Asymmetric capacity costs and joint
venture buy-outs

Sugata Marjit®, Prabal Roy Chowdhury ®*

L Center for Stdies in the Social Sciences, Calowta, India
b fndian Statistical lstimte’ . Delhi Centre, 7 - 508, Sansanwal Marg,
New Delhi - TINH 6, India

Received 9 April 2000 ; accepted 21 March 2003

Available online 29 December 2003

A bstract

In this paper, we build a simple theory of joint venture buy-outs based on asymmetric access o
capital, synergy, and an increased market size. If the market size is small then the outcome involves
joint venture formation. If, however, the market size becomes sufficiently large then a buy-out
always ocours
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1. Introduction

One of the fascinating new developments in the field of international business has been
joint venture formation. Especially in the last two decades the number of new joinl ventures
hasinereased dmmatically. This has been documented by, among others, Hergen and Morns
(1988) and Pekar and Allio (1994).%

Al the same tme, however, there has been an merease in jomt venture instability. Kogut
([ 1988) finds that about half of the 92 joint ventures that he studied had broken up by the

* Corresponding author, Tel.: +91-11-265050500206; fax: +91-11-268567 749,
E-mai ! address: prabalme ] @botmaileom (PR, Chowdhury ).

! We are indebted to the co-editor, David M. Grether, and an anomymous referee of this joumal for very helpful
comments that added substantial value to our paper.

= There have heen several studies that examine the question of joint venture formation at a theoretical level.
These include, among others, Al-Saadon and Dus {1996 ), D" Aspremaont and Tacquemin { 1988, Bardhan (1982,
Chan and Hoy { 1991 ), Chao and Yu {1996), Choi (1993), Combs (1993, Das (1998), Katz (1986), Marjit { 1990,
19491 ), Pumkayasthya (1993), Roy Chowdhury (19951, Singh and Bardhan (1991, Svejnar and Smith { 1984 ).
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sixth year. This issue has also been studied by Beamish ( 1985) and Gomes-Casseres { 1987 ).
Even in India there have been many cases of such instability.

However, compared to joint venture formation the issue of instability has received much
less theoretical attention. In this paper, we seek to develop a simple theory of joint venture
buy-outs that 1s motivated by the Indian experience. Both Bhandar ( 1996/1997) and Ghosh
(1996) study the mstability in Indian joint ventures during the med- 19905, As examples we
can mention the joint ventures between Daewoo and DCM, GE and Apar, Bausch and Lomb
and Monton, GEC Alsthom and Triven Engineenng, and Suzuki and TVS. [t appears that
a major area of dispute was that of capacity expansion. While the mulinational corporation
(MNC from now on) pariners were keen on capacity expansion, the domestic parners,
who, for various reasons were fund constrained, were unwilling 1o do so. As a result, the
MNC partners insisted on either partial or complete buy-outs as a precondition for capacity
expansion. Often the threat of opening a fully owned subsidiary was also used.

In this paper, we seek o build a simple model where asymmetric access o capital leads
to joint venture breakdown. An obvious example of such asymmelric access anses in case
of international investments. A typical multinational will have better access to the interna-
tional capital market compared to a local finn from a developing country. Thus, our paper
is also a contribution to the analysis of cross-border acquisitions, a significant phenomenon
N recenl years.

We consider a situation where two firms, one MNC (denoted firm 1) and a domeste firm
(denoted firm 2), are deciding whether 1o form a joint venture or not. The MNC has access
to cheap capital, whereas the domestic firm has no access to capital and thus cannot open a
subsidiary at all.

Moreover, joint venture formation leads to synergistic gains. In joint ventures involving
a foreign multinational and a domestic firm from a less developed country (LDC from now
on), it has often been observed that the MNC provides the superior technology, management
knowhow, etc. while the domestic firm provides a knowledge of local conditions, access 1o
distribution channels, etc (see, for example, Miller et al., 1‘:-"‘:-"1.‘:-}.4 Thus, if & joint venture
forms, it can produce much more efficiently compared to either one of the parent finms.

We next briefly describe our findings. We demonstrate that whether a buy-out takes place
or not depends on the level of demand. To begin with suppose that the demand level is low
s0 that subsidiary formation is not feasible, even for finm 1. Given the synergistic effect,
however, joint venture formation leads w stricly positive profits. Thus, for low levels of
demand the outcome always involves joint venture formation.

We then consider a situation where this joint venture is already in place and there is an
increase in the demand level. Now firm 1 (i.e. the MNC) re-evaluates its options regarding
subsidiary formation and buy-out. 1f the increase is large enough then, for firm 1, opening
a subsidiary becomes more profitable compared to remaining with the joint venture. The
key to this result lies in the asymmetric access o capital of the wo firms. For a large

* We are indebted to an anonymous referee who suggested that we explicitly introduce synergistic effects into
our model.

4 Inthe Indian context, in the alliance between Hewlett and Packard {HP) and HCL incomputers, HP hoped for a
quick access to the Indian market, while HCL hoped to uti lize HP*s competence in business pmcesses, production
and quality maintenanee (see Business India, 1992),
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enough demand, firm 1 will obtain almost the whole of the market profits via the subsidiary
while the joint venture obtains only a small proportion of the profits. Thus, the threat of
subsidiary formation is credible whenever the demand is sufficiently large. Now firm 1
can use the threat of subsidiary formaton to drive down the payoff of finm 2 in case of a
buy-out o its reservation level. Thus, a buy-out is profitable provided the aggregate payoff
from a buy-out exceeds that from subsidiary formation. Given that a buy-out avoids the
inefficiencies associated with subsidiary formation, this is always true. Hence, for a large
enough demand a buy-oul always occurs.

We finally relate our paper to the existing literature on joint venture instability.

In a series of papers, Roy Chowdhury and Roy Chowdhuary (1999, 2000, 2001) study a
leaming based theory of joint venture instability. In these papers, joint venture formation
involves some synergy between the two parent firms. With time, however, there is organiza-
tional leaming so that the firms learn about each others” strengths. Thus, over time the value
of the synergistic effect declines, leading 1o breakdown. The present paper, however, differs
from Roy Chowdhury and Roy Chowdhury (1999, 2000, 2001) in several respects. First,
our model 15 daoven by asymmetric access o capital, mther than orgamezational learmng.
Second, the comparmtive statics result 1s the exact opposite. While in our model an increase
in demand leads Lo instability, in Roy Chowdhury and Roy Chowdhuary (1999, 2000, 2001 )
such anincrease leads o greater stabality. Other papers that examine organizational learning
include Kabiraj (1999), Kabiraj and Lee (2000), Lin and Saggi { 2000).

Our approach and the learning based approach are, however, complementary rather than
competitive. Organizational learning is cleady an imponant element behind joint venture
instability. However, consider a situation where the extent of organizational learning is
not large enough w cause a break-down. We show that even in such a situation there 15 a
possibility of joint venture breakdown based on asymmetric access to capital and an increase
in the demand level. Thus, we can think of our model as providing a theory of joint venture
instability in situations where learning effects are weak or has already been exhausted.

Among the other papers Mukherji and Sengupta (2001), Sinha (2001 ) study the impact of
asequential hberabzaton process on joint venture breakdown, While Sinha swdies a model
with informational asymmetries, Mukhedi and Sengupta examine the effects of different
degrees of competition, as well as different modes of control on joint venture instability.
However, neither Mukherji and Sengupta nor Sinha study the impact of demand changes.

2. The model

Two firms, an MNC (firm 1) and a domestic firm (firm 2), endogenously decide on
whether o form a joint venture, or open fully owned subsidiaries.
The market demand 15 (mitally ) given by

g=a—p, (1)
wherea = 0.°

* In Appendiz A, we show that our argument applies even if we allow for mone general ized demand functions,
We are indebted to an anonymous referes for suggesting this extension.
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In case of joint venture formation, the cost function of the joint venture is given by

. cq. ifg =k,
Cig) = ] (2
o0, otherwise,

where k denotes the capacity level of the joint venture.

We assume that there is asymmelnic access Lo capacily so that the per unit cost of capacity
formation is » for firm 1 and infinitely high for firm 2.% Thus, firm 1 is the only firm that is
capable of opening either a subsidiary or a joint venwre. In case firm 1 decides to open a
subsidiary its cost function is given by

g, Mg=k,

Cilg) = . (3
s(@) oo,  otherwise, )

where k; denotes the capacity level of the subsidiary firm. The synergistic effect is captured
by assuming that ¢ = ¢, so that production costs are lower under the joint venture.

Under a joint venture the capacity costs are borne by firm 1. Out of the joint venture
profits (gross of capacity costs), a fraction (1 — @) goes o firm 1 and a fraction o goes
to firm 2. For simplicity we assume that the sharing mule o is exogenously fixed by the
gu'.-'i_‘,rnﬂ'u:nL.T

We assume that

Assumption 1.

r

¢
o+ <fd=C+rn

l — o

Note that since a = ¢ + /(1 —a) > c+r, joint venture formation leads to strictly positive
aggregate profits. However, since ¢ + r > a, subsidiary formation is not profitable for
firm 1, at least 1o begin with. Thus, firm 1's only option, at least initially, is to open a joint
vienture.

In this paper, it is our goal to build a model where a buy-out does not occur with the
initial (low) level of demand, but does occur when the demand level increases. Assumption
1 ensures that for low levels of demand there is no subsidiary or buy-out.

The sequence of actions is as follows. We consider a two stage game.

In stage 1, the MNC decides on how much capital to invest in the joint venture.

In stage 2, production takes place. In this stage, the joint venture management decides
on the level of output that will maximize the gross joint venture profits. For all g = k. this
equals (a — g)g — cg.® Finally, the gross joint venture profits are divided among the two
firms according to the sharing rule o,

 While this sssumption is extreme, the qualitative results will notchange as long as the costof capacity expansion
15 sufficiently di fferent for the tao firms.

7 However, we can alternatively assume that e is determined through some hargaining procedure, e.g. the Nash
bargaining solution. This does not affect the analysis qualitatively.

® We can altematively assume that the joint venture firn maximizes the aggregate joint venture profits ner of
capacity costs. This, however, does not change the argument qualitatively.
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Suppose that the total installed capacity level in the joint venture is k. Then the output
level chosen by the joint venture management

t=c ypp=c
g = 2 2 ()

k, otherwise.

IV

Cleary, firm 1's profit lkevels are

1 {ﬂ—f}'z I _ri_:}ﬂ—c' _
{ —a}lT —rk, if k = 5 (3
(1 —a)a—c — bk —rk, otherwise. (6)

Letting K denote the optimal capacity level, we have that K = (a —c)(1 —a) —r/2(1 —a).
Since firm 1 obtains only a fraction of the joint venture profits but has to bear the whole of
the capacity costs, K is less than (@ — e —r) /2, the capacity level that maximizes aggregale
fhe 9
profits.
Let Ji{a) denote the equilibrium level of profit of firm i. Then

{a—c)* r f(la—ci(l —a)—r
Jl{“}_“_a}[ 4 _4{1—.1}3]_'( 21 —a) ) i

_ (a1 —4:'}!I B P
Jria) =w |: 4 Tauo .1}3] : (&)

Summanzing the above discussion we obtain our first proposition. This shows that for
low levels of demand a joint venture obtains.'” Moreover, the greater is o (the share of the
domestic finm in joint venture profits), the lower is the capacity installed in the joint venture.

Proposition 1. Under Assumption I the outcome involves joint venture formation with a
capacity {and oput) level of (a — o)1 —a) —r/2(1 —a).

3. Demand increase

In this section, we consider & situation where there is an existing joinl venture with a
capacity level of K. We then analyze the game that follows an upward shift in the demand

* Let us hriefly solve for the sharing rule in case it is not exogenously given but follows a symmetric Nash
bargaining solution. Given that the disagreement payotfs of both the firms are zero, @ must be such that the net
agpregate payolf is equally shared among the two firms. Hence, o must satisfy the following equation:

T (a— ot P ; (a—cl(l—@)—ry (a—cl* rt rlia —ei(l —a) —r)
4 41— a)? 2l —a) T& Bl —a)? 4l —a) :

" We are indebted to an anonymous referee for the idea that the initial formation of joint ventures can also be
explained within the present framework.
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Firm 1
Status gue Buyout Subsidiary
Formation
Firm 1
Offer
Firm 2
Accopt Roject
Firm 1
Firm 1 huys oul
Tirm 2
Status quer Subsidiary
Formation

Fig. 1. The game tree.

function w A — p, where A > a. We show that if the demand level (1e. A) s very large,
then there 1s always a buy-oul.

We are interested in the case where A becomes very large, so that in what follows we
always assume that A = ¢ +r.

The game ree 15 as follows (see Fig. 1). We consider a one penod, multi-stage game. In
stage 1, firm 1 decides to opt for any one of the following three options,

(1) status quo (e stay with the joint venture),
(1) openmng a subsidiary, or
(1) buy-oul

(i) Status Quo. The MNC first decides whether to invest in the joint venwre. Then
production takes place.

iii) Subsidiary Formation. The MNC first decides on how much additional capacity o
put into the joint venwre firm and/or into opening a subsidiary. In the next stage,
the original joint venture fimm and the new subsidiary compete over quantities a fa
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Coumot, with the management of the subsidiary finn maximizing the profit of the
subsidiary,!!

Let the capacity level of the subsidiary be &, If &, = 0, then we say that fimm 1
decides not o open a subsidiary.

(iii) Buy-out Firm 1 makes a take it or leave it offer to firm 2. The offer specifies the price
that firm 1 is willing 1o pay to firm 2 in return for obtaining sole ownership of the
company. If firm 2 accepts, then firm 1 pays the offered price o firm 2, and firm 1
becomes the sole owner of the erstwhile joint venture firm. If firm 2 rejects the offer,
then firm | has two options, either 1o open a subsidiary, or w opt for the status quo.

We then examine these three options by tum.

Status Quo. We first consider the outcome under a joint venture. Cleady, for large A,
the joint venture is going to be capacity constrained. The question is whether firm 1 would
find it optimal 1o invest in the joint venture.

We consider a two stage game. In stage 1, firm | invests in some additional capacity, so
that the capacity level of the joint venture goes up to ki= K).In stage 2, the joint venture
management decides how much o produce.

Stage 2. Suppose that the wtal installed capacity in the joint venture is &. Then the output
level chosen by the joint venture management

A;C, if k = A;C,
= 7 s e )
k. itk = k= 0
Cleardy, firm 1's profit levels are
A—c)? 5 A e
Qe = By, 1Y e— (10)
4 2
. i A—r¢
(l —a)(A —c—kk—rlk— K), itk =k < i (11}

Thus, inequilibrium the capacity choice of firm 1 involves K = (A—co) {1l —o)—r/2{1 —a).
Let Ji{ A) denote the equilibrium level of profit of firm i Then

(A—c)? i fA—al—a)—r .
J|{A}|_{1—u:}||: 3 —4{1_&}2]—:( 20— —K), (12)

FalA) = (Ai=r): r (13)
: _a[ 4 4{1—&}1]' :

The following observation is useful.

Observation 1.

ddpiA) (A—chil —w) r
] = — —, and
A 2 2

W We could instead assume that the subsidiary is directly contralled by firm | and maximizes the pmfit of frm
1. This does not affect the results qualitatively.
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PFHiA) 11—
aaz 2

{11}

Subsidiary Formation. We then analyze the option of forming a subsidiary. Again we
consider & two stage game. In stage 1, firm 1 decides how much capital 1o invest in the
subsidiary and the joint venture. In stage 2, the subsidiary and the joint venture firm compete
over quantites.

We begin by defining what we call strategy 5. Under this strategy firm 1 only invests in
the subsidiary and does not invest in the joint venture at all.'?

We begin by solving for the optimal level of k,; under strategy S when firm 1 selects &, so
as o maximize its own profits. Note that wheneverk, = (A — ¢ — K)/2 the profit function
of firm 1 is

kdA—c —ky—K)+ (1 —a)K(A —¢c — k, — K) — rk,. (14)

This is because under Cournot competition the equilibrium output level of the subsidiary is
k; and that of the joint venture is & . For large A there is an inleror solution where

A—c' — 2% —K—(1—w)K —r=0. (15)
Thus, letting K, denote the equilibrivm value of k; wehave that K, = A—d—r—K(2 —a) 2.

Let 5(A) denote the profit levels of the i-th firm when firm 1 is following strategy S and
ky = K;. Thus

S1A) = im — —r—FK2—a)iA—¢ —r—ak)

—u!}lfi'

1 i
+ ( > (A—2c+c" +r—ak), (16)

. ak S
S2(A) = T{A—2r+r +r—ak). (17

The following observation is useful.

Observation 2,
() 951(A)/PA=1/2{A—c —r—K), and
(i) #851(A)/9A% =1/2.

Suppose that firm 1 opens a subsidiary following strategy 8. Proposition 2 below demon-
strates that for large A, the profit of firm 1 is larger than that under the status quo option.
Proposition 2.

Si(A)

m =
A—no JTA)

12 Of coumse, it is possible that under the given parameter conditions strategy 5 is not optimal for fm 1.
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Prool. Applying I'Hospital’s rule twice and then using Observations 1(ii) and 20ii) we have
that
S1(A) i A2851(A) /AT 1

i = lm — — = = 1. O
A—oo JI{A)  A—oc d-J{A) A | —w

The intuition is as follows. For finm 1, the advantage of being in the joint venture lies in
the synergistic effect, while the attraction of subsidiary formation lies in the fact that firm
1 obtains the whole of the subsidiary profits. As demand becomes very large, however,
the synergistie advantages become relatively less important. At the same tme subsidiary
formation becomes more attractive. For A large, the disadvantagesof being in a joint venture
outweigh the advantages. Hence, the resull.

Buy-out. We begin by showing that for firm 1 buy-out dominates subsidiary formation.

Proposition 3. Forfirm [, the profits from a buy-out are greater than that under subsidiary
Jormation.

Proof. There are two cases 1o consider.

Case 1. In case of subsidiary formation suppose that strategy 8 is optimal for firm 1. In
that case firm 2's reservation payoff is §2(4). Hence, firm 1's payoll from a buy-out is
(A—c—r?/4 +rK — 5:(A), whereas firm 1's payoll from subsidiary formation is 5 (A).
Cleardy, for firm 1 a buy-out dominates subsidiary formation if and only if

+rK = 51(A) + 5:(A).
(18)

A—'—'I & i - . .
% +rK — 5(A) = 51{A) 1e., %

Observe that the LLH.S. of Eq. (18) represents the aggregate profit of the two finms under a
buy-out, whereas the R.H.S represents the aggregate profitof the two finms under subsidiary
formation by firm 1 {when finm 1 follows strategy 5). The L. H.S. exceeds the R H.S. because
a buy-out avoids the inefficiencies associated with subsidiary formation (arising out of rent
dissipation and cost inefficiencies ).

Case 2. Next suppose that in case of subsidiary formation it s not optimal for firm 1 o
follow strategy 5. Suppose instead that finm 1 is following the optimal swategy regarding
capacity investment. Let the profit levels of the two firms under this optimal capacity strategy
be denoted by §1(A) and §2(A). Thus, a buy-out dominates subsidiary formation if and only
if

(A—c—r)? (A—c—r)?

- +rkK —85(A) > 51(A) or

K= 5(A)+ 5(A)
4 1 +1! A+ 5204)

(19

Again the above equation holds since the LH.S. of Eq. ( 19) represents the aggregate profit
of the two firms under a buy-out, whereas the R H.8. represents the aggregate profit of the
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two firms under subsidiary formation by firm 1 (when finm 1 follows the optimal capacity
strategy ). O

Note that for this proposition we do not need A 1o be large.?

Intuitively speaking Proposition 3 follows since under a buy-out firm 1 can avoid the
inefficiencies associated with subsidiary formation, namely rent dissipation and cost inef-
ficicncies.

Finally, we show that for large A, buy-out dominates status quo as well.

Proposition 4. §f A is large in the sense that 5{A) = J(A), then, for firm 1, the profits
[from a buy-out are greater than those under the status guo option.

Proofl. Again there are two cases Lo consider.

Case 1. In case of subsidiary formation, suppose strategy S is optimal for firm 1. Note that
buy-out dominates status quo if and only if

A—ec—rP .

o +rR = 524) > Ji(A). (200
Mote that

Elgliqqﬁ—&mndmﬂpﬁmL (21)

where the first inequality follows from Case 1 of Proposition 3 and last inequality follows
from the hypothesis of this proposition.

Case 2. Suppose strategy S is not optimal. Again let the profitlevels of the two firms under
the optimal capacity kevels be 5(A) and 52(A). Thus, a buy-out dominates subsidiary
formation if and only if

A—ec—r* . .

BT +rK — 52(A) = Ji{A). 22)
Mote that

(A-—c—r? - = 2 , 2 5

—a +rK = 51(A) 4+ 5(A), = 51{A)+ 5(A), = Hi{A)+ 5(A), (23)

where the first inequality follows from Case 2 of Proposition 3, the second inequality follows
from a simple revealed preference argument for firm | and the final inequality follows from
the hypothesis of this proposition. O

The intuition is as follows. If the increase in demand is large enough, then for firm 1, opening
a subsidiary becomes more profitable than the status quo option (see Proposition 2), so that

the threat of subsidiary formation is credible. Now firm 1 can use the threat of subsidiary

3 0Of course, unless A = ¢ + r, subsidiary formation is not even feasible.
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formation to drive down the payoll of firm 2 in case of a buy-out. Given that firm 2 can
be driven down to its reservation kevel, a buy-out is profitable for firm 1 provided that the
aggregate payolf from a buy-out exceeds that under subsidiary formation. Since a buy-out
avoids the inefficiencies associated with subsidiary formation, this is always tue.

Thus, Propositions 2-4 together show that if A is large enough then there is always a
buy-out.

4. Conclusion

This paper was motivated by some empirical facts regarding joint venture breakdown. We
build a simple model based on asymmelric access to capital and synergy that is capable of
explaining the stylized facts. Another important factor turns out 1o be the lkevel of demand. If
demand is low then we find that the outcome involves joint venture formation. An increase
in the demand level, however, could lead o joint venture breakdown, a result that 1 new in
the lierature.

This model also allows us to make some predictions regarding the effect of tariff policies.
Suppose that owing to liberalization the government reduces tariff levels in the industry
concemed, leading 1o a reduction in the demand level facing the existing firms. Our theory
suggests that the result should be an mcrease in joint venture stability, a westable mplication
of our theory.

Appendix A

In this appendix, we show that our arguments apply for more general demand functions.

Suppose that the initial demand function is of the form a — fig), and later the demand
function shifts up w0 A — fig), where A = a, flg) is twice differentiable, f'(g) = 0,
Fflgy = 0and f{0) = 0. Thus, the demand function is negatively sloped and (weakly)
concave., The assumption that f{0) = 0 15 just a normalization which allows us o work
with Assumption 1 in this case as well. Note that this formulation allows for linear demand
functions.

AL Initial demand

We first consider the case where the demand function is of the forma — flg). We assume
that Assumption 1 holds in this case as well, so that none of the firms can profitably open a
subsidiary. Let g"™{a) solve the equationa — fig) —ajf (g) = . If the capacity level installed
in the joint venture is k. then the output kevel selected by the joint venture management

/] i I- /]
s .E||‘l ), ifk=g", (A1)
K, otherwise.

Cleardy, firm 1's profit is

(1—ala—c— flkNk—rk, ¥V k=qg"(a). (A2)
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Let K denote the optimal capacity (and the output) kevel for firm 1. Then K solves the
following first order condition:

(l—ala—c— fk)—kfk)y—r=0. (A3)
Thus, under the initial demand parameters there is always joint venture formation and the
optimal capacity level solves Eq. (A3).

A.2. Demand increase

We then consider the case where the demand function is A — fig).
Status Quo. Let the total installed capacity level in the joint venture be k. Note that in
this case the profit level of firm 1 is given by

(1—adk(A —c— fik) —rtk—K), ifK =k <g"(A). (Ad)

Let K{A) solve the following first order condition

A — flk) — kf'(h) = 1’—‘1 S (AS)
Letting J){A) denote the equilibrium profit level of firm 1
Ji(A) = (1 — a) K(A) (A — c — fIK(A))) — r(K(A) — K). (AG)

The following Observation mimics observation 1 eardier.

Observation 3,
(i) dJ,(A)/9A = (1 —a)K(A), and
(i) FI(AIAT =1 —a/2F(K)+ Kf"(K).

Subsidiary Formation. Suppose firm 1 decides o follow strategy 5. Letting &, denote the
capacity level of the subsidiary, ¥k, = g™{A — K) the profit level of firm 1 is given by

[A—¢ — flky + K)lks + (1 —a)K[A — e — fiks + K)] — k. (AT
If K, denotes the optimal level of &, then K solves the following first order condition

A= flks+ K) = (ks + K) (ks + K) = +r —aK f' (ks + K). (A8)
Let 81(A) denote the profit level of firm | when it opens a subsidiary and invests in the
subsidiary alone at the level K. The following observation mimics Observation 2 ecardier.
Observation 4.

(i) 85,(A)/84 = K (A)+ (1 —e)K,and i i i
(i) #*851(A)/8A% = 12 (Ks + K) + (K; + K) f"(Ks + K) — aK f'(K; + K).

We then introduce a technical assumption that we require for our analysis. Note that

Assumption 2 below is satisfied for linear demand functions.

Assumption 2. 2 (g} + g/ (g) is decreasing in g.

We require one final observation.
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Observation 5.

K.+k=kK

The argument is simple. Given Assumption 1, from Egs. (A5) and (A.8) it follows that
a— fiK) —Kf'(K) = a— fiK; + K) — (K; + K) f (K, + K).
Since fM{g) = 0 and f"{g) = 0, we have that K, + K=K
Proposition 5 below is the analogue of Proposition 2 eadier. Suppose that firm 1 opens

a subsidiary and follows sirategy S while doing so. Then we demonstrate that for large A,
the profit of firm 1 is larger than that under the status quo option.

Proposition 5.
51(4)

im —— =
A—oo Ji{A)
Proof. Applying I'Hospital's mule twice and then applying Observations 3(ii) and 4011) we
have that
i 5i(4)
A—oo J{A)
lim 1 2f(K) +Kf'(K)
I = o = = P
A=o0 1 —a2 f'(K;+ K) + (K; + K) f"(K; + K) —aK f"(K; + K)

AL)

Note that given Assumption 2 and Observation 3, the second term in the R HS. of Eq. (A 9)
15 also greater than 1. |

Given Proposition 5, the analogue of Propositions 3 and 4 follow as well. This follows
since the proofs of Propositions 3 and 4 do not depend on the linearity assumption. Thus,
in this case also, for large A, buy-out dominates both status quo and subsidiary formation.
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