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ABSTRACT

We show that industrial ownership structures, such as keiretsu groupings in Japan, may

significantly impact firms’ incentives to engage in FDI. While the previous literature has mainly

focused on the cost of capital advantages enjoyed by keiretsu firms, this paper examines two relatively

unexplored channels by which ownership structure matters for FDI incentives. The first channel

involves the direct incentives generated via standard product and factor market interactions whereby

keiretsu firms with cross-ownership consider more directly the congestion effects of further FDI into

a market. The second channel involves the indirect incentives generated by sharing of information

across keiretsu firms which reduces entry costs for subsequent FDI. Using data on Japanese FDI

activity by both keiretsu and non-keiretsu manufacturing firms, we find evidence to support the

importance of the second channel (information-sharing incentives) as an explanation for firm-level FDI

patterns, but not for the first channel.
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1 Introduction.

It has frequently been suggested that ..rms in the large industrial groupings of Japan and Korea,
known respectively as keiretsu and chaebol, may behave dicerently from their US or European
counterparts. Members of these industrial groupings hold ownership shares in each other, obtain
repeated ..nancing from associated member banks, and participate on joint committees.!  For
each of these reasons it has been argued that the structure of keiretsu and chaebol lead their
member ..rms to behave (semi)cooperatively. Consequently, they may be expected to internalize
externalities and ..nd ways to mitigate the problems implied by information asymmetries.? It has
been further noted that cross-shareholding structures can also weaken a ..rm’s bargaining position
and dilute its market incentives, Flath [8] Flath [9].

The purpose of this paper is to explore the relationships between industrial ownership structure
and the incentives for ..rms to carry out foreign direct investment (FDI). It has been alleged that
(semi)cooperative industrial ownership structures, such as the Japanese keiretsu system, yield their
members advantages in exploiting opportunities for FDI. Typically these advantages are explained
as arising from access to cheap funds for investment. While these stories seem quite plausible,
the empirical support for them has been somewhat mixed (see Belderbos and Sleuwaegen [3],
Hoshi, Kashyap, and Scharfstein [15], Fukao, Izawa, Kunimori and Nakakita [11], and McKenzie
[21]). In this paper we take a dicerent approach. Rather than concentrate on the implications
of ownership structure for the ..nancing of FDI, we instead focus, ..rst, on the implications it has
for the strategic incentives to invest that arise through the interactions between ..rms on input
and output markets, and, second, on the incentives it provides for information generation and
dissemination.

Our paper contains both theoretical and empirical sections. We ..rst develop an illustrative

theoretical model similar to that proposed in the literature on the adoption of new technology

1 Bank representatives also sit on the boards of associated ..rms.

2 See for example Suzuki [25], Dewenter and Warther[5], Kimura and Pugel [16].



by Fudenberg and Tirole [10]. FDI decisions are modelled as entry probabilities in a mixed
strategy equilibrium to a game in stages. We model the factor and product market interactions
by allowing the ..rms’ payogs to change as successive entry takes place. The information aspect of
the process is captured by assuming that entry costs are a declining function of the total number
of prior investments. To further capture the salient features of the FDI process we assume some
information is public, and is generated as an externality to be enjoyed by all potential entrants,
whereas some of the information is private, and is only transmitted between ..rms engaged in
cooperative relationships.

Modelling FDI decisions as entry probabilities in a mixed strategy equilibrium has previously
been proposed by Linn and Saggi [19] and Ellis and Fausten [6]. Our analysis, though still not
fully general, considerably extends these earlier contributions. Linn and Saggi examined a single
stage game between two competitive ..rms so as to obtain the comparative statics properties of
the initial entry probability decision, and the optimal delay between initial and subsequent entry.
Ellis and Fausten followed the same path as Linn and Saggi but introduced overlapping share
ownership into the model to analyze the implications for FDI of dicerent ownership structures.
Our work makes two key further extensions, we introduce a third ..rm into the analysis and allow
for asymmetric information between ..rms. Introducing a third ..rm might seem minor, yet it
is signi..cant in three ways; (1) It allows us to consider strategic interactions between a pair of
(semi)cooperative ..rms and a competitive rival; (2) It allows the FDI entry game to be split into
a sequence of stages, each of which is characterized by equilibrium entry probabilities, allowing
examination of the relationships between entry probabilities over time; and, (3) It allows private
information to play a signi..cant role, as an early entrant must consider the subsequent asymmeties
in information that may be gernerated by its entry.

Our extension to a three ..rm game in stages also allows us to bring the evidence from the avail-
able data to bare on the theory. As with previous studies, we use a ..rm-level database of Japanese

FDI activity and match ..rms with their keiretsu groupings. However, as suggested by theory, we



pursue a much dicerent empirical speci..cation than that explored by previous studies that have
only examined whether keiretsu inclination per se increases FDI probabilities. Our theory sug-
gests that keiretsu aCliation esects on FDI entry decisions work through the interconnectedness
of ..rms’ FDI decisions, rather than as an independent ecect. Therefore, we examine whether
initial entry by keiretsu ..rms in a destination country have dicerent impacts on subsequent entry
probabilities by ..rms of the same keiretsu versus those of non-keiretsu ..rms. Consistent with
the hypothesis that private information sharing amongst keiretsu ..rms substantially reduces entry
costs, we ..nd that previous investment by keiretsu ..rms leads to signi..cantly higher entry prob-
abilities by other keiretsu-member ..rms. However, we ..nd little evidence that cross-ownership
shares acect FDI entry probabilities. Our speci..cation outperforms a model of FDI probability

that only includes keiretsu a€liation as an independent factor.
2 The Theoretical Model.

When ..rms contemplate locating production facilities outside of their home countries they face
a dic¢cult trade-oa. If they invest early they may gain advantages on both product and input
markets. However, in moving early they also face a host of potential problems, for example it takes
time to learn how to operate e¢ciently in a foreign labor market and under a foreign legal system.
Thus the initial ..xed costs of investment may be high. If, on the other hand, they delay entry,
they will forgo some of the product and factor market advantages enjoyed by early entrants, but
may gain valuable information from observing their predecessors. This information will reduce

the ..xed costs of initial entry. The theoretical model we now develop captures this basic tension.

2.1 Basic Structure.

We assume that there are three ..rms that may produce output either in their domestic econ-
omy(ies) or abroad via FDI. The three ..rms may be either fully independent, as in the case of
most US ..rms or, alternatively, they may be partially cooperative, as for example when linked via

overlapping shareholdings, such as in the cases of Japanese keiretsu and Korean chaebol members.



We assume that initially all three ..rms are engaged in domestic production, and that at each
subsequent point in time each must choose either to continue in this production mode, m = D, or
make an irreversible switch to foreign production, m = F. At any time ¢ the fow pro..t enjoyed
by ..rm n from choosing a production mode given the modes of production chosen by the other

two ..rms is written

I (8) = II" [m" (¢) | m' (t), m (t)]

n=1,23i=1,23 =123 n#i].

Often we shall adopt shorthand notation of the form II' [D!(¢) | D2(t), F3(t)] = I} pp 3 .
To capture the idea that there are advantages to early investment we assume that pro..ts will

vary across the dicerent combinations of domestic production and FDI in the following manner
Fpp > Wppp =Wgppp >Wgppp > Uppp > Uppp =11 pp > Uppp Vn. 1)

Thus in the absence of any relocation costs each ..rm would independently prefer to undertake
FDI. These inequalities may be generated in several ways. They may retect either Cournot or
Bertrand competition in the product market (see Lin and Saggi [19]), where early entrants face
lower marginal costs and hence a market advantage, or, alternatively, they may purely refect labor
costs where FDI allows the ..rms to exploit cheap labor in the host country, but where repeated
entry raises labor demand and hence wages in the appropriate labor pool* .

To characterize the direrent potential forms of industrial ownership structure we introduce the
parameter 3, which represents the claim of ..rm i on the pro..ts of .rm n.® So if we denote the

total fow pro..ts of ..rm n as P™ we may write the possibilities as

3 In this notation we shall always adopt the convention that ..rms will be listed in the sequence 1,2,3,1,2 etc
i.e.in ascending order except that 1 will follow 3.

4 For example Feenstra and Hanson [7] ..nd that for regions of Mexico in which FDI is concentrated more than
50% of the increase in the total wages of skilled workers can be attributed to the emects of foreign capital infows.

5 In the Japanese keiretsu system there are other mechanisms by which cooperation may be induced between
members. Then role of associated commercial banks in providing repeated funding to members, and the placement
of bank o¢cials in senior positions in the members hierarchies seem particulaly important. 8 may therefore be
interpreted more widely as a measure of cooperation rather than simply cross shareholdings.



n _ 7 n nyTe
mn,mimi T (1 - E ﬁn)Hm",mi,mJ' + E 61 Hmi,mj,m"

n=1,234i=123 j=1,23 nti#j

What distinguishes our model from its antecedents is the ability to analyze strategic FDI when
there are both cooperative and non-cooperative ..rms in the population. We therefore concentrate
on this case and assume that ..rms 1 and 2 are members of a symmetric keiretsu, so ﬁ; = ﬁf >0,
while ..rm 3 is purely competitive, so 33 = 35 = 83 = 33 = 0. We may now utilize this structure
to examine the ..rms’ FDI decisions in an economy where some ..rms are linked through industrial

groupings and other are not.

2.2 The Firms’ Problem.

At some initial date ¢ = 0 each ..rm is engaged exclusively in domestic production.® The problem
each must solve is if and when to switch to FDI given that switching production from one country
to another is clearly costly’ . We assume that the cost a ..rm incurs in switching from domestic to
foreign production is a decreasing function of the number of ..rms that have already switched. The
idea here is that there is cost reducing information that may be obtained by learning from the entry
experiences of preceding ..rms. However, we also assume that while some of this information is
publicly available, some is private and will be transferred only between ..rms in the same industrial
grouping.2  We de..ne the entry date of the ..rst ..rm as ¢t = t*, the second as ¢ = ¢**, and the

third as ¢ = t***, naturally t* < ¢t** < t***. We thus express the entry costs as®

6 We might think of this as the time at which FDI became a potentially lower cost mode of production. Either
because of the relaxation of legal restriction by the host country, an improvement in the host countries labour force,
or an increase (real or threatened) in tarrifs for that countries home market etc.

7 Here we are making the implicit assumption that cross shareholding between ..rms does not eliminate the
direct incentive for ..rms to undertake FDI as initially expressed in (1). In the simulations that follow we check
that this assumption is valid.

8 We assume that the information allows for the reduction in ..xed entry costs. This allows us to model the
equilibria in each (sub)game as stationary.

9 Clearly similar ..rms may learn more from each other than dissimilar ..rms will. However, there are common
problems such as learning to deal with a foreign legal system and foreign labour markets and practices that are
common to all. We thus abstract from dicerential learning in this paper.



C* which must be common across ..rms vt < t*

C** if no private information is revealed at ¢*
v <t <t

C(t)=1< T if the entrant at ¢t* reveals private information

C*** if no private information is revealed at ¢**

C™" if the entrant at t** reveals private information

with O™ < 0 < T < 0™ < C*

The ..rms maximize expected pro..ts net of switching costs, which involves each selecting
probabilities of FDI at each point in time given those selected by the other ..rms. We write the
probability of ..rm n switching to FDI as p,,.Since this is a game in stages we also require notation
for which ..rm(s) have already carried out FDI and which have not, consequently G, ; ;, will
indicate the game where no entry has yet occurred, Gy, ; the (sub) game where ..rms n and ¢ have
not yet entered, and G,, will be the (sub)game where only ..rm n has not entered. With this
notation probabilities will be written in the form p, (G,,.;) and so on*?

The value that a ..rm obtains from a particular action (¥ or D) in the game and each sub-game,

given the actions of the other ..rms, will be de..ned in the form?!?

VYDDD | Gy 33).

This is the value to ..rm 1 of the action D if both other ..rms also choose D in the game G; 2 3. In
a similar vein V3(FFD | G2 3) would represent the value to ..rm 3 of the action F' in the subgame

G 3, and so on. 12

10 Since each (sub)game is a stationary we do not need any further notation to denote time.
11 Details in the appendix.
12 Hereafter we shall maintain the assumptions

VM(FFF |Gn) < VM(DFF | Gy) Vn

which are required to ensure that the whole structure does not unravel backwards with all ..rms entering instanta-
neously at the ..rst opportunity.



2.3 The Extensive Form of the Game.

We are now ready to describe how the process of FDI evolves by presenting the game in extensive

form. Figure 1 illustrates the initial situation faced by the three ..rms.

[ Firm1 ]
r1(Gr23 111(G122
Entry No Entry
Firm 2
12G129) 15 G12) 12(G123) 1712G122
Entry No Entry Entry No Entry

Firm 3

113(G12,2) 113(G129

No Entry No Entry

13(G122) 175(Gr29) 15(G129)
Entry No Entry  Entry

VHFFFIG1 29
VAFFFIG1 29
VAFFFIGL29)

13(G123) 113G123d  ra(Grzd
Entry No Entry Entry

G123

Figure 1: The three ..rm entry game G 5 3 in extensive form.

Each ..rm must choose an entry probability, p,,(G12,3), as a best reply to those chosen by the

other two ..

rms. Once a ..rm (or ..rms) has entered we move to the appropriate subgame. For

example, if ..rm 1 enters then ..rms 2 and 3 play the subgame G5 3 illustrated in ..gure 2



AR

13(Gz3) 113(Gz3) 13(Gz,2) 113(Gz3)
Entry No Entry Entry No Entry
VA(FFFIG3) Gs G, Gas
VA(FFF(G, )

Figure 2: The two ..rm entry game, G2 3 in extensive form.

Here the remaining two ..rms must choose as best replies the entry probabilities p,(G>,3), and
p3(Gz,3).

2.4 Equilibrium.

To obtain the equilibrium of the model we solve recursively for equilibria in each of the potential
subgames, starting with {G1,G2,G3} then using these values to solve {Gi2,G13,G23}, and
..nally using the values from both {G1,G2,Gs} and {G:12,G13,G23} to solve for Gy 235. We
thus obtain the subgame perfect equilibrium as a sequence of mixed strategy equilibria in the
subgames. Given that ..rms 1 and 2 are, by assumption, members of a symmetric keiretsu, and we
have assumed symmetry between these two ..rms in all other respects, it seems natural to consider
symmetric equilibria where p;(G1.2,3) = p3(G1,23) = p12(G1.2.3).

While the model is solved in the standard recursive manner we shall present our results, some-
what unconventionally, in their chronological order. This, we feel, aids the intuitive understanding

of the problem and allows a better integration of the theory and evidence.



2.4.1 The First Wave: Entry in the Game G2 3.

Entry in the ..rst wave, as inspection of ..gures 1 and 2 might suggest, is very complex, if no ..rm
has entered at a time ¢ then there are 8 possible strategy choices leading to 8 possible subgames.
The mixed strategy equilibrium for GG; 2 3 is characterized by 6 conditions. For each ..rm n we
may de..ne a value for the game and an indicerence condition that states the ..rm is indicerent

between FDI and domestic production. For ..rms 1 or 2 these conditions take the form

p12(G1,2,3) [Ps(Gl,Q,B)Vl(FFF | G12,3) + (1 — p3(G1,2,3))V (FFD | G1,2,3)]
+(1 = p12(G1,2,3)) [Ps(Gl,Q,s)Vl(FDF | G12,3) + (1 — p3(G1,2,3))V (FDD | G1,2,3)]
= p12(G1,2,3) [Ps(Gl,Q,s)Vl(DFF | G12,3) + (1 — p3(G1,2,3))V (DFD | G1,2,3)]

+(1 = p12(G1,2,3)) [Ps(Gl,Q,B)Vl(DDF | G12,3) + (1 — p3(G1,2,3))V(DDD | G1,2,3)]
and

VIDDD | Gi23) = p12(G1,2,3)? [p3(Gr23)VHFFF | Grag) + (1= p3(Gr23))VH(FFD | Gi23)]
+p12(G123)(1 = p12(G1,2,3)) [p3(Gr2,3)VH(FDF | Gi23) + (1= p3(Gr2,3))VH(FDD | Gr23)]
(1= p12(G1,2,3))p12(G1,2,3) [p3(Gr2,3)VHDFF | Gi23) + (1= p3(Gr2,3))VH(DFD | Gr23)]

+(1 = p12(G123))? [p3(G1,23)VH(DDF | Gr2,3) + (1 = p3(G1,2,3))VH(DDD | Gr23)]

similar conditions hold for ..rm 3. Substituting in and solving these equations (together with the

..rm 3 conditions-see appendix 3) yields solutions
p1(G12,3) = pa(Gr23) = P(C*,C™", 1, B, Uprp Uppp, Hppp)

*

Ps(GLZB) = x(C7, C**,é *,T,ﬁyn}jFF:H}VDF:H}VFF)-

Details of the form of these expressions are provided in appendix 3. The solutions are very
complex and do not easily yield analytical results, thus we resort to numerical method to explore

their properties.



Variations in the Level of Cooperation and Initial Cost of Entry. Tables 1 and 2 provide

illustrative examples of simulations run using Mathematica®® .

Level of Cooperation

0.0 0.1 0.2 0.3 0.4 0.5

0.13 0.798548 0.802769 0.806623 0.810167 0.813446 0.816497
' 0.767037 0.646013 0.54338 0.460451 0.388207 0.326359

0.135 0.741582 0.746784 0.751541 0.755922 0.759982 0.763763

Initial Entry 0.6998 0583694 0.487346 0.407335 0.341211 0.287216

* 0.66667 0.676945 0.685852 0.693713 0.700746 0.707107
Cost C*as a 0.14 0.583333 0.466752 0.382626 0.320238 0.273668 0.239369

0.589226 0.604204 0.616748 0.62755 0.637038 0.645497

percentage 0.145 0.457293 0.353279 0.286554 0.242181 0.213166 0.195799

of HIEQQ 0.15 0.5 0.521899 0.539345 0.553894 0.566391 0.57735
T ' 0.277778 0.209411 0.174076 0.156032 0.149584 0.152197

Table 1 - The response of ..rst wave entry probabilities of keiretsu ..rms, p,,, (top cell entry)
and non-keiretsu ..rms, p;, (bottom cell entry) to variations

in the level of cooperation 3, and initial entry costs C*

We see from table 1 that an increase in the level of cooperation, 5, between keiretsu ..rms increases
the ..rst wave entry probabilities of keiretsu ..rms and lowers the entry probabilities of non-keiretsu
.rms'# | The intuition behind these results is complex. Changes in 3 ecect the entry probabilities
both in the ..rst wave entry game, and the subsequent second wave entry subgames. Recall that in
a mixed strategy equilibrium the entry probabilities are determined by the requirement that each
..rm be indicerent between undertaking FDI and continuing with domestic production. When g3
increases the keiretsu ..rms individually ..nd FDI less attractive in each subgame. This is because

an entrant shares a greater proportion of the bene..ts from entry with its keiretsu partner, and

13 For the simulation we assumed that 7ppp = 100, Tppr = Trpp = 96, Tprr = 90,

mppp =89, Tppr =7pFp = 84, mprr =79, r = 5%.

For variations in the ..xed cost of initial entry we maintained the dicerntial betwen initial and subsegent entry
costs by imposing the same changes on C** and C*".

The properties of the results reported were generally not sensitive to variations parameter values that satis..ed
the restrictions of the theory.

14 1t might appear that the ..rst column in table 1 for 8 = 0 reveals an inconsistency in the results. This is
not the case. The simulations were carried out assuming that keiretsu ..rms share all private information (not g

percent of it) thus the entry probabilites should only be equal when g = 0 and c™t-c. Inspection of table 2
demonstrates that this consistency check is satis..ed.

10



also shares a greater proportion of the losses its entry imposes on its partner. So to maintain the
keiretsu ..rms indicerence condition the probability of initial entry by the non-keiretsu ..rm must
decline. Similarly for the keiretsu ..rms the probability of initial entry must increase to keep the
non-keiretsu ..rm indicerent between FDI and domestic production. Here the agrument is even
more complex. An increase in 5 makes the non-keiretsu ..rm less likely to enter in each subsequent
subgame (see the next section for details), the relative value of entry to the non-keiretsu ..rm in
the initial game thus increases. Hence, to maintain indicerence for the non-keiretsu ..rm the
probability of entry by the keiretsu ..rms must increase.

Increases in intitial entry costs lower the probabilities of entry for both keiretu and non-
keiretsu ..rms*®> . Here, in equilibrium, both the keiretsu ..rms and the non-keiretsu ..rm must
have lower entry probabilites if they are to remain indicerent between FDI and continued domestic

production.

15 These results obtained for "almost all” the parameter space. For high costs of initial entry, such that the prob-
ability of entry by keiretsu ..rms became very small (in the neighborhood of p;5 — 0.001), the entry probabilities
for the non- keiretsu ..rms became “eratic” . We believe this refects a highly sensitive trade-oz, as the keiretsu
..rm’s entry probabilities become very small there is a signi..cant incentive for the non-keiretsu ..rm to enter, but at
the same time the high costs that induced this behavior from the keiretsu ..rms also provides a strong disincentive
to entry for the non-keiretsu ..rm.

11



Variations in the Level of Cooperation and the Value of Private Information. Table

2 characterizes our simulation results

Level of Cooperation 3

0.0 0.1 0.2 0.3 0.4 0.5

0.0 0.66667 0.676945 0.685852 0.693713 0.700746 0.707107

Value of pnvate 0.66667 0.547127 0.449485 0.367889 0.298665 0.239369

H H 0.66667 0.676945 0.685852 0.693713 0.700746 0.707107
information 1.0 0.645833 0.526354 0.431788 0.35505 0.291839 0.239369
C** _ U** 2.0 0.66667 0.676945 0.685852 0.693713 0.700746 0.707107

0.625 0.506044 0.414771 0.34286 0.285421 0.239369

3.0 0.66667 0.676945 0.685852 0.693713 0.700746 0.707107

as a percentage 0.604167 | 0.486181 | 0.398395 | 0.33127 | 0.279374 | 0.239369

of H%DD 4.0 0.66667 0.676945 0.685852 0.693713 0.700746 0.707107
T ' 0.58333 0.466752 0.382626 0.320238 0.273668 0.239369

Table 2 - The response of ..rst wave entry probabilities of keiretsu ..rms (top cell entry) p,
and non-keiretsu ..rms (bottom cell entry), p5, to variations in the level of

cooperation between keiretsu ..rms and the value of private information.

Despite their apparent complexity the properties of the equilibria may be quite easily stated.
Increases in the value of private information C*" —C™", generated by varying C~" for a given C"",
lower the probability of entry by non-keiretsu ..rms at all levels of the cooperation parameter,
and do not ecect the probability of entry by the keiretsu ..rms. Here again the intuition is
subtle and follows from understanding the nature of a mixed strategy equilibrium. An increase
in " —C"" makes it more attractive for each keiretsu ..rm to delay initial entry in anticipation
that the other will enter and provide them with this reduction in entry cost. Thus, for the keiretsu
..rms to remain indicerent between FDI and domestic production the probability of entry by
the non-keiretsu ..rm must fall. The invariance of the keiretsu ..rm’s entry probabilities arrises
because variations in C*~ do not eaect the payoas associated with FDI for the non-keiretsu ..rm,
and since the probabilities of entry by the keiretsu ..rms are determined by the condition that

the non-keiretsu ..rm is indicerent between FDI and domestic production it then follows that the

12



probability of entry by the keiretsu ..rms is unazcected by variations in C"" 16 Notice also that
for all values of 3> 0 and C™ —C"" the probability of entry by each keiretsu ..rm is larger than

for the non-keiretsu ..rm. Our results are illustrated in ..gure 3

First wave entry probabilities for
keiretsu and non-keiretsu firms. Keiretsu firm.

Non-keiretsu
firm

Cooperation
percentage.

Entry cost with private
information 0.09-0.13 in
0.002 increments.

First wave entry probabilities for the
non-keiretsu firm.

First wave entry probabilities for the
keiretsu firm.

Entry
Probability °°
o

Cooperation
percentage.

Entry cost with private - o7 "
information 0.09-0.13 in » Entry o0.69
0.002 increments. Probability °®

Cooperation
percentage.

Entry cost with private
information 0.09-0.13in
0.002 increments.

Figure 3.

16 The results reported were found to be very robust and obtained over all of the parameter space for which mixed
strategy equilibria were found to exist. Full details and the simulation programs are available from the authors on
request.

13



2.4.2 The Second Wave: Entry in the Subgames G; 2, G2 3, and G 3.

We term the subgames G 5, G2,3, and G 3 as the second wave of entry. Here one ..rm has entered
and the remaining two ..rms enjoy the information generated by the ..rst entrant. In the games
Gq,3, and Gy 3 prior entry was by a keiretsu member, the remaining keiretsu ..rm enjoys the entry
cost reduction C* — C"" which retects both the public and private information, where as the
cost reduction for the non-keiretsu ..rm is only C* — C** retecting only the publicly available
information. In the game G, 2 the non-keiretsu ..rm has entered and only reveals the public
information, giving the cost reduction C* — C**. As before the equilibria in these subgames are
derived from a value for the subgame and an indicerence condition for each of the two ..rms.’

For example, in the subgame G, 3 (and by symmetry G, 3) these involve four expressions!® . The

two indiaerence conditions

p2(Ga3)VA(FFF | Ga) + (1 — py(Ga3))VP(FFD | Ga)

= py(G23)V}(DFF | Ga3) 4 (1 — py(G23))V?(DFD | Ga3)
and

p3(G2,3)V(FFF | Ga3) + (1 — p3(Ga3)) V2 (FDF | Ga3)

= p3(Ga3)V*(DFF | G2.3) + (1 — p3(Ga,3))V?(DDF | Ga,3)
and the two value functions

VZ(DDF | Ga3) = p3(Ga) [p3(Go,3)VH(FFF | Ga3)) + (1 — p3(Ga3))VA(FDF | Gay3)|

+(1 = py(Ga,3)) [p3(G2,3)V(DFF | Go3) + (1 — p3(Ga3))V(DDF | Ga3)]

17 Details in appendix 2.

18 |n each of these subgames, for there to be a mixed strategy equilibria we require that for each ..rm neither F'
nor D is a dominant strategy. Consistent with our prior assumptions we assume that each ..rm prefers to enter if
the other does not, but both prefer not to enter if the other does. Again using the subgame G2 3 to ..x notation
this translates into conditions of the form

V2(FDF | G2,3) > V3(DDF | G23) > V3(DFF | Ga,3) > VX(FFF | G2,3)
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and

VB(DFD | G2,3) = Pg(GQ,B) [pQ(Gzyg)Vg(FFF | GQ,B)) -+ (1 — pQ(Gzyg))Vg(FFD | GQ,B)]

+(1 = p3(G2,3)) [p2(G2,3) VP (DFF | Ga) + (1 — pa(Ga3))V(DFD | Ga3)]

Substituting in and solving, then repeating the process for the other subgames provides the solu-

tions
Subgame.
Firm GLQ G1,3 G2,3
1—2 EID_EE EIED_E C** 1 1
(1—- [3)( e -+ ) Uhrr Ukpp | oo
1| = ! T ety N/A
%@_(1_/3)%@_/3%@_/30** J7EE_J7QE
ml ml
(1_2/5><—QEE, — =Dk +C**) hep Mhpp e
" i EE_—EDRE O
2 i i i N/A T1‘[1 T1‘[1
JTEE_(l_ﬂ)JTD_E_ﬂJ_TEE_ﬂc** %EE_%DE
(1_/3)(EIQTEE_EIETEQ+E**) (1—[3)(2}2,,EE—EIE,,EQ+5**)
3 N/A Ter Then Ther Then
Table 3: Equilibrium entry probabilities for the Second Wave subgames.

It is now straightforward to derive the comparative statics properties of these subgames,

Entry Probabilities

Subgame
Gi,2 Gis G23
dpy(Gr2) | dpa(Gi2) | dpi(Gas) | dps(Gis) | dpy(Gag) | dps(Ga,s)
8 - - 0 - 0 ;
dC** -@ -@ - 0 - 0
dc™" 0 0 0 - 0 -
- For Tene _ Mhew 5 (o

Table 4: Comparative statics for the Second Wave entry probabilities.
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We see that in the interesting subgames G, 3 and G 3 (the ones that will be the focus of our
empirical analysis), those where a mix of keiretsu and non-keiretsu ..rms remain, an increase in
the keiretsu cooperation parameter dg > 0 lowers the probability of entry by non-keiretsu ..rms,
but does not ewcect the keiretsu ..rms, thus making the relative probability of entry by keiretsu
members higher. This follows immediately from the nature of the mixed strategy equilibrium,
the probabilities p3(G1,3) and p;(Ga,3) must satisfy the indicerence conditions for the keiretsu
..rms. As the parameter 3 increases the entering keiretsu ..rm shares more of the gain from entry
with the keiretsu ..rm that had previously entered, and also shares more of the losses its entry
imposes on this ..rm. Thus the returns to entry for the new entrant are reduced, to maintain
indicerence it is necessary then that the non-keiretsu ..rm’s probability of entry declines. For
the interesting subgames, the ezects of changes in the cost parameters dC** and dC~ may be
explained in a similar manner. As C** increases the value of entry to the non-keiretsu ..rm
declines, so to maintain the indicerence condition the entry probability of the appropriate keiretsu
..rm must fall. As C"" increases the value of entry to the appropriate keiretsu ..rm declines, so to
maintain the indicerence condition of the mixed strategy equilibrium the entry probability of the
non-keiretsu ..rm must fall. Notice also that since dp;(G13)/d8 < 0 and dp;(Gs 3)/dB3 < 0 and
both p,(G13) = p3(G13) and p,(Ga3) = p3(Ga 3) if B =0 each keiretsu ..rm always has a higher
probability of FDI than the non-keiretsu ..rm. In the subgame G; 2 only keiretsu ..rms remain
and only non-keiretsu ..rms have entered. The ecects of 5 on entry probabilities are explained by
the dilution of entry incentives as discussed for the other subgames. The esects of C**are again
determined be the mixed strategy indicerence conditions as above. That C* does not eaect
keiretsu entry probabilities follows from the fact that the only prior entrant was not a keiretsu

member and does not share any private cost reducing information.
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3 Empirical Analysis.

The previous section presents a game-theoretic model that yields predictions about ..rm-level FDI
probabilities that depend on whether a ..rm belongs to a keiretsu group or not, the strength of
private information sharing within these keiretsu groups, and the degree of cooperation through
overlapping ownership shares. Exact tests of the model’s predictions are impossible given data
availability and the (un)observability of the model’s exogenous parameters, such as the degree of
information sharing amongst ..rms. In addition, the model is a simple representation of a more
complicated reality that features thousands of Japanese ..rms and dozens of dicerent keiretsu
acCliations. Nevertheless, we think it is important to examine whether data on FDI decisions by
Japanese ..rms are supportive of the model and its predictions. The data we can observe and
collect is FDI entry patterns by Japanese ..rms, their keiretsu a¢liations, and some measures of
the strength of those keiretsu a€liations. Thus, in this section we estimate ..rm-level probabilities
of FDI by Japanese manufacturing ..rms to examine whether keiretsu acliations amects these

probabilities in ways that are broadly consistent with the model’s predictions.

3.1 Empirical Methodology.

The basic framework we use is a probit regression that estimates the probability of FDI by Japanese
.rm (i) in country (j) in a particular period. Firm (¢) invests in country (j) if it is a pro..table
decision, which depends on a number of exogenous factors. We do not observe the pro..tability of
the FDI decision (F;;), but do observe whether the ..rm engages in FDI or not (F'DI;;), as well

as relevant exogenous factors (X;;). Thus, we formulate a standard probit regression framework:

P = B Xy + iy,

FDI; = 1if Pj; >0, and FDI;; = 0 otherwise,

where wu;; is an assumed standard normal error term and 3 is a vector of parameters that we

estimate.

17



Previous work on the relationship between keiretsu ac¢liations and FDI decisions has used
a similar probit framework to analyze samples comprised of Japanese ..rms with and without
keiretsu aCliations. The approach is to examine whether there is a positive correlation between
a dummy variable, indicating whether a ..rm is a member of a keiretsu or not, and the ..rm’s
FDI decision. In other words, the regressor matrix, X;; = [KEIR;, Z;;], where K EIR,; represents
the "keiretsu or not” dummy variable, and Zij represents other ..rm- and country-level exogenous
factors that acect the pro..tability of the FDI decision. Thus, the question examined by these
studies is whether there is something inherent about membership in any keiretsu that makes FDI
more likely for a particular ..rm, ceteris paribus. Typically, the underlying hypothesis is that the
source of this positive keiretsu exect could be due to a variety of sources, including lower capital
costs and information sharing. However, as noted in the paper’s introduction, the previous studies
have generally found mixed evidence of a positive statistically-signi..cant keiretsu ecect.

The theoretical model presented in the previous section has shown that the role of keiretsu
ac¢liations on FDI decisions is likely much more complicated than the model underlying the hy-
pothesis tested by previous work. In other words, previous empirical work has been mis-speci...ed,
which may be the main reason for the inconclusive results. The main insight from our theory
is that the keiretsu ecect on FDI decisions is not necessarily an independent one as modeled by
previous work. Instead, the keiretsu ecect on one ..rm’s FDI decision depends on FDI decisions
(actual or potential) made by other ..rms in its own keiretsu and by ..rms that are not in its
own keiretsu. This can be particularly seen in the subgames G 3, G2 and Gy, 3 of our theoretical
model, which we describe as the second wave of entry, and where the ecect of keiretsu membership
on a ..rm’s FDI decision works through ..rms’ investment decisions in the previous period. For
this reason, we focus on examining second-period predictions.

In order to identify the information and cooperation erects of keiretsu aCliations on FDI in
subsequent (or “’second wave”) period, we examine interactions between the “keiretsu or not”

dummy variable and previous investment by other ..rms. In fact, the most interesting second-
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period predictions we obtain in our theoretical model are the ecects on a remaining keiretsu ..rm
and non-keiretsu ..rm when a keiretsu ..rm entered in the ..rst period, the subgames G; 3 and G 3.
This implies the following regressor matrix to test the ecects of keiretsu a¢liations on subsequent

FDI decisions:

X,j = |KEIR;« PFDI_K,j, NONKEFEIR,; x PFDI_K;, Z]

where NONKEIR; = (1 — KEIR;), PFDI__K; is previous investment by all relevant keiretsu-
aCliated Japanese ..rms in country j, and PF'DI__K,; is previous FDI by ..rm ¢’s keiretsu-member
..rms in countr j. The ..rst term captures the ecect of previous investment of keiretsu members in
a country on a keiretsu ..rm’s FDI decision into the same country. The second term captures the
eoect of previous investment by keiretsu ..rms in a country on a non-keiretsu ..rm’s decision to
invest in the same country. As indicated by the theory, if keiretsu a¢liation leads to substantial
entry cost savings from information sharing, we expect a positive coe€cient on the ..rst term
indicating an increase in a keiretsu ..rm’s second-period entry probability when there has been
previous entry by member ..rms of its keiretsu. It should have no impact on the non-keiretsu ..rm’s
entry probability. On the other hand, the cooperation ecect of keiretsu membership will tend to
decrease the probability of subsequent entry by the non-keiretsu ..rm, while having no impact on
the keiretsu-..rm’s entry probability.

Again, the keiretsu erects we wish to uncover with this empirical speci..cation are those that
jointly depend on previous investment by keiretsu ..rms, not independent ecects of keiretsu mem-
bership on FDI entry decisions, such as those due to advantageous costs of capital. However, in
the estimates below we also include a keiretsu or not” dummy variable separately as a control
regressor to examine whether these independent exects are also an important factor in ..rms’ FDI
decisions. In addition, following previous literature, we include ..rm size and previous investment

by the ..rm in the country as controls. Firm size (assets measured in millions of yen) is expected to
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have a positive coeCcient as it proxies for the level of ..rm-speci..c assets held by the ..rm which,
by the internalization hypothesis leads to greater FDI.'° Previous FDI by the ..rm is another

source of information and learning by the ..rm that should increase the likelihood of FDI.

3.2 Data.

We use information from Japanese Overseas Investment, 1992/93 (English version) published
by Toyo Keizai Inc., for data on Japanese FDI.?2°  This publication reports information from
a census of all Japanese-owned subsidiaries, and includes location, parent ..rm(s), establishment
dates, employment, and type of investment (green..eld or acquisition). These data are updated and
published semiannually. However, with the exception of the 1984 report, no other years provide
an English version. The 1992/93 census comes at the end of a substantial wave of FDI activity by
Japanese ..rms in general, which began in the mid-1980s and subsided in the early 1990s. This
is an important consideration in matching the theoretical predictions from the previous section
with what we observe in the data. In the theory we present there is a well-de..ned initial period in
which all ..rms are deciding whether to engage in FDI for the ..rst time, and a single, well-de..ned
subsequent period. In reality, it is di¢cult to identify periods of initial entry and subsequent entry.
Initial FDI by Japanese manufacturing ..rms into foreign countries began sporadically in the 1960s
and 1970s. Thus, it seems plausible to treat any period since then as representing behavior of
..rms in a period subsequent to initial entry. However, there have also been substantial ebbs and
Fows of outward Japanese FDI activity. This suggests it is reasonable to think of the beginning of
a new wave of outward FDI activity in the mid-1980s as an “initial” entry period, with investment
in later years of the wave as ”’subsequent™ entry.

As a result, we examine 1990/91 FDI-entry probabilities of Japanese ..rms across nine major

19 We tried other more direct proxies of ..rm-speci..c assets, R&D expenditures and R&D intensity (R&D expen-
ditures divided by ..rm size), as control regressors. However, these variables are highly correlated with ..rm size, are
always statistically insigni..cant, and lead to a signi..cant number of lost observations due to missing data. Their
inclusion does not impact our main results in any way.

20 \We gratefully thank Keith Head and John Ries at the University of British Columbia for sharing their electronic
version of these data.
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destination countries as a function of FDI entry patterns in the destination market in the preceding
three years, 1987 through 1989.2 The dependent variable is de..ned as whether a ..rm engages
in FDI in a country in 1990/91 or not. The previous investment measures in our regressor set are
de..ned in terms of number of new employees (in thousands) in the 1987-1989 period.

Similar to previous studies, we sample ..rms from the industrial and electrical machinery indus-
tries, because there is adequate frequency of FDI activity across ..rms in these industries and the
variability of keiretsu aCliations is relatively high for these industries as well. We then matched
these ..rms to keiretsu groupings using Industrial Groupings in Japan 1988/89 published by Dod-
well Marketing Consultants.?> In addition to listing ..rms’ keiretsu acliations, this publication
also assigns an index of the ..rm’s “inclination” to its keiretsu which takes values of 1,2,3, or
4. Data on ..rm size (i.e., total assets) are taken from the 1990 edition of the Japan Company

Handbook published by Toyo Keizai Inc.

3.3 Results.

Column 1 of table 3 presents estimates from a base scenario where we specify the probability
of entry by a Japanese ..rm as a function of only its size in assets, previous FDI by the same
..rm in the same country, and the ..rm’s strength of keiretsu inclination. The probit regression
pools observations of FDI activity across all ..rms and major destination countries in our sample.
This speci..cation is closest to that found in previous literature and will serve as a basis for
comparison with our other estimates. We obtain positive coe€cients on all three regressors,
as expected. Interestingly, the keiretsu inclination variable is statistically signi..cant, which is
not always true with previous empirical ..ndings. This suggests that keiretsu aCliation has an

independent impact on FDI probabilities, which may due to a variety of explanations, such as

21 The top nine destination countries are Indonesia, the Philippines, Malaysia, Singapore, South Korea, Taiwan,
Thailand, the United Kingdom, the United States, and West Germany.

22 There are eight major industrial groupings listed by the Dodwell Marketing Consultants: DKB, Fuyo, 1BJ,
Mitsui, Mitsubishi, Sanwa, Sumitomo, and Tokai. In addition, a signi..cant number of our sample’s ..rms (12%)
belonged to smaller groupings centered around a major electronics or automotive company: Hitachi, Toshiba-1HI,
Toyota, and Nissan. In our sample, 45% of the ..rms belonged to one of these keiretsu groupings, while the others
were considered non-aCliated.

21



lower costs of capital discussed earlier. The ..rm’s size is also highly signi..cant, as will be the case

with all our regressions.

Regressors ) @) (3) @) ©)

Previous FDI by ..rm’s
- 0.185*** | 0.192** 0.130* 0.209**
own keiretsu (0.055) (0.083) (0.067) (0.096)

Previous FDI by keiretsu ..rms

PR : : 0.013 0.015 —0.022 | 0.050**

* Firm is not in keiretsu (0.013) (0.014) (0.022) (0.025)
Keiretsu inclination 0.090** 0.065 0.060 —0.020 0.140**

(0.036) (0.045) (0.057) (0.073) (0.069)

Previous FDI by ..rm i in country j 0.058 0.044 —0.002 —0.037 0.096
(0.045) (0.047) (0.056) (0.072) (0.062)

Firm size (assets in millions of yen) | 0.335*** | 0.380** | 0.507*** | 0.572*** | 0.257***
(0.069) (0.070) (0.095) (0.125) (0.089)

Chi-squared measure of ..tness 65.61*** | 79.24*** | 49.61*** | 40.04*** | 36.84***

Pseudo R? 0.09 0.11 0.08 0.13 0.11

Number of Observations 2295 2295 2007 765 1530

Table 5: Probit regressions of Japanese FDI decisions in

major destination countries,1990/91.(Standard errors in parentheses)

Column 2 of table 5 shows probit estimates when we include the variables of interest suggested
by this paper’s theoretical analysis: interactions of previous investment by keiretsu ..rms interacted
with dummies indicating whether ..rm is in the same keiretsu or not. The coe®cient estimates on
these focus regressors reveal an interesting pattern that sheds light on the channels through which
keiretsu aCliations amect FDI decisions. In particular, the ecect of previous FDI in a country
by keiretsu-member ..rms has a strong positive ecect on a keiretsu ..rm’s probability of FDI to
the same country. This provides evidence that keiretsu ..rms obtain entry cost advantages from
information sharing that occurs between them and the ..rms in their own keiretsu that have already
invested in a country. Calculation of the marginal exects on entry probabilities at the means of
our regressors also shows that this statistically signi..cant exect has economic signi..cance as well.
In fact, a standard deviation increase in previous FDI by the ..rm’s own keiretsu members in a

country (334 additional employees) leads to a 0.6% increase in a keiretsu ..rm’s subsequent FDI
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probability at the means. With an average subsequent FDI probability of 2.9% in our sample,
this means there is a 22% increase in the keiretsu ..rm’s likelihood of FDI.

On the other hand, there is little evidence that cooperation (or pro..t-sharing) motives acect
FDI probabilities. The theory suggests that this cooperation channel would lead to a negative ecect
of previous keiretsu FDI on non-keiretsu ..rms’ entry probability, while our coeCcient estimate
is positive and statistically insigni..cant. While the independent emect of keiretsu a¢liation was
signi..cantly positive in our column 1 regressors, its coe€cient falls and is no longer statistically
signi..cant at standard con..dence levels. In addition, our model which includes the keiretsu
interaction terms clearly outperforms the modle in column 1 that only includes keiretsu a¢liation
as an independent factor in FDI probabilities. Finally, size of the ..rm continues to have a strong
and statistically signi..cant positive correlation with FDI likelihood.

One concern with the estimates in columns 1 and 2 of table 5 may be the inclusion of keiretsu
ac¢liations which are centered around a major electronics or automotive ..rm, rather than a major
bank. These keiretsus often have vertical integration features to them, as many of the keiretsu
..rms are input suppliers to the main ..rm. It’s possible that our strong positive correlation between
previous keiretsu investment and a keiretsu ..rm’s subsequent FDI probability is biased upward
due to economic incentives for suppliers to follow the downstream ..rm rather than the ecects of
information sharing on entry decisions. As indicated in footnote 21, 12% of our sample’s ..rms are
in these vertical keiretsus. To gauge the sensitivity of our estimates to this issue, column 3 of table
5 reports coeC€cient estimates when we eliminate observations of ..rms in vertical keiretsus from
our sample. This change in our sample has no signi..cant impact on our coe¢cient estimates, and,
in particular, the coe€cient on the exect of previous keiretsu FDI on a keiretsu ..rm’s subsequent
FDI probability goes up slightly and remains statistically signi..cant.

A second issue is whether the impact of previous FDI on ..rms’ subsequent FDI probabilities
depends on the destination country. For example, motives for investment by Japanese ..rms into

less-developed countries may be more concerned with outsourcing, whereas motives for invest-
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ment into other industrialized countries, such as the United States, may be more concerned with
market access. There may also be more uncertainty and/or risk associated with investment in
less-developed countries. Columns 4 and 5 of table 5, present coe®cient estimates of our regres-
sion model for separate samples of FDI into industrialized countries (the United States, United
Kingdom, and West Germany) and less-developed countries (Indonesia, Korea, Malaysia, the
Philippines, Singapore, Taiwan, and Thailand). The general results hold for both samples though
there are some dicerences. For both samples, previous keiretsu FDI leads to higher subsequent
FDI probability for a keiretsu ..rm, though the coeCcient is almost twice as large in the less-
developed country sample. This may suggest that information-sharing is much more important
for lowering subsequent entry costs of keiretsu members in less-developed countries. The ecect of
previous keiretsu FDI on subsequent non-keiretsu FDI probability is positive in the less-developed
country sample, though the estimated magnitude fairly small. The only other signi..cant dicer-
ence between the two samples is that the independent impact of keiretsu aCliation is signi..cant
for FDI into less-developed countries, but not for FDI into industrialized countries. If this re-
gressor is capturing cost of capital advantages of keiretsus, a possible explanation is the home
country (Japanese) sources of ..nancing may be much more important for FDI into less-developed
countries.

There were other sensitivity tests we conducted that had no qualitative impact on our co-
eCcient estimates. First, we also used counts of FDI occurrences to construct our measures of
previous FDI, but obtained similar coe@cient signs to those reported in table 3 using employment
measures. We also estimated coe@cients using a Poisson model, rather than probit, and obtained
qualitatively identical results. Finally, we speci..ed our dependent variable in employees and used
a tobit speci..cation with truncation at zero, and obtained qualitatively identical results.

In summary, our estimates suggest that information-sharing advantages that occur in keiretsus
once member ..rms have invested in a country has a substantial impact on subsequent FDI proba-

bilities by other keiretsu-member ..rms. There is little evidence that cooperation structures (e.g.,
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from cross-ownership and pro..t-sharing arrangements) impact FDI probabilities in substantial
ways. One explanation is that cross-ownership between the keiretsu ..rms and the main keiretsu
bank tend to be much larger than that among the keiretsu manufacturing ..rms themselves. Fi-
nally, the evidence for independent exects of keiretsu aCliations becomes weak once we control for
keiretsu ewcects through previous FDI decisions within the keiretsu, except in the case of Japanese

FDI investment into less-developed countries.

4 Conclusions.

We have developed and empirically investigated a model of strategic FDI. Our focus has been on
the role of industrial ownership structure in determining FDI probabilities. Our theoretical model
suggests two main mechanisms by which ownership structures matter for FDI entry probabilites.
First, there are direct incentive ecects working through the interactions of ..rms on input and
output markets and the sharing of the pro..ts genarated. Second, there are indirect incentive
eoects working through the role of initial entry in generating information valuable in reducing
subsequent entry costs. Our empirical work suggests that this second information ecect is of
greater importance than the direct incentive ecects induced by overlapping ownership structures.
This does not say that overlapping ownership structures do not matter, but rather tells us that
their main ecect is through the incentives to generate and share information relevent to the costs

of undertaking FDI.
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5 Appendices.

5.1 Appendix 1 - Derivation of the value functions for the sub-games
G4, Gy,and Gs.

We derive the value functions V3(FFF | G3) and V3(DFF | G3), VY(FFF | Gy), VI{(DFF | Gy),

and V3(FFF | Gy), V3(DFF | Gy) may be obtained in an identical fashion.

V3(FFF | G;3) = / (1- Z 35) [H%FF - K*] + Bl pp + B3 pp | e dt
2o i=1.2

integrating the RHS of this expression gives us

3 — % H%FF Hok ok 3H}7’FF 3H%’FF
VHFFF | Gs)= (1= ) fy) | =55 — K™ | 4 5i—LEE + 3=

i=1,2

where K*** = C*** or C' ' as appropriate.

V3 (DFF | Gy) = / [(1 - Z B35 Uhpp + 81 ppp + Bollgpp | e dt

i=1,2

t=

I3 Ik 112
—(1— ivUprr | 3Urrp | 3llEpE
( Z f33) . T B T B3 ,

i=1,2

5.2 Appendix 2 - Derivation of the Equilibrium Mixed Strategy Entry
Probabilities for the Subgames G, 3, G253, and G 5.
5.2.1 Subgame G ,.

For this subgame we utilize the expressions for the value of the (sub)game and the indicerence

conditions to solve for the entry probabilities as

p12(G12)VHEFFF | Gi2) 4 (1= p1y(Gi2))VH(FDF | G 2)

= p12(G12)VI(DFF | G12) + (1= p13(G1,2)) V' (DDF | G12)
and

VHDDF | G12) = p12(G1,2)*V(FFF | G12)) + p12(G1,2)(1 = p1o(G12))VHFDF | G 2)

+(1 = p12(G1,2))p12(G12)V (DFF | G12) + (1 — p15(G1,2))*V (DDF | Gy 2)
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Multiplying through the indiaerence condition by p,,(G1 2) then manipulating the two expressions

reveals
Vl(DFF | G12) = Vl(DDF | G1,2)

substituting this back into the indicerence condition and solving provides

(Gra)— VIDFE | Gra) = VI(EDF | Gyz)
PR T VAFFF | Gy = VI(FDF | Guo)

substituting in for the terms

r r

1 2 1 1
VA(FDF | Gy) = (1 - §) (M - c**) +BTREE = (1 g) (M - c**) + goREE

and

1 2 1
VI(FFF | G1,2) — (1*6) <@ C**) +4 <@ C**> _ HI;FF *6**

provides

(1-28) (EID;’EE _ EIETQE + C**)
plQ(GLQ) = 2 e It

as reported in the text.

5.2.2 Subgame G 3.

From the text we have the equations for the values of the game
VZ(DDF | Gy,3) = p3(Ga3)p3(Gas)VZ(FFF | Gaj3)) + pa(Ga)(1 — p3(Ga))VH(FDEF | Gy j3)
+(1 = po(G2,3))p3(Go8)VH(DFF | Ga) 4 (1 = py(Gas))(1 = p3(Ga))VHDDF | Gy )
V3(DFD | Ga3) = p3(G2,3)p3(Ga3)VP(FFF | Go3)) + p3(Ga,3)(1 — pa(Ga3)) VI (FFD | Gap)
+(1 = p3(G2,3))p3(G23)V(DFF | Go) 4 (1 = p3(G2,3))(1 = pa(Ga3))VH(DFD | Ga,)
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and the indiaerence conditions

p2(Gag)VX(FFF | Gags)+ (1—py(Gas)VP(FFD | Ga)

= py(G23)V*(DFF | Go3) 4 (1 — py(Ga3))V?(DFD | Gay3)

p3(Ga3)VA(FFF | Gaos) + (1 — p3(G23))V(FDF | Ga )

= p3(Ga3)VH(DFF | Ga3) + (1 = p3(G23))V?(DDF | Ga3)
multiplying the indizerence conditions by p;(G23) and p,(Ga,3)p4(Ga,3) respectively yields

3(G2,3)p2(Ga,3) VP (FFF | Ga3) + p3(Gas)(1 — py(Ga3))VP(FFD | Ga)

= p3(G2,3)pa(G2,3) V3 (DFF | Ga3) + p3(Ga,3)(1 — pa(G23))V?(DFD | Ga3)
P2(G2,3)p3(Ga3)VZ(FFF | Ga) + py(Gas)(1 — p3(Ga3))V(FDF | Ga )
= py(G2,3)p3(G2,3)V(DFF | Ga3) 4 pa(Ga,3)(1 — p3(Ga3))VZ(DDF | Ga3)
substitution the RHS of these expressions into the values of the game gives
V*(DDF | G23) = py(Ga,3)p3(Ga,3)V(DFF | Go3) + pa(Ga,3)(1 — p3(Gas))VZ(DDF | Ga )
+(1 = py(G2,3))p3(Ga3)V(DFF | Ga3) + (1 — pa(Gay3)) (1 — p3(Ga3))V(DDF | Gy 3)
V3(DFD | G3) = p3(G2,3)ps(Ga3)VP(DFF | G23) + p3(Ga3)(1 = py(Ga3))VP(DFD | Gaj3)
+(1 = p3(G2,3))p3(Ga3) VP (DFF | Ga3) + (1 — p3(Ga,3)) (1 — py(Gas))V(DFD | Ga )
simplifying these reduce to

V3(DDF | Go3) = V*(DFF | Ga3)

V3(DFD | Go3) = V*(DFF | Ga3)
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using this information the indicerence conditions may be rewritten

p3(Ga3)VZ(FFF | Gas) + (1 — p3(G23))V(FDF | Ga3)

= p3(G23)V*(DFF | Ga3) + (1 — p3(Ga,3))V*(DFF | Ga,3)

p2(Ga3)VA(FFF | Gaos) + (1 — py(Ga3))VP(FFD | Gay)

= py(G23)V*(DFF | G 3) 4+ (1 — py(Ga,3)) VP (DFF | Ga,3)

rewriting these in terms of p, (G2 3) and p5(Go 3) gives

(o) — V3(DFF | Ga3) — V3(FFD | Gy3)
P22 T VA(FFF | Gag) — VA(FFD | Gay))

(Goa) = VDEF | Gag) = V2(FDF | Gay)
pP3\G23) = VQ(FFF | G273) — VQ(FDF | GQ,B))

now
H3
o V3(DFF | Gy5) = Loee,
o (FFD | Gys) = teen — 0+ and

o V3(FFF | Gag) = Teee _ 0™ 50

—DFF __ —_“FFD kK 3 3 ok
_ r 2+ 0 _ Oppp —Uppp +7C
p2(G273) — 1 3 - 3 RYE
—EEE — (O — —EED 4 (O%* FFF FFD

further
o VX(DFF | Gy3) = (1 — B)Moee 4 gllene

o VAFDF | Gag) = (1 - §) [Mepe — T + pe2, and
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o V2(FFF | Gys) = Tere T 5o

VZ(DFF | Ga3) — V2(FDF | Ga3)

V2(FFF |Gy3) —V2(FDF | G2 3)

(1 §)ltbee 4 gltepe — (1 ) |Mope — ™| - gltben
Hhee — (1 g)ov — (1 ) [Hhee — €] - pltiee
(1 - ) (Moee — Hae 1 07)

1 1
EEEE — Il
T T

p3(G2,3)

which are the solutions reported in the text.

5.2.3 Subgame G 3.

The solutions for this subgame are derived exactly as in the previous case except ..rms 2 and 1

change roles, we immediately have

3 3

HQEE HEEQ *% ok
G o) = R — —EER 4 O _pp —Oipp +1C
pl( 173) - 113 I3 - H3 H3
—EEE — O — —EED 4 (%% FFFr — HFFD

(1-p) (Haee - Hree 1+ T7)

1 1
EEEE?EEQE
T T

Pg(Gl,s) =

5.3 Appendix 3 - Derivation of the Equilibrium Mixed Strategy Entry
Probabilities for the Game G 3 3.

Exploiting symmetry so p,5(Gi123) = p1(G1,2,3) = p2(Gi2,3) # p3(Gi2,3), we adopt the same

method as used in appendix 2 to obtain solution equations for p;,(G1.2,3) and p;(G12,3) of the

form

(2 = p12(G1,2,3)) 912(G1,2,3)2V3(FFF | G1,2,3)
+2(2 = p12(G12,:3)) P12(G1,2,3) (1 — p1o(Gr2,3))VP(FFD | Gy 2,3)
+ (2= p12(G123)) (1 — p13(G1,2,3))*V*(FDD | G12.3)

*Plz(Gl,Qﬁ)Vg(DFF | Gi2,3) —2(1 — 912(G1,2,3))V3(DFD | Gi2,3) =0
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VHFFF | G12:3)p12(G1,2,3)p3(G1.2,3) [012(G1,2,3)03(G1,2,3) = p12(Gr2,3) — p3(G12,3)]
FVHFFD | G12:3)p12(G1,2,3) [1 = p3(G1,2,3)] [012(G1,2,3)p3(G1,2,3) — p1a(Gr2,3) — p3(Ghiz)]
+V(FDF | G1,2,3) [1 = p12(G123])p3(G12,3) [012(G1,2,3)p3(Gr2,3) — p12(Gr2,3) — p3(Gh2.3)]

+VH(FDD | G1,2,3) [1 = p12(Gr23)] [1 = p3(G1,2,3)] [P12(G1,2,3)p3(G1,2,3) — p12(Gr2,3) — p3(G2,3)]
+VHDFF | G123)p12(G123)p3(G12,3) + VIDFD | Gy 23)p15(Gh2s) [1 = p3(Gras)]

+VY(DDF | G123) [1 = p12(G1,2,3)] p3(G1,23) =0

We Derive ..rst the expression for p;,(G;123) and thus need to obtain expressions for

V3(FFF | Gyq35) = Meee — O

3

o V3(FFD|Gya3) = Heen —

V3(FDD | Gi93) = V3(FDD | G12) — C*

VH(DFF | Gyg) = Loee

V3(DFD | Gi3) = V3(DFD | Ga3)

It now follows that we need to obtain V3(FDD | G12) and V3(DFD | G2 3) from the appro-

priate subgames
The subgame V3(FDD | Gy 2)
the value to player 3 of this subgame may be written

V3 (FDD | Gi2) = p1(G12)po(G12)VP(FFF | G 2))
+p1(G12)(1 = py(G12)) VP (FFD | Gy 2)
+(1 = py(G1,2))p2(G12)V?(FDF | G12)

+(1=p1(G12))(1 = po(G12))V?(FDD | G 2)

31



exploiting symmetry and V3(FFD | G 2) = V¥(FDF | Gy 2) this reduces to

G12)VP(FFF | Gi2)) +2(1 — p15(G1,2))V*(FFD | G1,2)
2 — p12(G1,2)

V%FDD|GM):p”(
now

o V3(FFF |G ,) = Teee

T

3
° Vg(FFD | GLQ) = —L£ED g0

T

p10(Gr2) MEEE 1 9(1 — pyo(Gh o)) Ler
V3(FDD | Gy 2) = - -
( | 172) 2*912(G172)

from appendix 2 we have

(1 _ 26) (EID;EE _ EIETD_E + C**)
plQ(GLQ) = 12 L TIL

We may now conclude that

Thpp _OEpp | e
(1-28) Ll —EDRE O G
FFF

s

HzFrFF —(1-8) HIFTDF -3 HIDTFF —_BC*~

V3(FDD | Gy5) =
(1_2/3)(EID;EE_£1ETD_E+C**)
2 —

HzFrFF —(1-8) HIFTDF -3 HIDTFF —BC*~

ml Ohpg | fer
(1-2p)( REE_—ERE L C m
FED

ks

211-

HzFrFF —(1-8) HIFTDF -3 HIDTFF —BC*~

A

n2 ol il
FEEE (1) MEpE _pRbEE 50

Ohpp _DObpp | e
(1-28) e+ e
FFF

s

n2 ol il
FEEE (1) MEpE _pRhEE 50

(1—2/5)(—QEEH1T _Ikpe +C**)
27

3 T T
ZEEE _(1_g)REDE _GUDER _GCs

Thep Thpp | o
(1-28) S L
EDF

s

211-
HzF‘F‘F‘_(l_ﬁ) HIF‘DF‘_/}H}')F‘F‘ _ﬁc**

A

2 I I
EETEE_(l_ﬁ)EETD_E_ﬁED;EE_ﬁC**
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The same techniques yield
V3(DFD | Go3) = V¥(DFF | Gy3)

and again from appendix 2 we have

(Gays) Hhee — Jken 4 O

P2\G23) = 73 3

E) H‘ H‘

—_FFE __ ¥k _ FEFD kK
C STNe

T

and

(1 ,ﬁ) (EIQTEE _ EIETQE +6**>
pB(G273) = e e
Urrr _ YFDFE

thus we have all the components reported in the text and used in the numerical simulations.

Now we may derive the expression for p;(Gy23) From our prior calculations we have

VHFFF | G12:3)p12(G1,2,3)p3(G1.2,3) [012(G1,2,3)05(G1,2,3) = p12(Gr2,3) — p3(G12,3)]
+VH(FFD | G1,2,3)P12(G12,3) [1 — p3(G1,2,3)] [p12(G1,2,3)p3(G12,3) — p12(Gr2,3) — p3(Gh2,3)]
+V(FDF | Gi,2,3) [1 = p12(G123])p5(G12,3) [012(G1,2,3)p5(G12,3) — P12(Gr2,3) — p3(Gh2.3)]

+VH(FDD | G1,2,3) [1 = p12(Gr23)] [1 = p3(G1,2,3)] [P12(G1,2,3)p3(G1,2,3) — p12(Gr2,3) — p3(G2,3)]
+VHDFF | G123)p12(G12,3)p3(G12,3) + VHDFED | Gi,23)p12(Gr2,3) [1 = p3(G12,3)]

+VY(DDF | G123) [1 — p12(G1.2.3)] p3(G1.2.3) = 0
so we need expressions for

o VUFFF|Gyas) = Mipe _ C*) +8 (EEEE - C*) = Diee _ o

T T

VYWFFD|Gi23) =

-9
(1-8) (Heen — 0) + g (Moee — 0v) = Heen -

VI(FDF | G1p3) = (1 - ) (Heee — C) 4 plikes

VYEFDD | Gro3) = VI(FDD | Ga3) — (1 — B)C*

VI(DFF | Gia3) = (1 - f)aee + g (Meee — ¢v) = (1 - )loee 4 g (Hene — )

T
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[ ] VI(DFD | G17273) = VI(DFD | Glyg) - (1 - ﬁ)C*
o VI(DDF | G17273) == VI(DDF | GLQ)
So we need to solve for the values of subgames V!(FDD | Gy3), VI (DFD | G;3), and

VY(DDF | G1,2)

The subgame G5 3 From prior calculations we have

03 pp — Mg pp +17C*

pQ(GQ,B) =

3 —_ T3
1_[FFF 1_[FFD

(1-7) (EIQTEE _ EIETQE +€**>
pB(G273) = L It
Yrrr _ YNFDF

SO

VYFDD | Gias) = VL FDD | Gas) — (1 — B)C*
. Pz(Gz,s)Ps(Gz,B) H}’FF Yol
[1upxamnupgamn][ ro P ]

P2(G23) [1 — p3(Gas)] B —
[1 - p(Gaa)[L pg(Gz,g)]] [ . A ]

[1 = py(G23)] p3(Ga.3) _ Mrpp Uhpp 1 *
i el | Gl R

The subgame G 3. Again we previously obtained
Ubee _ (Mhae _ o)

T

pl(Glyg) = 113 113

SO

VY DFD | Gi23)=VYDFD|G3)—(1-p8)C*

_ [ p1(G1,3)p3(G1.s) ] [H}’FF )C**]
L= [1=py(G13)][1 = ps( Gls r
p1(G13) [1 — p3(G13)] ] [H}’FD —**]
+ J — 6)C
[1[191(6713 )1 = p3(G13)] =P
[1—p1(G13)] p3(G13) ] [ HDFF HFDF]
+ +
[1[101(G13 1= ps3(Gr3)] s
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The subgame G2 As before we have

(1 - 20) (Maee — Leoe 4 o)

p1(G12) = pa(Gr2) = p1a(Gr2) = - —
SO
1 _ /1 _ P12(G12) 1
VI(DDF | Gy23) = VN(DDF | Gu) = (522502 N yi(ppp | 6y y)
2 — p15(G12)

1 —p12(G12)

<1 — p12(G12)
2 — p12(Gi2)

VNFDF |G +<
2— Plz(Glz)) ( | 172)

>V%DFF|GM)

_ < P12(G1,2) > <H}vpp B C**> n <1 Plz(G1,2)> [(1 5 <% B C**> +6@]

2 — p12(G12) r 2= p12(G12)
1- Plz(G1,2)> [ _ H}:JFF <H}7DF _ **>]
" <2P12(G1,2) -5 r s r ¢

this supplies all the terms necessary to compute and simulate p;(Gi,2.3).
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