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A Model of Repeated Negotiations∗

Susanne Goldlücke† and Sebastian Kranz‡

December 22, 2017

Abstract

We propose a uni�ed framework to study relational contracting and hold-up

problems in in�nite horizon stochastic games with monetary transfers. Start-

ing from the observation that the common formulation of relational contracts as

Pareto-optimal public perfect equilibria is in stark contrast to fundamental as-

sumptions of hold-up models, we develop a model in which relational contracts

are repeatedly negotiated in a relationship. New negotiations take place with pos-

itive probability each period and treat previous informal agreements as bygones.

The concept nests relational contracting and hold-up models as opposite corner

cases. Allowing for intermediate cases sheds light on many plausible trade-o�s

that do not arise in these corner cases.

Keywords: relational contracting, hold-up, negotiations, stochastic games

JEL codes: C73, C78, D23, L14

1 Introduction

In many economic relationships, parties can conduct investments, exert e�ort or perform

other actions that over shorter or longer time horizons determine their joint surplus and
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possibly a�ect the way how that surplus is distributed. Limitations to formal contract-

ing in such relationships have inspired two large branches of economic literature. First,

there is the literature on the hold-up problem, which occurs if long-term investments

cannot be protected by complete contracts.1 Second, there is the literature on relational

contracts, which use repeated interaction and credible punishments to enforce mutually

desirable behavior.2 Despite the common motivation and economists' immense interest

in both �elds, a comprehensive framework for a uni�ed analysis of relational contracting

and hold-up problems is still missing.

Relational contracts are typically formulated as perfect public equilibria (PPE) of

in�nitely repeated games with payo�s on the Pareto frontier, allowing for monetary

transfers between the players. In order to model relationships with long-term invest-

ments and corresponding hold-up problems, we study dynamic stochastic games, in

which the stage game can change over time in response to players' actions. As we will

illustrate with a simple example, relational contracts can easily overcome many hold-up

problems by making future trade and bargaining outcomes dependent on the conducted

investments. This means that incomplete formal contracting is not su�cient for the

existence of hold-up problems. It is also crucial that relational contracting is incomplete

such that to a certain extent bygones are treated as bygones. Being able to account

for this driving force of hold-up problems in models of relational contracting is the key

motivation for introducing our concept of repeated negotiation equilibrium (RNE).

An extreme form of incomplete relational contracting would be that in each period,

continuation play is completely determined by new negotiations. This idea is opposite

to an essential feature of relational contracting, namely the history-dependence of con-

tinuation play. Our model of repeated negotiations allows a continuum of intermediate

cases. We assume that an existing relational contract can depreciate at the beginning

of a period with an exogenous negotiation probability and is then replaced by a new

relational contract. Negotiations of new relational contracts follow a simple random

dictator bargaining procedure in which bygones are bygones in the sense that the new

relational contract does not condition on any payo� irrelevant aspect of the history.

1The hold-up problem has received a lot of attention since Grout's (1984) classical article, which
shows how �rms under-invest in capital because labor unions appropriate a share of the generated
surplus in subsequent wage negotiations. Investment ine�ciencies and the interaction with negotiation
outcomes lie at the heart of hold-up problems, which a�ect the way that production is organized (Klein
et. al. (1978), Williamson (1985), Hart and Moore (1988)).

2Self-enforcing contracts between �rms and employees or between �rms and their suppliers are
for example studied in Bull (1987), MacLeod and Malcomson (1989), Levin ((2002), (2003)), Baker,
Gibbons and Murphy (2002), and Board (2011). See Malcomson (2012) for a survey.

2



That new negotiations are triggered by sun-spot events has certain intuitive appeal

and is a simple way to introduce a continuous measure of the importance of history-

independent bargaining power. A larger negotiation probability means that expected

payo�s have to return sooner to history-independent bargaining payo�s. In the corner

case of a negotiation probability of zero, players can commit to any credible path of play

such that an RNE corresponds to a Pareto-optimal PPE. If the negotiation probability

is one and the game has a unique Markov perfect equilibrium (MPE), then the RNE

corresponds to that MPE.

A requirement for an RNE is that a player selects his most preferred relational con-

tract among those which are incentive compatible given future negotiations and given

the belief that the player would choose that relational contract again in future negoti-

ations in the same state. This assumption captures a realistic aspect of negotiations in

repeated relationships and ensures existence of RNE. Our existence theorem also shows

that there always exist RNE with a simple, tractable form: All relational contracts have

a stationary structure on the equilibrium path and negotiations a�ect the path of play

only by changing the transfers that take place following negotiations.

In the special case of an in�nitely repeated game, the predictions of RNE are not

qualitatively di�erent from Pareto-optimal PPE. In repeated games, actions have no

payo�-relevant long run e�ects and negotiation outcomes are therefore not a�ected

by past decisions. The exogenous negotiation probability then has the same e�ect as

including a probability with which the relationship ends after each period. Negotiation

can be interpreted as a restart of the relationship, and a positive negotiation probability

simply adjusts the discount factor downwards.

This equivalence between lower discount factors and higher negotiation probabilities

no longer holds if actions have long-term e�ects. Applying the concept of RNE in such

settings allows to meaningfully study the interaction between relational contracting

and hold-up. To illustrate how repeated negotiations a�ect implausible predictions of

Pareto-optimal PPE, we analyze a principal-agent relationship in which the principal

can make herself permanently more vulnerable at zero cost. In a Pareto-optimal PPE,

the principal would always make use of this possibility. There is no drawback for the

principal since Pareto-optimal PPE allow to perfectly coordinate away from any un-

desired abuse of the created vulnerabilities.3 In contrast, in a hold-up context parties

3This is related to the e�ect that institutions that are inferior in a stage game may be preferred
once the game is repeated (e.g. Baker, Gibbons and Murphy (1994), Schmidt and Schnitzer (1995),
Pearce and Stacchetti (1998), Halonen (2002), Iossa and Spagnolo (2011)). While institutions are often
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would never attempt to weaken their bargaining position. We refer to this contradiction

as the �Vulnerability Paradox�. With an intermediate negotiation probability, the prin-

cipal solves a natural trade-o� between these two forces. For a similar reason, repeated

negotiations cause parties to pay for costly compliance systems or to use a gradual

process to guarantee mutual vulnerability and similar bargaining positions.

Repeated negotiations may also create incentives to make others more vulnerable:

In another example we illustrate how the concern about future negotiations can induce

costly arms races even when raising arms against other players involves costs but no

direct gains. Finally, two further examples shed light on the negotiation payo�s in an

RNE. In a repeated game, the negotiation payo�s of a RNE split the surplus as in

a generalized Nash bargaining solution with disagreement points equal to the lowest

possible payo� that players can get in a relational contract. We explicitly introduce

inside and outside options in a repeated principal-agent model and �nd that the outside

option principle is consistent with our model of repeated negotiations. In general,

negotiation payo�s in a stochastic game need not have this Nash bargaining form,

as we illustrate with a blackmailing game. In this example, we show how repeated

negotiations render blackmailing threats incredible and analyze when brinkmanship

can make extortion possible.

We are only aware of a few papers that have studied the interaction of investments,

hold-up, and relational contracting. Garvey (1995), Baker et al. (2002), Halonen (2002),

and Blonski and Spagnolo (2007) study the optimal allocation of property rights and

optimal relational contracting in a repeated game with investments that always fully

depreciate after one period. Ramey and Watson (1997) and Halac (2015) consider

long-term investments but assume that investments take place only in the �rst period

and afterward players always negotiate new relational contracts for the ensuing repeated

game. Our results contribute to this literature by providing a framework that allows for

much more �exible speci�cations of relationships with long run and short run decisions

and negotiations of relational contracts.4

The general idea of RNE is most closely related to Miller and Watson's (2013, MW)

exogenous and a�ect all players in the same way, the players will also always have an incentive to select
an inferior institution, even if it puts some players at a disadvantage in a one-shot interaction.

4Outside the relational contracting literature, a few papers have studied how dynamic interaction
a�ects the hold-up problem. For example, Aghion, Dewatripont and Rey (1994) show how the design
of ex post renegotiation in an in�nitely repeated bargaining game can solve a static hold-up problem.
Che and Sákovics (2004) and Pitchford and Snyder (2004) study hold-up problems in stochastic games
with sequential investment decisions. They assume that once investment stops, the resulting surplus
is split via an enforceable contract.
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concept of contract equilibria for repeated games. Both concepts interpret relational

contracting as a process of repeated negotiations over continuation play. MW assume

that new negotiations take place in every period and consider a negotiation procedure

with an explicit disagreement point, which can itself depend on the history. The main

factor by which negotiations introduce in�exibility to relational contracting in MW is

that in periods of disagreement, players cannot conduct transfers to each other. In

contrast, the random dictator procedure in our framework does not specify disagree-

ment points. With the negotiation probability we add a degree of freedom relative to

MW, which however is a useful parameter to study comparative statics of relational

contracting once stochastic games with long-term decisions are considered.

The idea that relational contracts can be renegotiated during the relationship has

also been explored in the literature on renegotiation-proofness in repeated games, e.g.

Bernheim and Ray (1989), Farrell and Maskin (1989), Asheim (1991), Abreu, Pearce

and Stacchetti (1993), and Safronov and Strulovici (2016). A key assumption in

renegotiation-proofness concepts is that any player can block any renegotiation that

makes her worse o� than if the original relational contract stayed in place. In con-

trast, a key feature of repeated negotiation equilibrium is that negotiations can make

those players worse o� whom the current relational contract grants higher continuation

payo�s than the payo�s consistent with history-independent bargaining power. New

negotiations in our model typically entail a redistribution of surplus from one player to

another.

The structure of the remaining paper is as follows. Section 2 motivates our concept

using a classical two period hold-up model. Section 3 introduces the general formulation

and characterization of repeated negotiation equilibria. Section 4 illustrates the concept

for several relational contracting examples with long run decisions. Proofs are relegated

to an appendix.

2 Motivating Example

This section motivates our concept with a classical two-period hold-up application. In

period 1, a buyer and a seller, indexed by i = 1, 2, can each perform investments ai from

a compact set Ai. Investment costs for player i are given by a non-negative function

ci(ai). Investments determine, possibly stochastically, the state x in period 2, which

determines production cost of the seller k(x) and the valuation of the buyer b(x). The
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total surplus from trade in period 2 is given by S(x) = b(x)− k(x).

In period 2, a Nash demand game speci�es whether trade takes place and how the

surplus is split. Each player i announces simultaneously the share di ∈ [0, 1] that she

demands of the trade surplus. If d1+d2 ≤ 1 the distribution is feasible and each player i

receives her share diS(x); otherwise no trade takes place and players get outside payo�s

of 0. Payo�s in the second period are discounted with a discount factor δ ∈ (0, 1).

First best investments a∗ maximize the sum of expected payo�s given that trade

takes place whenever it is ex-post e�cient:

a∗ ∈ arg max
a
Ex[max{δS(x), 0}|a]− c1(a1)− c2(a2).

The hold-up problem arises if contracts are incomplete and the parties bargain over

trade decision and distribution of the surplus only once investment decisions are made.

In the hold-up literature it is commonly assumed that surplus from trade is split ac-

cording to the (symmetric) Nash bargaining solution, which in our example corresponds

to an equal split of S(x). Hence no player receives the full return to their investment

and incentives to invest are distorted. It is in general not possible to implement both

�rst best investments and ex-post e�cient trading decisions with simple contracts in

this setting. Note that the model allows for cooperative investments, i.e. the seller's

investments can in�uence the buyer's valuation and vice versa.5

The following result states the straightforward observation that if we remove the

assumption that the surplus is split according to the Nash bargaining solution, the hold

up problem can be overcome.

Fact 1. The buyer-seller game has a Pareto-optimal subgame perfect equilibrium in

which trading takes place and �rst best investments are conducted.

To show this, we assume that �rst best investments a∗ are strictly positive for at

least one player, since otherwise the result is trivial. The straight line segment in

Figure 1 (left) illustrates the Pareto frontier of subgame perfect continuation equilibria

in period 2 given a state x with strictly positive surplus from trade. Consider strategies

in which a player who has unilaterally deviated from a∗ gets a continuation payo� of

5Che and Hausch (1999) show that with unobservable cooperative investments, the hold-up problem
cannot be resolved by any contract. If the seller's investments only in�uence production cost and the
buyer's investments only in�uence her valuation, the hold-up problem can be e�ectively mitigated with
simple enforceable contracts that act as a threatpoint in the renegotiations (e.g. Nöldeke and Schmidt
(1995) and Edlin and Reichelstein (1996)).

6



S(x)

S(x)

Nash bargaining

0
0

π2

π1

S(x)

S(x)0
0

π2

π1

Figure 1: Set of continuation payo�s in period 2. The thick line segment in the right
�gure illustrates the range of expected continuation payo�s that can be implemented
for a negotiation probability of ρ = 0.6.

0 in all states. If no player has unilaterally deviated, we pick continuation equilibria

that split the surpluses S(x) such that on average each player gets at least her cost ci

reimbursed. Since the expected discounted joint surplus under �rst best investments

are larger than total investment costs, such a split of trade surplus always exists.

The result simply makes use of the fact that the Nash demand game has a wide

span of Pareto-e�cient continuation payo�s in period 2 from which Pareto-optimal re-

lational contracts can �exibly pick depending on the actually conducted investments.

While the Nash demand game has the non-compelling feature that players cannot con-

tinue bargaining after incompatible demands, there are many more sensible bargaining

games that robustly yield the same Pareto-frontier of continuation payo�s.6 As Evans

(2008) shows, the result that the hold-up problem can be overcome with simple for-

mal contracts when the bargaining game has multiple continuation equilibria holds

very generally, with potentially in�nite bargaining games and unobservable, possibly

cooperative, investment.

Imposing the Nash bargaining solution corresponds to the idea that previous non-

enforceable agreements on how to split trade surplus are ignored once investment costs

are sunk, which is a cornerstone of the hold-up literature. In contrast, relational con-

tracts are built around the idea that past non-enforceable agreements always remain

valid. Our model does not attempt to answer which of those ideas is more suitable,

but rather provides a framework that unites both ideas by allowing a continuum of

6For example, Chatterjee and Samuelson (1990) show that in in�nitely repeated simultaneous o�er
bargaining games every individual rational distribution of the trading surplus can be implemented.
The famous exception is the unique implementation of the Nash bargaining outcome in the alternative
o�er bargaining game by Rubinstein (1982), which however is not robust with respect to plausible
modi�cations of the bargaining game (e.g. Avery and Zemsky (1994)).
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intermediate cases.7

In the example, a natural formulation of intermediate cases would be to require that

continuation equilibrium payo�s must lie on a line segment around the Nash bargaining

solution whose span is a certain fraction of the span of the Pareto frontier of all SPE

continuation payo�s. In Figure 1 (right), this is illustrated for a fraction of 0.4 by the

thick line segment on the Pareto frontier.

Our formulation of randomly occurring repeated negotiations provides one imple-

mentation of such intermediate cases, which can be naturally extended to in�nite hori-

zon stochastic games. At the beginning of period 2, the existing relational contract

will be replaced by a newly negotiated one with an exogenous negotiation probability

ρ ∈ [0, 1]. If such negotiation takes place, bargaining follows a simple random dictator

protocol: each player is chosen with some probability to select the new relational con-

tract and then selects a new relational contract that maximizes her continuation payo�.

Hence, independent of conducted investments, player 1 will pick the contract that im-

plements the right-most payo� from the set subgame perfect continuation payo�s and

player 2 will select the top-most payo�. Thus, conditional on negotiation taking place,

expected payo�s are equal to the Nash bargaining solution. With probability 1− ρ the
old relational contract remains valid, i.e. the terms of trade can then �exibly depend

on the observed investments.8

Consider the case that a player has deviated from required investments and is sup-

posed to be punished by zero continuation payo�s in all states. Given the possibility

of negotiation in period 2, that player is still able to guarantee herself an expected

continuation payo� of
1

2
ρS(x)

in every state x with positive surplus. Hence, the span of expected continuation payo�s

that can be implemented in state x is a fraction 1−ρ of the span of the subgame perfect

continuation payo�s. Figure 1 (right) thus shows the range of implementable expected

payo�s for ρ = 0.6.

7See Ellingsen and Robles (2002) and Tröger (2002) for evolutionary arguments on appropriate
equilibrium selection. Ellingsen and Johannesson (2004) investigate hold-up problems experimentally,
in light of the observation that the Nash demand game allows more SPE than an ultimatum bargaining
game. Their results support the view that intermediate cases are plausible.

8Since we consider risk-neutral players, only expected continuation payo�s will matter for players'
incentives to deviate from a given relational contract. Hence, there is little disadvantage of specifying
intermediate cases as probabilistic mixtures of extreme outcomes.
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Example with simple functional form

For further illustration, assume player i can choose investments ai ∈ {0, 1} and invest-

ment costs simply are c(ai) = ai. The state x in period 2 is a deterministic function of

investments and the resulting trade surplus shall be given by

S(x(a)) = γ(a1 + a2)

where γ > 1 is a measure of social desirability of investments. First best investment

levels are

a∗ =

(1, 1) if δ ≥ 1
γ

(0, 0) otherwise.

To implement �rst best investments, it is optimal to split the trade surplus equally on

the equilibrium path and to punish a player who deviates from required investments

with a zero continuation payo� if the relational contract is not newly negotiated in

period 2. Player i then has no incentive to deviate from investing ai = 1 if and only if

−1 + γδ ≥ 1

2
ρδγ. (1)

In line with Proposition 1, we �nd that absent repeated negotiation (ρ = 0) players

always implement �rst best investments. Even though a lower discount factor tightens

the incentive constraints for �xed investment levels, it does not a�ect the ability to

implement �rst best investments. The reason is that a lower discount factor also makes

high investments levels less desirable from a social perspective.9

In the limit case of no discounting δ → 1, the incentive constraint for implementing

�rst best investments simpli�es to

ρ ≤ 2(γ − 1)

γ
≡ ρ̄.

The term ρ̄ denotes a critical negotiation probability above which it is not possible to

9For in�nite horizon games, the following intuition will generally be useful. A reduction of the
discount factor has di�erent e�ects on the ability to implement �rst-best short-run and long-run actions,
respectively. While implementation of �rst-best short-run actions generally becomes harder, the e�ect
on �rst-best long-run actions is ambiguos since a lower discount factor reduces the social desirability
of current costs compared to future bene�ts. In contrast, an increase in the negotiation probability
does not change the �rst best solutions and symmetrically reduces the ability to implement �rst best
long- and short-run actions.
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implement �rst best investments. Similar to the common practice in repeated games to

use critical discount factors, one can use the critical negotiation probability to conduct

comparative statics of the players' ability to implement e�cient long-run decisions.

In our example, the comparative statics are not surprising: the critical negotiation

probability increases in the parameter γ that determines the gross social surplus of

investments. In dynamic stochastic games with long run decisions, critical negotiation

probabilities have the conceptual advantage over critical discount factors that the �rst

best decisions are not a�ected by the negotiation probability.

We conclude the motivating example with an observation on the relationship be-

tween bygones, negotiation in every period, and Markov perfect equilibria. In a Markov

perfect equilibrium, continuation play in period 2 is only allowed to depend on the state

x. Yet, Markov perfection alone does not restrict the the ability to implement �rst best

investments in the example since the state x is su�ciently informative about the in-

vestment decisions. Repeated negotiation equilibria for the case ρ = 1 are equivalent

to speci�c MPE that imply a strong notion of bygones.

3 Repeated Negotiation Equilibria

3.1 Stochastic Games with Transfers

We consider n-player stochastic games of the following form. There are in�nitely many

periods and future payo�s are discounted with a common discount factor δ ∈ (0, 1).

There is a �nite set of states X, and x0 ∈ X denotes the initial state. A period is

comprised of two stages: a transfer stage and an action stage. There is no discounting

between stages.

In the transfer stage, every player simultaneously chooses a non-negative vector of

transfers to all other players.10 Players also have the option to transfer money to a non-

involved third party, which has the same e�ect as burning money. Transfers are perfectly

observed by all players. In the action stage, players simultaneously choose actions. In

state x ∈ X, player i can choose a pure action ai from a �nite or compact action set

Ai(x). The set of pure action pro�les in state x is denoted by A(x) = A1(x)×...×An(x).

After actions have been conducted, a signal y from a �nite signal space Y and a new

10To have a compact strategy space, we assume that a player's transfers cannot exceed an upper
bound of δ

1−δ
∑n
i=1

[
maxx∈X,a∈A(x) πi(a, x)−minx∈X,a∈A(x) πi(a, x)

]
. That bound is large enough to

be never binding given the incentive constraints of voluntary transfers.
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state x′ ∈ X are drawn by nature and commonly observed by all players. We denote

by φ(y, x′|x, a) the probability that signal y and state x′ are drawn; it depends only

on the current state x and the chosen action pro�le a. Player i's stage game payo� is

denoted by π̂i(ai, y, x) and depends on the signal y, player i's action ai and the initial

state x. We denote by πi(a, x) player i's expected stage game payo� in state x if action

pro�le a is played. If the action space in state x is compact then stage game payo�s

and the probability distribution of signals and new states shall be continuous in the

action pro�le a.

We assume that players are risk-neutral and that payo�s are additively separable in

the stage game payo� and money. This means that the expected payo� of player i in

a period with state x, in which she makes a net transfer of pi and action pro�le a has

been played, is given by πi(a, x)− pi.
When referring to (continuation) payo�s of the dynamic stochastic game, we mean

expected average discounted payo�s, i.e. the expected sum of payo�s multiplied by

(1− δ).
We either restrict attention to pure strategies or, for �nite action spaces, also con-

sider strategies in which players can mix over actions. If equilibria with mixed actions

are considered, A(x) shall denote the set of mixed action pro�les at the action stage

in state x, otherwise A(x) = A(x) shall denote the set of pure action pro�les. For a

mixed action pro�le α ∈ A(x), we denote by πi(α, x) player i's expected stage game

payo� taking expectations over mixing probabilities and signal realizations.

A public history describes the sequence of all states, public signals and monetary

transfers that have occurred before a given point in time. A public strategy σi of player

i in the stochastic game maps every public history that ends before the action stage

into a possibly mixed action αi ∈ Ai(x), and every public history that ends before a

payment stage into a vector of monetary transfers. A public perfect equilibrium (PPE)

is a pro�le of public strategies that constitutes mutual best replies after every history.

If actions can be perfectly monitored, i.e. y = a, PPE are equivalent to subgame perfect

equilibria (SPE).

3.2 Repeated Negotiation Equilibria

For our concept of a repeated negotiation equilibrium, we assume in addition that

at the beginning of each period t, players commonly observe a public signal Rt that

determines whether there are new negotiations. It can take values in {0, 1, .., n} , where
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Rt = 0 occurs with probability 1 − ρ, and Rt = i ∈ {1, ..., n} occurs with probability

ρβi for some ρ, β1, ..., βn ∈ [0, 1],
∑n

i=1 βi = 1. The parameter ρ is called the negotiation

probability, since Rt 6= 0 indicates that new negotiations take place. It is also assumed

that R0 takes on values in {1, .., n} only, with Prob[R0 = i] = βi, which means that in

the �rst period, negotiations always take place.

A relational contract shall be an incomplete strategy pro�le that describes play just

until new negotiations take place. Denoting by H0(x) the set of all histories beginning

with state x in the game without negotiations (i.e., histories with allRt = 0), a relational

contract maps histories in H0(x) to actions or transfers. Repeated negotiations shall

follow a simple random dictator procedure. At the beginning of each period t, with a

negotiation probability ρ, the sunspot signal Rt takes on values in {1, ..., n}, indicating
which player can select a relational contract. The parameter βi is the probability that

player i is chosen and called i's bargaining weight. The selected relational contract

shall only depend on the current state x and on the identity of the player that selects

it. It cannot condition on any event that occurred before the negotiations. A helpful

image is that players forget the history of play when negotiations take place and only

remember the current state x.

We denote by σ(i,x) the relational contract selected by player i in state x. A pro�le

of selected relational contracts for all states and players

σ = (σ(i,x))i∈{1,...,n},x∈X

is called a relational contract pro�le. Every relational contract pro�le constitutes a

strategy pro�le of the stochastic game with transfers and negotiation signals. Formally,

this strategy pro�le is de�ned by σ(h) = σ(i,x)(h̃), where h = (..., x, i, h̃) and h̃ ∈ H0(x).

A relational contract pro�le has the property that continuation strategies are equal for

all histories that end in the same state and with the same realization of the negotiation

signal. We denote by σ−(i,x) a relational contract pro�le that excludes the relational

contract selected by player i in state x.

For a given relational contract pro�le σ, we denote by uj(σ|x, i) player j's contin-

uation payo� directly after negotiations have taken place in state x and player i has

selected the new relational contract σ(i,x). We let

r(x|σ) =
n∑
i=1

βiu(σ|x, i) (2)
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denote the expected continuation payo�s in state x, if it were known that renegotiation

takes place but not which player can select the new relational contract.

For the de�nition of repeated negotiation equilibrium we introduce a class of stochas-

tic games we call truncated games. We refer to a function r that maps every state x

into a payo� vector in the compact and convex set of feasible payo� vectors in state x

as negotiation payo�s. A truncated game Γ(r, xs) is parameterized by arbitrary negoti-

ation payo�s r (for each state) and an initial state xs ∈ X. Compared to the original

game, state transitions are modi�ed such that if the original game transits to state x,

it now only does so with probability 1 − ρ. With probability ρ, an absorbing state xr

is reached instead in which players receive r(x) in every future period. The truncated

game starts in a non-absorbing state xs, such that there is at least one period of play

before an absorbing state is reached. As long as no absorbing state is reached, payo�s

and action spaces of the truncated game are the same as in the original game. Any

truncated game is again a stochastic game with transfers, and relational contracts can

be interpreted as strategy pro�les of truncated games. The de�nitions directly imply

that a relational contract pro�le σ constitutes a PPE of the original game if and only

if for every player i and every state xs, the relational contract σ(i,xs) constitutes a PPE

of the truncated game Γ(r(.|σ), xs). For a given contract pro�le σ = (σ(i,x))i∈{1,...,n},x∈X

and arbitrary negotiation payo�s r, let u(σ(i,xs)|r) denote the players' expected payo�

from σ(i,xs) in the truncated game Γ(r, xs) and de�ne g(xs|r, σ) =
∑n

i=1 βiu(σ(i,xs)|r).

Lemma 1. The �xed point equation r = g(.|r, σ) has the unique solution r = r(.|σ).

Consider a relational contract σ(i,x) chosen by player i in state x and take as given

a pro�le of other contracts σ−(i,x). We say σ(i,x) is incentive compatible given σ−(i,x) if

σ(i,x) is a PPE in the truncated game Γ(r(.|σ), x), i.e. if no player has an incentive to

deviate from σ(i,x) if player i always selects it in state x.

Intuitively, in a repeated negotiation equilibrium each random dictator will choose

in negotiations an incentive compatible relational contract that maximizes her expected

payo�s taking into account future negotiations. However, for our existence theorem,

we need a slightly weaker concept in which a random dictator can ignore better con-

tracts if they are not stable in the following sense. A relational contact σ(i,x) is stable

incentive compatible given σ−(i,x) if for all su�ciently small modi�cations to σ−(i,x) we

can �nd a relational contract that is incentive compatible given the modi�ed pro�le

and close to σ(i,x). Formally, a relational contract σ(i,x) is stable incentive compatible

given σ−(i,x) if for all sequences σ
m
−(i,x) that converges pointwise to σ−(i,x), there exists
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a subsequence σmk

−(i,x) such that for all k ∈ N there exists a PPE σk(i,x) in the truncated

game Γ(r(σk(i,x), σ
mk

−(i,x)), x) such that σk(i,x) converges pointwise to σ(i,x).

De�nition 1. A relational contract pro�le σ = (σ(i,x))i∈{1,...,n},x∈X is called a repeated

negotiation equilibrium (RNE) with expected payo�s r(x0|σ) if for every state x and

every player i, the relational contract σ(i,x) is incentive compatible and there exists no

relational contract σ̃(i,x) that is stable incentive compatible given σ−(i,x) and strictly

preferred by player i, i.e., that satis�es ui(σ̃(i,x), σ−(i,x)|x, i) > ui(σ|x, i).

An important element of the de�nition is that, loosely speaking, selecting an alter-

native relational contract is not treated as a one shot deviation: If today player i selects

an alternative relational contract σ̃(i,x) 6= σ(i,x), the incentive compatibility and prof-

itability of the alternative contract is assessed under the belief that also in the future

player i will select σ̃(i,x) in state x. This assumption is a natural consequence of the idea

that players neglect the whole history of play when negotiations take place. If today in

state x there are any reasons for why player i prefers to select the relational contract

σ̃(i,x) and that contract is deemed incentive compatible, players should then rationally

predict that the same reasons apply every time player i can select a relational contract

in state x because the situation in the future will be exactly the same as today.11

As already noted, the quali�er �stable� for the incentive compatibility of contracts

that the RNE is compared to is inserted for technical reasons only in order to ensure

existence. In all our applications, we use the slightly stronger de�nition of an RNE

without this quali�er. Further scope for simpli�cation arises from the fact that every

PPE payo� of a truncated game can be implemented with an optimal simple equilibrium

(Goldlücke and Kranz (2017)).12 Indeed, the condition in the de�nition of an RNE only

needs to be checked for simple equilibria.

Lemma 2. A relational contract pro�le σ is a RNE if for every state x and every

player i, the relational contract σ(i,x) is incentive compatible given σ−(i,x) and there

exists no simple relational contract σ̃(i,x) that is incentive compatible given σ−(i,x) with

ui(σ̃(i,x), σ−(i,x)|x, i) > ui(σ|x, i).

In a truncated game with negotiation payo�s r, let Ū(xs|r) denote the maximum of

the joint PPE continuation payo�s at the beginning of a period in state xs and v̄i(xs|r)
11An equilibrium concept in which players would not anticipate that pro�table deviations from

contract choice would be repeated in future negotiations would be plagued by non-existence problems.
12See Appendix B for the de�nition of a simple strategy pro�le.
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the corresponding minimum of player i's PPE continuation payo�s. If it holds that

expected negotiation payo�s are

ri(x) = v̄i(x|r) + βi(Ū(x|r)−
n∑
j=1

v̄j(x|r)), (3)

then we say that they are regular. With regular negotiation payo�s, the players split

the highest joint continuation payo� of the truncated game according to a generalized

Nash bargaining solution in which the threat point is given by the pro�le of the lowest

PPE payo�s for every player in the truncated game. If an RNE has regular payo�s, the

value of ρ measures how close continuation payo�s have to be to what payo�s would be

if they were negotiated as in the �rst period. It is not always the case that RNE have

regular negotiation payo�s, as the blackmailing game in Subsection 4.5 illustrates.

3.3 Canonical Repeated Negotiation Equilibria and Existence

We say that σ is an incentive compatible canonical contract pro�le if all its relational

contracts only di�er by their upfront payments and constitute optimal simple equilibria

of the truncated games with negotiation payo�s r(.|σ); if σ is also a RNE, we call it

a canonical RNE. Since negotiations a�ect the path of play only by modifying the

subsequent upfront payments, a canonical RNE has a particularly simple and tractable

structure.

Theorem 1. If the action space is �nite and mixed actions are allowed then a canonical

RNE exists.

Since canonical RNE always exist, it may make sense to restrict attention to canon-

ical RNE. One can show that for every RNE σ there exists an incentive compatible

canonical contract pro�le σ̃ that has the same negotiation payo�s. This suggests that

there is little lost by restricting attention to canonical contract pro�les. We cannot

generally show, however, that for every RNE there also exists a canonical RNE that

has the same negotiation payo�s. The problem is that if for player i in state x, one

substitutes the original relational contract with an optimal simple equilibrium that has

the same payo�s, the substitution might enlarge the set of incentive compatible rela-

tional contracts for other players or in other states and potentially destroy optimality

of some of the current contract choices (even though all current contracts will remain

incentive compatible).
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We now derive a su�cient condition on the stochastic game such that the negotiation

payo�s of any RNE can always be implemented with a canonical RNE. Games with

monotone state transitions shall be stochastic games in which states cannot cycle in

the following sense: if from a state x another state x′ 6= x can be reached with positive

probability after some number of periods under some strategy pro�le then x can never

be reached from state x′. Monotone state transitions imply that the game has at least

one absorbing state.

Proposition 1. For every RNE of a stochastic game with monotone state transitions

there exists a canonical RNE with the same negotiation payo�s.

3.4 Repeated games

A repeated game with transfers corresponds to the special case that there is just a

single state. The set of PPE payo�s of a repeated game for given discount factor is

given by {u ∈ Rn|
∑
ui ≤ Ū(δ) and ui ≥ v̄i(δ) for all i}, where Ū(δ) is the highest joint

PPE payo� and v̄i(δ) is the lowest PPE payo� for player i.13 The concept of a repeated

negotiation equilibrium does not signi�cantly change the analysis of repeated games.

Basically, a positive negotiation probability just reduces the e�ective discount factor

and the bargaining weights pin down which payo� vector on the Pareto frontier of PPE

payo�s is selected.

Proposition 2. In a repeated game, negotiation payo�s are regular and their sum is

equal to the highest joint PPE payo� of a repeated game given an adjusted discount

factor of δ̃ = (1− ρ)δ. Expected negotiation payo�s satisfy

ri = v̄i(δ̃) + βi(Ū(δ̃)−
n∑
j=1

v̄j(δ̃)). (4)

This result re�ects the fact that in repeated games, a probability that the rela-

tionship ends is equivalent to a lower discount factor. New negotiations essentially

constitute a termination and restart of the relationship.

In applications of repeated games, critical discount factors are often used to compare

institutions with respect to the ability to sustain �rst-best outcomes in a relational

contract. We have just shown that in repeated games critical negotiation probabilities

are basically equivalent to critical discount factors. This result is reassuring since it

13See Goldlücke and Kranz (2012) for details.
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means that the usual analysis of institutions and relational contracting is robust to the

introduction of repeated negotiations.

When it comes to stochastic games, �rst-best strategies may depend on the dis-

count factor, so that it has anyway little appeal to study the minimal discount factors

under which �rst-best strategies can be implemented. In contrast, the �rst-best is

not a�ected by the negotiation probability, which makes critical negotiation probabil-

ities more suitable measures to study comparative statics of relational contracting in

stochastic games.

4 Examples

This section illustrates the e�ects of repeated negotiation in relational contracting with

simple examples, which all satisfy the su�cient condition in Proposition 1.

4.1 The Vulnerability Paradox in a Principal-Agent Relation-

ship

Our �rst example is a variation of a classical in�nitely repeated principal-agent game

with a long-term action that allows a player to make her unilaterally vulnerable. It

illustrates the vulnerability paradox of Pareto-optimal SPE and how it is resolved with

positive negotiation probabilities.

In each period, the agent chooses e�ort e ∈ [−x, ē]. The principal's stage game payo�

is simply given by e. Positive e�ort level generate value for the principal, negative levels

harm her. The state x describes the principal's vulnerability, i.e. the maximum harm

that the agent can in�ict on the principal. The agent has e�ort costs k(e) that are

strictly increasing and strictly convex for positive e�ort levels. Zero e�ort or harming

the principal is costless, i.e. k(e) = 0 for e ≤ 0. The joint stage game payo�s Π(e, x) =

e − k(e) shall be strictly increasing in e for all e ∈ [−x, ē]. All monetary transfers

and e�ort levels are perfectly observed by the principal and agent, but no enforceable

contracts can be written.

The game starts in an initial state x0 = 0, in which the agent cannot harm the

principal. In state x0, the principal has the option to make herself permanently more

vulnerable. For example, the principal can grant the agent access to some critical

internal infrastructure and grant legal permission that allows the agent to freely damage

the principal. If the principal chooses that option, the game moves to a state x1 > 0
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in which the principal is vulnerable. For simplicity, the game then stays in state x1

forever. As long as the principal has not made herself vulnerable, the state remains x0.

The following straightforward result contains the gist of the vulnerability paradox.

Fact 2. The principal agent-game always has a Pareto-optimal SPE in which the prin-

cipal makes herself unilaterally vulnerable in period 1. If the discount factor δ is su�-

ciently low, such that maximum e�ort ē cannot be implemented in the no-vulnerability

state x0, every Pareto-optimal SPE prescribes that the principal makes herself unilater-

ally vulnerable in period 1.

Pareto-optimal SPE ignore the possibility that the principal's vulnerability may be

exploited by the agent. The players are assumed to always coordinate away from any

such exploitation on the equilibrium path. The agent will only harm the principal o�-

equilibrium path as a punishment if the principal deviates from a prescribed payment.

Since tougher punishments allow to implement higher payments and thus higher e�ort

levels, a principal will always make herself more vulnerable in a Pareto-optimal SPE if

�rst-best e�ort ē cannot already be implemented in state x0. In fact, for every discount

factor δ > 0 �rst best e�ort ē can be implemented if the vulnerability x1 is high enough.

We consider the assumption that relational contracts can coordinate away from

any attempt to exploit such vulnerabilities as fairly implausible. It seems much more

plausible that vulnerable parties worry that they will be held up and have a worse

bargaining position in future interactions.

How Repeated Negotiations Resolve The Vulnerability Paradox

Our concept of repeated negotiation equilibrium incorporates such concerns. With

positive negotiation probabilities a natural trade-o� arises. The principal will only make

herself vulnerable if the e�ciency gain from the tougher punishment option outweighs

the deterioration of her bargaining position in future negotiations. We will formally

analyze this trade-o�.

Consider a repeated game version of our principal-agent relationship with a �xed

state x and a discount factor of δ̃ = δ(1 − ρ). Let Ũ(x) denote the highest joint SPE

payo� of that repeated game. The principal's (expected) negotiation payo�s in such a

repeated game are given by

r̃1(x) = − (1− β1)x+ β1Ũ(x). (5)
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On the one hand, a higher vulnerability x, increases the principal's negotiation

payo�, since higher joint payo�s Ũ(x) can be implemented. One the other hand, it

reduces the principal's negotiation payo�s, since the possibility of stronger harm worsens

her bargaining position.

To study RNE in the stochastic game with endogenous vulnerability, it is instructive

to �rst look at the case with a �xed negotiation probability ρ > 0 and the limit of no

discounting δ → 1. All continuation payo�s in a pure strategy RNE will then always

be approximately equal to the negotiation payo�s of the state, the players end up in

the long run. Consequently, the principal will make herself vulnerable if and only if she

has higher negotiation probabilities in the vulnerable state:

r̃1(x1) ≥ r̃1(x0)⇔

β1

(
Ũ(x1)− Ũ(x0)

)
≥ (1− β1)(x1 − x0)

The di�erence to a Pareto-optimal SPE is not that the principal will never make

herself vulnerable, but that she faces a trade-o� between the e�ciency gain and the

worsening of her bargaining position. This trade-o� is a�ected by the principal's ex-

ogenously speci�ed bargaining weight β1. If she has a larger bargaining weight, she

can appropriate a larger share of the joint surplus and thus puts larger weight on the

e�ciency gains of vulnerability.

For discount factors strictly below 1, the results stay qualitatively the same but are

complicated by the more complex structure of continuation payo�s.

Proposition 3. For a positive negotiation probability and in the limit δ → 1, the

principal makes herself vulnerable if and only if her negotiation payo� in the repeated

game with exogenously given state is larger when vulnerable, i.e. r̃1(x0) ≤ r̃1(x1). More

generally, the principal makes herself vulnerable in an RNE only if either her bargaining

weight β1 is su�ciently high or the negotiation probability ρ is su�ciently low.

This example can be interpreted as a repeated game augmented by an endogenous

decision about institutional design. Here the design choice just consists of a level of

vulnerability, but in more complex examples there can be many institutional factors that

a�ect bargaining positions. The key contribution of RNE compared to Pareto-optimal

SPE is that in such situations parties will care about how the selected institutions a�ect

their future bargaining positions. This, in turn, will a�ect the shape of the institutions

that endogenously arise.

19



4.2 Mutual vs Unilateral Vulnerability

We now consider a variant of the previous example in which players can make themselves

unilaterally or mutually vulnerable. We consider a symmetric stage game with two

players that have equal bargaining weights β1 = β2 = 1
2
. Each player i chooses an e�ort

level ei ∈ [−dj, ē] where dj > 0 denotes the maximum damage that can be in�icted on

the other player j. Payo�s are πi = ej − k(ei). As in the previous example, the e�ort

cost function k(ei) is strictly continuously increasing and strictly convex for positive

e�ort levels, while zero e�ort or damage in�iction is costless. Joint pro�ts shall be

strictly increasing in e1 and e2.

There are four di�erent states {x0, x1, x2, x12}. In state x0 no damage can be in�icted

d1 = d2 = 0. In state x1 only player 1 is vulnerable: d1 = d̄ and d2 = 0 with d̄ > 0. In

state x2 only player 2 is vulnerable: d1 = 0 and d2 = d̄. In state x12 both players are

vulnerable: d1 = d2 = d̄.

In state x0 each player can decide to do nothing, make herself unilaterally vulner-

able, or propose a mutual vulnerability. If a single player i makes herself unilaterally

vulnerable, the game moves to state xi and stays there forever. If both players propose

mutual vulnerability (or both make themselves simultaneously unilaterally vulnerable)

the state moves to x12 and stays there forever. Otherwise the state remains x0. This

means if only one player proposes to implement mutual vulnerability, while the other

player does nothing, no player becomes vulnerable and the state remains x0. Creating

a unilateral vulnerability is costless. Implementing mutual vulnerability shall involve

a small cost ε > 0 for each player that re�ects coordination and monitoring e�ort to

ensure that indeed both players simultaneously implement the vulnerability.

We assume that the maximum damage d̄ is high enough, such that unilateral vul-

nerability su�ces to implement �rst best e�orts e1 = e2 = ē in a SPE given a discount

factor of δ̃ = (1− δ)ρ. Yet, without any vulnerabilities (state x0), �rst best e�orts shall

not be implementable, even under the discount factor of δ. From these assumptions

follows directly

Fact 3. In every Pareto-optimal SPE at least one player makes herself unilaterally

vulnerable in period 1.

In a symmetric Pareto-optimal SPE both players make themselves simultaneously

unilaterally vulnerable in period 1. However, they are not willing to incur a small

cost ε to guarantee that they only become vulnerable if also the other player becomes
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vulnerable. The reason is, like in the previous example, that in a Pareto-optimal SPE

there is no harm to be unilaterally vulnerable since players are assumed to coordinate

away from any exploitation of the vulnerability on the equilibrium path.

In contrast, we �nd with positive negotiation probabilities

Proposition 4. If the negotiation probability ρ is positive, implementation cost ε are

su�ciently small and the discount factor δ and maximum damage d̄ are su�ciently

large, both players will propose and implement mutual vulnerability in period 1 in an

RNE.

With positive negotiation probabilities, a vulnerable player su�ers from a weak

future bargaining position while the other player bene�ts. If future negotiations have

su�cient weight, a simple promise that both players make themselves simultaneously

vulnerable is therefore not credible. Consequently, in an RNE players are willing to

incur monitoring and implementation costs to ensure that vulnerabilities are indeed

mutually implemented.

It is also instructive to look at a variant of the example, in which there is no external

mechanism to ensure mutual implementation of vulnerability, but each party can choose

each period a continuous value ∆di of how much they want to increase their current level

of vulnerability. Pareto-optimal SPE will prescribe that players immediately increase

their vulnerability up to the levels required to implement �rst best e�orts. In contrast,

in an RNE with negotiation probability strictly between 0 and 1, parties will gradually

and symmetrically increase their vulnerabilities in small steps each period. Too large

steps will not be incentive compatible given the prospect of future negotiations. Yet,

small increases in vulnerabilities remain incentive compatible, since deviations yield

only small gains in future negotiations but can be punished during the time until the

next negotiation takes place.

Kopányi-Peuker, O�erman and Sloof (2017) show in an experiment that if players

can choose how much they can be punished for not cooperating in a subsequent pris-

oners' dilemma, then a gradual mechanism with incremental and conditional increases

in vulnerability is more e�ective than simple simultaneous choices of the vulnerability

level. In applications, higher vulnerability often is a consequence of tighter integration,

e.g. when manufacturers and upstream suppliers build up a just-in-time supply chain

that reduces the amount of inventory. Repeated negotiations provide one reason why

in relationships such tighter integration will gradually evolve over time.14

14Another reason to start small in relationships is that parties need time to learn each other's types
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An example of the use of costly monitoring and compliance devices to ensure mutual

vulnerability is the Anti-Balistic Missiles Treaty from 1972-2002 between the US and

the Soviet Union. By limiting the number of anti-balistic missiles, parties ensured a

state of mutual vulnerability with respect to each others nuclear strikes. Platt (1991)

explains how the parties took considerable e�ort to prevent any deviation from this

state of mutual vulnerability. Thirteen of the treaty's sixteen articles were intended to

prevent any deviation. Sophisticated and costly monitoring devices on land, sea, and

in space were deployed to monitor compliance with the treaty.

4.3 A simple arms race

This example shows how future negotiations create incentives for costly investments

that have the sole goal of improving a party's bargaining position and no other direct

bene�t. It also illustrates that equilibrium payo�s do not necessarily weakly decrease

in the negotiation probability, as is always the case in a repeated game.

Consider two players, e.g. di�erent countries. In certain periods, one or both players

can have the opportunity to spend an amount of money b > 0 in order to try to acquire a

weapon. Whether that opportunity arises or an attempted acquisition is successful may

be determined stochastically. Assume that an attempt is successful with probability

φ > 0 and that unsuccessful attempts to acquire a weapon are not observed. Once a

weapon has been successfully acquired, play moves from state x0 to state x1, in which

the player who acquired a weapon can use it at some cost c > 0 to in�ict a damage

d > 0 on the other player. There are no direct bene�ts from using a weapon. Assume

for simplicity that only player 1 can acquire a weapon and that the weapon can be used

as often as desired. If no weapons are bought or used, players get a payo� of zero.

Proposition 5. In the unique Markov perfect equilibrium outcome, as well as in all

Pareto-optimal PPE outcomes no weapons are bought or used; this also holds true for the

corresponding RNE given negotiation in every period (ρ = 1) or no repeated negotiation

(ρ = 0). In contrast, for intermediate negotiation probabilities, it can be the case that

there is a unique RNE outcome in which one or both players spend money to acquire

weapons.

That weapons are not build in the two extreme cases of no repeated negotiation or

negotiation in every period has di�erent reasons. It is evident that costly acquisition

in a framework of incomplete information, see Watson (1999) and Watson (2002).
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of weapons on the equilibrium path cannot be part of a Pareto-optimal PPE, since

joint payo�s are maximized if no investment cost are incurred. Non-investment can

e.g. be sustained if players coordinate to ignore forever any threat to use weapons. If

negotiations occur in every period (corresponding to the unique MPE), weapons will

never be used since usage is costly and has by de�nition no impact on the future state,

i.e., attacks cannot induce any future payments.

Under intermediate negotiation probabilities the two factors that block weapon ac-

quisition can be relaxed simultaneously. Incentive compatible relational contracts in

which weapons are used until the other player makes an appeasement payment exist as

long as the negotiation probability is not too high. If at the same time the negotiation

probability is su�ciently high, players may not be able to prevent themselves from ac-

quiring weapons, since the bene�ts of having weapons in future negotiations are simply

too high. Basically, with an intermediate negotiation probability, an initial resolve to

ignore threats of weapon usage unless money is paid eventually fades.

The example illustrates that to prevent an arms race, it is not su�cient that there

are no direct gains from using weapons. The induced socially ine�cient investments

can be interpreted as a particular incarnation of a hold-up problem. Note that if both

players can acquire a weapon (i.e. play can also move from state x1 in which only one

player has a weapon to a state x2 in which both player possess one) then this may

eventually reduce negotiation payo�s (e.g. to zero with equal bargaining power) and

therefore also reduce incentives to acquire a weapon in the �rst place.

4.4 Inside options versus outside options

An important insight of non-cooperative bargaining models is the distinction between

inside options, which describe the payo�s during periods of disagreement within the

relationship, and outside options, which describe the payo�s if the relationship breaks

up. The famous outside option principle states that outside options should only in�u-

ence bargaining outcomes if they are binding while otherwise only inside options are

relevant (see e.g. Binmore, Shaked and Sutton (1989)). The di�erence between outside

options and inside options can have important implications for hold-up problems and

optimal asset ownership (de Meza and Lockwood (1998)). In contrast, these di�erences

typically do not matter for traditional models of relational contracting.

To see how repeated negotiations naturally extend the outside option principle to re-

lational contracting, consider a variation of the repeated principal-agent game. Within
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the relationship, the principal's and agent's stage game payo�s shall be given by

π1 = πio1 + e,

π2 = πio2 − k(e).

The parameter e ∈ [0, ē] denotes the agent's e�ort and k(e) an increasing cost

function with k(0) = 0. The payo� vector πio denotes players' inside options and

describes the payo�s in case zero e�ort is chosen.

In each period the principal and agent can also decide to break-up their relationship.

If both want to break up their relationship, the break-up is permanent and each player i

gets in the current and all future periods an outside option payo� of πooi . We assume that

πioi < πooi , i.e. both players prefer a break-up compared to staying in the relationship

while never trading with each other. To rule out that a player is indi�erent between

breaking up or not if the other player wants to break-up, we assume that if just one

player wants to break up, there is a very small probability ε > 0 that the break up is

not successful and players remain in the relationship next period.

Proposition 6. Let Ū denote the joint payo�s of the RNE. If the negotiation probability

is zero, expected negotiation payo�s are only determined by the outside options and given

by

rooi = πooi + βi(Ū − πoo1 − πoo2 ). (6)

Given a positive negotiation probability ρ > 0, then in the limit δ → 1, expected nego-

tiation payo�s satisfy instead the outside option principle: Unless the outside option is

binding for some player i, they are solely determined by the inside options and given by

rioi = πioi + βi(Ū − πio1 − πio2 ). (7)

These results are straightforward. The lowest subgame perfect equilibrium payo�

of each player is given by her outside option. In the absence of repeated negotiations,

the expected negotiation payo�s rooi therefore simply split the joint surplus as in the

Nash bargaining solution with the outside options as threat point.

The payo�s rioi correspond to the expected negotiation payo�s inside the relation-

ship, i.e. in a game in which for no player it is possible or credible to break up the

relationship. In the case ρ > 0 and δ → 1, continuation payo�s are always approxi-

mately equal to subsequent negotiation payo�s. Hence, breaking up the relationship
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would only be incentive compatible if at least for one player i the outside option pay-

o� is larger than her negotiation payo� inside the relationship rioi . Otherwise, outside

options have no in�uence on the equilibrium outcome, i.e. the outside option principle

holds. In this case, also the maximum implementable joint payo� Ū only depends on

the inside options, not on the outside options.

Thus, if one would augment this game for long-term, institutional-design actions

that can in�uence both inside and outside options, repeated negotiations emphasize

the importance of the e�ect of institutions on the inside options compared to the e�ect

on outside options.

4.5 The blackmailing game

We now consider a simple game that illustrates why repeated negotiation equilibria

can have irregular payo�s. Player 1 (the blackmailer) has evidence about some illegal

activity of player 2 (the target) and can decide in the initial state x0 whether to reveal

it, a = aR, or to keep it secret, a = aS. As long as the evidence has not been revealed,

the state stays x0 and once the evidence has been revealed, the game permanently

moves to an absorbing state x1 in which no more actions can be taken. Stage game

payo�s are

π(aS, x0) = (0, 1) (8)

π(x1) = π(aR, x0) = (0, 0).

Revealing the evidence involves no cost for the blackmailer but reduces the target's

payo�s by 1 in the current and all future periods.

Consider a simple strategy pro�le in which the blackmailer reveals the evidence

(only) if he punishes the target in state x0 (for not having paid a speci�ed bribe in the

transfer stage). Regular expected negotiation payo�s would then be given by

r̃1(x0) = β1 (9)

r̃2(x0) = 1− β1.

Regular negotiation payo�s seem intuitive on �rst sight: the blackmailer extracts from

the target an amount equal to the blackmailer's bargaining weight β1 multiplied by the

damage (measured in money) that is imposed on the target by revealing the evidence.
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However, simple arguments show that in every RNE, the blackmailer must have

an irregular expected negotiation payo� of zero in state x0. In state x1, continuation

payo�s are zero for both players. This implies that if and only if the blackmailer has zero

expected negotiation payo�s in state x0, the truncated game Γ(r, x0) has a subgame

perfect equilibrium in which the blackmailer reveals the evidence. That is because

under a positive negotiation payo� the blackmailer would strictly prefer to stay in state

x0. Having pinned down the blackmailer's negotiation payo�s, we can conclude that

there is a RNE in which both players decide to neither conduct transfers nor to reveal

the evidence.

Intuitively, one can interpret this RNE as the limit case of the following relational

contracts. The target agrees to pay the blackmailer a very small amount ε > 0 for

not revealing the evidence. Since negotiation outcomes only depend on the state, both

players know that when negotiation takes place again, the blackmailer can again extort

an amount of ε-magnitude from the target. Since any positive ε removes the black-

mailer's incentives to reveal the evidence, the RNE must correspond to the limit case

of ε = 0. While that result may seem surprising on �rst sight, it seems intuitive given

that the blackmailer has no commitment device that prevents future extortion of the

target.

Since the blackmailer always gets a payo� of zero, there exist additional RNE in

which the blackmailer selects a relational contract in which he reveals the evidence with

positive probability or forces the target to burn money. Given the interpretation above,

the Pareto-optimal RNE seems more plausible in this example, however.

Recall that the incentive compatibility of a relational contract in state x is assessed

under the common belief that when player i selects an alternative relational contract

today then player i will make the same decision whenever she selects again a relational

contract in state x. A natural alternative formulation would have been to hold future

negotiation payo�s �xed when a di�erent relational contract is chosen today. It is simple

to see, however, that an equilibrium de�ned according to that alternative formulation

would fail to exist in the blackmailing game. Whenever the blackmailer's negotiation

payo� in state x0 is zero, she could select an incentive compatible relational contract

that extracts a bribe with the credible threat to reveal the evidence otherwise. Under

such a relational contract, the blackmailer's negotiation payo�s in state x0 would be

positive. Yet, positive negotiation payo�s imply that a contract in which the evidence

is revealed (o� the equilibrium path) would not be incentive compatible.
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Brinkmanship The blackmailer could extort larger payments if the game allows to

conduct brinkmanship (Schelling (1960) and Schwarz and Sonin (2008)).15 The black-

mailer needs an observable action that reveals the evidence with positive probability

smaller than 1. For example, he could leave an envelope with a copy of the evidence

addressed to a journalist next to a postal box on the street and then inform the target

about it. There is a positive probability that the envelope will still be lying on the street

if the target comes to fetch it, but the envelope might already have been put into the

postal box by some helpful minded pedestrian. Hence, in the following we assume that

there is an observable, pure action aφ that reveals the evidence only with probability

φ ∈ (0, 1).

Proposition 7. For all φ ∈ (0, 1), there exists an RNE in which the brinkmanship

action aφ is used to extort a payment from the target. This payment is maximized if

φ is equal to φ∗ = (1−δ)(1−ρ)
ρβ1+(1−δ)(1−ρ) , with the blackmailer's negotiation payo� equal to the

regular negotiation payo� β1
(1−ρ)(1−δ(1−ρ))
ρ(β1−1)+1−δ(1−ρ) .

A larger value of φ means a harsher punishment which can be used to extract larger

payments. If φ is relatively small, the blackmailer's negotiation payo� increases in

φ. However, if φ becomes too large, credibility of the punishment imposes an upper

bound on the negotiation payo�. This explains the result that an intermediate value

will be optimal. As the blackmailer's bargaining power β1 increases, his commitment

problem gets more severe and the optimal brinkmanship action has a lower probability

of revealing the evidence, i.e., optimal punishment becomes more gradual. The same

holds for as an increasing frequency of renegotiation ρ or a larger weight on future

payo�s δ. Conversely, as the negotiation probability ρ converges to zero, the optimal

punishment probability converges to 1 and the corresponding blackmailer's negotiation

payo� converges to β1.

15Brinkmanship is the ability of an aggressor to choose an observable action that leads with some
positive probability to a mutually undesirable outcome. Schwarz and Sonin (2007) show that such
a divisible threat can dramatically increase the bargaining value of a non-credible threat by making
punishment possible in a subgame-perfect equilibrium. In contrast, in our example there exists SPE in
which the the evidence is revealed. A commitment problem instead results from positive negotiation
probabilities.
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5 Concluding Remarks

This paper has been motivated by the discrepancy between the behavioral assumptions

of traditional relational contracting models and hold-up models. One already known

facet of this discrepancy is that Pareto-e�cient SPE render most hold-up problems

void. More importantly, we have exempli�ed with several in�nite horizon games that

have long-term actions how Pareto-e�cient SPE yield implausible results, which can

be resolved by adding a �hold-up component� to relational contracts.

Our formulation of this hold-up component assumes that with an exogenously given

probability, an existing relational contract is newly negotiated. The notion that rela-

tional contracts are randomly newly negotiated facilitates interpretation and allows a

de�nition applicable to a general class of games. Yet, randomization is not essential in

the sense that all insights only rely on the impact of future negotiations on expected

continuation payo�s. The key feature is that players care about the e�ects of long-term

actions on their future bargaining positions. We have illustrated how this feature yields

more plausible results than Pareto-optimal PPE, e.g. it resolves the vulnerability para-

dox, can explain costly arms races even if there is no direct bene�t from using arms,

and reestablishes the outside-option principle in repeated principal-agent interactions.

The formalization of negotiations as a random-dictator bargaining is due to the

technical challenge to develop an equilibrium concept that is tractable for and exists

in general discounted stochastic games with transfers. An interesting area of future

research is the exploration of alternative bargaining formulations. One possible route is

to formulate a theory of endogenous disagreement points, as has been done for repeated

games by Miller and Watson (2013). Yet, there are considerable challenges concern-

ing tractability and existence for such alternative formulations in an environment of

discounted stochastic games.

A straightforward extension of our model are to allow negotiation probabilities ρ(x)

that depend on the current state. Our existence result also holds for this more general

model. One avenue of future research is to explore models with state-dependent nego-

tiation probabilities. One example is to model incompleteness of relational contracts.

To model the fact that some state is not considered in an initial relational contract,

one can assign a negotiation probability of 1 to such states while having smaller or zero

negotiation probabilities for states that have been initially considered. State-dependent

negotiation probabilities can also allow for models with endogenously arising negotia-

tions, in which players have to actively move to states in which negotiations can take
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place. Other applications could entail models in which negotiation probabilities de-

crease over time or after streaks of successful cooperation. This can formulate the idea

that longer relationships become more stable over time.
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Appendix A: Proofs

Proof of Lemma 1

Let R denote the space of all negotiation payo�s. We specify by Gσ : R → R an

operator that maps negotiation payo�s into the payo�s of the corresponding truncated

games, i.e.

Gσ(r) ≡ g(.|r, σ).

We show that Gσ is a contraction mapping using Blackwell's su�cient conditions. The

�rst condition is thatGσ is monotone increasing in the following form: if two negotiation

payo�s r and r̃ satisfy rj(x) ≤ r̃j(x) for all j, x then gj(x|r, σ) ≤ gj(x|r̃, σ) for all j, x.

Verbally, payo�s of the truncated game are increasing in the negotiation payo�s if the

strategy pro�le is hold �xed. This monotonicity condition is obviously satis�ed. The

discounting condition requires that there exist a scalar γ ∈ (0, 1) such that for any

constant K ≥ 0 and all j, x

gj(x|r̂ +K, σ) ≤ gj(x|r̂, σ) + γK

Average discounted payo�s of the truncated game can increase at most by δK if nego-

tiation payo�s increase by K, because transition to an absorbing state can only occur

after period 1. The discounting condition is therefore satis�ed with γ = δ.

Proof of Lemma 2

To prove this result, we �rst prove that for any incentive compatible contract pro�le σ

(meaning that all σ(i,x) are PPE in Γ(r(.|σ), x)), there exists an incentive compatible
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simple contract pro�le σ̃ which has the same negotiation payo�s r(.|σ) = r(.|σ̃).

We know from Goldlücke and Kranz (2017) that for every state x there exists an

optimal simple equilibrium σ̃(i,x) that implements the same payo�s as σ(i,x) in the trun-

cated game Γ(r(.|σ), x). Note that the action plan is independent of the subscript i. A

pro�le σ̃ of such optimal simple renegotiation outcomes satis�es

g(x|r(.|σ), σ) = g(x|r(.|σ), σ̃) for all x ∈ X

It follows from Lemma 1 that two contract pro�les σ and σ̃ induce the same negotiation

payo�s if and only if they implement the same payo�s in the truncated games given

r(.|σ), i.e., g(.|r(.|σ), σ) = g(.|r(.|σ), σ̃). Hence this directly implies

r(.|σ) = r(.|σ̃).

and σ̃ is therefore indeed incentive compatible.

We can now show the result of the lemma by proving the following claim: If for a

given contract pro�le σ−(i,x), player i has an incentive compatible relational contract

in state x, then she has an incentive compatible simple contract that gives her the

maximum of her continuation payo�s across all relational contracts that are incentive

compatible given σ−(i,x).

Let r̄ii denote the supremum of player i's payo�s in state x that can be implemented

with incentive compatible relational contracts. Since every incentive compatible rela-

tional contract chosen by player i in state x can be replaced by an optimal simple rela-

tional contract that has the same negotiation payo�s, there exists a sequence {σ̃m(i,x)}∞m=1

of incentive compatible simple optimal relational contracts such that the correspond-

ing payo�s for player i converge to r̄ii. Since {σ̃m(i,x)}∞m=1 is a sequence in a compact

space, it must have a converging subsequence and we denote its limit by σ̄(i,x). It is

straightforward to verify that σ̄(i,x) is an optimal simple equilibrium in the truncated

game Γ(r(σ̄(i,x), σ−(i,x)), x).

Proof of Theorem 1

We �rst prove the following lemma.

Lemma 3. Assume the pure action space is �nite. For every pro�le of simple relational

contracts σ−(i,x) there always exists an incentive compatible simple relational contract

σ(i,x) for player i in state x.
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Proof. We show that there is always an incentive compatible relational contract σ(i,x)

that forms a MPE of the corresponding truncated game. A MPE is just a special form

of a simple equilibrium in which players conduct no payments and equilibrium phase

and punishment phase policies coincide.

For any pair (i, x) of player and state and given simple contract pro�le σ−(i,x),

consider the following modi�ed stochastic game G(σ−(i,x)). The modi�ed states are

described by (x′, in, xn) where x′ corresponds to the state of the original game, xn

is the state in which the previous negotiation took place and in describes the player

that has selected the current relational contract. In modi�ed states (x′, in, xn) with

(in, xn) 6= (i, x) players have no choice of actions: play automatically proceeds as in

the equilibrium phase of the relational contract σ(in,xn) in the original game with the

same payo�s. In modi�ed states (x′, in, xn) with (in, xn) = (i, x), the players' action

space is the same as the action space of the original game in state x′, yet no transfers

are possible, i.e. the action space of the modi�ed game is �nite. Stage game payo�

functions in a modi�ed state (x′, in, xn) are as the payo� functions in state x′ in the

original game. State transitions of the component x′ of the modi�ed state are like the

state transitions in the original game and in and xn are updated when new negotiations

take place.

The modi�ed game G(σ−(i,x)) is a stochastic game with a �nite action space and,

importantly, also a �nite state space. Sobel (1971) has shown that it must have a MPE.

It follows straightforward from the construction that the MPE of G(σ−(i,x)) constitutes

an incentive compatible relational contract for player i in state x given σ−(i,x): no player

has an incentive to deviate, holding future negotiation outcomes �xed.

We now prove the existence theorem. The main idea of the proof is to construct a

class of auxiliary games and to connect existence of negotiation equilibria with existence

of Nash equilibria in those auxiliary games. The players in these auxiliary games are

the combinations (i, x) of a player and state of the original stochastic game. Their

action space is the set of simple relational contracts. More precisely, players choose

up-front transfers p0, a (possibly) mixed action pro�le αk(x) for each state x and phase

k = e, 1, ..., n, and a payment plan pk(x, y, x′) for each combination of signals y and

states x, x′ such that x′ can be reached from x, with the additional requirement that∑n
i=1 p

k
i (x, y, x

′) ≥ 0 for all x, y, x′, k. With appropriately chosen bounds on payments

this strategy set is a compact and convex set. To de�ne a player's payo� πi,x(σ) for

a given strategy pro�le σ, we �rst describe in detail what it means that the simple
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relational contract σi,x is incentive compatible given σ−i.x. If we add up the gains

from deviation for any player, current stage (payment or action stage), phase k ∈
{e, 1, ..., n}, the previously realized signal y, the current state x′, the previous state

x′′, and a pair of player and state (i, x) that identi�es the current relational contract,

then this number has to be zero for the relational contract pro�le σ. Concretely, we

de�ne for given σ the gain from a deviation from a required payment in state x′ as

∆p
i,x = ujj(x

′)− uej(x′) + (1− δ)pkj (x′′, y, x′) and the maximum gain as

∆p
i,x(σ) = max

k∈{e,1,...,n}
max

j∈{1,..,n}
max
y∈Y

max
x′,x′′∈X

∆p(k, j, y, x′, x′′, σ).

Similarly, the maximum gain from deviations in the action stage is

∆a
i,x(σ) = max

k∈{e,1,...,n}
max

j∈{1,..,n}
max
x′∈X

max
a′j∈Aj(x′)

∆a(k, j, a
′

j, x
′, σ).

where ∆a
i,x = (1− δ)πj(x′, a′j, αk−j) + δE[(1−ρ)(uej− (1− δ)pkj ) +ρrj|x′, a

′
j, a

k
−j]−ukj (x′).

It then holds thatσi,x is a PPE in Γ(r(.|σ), x) if and only if

∆i.x(σ) = max{∆p
i,x(σ),∆a

i,x(σ)} = 0.

One can show that ∆i,x is a quasi-convex and continuous function. We now de�ne the

payo� function of the auxiliary game as

πmi,x(σ) = min{ui(σ|x, i), K −m∆i,x(σ)},

which is a quasi-concave and continuous function. Since payo�s are quasi-concave

and continuous and the action space is compact, we can apply the standard Nash

equilibrium existence proof to conclude that the auxiliary game has at least one Nash

equilibrium. For each m, select one of these equilibria, denoted by σm. As a sequence

in a compact space, {σm}∞m=1 has a convergent subsequence. Without loss of generality,

we assume that {σm}∞m=1 is already that convergent subsequence and denote its limit

by σ∗. Because of Lemma 3, each player has a simple relational contract σi,x that is

incentive compatible given σ∗−i,x and σ
m
−i,x. Since violations of incentive constraints are

exceedingly costly as m→∞, it thus follows from our construction that ∆i,x(σ
m)→ 0

as m → ∞, i.e., σ∗i,x must be incentive compatible given σ∗−i,x. Moreover, for any i, x

and σ̃i,x that is stable incentive compatible given σ∗−i,x, there must exist a subsequence
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σmk
−i,x → σ∗−i,x as well as σ̃k

i,x → σ̃i,x, such that σ̃k
i,x is a PPE in Γ(r(.|σ̃k

i,x, σ
mk
−i,x), x).

Since σmk is a Nash equilibrium in the game with payo� functions πmk , it must be

true that ui(σ
mk |x, i) ≥ ui(σ̃k

i,x, σ
mk
−i,x|x, i) and hence in the limit as k →∞ this implies

ui(σ
∗|x, i) ≥ ui(σ̃i,x, σ

∗
−i,x|x, i).

To prove that there exists a canonical RNE, we have to study another arti�cial game,

one with two players. One of them (player 2) takes the role of all the players (i, x) as

in the �rst part of the proof, and the other (player 1) tries to match the negotiation

payo�s with a canonical contract pro�le. We will write this as a generalized game.

Player 2's strategy set is the set of all simple relational contract pro�les and his payo�

function is equal to

πm2 (σ̃, σ) =
∑
i,x

πmi,x(σi,x, σ̃−i,x).

That is, for each (i, x) the player takes as given the choice of player 1. Player 1's choice

will be a simple relational contract pro�le σ̃ with the propery that for all states x, the

relational contracts σ̃i,x, i = 1, .., n, only di�er by their up-front payments. We denote

the (compact and convex) set of such relational contract pro�les by C. Let U0(σ|x, i)
denote the joint payo�s on the equilibrium path if players follow the strategy pro�le

σ ∈ C after they make the up-front payments in state x as speci�ed by σ, i.e., these

are joint payo�s following history x, i, p0(x, i) with p0(x, i) = σ(x, i). Let vj(σ|x, i) be
player j's punishment payo� in state x, i.e. this is player j′s payo� if j deviates from the

payment speci�ed by σ in state x. Let V (σ|x, i) =
∑n

j=1 vj(σ|x, i). Player 1 maximizes

the function

π1(σ̃, σ) =
∑
x,i

(U0(σ̃|x, i)− V (σ̃|x, i))

over all σ̃ ∈ γ(σ), where the feasible strategy set γ(σ) is given by

γ(σ) = {σ̃∈ C |∆i,x(σ̂) ≤ ∆i,x(σ), u(σ|x, i) = u(σ̃|x, i) for all x ∈ X, i = 1, ...., n}.

For given σ, an element of γ(σ) can be constructed analogous to the construction of a

PPE with the same negotiation payo�s as a given RNE in the proof of Lemma 2.16 This

16More precisely, for each state x there must be a continuation strategy pro�le of σ which gives the
largest joint payo� for players in state x and similarly, there must be continuation strategy pro�les
that give the lowest payo�s for each player. Conequently, there must be action pro�les (α̃e(x))x∈X
and continuation payo�s we(x, y, x′) such that Ue(x) is maximized and action pro�les (α̃i(x))x and
continuation payo�s wi(x, y, x′) such that vi(x) is minimized. These α̃

k de�ne the action plan of σ̃.To
make sure that the maximum gain from deviation in the newly constructed σ̃ is not larger than in the
original σ, we de�ne (1 − δ)p̃k(x, y, x′) = uei (x

′) − wki (x, y, x′), which equalizes continuation payo�s

37



means that γ(σ) is nonempty. Because u is linear and ∆i,x is quasi-convex, the set γ(σ)

is convex, and because ∆i,x and u are continuous, it is compact. Since u and ∆i,x are

continuous, the correspondence γ is continuous. Moreover,
∑

x,i(U
0(σ̃|x, i)− V (σ̃|x, i))

is continous and linear in σ̃. Applying an equilibrium existence result for generalized

games (e.g. Tian and Zhou (1992)) for each m ∈ N, we can de�ne a sequence of equi-

libria of the generalized game (σ̃m, σm)∞m=1 which must have a limit (of a subsequence)

that we denote by (σ̃∗, σ∗), with σ̃∗ ∈ C. For the �xed points in the sequence it must

hold that∆i,x(σ̃
m) ≤ ∆i,x(σ

m) and u(σm|x, i) = u(σ̃m|x, i), and because ∆i,x(σ
m) → 0

then also ∆i,x(σ̃
m) → 0, which means that σ̃∗ must be a PPE in the original game.

Moreover, for any i, x and σ̂i,xthat is strongly incentive compatible given σ̃−i,xwe can

infer with similar steps as above that ui(σ
∗
i,x, σ̃

∗
−i,x|x, i) ≥ ui(σ̂i,x, σ̃

∗
−i,x|x, i) which also

means that ui(σ̃
∗|x, i) ≥ ui(σ̂i,x, σ̃

∗
−i,x|x, i). It remains to show that the simple equi-

librium σ̃∗i,x is optimal in the truncated game Γ(r(.|σ̃∗), x), but this holds because all

σ̃m maximize
∑

x,i(U
0(σ̂|x, i) − V 0(σ̂|x, i)) among all those with the same negotiation

payo� as σm and with su�ciently low deviations from the equilibrium conditions.

Proof of Proposition 1

Consider some state x ∈ X in a stochastic game with monotone state transitions.

The relational contracts chosen in state x do not a�ect the set of incentive compatible

relational contracts in any state x′ 6= x that can be reached from x, because x cannot

be reached from x′. Furthermore, the set of incentive compatible relational contracts

in any state x′′ that can reach x stays the same for all relational contracts in state x

that yield the same expected negotiation payo�s. For a given RNE, we can thus replace

the relational contracts of each player i in each state x by a relational contract that

constitutes an optimal simple equilibrium of the truncated game Γ(r, x) and implements

the original negotiation payo� r without violating the RNE conditions.

Proof of Proposition 2

For a given strategy pro�le σ, let π̃(t, σ) denote the expected payo�s in period t in a

repeated game with zero negotiation probability. The expected payo� in the truncated

following play of α̃k in σ and σ̃. In particular, if σ is a PPE, then also the constructed σ̃ would
be a PPE. To �nish the construction of σ̃, we de�ne p̃0(x, i) such that u(σ|x, i) = u(σ̃|x, i) for all
x ∈ X, i = 1, ...., n.
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game Γ(r, x) can be written as

u(σ) = (1− δ)
∞∑
t=0

(δ(1− ρ))t π̃(t, σ) + r
δρ

1− δ + δρ
. (10)

This is a positive a�ne transformation of a discounted payo� of the repeated game with

discount factor δ̃ = (1−ρ)δ. Hence, the set of public perfect equilibria of the truncated

game is the same as for the repeated game with discount factor δ̃, independent of the

negotiation payo�s r. This independence also implies that every player i will select a

contract with regular negotiation payo�s. That is, each player i will suggest a relational

contract that yields Ū(δ̃)−
∑

j 6=i v̄j(δ̃) for player i and v̄j(δ̃) for each player j 6= i as long

as there are no new negotiations. It follows that player i's punishment payo�s satisfy

vi =
1− δ
1− δ̃

v̄i(δ̃) +
δ − δ̃
1− δ̃

ri (11)

Negotiation payo�s must satisfy

ri = vi + βi(Ū(δ̃)−
n∑
j=1

vj) (12)

Combining these two equalities yields

vi = v̄i(δ̃) +
δ − δ̃
1− δ̃

βi(Ū(δ̃)−
n∑
j=1

v̄j(δ̃)) (13)

and the expression for ri in equation (4).

Proof of Proposition 3

This proof and the following proofs use the characterization results for simple equilibria

in stochastic games by Goldlücke and Kranz (2017). See Appendix B for a summary.

The result for δ → 1 is shown in the text.

Once state x1 is reached, players face a repeated game with negotiation payo�s r̃(x1)

and maximal joint payo�s Ũ(x1). We consider simple equilibria in the truncated game

in which in the equilibrium phase in state x0, the principal makes herself vulnerable

and e�ort e0 ≥ 0 is chosen in state x0. We consider the case that the principal has

a higher negotiation payo� in state x0 than x1, i.e. r1(x0) ≥ r̃1(x1), since otherwise
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there is no problem to incentivize the principal to make herself vulnerable. The joint

incentive constraint (SUM-IC) from Proposition 8 then becomes

(1− δ) (e0 − k(e0)) + δŨ(x1) ≥ (1− δ)e0 + δρr1(x0) + δρr̃2(x1)

and simpli�es to

δ(1− ρ)Ũ(x1)− (1− δ)k(e0) ≥ δρ (r1(x0)− r̃1(x1)) .

A lower bound of r1(x0) in any RNE is r̃1(x0), the principal's negotiation payo� in

the repeated game with �xed state x0. That is because the principal can always force

to remain in state x0. By setting e0 = 0, we thus �nd the following necessary condition

for incentive compatibility

(1− ρ)Ũ(x1) ≥ ρ (r̃1(x0)− r̃1(x1)) .

Using the fact that r̃1(x) = − (1− β1)x+ β1Ũ(x), we can rewrite this necessary condi-

tion as

Ũ(x1) ≥
ρ

1− ρ

(
(1− β1)(x1 − x0)− β1(Ũ(x1)− Ũ(x0)

)
.

Hence, if the principal's bargaining weight is strictly below the threshold

β̄1 ≡
x1 − x0

x1 − x0 + Ũ(x1)− Ũ(x0)

this condition is violated for su�ciently large negotiation probabilities.

Proof of Proposition 4

If continuation play stays forever in a �xed state in which players have vulnerabilities

d = (d1, d2) negotiation payo�s are regular and given by

ri =
1

2
(Π(e(d))− di + dj)

where e(d) is the best implementable e�ort vector given d and Π are the joint stage

game payo�s. Ifρ > 0 and ceteris paribus δ and d̄ are su�ciently large, there won't be

any incentive compatible relational contract in which any player makes herself unilateral
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vulnerable, since the high vulnerability d̄ reduces her negotiation payo�s too strongly

in future negotiations, which have su�cient weight for large δ. Even if both players

plan to make themselves simultaneously unilaterally vulnerable, players have incentives

to deviate. On the other hand, for su�ciently low implementation cost ε, it is always

incentive compatible to propose mutual vulnerability and that is strictly preferred by

both players compared to implementing no vulnerability at all due to the e�ciency

gains by being able to implement higher e�ort levels.

Proof of Proposition 5

In state x1, negotiation payo� of player 1 is equal to β1d if it holds that c(1− δ̃) ≤ dδ̃.

This player's payo� when state x1 is reached then is at least ρδ

1−δ̃β1d. It must be the

case that weapons are acquired in a RNE if ρδ

1−δ̃β1dφ > (1 − δ)b and c(1 − δ̃) ≤ dδ̃,

which can only hold simultaneously for intermediate values of ρ.

Proof of Proposition 6

The players are either in the original state x0 in which they can create a surplus within

the relationship, or they have taken the outside option and receive πoo forever after.

Let S(e) = πio1 + πio2 + e− k(e). In a truncated game with negotiation payo�s r, taking

the outside option is a PPE if for some player i

πooi >
(1− δ)πioi + δρri

1− δ(1− ρ)
. (14)

Note that for δ → 1 (and ε→ 0) this converges to π00
i ≥ ri.

Assume that taking the outside option is not credible. In this case, players punish

with the action e = 0, but punishment payo�s are larger than πooi because of renegoti-

ation. An e�ort level e can be played in state x0 in a canonical relational contract if

the following joint incentive constraint holds:

δ̃(S(e)− S(0)) ≥ (1− δ̃)k(e), (15)

which means that Ū = S(e0), where e0 maximizes S(e) over all e that satisfy (15).

Negotiation payo�s are regular and equal to rioi = πioi + βi(S(e0) − S(0)). Taking the

outside option is indeed not credible if for one i

(πooi − πioi )(1− δ(1− ρ)) ≤ δρβi(S(e0)− S(0)),
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which never holds for βi or ρ equal to zero. For δ → 1 it becomes πooi ≤ rioi . If this does

not hold, then it must be the case that players take the outside option. In particular,

if βi = 0, then player i′s payo� is equal to π00
i .

Assume now that taking the outside option is credible, then an e�ort level e can be

played in state x0 in a canonical relational contract if

δ(S(e)− (πoo1 + πoo2 )) ≥ k(e)(1− δ), (16)

which means that Ū = max(S(eoo),Πoo), where eoo maximizes S(e) over all e that

satisfy (16). It then holds that ri = π00
i + βi(Ū − πoo1 − πoo2 ). It is indeed credible to

take the outside option if

(πooi − πioi )(1− δ) > δρβi(Ū − πoo1 − πoo2 ). (17)

In particular, this holds for ρ = 0.

Proof of Proposition 7

In the truncated game with negotiation payo�s r(x0), a simple equilibrium can have

a2 = aφ if

(1− φ) ≥ v1(x0|r) + v2(x0|r), (18)

with the punishment payo� of the target being

v2(x0|r) =
(1− φ)(1− δ + δρr2)

1− (1− φ)δ(1− ρ)
(19)

and the punishment payo� of the blackmailer

v1(x0|r) =
δρr1

1− δ(1− ρ)
. (20)

Hence the condition above is

(1− ρ)(1− δ(1− ρ))(1− φ) ≥ ρr1. (21)

When it is the target's turn to suggest a relational contract, she will unambiguously

prefer a larger negotiation payo�. When it is the blackmailer's turn to select a rela-

tional contract, he prefers a larger negotiation payo� but only as long as punishment is
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credible. Regular negotiation payo�s constitute an upper bound on feasible negotiation

payo�s:

r1 ≤ v1 + β1(1− v2 − v1), (22)

which here means

r1 ≤
β1(1− δ(1− ρ))φ

(1− δ)(1− (1− φ)δ(1− ρ)) + β1δρφ
. (23)

The renegotiation payo� of an RNE has to be the maximum possible one. This means

that if

(1− δ)(1− ρ)(1− φ) ≥ ρβ1φ, (24)

it holds that r1 = β1(1−δ(1−ρ))φ
(1−δ)(1−(1−φ)δ(1−ρ))+β1δρφ . In that case, the RNE has regular negotia-

tion payo�s, and the blackmailer's payo� is increasing in β1 and φ. Intuitively, larger

values of φ allow to extract larger payments in a subgame perfect equilibrium, and

larger values of β1 makes new negotiations more valuable.

However, if condition (24) does not hold, then it must be that r1 = (1−ρ)
ρ

(1− δ(1−
ρ))(1 − φ). The blackmailer's negotiation payo� in this case is independent of his

bargaining power β1, since it is optimal to not exploit the negotiation opportunities

too much anyway. Negotiation payo� is decreasing in δ, ρ and φ, since the punishment

action is only credible if negotiation payo� is small. The optimal value of φ for the

blackmailer is the one that makes condition (24) just bind.

Appendix B: Simple equilibria in truncated games

While there is no simple general recipe for �nding canonical RNE, truncated games are

also stochastic games, so that results from Goldlücke and Kranz (2017) apply. Some

are stated here for the convenience of the reader.

A simple strategy pro�le is characterized by n+2 phases. Play starts in the up-front

transfer phase, in which players are required to make up-front transfers described by

a vector of net payments p0. Afterwards play can be either in the equilibrium phase,

indexed by k = e, or in the punishment phase of some player i, indexed by k = i.

A simple strategy pro�le speci�es for each phase k ∈ K = {e, 1, ..., n} and state x an
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action pro�le αk(x) ∈ A(x). We refer to αe as the equilibrium phase policy and to

αi as the punishment policy for player i and call the vector of all policies (αk)k∈K an

action plan. From period 2 onwards, required net transfers are described by a vector

pk(x′, y, x) that depends on the current phase k, the current state x′, and the realized

signal y and state x of the previous period. If no player unilaterally deviates from a

required transfer, play transits to the equilibrium phase: k = e. If player i unilaterally

deviates from a required transfer, play transits to the punishment phase of player i, i.e.

k = i. In all other situations the phase does not change.

Consider now stochastic game with perfect monitoring. For a truncated game with

expected negotiation payo�s r, let U(x|α, r) denote the expected joint continuation

payo�s (summing over payo�s for all players) in state x of a simple equilibrium with

equilibrium phase policy α and no money burning. These joint equilibrium payo�s can

be easily computed by solving the following system of linear equations:

U(x|α, r) = (1− δ)Π(x,α) + δE[(1− ρ)U(x′|α, r) + ρR(x′)|α, x], (25)

where Π and R denote joint stage game payo�s and joint expected negotiation payo�s,

respectively. To simplify notation, we abbreviate the joint payo�s in the equilibrium

phase by

U e(x) ≡ U(x|αe, r).

The lowest punishment payo�s that can be imposed on player i given a punishment

policy αi are characterized by the solution vi(.|αi, r) of the following Bellman equation:

vi(x|αi, r) = max
âi∈Ai(x)

{(1−δ)
(
πi(âi,α

i
−i, x)

)
+δE[(1−ρ)vi(x

′|αi, r)+ρri(x
′)|âi,αi

−i, x]}.

(26)

It characterizes player i's best-reply payo�s in the truncated game if we assume that

other players' action plan is �xed to αi
−i and no transfers are conducted.

Proposition 8. Consider a stochastic game with perfect monitoring and let (αk)k be

an action plan in which in every state at least one player plays a pure strategy. A simple

equilibrium with action plan (αk)k exists for the truncated game with negotiation payo�s
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r if and only if for every state x ∈ X and every phase k ∈ {e, 1, ..., n}

(1− δ)Π(αk, x) + δE
[
(1− ρ)U e(x′) + ρR(x′)|αk, x

]
≥

n∑
i=1

max
âi∈Ai(x)

{
(1− δ)πi(âi, αk−i, x) + δE

[
(1− ρ)vi(x

′|αi, r) + ρri(x
′)|âi, αi−i, x

]}
.

(IC-SUM)

If (IC-SUM) is satis�ed, the set of subgame perfect equilibrium payo�s that can be

implemented in the truncated game with simple equilibria using action plan (αk)k is

given by the simplex:

{u ∈ Rn|
∑

ui ≤ U(x|αe, r) and ui ≥ vi(x|αi, r)∀i}

The analysis of RNE often facilitates for the limit case δ → 1 with a �xed positive

negotiation probability ρ > 0. Furthermore, in most games there won't be any money

burning in the equilibrium phase or in negotiations and we have U e(x) = R(x) in all

states x. The constraint (IC-SUM) then simpli�es to

E
[
U e(x′)|αk, x

]
≥

n∑
i=1

max
âi∈Ai(x)

{
E
[
(1− ρ)vi(x

′|αi, r) + ρri(x
′)|âi, αi−i, x

]}
. (IC-SUM)
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