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Resumo

Neste trabalho, apresentamos a ideia geral e principais resultados do que en-

tendemos ser as contribuições mais importantes sobre soluções contratuais ao

problema de holdup. O objetivo deste trabalho é investigar os trabalhos de

fronteira sobre o tema, uniformizar a notação, assim como apresentar ideias

para pesquisa futura.

PALAVRAS CHAVE: Teoria de Contratos. Problema de Holdup. Externali-

dades. Investimentos Espećıficos.



Abstract

In this survey, we presented the general idea and main results from what we

understand that are the most important contributions to contractual solutions

to the holdup problem literature. The aim of this paper is to push the previous

analysis, uniform the notation and provide a snapshot on the most recent

literature, as well as bring topics for future inquires on this issue.

KEYWORDS: Contract Theory. Holdup Problem. Externality. Specific In-

vestments.
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1 Introduction

Most of bilateral relationships involve investments that are specific to that particular

relation. Examples of this situation abound: a job-training investment on a specific

machine or on the organizational structure of the firm, customization of products or

processes in a buyer-seller relationship, a regulator estimating the cost structure of a

firm, two countries in a trade agreement (specific conditions for certain products or

regions), a lender conducting credit analysis of a borrower when deciding to finance

a project, and even political lobbying when one considers the exchange of favors and

campaign contributions.

Whenever specific investments are present, they create more value inside a rela-

tionship than outside. If the parties engage in ex post division of the surplus, there

is room for inefficiencies on the ex ante investment decision as the renegotiation

process may prevent an agent from fully benefiting from its investment marginal

surplus. In particular, once the investments are sunk, their costs are not neces-

sarily taken into account when the surplus is being divided. Of course, this can

happen only when the investments and uncertainties that affect the agents’ payoffs

are not contractible, i.e., when state contingent outcomes cannot not be completely

characterized by an enforceable contract signed by both parties ex ante. These

features, specific investments and the possibility of post-contractual opportunistic

behavior (Klein, Crawford, and Alchian (1978)), describe the holdup problem. As

a consequence, Pareto inefficiencies may arise in the form of underinvestment.

The classical example of underinvestment due to the holdup problem is a trade

agreement between General Motors and its important supplier Fisher Body, pre-

sented in Klein, Crawford, and Alchian (1978). In 1919, these two firms signed a

long term contract with an exclusive dealing clause, which established that General

Motors would buy all auto bodies from Fisher Body. However, in the following

years, technology changed and demand for cars with the auto bodies produced by

Fisher Body increased drastically. General Motors claimed that in order to have

production efficiency, Fisher Body should locate its plants close to General Motors

plants, what the latter firm refused to do.

Many solutions have been proposed to solve or safeguard the holdup problem. Pi-

oneer works have provided important insights into modern organization theory, with
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solutions ranging from vertical integration (Klein, Crawford, and Alchian (1978)

and Williamson (1979)), property rights allocation (Grossman and Hart (1986) and

Hart and Moore (1990)), financial rights allocation (Aghion and Bolton (1992), De-

watripont, Legros, and Matthews (2003) and Dewatripont and Tirole (1994)) and

designing authority relationship (Aghion and Tirole (1997)).

The holdup problem is inserted under the incomplete contracts literature. A

common assumption is that information is symmetric among contracting parties, but

agents cannot write a contract which explicitly states an action for every possible

contingency. However, when the state of the world is realized, it is observed by

both parties but not by the court, that is, the realized state is observable but

non verifiable (Tirole (1999)). One could think of implementing the “shoot-the-liar-

mechanism” as a solution to the unverifiability problem, when both parties are asked

to report the state of the world after its realization. If the reports do not match,

both agents are heavily penalized. In this mechanism, truth telling arises as a

Nash equilibrium. Nevertheless, this simple solution is subjected to some criticisms:

coordination among parties is also a Nash equilibrium and this kind of mechanism

is not renegotiation proof.

Some papers, as Rogerson (1992) and Segal and Whinston (2002), show that

first best results can still be achieved with sophisticated mechanisms in the holdup

context. Others address solutions that encompasses renegotiation issues. This pos-

sibility of renegotiation and the indescribability of contingencies combined impose

additional challenges. On one hand, as Maskin and Tirole (1999) points out, this en-

vironment do not restrict the payoffs that can be attained through contracting under

some circumstances. On the other hand, because the assumptions under which this

irrelevance result are not innocuous, it suggests that indescribability can affect the

payoffs when renegotiation is possible. In fact, it can eventually make the contract

worthless, meaning that the parties could do as well as without a contract when the

investment of one party affects the other party’s payoff (Che and Hausch (1999)).

This kind of externality therefore imposes an additional difficulty to solve the

holdup problem, although it seems a genuine premise. Indeed, it is very natural to

think that an investment made by the buyer will affect the seller’s valuation of the

good. How the literature is working to address the holdup problem with externalities

through contractual remedies is the main focus of this survey. Previous surveys on
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the holdup problem include Che and Sákovics (2008), Fares (2006) and Schmitz

(2001). The aim of this paper is to push the previous analysis, uniform the notation

and provide a snapshot on the most recent literature, as well as bring topics for

future inquires on this issue.

This survey is organized as follows: in Section 2, we introduce the notation

and general framework, which will be adapted to each model analyzed. Also, we

briefly revise the underinvestment result arising from the holdup problem. Section 3

presents different models which address contractual solutions to the holdup problem.

In this section, we show Che and Hausch (1999)’s result that the contract might have

no value when investment affects the other party’s payoff. The papers that follow

present alternative solutions to solve the holdup problem when externalities are

present. This section is divided into four subsections, where we present the related

papers. Section 4 concludes and makes some suggestions for future research agenda.

2 The holdup model

2.1 Notation and environment

The aim of this subsection is to serve as a reference. Here we describe the general

model, closely following the one proposed in Evans (2008). The notation introduced

here will be later adapted to each model when they are presented. The environment

considers two risk-neutral players, a buyer (b) and a seller (s), who are able to

make relationship-specific investments. By relationship-specific it is understood that

these investments have little or no value outside this particular relationship. The

investments ib, is ∈ R+ made by the buyer and the seller, respectively, are observable

by both parties. Let ψb : R+ → R+ and ψs : R+ → R+ be the convex differentiable

functions that give the cost of investment for the agents, with ψj(0) = 0, ψ′j(x) ≥ 0

with equality holding only when x = 0 for j = b, s.

After the investments are made and their costs are sunk, a random variable θ

is realized from Θ, where Θ is a compact set of R, according to the continuously

differentiable cumulative distribution function F (·).1 Assume that F (·) is known

1The assumption of F not being affected by (ib, is) is maintained in all papers considered in

this survey, except for Hart and Moore (1988).
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by both players. As in Che and Hausch (1999), sometimes it is useful to define the

realized state of the world as ω = (ib, is, θ) ∈ Ω = R2
+ × Θ. For each ω, there is

a corresponding set Q(ω) of feasible goods (or quantities) to be produced by the

seller. Let A = {(ω, q) : ω ∈ Ω and q ∈ Q(ω)}. Define v : A → R to be the

buyer’s value of the good and c : A → R to be the seller’s cost of production.

Assume that both v and c are nonnegative functions. In many models, we denote

Q(ω) simply by Q, where Q = [0, qmax] and qmax can take the value +∞. In these

cases, assume that v and c are continuously differentiable in (ib, is, q) for all fixed

θ and that v(ω, 0) = c(ω, 0) = 0 for any ω ∈ Ω. Also, suppose that v and c are

nondecreasing in q, v is concave and c is convex in (ib, is, q). Finally, denote by p the

transfer made by the buyer to the seller. Thus, the buyer and the seller’s monetary

payoff are given by, respectively:

Ub(ib, is, θ, q, p) = v(ib, is, θ, q)− ψb(ib)− p

Us(ib, is, θ, q, p) = p− ψs(is)− c(ib, is, θ, q)

For any realized ω = (ib, is, θ) ∈ Ω, assume that a solution exists for

max
q∈Q(ω)

v(ib, is, θ, q)− c(ib, is, θ, q) (1)

Let q?(ω), the efficient good, be the solution to (1) and denote by σ(ω, q?)) =

v(ω, q?) − c(ω, q?) the gross surplus of trade when the efficient quantity q?(ω) is

chosen. Note that the gross surplus depends on the investments (ib, is), as well as

on the uncertainty θ.

Further, let (i?b , i
?
s) be the efficient investments that solve2

max
(ib,is)

W (is, ib) = Eθ[σ(ib, is, θ, q
?)|ib, is]− ψb(ib)− ψs(is) (2)

The sequence of events is illustrated in Figure 1. Since the details of the initial

contract and its revision vary in each model, they will be described later, as well

as different assumptions about the primitives. What is common is that investments

are made before the uncertainty is realized and that Θ is assumed to be complex

enough so that the parties cannot write an initial contract contingent on every

possible realization of θ, whether because it is too costly or because an outside

2Assume a solution does exist.
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court cannot verify which state occurred.3 Furthermore, information is symmetric

between the buyer and the seller and it is not possible to have a third player in the

contract.

contract
signing

Date 0

investments

(ib, is)

realization of
uncertainty θ

Date 1

revision/
renegotiation

trade

Date 2

Figure 1: Timing

2.2 The canonical model: Hart and Moore (1988)

Although the holdup problem was first described in the seventies (Klein, Crawford,

and Alchian (1978) and Williamson (1975)), most of the literature follows from Hart

and Moore (1988)’s underinvestment result. Because of its relevance, we briefly

describe the result in this subsection.

With respect to the general environment presented in Subsection 2.1, the fol-

lowing modifications are made: in Hart and Moore (1988)’s model, Q = {0, 1} for

all ω ∈ Ω, the buyer’s valuation v of consuming the good and the seller’s cost c of

production are random variables determined by the state of the world θ ∈ Θ and

the investments ib and is, respectively. That is:4

v = v(ib, θ)

c = c(is, θ)

Note that there are no direct externalities, investment only affects the investor’s

own payoff. In other words, as defined by Che and Hausch (1999), investments are

selfish. Assume that the set Θ is finite but complex enough in the sense described

in Subsection 2.1, i.e., θ cannot be contracted upon.

3Because of this, the holdup literature is inserted in the incomplete contracts literature. How-

ever, as pointed out by Tirole (1999), these unforeseen contingencies do not prevent the agents to

know how payoffs are related to the initial contract and investments.
4v(ib, is, θ, 1) = v(ib, θ) and c(ib, is, θ, 1) = c(is, θ).
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The sequence of events is the same as described by Figure 1. At t = 0, the

parties sign an initial contract (p0, p1) that defines two prices: p0 in case q = 0 and

p1 otherwise.5 Hart and Moore (1988) assumes further that the contracting parties

are completely locked in to each other, that is, the agents are unable to trade with

an outside party. After the contract is signed, each party makes specific investments.

In this setting, it is efficient to trade if and only if v ≥ c. An important as-

sumption is made with respect to the trade mechanism, which is exogenously given:

trade is consummated only if both parties are willing to do it. Moreover, if trade

does not occur, the court cannot distinguish which of the agents did not want to do

trade, but only whether it occurred or not. However, information is symmetric be-

tween the buyer and the seller at any time. The difficulty is to convey this common

information to an outside court, which, in principle, could enforce a more efficient

outcome.

Therefore, under the initial contract, trade will occur without renegotiation if

and only if v ≥ p1 − p0 ≥ c.6 However, suppose that v > c but p1 − p0 > v or

c > p1 − p0. In these cases, even if there are gains from trade, the parties will not

trade under the initial contract. Therefore, parties might want to renegotiate the

initial prices.

Renegotiation occurs through the exchange of messages between the contracting

parties.7 These messages however are not verifiable, that is, a party can deny the

receipt of any message without being discovered by the court.8 Consequently, the

party who sent the message cannot prove that it was indeed sent. Therefore, each

party can choose what messages to show to the outside court and these messages

are enforceable. For example, the buyer may sent a message saying that he accepts

5The price p0 can be negative. It can be thought of as a compensation if breach occurs, or a

default price.
6Because if v − p1 ≥ −p0, the buyer is better off with q = 1 and if p1 − c ≥ p0, the seller also

prefers q = 1. Combining these two inequalities gives the mentioned condition.
7These messages are sent in between the realization of θ is realized and the date when pro-

duction takes place. There are a finite integer number d of rounds in which players may exchange

messages. Messages are sent simultaneously and received prior to the beginning of next round.

Messages sent on the last round are received prior to the decision of the seller to produce or not.
8The case when messages are verifiable is also considered in Hart and Moore (1988). However,

as we shall see, as Noldeke and Schmidt (1995) only considers the case of unverifiable messages,

we opted to focus on this case.
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trade for a given p̃1. If trade takes place, the court can enforce p̃1 if the seller decides

to show the message. If there is no trade and parties do not reach an agreement,

the court enforces p0.

Hart and Moore (1988) then proved that there is only one possible equilibrium

outcome in the renegotiation game for each realization of v and c, which is entirely

determined by p0 and p1. That is, the trading rule and price are as follows:

(i) If v < c, q = 0 and the buyer pays the seller p0

(ii) If v ≥ p1 − p0 ≥ c, q = 1 and the buyer pays the seller p1

(iii) If v ≥ c > p1 − p0, q = 1 and the buyer pays the seller p0 + c

(iv) If p1 − p0 > v ≥ c, q = 1 and the buyer pays the seller p0 + v

In cases (i) and (ii), any change in p0 and p1, respectively, will imply in losses

for one party. In case (iii), trade is efficient but only the buyer wants to trade at the

initial prices. The buyer can send a message to the seller offering to pay p̃1 = p0 + c,

which is the minimum amount that the seller would accept in order to trade. Any

threat by the seller of not accepting this offer is not credible, since after trade, it is

optimal for the seller to show the message to the court. Hence subgame perfection

implies that this is the unique outcome. Case (iv) has a similar logic.

Given the investments ib and is, the maximum expected total surplus is then

given by:

W (ib, is) = E v,c[max{v − c, 0}|ib, is]− ψb(ib)− ψs(is) (3)

Let i?b and i?s be the (assumed unique) investment levels that maximize W (ib, is).

Now we can state the main result of Hart and Moore (1988)’s paper:

Proposition 1 (Hart and Moore (1988)). If for all (ib, is) the random variables

v(ib, ·) and c(is, ·) are statistically independent, and if ib and is can be scaled so that

they both lie in [0, 1] and if:

1. for each ib in (0, 1) the (nondegenerate) support of v(ib, ·) is

{v = v1 < · · · < vj < · · · < vJ = v} (J ≥ 2)

and the probability of vj is

πj(ib) = ibπ
+
j + (1− ib)π−j

13



where π+ and π− are probability distributions over v1, . . . , vJ and π+
j /π

−
j is

increasing in j;

2. for each is in (0, 1) the (nondegenerate) support of c(is, ·) is

{c = c1 > · · · > cn > · · · > cN = c} (N ≥ 2)

and the probability of cn is

ρn(is) = isρ
+
n + (1− is)ρ−n

where ρ+ and ρ− are probability distributions over c1, . . . , cN and ρ+n /ρ
−
n is

increasing in n;

3. ψb(·) and ψs(·) are convex and increasing in [0, 1], with

lim
ib→0

ψ′b(ib) = lim
is→0

ψ′s(is) = 0

and

lim
ib→1

ψ′b(ib) = lim
is→1

ψ′s(is) =∞

4. v < c and v > c

Then the first best cannot be achieved and the second best actions i′b and i′s are both

strictly less than their respective first best levels i?b and i?s.
9

As we argued previously, there are four possible scenarios for any initial contract

(p0, p1). With the assumptions made in Proposition 1, note that agents’ expected

payoffs are affected by the initial contract. Therefore, (p0, p1) also affects each party

investment best response to the other party’s investment. Hence, the second best

investment levels are the ones associated with the initial contract that maximizes

the expected total surplus.

The reason why the efficient outcome cannot be achieved is due to the fact

that even though the investments are selfish, there is an indirect effect which is

9The strategy of proof of this theorem is to design a mechanism and the restrictions it has to

satisfy. Since the optimal contract (p?0, p
?
1) that implements the second best (i′b, i

′
s) may be too

involved to characterize, the authors defines regions, similar as those enumerated by (i)-(iv), that

(p?0, p
?
1) might belong.
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determinant: the choice of the investment by each party affects the other party’s

expected surplus. Note that in Hart and Moore (1988) model, the distribution

of θ = (vj, cn) depends on (ib, is). Intuitively, it could be that a higher investment

increases the probability of a higher valuation or a lower cost. For instance, consider

a job relationship in which the employee (the seller) has just begun in a new firm

and conducts research (his specific investment) about who of his co-workers he needs

to talk about in case he has problem x or problem y. When problem x or y indeed

happens, the cost he has to incur in solving these problems might be lower because

of his initial investment. However, as we shall see, the standard assumption in the

literature is that θ is independent of (ib, is).

3 Contractual solutions to the holdup problem

3.1 Endogenous default outcome

Following Hart and Moore (1988) underinvestment result, many authors suggested

that a properly designed initial contract can mitigate the holdup problem. The

contracts covered in this subsection have the common feature of establishing an

allocation that will be enforced by the court in case negotiation fails, which is called

default outcome. Since both the buyer and the seller must agree with the initial

contract, this default outcome is endogenously chosen by the contracting parties,

which, as we shall see, many times reflects the ex ante bargaining position of the

two parties.

3.1.1 Authority delegation: Aghion, Dewatripont, and Rey (1994) and

Chung (1991)

In sharp contrast to Hart and Moore (1988), Aghion, Dewatripont, and Rey (1994)

and Chung (1991) propose a contractual solution to the holdup problem. These

authors argue then that incompleteness, arising from the inability of the court to

verify some outcomes, is not sufficient to explain underinvestment. Aghion, Dewa-

tripont, and Rey (1994) and Chung (1991) use a similar informational framework

as Hart and Moore (1988). Specifically, they also assume that, although (ib, is, θ)

are observable by both parties, lack of verifiability by an outside court makes it
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impossible to contract upon them. However, Hart and Moore (1988) restricts the

analysis to trade mechanisms in which both parties are willing to trade (at-will con-

tracts), i.e., both agents must prefer trade (q = 1) to no trade (q = 0). In contrast,

Aghion, Dewatripont, and Rey (1994) and Chung (1991) do not restrict the outcome

whenever renegotiation fails to be “no trade”. This change enables the authors to

consider contracts in which agents may agree ex ante to use a commitment device

(the default outcome mentioned above) which ex post may exclude the “no trade”

option unless both parties agree to renegotiate this particular outcome.

It is assumed that there is an initial contract which depends only on verifiable

information and which is enforceable by a court. As in Hart and Moore (1988),

renegotiation must imply that the initial contract provisions are improved upon for

both agents. For example, the initial contract could specify a fixed quantity and price

at which trade should take place. If at t = 2 both agents agree that such quantity

and price can be improved upon, then renegotiation takes place. Otherwise, if some

agent does prefer the initial contract to the renegotiation outcome, then this agent

is able to ask the court to enforce the initial contract. As we shall see, this slight

change makes it possible to design the correct incentives for first best investments.

Remember that in Hart and Moore (1988)’s framework, for any initial contract

(p0, p1), the first best could not be achieved.

Aghion, Dewatripont, and Rey (1994) and Chung (1991) show that two provi-

sions in the initial contract, namely, (i) a default option if renegotiation fails; and

(ii) the establishment of all bargaining power to one of the parties; are sufficient to

obtain an efficient level of investments. To give an example of this type of contract,

consider a job relationship. This type of contract could be one in which the em-

ployer (the buyer) can nominate the wage and tasks while the employee (the seller)

is always guaranteed a minimal payment to some amount of work per week. The

employer may want the seller to work on a new project that will require some ex-

tra work hours from the employee. The employer pays his employee a bonus if the

project is successful, otherwise he pays the wage they had initially contracted.

The difference between Aghion, Dewatripont, and Rey (1994) and Chung (1991)

is that while the latter just assumes the two above requirements are met, the former

proposes a contract that generates a renegotiation game that satisfies (i) and (ii).

We focus on Aghion, Dewatripont, and Rey (1994).
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Consider again the case where the agents make selfish investments:

Ub(ib, θ, q, p) = v(ib, θ, q)− p− ψb(ib)

Us(is, θ, q, p) = p− c(is, θ, q)− ψs(is)

Suppose that Q = R+, ib ∈ Ib = [0, imaxb ] and is ∈ Is = [0, imaxs ]. The authors

restrict their analysis to the case where vqib ≥ 0 and cqis ≤ 0, that is when the

marginal benefit (cost) of investment is non decreasing (non increasing) in q as it is

the case for the functions derived from economic problems.10

At t = 0, the buyer and the seller sign an initial contract that both agree

upon. The initial contract defines two provisions: the starting point of renegotiation,

or default option, (q0, p0), and the division of the renegotiation surplus α, where

α ∈ [0, 1] is the seller’s share.11 The triple (q0, p0, α) is called a simple contract.

Note that because of unverifiability, none of these instruments can be made directly

contingent upon (ib, is, θ). The default option (q0, p0) can be enforced by an outside

court and thus it works as a safeguard in case renegotiation fails or if one party

unilaterally violates the initial agreement.

Aghion, Dewatripont, and Rey (1994) takes the renegotiation process as exoge-

nously given.12 However, the authors restrict the analysis to revision schemes such

that the outcome from renegotiation must satisfy the following properties: it rep-

resents a Pareto improvement, it leads to efficient trade and it sets either α = 1

or α = 0. Hence, the contract set which corresponds to these assumptions is:

(q0, p0, α) ∈ R2
+ × {0, 1}.

As an example of a revision game that satisfies the above properties, Aghion,

Dewatripont, and Rey (1994) suggests the following: consider a discrete time, infinite

horizon bargaining process with alternating offers. Offers consist of revisions of the

10Other works that make this assumption are Chung (1991) and Edlin and Reichelstein (1996),

but they assume strict inequality. As Aghion, Dewatripont, and Rey (1994) point out, when

vqib ≡ 0 and cqis ≡ 0, the expected level of trade does not affect the incentives to invest and thus

underinvestment is not an issue.
11There is an abuse of notation here: p0 in Aghion, Dewatripont, and Rey (1994) does not mean

the price when q = 0, as in Hart and Moore (1988). It refers to any nonnegative price set by the

parties in the initial contract.
12Chung (1991) assumes take-it-or-leave-it bargaining scheme, in which the buyer can make the

offer, setting therefore α = 0.
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initial trade terms (q0, p0). Each party can request the default outcome (q0, p0) when

it is not his turn to propose. If one offer is accepted, the game ends. Otherwise,

it moves on to the next period. Aghion, Dewatripont, and Rey (1994) then argues

that this game ensures that the outcome from renegotiation will represent a Pareto

improvement and it will be efficient.

To show the renegotiation process will set α = 0 or α = 1, the authors assume

that this game defines a limit date t?2, such that t?2 ≥ t2 + 2∆ (i.e., t?2 is at least the

second time when the first proposer makes a new proposal). At t?2, the first party

who made a proposal must pay a monetary quantity z to the other party in case

any renegotiation proposal has not been accepted until that moment. Therefore,

Aghion, Dewatripont, and Rey (1994) shows that for a fixed initial contract, if z is

sufficiently high, there exists an unique subgame perfect equilibrium when ∆ → 1.

Although the outcome of this renegotiation game satisfies the properties mentioned

above, it has a caveat: the initial contract Aghion, Dewatripont, and Rey (1994)

proposes to solve the holdup problem is a triple (q0, p0, α), that is, it does not define

any payment z.

Despite of the example, it is possible to characterize the first best investments

(i?b , i
?
s) and trade level q?(i?b , i

?
s, θ) by the first order conditions (assuming interior

solutions and using the envelope theorem):

cq(i
?
s, θ, q

?) = vq(i
?
b , θ, q

?) ∀ θ ∈ Θ

E θ[cis(i
?
s, θ, q

?)]− ψ′s(i?s) = 0

E θ[vib(i
?
b , θ, q

?)]− ψ′b(i?b) = 0

where the first expression is the first order condition to (1) and the remaining two

expressions are the first order condition to (2).

And we can now state their main result:

Proposition 2 (Aghion, Dewatripont, and Rey (1994)). The following simple con-

tract implements the first best allocation, that is, (i?b , i
?
s) and q?(i?b , i

?
s, θ): give all

renegotiation power to the seller, i.e. α = 1, and take as a default option (q0, p0)

where q0 is defined by:

E θ[vib(i
?
b , θ, q0)] = ψ′b(i

?
b) (4)

and p0 gives the buyer his first best expected level of utility.13

13That is, Eθ[v(i?b , θ, q0)]− ψb(i?b)− p0.
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The intuition for the above result is as follows: the party who has all the bar-

gaining power becomes the residual claimant of his investments and has the correct

incentives to invest efficiently. In addition, the initial allocation is designed such

that it gives the appropriate incentives to invest efficiently for the party who has

no bargaining power. Therefore, in contrast to Hart and Moore (1988), allowing

more flexibility in the default option (which is enforceable by a court), instead of

“no trade”, the efficient outcome can be achieved. This is due to the fact that the

initial condition (q0, p0) acts as a starting point for renegotiation, which influences

the parties’ investments decisions more effectively.

By the continuity of vib and because vqib ≥ 0, we know the desired q0 exists.14

Because the buyer has no bargaining power in the renegotiation that occurs after

the realization of θ, he will get v(ib, θ, q0)− p0 and will incur the cost ψb(ib). By the

concavity of v and definition of q0, the buyer invests the efficient quantity i?b . In turn,

the seller has all the bargaining power in the renegotiation. Therefore, his expected

payoff is given by Eθ[σ(i?b , is, θ, q
?)− v(i?b , θ, q0)] + p0 − ψs(is), which induces him to

choose i?s.
15 Since renegotiation must be efficient, the efficient quantity q?(i?b , i

?
s, θ)

is traded. A similar result would be obtained if the bargaining power is given to the

buyer with the corresponding changes in the default option.

The role that p0 plays is more subtle. Note that the seller gets all return from

renegotiation, that is, σ(i?b , i
?
s, θ, q

?)− [v(i?b , θ, q0)− c(i?s, θ, q0)], so p0 defines the way

the ex ante expected surplus, which takes into account the renegotiation process, is

being divided. It then reflects the pre-contractual bargaining power of each party.

Note also that the efficiency result works for any arbitrary p0, as long as it guarantees

a nonnegative expected level of utility for each party.

Some caveats to this result apply: the default outcome has to be calibrated in a

14Define q = maxθ∈Θ q
?(i?b , i

?
s, θ) and q = minθ∈Θ q

?(i?b , i
?
s, θ). Since vqib ≥ 0, we have that

E θ[vib(i?b , θ, q)] ≥ ψ′b(i?b) ≥ E θ[vib(i?b , θ, q)]

15Because the buyer has no renegotiation power, the seller will leave him with the surplus

associated with the default outcome (q0, p0). That is, if the parties renegotiate the initial price p0

to a price p̃, the buyer will get v(i?b , θ, q
?)−p̃ = v(i?b , θ, q0)−p0. Solving for p̃, we have that the seller’s

ex post payoff will be v(i?b , θ, q
?)− v(i?b , θ, q0) + p0− c(i?s, θ, q?) = σ(i?b , i

?
s, θ, q

?)− [v(i?b , θ, q0)− p0],

which is the total surplus minus the buyer’s payoff.
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particular way in order to provide the right incentives. Thus, the optimal contract is

not robust in the sense that it is sensitive to the details of the model (Evans (2008)).

In particular, results depend strongly on the assumptions about the outcome of the

renegotiation process. Note that the contract proposed by Aghion, Dewatripont,

and Rey (1994) and Chung (1991) leaves the buyer (or the seller, depending on

who has the bargaining power) with his outside option, the default allocation. This

situation makes the buyer indifferent between the efficient allocation proposed by

the seller or going to court to enforce the default outcome. In this sense, Edlin and

Reichelstein (1996) points out that the mechanism relies on the fact the buyer puts

probability zero on profitable renegotiation if he rejects the seller’s offer. That is,

once one of the parties go to court to impose the default outcome, this party has

to anticipate that no further renegotiation to a more efficient allocation is possible,

even if the initial allocation is invariably inefficient. For example, in Chung (1991),

the initial contract defines the seller as the party to make a take-it-or-leave-it offer

after uncertainty is resolved. As Che and Hausch (1999) notes, such a scheme might

not work if the buyer cannot commit not to engage in counteroffers after rejecting

the seller’s offer.

3.1.2 Option contracts: Noldeke and Schmidt (1995)

Noldeke and Schmidt (1995) is very closely related to Aghion, Dewatripont, and Rey

(1994) and Hart and Moore (1988). In their paper, they use the same framework

as Hart and Moore (1988) but with one modification: in contrast with Hart and

Moore (1988), if trade fails, the court can distinguish which contracting party was

responsible for it.16 The contractual solution proposed by Noldeke and Schmidt

(1995) is to define an option contract, which is a contract where the seller has the

option (but not the obligation) to deliver a fixed quantity of the good. On the

buyer’s side, the contractual payment is made contingent on the seller’s decision to

deliver the good. The interpretation of this type of contract in a job relationship

could be very similar to the one provided in Aghion, Dewatripont, and Rey (1994)’s

framework: the employee can decide (i.e., has the option) to conduct the new project

demanded by the employer or not and his payment depends on his decision.

16There are some other technical differences: the sets of possible investments are compact and

θ = (vj , cn) is distributed on Θ = [0, 1]2.
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The sequence of events is the same as in Figure 1. Remember that in Hart and

Moore (1988), q = {0, 1} and θ = (vj, cn), which are kept in Noldeke and Schmidt

(1995)’s framework.17 Again, let p0 be the price the seller receives if the good is

not delivered and p1 otherwise. Moreover, denote by p the (possibly negative) net

payment the buyer pays to the seller ex post, i.e., after renegotiation. The agents’

ex post payoff are then given by:

Ub(ib, θ, q) = q · v(ib, θ)− p− ψb(ib)

Us(is, θ, q) = p− q · c(is, θ)− ψs(is)

An option contract is a pair (p0, k), where k is the option price given by k =

p1 − p0. Renegotiation occurs according to the following protocol: assume that a

party makes a renegotiation offer (p̃0,j, p̃1,j), j = b, s, only if it strictly increases his

payoff. After the realization of θ, the parties can decide to show the offer received

to the court. The court observes delivery and will enforce the initial contract unless

both parties present the same offers or one party presents an offer signed by the

other party, in which case the new contract is enforced.

Noldeke and Schmidt (1995) shows that given the investments (ib, is), parties

trade the efficient quantity q?(ib, is, θ) and p is given by:

(i) if k ≤ c(is, θ) then p = p0 + q · c(is, θ)

(ii) if k > c(is, θ) then p = p1 − c(is, θ) + q · c(is, θ) (5)

Here we sketch the proof: because the seller has the option to deliver the good

or not and he would make an offer only if, by doing so, his expected payoff is

strictly better, Noldeke and Schmidt (1995) shows that the seller does not make

any renegotiation offer in equilibrium. To see this, suppose the parties make offers

(p̃0,j, p̃1,j), j = b, s and let p?q = max{pq, p̃q,b}, for q = 0, 1. Consider the case where

the seller chooses q = 0. The buyer can ensure that his payment does not exceed p?0

by not showing the court the offer the seller made. Therefore, the seller’s expected

payoff cannot be higher than p?0. Conversely, suppose the seller chooses q = 1. In

this case, his payoff cannot exceed p?1 − c(is, θ). Hence, the seller can guarantee the

payoff maxq{p?q− qc(is, θ)} by choosing q appropriately and submitting the contract

that specifies p?q to the court, without making any renegotiation offer.

17However, investments are not assumed to affect the realization of θ anymore.
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Note that the renegotiation price will then be determined just by the seller’s cost.

As a consequence, the buyer will receive the full marginal return to his investment

only if trade is efficient. Now consider the following cases:18

(a) k < c(is, θ) and v(ib, θ) ≤ c(is, θ)⇒ q? = 0

The seller does not want to trade because p0 > p1 + c(is, θ) and there does not

exist a renegotiation offer the buyer could make that would strictly increase

his payoff. Hence, the seller will not deliver (q = 0) and p = p0.

(b) k < c(is, θ) and v(ib, θ) > c(is, θ)⇒ q? = 1

Again, the seller does not want to trade but the efficient quantity is now

q? = 1. Note that the buyer will not offer a raise in p0 since it would increase

the incentive for the seller not to trade. However, the buyer can increase his

payoff by offering a new contract with p̃1,b = p0 + c(is, θ). The seller would

then present this offer to the court and produce the good.

(c) k > c(is, θs) and v(ib, θb) < c(is, θs)⇒ q? = 0

Note that if the buyer does not make any offer, the seller will choose to produce

even if q = 0 is the efficient quantity. The buyer then can make an offer that

would increase p0 as to make the seller not to produce. Therefore, the optimal

choice for the buyer will be p̃0,b = p1− c(is, θ), a price the seller would enforce

and choose q = 0.

(d) k > c(is, θ) and v(ib, θ) > c(is, θ)⇒ q? = 1

Again, the seller wants to deliver and there is no negotiation proposal the

buyer can make to strictly increase his payoff. Agents trade q = 1 with price

p1.

Therefore, we can compute the buyer’s payoff for all the cases:

Ub(ib, θ, q) = −ψb(ib) +


−p0 in (a)

v(ib, θ)− p0 − c(is, θ) in (b)

c(is, θ)− p0 − k in (c)

v(ib, θ)− p0 − k in (d)

18The cases where an equality holds are simpler and thus omitted.
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Note that the option contract gives the buyer all bargaining power in the event of

a renegotiation and we have provision (ii) of Aghion, Dewatripont, and Rey (1994)

satisfied. Consequently, given the investment made by the seller, the buyer will

always choose i?b .

Given (5), we can also compute the seller’s payoff:

Us(ib, θ, q) = −ψs(is) +

{
p0 in (i)

p0 + k − c(is, θ) in (ii)

Combining the two cases, given an option contract (p0, k), we can write the

seller’s maximization problem as:19

max
is

Us(is, θ, q) = −ψs(is) + p0 +

∫ 1

0

max{k − c(is, θ), 0}f(θ)dθ (6)

An we can state Noldeke and Schmidt (1995)’s main result:

Proposition 3 (Noldeke and Schmidt (1995)). Suppose the seller’s maximization

problem in (6) has a unique solution is(k) for all k ∈ [0, k], where k = maxθ,is c(θ, is).

Then, there exists an option contract (p?0, k
?) which implements efficient investment

and trade decisions. Furthermore, any division of the ex ante surplus can be achieved

by choosing p?0 appropriately.

The proof is based on the fact that whenever the seller’s maximization problem

(6) for a given k is sufficiently well behaved, it allows enough flexibility to the choice

of k? such that is(k
?) = i?s. This would imply that provision (i) of Aghion, Dewa-

tripont, and Rey (1994) is satisfied and thus giving the right investment incentives

to the seller. Note that the role played by p0 is exactly the same as in Aghion,

Dewatripont, and Rey (1994).

Because Noldeke and Schmidt (1995) uses a very similar framework as Hart and

Moore (1988), their approach emphasizes that contracting at will is crucial to the

underinvestment result. By modifying this assumption and introducing an option

contract, they showed that the first best can be achieved.

3.1.3 Division of renegotiation surplus: Edlin and Reichelstein (1996)

One feature that is common to the solutions in Aghion, Dewatripont, and Rey

(1994), Chung (1991) and Noldeke and Schmidt (1995) is that in the optimal contract

19Assume the distribution of θ has density f .
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one party receives the entire renegotiation surplus and becomes the residual claimant

of his investment. The initial contract is then adjusted in order to give the correct

incentives to the other party. In contrast, in Edlin and Reichelstein (1996), the

renegotiation surplus is shared among parties.

With respect to the general environment presented in Subsection 2.1, Edlin and

Reichelstein (1996) also assumes that the sets of possible investments are compact,

ib ∈ Ib = [0, imaxb ] and is ∈ Is = [0, imaxs ]. Moreover, they suppose q ∈ Q = [0, qmax].

As in Chung (1991), they suppose vibq > 0 and cisq < 0. There are no direct

externalities, that is, the buyer’s valuation and the seller’s cost are:20

Ub(ib, θ, q, p) = v(ib, θ, q)− p− ψb(ib)

Us(is, θ, q, p) = p− c(is, θ, q)− ψs(is)

At t = 0, the parties sign an initial contract (q0, p0, T ) where T is a (possibly

negative) up-front payment the buyer pays the seller that parties may use to divide

the ex ante gains from contracting. Note here that T plays the same role as p0 in the

previously presented models. Moreover, p0 in Edlin and Reichelstein (1996)’s frame-

work is the unitary price. After θ is realized, the buyer’s valuation, the seller’s cost

and the efficient good q?(ib, is, θ) are known and most likely q0 6= q?(ib, is, θ). There-

fore, there is room for mutually beneficial renegotiation toward q?(ib, is, θ). Although

the authors provide an explicit renegotiation game in the appendix, throughout the

paper they take the seller’s share of the renegotiation surplus α as exogenously given.

By assuming this, implicitly it can be understood that the unmodeled bargaining

process has only one equilibrium, which is the α sharing rule. Uniqueness of the

equilibrium is not an innocuous assumption as shown by Evans (2008).

Edlin and Reichelstein (1996) further argues that the contract could specify a

provision that ensures that one party is interested in enforcing the default allocation

(p0, q0). For example, this could be done by specifying p0 such that:

p0 · q0 − c(is, θ, q0) > 0 for all is and θ (7)

In this case, if renegotiation fails, it would be in the seller’s interest to enforce the

initial contract. This ensures that the initial contract is a relevant threat starting

point for renegotiation.

20Edlin and Reichelstein (1996) assumes that the cost functions of the investments are: ψb(ib) =

ib and ψs(is) = is.
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Before stating Edlin and Reichelstein (1996)’s main result, a separability condi-

tion needs to be assumed:

v(ib, θ, q) = v1(ib) · q + v2(θ, q) + v3(ib, θ)

c(is, θ, q) = c1(is) · q + c2(θ, q) + c3(is, θ) (8)

The above condition ensures the independence of the cross-partial derivatives

vibq and cisq of q and θ.21 Now, we are ready to state their result:

Proposition 4 (Edlin and Reichelstein (1996)). Suppose the parties expect the court

to impose the initial contract if renegotiation fails. Given (8) and any constant

sharing parameter α, suppose further that the parties choose a contract (q0, p0(q0), T )

where

q0 =

∫
q?(i?b , i

?
s, θ)dF (9)

and p0 satisfies (7). Then, the first best investment levels i?b and i?s can be imple-

mented.

Here we sketch the argument of the proof: suppose the buyer invests efficiently.

The seller then faces the following problem:

max
is

p0 · q0 − is −
∫
c(is, θ, q0)dF

+α
∫

[σ(i?b , is, θ, q
?(i?b , is, θ))− {v(i?b , θ, q0)− c(is, θ, q0)}]dF (10)

The first line of (10) corresponds to the seller’s expected payoff before renego-

tiation while the bracketed term represents the surplus from renegotiation. Also,

remember that q?(i?b , is, θ) = arg maxq∈Q v(i?b , θ, q)− c(is, θ, q). The derivative of the

above expression with respect to is is:22∫
[−(1− α)cis(is, θ, q0)− αcis(is, θ, q?)]dF − 1

21These are technical assumptions. Some possible interpretations given by the authors to this

condition are: the investment saves some given amount of labor in the production of each unit,

or investment provides a lower linear input in procuring an input, or, finally, as second-order

approximations to the parties’ “true” valuation and cost functions.
22The envelope theorem is applied to the term σ(i?b , is, θ, q

?(i?b , is, θ)) ≡ maxq∈Q[v(i?b , θ, q) −
c(is, θ, q)] in order to get the expression.

25



Because of (8), the above expression simplifies to:

−c′1(is)
[
(1− α)q0 + α

∫
q?(i?b , is, θ)dF

]
+

∫
∂c3
∂is

(is, θ)dF − 1 (11)

Edlin and Reichelstein (1996) also assumes that the pair of efficient investments

(i?b , i
?
s) is the unique interior solution to (2). Then, we have that:23

Wis(i
?
b , i

?
s) = −cis(i?s, θ, q?(i?b , i?s, θ))− 1 = 0

= −c′1(is)
∫
q?(i?b , i

?
s, θ)dF −

∫
∂c3
∂is

(i?s, θ)dF − 1 = 0 (12)

Combining (2) with the definition of q0 in (9), we have that (11) is equal to zero

when is = i?s, so i?s maximizes the seller’s problem.24 Making an analogous argument

for the buyer, we have Edlin and Reichelstein (1996)’s result.

Thus, a fixed-price noncontingent contract with a simple instrument q0, where

q0 is an unbiased estimate of the quantity to be traded ex post, can get the parties

to invest efficiently. The quantity q0 has the property that on average it equals the

investor’s marginal return from investment to the marginal social return. Keeping

with our example of a job relationship, we can think about a contract where the

employer wants the employee to sell some products. The employer gives the employee

a stock of the products for which the employee has to pay T and decide how much

effort (is) to exert in order to sell the products. q0 can be understood as the average

number of products sold from previous employees. The initial contracted wage

(p0), together with q0, guarantees a strict positive payoff for the employee in case

renegotiation about an increase in wage (if the employee sells more than expected,

for example) fails.

3.1.4 Parallel to the externalities problem and the Coase Theorem

Note that the works presented have a common feature: the initial contract estab-

lishes a provision for the division of the ex ante expected surplus (p0 in Aghion,

Dewatripont, and Rey (1994), Chung (1991) and Noldeke and Schmidt (1995) and

T in Edlin and Reichelstein (1996)). The efficient outcome works for an arbitrary

choice of p0 or T , provided that it ensures a nonnegative expected payoff for both

23Also, applying the envelope theorem.
24Indeed, i?s is the global maximum.
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parties. Having this in mind, we can parallel the aforementioned results to the

Coase Theorem. If we understand the simple contract outlined in these works as a

definition of the rights of the parties and the mechanism of trade, no matter how

the initial allocation of the expected surplus is divided (p0 or T ), the efficient result

will be achieved. Of course, to say that the initial contract correctly defines prop-

erty rights might be pushing this interpretation too far, since it does not have the

attributes typical to properties (the parties might not be able to sell it, for example,

if they want).25

As said in the Introduction, previous works (Grossman and Hart (1986), Hart

and Moore (1990)) on the holdup problem state that the definition of the property

rights when the specific investment is a tangible asset (as a machine, for instance) can

induce efficiency. What we are proposing here is to interpret the above contractual

solutions in a similar manner. But here, the specific investment does not need to be

tangible.

In fact, many of the contractual solutions proposed in the literature resemble

solutions to externalities problems. The investment of each party indeed have an

indirect effect in the other party’s payoff through the effect in the surplus. For

instance, the investment of the seller can increase the quantity to trade or reduce

the price for the buyer. Although it is not natural to call this indirect effect as

an externality, since it is the result of the strategic interactions and do not nec-

essarily affect the payoffs directly, the holdup problem has an important common

feature with the externality problem: underinvestment occurs because one party’s

investment increases the social surplus more than it increases the private surplus,

exactly the reverse as in the Tragedy of the Commons, when overinvestment occurs

because the private marginal benefit of one more cow to graze is higher than the

social benefit.26

To conclude, thinking of externalities comes naturally when studying the holdup

problem. The next subsection presents a model that includes a direct externality of

the agents’ investments.

25Che and Sákovics (2008) also relates the holdup problem to the Coase Theorem but with a

different perspective: holdup arises because the noncontractibility of relevant variables imposes

transaction costs to the contracting parties. Therefore, the Coase Theorem would not apply.
26As Che and Sákovics (2004) points out, the holdup literature has intersection with the liter-

ature that studies contributions to the provision of a public good.
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3.2 Direct externalities: Che and Hausch (1999)

Until now, we have only considered frameworks where the specific investment made

by one agent affects his own payoff. However, some of the previous results are still

valid when the investment of one party can affect the other party’s payoff (one-sided

direct externalities). For example, in the framework of Aghion, Dewatripont, and

Rey (1994), we can consider that the seller’s payoff is

Us(ib, is, θ, q, p) = p− c(ib, is, q, θ)− ψs(is)

That is, the buyer’s investment might, for example, reduce the seller’s cost. As

an illustration, imagine a job relationship, where the employee is the seller and

the employer the buyer and they trade work hours. The investment made by the

employer could be thought of improvements in the employee’s workplace or a training

in a specific machine. These types of investments could reduce the employee’s cost

by making him happier at work or by inducing him to do less effort.

In this case, the first order condition of W (ib, is) with respect to ib then becomes

(applying the envelope theorem):

Eθ [vib(i
?
b , θ, q

?)− cib(i?b , i?s, θ, q?)] = ψ′b(i
?
b)

Redefining q0 as:

Eθ [vib(i
?
b , θ, q0)− cib(i?b , i?s, θ, q0)] = ψ′b(i

?
b)

We have that the simple contract of Proposition 2 implements the first best.

Noldeke and Schmidt (1995)’s environment also allows for one-sided direct exter-

nalities. Consider the case where the seller’s investment affects directly the buyer’s

valuation v. For example, the seller’s investments may improve the quality of the

good from the point of view of the buyer. In this case, it is shown by Noldeke

and Schmidt (1995) that the seller can choose an option price such that he has ex

ante the right incentives to invest. But then, given that the seller chooses i?s and

the buyer is the residual claimant, the best response of the buyer is to also invest

efficiently.

Note however that if there are bilateral direct externalities, the efficiency result

is no more valid both in Aghion, Dewatripont, and Rey (1994) and Noldeke and
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Schmidt (1995). This is because in both papers the party with full bargaining

power does not benefit from any direct externality, although the other party still

has the incentives to invest efficiently.

Che and Hausch (1999) contributes to the literature by introducing bilateral

direct externalities in the standard holdup framework. They present the concept of

“cooperative” investments, which are the specific-relationship investments made by

one party that generates a direct benefit for the trading partner. Keeping in mind

the job relationship case mentioned above, an example of a cooperative investment

made by the seller (the employee) could be thought of the search for cheaper inputs

or an effort to get better deals with suppliers, which would increase the employer’s

valuation. In contrast, when investments affect only the investor’s payoff (framework

considered in Subsection 3.1), investments are called “selfish”.

Formally, for q > 0, the seller’s investment is is cooperative when vis(ib, is, θ, q) >

0 and selfish when cis(ib, is, θ, q) < 0. Similarly, for q > 0, the buyer’s investment is

cooperative when cib(ib, is, θ, q) < 0 and selfish when vib(ib, is, θ, q) > 0. Note that

an investment can be at the same time cooperative and selfish, which is called a

hybrid investment.

As well as the first best outcome, Che and Hausch (1999) defines another useful

benchmark to later compare the results, which they call no contracting game or

Williamson game. In this setting, suppose the parties do not sign an initial con-

tract; instead they make investment decisions (ib, is) observe θ before bargaining

the determination of the terms of trade. As Edlin and Reichelstein (1996), Che and

Hausch (1999) assumes that the bargaining power is exogenously given and again

let α be the seller’s fraction of the net surplus.27 Because bargain leads to the ef-

ficient production level, the parties will trade an efficient quantity q?(ib, is, θ). For

notational easiness, we omit the arguments and write the efficient quantity just as

q?.

The agents’ payoff in the Williamson game are then given by:

Uw
b (ib, is) = (1− α)Eθ[σ(ib, is, θ, q

?)]− ψb(ib)

Uw
s (ib, is) = αEθ[σ(ib, is, θ, q

?)]− ψs(is)
27Again, we have (implicitly) the assumption of a unique equilibrium in the renegotiation process

given by α. Evans (2008) shows that this might not be true if we think of the renegotiation process

as generated by an alternating offer scheme in which parties sign an initial contract.
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Let ib = B(is) be the buyer’s best response to is, which maximizes Uw
b (ib, is)

given is and let is = S(ib) denote the seller’s best response to ib, which maximizes

Uw
s (ib, is) given ib.

In addition to the assumptions presented in Subsection 2.1, suppose also that:

1. v(ib, is, θ, q)− c(ib, is, θ, q) is negative for q > M for some M <∞

2. for q > 0, v(ib, is, θ, q)−c(ib, is, θ, q) is nondecreasing in (ib, is, θ), and bounded

above by some N <∞ for any (ib, is, θ, q) ∈ R2
+ ×Θ× R+

3. W (ib, is) is strictly concave. Moreover, its unique maximizer (i?b , i
?
s) has at

least one investment that is strictly positive.

4. There is an unique equilibrium (iwb , i
w
s ) of the Williamson game.

Besides, Che and Hausch (1999) considers that Θ = [0, 1] and ψb(ib) = ib and

ψs(is) = is. The set bounded by both B(is) and S(ib) is denoted Γ = {(ib, is) : ib ≤
B(is) and is ≤ S(ib)}. Note that by definition of equilibrium iwb = B(iws ) and

iws = S(iwb ). Thus (iwb , i
w
s ) ∈ Γ and we guarantee that Γ 6= ∅.

Now, consider the problem the parties face to write a contract. As usual, (ib, is, θ)

is observable by both parties but these variables are not verifiable. Because of this,

contracts cannot be written contingent on them. However, the reports made by the

buyer and the seller about the realization of (ib, is, θ) are verifiable. The Revelation

Principle enables us to restrict attention to direct revelation mechanisms. It is useful

to recall the notation ω to represent the triple (ib, is, θ). Therefore, let ωb and ωs

be the buyer and the seller’s reports about the state of the world ω = (ib, is, θ).

Moreover, let a mechanism be a pair of functions (q̃, p̃) : (R2
+ ×Θ)2 → R+ ×R that

determines a price and a quantity to be traded as functions of the parties’ reports.28

The timing is the same as in Figure 1: at t = 0 the parties sign an initial contract.

At t = 1, ω is realized and each party choses his report ωb and ωs, respectively. If

q̃(ωb, ωs) /∈ arg maxq v(ib, is, θ, q)− c(ib, is, θ, q), then parties engage in renegotiation

to an efficient trade level. In this framework, the payoffs are given by:

Ub(ωb, ωs;ω) = v(ω, q̃(ωb, ωs))− p̃(ωb, ωs)

+(1− α)[σ(ω, q?)− {v(ω, q̃(ωb, ωs))− c(ω, q̃(ωb, ωs))}]
28We interchangeably use mechanism and contract to denote (q̃, p̃).
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Us(ωb, ωs;ω) = p̃(ωb, ωs)− c(ω, q̃(ωb, ωs))

+α[σ(ω, q?)− {v(ω, q̃(ωb, ωs))− c(ω, q̃(ωb, ωs))}]

For each agent, the first term represents the payoff under the initial contract

(default outcome) and the bracketed represents the surplus from renegotiation, mul-

tiplied by each agent’s share. Note that Ub(ωb, ωs;ω) + Us(ωb, ωs;ω) = v(ω, q?) −
c(ω, q?) = σ(ω, q?) for all ω ∈ Ω, that is, the mechanism is a fixed-sum game.29 Also

note that the functions Ub and Us are defined in terms of the mechanism, so that

they do depend on (q̃, p̃) but we omit the dependence for notational ease.

Therefore, the parties want to find the surplus maximizing incentive compatible

mechanism and investment levels by solving:

max
q̃(·),p̃(·),ib,is

Eθ[σ(ib, is, θ, q
?)]− ψb(ib)− ψs(is) (13)

subject to

(ICb) U b(ω) ≥ Ub(ωb, ω;ω) ∀ ω, ωb ∈ Ω

(ICs) U s(ω) ≥ Us(ω, ωs;ω) ∀ ω, ωs ∈ Ω

(Invb) ib ∈ arg maxĩb≥0 Eθ[Ub(ĩb, is, θ)]− ψb(ĩb)

(Invs) is ∈ arg maxĩs≥0 Eθ[Us(ib, ĩs, θ)]− ψs(ĩs)

where U j(ω) = Uj(ω, ω;ω) is the payoff agent j = b, s receives when reporting

the true state ω = (ib, is, θ), given that the other agent also reports truthfully. A

contract (q̃, p̃) is said feasible if there is (ib, is) such that (ib, is, q̃, p̃) satisfies ICb,

ICs, Invb and Invs.
30

Note that the objective function assumes the first best quantity to be traded

q? because of renegotiation. Conditions (ICb) and (ICs) ensure that the parties

report the truth while (Invb) and (Invs) guarantee that each party chooses his best

29As pointed out by the authors, because the arbitrariness of the functional forms of (q̃, p̃), Ub

and Us do not satisfy the single-crossing property. The fixed-sum property allows to solve the

problem of writing a contract without the first order approach.
30Further, whenever we use a feasible contract, the reader may assume that the particular levels

of investment are kept fixed. We prefer to do so instead of including the investments directly into

the contract definition to avoid confusion with the usage in Che and Hausch (1999).
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response investment level, given the other party’s decision and truthfully reporting

of the state of the world. Implicitly, it is assumed that the parties engage in contract

voluntarily, so there is no need to specify participation constraints (not contracting

is always feasible).

Che and Hausch (1999) then defines four measures to characterize the extent to

which each investment is cooperative. Consider first two of them:

α? = inf{k ∈ [0, 1] | kvis(ib, is, θ, q) + (1− k)cis(ib, is, θ, q) ≥ −(1− k)σis(ib, is, θ),

∀ (ib, is, θ, q) ∈ R2
+ ×Θ× R+}

α? = sup{k ∈ [0, 1] | kvib(ib, is, θ, q) + (1− k)cib(ib, is, θ, q) ≤ kσib(ib, is, θ),

∀ (ib, is, θ, q) ∈ R2
+ ×Θ× R+}

The inequalities that define the above measures come from the derivatives of the

payoff function when both agents report truthfully.31 The other two measures are

defined as:

α = inf{k ∈ [0, 1] | kvis(ib, is, θ, q) + (1− k)cis(ib, is, θ, q) ≥ 0,

∀ (ib, is, θ, q) ∈ R2
+ ×Θ× R+}

α = sup{k ∈ [0, 1] | kvib(ib, is, θ, q) + (1− k)cib(ib, is, θ, q) ≤ 0

∀ (ib, is, θ, q) ∈ R2
+ ×Θ× R+}

These two measures determine to which extent the marginal expected return of

the agent’s investment is bounded by the agent’s share of the marginal return on

the expected social surplus of his investment. Formally,32

∂Eθ[Ub(ib, is, θ)]
∂ib

≤ (1− α)

(
∂Eθ[σ(ib, is, θ, q

?)]

∂ib

)
if α ≥ α

∂Eθ[Us(ib, is, θ)]
∂is

≤ α

(
∂Eθ[σ(ib, is, θ, q

?)]

∂is

)
if α ≤ α (14)

31Consider the effects on payoffs of a marginal change of the investments decisions while keeping

report ω fixed (i.e., here ω does not stand for the actual vector (ib, is, θ)):

∂Ub
∂ib

(ω, ω; (ib, is, θ)) = αvib(ib, is, θ, q) + (1− α)cib(ib, is, θ, q) + (1− α)(σib(ib, is, θ, q
?))

∂Us
∂is

(ω, ω; (ib, is, θ)) = αvis(ib, is, θ, q) + (1− α)cis(ib, is, θ, q)− α(σis(ib, is, θ, q
?))

32For more details, see Lemma 1 in Che and Hausch (1999).
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The above results are implied by the incentive compatible constraints. Intu-

itively, if the parties want to design a truthful report mechanism, it is necessary to

constraint the return on investments to be no more than the party’s share of the

return on the social surplus.

Note that α? ≤ α and α? ≥ α. Moreover, small values of α? and α mean that the

seller’s investment is highly cooperative because if a small k can cause kvis+(1−k)cis

to be nonnegative, then it means that vis is large even if the investment also reduces

the seller’s cost (negative cis). Similarly, high values of α? and α mean that the

buyer’s investments is highly cooperative. And we can now state Che and Hausch

(1999) main result:

Proposition 5 (Che and Hausch (1999)). Suppose that Assumptions 1-4 hold and

that committing not to renegotiate the contract is impossible for the parties. (i) If

α > α? or α < α?, then the first best outcome cannot be achieved by any contract.

(ii) If α ∈ [α, α], then any feasible investment pair (ib, is) belongs to Γ. In addition,

if Eθ[σ(ib, is, θ, q
?)] is supermodular in (ib, is), then the solution to (13) generates

the Williamson outcome, that is, the (constrained) optimal contract is to have no

contract.33

The proof of (i) is straightforward: Che and Hausch (1999) shows that when

α > α?,34

∂Eθ[Us(ib, is, θ)]
∂is

< σis(ib, is, θ)

Let S?(ib) = arg maxis Eθ[σ(ib, is, θ, q
?)]−is denote the efficient seller’s best response

investment is given ib. Assume by way of contradiction that is ≥ S?(ib). If α > α?,

then by the above expression, we have:

∂Eθ[Us(ib, is, θ)]
∂is

− 1 < σis(ib, is, θ)− 1 ≤ 0

so the seller wants to lower his investment whenever is ≥ S?(ib) The case for the

buyer when α < ᾱ? is symmetric.

33A function f(x, y) is supermodular in x ∈ Rk if for each y, f(x, y) + f(x̃, y) ≤ f(x ∧ x̃, y) +

f(x∨ x̃, y) for all (x, x̃) ∈ Rk×Rk and where (x∧ x̃) ≡ (min(x1, x̃1), . . . ,min(xk, x̃k)) and (x∨ x̃) ≡
(max(x1, x̃1), . . . ,max(xk, x̃k)). In the our particular case, we have x = (ib, is) and there is no y.

34Lemma 1 in Che and Hausch (1999).
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To show (ii), assume by way of contradiction that is > S(ib), where S(ib) is the

seller best response in the Williamson game. Then, since α ∈ [α, α], we have again

by (14):
∂Eθ[Us(ib, is, θ)]

∂is
− 1 ≤ α

(
∂Eθ[σ(ib, is, θ, q

?)]

∂is

)
< 0

where the last inequality follows from is > S(ib). But then it is optimal for the seller

to lower his investment, a contradiction.

We will omit the rest of the proof but give some intuition for it. Supermodularity

of Eθ[σ(ib, is, θ, q
?)] means that the investments the parties make are strategic com-

plements, that is, an increase of the investment by one party increases the marginal

social return of the other party’s investment. For instance, if an employer invests in

a machine and the employee makes an effort to learn how to operate it, the return

of the machine will be higher and we have supermodularity.

Therefore, if for example the seller’s investment is sufficiently cooperative, an

increase in is will have a positive effect in the marginal returns of the surplus

for ib. Supermodularity ensures that the investments which maximizes (2) is the

Williamson equilibrium pair (iwb , i
w
s ). The optimal contract in this case is setting

(q, p) = (0, 0), i.e., no contracting (Williamson game). Observe also that the first

best cannot be achieve with this mechanism and the holdup problem is particularly

severe in this environment.

Note that supermodularity is assumed in the previous works analyzed in Sub-

section 3.1, as Aghion, Dewatripont, and Rey (1994), Chung (1991) and Edlin and

Reichelstein (1996). Therefore, Che and Hausch (1999) brings a negative result:

not only the previous frameworks do not allow for direct bilateral externalities as

mentioned in the beginning of this subsection, but also, when these externalities are

present, contracting has no value, that is, parties can do as well as making spot

negotiations. However, note also that a common feature is present in these papers:

while some optimal contracts set the bargaining power as α = 1 (or zero) as Aghion,

Dewatripont, and Rey (1994), Chung (1991) and Noldeke and Schmidt (1995) (by

giving the option of producing to the seller), others assume that α is exogenously

given, as Che and Hausch (1999) and Edlin and Reichelstein (1996). All in all,

the bargaining power is always fixed. In other words, even when the authors do

not explicitly design how the renegotiation process is conducted, they are implicitly

assuming that the renegotiation has an unique outcome, characterized by the bar-
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gaining power α. In the next subsection we will see that this might not be the case

when there is an initial contract in force. There can exist multiple equilibria and

the first best outcome is implementable.

3.3 Multiple equilibria: Evans (2008)

More recently, Evans (2008) proposed a very elegant solution to the holdup problem.

As in most papers considered in this survey, regardless of the incompleteness of the

initial contract, it may be possible for the parties to efficiently renegotiate the initial

contract once the uncertainty is resolved.

However, differently from previous solutions to the holdup problem, Evans (2008)

shows that there are multiple equilibria at the renegotiation stage which correspond

to different payoff distributions between the players. More importantly, in the setting

he proposes, there is a contract that generates a renegotiation game in which the

efficient outcome can be obtained in equilibrium. The main intuition behind this

result is that these multiple continuation equilibria of the renegotiation game can

be used as punishment devices (as usual in repeated games). Moreover, this result

applies to many of the environment previously discussed, as for example, direct

externalities, letting v(ib, is, θ, q) be the buyer’s valuation and c(ib, is, θ, q) the seller’s

cost.

In line with the literature, contracts are enforced by a court which cannot verify

investments and θ. Therefore, the court does not know which good is efficient. But

the court observes if trade has occurred and which good the seller produces, as

well as the contract in force. Evans (2008) designs renegotiation as an exogenously

given infinite-horizon noncooperative bargaining game. The parties sign an initial

contract γ0 and make simultaneous investments.

As an example, consider that the initial contract γ0 is defined as: after learning

θ, the buyer nominates a good qb and a price p. If at any subsequent time, the seller

produces good qb, then the buyer pays p. If the seller does not produce or produces a

good different from qb, then no payments are due. That is, the seller has the option

to decide to produce or not any feasible good, given the investments made.

Consider the following simplified renegotiation game, played over time by the

buyer and the seller with initial contract γ0:
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1. the buyer and the seller simultaneously choose ib and is

2. uncertainty θ is realized

3. the seller proposes a contract from a set C (to be described below) or makes

no proposal

4. the buyer accepts or rejects the seller’s proposal

5. the seller produces a good q ∈ Q(ib, is, θ) and the game is over or the seller

chooses not to produce and the game moves on to the next period, where steps

3-5 are repeated, but with a different proposer.

Let P be the upper bound of v(ib, is, θ) and let C be the set of contracts of the

form: if the seller produces good q̂, then the buyer pays p to the seller; if the seller

does not produce q̂, then the seller must pay P − p to the buyer.

Assume the players discount future by β ∈ (0, 1). Consider the subgame starting

at t = 0 at step 2. Suppose the buyer nominates the efficient good q?(ib, is, θ) and a

price p = c(ib, is, θ, q
?) + ασ(ib, is, θ, q

?), where α < β2(1 + β)−1. That is, the price

covers the seller’s cost and gives him a share α of the available surplus.

Consider the strategy in which the seller never produces until a new contract is

agreed and both parties adopt the bargaining strategies of the standard Rubinstein

game when renegotiating an allocation of the available surplus. In fact, Evans (2008)

notes that it is optimal for the seller to follow this strategy since he can get either a

share β(1 + β)−1 or β2(1 + β)−1, depending on who is the next proposes, if he waits

and α < β2(1+β)−1 < β(1+β)−1. Hence, since the seller never exercises the option,

from the point of view of the buyer, the game is the standard Rubinstein game.

Therefore, the Rubinstein outcome can be obtained in equilibrium. Conversely, if

the seller never exercises the option, the option is irrelevant and the game moves

to the Rubinstein equilibrium. Note that this would be the unique equilibrium if

there were no initial contract.

Now, consider the following strategy: as long as no new contact has been agreed,

the seller always exercises the option and in the bargaining over a new contract, the

buyer always demands the whole surplus and accepts an offer only if he gets at least

(1 − α), while the seller also demands the whole surplus and accepts an offer only

if he gets α. Note that this is also an equilibrium because since the seller always
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exercises the option, it is optimal for the buyer not to accept any contract that offers

him less than (1− α). On the other hand, given the buyers’s strategy, it is optimal

for the seller to produce.

Evans (2008) then shows that it is possible to use the above equilibria to imple-

ment a strategy that give the correct investment incentives. Assume that for some

ε > 0 and ib ≤ i?b :

Eθ[σ(i?b , i
?
s, θ, q

?)]− ψb(i?b)− ψs(i?s) >
1

2
Eθ[σ(ib, i

?
s, θ, q

?)]− ψb(ib) + ε (15)

In other words, when both parties invest efficiently, the total available surplus

exceeds what the buyer can get by investing less than the efficient level. By (15),

there exists α1, α2 and β ∈ (0, 1) such that for all β > β, α1 < β2(1 + β)−1:35

α1 −
ψs(i

?
s)

Eθ[σ(i?b , i
?
s, θ, q

?)]
> α2 > 0

(1− α1)Eθ[σ(i?b , i
?
s, θ, q

?)]− ψb(i?b) >
β

(1 + β)
Eθ[σ(ib, i

?
s, θ, q

?)]− ψb(ib)

for all ib ≤ i?b

Consider the following strategy if β > β: agents invest efficiently, i?b and i?s. After

the realization of θ, the buyer nominates the efficient good q?(ib, is, θ). If the seller

has not underinvested, then the buyer proposes p = c(ib, is, θ, q
?) + α1σ(ib, is, θ, q

?);

however, if is < i?s, then the buyer proposes a share α2 to the seller. From step 3

onward:

(i) if the buyer invested ib ≥ i?b and nominated the good and price as described

above, agents play the equilibrium in which the option is always exercised

(ii) if the buyer nominated a good that the seller cannot produce given (ib, is, θ),

agents play the Rubinstein game

(iii) if the buyer has deviated by investing ib < i?b , or by nominating the wrong

good or the wrong price, let us denote the seller’s payoff when he exercises the

option. If us ≤ β2(1 +β)−1σ, they play the Rubinstein game. Otherwise, they

play an arbitrary continuation equilibrium in which the seller gets at least us

because he can always decide to produce or not.36

35These expressions follow from the fact that (15) is also true for ib = i?b .
36Evans (2008) shows, in a more general framework, that this arbitrary continuation equilibrium

exists.
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Note that this strategy is an equilibrium. Consider a deviation by the seller,

that is, is < i?s. His expected payoff is α2Eθ[σ(i?b , is, θ, q
?)]. However, when the seller

invests efficiently, he gets α1Eθ[σ(i?b , i
?
s, θ, q

?)], which, by definition of α2, is greater

than the deviation payoff. Therefore, the deviation is not profitable.37 Now, if the

buyer does not follow the strategy, he would be worse off since the Rubinstein game

renders the buyer less than (1−α1) or (1−α2). Now, consider that the buyer deviates

to ib < i?b . The payoff from deviation is β(1 + β)−1Eθ[σ(ib, i
?
s, θ, q

?)] − ψb(ib) which

is less than what he gets when he invests i?b , i.e. (1− α1)Eθ[σ(i?b , i
?
s, θ, q

?)]− ψb(i?b).
One important aspect of this strategy is worth noting: although in the equilib-

rium path the bargaining power is α1, it is not fixed in the game: the buyer can

threat the seller with the share α2 and the seller can threat the buyer with the Ru-

binstein equilibrium. The existence of these multiple equilibria in the renegotiation

game is the feature that differentiates Evans (2008) from the other papers. Evans

(2008) then generalizes the above example.

In conclusion, by showing there exist multiple equilibria in the renegotiation

game – in contrast with the standard model – Evans (2008) shows that there ex-

ists a contract that can implement the first best outcome even when investments

are cooperative. However, as in the papers presented previously, investments are

made only once. The next subsection presents a model where: parties can invest

sequentially, until agreement is reached.

3.4 Sequential investments: Che and Sákovics (2004)

All the contributions previously presented consider that agents can invest only once

and then renegotiate the surplus. Che and Sákovics (2004) contributes to the holdup

literature by allowing parties to invest along the time until they agree on the terms

of trade. By introducing dynamic interaction between investment and bargaining,

they show that the holdup problem can be solved if parties are sufficiently patient.

Che and Sákovics (2004) suggests the following structure: in each period there is

an investment stage, when the parties simultaneously choose incremental amounts

to invest. Then, with an exogenous probability α, the seller is randomly chosen (or

with probability (1 − α) the buyer is chosen) to propose how to split the surplus

37Note that since the surplus shares are not affected by investments that are greater than the

first best level, agents do not invest more than i?b and i?s.
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that would result if trade occurs at that point. If the offer is accepted, the game

ends and the parties trade according to the agreement. If the offer is rejected, the

game goes to the next period without trade and another investment stage begins,

where parties can add to the existing stock of investments (parties cannot disinvest).

Then, it follows another bargaining stage with a randomly chosen proposer and the

process is repeated until there is an agreement. The bargaining stage suggested is

difficult to interpret in a job relationship as we have been doing in our examples.

However, if effort from the employee can be measured, this could be seen as a type

of investment which the seller (employee) can choose to increase if no agreement is

reached.

If the game ends at the first period, the outcome will be equivalent to the previous

models, which Che and Sákovics (2004) calls static model. Nevertheless, as we shall

see, even if the game ends at the first period, the fact that there are multiple periods

is key to the results. Moreover, note that there are no uncertainties and the parties

do not sign an initial contract in their framework. The lack of uncertainty implies

that the efficient level of investment and trade is known ex ante in contrast to

previously considered models, in which the efficient level of investment is also know

ex ante but the efficient level of trade does depend on the uncertainty in a possibly

non trivial manner.

Let ib ∈ Ib = [0, imaxb ] and is ∈ Is = [0, imaxs ] be the sets of cumulative invest-

ments. Investments are measured by the costs incurred, that is, ψb(ib) = ib and

ψs(is) = is. Let σ(ib, is, q) = maxq∈Q v(ib, is, q)− c(ib, is, q) denote the joint surplus

when trade occurs and denote by σ(ib, is) ≡ σ(ib, is, q
?) the surplus generated by

the efficient quantity q?. Note that direct externalities are allowed. Assume that

σ(·, ·) is twice continuously differentiable, strictly increasing and strictly concave.

Moreover, agents discount future utility by β ∈ [0, 1).

Define the agents’ artificial payoff functions as:

V β
b (ib, is) = (1− α)σ(ib, is)− [1− αβ]ib

V β
s (ib, is) = ασ(ib, is)− [1− (1− α)β]is

Let Bβ(is) and Sβ(ib) be the corresponding best response functions, that is

Bβ(is) = arg max
ib

V β
b (ib, is) and Sβ(ib) = arg max

is
V β
s (ib, is)
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Since V β
j (ib, is;α), j = b, s, is strictly concave, the best responses are unique and

Bβ(·) and Sβ(·) intersect only once. Denote this intersection by (iβb , i
β
s ), that is,

iβb = Bβ(iβs ) and iβs = Sβ(iβb ). The strategy of Che and Sákovics (2004)’s work is to

take this equilibrium of the “artificial” economy (iβb , i
β
s ) and show that when β → 1,

it is also an equilibrium of the environment they are proposing.

Consider the case where β = 1. Note that for α 6= 1:

V 1
b (ib, is)

1− α
− is =

V 1
s (ib, is)

α
− ib = σ(ib, is)− ib − is

Therefore, B1(·) and S1(·) are the socially efficient responses. The first best

is given by the intersection (i1b , i
1
s). Consider now that β = 0. The payoffs are

V 0
b (ib, is) = (1 − α)σ(ib, is) − ib and V 0

s (ib, is) = ασ(ib, is) − is, which are the same

as in the static holdup model. Finally, note that (iβb , i
β
s ) converges to the first best

as β → 1 and that B0(is) ≤ Bβ(is) ≤ B1(is) and S0(ib) ≤ Sβ(ib) ≤ S1(ib) for all

is ≥ 0, ib ≥ 0 and β ∈ [0, 1).

As noted before, the strategy of the paper is to show that the pair (iβb , i
β
s ) can

be implemented as a Markov Perfect Equilibrium for a sufficiently large β. Che and

Sákovics (2001) shows that in any equilibrium path starting from any initial stock

(ib, is), trade must occur immediately because parties invest only once and delays

will be inefficient if no further investment are expected.38 Hence, the relevant payoff

functions to be considered are V 0
b and V 0

s .

Before stating Che and Sákovics (2004)’s result, we first introduce some defini-

tions.39 Let (b, s) : R2
+ → R2 be the mapping from the current stock of investments

into the continuation payoff for the buyer and the seller at that period before a

proposer is randomly chosen. Also, let E ≡ (x, y) : R2
+ → R2

+ be a mapping from

the current stock of investments into the next period stock.

For each (ib, is) ∈ R2
+ and for (i′b, i

′
s) = E(ib, is), the necessary and sufficient

38See Lemma 1 in Che and Sákovics (2001).
39Part of the analysis here is from the working paper version (Che and Sákovics (2001)).
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conditions for a Markov Perfect Equilibrium are:

b(ib, is) = (1− α) max{σ(ib, is)− β[s(i′b, i
′
s)− (i′s − is)], β[b(i′b, i

′
s)− (i′b − ib)]}

+αβ[b(i′b, i
′
s)− (i′b − ib)] (16)

s(ib, is) = αmax{σ(ib, is)− β[b(i′b, i
′
s)− (i′b − ib)], β[s(i′b, i

′
s)− (i′s − is)]}

+(1− α)β[s(i′b, i
′
s)− (i′s − is)] (17)

i′b ∈ arg maxĩb≥ib [b(ĩb, i
′
s)− (ĩb − ib)] (18)

i′s ∈ arg maxĩs≥is [s(i
′
b, ĩs)− (ĩs − is)] (19)

The logic behind (16) is as follows: the buyer is chosen to be the proposer with

probability (1−α). When this is the case, the buyer can make a minimal offer that

the seller will accept by proposing the seller’s continuation payoff β[s(i′b, i
′
s)−(i′s−is)]

while the buyer himself remains with the reminder of σ(ib, is). Or the buyer can

make a rejectable offer, under which he would receive his net continuation payoff.

The buyer will choose the option that ensures him the greatest payoff. And with

probability α, the seller is chosen to be the proposer, when the buyer will earn his

net discounted continuation payoff no matter what the seller chooses. Expression

(17) is analogous.

Let (i′b, i
′
s) = E(ib, is). By (18) and (19), (i′b, i

′
s) is a mutual best response when

the parties start with (ib, is). Hence, if (ib, is) ≤ (ĩb, ĩs) ≤ (i′b, i
′
s), then (i′b, i

′
s) is also

a mutual best response if the parties start with (ĩb, ĩs). Therefore (i′b, i
′
s) = E(ĩb, ĩs).

The consequence of this property is that E(E(ib, is)) = E(ib, is), that is, E(ib, is) is

a fixed point of E(·, ·).
Now, consider the following condition:

V 0
b (i1b , i

1
s) > 0 and V 0

s (i1b , i
1
s) > 0 (20)

This condition says that the parties recoup their investment costs when investing

efficiently in the static game, that is, when they divide the surplus in proportion

to their bargaining power. Note that this condition is not sufficient to guarantee

efficiency in the previous frameworks. However, it is sufficient for the existence of a

Markov Perfect equilibrium when β → 1 as Che and Sákovics (2004)’s main result

shows:

Proposition 6 (Che and Sákovics (2004)). Given (20), there exists a β? < 1 such

that, for all β ≥ β?, there exists a Markov Perfect Equilibrium in which the parties
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choose (iβb , i
β
s ) and trade in the first period. In particular, there exists a Markov

Perfect Equilibrium that becomes arbitrarily closely to the first best as β → 1.

We will sketch the proof for the case σibis ≤ 0.40 Fix any β such that:41

V 0
b (iβb , i

β
s ) ≥ 0 and V 0

s (iβb , i
β
s ) ≥ 0

Let E(·, ·) be a Markovian investment strategy profile defined as:

E(ib, is) =


(iβb , i

β
s ) if (ib, is) ≤ (iβb , i

β
s ) region (i)

(ib, S
β(ib)) if ib > iβb and is ≤ Sβ(ib) region (ii)

(Bβ(is), is) if is > iβs and ib ≤ Bβ(is) region (iii)

(ib, is) if ib ≥ Bβ(is) and is ≥ Sβ(ib) region (iv)

(21)

The starting point of our analysis is any pair (ib, is) ∈ Ib × Is. Agents choose

which investment to make in the next period, which we denote by (i′b, i
′
s) and compare

with the pair prescribed by E, denoted by (x, y). Suppose the parties initially

choose (iβb , i
β
s ). By E, no further investments are made and the game turns to a

pure bargaining game. Delaying trade would be inefficient so the parties divide the

surplus according to their bargaining power (1 − α, α), so the parties will receive

V 0
b (iβb , i

β
s ) and V 0

s (iβb , i
β
s ) in equilibrium.42

Suppose the buyer deviates and invests more than it is prescribed by E, that is,

i′b > x while the seller acts according to E, i′s = y. Then parties go to region (iv) of

(21) and again no further investments are made.43 Since i′b > x ≥ Bβ(y) ≥ B0(y),

then we have that

V 0
b (x, y) ≥ V 0

b (i′b, y)

so the deviation is not profitable.

Next, suppose the buyer deviates to i′b ∈ [ib, x). The agents therefore can be

either in region (i) or region (iii) because ib < x. As a consequence, y is either iβs or

40Although along this survey we have concentrated in models where σibis ≥ 0, the proof of

this case is rather involved. To make the text concise, we opted to sketch the proof for the case

σibis ≤ 0 and provide a flavor of the intuition.
41Such β exists because of (20).
42Note that here the uniqueness of equilibrium is not subject to Evans (2008) critique since the

parties do not sign an initial contract.
43See Appendix.
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is, whichever is greater, that is, y = max{iβs , is} and x = Bβ(y).44

We have that E(i′b, y) = (x, y) and E(x, y) = (x, y). In the current period,

with investments (i′b, y), assume they have not reached an agreement so far and the

bargaining stages begins. With probability (1−α), the buyer is chosen to propose a

division of the surplus. He can make the minimal offer that the seller would accept,

by giving the seller his continuation payoff (ending the game) or make an offer that

the seller will reject and the game goes to the next investment stage, when they

both follow E. Hence, the buyer compares:

Payoff when making an offer the seller will accept: (1− α)σ(i′b, y)− i′b
Payoff when making an offer the seller will reject: β[(1− α)σ(x, y)− (x− i′b)]

However, with probability α, the buyer is chosen to be the responder, when he

receives his continuation payoff β[(1 − α)σ(x, y) − (x − i′b)]. Manipulating these

expressions, we have that the buyer’s payoff from deviation is:

max{V β
b (i′b, y)− βαx+ i′b, β[V 0

b (x, y) + i′b]} (22)

Note that x = Bβ(y) ≤ Bβ(iβs ) = iβb , Bβ(y) ≥ B0(y) and V 0
b (ĩb, y) is nonincreas-

ing in ĩb for ĩb ≥ B0(y). It follows that V 0
b (x, y) ≥ V 0

b (iβb , y). However, because

V 0
b (iβb , ·) is nondecreasing and y ≥ iβs , it results that V 0

b (x, y) ≥ V 0
b (iβb , i

β
s ), which by

(20) is greater than zero. This implies that the first term of (22) can never exceed

V 0
b (x, y), the payoff for not deviating. The second term of (22) attains its maximum

at x = Bβ(y), which is the same as the equilibrium payoff. Therefore, deviating is

not profitable. The case for the seller is symmetric.

Note that in this equilibrium, parties still receive a fraction of the total surplus

on the equilibrium path but this does not prevent parties from investing efficiently.

Moreover, while investments take place in the first period, the equilibrium is sus-

tainable because of the infinite horizon feature of the framework. For instance, note

that if a party invests less than his target, the other party expects this investment

to increase in the next period. This belief would not be credible if there were finite

periods of time. The authors further argue that the result is not due to a version of

44Note that if y = iβs , then the relevant region is (i) and x = iβb = Bβ(iβs ). On the other hand,

if y = is, then agents are in region (iii) and x = Bβ(is).
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the Folk Theorem, since when parties agree to trade, the threat of destroying future

payoffs is no longer available.

In conclusion, although the environment proposed by Che and Sákovics (2004)

differs from the standard model (there are no uncertainties, for example), by intro-

ducing the possibility of making sequential investments, Che and Sákovics (2004)

shows that the holdup problem can be mitigated, even for cooperative investments

and without an initial contract. Therefore, Che and Sákovics (2004) sheds light

to more interesting interactions between the parties. The natural extension to the

case with uncertainty could provide more intuition on whether these interactions

are indeed more general or if only specific to the non random case.

4 Concluding remarks

In this survey, we presented the general idea and main results from what we un-

derstand that are the most important contributions to contractual solutions to the

holdup problem literature. Aghion, Dewatripont, and Rey (1994) and Chung (1991)

showed that an appropriate contractual design can induce parties to invest efficiently,

while Noldeke and Schmidt (1995) introduced option contracts for this purpose.

What these papers have in common is the feature of making one party the residual

claimant of his investment (by giving this party all the bargaining power in the

renegotiation), while the other party is induced to invest efficiently by the default

outcome defined in the initial contract. Edlin and Reichelstein (1996) then proposes

a solution in which the parties can split the renegotiation surplus, while achieving

efficiency under some circumstances.

A very interesting feature that arise from the solutions in these papers is that

the contracts that implement the first best are often simple, in the sense that they

specify a price and a quantity (or two prices in the case of Noldeke and Schmidt

(1995)). Although these contracts may depend on the details of the model, like the

utility functions, they can be easily tested, as Hoppe and Schmitz (2010) and Sloof,

Sonnemans, and Oosterbeek (2004) do. Moreover, the efficient investments can be

achieved with the proposed contracts no matter how the ex ante expected surplus

is divided, which allowed us to parallel these solutions to the Coase Theorem.

However it is important to note that these papers consider situations in which
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bilateral externalities are not allowed. Che and Hausch (1999) showed that when

direct externalities are incorporated in the standard model, contracts might have no

value, that is, parties can do as well as without an initial contract. Che and Hausch

(1999) supposes an exogenously given bargaining share for the parties. Implicitly,

they assume uniqueness of the equilibrium in the renegotiation game. Evans (2008)

subsequently shows that when there is an initial contract in force, it might be the

case that there are multiple equilibria in the renegotiation game. Most importantly,

these equilibria can be used to implement the first best outcome even when there

are direct bilateral externalities.

Finally, Che and Sákovics (2004)’s contribution is to introduce the possibility of

sequential investments, instead of the one shot investment in the standard model.

By allowing an interaction between investment and bargaining, Che and Sákovics

(2004) shows that it is possible to achieve the first best if parties are sufficiently

patient. All in all, Che and Sákovics (2004) and Evans (2008) call attention to the

fact that the holdup problem might not be a source of inefficiencies - and cast doubt

at the reliance of these inefficiencies to explain economic institutions, such as the

financial structure of the firms or property rights allocation. These authors suggest

that literature should look to other sources of inefficiencies such as asymmetry of

information, failures of ex post verifiability or of some kind of rationality constraint.

We also suggest another line for future research. In line with the standard

contract environment, the analysis in all these works consider a couple of agents

isolated. This might be due to a technological constraint, for example. The literature

departs from the idea that once the investments are sunk and the parties are locked-

in to each other, outside options have little or no impact on the terms of trading.

However, introducing outside players could provide interesting insights. If there are

more sellers and buyers, one could ask to which extent the investments are specific to

a particular relationship: are investments specific because parties signed a contract

or because it has no or little value for other buyers or sellers, or both? Consider, for

example, an employee whose specific investment is to pay attention to the job he is

doing. This investment clearly does not have any value outside this relationship and

it is specific not because the parties signed an initial contract. Consider however

that when paying attention to his job, the employee learns something. He can be

locked-in to the relationship because he signed an initial contract but this investment
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may have value outside the relationship - which he can use to renegotiate the initial

payment.

Somewhat related, one can imagine a setting in which it might be the case

that leaving the relationship and loosing the return of the investments is better

than remaining with the trading party. For example, suppose a borrower and a

lender in which the latter conducts research about the probability of default of the

former. Suppose now that a bad state of the world happens, say a financial crisis.

It might be more profitable for the lender to loose the return of the investment

made in calculating the probability of default than keeping the relationship (that

is, financing the project). Also, in our example of a job relationship, even if the

employer has invested in the relationship with the employee, a change in the market

conditions can induce him to finish the relationship. In other words, the agent’s

outside option could depend on the state of the world.

Clearly the dynamic of these endogenous outside options, that is, when outside

options are affected by the investments previously made, imposes a new challenge to

the desired efficiency results. On one hand, if the parties can runaway from the rela-

tionship at any point in time, one could think that specific investments could tighten

the relationship between parties because they do not want to loose the returns of

their investments. In other words, the probability that one of the parties break the

relationship is lower when there are specific investments and outside options depend

on them. On the other hand, when investments are cooperative, endogenous outside

options could encourage take-the-money-and-runaway behavior, which would worse

the underinvestment problem. Therefore, introducing prospective buyers and sellers

outside the relationship remains an open question and therefore it is an interesting

topic for future research.

Finally, specific investment can explain why agents sign long term contracts, as

the evidence from Joskow (1987) suggests. Consider for example, a job-training

investment on the organizational structure of the firm at each period of time. As

time passes, the employee is more valuable for this specific firm (which can be

reflected on wages), but for other firms (his outside opportunity) this investment

does not add anything. For the firm, the cost of hiring another employee and invest

on training again might be too high.

In conclusion, many works have challenged the standard holdup problem by
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relaxing or modifying some assumptions. Introducing an outside market could be

an interesting agenda for future research.
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5 Appendix

• Proof that when the buyer deviates investing more than prescribed by strategy

E(ib, is), then agents go to region (iv) in Che and Sákovics (2004):

Let’s rewrite the strategy E to make it easier to follow the proof:

E(ib, is) =


(iβb , i

β
s ) if (ib, is) ≤ (iβb , i

β
s ) region (i)

(ib, S
β(ib)) if ib > iβb and is ≤ Sβ(ib) region (ii)

(Bβ(is), is) if is > iβs and ib ≤ Bβ(is) region (iii)

(ib, is) if ib ≥ Bβ(is) and is ≥ Sβ(ib) region (iv)

We will use that, because σibis ≤ 0, then Bβ(·) and Sβ(·) are nonincreasing.

Suppose first that agents are in region (i) and the seller follows the strategy

investing i′s = iβs but the buyer deviates and invests i′b > iβb . Note that we can

already eliminate region (i) and (iii). We have

Sβ(i′b) ≤ Sβ(iβb ) = iβs = i′s

i′b > iβb = Bβ(iβs ) = Bβ(i′s)

Then, agents go to region (iv).

Now suppose that agents are in region (ii) and the seller invests i′s = Sβ(ib)

but the buyer deviates investing i′b > ib. We have:

i′s = Sβ(ib) ≥ Sβ(i′b)

Bβ(i′s) = Bβ(Sβ(ib)) ≤ Bβ(Sβ(iβb )) = iβb < i′b

Then, agents go to region (iv).

Now suppose agents are in region (iii) and the seller follows the strategy in-

vesting i′s = is but the buyer deviates to i′b > Bβ(is). Note that agents cannot

stay in region (iii). And because i′s = is > iβs , region (i) is also excluded. We

have:

i′b > Bβ(is) = Bβ(i′s)

Assume by way of contradiction that agents go to region (ii), so i′b > iβb . Then

iβs = Sβ(iβb ) ≥ Sβ(i′b) ≥ i′s, which contradicts i′s = is > iβs . Then agents must

go to region (iv).
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Finally, if agents are in region (iv) and the buyer invests i′b > ib ≥ Bβ(is) and

the seller invests i′s = is ≥ Sβ(ib), we have:

i′s ≥ Sβ(ib) ≥ Sβ(i′b)

i′b ≥ Bβ(is) = Bβ(i′s)

Concluding that whenever the buyer deviates investing more than strategy E

prescribes, agents go to region (iv).
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