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ABSTRACT

We usethelogic of ex-ante coalitional bargaining to explain the stylized fact that
technology licensors typically cannot extract the entire surplus generated by their
international licensing transactions. We assume a multinational corporation capable of
supplying an 'external management’ input (e.g. supply-chain management) and two types
of host-country enterprise--one able to supply only an 'interna management' input (e.g.
labor supervision) and the other able to provide both types of management. Cooperation
with the first type requires profit sharing, but as this does not give adequate incentives to
either side, the result is a Nash equilibrium in input levels. In order to avoid this
suboptimal outcome, licensors bid up the rents they offer to the second type, which can
be incentivized to supply first-best levels of both inputs through contracts specifying only

afixed per-period licensing fee.
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1. Introduction

The empirical evidence on international technology licensing shows that the
average licensor appropriates "less than half of the surplus associated with the license
transaction.” (Caves, 1996) Theoretical explanations for this stylized fact recently
reviewed by Glass and Saggi (2002) involve either imperfect information or inadequate
protection of intellectual property (IP) rights. The first type of model (e.g., Gallini and
Wright, 1990 and Wright, 1993) focuses on the difficulty the licensor faces in signaling
the quality of his/her technology to the licensee prior to signing a contract. In this case,
there may be a separating equilibrium in which, for example, low cost technology
licensors must leave some rents with the licensee. Similarly, the IP models of Markusen
(2001) and Yang and Maskus (2001) involve cases in which the licensor has no legal
recourse in the event the licensee defects and starts a competing business, and must
therefore 'bribe’ him/her to prevent this from happening.

This paper usesthe logic of ex-ante coalitiona bargaining to provide an
alternative explanation for Caves' stylized fact. In our model, it is competition among
licensors for licensees with superior human capital enrdowments, rather than imperfect
information per se, that drives the result. Asin the first group of models cited above,
however, imperfect information plays a central role because, asin Chan and Hoy's (1991)
discussion of joint ventures, two non-verifiable inputs are involved. Where the licensee
isonly able to provide one of these, the result is aNash equilibrium in input levels. To
avoid this two-sided moral hazard problem, licensors bid up the rents they offer to
licensees who can supply both inputs, as cooperating with such partners makes it possible

to achieve afirst-best solution.



Our setup is based on Eswaran and Kotwal's (1985) two-sided moral hazard
model of tenure choice, which, as Eswaran and Kotwal pointed out in their conclusion,
provides a useful framework for thinking about any cooperative enterprise requiring both
‘internal’ and 'external’ management. (For arecent example, see Chen and Rozelle
(2999), which applies the model to Chinese township enterprises.) We assume a
multinational corporation (MNC) that possesses an ownership advantage--the patent for a
production process for example--has a physical capital endowment, and is also able to
provide an external management input-- such as supply-chain management or
international marketing. At the same time, however, an internal management input, such
as labor supervision or dealing with the local government-- is aso required. Thiscan
only be provided by a host country enterprise (HCE). There are assumed to be two types
of HCE--the first (type T1) can provide both internal and external management while the
second (type T2) is only able to provide internal management. Neither type hasits own
physical capital.

Since both internal and external management are assumed to be unverifiable,
these inputs must be induced through the appropriate choice of incentives. A first-best
optimal outcome can be achieved with type T1 HCEs through a contract in which they
pay only afixed per-period licensing fee, keep al of the profit over and above this
amount, and provide both inputs. When the HCE is type T2, however, the MNC must
provide the external management and incentives must be created for both parties. This
requires a profit-sharing arrangement (we consider the case of an equity joint venture)
and results in the management inputs being set at sub-optimal (Nash equilibrium) levels
(since each firm receives only afraction of its marginal product).
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We consider an ex-ante coalitional bargaining game in which MNCs and HCEs
can form coalitions with whichever other agents will give them the best terms. With
sufficiently many agents, we show that the core of this game 'shrinks' to an outcomein
which the MNC can capture the total surplus from projects with type T2 HCEs but not
from projectswith type T1s. The reason isthat any T2 HCE can be replaced by some
subset of the remaining T2s with no loss of total grand coalition economic surplus. This
is possible because, since T2s shirk their internal management input in the profit-sharing
Nash equilibrium, they always have resources to spare for new projects. T1s cannot be
excluded without a drop in total surplus because, since their inputs are supplied at first-
best levels, they are supplied with the maximum amount of capital that they can
efficiently use. Thisimplies that, were one of them to be excluded and its capital
reassigned, the remaining T1 HCES resources would be 'spread too thin'. Similarly, the
loss of an excluded MNC's capital could not be made up by the remaining MNCs.

The remainder of our paper is organized as follows. Section 2 presents the model,
while Section 3 explains the solution concept. In Section 4, it is shown that, when the
number of agents exceeds some critical value the core ‘ shrinks' to the outcome described

above. Section 5 concludes.

2. A two-sided moral hazard model of international economic cooperation

Our model has four factors—external management effort (t), interna management
effort (s), raw labor (L) and capital (K). Coalitional bargaining takes place between three
sets of agents. aset of MNC's{M}, a set of HCE's whose external management skills are
egual to those of the MNC's{T1}, and a set of HCE's without any ability in externd
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management { T2}. Both types of HCE's are able to provide the internal management
input, but MNCs are not. For the sake of expositional clarity, et us suppose that there are
equal numbers of T1 and T2 HCEs (#T1 = #T2) and that the total number of MNCs and
HCEs isthe same (#T1+ #T2 = #M). All agents are risk neutral. Both types of
management effort are assumed to be unverifiable inputs and thus cannot be specified in
the contract; capital has no aternative use (i.e. the interest rate is zero). Labor ishired by
the HCE and paid for by both MNC and HCE, using the same sharing rule that applies to
profit. Assuming constant returns to scale, the presence of afixed factor (capital) implies
decreasing returns to scale in the other two factors, ensuring that the agents
maximization problems are well-defined.

Revenue (q) for a project involving K units of capital is given by:
D a=aftsLK)

where g is arandom variable determined by the state of nature with an expected
value of oneand f is a neoclassical production function with the usual properties. The
state of nature is assumed to be unverifiable even after its realization, so that neither firm
can determine the other’ s effort from knowledge of its own input and the profit. While
under risk neutrality the firms are concerned solely with the expected value: E[q] =1 (t, S,
L, K)—a nontstochastic function—uncertainty about the state of the world nonetheless
affects their behavior by making shirking possible.

Each MNC owns the same amount of capital (K*). Asin the EswaranKotwal
model, there are also assumed to be upper bounds on the levels of effort that individual
firms are capable of supplying: s1 [0, S"™],t1 [0, t™]. Here, an additional assumption

is added: these maximum effort levels are just sufficient for a single MNC-HCE pair to
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achieve afirst best solution. In the cases we wish to consider here, it is effort shirking
rather than insufficient resources that limits the ability of the MNC and the HCE to
achieve the first-best outcome. This suggests that a single MNC-HCE pair should be at
least capable of attaining the first best in a project of size K*. The assumption that afirst
best outcome could not be achieved in a project larger thanthis is made solely to clarify
the exposition.

L et the wage paid to labor be denoted by w, the opportunity cost of external
management effort by v, that of internal management effort by u and let:
(20 L* =argmax{ f(t™, " L, K*) —vt™ —us"™ -wlL}.
(L* isthe first-best optimal level of the raw labor input for asingle MNC's capital (K*)
with internal and external management effort set at their maximum levels for asingle
agent.)

Then we have:
(3) = argmax{ f(t™*, s, L*, K*) —vt™ —us-wL*}, for types T1 and T2.
(The maximum amount of labor supervision a single HCE of either type is capable of
providing is just equal to what would be required for the first-best outcome for asingle
MNC's capital with external management set at t™* and the raw labor input at the first-
best level, L*.)
4 " =0, fortypeM.
MNCs are incapable of supervising labor.
(5)  t"=argmax{ f(t, "™, L*, K*) —vt—us"™ - wL*}, for typesM and T1,
(The maximum amount of external management that asingle MNC or T1 HCE is capable

of providing isjust equal to what would be required for the first-best outcome for asingle
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MNC's capital with labor supervision set at s"® and the raw labor input at the first-best
leve, L*.)

(6 t"™=0,fortypeT2.

(Type T2 HCEs are incapable of external management.)

Each MNC divides up its capital into ‘projects’, each of which we may imagine
being assigned to a single HCE under asingle contract. Contract terms and assignments
of HCEs to projects result from an ex-ante bargaining process, which we model below as
acoalitional game. Contracts specify aMNC profit share (b T [0,1], the size of the
project (K1 A.) andaninteger (I T A) unique to eachproject which we may simply
think of asits'name’. There may also be alicensing fee (a T A ), which we will assume
isdirectly proportional to the size of the project (K) so that we may definea asa
payment per unit of capital invested. T1 HCEsonly sign 'pure' licensing agreements
while T2 HCEs only sign joint-venture contracts. Different projects may be of different
sizes and may be taken by the same HCE (under different contract terms) or by different
HCEs; MNCs may or may not divide their endowments in the same way.

It is convenient to begin by considering the outcome associated with asingle
contract. Let the ™ HCE be party to atotal of J contracts, and let itsit contract be for a
project of size Kjj. We may break the problem down into two steps. First, we solve for
the optimal amount of labor for the HCE to hire, for any given contract parameters
(a,b) andvauesof s, t and K;j. Second, we solve for the values of sand t that the MNC
and HCE would optimally choose, knowing what amount of labor will be hired as aresult

and, again, taking contract parameters as given.



In general, each contract specifies an MNC profit share, b;j, and alicensing fee
(per unit of capital), aij. (The pure licensing agreement is then a special casein which b
=0.) Sincethe HCE's share in the wage bill is assumed equal to his profit share, the first
step involves solving:

) L@ij,bij, t, s, Kij)=argmax (1- b)) f(t,s L, Kij))-aijKij— (1-bijwL

{L}
This implies that the HCE will hire the first-best level of labor for given values of the
contract terms, unverifiable effort levels and the project size. In what follows, the gross
surplus (i.e. the surplus before netting out opportunity costs) resulting from the choice of
L(aij,bij, t, s, Kjj) isdenoted by:
8 f (@ijbij, t, s, Kij) =f(t, s L(aij,bij t, s, Kij), Kij) — wL(@ij,bij, t, s Kij)

The analysis for the second step of the solution procedure depends on whether the
contract in question is for a pure licensing agreement or ajoint venture. First consider
the first case, which will be chosen if HCE j istype T1. In this case, the HCE will supply
both types of effort. The MNC will not participate in externa management because,
since the licensing fee is fixed, it has no incentive to do so. The T1 HCE chooses values
for t and s that maximize its profit net of opportunity cost (hereafter, ‘net profit’) by
solving:

9 maxpT=f (@ijbij,t,sKij)-a Kjj—vt—us

{t.s}

st.0<s<s™ O<t<t™
where v and u are the opportunity costs of external and internal management effort,

respectively. (It is assumed there is no aternative activity for the MNC’s capital, i.e. that



its opportunity rent is zero. Note also that, under the rent contract, the HCE is

responsible for the entire wage bill.) The first-order conditions are:

J
(10) t.=argmax{f (aij,bij,, t, s Ki)—vt—usg} for S Kjj<K*
i=1
(An Interior Solution: When total investment in the projects for which the HCE has

contractsis less than or equal to K*, it has sufficient resources to supply the first-best

level of external management effort for all projects.)

J J
(11 t, = tm Kij/SKij,fOFS Kij>K*
i=1 i=1

(A Corner Solution: When total investment in the projects for which the HCE has
contracts is greater than H*, it does not have sufficient resources to supply the first-best
level of external management effort for all projects. In this case, the amount of effort it
supplies to any given project depends on its size in proportion to the total amount
invested in all of its projects.)
J

(12) s = argmax{f (aij,bij,t, s Kij)—vtr—us}, for S Kjj <K*

i=1
(An Interior Solution: When total investment in the projects for which the HCE has

contracts is less than K*, it aso has sufficient resources to supply the first-best level of

internal management effort for all projects.)

J J
(13)SR:SmaX Kij/SKij,fOTS Kij>K*
i=1 i=1

(A Corner Solution: When tota investment in the projects for which the HCE has

contracts is greater than K*, it also does not have sufficient resources to supply the first-
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best level of internal management effort for al projects. In this case, the amount of effort
it supplies to any given project is again determined by its size in proportion to the total
investment in all of his projects.)

In ajoint-venture, it is assumed (as with share tenancy in the Eswaran and Kotwal
model) that effort levels are determined as a Nash equilibrium. Existence is guaranteed
(by Kakutani’s fixed point theorem) because the agents’ action sets, [0, s"*], [0, t™®],
are compact and convex; we will further assume that the equilibrium is uniquely
determined by the contract terms. For given values of b ;; and K j and a conjecture of the
HCE's effort level, the MNC chooses an effort level that solves:

(14) maxpy =bi;f @ij,bij.t, s Kij) +a Kij-vt

{t}

st.O<t<t™

Similarly, the HCE solves:

(15 maxpr=(1-bi)f @ijbij.t, s Kij)-aKij-us

{st

st.0<s<s™

The first order conditions for these two problems give the agents' reaction
functionsin ajoint venture. In this case, as we will see below that each T2 HCE is
assigned to projects with total investment less than K*, we need only consider the interior
solutiors. Asin the Eswaran and Kotwa model, reaction functions are given by:

(16) t(9=t(sbijKij
(17)  s(t) =s(t; bij, Kij)
Solving these equations simultaneously gives us the joint-venture Nash

equilibrium (analgous to Eswaran and Kotwal's share tenancy equilibrium):
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(18)  tny =ty (bij, Kij)

(19)  sv=sn (i} Ki)

Before proceeding with the description of the coalitional game, it is useful to give
a diagrammatic description of how profits would vary with the profit share and licensing
fee parametersin ajoint venture. Figure 1 shows achievable net profits for the MNC (on
the vertical axis) and the HCE (on the horizontal axis). The curve from the origin
through b* (the joint profit frontier) shows how total joint profits change as we vary the
MNC's profit share, with b decreasing from one (at the origin), to the joint-profit
maximizing value (b*), to zero (once again at the origin). The shape of this curve is due
to the fact that the MNC'’ s profit share determines not only how profit is divided but also,
via incentive effects, how much profit there isto divide. Thus for example, when the
MNC' s share is one, the HCE contributes no effort while a share of zero implies that the
MNC does not contribute. In either case, joint profit is zro.

The value of the MNC’s profit share determines atotal level of joint net profit,
which is given by the joint profit isoquant passing through the corresponding point on the
frontier. In Figure 1, these isoquants are given by lines with a slope of negative one.
Division of profitsvia licensing fee payments corresponds to a movement away from the
frontier along one of these schedules. Thus the figure provides a convenient summary of
how the firms' net profits are determined in ajoint venture. Firgt, total net profits are
given by a point on the frontier corresponding to the profit share (b). Then, the firms

move aong the corresponding isoquant to a point (X) determined by the licensing fee

@).
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With only two firms, there would be only one project—involving the MNC's
entire endowment—and this would be undertaken by asingle HCE. In this case, in a
joint venture the MNC's optimal contract will specify the profit-maximizing share (b*)
together with alicensing fee (ay* in Figure 1) that leaves the HCE with only its
reservation net profit. Similarly, under pure licensing agreements, licensing fees are set
at levels under which the HCES' participation constraint binds while the output is first-
best optimal subject to the constraints on the firms' effort levels. This suggests the
following definition, which may be applied to both one-MNC-one-HCE and multi-agent
Cases:

Definition 1: The Eswaran-Kotwal Principal-agency Outcome (EKPAO) for a
given population of MNCs and HCESs is that outcome under which:

(2) joint profit is maximized in all projects,

(2) each MNC receives the entire joint profit attributable to its capital .

3. The bargaining game

The sequence of events we' ve described so far is summarized in Figure 2. First,
firms engage in an ex-ante bargaining process that determines how the MNCs divide their
capital anong the HCESs and the contract terms that each firm receives. After this, the
firms choose Nash equilibrium effort levels for each of their projects in the event that a
joint venture was chosen. These levels are uniquely determined by the corresponding
contracts. In the event that a pure licensing agreement is chosen, the HCE will supply
both unverifiable inputs at levels as close as possible to first best. At the same time, each

HCE simultaneously solves the optimal amount of labor for each of its projects. Finaly,
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the state of nature is realized, profit is realized and payoffs are received in accordance
with contract terms.

Note that once the terms of and parties to each contract are determined, expected
profits are a forgone conclusion in a joint venture because of our assumption that the
Nash equilibria are unique. Thus, the initia bargaining game has well-defined payoffs
under both types of contract. We may therefor model the bargaining process as a
characteristic-form game. The first step is to describe a set of feasible contracts for a
coalition, then use this contract set to define an outcome—a vector of profits for each of
the coalition members. Thisin turn allows us to define a characteristic function—a
mapping from each possible coalition to a‘ profit possibility set’ giving all possible
outcomes for that coalition. Finaly, we may define the core of the game given by the set
of al MNCs and HCEs together withthe characteristic function. This allows us to make
predictions about what contract terms will result from the bargaining process—these will
simply be those terms leading to outcomes in the core.®

We may define a coalition to be a non-empty subset of the total population of
agents, Mc + Tc, where Mc1 M, Te1 T1+ T2. Thenlet C! bethe set of contracts to
which coalition member j isa party and J be the number of such contracts:

(200 C!={(by,ay, Ky lyj), 02, @ 2, Kaj, ly),... (b3, @ 3, Ky, 15)}-
(Recall that b isthe MNC's share, a, the licensing fee, K, the size of the project

and |, its‘name’.) LeeC={C?1,.., CM*T%  For Cto‘makesense’ asaset of contracts

3 For agood introduction to characteristic form games, see the Appendix to Mas-Colell et al.(1995),
Chapter 18.
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for projects, each involving one coalition MNC and one HCE, it must be ‘feasible’ in the
following sense:

Definition 2: C is feasible for coalition Mc + Tc if:

J J
@ S SKi,j = S SKi,j = McK*

iT Mc i=1 iT Tc i=1
(Investment in both coalition MNC and HCE projects sums to the total capital
endowment for the codlition.)
O" [i$lhasthj=la (jL 1), 1T Mc+To)
(For each of a given firm’s contracts there is a counter-party.)
©Lij=hki=>Imn® lij, hka" ntj,I
(There may only be one counter-party for a given contract.)
@hj=la=>j1 MciffIT Tc;jT TciffIT Mc
(One coalition MNC and one coalition HCE must be party to each contract. Coalition
MNCs (HCEs) may not have contracts with HCEs (MNCs) who are not in the coalition.)
@ lij=ha=>(bij,aij, Kij) = (bki, a ki1, Kki)
(The MNC and the HCE sign the same contract for a given project.)

If new HCEs join a coalition and/or old HCEs are excluded, some projects may be
cancelled and the capital involved divided into different projects ad reassigned. The
following definitions are helpful in giving a formal description of this process:

Definition 3: Let No= (No'1, ...Ng'a1,..., No-%1,...Ng"aLc) be the set of projects of a

group of MNCs (M¢) belonging to coalition Mc + Tc. We denote the set of projectsin

“ Note that this condition also impliesthat C is not feasible if some capital isleft unused, i.e. if there are
some projects for which there are no contracts.
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Noowned by MNC j (aswéll asits cardinality) by Aj and use superscripts to index
MNC:s, subscripts to index projects. A repartition of Ng assigns the capital originally in
Noto anew set of projects N’ = (N'4, ...N"%g1,..., N'"%, ...N" %), where the set of
projectsin N’ owned by MNC j (aswell asits cardinality) is given by Bj.

Definition 4: N’ isafeasible repartition of Ny if:

Aj Bj

1) SKNo)= SKN) " jT Mc
i=1 i=1

where K(N %)) is the amount of capital invested in project N’i. That is, arepartition is
feasible if the total investment for given MNC’s projectsin N’ equals the total for its
projectsin No. (Repartitioning has no effect on ownership.)

Definition 5: An assignment for HCEs (T¢) in the coalition Mc + Tc and any
repartition N’ = (N4, ...,N"g1,..., N'*, ...,N'"s. o) assigns to each project in N’ aHCE
t(N)T Tcand effort levels S(N'T;), t(N'))).

Definition 6: A feasible assignment is an assignment satisfying:

J
(22) s(N') <s"™K;;/SKij, for al projects assigned to each member (j) of T1 C Tc
i=1
J
(23) t(N) < t™* K;;/ S K;j, for al projects assigned to each member () of T1 C Tc
i=1

(24)  s(N'}}) < su(b*, K(N'1)), for all projects assigned to each member (j) of T2 C Tc

J
(25 S s(N)) < s™ for each member (j) of T2 C Tc
i=1
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A feasible assignment is thus simply an allocation of coalition HCE effort to the
codition MNCs' capital that is physically possible for the type T1s, given the constraints
on their effort levels, and both incentive compatible and consistent with the effort level
constraints for the type T2s. (See Figure 3 for an example of a set of projects (Figure
3.1), arepartition (Figure 3.2) and a feasible assignment of projects in the repartition to
two HCEs (Figure 3.3).)

Total profit for each firm will be given by the sum of its attributable profit from

each of the projects for which it has a contract. For the j agent, we have:

J
26 p'(C)= Sp"(Ch);j1 Mc
i=1
J
= SpTech:jT Te
i=1

In ajoint venture, pM (Ci)and p" (C';), net profits for thej© MNC or HCE' st
project, are given by:
@7 p™M (Ch) =bijf @i}, bij, tnij, Kij), subij, Kij), Kij) - vinbij, Kij) +a i Kij
(28)p T (Ch)=(L-bi))f @i} bij, tn®ij, Kij), sn(0if, Kij), Kij) —usu(bij, K ij) - aijKij
Under a pure licensing agreement, we have:
(29 p"(Ch)=aijKi
(30) pT(ChH)=f@ij;bij,t, g, Kij)-us -vtL-aiKij
(Recall that f is defined in (8) to be gross surplus (before netting out opportunity costs)

maximized over L for given valuesof ajj, bij,t,sandK ;.)
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We may define the outcome for a coalition under a particular set of contracts as
the set of the net profits that each member achieves:

Definition 7: pc(C) ={p *(C*),... pM=*T(CMe* )} T AM*T¢ s the outcome for
codlition (Mc + T¢) under C ={C?1,..., cMe*Te,

For each coalition (Mc + T¢), we may further define a profit possibility set:

Definition 8: The profit possibility set for coalition (Mc + Tc), V(Mc + To) 1
AMeTe s given by:

(31) V(Mc+ Tc)={ pc(C)|Cisfeasiblefor (Mc + Tc)} - AMe*Te,,

Note that our profit possibility set includes both outcomes for the coalition under
every feasible set of contracts and, assuming the possibility of free disposal, any vector
assigning lower profits (or arbitrarily large losses) to one or more of the coalition
members.

Our multi-agent scenario thus takes the form of a game in characteristic form:
(M +T,V). We may now define the core of this game in the usual way. First, let an
outcome for the grand coalition (M + T) be alist of net profitspec = (Pac ,... p ac ™)
T AMT andlet p oc! be the profit for the j% coalition member under p ac. A blocking
coalition may then be defined as follows:

Definition 9: An outcome, p cc, is blocked by codlition (Mc + T¢) if there exists
pcl V(Mc + Tc) such that:

@ pac' <pc, " 1T Mc+Te)

(iYpac' < pc!, forsomejl (Mc+ Te)

Finally, we may define the coreof (M + T, V):
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Definition10: Thecoreof (M + T, V) isthe set of al outcomes, p o, for which
there is no codlition, (Mc + T¢), such that (Mc + T¢) blocks p ac.

Next, we show that joint venture contracts will be pairwise efficient—only the
optimal share (b*) leads to outcomes in the core:

Proposition 1: Pairwise Efficiency. For unblocked outcomes, we must have
b =b* for al joint venture contracts.

Proof: Suppose there is a project for which ajoint venture is optimal and the
corresponding contract is (b, a, K, 1) whereb * b*. (We drop subscripts and the
parameter (1) in what follows to smplify the notation.) MNC and HCE profits will be

given by:

32 p" (@b, K)=P"{,K)+a

(33 p'(a,b,K)=PT(b,K)-a

where P' (*) is net profit before licensing fee payments for i = M,T. Since b* maximizes
joint profit we must have:

(349 PY@*, K)+PT (0%, K)>P" (b, K)+P" (b,K)

= P"(@*,K) -P"(b,K) >P" (0, K)-PT (b* K)

Letting P™ (b*, K)- PM (b, K) =G", PT (b*,K)-PT (b,K) =G', we have:

35 G">-G

Switching from b to b* would thus imply one of the following three possibilities:

1) Net profit before side payments rises by more for the MNC than it falls for the HCE®:
G">0:G" <0 =>|GM >|G"| or |GM| - |G"|>0 (by (35)). Inthiscase, the MNC

would enjoy higher net profits even if it had to compensate the HCE by enough to leave

® Thiswould be the case for values of b corresponding to points on the downward sloping portion of the
frontier in Figure 1 betweenb " and b* .
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the HCE’s net profit unchanged. Changing the side paymenttoa’=a - |G" | would give
us:

(36) p* @@", b*,K)=[P" (b,K) +a] +[IG"|- [G'[>P" (b,K) +a = p" (@,b,K)
@7 p' @, b*,K)=[PT (b,K)-a] +[IG|- |G'] =P (b,K)-a =p'(a,b,K)
Thus, the outcome under (a, b, K) for agiven MNC-HCE pair will be blocked by the
grand coalition. Under (a’, b*, K) net profits increase for the MNC in question while
leaving profits for the HCE, as well as all other MNCs and HCES, unchanged (as required
by Definition 9).

2) Net profit before side payments rises by more for the HCE than it falls for the MNC®:
G"<0;G" >0 =>|G"| >|GM]| or |G"]| - |G| > 0. Thisisthe same case as (1), with the
roles of MNC and HCE reversed. Here, the HCE would enjoy higher net profits even if
he had to compensate the MNC by enough to leave its net profit unchanged. Changing
the side payment toa’= a + |G| gives us:

38) p" @, b*,K)=[P" (b,K) +a] +[|G"|- |G =P" (b,K) +a = p" (a,b, K)
B9 p' @', b*,K)=[PT (b,K)-a] +[IG|- |G'] >PT (b,K)-a =p'(a,b,K)
Asin case (1), the outcome under (a, b, K) for a given MNC-HCE pair will be blocked
by the grand coalition. Under (a’, b*, K) net profits increase for the HCE while leaving
profits for the MNC, as well as all other MNCs and HCES, unchanged.

3) Net profit before side paymentsrises for both agents’: G¥ > 0; G' > 0. Inthis case:
(40) p" @', b*,K)=[P" (b,K)+a] +GM > P™ b,K)+a = p" (a,b,K)

4D p" @', b*,K)=[PT0,K)-a]+G > PT(b,K)-a =p'(@,b,K)

® Thiswould be the case for values of b corresponding to points on the downward sloping portion of the
frontier in Figurel between b™ and b* .

" Thiswould be the case for values of b corresponding to points on the upward sloping portions of the
frontier in Figure 3.1, i.e. between O and b" and between O and b".
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Once again, the outcome under (a, b, K) for a given MNC-HCE pair will be blocked by
the grand coalition. 3

When joint venture contracts include licensing fees, firms can set optimal
incentives via the share parameter, then contend for the resulting maximized joint profit
through bargaining over the fee. Thus only constrained efficient outcomes are in the
core—it will aways bein al firms best interest to maximize total surplus.

We may now establish our earlier assertion that capital must be optimally
allocated between members of T1 and T2:

Proposition 2: For unblocked outcomes it is necessary that each T1 HCE be
assigned to projects with total investment of Kry, such that K1 satisfies the first order
condition:

Kra [poh @t / dKra) +poh (@t /dKra)]= -[p(t(2), s(2), 1) - patn(2), se(d), 1)1,
where:
42 p(t(D), s (D))= f(t, s, 1) -Vt —ut,

(joint net profit for a project of unit size under a pure licensing agreement)
43)  pntn(D), sn(D),1) = (tn(D), Su(D), 1) — v tn(d) —usn(l)

(joint net profit for a project of unit size in ajoint venture)

(We let p.’ denote the derivative of p.” (t (1), s.(1),1) with respect its i argument.)

Proof: First, note that the left-hand side of the first-order condition gives the fall
in joint profit from the T1 HCE s origina projects which would result from assigning it
an additional project of unit size. This occurs because the management effort inputs are
spread out over more and/or bigger projects than before. The right-hand side gives the

increase in joint net profit from the T1 HCE' s new project resulting from the switch from
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ajoint venture to a pure licensing agreement. Thus, when a T1 HCE has projects with a
total areaof Kr1, the benefit of assigning an additional unit-sized project would be
exactly equal to the fall injoint profit on its existing projects.

We have assumed that t™* and " are the first-best optimal management effort
levels for asingle MNC' s total endowment, K*. Thisimplies that Ky, > K*, since for K1
< K*, the constraints are non-binding and the left- hand side of the first-order condition is
zero. We will further assume that K11< 2K*—otherwise, as shown in Proposition 3, joint
venture contracts never lead to outcomes in the core. It's easy to see that, were some
HCE Xi T1 to have contracts for projectsinvolving investment of more than K1, there
would have to be some other HCE, Y, whose projects involved investment less than or
equal to K*. (Assuming equal numbers of MNCs and HCEs, total capital available is
#T K*. If one HCE has projects involving atotal investment of A > K >K*, the
remaining capital (#T K* - A) is not sufficient for every HCE to be assigned projects
with atotal investment of K*.)

Inthis case, the outcome would be blocked by the grand coalition. A repartition
could be found in which al projects remained the same with the exception of one of those
assigned to X, Py. Py could be divided into two smaller projects, P, and P,. An
assignment corresponding to this repartition could be found under which all projects
other than Py were assigned to their original HCEs, P; was assigned to X and P, was
assigned to Y. It would naturally be feasible for this assignment to specify that effort
levels remained unchanged on projects other than Py. Since the total area of Y’s projects
would be less than K*, if the area of P, were sufficiently small the assignment could also

feasibly specify that total management effort supplied to P, and P, was higher than the
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level formerly supplied to Py. By the first-order condition, thiswill be true regardless of
whether YT T1 or Y1 T2. Provided that Y pays X a suitable side payment no agent will
be worse off than before and at least one will be better off, as required by Definition 9.

A similar argument can be used to show that the outcome will be blocked if X has
projects with an arealessthan Kr1. Inthis case, it will be possible to raise overall joint
profit by partitioning one of the HCE’ s joint-venture projects and reassigning part of it to
X. (The assumptions that no projects are left unassigned and that K1 < 2K* assure that
there will be at least one joint venture.) By paying that HCE a suitable side payment, X
can be better off without affecting any other grand coalition member, as required by
Definition 9. 3

The intuition behind Proposition 2 is simply that if the allocation of capital to
HCEs isinefficient, there will always be some way to raise joint profits through a
reallocation. New projects can be carved out of the projects of HCES with more capital
than they can use efficiently and these can be made available to those HCES with less
than optimal total project sizes. Aslong as the recipients of the new projects suitably
compensate their donors, the grand coalition can satisfy the requirements for a blocking
codlition. Thus, only when each T1 HCE has projects for which the required investment
sums to exactly K1 will the outcome be unblocked. Since Kr1 > K* and the total amount
of capital availableisjust (#T1 + #T2)K*, thisimplies that the average member of T2 has
projects involving investments that sum to less than K*. Using an argument similar to
that of Proposition 2, it would be straightforward to show that Nash equilibrium effort
levels must be achievable on all projects assigned to members of T2 for outcomes to be
unblocked. No member of T2 may farm an area so large that the total effort required for
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Nash equilibria on all projects exceeds ™. Aswe show below that, with sufficiently
many agents, T2 HCESs receive zero net profits under unblocked outcomes, whether or
not each of them is assigned the same total area would be a matter of indifference.

Proposition 3: Kr1< 2K* isa necessary condition for joint venture contracts to
lead to unblocked outcomes.

Proof: With K1 > 2K*, any coalition including a T2 HCE can make itself better
off by repartitioning all of that HCE' s projects and reassigning the new projects to some
subset of T2. The assumption 2 * (#T2) = #M implies that it would be feasible for such a
reassignment to specify higher effort levels on the new projects, even assuming that their
new T1 HCEs also continued to supply the same effort levels to their original projects.
Thus, the coalition M + T1 blocks any outcome that can be achieved by a coalition
including members of T2, providing that the increased overall joint profit is suitably
divided. 3

Proposition 3 shows that, for joint ventures to be observed in this model, the total
investment available must be too large to be efficiently used by type T1 HCEs aone.
Otherwise, it would be optimal for all MNCs to assign their capital to T1 HCEs ard all
T2 HCEs would be relegated to their alternative activity. Thus, the role of the HCES that

participate in joint ventures is smply to ‘fill in’ for more qualified licensees.

4. Surplus division and the core

This section considers the division of joint profits under unblocked outcomes.
With only one MNC and one HCE, there may be an arbitrary number of projects of
differing sizes (Kj), eachwith a different licensing fee (a ;). In this case, there are only
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two possible blocking coalitions (each consisting of only asingle firm). Since afirm
acting alone can earn only the returnfrom its alternative activity, as the (sole) member of
such a codition the MNC or the HCE would earn zero net profits. Thus only outcomesin

which one of the firms incurs an opportunity loss are blocked and all values of a ;

satisfying p/ > 0; j = M,T will lead to core outcomes. The EswaranKotwal principal-
agency outcome (Definition 1) is in the core (since the HCE' s participation constraint is
met) but so are both the outcome in which the HCE receives al net profits and the
continuum of other outcomes between these two extremes.

With sufficiently large numbers of agents, it can be shown that under core
outcomes MNCs capture all net profits from partnerships with members of T2 but that
thisis not the case with members of T1. With large numbers of T2 HCEs, any one of
them earning more than its reservation returncan be replaced by some subset of the
others without any fall in overall net profit. Thisis the case because, under the joint
venture Nash equilibria, these HCEs are not fully employed, and thus have effort to spare
for new projects. Members of T1, on the other hand, have a stronger bargaining position
since, by Proposition 2, net profits are higher under pure licensing agreements. This
makes it possible for them to block any imputations under which their participation
constraints are binding.

Our next proposition establishes a sufficient condition for an outcome under
which some member of T2 earns positive net profits to be blocked:

Proposition 4: An outcome under which some HCE t T T2 earns a strictly

positive net profit (p ') from a contract with some MNC mi M is blocked if there exists a
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feasible repartition (N’) of all the projects of members of T2 and a feasible assignment
for N’ and T2\t under which S(N'}}) = sy(b*, K(N' 1)) " N' 5T N,

Proof: With s(N' 1) = sy(b*, K(N' %)) for al projects in the repartition, the
codlition M + T1 + T2\t can generate the same joint profit per MNC (p ) as the grand
codlition. Let the k member of T\t earn net profit (p ¥) both under the initial outcome

and as a blocking coalition member. MNCsin M will together earn:

(44  (M)pP)-Sp"
Kl T\t

while the amount they earn under the initial outcome is:

45)  EM)(pP’)-Sp*-p'
K Tt

Since (44) is greater than (45) for p ' > 0, it must be possible for dl MNCsin M to earn
the same or higher profits in coalition with T\t than as grand coalition members. At the
same time, profits for HCEsin T\t are unchanged in coalition with MNCsin M, so
M + T\t satisfies the definition of a blocking coalition (Definition 9). 38

With small numbers of agents, the repartition required for Proposition 4 may not
be feasible. In such cases, there would be arelative scarcity of HCE management effort,
implying that no group of MNCs could achieve the same level of revenue with even one
fewer joint-venture partner. Since S"® > sy(b*, K*), however, it is easy to show that with
a sufficient number of firms the conditions for Proposition 4 can be met. We show this

formally in the following proposition:
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Proposition 5: " > gy(b*, K*) => $ W such that when #M =2 * (#T2) >W, a
necessary conditionfor an outcome to be unblocked is that all members of T2 earn zero
net profits.

Proof: With Ky1> K* (by Proposition 2) and #T1 = #T2 = %2 #M (by assumption),
total investment in projects with T2 HCEs must be less than (#T2)K*. Thisimplies that
total internal management effort for dl T2 HCEs must sum to less than (#T2)s"™, i.e.:

J
S SanNi) < #T2)*¢™ (Recal that N'; isthe it project of firm j.)

T2 i=1
For agiven value of Ky, there must then be some integer, W, such that:

J

aM = 2% (T2)>W=> @)™ - S SNy > sy (k)
jTT2 i=1

i.e.with#T2 =W/ 2, there is sufficient excess T2 internal management effort available to
completely supply projects with atotal investment of K* at Nash interior solution
equilibrium levels. With#M > W, it would therefor be possible for any set of (#T2 - 1) of
the T2 HCEs to supply their management inputs at Nash interior solution equilibrium
levels to projects involving total investment of (#T2)K*. Since total investment in
projects with T2 HCEs would always be less than this amount, the repartition and
assignment required by Proposition 4 would be feasible.

It is aso evident that no T2 HCE can earn a strictly negative net profit—any such
loss- making HCE could form a single-agent blocking coalition by working entirely in its

alternative activity. 3

26



A similar argument shows that, for an outcome to be unblocked, each T1 HCE
must earn a net profit equal to the entire amount by which profit attributable to his
projects exceeds what could have been earned in ajoint venture: K1 [pL (t (1), s (1), 1))
- psltn(D), su(2), 1)]. Again, it is convenient to first give a sufficient condition for this to
be the case, then show that this condition will always be met with large enough numbers
of agents.

Proposition 6: If mKy; = nK* for some integers m < #T2, n < #M and there are n
MNCs whose share contracts involve atotal of Kr1 or more units of capital, then a
necessary condition for an unblocked imputation is that each member of T2 earns a net
profit of:

(46)  pri* =K [P’ (tL(D), s(D), 1)) - paitn(D), su(d), D).

Proof: Suppose some HCE t T T1 earnsless than pr1*. This outcome would be
blocked by a coalition consisting of the n MNCs with joint venture contracts involving
K1 or more units of capital and m members of T1 including t. This coalition would have
exactly enough capital for all of its projects to be carried out under pure licensing
agreements and for each of its HCEs to be assigned atotal of Kt units of capital. Thus
all MNCs and HCEs other than t could receive net profits at least as high as they earned
in the grand codlition. If HCE t were assigned K1 units of the capital formerly invested
in joint ventures, he would then enjoy net profits per unit of capital on those projects of
Kra[pL? (tL (1), s.(2), 1) - pa(tn(1), su(1), 1)]—the amount by which the switch from

share to rent raised net profit (since all MNCs earn the same net profits as before). This
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would increase net profit for t, assuming he earned less than this amount in the grand
coalition, without lowering net profit for any other agent (as required by Definition 9).

It can also be shown that no member of T1 can earn more than pr*. Ift T T1
earns more than pr1*, he must have a contract with some MNC mthat allows him a net
profit per unit of capital greater than p.” (t.(1), s.(1), 1)) - pn(tn(2), su(1), 1). Since none
of msT1 HCEs earn profit per unit of capital less than this amount, his net profit could
be higher in a coalition with no members of T1 and only the minimum number of T2
HCEs necessary for Nash interior solutions on projects with a total area of K*. If these
joint venture HCES earned zero net profits, just as they did as grand coalition members,
nis net profit would increase. Again, the conditions for a blocking coalition (Definition
9) would be satisfied. 36

Proposition 7: K11 > K* =>$ W such that when #M > W, the conditions for
Proposition 6 are satisfied.

Proof: Kr1 >K* => Krp = (X/y) K* for some integersx >y > 0, such that x and y
have no common factors other than one (assuming are Kr; and K* rational). Thisimplies
that x MNCs would have exactly enough capital for y members of T1 to undertake
projectstotaling K1 each. Let the average MNC in the grand coalition have joint venture
contracts involving investment of Kz, (With K1 > K* (by Proposition 2) and #T1 = #T2
=1 #M (by assumption), we must have K12< K* < Kr;.) Clearly the x MNCs having the
largest total area under share contracts must together assign atotal of at least XKy units
of capitd to T2 HCEs. While we may have xKr, < K1 (since Kt2< Kt1), there must be

some integer | such that (I X)Kr2 > Kri.
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The conditions for Proposition 6 are then satisfied by letting W= max[I x, 21Y] .
This guarantees that there will be enough MNCs and T1 HCESs so that we may choose m
=ly,n=1xinProposition 6. (With#T1 =%#M by assumption, #M = 21y =>
#T1=1y) 8

Finally, we must show that outcomes satisfying propositions one through seven
are themselves unblocked—i.e. that the core is not empty:

Proposition 8: With sufficiently many firms, the core consists of the set of all
imputations resulting from contracts with the following characteristics:

(1) Pairwise Efficiency: Joint venture contracts specify the optimal MNC share
(b™).

(2) Efficient Capital Use: Capital is optimally divided among members of T1 and
T2

(3) Binding Participation Constraints for HCE joint venture partners: All members
of T2 earn zero net profits.

(4) Non-binding Participation Constraints for pure licensees: Each member of T1
earns at least pr1* = Kr1 [pL (tL(2), s.(1), 1)) - pntn(2), sn(l), 1)].

Proof: Any codlition (Mc + Tlc + T2¢) for which (#McK* - #T1cKr1) > 0 cannot
earn net profits greater than:
(47)  #T1cKra [po” (t(2), sL(D), D)] + (MCK* - #T1cKr2) pr(tn(d), su(d), 1).
The first term gives total net profit attributable to capital committed to pure licensing
agreements—net profit per unit of capital timestotal capital invested. The second term
gives total net profit attributable to capital in joint ventures—net profit per unit of capital

times the total capital invested in joint ventures. This expression may be rewritten as:
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(48)  #T1cKr1 [Pt (1), s(D), 1)) - patn(D), sn(d), D] +
#McK* pnltn(D), su(l), 1) + #T1c 0.
Thus coalition net profit may be no greater than the sum of the firms' net profits in the
grand coalition. Clearly, for any firm to earn more as a coalition member, some other
firm must earn less, implying that (Mc + T1c + T2¢) does not satisfy the requirements for
ablocking coalition (given in Definition 9).
For coalitions (Mc + Tlc + T2¢) for which (#McK* - #T1cKr1) <0, itisoptimal
to assign al the available capital to members of T1c and net profits cannot exceed:
(49)  #McK* [pL (t (D), s(D), )] -
This expression can be rewritten as:
(50)  #McK* [P (tu(D), s.(2), 1)) - patn(D), su(D), D] +
#McK* pn(tn(), su(2), 1) + #T2¢ 0.
Since (#McK* - #T1cKr1) < 0, net profits must be strictly less than:
(51)  #T1cKri [po’(t(2), s(2), 1)) - paitn(D), sn(D), 1) +
#McK* pntn(1), su(1), 1) + #T2¢ 0.
In this case, total codlition net profit is less than the sum of each firm's net profit in the
grand coalition. Again, for any firm to earn more as a coalition member, some other
agent must earn less, implying that (Mc + T1c + T2¢) does not satisfy the requirements
for ablocking coalition (given in Definition 9).
Thus, we find that contracts with the four characteristics given in Proposition 8
lead to unblocked outcomes. Given Propositions 1 — 7, this completes the proof. 38

The intuition behind Proposition 8 is easy to see from an example. Suppose there

arefour MNCsand four HCEs: M ={1, 2, 3,4}, T1={L1, L2} and T2={JIV1, V2}.
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Let each of the MNCs have one unit of capital (K* = 1) and the optimal amount of capital
for one member of T1 be 1.5 (Kt = 1.5). Figure 4.1 shows one possible arrangement
that could lead to a core outcome. First, note that the division of projectsin thisfigureis
optimal—each member of T1 has contracts for 1.5 units of capital. Suppose that L2
proposed taking over the project assigned to JV2. Thiswould not lead to an unblocked
outcome. By the first order condition given in Proposition 2, MNC 4's net profits would
fall as aresult, because L2's resources would then be 'spread too thin'. Thisimplies that
with only JV1 and V2 MNC 4 could form an effective blocking coalition.

Next, we may note two features of the unblocked outcome for MNC 4's projects.
First, outcomes specifying suboptimal shares on these projects would be blocked
because, even without any change in the assignment of HCESs to projects, net profits
could be raised by switching to the optimal profit share. By increasing the amount of the
side payment by an appropriate amount, MNC 4 could make itself better off without
making V1 and JV2 worse off. Second, suppose that one HCE joint venture partner, say
HCE JV1, earned more than a zero net profit. This outcome would be blocked by a
codition including all agents except JV 1, because HCE JV 2 would be able to supply al
of MNC 4's capital at the Nash equilibrium level of labor supervision effort. It could
thus be given a contract for JV1's project as shown in Figure 4.2 under which he got zero
net profits, making MNC 4 better off while leaving JV2's net profit unchanged.

Figure 4.3 shows how the outcome could be blocked if L2 earned lessthan
pr1* (K*/ Kt1) = 2/3 p11* from its contract with MNC 3. Under these circumstances, L2
could form a blocking coalition with MNCs 1, 2 and 4 and L1. Assuming that initially all
of MNC 4's capital was invested in joint ventures, asin Figure 4.1, this would generate
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an increase in net profits which, if given to MNC 4, would raise its net profit without

making any coalition member worse off.

5. Conclusion

We have seen that joint venture partners lose all bargaining power whenever there
are enough firms so that a coalition that excludes one of the T2 HCEs can still achieve
interior solutions for all joint venture projects. Under these circumstances, MNCs are
able to capture the total net profit attributable to these projects because they are the only
firms with capital. They can simply terminate the contract of any T2 HCE demanding
more than its reservation returnand replace it with some subset of the remaining
members of T2. These HCES can be chosen in such away that they will be able to
supply their Nash equilibrium effort levels to the excluded HCE' s projects while
continuing to supply their original projects with the same level of management effort as
before. While members of T2 may aso terminate all of an MNC'’ s contracts, the
remaining MNCs cannot expand their endowment of capital to maintain the total supply.
Thus the threat of termination by ajoint venture partner does no more than prevent HCEs
fromearning less than their reservation returns.

Members of T1 enjoy a stronger bargaining position. Although they also lack
capital, they add value to a coalition because of their superior external management
capability. Asthey are able to supply both unverifiable inputs, they can be given pure
licensing agreements, which raise net profits by giving the HCE its entire marginal
product rather than only a share of it. Thus, MNCs compete for the services of this type

of HCE until their returns under either type of contract are equal. Under the resulting
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unblocked outcome, T1 HCEs capture the entire amount of the value they add relative to
T2 HCEs.

Note that it is not the type T1s superior external management capability per se
that drives thisresult. In afirst-best world, MNCs would be indifferent between the two
types of HCE--total profits would be the same under either contract, regardless of the
HCE's type, because management input levels could be contractually specified. What
gives the T1 HCE an advantage in our modd is the fact that management is unverifiable.
MNCs bid up the T1 HCES share in the surplus not ssimply because they can supply both
management inputs, but rather because being able to do so makes them uniquely able to
achieve first-best outcomes.

The fact that T1 HCEsearn more than their reservation returnis interesting in
light of Grossman and Hart's (1983) demonstration that participation constraints will be
binding in cases where the agent's utility function is additively separable in action ard
reward. Here, we have additive separability because utility and net profit are equivalent.
How then is it possible for T1 HCEs to earn a positive surplus? The problem liesin the
definition of ‘alternative activity. With only one principal and one agent, asin the
Grossman and Hart framework, this is unambiguous--the agent may either work for the
principal or move into an entirely different, exogenously given, activity. With more than
one principal, however, the situation becomes more complicated. In addition to working
for the principal, the agent really has a number of aternative activities—working not only
in another activity but also for one or more of the other principals. Taking into account
these additional opportunities, the participation constraint still binds. It isonly with
respect to the returnin the T1 HCE's alternative activity that it is non-binding.
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An obvious policy implication of our result isthat restrictions on MNC sharesin
joint ventures are counterproductive. Under our assumptions, such restrictions do
nothing to improve on the unrestricted Nash equilibrium in effort levels and will actually
lower joint profits if the maximum allowable MNC share is set below its optimal level.
A better policy would be to assist HCEs in developing external management skills
through training programs. By improving local firms' ability to achieve first-best
outcomes, this would make them more attractive as partnersfor MNCs and, as a resullt,
strengthen their bargaining position relative to firms elsewhere.

The goal of policy should thus be to move toward the first-best outcome, rather
than simply to contend for the profits realized in the second-best equilibrium.. Our model
suggests that such an approach has the potential to raise not only joint profits but also
HCE profit shares as well.
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Figure 1. Division of surplus under joint venture and pure licensing contracts. The core
shrinks to EKPAQy , in a joint venture, L under licensing. (Note that decreasing the
MME's share () implies a clockwise movement along the frontier. )




Ex-ante bargaining determines contract parameters
(@, b, K) and assignments of T1 and T2 HCEsto MNCs.

l

MNCsand HCEs in joint ventures simultaneously
choose Nash effort levels (sy, ty). Under pure licensing

the tenant determines (s, t.).

l

The HCE hires L* units of labor. MNC and HCE share
the wage hill in the same proportions as output.

l

The state of nature (q) is realized, profit is generated and
divided (in joint ventures) and licensing fees are paid.

Figure 2. The sequence of events.
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Ex-ante bargaining determines contract parameters
(a, b, H) and assgnments of T1 and T2 tenantsto

landlords

Landlords and tenants under share contracts
simultaneously choose Nash effort levels (s, ty). Under
rent the tenant determines (s, tr).

i

The tenant hiresL* units of labor. Landlord and tenant
share the wage hill in the same proportions as output.

i

The state of nature (q) is realized, output is produced
and divided (under share tenancy) and side payments are
made.

Figure 3.2. The sequence of events.
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M1 M2 M3

Figure3.1. Npo ={1, 2, 3,4, 5, 6} isthe set of projects belonging to MNCs
Mc ={M1, M2, M3}. (Circles represent each MNCstotal capital.)
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Figure 3.3. Denoting HCE i's effort levels for project | by (i, j), t(i, j), N" isafeasble
assignment for two HCEs, T1 and T2, provided that: s(T1,1) <s"*/ 3,

§T1,3) <28 /3,t(TL1) <t™ /3, t(T1,3) <2t"™ /3, T2, 2) + §T2,4) <s"¥,
(T2,2) < n(2), S(T2,4) < sn(4).
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Figure 4.1. An assignment of capital belonging to MNCs1—4to licensees L1, L2 and
joint venture partners JV1, JV2. This leads to an unblocked outcome if it is optimal for
each licensee to be assigned 1%z units of capital. (The division of the remaining capital
between the two joint venture partners is arbitrary.)
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Figure 4.2. If V1 earns more than itsreservation return the outcome is blocked by a
codition of all the other firms. All the capital formerly assigned to JV1 can be
reassigned to JV2 with no loss in total profit and again for either V2, MNC 4 or both.
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Figure4.3. A codlition of L1, L2 and MNCs 1, 2 and 4 blocks any outcome in which
MNC 3 triesto limit L2 to itsreservation return Profits remain unchanged for L1 and
MNCs 1 and 2 while profits attributable to MNC 4's capital increase due to the switch
fromjoint ventures to licensing.



