uncertain Demand

With uncertainty about demand, contrary to the previous section, there is a possibility that
investing is more costly in period 1 rather than period 3 because of irreversible sunk cost and
risk aversion of the firm. Thus, there exists an option value of waiting and the role for
multiple stages. If we assume that there is no potential entrant to the host market in any stage,
there is no strategic preemptive value from investing earlier before the true demand
parameter is observed. The incumbent firm does not have incentive to switch to FDI in period
1 unless the expected demand is large enough to satisfy

0 > %+%(l+7o-2) ()

The proof of above inequality is as follows. In the presence of uncertainty, the monopolist’s

expected value from exporting EV® = R(x,0)-cx—yo’x* is maximized when
)2
x=9;czan EVe = (0—0)2, while the output and the expected value from FDI
2(0+yo”) 4(+yoc?)

_ 0 r_ o?
arex=——— and EV =
2(1+yoc?) 4(1+yc?)
2 2
0y 0=
4(1+ 70'2) 41+ 70‘2)

—F. Solving the inequality condition for decision

making, EVF > EV¢ o , 1t 1is straightforward to obtain

2
0> %4_% . The condition (2) holds for o°>0 and the equation (1) can hold for the

case of perfect foresight where o’= 0.

% See the proof in section 3.2. The inequality (1) is the special case of (2) where 6° =0.
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As with the case of certain demand, (2) holds for uncertain demand; if demand hits the
threshold level of demand to switch to FDI, the firm will invest in period 3. If the uncertainty
is high, however, it will be more difficult to expect that demand will be above the threshold
level demand and the firm is more likely to choose to wait in period 1 and make a decision on
entry mode at the third stage, depending on the level of revealed true demand. (Note that
production is not assumed to take place until t=3.) To sum up, compared to the case with

perfect foresight, the uncertainty may delay monopolist’s investment process.

4. Model: Duopoly
Under a duopoly, firms are engaged in strategic decision making. As in the benchmark case,

we will analyze a firms’ choice first under certain demand and later under uncertain demand.

4.1.Perfect Foresight

When perfect foresight is assumed, firms are engaged in game under no uncertainty about
demand parameter.
4.1.1. Assumptions
1) Two firms are identical MNEs: homogeneous in technology, cost function, location of
headquarter and plants, productivity and size. Firms are assumed to be equally risk averse.
They are multinational enterprises that have experience of FDI in other countries, but they
have been only exporting to the specific host country in our model. We do not consider the
possibility of taking the host country as FDI-platform for re-exporting to the third country’.
FDI in this paper refers to the circumstance where MNE builds the branch plant in the host
country to produce and sell the same product as they exported to the host country consumers.
2) We do not consider domestic firm as a potential entrant in the model. MNEs are assumed
to take entire market share of an industry of a specific good x which can be produced only
by MNE’s own superior technology and firm-specific activities. (Horstmann and Markusen,
1987) The MNEs’ firm-specific advantage is often identified as entry barriers to domestic

firms®.

" The relationship between FDI and exporting may be either substitution or complementarity. Head and Ries
(2004) suggest that empirical evidences supporting the complementarity from vertical linkages between
upstream export and downstream FDI do not contradict the theoretical prediction of substitution at product level.

For example, the Canadian beer multinational Hiram Walker could maintain market share and successfully
restrict entry of competitors to U.S. beer market by establishing extensive networks of distributors using their
internationally recognized brand names. (Rugman, 1996)
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3) The inverse demand function is assumed to be
p=D(0;x)=0-x, X =x +x,
where p 1is the price of the good, 6 is an intercept, x, is an output produced by

firm 1, and x; is output of firm j.

4.1.2. Game
Both firms are involved in pure strategy game: the probability of choosing strategy is one

or zero. Each firm is maximizing its expected value EV which is expressed’ as
Max EVF =R(x",0)—F—yo?(x")?, when the firm i decides to switch to FDI
Max EV¢ = R(x%,60)—cx® —yo?xf)*, when the firm i decides to keep exporting

where R denotes an expected revenue function, y 1is a parameter for risk aversion. The
superscripts F and e of x, indicate that x, is firm i’s output from FDI and exporting
respectively. As there is no uncertainty about demand, expected value of a firm can be
derived using 6 = @ and o= 0. Without further assumption that one firm is to be a leader
while the other a follower in FDI, there is no role for multiple stages. Their entry modes are
either switching to FDI or exporting in the same period. Thus, the game is a simultaneous
move game and firm i decides on the mode of entry based on its belief about firm j’s choice
on entry mode.
Equilibrium
In the duopoly model, the strategy pair (k,,k",) is a Nash equilibrium if, for each player #,

EVE® x; » EVP X x,
where &, = switch to FDI, or export by player 4 (=i or, j) and x, is an expected

output produced by firm h. Given FDI by firm j, firm 1’s strategy is to choose entry mode that
can satisfy max{EV"(x",x]),EV (x;,x])} with respect to x given parameter values.
From the assumption about the identical firms, this occurs to firm j’s strategy symmetrically.
Likewise, given no FDI by firm j, firm i’s choice is to switch to FDI or keep exporting
according to max{EV"(x,x), EV (x;,x;)} with respect tox, . This strategy is also applied

to firm j.

7 See Appendix 1 for derivation of expected value function.
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Depending on firm’s strategies, three different scenarios are plausible.'’

1)  Both firms switch to FDI.

gvi —gvr - % f
1 J 9

2) Att=l, one firm is engaged in FDI while the other firm remains an exporter.

_ (O+c)*

EVF F
' 9
EVe (6_20)2
i -9
3) Both firms keep exporting.
e _ e _ (‘9_6)2
EVE = E Vj =5

In the simultaneous duopoly game with no uncertainty of demand, let parameter 6 be

determined as a solution to equation (3) when firm j is expected to invest.

2 _ 2
EVF = %_F _ (9%: EV¢ 3)

Also, let parameter ¢ be determined as a solution to equation (4) when firm j is expected to

export.
F_ (0+c)? (@—c)
Evi= Y9 "% = Fype 4)
! 9 9 !
Then, it is straightforward to show that 8 =¢ +Z—IZ > Z—IZ =C.

Proposition 1

1) For @ > 0 in the simultancous duopolistic game, there is a unique Cournot-Nash
equilibrium in which both firms invest.

2) For ¢ .. .3, there exist two Nash equilibria; one firm switches to FDI and the other
firm remains an exporter.

3) For @ < ¢, there is a unique Nash equilibrium, in which both firms choose to keep
exporting.

See Appendix 3 for proof.

10 See Appendix 2 for derivation of expected values.
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4.2. Uncertain Demand

This section explores the strategic choices between two MNEs on optimal timing to switch
to FDI. In contrast to the benchmark model of a monopoly, where a firm does not invest in
period 1 under uncertainty, for small uncertainty, each firm in the duopoly model has an

incentive to invest earlier than its rival to preempt the other firm.

4.2.1. Assumptions

1) The assumptions on the nature of two MNEs are same to section 4.1.1. Two firms are
identical MNEs: homogeneous technology, cost function, location of headquarters and plants,
productivity, and size. Firms are assumed to be equally risk averse. The possibility of taking
the host country as FDI-platform for re-exporting to the third country is excluded.

2) We do not consider domestic firm as a potential entrant in the model. MNEs are assumed
to take the entire market share of an industry of a specific good x which can be produced
only by MNE’s own superior technology and firm-specific activities.

3) The inverse demand function is assumed to be
pzD(é;X):é—X, X =X +x,
where p is the price of the good, @ is an intercept, x, is an output produced by firm i,

x; is an output of firm j. Contrary to the assumption of extensive literature on investment
timing (Sadanand and Sadanand, 1996, Pal, 1991, Mailath, 1993, Maggi, 1996, and Daughety
and Reinganum, 1994) that investments are immediately productive, we assume that
production lags the investment decision period. As often described in typical examples of the
Stackelberg leadership model, a leader has a first-mover advantage over the follower by
limiting the follower’s output relative to what it would have been in a simultaneous Cournot
equilibrium. Temporal asymmetry from a sequential move game results in a larger
profitability for the leader. With this assumption, under high demand, early investment will
lead to more profit for a leader than that for a follower. When there is a sufficient amount of
uncertainty, however, it is possible that a risk-averse follower’s expected payoff is greater
than that of the leader, distinguishing the result of our model from the conventional
Stackelberg model in which the leader’s payoff is always higher than the follower’s. For

simplicity, we assume that all fixed costs are sunk.

4) As before, 0=0+¢ represents demand parameter for the firm’s product.

5) Timing of players: We assume that the game has four periods; t=1 through t=4. The true

12



6 is constant over t=1 through t=4. It is assumed that at t=0, both firms have been exporting.
At t=1, each firm faces the decision whether to switch to FDI or take a wait-and-see strategy
based on its belief about the expected value of the demand parameter as a function of belief

about the other player’s expected payoff. The decision to invest incurs sunk cost. By

A

assumption, & 1is uncertain at t=1. The uncertainty is resolved at t=2, when 6 is observed

and becomes common knowledge. At t=3, firms make the choice whether to invest or remain
as exporters, provided they did not switch to FDI during the first period. In this period, firms
that committed to FDI start producing. In the fourth period, firms that made late decision on
entry mode produce output. The amount of production depends on the firms’ decision in the
earlier periods. The firm that switched to FDI first is assumed to be able to produce output
before the follower produces. Thus, leader-follower relationship in investment holds for the
relationship between two firms in producing output.

6) The expected value functions'' of firm h are defined as

ks -z
EV,” =max E[-e "]

where h={i, j}, —h=rival of h, k={F,e} where F is FDI and e stands for
export, and s=1{/, f} where [ denotes the leader and f denotes the follower.

The firm’s profit 7%] is expressed as

#F =R(x,¥,0)-F, when the firm h decides to switch to FDI

7°¢ = R( xheé ¥ c¢x, when the firm h decides to keep exporting
where R denotes an expected revenue function. The superscripts F and e of x, indicate

that x, isa product of FDI and exporter respectively.

4.2.2. Game

Period 1: Decision on early FDI

As with the case for perfect foresight, the firms are engaged in pure strategy game. If a
firm switches to FDI based on its expectation on higher demand, it has to incur a sunk cost at
t=1. Since the sunk cost is assumed to be irreversible, it has two effects. On the one hand, as

1s demonstrated by Dixit (1979), the commitment to irreversible investment generates a first-

' See Appendix 4 for more detailed derivation of expected value function.
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mover advantage; a preemptive value, since the leader’s sunk cost is a signal of commitment
to FDI in the future, the follower takes its rival’s output as given and the resulting profit of
the leader will outweigh that of the follower by taking larger market share. Thus, the
preemptive value urges firms to invest earlier than their rivals. In our model, however, firms
are not assigned to be a leader or a follower at the beginning because they are identical by
construction. When leadership equilibrium is the equilibrium, one firm happens to be a leader,
while the other firm is a follower. Firms can opt for three types of behavior. One firm either
chooses FDI in period 1, waits and invests, or waits and exports at t=3. On the other hand,
combined with the irreversible sunk cost, uncertainty creates an option (flexibility) value of
waiting for FDI. In the case of switching to FDI in period 1, the firm may lose the
opportunity to invest in the foreign market later at second period under possibly a more
favorable environment: if actual @ turns out to be high, at t=3, the firm can decide to switch
to FDI or to keep exporting otherwise. Thus, the high uncertainty of demand in the host
country will make waiting option more attractive: the higher the uncertainty, the higher the
option value of waiting. When a firm chooses FDI in the first period, to compensate for the
loss of option value, the expected demand should be sufficiently high as the uncertainty
increases.

Period 2 and 3: Choice of Nature and the late decision on entry mode

At t=2, the uncertainty about demand is resolved. Based on the realization of 0 , the

leader at t=3 makes decision on output and produce and the follower in t=3 can choose either
to invest or continue to export. In case of sequential entry, the output of the first mover is set
after it observes the realized demand parameter. Since it is already committed to FDI in the
first period, it will still act as a leader even if the true demand parameter turns out to be lower
than expected. Taking this leader’s output as given, the follower will make output decision. If

both firms do not invest in period 1, their choice at t=3 is either to switch to FDI
simultaneously or keep exporting depending on the level of 6 , and each firm will set their

output taking its rival’s output as given.

Period 4: Production period

At t=4, a follower in FDI or export starts producing and the profit is realized.

4.2.3. Equilibrium

In this section, we describe the Nash equilibrium of subgame and subgame perfect Nash
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equilibrium (SPNE) of the full game by backward induction. Conditional on FDI decision on
the output committed to by the firm which chose to invest, and on the realized value of 0,a
Nash equilibrium of a subgame is defined. Denote by X, (x_, ,é), the subgame reaction
function of firm / to its rival’s strategy. A Nash equilibrium of a subgame starting at t=3 is
a combination of the firms’ strategies that generate a pair of outputs (x;,x",) that is
determined by the intersection of the two subgame reaction functions. If there is no FDI by

both firms in the first period, there can exist three different equilibria of the subgame.

Provided that firm j waits and invests, firm 1i’s best-response function of FDI is
then Xff ' (xjf) =argm%x(é—xf 7 —xff )xl.Ff —F  taking firm j’s output as given. The reaction

function of firm j is the same provided firm j believes that firm 1 will wait in t=1 and invest at
t=3. For linear demand, there is a unique intersection of these reaction functions by each firm

at Cournot output in this case. Thus, the equilibrium output of the subgame is determined at

). If firm 1 expects firm j to export at t=3, firm 1’s reaction function of exporting is

(

2

(SSTRNAN
(USTRN N

of () = )— v — o _ o\ T : : :
X7 (x; )—argm)?x(é? X/ =x{ —c)x and this is true to firm j. There is a unique

A

intersection of these reaction functions at the outcome ( %) , the standard Cournot

6—c
3 b
equilibrium of the subgame. If firm i expects firm j to export at t=3, while it chooses to

produce by FDI, firm i’s reaction function at t=3 is X/ (x¢) =argmax(0—x" —x{)x" —F
X
and firm j’s reaction function in t=3 becomes X¢ (x/”) =argm;€1x(é —x¢ —x/7 —c)x¢ yielding

O+c O-2c

equilibrium output (T’T ). Now consider FDI by either firm at t=1. In this situation,

the first mover becomes a leader and the other follower. Given firm 1 (leader) switches to FDI
while firm j (follower) waits at t=1 and chooses to invest at t=3, firm j’s best response
. . :s : Ff (FI\ _ N Fl _ L FfNFf _ ; T wi
function given firm i’s output is X7 (x; )-argm}gx(@ x; —x;)x;) —F . Firm i will take
into account firm j’s reaction function in determining it’s own output at t=3, i.e., firm i

solves X/'(X[") = argmax(f—x" — X T (x")x"—F . The intersection between two
k .

A A

reaction functions produce asymmetric leader-follower outcome (g,g). If firm 1 invests at

t=1 and firm j waits and chooses to export, firm j’s best response function given firm 1’s

15



output is X¢(x” ):argm;glx(é—xf '—x¢ —c)x{ Then, firm 1i’s output will solve
XX f"'):argm}?x(é—xf "= X (x["))x" —=F . The equilibrium outcome of the subgame

O+c 0-3c
27 4

will be ( ).

Definition 1: In our model set up, the investment strategies available to each firms are the
different modes of entry that it will choose at time t=1 or at t=3. The investment strategies are
determined based on the expected value'® of future profit. In the duopoly switching time
model, the strategy pair (k,,k",) is a subgame perfect Nash equilibrium (SPNE) if, for each
player 4 and for each subgame,
EVi@E, 75 2 EVP A 7
where k, = FDI at t=1, FDI at t=3, or export by player A (=i or, j) and 7, is a
random profit that will be realized after the true demand parameter is revealed.

Given no FDI by firm j at t=1, firm i’s strategy is to choose entry mode and timing of
action that can satisfy max{EV;"” (ﬁ'f) LEVY (ﬁf{ ), EVY (frjf)} according to parameter
values."” From the assumption about the identical firms, this occurs to firm j’s strategy
symmetrically. Likewise, given ex ante FDI by firm j, firm 1’s choice is to switch to FDI at
t=1, t=3 or keep exporting according to max{EV"(z["),EV" (z""),EV(x"")} . This
strategy is also applied to firm j. Below, we define two types of ex ante FDI by the timing of
entry via FDI.

Definition 2: We say firm i commits if it invests at t=1 and it delays investment if it waits at
t=1 and switches to FDI at t=3.

In a Commit-commit equilibrium, both firms switch to FDI in the first period. In a
Commit-delay equilibrium, one of the firms commits, while the other firm delays FDI. In a
Commit-export equilibrium, one of the firms commits, while the other waits and exports in
the third period. In a Delay equilibrium, both firms delay investments until t=3. In an Export
equilibrium, both firms wait and export at t=3, and in a Delay-export equilibrium, one firm

waits and invest and the other firm waits and exports at t=3.

Expected payoff, EV/} (7,)of each firm can be determined in the context of six possible

% See Appendix 4 for derivation of the expected value function.
13 Here, we need condition that f>c. Otherwise, P = 0-X=0 for O<c , neither firm will produce x;, >c.
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scenarios.

1) Firm i switches to FDI in the first period and firm j invests at t=3.

2 2
gyr -9 _—F-Llin(w2%
8+yo 4 8
2 2
Eve —— 9% p 2o
7 16+y0? y 16

2) Assuming Cournot-type leadership, both firms switch to FDI in the first period.

2 2
4 —F—lln(H%

EVT = EV" = ——
9+yo 4

! J

3) Firm i switches to FDI in the first period and firm j remains an exporter in period 3.

2 2
_ (9+c)2 —F—lln( i
8+yo v 8

EV

a2 2
gy -0=39° 30)2 LS STy Ca
" 16+y0” ¥ 16

4) Both firms wait in the first period and switch to FDI in period 3 yielding Cournot-Nash

output.

2 2
& —F—lln(1+7/%)

EVY = EVF -
' ! 9+ yo? y

5) Both firms wait in the first period and one firm invests and the other firm keeps

exporting in the third period.

E VFf

i

2 2
- (9+C)2 —r-Yna+ 29
9+yo /4 9

_ 2
gye - 0=2) lj—lln( W’
! 9+yo” v 9

6) Both firms wait in the first period and remain exporters.

2 2
Eve = gve = 07 Ly, 79
! I 94yo* v 9
Define y,07 so that it solves
2 2 2 2
O linas?oy = 0 _Liphae 79,
8+yoc* ¥ 8 9+yoc* 7 9
y,0; satisfies

" See Appendix 4 for derivation of profit and expected value for scenario 1), leader-follower game.
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2 2
O p-lina. 2o = @2 _11 a+22-
8+yo /4 8 9+yoc? 9
y,0; satisfies
2 2
Oxey 1y, 200y O+ 1y, 797
8+yo* ¥ 8 " 9+yc* 7 9
y,0; so that it solves
(¢9+c)2 1 76 CE c) 1 yo?
1+ 1 1+
8+}/02 ( )= 9+yc? ( 9 )
y.o: that solves
2 2 2
e—z—lln(HyU y= 0 _—Lin na+ 2%
O+yo” ¥ 9 16+yc* 7 16

Simple algebra will show that y,67 < y,07 and y,0; < y,0;

Define &' such that it solves equation

0 1 (0=3¢) _1,
——F—In(+2%) = n(l+ 5
16+yc? /4 ( ) 16+yc? In( 16) ©®)
6" is determined as a solution to equation
6? 1 yo? CE 2c) 1
—~F——In(1+ = ——In(+2% 6

9+y0? 14 ( 9 ) = 9+yc? ¥ ( 9 ©)

6" is determined as a solution to equation
2 2 2 2
Ore) _p_Linqe290y 2 0= Ly, 797, %
9+yo ¥ 9 9+yoc* ¥y 9

3c (16+}/G F O = c+(9+y02)F

Then, it is straightforward to show that 6'= 2 6o e

_ (O+yorHF

0" ="—%

. Thus, the inequality 0" <" <0' holds.

Proposition 2

1) For 8 > 8 and yo’ < y,07 in the duopolistic switching time game, there are two
pure strategy equilibria (Commit-delay equilibrium); one firm commits, the other firm delays
FDI until the third period.

2) For 0 > 6 and yo’ < y,0 in the duopolistic switching time game under the
assumption of Cournot type leadership, a Cournot-Nash equilibrium can occur; both firms
commit to FDI at t=1.

3) For 8 > & and yo’ > y07, there is a unique Cournot-Nash equilibrium. Both firms
18



wait and switch to FDI in period 3 simultaneously, i.e., Delay-delay equilibrium.

4) For 0" < 0 <@ and yo’ < o7, one firm invests in the first period and the other
firm chooses to wait and keep exporting in the second period, i.e., Commit-export
equilibrium.

5) For 8" < 8 <6 and yo’ > y07, both firms wait and invest at the third stage, i.e.,
Delay-delay equilibrium.

6) For "< 0 < 0" and yo’ < y,0;, one firm invests in the first period and the other
firm chooses to wait and keep exporting in the third period, i.e., Commit-export equilibrium.
7) For 8"< 8 < 6" and yo’ > y,07, one firm waits and invests in the third period and
the other firm chooses to wait and keep exporting in the third period, i.e., Delay-export
equilibrium.

8) For O < 8" and yo’ < y,07, one firm invests in the first period and the other firm
chooses to wait and keep exporting in the third period, i.e., Commit-export equilibrium.

9) For 8 < 8" and yo’ > y,0;, both firms wait and export in the second period, i.e.,
Export equilibrium.

See Appendix 5 for proof.

Interesting features are worth noting in the analysis of equilibrium. All sequential move
equilibria (Commit-Delay or Commit-export equilibrium) occur for small amounts of joint
value of uncertainty and risk aversion. In particular, Commit-Delay is an equilibrium strategy
for sufficiently large demand and small uncertainty. Commit-export equilibrium is SPNE for

0 < @' as long as the uncertainty and coefficient of risk-aversion is small. In contrast,

except Commit-Commit equilibrium, all simultaneous move equilibria (Delay equilibrium,
Delay-export equilibrium, or Export equilibrium) exist under sufficiently large uncertainty.
This implies that the choice of the timing of action is mainly affected by the effects of
uncertainty about demand and the firms’ attitude toward risk. Note that the effects are joint
effects of two factors; the amounts of value may be due to the level of uncertainty, the level
of risk-aversion, or both.

Regarding the choice on the mode of entry, besides timing, the result of this section can be
compared to the benchmark case of monopoly. As a natural consequence of trade-offs
between higher marginal cost of exporting and the irreversible plant-level fixed costs of FDI,
a monopolist will switch to FDI only when demand is sufficiently large, remaining an
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exporter otherwise. For a duopoly game, however, a firm can choose commitment to FDI
even under smaller demand parameter conditions than are required in the monopoly case,
given the uncertainty is small and the other player is believed to keep exporting as a follower.
(See proposition 2. case (9)) For the monopolist to invest in the first period, the threshold
level of demand is high and the expected demand should be substantially high enough to
compensate for the opportunity loss of option value of waiting created by uncertainty. In
duopoly’s case, however, the loss of option-value can be offset by the gain from preemptive-
value which is also created by uncertainty. Even for a small demand, preemptive-value by
commitment to FDI can bring a larger profit for a leader by limiting output and profit for the
follower, thus a firm has an incentive to switch to FDI given the other firm waits.

These results are also compared to Sadanand and Sadanand (1996). Their two-stage
duopoly model implies that, for sufficiently small amounts of uncertainty, asymmetric leader-
follower equilibrium may arise, partly supporting the argument of proposition 1 and 2 in this
paper. However, their result contrasts the exclusion of symmetric equilibrium under small
uncertainty in our model. In S&S, symmetric Cournot equilibrium at t=2 occurs at any
amount of risks, while in our model, it obtains usually when the uncertainty about demand is
sufficiently large. For a small uncertainty, the symmetric equilibrium is replaced by

leadership equilibrium in our model.

5. Conclusions

In this paper, we analyze exporters’ decision on switching time to FDI for given condition
of market structure, demand parameter, and uncertainty. In our model, the uncertainty about
demand determines the nature of the game. In the absence of uncertainty, there is no option-
value of waiting that Nash equilibrium consists of simultaneous-move equilibrium and the
demand level is the only criterion for investment decision. We find, however, that introducing
uncertainty creates both option-value of waiting and preemptive-value of commitment, and
thus the game has multiple stages and the trade-offs between two values affect the
equilibrium of the game. The low level of uncertainty to the switching time model of duopoly
increases the preemptive-value of commitment that can allow asymmetric sequential
equilibrium to occur as subgame perfect Nash equilibrium. Here, of course, firms should not
be overly risk averse. The more risk averse the firm is, the less likely that a firm has an
incentive to preempt the market even for a small uncertainty. Symmetric Cournot-type

equilibrium is derived if the uncertainty is sufficiently high (This argument is visually
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summarized in Figure 1).

Figure 1. Equilibrium under Demand Uncertainty'®

Yo

Export  [Delay-export

Delay
Y05
%oy
Commit-export Commit-Delay
(Commit-Commit)
9!" 0" 0’ 0

Our model can be extended in several ways. First, we assume that entry barrier in
oligopoly can be maintained by MNE’s firm-specific advantage over domestic firms. But
what if the domestic firms in developing countries can catch up with MNE’s technology and
penetrate the market through learning or knowledge spillovers from inward FDI?'® It might
be an interesting extension, if MNEs are assumed to face the potential threat of entry by
domestic firms, though the analysis could become more complicated. Second, introducing a
learning process to obtain knowledge about demand can alter the result of the model. For
simplicity of the analysis, this paper assumed that firms are involved in rational expectation
and the demand uncertainty is resolved by nature in the second period. If the uncertainty is
assumed to be resolved only through learning-by-FDI (either by rival or the firm itself), the
equilibrium is likely to be determined depending on the probability of deviation of an
estimation from the true value. Third, firm productivity may affect the timing of FDI. In their
empirical analysis, Miithlen and Nunnenkamp (2009) find that firm productivity matters for

self-selection of FDI by German firms while it declines over time with diminishing

' This diagram describes equilibrium under the assumption that y,o; = 7,6” . The region of export equilibrium

2

may be varied according to the size of y,o; compared to y,c7 which is determined by the relative size of fixed

cost of FDI to marginal cost of export, i.e., if y,o; > y,07 , the export region will shrink. Likewise, under the
assumption of Cournot leadership, the commit-commit equilibrium region is determined by the amount of joint
effect of uncertainty and risk aversion y,o; (not indicated).
'% There is a famous anecdote about Bangladesh stating that few multinational incumbents caused the boom in
textile industry after the labor-turnover and technology transfer to domestic firms. (Hausmann and Rodrik,
2003)
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uncertainty in the Czech Republic. Incorporating firm heterogeneity into the optimal timing
of FDI'" under uncertainty may provide rich implication for industrial reallocation. Lastly,
provided that information on the timing of investment conducted by two rivals are available
in firm level data, the application of our theoretical background to empirical test will generate

strong support for our model.

' See also Raff, H., M.J. Ryan and F. Stihler (2008)
22



References

Aizenman, J. and Marion, N. (2004), “The Merits of Horizontal versus Vertical FDI in the
Presence of Uncertainty”, Journal of International Economics, 62, 125-148.

Buckley, P. and Casson, M. (1981), “The Optimal Timing of a Foreign Direct Investment”,
The Economic Journal, 91 (March), 75-87.

Das, S.P. (1983), “Multinational Enterprise under Uncertainty”, Canadian Journal of
Economics, 16, 420-428.

Daughety, A.F. and Reinganum, J.F. (1994), “Asymmetric Information Acquisition and
Behavior in Role Choice Models: An Endogenously Generated Signaling Game”,
International Economic Review, 35, 795-819.

Dixit, A. (1979), “ Model of Duopoly Suggesting a Theory of Entry Barriers”, Bell Journal of
Economics, 10, 1, 20-32.

Dowrick, D. (1986), “von Stackelberg and Cournot Duopoly: Choosing Roles”, RAND
Journal of Economics, 17, 251-260.

Dunning, J. (1993), Multinational Enterprises and the Global Economy, Wokingham,
Addsion-Wesley

Hausmann, R. and Rodrik, D. (2003), “Economic Development as self-discovery”, Journal of
Development Economics, 72, 603-633.

Head, K. and Ries, J. (2004), “Exporting and FDI as Alternative Strategies”, Oxford Review
of Economic Policy, 20, 3, 409-423.

Helpman, E., M. Melitz and S. Yeaple (2004), “Export Versus FDI with Heterogeneous
firms”, American Economic Review, 94, 1, 300-316 (17).

Horstmann, [.J. and Markusen, J. (1987), “Strategic Investments and the Development of
Multinationals”, International Economic Review, 28, 1, 109-121.

Itagaki, T. (1991), “A Two-Step Decision Model of the Multinational Enterprise under
Foreign Demand Uncertainty”, Journal of International Economics, 30, 185-190.

Maggi, G.. (1996), “Endogenous Leadership in a New Market”, RAND Journal of Economics,
27, 641-659.

Mailath, GJ. (2003), “Endogenous Sequencing of Firm Decisions”, Journal of Economic
Theory, 59, 169-182.

Markusen, J.R. and Venables, A.J. (2000), “The Theory of Endowment, Intra-Industry and

23


http://bert.lib.indiana.edu:2094/content/aea/aer

Multi-national Trade”, Journal of International Economics, 52, 209-234.

Miihlen, H. and Nunnenkamp, P. (2009), “FDI by Early Movers, Followers and Latecomers:
Timing of Entry by German Firms during Transition in the Czech Republic”, Working
Paper, Kiel Institute for the World Economy, No. 1571.

Nicholas, S., W. Purcell, D. Merritt and A. Whitwell (1994), “Foreign direct investment in
Australia in the 1990°s”, University of Melbourne working paper.

Pal, D. (1991), “Cournot Duopoly with Two Production Periods and Cost Differentials”,
Journal of Economic Theory, 55, 441-448.

Pacheco-de-Almeida, G. and Zemsky, P. (2003), “The Effect of Time-to-Build on Strategic
Investment under Uncertainty”, RAND Journal of Economics, 34, 1, 167-183.

Raff, H., M.J. Ryan and F. Stdhler (2008), “Firm-specific Characteristics and the Timing of
Foreign Direct Investment Projects”, Review of World Economics, 144, 1, 1-31.

Rob, R. and Vettas, N. (2003), “Foreign Direct Investment and Exports with Growing
Demand”, Review of Economic Studies 70, 629—-648.

Rugman, A. (1986), “The Role of Multinational Enterprises in U.S.-Canadian Economic
Relations”, Columbia Journal of World Business, 21 (2), 15-27.

Sadanand, A. and Sadanand, V. (1996), “Firm Scale and the Endogenous Timing of Entry: A
Choice between Commitment and Flexibility”, Journal of Economic Theory, 70, 516-
530.

Saggi, K. (1998), “Optimal Timing of Foreign Direct Investment under Uncertainty”, in
Globalization and Regionalization: Strategies, Policies, and Economic Environments,
International Business Press

Smets, FR. (1993), “Essays on Foreign Direct Investment”, Unpublished Ph.D. Dissertation,
Yale University, New Haven, CT.

Yu, C-F.,, Chang, T-C., Fan, C-T. (2007), “FDI Timing: Entry Cost Subsidy versus Tax Rate
Reduction”, Economic Modelling, 24, 262-271.

Ziacik, T. (2001), “Foreign Direct Investment in Transition Economies: Exploring the Effects
of Uncertainty and Heterogeneity on Investment Timing”, Unpublished Ph.D.

Dissertation, Indiana University, Bloomington, IN.

24



Appendix 1: The Derivation of a Monopolist’s Problem

When we assume CARA (Constant Absolute Risk Aversion), the monopolist’s problem with
respect to FDI output becomes

Max[p &)= [ETf0F
where r 1is a coefficient for risk aversion.

From the assumptioné~N(9, 0’ )=0+¢,c~N(0,0%)

—1r((@—x)x+ex—F
Max E[—e (6=x) )]
X
2
£
+00 -
_ _ J‘ e—r((@—x)x—b—é‘x—F) 1 e 262 de
— 0 2o’
2
+00 p —-£ 5 —rxe
—r((0-x)x—F
S e 1 200 gy
—o 2706°
+00 —L(52+2r02x5+r204x2—r264x2)
—r((O—x)x—F 2
_ _ r@0xF) 1,2 de
—o N27mo
+0 (e+ro?x)? 25452
_ e—r((@—x)x—F)( J' 1 2 202 de) e2o?
o N 27O
lr262x2

— _e—r((e—x)x—F)ez

= —exp[-r((0—x)x—F "2

Thus, the problem is equivalent to
ng (0—x)x—F—#
= @—-x)x—F—-yo’x’
where y = %
By similar process, the monopolist’s problem when it exports becomes

anx (@—x)x—cx—yo*x*, where y= %

Appendix 2: The derivation of duopolists’ expected value under perfect foresight

If both firms commit to FDI, then firm i’s problem is

Max EV =(0—x,—x,)x,—F
OEVF
ox;

1

F.OC)

=0-x,—x;,—x,=0
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l 7 firm 1’s best response function (1)

e\2
S00) a(‘aEz—’;{) —_2<0

Firm j’s problem is

Max EV =(0—x,—x,)x,-F

roc) 9EV

ox, =0-x—x;-x, =
0—x . )
X, == i;  firm j’s best response function (2)
O(EVT)?
socy EVY_ 5o
0°x,
From intersection between reaction function (1) and (2),

.. 0 6°

=x==, EV' =EV ="-F
X, .X/ 3 N ; j 9

If one firm (i) is engaged in FDI while the other firm (j) remains an exporter, firm i’s problem
1s

Max EV' =(0—-x,—x,)x,—F
Foc) 9BV

0—x.
X, = 2xf ;  firm 1’s best response function  (3)
e)2
socy EVD _ 5.9
0°x

i

Firm j’s problem is
Max EV; =(0-x,—x;-c)x,

rocy 2BV

5% =0-x,—X;—c—Xx, =
X, = O—c-x, ; firm j’s best response function (4)
EVe)?
soc) EV) _ 5.0
0°x

J
From intersection between reaction function (3) and (4),

. O+c . 6-2c s (@+c)
X =3, X = , thus, EV, 9

A2
_F, EV;:(Q 2¢)

9
If both firms keep exporting, firm i’s problem becomes
Max EV:=(0-x,—x,-c)x,
Foc)y BV g s _cx =0
ox, /
O—c—x; ) :
X = TJ ;  firm 1’s best response function  (5)

26



5.0C) S =-2<0
X

1

AEVE) _
i)

Likewise, firm j’s problem is
Max EV:=(0-x,—x,-c)x,

EV:
F.OC0) 0LV =0—-x,—x,—c—x,=0
axj J J
X, :H—E—xi ;  firm j’s best response function  (6)
e\2
soc) EV) _ 50
o0°x

J

From intersection between reaction function (5) and (6),

. O-c . O-c e e (B—c)
X ="3 Y= EVi_EVj_T
Appendix 3: Proof for proposition 1
. . r_6 026 _ 1o
1) Given firm j switches to FDI, EV; —?—F > ~————=FV¢ from the parameter

condition € > @ and equation (3). This relationship holds also when firm i believes that

firm j will export. That is, FDI is a dominant strategy. Firm j thinks the same way as firm 1

does. Thus, both firms choose to invest.

. = r 6 (60-2c)? o .
2) From equation (3) and for 8 < 0, EV; :?—F < T:EVi given firm j
invests. Thus, firm i has no incentive to switch to FDI and it will choose to remain an

exporter if firm j is expected to invest. From € > ¢ and equation (4), however, FDI will be

preferred by firm i given its rival keeps exporting: EV' = T_F >

(0+c)? (O-c)? _
9
EVE. This strategy is true to firm j and there are two equilibria where one firm would choose

FDI while the other would choose to keep exporting.

3) In this case, demand level is sufficiently small that exporting is the dominant strategy of

. . r_ 07 @-20 e . 5
each firm. Given firm j invests, EV, —?—F < T_EV,. since € < 6. Given firm
2 _ )2 ~
j exports, EVF = @—F < (HTC) = EVF as 0 < ¢ . Firm j thinks the same way

as firm 1 does and exporting is its dominant strategy. Thus, the resulting equilibrium is that

both remain exporters.
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Appendix 4 : The Derivation of Expected Value in Duopoly Game

For Commit-delay equilibrium, the leader i and follower j’s expected values are obtained
based on their expectation on the future profit incorporating belief about rival’s decision.
Taking firm 1’s output as given, firm j determines its output by solving
max 77 = R(x,” § »F
= (O-x"—x" )X —F

By F.O.C.,, firm j’s best response function is derived.

87’2‘-'1‘7 A
p ==0-x"-2x" =0
X ’
J
é—x,”
Ff __ (A Ff Fl
xj - 2 _Xj (xi )

Considering firm j’s reaction, firm i will make its output decision by solving
max 7" =R(x" (Xff),é)—F

= (é _x[FI _XjF(x[ ,}l)xj =

Fl

0
r_Y
X' =3
Plugging this result into firm j’s reaction function, x =§
N2 N2
Thus, 7/ =%—F and 7/ :%_F

As a function of profit, firm i1’s expected value function can be derived as follows.

o- F)

E[-e"] = E[-e "+ "]
(O+¢)’ .
1 400 —r( — 787'2
— . e 8 e 2 dg
2o S
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By certainty equivalence, expected value for firm i can be expressed as
6° 1 yo?

2  _F——In h =L
8+yoc? y n 8 where 7=3

Taking similar procedures as above, the expected payoff for firm j is derived as
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By certainty equivalence, expected value for firm j can be expressed as
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Q—Z—F (41 70_2 where y=_
16+yo? 7/ 2

Taking similar steps as above, the expected payoff for firms under each scenario can be
derived.

Appendix 5: Proof for proposition 2

For 6 > 6" and yo’ < y0, , exporting is dominated by Delay-strategy for both firms
because demand is above the threshold level for both firms to switch to FDI, @'. Note that

2
from its  definition, @  equates EV"” = _0° ——1n(1+7/ o’ and
16+y0° 16’

_(0-3c) _ll (1+ ) given firm j invests at t=1. Thus, for @ > &', EV"/>EV*.
16+yc?

Also, since 8" and 0" are demand parameters that equate EV,” and EV¢ given firm j
invests at t=3 or exports at t=3 respectively and 6" < 6" < @ < 0, it is straightforward
to show that the inequality £V > EV;* holds given firm j invests at t=3 or keeps exporting.

When both firms are involved in warfare'® by behaving as if other firm is a follower while

. Thus, expected value of both firms become

SRS

itself is a leader, both increase output tox,, =

2
—F —%1n(1+%). Accordingly, the expected value for firm i by FDI in the first period

would be the lowest among the results from three options while the expected value by FDI in

period 3 would be the highest; EV"” > EV¢ > EV". Thus, firm i’s strategy is to invest in
the host country and produce x/ .

In a similar fashion of inference, when firm i expects firm j to choose to be a FDI follower,
its best response is to invest prior to its rival. (Under the condition that
yo’ < y,07 EVF > EVY as 7,0, is the threshold level that

i

2 2 2 2
equates EV = 4 2—F—lln(1+£) and EV" = o 2—F—lln(l+£) For
8+yo % 8 9+yo 1% 9
2 _9\2 2
9>0>0", gyr=—"0 —F——ln(l+ ) sEye= 0729 110079 a3,
9+yo? 9+yc* ¥ 9

In sum, the inequality EV' > EV' >EV¢ holds. Again, given firm j remains an

¥ See Dowrick (1986) for this argument.
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2 2
M—F—lln(l+7/%) >

exporter in the next period and for@ > 6 > 8", EV'" = 5
9+yo 4

(@-c)? l1 yo?, _ . . o . . _
—————In(I+~-—) = EV? implying that exporting is dominated by investment at t=3.
O+yo” ¥ 9
Also, since —lln(”L‘z) S —lln(1+—7/02) for yo? < yo?, EV]' =
8+yo® ¥ 8 9+yo? ¥ 9 ,

2 2 2 2
(6+c)2 _F—lln(H—yO_ ) > (0+C)2 —F—lln(lJr& = EV® . Thus, again, the
8+yo 4 8 9+yo 4 9

relation EV" > EV > EV¢ holds and firm 1 has an incentive to invest in the first stage

given firm j remains an exporter at t=3. Strategically, the firm j will think the same way as
firm i would, its choice on entry mode is to be a FDI follower given firm i being FDI leader,
FDI leader given firm i FDI follower or an exporter. Therefore, two SPNEs are that one firm

invests as a leader in FDI and the other firm follows its rival in FDI at t=3.

2) Assuming Cournot-duopoly game instead of warfare when both firms are engaged in FDI

as leaders, the expected value of commitment to FDI in the first period can be modified as

2
Eve gy -9 g Linas 2o
" 9+yo /4 9

For 6 > 6" and yo’ < y.0. , exporting is dominated by Delay-strategy because demand

2

2

is above the threshold level to switch to FDI, #'. Given the firm j is a leader, firm i will
choose FDI in the first stage of the game depending on the order of expected values. Since
yo’ < y.o, ,the expected value for firm i by FDI in the first period would be the maximum
value among the results from three options while the expected value by exporting in period 3

would be the lowest; the inequality condition & > @' implies that EV"” =

2 2 _2.)\2 2
Q—Z_F_lln(H_&) > M—lln(lﬁ-&) = EVf and EV,.F’ =
16+yo v 16 16+yc? ¥ 16
0? 1 yo? 0> 1 yo?
-F——In(+ > -F——In(l+4£=—) = EV" for ’< 2.

Thus, firm 1’s strategy is to invest in the host country at t=1.

Similarly, when firm i expects firm j to choose to be a FDI follower, its best response is to

2 2
invest prior to its rival. EVY = 4 5—F - 1 Ind+ ﬁ)
9+yo ¥ 9
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@-2¢)* 1 2

> = na+ = EV: holds
16+yc* ¥ 9
2 2 2 2
for0 > 6 > 0" and EV" = o 2—F_lln(1+70 ) > 0 Z—F_lln(1+7i)=Efo
8+yo /4 8 9+yo /4 9

for yo’<y.o’<yo?.Thus, EVF > EV > EV¢.

Given firm j remains as an exporter in the next period, firm i has an incentive to invest in

2 2 _ 2 2
the first stage. EV" Zu—F—lln(l+7G )y > (O—c) 5 —lln(l+£)=EV;’ Since
9+yo v 9 16+y0c- ¥ 9
2 2 2 2
0>0>0" gyr =0 p g0 S O p 110040797 gy for
i 2 2 i
8+yo /4 8 9+yo /4 9

yo'<yo’<yo’<yo,; ie, EV > EV > EV¢. Strategically, the firm j will think
the same way as firm i would, its choice on entry mode is to be a FDI leader regardless of its
belief on the strategy of its rival. Thus, the subgame perfect Nash equilibrium is a Commit-

commit equilibrium.

3) Asin case 1) and 2), for € > &', export is dominated by wait-and-FDI strategy. Given j a

2 2 _ 2 2
leader, £V = 9 _p linqp2ey 5 U3 Lyq,700 o gy
16+ yo? y 16 16+yc? 7 16
_ (-3¢ 1

2 2
Since EV* ln(H%) > —F—%ln(lﬂ%) =EV®, EV*>EV:>EV" and

16+yc? ¥

firm 1 will choose to be a follower: same to case 1). Believing that j is FDI follower, in the

2 2
third period, firm 1’s expected payoffs become EV,"” = 4 5>—F —lln(l+£) >
9+yo 4 9
92 2
M—lln(H&) = EV¢ from the demand condition # > 8" > 8" and equation
9+yo* ¥ 9
2 2
(6). At t=I, firm 1i’s payoffs are EV" 4 2—F—lln(l+&) >
9+yo 4 9
6’ F 11 yo’y _ FI o > >
s—F——In(l+~——) = EV. This is because, for yo* > y07, the expected
8+yo 4 8

variance of error term & in demand parameter is higher than the threshold level of variance
that equates FDI leader’s profit to FDI follower’s profit under uncertainty, contributing to
delaying in investment. Thus, under a sufficiently large uncertainty and large demand, firm i’s
strategy is to invest at the third period rather than to invest earlier given firm j waits and
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invest at the third stage.

When the rival firm j holds on and chooses to keep exporting in period 3, At

2 —c)? 2
;6_:_ + c)2 3 _ ;6; C)z _%ln(l+%) since the inequality
yo Vo

2
=3 BV = F—%ln(l+%) ~EVe

€ >6 >0" holds. In the face of decision on time to invest by firm

by O+c)
9+yo?

(O+c)*
8+yo?

i, EV,

2 2
‘ F—%ln(l+7/%) > F—%ln(lJrj/i = EV™ from the

8

2 92

8+yo

1 yo?
——In( >
¥ nd+ 9 ) 8

2
inequality 9+0 5 —%ln(l+£) which is equivalent to the

o2
condition that yo® > y,07. Thus, given firm j exports, firm i’s best response it to wait and

invest later. Applying symmetry, the subgame perfect Nash equilibrium of the whole game is

that both firms wait and invest in period 3.

4) Given firm j is a leader, for 6" < 8 < 8" and yo’ < y,07, Delay option at t=3 is
dominated by export strategy, since at t=3, the expected demand is not high enough to make

=9

FDI more profitable than exporting: firm i’s expected  payoffs

2 2 I PAV 2
% —F—lln(l+7/li6) < M—lln(ﬂ%):EVf from the demand

EVT=—" -
16+yo v 16+yoc” 7

i

condition 8" < @ < @ and equation (5). Also, it is the best response for firm i to become a

92

follower given firm j becomes a leader in FDIL, as EV"=————
16+yo

1 yo?
—F——In(1+£=) >
4 n(l+ 16)

2
-F —%1n(1+%)=E V. Therefore, EV: > EV® > EV' and given firm j is a leader in

FDI, firm 1’s strategy is exporting in the third period. However, taking firm j’s choice to
become a late investor or to remain as an exporter in period 3 as given, firm i’s strategy is to
invest in the first period since the gain from preemptive value over profit from waiting is

sufficiently high enough to outweigh its profit loss from uncertainty. Given firm j investing at

2 2 2 2
t=3, EV" = 4 2—F—lln(l+&)>El/f(=(9—2c)2—lln(l+&)) is guaranteed for
9+yo /4 9 9+yc* ¥ 9
2 2 2 2
<0 At Evi=_ Y _p lina 79 > O g Ling 79 gy
8+yo 4 3 9+yo 14 9

for yo* < y07. Hence, EV"'>EV™”>FEV* and firm i will choose to become a leader in

FDI given firm j invests at t=3. Likewise, given firm j exporting, in the third period,
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gy 0+ 1n(1+7") Eve - 0= _Lyq,79%) )
9+yc® 7y > 9+yo? ¥ holds for & < & EV"
2 2 2 2
AL} —F—lln(l+%) Gy —F—lln(l+%)
- 8+yo 4 > 9tyo Y = EV at t=1, since
2 2 2
L EE At B (S o
8+yo” 7 > 9tyot 7 holds from yo® < y,062 . In sum,

EV™">EV™”>EV: and switching to FDI in the first stage is the dominant strategy for firm 1

given firm j waiting and exporting. Firm j’s strategy given firm i’s strategy is determined in

the same way. As a result, two asymmetric Commit-export equilibria occur.

S)For a sufficient degree of uncertainty, FDI in the first period by firm i is dominated by

waiting option regardless of firm j’s choice: EV™ =
2

0 gl Tina+ 27 )> F——ln(1+ ) Evrandgye =03 11, (1+27 ) >

16+}/0 4 16+}/J Y

2
F —%1n(1+%) = EV'. Given firm j investing in the first period, firm i’s best response

2 2
at t=3 will be to export as EVT = Q——F —1n(1+ <
16+y0? v 16

(O=3c) 3¢)’ —ll (1+ ) EV¢ from the demand condition 8" < @ < & and equation (5).

16+yc> ¥
As long as @ > 6", however, firm i has an incentive to invest rather than to export at t=3

given firm j becomes a follower in FDI. This is because, at t=3, firm i’s expected payoff

2 2
becomesEKFfze— 1n(1+7o- ) > (0-2c) 11n(1+&):EVI.€.
9+yo? 7 9+yo? 9
_ o S a_ & 1, 70
At t=1, firm i’s choice of when to invest is based on EV,"=———-F——In(1+*—-) <
8+yo 4 3
62 Follnal 29— gy : .. , ,
s —F——In(1+~———)=EV", from the uncertainty condition yo* > yo7. Therefore,
9+yo /4 9

given firm j waits and makes investment in the third period, the expected value of firm i’s late
investment has the maximum value relative to values of other choices and firm 1 will choose
to switch to FDI in the third period. This strategy is true to the case where firm j is believed

to export after waiting. In this scenario, firm i’s strategy is to invest in the third stage based
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on the relations that EV =

b+c) lln(l+7o-2) _(0- c) 1

— 1 1+7G = EVr
9+yo? /4 9 9+ yo? n( )=

which is equivalent to demand condition 8" < @. When it comes to firm i’s decision on

2 2
when to invest,EV,.F’ZM 1 (1+7G )<((9+C)2 —lln(l+£)=EVi"7" (Note
8+yo 9+yo 14 9
. : 0 1 yo? 0> 1 yo?
that the inequalit ——In(l+4Y=) < ——In(1+£=—) holds under the
quality 7 ( g ) 51707 7 ( 5

assumption that yo* > y,07). As a result, given its rival becomes a follower in FDI, firm i

will choose wait-and-invest strategy after the uncertainty is resolved. Considering firm j’s

choice, the resulting SPNE is that both firms invest after waiting.

6) For "< 6 < 8" and yo’ < y,07 given firm j will choose FDI either in period one or

three, export is dominant strategy over the late FDI for firm 1, since the expected demand is

less than threshold level of demand parameter for investment at t=3:

2 2 _2.)2
gyr=—0" g linas2o, < @239 1,

n(1+2%
16+ yo? v 16 16+y02 7 In( 1

6

=EV? from the demand condition € < 8" < @'. Given firm j leader, commitment to FDI

will incur negative payoft for both players, thus export is firm i’s best response. However, if

firm 1 believes that firm j will invest later, it will prefer investing at t=1 to exporting at t=3

2 2 A2 2
because even though EV" = 4 5 —lln(1+70 ) < © 20)2 —lln(l+£)=EVf
9+yo 4 9 9+yoc* ¥ 9
2 2 92
for 6 < @at =3, Evi=_ 0 _p_linq,79,>0729" 11 a+22 ) EV: under
8+yo 4 8 9+yo

sufficiently small amount of wuncertainty po’ < y,0; . The resulting inequality
EV™ >EVs > EV” implies that firm i has an incentive to commit to FDI in the first period

given firm j invests in the third period. Based on the belief that firm j waits and exports,

EV™ >EV™ > EV¢, since demand is expected to be still high enough for switching to FDI

2 2

from exporting (Note that EVY (9+c)2 -F lln(l +£) >
9+yo /4 9

0= L1004+2% )= Fye under 0" d th inty is sufficiently small th

91707 B n( +T)—EK under 6" < @) and the uncertainty is sufficiently small that

preemptive value from early FDI is higher than option value of waiting and investment (It is
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2 2
straightforward to show that EV" M -F —lln(l +7i)
8+yo /4 8
2 2
> M—F lln(l+£) = EV” from the inequality that EV" =
9+yo 4 9
2 2 2
0 5 —F—lln(l+ Yo ) > 4 5 ——1n(1+ yo’ £~ = EV which can be derived
8+yo 14 3 9+yo 14 9
from the above inequality EV"™ >EV° > EV"” for yo® < yo; . Thus,

EV™ > EV' > EV¢ and given firm j exports, firm i’s strategy is to invest in the first
period. Considering firm j’s best response, SPNE of the game is asymmetric Commit-export
equilibrium.

Also under condition that 8" < 8 < 8" and y,07 < yo’ < y,07, export is the dominant
strategy of firm 1 over both ex ante and ex post FDI given firm j invests first. Given firm j

commits to FDI at t=1, firm 1 has an incentive to remain exporter since

2 2 2
EVA = 0 2_F_lln(1+_7a ) < 0=30¢ 1 (1+7/0 L= y=EV: from 0 <6 <0
16+y0 4 16 16+7(7 7/ 16
_(6-3c) 1 yo? 1 yo? .
and EV:=-—"" " In(l+L-)>-F—=In(+=)=EV" . FDI strategy at either t=1 or

t=3 is dominated by exporting strategy given firm j invests as demand is lower for investment.

Given firm j invests in the third period, firm i will again choose to export rather than FDI
2 2
Q—_F_lln(l+7/o9- )y < (9 2C) 1

strategy. Att=3, EV)"” =
= " 9+y0? 4 9+y02

2
1n(1+7%)=EVf from

€@ < @" and under the given variability of demand ( y,0; < yo?), the gain from being a FDI

2
leader is lower than that from remaining an exporter: EV/' = 4 5>—F— —1n(1+ ) <
8+yo? 3
92 2 2
O=2c) 1y, n(1+22- ) EV:. Also, EVF' =Y . F-Linas 2% >
9+yo? ¥ 8+yo 4 8
02

2
91707 —F—%ln(l+%):EV,Ff for yo’ < y07

In sum, given firm j waits and invests at t=3, the inequality relationship

EVe >EV" > EV holds. If firm j 1is believed to remain an exporter,

2
(9+c)2 1n(1+7/0 V>EV: = (O—cy L (1+7G ) at t=3 from the demand
9+yo 9+yo® ¥y

EVFf —
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condition 8" < @. Thus, firm i will choose to switch to invest and at t=1, its choice is made

2 2
based on the inequality EVH (6’+c)2 -F —lln(l+£) >
8+yo 4 8
2 2 2 2
(9+c)2 —F—lln(1+7/i):EVi”' as for yo’ < yo , 4 > —F—lln(l+£) >
9+yo 4 9 8+yo /4 8
02 1 yo? » ,
—F—=In(1+%—). (See the definition of y,07.) Thus, EV"'>EV' > EV¢ and FDI
9+ yo? 14 9

at t=1 is the best response for firm i given firm j exports. As firm j’s strategy given firm i’s
strategy is determined in the same way, there are two Commit-export equilibria. Combining

two parameter condition of uncertainty ( yo’ <y,0; and y,0;<yo’<yo}), it can be said
that Commit-export equilibrium occurs for 8" < 8 < 8" and yo’® < y07.
When 0"< 6 < 0" andy,o} < yo’ < y,07, given firm j invests at t=1, firm i’s strategy

is to export at t=3. The inference is exactly the same as the previous case 5). Given firm j

invests at t=3, commitment is dominated by waiting strategy and Delay option is dominated

. . 62 1 7/02
by exporting by firm i for the low demand as EV"” =————-F——In(l+-_—) <
9+yo /4 9
_n)\2 2 2 2
M—lln(l+£)=EVf for 0 < @" att=3 and EV/'= 4 2—F—lln(l+£) <
9+yc?* ¥ 9 8+yo 8
2 2
4 2—F—lln(l+£)= EVY for yo*>yo} 1e, EVS >EVY > EV'. As a result,
9+yo /4 9

exporting is firm 1’s best response to late FDI strategy by firm j. However, firm 1 will choose
to wait and invest at t=3 if it believes that firm j will wait and export. Under this belief,

demand is still high enough to switch to FDI from exporting that Delay option will dominate

2 N2 2
Oro) 0= 1111479y =gve at =3
9+yo 9+yoc* y 9

2
export strategy. ( EV" = F—%ln(l+ 73- ) >

from the demand condition 8" < €.) However, since the uncertainty is sufficiently low

enough (y,07 < yo’ < y,07), firm i has an incentive to commit in the first period. (EV/" =

(0+c)? B
8+yo?

(0+c)? B
9+ yo?

2 2
F—%ln(l+7§- ) > F—%ln(l+7%):EVl.Ff from yo’<y,0; and the

definition of y,0;). Considering firm j’s choice, there are two Commit-export equilibria.

TFor "< 6 < 0" and y,07 > yo’, the proofs for firm i’s strategy given firm j waits and
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invests or waits and exports are exactly the same as the case in which "< @ < 8" and

2
o0 < yo’ < y,o;. Given firm j commits to FDI,EKFf:e—z— ——1n(1+ )>
) 16+y0 4
2 2 2
F-Lma+?%y = Ey?  and  EVY = Q—Z—F—lln(n—m )y <
/4 4 16+yo /4 16

(0_30) —ll (1+ ) EV¢ from the demand condition #<8"<@'. Given firm j delays
16+yc? ¥

2 2 2
FDI until =3, £V =9 _p-Linq+297) < (02 20° La+2% = Eve for
9+yo /4 9 9+yc? ¥ 9
2 2 2 2
o<0 at =3 and Evi=_0 _p lings 79 < 9 _p Ll 79 -
8+yo /4 8 9+yo 4 9
EV? for yo® > yof from the inequality condition yo’>y,0;>y0; . Thus,

EVe>EV">EV".

When firm j is expected to remain exporter, firm 1 will choose to switch to FDI in t=3

2 2
based on the expected value function EV = O+c) _ —lln(l+£) >
9+ yo? 4 9
(6 C) 1 2 fel "
EVe= -—In (1+ ) at t=3 from the demand condition 8" < @ and EV" =
9+yo? ¥
O+ _p 14797 < O+ _p L1179 gy from o > yo7. (Note
8+yc? /4 8 9+y0? /4 9 :

2 2
that y,0; equates M —In (1+7/U —) and (9+C) 11n(1+7/i) .) Thus, firm i has an
8+yc? ¥ 9+yc? ¥ 9

incentive to delay its investment until the uncertainty is resolved. With the same way of
inference by firm j, the resulting two SPNE refer to one firm investing and the other firm

exports in the third period.

8) For 6 < 8" and yo’ < y,0:, Delay option is dominated by exporting strategy because

of the low demand parameter. Given firm j invests in the first period, firm i has an incentive

92

to continue exporting, because EVT = ——F— ln(l +7o
16+ }/G 4 6
2 2
> —F—lln(l+£) = EVY and EVY = —6 -F- —1n(1+7/a <
V 4 16+y0? 16
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(0=3c) 3c)? 1 (1+ = EV¢ from the demand condition 6 < 6 <68" ie.,
16+yc> ¥ 6

EV: >EVY > EV™.If firm j is believed to invest in t=3 after waiting, it is firm 1’s choice

to become a leader rather than to become an exporter for small uncertainty based on the

2 2 2
inequality EV," = 4 _ —In(1+ ]/U ) < (O=2c)° 1 ln(l+£) =EV: for 6 <8
9+7/0‘2 v 9+y0? 9
0? 1 yo? (@-2c)* 1 yo?
and EV'=_————-F——In(+ )y > -—In(l+4——)=EV¢ for yo’ < y,0;
8+yo? /4 8 9+yo? ¥ 9

ie, EV" >EV: > EV' . Given firm j exports, firm i will again choose to be a leader in

2 2
FDI as  EV =0F) g Lipq,7 ) < gp=0= 14,7 770) at =3 from
9+yo 7/ 9+yc? ¥
2 2 N2 2
0" >0 and Evi= YT _p Lz 797y 5 07 Ly, 707 gy g
8+yo 4 8 9+yo* ¥ 9

v.0: > y,0; by their definition and yo’ < y,07 implies that yo’ < y,07 . Thus,
EV™ >EVs > EV . Applying the symmetric strategy by firm j, the subgame perfect Nash
equilibrium is one firm investing in the first period, while the other firm remaining as an

exporter.

For 8 < 0" and y,07 < yo? < y,07, firm i has the same strategy of exporting given

1 11Q Ff — 02 7/62 = Fl
firm j commits: EV” = ————F— —1n(1+ ) > —F — 1n(1+—) = EV" and
16+y0? v 4
2 _ 2
EV”ZQ—Z— ——1n(1+ ) < M—lln(ﬂﬁ) = EV¢ from the demand
16+yoc 16+yc” 7 16

condition 8 < 8" <&'. Given firm j delays investments until t=3, firm i’s strategy is to keep

. . : v 62 1 762
exporting based on its payoff relation EV = s—F——In(1+~— <
9+yo e 9
2 2 2 2
O=2F L1029 gy for 0<@ and Evi-_ 9 _F-lingi 29 <
9+yo* ¥ 9 8+yo /4 3
(6?—20) 1 .
1 (1+ ) EVe for yo® > y,0;. Given firm j exports, firm i has incentive to
9+ yo? 9
2 2
commit at t=1, since EV' =(9+—c)2—F—lln(1+7U ) < (0 C) | —In (1+7o_ )=EVr
9+yo 4 9 9+yc? ¥ 9
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2 2
M_F_lln(lﬁ/%) >

at t=3 from the demand condition 6" > 6 and EV = 5
8+yo 4

@-c)* 1

2
5 2—;1n(l+%)=EV;e for yo’ < y,o; 1e, EV >EV® > EV . With the same
+yo

reasoning for firm j’s strategy, the resulting equilibrium is one firm investing in the first

period, while the other firm remaining as an exporter.

9) Since demand parameter is below its threshold level and the uncertainty is high for the

first mover, export is dominant strategy for the firm i. firm 1 has the same strategy of

. . . . B . 62 1 yo?
exporting given firm j commits. At t=3, EV"Y = ———-F——In(I+7—-) <
16+yo v 16
_2.2 2
M—lln(l+£) = EV¢ from the demand condition 6#<68"<6 and
16+yo” ¥ 16
2 2 2
EV,.Ff=‘9—2—F—11n(1+&) > —F- 1na+29) = Ev™ . Given firm j delays
16+yo 4 16 /4 4

investments until t=3, firm 1i’s strategy is to keep exporting based on its payoff

2 2 LAY 2
relation £V =9 __p-Lina+797) < U220 11,797 pye for 6 <o
9+yo 14 9 9+yo* ¥y 9
2 2 _ 2 2
and EVH =‘9—2—F—lln(l+£) < M—lln(l+£) =EV: for
8+yo /4 8 9+yoc* ¥ 9

yo® > y,07 > y,0.. Given firm j exports, firm i has an incentive to remain an exporter,

2 2 2 2
since EKFf:(0+C)2 —F—lln(l+7/a ) <(0 c)2 —lln(l+£)=EVf at t=3 from the
9+yo 4 9 9+yoc* ¥ 9
2 2
demand  condition 6" > and EV" (9+C)2 -F —lln(l+£ <
8+yo y 8
2 2
O~ 110a+79") = EV¢ for yo* >y,02. This is true to firm j and SPNE is both
9+yc?* ¥ 9

waiting and exporting.
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