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1. INTRODUCTION
1.1. Motivation

Virtually all economic transactions are regulated by a contract of one type or another. Even
when a supermarket posts a price on a can of food, it is offering its customers a contract for
the purchase of the can at a given price with certain clauses attached. For instance that the
food should be of “satisfactory quality’and that the buyer must be “ready and willing to

pay the price in exchange for possessfoof’the food. The parties accept to execute such
contract when the item is keyed in at the cash register.

Most larger economic transactions are explicitly regulated by contracts which specify,
very often in writing, details of the transaction(s) to be carried out.

It is readily apparent to any observer that most contracts which regulate economic trans-
actions areostly some of the resources available are used up in the process of specifying
and/or enforcing the contract between agents. If nothing else, each party to a contract has
to invest a certain amount of time in drafting or simply reading the contract proposed by
the other party. In this paper, we study the impact of these costs on whether a contract will
or will not be drawn-up, and to some extent on the ‘shape’ of those contracts which agents
decide to enter, given their costs.

Clearly, thesizeof contractual costs, relative to the possible surplus which the contract
will generate, will be a contributing factor to the impact which contractual costs have: if
contractual costs are large in relative terms, then their impact will be accordingly arger.
In this paper, though, we choose to concentrate on a further issue — namely, is it the
case that contractual costs will have an impact (on both the availability and the shape of
possible contracts) which goes beyond what is due to their relative size? We conclude

Inthe U.K., according Section 14 of tisale of GoodAct of 1979, the definition of “satisfactory quality”
includes (among other aspects of the goods in question): “(a) fithess for all the purposes for which goods of
the kind in question are commonly supplied, (b) appearance and finish, (c) freedom from minor defects, (d)
safety, and (e) durability” (Rose 1987, p. 107).

2Cf. Rose (1987) p. 112.

30f course, if legal experts of some kind are involved in the process, drafting and other costs can be
substantial.

4Cf. Anderlini and Felli (1996b) and the discussion of this paper in the following subsection.
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that contractual costs may matter, regardless of their relative sizatridegicreasons
whenever it is the case that at least some of the costs associated with a contract must be
paidex-ante— before the contract itself is negotiated by the agents.

The primary effect of contractual costs is to generate contracts which@mplete
in a well defined sense. In the most basic version of our model the agents may end up
with no contract at all. When the choice of ex-ante costs is ‘gradual’, and higher costs
paid correspond to a more ‘detailed’ contract, the agents will, in general, end up with 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 feat@r&ao 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 exoge-
nously given.

Suppose now that there are ex-ante costs associated with the contract which the agents
contemplate entering into. In particular, suppose that the agents must each pay some cost
before the contract-negotiating phase begins. Then, idtkeibution of ex-ante costs
is such that one (or both) agents will not be able to recoup the ex-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 agentessthan the surplus which the contract
generates so that it would tsecially efficienfor the agents to pay the ex-ante costs and
enter 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

5By 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 (Coase
1960). 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 1996a),
we concentrated on the case of two agents who negotiate a simple contingent contract — ndshkely a
sharingagreement. All the results which we report here apply to such situation.
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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’ (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 to find a ‘contractual solution’ to this hold-up problem for the
following reason$.

Imagine that the two agents in the contractual setting we have described attempt to
resolve the inefficiency in the following way. Before the ex-ante costs are paid, they ne-
gotiate 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 com-
pensating 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 contract and
ex-ante costs must be paid for and negotidtefibrethe first order costs and contract are
paid for and negotiated respectivély.

Then, relying on simple sub-game perfection, it is possible to show that the ex-ante
costs associated with the second tier contract will not be paid. Consequently, the contingent

6Aghion, Dewatripont, and Rey (1994) anaNéke and Schmidt (1995), among others, analyse models
of contractual solutions to the hold-up problem.

"This is obviously arassumptioras such. However, we believe it to be plausible in a wide variety of
cases. In Sections 7 and 8 below we examine two specific models (a static and a dynamic principal-agent set-
up) in which any re-distribution of surplus would have to be negotibtfdrethe actual contract-negotiating
phase begins because the contract-negotiating phase involves a take-it-or-leave-it offer by the principal to
the agent, and thgizeof the surplus depends on its distribution between the principal and the agent via the
incentive-compatibility and limited liability constraints.
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compensating transfer cannot be negotiated and therefore will 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. As we show in Subsection 6.2, a whole
hierarchy of ‘higher order’ contracts will not resolve the problem either.

In Sections 7 and 8, we show that our results apply naturally to a class of models in
which the interplay of incentive constraints and limited liability ‘pins down’ the distribution
of surplus between the agents as the result of exogenously given economic parameters.

We first focus on a familiar principal-agent set-up in the presence of ex-ante contractual
costs, and find that the resulting contract may induce the agent to exert a low level of effort
although an incentive contract that induces a high level of effort would be socially efficient,
after the ex-ante costs are taken into account.

Our last concern is to apply our results to a multi-period model. Here, the choice of
ex-ante costs is ‘gradual’ in the sense that a principal and an agent can choose to pay more
ex-ante in order to enter a contract with a longer horizon. We find that, in general, the
contract which is drawn-up ishorterthan would be socially efficient, after the ex-ante
costs are taken into account.

1.2. Related Literature

The ‘Coase Theorem’ (Coase 1960) has had a pervasive influence on Economics in general,
and Contract Theory in particular, for over three decades. In the absence of any contractual
costs, when ownership rights are well defined, a Pareto-efficient outcome is guaranteed. In
this paper, we focus on the impact @t-antecontractual costs on this benchmark result.
Ex-ante contractual costs play a crucial strategic role (as opposed, for instance, to those
contractual costs which are payable ex-post) and may lead to an outcome wbast is
strained inefficientIn the models which we analyze below, such inefficient outcomes can
be interpreted as contracts which are incomplete in a well defined sense.

Starting from Williamson (1985) and Grossman and Hart (1986) a number of papers
have focused on the effects of contract incompleteness. Most of these papers 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.
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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 de-
rive it endogenouslirom the ex-ante costs associated with a contract.

A second strand of literature has concentrated on some of the possible causes of contrac-
tual incompleteness. Hart and Moore (1988) have asked whether contractual incomplete-
ness 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) Rogerson (1992) Aghion, Dewatripont, and Rey
(1994) Noldeke and Schmidt (1995) analyse possible contractual solutions to the hold-up
problem under a variety of different assumptions about the nature of informational asym-
metries. By contrast, Maskin and Tirole (1995) show thataiveayspossible to devise an
ex-ante contract (a mechanism) that implements the same outcome that would be imple-
mented in the absence of the un-observability. This is achieved by asking the contracting
parties—once the conditioning event has been realized—to report the event or, equiva-
lently, 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 in this paper is of the same variety as
the problem identified by Holmsini (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
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to be available for the reasons we outlined above.

Some recent papers have addressed the impaadhmgilexityconsiderations may have
on the form and shape of optimal contracts (Dye 1985, Segal 1995, Anderlini and Felli
1996b, 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 (1995). 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 in
this paper differs from Segal (1995) and Dye (1985) since the incompleteness they derive
is constraineefficient a central planner facing the same complex environment will choose
the same incomplete contract. In our setting (ex-ante) contractual costs play a strategic
role, and the incomplete contracts we derive are constramsficient

In Anderlini and Felli (1996b) we model a contract as an algorithmic procedure (a Tur-
ing 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 (1996b), while
we model explicitly the complexity costs associated to a contract, 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 others) has concentrated on the
impact of complexity costs on the equilibrium set of a repeated game. Although our model
describes a radically different environment, in our view, one similarity can be drawn be-
tween the two. As in the repeated games literature, the impact of contractual costs in our
model is directly attributable to thestrategicrole.
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1.3. Overview

We begin with an informal discussion of the possible interpretations of the ex-ante contrac-
tual 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 risk-sharing 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 turn to the analysis of a simple
model in which the agents’ choice of ex-ante costs is continuous. Section 5 generalizes the
results of Section 3 to the case in which the distribution of surplus can be negotiated by
the agents in a variety of extensive forms. In Section 6 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 con-
tracts’ in two possible extensive forms. In Sections 7 and 8 we introduce two examples
of economic environments to which our previous results apply. The model in Section 7
is a simple, static principal-agent model. In Section 8 we analyse a dynamic principal-
agent problem. Section 9 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).
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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 understanding 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 problem. We view this type of ex-ante con-
tractual 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 doegetuity
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 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 ‘flavour’ 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 men-
tioned 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 mdihbe
etizedat 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 any-
way, our analysis applies, unchanged, to the case in which the ex-ante contractual costs are
payable in money.

3. A ‘REDUCED FORM' M ODEL: DISCRETEEX-ANTE COSTS

3.1. Complementary Ex-Ante Costs

Our model consists of two agents, callacand 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
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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 phasextemsive form
of the bargaining game they play to divide the surplus is exogenously given), and/or the
possibility that thesizeof the surplus may depend on its distribution across the agents as is
the case in the two principal-agent models which we analyse in Sections 7 and 8 below.

For the time being we simply lét € [0, 1] be the share of the surplus which accrues to
agentA if a contract is drawn-up, and-1A the share of the surplus which accrue8to

For the contract to become feasible, each agent has to pay aayvamte 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 bedifEhese 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.

Letca > 0 andcg > 0 be the two agents’ ex-ante costs. Clearlgaif- cg > 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.

8If the agreement is interpreted asisk-sharingcontract there is some loss of generality in working with
a surplus of fixed size as we do here. In Anderlini and Felli (1996a) 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
aggregateisk.

9Notice 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 (1996a) 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.
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ASSUMPTION1: The surplus which the contract yields exceeds the total ex-ante costs
which are payable for the contract to become feasible. In other vgrdsg < 1.

Our two agents play a two-stage game. In petiedO 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 = 1.19 In this case the game &= 1 is, for the time being, a ‘black box’
yielding pay-offs ofA 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 which yields the unit surplus is not
feasible; the agents have no actions to take and they both receive a pay-off oftzerd.at

Throughout the paper by equilibrium we measubgame perfeaquilibrium 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.

PROPOSITIONL: Let a pair of ex-ante costg, > 0 andcg > 0 satisfying Assumption 1

be given. Then there exists a range of values — nailie#/|0,ca) U (1 — cg, 1] — for the
distribution parametex 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.

PROPOSITION2: Let any value of the distribution parameter [0,1] be given. Then

there exists a sé&t = {ca,cg | eitherca > A orcg > 1—\ andca + cg < 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.

1ONotice that we are therefore assuming that the two agents’ ex-ante cosierfeet complemenis
the ‘technology’ which decides whether the surplus-generating contract is feasible or not. We examine the
cases of perfect and partial substitutes, and of strategic complements in Subsections 3.2, 3.3 and 3.4 below
respectively.
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paycg not paycg
payca A—cCa, 1—A—cCp —Cp, O
not payca 0, —cg 0,0

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

We view Propositions 1 and 2 together as implying that in the presence of ex-ante
contractual costs, if thdistributionof ex-ante costs across the parties is sufficiently ‘mis-
matched’ with the given distribution of surplus, then the ex-ante costs will generate a ver-
sion of the hold-up problem which will induce the agents not to draw-up a contract even
though it would be socially efficient to write one. In this case the agents 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 generated 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.

3.2. Perfect Substitutes

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

or not, our simple constrained inefficiency results of Subsection 3.1 no longetthold.

HHowever, this failure of the inefficiency results in the case of perfectly substitutable ex-ante costs is
a special feature of the simple model wittdecretechoice of ex-ante costs which we have analyzed in
Subsection 3.1. This is demonstrated by Remark 3 below.
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paycg not paycg
payca A—cCa,l—A—Cg |A—Cap, 1—A
not payca AN1-A—cg 0,0

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

The intuition behind Proposition 3 below is not difficult to outline. If it is socially
efficient for the agents to draw-up a contract (Assumption 1), then it must be that for at
least one of the agents the share of the surplus generated by the contract ‘covers’ the ex-
ante cost. It then follows that, if one agent alone paying the ex-ante cost is sufficient to
enable the parties to draw-up a contract, there always will be an equilibrium of the two
stage game in which a contract is drawn-up, whenever it is socially efficient to do so.

The normal form of the two-stage game when one agent alone paying the ex-ante cost
is sufficient to make the contract feasible is depicted in Figure 2. Given the pay-offs in
Figure 2 Proposition 3 below is immediate, and therefore it is stated without proof.

PROPOSITION3: Consider the reduced form model with ex-ante costs which are perfect
substitutes, so that a contract is feasible whenever at least one of the agents has paid the
ex-ante cost. Suppose that it is socially efficient for the agents to draw-up a contract (As-
sumption 1 holds). Then in any (pure strategy) equilibrium of the game depicted in Figure

2 one agent pays the ex-ante cost, and hence a contract is drawn-up between the agents.

3.3. Partial Substitutes

The case of ex-ante costs which are perfect substitutes turns out to be a rather special
one. This will be immediately apparent when we turn to the analysis of a model with
continuous ex-ante contractual costs in Section 4. However, this is also the case in a simple
modification of our model with discrete ex-ante contractual costs.

The easiest way to model the possibility of partial substitution across the ex-ante costs
paid by the two agents is to assume that the costs are ‘partially transferable’ beétween
andB. We modify the model as follows. At= 0 each agernite {A, B} chooses a number
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G € [0,Tj]. Sinceta andcg are the maximum ex-ante costs which each agent can decide to
pay, the analogue of Assumption 1 now reags-Ctg < 1.

We also letc; be an arbitrarily given number in the interv@,T;) for i € {A,B}. The
numberg; represents the minimum ex-ante cost which agenust pay for the contract
yielding one unit of surplus to become feasible.

Finally, we assume that a contract is possible only if another condition is satisfied as
well, namely that thesumof the ex-ante costs paid by the two agents is at least equal
to T, with T an arbitrarily given number in the intervét, + cg,Ca + Cg]. Note that the
assumption of partial transferability of ex-ante costs across the two agents is embodied in
the fact that we are imposirgy> cy + Cg.

To summarize, we are now assuming that a contract between the two agents is feasible
if and only if the ex-ante costs paid satisfy

c>c Vie{AB} and ca+cg>T (1)

Propositions 4 and 5 below are the analogs of Propositions 1 and 2 above, when the
agents’ ex-ante costs are partial substitutes. We view the two of them together as implying
that our previous inefficiency result is robust to the possibility of partially transferable ex-
ante costs: if the distribution @hinimumex-ante costs does not ‘match’ the parties’ shares
of the surplus yielded by the contract-negotiating phase, the parties will not draw-up a
contract, even though it would be socially efficient to do so.

Once again, we distinguish between the case in which the ex-anteasts are
given (Proposition 4 below) and the case in which the distribution pararhategiven
(Proposition 5 below).

ProPOSITION4: Consider the ‘reduced form’ model described above, modified to allow
for partially transferable ex-ante costs. Let a ggiandcg, and a total ex-ante cost neces-
sary for a contingent contra@g (ca + Cg,Ca +Cs), be givent? Then, there exists a range

12Recall that we are assuming tlgat+ g < 1.
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of values\ = [0, c,) U (1— cg, 1] for the distribution parametarsuch that the unique equi-
librium of the reduced form model with partially transferable ex-ante costs has both agents
paying zero ex-ante costs, and therefore yields the no-contract outcome.

PROPOSITIONS: Consider the ‘reduced form’ model described above, modified to allow
for partially transferable ex-ante costs. Let ang (0,1) be given. Then there exists a

setC = {ca,Cg | eithercy > \ orcg > 1— A} of pairs of minimum ex-ante costs, and

Cg such that, for ang € (ca + Cg, 1], the unique equilibrium of the reduced form model
with partially transferable ex-ante costs involves both agents paying zero ex-ante costs, and
hence yields the no contract outcome.

3.4. Strategic Complements

A generalization of our results to the case in which the ex-ante costs are perfect substitutes
is possible, provided that the model is modified so as to make stegiccomplements.

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 in
which the ex-ante costs are ‘technologically’ perfect substitutes, but at the same time are
strategic complements.

The description of our next model is as follows. tAt 0 both agents decide simulta-
neously 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 pay-off of zero. If
either agent € {A, B} pays the ex-ante costatt = 0 the contract which yields one unit of
surplus becomes feasible. If both pay their ex-ante costs-&the distribution parameter
A determines the contract which is drawn-up andAtseeandB’s pay-offs are\ — ca and
1— A —cg respectively.

However, if only one agent, sa, pays the ex-ante costtat 0, he is allowed to make
a take-it-or-leave-it offef to B att = 1 The value of is interpreted as an offer to makés
andB's pay-offsnetof any costs paid and 1— / respectively. This can be thought of as
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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 if he alone has paid the ex-ante cost, can, in principle,
make some offers which would push ag8telow his individual rationality constraint. In
other words we assume that the take-it-or-leave-it dffaust be in the interval-€,1+¢|
with € and¢§ some (possibly small) positive numbers.

At t = 2, B has two choices. He can either pay an ex-ante@pst0 or pay nothing-3
If he does not pay he does not obseA® offer, but is still allowed to accept or reject it
blind. If B decides to pay his ex-ante cost, he can then obg€sveffer and subsequently
decide to accept or reject it.

The description of the extensive form which is played if iBsalone who pays the
ex-ante cost at= 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 cdsts @t

Suppose now that the parametkyg, andcg are such that the agents would not draw-
up a contract in the model described in Subsection 3.1. Our next proposition then tells us
that, in the model with strategic complementarities we have just described, they will not
draw-up a contract either.

PROPOSITIONG: Consider the model with ex-ante costs which are strategic complements
described above in this subsection. Assume that elthercy or 1 — A\ < cg. Then the
unique equilibrium outcome of the model has neither agent paying the ex-antetcesd at
and hence the no contract outcome obtains.

4. A ‘REDUCED FORM M ODEL: 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,

Notice that while Proposition 6 below restricts the valuespéndcg to be in an appropriate range,
can take any positive (small) value.
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ex-ante cost. This is the reason why Propositions 1, 2, 4 and 5 above refanigesf the
distribution parametex for any given ex-ante costs, and toaangeof ex-ante costs given
any value of the distribution parameter

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 agéntge simply postulate that trgize of
the surplusyielded 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.

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 situ-
ation in which, as the agents pay larger amounts of ex-ante costs detaited 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 analogs in our set-up of the general
under-investment results stemming from a hold-up problem (Hart and Moore 1988). For-
mally, the model which we analyze is close to Holrogstr(1982), and can be described as
follows.

The two agentsA andB, play a two stage game. At= 0, both agents decide, simul-
taneously and independently, how much ex-ante contractual cost to pay. iAg¢€AtB}
chooses a numbeg € [0, with G € (0,1).1° At t =1 the agents do not in fact have
any choices to make; the pair of ex-ante castscg) paid att = 0, determines the size

14As we mentioned above, in Section 8 we consider a model in which the agents have a ‘gradual’ choice
of ex-ante costs, and the effects of increased ex-ante costs paid is modelled explicitly as affording the agents
a more detailed contracts which extends further into the future.

15Recall 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,T;] with T € (0,1) is simply
designed to ensure that any choice of ex-ante cost is ‘affordable’ for both agents.
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of the surplus that the contract yields to the agents, which is then divided among them ac-
cording to the exogenously given distribution paramateihe surplus corresponding to

the pair(ca,cg) is denoted byk(ca,Cg), With Xa(Ca,Cg) andxg(ca,Cg) its partial deriva-

tives with respect to the first and second argument respectively. We assunxeighat
(differentiable) strictly increasing and concave functfowhich satisfies the Inada condi-
tions limg, ,0Xa(Ca,Cg) = 0, limc,_,0Xa(Ca,CB) = %, Xa(Ca,Ca) = O for all cy > Tp and
xg(ca,cg) = O for all cg > Cg.

Given a pair of ex-ante costsa,Cg), the pay-offs accruing té andB are given by
AX(ca,CB) —Ca and(1—A)x(ca,Cg) — Cg respectively. We denote loy andcg the (unique)
equilibrium ex-ante costs which the agents pay in the game we have just described. Given
that our assumptions on the functimrguarantee an interior solution, the equilibrium is
easy to characterize.

REMARK 1: The model with continuous ex-ante costs we have described above yields a
unique pair of equilibrium ex-ante costs,, Cg), which can be characterized as follows by
the corresponding first order conditions.

and xg(Ca,CR) = —~ (2)

Xa(Ca,CR) = !

A
The efficiency benchmark with which to compare the equilibrium identified in Remark
1 is straightforward to define and to characterize.

DEFINITION 1: The socially efficient levels of ex-ante costs in the model described above
are denoted bjz,E andck, and 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

X(Ca,CB) —Ca— Cp.

REMARK 2: In the model with continuous choice of ex-ante costs described above there
is a unique socially efficient pair of ex-ante co@%, cE), which can be characterized as

16Therefore, we are assuming that there are decreasing returns to scale in the relationship between the
hex-ante costs paid and the size of the surplus which the contract generates.
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follows using the first order condition for maximization of the surplus from the contract net
of ex-ante costs.

XA(C;EvCE) =1 and XB(C;EvCE) =1 (3)

Using the concavity ok, it is immediate to see that (2) together with (3) imply that
¢ < cE for alli € {A B}. Therefore, we have already proved the following propositfon.

PROPOSITION7: Letany value of the distribution paramelet [0, 1] be given. In equilib-

rium, in the model with a continuous choice of ex-ante costs the agents pay an inefficiently
low level of ex-ante contractual costs in the sensedhatcE for alli € {A B}. Therefore,

the equilibrium of this model involves the agents drawing-up 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 7 is simple to outline. Each party’s share of the surplus generated is fixed, and
total surplus is an increasing concave function of both ex-ante costs. Each agent invests in
his ex-ante costs only up to the point at whids ownmarginal 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 two observations. The first is that Proposition 7 is a
stronger inefficiency result than Propositions 1 and 2 above since it yields an inefficiently
low level of investment in the ex-ante coséglardlessof the value ofA. Notice that our
model of Subsection 3.1 can be viewed as a ‘special case’ (in which the assumption of
concavity ofx is violated) of our model with a continuous choice of ex-ante costs in which
the size of the surplus yielded by the contractdssgontinuougunction of the ex-ante costs

I"Notice that in Proposition 7 below we allow farto take the values 0 and 1 as well as all the values in
the interval[0,1]. ForA =0 andA = 1, Proposition 7 below is trivially true since far= 0 A will choose to
setca = 0, and forA = 1 B will choose to setg = 0.
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paid by the two agents. Intuitively, the ‘marginal’ conditions for efficiency are therefore
easier to satisfy in our model of Subsection 3.1 than in our present set-up.

Our second observation concerns the case of ex-ante costs which are perfect substitutes.
Recall that Proposition 3 above says that in our model with discrete ex-ante costs, the
agents will always draw-up a contract whenever it is socially efficient to do so if their ex-
ante costs are perfect substitutes. This is no longer true in our present set-up: in this sense
Proposition 3 is misleadingly strong in the way it amplifies the effects of substitutability of
ex-ante costs. We deal formally with the case of ex-ante costs which are perfect substitutes
in our model with continuous ex-ante costs in the following remark.

REMARK 3: Consider our model with a continuous choice of ex-ante costs described above
and letan € (0,1) be given. Suppose that the two agents’ ex-ante costs are perfect substi-
tutes in their effect on the size of the surplus generated by the contract. Formally, assume
that there exists some strictly increasing and concave funétiond , — [ such that
X(ca,c8) = f(ca-+cg) for all pairs(ca,cg). Then Proposition 7 still applies since all its
hypotheses are satisfied. Therefore in this case as well, in equilibrium, the agents will both
pay an inefficiently low level of ex-ante costs.

5. NEGOTIATION OF THEDISTRIBUTION PARAMETER
5.1. Preamble

In our analysis so far, we have assumed that the value of the distribution paramster
exogenously given and cannot be changed by the agents.

Notice that since Proposition 7 tells us that the agents will pay inefficiently low levels
of ex-ante costsvhateverthe 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 tife agents will pay
inefficiently low levels of ex-ante costs.

In this section, we relax the assumption of a given valug @r 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
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5.2. Discrete Costs

Propositions 1 and 2 of Section 3 can be paraphrased as saying that, for any given pair
ca andcg there exists a range of values{Proposition 1), and for any value afthere

exists a range of values of andcg (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\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 pajiy andcg, 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 sd®

Proposition 2, on the other hand, says that, for any given extensive form which deter-
mines the value of the distribution paramekethere exists a pair of ex-ante cosgsand
cg 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 guestion which we pursue in this subsection is the following. afi positive
valuesfor cy andcg. 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 7 below can be described
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 form

18Here 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 extensive forms as
a set of extensive form games the equilibria of which determine the distribution paramatdrwhich is
sufficiently rich so as to ensure that given any valud &f [0, 1], there exists some extensive form game in
the set considered which yields precisklgs 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 7 below.
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take-it-or-leave-it offers to infinite alternating offer ganael® 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 agentammediately beforthey 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
form we consider the agents will not draw-up a contract.

We start by describing the set of extensive forms as Cases 1 to 7. Proposition 8 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 all cases 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.

We begin with the simple case in whighmakes a take-it-or-leave-it offer &

CAsE 1: Attimet = 0 both parties decide simultaneously and independently whether to
sink the ex-ante cos{€,cg). If either party decides not to sink this cost then the game
moves directly to period 2 and both parties receive a pay-off of zero, minus any costs paid
since a contract is not feasible in this case.

If instead both agents pay the ex-ante costs-a0, the contract which yields one unit
of surplus becomes feasible, aAdnakes an offer t® att = 1. This offer specifies a value
of A € [0,1]. AgentB then has the possibility to accept or reject such offer.

In either case the parties move to periog 2. If B acceptedA’s offer att = 1 the
agents’ pay-offs aré — ca and 1— A — cg respectively. IB rejectedA’s offer att = 1, then
the agents have not reached an agreement on how to draw-up the contract which yields one

19This 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 issthraeof 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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unit of surplus. Therefore they do not enter such contract and they receive pay-effs of
and—cg respectively.

The next extensive form we consider is simply the symmetric case in which Barty
makes a take-it-or-leave-it offer to party

CASE 2: The extensive form pertaining to periads 0,t = 1 andt = 2 can be described
by swapping the names of agetandB in the description of the extensive form specified
in Case 1 above.

The next two extensive forms we consider are a modification of the ones described in
Cases 1 and 2 above. They are 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 5, 6 and 7 below, although we do not provide the
details for reasons of space.

CASE 3: Consider the extensive form described in Case 1 modified as follows=Ax

A chooses whether to sink the ex-ante apstIf A does not payga att = 0 the surplus-
generating contract is not feasible. Therefore, in this case the game ends and both agents
receive a pay-off of zero. W sinksca, he can then make an offer Bxspecifying a value

A € [0,1] for the distribution parameter if a contract is drawn-up. The game then moves
on to period = 1. Att = 1, agentB can observe whethé has decided to make an offer

of A, but he cannot observe the valueXgfunless he pays his own ex-ante cast If B

does not payg the surplus-generating contract is not feasfSl@herefore, in this case the
game ends and the agents’ pay-offs ag and zero respectively. B decides to paygs

att = 1, then he observes and can subsequently decide to accept or rdjsovffer. If B
rejectsA’s offer the game ends and the agents receive pay-oficgand—cg respectively.

20As in Subsection 3.4 above the complementarity of the ex-ante @sts) is not crucial. It is enough
that the two costs are strategic complements. This is the case if, for exdmale,accept or reject the offer
even if he has not paid his ex-ante cost provided that in thisB#&ses to decide without seeing the offer and
the offerA can exceed 1 thus pushing agBriielow his individual rationality constraint.
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If, on the other handB acceptsA’s offer, the game moves on to= 2, when the surplus
generating contract is drawn-up. In this case the agents’s pay-offs-atgand 1— A — cg
respectively.

The next extensive form is the symmetric one in whizimakes a take-it-or-leave-it
offer to A thatA can observe only by paying his ex-ante cost.

CASE 4: The extensive form for this case can be simply obtained swapping the names of
A andB in the description of Case 3.

Our next case is that of an extensive form obtained from a randomization between the
extensive forms described in Cases 1 and 2.

CAsSE 5: The two parties observe the outcome of a public randomization device — a coin
toss for example — which has outcom&swith probabilityy € (0,1) andB with proba-

bility 1 — (. If the outcome of the public randomizing devicéisthe 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 described in Case 2.

Notice that for Proposition 8 below to hold in Case 5 above, it is of critical impor-
tance that the parties cannot sink the ex-ante ¢ogisg) beforethe outcome of the public
randomization is known. This is in keeping with our discussion above in which we empha-
sized that the ex-ante costs must be payahhaediately beforany offers, counter-offers
and decisions to accept or reject are taken by the agemstice however, that we could
imagine anadditionaltier of ex-ante costs, payable before the outcome of the randomiza-
tion is known, which would be interpreted as the cost of setting up the randomization we
have just described. In this case, Proposition 8, which tells us that a contract will not be
drawn-up in equilibrium would still apply.

210f course, if eithelp < ca or 1— | < cg 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 8 below holdarfgralue ofy € (0,1).
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We now turn to two dynamic extensive forms for the negotiation of the distribution pa-
rameter. One involves a finite numbBt, of ‘alternating offers’, and the other a potentially
infinite number of then?? The two extensive forms described in Cases 6 and 7 below are
designed to embody the possibility that each party has the ability to make a counter-offer
in the case in which an offer of compensating transfer has been made by the other agent
and rejected. For the sake of clarity, in the description of the next two cases, we divide
each time period in three consecutive stages: stagevhich costs are paid, stadkein
which offers are made, and stagkin which offers can be accepted or rejected. We denote
by c', with i € {A,B}, the ex-ante costs that the agents have to pay in order to make and
accept/reject offers in peridd= n.

We are now ready to describe the extensive form for the compensating transfers nego-
tiation game wittN rounds of alternating offers

CASE 6: We only deal with the case in whidthis even, and agemt makes the first offer.
Proposition 8 is valid for the other three cases as well, in wliahakes the first offer
and/orN 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 stagef period 0 both parties decide, simultaneously
and independently, whether to sink the ex-ante c(}ﬁscg). If either agent (or both)
decides not to sink this costs then the game moves to petodl. If, on the other hand,
both parties pay the costs then we enter sthgd period 0. At this point partyA makes
an offerA® e [0,1] to B, specifying a value for the distribution parameter. The game then
moves to stagéll, whenB has the possibility to accept or rejeds offer. If agentB
accepts the offer, the surplus-generating contract is drawn-up and the game ends with the
agents receiving pay-offs @ — cy and 1— A% — cg respectively. If, instead rejects the
offer the negotiation moves to peribve- 1.

22Both the formulation and the analysis of Case 6 and 7 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) amomanyothers.

23t is easy to generalise Case 6 to allow for discounting of future payoffs. We do not provide the details
for reasons of space.
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The description of the game in peribé- 1 is the same as in period 0, except that the
agents’ roles are exchanged. Itis nBwho can make an offex! to A (if the ex-ante costs
have been paid by both), and th&nvho has the chance to accept or reject.

The following periods up to and including peribé= 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
attimet =0,...,N — 1, the agents pay-offs al¢ — ys and 1— A! —yg, wherey, andys are
the total ex-ante costs paid by the two agents respectively. If the game ends ineribd
with no offer being accepted, the agents’ pay-offs-ayg and—yg respectively.

We can now proceed to the description of the last case we consider, in which the alter-
nating offers negotiation of the distribution parameter may last indefinitely. Case 7 which
follows is the extension to a potentially infinite number of rounds of the extensive form we
have described in Case 6 abd¥e.

CASE 7: We describe the game for the case in which pArtgakes the first offer. Propo-
sition 8 also applies to the symmetric case in which the first offer is madie by

The game starts in periad= 0. In stagel of period 0, both agents decide, simulta-
neously and independently, whether to sink the ex-ante cto%tsg). If either party (or
both) decides not to pay this cost, the game moves directly to petidd If both A andB
pay these ex-ante costs, the game moves to $tagfegperiod 0. NowA can make an offer
to B of a valueA® ¢ [0, 1] for the distribution parameter. In stagié of period 0,B can
decide to accept or rejeéts offer. If B acceptA’s offer, the surplus-generating contract is
drawn-up and the game ends with the agents receiving a pay&tf-o€Q and 1- A% —c
respectively. However, B rejectsA’s offer, the game moves on to period 1.

24Note that in Case 7 allowing for time discounting of pay-offs raises a problem about how the Assump-
tion that drawing-up a contract must be socially efficient after all ex-ante costs are taken into account (cf.
Assumption 1 above). If the game lasts indefinitely, the discounted value of the final surplus from the risk-
sharing agreement actually goes to zero in the limit. It is then not clear how any positive ex-ante costs paid
before the game ends could be ‘covered’ by the final surplus so as to ensure that a contract would be socially
efficient ever after all ex-ante costs have been paid. On the other hand, it is also worth emphasizing that the
logic of the proof of Proposition 8 for Case 7 does generalize to the case in which discounting is allowed.
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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 iBwho (provided the ex-ante coqtslA, i)
are paid by both agents) can make an ok&to A, who then has the chance to accept or
reject.

All odd periods 35,7,... are essentially the same as period 1, and all even periods
2,4,... are essentially the same as period 0. However, recall that if at any aimeffer of
Alis accepted, the surplus-generating contract is drawn-up and the game ends with pay-offs
A —vya and 1- A — yg wherey, andyg are the total ex-ante costs paid during the entire
game byA andB respectively.

To complete the description of Case 7, we stipulate that if the agents never reach an
agreement on a value for the distribution parameter, and therefore the game does not termi-
nate in finite time, then the agents receive pay-offs-gf and—yg respectively.

We are now ready to state our next proposition. It states that, whenever the negotia-
tion of the distribution parameter is carried out according to one of the extensive forms
we have described, the two parties face a hold-up problem which will prevent the agents
from drawing-up the surplus-generating contract, even though doing so would be socially
efficient after all ex-ante costs are taken into account.

PROPOSITIONS8: Consider any of the extensive forms described in Cases 1 through 7
above. Assume that all ‘tiers’ of ex-ante costs are strictly positive. Then the unique equi-
librium 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 8 for all the cases considered is very much the same. After the
ex-ante costs have been paid, theysarek 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.



CosTLY COASIAN CONTRACTS 27

Secondly, the hold-up problem identified in Proposition 8 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 7 above,
the contract will never be drawn-up whatever the ex-ante costs, provided they are positive.

6. CONTRACTS OVER CONTRACTS, ... OVER CONTRACTS
6.1. Simple Ex-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 men-
tioned 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 othengaitena
hold-up problem might arise in the first place is that the partiesanstrainedn 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 pos-
sibility 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 increas-
ing the information which the enforcing agency can verify as widgke 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 specific investment
are specified or alternatively reported by the parties to the enforcing agency as in Maskin
and Tirole (1995), or finally if the parties can commit to a given renegotiation procedure
as in Aghion, Dewatripont, 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 —1), prior to the stage in which the ex-ante costs are
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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 —1 atruly grandcontract can
be negotiatedostlesslywhich specifies everything, including the payment of the ex-ante
costs,andthe division of the actual surplus at tihe- 1. The answer, 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
t = —1 a fresh set of ex-ante costs must be incurred by the parties lieforel, say at
t = —2. Secondly, we restrict the agents to negotiatempensating transfeatt = —1.

In other words, we take a specific view on the agreements which the agents can enter at
t = —1. Indeed, we restrict them to be transfeositingenton the payment of ex-ante costs

att = 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 pro¢esd,, exogenously fixed,

as before?®

It is worth emphasizing at this point that we find that the presence dftaigyly positive
‘second tier’ ex-ante costs is 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 peri-
ods,t € {—2,—-1,0,1}. The sequence of decisions and events for the two agents (depicted
schematically in Figure 3) is as follows. In peribeé- —2, the two agents decide simul-

25While the assumption that a fresh set of ex-ante costs arises-a is crucial for our result (Proposition
9), we conjecture that the restriction to the negotiationafpensating transfeis not. The parties could,
for instance, negotiate which extensive form to use in the following stage of the game. This could be ‘payoff
equivalent’ to a compensating transfer of the type we analyze here.



CosTLY COASIAN CONTRACTS 29

Simultaneous Decision Simultaneous Decision
On Second Tier Costs On Ex-Ante Costs
‘ Simultaneous ‘ Contract
Accept/Reject Decision Drawn Up

‘ Simultaneous Tranfers |
Transfer Offers Take Effect

A
If Costs Unpaid| | |
Skiptot =0
Time l_l l
-2 -1 0 1

Figure 3: Timing in the two tier contracting model.

taneously whether to pay the second tier ex-ante c((oﬁts%). If either or both agents
decide not to pay these ex-ante costs, the pdried-1 compensating transfers to be de-
scribed shortly are automatically set equal to 0, and the agents effectively move directly to
timet = 0. If, on the other hand both agents pay the second tier ex-ante costs, then period
t = —1 compensating transfers can be negotiated.

For simplicity, we assume that (provided that both agents pay the second tier costs) at
t = —1, both agents make simultaneous offers of contingent compensating transfers to each
other?® Formally, each agentc {A, B} chooses a real number > 0, which is interpreted
as a commitment to transfer the amount of weaitlo the other agent, £ i, if and only
if agent j pays the first tier ex-ante cos? in periodt = 0. Immediately after choosing
o, still in periodt = —1, A andB simultaneously choose whether to accept or reject the

26In Anderlini and Felli (1996a) 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 analogs of the extensive
forms described in Cases 1 to 7 of Section 5 above, 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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other agent’s compensating transfer offer. Those offers which are accepted at this stage are
binding in period = 0.

The decisions and events in peridds 0 andt = 1 are analogous to those described
in Subsection 3.1. At= 0, both agents choose simultaneously and independently whether
to pay the first tier ex-ante costs3,c3). Each agent € {A, B} then incurs an ex-ante
cost ofci0 at this time, and subsequently receives a compensating transfefroin agent
j #1. Only if both agents have paid the first tier ex-ante cost$ thd surplus-generating
contract becomes possible.

Provided both agents have paid their first tier ex-ante costs their pay-o¥s-areand
1— A — yg respectively, wherg; denotes the total ex-ante costs paid by agenf{ A, B}
during the entire game, minus any compensating transfer received from jagantand
plus any compensating transfers paidildp j. If the surplus-generating contract is not
drawn-up, the the two agents pay-offs are simpiy and—yg 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 enter a contingent contract is easy to state for
this version of our model.

ASSUMPTION?2: Letc =c?+c fori € {A B}. Thenca + cg < 1.

It is apparent from the description of our reduced form model with simple compensating
transfers above (cf. Figure 3) that our model in this subsection, viewedtfeom, 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 Proposition 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 2: Assume that eithety < A or ¢3 < 1— A 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
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form model with simple compensating transfers ‘yields the no contract outcome in the final
stage’.

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
will not solve the hold-up problem generated by the first tier ex-ante costs — the unique
equilibrium outcome of the reduced form model with compensating transfers is still the no
contract outcome.

PROPOSITION9S: Consider the reduced form model with simple compensating transfers.
Suppose that}, ¢ and\ yield the no contract outcome in the final stage (cf. Definition

2), and assume that the second tier ex-ante costs are strictly positive for both q@@rﬂs (

fori € {A,B}). Then the unique equilibrium outcome of the model involves both agents
paying neither the second nor the first tier ex-ante costs, and hence yields the no contract
outcome.

Given Proposition 9 it is clear how the analogs of Propositions 1 and 2 hold for the
reduced form model with simple compensating transfers. We state them without proof as
they are immediate corollaries of Propositions 1, 2 and 9.

COROLLARY 1: Consider the reduced form model with simple compensating transfers and
assume that® > 0 fori € {A,B}. Then there exist a range of valukdor the distribution
parametek such that, wheneveére N\, then the unique equilibrium outcome of the model
involves both agents paying neither the second nor the first tier ex-ante costs, and hence
yields the no contract outcome.

COROLLARY 2: Consider the reduced form model with simple compensating transfers.
Let any strictly positive second tier ex-ante costs and any value for the distribution param-
eter\ be given. Assume tha§+ c% < 1. Then there exists a ran§eof pairs of first tier
ex-ante costsa andcg such thata = c3 + ¢ andcg = c3 + ¢ satisfy Assumption 2, and
such that, wheneve3,c3) € C the unique equilibrium outcome of the model involves
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both agents paying neither the second nor the first tier ex-ante costs, and hence yields the
no contract outcome.

The results of this subsection are straightforward to summarize. Adding a new stage
to the model of Section 3, in which the agents can agree to compensating transfers, will
not solve the hold-up problem identified there, provided that the second tier contract has
positive ex-ante costs for both agents. We view this as meaning that a ‘contractual solution’
to the hold-up problem of Section 3 is not available in this model.

The intuition which drives our results in this subsection is easy to outline. The hold-
up problem identified in Section 3 will prevent the agents from entering into a contract
unless some compensating transfers can be agreed. However, after the second tier ex-ante
costs, necessary for the feasibility of an agreement on compensating transfers, have been
paid, they aresunk This means that, in equilibrium, it is impossible that the compensating
transfers will 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 equilibrium, and therefore yields the no contract outcome.

6.2. A Hierarchy of Contracts Over Contracts

Given the intuition behind our results of Subsection 6.1, it is natural to ask whether they
generalize to a model which includes a whole hierarchy of ‘contracts over contracts’. In
this subsection, we examine this question in two separate, but essentially ‘nested’, models,
and find that our results of Subsection 6.1 generalize in both cases. We begin with the
simpler of the two models.

Consider addingj time periods prior to period 0 to the model of Section 3, rather than 2
as we did in Subsection 6.1. There are Méw 2 time periods € {—N,—-N+1,...,0,1}.

For ease of exposition, we divide again each period frato —1 into three consecu-
tive stagescalledl, Il andlll respectively. In stagkeof periodt = —N both agents decide
whether to pay théN + 1)-th tier ex-ante costs. Formally, each agetiecides whether to
pay the cosciN, Wherec{\l is a given, strictly positive constant. If one or both agents do not
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paycl, the agents effectively move directly to peried + 1, skipping stagel andlll of
period—N. Only if both agents have paid tiN-+ 1-th tier ex-ante costs, in stagjeof pe-

riod —N, they can make compensating transfer of(ex%, o’g‘). In stagelll of period—N,

exactly as in Subsection 6.1 each agent can then accept or reject the other’s offer. Those
offers which are accepted in stadé of period—N become binding.

The agents then move to periedN + 1, and must decide whether to pay tHeh tier
ex-ante costs. In stadeof period —N + 1, each agent decides whether to pay the cost
cN~1, wherecN 1 is a given, positive constant. Immediately after, still in stagéperiod
—N+ 1, each agentreceives a compensating transfercx‘?\‘f, if such transfer was agreed
on at timet = —N. Only if both agents pagN~1, in staged! andlll 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 + 2.

The same structure of moves is then repeated up to perod1. In periodst =0
andt = 1, the model is identical to the one in Subsection 6.1 (cf. Figure 3). Below, we
refer to the model we have just described as the ‘reduced form modelwigns of simple
compensating transfers’.

The second model we consider in this subsection is a generalization of the reduced form
model withN tiers of simple compensating transfers which we have just described. The
structure of time periods, stages, endowments and preferences is unchanged. We assume
that, provided the ex-ante costs have been paid by both agents inIstdgeriodt = —n,
then each agentcan make compensating transfer offersj tg i for all subsequentiers
(m=1,...,n) of ex-ante costs; all offers are made at the same time and the two agents make
offers simultaneously in stagdé of periodt = —n. In stagelll 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 offer of compensating transfer which
i € {A,B} makes at time relative to them-th tier of ex-ante costs bgf’m. Whenever
actually pays a tier of ex-ante costs, he receives, immediately after the paymesunthe
of the compensating transfer offers previously agreed for that tier of ex-ante costs. Below,
we refer to the model we have just described as the ‘reduced form modeNwidns of
multiple compensating transfers’.
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Let Letc; = SN for i € {A B}. The equivalent of Assumption 2, stipulating that it
is socially efficient for the parties to enter into a contingent contract even when all tiers of
ex-ante costs are payable, is also easy to state for the two models we have just described.

AsSsSUMPTION 3: The total ex-ante costg, andcg satisfyca +cg < 1.

The purpose of exploring the two models withtiers of compensating transfers de-
scribed above is to show that the possibility of such transfers will not 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 6.1, we assumelhe andA are such that the
model ‘yields the no contract outcome in the final stage’ (cf. Definition 2).

The following two propositions tell us that addihgtiers of compensating transfers to
the model of Section 3 does not solve the hold-up problem identified there.

PROPOSITION10: Consider the reduced form model withtiers of simple or multiple
compensating transfers. Suppose ttﬂatcg 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 agentsf > 0 fori € {A B} andn=0,...,N). Then the unique equilib-

rium outcome of the model involves both agents not paying any of the ex-ante costs, and
hence yields the no contract outcome.

Exactly as in Subsection 6.1 Propositions 1 and 2 together with Proposition 10, give us
two immediate corollaries. We state them without proof.

COROLLARY 3: Consider the reduced form model withtiers of simple or multiple com-
pensating transfers. Leh = Zr’:l:o Ca, CB = Zr’:l:o cg satisfying Assumption 3 be given.
Assume further that! > 0 fori € {A,B} andn=0,...,N. Then there exist a range of

values for the distribution parametersuch that, whenevexr € N\ the unique equilibrium
outcome of the model involves both agents not paying any tier of ex-ante costs, and hence
yields the no contract outcome.
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COROLLARY 4: Consider the reduced form model withtiers of simple or multiple com-
pensating transfers. Let anye (0,1), and any array of strictly positive ex-ante costs for
tiers2,...,N satisfyingsN_; (ch +cf) < 1 be given. Then there exists a rargef pairs

of first tier ex-ante costs such that wheneied; c§) € C, ca andcg satisfy Assumption 3

and the unique equilibrium outcome of the model involves both agents not paying any tier
of ex-ante costs, and hence yields the no contract outcome.

The results of this subsection are a generalization of the findings of Subsection 6.1.
Adding N tiers of possible compensating transfers still does not resolve the hold-up prob-
lem 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 aresunk It is therefore impossible that in equilibrium the compensating transfers
will 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.

7. A PRINCIPAL-AGENT MODEL WITH INCOMPLETE CONTRACTS
7.1. Preamble

In this section we analyze a simple principal-agent problem in which the two contracting
parties’ shares of the surplus depend on actual economic parameters. Once ex-ante con-
tractual costs are added to this model, we obtain an example of an environment in which
the basic hold-up problem that we have identified may or may not obtain, as a function of
these economic parameters.

The interplay of the agent’s limited liability and of the incentive compatibility constraint
which the equilibrium contract needs to satisfy, endogenously determines the distribution
of surplus between the principal and the agent. The key economic parameter in the analysis
is the cost of the agent’s effort.

Before we proceed it is worth emphasizing one particular way to relate the models of
this and of the next Section to our analysis so far. In Section 3 we kept the distribution of
surplus exogenously fixed. In Section 5 we allowed the agents to negotiate the distribution
of surplus via a variety of extensive forms. In either casestheof the surplus was given,
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and thereforendependenof its distribution across the two agents. In the models of this
and of the next Section, the extensive form through which the contract is negotiated is the
standard one for principal-agent models, namely a take-it-or-leave-it offer by the princi-
pal to the agent. The reason why the distribution of surplus now varies with the relevant
economic parameters is intuitively simple. Via the incentive compatibility and the limited
lability constraints, we are introducing a new determinant in the size of the surplus which
the contract generates: its distribution between the two agents. Because of the incentive
compatibility and limited liability constraints, the surplus from the contract will shrink to
zero unless the principal releases some of it to the agent. Therefore, even though the prin-
cipal has the ability to make a take-it-or-leave-it offer to the agent, in equilibrium he might
find it in his interest to give positive surplus to the agent.

7.2. A Simple Principal-Agent Model

Consider a principal who hires an agent to run a very simple stochastic technology. The
agent when hired may decide to exert a productive e#fdhiat may take one of the two
values 0 an@ > 0. We assume that the high level of effert: @ entails a cost to the agent

of size@, while the low level of effore = 0 entails no cost’

If the agent chooses effoet= 0 then outputy, is equal to 1 with probabilitypg, and
y = 0 with probability 1- pg. On the other hand, if the agent exerts effott @, theny =1
with probability p;, andy = 0 with probability 1— p;. We assume; > po.

The value ofe is private information of the agent, while the amount of outpus
verifiable in court. Therefore an employment contract for the agent specifies a pair of
wages(wp, w1 ) depending on whether output is high= 1 or lowy = 0.

Finally, we assume that the agent has a reservation waggmalized to be 0, and that
any contract offered to the agent needs to satisiynded liability constraint specifying
that the agent cannot be paid a negative amaynt 0,h =0, 1.

Both the principal and the agent are risk neutral, and the negotiation of the employment
contract takes the following form. The principal makes an offer of a contract to the agent

2In what follows we let partyB act as the principal and paréyas the agent.
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that the agent may accept or reject. In the event of acceptance the contract is enforced.
In the event of a rejection the agent gets its reservation wage while the principal obtains a
payoff of 0.

7.3. The Optimal Contract

In the contractual environment described abd®'s problem consists of choosing an em-
ployment contractwo,w;) for A that maximizes his expected profit. This contract will
depend on whethe finds it profitable to offer a contract that induc&$o choose a high
level of effort or a low one.

Assume for the time being th&twants to inducé\ to choose the effort level= 1. In
this caseB’s decision problem takes the following form:

max  py(1-w) — (1= py)wo (4)
st. pwi+(1—-p)wo—9>0 (5)
P1W1 + (1 — p1)Wo — @ > Pows1 + (1 — po)Wo (6)

Wo>0, w;>0 (7)

In other words, the optimal contract is the one that maximi&esxpected payoff and
yieldsA at least his reservation wage, (5), indugésto choosee = @, (6), and satisfies the
limited liability constraint (7).

The solution to problem (4)Ywg, w;), is simple to characterize. It is in fact clear that
wg = 0 while the wage level associated with= 1 can be obtained from (6)v; = ¢/(p1 —

Po)-

Notice that wherB wants to induce a high level of effort, not all three constraints (5),
(6) and (7) are binding. In particular in equilibrium, for any positive valug,afonstraint
(5) is not binding. In other words, given the limited liability constraint (7), in order to
meet the incentive compatibility constraint (6) the principal has to reward the agent with a
level of expected utility that strictly exceeds the agent’s reservation level. In particular this
implies that the agent strictly prefers to accept the contract if no ex-ante cost needs to be
paid.



CoSTLY COASIAN CONTRACTS 38

The equilibrium payoffs associated with contraet, wy) are:

* Po®
Ma= 8
AT pr—po ®)
for the agent, and
« ¢
Mg = 1- 9
5= P { P1— Do} ®)

for for the principal, while the total surplus can easily be computed as
M =MNA+MNg=p1—0

Consider now the case in whig&decides to induce a low level of effort. The principal’s
problem is now the following

max Po(1—wy) — (1— po)Wo

st powr+(1—po)wo >0 (10)
Wo>0, w;>0

Itis immediate to see that the solutigng*, w;*), to problem (10) satisfies;* =wg* =
0, which of course does not satisfy constraint (6). The payoffs to the parties in this case are
My =0 andrg* = po, while the total surplus iBl** = po.

The equilibrium contract is now obtained from the comparisoflpfandlg* — B's
payoff when the contract offered induces a high level of effos, w;), andB's payoff
when the contract offered induces a low level of effovy*, w;*), respectively. In general,
both outcomes are possible. The following observations are in order.

First, it issociallyoptimal to induce the agent to exert high effort whendvér> M**.
This occurs if and only if

@< p1—Po (11)
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SecondB will strictly prefer to induce high effort whenevélg > Mg*. This occurs if
and only if the following condition is satisfied.

(pL— po)2

o (12)

Q<
Notice next that the contract which induces high effort differs from the one which in-
duces low effort in one crucial respect for our purposes. The corftgod; ) is contingent
on the value of outpuy, while (wWg",w;*) is not.

As an application of our general model of ex-ante contractual costs, we now proceed
to assume that the contra@ty, w;) is only feasible if both parties, simultaneously and
independently, decide to sink the ex-ante cog@ndcy respectively. If either party decides
not to pay this cost, only contracts which do not depend on output are feasible. Clearly, in
this case the contract betweBrandA will simply be (wg*, wi*).

In what follows we restrict ourselves to values of the parametguch that it is both
socially efficient and in the interest of the principal to induce the agent to exert a high level
of effort. From (11) and (12), we know that this occurs whenever

(13)
Notice that for anyp satisfying condition (13) the total surplus will excepglby at least

Po(P1— Po)/P1:

M* = po > po 2
P1

28Notice that conditions (11) and (12) imply that there exist parameter values for ®biférsA a socially
inefficient contract. Indeed, for any value @such that p; — pp)?/p1 < < p1 — po it is socially efficient
to induce the agent to exert a high level of effort but the principal, constrained by the need to satisfy incentive
compatibility in the presence of limited liability, in equilibrium receives a payoff which is too low to make
him willing to choose the efficient contract. For the analysis of an analogous situation see Innes (1990).
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Therefore, (13) together with

Ca+Cs < Po (14)

P1— Po
Y

is enough to guarantee that it is socially efficient for the parties to sink the ex-ante costs

and write a contingent contract (this is the analogue of Assumption 1 in Section 3 above),

which in what follows we assume to be the case.

It follows from (8) that for values o sufficiently close to O, the payoff t&is not high
enough to induce him to sink the ex-ante cost In other words, there exist values ©f
which satisfy (13) and such that

Po®

My =
A P1—Po

< Ca.

Furthermore, from (9) it follows that for values @fwhich satisfy (13) but are suffi-
ciently close tq p; — pg)?/ p1 the payoff toB will not be high enough to induce him to sink
the ex-ante cost associated with a contingent contract. In other words, there exists values
of @ which satisfy (13) and such that

Mg — E*:pl[l— ]—IO0<CB

P1— Po
We can now summarize our findings as follows. There exists two distinct velues

andg of the parametep such that for every principal-agent problem in whigh 0,9 U

(¢, 1], the contracting parties choose to write a socially inefficient constant wage contract

(wp*,wi*) rather than a contingent contrguty, w; ) on the sole account that it is not strate-

gically optimal for one of the two parties to sink the ex-ante contractual cost.

8. AN INTERTEMPORAL MODEL WITH SHORT-TERM CONTRACTS

8.1. Preamble

In this section we present a further example of an economic environment to which the basic
logic of our findings for the reduced form model of Section 3 applies. We consider a multi-
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period principal-agent model in which the choice of ex-ante contractual costs determines
the maximum length of the contract which the principal and the agent can write. We find

that, in general, the equilibrium outcome of the model involves the parties writing a contract

which is shorter than would be socially optimal, after ex-ante contractual costs are taken
into account.

8.2. An Intertemporal Principal-Agent Model

We start with a description of the model without any ex-ante contractual costs. Time is
discrete, and runs for infinitely many periodss 1,2.... The principal B, hires an agent,

A, to run a simple multi-period technology as follows. In periodAlghooses a level of
effort e, which can take one of the discrete number of valu@s @, ..., @r, ..., } With
0o>@>@r >@r_qforall T=12 ..., andg = 0. Exerting effort levelpr has a cost for

the agent, which we simply take to be equapto The agent’s effort is non-contractible by
assumption, so that any contract between the principal and the agent can only be contingent
on output. Output is described as a sequence of i.i.d. binary random variables as follows.
In each period, the output; can be either highy{ = 1) or low (y; = 0). If A chooses effort

level @y, then in all periods; = 1 with probability pg andy; = 1 with probability 1— pg.

If the agent chooses= @r, then in each period=1,..., T % = 1 with probabilityp, and

Yt = 0 with probability 1— p1, while for all periods > T + 1, y; = 1 with probability pg

andy; = 0 with probability 1— pg. Finally, if A choose® = ¢, then in all periodg; =1

with probability p; andy; = 0 with probability 1— p;.

We assume that; > pg > 0, and we denote bly the history of realized output values
up to and including period (y1,...,Y:). The set of all possible histories of lengttienoted
by H, while Hr denotes)! ;Hi, andH = U® ;Ht. The probability of historyn;, whenA
chooses effort levepr, is denoted byp; (h, T).

A contract betweelB andA can now be seen as a sequelée= {w(h) }p cH ,» SPec-
ifying a wage to be paid to the agent for each possible sequence of obf@ttimet.
For simplicity, we assume that both parties discount the future at the same rate, and denote
by & their common discount factor. Moreover, for simplicity again, we make the extreme
assumption that both andB are risk-neutral, although our results generalize fairly easily
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to the case in which the agent is risk-averse and the principal is either risk-neutral or ‘less
risk-averse’ than the agent.

Given a wage packadd' and a level of effortpr, we can write the expected utility of
Aas

ht; & 1p(he, T)w(h) — @r

Therefore A will choose to see= @r only if W is such that for all’ £ T

S & Tp(h Tyw(h) —gr > 5 & Lp(h, T)w(h) — @r, (15)
heH heH

The expected pay-off tB when the agent chooses= @r and the wage package\l§
can be written as

EH & p(he, T) [y (ht) — w(hy)] (16)
he

wherey; (ht) is output at time, as specified in the histoty.

As in Section 7, we assume that the agent has limited liability in the sense that the
principal cannot pay him a negative wage in any eventuality. The principal’s problem,
under the assumption that he wants to induce effpftom the part of the agent is therefore
the following: maximize (16) by choice dV ande subject to the constraints (15) and
w(h;) > 0 for allh; € H . Throughout the rest of this section, we denote the solution to this
maximization problem byV *, with typical elementw* (h;).

In Subsections 8.3 and 8.4 below, we will be interested in the case in which the principal
and the agent areonstrainedo write a contract which does not exceed a given lerigth
Therefore we need to specify what the principal’s problem is in this case. For simplicity,
we assume that once the contract expBdsas all the bargaining power. This is because
the agent’s effort is decided once and for alt at 1, and after daté the agent’s effort is
sunk. It follows that if the parties write a contract which lasts up to and including period
T, forallt > T the principal will pay the agent a wage of 0 in all possible eventualities.
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In other words, the principal’'s problem when the maximum contract length éan be

written as
6t 1 6T
max B , T — Wi 4+ —
W, Te{l,..,T} hteZT p(he, T) [y (M) —w(hy)] 1-8M

st > &bl Tpwt) —or >
heHt
; & Lp(h, Tw(h) — @ VT £T
hteHy
wh)>0  VheHy

(17)

Throughout the rest of this section, we denote the solution to problem (¥7"'HW i H
with w*T (hy) a typical element ofV *T .

We make two assumptions on the parameters of problem (17). First of all we will
assume thad’s cost of effort increases at a decreasing rate. This is designed to ensure that
the variation in social surplus from increasing the agent’s effort fggrto @r 1 is positive
forall T =1,2,....2° Formally, we assume that

Jk>0  suchthat & ‘k>@r—@r_1VT=12,... (18)

Our second assumption guarantees that the principal finds it profitable to induce effort
@y, rather thanpy when the maximum length of the contractlis= 1. This coupled with
(18) is enough to guarantee that the principal will always want to induce the agent to choose
effort o' when the maximum possible length of the contradt jsn other wordsT* = T
forall T =1,2,.... Since our model in this section whén= 1 is the same as the model
we analysed in Section 7, the condition which guarantees that this is the case is the same
as (12) when we s&i= k. Therefore we assume that

(p1— po)2

k<
P1

(19)

29Recall that the cogpr is incurred at = 1, while the benefits of an increase fragn_; to @r accrue at
t=T.
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We give a characterization of the solution to problem (17) and of the principal’s problem
when there is no limit imposed on the length of the contract in Lemmas A.4, A.5 and A.6
in the Appendix. Here, we limit ourselves to a summary of the features of these solutions
which we will use in the next two subsections.

Let M, M5, N4 andMy be the principal’s and the agent’s expected pay-offs when
W =W* andW = W*T respectively. What matters for the analysis that follows are
the following three facts. First of all, we have that the optimal contract satibfies T
(T* = o when there is no limit to the length of the contract). Secondly, the principal’'s
pay-off is strictly increasing i . Formally

Ny >Nyt >ng vi=12.. (20)

Finally, the agent’s pay-off is also strictly increasing in the maximum possible length of the
contractl . Formally

Ny >nNd*t>nd vTi=12... (21)

The intuition behind this characterization of the optimal contract between the principal and
the agent is simple to outline. Because (18) and (19) Hld)l always want to induce the
highest possible level of effort from the part of the agent gilzerSince it is always open to

the principal to induce any other effort levgl with T < T by offeringA the wage package

W *T which would guarantee him a pay-off BT, then it must be thaflT > M3' for all

T < T. SinceB always wants to ‘buy the maximum effort’ frol, he has to give him
appropriate incentives to choose= ¢r. Because of the limited liability constraint we
have imposed on the agent’'s payments, this guarantee&'shetpected pay-off increases
with T .

8.3. Ex-ante Costs and the Length of the Contract

We are now ready to introduce ex-ante contractual costs in the multi-period principal-agent
model we have described in Subsection 8.2 above. We do so in the simplest possible way
which allows us to capture the idea that longer contracts will cost the parties more than
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shorter ones. This can be justified in a number of ways. One obvious candidate which
springs to mind is that longer contracts must specify more contingencies and hence are
more difficult and complex to draw-up.

We imagine that in period O the two parties simultaneously and independently choose
numbersa andtg. If i € {A B} chooses;, he incurs a cost aft; (with ¢; > 0 fori € {A,B})
at this time. The agents’ choicestafandtg determine the maximum length of the contract
which they are allowed to write. We take this to be given by the following expresSion.

T =min{ta,tg} (22)

The description of our inter-temporal principal-agent model with ex-ante contractual
costs is now complete. We are interested in the sub-game perfect equilibria of the two
stage game in which the two agents first chapsandtg as described, and then proceed
to write the optimal contract, giveh, as described in Subsection 8.2. For simplicity we
assume no discounting between period 0 and peridd Therefore, the pay-off to agent
i € {A,B} when the pai(ta,tg) is chosen can be written as

T —ct; (23)
whereT is given by (22).

8.4. Short-Term Equilibrium Contracts

We are now ready to show that, in general, the model which we described in Subsections
8.2 and 8.3 above yields equilibrium contracts which are short-term in the sense that they
are shorter than would be socially efficient, after the ex-ante contractual costs are taken into
account.

30Equation (22) clearly embodies the assumption that the agents’ ex-ante costs are perfect complements.
We discussed the cases of partial or perfect substitutes in Section 3 above, in the context of our reduced form
model. Our results for the present inter-temporal model generalize fairly easily to the case of ex-ante costs
which are partial substitutes.

31A simple re-scaling of pay-offs would be sufficient to take such discounting ito account.
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Given (22), itis clearly never socially efficient to choage” tg. Given this observation,
the socially efficient length of the principal-agent contract is easy to characteris@l.‘lF.et
= I'Ii*T - I'Ii*T ~Lfori e {A B} and notice that by (20) and (21) we have mﬁtiT > 0 for
all T, and Iirrtr_>(,<,AI'IiT = 0. The socially optimal level of guarantees that the sum of
the pay-offs in (23) is highest. Let this value bfbe denoted by *. It is then easy to see
thatT * must satisfy

AML +AME —ca—cg>0 and AN *14+ANL "1 —ca—cg <0 (24)

In any equilibrium of the model, again because of (22), we must also havia thdg.
Now let

T = max{T ‘ AN] —c >0 andAN! 1 —¢ < O}
It is then clear that the maximum length of any equilibrium contract will never exceed
TE =min{Ta, Tg} (25)

Comparing (24) and (25) it is immediate to conclude th&t< T *. Moreover, by inspec-

tion of the two conditions (24) and (25), it is also easy to see that ‘in general’ we will have
TE < T*. Where the qualification ‘in general’ refers to the fact that we could Aave

=T * either if Tp = Tg, or because of ‘integer problems’. Aside from integer problems it
is clear that, in general, the parameters of our multi-period principal-agent model will be
such thafl 5 # Tg. We omit the details for reasons of space.

Our findings can therefore be summarized as follows. ‘In general’, our multi-period
principal-agent problem with ex-ante contractual costs yields equilibrium contracts which
are shorter than would be socially optimal, after the ex-ante costs are taken into account.
The intuition behind this result is very similar to the one we described for the continuous
costs reduced form model of Section 4 above. The inefficiency stems from the fact that
the ‘marginal conditions’ which determine each party’s choice of ex-ante cost do not, in
general, coincide with the ‘marginal conditions’ for social efficiency.
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9. CONCLUDING 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.

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 ‘contractual 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 two examples of economic situations in which the distribu-
tion of surplus from the contract between a principal and an agent is ‘pinned down’ by the
interplay of incentive compatibility and limited liability constraints. Since the economic
parameters of these two models fix the distribution of surplus, these provide two examples
of economic situations which generate the hold-up problem we identified before. Our sec-
ond example concerns a dynamic principal-agent model. The equilibrium contracts which
we obtain in this case are short term in the sense that they are shorter than would be socially
efficient, even after contractual costs are taken into account.
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APPENDIX

PROOF OFPROPOSITIONS4 AND 5: We start by arguing that the reduced form model with partial substitutes
has an equilibrium in which a contract is drawn-up if and only if

A>ca and 1-A>cp (A.1)

Moreover, whenever (A.1) does not hold, the only equilibrium is for both agents to pay zero ex-ante costs.

Clearly, if either of the two inequalities in (A.1) is violated, one of the two agents will have as a dominant
strategy to pay zero ex-ante cost. Since the best response to the opposing agent paying zero ex-ante cost is
to pay zero ex-ante cost, it is clear that if (A.1) is violated then the unique equilibrium involves both agents
paying zero ex-ante costs.

Suppose now that (A.1) is satisfied. Then, siogercg < T< 1, it is always possible to find a pair
(Ca,Cg) such that

A>ca>cy and 1-A>cg>cg and ca+C5=CT (A.2)

Itis now immediate to check that such pair of ex-ante costs is indeed an equilibrium and therefore our initial
claim is proved.

To conclude the proof of Proposition 4 it is now enough to notice that, given a pair of minimum ex-ante
costs(ca,Cg) it is always possible to find a range of values\cfuch that (A.1) is violated.

Similarly, to conclude the proof of Proposition 5 it is now enough to notice that, for any given value of
A € (0,1) we can find a pair of minimum ex-ante costs such that (A.1) is violdlikd.

PROOF OFPROPOSITIONG: Since eithei < cp or 1— A < cg, it is clear that there is no equilibrium in
which both agents pay the ex-ante costat0.

We only show that it is not possible that in equilibrivhnalone pays the ex-ante costtat 0. Any
equilibrium in whichB alone pays the ex-ante costat 0 can be ruled out in a symmetric way and we omit
the details.

Suppose then that there is an equilibrium in which ohlyays the ex-ante costat 0. There are two
cases to consider. EithBrpays his cost to se&'s offer or he does not.

Suppose next that there is an equilibrium in whicbnly pays the ex-ante costgstat 0 and subsequently
B either accepts or rejecss offer without seeing it. Note that in this caBecannot condition his decision
to accept or reject on the value ©$ince he does not pay to see itBifaccepts in equilibrium, clearlfx will
set/ = —e. But this would give an equilibrium pay-off of€ to B, and therefore yields a contradiction since
B can always guarantee himself a pay-off of zero by not paying any costs and rejecting any Bffejetfts
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A's offer blind in equilibrium, therA’s equilibrium pay-off is—ca since no contract is drawn-up afdays
his ex-ante cost dt= 0. This is again a contradiction sinéecan guarantee himself a pay-off of zero by not
paying the ex-ante cost = 0 (and rejecting any offers made Byif he pays his ex-ante cost).

Lastly, consider the possibility of an equilibrium in whi¢halone pays the ex-ante coststat 0 and
subsequentl pays his ex-ante cost to see the valué, @id then accepts or reje@s offer. Notice that now
B can condition his decision to accept or rejai offer on the actual value df Using subgame perfection,
it is immediate to see that, in equilibrium, it must be the caseBltaxtcepts all offers which guarantee that
1-¢> 0 (his ex-ante cost isunkwhen the accept/reject decision is made). Therefore, in equilibAuwmil)
offer precisely¢ = 1. It follows that in any equilibrium in whicl® alone pays the ex-ante costtat 0 and
subsequentlid pays to sed'’s offer, B's pay-off is at most-cg. But this is a contradiction sind& as before,
can guarantee himself a pay-off of zero by not paying any costs and rejecting anylibffer.

PROOF OFPROPOSITION8 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-antecasts ClearlyB
will accept any offer fromA which guarantees that

1-A>0 (A.3)
It now follows that the highest offer which will possibly make in equilibrium guarantees that
1-A=0 (A.4)

But equation (A.4) implies tha@’s pay-off in any equilibrium in which a contract is drawn-up is at mesg.
This is a contradiction sincB can guarantee himself a pay-off of 0 by simply not paying his ex-ante cost.
This is enough to prove the propositioll

PROOF OFPROPOSITION8 IN CASE 2: The proof for this case can be obtained simply by swapping the
names of agent& andB and substituting for 1 — A in equations (A.3) and (A.4) in the proof of Proposition
8 for Case 1 abovelll

PROOF OFPROPOSITION8 IN CASE 3: The argument is a simple modification of the proof of Proposition
8 for Case 1. Observe thBtcannot condition his payinggs on the actual offek (since this is un-observable
beforecg is paid). In the subgame which starts after both agents have paid the ex-ant@asodits,ccept
any offer which satisfies (A.3). Therefore, the rest of the proof of Proposition 8 for Case 1 afiBlies.

PROOF OFPROPOSITION8 IN CASE 4: The proof for this case can be obtained simply by swapping the
names of agent& andB in the proof of Proposition 8 for Case 8
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PROOF OFPROPOSITION8 IN CASE 5: Using sub-game perfection, the proof follows immediately from the
proofs of Proposition 8 in Cases 1 and 2 above. We omit the dellllils.

PROOF OFPROPOSITION8 IN CASE 6: We prove the result by backward induction. Note that the extensive
forms in Cases 1 and 2 are equivalent to Case 6 vihenl andA or B make the first offer respectively.
Therefore, from Proposition 8 in Cases 1 and 2 we know that the claim is trué fod. It is therefore
enough to show that if the claim is true fidrthen it is also true foN + 1.

We prove the backward induction step for the case in whichAtigio makes an offer tB in theN + 1-th
period,t = N. The details for the case in whidhmakes an offer té\ att = N are symmetric and therefore
omitted.

Assume, by way of contradiction, that the claim is trueNbtbut false forN 4+ 1. Consider any equilib-
rium of the game wittN + 1 rounds of negotiation in which eithéror B does not sink his ex-ante ca‘ﬁ
or cg‘. Since the claim is true faX, clearly this equilibrium yields the no contract outcome. Therefore if the
claim is true forN and false folN + 1, then there must be an equilibrium for the model with- 1 rounds
of negotiation in which in the last period both agents sink the ex-ante ckﬁsisdcg. Consider now the
subgame which starts in stafjeof periodt = N in which both agents have already sunk these costs. Clearly,
at this pointB will accept any offer fromA which guarantees that

1-AV>0
It therefore follows that the highest offer whighwill possibly make in this equilibrium guarantees that
1-AN=0 (A.5)

Notice next that (A.5) implies that in any equilibrium in which the statement is trul faut false forN + 1,
B's pay-off in the entire game is at most}. But this is clearly a contradiction sin@can guarantee himself
a pay-off of 0 by not paying any of his ex-ante colls.

PROOF OFPROPOSITIONS8 IN CASE 7: Fix any subgame perfect equilibrium of the game, andtét n)
andri(B,n) be the continuation pay-offs whighandB get respectively in the subgame which starts in stage

| of periodn=0,1,.... Suppose that the equilibrium we have fixed involves the parties drawing-up the
surplus-generating contract. Then it must be that at somerti#n®, 1, ... both parties sink the ex-ante costs
(CA,cg), and subsequently an offgf is made and accepted. We provide the details of the argument for the
case in whichn is even, so that it is ageAtwho makes an offer t8 in periodn. The details for the case of

odd are symmetric and therefore omitted.

Consider the subgame which starts in stlgef periodn, after the ex-ante cos(sj, cg) have been paid.
By an argument completely analogous to the one used in the proof of Proposition 8 in Case 6, we now know
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thatA’s offer must ensure that
1-A"=m(B,n+1) (A.6)
using (A.6) it is then immediate that
n(B,n) = m(B,n+1) —cj (A7)

Notice now that agenB, can clearly guarantee himself a pay-offgB,n+ 1) by not paying the ex-ante
costcg in stagel of periodn and hence moving the game directly to perioé 1. Therefore (A.7) yields a
contradiction, and this clearly enough to establish that Proposition 8 holds for Cllse 7.

LEMMA A.1: Consider the reduced form model with simple compensating transfers described in Subsection
6.1. If there exists an equilibrium of the model in which baffr> 0 andog > 0, then there exists another,
payoff equivalent, equilibrium of the model in which the transfers take the vafiesos — o} ando} = 0

if op > 0, anddy = 0 andd} = o — 0%, if of > Ox.

PrROOF. We examine only the case in Whidi > 0. 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 {A, B} responds to any offe\*."rj1 (with j #1i) exactly as he would respond

to the offerd} + af in the original equilibrium. Il

PROOF OFPROPOSITIONS: We only deal with the case in which-IA < ¢§. The case in which < c3 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 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 superscitigt *
equilibrium values of all variables in this equilibrium. Notice first of all thaiif> o, we have animmediate
contradiction since in this cagg > cg and thereford’s equilibrium pay-off must be negative. SinBecan
guarantee a pay-off of zero by not paying any of the ex-ante costs this is a contradiction.

By Lemma A.1, we can then assume without loss of generalityahat 0 andog = 0.

Next, consider the subgame that starts after both agents have paid the second tier ex-ante costs and the
offersgj > 0 andog = 0 have been made. We now claim that it must be that case that

1-A+0a—c3=0 (A.8)
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To see this notice that the continuation strategyBan this subgame must be to accept any offigrwhich
guarantees that

1-A+0p—C5>0 (A.9)

since if he rejects any such offer his continuation pay-off would be at most zero (if he does m:g)pay
Therefore, any offeo which satisfies (A.9) cannot be pay-off maximizing far

It follows directly from (A.8) thaB's pay-off in this equilibrium is-c3. But this is a contradiction since,
as we noted abov®, can guarantee a pay-off of zero by not paying any ex-ante costs. This is enough to prove
the propositionll

LEMMA A.2: Consider the reduced form model wikhtiers of simple compensating transfers described

in Subsection 6.2. Given any equilibrium of the model,let= argmingagy of', forn=1,...,N. Then

there exists another, payoff equivalent, equilibrium of the model in which the compensating transfers are
o'=0] -0y .

PrROOFE The new equilibrium can be constructed in a way which is completely analogous to the one in the
proof of Lemma A.1. We omit the detailll

PROOF OFPROPOSITION10 (Simple Transfers): We only deal with the case in whichXL< cg. The case
in which A < ca is a simple re-labelling of this one and we omit the details.

Notice that wherN = 1, the reduced form model witN tiers of simple compensating transfers of
Subsection 6.2 is identical to the reduced form model with simple compensating transfers of Subsection 6.1.
It follows that Proposition 9 implies that Proposition 10 is true whea 1. To prove the proposition it then
remains to show that, if it is true for a given valueMfthen it is also true foN + 1.

Suppose then that the proposition is true for a given valud,and assume, by way of contradiction,
that it is false forlN + 1. Since the proposition is true ft\, if there is an equilibrium of the reduced form
model withN + 1 tiers of simple compensating transfers in which some ex-ante costs are paid, it must be that
in such equilibrium both agents pay the tilme —N — 1 ex-ante costs. Let the values of all choice variables
in such equilibrium be denoted by superscrigt *

In a way analogous to the proof of Proposition 9, using Lemma A.2 we can now assume without loss of
generality that\ ** > 0 ando}y ** = 0. Again as in the proof of Proposition 9 this implies tBa&t pay-off
in this equilibrium is—cg“. But this is clearly a contradiction sinéecan guarantee himself a payoff of
zero by not paying any tier of ex-ante costs. The proof of Proposition 10 for the cabtiert of simple
compensating transfers is therefore compldie.
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LEMMA A.3: Consider the reduced form model whthtiers of multiple compensating transfers described
in Subsection 6.2. Given any equilibrium of the model, lgh = argminga g, oi”’zm, forn=1,...,N
andm=0,...,n—1. Then there exists another, payoff equivalent, equilibrium of the model in which the
compensating transfers &g = o"" — o).

PrROOE The new equilibrium can be constructed in a way which is completely analogous to the one in the
proof of Lemma A.1. We omit the detailll

PrROOF OFPROPOSITION10 (Multiple Transfers): We only deal with the case in whichA < cg. The case
in which A < ca is a simple re-labelling of this one and we omit the details.

Notice that wherN = 1, the reduced form model witN tiers of multiple compensating transfers of
Subsection 6.2 is identical to the reduced form model with simple compensating transfers of Subsection 6.1.
It follows that Proposition 9 implies that Proposition 10 is true whea 1. To prove the proposition it then
remains to show that, if it is true for a given valueMfthen it is also true foN + 1.

Suppose then that the proposition is true for a given valid ahd assume, by way of contradiction, that
it is false forN + 1. Since the proposition is true fol, if there is an 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 tilne —N — 1 ex-ante costs. Let the values of all choice variables in
such equilibrium be denoted by superscrigt *

In a way analogous to the proof of Proposition 9, using Lemma A.3 we can now assume without loss of
generality thao "™ > 0 for somem=0,...,N andoy *>™ =0 forallm=0,...,N. Again as in the proof
of Proposition 9 this implies thd&'s pay-off in this equilibrium is—cg‘“. But this is clearly a contradiction
sincei can guarantee himself a payoff of zero by not paying any tier of ex-ante costs. The proof of Proposition

10 for the case dN tiers of multiple compensating transfers is therefore compiike.

LEMMA A.4: Consider the multi-period principal-agent problem (17) described in Subsection 8.2, for a
given maximum length of the contratt Foreacm=1,2,..., T, let
p(hn7 n)

M € A e ) — p(hnn—1) }

Then the solution to problem (17) satifies the following. The agent’s level of effort is the maximum possible,
that ise= @r , or equivalentlyT* =T . Moreover, foralh=1,..., T wheneveh, ¢ H} thenw*T (hn) =0.
Lastly, foralln=1,...,T

h;,n)
WT h? — p( n»
2 ) = o n) - pin— D]

(A.10)
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where

Ern=T-n+hhor— 5 @ (A.11)

PROOR We start by arguing that it must be tHiat=T . This is almostimmediate if we consider problem (17)
for two consecutive values of the maximum length of the contractTsapdT + 1. When the maximum
length of the contract i§ +1 it is open toB to offer A the wage packag@/ *" for all periods up to and
including T, and to make the wage in peridd+ 1 only contingent oryr 1, and equal to the optimal
contract wherl = 1. Because of (19), this both satisfies the constraint which guaranteesthgt, ; and
guarantees th&'s pay-off is strictly greater thafl ET . Since the latter is the maximum whiéhcan obtain

if he induces effore = @, this is clearly enough to show that if the claim is true Toe= 1 then it is true for
all T. Since (19) guarantees directly that the claim is truélfet 1, this is enough to show that =T for
alT.

Notice that sincd* = T, the incentive constraints in problem (17) can be re-written as

S 3 phe, T)w(h) —@r > 5 & p(h,njw(h) —gn Yn<T (A12)
heHT hteHt
Consider (A.12) whem =T —1. Sincep(h;,T) = p(h,T — 1) for all h; € Hy _4, this constraint can be
simply re-written as

; 8" p(hr, T)w(hr) —qr > ; 8" Lp(hr, T —Dw(ihr) —@r 4 (A.13)
hr ebr hr eHy

where the summations now extend only to histories of lefigthClearly, in the solution to problem(17),
constraint (A.13) must bind, since otherwBeould reduced's wage after some histories of lengthand

still satisfy all the appropriate constraints. Using now (A.13) with equality, we can re-write (A.12) when
n=T-2as

8" ~2p(hr _1, T — Lw(hr _1) — 2¢r >

Pr-a€hr _ (A.14)
& p(hr_1, T =2W(hr 1) —@r_1—@r

hr _1€Hr

Since (A.14) must also clearly bind in the solution to problem (17), we can now proceed backwards to re-write
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all the constraints in (A.12) together as

> 8" p(hn,Mw(hn) — (T —n+1L)gr >
Pt (A.15)

T-1
& p(hn,n—w(hy) = 5 @ Vn<T
(=n-1

hne n

Therefore, the principal’s problem is equivalent to maximizing the objective function in (17), subject to
constraints (A.15) and non-negative wages. Since both the objective function and the constraints in this
problem are linear in wages, this is enough to show that whethgweH,: thenw*T (hn) =0, and that (A.10)

and (A.11) hold. This is enough to conclude the proof of the lenllha.

LEMMA A.5: Equation (20) holds.

PROOF. The claim thaf13' is increasing il follows immediately from the fact that* =T forall T . Since

the principal’s problem without any limit to the length of the contract can be seen as the problem (17) with
(infinitely many) additional constraints (settimgh;) = O for all hy with t > T)), itis clear thaflg > I'I’,gT for

all T. To see that the inequality is strict, it is enough to recall fﬂlﬁt < I'IgT +1. This concludes the proof

of the claim il

LEMMA A.6: Equation (21) holds.

PRoOF Recall thatyr is increasing inT by assumption. This is enough to show tBay, is increasing inl
for any givenn. Given (A.10) this implies that the expected wageé\af any given period is increasing with
T, which is of course enough to show tHl'a;T is increasing inl . The rest of the claim follows from the fact
thatM} = lim7 _,,, M7 . We omit the detaildll
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