The Use and Misuse of Coordinated Punishments
∗

Daniel Barron and Yingni Guo

January 16, 2019

Abstract
Communication facilitates cooperation by ensuring that deviators are collectively
punished. We explore how players might misuse equilibrium messages to threaten one
another, and we identify conditions under which communication improves cooperation
despite such threats. In our model, a principal plays trust games with a sequence of
short-run agents who communicate with each other. A shirking agent can demand pay
by threatening to report that the principal deviated. We show how these threats can
destroy cooperation. However, some cooperation is restored if players observe public
signals of eorts or transfers, or if the principal has a bilateral relationship with each
agent.
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Introduction

Productive relationships thrive on the enthusiastic cooperation of their participants. In many
organizations and markets, however, cooperation is not automatic: participants typically refrain from opportunistic behavior only because they expect such behavior to be punished
(Malcomson (2013)). Communication plays an essential role in coordinating these punishments by allowing news of misbehavior to spread far beyond those who directly observe that
misbehavior. So, for example, workers use the threat of collective punishments to make sure
that managers pay promised rewards (Levin (2002)); guilds and industry associations encourage fair dealing between both members and nonmembers by threatening boycotts (Bernstein
(2015)); communities protect public resources by threatening noncontributors with communal sanctions (Ostrom (1990)); and online marketplaces publicize buyer reviews so that poor
service will hurt future sales (Hörner and Lambert (2018)).
Communication is powerful in these settings because it can be used to coordinate punishments of those who reneged on their promises. But individuals armed with this power also
face a grave temptation, since they can demand concessions from their partners by threatening to

falsely

spread word of misbehavior. We will show that these threats have the potential

to undermine coordinated punishments and destroy cooperation. Despite their prevalence
and potentially dire consequences, however, the constraints that these threats impose on
cooperative relationships remain understudied.
In this paper, we explore how rent-seeking individuals can misuse messages that are
designed to encourage cooperation, and we identify remedies that facilitate cooperation in
the face of such misuse. We develop a principal-agents model in which cooperation depends
on communication among the agents. Each agent can shirk and then threaten to make false
reports unless the principal takes a desired action, a deviation that we will call

extortion.

We rst prove a stark impossibility result: the possibility of extortion totally undermines
cooperation, since any attempt to coordinate punishments simply becomes an opportunity
for agents to extract surplus without exerting eort.
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We then build on this impossibility

result to identify ways that coordinated punishments can improve cooperation despite these
threats.

Collectively, our results suggest that coordinated punishments are susceptible to

misuse, but they also identify organizational designs that limit that misuse and so restore
cooperation.
To illustrate this kind of misuse, consider the relationship between a manager (of, say,
a manufacturing plant) and her workers. These relationships are rarely governed by formal
contracts alone; instead, workers will be willing to strive for excellent performance only when
they can trust the manager to reward their eorts (Gibbons and Henderson (2013)). In this
context, an institution that allows workers to collectively punish a misbehaving manager 
whether that institution is a traditional union (Freeman and Medo (1979)) or an online
job review platform like Glassdoor.com  can encourage cooperation between the manager
and workers and so enable highly productive outcomes.

However, if such institutions are

not carefully designed, then workers may face the temptation to subvert them in pursuit of
private gain. In some cases, this subversion is shockingly overt, as in the recent conviction
of an Illinois union ocial who extorted personal bribes from businesses by threatening to
initiate labor unrest (Meisner and Ruthhart (2017)). Subtler forms of subversion can also
have serious consequences. For example, Glass and Langtt (2015) records how manipulative
grievances, led not in accord with the union's wishes but instead by individual workers
hoping to gain leverage over management, led to very low productivity at General Motor's
Fremont plant in the 1980s.

1

The use of coordinated punishments, and their potential for misuse, extend far beyond
the factory oor. Firms use industry associations to share information about their employees
and trading partners. The Financial Industry Regulatory Authority (FINRA), for example,

1 Glass and Langtt (2015) reports that some workers used this leverage to protect themselves from being
punished for shirking behaviors, including absenteeism and drug use, which were decidedly
by the union as a whole.

not

condoned

The Fremont plant eventually closed as a result of low productivity, although

Toyota later stepped in to reopen it as part of a joint venture with GM. After reopening, Toyota retained
almost all of the same unionized workforce but achieved much higher productivity.

Consistent with this

example, sections 4 and 5 suggest how institutions like unions can be designed to improve productivity to
the potential benet of both managers and workers.
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encourages member rms to report employees who engage in unethical behavior. In 2016,
however, former employees of Wells Fargo alleged that after they raised concerns about the
unfolding scandal at their company, it falsied reports to FINRA in order to have them essentially blacklisted within the nancial services industry (Arnold and Smith (2016)). Similar
threats are a real concern in online marketplaces and review aggregators. For instance, Trip
Advisor implements policies to deter buyers from using the threat of negative reviews to
extort sellers, and Klein et al. (2017) documents how threats made reviews less informative
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in eBay's early days.

In all of these examples, cooperation relies on messages that can be misused to make
extortionary threats. We explore the resulting tension using a model of a long-run principal who interacts with a sequence of short-run agents.

Each agent exerts costly eort to

benet the principal, who can then pay a transfer to that agent. Agents observe only their
own interaction with the principal but can communicate with other agents at no cost. To
allow agents to make threats following a deviation, we assume that each agent chooses a

communication protocol at the start of his interaction with the principal.

This protocol,

which is observed by the principal but not by other agents, associates a message to each
possible transfer to that agent.

Agents are then committed to communicate according to

their protocols.
Agents are willing to exert eort only if they are compensated for doing so, while the
principal is willing to compensate an agent only if she would otherwise be punished. Communication is therefore essential for inducing eort, since short-run agents cannot directly
punish the principal for reneging. Once armed with messages that can trigger punishments
by other agents, however, an agent can shirk and then demand pay using the same threats
as an agent who exerted eort. This deviation  an agent shirking and then threatening to
say that the principal deviated unless she pays him  is extortion. Since these threats are
enough to induce the principal to compensate an agent for his eort, they are also enough to

2 The specic TripAdvisor policy is at https://www.tripadvisor.com/TripAdvisorInsights/w592.
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induce the principal to pay a shirking agent. Consequently, an agent can force the principal
to pay him regardless of his eort, which eliminates his incentive to work hard. Section 3
shows that the resulting unique equilibrium outcome entails zero eort.
This impossibility result follows from the observation that a shirking agent can make
the same threats, and hence demand essentially the same transfer, as one who works hard.
Consequently, anything that drives a wedge between the threats available to a hard-working
agent and those available to a shirking agent could lead to positive equilibrium eort. The
second half of the paper illustrates this idea with two remedies that create exactly this kind
of wedge: public signals and bilateral relationships. These remedies represent concrete ways
for organizations to implement coordinated punishments without inviting extortion.
In section 4, we consider

public signals of either the agents' eorts or the transfers they

receive. We interpret these signals as investigations, such as when a union investigates the
grievances led by its members. Public signals allow future agents to condition punishments
on more than just previous agents' messages and so tie the threats that an agent can make
to his actual interaction with the principal. We show how these types of signals can mitigate
extortion and lead to positive equilibrium eort. However, this remedy is not a panacea: if
signals are noisy, then the possibility of extortion still reduces equilibrium cooperation.
Section 4.1 considers signals of eort, which can ensure that agents are able to trigger
punishments only if they actually exert eort. Perfect eort signals are enough to completely
eliminate extortion. Noisy signals, on the other hand, still allow agents to earn some rent by
extorting the principal. Hence, agents prefer noisy signals of eort  awed investigatory
processes  over perfect signals in order to maximize their rents. Noisy signals also lead to
lower equilibrium eort, since the principal is less willing to pay a large transfer today if she
anticipates paying rents to future agents. Section 4.2 considers signals of transfers, which in
some cases can be used to make the principal indierent between paying a transfer or not,
so that she is willing to both pay an agent who works hard and not pay an agent who shirks.
The downside of this remedy is that it is both fragile (in that it requires the principal to
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be exactly indierent) and inecient (in that the principal is occasionally punished in the
resulting equilibrium).
In many applications, agents have multiple opportunities to interact with the principal.
Section 5 studies how these future

bilateral relationships between the principal and each

agent can deter extortion and encourage eort. We model these relationships in a reducedform way by allowing each agent to play a coordination game with the principal at the end
of their interaction.

3

As is familiar from the literature on relational contracts (e.g., Levin

(2003)), bilateral relationships can be used to directly punish both an agent who shirks and
the principal who reneges on a hard-working agent. In addition to these two familiar uses,
we show that bilateral relationships can also make extortion less attractive by rewarding
the principal for refusing to give in to attempted extortion. That is, bilateral relationships
complement coordinated punishments: strong bilateral relationships render extortion less
attractive, while weak bilateral relationships lead to potentially lucrative extortionary threats
and thus ineective coordinated punishments.
Without the assumption that agents commit to their communication protocols, we could
always select an equilibrium in which extortion is merely cheap talk. Therefore, commitment,
or something like it, is needed to study the extortionary threats that are so important
to our applications.

Section 6 interprets commitment in the context of our model.

We

show that the communication protocol renes the set of equilibria in the game without
commitment; this means that we can always nd equilibria such that agents are willing to
follow through on their extortionary threats.

In this sense, commitment allows agents to

specify how they plan to respond to the principal but does not force them to send messages
that are

ex post

suboptimal. We also show that with the exception of our analysis of bilateral

relationships, we could replace commitment with the assumption that agents have a mild
intrinsic preference for following their communication protocols.

3 Appendix B complements this analysis by studying a setting with truly long-run agents who play a
repeated game with the principal.
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Related Literature
Our analysis builds on the classic studies that show how institutions can facilitate communication and coordinate punishments (Milgrom et al. (1990), Greif et al. (1994), Dixit (2003)).
Much of this literature focuses on networks of players and has as its goal the identication of
network structures or equilibrium strategies that are particularly conducive to cooperation
(Lippert and Spagnolo (2011), Wolitzky (2013), Ali and Miller (2013, 2016), Ali and Liu
(2018)). Within this literature, our paper is closely related to Ali and Miller (2016), which
shows that players might not report deviations if doing so reveals that they are more willing
to renege on their own promises; and Ali et al. (2017), which analyzes renegotiation-proof
equilibria in settings with communication. These papers focus on problems or consider renements that are not present in our model. We instead focus on a complementary problem
 the possibility of extortion. We introduce a new modeling ingredient  the communication
protocol  to analyze this problem, and we identify remedies that mitigate the negative consequences of extortion. More distantly related papers that study communication in repeated
games include Awaya and Krishna (2018), which identies settings in which cooperation
requires communication; and Compte (1998) and Kandori and Matsushima (1998), which
prove folk theorems in games with private monitoring.
In our setting, an agent essentially threatens the principal with a bad outside option
unless she pays him.
repeated games.

Our paper is therefore connected to the literature on bargaining in

Several papers impose the constraint that players bargain over either a

per-period surplus or continuation play (Baker et al. (2002), Halac (2012, 2015), Goldlucke
and Kranz (2017)). The closest papers within this literature are Miller and Watson (2013)
and Miller et al. (2018), which dene and analyze an equilibrium renement that essentially
allows players to bargain over continuation equilibria. By focusing on communication across
agents, our paper analyzes a dierent friction. In our paper, the principal's outside option
depends on how messages aect future agents' actions in equilibrium.
More broadly, our framework builds on the relational contracting literature. Much of this
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literature considers interactions between one principal and one agent (Bull (1987), MacLeod
and Malcomson (1989), Baker et al. (1994), Levin (2003)), while we focus on communication
across agents.

Levin (2002), which studies relational contracts between a principal and

multiple agents, is the seminal paper on coordinated punishments within this literature.
However, since that paper focuses on a setting with public monitoring and without extortion,
we explore a new central mechanism.
Recent papers have explored relational contracts in the presence of limited transfers
(Fong and Li (2017), Barron et al. (2018)), asymmetric information (Halac (2012), Malcomson (2016)), or both (Li et al. (2017), Lipnowski and Ramos (2017), Guo and Hörner
(2018)). We focus on a monitoring friction  agents do not observe one another's relationships  which implies that cooperation must rely on communication.

Other papers that

study relational contracts with bilateral monitoring (including Board (2011), Andrews and
Barron (2016), and Barron and Powell (2018)) do not allow agents to communicate.

We

complement these papers by identifying a reason why communication might be relatively
ineective at sustaining cooperation.
Our assumption that agents commit to messages bears a supercial resemblance to the
commitment assumption in the persuasion literature (Rayo and Segal (2010), Kamenica and
Gentzkow (2011), Lipnowski et al. (2018), Guo and Shmaya (2018)). However, commitment
serves a very dierent role in our setting, since it allows agents to make threats rather
than reveal information about payo-relevant variables.

Our commitment assumption is

more related to Wolitzky (2012), which studies an agent who has career concerns and can
privately side-contract with the principal to misreport output.

That paper shows that if

the agent is liability-constrained, then the principal can use the promise of a high rating
to compensate him, leading to relatively uninformative equilibrium communication. While
the analyses are quite dierent, the models share the feature that one side of a transaction
(the agents in our setting, the principal in Wolitzky (2012)) can commit to messages as a
function of other actions. Like Wolitzky (2012), but in contrast to the persuasion literature,
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commitment in our setting renes the equilibrium set.

2

Model

We prove our impossibility result for the following

extortion game.

A long-run prin-

cipal (she) interacts with a sequence of short-run agents (each he).

t ∈ {0, 1, 2, ...},

t

the principal and agent

In each period

play a favor-trading game: agent

t

exerts eort,

then the principal observes that eort and the two parties pay one another. This interaction
is observed only by the principal and agent
the end of period

t.

t;

however, agent

t

can send a public message at

Our key assumption is that before transfers are paid, agent

t

chooses a

communication protocol, which is a mapping from the transfer he receives to the message he
sends. This communication protocol, which only the principal observes, determines agent

t's

message as a function of the realized transfer.
Formally, the stage game in period

1. Agent

M

t

chooses his eort

t

is:

et ∈ R+

and a communication protocol

4

is a large, nite message space.

Both

et

and

µt

µt : R → M ,

where

are observed by the principal but

not by any other agent.

2. The principal and agent

t

simultaneously pay nonnegative transfers to one another,

with the net transfer to agent

t

denoted by

st ∈ R.5

Transfers are observed by these

two players but not by any other agent.

3. The message

mt = µt (st )

is realized and observed by all players.

The principal's period-t payo and agent t's utility are
where

c(·)

satises

(et − st ) and (st − c(et )), respectively,

is twice continuously dierentiable, strictly increasing, and strictly convex, and

c(0) = c0 (0) = 0.

4 The assumption that

M

We assume that there exists a unique rst-best eort level,

eF B ,

is nite simplies the proofs (by ensuring that various maxima and minima

exist) but is not essential for the results.

5 With the exception of section 5, agents have no incentive to pay the principal, so s
t

t

of any equilibrium.
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≥0

in every period

that solves

c0 (eF B ) = 1.

The principal has discount factor

normalized discounted payos

Πt = (1 − δ)

P∞

t0 =t

0

δ ∈ [0, 1),

δ t −t (et0 − st0 ).

with corresponding

Players observe a public

randomization device (notation for which is suppressed) in every step of the stage game.
The principal observes everything in this model, while agents observe only their own
interactions with the principal and all public messages. Our solution concept is a Perfect
Bayesian Equilibrium (Watson (2016)).

6

Some of our results focus on

principal-optimal

equilibria, which maximize the principal's ex ante expected payo E[Π0 ] among all equilibria.
The key ingredient of this model is that agents can commit to their communication protocols, which is what allows a shirking agent to extort the principal. Without commitment,we
can always construct equilibria in which an agent who deviates does not receive pay. The
communication protocol is a transparent way to show that agents have the incentive to extort
the principal and explore how extortion aects equilibrium cooperation.
Online appendices C and D explore variants of the extortion game in which the principal
can communicate or the players can exchange up-front transfers, respectively.

We defer

further discussion of these variant models until after we present our impossibility result in
Section 3.
If we interpret the principal as a manager and the agents as her workers, then this model
lets us analyze how workers might use communication  whether grievances led with a union
or negative reviews on a website  to extort concessions from their manager. Of course, the
real world is richer than our model: unions typically investigate grievances before acting on
them, and individual workers have long-term relationships with the manager. In sections 4
and 5, we show that either of these enrichments can lead to positive eort in equilibrium.
Crucially, however, the possibility of extortion still limits equilibrium eort.

6 We consider a Perfect Bayesian Equilibrium in order to specify how agents form beliefs over histories,
but since those beliefs do not play an important role in our arguments, our results would extend to various
restrictions on o-path beliefs.
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3

Threats Undermine Equilibrium Cooperation

In this section, we show how agents use their communication protocols to extort the principal.
The main result of the paper is Proposition 2, which shows that extortion leads cooperation
to completely unravel: all agents shirk in every equilibrium.
Cooperation requires agents to communicate among themselves, since without communication an agent would have no way to punish the principal for reneging on a transfer. We
rst establish a benchmark result: if an agent cannot threaten the principal after he deviates, then communication can indeed sustain cooperation. To make this point, we consider
a

no-extortion game in which each agent t freely chooses mt at the end of period t rather

than being committed to

Proposition 1 Let

µt .

e∗ equal the minimum of eF B and the positive root of c(e) = δe. In

the no-extortion game, et = e∗ and st = c(e∗ ) in each t ≥ 0 of every principal-optimal
equilibrium.

Proof:
eF B ,

We rst argue that total equilibrium surplus is at most

equilibrium surplus is at most

result follows. If

c(eF B ) > δeF B ,

payo. In any period

t≥0

eF B − c(eF B ).

then let

Therefore,

(1 − δ)c(e) ≤ δ Π̄.

Let

ē

t

c(eF B ) ≤ δeF B ,

(1 − δ)st ≤ δ Π̄

Since

c(eF B ) > δeF B ,

surplus is at most

be the eort that maximizes

and

we conclude

ē < eF B

If

mt0 6= C

equilibrium

st − c(et ) ≥ 0
st

or

e − c(e)

et ,

and the

must hold,

respectively.

among any eort

and so

ē = e∗ .

Therefore, equilibrium

e∗ − c(e∗ ).

et = e∗ ; st = c(e∗ ) if et = e∗
mt = D

e∗ = eF B

(1 − δ)c(ē) ≤ δ Π̄ ≤ δ(ē − c(ē)) and so

Consider the following strategy prole for each period
then

and

could protably deviate from

that is attained in any period of any equilibrium. Then

c(ē) ≤ δē.

then

By denition of

Π̄ be the principal's maximum ex ante

of any equilibrium,

since otherwise the principal or agent

If

e∗ − c(e∗ ).

otherwise. If

for some

and

mt0 6= C

t0 < t,

t ≥ 0:

if

st = 0 otherwise; and mt = C
for at least one

t0 < t,

then

mt0 = C

for all

t0 < t,

if neither player deviates

et = st = 0

and

mt = D.

play is as in the one-shot equilibrium and so players cannot
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protably deviate. If

mt0 = C

for all

t0 < t,

then agent

t

has no protable deviation because

he earns 0 on-path and no more than 0 from deviating.
deviation because

(1 − δ)c(e∗ ) ≤ δ(e∗ − c(e∗ ))

since

The principal has no protable

c(e∗ ) ≤ δe∗ .

This strategy is therefore

an equilibrium. It is principal-optimal because it generates total surplus

e∗ − c(e∗ ),

which is

the maximum equilibrium surplus, and it holds agents at their min-max payos. Moreover,
every principal-optimal equilibrium gives the principal a payo of
entail

et = e∗

in every period.

e∗ − c(e∗ )

and so must



Proposition 1 shows how communication can be used to induce the principal to pay
a hard-working agent.

On the equilibrium path, each agent sends the message

principal pays him and

D

the message

D.

C

if the

otherwise. Future agents min-max the principal if they observe

The principal would rather pay a transfer than be punished, and each agent

would rather exert eort than shirk and forgo the transfer, so this construction is enough
to sustain positive eort. If an agent shirks, then his message is independent of the transfer
and so the principal pays him nothing. In particular, a shirking agent cannot threaten to
send

C

if the principal pays him and

D

otherwise.

In contrast, we will show that agents

make exactly this type of threat in the extortion game.
Next, we present our impossibility result. Consider the mapping from messages to continuation play described in the proof of Proposition 1. In the extortion game, agent
choose

µt

so that

mt = C

if the principal pays him and

his eort. That is, the threat that agent

t

mt = D

t

can

otherwise, regardless of

can make, and hence the compensation he can

demand, is essentially independent of his eort. Agents are therefore unwilling to exert eort
in equilibrium.

Proposition 2 In the extortion game, every equilibrium entails et = st = 0 in every t ≥ 0.
Proof:

Dene

mt−1 = (m0 , m1 , ..., mt−1 ),

and let

 

Π̄ = max E Πt+1 |mt−1 , mt = m
m∈M
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be the principal's maximum continuation surplus in period
message

m̄.

Let

message

m.

Agent

t+1 onwards, with corresponding

Π be the similarly-dened minimum continuation payo, with corresponding
t is willing to choose et = e∗

only if

st = s∗ ≥ c(e∗ ); the principal is willing

to pay this transfer only if

−(1 − δ)s∗ + δ Π̄ ≥ δΠ.
For small

 > 0,

consider the following deviation by agent

µt (s) =

e∗ > 0,

st = s∗ ,

then

s∗ −  > s∗ − c(e∗ ) ≥ 0

it holds strictly for

deviation is to pay

for

st = s∗ − 

st = s∗ − .

Every equilibrium therefore has

t: et = 0

and




m̄ s = s∗ − 


m

If

(1)

(2)

otherwise.

>0

suciently small. Since (1) holds weakly at

and so the principal's unique best response to this

Hence, agent

t

et = 0

t ≥ 0,

for all

can protably deviate from any
in which case

Π̄ = Π = 0

et = e∗ > 0.

and so

st = 0.


If

st > 0

on the equilibrium path, then agent

that punishes the principal unless she pays him
weakly willing to pay

st

t

can shirk and threaten to send a message

slightly less

than

st .

Since the principal was

when faced with the same punishment, she strictly prefers to pay a

smaller amount. An agent can therefore shirk and still guarantee nearly the same transfer
as if he had exerted eort. But then each agent shirks, since the transfer he can demand is
essentially independent of his eort.
The proof of Proposition 2 relies on the assumption that communication protocols are not
publicly observed. Therefore, one might imagine that allowing the principal to communicate
to future agents might improve cooperation by making information about these protocols
public.

But this turns out not to be true, as online appendix C.1 shows:

Proposition 2

continues to hold even if the principal can send a public message at the end of each period.
Intuitively, if the principal could lessen her punishment by reporting extortion, then she
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would always do so regardless of whether or not an agent actually deviated. Online appendix
C.2 then shows that cooperation is possible if the principal can

commit

function of each agent's eort, provided that she commits to messages

to messages as a

weakly before

each

agent chooses his communication protocol. This positive result should be interpreted with
skepticism, however, since unlike the agents, the principal sometimes has a strict incentive

7

to deviate from her committed message.

Proposition 2 remains true even if the principal has multiple opportunities to exchange
transfers with each agent.

In online appendix D.1, we show that our impossibility result

continues to hold even if the principal and each agent exchange transfers at both the start
and the end of their interactions.

ex ante

Online appendix D.2 then allows each agent to make

demands in exchange for refraining from later extortion. Even with these

ex ante

demands, our impossibility result continues to hold, albeit for slightly dierent reasons.
Proposition 2 illustrates a signicant roadblock that unions and other organizations must
overcome to facilitate cooperation.

Even if those organizations coordinate punishments,

those punishments face the risk of simply becoming opportunities for the communicating
parties to extort their partners. Of course, Proposition 2 is a stark result, and the next two
sections explore how cooperation might be sustained even if agents

can

extort the principal.

Nevertheless, by identifying how agents can misuse coordinated punishments and how this
misuse undermines cooperation, Proposition 2 forms the (pessimistic) foundation for the rest
of our analysis.

4

First Remedy: Investigations

This section introduces a public signal of either the eort or the transfer. Depending on the
setting, these signals might either arise naturally from an interaction, or be the results of
an investigation into each agent's message (by the union, community, association, or online

7 That is, unlike its role for agents, commitment forces the principal to send messages that are ex post
suboptimal. Hence, Proposition 8 would not hold in this alternative game: allowing the principal to commit
does

not

rene the equilibrium set of the game without commitment.
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marketplace).

We show that these signals tie the threats that an agent can make to his

actual interaction with the principal. Consequently, signals limit extortion and can lead to
positive equilibrium eort. However, we show that, if these signals are noisy, then extortion
continues to constrain equilibrium eort.

4.1 Public Signals of Eort
This subsection studies public signals of each agent's eort. We rst prove that if these signals
are perfect, then they completely eliminate extortion in equilibrium. Then we present our
main result for this section, Proposition 6, which analyzes how even noisy eort signals can
support some eort in equilibrium.
Formally, the

extortion game with eort signals

except that after the transfer

st

is paid in each period

t,

is similar to the extortion game

a public signal

zt ∼ G(·|et ), zt ∈ R,

is realized. Agent t's communication protocol can be any mapping from the transfer
signal to a message, so that (with an abuse of notation)

µt : R2 → M

and

and

this

mt = µt (st , zt ).

Payos are the same as in the extortion game. We focus on two simple signal structures:
is

perfect if zt = et ; or zt is noisy

if

zt ∈ {0, 1}

with Pr{zt

= 1|et } = γ(et )

for

γ(·)

zt

strictly

increasing and twice continuously dierentiable.
Future agents can condition their actions on the public signal
condition their actions on

et .

zt and thereby stochastically

In the no-extortion game, however, this additional signal would

not improve cooperation at all: Proposition 1 holds when there is a signal of eort just as it
does without one. The reason is that the proof of Proposition 1 constructs an equilibrium in
which agents do not engage in extortion and messages make any deviation by the principal
public knowledge. The principal-optimal eort

e∗

is therefore pinned down by the principal's

on-path continuation payo, which means that eort signals are redundant.
In contrast, we show that eort signals substantially increase equilibrium eort in the
extortion game by limiting the types of threats that a shirking agent can make and thereby
restoring informative communication among the agents. Indeed, we show that perfect eort
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signals completely eliminate extortion.

Proposition 3 Dene

e∗ as in Proposition 1. In the extortion game with perfect eort

signals, et = e∗ and st = c(e∗ ) in every t ≥ 0 of any principal-optimal equilibrium.

Proof:

See appendix A.

To see the proof of Proposition 3, consider a strategy prole with

et = e∗ and st = c(e∗ ) in

each period t. To deter deviations, suppose that future agents punish the principal whenever
an agent reports a deviation
if agent

t

chooses

et 6= e∗ ,

extort the principal at all.

and

the signal reveals that he chose eort

e∗ .

Consequently,

he cannot trigger a punishment with his message and so cannot
If he chooses

et = e∗ ,

then the principal's punishment can be

made just severe enough that she is willing to pay
equilibrium implements eort

e∗

st = c(e∗ )

but no more. The resulting

and gives all of the resulting surplus to the principal.

Proposition 3 illustrates how eort signals can restore cooperation under the extreme
assumption that signals are perfect. If the signal is noisy, however, then a shirking agent
might go undetected by future agents. However, the amount that an agent can extort can
be tied to his eort

in expectation,

which means that positive eort can be sustained in

equilibrium. In contrast to Proposition 3, agents also earn rent that is increasing in their
equilibrium eort.

Proposition 4 In the extortion game with noisy eort signals, suppose γ(et ) is weakly concave. Then:
1. There exists a strictly increasing function ū : R+ → R+ with ū(0) = 0 such that if
agent t chooses et on the equilibrium path, then his payo is at least ū(et ).
2. There exists an equilibrium in which et = e∗ in each t ≥ 0 if and only if
c0 (e∗ ) ≤ γ 0 (e∗ )

δ
(e∗ − c(e∗ ) − ū(e∗ )).
1−δ
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(3)

3. There exists δ̄ < 1 such that if δ ≥ δ̄ , the eort in each t ≥ 0 of any principal-optimal
equilibrium equals
e∗ ∈ arg max {e − c(e) − ū(e)} < eF B .
e

Proof:

See appendix A.

Equilibrium play in the extortion game with eort signals turns out to be closely related
to a static contracting problem with limited liability. To see the proof of the rst part of
Proposition 4, let

Π̄(zt )

and

following signal realization

Π(zt )

zt

be the largest and smallest principal continuation payos

in period

t.

Dene



ŝ(et ) ≡ E Π̄(zt ) − Π(zt )|et ≥ 0.

The principal is willing to pay
and earn continuation payo

st

only if

Π(zt ).

similar to (2) in order to extort any

ŝ(et ) − c(et ).

If we dene

st ≤ ŝ(et ),

since otherwise she would rather renege

However, agent

st < ŝ(et ).

R(zt ) ≡ Π̄(zt ) − Π(zt ),

t

Agent

can use a communication protocol

t

therefore chooses

then agent

t

et

chooses

et

to maximize

in equilibrium only

if

et ∈ arg max {E [R(z)|e] − c(e)} .

(4)

e

Since

R(·) ≥ 0,

this incentive constraint is similar to that of a static contracting problem

with limited liability.
equilibrium eort

It follows that agent

t

et = e∗

that is increasing in his

in each period

t,

then

t's eort incentives are

R(1) ≤ e∗ − c(e∗ ) − ū(e∗ ).

e∗ − c(e∗ ) − ū(e∗ ) in the rst-order condition of (4) yields (3).
dierence

ū(et )

et .

As in the static contracting problem, agent
If

earns a rent

Setting
Since

strongest if

R(0) = 0

R(0) = 0.

and

R(1) =

R(·) depends only on the

Π̄(·)−Π(·), we can increase Π̄(·) without changing either agent t's incentives or his

payo. Therefore, principal-optimal equilibria always entail principal-optimal continuation
play and hence stationary eort. In those equilibria, eort is strictly lower than rst-best
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because a slight decrease in eort at
rst-order decrease in agent

t's

eF B

entails a second-order loss in total surplus but a

rent.

The fact that agents earn rent also constrains the maximum eort that can be attained
in equilibrium. In particular, the principal has less to lose from reneging on any given agent
because she earns only a fraction of the value created in future interactions. She is therefore

ū(e∗ )

less willing to pay agents, who in turn are less willing to exert eort. Consequently,

enters negatively on the right-hand side of (3), leading to a lower maximum eort than in the
no-extortion game. This distortion, which resembles a distortion in Proposition 5 of Levin
(2002), implies that an agent's rent-seeking behavior imposes a negative externality on

other

agents by making the principal's promises to those agents less credible.
In practice, the players might have some sway over the signal distribution, as, for instance,
when a union decides how to investigate grievances. While both agents and the principal
prefer some kind of investigation to none, Propositions 3 and 4 suggest that these parties
have dierent preferences over the precision of that investigation.

Total surplus and the

principal's payo in a principal-optimal equilibrium are both maximized if signals are perfect.
The agents, however, might collectively prefer a noisy signal so as to preserve some ability
to earn rent.

4.2 Public Signals of Transfers
We now turn to public signals of the transfer. As in section 4.1, we rst show how perfect
signals can eliminate extortion and then analyze equilibrium eort if signals are noisy.
The

extortion game with transfer signals is identical to the extortion game except

that a public signal
players. Agent

M

with

t's

xt ∼ F (·|st ), xt ∈ R,

communication protocol maps each

µt (st , xt ) = mt .

transfer signals,

is realized after

We focus on either

xt ∈ {0, 1}

with Pr{xt

twice continuously dierentiable

st

(st , xt )

in each

t

and observed by all

to a message

perfect transfer signals,

= 1|st } = φ(st )

φ(·).
18

mt ,

so

xt = s t ;

µt : R2 →
or

noisy

for some strictly increasing and

As with a signal of

et ,

a public signal of

st

does not change the set of equilibrium out-

comes at all in the no-extortion game. However, once we allow agents to commit to their
communication protocols, this signal can lead to more cooperation in equilibrium. Indeed,
we show that a perfect transfer signal is enough to recover the equilibrium eort level from
Proposition 1.

Proposition 5 Dene

e∗ as in Proposition 1. In the extortion game with perfect transfer

signals, et = e∗ and st = c(e∗ ) in every t ≥ 0 of any principal-optimal equilibrium.

Proof:

See appendix A.

The statement of Proposition 5 is nearly identical to that of Proposition 3, but the
underlying intuition is quite dierent.
agent
that

t's

xt

Since

xt

does not directly reveal anything about

actions, it cannot be used to tie the amount he can extort to his eort. We show

is used instead to make the principal indierent between paying an agent or not,

so that she is both willing to pay

c(e∗ )

if

et = e∗

particular, suppose future agents punish the principal unless
agent

t

shirks, then he can try to extort

et 6= e∗ .

In

mt = C and xt = c(e∗ ).

If

and willing to pay nothing if

st = c(e∗ )

but no less, since any smaller transfer

triggers punishment regardless of the message. If the punishment is such that the principal is
exactly indierent between paying
if

et = e∗ ,

and

st = 0

st = c(e∗ ) and st = 0, then she is willing to pay st = c(e∗ )

otherwise. But then agent

so he is willing to choose

t

cannot earn more than zero by deviating,

et = e∗ .

This equilibrium construction hinges on two features:
between paying

st = c(e∗ )

(i) the principal is indierent

and some strictly smaller amount (st

she cannot be forced to pay any other amount.

=0

in this case), and (ii)

These two conditions are relatively easy

to satisfy with perfect signals. With noisy signals, however, they dramatically restrict the
eorts and transfers that can be supported in equilibrium. Our next result formalizes these
restrictions as a set of necessary conditions for equilibrium.
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Lemma 1 Suppose xt is a noisy signal of st . If et = e∗ > 0 in period t of an equilibrium,
then there must exist s∗ > 0 and ŝ ∈ [0, s∗ ) such that (i) c(e∗ ) ≤ s∗ − ŝ, (ii) φ00 (s∗ ) ≤ 0, and
(iii)
φ0 (s∗ ) =

Proof:

φ(s∗ ) − φ(ŝ)
.
s∗ − ŝ

(5)

See appendix A.

Suppose that

Π̄(xt )

and

Π(xt )

tinuation payos following signal

are the principal's largest and smallest equilibrium con-

xt .

Dene

π D = max {−(1 − δ)st + δE[Π(xt )|st ]}
st ≥0

as the principal's
from paying

st .

equilibrium

min-max payo from period

The principal is willing to pay

st

t onwards, including

her disutility

only if



−(1 − δ)st + δE Π̄(xt )|st ≥ π D .

If agent

t

shirks, then he can extort any transfer

st

(6)

that strictly satises (6). Let

ŝ

be the

supremum of the set of transfers that can be extorted.
Since

ŝ,



E Π̄(xt )|st

is continuous in

st ,

agent

supremum payo from a deviation equals

which moreover must satisfy (6) with equality. Agent

equilibrium only if doing so and receiving
if

t's

s∗ − c(e∗ ) ≥ ŝ.

s∗

t

is willing to choose

et = e∗ > 0

is better than shirking and extorting

But (6) must hold with equality at

st = s∗ ,

since otherwise

left-hand side of (6) must also be concave and tangent to the right-hand side at
otherwise (6) would hold strictly on at least one side of

s∗ ,

and thus again

ŝ,

in

that is,

ŝ ≥ s∗ .

The

st = s∗ , since

ŝ ≥ s∗ .

Given

ŝ and s∗ , the average slope of E[Π̄(xt )|st ] between ŝ and


∗
to E Π̄(xt )|st = s . Equation (5) represents this equality

that (6) holds with equality at both

s∗

equals that of the line tangent

for this signal structure.
Lemma 1 implies that inducing cooperation in the extortion game with noisy transfer
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signals requires

φ(·)

to satisfy several restrictive conditions.

these conditions are impossible to satisfy if
is possible only if

φ(·)

φ(·)

Our next result shows that

is concave, which means that positive eort

has both convex and concave regions. We demonstrate that positive

eort is sometimes possible in that case.

Proposition 6 Suppose

xt is a noisy signal of st . If φ(·) is strictly concave on R+ , then

et = 0 in each t ≥ 0 of every equilibrium.

Suppose that on R+ , φ(·) is rst strictly convex and then strictly concave. Let e∗ > 0,
s∗ > 0, and ŝ ∈ [0, s∗ ) satisfy the conditions of Lemma 1, with e∗ − c(e∗ ) − ŝ > 0. Then there

exists δ̄ ∈ [0, 1) such that for any δ ≥ δ̄, there exists an equilibrium in which e0 = e∗ . Any
such equilibrium is nonstationary.

Proof:

See appendix A.

To prove the rst part of Proposition 6, it is enough to note that the slope of any line
that connects two points on a strictly concave

φ(·)

cannot coincide with the tangent line at

either of those points, which means that (5) cannot be satised. To understand this result,
note that

E[Π̄(xt )|st ]

is strictly concave in

together with the fact that

E[Π̄(xt )|st ]

st

if

φ(·)

is strictly concave.

Strict concavity,

must be at enough to make the principal indierent

between two dierent transfers in equilibrium, implies that (6) must hold strictly for some

st

that is arbitrarily close to

s∗ .

Therefore,

ŝ ≥ s∗

and so agents do not exert eort.

The second part of Proposition 6 investigates the simplest possible case that might satisfy
the conditions of Lemma 1:

φ(·)

is rst convex and then concave. Given

e∗ , s∗ ,

and

ŝ

that

satisfy these conditions, we can work backwards from the proof of Lemma 1 to construct
an equilibrium that implements eort
principal to be punished whenever

st .

e∗

in the rst period. This construction requires the

xt = 0 ,

since otherwise

E[Π̄(xt )|st ]

would not vary with

The principal must therefore be periodically punished in any equilibrium with positive

eort.
Together, sections 4.1 and 4.2 highlight two essential conditions that must hold for ex-
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tortion to lead to zero equilibrium eort. First, agents must be able to shirk without being
detected by other agents. Second, after an agent shirks, he must be able to give the principal a

strict

incentive to pay nearly the same transfer that she would pay a hard-working

agent. Eort signals restore cooperation by tailoring an agent's ability to extort to his eort,
which violates the rst condition. Transfer signals restrict agents' threats as a function of
the transfer, which violates the second condition. However, while either type of investigation
can improve cooperation, each comes with its own weaknesses. Eort signals typically lead
agents to earn rent in equilibrium, which undermines the principal's credibility in her other
relationships, while transfer signals require an equilibrium construction that both is fragile
and typically entails on-path punishments.

5

Second Remedy: Bilateral Relationships

In the extortion game, the principal can punish an agent only by withholding pay, while an
agent can punish the principal only by communicating with future agents. In this section, we
explore how future

bilateral

interactions between the principal and each agent can be used

to support cooperation. As is familiar from the literature on repeated games, these bilateral
interactions can be used to punish an agent for shirking or the principal for reneging on a
hard-working agent, leading to positive equilibrium eort. We now emphasize a third eect
that is specic to our setting: bilateral relationships can be used to punish the principal
for acquiescing to an agent's threats, which makes extortion less tempting to each agent.
Therefore, bilateral relationships enable coordinated punishments.
Consider the

extortion game with bilateral relationships,

the extortion game except that
principal and agent

t

after

agent

t

which is identical to

sends his message in each period

t ≥ 0,

the

play a symmetric, simultaneous-move coordination game. The actions

and outcomes of this coordination game are observed by the two participants but not by
any other agent.

We suppress notation for actions in this coordination game and instead
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vt ,

denote the resulting (symmetric) payo by
are

et − st + vt

and

st − c(et ) + vt ,

so that the principal's and agent

t's

payos

respectively.

The outcomes of the coordination game are not observed by any future agents and so
cannot aect the principal's continuation value. In equilibrium,
to a Nash equilibrium of the coordination game in each

t ≥ 0.

vt

must therefore correspond

Dene

vt = H

and

vt = L

as

the largest and smallest such Nash equilibrium payos, respectively. While our result can be
readily extended for general, possibly asymmetric coordination games, the following simple
example suces:

h

l

h (H, H) (L, L) .
l

(L, L)

(L, L)

We show that positive eort can be sustained in the extortion game with bilateral relationships.

However, equilibrium eort is constrained by the strength of each bilateral

relationship, as measured by the dierence

(H − L).

Proposition 7 In the extortion game with bilateral relationships, c(et ) ≤ 3(H − L) in every
t ≥ 0 of any equilibrium. If e∗ is the minimum of eF B and the solution to c(e∗ ) = 3(H − L),

then there exists a δ̄ < 1 such that for any δ ≥ δ̄ , et = e∗ in every t ≥ 0 on the equilibrium
path in any principal-optimal equilibrium.

Proof:

See appendix A.

The eort constraint

c(et ) ≤ 3(H − L)

reects the fact that bilateral relationships can

encourage equilibrium eort via three dierent channels. Two of these channels are familiar:
agent

t

can be punished by

(H − L)

principal can be punished by

if he fails to exert the equilibrium eort level, and the

(H − L)

if she fails to reward an agent who exerts eort. We

show that the coordination game can also be used to reward the principal for refusing to
pay an agent who shirks, so that the principal is willing to pay
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(H − L)

more to an agent

who exerts eort relative to one who tries to extort her. Consequently, agents' messages can
inuence equilibrium continuation play without opening the door to extortion. The proof of
Proposition 7 simply tracks the histories associated with each of these three channels and
arranges transfers so that the appropriate players are rewarded or punished at each of those
histories. Note that, unlike in the rest of the paper, this proof uses the fact that agents can
pay the principal.
As in the proof of Proposition 2, let us dene

Π̄

and

Π

as the principal's largest and

smallest equilibrium continuation payos, respectively, in some period t, in which case agent

t's messages can punish the principal by no more than δ(Π̄−Π).
no more than

δ(Π̄ − Π) − (1 − δ)(H − L)

her bilateral relationship with agent

t

Agent

t can therefore extort

if he shirks, since the principal loses

(H − L)

if she gives in to extortion. That is, agent

t

from

cannot

extort the principal at all as long as


δ
Π̄ − Π ≤ H − L.
1−δ

(7)

It is in this sense that bilateral relationships enable coordinated punishments:
dierence

a larger

(H − L) implies that the coordinated punishment Π̄ − Π can be more severe before

it leads to extortionary threats. On the other hand, if (7) is violated, then increasing
increases both agent
increase agent

t's

t's

Π̄ − Π

on-path payment and the amount he can extort, and so could not

equilibrium eort.

The coordination game is an abstract way to reect the idea that the principal has more
than one interaction with each agent. In reality, these bilateral relationships are typically
long-lived: managers interact repeatedly with each of their employees, community members
have repeated opportunities to contribute to public goods, and most businesses are long-term
members of their associations. We can interpret the coordination-game payo

vt

as a simple

representation of the continuation payo from these future interactions. In appendix B, we
conrm this interpretation by studying a setting with truly long-run agents who interact
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repeatedly with the principal. While the resulting analysis is more involved, it remains true
that bilateral relationships facilitate coordinated punishments.

6

Interpreting the Communication Protocol

In this section, we interpret the commitment assumption that lies at the heart of our analysis.
Without the communication protocol or a similar modeling device, Proposition 1 shows
that we can always construct equilibria in which agents do not follow through on o-path
extortionary threats. Commitment is a straightforward way to make sure that agents' threats
are more than just cheap talk. Even without commitment, however, equilibria still exist in
which agents follow through on extortionary threats. Equilibria in the extortion game are
therefore a subset of equilibria in the no-extortion game.
Recall that the no-extortion game is identical to the extortion game, except that each
agent

t chooses mt

freely at the end of period

t rather than being committed to µt .

For each

game we study, we show that commitment to the communication protocol renes the set of
equilibria in the corresponding no-extortion game.

Proposition 8 For any equilibrium of the extortion game or of the extortion game with
eort signals, transfer signals, or bilateral relationships, there exists an equilibrium of the
corresponding no-extortion game that induces the same distribution over (et , st , mt )∞
t=0 .

Proof:

See appendix A.

Since agents are indierent among messages, they are always willing to follow through
on their communication protocols. If they do, then the resulting mapping from transfer to
message is identical to the corresponding mapping in the extortion game, leading to identical
equilibrium outcomes. The only complication to this argument arises in the extortion game
with bilateral relationships, since an agent's payo in the coordination game can potentially
respond to his message.

However, we can always nd an equilibrium in which agents are
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punished in the bilateral relationship if they deviate from their communication protocols, in
which case agents are willing to follow through on those protocols.
Since agents are indierent among their messages in the extortion game, even a small
intrinsic preference for following through on threats is enough to replicate Proposition 2. To
make this point, we consider the game with

-compliance

the no-extortion game except that each agent

mt = µt (st ).

t

preferences, which is identical to

earns an addition

>0

payo for choosing

This small preference for complying with the communication protocol is enough

to lead to the complete collapse of eort in equilibrium.

Proposition 9 For any  > 0, every equilibrium in the game with -compliance preferences
has et = st = 0 in every t ≥ 0.

Proof:

See appendix A.

Even a small preference for following the communication protocol is enough to break
agents' indierence across messages and so replicate our impossibility result. We could apply
a similar argument in the extortion game with either eort signals or transfer signals to prove
that equilibrium outcomes are similarly equivalent.

In contrast, such an equivalence does

not hold in the extortion game with bilateral relationships, since the bilateral relationship
can be used to deter agents from following their communication protocols if

>0

is small.

Proposition 9 assumes that agents prefer to keep their word by acting according to
their communication protocol.

Other types of intrinsic preferences could lead to dierent

equilibrium outcomes, including equilibria with strictly positive eort.
point, suppose that each agent
receives an extra

t,

>0

or (ii) he sends

t

instead prefers to tell the truth, in the sense that he

utility if (i) he sends

mt = D

To illustrate this

mt = C

and no deviation occurred in period

and a deviation did occur.

It is straightforward to show that

intrinsic preferences of this sort are enough to restore cooperation to the benchmark level
from Proposition 1.

Note, however, that agents who prefer to tell the truth earn lower

utility than those who can extort the principal, since the former must exert eort to earn
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a transfer while the latter can shirk. Consequently, if an agent could develop a reputation
with the principal (unobserved by other agents), then he would prefer to have a reputation
for keeping his word rather than for telling the truth. By the same logic, organizations that
rely on coordinated punishments risk attracting exactly those types of agents who are most
likely to misuse those punishments.
Propositions 8 and 9 identify two reasons why commitment is a relatively mild assumption
in our setting. Proposition 8 demonstrates that agents would be willing to follow through
on their threats in at least some equilibria of the no-extortion game. Proposition 9 says that
even a mild preference for following through on threats is enough to replicate our impossibility result. However, the main reason we introduce commitment is more practical: it, or
something like it, is necessary to study agents' incentives to misuse coordinated punishments.
The resulting equilibrium threats both resonate with the examples in our introduction and
highlight new ways to encourage cooperation in organizations and communities.

7

Conclusion

In many settings, businesses and individuals cooperate with one another because they expect
partners to spread word of any misbehavior. This paper proposes an underexplored obstacle
to using communication as a way to coordinate punishments: agents may misuse messages
intended to report deviations in order to extort the principal instead.

Communication is

particularly susceptible to these kinds of extortionary threats for two reasons. First, communication is necessary precisely when players do not observe one another's interactions,
which means that extortionary threats are unlikely to be detected.

Second, coordinated

punishments are valuable when bilateral relationships are relatively weak, which means that
the extorted party has little direct recourse to punish the extorter. While extortion poses a
signicant challenge to cooperation, our remedies highlight how organizations might mitigate
its negative consequences and restore the use of coordinated punishments.
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Our analysis suggests two natural next steps.

First, we could delve further into the

assumption that agents commit to their communication protocols.

We have argued that

this assumption is both reasonable and (in a sense) necessary to study how agents might
misuse communication. We could therefore ask: under what circumstances do agents have
the incentive to develop reputations for following through on extortionary threats? If other
agents know about that reputation, then the extorting agent's message might simply be
ignored in equilibrium. However, if an agent's reputation is known to the principal but not
to other agents, then he has every incentive to build a reputation with the principal for
extortion. Studying how agents build reputations for extortion would both complement the
analysis in this paper and point to other ways that the principal could mitigate the resulting
ineciencies.
Second, the agents rely on communication to coordinate punishments but the principal
does not. One could study extortionary threats in settings with more symmetric interactions,
as in, for example, a network of relationships (e.g., Ali and Miller (2016)). In contrast to
our setting, in a more symmetric transaction

both

sides have the opportunity to extort one

another. How do players cooperate in the presence of two-sided extortion? What networks
best facilitate cooperation, and how are rents shared within those networks? How should
business associations, communities, and rms structure their communication channels to
support strong relational contracts?

We hope that our analysis provides a foundation for

analyzing these questions.
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Omitted Proofs

A.1 Proof of Proposition 3
The rst paragraph of the proof of Proposition 1 applies to the extortion game with perfect
eort signals as well. Therefore, the equilibrium surplus is at most

e∗ < eF B ,

then the highest equilibrium eort is at most

We now construct an equilibrium in which

The principal pays
to

µt

et = e∗

if

but

In the punishment phase, each agent

If agent
than

zt = e∗ ,
t




C

st = c(e∗ )



D

otherwise.

µt (·) is not the above protocol.

c(e∗ ) =

and

chooses

et = e∗

The equilibrium starts
and

st = c(e∗ ) if agent t does not deviate, st = 0 if et 6= e∗ , and best-responds

to the punishment phase with probability

mt = C

t

t

If either

α ∈ [0, 1]

mt 6= C

or

zt 6= e∗ ,

δ
α (e∗ − c(e∗ )) .
1−δ
chooses

et = 0

(8)

and the principal chooses

chooses

et = e∗ .

and so

st = 0

st = 0.

If

play stays in the cooperative phase.

et = e∗ ,

then (8) implies that the principal is willing to pay no more
Agent

t therefore has no protable

deviation. The equation (8) implies that the principal is indierent between
if

play switches

that satises

c(e∗ ); for any other eort, the principal pays st = 0.

st = 0

Moreover, if

e∗ .

et = e∗ in every period.

in the cooperative phase. In this phase, each agent

µt (st , zt ) =

e∗ − c(e∗ ).

For any

et 6= e∗ ,

st = c(e∗ )

and

the principal's continuation payo is independent of

st

is a best response. Therefore, the principal has no protable deviation.

This equilibrium construction maximizes total surplus and gives all of that surplus to
the principal. It is therefore principal-optimal, and any principal-optimal equilibrium must
entail the same eorts and transfers.
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A.2 Proof of Proposition 4
Statement 1
Suppose

et = e∗

in period

t

of an equilibrium. Let

Π̄(z)

and

Π(z)
z,

and smallest continuation payos following signal realization

t

the corresponding messages. Agent

can always choose

µt (s, z) =

and let

m̄(z)

and

m(z)

be

and




m̄(z) st = ŝ


m(z)

The principal's unique best response is to pay

ŝ < ŝ(et ) ≡

et = e

be the principal's largest

ŝ

otherwise.

so long as


δ
γ(et )(Π̄(1) − Π(1)) + (1 − γ(et ))(Π̄(0) − Π(0) .
1−δ

Clearly, the principal is willing to pay no more than

ŝ(et )

following eort

et .

(9)

Therefore,

e∗ ∈ arg maxe {ŝ(e) − c(e)}.
Since

γ(·)

is concave, so is

ŝ(·).

Since

c0 (0) = 0, e∗

is characterized by the rst-order

condition

c0 (e∗ ) = ŝ0 (e∗ ) =
Since


δ
γ 0 (e∗ ) Π̄(1) − Π(1) − Π̄(0) − Π(0) .
1−δ

(10)

Π̄(0) ≥ Π(0),

ŝ(e∗ ) − c(e∗ ) ≥ γ(e∗ )

where this inequality follows by setting


δ)) Π̄(1) − Π(1) − Π̄(0) − Π(0)
The fact that

c0 (e∗ )
− c(e∗ ) ≡ ū(e∗ ),
γ 0 (e∗ )

Π̄(0) = Π(0)

in (9) and then substituting

(δ/(1 −

from (10).

ū(0) = 0 is immediate from c(0) = c0 (0) = 0.
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Since

c(·) is strictly increasing

and strictly convex and

γ(·)

is strictly increasing and weakly concave,

 00

γ (et )γ(et )
γ(et ) 00
ū (et ) = −
+
c (et ) > 0,
γ 0 (et )
γ 0 (et )
0

so

ū(·)



is strictly increasing.

Statement 2
In a stationary equilibrium with

et = e∗

in each period

t, Π̄(1) = Π̄(0) ≤ e∗ − c(e∗ ) − ū(e∗ ).

Therefore, (10) requires that

c0 (e∗ ) =

δ
δ
γ 0 (e∗ ) (Π(0) − Π(1)) ≤
γ 0 (e∗ ) (e∗ − c(e∗ ) − ū(e∗ )) ,
1−δ
1−δ

where the inequality follows because

et = e∗

Π(1) ≥ 0

and

Π(0) ≤ Π̄(0).

So (3) is necessary for

in each period.

Now, suppose that (3) holds. Consider the following strategy prole. In the cooperative
phase, each agent

t

chooses

et = e∗

and

µt (s, z) =

until

st

s = c(e∗ ) + ū(e∗ )



D

otherwise.

st = c(e∗ ) + ū(e∗ )

if agent

t

that is a best response to

µt (s, z)

given

The principal pays
smallest




C

does not deviate, and otherwise chooses the

et .

Play stays in the cooperative phase

mt = D and zt = 1, at which point it switches to the punishment phase with probability

α ∈ [0, 1].

The punishment phase is absorbing and entails

Suppose that

α ∈ [0, 1]

et = st = 0

satises

c0 (e∗ ) = γ 0 (e∗ )

δ
α (e∗ − c(e∗ ) − ū(e∗ )) .
1−δ
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in each period.

Following eort

et ,

agent

t

can earn no more than

δ
c0 (e∗ )
αγ(et ) (e∗ − c(e∗ ) − ū(e∗ )) = γ(et ) 0 ∗ − c(et ).
1−δ
γ (e )
This expression is concave in

et

and maximized at

deviation from his strategy. If agent

et = e∗ ,

so agent

t

has no protable

t does not deviate, then the principal pays c(e∗ ) + ū(e∗ )

so long as

c(e∗ ) + ū(e∗ ) ≤ γ(e∗ )
which holds by denition of

ū(e∗ )

α.

and

δ
α(e∗ − c(e∗ ) − ū(e∗ )),
1−δ

So the principal has no protable deviation. We

conclude that a stationary equilibrium with

et = e∗

in each

t≥0

exists whenever (3) holds.



Statement 3
Let

Π∗

be the principal's payo in the principal-optimal equilibrium.

δ) arg maxe≥0 {e − c(e) − ū(e)} + δΠ∗
Π∗ ≤ arg maxe≥0 {e − c(e) − ū(e)}.
there exists
in each

δ̄ < 1

t ≥ 0.

such that for

because agent

Let

e∗

δ ≥ δ̄ ,

maximize

t

earns no less than

e − c(e) − ū(e).

Then

ū(e)

Π∗ ≤ (1 −

if

et = e.

So

Statement 2 says that

there exists a stationary equilibirum with

et = e∗

The proof of this statement constructs a stationary equilibrium of this kind

in which each agent earns

ū(e∗ ).

The principal therefore earns

Moreover, any equilibrium that attains this payo must have
every period on the equilibrium path.

e∗ − c(e∗ ) − ū(e∗ ) = Π∗ .

et = e∗

(with probability 1) in



A.3 Proof of Proposition 5
The rst paragraph of the proof for Proposition 1 applies to the extortion game with perfect
transfer signals as well. Therefore, the equilibrium surplus is at most
if

e∗ < eF B ,

then the highest equilibrium eort is at most

We now construct an equilibrium in which

35

et = e∗

e∗ − c(e∗ ).

Moreover,

e∗ .

and

st = c(e∗ )

in every

t ≥ 0.

Play

starts in the cooperative phase: in each

et = e∗ ,

then

st = c(e∗ );

otherwise,

punishment phase with probability

α

t ≥ 0,

st = 0.

α ∈ [0, 1]

If

t

chooses

xt 6= c(e∗ ),

e∗

and constant

If

then play switches to the

et = st = 0

in each

t.

so that

c(e∗ ) =

δ
α(e∗ − c(e∗ )).
1−δ

(11)

Agents have no protable deviation because they earn no more than
(11), the principal is willing to pay
also willing to pay

st = 0

st = c(e∗ )

0

from deviating. By

in the cooperative phase.

because (11) holds with equality.

no protable deviation either.
properties.

µ∗ (·).

and otherwise remains in the cooperative phase. The

punishment phase is absorbing and features
Fix

agent

The principal is

Therefore, the principal has

So this strategy prole is an equilibrium with the desired



A.4 Proof of Lemma 1
Consider an equilibrium with

et = e∗ > 0.

Dene

Π̄(x), Π(x), m̄(x),

and smallest principal continuation payos following
and

m(x).

x,

and

m(x) as the largest

with corresponding messages

Dene

π D = max {−(1 − δ)s + δ (φ(s)Π(1) + (1 − φ(s))Π(0))}

(12)

s≥0

as the principal's min-max payo as a function of the period-t transfer

smallest

m̄(x)

s.

Let

sA ≥ 0

maximizer of (12). Dene



sB ≡ sup s ≥ 0| − (1 − δ)s̃ + δ φ(s̃)Π̄(1) + (1 − φ(s̃))Π̄(0) > π D

if this supremum exists. Note that

sB > 0

whenever it exists.
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be the

If

sB

exists, then agent

t

can always deviate by choosing

µt (s, x) =

φ(·)

and




m̄(x) s = sB − 


m(x)

Since

et = 0

otherwise.

is continuous, the principal's unique best response to this deviation is to pay

st = sB − 

for small enough

Similarly, agent

t

 > 0.

can always deviate by choosing

µt (s, x) =

et = 0

and




m̄(x) s = sA


m(x) s 6= sA .

The principal may have multiple best responses to this deviation. However, all best responses
entail

st ≥ sA ,

since for any

s < sA ,

−(1 − δ)sA + δE[Π̄(x)|sA ] ≥ π D > −(1 − δ)s + δE[Π(x)|sA ],

where the rst inequality holds because

sA

Π̄(·) ≥ Π(·) and the second inequality holds because

is the smallest maximizer of (12).
Now, dene

ŝ = sA

if

sB

does not exist and

can guarantee a payo arbitrarily close to

s∗ − c(e∗ ) ≥ ŝ.

ŝ

ŝ = max{sA , sB }

otherwise.

if he deviates, so he chooses

Agent

et = e∗

t

only if

Moreover,


−(1 − δ)s∗ + δ φ(s∗ )Π̄(1) + (1 − φ(s∗ ))Π̄(0) =

πD


= −(1 − δ)ŝ + δ φ(ŝ)Π̄(1) + (1 − φ(ŝ)Π̄(0) ,
(13)
where the rst equality follows because

s∗ > ŝ

and the principal must be willing to pay

while the second equality follows by continuity of
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φ(·)

and the denition of

ŝ.

s∗ ,

Rearranging, we have


δ
(φ(s∗ ) − φ(ŝ)) Π̄(1) − Π̄(0) .
1−δ

s∗ − ŝ =

Given (13),


−(1 − δ)s + δ φ(s)Π̄(1) + (1 − φ(s))Π̄(0)
s = s∗ ,

must attain a local maximum at
on at least one side of

s = s∗

and so

since otherwise it would be strictly larger than

ŝ ≥ s∗ .

Equilibrium therefore requires

 1−δ
φ0 (s∗ ) Π̄(1) − Π̄(0) =
δ
and

φ00 (s∗ ) ≤ 0,

πD

(14)

our second necessary condition. Together, (14) and (13) imply (5), our nal

necessary condition.



A.5 Proof of Proposition 6
Suppose that

φ(·)

is strictly concave on

Z

∗

R+ .

Then for any

s∗

φ(s ) − φ(ŝ) =

Z

0

φ0 (s∗ )ds = φ0 (s∗ )(s∗ − ŝ),

ŝ

so (5) cannot hold. Lemma 1 implies that
Now, suppose that

s∗

φ (s)ds <
ŝ

s∗ > ŝ ≥ 0,

et = 0

in every

t

of any equilibrium.

φ(·) is rst strictly convex and then strictly concave on R+ .

Consider

the following strategy prole. Play begins in the cooperative phase. In each period
cooperative phase: agent

t

chooses

et = e∗

µt (s, x) =

If agent

t

t

of the

and




C

if



D

otherwise.

st = c(e∗ ) + ŝ

has not deviated, the principal pays

38

st = c(e∗ ) + ŝ.

Otherwise, the principal

chooses the minimum

st

the cooperative phase; if
probability

αC ;

if

xt = 0

mt = D,

the punishment phase,
Dene

that is a best response to
and

If

xt = 1

and

mt = C ,

then stay in

then transition to the punishment phase with

then transition to the punishment phase with probability

et0 = st0 = 0

s∗ = c(e∗ ) + ŝ.

mt = C ,

µt .

for all

αD .

In

t0 ≥ t.

In the cooperative phase, the principal's expected continuation

payo at the start of each period,

Π∗ ,

satises

δ(e∗ − c(e∗ ) − ŝ)
δ
Π∗ =
.
1−δ
1 − δ (φ(s∗ ) + (1 − φ(s∗ ))(1 − αC ))
Her continuation payo after
Dene

αC

mt = D

equals

so that

1
φ0 (s∗ )
Dene

αD

δ

= αC

δ
Π∗ .
1−δ

(15)

so that

s∗ =

For

(1 − αD )Π∗ .

δ
(φ(s∗ )Π∗ + (1 − φ(s∗ ))(1 − αC )Π∗ − (1 − αD )Π∗ ) .
1−δ

suciently close to 1, both of these conditions can be satised with

We show that this strategy prole is an equilibrium.
principal strictly prefers
indierent between

st ∈ {0, s∗ }

st = 0

and

to any other

st = s∗ .

st ,

and

If agent

αD

t

αC , αD ∈ [0, 1].

has not deviated, the

is such that the principal is

So the principal has no protable deviation from

st = s∗ .
If agent

ŝ.

t

has deviated, then we show that the principal is willing to pay no more than

Dene

ΠE (s) =

δ
(φ(s)Π∗ + (1 − φ(s))(1 − αC )Π∗ )
1−δ

as the principal's continuation payo if

00

m = C,

ΠE (s) =

and note that

δ
00
φ (s)αC Π∗ .
1−δ
39

Dene

δ
(φ(s∗ )Π∗ + (1 − φ(s∗ ))(1 − αC )Π∗ ) + s − s∗
1−δ

ψ(s) =

as the 45-degree line that coincides with
Condition (15) implies that
that

s∗

at

lies below

φ(s)

s∗ .

ΠE (s) is tangent to ψ(s) at s∗ ;

is the only point in the concave region of

φ(·), ΠE (s)

strictly convex region of

ψ(s)

ΠE (s)

φ(·)

since

φ00 (s∗ ) < 0, we conclude

that satises

ΠE (s) = ψ(s).

is strictly convex, and by the above argument,

at the right endpoint of this convex region.

ΠE (s)

Consequently,

In the

ΠE (s)
crosses

at most once in the convex region, and this crossing must be from above. Moreover,

ΠE (ŝ) = ψ(ŝ)

is the unique crossing in the convex region, since

δ
1−δ

ψ(ŝ) − ΠE (ŝ) =

(φ(s∗ ) − φ(ŝ)) αC Π∗ + ŝ − s∗
φ(s∗ )−φ(ŝ)
φ0 (s∗ )

=
=

+ ŝ − s∗

0,

where the rst equality follows from the denition of

αC

and the second equality follows

from (5).
We claim that agent
best-response is

st = s

t

can deviate to

exactly when

et = 0

and choose

ψ(s) < ΠE (s).

µt

so that the principal's unique

To see this, note that

ψ(s) = s∗ + (1 − αD )Π∗ + s − s∗ = s + (1 − αD )

by denition of

αD .

s<

Consequently,

ψ(s) < ΠE (s)

δ
Π∗
1−δ

exactly when

δ
(φ(s)Π∗ + (1 − φ(s))(1 − αC )Π∗ − (1 − αD )Π∗ ) .
1−δ

If this inequality is satised, then agent

t can force the principal to pay st = s.

this inequality does not hold, then the principal cannot be induced to pay
no less than

δ(1 − αD )Π∗

from paying

0

and no more than

40

s,

Conversely, if

since she earns

−(1 − δ)s + δΠE (s)

from paying

s.
We have already shown that
more than

e∗ ,

since

ŝ

if he chooses

c(e∗ ) ≤ s∗ − ŝ.

suciently close to 1.

ψ(s) ≥ ΠE (s)

et 6= e∗ .

for all

s ≥ ŝ,

which means agent

t

earns no

We conclude that he has no protable deviation from

Consequently, the proposed strategy prole is an equilibrium for

δ



A.6 Proof of Proposition 7
Consider period

t

of an equilibrium. Dene

Π̄

and

Π

as the principal's largest and smallest

continuation payos, respectively, with corresponding messages
deviate to

et = 0

and

µt (s) =

m̄ and m.

otherwise.

Following this deviation, the principal's unique best response is

ŝ < L − H +

t

st = ŝ

t is willing to choose et = e∗

Given the bound (17) on

(16)

where

L,

e∗ = eF B

if

st = s∗

δ
(Π̄ − Π).
1−δ

only if

(17)

s∗ − c(e∗ ) + (H − L) ≥ ŝ for any ŝ satisfying (16).

s∗ , we conclude that et = e∗

Each agent must earn at least

e∗ − c(e∗ ) + 2H − L,

only if

if and only if

δ
(Π̄ − Π).
1−δ

does not deviate, the principal is willing to pay

s∗ ≤ H − L +

Agent

t can always




m̄ s = ŝ


m

Similarly, if agent

Agent

in equilibrium only if

3(H −L) ≥ c(e∗ ).

so the principal's equilibrium payo cannot exceed

c(eF B ) ≤ 3(H − L)

and

e∗

satises

c(e∗ ) = 3(H − L)

otherwise. To complete the proof, we construct an equilibrium that attains this bound. Play

41

starts in the cooperative phase: in each

t ≥ 0,

µt (s) =

The transfer equals

st ,

then

mt = D,

at = H ;




C

s = c(e∗ )



D

otherwise.

otherwise,

t

deviates from

at = L .

e t = st = 0

suciently close to 1,

The principal earns
phase. Denote

sPt ≥ 0

respectively, so that
paying
from

and

(et , µt )

but then nobody deviates

Regardless of

deviation in

(et , µt )

and

µt ,

In the

satisfy

δ
α (e∗ − c(e∗ ) + 2H − L) .
1−δ

e∗ − c(e∗ ) + H + (H − L)
and

α

α.

α ∈ [0, 1].

sA
t ≥ 0

st = sPt − sA
t .

sA
t = (H − L)

sA
t .

et = e∗

Play continues in the cooperative phase until

in each period. Let

max {0, c(e∗ ) − 2(H − L)} =

δ<1

chooses

at which point it transitions to the punishment phase with probability

punishment phase,

For

t

st = c(e∗ ) − (H − L) if agent t does not deviate and st = −(H − L) if he

does. If either nobody deviates or agent
from

agent

surplus in each period of the cooperative

as the principal's and agent
If agent

sPt − sA
t + L

t

deviates in

t's

(et , µt ),

transfer to each other,

then he earns

sPt + L

by

from deviating, so he has no protable deviation

the principal has no protable deviation from

sPt = 0

following a

if

H −L≥

which holds because

δ
α(e∗ − c(e∗ ) + 2H − L) = max {0, c(e∗ ) − 2(H − L)} ,
1−δ
c(e∗ ) ≤ 3(H − L).

On the equilibrium path, if

st = c(e∗ ) − (H − L) ≥ 0,

then the principal has no protable deviation because

−c(e∗ ) + (H − L) + H +

by denition of

α.

If

δ
δ
(e∗ − c(e∗ ) + 2H − L) ≥ L +
(1 − α)(e∗ − c(e∗ ) + 2H − L)
1−δ
1−δ

st = c(e∗ ) − (H − L) < 0,

then agent

42

t has no protable deviation from

it because

c(e∗ ) − (H − L) + H ≥ L.

Given these transfers, agent
than

L

from deviating.

t earns L from choosing the equilibrium (et , µt ) and no more

So this strategy prole is an equilibrium.

It is principal-optimal

because it attains the upper bound on the principal's equilibrium payo.



A.7 Proof of Proposition 8
In the extortion game, this result follows immediately from the fact that agents are indierent
among messages and so are willing to follow their communication protocols. Proposition 2
shows such an equilibrium exists, which completes the proof.

In the games with eort

signals or transfer signals, agents are again indierent over messages and so a nearly identical
argument proves the result.
Consider the extortion game with bilateral relationships. Let

σ∗

consider the following strategy prole of the game: in each period

1. Agent

t

chooses

et , µt

2. The principal chooses

3. Agent

t

chooses

4. If agent

t

as in

st

t > 0,

σ∗.

as in

σ∗.

mt = µt (st ).

follows this message strategy,

No player has a protable deviation from

at

at

is as in

because

σ∗;
at

otherwise,

mt ,

agent

t

at

following a deviation

has a weak incentive to follow the specied message strategy

the principal and agent
play is exactly as in
as desired.

at = L .

is always an equilibrium of the

simultaneous move game at the end of the period. By the choice of
in

be an equilibrium, and

σ∗.

t

have no protable deviation from

e t , µt ,

or

st ,

mt .

But then

since continuation

So this strategy prole is an equilibrium of the no-extortion game,
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A.8 Proof of Proposition 9
Fix

t

 > 0.

Consider an equilibrium of the game with

is otherwise indierent among messages, he sends

each

µt ,

the equilibrium mapping from

st

to

mt

extortion game, from which the result follows.
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-compliance

mt = µt (st )

preferences. Since agent

in every equilibrium. For

is identical to that of an equilibrium of the



