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1 LUCA ANDERLINI AND LEONARDO FELLI

1. INTRODUCTION
1.1. Motivation

The Coase theorem (Coase 1960) has had a pervasive influence on the way economists
think about situations in which there are un-ezploited gains from trade. It tells us
that, provided property rights are allocated, the potential parties to a bargain will
draw-up an agreement which exhausts their potential mutual gains, and hence an

efficient outcome is guaranteed.

In its strongest formulation, the Coase theorem is interpreted as guaranteeing
an efficient outcome regardless of the “way in which property rights are assigned”
(Nicholson (1989, p.725)) and whenever the potential mutual gains “exceed [the]
necessary bargaining costs” (Nicholson (1989, p.726)).!

The predictions entailed by the stronger version of the Coase theorem are startling.
In an advanced capitalist economy, whenever property rights are allocated, we should
observe only outcomes which are constrained efficient in the sense that all potential
gains from trade (net of ‘bargaining’ or ‘contractual’ costs) are exploited. This clearly
contradicts even the most casual observation of empirical facts. Business interactions
are often regulated by contracts which do not exploit all possible gains from trade.
They are constantly re-negotiated, brought to court for trial, defaulted upon, or

simply not written in the first place.

If we were to believe the predictions of the ‘strong’ Coase theorem, all these
apparent inefliciencies would not be real inefficiencies at all. They should simply be
viewed as the result of ‘contractual costs’ which are ‘high’ relative to the potential
gains from trade. We take the view that this is not a satisfactory explanation of these
observed facts.

Our aim in this paper is to seek an explanation of the impact of contractual costs

over and above their size relative to the potential gains form trade. This stems from

1This stronger version of the Coase theorem does not correspond to what is claimed in Coase
(1960), but it is an interpretation of it which is sufficiently common to have found its way into basic
microeconomic text-books such as the one quoted above.
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the strategic role which contractual costs might play in the emergence of contractual
agreements. It turns out that a key factor in determining the strategic role of contrac-
tual costs is whether they are payable before or after the bargaining over the potential
surplus takes place. Our analysis below highlights the impact of ez-ante contractual

costs.

The primary effect of ez-ante contractual costs is that they may generate an
inefficient outcome stemming from a contract which is incomplete in a well defined
sense. In the most basic version of our model the agents may end up not exploiting
any of the potential gains from trade, and hence writing no contract at all. When the
choice of ex-ante costs is ‘gradual’, higher costs paid correspond to a more ‘detailed’
discipline of the agreement that allows the contracting parties to exploit the potential
gains from trade and hence to higher surplus from the contract. In this case the agents
will, in general, end up leaving part of the potential gains from trade unexploited. In
other words, they will choose a contract which is less detailed than would be optimal,
after the ex-ante costs are taken into account. In its simplest form, the strategic effect

which drives our results below is not hard to outline.

Consider any ‘Coasian’ contractual situation with the following features.? Two
agents contemplate entering a contract which yields a surplus of an arbitrary given
size. Moreover, the two agents’ shares of the surplus generated by the contract are
exogenously given, say because the extensive form which they must use to negotiate

the contract is itself exogenously given.

Suppose now that there are ex-ante costs associated with the contract which the
agents contemplate drawing-up. In particular, suppose that the agents must each
pay some cost before the contract-negotiating phase begins. Then, if the distribution

of ex-ante costs is such that one (or both) agents will not be able to recoup the ex-

2By this we mean a situation in which the property rights of the agents are sufficiently well defined
to allow them to enter into a negotiating phase, and that there are some un-exploited gains from
trade. This obviously covers an extremely wide variety of possible situations, ranging from text-book
like externalities to complex contingent contracts. In a previous version of this paper (Anderlini and
Felli 1996), we concentrated on the case of two agents who negotiate a simple contingent contract
— namely a risk-sharing agreement. All the results which we report here apply to such situation.
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ante cost given the distribution of surplus, the contract will not be drawn-up. This
is possible even when the total of ex-ante costs across the two agents is less than
the surplus which the contract generates so that it would be socially efficient for the

agents to pay the ex-ante costs and draw-up the contract.

We model this situation both taking the distribution of surplus as exogenously
given, and considering a variety of extensive forms in which the agents are allowed
to bargain over the distribution of surplus, provided of course that the ex-ante costs
have been paid. We find that the problem we have described is ‘pervasive’ in the sense
that in a whole variety of extensive forms, the agents will not draw-up a contract even

though it would be socially efficient to do so.

What we have just described is a version of a source of inefficiencies well known
in Contract Theory as the ‘hold-up problem’ (Grout 1984, Grossman and Hart 1986,
Hart and Moore 1988, Hart and Moore 1990, among many others). The problem is
particularly acute in our setting since it may be impossible for the contracting parties

to find a ‘contractual solution’ to this hold-up problem for the following reasons.®

Imagine that the two agents in the contractual setting we have described attempt
to resolve the inefficiency in the following (Coasian) way. Before the ex-ante costs
are paid, they negotiate a transfer of money which will compensate the agent who
is unable to recoup the ex-ante cost for his loss, of course contingent on his paying
the ex-ante cost. Provided the sum of ex-ante costs does not exceed the surplus
generated by the contract, such transfer can always be arranged so that both agents
now benefit from paying the ex-ante costs and entering the contract. However, the
problem which arises now is that the contingent compensating transfer can itself be

viewed as a contract, which will involve a new set of ex-ante costs.

Suppose that the ‘second tier’ contract we have described does indeed involve

a new set of strictly positive ex-ante costs. Suppose moreover that the second tier

#Chung (1991), Rubinstein and Wolinsky (1992), Rogerson (1992), Aghion, Dewatripont, and
Rey (1994) and Noldeke and Schmidt (1995), among others, analyse models of contractual solutions
to the hold-up problem.
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contract and ex-ante costs must be paid for and negotiated before the first order costs

and contract are paid for and negotiated respectively.*

Then it is possible to show that the ex-ante costs associated with the second tier
contract may not be paid. In particular there always exists an equilibrium such that
the contingent compensating transfer is not negotiated and therefore does not take
place. Hence, the ex-ante costs associated with the first tier contract will, in turn,
not be paid, and the actual surplus-generating contract will not be drawn-up. This
outcome is of particular interest since it is the only one which survives when we restrict
attention to ‘renegotiation-proof’ equilibria. In other words if, in a Coasian spirit,
we insist that the outcome of negotiation at every stage must yield a (constrained)

efficient outcome, the overall outcome is not efficient and therefore not Coasian at

all.

As we show in Subsection 4.2, a whole hierarchy of ‘higher order’ contracts may

not resolve the hold-up problem either.

The hold-up problem described above is less pervasive in an environment in which
each party to the contract has an incentive to bestow a higher share of the surplus to
his contracting partner for reasons that may have nothing to do with the partner’s
payment of the ex-ante contractual costs. In Section 7 below we consider one of
these reasons. If the size of the surplus shared by the two parties depends on the
distribution dictated by the contract, then each party may be willing to leave his
counterpart more than his outside option in the attempt to increase the overall size
of the surplus. This may result in a smaller range of parameter values for which the

hold-up problem described above occurs.

1.2. Related Literature

Coase (1960) already suggested that the Coase Theorem might not hold in the pres-
ence of transaction costs. Here, we go further by identifying the crucial strategic role

played by ex-ante contractual costs (as opposed, for instance, to those contractual

4This is obviously an assumption as such. However, we believe it to be plausible in a wide variety
of cases.
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costs which are payable ex-post) which may lead to an outcome that is constrained
inefficient. In the models which we analyze below, such inefficient outcomes can be
interpreted as contracts which are incomplete in a well defined sense. The only other
paper of which we are aware in which contractual costs play a strategic role is Lipman

(1997), although the model he analyses is quite radically different from ours.

Starting from Williamson (1985) and Grossman and Hart (1986) a number of
papers have focused on the effects of contract incompleteness. Most of these pa-
pers assume that contracts are incomplete and concentrate on the role of available
mechanisms, and in particular institutions, to mitigate the inefficiencies generated
by contract incompleteness. Some of the mechanisms considered are: vertical and
lateral integration (Grossman and Hart 1986), the optimal allocation of ownership
rights on physical capital (Hart and Moore 1990), and the delegation of authority
within organizations (Aghion and Tirole 1997). We differ from these papers since we
do not assume contractual incompleteness but rather derive it endogenously from the

ex-ante costs associated with a contract.

A second strand of literature has concentrated on some of the possible causes of
contractual incompleteness. Hart and Moore (1988) have asked whether contractual
incompleteness might be due to the fact that the outcome that the parties want
to implement may be, at least in part, un-observable to the enforcing agency (the
court). They conclude that this un-observability might lead the parties to write
a contract that will leave out some details that the court cannot observe. This
will result in a basic ‘hold-up problem’. Each party’s final allocation of resources
will be determined on the basis of an ex-post re-negotiation of the contract that
cannot be specified, at least not fully, by means of the ex-ante contract. A number
of subsequent papers have explored whether this basic hold-up problem might have
a contractual solution. Chung (1991), Rubinstein and Wolinsky (1992), Rogerson
(1992) Aghion, Dewatripont, and Rey (1994) Néldeke and Schmidt (1995) analyse
possible contractual solutions to the hold-up problem under a variety of different
assumptions about the nature of informational asymmetries. By contrast, Maskin

and Tirole (1997) show that it is always possible to devise an ex-ante contract (a
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mechanism) that implements the same outcome that would be implemented in the
absence of these un-observabilities. This is achieved by asking the contracting parties
— once the conditioning event has been realized — to report the event or, equivalently,
to report the utility levels or payoffs accruing to each party, while truthful revelation

is ensured through appropriate incentives.

The basic hold-up problem we are concerned with here is of the same variety
as the problem identified by Holmstrém (1982) and analyzed in the context of the
incomplete contracts literature by Hart and Moore (1988). However, causality is
essentially reversed in this paper. In Hart and Moore (1988) the hold-up problem
is induced by contractual incompleteness. Instead, in this paper it is the hold-up
problem in the negotiation of a contract that yields contractual incompleteness. We
also differ from the previous literature since we argue that in our setting a contractual
solution to the hold-up problem is unlikely to be available for the reasons we outlined

above.

Some recent papers have addressed the impact that complerity considerations may
have on the form and shape of optimal contracts (Dye 1985, Segal 1995, Anderlini
and Felli 1997, among others). Dye (1985) considers a model in which the contracting
parties face fixed cost of ‘adding more contingencies’ to a contract. Segal (1995)
focuses on a contracting problem in which the relevant event is not observable to
the enforcing agency (the court). In such an environment he analyzes the parties’
welfare gains from using ex-ante message-contingent mechanisms as in Maskin and
Tirole (1997). He shows that such gains become negligible as the number of events
on which the contract is contingent increases without bound. The implication is that,
in a ‘complex’ environment, message-contingent mechanisms will not be used, even
if they entail an arbitrarily small complexity cost. Aside from the basic differences
in the formulation of the models, our analysis differs from Segal (1995) and Dye
(1985) since the incompleteness they derive is constrained efficient; a central planner
facing the same complex environment would choose the same incomplete contract.
In our setting, the ex-ante contractual costs play a strategic role, and the incomplete

contracts we derive are constrained inefficient.
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In Anderlini and Felli (1997) we model a contract as an algorithmic procedure (a
Turing Machine) and we explore whether any complexity measure in a general class
associated with such a contract might induce the contracting parties to choose an
incomplete contract. We conclude that this is indeed the case. However, in Anderlini
and Felli (1997), while we model explicitly the complexity costs associated to a con-
tract, we also assume away any strategic role they might play. As a consequence, we
find that the impact of the complexity costs is directly related to their size, relative
to the size of the surplus which the contract itself generates. This is not the case in

the models we analyse in this paper.

Finally, starting with Rubinstein (1986) a whole strand of literature (Abreu and
Rubinstein 1988, Piccione 1992, Piccione and Rubinstein 1993, among many others)
has concentrated on the impact of complexity costs on the equilibrium set of a re-
peated game. Although we are concerned with a radically different environment, in
our view, one similarity can be drawn between the two settings. In the repeated
games literature, the impact of complexity costs is attributable to their strategic role.
Similarly, in the models we analyse below the impact of ex-ante contractual costs

(complexity or otherwise) is directly related to the strategic role they play.

1.8. Overview

We begin with an informal discussion of the possible interpretations of the ex-ante
contractual costs in Section 2. In Section 3 we present the simplest possible model
of the basic hold-up problem associated with the writing of a surplus-generating
contract. This problem is analysed in the case in which the ex-ante costs associated
with the contract are discrete and are either complements or substitutes. In Section
4 we address the question of whether a contractual solution to our basic hold-up
problem is plausible. We do this by analysing the possibility of a ‘contract over a
contract’ and a whole hierarchy of ‘contracts over contracts’. We then turn (Section
5) to the analysis of a simple model in which the agents’ choice of ex-ante costs is
continuous. Section 6 characterizes the hold-up problem described in Section 3 in the

case in which the distribution of surplus can be negotiated by the agents in a variety
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of extensive forms. In Section 7 we present a model in which the size of the surplus
available to the parties depends on its distribution. Section 8 offers some concluding

remarks. To ease the exposition, we have relegated all proofs to the Appendix.

2. EX-ANTE CONTRACTUAL COSTS

We are concerned with contractual situations in which the parties have to incur some

costs ex-ante, before they reach the stage in which the actual contract is negotiated.

The interpretation of these ex-ante contractual costs which we favour is that of
time spent ‘preparing’ for the negotiation of the contract. Typically, a variety of tasks

need to be carried out by the contracting parties before the actual negotiation begins.

In those cases in which a contract contingent on a state of nature is concerned,
both parties need to conceive of, and agree upon, a suitable contractual language to
describe precisely the possible realizations of the state of nature. The contracting
parties also need to collect and analyse information about the ‘legal environment’ in
which the contract will be embedded. For instance, in different countries the same

contract will need to be drawn-up differently to make it legally binding (enforceable).

In virtually all contractual settings the parties need to spend time arranging a
way to ‘meet’; and they need to ‘earmark’ some of their time schedules for the actual

meeting.

In many cases, before a meaningful negotiation can start, the parties will need
to collect and analyse background information which may be relevant to their un-
derstanding of the actual trading opportunities. These activities may range from
collecting information about (for instance the credit-worthiness of) the other party,
to actual ‘thinking’ or ‘complexity’ costs incurred to understand the contractual prob-
lem. We view this type of ex-ante contractual costs as both relevant and important
for the type of effects which we identify in our analysis below. However, it should
be emphasized that our model does not directly apply to this type of costs. This is
because in our model the size of the surplus is fixed and known to the parties. On the
other hand, the lack of information and/or understanding of the contractual setting

which we have just described, would clearly make the size of the surplus uncertain
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for the contracting parties. We have not considered the case of uncertain surplus for
reasons of space and analytical convenience. However, we conjecture that the general

‘lavour’ of our results generalizes to this case.

We conclude this section with an observation. In many cases the parties to a
contract will have the opportunity to delegate to outsiders many of the tasks which we
have mentioned as sources of ex-ante contractual costs. The most common example of
this is the hiring of lawyers. In these cases, the time costs which we have just discussed
will be monetized at an appropriate rate. Abstracting from agency problems (between
the contracting party/principal and the lawyer/agent), which are likely to increase
the ex-ante costs anyway, our analysis applies, unchanged, to the case in which the

ex-ante contractual costs are payable in money.

3. A ‘REpuceDp ForMm' MODEL WITH DISCRETE EX-ANTE COSTS

3.1. Perfect Complements

Our model consists of two agents, called A and B, who face a ‘Coasian’ opportunity
to realize some gains from trade. With little loss of generality we normalize the size
of the surplus which is realized if an agreement is reached to be one and we set the

parties’ payoffs in the case disagreement to be equal to zero.

In the simple model we analyse in this section, once the contract-negotiating
phase is reached the division of the surplus between the two agents is exogenously
given and cannot be changed by the agents. This should be thought of as the result
of the agents having exogenously given bargaining power in the contract-negotiating
phase (the eztensive form of the bargaining game they play to divide the surplus is
exogenously given), and/or the possibility that the size of the surplus may depend
on its distribution across the agents as is the case in the model analyzed below in

Section 7.

SIf the agreement is interpreted as a risk-sharing contract there is some loss of generality in
working with a surplus of fixed size as we do here. In Anderlini and Felli (1996) we spell out in
detail the assumptions which are needed to ensure that the model we use here can be though of as a
model of a risk-sharing contract. In short, we would need to assume that the agents have constant
absolute risk-aversion and that there is no aggregate risk.
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For the time being, we simply let X in [0, 1] be the share of the surplus which
accrues to agent A if a contract is drawn-up, and 1 — X the share of the surplus which

accrues to B.

For the contract to become feasible, each agent has to pay a given ez-ante cost.
In other words, the agents reach the contract-negotiating phase only if they both pay
a certain amount before the negotiation of the contract begins.® These costs should
be thought of as representing a combination of the activities necessary for a contract

to become feasible which we discussed in some detail in Section 2 above.

Let ¢4 > 0 and cpg > 0 be the two agents’ ex-ante costs. Clearly, if c4 +cp > 1
then the two agents will never draw-up a contract yielding the unit surplus, but then
neither would a social planner since the total cost of the contract exceeds the surplus
which it yields. We are interested in the case in which it would be socially efficient
for the two agents to draw-up a contract. Our first assumption guarantees that this

is the case.

AsSSUMPTION 1: The surplus which the contract yields exceeds the total ex-ante costs

which are payable for the contract to become feasible. In other words ¢4 + cg < 1.

Our two agents play a two-stage game. In period ¢ = 0 they both simultaneously
and independently decide whether to pay their ex-ante cost. Only if both agents pay
their ex-ante cost at ¢ = 0, do they have the possibility of negotiating a contract
yielding a surplus of size one at ¢+ = 1.7 In this case the game at ¢ = 1 is, for the time
being, a ‘black box’ yielding payoffs of A to A and 1 — A to B. If one or both agents
do not pay their ex-ante costs at ¢ = 0, the game at ¢ = 1 is trivial: the contract

®Notice therefore that we are implicitly assuming that the agents have some endowments of
resources out of which the ex-ante costs can be paid. In Anderlini and Felli (1996) we model
explicitly the agents’s endowments from which the ex-ante costs are paid, and examine the bounds
which they have to satisfy. This becomes inessential in the simplified model which we use in this
version of the paper. For our purposes, it is enough to assume that the agents both start off with a
unit endowment of resources which is available to them when the ex-ante costs are payable.

"Notice that we are therefore assuming that the two agents’ ex-ante costs are perfect complements
in the ‘technology’ which determines whether the surplus-generating contract is feasible or not. We

examine the cases of perfect substitutes, and of strategic complements in Subsections 3.2 and 3.3
below respectively.
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pay ¢gp not pay cgp
pay ca A—ca, 1= A—cp —ca, 0
not pay ca 0, —cg 0,0

Figure 1: Normal form of the two-stage game with ex-ante costs.

which yields the unit surplus is not feasible; the agents have no actions to take and

they both receive a payoff of zero.

Throughout the paper, unless otherwise stated, by equilibrium we mean a subgame
perfect equilibrium of the game at hand.

The normal form which corresponds to the two-stage game we have just described
is depicted in Figure 1. From this it is immediate to derive our first two propositions,
which therefore are stated without proof.

PROPOSITION 1: Let a pair of ex-ante costs c4 > 0 and cg > 0 satisfying Assumption
1 be given. Then there exists a range of values — namely A = [0,c4) U (1 — ep, 1]
—- for the distribution parameter X\ such that the only equilibrium of the two-stage
game represented in Figure 1 has neither agent paying the ex-ante cost, and therefore

vields the no-contract outcome.

PROPOSITION 2: Let any value of the distribution parameter A € [0,1] be given.
Then there exists a set C = {ca,cp | either c4 > Aorcg > 1—\and cq + cp < 1} of
pairs of ex-ante costs which satisfy Assumption 1, and such that the only equilibrium
of the two-stage game represented in Figure 1 has neither agent paying the ex-ante

cost, and therefore yields the no-contract outcome.

We view Propositions 1 and 2 together as implying that in the presence of ex-ante
contractual costs, if the distribution of ex-ante costs across the parties is sufficiently
‘mis-matched’ with the given distribution of surplus, then the ex-ante costs will gen-
erate a version of the hold-up problem which will induce the agents not to draw-up

a contract even though it would be socially efficient to do so. In this case the agents
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will end up in a situation which can be interpreted as an ‘incomplete’ contract in a

very strong sense: no contract at all.

The intuition behind our results above is simple enough. If entering a contract
involves some costs which are payable ex-ante, the share of the surplus accruing to
each party will not depend, in equilibrium, on whether the ex-ante costs are paid.
Therefore, the parties will pay the costs only if the distribution of the surplus gener-
ated by the contract will allow them to recoup the cost ex-post. If the distribution
of surplus and that of ex-ante costs are sufficiently ‘mis-matched’, then one of the
agents will not be able to recoup the ex-ante cost. In this case, a contract will not be
drawn-up, even though it would generate a total surplus large enough to cover the

ex-ante costs of both agents.

We conclude this subsection with three observations. First of all, the analogues of
Propositions 1 and 2 hold when the model is modified so that it is enough that some
portion of the ex-ante costs (c4, cg) has to be paid by each of the contracting parties
for the contract to become feasible, while the rest of the total ex-ante costs can be

paid by either agent.®

Secondly, the simultaneity in the payment of the ex-ante costs is not essential to
Propositions 1 and 2. Both results apply to the case in which the ex-ante costs are

payable sequentially by the two agents.

Thirdly, while the model has a unique equilibrium for the parameter configura-
tions identified in Propositions 1 and 2, it has multiple equilibria whenever these two
propositions do not apply. It is clear that, whenever both A > ¢4 and (1—X) > cp, the
model has two equilibria. One in which the ex-ante costs are paid and a contract is
drawn-up, and another in which neither agent pays the ex-ante costs simply because
he expects the other agent not to pay his cost either. The equilibrium in which the
contract is drawn-up strictly Pareto-dominates the no-contract equilibrium. Clearly,
the multiplicity of equilibria disappears if the costs are payable sequentially as above.

Our third observation will become relevant again in Section 4 below.

8In Anderlini and Felli (1996) we state and prove the analogues of Propositions 1 and 2, which
apply to this case.
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3.2.  Perfect Substitutes

So far, we have assumed that the agents’ ex-ante costs are ‘perfect complements’
in determining whether a contract is feasible or not. The next proposition tells us
that when the agents’ ex-ante costs are perfect substitutes our constrained inefficiency

results of Subsection 3.1 still hold although the inefficiency may take a different form.

The intuition behind these new results is straightforward. In an environment in
which the ex-ante costs may be paid by either agent a contract is constrained efficient
if at least one of the two ex-ante costs is smaller than the size of the surplus. It is
then easy to envisage a situation in which the share of the surplus accruing to each
agent is strictly smaller than his ex-ante costs although there is enough surplus to
cover the smallest of these costs. In this case, in equilibrium, the parties will not

draw-up the contract although it would be socially efficient to do so.

When the ex-ante costs are perfect substitutes, a new type of inefficiency can also
arise in equilibrium. In particular, it is possible that the agents draw-up a contract,

but the equilibrium involves the highest of the two ex-ante costs being paid.

Formally, when the ex-ante costs are perfect substitutes Assumption 1 needs to be
modified. Assumption 2 below identifies the range of ex-ante costs which guarantees

that drawing-up a contract is socially efficient in this case.

ASSUMPTION 2: The surplus which the contract yields exceeds the minimum ex-ante
cost payable for the contract to become feasible. In other words min{ca,cp} < 1.

Without loss of generality let ¢4 < cp. Hence c4 < 1.

Consider now the reduced form model with ex-ante costs that are perfect substi-
tutes and let Assumption 2 above hold. The normal form of our new two-stage game
is depicted in Figure 2.

We start with the case in which the value of the distribution parameter A € [0, 1]
is given. In such a case by varying the values of the contractual costs (ca,cp) it is

always possible to generate two different types of inefficiencies.
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pay c¢p not pay ¢p
pay ca A—ca, 1—A—cg | A—ca, 1 =2
not pay ca Al=X—cp 0,0

Figure 2: Normal form when the ex-ante costs are perfect substitutes.

First of all, it is always possible that the ex-ante costs be such that the no-
contract outcome obtains. This is immediate from the payoffs in Figure 2 and it is

stated without proof in our next proposition.

PROPOSITION 3: For any given ) € [0, 1] there exists a set C, = {ca,cp | 1 > ca > A
and cg > (1—A)} of pairs of ex-ante costs satisfying Assumption 2 such that the only
equilibrium of the two-stage game represented in Figure 2 has neither agent paying

the ex-ante cost, and therefore yields the no-contract outcome.

Secondly, given any A € [0, 1], it is possible that the ex-ante costs are such that
the second type of inefficiency we have mentioned above obtains in equilibrium. A
contract is drawn-up, but it is the agent with the highest ex-ante cost who pays in
equilibrium. Once again our claim follows immediately from the payoff matrix in

Figure 2 and it is stated without proof in the following proposition.

PROPOSITION 4: For any given A € [0,1/2) there exists a set C; = {ca,cp | 1 >
ca > A and cg < (1 — A)} of pairs of ex-ante costs satisfying Assumption 2 such that
the only equilibrium of the two-stage game represented in Figure 2 has agent A not

paying the ex-ante cost ¢4, and B paying the ex-ante cost cg > c4.”

Next, we consider the case in which we take as given the ex-ante costs (ca,cp).
In this case it is always possible that the value of the distribution parameter A be
such that one of the two types of inefficiencies we have identified obtains in equilib-
rium. Again, we state our next proposition without proof since it is an immediate
consequence of the payoff matrix in Figure 2.

9Recall that we are assuming that c4 < cg. To deal with the range A € (1/2,1] it is sufficient to
modify Assumption 2 to read cp < c4. Proposition 4 does not hold when A = 1/2.
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PROPOSITION 5: Let a pair of ex-ante costs ¢, > 0 and cg > 0 satisfying Assumption
2 be given.

If it is the case that ca + cg < 1, then for any X in [0, c4) the unique equilibrium
of the model is constrained inefficient in the sense that a contract is drawn up, but it

is B who pays the ex-ante cost cg > c4.

If it is the case that c4 +cg > 1, then for any A in [0, min{0, 1 — cp}| the (unique
if A # 1 — cp) equilibrium of the model is, again, that a contract is drawn up, but
it is B who pays the ex-ante cost. Moreover, for any A in (1 — cg,ca) the unique
equilibrium of the model involves neither agent paying his ex-ante cost, and hence

yields the no-contract outcome.

3.8.  Strategic Complements

Our goal in this subsection is to show that the analogues of Propositions 1 and 2
hold when the ex-ante costs are technologically perfect substitutes, but are ‘strategic
complements’ in the game-theoretic sense. We conjecture that this is true ‘in general’,
but of course this cannot be shown in a general result since we would need to consider
formally all the extensive forms which guarantee strategic complementarity of the

agents’ ex-ante costs.

We limit our formal analysis to an example which is a modification of the model

of the previous subsection.

The description of our next model is as follows. At t = 0 both agents decide
simultaneously and independently whether to pay their ex-ante costs. If both agents
decide not to pay the ex-ante costs, then a contract is not feasible and both receive a
payoff of zero. If either agent i € { A, B} pays the ex-ante cost ¢; at ¢ = 0 the contract
which yields one unit of surplus becomes feasible. If both pay their ex-ante costs at
t = 0 the distribution parameter A determines the contract which is drawn-up and

the A’s and B’s payoffs are A — c4 and 1 — )\ — cp respectively.

However, if only one agent, say A, pays the ex-ante cost at ¢ = 0, he is allowed

to make a take-it-or-leave-it offer £ to B at ¢ = 1. The value of ¢ is interpreted as
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an offer to make A’s and B’s payoffs equal £ and 1 — £ respectively, minus any costs
paid. This can be thought of as a crude way to say that if only one agent pays the

ex-ante cost then the bargaining power shifts dramatically in his favour.

Moreover, we assume that A, if he alone has paid the ex-ante cost, can, in prin-
ciple, make some offers which would push agent B below his individual rationality
constraint. In other words we assume that the take-it-or-leave-it offer £ must be in

the interval [—e, 1 + &] with € and £ some (possibly small) positive numbers.

At t = 2, B has two choices. He can either pay an ex-ante cost ¢z > 0 or pay
nothing.!® If he does not pay he does not observe A’s offer, but is still allowed to
accept or reject it blind. If B decides to pay his ex-ante cost, he can then observe A’s
offer and subsequently decide to accept or reject it.

The description of the extensive form which is played if it is B alone who pays

the ex-ante cost at t = 0 is exactly symmetric to the case we have just described.

Notice that the strategic complementarity of the two agents’ ex-ante costs is built
into the extensive form game we have described precisely via the shift in bargaining

power which obtains when one agent alone pays the ex-ante costs at ¢ = 0.

Suppose now that the parameters A, c4 and cp are such that the agents would
not draw-up a contract in the model described in Subsection 3.1. Our next propo-
sition then tells us that, in the model with strategic complementarities we have just
described, they will not draw-up a contract either.

PRrRoOPOSITION 6: Consider the model with ex-ante costs which are strategic comple-
ments described above in this subsection. Assume that either A < c4 or1 — A < ¢g.
Then the unique equilibrium outcome of the model has neither agent paying the

ex-ante cost at t = 0, and hence the no-contract outcome obtains.

1ONotice that while Proposition 6 below restricts the values of ¢4 and ¢g to be in an appropriate
range, ¢z can take any positive (small) value.
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4. CoNTRACTS OVER CONTRACTS, ... OVER CONTRACTS
4.1. Simple Ez-Ante Compensating Transfers

In Section 3 we have argued that ex-ante contractual costs may give rise to a version
of the hold-up problem which in turn generates an inefficient (no-contract) outcome.
As we mentioned in the Introduction, in all the previous literature of which we are
aware (Grossman and Hart 1986, Hart and Moore 1988, Hart and Moore 1990, among
others) the reason a hold-up problem might arise in the first place is that the parties
are consirained in their ability to write contracts: given that certain variables are
not negotiable ex-ante (or that only limited ex-ante negotiation is feasible because of
the constraints imposed by the possibility of renegotiation ex-post (Hart and Moore

1988)) the parties’ ‘relationship specific’ investment(s) will be inefficiently low.

In a model with ‘relationship specific’ investments and incomplete contracting, the
hold-up problem typically has a ‘contractual solution’. If either the assumption that
the parties are constrained to write incomplete contracts is removed (for example by
increasing the information which the enforcing agency can verify as in Noldeke and
Schmidt (1995)), or if a contracting stage is added to the model in which the parties
can write a ‘grand’ ex-ante contract in which either the amounts of relationship spe-
cific investment are specified or alternatively reported by the parties to the enforcing
agency as in Maskin and Tirole (1997), or finally if the parties can commit to a given
renegotiation procedure as in Aghion, Dewatgipont, and Rey (1994), then the hold-up

problem is resolved, and an efficient outcome is guaranteed.

The next natural question to ask is then whether a contractual solution to the
hold-up problem is generally available in the present set up. In other words: is it
possible to add another stage to our model (say ¢t = —1), prior to the stage in which
the ex-ante costs are incurred, in which the agents can negotiate a ‘grand contract’,

which will resolve the hold-up problem and hence restore efficiency?

The answer to the above question is trivially ‘yes’, if at ¢t = —1 a truly grand con-
tract can be negotiated costlessly, which specifies everything, including the payment

of the ex-ante costs, and the division of the actual surplus at time ¢ = 1. The answer,
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however, changes dramatically if the ‘grand contract’ is itself costly.

We specify two crucial details of the grand contract stage. First of all we assume,
as seems plausible in the present context, that in order to be able to negotiate a
contract at £ = —1 a fresh set of ex-ante costs must be incurred by the parties before
t = —1, say at t = —2. Secondly, we restrict the agents to negotiate a compensating
transfer at t = —1. In other words, we take a specific view on the agreements which
the agents can enter at ¢ = —1. Indeed, we restrict them to be transfers contingent on
the payment of ex-ante costs at ¢ = 0. This seems to be in the spirit of our reduced
form model of Section 3, in that, in principle, it allows the agents to effectively transfer
surplus between them, but it keeps the distribution of surplus in the last stage of the

contracting process, t = 1, exogenously fixed, as before.!!

It is worth emphasizing at this point that we find that the presence of any strictly
positive ‘second tier’ ex-ante costs might be sufficient to keep the addition of a grand
contract stage from resolving the hold-up problem of Section 3. We view this as a
strength of the results we present in this section. Indeed, in many situations it would
be sensible to assume that the second tier ex-ante costs are in fact at least as large
as the ‘first tier’ ex-ante costs, on the grounds that a ‘contract over a contract’, in an

intuitive sense, is a more complex object than the contract itself.

Formally, we modify the model of Section 3 as follows. There are now four time
periods, t € {—2,—-1,0,1}. The sequence of decisions and events for the two agents
(depicted schematically in Figure 3) is as follows. In period ¢t = —2, the two agents
decide simultaneously and independently whether to pay the second tier ex-ante costs
(c4,c%). 1If either or both agents decide not to pay these ex-ante costs, the period
t = —1 compensating transfers to be described shortly are automatically set equal to
0, and the agents effectively move directly to time ¢ = 0. If, on the other hand both

agents pay the second tier ex-ante costs, then period ¢ = —1 compensating transfers

"'While the assumption that a fresh set of ex-ante costs arises at ¢ = —2 is crucial for our result
(Proposition 7), we conjecture that the restriction to the negotiation of compensating transfers is
not. The parties could, for instance, negotiate which extensive form to use in the following stage
of the game (limited to those extensive forms which guarantee a unique set of equilibrium payoffs).
This would be ‘payoff equivalent’ to a compensating transfer of the type we analyze here.
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Figure 3: Timing in the two tier contracting model.

can be negotiated.

For simplicity, we assume that (provided that both pay the second tier costs) at
t = —1, both agents make simultaneous offers of contingent compensating transfers to
each other.!? Formally, each agent ¢ € {A, B} chooses a real number o; > 0, which is
interpreted as a commitment to transfer the amount of wealth o; to the other agent,
j # i, if and only if j pays the first tier ex-ante cost c? in period t = 0. Immediately
after choosing o;, still in period ¢t = —1, A and B simultaneously choose whether to
accept or reject the other agent’s offer of compensating transfer. Those offers which
are accepted at this stage are binding in period ¢ = 0.

The decisions and events in periods ¢ = 0 and ¢ = 1 are analogous to those

described in Subsection 3.1. At ¢ = 0, both agents choose simultaneously and inde-

12Tn Anderlini and Felli (1996) we also explore a variety of different extensive forms for the
negotiation of compensating transfers. In essence, our results of this subsection generalize to the
analogues of the extensive forms described in Cases 1 to 5 of Section 6 below, modified so that each
offer of a value for the distribution parameter is changed to be an offer of compensating transfer.
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pendently whether to pay the first tier ex-ante costs (c%,c%). Each agent i € {A, B}
then incurs an ex-ante cost of ¢! at this time, and subsequently receives a compen-
sating transfer of o; from agent j # 4. Only if both agents have paid the first tier

ex-ante costs the £ = 1 surplus-generating contract becomes possible.

Provided both agents have paid their first tier ex-ante costs their payoffs are A—y4
and 1 — XA — g respectively, where -; denotes the total ex-ante costs paid by agent
i € {A, B} during the entire game, minus any compensating transfer received from
agent j # 4, and plus any compensating transfers paid by ¢ to j. If the surplus-
generating contract is not drawn-up, then the two agents payoffs are simply —vy4 and
—ryp respectively.

The assumption that the total (for both tiers) of ex-ante costs must be low enough
so that it is socially efficient for the parties to draw-up a contract is easy to state for
this version of our model.

AsSUMPTION 3: Let ¢; =c? + ¢ fori € {A,B}. Thenca + cp < 1.

It is apparent from the description of our reduced form model with simple com-
pensating transfers above (cf. Figure 3) that this model, viewed from ¢ = 0, is in fact
identical to the simple reduced form model of Subsection 3.1, whenever both agents
have chosen not to pay the second tier ex-ante costs. We can therefore ask whether
the parameters of our model with compensating transfers are such that either Propo-
sition 1 or Proposition 2 guarantee that, in the absence of compensating transfers,
the no-contract outcome is the unique equilibrium of the model. This motivates our

next definition.

DEFINITION 1: Assume that either ¢ < X or ¢% < 1 — X so that, provided that
neither agent has paid the second tier ex-ante cost then the only equilibrium outcome
of the model is the no-contract outcome (see Propositions 1 and 2 above). Then
we say that the reduced form model with simple compensating transfers ‘yields the

no-contract outcome in the final stage’.
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We are now ready to state our next proposition. It tells us that, if the parameters
of the reduced form model of Subsection 3.1 yield the no-contract outcome, then
adding a new stage to the model, with a second tier of positive ex-ante costs and
compensating transfers may not solve the hold-up problem generated by the first tier
ex-ante costs. In particular, the reduced form model with compensating transfers has

multiple equilibria, and at least one equilibrium that yields the no-contract outcome.

PropPOsSITION 7: Consider the reduced form model with simple compensating trans-
fers. Suppose that ¢, ¢ and A yield the no-contract outcome in the final stage (cf.
Definition 1), and assume that the second tier ex-ante costs are strictly positive for
both agents (c2 > 0 for 1 € {A,B}). Then the model has multiple equilibria. In
particular, there always exists an equilibrium in which neither agent pays either tier
of ex-ante costs, and hence yields the no contract outcome. Moreover, there is also
an equilibrium in which both agents pay both tiers of ex-ante costs and a contract is

drawn-up.

The reason why our reduced form model with compensating transfers always has
one equilibrium in which none of the costs are paid is an obvious one. Recall that at
each stage the two agents decide simultaneously and independently whether to pay
their ex-ante costs. Moreover a contract (or compensating transfers) are feasible only
if both agents pay. It is then immediately clear that if one agent expects the other
not to pay his ex-ante cost he should not pay either. The cost would be wasted since
it has no effect on the remainder of the game. Therefore it is an equilibrium for both

agents to pay none of the costs.

The intuition behind the existence of a subgame perfect equilibrium in which
the parties do pay both tiers of ex-ante costs and draw-up the contract is less
straightforward.!?

Imagine that some compensating transfers have been agreed. If the transfers are

such that the first tier ex-ante costs are ‘covered’ for both agents (which is always

13We are indebted with Stephen Matthews for suggesting to us the existence of this type of
equilibrium.
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possible in principle because of Assumption 3), then the terminal subgame of the
model has two equilibria. One in which a contract is drawn-up, and another one
in which neither agent pays the first tier ex-ante cost and the no-contract outcome

obtains. Note that these equilibria are strictly Pareto-ranked.

It is then possible to construct an equilibrium in which the agents switch (off-
the-equilibrium-path) between equilibria of the terminal subgame, according to what
transfers have been offered and agreed in the first stage of the game. The ‘switching
point’ can always be constructed in such a way that it is in the interest of the agent
whose share of the surplus exceeds his costs to compensate the other for the shortfall
between his share of the surplus and both tiers of ex-ante costs. The ‘threat’ of
switching to the inefficient equilibrium is ‘credible’ because the no-contract outcome

is always one of the possible equilibrium outcomes of the terminal subgame.

Two observations come to mind with respect to the equilibrium just described.
First, even if the contract is drawn-up this is done by paying two tiers of ex-ante costs
rather than one. Therefore, even when a contract is drawn-up the equilibrium of the

model is constrained inefficient.

REMARK 1: All equilibria of the reduced form model with compensating transfers
are constrained inefficient. In particular, the inefficiency takes the form of the no-
contract outcome for some of the equilibria, while for others it takes the form of a

contract that is drawn-up paying two tiers ex-ante costs rather than one.

Secondly, and in our view more importantly, the equilibria of our reduced form
model with compensating transfers in which a contract is drawn-up rely on the agents
playing (off-the-equilibrium-path) an equilibrium in the terminal subgame which is
strictly Pareto-dominated by another equilibrium of the same subgame. This runs
against the intuition that the parties to a contract will be able to re-negotiate ex-post

to an equilibrium which makes them both better off when one is available.

Imagine now that we impose the restriction that in the terminal subgame the
agents must play the Pareto-efficient equilibrium when the subgame has two equi-

libria. Then, after the second tier ex-ante costs have been paid, they are sunk in a
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strategic sense. This means that the agent who has a ‘deficit’ in the last stage of the
game, by subgame perfection, will accept any offer of compensating transfer which
leaves him with a positive continuation payoff. Therefore in any equilibrium which
obeys this new restriction, the compensating transfers will not take into account the
second tier ex-ante costs. Therefore, one of the two agents will find it profitable not
to pay the second tier ex-ante cost for which he would not possibly be compensated.
This, in turn, means that compensating transfers will not be observed in equilib-
rium, and therefore yields the no-contract outcome. This is the focus of Proposition
8 below.

The idea that some type of renegotiation-proofness is an appealing additional
restriction to impose on the set of subgame perfect equilibria is not new, both in
contract theory (Grossman and Hart 1986, Hart and Moore 1988, Hart and Moore
1990, Rubinstein and Wolinsky 1992, Aghion, Dewatripont, and Rey 1994, Néldeke
and Schmidt 1995, among others), and in game theory (Farrell and Maskin 1989,
Benoit and Krishna 1993, among many others).

Below, we give an informal definition of a renegotiation-proof equilibrium which
applies to our model of this section. A more formal definition can be found in the
Appendix (Definition A.1). It coincides with the definition commonly accepted in
game theory (see, for instance, Benoit and Krishna (1993)).

DEFINITION 2: A subgame perfect equilibrium of the reduced form model with simple
compensating transfers is renegotiation-proof if and only if the equilibria played in
every proper subgame are not strictly Pareto-dominated by any other equilibrium of
the same subgame.*

Our next result says the if we restrict attention to renegotiation-proof equilibria, -
then the possibility of compensating transfers does not resolve the hold-up prob-

lem identified in Section 3. It is true that the model always has an equilibrium

"Notice that our informal definition is made particularly simple by the fact that our reduced
form model with compensating transfers only has one ‘level’ of proper subgames. In a game with
many stages, the definition needs to take into account that the set of equilibria of each subgame is
constrained by the renegotiation-proofness of the subsequent subgames. See Definition A.1 below.
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in which transfers take effect and a contract is drawn-up. But this equilibrium is
not renegotiation-proof. Thus, although it may be tempting to select (in a Coasian
‘spirit’) the contract equilibrium among the two mentioned in Proposition 7 simply
because it Pareto-dominates the no-contract equilibrium, this type of selection is open

to an objection which is, in our view, fatal.

Surely, if we are willing to select among Pareto-ranked equilibria in favour of the
dominating one, we should also be willing to apply the same logic to every subgame.
After all, once entered, every subgame is just like a game. However, if we apply this
selection criterion to every subgame (in a recursively consistent way, of course), the
only equilibrium of the entire game which survives is the constrained inefficient one,

in which the no-contract outcome obtains.

ProPOSITION 8: Consider the reduced form model with simple compensating trans-
fers. Suppose that ¢%, ¢} and X yield the no-contract outcome in the final stage and
that ¢4 > 0 and c% > 0. Then every renegotiation-proof subgame perfect equilibrium
of the model involves neither agent paying either tier of ex-ante costs and therefore

yields the no-contract outcome.

We view Proposition 8 as saying that the possibility of compensating transfers
does not resolve the hold-up problem identified in Section 3 in the following sense.
Either, we are willing to accept the multiple equilibria identified in Proposition 7,
and therefore to accept the no contract equilibrium as being just as plausible as the
one in which a contract is drawn-up. Or, we attempt to select among Pareto-ranked
equilibria in favour of the efficient ones. However in this case, we should apply this
logic consistently to every subgame, and hence single out those equilibria which are

renegotiation-proof. In this case only the no-contract outcome survives.

Note that the multiplicity of equilibria in the terminal subgame of our model is
crucially dependent on the fact that the ex-ante costs are payable sirgultaneously by
the agents. Therefore if the game is modified so that the costs are payable sequentially,

all subgames have a unique equilibrium and the no-contract outcome is certain to
prevail.
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In particular, consider the following modification of the extensive form depicted
in Figure 3. At ¢t = 0 A decides whether to pay the ex-ante cost ¢, then B observes
A’s choice and decides whether to pay the ex-ante cost ¢§. The rest of the extensive
form is identical to the one in Figure 3. The following proposition characterises the
equilibria of this modification of the reduced form model with simple compensating

transfers.!®

ProprosITION 9: Consider the modified reduced form model with simple compen-
sating transfers which we have just described. Suppose that ¢%, ¢% and X yield the
no-contract outcome in the final stage and that ¢ > 0 and ¢} > 0. Then, the unique
subgame perfect equilibrium of the model is for neither agent to pay either tier of

ex-ante costs, and hence yields the no-contract outcome.

4.2. A Hierarchy of Contracts Quer Contracts

Given the intuition behind our results of Subsection 4.1, it is natural to ask whether
they generalize to a model which includes a whole hierarchy of ‘contracts over con-
tracts’. In this subsection, we examine this question in two separate, but essentially
‘nested’; models, and find that our results of Subsection 4.1 generalize in both cases.

We begin with the simpler of the two set-ups.

Consider adding N time periods prior to period 0 to the model of Section 3,
rather than 2 as we did in Subsection 4.1. There are now N + 2 time periods t €
{-N,—-N+1,...,0,1}.

For ease of exposition, we divide each period from —N to —1 into three consecutive
stages, called I, 1T and III respectively. In stage I of period —N both agents decide
whether to pay the (N + 1)-th tier ex-ante costs. Formally, each agent ¢ decides
whether to pay the cost ¢, where ¢V is a given, strictly positive constant. If one or

both agents do not pay c, the agents effectively move directly to period —N + 1,

15The alternative game in which B decides whether to pay the ex-ante cost before A is just a

relabelling of the one we just described. Proposition 9 below obviously applies to this extensive form
as well.
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skipping stages I1 and I1] of period —N. Only if both agents have paid the NV + 1-th
tier ex-ante costs, in stage I of period —IV, they can make compensating transfer
offers (o} ,05). In stage I1I of period —N, exactly as in Subsection 4.1 each agent
can then accept or reject the other’s offer. Those offers which are accepted in stage

IIT of period —N become binding.

The agents then move to period —N + 1, and must decide whether to pay the
N-th tier ex-ante costs. In stage I of period —N + 1, each agent decides whether to
pay the cost ¢!, where ¢! is a given, positive constant. Immediately after, still
in stage I of period —~N + 1, each agent i receives a compensating transfer of c}v , if
such transfer was agreed on at time t = —N. Only if both agents pay ¢~ !, in stages
IT and III of period —N + 1 a fresh set of compensating transfers can be offered
and accepted or rejected respectively. Otherwise, the agents move directly to period

-N+2

The same structure of moves is then repeated up to period ¢ = —1. In periods
t = 0 and t = 1, the model is identical to the one in Subsection 4.1 (cf. Figure 3).
Below, we refer to the model we have just described as the ‘reduced form model with

N tiers of simple compensating transfers’.

The second model we consider in this subsection is a generalization of the reduced
form model with NV tiers of simple compensating transfers which we have just de-
scribed. The structure of time periods and stages is unchanged. We assume that,
provided the ex-ante costs have been paid by both agents in stage I of period —n,
then each agent ¢ can make compensating transfer offers to j # i for all subsequent
tiers (m = 1,...,n) of ex-ante costs; all offers are made at the same time and the
two agents make offers simultaneously in stage II of period ¢ = —n. In stage 111 of
period —n, the agents simultaneously decide which offers to accept and which ones
to reject. Those offers which are accepted then become binding. We denote the of-
fer of compensating transfer which i € {4, B} makes at time ¢ relative to the m-th
tier of ex-ante costs by a,f’m, Whenever 7 actually pays a tier of ex-ante costs, he
receives, immediately after the payment, the sum of the compensating transfer offers

previously agreed for that tier of ex-ante costs. Below, we refer to the model we have
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just described as the ‘reduced form model with N tiers of multiple compensating

transfers’.

The equivalent of Assumption 3, stipulating that it is socially efficient for the
parties to draw-up a contract even when all tiers of ex-ante costs are payable, is easy

to state for the two models we have just described.
ASSUMPTION 4: Let¢; = YN " fori € {A, B}. Then cs and cp satisfy ca+cp < 1.

The purpose of exploring the two models with N tiers of compensating transfers
described above is to show that the possibility of such transfers will not necessarily
resolve the hold-up problem of Section 3, if the parameters of the model are such that
a hold-up problem in fact exists. Therefore, as in Subsection 4.1, we assume that c%,
¢% and )\ are such that the model ‘yields the no-contract outcome in the final stage’
(cf. Definition 1).

The following proposition tells us that adding N tiers of compensating transfers
to the model of Section 3 does not solve the hold-up problem identified there.

ProrosITION 10: Consider the reduced form model with N tiers of simple or mul-
tiple compensating transfers. Suppose that c%, ¢% and \ are such that this model
yields the no contract outcome in the final stage, and assume that all tiers of ex-ante
costs are strictly positive for both agents (¢! > 0 fori € {A,B} andn=0,...,N).
Then the unique renegotiation-proof (cf. Definition A.1) subgame perfect equilibrium
outcome of the model involves both agents not paying any of the ex-ante costs, and

hence yields the no-contract outcome.

Furthermore, using a construction similar to the one presented in the proof of
Proposition 7 it is possible to prove the following, which we state for the record and

without proof.

ProrosiTiON 11: Consider the reduced form model with N tiers of simple or multi-

ple compensating transfers. Suppose that ¢, ¢% and A yield the no-contract outcome
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in the final stage, and assume that all tiers of ex-ante costs are strictly positive for
both agents (c? > 0 fori € {A,B} andn =0,...,N). Then the model has multiple
equilibria. In particular, in addition to the equilibrium singled out in Proposition 10,
there also always exists an equilibrium in which compensating transfers are agreed

and a contract is drawn-up.

The results of this subsection are a generalization of the findings of Subsection 4.1.
Adding N tiers of possible compensating transfers still does not resolve the hold-up
problem identified in Section 3, if each tier of compensating transfers carries a positive
ex-ante cost for each agent. The reason is, again, that once a tier of ex-ante costs
are paid these costs are sunk. Therefore, in any renegotiation-proof equilibrium the
compensating transfers will not take into account the previous set of ex-ante costs.
This, in turn, means that the ex-ante costs will not be paid and therefore yields the
no-contract outcome.

5. A ‘REDUCED FOrRM’ MoDEL wITH CONTINUOUS COSTS

So far, we have assumed that the agents’ decision regarding the ex-ante costs is
‘lumpy’; a contingent contract is not possible unless both agents sink a minimum,
strictly positive, ex-ante cost. This is the reason why Propositions 1 and 2 above
refer to a range of the distribution parameter A for any given ex-ante costs, and to a

range of ex-ante costs given any value of the distribution parameter A.

In this section we consider a model in which the agents have a continuous choice
of ex-ante costs. Our model is still a ‘reduced form’ one, in that we do not model
explicitly the effects of increased ex-ante costs paid by the agents.!® We simply
postulate that the size of the surplus yielded by the contract which the agents draw-
up is an increasing function of the magnitude of the ex-ante costs paid by the two

agents.

®In Anderlini and Felli (1996) we present a model (Section 8) in which the agents have a ‘gradual’
choice of ex-ante costs, and the effect of increased ex-ante costs paid is modelled explicitly as affording
the agents a more detailed contract which extends further into the future.
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The interpretation of our reduced form increasing relationship between the ex-
ante costs and the surplus generated by the contract, we believe, is a natural one. We
imagine a situation in which, as the agents pay larger amounts of ex-ante costs, more
detailed contracts become feasible between them. The meaning of the word detail
here can range from a more accurate description of the ‘contractual variables’, to a
more detailed description of the possible states of nature (and therefore, in a dynamic
model, to contracts with a longer time horizon), to a contract which is better specified
in legal terms, which as a consequence is more easily enforced, and therefore yields a

higher level of surplus ‘net of enforcement costs’.

The results which we derive in this section are the analogues in our set-up of the
general under-investment results stemming from a hold-up problem (Hart and Moore
1988). Formally, the model which we analyze is close to Holmstrém (1982), and can
be described as follows.

The two agents, A and B, play a two stage game. At ¢t = 0, both agents decide,
simultaneously and independently, how much ex-ante contractual cost to pay. Agent
i € {A, B} chooses a number ¢; € [0,5] with ; € (0,1).}7 At ¢ = 1 the agents do
not in fact have any choices to make; the pair of ex-ante costs (c4,cp) paid at t =0,
determines the size of the surplus that the contract yields to the agents. This is then
divided among them according to the exogenously given distribution parameter A. We
denote with z(ca,cg) the surplus corresponding to the pair (ca,cg), with z4(ca,cp)
and zg(ca, cpg) its partial derivatives with respect to the first and second argument,
respectively, and with z4 4(ca,cB), =B 5(ca,cg) and z4 p(ca,cp) the second and
cross partial derivatives with respect to the same arguments. We assume that z is a
(twice-differentiable) strictly increasing and strictly concave function which satisfies
the Inada conditions lim,,,o z4(ca, cg) = 00, lim., 0 Zp(ca,cB) = 0, T4(ca, cp) =

0 for all ¢4 > €4 and zp(ca, cg) = 0 for all cg > £5.!* We also assume that the ex-

1"Recall that we are assuming throughout that the agents pay their ex-ante costs out of unit
endowments which are available to them at ¢ = 0. The constraint that ¢; should be in [0,¢;] with
@; € (0,1) is simply designed to ensure that any choice of ex-ante cost is ‘affordable’ for both agents.

18Therefore, we are assuming that there are decreasing returns to scale in the relationship between
the ex-ante costs paid and the size of the surplus which the contract generates.
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ante costs are complements in the sense that the cross partial derivative x4 g(ca, cp)

is always positive.

Given a pair of ex-ante costs (ca,cp), the payoffs accruing to A and B are given
by Az(ca,cp) — ca and (1 — X)z(ca, cg) — cp respectively. We denote by ¢} and cp
the (unique) equilibrium ex-ante costs which the agents pay in the game we have
just described. Given that our assumptions on the function  guarantee an interior

solution, the equilibrium is easy to characterize.

REMARK 2: The model with continuous ex-ante costs we have described above yields
a unique equilibrium pair (c%, ¢y), which can be characterized as follows by the cor-

responding first order conditions.

* * 1 * * 1 .
:L'A(CAS CB) o X and ./L'B(CA, CB) = i—_—}‘\' (1)
The efficiency benchmark with which to compare the equilibrium identified in

Remark 2 is straightforward to define and to characterize.

DEFINITION 3: The socially efficient levels of ex-ante costs in the model with con-
tinuous costs are denoted by ck and c%. They are defined as the pair of ex-ante costs
which maximize the difference between the surplus given by the contract and the sum

of ex-ante costs z(ca, cg) — ¢4 — CB.

There is a unique socially efficient pair of ex-ante costs (c§,cE), which can be

characterized as follows using the corresponding first order conditions.

:z:A(ci,cg) =1 and xg(clj, cg) =1 (2)

Using the concavity of z and the fact that the cross partial derivative of z is
positive, it is easy to show that (1) together with (2) imply that ¢f < cF for all
i € {A, B}. This is the content of our next proposition.
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PROPOSITION 12: Let any value of the distribution parameter A € (0,1) for the
model with continuous choice of ex-ante costs be given.!® Then, in equilibrinm, both
agents pay an inefficiently low level of ex-ante contractual costs in the sense that
¢! < cP for alli € {A, B}. This obviously implies that z(c%, c}) < z(c§,cE).

Thus, the agents under-invest in the ex-ante costs that determine the degree of
completeness of the contract which they choose in equilibrium. Therefore, the agents
choose a contract which is incomplete in the sense that it is less ‘detailed’ than would

be socially efficient, even after contractual costs are taken into account.

The intuitive reason why the agents under-invest in their ex-ante costs according
to Proposition 12 is simple to outline. Each party’s share of the surplus generated
is fixed, the total surplus is an increasing concave function of both ex-ante costs and
these costs are complements. Each agent invests in his ex-ante costs only up to the
point at which his own marginal net return is zero. Such point is therefore below the
point at which the marginal social (across both agents) net return on his investment

in the ex-ante cost is equated to zero.

We conclude this section with an observation. Proposition 12 describes a stronger
inefliciency result than Propositions 1 and 2 above since it yields an inefficient outcome
regardless of the value of A\. Notice that our model of Subsection 3.1 can be viewed as
a ‘special case’ (in which the assumption of concavity of z is violated) of our model
with a continuous choice of ex-ante costs in which the size of the surplus yielded by
the contract is a discontinuous function of the ex-ante costs paid by the two agents.
Intuitively, the ‘marginal’ conditions for efficiency are therefore easier to satisfy in

the model of Subsection 3.1 than in our present set-up.

9Notice that if we allow for X to take the values 0 and 1 as well, we still obtain under-investment.
For instance if A = 0, A will choose c4 =0, and B willset 0 <cp < cE. f A=1,then 0 < cy < c§
and cg = 0.
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6. NEGOTIATION OF THE DISTRIBUTION PARAMETER
6.1. Preamble

In our analysis so far, we have assumed that the value of the distribution parameter

) is exogenously given and cannot be changed by the agents.

Notice that since Proposition 12 tells us that the agents will pay inefficient levels of
ex-ante costs whatever the valued of the distribution parameter, this is not a reason
for concern in the case of continuous ex-ante costs. Whatever the extensive form
which decides the value of the distribution parameter, given the equilibrium value of

A, the agents will draw-up a contract which is inefficiently incomplete.

In this section, we relax the assumption of a given value of A for the case of discrete
ex-ante costs. The hold-up problem which we have identified in Section 3 turns out to

be ‘pervasive’ even when the agents, negotiate the value of the distribution parameter
A

6.2. Discrete Costs

Propositions 1 and 2 of Section 3 can be paraphrased as saying that, for any given
pair ¢4 and cp there exists a range of values of A (Proposition 1), and for any value
of A there exists a range of values of ¢4 and cp (Proposition 2), such that the agents

will not draw-up a contract, even though it would be socially efficient to do so.

As we mentioned above, it is natural to think of the value of A as determined by
an extensive form game in which the agents negotiate the distribution of surplus if a

contract is drawn-up. Therefore, another way to paraphrase Propositions 1 and 2 is

as follows.

Proposition 1 tells us that, for any given pair ¢4 and cp, there exist a ‘set of
extensive forms’ such that the agents will not draw-up a contract if the distribution
parameter is determined as an equilibrium of the given extensive form, even though

it would be socially efficient to do s0.20

2Here and in the next paragraph we refer to ‘sets of extensive forms’ without making this notion
precise. This is simply to save space and new notation. Intuitively, we think of the set of all
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Proposition 2, on the other hand, says that, for any given extensive form which
determines the value of the distribution parameter A, there exists a pair of ex-ante
costs ¢4 and cp such that, it would be socially efficient for the agents to pay the
ex-ante costs, but in equilibrium this will not be the case and a contract will not be

drawn-up.

The question which we pursue in this subsection is the following. Fix any positive
values for ¢4 and cpg. Is it then the case that for any extensive form in some interesting
set the agents will not draw-up a contract in equilibrium? The interpretation of the
word ‘interesting’ is of course open to disagreement, but we believe the answer to our

question to be yes.

The set of extensive forms described in Cases 1 through to 5 below can be de-
scribed intuitively as follows. We start with a set of extensive form bargaining games
which can be described as ‘canonical’ in that it includes a full range of bargaining
games ranging from take-it-or-leave-it offers to infinite alternating offer games a la
Rubinstein (1982). We then modify these models assuming that they generate ex-
ante costs for the agents as they are played. In particular, the key assumption is that
a set of ex-ante costs must be payable by the agents immediately before they choose
the actions prescribed by the extensive form (for example, before making an offer or a
counter-offer, or before deciding whether to accept or reject a given offer).?! Relying
on sub-game perfection, this allows us to conclude that, given any ex-ante costs, if
the distribution parameter is determined by one of the extensive forms we consider

the agents will not draw-up a contract.

We start by describing the set of extensive forms as Cases 1 to 5. Proposition 13

extensive forms as a set of games the (unique) equilibrium payoffs of which determine the distribution
parameter A. Moreover, we think of this set as being sufficiently rich so as to ensure that given any
value of A € [0, 1], there exists some extensive form game in the set considered which yields precisely
A as the equilibrium value of the distribution parameter. Examples of what such extensive form
games might be are given in the descriptions of Cases 1 through to 5 below.

Z1This of course does not preclude the consideration of extensive forms in which some contractual
costs are paid at other points in the game as well. What matters is that some of the contractual costs
must be payable immediately before making offers and counter-offers, and accept/reject decisions.
However, to keep matters relatively simple, we abstract from all ex-ante costs which are not payable
immediately before any such actions are decided.
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below summarizes our findings for all these extensive form games. All ex-ante costs
in all the extensive forms considered below are arbitrary strictly positive numbers. In
Cases 1 through 4 below we assume that the sum of all ex-ante costs (over all stages
of the game and across the two agents) is strictly less than one. The assumption
we make in Case 5 differs because of the presence of a potentially infinite number of

stages. We discuss this assumption when we present Case 5 below.

We begin with the simple case in which A makes a take-it-or-leave-it offer to B.

CASE 1: At time t = 0 both agents decide simultaneously and independently whether
to sink the ex-ante costs (ca, cp). If either agent decides not to sink his cost then the
game moves directly to period 2 and both parties receive a payoff of zero (minus any

costs paid) since a contract is not feasible in this case.

If instead both agents pay the ex-ante costs at ¢ = 0, the contract which yields
one unit of surplus becomes feasible, and A makes an offer to B at ¢t = 1. This offer
specifies a value of A € [0,1]. Agent B then has the possibility to accept or reject

such offer.

In either case the agents move to period t = 2. If B accepted A’s offer at t =1
the agents’ payoffs are A — ¢4 and 1 — XA — cp respectively. If B rejected A’s offer
at t = 1, then the agents have not reached an agreement on how to draw-up the
contract which yields one unit of surplus. Therefore the surplus is not available and

they receive payoffs of —c4 and —cpg respectively.??

The next extensive form we consider is a modification of the one described in Case
1 above. It is designed to show that simultaneity of the agents’ decisions to pay the
ex-ante costs can be abandoned, provided that the party which receives the offer is
unable to observe it, unless he pays his ex-ante cost. This observation generalizes to
extensive forms considered in Cases 3, 4 and 5 below, although we do not provide the

details for reasons of space.

*2The case in which B makes a take-it-or-leave-it offer to A is just a relabelling of Case 1. Propo-
sition 13 below obviously applies to this case as well.
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CASE 2: Consider the extensive form described in Case 1 modified as follows. At
t = 0, A chooses whether to sink the ex-ante cost c4. If A does not pay cq at t =0
the surplus-generating contract is not feasible. Therefore, in this case the game ends
and both agents receive a payoff of zero. If A sinks cy4, he can then make an offer to B
specifying a value A € [0,1] for the distribution parameter if a contract is drawn-up.
The game then moves on to period t = 1. At ¢t = 1, agent B can observe whether
A has decided to make an offer of A, but he cannot observe the value of A, unless he
pays his own ex-ante cost cg. If B does not pay cp the surplus-generating contract is
not feasible.?® Therefore, in this case the game ends and the agents’ payoffs are —cy4
and zero respectively. If B decides to pay ¢g at £ = 1, then he observes A, and can
subsequently decide to accept or reject A’s offer. If B rejects A’s offer the game ends
and the agents receive payoffs of —c,4 and —cp respectively. If, on the other hand, B
accepts A’s offer, the game moves on to ¢ = 2, when the surplus generating contract

is drawn-up. In this case the agents’s payoffs are A —c4 and 1 — X\ — cp respectively.?*

Our next case is that of an extensive form obtained from a randomization between
the extensive form in which A makes a take-it-or-leave-it offer to B (Case 1) and the

symmetric case in which B makes a take-it-or-leave-it offer to A.

CASE 3: The two agents observe the outcome of a public randomization device —
a coin toss for example — which has outcomes A with probability ¢ € [0,1] and
B with probability 1 — . If the outcome of the public randomizing device is A,
the negotiation proceeds according to the extensive form described in Case 1 above.
Conversely, if the outcome is B the negotiation proceeds according to the extensive

form obtained swapping the names of A and B in the description of Case 1.

23 As in Subsection 3.3 above the technological complementarity of the ex-ante costs (ca,cp) is not
crucial. It is enough that the two costs are strategic complements. This is the case if, for example,
B can accept or reject the offer even if he has not paid his ex-ante cost provided that in this case B
has to decide without seeing the offer, and the offer A can exceed 1 thus pushing agent B below his
individual rationality constraint.

~ *%The case in which costs are paid sequentially and B makes a take-it-or-leave-it offer to A is just
a relabelling of Case 2. Proposition 13 below obviously applies to this case as well.
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Notice that for Proposition 13 below to hold in Case 3 above, it is of critical
importance that the parties cannot sink the ex-ante costs {ca, cp) before the outcome
of the public randomization is known. This is in keeping with our discussion above
in which we emphasized that the ex-ante costs must be payable immediately before
any offers, counter-offers and decisions to accept or reject are taken by the agents.?®
Notice however, that we could imagine an additional tier of ex-ante costs, payable
before the outcome of the randomization is known, which would be interpreted as the
cost of setting up the randomization we have just described. In this case, Proposition
13, which tells us that a contract will not be drawn-up in equilibrium would still
apply.

We now turn to two dynamic extensive forms for the negotiation of the distribution
parameter. One involves a finite number, N, of ‘alternating offers’, and the other a
potentially infinite number of them.?® The two extensive forms described in Cases
4 and 5 below are designed to embody the fact that each party has the ability to
make a counter-offer after rejecting an offer of A by the other agent. For the sake of
clarity, in the description of the next two cases we divide again each time period in
three consecutive stages: stage I in which costs are paid, stage I in which offers are
made, and stage 1] in which offers can be accepted or rejected. We denote by 7,
with ¢ € {A, B}, the ex-ante costs that the agents have to pay in order to make and
accept /reject offers in period t = n.

We are now ready to describe the extensive form for the compensating transfers

negotiation game with N rounds of alternating offers.?”

CASE 4: We only deal with the case in which N is even, and agent A makes the first
offer. Proposition 13 below is valid for the other three cases as well, in which B makes

Z0f course, if either 9 < ¢4 or 1 — 1 < cp a contract will not be drawn-up even if the ex-ante
costs are payable before the outcome of the randomization is known. Our assumption that they are
paid after the randomization guarantees that Proposition 13 below holds for any value of ¢ € [0, 1].

26Both the formulation and the analysis of Case 4 and 5 below are closely related to a vast literature
on alternating offers models of bargaining sparked off by Rubinstein (1982) and subsequently enriched
by the contribution of Shaked and Sutton (1984) among many others.

11t is easy to generalise Case 4 to allow for discounting of future payoffs. We do not provide the
details for reasons of space.
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the first offer and/or N is odd. The details of the other three cases can be obtained

in the obvious way from the particular case we describe.

The game starts in period 0. In stage I of period 0 both parties decide, simulta-
neously and independently, whether to sink the ex-ante costs (c%, c%). If either agent
(or both) decides not to sink this cost then the game moves to period ¢t = 1. If, on
the other hand, both agents pay the costs then they enter stage II of period 0. At
this point A makes an offer A° € [0,1] to B, specifying a value for the distribution
parameter. The game then moves to stage /11, when B has the possibility to accept
or reject A’s offer. If B accepts the offer, the surplus-generating contract is drawn-
up and the game ends with the agents receiving payoffs of A —c4 and 1 — A% — ¢

respectively. If, instead, B rejects the offer the negotiation moves to period ¢ = 1.

The description of the game in period ¢t = 1 is the same as in period 0, except
that the agents’ roles are exchanged. It is now B who can make an offer A! to A (if
the ex-ante costs have been paid by both), and then A who has the chance to accept

or reject.

The following periods up to and including period t = N — 1 are the same as the
first two, with the agents making offers in turn. If the game ends with an offer being
accepted at time ¢t = 0,..., N — 1, the agents’ payoffs are A\* — v, and 1 — A\ — v,
where 74 and vp are the total ex-ante costs paid by the two agents respectively. If
the game ends in period N — 1 with no offer being accepted, the agents’ payoffs are

—74 and —vp respectively.

We can now proceed to the description of the last case we consider, in which
the alternating offers negotiation of the distribution parameter may last indefinitely.
Case 5 which follows is the extension to a potentially infinite number of rounds of
the extensive form we have just described in Case 4 above. However, we make a
specific assumption on the ex-ante costs ¢’. We assume them to be constant across
periods so that ¢} = ¢; for every n. The purpose of this assumption is to preserve the
‘stationarity’ of the game. This, in turn, greatly simplifies the proof of Proposition
13 below in this case.
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Notice that this assumption raises a problem if we require that drawing-up a con-
tract must yield an amount of surplus which is greater than the sum of all ex-ante costs
(cf. Assumption 4 above).?? A way in which Assumption 4 may be made compatible
with identical ex-ante costs across periods is to interpret these as lexicographic ex-ante
costs (to be minimized after each party’s payoff has been maximized).? Proposition

13 below holds for this modified version of the next case as well.

CASE 5: We describe the game for the case in which A makes the first offer. Propo-

sition 13 also applies to the symmetric case in which the first offer is made by B.

The game starts in period ¢ = 0. In stage I of period 0, both agents decide,
simultaneously and independently, whether to sink the ex-ante costs (ca,cp). If
either party (or both) decides not to pay this cost, the game moves directly to period
t = 1. If both A and B pay these ex-ante costs, the game moves to stage I1 of period
0. Now A can make an offer to B of a value A\° € [0, 1] for the distribution parameter.
In stage IIT of period 0, B can decide to accept or reject A’s offer. If B accepts A’s
offer, the surplus-generating contract is drawn-up and the game ends with the agents
receiving a payoff of A’ — ¢4 and 1 — A% — ¢p respectively. However, if B rejects A’s

offer, the game moves on to period 1.

The description of period 1 is essentially the same as period 0, save for the fact
that the roles of the two agents are exchanged. It is now B who (provided the ex-ante
costs {c4,cp) are paid by both agents) can make an offer A\! to A, who then has the

chance to accept or reject.

All odd periods 3, 5,7, ... are essentially the same as period 1, and all even periods
2,4,6,... are essentially the same as period 0. However, recall that if at any time ¢
an offer of A’ is accepted, the surplus-generating contract is drawn-up and the game
ends with payoffs A’ —v4 and 1 — \! —yp where -4 and g are the total ex-ante costs

paid during the entire game by A and B respectively.

28Notice however, that provided that the sum of ex-ante costs for one period is less than one, then
drawing-up a contract is socially efficient,.

291t is worth emphasizing that the logic of the proof of Proposition 13 for Case 5 does generalize
to the case in which discounting is allowed.
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To complete the description of Case 5, we stipulate that if the agents never reach
an agreement on a value for the distribution parameter, and therefore the game
does not terminate in finite time, then the agents receive payofls of —~v4 and —vyp

respectively.

We are now ready to state our next proposition. It states that, whenever the ne-
gotiation of the distribution parameter is carried out according to one of the extensive
forms we have described, the two agents face a hold-up problem which will prevent
them from drawing-up the surplus-generating contract, even though doing so would

be socially eflicient after the ex-ante costs are taken into account.

PROPOSITION 13: Consider any of the extensive forms described in Cases 1 through
5 above. Assume that all ‘tiers’ of ex-ante costs are strictly positive. Then the unique
equilibrium outcome of the model involves both agents not paying any of the ex-ante

costs, and hence yields the no-contract outcome.

We conclude this section with two observations. First, notice that the intuition
behind the proof of Proposition 13 for all the cases considered is very much the same.
After the ex-ante costs have been paid, they are sunk. Any offer which comes after
these costs have been paid will therefore not take these costs into account, and will
leave one of the two agents with a ‘deficit’ which will not be covered in future stages
of the game. Thus, the ex-ante costs will not be paid, and the no-contract outcome
will obtain.

Secondly, the hold-up problem identified in Proposition 13 is in a sense more acute
than the one described in Section 3 above. In fact, whenever the negotiation of the
sharing of the surplus is disciplined by one of the extensive forms described in Cases
1 through 5 above, the contract will never be drawn-up whatever the ex-ante costs,
provided they are positive.

7. SURPLUS SIZE AS A FUNCTION OF ITS DISTRIBUTION

In our entire analysis so far we have assumed that the size of the potential surplus

generated by the contract is determined independently of its distribution across the
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two agents. Whether this is a good assumption or a bad one, depends on the details

of the contractual situation at hand.

It is easy to think of contractual situations in which the ‘expected quality’ of the
object which the contract concerns is determined (at least in part) by the action(s)
of one (or both) agents, after the contract has been drawn-up. This is, for instance,
the case if the contract to be drawn-up concerns a ‘principal’ and an ‘agent’. The
action of the agent in this case affects the amount of surplus available, and is in turn
affected by how much surplus the agent is able to appropriate. In Anderlini and Felli
(1996), we analyse a simple principal-agent model in which the interplay of incentive
compatibility and limited liability is the mechanism through which the size of the
surplus depends on the share left to the agent.

For reasons of space, in our analysis below we use, again, a ‘reduced form’ model
in which we simply assume that the size of the potential surplus depends on its

distribution between the two agents.

Intuitively, when the size of the surplus depends on its distribution, the hold-
up problem we have analysed so far becomes less acute for the following reasons.
When the distribution of surplus is negotiated between the two agents, one (or both)
agent(s) may have an incentive to propose a ‘fairer’ distribution in order to increase
surplus size. It is then possible that, as a result, the distribution of surplus which is
agreed by the agents is ‘less mis-matched’ with the distribution of ex-ante costs than
would be the case otherwise. As we know from Section 3 this may resolve the hold-up
problem, and yield an equilibrium outcome in which the surplus-generating contract

is drawn-up.

We make our next point in a simple setting. We take the simplest extensive form
for the negotiation of the distribution parameter (Case 1) which in Proposition 13
— when the size of the surplus was assumed to be independent of its distribution —
yielded the no contract outcome regardless of the size and distribution of the ex-ante
costs. We then couple this extensive form with a simple functional form describing
how the surplus size depends on its distribution, and we show that for some possible

configurations of (positive) ex-ante costs, in equilibrium a contract will be drawn-up
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by the agents. Thus the hold-up problem identified above becomes less acute when
the size of the potential surplus generated by the contract depends on its distribution

across the two agents.

As before, z denotes the size of the surplus, while X is the distribution parameter.
The function z(\) embodies the dependence of surplus size on its distribution. We
assume z()\) to be non-negative for every A in [0, 1], and that for some X in [0, 1],
z(A) is strictly positive. The function z(-) is also assumed to be differentiable on its

domain.

At t = 0, A and B decide simultaneously and independently whether to pay the
given pair of ex-ante costs (c4,cp) which we assume to be affordable and strictly
positive. If either agent does not pay the ex-ante costs the surplus is not available
and the agents’ payoffs are equal to minus any ex-ante costs paid. If, on the other
hand, both pay the ex-ante costs, then A makes an offer A to B, who may accept or
reject it. If B accepts the offer, a contract is drawn-up and A’s payoff is Az(A) — ca,
while B’s payoff is (1 — A)z()) — cp.

We start by identifying the socially efficient level of the distribution parameter A.

DEFINITION 4: The socially efficient level of A in the model we have just described
is denoted \F, and is given by

E _
A¥ = arg g[%ﬁ]x(/\) (3)

Notice that, since we are assuming that the surplus is strictly positive for at least
some )\, we also know that z(A\F) > 0.

The analogue of Assumption 1 above which guarantees that it is socially efficient

for the agents to draw-up a contract is easy to state in our new model.
AssUMPTION 5: Let z(\F) > cq + cp.

The value of the distribution parameter in any equilibrium in which a contract

is drawn-up is easy to characterise. Consider the subgame which begins after both



CosTtLy COASIAN CONTRACTS 42

agents have paid the ex-ante costs (ca,cg). Then A will make an offer to B which
maximizes his continuation payoff, subject to the constraint that it should be in B’s

interest to accept the offer. In other words, A will offer to B a A* which solves

A 2. (1=Xz(A) >0 4
Alg{*gfg]f\w( ) st (1=)z(d) 2 (4)

The solution to (4) is easy to find once we notice that the shadow price of the
constraint in (4) is always zero because xz(-) is non-negative. Moreover, since z(-) is
strictly positive for some X in [0, 1], it must be that A*z(A*) > 0. Using these facts
and the first order conditions for (4) it is immediate that

REMARK 3: If /(1) + z(1) > 0 then X\* = 1. Conversely, if /(1) + z(1) < 0 then
A" € (0,1). Moreover, if 2'(1) + (1) < 0 then z(X*) < z(AF).

We are now in a position to identify the range of ex-ante costs for which the fact
that the size of the surplus depends on its distribution is sufficient to resolve the hold
up problem described in Section 6.

We state Proposition 14 below without proof since it is an immediate consequence
of Remark 3.

PROPOSITION 14: Assume that 2'(1)+xz(1) < 0. Then there exists a range of ex-ante
costs — namely Cy = {ca,cp [0 < ¢4 < A* and 0 < cg < (1 — A*)} — which satisfy
Assumption 5 and such that the model has an equilibrium in which both agents pay
the ex-ante costs and a contract is drawn-up.

If A finds it profitable to ‘bribe’ B in order to increase the overall size of the
surplus, it is possible that, in equilibrium, both agents will pay strictly positive ex-
ante costs and draw-up a contract. This is in contrast to Case 1 of Proposition
13 above in which a contract is never drawn-up, regardless of the magnitude and
distribution of the ex-ante costs.
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A final observation is in order. The possible equilibria identified in Proposition 14
in which a contract is drawn-up are still inefficient in the sense that z(\*) < z(\F).
Since A only appropriates a fraction of the surplus, it is not in his interest to offer B

a X\ which guarantees a global maximum of z.

8. CoNCcLUDING REMARKS

If the parties to a contract need to sink some ex-ante contractual costs before they
can reach the contract-negotiating phase of their interaction, the ex-ante costs may
generate a version of the hold-up problem. If the distribution of ex-ante costs and the
distribution of the surplus generated by the contract are sufficiently ‘mis-matched’,
one of the two parties to the contract will not find it to his advantage to pay the
ex-ante contractual cost, even though the surplus generated by the contract would be
sufficient to cover the total ex-ante costs associated with it. Therefore, in equilibrium
the contract will not be written. We have verified this claim in a variety of simple
models, including a number of extensive forms for the negotiation of the distribution
of surplus among the agents. The hold-up problem we have identified is most acute

when the agents have a continuous choice of ex-ante costs.

Unlike many other versions of this problem, under appropriate conditions, the
hold-up problem generated by ex-ante contractual costs is unlikely to have a ‘con-
tractual solution’. This is because a ‘contract over a contract’ is likely to generate
a fresh set of ex-ante contractual costs and hence a new hold-up problem. We have
found this to be true in a variety of settings which include a whole hierarchy of

‘contracts over contracts’.

Lastly, we have explored a reduced form model in which the size of the surplus
depends on its distribution. In this case it is apparent that the hold-up problem
we identify is less pervasive than in the case in which the size of the surplus is not
affected by its distribution.

APPENDIX
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PROOF OF PROPOSITION 6: Since either A < ¢4 or 1— X\ < ¢g, it is clear that there is no equilibrium
in which both agents pay the ex-ante cost at ¢ = 0.

‘We only show that it is not possible that in any pure strategy equilibrium A alone pays the
ex-ante cost at ¢ = (. Any equilibrium in which B alone pays the ex-ante cost at ¢ = 0 can be ruled
out in a symmetric way and we omit the details. Mixed strategy equilibria can be ruled out using
standard arguments and we omit the details.

Suppose then that there is an equilibrium in which only A pays the ex-ante cost at £ = 0. There
are two cases to consider. Either B pays his cost to see A’s offer or he does not.

Suppose next that there is an equilibrium in which A only pays the ex-ante costs at t = 0 and
subsequently B either accepts or rejects A’s offer without seeing it. Note that in this case B cannot
condition his decision to accept or reject on the value of £ since he does not pay to see it. If B
accepts in equilibrium, clearly A will set £ = —e. But this would give an equilibrium payoff of —e
to B, and therefore vields a contradiction since B can always guarantee himself a payoff of zero by
not paying any costs and rejecting any offer. If B rejects A’s offer blind in equilibrium, then A’s
equilibrium payoff is —c4 since no contract is drawn-up and A pays his ex-ante cost at £ = 0. This
is again a contradiction since A can guarantee himself a payoff of zero by not paying the ex-ante
cost at t = 0 {and rejecting any offers made by B if he pays his ex-ante cost).

Lastly, consider the possibility of an equilibrium in which A alone pays the ex-ante costs at t = 0
and subsequently B pays his ex-ante cost ¢jz to see the value of £, and then accepts or rejects A’s
offer. Notice that now B can condition his decision to accept or reject A’s offer on the actual value
of £. Using subgame perfection, it is immediate to see that, in equilibrium, it must be the case that
B accepts all offers which guarantee that 1 — £ > 0 (his ex-ante cost is sunk when the accept/reject
decision is made}. Therefore, in equilibrium, A will offer precisely £ = 1. It follows that in any
equilibrium in which A alone pays the ex-ante cost at £ = 0 and subsequently B pays to see A’s
offer, B’s payoff is at most —cj. But this is a contradiction since B, as before, can guarantee himself
a payoff of zero by not paying any costs and rejecting any offer. W

DEFINITION A.1: Let any two players finite-stage extensive form game T' be given. Denote by
T'g,..., T all the terminal subgames (subgames that do not have any proper subgame) and by
I'},...,TT" all the subgames which have only one proper subgame. Recursively we can then denote
T},...,T™ all the i-level subgames.

A strategy profile (s 4,sp) constitutes a renegotiation-proof subgame perfect equilibrium of T if
and only if it satisfies the following set of recursive conditions.

0. In every terminal subgame T, ..., Ty the strategy profile (s4,sg) prescribes the play of a Nash
equilibrium which is not strongly Pareto dominated by any other Nash equilibrium of the same
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subgame.

1. In every subgame T'},...,['T" the strategy profile (sa,sp) prescribes the play of a subgame
perfect equilibrium which satisfies eondition 0 and which is not strongly Pareto dominated by any
other subgame perfect equilibrium of the same subgame which also satisfies condition 0.

i. In every subgame '}, ..., ™ the strategy profile (sa, sg) prescribes the play of a subgame perfect
equilibrium which satisfies conditions 0 through i — 1 and which is not strongly Pareto dominated
by any other subgame perfect equilibrium of the same subgame which also satisfies conditions 0
through ¢ — 1.

LEMMA A.1: Consider the terminal subgame of the model with simple compensating transfers de-
scribed in Subsection 4.1 which occurs after the pair of compensating transfers (c4,0p) has been
agreed, as a function of the pair (o4,08). If the following inequalities are satisfied

A—oa+og—-c% > 0 (A1)

l1-A+04—0p—ch {A.2)

Y
o

the subgame has two equilibria. If both inequalities are strict one equilibrium strictly Pareto-
dominates the other, The Pareto-superior equilibrium is such that both parties pay the ex-ante costs
(c%, c%) and the contract is drawn-up leaving the parties with continuation payoffs (A—ca+0p—c%)
and (1-A+o04—o0p—c%). The inferior equilibrium is such that both parties do not pay the ex-ante
costs (c%,c%) and yields the no-contract outcome. If either or both inequalities (A.1) and (A.2)
are violated the terminal subgame has a unique equilibrium in which neither agent pays the ex-ante
costs {ca,cn), and hence yields the no-contract outcome.

Proor: The claim follows immediately from the fact that a contract is feasible only if both A and
B pay the ex-ante costs (c%,c%), and from the observation that either agent i can guarantee a
continuation payoff of zero by not paying his ex-ante cost c7. l

LemMMA A.2: Consider the reduced form model with simple compensating transfers described in
Subsection 4.1. If there exists an equilibrium of the model in which both 64 > 0 and o > 0,
then there exists another, payoff equivalent, equilibrium of the model in which the transfers take

the values 64 =04 —~op and g =0 ifoa > op,and 54 =0 and 6p =op — 04 if o > 04.
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Proor: We examine only the case in which o4 > op. The other case is a simple re-labelling of
this one. To construct the new equilibrium, let the strategies of both agents be identical to the
strategies in the original equilibrium, except for the way actions are conditioned on the other agents’
compensating transfer offer. In the new equilibrium, each agent i € {A, B} responds to any offer &;
(with j # ) exactly as he would respond to the offer &; + o; in the original equilibrium. W

PRrRooOF oF PROPOSITION 7:

Recall that both tiers of ex-ante costs are payable simultaneously by the agents and that a
contract (compensating transfer) is feasible only if both agents have paid the first (second) tier of
ex-ante costs. Therefore it is obvious that a pair of strategies which preseribe not to pay any ex-
ante costs for both agents (and some equilibrium behaviour off-the-equilibrium-path) constitutes an
equilibrium. This proves our first claim.

We now move to the construction of a subgame perfect equilibrium of the model with simple
compensating transfers in which the parties do draw-up a contract.

We only deal with the case in which 1—X < c%. The case in which A < % is a simple re-labelling
of this one and we omit the details.

Consider the subgame occurring after the transfers (04,0 5) have been agreed. If o > o4 the
only equilibrium of this subgame is such that both parties do not pay the ex-ante costs (c%, c%). If
instead o4 > op then by Lemma A.2 we can restrict attention to transfers which satisfy o4 > 0
and o = 0.

If 54 is such that inequalities {(A.1) and
1-X+o42ch+ch (A.3)

are satisfied, we assume that the agents play the Pareto-superior of the two equilibria described in
Lemma A.1l in which the contract is drawn-up. If instead o4 is such that inequality (A.3) is not
satisfied while (A.1) and (A.2) are satisfied we assume that the agents play the Pareto-inferior of
the two equilibria described in Lemma A.1 that yields the no-contract outcome. In case either or
both (A.1) and (A.2) are violated then the agents play the unique subgame perfect equilibrium of
the subgame.

Proceeding backwards, it is then a best reply for B to accept any offer ¢4 > 0 such that
inequality (A.3) is satisfied. Indeed, if B rejects the offer his continuation payoff is zero while by
accepting the offer his continuation payoff is non-negative.

It is then optimal for A to make an offer o4 such that

ca=ch+cy—(1-X) (A.4)
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This offer is assoclated with a positive continuation payoff for A. A higher offer is associated with a
smaller continuation payoff while a lower offer is associated with a continuation payoff of zero, since

the parties expect to play the inefficient equilibrium whenever (A.3) is violated.

Therefore, in equilibrium both parties pay the second tier ex-ante costs (¢4, c%). Paying the
cost, B obtains the payoff of zero which coincides with the payoff he gets by not paying. By paying,
A gets a strictly positive payoff while he gets a payoff of zero by not paying. This concludes the
proof. B

PROOF OF PROPOSITION 8: We only deal with the case in which 1 — A < ¢%. The case in which

A < cY is a simple re-labelling of this one and we omit the details.

Since we are assuming that the parameters of the model yield the no contract outcome in the
final stage, any renegotiation-proof subgame perfect equilibrium which yields a contingent contract
as an outcome must have both agents paying both tiers of ex-ante costs.

Assume by way of contradiction that such an equilibrium exists and denote by a superscript ‘+’
the equilibrium values of all variables in this equilibrium.

Notice first of all that if ¢ > o} we have an immediate contradiction since in this case v > ¢p
and therefore B’s equilibrium payoff must be negative. Since B can guarantee a payoff of zero by
not paying any of the ex-ante costs this is a contradiction.

By Lemma A.2, we can then assume without loss of generality that % > 0 and o = 0.

Next, consider the subgame that starts after the transfers (0%, %) have been agreed. We now
claim that every renegotiation-proof subgame perfect equilibrium must be such that

1-A+04-c%=0 {A.5)

To see this notice that Definition A.1 and Lemma A.1 imply that every renegotiation-proof subgame
perfect equilibriumn must prescribe that in this subgame when

A—=oa—c% > 0 (A.6)
1-A+oa—-c% > 0 (A7)

are satisfied the parties play the Pareto superior equilibrium. This equilibrium involves both agents
paying the costs (c%, c%), drawing-up the contract and obtaining the strictly positive continuation
payoffs: 1~ A+ 04 — c% and A — 04 — ¢%. However, any offer o4 which satisfies (A.7) cannot be
payoff maximizing for A. Therefore the only renegotiation-proof subgame perfect equilibrium offer
has to satisfy (A.5).
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It follows directly from (A.5) that B’s payoff in this renegotiation-proof subgame perfect equi-
librium would be —c%. But this is a contradiction since B can guarantee a payoff of zero by not
paying any ex-ante costs. This is enough to prove the proposition. l

ProoF oF PROPOSITION 9: The proof can be constructed in a way which is completely analogous
to the one of Proposition 8 once we observe that when inequalities (A.6) and (A.7) are satisfied the
unique subgame perfect equilibrium of the terminal subgame starting at ¢ = 0 is for both parties to
pay the costs (c%,c%), draw-up a contract and obtain payoffs: 1 —~ A+ 04 — % and A — o4 — 5.

Indeed, if A has paid his cost ¢ it is optimal for B to pay the cost ¢} as well given that B
obtains a strictly positive continuation payoff by doing so, while he gets a continuation payoff of
zero by not paying. On the other hand, if A does not pay his ex-ante cost ¢ then it is optimal
for B not to pay his cost ¢ either. If B does not pay he gets a payoff of zero while if he does pay
he gets a negative payoff. Therefore the unique subgame perfect equilibrium of this subgame is for
both parties to pay their costs (¢, ¢}) and draw-up a contract.

We omit the details of the remaining part of the proof. B

LEMMA A.3: Consider the reduced form model with N tiers of simple compensating transfers de-
scribed in Subsection 4.2. Given any equilibrium of the model, let £, = argmin;c 4 g} o, for
n =1,...,N. Then there exists another, payoff equivalent, equilibrium of the model in which the
compensating transfers are 6 = o' — o} .

Proor: The new equilibrium can be constructed in a way which is completely analogous to the one
in the proof of Lemma A.2. We omit the details. Bl

PROOF OF PROPOSITION 10 (Simple Transfers): We only deal with the case in which 1 — A < c%.
The case in which A < ¢4 is a simple re-labelling of this one and we omit the details.

Notice that when N = 1, the reduced form model with N tiers of simple compensating transfers
of Subsection 4.2 is identical to the reduced form model with simple compensating transfers of
Subsection 4.1. It follows that Proposition 7 implies that Proposition 10 is true when N = 1. To
prove the proposition it then remains to show that, if it is true for a given value of N, then it is also
true for N 4+ 1.

Suppose then that the proposition is true for a given value of N, and assume, by way of contradic-
tion, that it is false for N+ 1. Since the proposition is true for N, if there exists a renegotiation-proof
subgame perfect equilibrium of the reduced form model with N + 1 tiers of simple compensating
transfers in which some ex-ante costs are paid, it must be that in such equilibrium both agents pay
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the time ¢ = —N — 1 ex-ante costs. Let the values of all choice variables in such equilibrium be
denoted by superscript ‘x’.

In a way analogous to the proof of Proposition 8, using Lemma A.3 we can now assume without

loss of generality that o *1* > 0 and o5 T1* = 0. Again as in the proof of Proposition 8 this implies

that in any renegotiation-proof subgame perfect equilibrium B’s payoff in this equilibrium is —c§ **.
But this is clearly a contradiction since B can guarantee himself a payoff of zero by not paying any
tier of ex-ante costs. The proof of Proposition 10 for the case of N tiers of simple compensating

transfers is therefore complete. M

LEMMA A.4: Consider the reduced form model with N tiers of multiple compensating transfers
described in Subsection 4.2. Given any equilibrium of the model, let £, m = argminiea pyo;",
forn=1,...,N andm = 0,...,n ~ 1. Then there exists another, payoff equivalent, equilibrium of

the model in which the compensating transfers are ;"™ = "™ — o, .

PRrRoOF: The new equilibrium can be constructed in a way which is completely analogous to the one
in the proof of Lemma A.2. We omit the details. I

PROOF oF PROPOSITION 10 (Multiple Transfers): We only deal with the case in which 1 — X < ¢%.
The case in which A < ¢4 is a simple re-labelling of this one and we omit the details.

Notice that when N = 1, the reduced form model with N tiers of multiple compensating transfers
of Subsection 4.2 is identical to the reduced form model with simple compensating transfers of
Subsection 4.1. It follows that Proposition 7 implies that Proposition 10 is true when N = 1. To
prove the proposition it then remains to show that, if it is true for a given value of N, then it is also
true for N + 1.

Suppose then that the proposition is true for a given value of N, and assume, by way of contra-
diction, that it is false for N + 1. Since the proposition is true for N, if there is a renegotiation-proof
subgame perfect equilibrium of the reduced form model with N + 1 tiers of multiple compensating
transfers in which some ex-ante costs are paid, it must be that in such equilibrium both agents pay
the time ¢ = —N — 1 ex-ante costs. Let the values of all choice variables in such equilibrium be
denoted by superscript ‘*’.

In a way analogous to the proof of Proposition 8, using Lemma A.4 we can now assume without
loss of generality that af“’m* > 0 for somem = 0,...,N and agrﬂ'""‘ =0forallm=0,...,N.
Again as in the proof of Proposition 8 this implies that B’s payoff in any renegotiation-proof subgame
perfect equilibrium is —cg +1_ But this is clearly a contradiction since i can guarantee himself a payoff
of zero by not paying any tier of ex-ante costs. The proof of Proposition 10 for the case of N tiers
of multiple compensating transfers is therefore complete.
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LEMMA A.5: Let any value of the distribution parameter A € [0,1] be given. In equilibrium, in
the model with a continuous choice of ex-ante costs, it is not possible for both agents to pay an
inefficiently high level of ex-ante contractual costs in the sense that ¢} > cF for all i € {A, B}. This
is true irrespective of the sign of the cross partial derivative 24 p(ca,cg).

PROOF: Let 8 = ¢ — c§ and § = ¢} — c&. Therefore, as k varies in [0,1], (c§ + kB3,cE + k9)
describes the whole segment between (c&, cg) and (c%,cy). Assume, by way of contradiction, that
>0 and 8§ > 0. The first order conditions (1) and (2) imply that z4(c§ + B, cE + 8) > za(c§, c§).
Therefore for some k it must be the case that the derivative of z4(c§ + k 3,cE + k ) with respect
to k is strictly greater than 0. In other words

TaaB+zapd>0 (A.8)
Since f > 0, (A.8) implies
Ta48% + 24,808 > 0. (A.9)
Proceeding in a completely symmetric way we also obtain that
zppd+2paf>0 (A.10)
Since § > O; (A.10) implies
zp,g0° + 25,400 >0 , (A.11)
Inequalities (A.9) and {A.11) imply that
T4, + 780 + 224808 >0 (A12)

which contradicts the fact that, by strict concavity the Jacobian of z(-,-) must be negative definite. B

PRrROOF OF PROPOSITION 12: From Lemma A5 we know that either 8 < 0 or § < 0. We only
consider the case in which # < 0. The case in which § < 0 can be treated in a symmetric way, and
we omit the details.

Assume that the proposition is false. Then 8 < 0 and § > 0. By concavity zgg < 0, and by
assumption z4p > 0. Therefore

zppd + 228 <0 (A.13)
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Since (A.13) contradicts (A.10) this is enough to prove the claim. Il

Proor oF PROPOSITION 13 IN CASE 1: Assume that the proposition is false and hence that there
is an equilibrium in which both agents pay their ex-ante costs.

Consider now the subgame in which both parties have already sunk the ex-ante costs {c4,cp).
Clearly B will accept any offer from A which guarantees that

1-2>0 (A.14)
It now follows that the highest offer which A will possibly make in equilibrium guarantees that
1-A=0 (A.15)

But (A.15) implies that B’s payoff in any equilibrium in which a contract is drawn-up is at most
—cp. This is a contradiction since B can guarantee himself a payoff of 0 by simply not paying his
ex-ante cost. This is enough to prove the proposition. M

ProoOF OF PROPOSITION 13 IN CaSE 2: The argument is a simple modification of the proof of
Proposition 13 for Case 1. Observe that B cannot condition his paying c¢g on the actual offer A
(since this is un-observable before cp is paid). In the subgame which starts after both agents have
paid the ex-ante costs, B will accept any offer which satisfies (A.14). Therefore, the rest of the proof
of Proposition 13 for Case 1 applies. M

PROOF OF PROPOSITION 13 IN CASE 3: Using sub-game perfection, the proof follows immediately
from the proofs of Proposition 13 in Case 1 and from the proof obtained swapping the names A and
B in the proof of Proposition 13 in Case 1. We omit the details. W

Proor oF ProrosiTioN 13 18 CASE 4: We prove the result by backward induction. Note that the
extensive form in Case 1 is equivalent to Case 4 when N = 1 and A makes the first offer. Therefore,
from Proposition 13 in Case 1 we know that the claim is true for N = 1. In the case in which B
makes the first offer and N = 1 then the proof is easily obtained by swapping the names of A and
B in the proof of Proposition 13 in Case 1. It is therefore enough to show that if the claim is true
for N then it is also true for N + 1.

We prove the backward induction step for the case in which it is A who makes an offer to B in
the N + 1-th period, t = N. The details for the case in which B makes an offer to 4 at t = N are
symmetric and therefore omitted.
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Assume, by way of contradiction, that the claim is true for N, but false for ¥V + 1. Consider any
equilibrium of the game with N + 1 rounds of negotiation in which either 4 or B does not sink his
ex-ante cost ¢4 or ¢%. Since the claim is true for N, clearly this equilibrium yields the no-contract
outcome. Therefore if the claim is true for N and false for N + 1, then there must be an equilibrium
for the model with N + 1 rounds of negotiation in which in the last period both agents sink the
ex-ante costs ¢ and ¢%. Consider now the subgame which starts in stage JI of period 0 in which
both agents have already sunk these costs. Clearly, at this point B will accept any offer from A
which guarantees that

1-X>0

It therefore follows that the highest offer which A will possibly make in this equilibrium guarantees
that

1-A°=0 (A.16)

Notice next that (A.16) implies that in any equilibrium in which the statement ig true for N but
false for N + 1, B’s payoff in the entire game is at most —c%. But this is clearly a contradiction
since B can guarantee himself a payoff of 0 by not paying any of his ex-ante costs. i

PROOF OF PROPOSITION 13 IN CASE 5: We start by observing that the game described in Case 5 is
a stationary game. In particular, the continuation games starting in stage I of periods ¢t = 0,2,4,...
are identical. We refer to these as the ‘A subgames’. Symmetrically the continuation games starting
in stage I of periods t = 1,3, 5, ... are identical, and we refer to these as the ‘B subgames’.

We proceed by contradiction. We assume that the game has a subgame perfect equilibrium such
that in some A subgame both agents pay the ex-ante costs (¢4, cp), A makes an offer A* to B, and B
accepts the offer. The case in which an offer is made and accepted in some B subgame is completely
analogous to the one we deal with below, and therefore we omit the details.

Since the game is stationary, if a subgame perfect equilibrium as described above exists, it follows
that there must also be a subgame perfect equilibrium (possibly different from the original one) of
the game in which the agents play some strategy pair (s%, s%), and which has the following features.

At t = 0 both agents pay the costs {ca,cp), A makes the offer A*, and B accepts the offer. B
does not pay the cost ¢ in any B subgame, and A does not pay the cost c4 in any B subgame
either. A makes the offer A* in every A subgame, and B accepts the offer \* in every A subgame
(off-the-equilibrium-path, except for t = 0).

Consider the subgame perfect equilibrium (s%,s%) and let 7(A4,n) and #(B,n) be the contin-
uation payoffs which A and B get respectively in the subgame which starts in stage I of period
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n = 0,1,.... The stationarity of the game and of the equilibrium (s%, s%) implies that
7(B,0) = =(B,2) | , (A.17)
n(B,1) = =(B,3) (A.18)

Further, by subgame perfection in stage II11 of every A subgame, B must accept any offer A
such that

1-A>n(B,1) (A.19)
From (A.19) it follows that the equilibrium offer A* which B accepts must be such that
1- A =x(B,1) (A.20)

Indeed, any other offer will induce a profitable deviation either by A (in the event of a lower A) or
by B (in the event of a higher ).

Since the subgame perfect equilibrium (s%, s%) is such that neither agent pays the cost in the
B subgames, it must be that

w(B,1) = n(B,2) (A.21)

Moreover, recall that (s%,sg) is such that both parties pay the ex-ante costs (ca,cp) in the A
subgames. Therefore {A.20) implies that

m(B,0) = n(B,1) — cp (A.22)

Finally, notice that substituting (A.21) into (A.22) we obtain a direct contradiction of (A.17).
The proof is therefore complete. M
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