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Abstract

This paper examines the optimal compensation scheme, job design, and severance policy for a

team using a model of repeated moral hazard. In the optimal contract, the agent may be paid to quit

after a poor performance. We show that a generous severance policy facilitates the adoption of team

incentives and team-based production by making it cost-e¤ective to implement peer monitoring and

sanction among the agents.
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1 Introduction

Work teams have been widely adopted in many organizations around the world. Cultivating and main-

taining cooperative team morale are naturally key concerns for e¤ective functioning of these organizations.

Existing economic theories suggest adopting group incentives, instead of relative performance evaluations,

is helpful in fostering cooperation among team members by aligning their interest in producing good team

outcomes. For instance, Che and Yoo (2001) show, using a repeated-game framework, that cooperation

can be sustained as an equilibrium outcome if the wage payments of the team members are positively

linked. On the other hand, team members come and go from time to time for di¤erent reasons, and

members� turnover may pose a challenge to sustaining e¤ective cooperation by destabilizing the long-

term relationship in the team. Severance policy design is instrumental in managing employee turnover,
�I am grateful to Yeon-Koo Che, Yuk-fai Fong, Fuhai Hong, Chiu Yu Ko, Anton Kolotolin, Jin Li, Jingfeng Lu, and Hodaka

Morita for their helpful discussion and comments. I would also like to thank seminar participants at Nanyang Technological
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and can thus have substantial impact on e¤ective team functioning. In this paper, we study the e¤ect

of members�turnover on team performance, and how the severance policy should be designed to manage

turnover. Our analysis reveals the subtle interaction between group incentives and severance policies.

As the folk theorems in the theory of repeated games suggest that cooperation can be sustained if

and only if players su¢ ciently value future payo¤s (derived from the repeated interactions), it appears at

�rst glance that member turnover is unequivocally harmful for teamwork, so severance policy should be

designed to minimize employee turnover. However, the literature in management, organizational behavior,

and psychology have pointed out that misbehavior of members can hurt team morale and performance.

A large-scale survey conducted by Porath and Pearson (2009) �nd that having "toxic colleagues" cause a

reduction in reported work e¤ort, work quality and overall employee performance. In fact, a senior vice

president of a Fortune 50 �rm told them, �They [toxic employees] can and do sit in the boat without

pulling the oars...and that may be worse than leaving.�In a similar spirit, empirical studies on peer e¤ect

in the workplace found that "the bad apples do spoil the whole barrel": workplace deviant behaviors,

such as intentionally slowing down work and putting in little e¤ort,1 by individual workers signi�cantly

hurt the team performance (Dunlop and Lee (2004) and Cole, Walter, and Bruch (2008)). Therefore,

it may be a good idea to induce these toxic employees to quit for the sake of preserving team morale

and performance. In this paper, we use a model of dynamic moral hazard to show that the adoption of

teamwork and/or team incentives can be facilitated by a severance policy that induces the exit of agents

with poor performance. This analysis allows us to identify conditions that favor the joint adoption of

team incentives and generous severance policies.

The most straightforward way to encourage voluntary resignation is to o¤er employees a generous

severance payment. Such o¤ers have been made by a number of large companies including Amazon,

Zappos and Net�ix. In the company�s annual letter to shareholders published in 2014, Amazon�s founder

and CEO Je¤Bezos revealed the human resource program "Pay to Quit," which pays its workers a lump-

sum amount if they quit voluntarily.2 ;3 He stated that the program�s goal is to "encourage folks to take

a moment and think about what they really want. In the long-run, an employee staying somewhere they

don�t want to be isn�t healthy for the employee or the company." The innovative human resource practice

1See Bennett and Robinson (2000) for a widely adopted meaure of workplace deviant behaviors.
2Speci�cally, the program works as follows, "Once a year, we o¤er to pay our associates to quit. The �rst year the o¤er

is made, it�s for $2,000. Then it goes up one thousand dollars a year until it reaches $5,000."
3 In a similar spirit, Amazon also o¤ers its workers the "Career Choice" program, which pays 95% of tuition (up to

$12,000) for its employees to take courses in non-work related �elds. The stated goal of the program is to "help [employees]

get the skills necessary for a high-demand �eld that [they are] passionate about, whether that�s at Amazon or elsewhere."
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of paying employee to quit was �rst introduced in Zappos in 2008. Net�ix followed their footstep in

adopting a similar program "Adequate performance gets a generous severance package". Other companies

with similar severance policies include Riot Games, Adore Me and Dashdeal.4 While there can be multiple

reasons why these �rms o¤er generous severance packages, our theory identi�es a possible source of

bene�ts, which has previously been overlooked in the discussion in the press and academic literature.5

In our basic model, in each of the in�nitely many periods, a principal has two technologically in-

dependent tasks, each of which requires the e¤ort of an individual agent. The agency relationship is

characterized by moral hazard with limited liability: each agent must receive a nonnegative wage and the

principal is able to observe and contract only on a noisy objective performance measure of the agent�s

e¤ort. As the agents interact closely with each other, they are able to better observe each others�e¤ort

than the principal. We model this by assuming that each agent�s e¤ort generates a stochastic signal,

which is (i) publicly observed only between the agents, and (ii) a su¢ cient statistics of the objective

performance measure observed by the principal. The principal may �re an agent for poor performance, in

which case an identical replacement can be found at no cost. The employment contract stipulates wage,

�ring decision, and severance payment conditional on the objective performance measures. We focus on

long-term stationary contracts that motivate both agents to always exert e¤ort.

Consider two types of severance policies: harsh or generous. A harsh severance policy �res the

agent with no severance payment if his performance measure is poor. A generous severance policy never

�res an agent regardless of his performance, and may even o¤er him a severance payment when he quits

voluntarily. On the other hand, consider two kinds of wage schemes: independent performance evaluation

(IPE) and joint performance evaluation (JPE). With IPE, each agent receives a wage that depends only

on his own performance; while with JPE, each agent is rewarded more if his partner performs well. Stock

options, division and team bonuses are examples of JPE scheme. Two combinations of severance policies

and wage schemes are particularly relevant: (i) a harsh severance policy and IPE scheme; and (ii) a

generous severance policy and JPE scheme. The �rst combination resembles a classical e¢ ciency wage

contract (Shapiro and Stiglitz (1984)), and it is well known that the termination threat can lower the

agency cost. Below we explain how the second combination can make e¤ective use of peer monitoring

and sanction, and may often outperform the optimal e¢ ciency wage contract.

4Riot Games, a large American-based video game publisher, o¤ers its employees 10% of their annual salary, up to $25,000,

if they quit voluntarily. Adore Me, a lingerie company, o¤ers a resignation bonus of $10,000 to select employees. Dealdash,

an auction site, pays $6,000 to any employee who resigns.
5We discuss some possible alternative explanations for adopting "Pay to Quit" in Section 5.
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Each stationary contract de�nes a repeated game of imperfect public monitoring between the agents.

A JPE wage scheme can make the stage game between them a prisoners�dilemma: while shirking is a

dominant strategy, both agents are better o¤ if they both exert e¤ort. As a result, it is an equilibrium for

each agent to shirk permanently, so there is a credible punishment for a poor signal. Since monitoring is

imperfect, even if both agents put in e¤ort in every period, there is a positive probability that an agent

produces a bad signal in some period. Whenever this happens, he must be punished, for otherwise, the

ex-ante incentive for exerting e¤ort is insu¢ cient. A problem of the punishment is that not only does

the agent with a bad signal su¤er, but so does the principal who loses valuable e¤ort from the agents. To

make an agent with a poor signal receive an equilibrium punishment without forgoing valuable e¤ort, the

principal can pay the agent to quit: compensate the quitting agent with the di¤erence between his inside

option and outside option. The quitter is then replaced by an identical agent, and a fresh relationship

starts between the new hire and the staying agent.

The bene�t of the mechanism outlined above (relative to the e¢ ciency wage) is that the punishment

of losing the job is based on a more precise signal of the agents�e¤ort. The downside is that severance

payment is costly to the principal, and it mitigates the punishment of job loss. Which contract prevails

depends on this trade-o¤ of bene�t and cost. It is natural that the e¢ ciency wage contract is more

appealing if the principal has access to a precise performance measure relative to the agents� signals.

Perhaps more surprisingly, a higher outside option of the agents tilts the balance toward JPE: a high

outside option implies that a smaller severance payment is needed. In this case, a generous severance

policy and JPE are complementary. Boning, Ichniowski, and Shaw (2007) and Michie and Sheehan

(2003) report that the combined use of teamwork and/or JPE and employment security is more e¤ective

in complex production processes and innovation activities respectively. These �ndings are consistent with

the predictions above as complex production processes and innovation activities lack accurate performance

measures, and workers involved are likely to be skilled and hence have better outside options.

Our main model assumes exogenous and independent production technology. In Section 4, we allow

the principal to choose between an individual-based and a team-based production technology. To highlight

the e¤ect of peer monitoring, we assume away any synergy in team production. It is found that because of

a free-riding problem inherent in team-based production, individual-based production is always preferred

in a static setting. Team production is optimal only in a dynamic setting, when adopted in conjunction

with a generous severance policy. Su¢ cient conditions for the optimality of team production with a

generous severance policy are identi�ed. This extension thus illustrates that the complementary nature

of teamwork (and team incentives) and generous severance policy are robust to endogenous job design.
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The result that generous severance policies facilitate the adoption of teamwork is consistent with some

of the rationales put forth by practitioners. For instance, Zappos�CEO Tony Hsieh, explained one of the

rationale for paying its employees to quit is to foster a strong corporate culture and core values, including

building a positive team and being passionate and determined (Hsieh (2010)). Riot Games explains

the purpose of their generous severance packages is to "reinforce Riot�s culture", which "operates on a

foundation of shared mission, values, passion, trust, and mutual respect".

Our model builds on the work of Che and Yoo (2001). They assume perfect monitoring between

the agents and show that a properly designed JPE scheme enables the mechanism of peer sanction to

reduce the agency cost. We adapt their model to allow for (i) imperfect public monitoring between the

agents, and (ii) costless agent replacement. The assumption of imperfect monitoring among workers is

quite realistic: agents may be better informed about each others�work than the principal, but their

observation is likely to be partial. In fact, imperfect observation of team members� activity is often

a source of workplace con�ict and misunderstanding (Robbins and Judge (2013)). The assumption of

costless agent replacement simpli�es our analysis; all results reported are qualitatively valid if the �ring

and recruiting costs are relatively mild. Whereas agent replacement is typically costly in reality, the cost

may be insigni�cant compared to that of a loss in team morale, as pointed out by Porath and Pearson

(2009).6 By allowing for agent replacement, the severance policy becomes an important instrument in

incentive provision. We show that when the monitoring technology between the agents is imperfect, a

generous severance policy that encourages voluntary quitting can play a key role in facilitating the use of

team incentives and maintaining high team performance. Our analysis therefore complements the insight

of Che and Yoo (2001) by identifying novel conditions on severance policy and workplace design that

favor the adoption of team incentives.

The paper proceeds as follows. A literature review is given below. We set up the model in Section

2. Section 3 solves for the optimal contracts in di¤erent parameter cases, and identi�es conditions under

which a generous severance package and a JPE wage scheme are complementary practices. Section 4

analyzes an extension of the model which endogenizes the choice of production technology. Section 5

discusses alternative model speci�cations and theories. The appendix contains omitted proofs, and an

extension of the model that allows for a more general contract space.

6According to a report published by a consulting �rm CPP in 2008, workers in the United States spend an average of

2.8 hours per week on dealing with workplace con�ict. The �gures are 3.3 hours in Germany and Ireland. They also report

that about 10% of their survey respondents would take relatively extreme measures such as failing to attend meetings and

taking multiple days o¤ when dealing with workplace con�ict.
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Related Literature

Our analysis relies on the techniques developed in the literature of repeated games with imperfect public

monitoring. The seminal article of Green and Porter (1984) shows that colluding oligopolists may engage

in a price war if their observations of the market demand is imperfect. The destruction of producers�

surplus by a price war, while ine¢ cient and costly to the oligopolists, is necessary to provide incentives

for sustaining collusion. Fong and Li (2008) point out that allowing player turnover in a repeated game

can mitigate this ine¢ ciency problem. The equilibrium we focus on also has a �avor of player turnover:

by replacing the agent with a poor signal, the agents on the job always play the action pro�le that

maximizes their joint payo¤s in equilibrium. Our study di¤ers from theirs in that we consider a long-

term contracting problem, instead of equilibrium characterization in repeated games. We discuss in

greater details the relation of our study and Fong and Li (2008) in Section 3.2.

Team incentives have been extensively studied (see Fleckinger and Roux (2012) for an excellent sur-

vey). The literature focuses on identifying circumstances under which IPE, JPE or relative performance

evaluation (RPE) are optimal. The results typically depend on the nature of interdependencies in produc-

tion technology and/or information structure. The idea that complementarity in production technology

favors JPE dates back to Alchian and Demsetz (1972), and Marschak and Radner (1972). Holmstrom

(1979)�s Informativeness Principle implies that JPE (RPE) can be optimal if agents performance mea-

sures are positively (negatively) correlated.7 Our model features neither types of interdependencies, and

we emphasize the importance of severance policy in managing team incentives.

A number of articles consider relational contracts in a team. Levin (2002) considers the tradeo¤

between establishing relational contracts to the whole workplace, and to individual workers. Kvaloy and

Olsen (2006, 2012) show that as team bonus is relatively large in JPE compared with the necessary

bonus in IPE and RPE, the use of JPE is less appealing because the principal faces strong temptation to

renege on the large bonus. Deb, Li, and Mukherjee (2016) allow for subjective peer evaluations and show

that the interaction of incentive compatibilities in e¤ort exertion and truth-telling of peers�performance

complicates the use of peer reporting in compensation. Baldenius, Glover, and Xue (2016) show that

the threat of collusion among agents forces the principal to adopt a wage scheme with the �avor of

IPE. In contrast, we consider contracting over veri�able performance measures, and the principal has no

commitment problem. Moreover, none of these studies investigate the role of severance policy.

7Relatedly, Green and Stokey (1983) show that if the agents�outputs contain a common shock component, tournament

helps �lter out the shock, thus saving the agency cost.
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The o¤er of severance payment upon voluntary quitting of CEO, known as the golden handshake, is

quite common. Bebchuk and Fried (2003) attribute this practice to the CEO exerting in�uence over the

board of directors. In Almazan and Suarez (2003), the board uses a severance payment to help commit

to a contract, or to replace the current CEO with a superior candidate. In Inderst and Mueller (2010),

the CEO has private information on his productivity of working in the �rm, and the board may use

severance payment, in conjunction with a steep incentive scheme, to encourage the exit of a CEO with

bad information. In contrast, the principal in our model has full bargaining and commitment power, and

the agents in our model have identical productivity. Moreover, we consider multiagents/team production,

instead of a single-agent problem as in CEO contracting. Therefore, the reason of adopting severance

payment is quite di¤erent in our model. In Section 5, we provide a detailed discussion on the predictions

that distinguish our theory of severance pay from this line of literature.

The importance of coworker relationship in the workplace has long been recognized in management,

psychology and organizational behavior.8 Coworker support and good interpersonal relationship at work

are positively associated with employee performance and �rm pro�t;9 whereas workplace con�ict is costly

to the �rm as it has a negative impact on individual and team performance.10 A number of studies

�nd that greater support and interaction with coworkers signi�cantly reduces employees� intention to

quit.11 These studies provide supportive empirical evidence for the relevance of our model: good coworker

relationship is key to the success of a team and an organization; whereas poor relationship is costly to

the organization, and is likely to trigger employee turnover.

2 Model

Time is discrete and in�nite, t = 1; 2; :::. Every player shares a common discount � 2 (0; 1), and is

risk-neutral. In each period t, a (female) principal hires two identical (male) agents, i = 1; 2, to perform

an independent and identical task. The outcome of the task performed by agent i, denoted by yti , is either

good (yti = 1) or bad (y
t
i = 0). In each period, each agent i makes a binary e¤ort decision e

t
i 2 f0; 1g, i.e.,

he either works (eti = 1) or shirks (e
t
i = 0). The e¤ort cost of working to the agent is c > 0. Work e¤ort

8For related contribution in behavioral economics, see for example, Itoh (2004), Chillemi (2008), and Dur and Sol (2010).
9See, for example, Koys (2001), Chiaburu and Harrison (2002), and Podsako¤, Whiting, Podsako¤ and Blume (2009).
10See, for example, Cortina and Magley (2003), de Jong, Curseu and Leenders (2014), Robinson, Wang and Kiewitz (2014).
11See for example, Mossholder, Settoon and Henagan (2005) and Humphrey, Nahrgang, and Morgeson (2007). Relatedly,

Mueller, Charles, and Price (1990), Alexander, Lichtenstein, Oh and Ullman (1998), Morrison (2004) and Borzaga and

Depedri (2005) �nd that poor relationship with coworkers is a major factor in shaping employees�intention and/or actual

decision of voluntary quitting.
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increases the probability that the task outcome is a success. There is no serial correlation in production

across periods.

The monitoring technology is as follows. In each period, a signal about the agent�s e¤ort is realized

and observed ONLY by himself and his partner. Agent i�s signal xi 2 f0; 1g is either good (xi = 1) or

bad (xi = 0). The signal distribution depends on the agent�s e¤ort choice. Speci�cally,

Pr (xi = 1jei = 1) � p > q � Pr (xi = 1jei = 0) .

Each individual agent�s signal and outcome is independent of each other. The signal realizations are

not observable to the principal, so they are NOT contractible. On the other hand, the agent�s outcome

is contractible. We assume agent i�s period outcome yi is a garbling of his signal. Speci�cally,

Pr (yi = 1jxi = 1) = r > 0 = Pr (yi = 1jxi = 0) .

The value of a successful outcome to the principal is Y > 0. The agents are subject to limited

liability. Speci�cally, the principal cannot impose negative wages on the agents. It is apparent that there

is interdependency in neither agents�production technology nor their signal structure.

We assume that it is infeasible for the agents to (i) send reports to the principal, and (ii) make

transfers between them. The �rst assumption rules out the possibility that the principal can learn the

signal pro�le by designing a proper report solicitation mechanism. The second assumption prohibits the

agents from engaging in side-contracting.12 On the other hand, we assume that the agents can correlate

their strategies with a public randomization device.13 Like the signals, the outputs of the randomization

device can be observed by both agents, but not the principal.

Every agent has the right to resign from the �rm at the end of each period without any penalty.

Denote the outside option to each agent by �U : this is the per-period payo¤ the agent can get by leaving

the �rm. On top of that, the principal can o¤er a lump-sum severance payment for voluntary resignation.

The employment contract may also give the principal the right to terminate the employment relationship.

When there is a vacancy, the principal can costlessly hire a new identical agent to �ll it.
12The same assumptions are made by Che and Yoo (2001). We discuss in Section 5 why contracting on agents�reports

is often di¢ cult in practice. Relatedly, Deb, Li, and Mukherjee (2016) show that even if peer report is feasible, it is often

optimal to ignore it; in the optimal contract of their setting, peer evaluations are either completely ignored, or relevant

only in the extreme case of the worst possible public outcome and the worst possible report. Peiperl (1999) and May and

Gueldenzoph (2006) observe that peer evaluation is subject to various forms of rater bias. Furthermore, Peiperl (1999) point

out that peer evaluation is typically used only for development and training purposes.
13All of our qualitative results remain valid even in the absence of a public randomization device.
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The principal can commit to the employment contract o¤ered. We focus on the class of stationary

and deterministic contracts.14 A contract is stationary if its terms are invariant over time, and it is

deterministic if it does not have any stochastic clause. Moreover, we focus on contracts in which the

decision of forced termination depends only on the agent�s own outcome, but not the partner�s. The

last restriction can be rationalized on the ground of empirical observations: employment contracts often

contain termination clauses that are conditional on the agent�s poor performance, but rarely do they

refer to his colleagues�performance. In the appendix, we relax this assumption to allow the termination

clauses to be conditional on both agents�outcomes.

Formally, a contract for agent i stipulates (i) the wage payment based on contractible outcomesn
wiyi;yj

o
; (ii) the decision of termination

�
f iyi
	
; and (iii) severance payments in case of voluntary resig-

nation
n
siyi;yj

o
and forced termination

�
�iyi
	
respectively. Here, f iyi = 1 stands for �ring agent i and

f iyi = 0 stands for not �ring.

In each period, events happen in the following order.

1. Each agent on the job makes his e¤ort decision independently and simultaneously.

2. Signals x1 and x2 are realized and observed by both agents (but not the principal).

3. Outcomes y1 and y2 are realized. Agent i gets paid according to the wage scheme
n
wiyi;yj

o
.

4. If f iyi = 1, agent i is �red and paid severance payment �
i
yi .

5. If f iyi = 0, agent i can still exit the �rm. If he does so, he collects severance payment s
i
yi;yj .

6. If any agent exits, a new identical agent is hired to replace him.

An agent observes only the history of signals (as well as outputs of the randomization device) in

periods during which he is working for the principal. Each contract de�nes a repeated game between

the hired agents. In the repeated game, the relevant public history contains all signals, outcomes, and

outputs of the randomization device realized in all periods in which the pair of agents have worked for the

principal. A public strategy for an agent is a mapping from the public history to the e¤ort decision and

the voluntary exit decision. We say a public strategy has the stationarity property if on the equilibrium

14Che and Yoo (2001) restricts to the same class of contracts. Another example in the literature is Martimort (1999),

who study dynamic contracting with regulators and focus on the class of history-independent contracts. We discuss the

implications of relaxing these contractual restrictions in Section 5.
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path, it prescribes the same e¤ort decision and exit decision (conditional on the current-period signal

pro�le) in every period. Furthermore, we say a contract pair induces full e¤ort if under the contracts,

there exists a perfect public equilibrium (PPE) with the stationarity property in which both agents exert

e¤ort on the equilibrium path.

A note on terminology. We say a wage scheme features independent performance evaluation (IPE)

if the wage agent i receives depends only on his own outcome and not on that of his partner, i.e.,

wiyi;1 = wiyi;0 for yi 2 f0; 1g. A wage scheme features joint performance evaluation (JPE) if the wage

agent i receives weakly increases with the outcome of his partner, i.e., wiyi;1 � w
i
yi;0

for all yi 2 f0; 1g and

wiyi;1 > w
i
yi;0

for some yi 2 f0; 1g.15

Suppose temporarily that the production occurs only once, and that the agents have a zero outside

option. It is clearly without loss that the principal adopts an IPE wage scheme and sets the wage for

yi = 0 at zero. Denote the wage for yi = 1 by w. Then the following incentive compatibility constraint

must be satis�ed for e¤ort to be exerted:

prw � c � qrw , w � c

r (p� q) � w
I .

Thus, the minimum agency cost to the principal is 	SI � prwI = pc
p�q , and the agency rent is prw

I � c =
qc
p�q . We call this contract a simple IPE contract.

16

Now return to the repeated setting. The threat of losing the job is useful in motivating e¤ort only if

the agents�outside option �U is lower than the agency rent on the job. Speci�cally, we make the following

assumption throughout the paper:

Assumption �U < qc
p�q .

The objective of our analysis is to solve for the cost-minimizing stationary contract that induces full

e¤ort. We call this the optimal contract. The focus on contracts that induce full e¤ort can be justi�ed

by assuming that Y is very large, so that the agents�e¤ort is very valuable to the principal. A precise

su¢ cient condition is discussed in the benchmark analysis below.
15Note that as there is no common shock in the agents�production technology (in contrast to Che and Yoo (2001)), there

is no role for relative performance evaluation.
16 It is useful to note that in a static setting, the principal does NOT lose anything from the unobservability and uncon-

tractibility of the signal xi. This is because all parties are risk neutral and the signal xi and the outcome yi share the same

likelihood ratio for e¤ort:
Pr (xi = 1jei = 1)
Pr (xi = 1jei = 0)

=
p

q
=
pr

qr
=
Pr (yi = 1jei = 1)
Pr (yi = 1jei = 0)

.
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2.1 The Benchmark of Perfect Monitoring

In this subsection, we discuss the relation of our model with that of Che and Yoo (2001). Our model is

similar to theirs in that a team of two agents engage in multiple rounds of independent production, and

observe each other�s e¤ort choice more precisely than the principal. There are two notable di¤erences

between the two models. First, whereas we assume the agent pair observe only a noisy signal of each

other�s e¤ort, they assume perfect monitoring between the agents. Second, whereas the principal in our

model can replace an agent (at no exogenous cost), their model does not allow for agent replacement, so

the contracts they consider do not contain termination clauses and severance packages.

One of their main results is that an optimal contract is a JPE scheme17 and is supported by a grim-

trigger equilibrium: the agents exert e¤ort provided that they have done so in all previous periods; if

any agent shirked, the punishment phase begins in which both agents shirk for the rest of the game. To

illustrate their �nding, suppose the agents�e¤ort pro�le (e1; e2) is perfectly revealed to them at the end

of every period.18 Suppose also that the wage scheme takes the form of JPE identi�ed in Che and Yoo

(2001): wi11 � w > 0 = wi01 = wi10 = wi00, for both i = 1; 2. To determine the minimum value of w

necessary to induce e¤ort, note that if both agents exert e¤ort in every period, each agent gets a payo¤

p2r2w � c. On the other hand, under the grim-trigger strategies, a single deviation results in perpetual

shirking by both agents, and the one-shot deviation payo¤ is (1� �) pqr2w + �q2r2w. The deviation is

unpro�table if and only if w is no less than 1
r2(p+�q)

c
p�q . Moreover, setting w =

1
r2(p+�q)

c
p�q also makes

it a stage-game Nash equilibrium for both agents to shirk, as pqr2w � c < q2r2w. Therefore, under this

JPE scheme, it is a subgame-perfect Nash equilibrium for both agents to adopt the grim-trigger strategy.

As the agents put in e¤ort in every period on the equilibrium path, the resulting expected agency cost

to the principal for each agent in each period is 	PM � p2r2w = p2

p+�q
c
p�q , which is lower than that of

the simple IPE contract.

The JPE scheme above helps lower the required agency cost for soliciting e¤ort by making use of

dynamic incentives. Speci�cally, shirking is punished not only by a lower expected current wage payment,

but also a low continuation payo¤ (due to permanent mutual shirking). Alternatively, if the principal

can costlessly replace an agent, as in our setting, she may use the threat of �ring an agent for poor

performance, which also provides dynamic incentives. In fact, as we will show in Section 3.1 below, an

e¢ ciency wage contract can be less costly than the JPE scheme above, provided that the threat of �ring

17 In our setting, there is no common shock of production, so Proposition 2 of Che and Yoo (2001) implies that the JPE

scheme is optimal.
18As the signal pro�le (x1; x2) is a noisy indicator of e¤ort pro�le (e1; e2), it becomes irrelevant in this benchmark setting.
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is su¢ ciently strong. This occurs if, for instance, the outside option of the agents is poor.

Another crucial assumption for the optimality of the JPE scheme in the model of Che and Yoo (2001)

is perfect monitoring between the agents. In the girm-trigger equilibrium associated with the JPE scheme,

punishment takes the form of permanent shirking by both agents, which hurts not only the agent with a

bad signal, but also the principal, who loses valuable e¤ort. In other words, the equilibrium punishment

imposes a negative externality on the principal. However, the principal does not need to worry about

this because, as Che and Yoo (2001) point out, the punishment phase is o¤ the equilibrium path: it

happens with zero probability under the assumption of perfect monitoring. In our model, we relax their

perfect monitoring assumption to allow for imperfect public monitoring, under which the punishment

phase occurs with a positive probability. In this case, the contract proposed by Che and Yoo (2001)

above may become very costly, especially if the principal highly values the agents�e¤ort, i.e., if Y is large.

To see this, let�s return to our imperfect-monitoring setting in which agents observe the signal pro�le

(x1; x2) but not the e¤ort pro�le (e1; e2) at the end of each period, and suppose punishment takes the

form of shirking by at least one agent for at least one period. Furthermore, suppose this punishment is

triggered by a bad signal realization with probability � 2 (0; 1] (using the public randomization device).

As the maximum di¤erence in equilibrium continuation payo¤s is qc
p�q � �U ,19 the saving in expected

wage enabled by this punishment is no more than �
1���p

�
qc
p�q � �U

�
.20 On the other hand, as the

punishment involves a loss in the agent�s e¤ort for at least one period, it costs the principal no less than

�� (1� p)
�
pr
�
Y � c

(p�q)r

�
� qrY

�
. Thus, if Y is su¢ ciently large,21 the cost due to the losing e¤ort

exceeds the bene�t due to wage saving. In this case, the negative externality of punishment is so severe

that the principal would �nd it strictly suboptimal to induce shirking (with any positive probability) by

any agent, and would rather use a simple IPE contract that does not have any dynamic incentives.

We show in Section 3.2 below that the negative externality of punishment on the principal due to

imperfect monitoring can be substantially mitigated if agent replacement is possible. Speci�cally, the

principal can o¤er a generous severance package that encourages the poorly performing agent to quit

19The reason is as follows. As the agent�s rent on the job is no more than that implied by the simple IPE contract, an

upper bound on the continuation payo¤ is qc
p�q . Moreover, the agent can always secure a payo¤ of

�U by quitting, a lower

bound on the continuation payo¤ is �U .
20To see this, note that a necessary condition for soliciting e¤ort is (1� �)

�
(pr)2 w � c

�
� (1� �) (prqrw) �

�� (p� q)
�

qc
p�q � �U

�
, which upon rearranging gives pc

p�q � p
2r2w � �

1���p
�

qc
p�q � �U

�
. The term pc

p�q � p
2r2w represents

the saving in wage cost.
21Speci�cally, Y > 1

(p�q)r

�
1

1��
p

1�p

�
qc
p�q � �U

�
+ pc

p�q

�
.
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voluntarily, and hire an replacement agent. Consequently, instead of losing agent�s e¤ort, the principal

only needs to make a severance payment to implement the equilibrium punishment. The cost of severance

payment is particularly low if the agent has a favorable outside option. In this case, a JPE scheme, when

used in conjunction with a properly designed severance package, can be optimal even if Y is large.

3 Optimal Severance Policy and Wage Scheme

In this section, we solve for the cost-minimizing contracts that induce full e¤ort. The argument in Section

2.1 above suggests that if Y is su¢ ciently large, the principal never �nds it pro�table to induce shirking

on the equilibrium path. In this case, the problem of maximizing principal�s expected pro�t coincides

with that of minimizing the agency cost needed to induce agent�s e¤ort.

Let�s begin with a couple of simple and useful observations. First, since the termination threat is

used to punish agents with a poor outcome, it is immediate that in the optimal contract, the agent is

always retained after producing a good outcome, i.e., f i1 = 0. Moreover, when the agent is �red for a

poor outcome, he does not receive any severance payment, i.e., �iyi = 0, as any positive �
i
yi only weakens

the strength of the punishment.

Using the �rst observation above, contracts can be classi�ed according to whether the agent is �red

following yi = 0. If the contract states that the agent is �red after yi = 0, then we say it has a harsh

severance policy. Otherwise, the agent is never �red and we say the contract has a generous severance

policy. In the case of a harsh severance policy, the severance payment is necessarily zero. On the other

hand, with a generous severance policy, an agent may receive positive severance payment upon voluntary

resignation. Below, we analyze each class of contracts in turn, and then compare their cost performance to

identify the optimal contract. The last subsection identi�es conditions under which a generous severance

policy and team-based incentives are complementary human resources practices.

3.1 Harsh Severance Policy

Suppose the agent is �red if and only if yi = 0. This means that if the agent is retained, he must have

both yi = 1 and xi = 1. Therefore, there is no need for the agents to engage in any form of punishment

between themselves because of poor signals. In other words, repeated-games incentives play no role in

this class of contracts. The following lemma states the cost-minimizing wage schemes within this class of

contracts.
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Lemma 1 Suppose a harsh severance policy is adopted. Then the set of cost-minimizing wage scheme is��
wi11; w

i
10; w

i
01; w

i
00

�
: (pr)wi11 + (1� pr)wi10 =

c

r (p� q) � �
�
qc

p� q �
�U

�
; wi01 = w

i
00 = 0

�
.

The resulting agency cost (per agent per period) is

	EW � pc

p� q � �pr
�
qc

p� q �
�U

�
.

One way to implement the cost-minimizing wage scheme for a harsh severance policy is an IPE scheme

with

wi11 = w
i
10 =

c

r (p� q) � �
�
qc

p� q �
�U

�
, and wi01 = w

i
00 = 0.

We call this the optimal e¢ ciency wage contract. Recall that in the absence of any termination threat,

the optimal contract is a simple IPE contract, in which the agent is paid a wage wI = c
r(p�q) for every

good outcome. By adopting a harsh severance policy, the threat of employment termination following

poor performance provides extra motivation for the agent to exert e¤ort, allowing the principal to save

on the wage cost. According to Lemma 1, the saving in wage is �
�
qc
p�q � �U

�
. This saving is particularly

large if the agent has a low outside option. In fact, if �U is su¢ ciently small and/or r is su¢ ciently large,22

the optimal e¢ ciency wage contract is less costly than the JPE scheme under perfect monitoring between

the agents, i.e., 	EW < 	PM .

3.2 Generous Severance Policy

In this subsection, we consider contracts in which agents are never �red, i.e., f iyi = 0 for all yi 2 f0; 1g and

i 2 f1; 2g, although each agent may choose to quit voluntarily. In some real-world situations, the inability

of the principal to unilaterally terminate employment may be due to legal restrictions, so studying the

optimal contracts within this class is interesting in its own right. In the class of contracts such that the

associated PPE does not require an agent to quit voluntarily, the least costly one is clearly the simple

IPE contract. We are thus more interested in contracts in which agents are induced to resign voluntarily

with positive probability on the equilibrium path.

We �rst characterize the structure of the PPE with the stationarity property that arises under the

optimal contract. To make use of dynamic incentives, an agent who produces a bad signal must su¤er

punishment in subsequent periods. Since on the equilibrium path, every agent on the job must exert e¤ort,

an agent can only be punished by losing his job. To induce voluntary resignation, the agent must be

prescribed a weakly lower continuation payo¤ were he deviated to stay on the job. These considerations

22Speci�cally, �U < qc
p�q

�
1� 1

r(p+�q)

�
.
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imply that the PPE of the optimal contract necessarily has the following structure. There are three

phases: (i) employment phase, (ii) punishment phase on the equilibrium path, and (iii) punishment

phase o¤ the equilibrium path. Every new pair of agents begins the relationship in the employment

phase, which is characterized by both agents exerting e¤ort and a high continuation payo¤. If any agent

produces a bad signal, the on-path punishment phase is triggered with a certain probability (using the

public randomization device). In the on-path punishment phase, one (and only one) agent is prescribed

to voluntarily resign. An identical replacement agent �lls the vacancy, and the game switches back to the

employment phase.23 Finally, the o¤-path punishment phase is triggered whenever an agent deviates from

resigning in the on-path punishment phase. Clearly, the continuation payo¤ associated with the o¤-path

punishment phase must be low enough to prevent the agent from deviation in the on-path punishment

phase. While the exact continuation strategies in this phase are to be computed later,24 the following

lemma states the simple observation that we can prescribe the same continuation strategies every time

the o¤-path punishment phase is triggered.

Lemma 2 It is without loss to consider PPEs in which the continuation strategy pro�le in the o¤-path

punishment phase (provided that it is triggered) is history-independent.

Our objective is to solve for the cost-minimizing contract such that its associated PPE has each agent

willing to (i) exert e¤ort in the employment phase; and (ii) voluntarily resign in the punishment phase on

the equilibrium path (whenever he is prescribed to). We �rst consider the condition that ensures agents

are willing to exert e¤ort. Denote by �i (ei; ej) agent i�s expected wage in a period in which the e¤ort

decisions of him and his partner are ei and ej respectively. Denote by Vi the continuation payo¤ of agent

i in the employment phase. In the employment phase, each agent exerts e¤ort and remains on the job

if he has produced a good signal (xi = 1). If the agent produces a bad signal (xi = 0) and his partner

produces a good signal (xj = 1), the agent is prescribed to quit with probability �i 2 [0; 1] (implemented

using the public randomization device). If both the agent and his partner produce bad signals, the agent

is prescribed to quit with probability �i 2 [0; 1]. As there is no PPE in which both agents are prescribed

to quit simultaneously, it is necessary that �1+�2 � 1. Denote by �Wi his resignation payo¤: this is the

expected value of his continuation payo¤ in the on-path punishment phase. It consists of an expected

23Since the continuation payo¤ of the employment phase exceeds that of the on-path punishment phase, there is no PPE

in which both agents resign simultaneously. Otherwise, each agent can pro�tably deviate by staying and starting a fresh

relationship with a new partner.
24As this phase is o¤ the equilibrium path, it is without loss to assume that once it is triggered, the game would stay in

this phase unless the deviating agent leaves.
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severance payment paid at the end of the period, as well as outside option �U for the rest of the agent�s

life. Note that job loss is an e¤ective punishment only if Wi < Vi.

With the notations introduced above, Vi can be expressed recursively as

Vi = (1� �) (�i (1; 1)� c) + � ([p+ (1� p) (1�Qi)]Vi + (1� p)QiWi) ,

where Qi � p�i + (1� p)�i is the probability that agent i is prescribed to quit after producing a bad

signal. Shirking saves e¤ort cost but increases the chance of bad outcome. The incentive compatibility

(IC) constraint for e¤ort exertion is thus

Vi � (1� �)�i (0; 1) + � ([q + (1� q) (1�Qi)]Vi + (1� q)QiWi) . (1)

Next, we consider the IC for voluntary resignation. To induce voluntary resignation in the on-path

punishment phase, it is necessary that quitting gives the agent a payo¤ no lower than the continuation

payo¤ in the o¤-path punishment phase. A lower bound on the o¤-path punishment phase payo¤ is

max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
. To understand the lower bound above, note �rst that the agent can

always quit and guarantee himself �U . Second, the partner�s punishment on the agent cannot be made

more severe by resigning himself, as this leads to a restart of the employment phase, which has a higher

continuation payo¤. Third, the term min f�i (0; 0) ; �i (0; 1)g is agent i�s payo¤ of shirking and staying

on the job perpetually, while his partner tries to minimize his payo¤. By �xing agent i�s to shirking, this

payo¤ is thus weakly below his minmax payo¤ of the stage game.

We relax the principal�s problem by assuming that for any contract, there is a continuation PPE that

achieves the payo¤ max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
. This assumption weakly relaxes the principal�s

problem because (i) it weakly lowers the severance payment needed to induce voluntary resignation,25

and (ii) it weakly relaxes the IC constraint (1). Moreover, dropping a condition on the equilibrium

perfection requirement weakly expands the set of feasible contracts. By prescribing the corresponding

continuation PPE to the o¤-path punishment phase (following every history whenever it is triggered), a

necessary condition that ensures voluntary resignation in the on-path punishment phase is

Wi � max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
. (2)

Formally, the relaxed problem for the principal is choosing, for each agent i, a wage scheme, resignation

payo¤, and quitting probabilities (�i; �i) to minimize the expected agency cost subject to IC constraints

25This is because the expected severance payment is positvely related to the resignation payo¤.
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(1) and (2), as well as the feasibility constraint �1 + �2 � 1. The lemma below states the key features of

its solution.26

Lemma 3 The solutions to the relaxed problem satisfy the following properties.

(i) wi01 = w
i
00 = 0.

(ii) There exists a solution that treats the agents symmetrically. For some parameters, the unique

solution is symmetric between the agents.

(iii) If �U � �U0 � max
n
0; q�p

2

p(1�p)
qc
p�q

o
, then a solution is the simple IPE contract.

(iv) If �U > �U0, then wi11 > w
i
10 in the solution, so the wage scheme(s) are JPE.

(v) The optimal quitting probability Qi is strictly in the interval
�
0; 12 (1 + p)

�
if and only if �U 2�

�U0; �U1
�
for some �U1 2 [ �U0; qc

p�q ).

(vi)Wi = max
�
�i (0; 0) ; �U

	
. Moreover,Wi = �U if and only if �U > �U�, where �U� � q2c

p�q
2�2�+�(1+p)(1�q)

p(2��(1�p))��q2(1+p) 2�
�U1;

qc
p�q

�
.

Part (i) of Lemma 3 states that it is never optimal to monetarily reward bad outcomes. Part (ii)

states that it is without loss to suppose the contract is symmetric between the agents. The intuition is as

follows. Fixing the quitting probabilities (�i; �i) =
�
�j ; �j

�
, the problem is identical for both agents. As

the marginal e¤ect of dynamic incentives is decreasing, the agency cost is strictly convex in the quitting

probabilities, implying that it is optimal to equalize them across the agents. The reason for part (iii) is

quite simple: if the outside option is low enough, the required severance payment to induce exit would

be so large that the principal would prefer to avoid it altogether. In this case, the simple IPE contract

is cost-minimizing. For part (iv), the reason why raising wi11 is more cost-e¤ective than raising w
i
10 for

providing work incentives is that it leads to a smaller increase in �i (0; 0), thus allowing for saving in the

severance payment. According to part (v), the optimal quitting probability Qi can be interior for some

intermediate values of �U . The tradeo¤ in choosing Qi is as follows. An increase in quitting probability Qi

is costly to the principal as severance payments have to be made more often. On the other hand, it allows

the principal to save on the wage payment wi11 by strengthening the dynamic incentives. As the marginal

cost is linear and the marginal bene�t is decreasing in Qi,27 the optimal Qi can be uniquely determined

and may take an interior value. Finally, in part (vi), Wi = max
�
�i (0; 0) ; �U

	
holds at the solution of the

relaxed problem because the JPE nature of the optimal scheme implies that �i (0; 1) > �i (0; 0), and that

Wi should be set as low as possible to save severance payment and strengthens the incentives for e¤ort

exertion.
26The explicit solution to the relaxed problem is derived and stated in the proof of Lemma 3.
27Recall the marginal e¤ect of dynamic incentives is decreasing.
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To show that the solution to the relaxed problem can induce full e¤ort and voluntary resignation,

we need to show that the corresponding minmax payo¤ (max
�
�i (0; 0) ; �U

	
) can indeed be achieved as a

continuation PPE payo¤. This is done in the proof of the proposition below.

Proposition 1 Suppose forced termination is infeasible.

(i) If �U � �U0, then the simple IPE contract is optimal.

(ii) If �U 2
�
�U0;

qc
p�q

�
, then the optimal contracts have a JPE wage scheme (identi�ed in the solution of

the relaxed problem), coupled with an outcome-independent severance payment max
n

�
1��

�
�i (0; 0)� �U

�
; 0
o
.

If, in addition �U > �U�, the severance payment is positive.

In the proof, we show that under the JPE schemes that solve the relaxed problem for the case

�U 2
�
�U0;

qc
p�q

�
, shirking by both agents is a stage-game Nash equilibrium. Therefore, if the severance

payment is set at max
n

�
1��

�
�i (0; 0)� �U

�
; 0
o
, it is a PPE outcome for both agents to shirk for one

period, and agent i to resign voluntarily at the end of the period. By prescribing the associated strategy

pro�le to the o¤-path punishment phase following the event that agent i has failed to quit when he is

supposed to, agent i is willing to resign voluntarily on the equilibrium path. We also check in the proof

that Vi > Wi holds under the solution wage schemes for �U > �U0, so as long as the game stays in the

employment phase, each agent would strictly prefer to stay on the job even if the severance payment is

o¤ered for quitting.

Let�s summarize the mechanism at work behind the optimal JPE and generous severance policy.

The JPE scheme links the wages of the agents in such a way that makes mutual shirking a stage-game

equilibrium. Therefore, an agent who produced a bad signal and deviated to stay would be facing a

low inside option (a payo¤ of �i (0; 0) for each period), and would be willing to quit voluntarily after

collecting a severance payment that makes up the amount, if any, by which the outside option �U falls

short of the inside option. The agent with a bad signal is thus e¤ectively punished by being induced to

quit with a low payo¤Wi, and this punishment can be implemented without the principal knowing any

of the agents�signal observations. As the newly hired replacement agent is not responsible for any of

the previous bad signals/outcomes, a fresh employment phase can be restarted at the �rm, thus sparing

the principal, as well as the staying agent, from su¤ering the equilibrium punishment. This contractual

arrangement bene�ts the principal directly by getting her team of agents who always put in e¤ort at

work, and indirectly by lowering the agency cost involved as dynamic incentives are based on accurate

indicators of e¤ort.

Fong and Li (2008) also consider player turnover in repeated games and point out that e¢ ciency
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can be improved by substituting on-path punishment with player turnover. Our analysis di¤ers from

theirs in a number of ways. First, the contracting problem considered in Fong and Li (2008) is one of

single-agent relational contracting (over observable but unveri�able outcomes), whereas we study multi-

agent contracting in which the principal can commit to a long-term contract over veri�able outcomes.

Importantly, severance payment never arises in their equilibrium, but is an integral part of the optimal

contract in our setting. Second, whereas they focus on the total equilibrium payo¤s of all players, the

objective of our analysis is maximizing the pro�t of the principal, who cannot be modelled as a player in

the repeated game, as she commits to a contract in the initial stage.28 In fact, the bene�t of the optimal

contract identi�ed in Proposition 1 arises from mitigating not only the impact of the punishment phase

on the agents, but also the negative externality it imposes on the principal (who is not a player in the

repeated game). Finally, in the contracting problem considered in Fong and Li (2008), the bene�t of player

turnover arises only if the public history of the game is fully observable to all players (including those

who are currently idle, but may potentially enter the game in the future). We �nd that the optimality

of inducing voluntary quitting remains valid in a more realistic setting in which the history of the signal

and outcome pro�le is observable only to agents on the job.

3.3 Comparison

In this subsection, we compute the overall optimal contract by comparing the cost performance of di¤erent

severance policies. The derivations in the previous subsections give the expected agency costs if a common

severance policy is applied to both agents. It remains to consider the case of asymmetric severance policies,

in which one agent is �red following a bad outcome (i.e., harsh severance policy), whereas the other agent

is never �red (i.e., generous severance policy). The following lemma states that it is never optimal to

adopt asymmetric severance policies between the agents.

Lemma 4 The total agency cost of adopting asymmetric severance policies strictly exceeds that of sym-

metric severance policy.

Comparing with a symmetric contract in which both agents are given a generous severance policy,

replacing the contract of an agent�s partner with a harsh severance policy would weaken the incentives

for the agent. There are two reasons. First, the agent is punished by being induced to quit only if his

partner has a good outcome, which is less likely than simply having a good signal. Second, the magnitude

of the feasible punishment on the agent goes down because of the option of staying and shirking on the

job until his partner gets �red.
28This is in contrast to the relational contracting approach in which the principal o¤ers a short-term contract every period.
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The lemma above implies that in the search for the overall optimal contract, it su¢ ces to consider

only the optimal e¢ ciency wage contract and the JPE scheme with generous severance policy identi�ed in

Proposition 1. Denote by 	G�
�
�U
�
the (per-agent) expected agency cost under the contract in Proposition

1.29 Moreover, de�ne a boundary on the �U -r space by

r̂
�
�U
�
�

8>>>><>>>>:
0 if 0 � �U � �U0

pc
p�q�	

G�( �U)

�p
�

qc
p�q� �U

� if �U0 � �U � �U�

1+p
2��+�p if �U� � �U < qc

p�q

.

The function r̂
�
�U
�
is nondecreasing in �U . A typical boundary is depicted in the �gure below.30

Proposition 2 If r � r̂
�
�U
�
, the optimal contract has a generous severance policy and a JPE wage

scheme. If r � r̂
�
�U
�
, the optimal contract is the optimal e¢ ciency wage contract.

The proposition points to the key tradeo¤ concerning the adoption of team incentives: it allows

incentives to be based on more accurate signals, at the cost of a weaker and more expensive punishment

(in the form of voluntary exit with severance pay). In light of this observation, it is natural that an

inaccurate performance measure (i.e., a smaller value of r), as well as a high outside option (i.e., a high

value of �U) favor the adoption of team incentives and the generous severance policy.

More speci�cally, a better outside option makes the punishment of termination less severe to the

agent, so the expected cost of e¢ ciency wage contract increases. On the other hand, if �U < �U� and

the principal adopts the contract identi�ed in Proposition 1, a positive severance payment is needed to

29See equation (13) in the Appendix for an explicit de�nition.
30See the proof of Proposition 2 for a detailed explanation for why the boundary takes the shape depicted.

20



induce voluntary resignation. As the agent�s outside option improves, the severance payment needed to

induce resignation goes down, making such a contract less costly. Therefore, an increase in �U favors the

adoption of JPE and generous severance policy relative to the e¢ ciency wage. This �nding runs counter

to the intuition that high outside options make cooperation harder to sustain in a repeated game, which

in turn makes the use of JPE scheme less appealing. Our analysis points out that when agent replacement

is taken into account, the need of inducing voluntary exit can make a high outside option a blessing for

the principal adopting team incentives and peer monitoring.

As the principal�s monitoring technology gets worse, i.e., r goes down, her payo¤ of using the optimal

e¢ ciency wage contract decreases. However, with a JPE scheme and generous severance policy, the agent�s

quitting decisions, and hence the expected wage payment needed to induce e¤ort, are independent of the

principal�s monitoring technology. As a result, team incentives (together with generous severance policies)

become more appealing relative to an e¢ ciency wage contract as r decreases. On the other hand, if r

is su¢ ciently high, speci�cally exceeding 1+p
2��+�p , an e¢ ciency wage contract outperforms the optimal

JPE scheme with generous severance policy, even if the latter can be implemented without severance

payment (i.e., �U > �U�). This is due to the limitation of generous severance policies that they cannot

induce simultaneous resignation when both agents produce bad signals.

Proposition 2 predicts that employment security (in the form of a generous severance policy) and

team incentives are more prevalent and yield better performances in �rms and industries in which the

agents� e¤ort is di¢ cult to monitoring and/or the agents have good outside options (e.g., the agents

have favorable labor market prospects). Boning, Ichniowski, and Shaw (2007) report evidence that the

adoption of innovative human resources practices, including teamwork, group incentives, and employment

security, increases productivity only in complex production processes. Similarly, the empirical study by

Michie and Sheehan (2003) �nd that "low road" human resources practices (including lack of employment

security and no teamwork) are negatively related with innovation activities; whereas "high commitment"

practices (including job security and teamwork) are positively correlated with innovation activities. As

complex production processes and innovation activities are more di¢ cult for principals to monitor, these

results are consistent with Proposition 2. Furthermore, Bresnahan, Brynjolfsson and Hitt (2002) analyze

�rm-level data and �nd that the adoption of teamwork is positively correlated with workers� human

capital levels, and more common in �rms that employ more professionals. Their �ndings are in line

with our model�s predictions, as workers with higher human capital have better outside options, and

professional jobs typically lack accurate objective performance measures.
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A number of studies examine the use of stock options as team incentives. Hochberg and Lindsay

(2010) report that �rms with a small size and with a high growth opportunity exhibits higher operating

performance by granting stock options to their employees. They explain this �nding by pointing out that

peer monitoring is more e¤ective in small �rms and that employees�actions have more signi�cant impact

on �rms�value if the �rm has high growth opportunity. Ittner, Lambert, and Larcker (2003) �nd that

granting equity to employees is more common in "new economy" �rms than "old economy" �rms,31 and

point out a possible explanation is that accounting measures are worse indicators of �rms�value in the

new economy �rms. Moreover, they �nd that within new economy �rms, the compensations of employees

in the technical departments are based more heavily on equity grants than employees in non-technical

and sales departments. They propose that the latter �nding could be due to di¤erences in the availability

and quality of performance measures across functional areas: whereas accurate performance measures

are lacking for employees in technical departments; sales and operational performances can be readily

measured in marketing and production departments.

Recall that our analysis restricts attention to contracts in which the termination clauses depend only

on the agent�s own outcome (but not on his partner�s outcome). The appendix contains an analysis

that removes this restriction. Speci�cally, the termination clauses can be conditioned on the outcomes

of both the agent and his partner, i.e., the �ring decision fyi;yj is now a function of the outcome pro�le

(yi; yj) 2 f0; 1g2, and we allow fyi;0 6= fyi;1 for any yi 2 f0; 1g. This expands the set of feasible contracts,

but the insight that a generous severance policy makes JPE more appealing is shown to remain valid.

The main novel result of expanding the contract space is that if r and �U are both large enough, then the

optimal contract is a JPE scheme, and it �res the team if and only if they both produce bad outcomes.

The intuition is as follows. Recall in the PPE constructed in Section 3.2, if both agents have bad signals,

at most one of them is punished. Now if the outcome is an accurate performance measure, i.e., r is close

to one, then in the event that both agents have bad outcomes, it is very likely that they both also have

bad signals; so �ring the team is a "correct" punishment with a high probability.

3.4 Interaction of Human Resources Practices

This subsection investigates the interaction of various human resources (HR) practices, a topic that has

attracted much attention in the literature (Milgrom and Roberts (1990, 1995)). First, we consider the

interaction of the severance policy and team incentives. It is clear from Proposition 2 that whenever

31The authors de�ne new economy �rms as organizations competing in the computer, software, internet, telecommunica-

tions, or networking �elds.
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a generous severance policy is adopted, it is used in conjunction with a JPE scheme. Here, we make

precise the complementary nature of these two HR practices. Second, we show the complementarity

between di¤erent agents�severance policies. Finally, we consider the e¤ect of practices that facilitate the

mechanism of peer monitoring and sanction outlined in the previous subsections.

First consider the generous severance policy, and compare the IPE with JPE wage schemes. Under

the IPE wage scheme, the simple IPE contract is cost-minimizing. Lemma 3 and Proposition 1 show that

if �U 2
�
�U0;

qc
p�q

�
, the principal can save agency cost by linking the agents�wage payment, thus exploiting

peer monitoring and sanction. Consider next the harsh severance policy. Under the IPE wage scheme,

the e¢ ciency wage contract is cost-minimizing. As a good outcome (yi = 1) necessarily comes with a

good signal (xi = 1), repeated-game incentives are infeasible under a harsh severance policy: agents that

are not �red must have good signals. Therefore, using a JPE scheme does not lower the agency cost.32

This argument leads to the following corollary.

Corollary 1 If �U 2
�
�U0;

qc
p�q

�
, then a generous severance policy and team incentives are complementary

practices.

The corollary above is consistent with the empirical �nding in Ichniowski, Shaw, and Prennushi (1997)

that HR practices of teamwork, line incentives and employment security are complementary. To the best

of our knowledge, we are the �rst to provide a formal theory on the value of employment security in the

adoption of teamwork and/or team incentives. Che and Yoo (2001) hint at this connection by highlighting

the role of the discount factor in supporting cooperation in a team. However, as they explicitly rule out

the possibility of �ring the agents for poor performance, their analysis is silent on the value of promising

job security (by tolerating bad performance) in supporting teamwork and team incentives.

Next, we consider the complementarity between the severance policies applied to each agent. The

following corollary states that under team incentives, o¤ering job security to an agent�s partner is com-

plementary to the generous severance policy o¤ered to the agent.

Corollary 2 Suppose JPE is adopted for both agents. Then o¤ering a generous severance policy to the

agent�s partner is complementary to o¤ering a generous severance policy to the agent himself.

This corollary is a direct implication of Lemma 4, so the intuition is closely related. The bene�t of

JPE and generous severance policy arises from exploiting peer monitoring and sanction, so it is important

32 In Section 5, we discuss an alternative signal structure under which repeated-games incentives could be feasible with a

harsh severance policy, and we explain why the complementarity of generous severance policy and team incentives is robust.
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that the agent�s partner stays in the relationship with a high probability in order to e¤ectively implement

the sanction for poor signals. Applying a generous severance policy to agent j increases his probability

of staying both on and o¤ the equilibrium paths, thus raising both the magnitude and the frequency of

the punishment being triggered on agent i for generating bad signals.

Finally, we consider the e¤ect of HR practices that facilitate peer monitoring. Improving the technol-

ogy of peer monitoring, while holding �xed that of the principal, can be modelled as an increase in p and

q with a compensating decrease in r such that their products pr and qr remain constant.33 The following

corollary shows that an improvement in peer monitoring favors the adoption of team incentives.

Corollary 3 Take a pair of monitoring technologies (p; q; r) and (p0; q0; r0) such that p0 > p, pr = p0r0,

qr = q0r0, and �U < qc
p�q =

q0c
p0�q0 . The agency costs of the optimal e¢ ciency wage contract are equal under

the two technologies. If �U > �U0, the agency cost of the optimal JPE scheme with generous severance

policy is strictly lower under technology (p0; q0; r0) than technology (p; q; r).

The corollary is very intuitive. An improvement in the peer monitoring technology lowers the proba-

bility that a bad signal is observed, thus the expected cost involved in punishing a non-performing agent.

Note that the comparison in peer monitoring technology conducted in this corollary is possible only in

a model with imperfect peer monitoring. The empirical study of Knez and Simester (2001) illustrates

that peer monitoring can be improved by having small workgroups, appropriately-designed workplace,

and rotating workers with standardized tasks. They show that these practices contribute to the success

of the adoption of �rmwide bonus in their case study. Similarly, Mas and Moretti (2009) �nd that spatial

arrangement of supermarket cashiers a¤ects the e¤ectiveness of mutual monitoring, and consequently

their productivities.

Proposition 2 and Corollary 3 point to the complementary nature of peer monitoring and team

incentives. Speci�cally, if the peer monitoring technology becomes more accurate relative to the principal�s

monitoring technology, the bene�t of linking agents�payment scheme increases. Gershkov and Winter

(2015) obtain a related result in which the causality is somewhat reversed: if the production technology

satis�es complementarity, peer�s informal monitoring substitutes principal�s formal monitoring. Their

result is obtained under a (non-repeated) setting in which agents exert e¤ort sequentially, and choosing

33Take a pair of monitoring technologies (p; q; r) and (p0; q0; r0) such that p0 > p, pr = p0r0, qr = q0r0. Note that

p0 � q0 > p � q. Monitoring technology (p0; q0; r0) is more informative than technology (p; q; r) as the increase in payo¤

following signal xi = 1 necessary to incentivize e¤ort is lower under technology (p0; q0; r0) (given by c
p0�q0 ) than that under

technology (p; q; r) (given by c
p�q ).
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formal monitoring is costly. Incorporating these features in our model would therefore strengthen our

result.

4 Optimal Job Design

The analysis so far assumes that each agent�s production technology is exogenous and independent. This

assumption highlights that the bene�t of JPE can arise even in the absence of technological advantage

of team production. In this section, we investigate the problem of optimal job design by allowing the

principal to choose between individual-based and team-based production. The key tradeo¤ involved in

team-based production is the cost of free-riding among members against the bene�t of sharper incentive

provision (by making use of more precise signals). Besides showing that the insight obtained in the

previous section remains robust, we are also interested in conditions on the production technology that

favors team-based production.

The principal has a task which requires the e¤orts of two agents, each endowed with one unit of

e¤ort. If the individual production technology is adopted, the task is broken down into two identical and

independent subtasks, each of which is assigned to a separate agent. The production technology of each

subtask is identical to the model in Section 2, which is brie�y recapped below. The outcome of each

subtask i is either good (yi = 1) or bad (yi = 0); its realization depends stochastically on the assigned

agent�s e¤ort. If the assigned agent exerts e¤ort, then a good signal (xi = 1) is generated with probability

p, and a bad signal (xi = 0) is generated with the complementary probability. Otherwise, a good signal

is generated with probability q < p. Given a good signal, the probability of a good outcome is r 2 (0; 1);

given a bad signal, the probability of a good outcome is 0.

If the team production technology is adopted, the task is performed jointly. The e¤ort of each

agent independently generates an individual signal, with the signal generation process identical to the

case of individual production. The outcome of the joint task is either good (y = 1) or bad (y = 0),

depending stochastically on the total number of good signals. If both agents produce good signals, then

the probability that the joint task has a good outcome is l2. If there is only one good signal (and one

bad signal), then the probability of a good outcome is l1 2 [0; l2). Finally, if both agents produce bad

signals, the outcome of the joint task is bad for sure.

We make two assumptions on the production technologies. First, the team production technology is

weakly convex in the total number of good signals:

l2 � l1 � l1. (3)

25



This assumption guarantees that each agent bene�ts from his partner�s work e¤ort. Second, to focus

on the e¤ect of peer monitoring on job design, we assume that if both agents exert e¤ort, then the two

production technologies give the principal identical expected outcome value. Speci�cally, the principal�s

value for a bad outcome is zero. She values a good outcome of the joint task in the team production

setting twice as much as that of a subtask in the individual production setting. Moreover, conditionally

on e¤ort being exerted by both agents, the two technologies have equal expected value of outcome, i.e.,

2pr = 2
�
p2l2 + 2p (1� p) l1

�
, r = pl2 + 2 (1� p) l1.

In the terminology of Che and Yoo (2001), this condition rules out any synergy in team production.

It is clear that the existence of synergy would favor team production relative to individual production.

Production technology is chosen at the initial stage; once chosen, it is �xed for the rest of the game.

The monitoring technologies are as follows. Similar to the model in Section 3, the e¤ort decision

is privately known to the agent, and signals are not observable to the principal. Only the outcomes of

the tasks (or subtasks) are contractible. In the case of individual production, the signal realization of

each agent is NOT observable to the other agent; in the case of team production, the pro�le of signal

realizations is observed by both agents.

We continue to focus on stationary and deterministic contracts. If individual production is adopted,

the contract stipulates wage contingent on outcome fwyig, �ring decision ffyig, and severance payment

in case of voluntary exit fsyig and forced termination f�yig. If team production is adopted, the contract

stipulates individual wage contingent on team outcome fwyg, �ring decision ffyg, and severance payment

in case of voluntary exit fsyg and forced termination f�yg. As the contract design problem is identical

for both agents in the case of individual production, it is immediate that a symmetric contract is optimal.

As for the case of team production, the optimality of symmetric contracts follows from an argument

analogous to that in Lemma 3 and Proposition 1.

Like the model in Section 3, the value of a good outcome to the principal is assumed to be so large

that she prefers e¤ort to be always exerted by both agents on the job. Moreover, agent replacement is

feasible and costless. The objective of the principal is to minimize the total agency cost, by choosing

the production technology and contract that support a PPE with the stationarity property in which the

agents always exert e¤ort on the equilibrium path.
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4.1 Static Setting

As a benchmark, we �rst consider a static setting in which production takes place only once. If individual

production is adopted, it is clear that the simple IPE contract is optimal. In this case, w0 = 0 and

w1 =
1
r

c
p�q , implying that the agency cost for each agent is

pc
p�q . On the other hand, under team

production, a higher wage w1 is needed to sustain e¤ort in an equilibrium because of free-riding incentives.

Speci�cally, given that his partner exerts e¤ort, the di¤erence in the probabilities of a good team outcome

between working and shirking himself is (r � l1) (p� q), so a wage of w1 = 1
r�l1

c
p�q is required. The latter

wage exceeds 1r
c
p�q whenever l1 > 0. Intuitively, a shirking agent can enjoy a higher probability of good

(team) outcome under team production than under individual production because of the e¤ort exerted

by his partner. Therefore, a higher wage is necessary to counter an agent�s incentive to free-ride on his

partner. As a result, team production is more costly than individual production in a static setting. This

di¤erence in the agency cost is smaller if l1 goes down, since the bene�t of free-riding decreases.

4.2 Repeated Setting

Now suppose the production setting is in�nitely repeated, and the principal can �ll up a vacancy im-

mediately at no cost. Similar to the analysis in Section 3, it is immediate that regardless of production

technology, agents are not �red for good outcomes (i.e., f1 = 0), and no severance pay is o¤ered following

forced termination (�yi = �y = 0). Severance policy can therefore be classi�ed according to whether an

agent (or a team of agents) is �red following bad individual (team) outcomes or not. If so, we call the

severance policy harsh; otherwise, it is generous. Following an argument similar to that in Lemma 4, it

is without loss to assume that the same severance policy applies to both agents.

Suppose individual production is adopted. It is clear that if a harsh severance policy is implemented,

the optimal contract is the e¢ ciency wage contract; whereas if a generous severance policy is implemented,

the optimal contract the simple IPE contract. By the discussion following Lemma 1, the e¢ ciency wage

contract is less costly. Therefore, whenever individual production is adopted, the principal necessarily

uses a harsh severance policy.

Next suppose team production is adopted. If the principal uses a harsh severance policy, both agents

are �red whenever the team output is bad. The optimal wage scheme in this case is similar to an e¢ ciency

wage, although it calls for a wage higher than that under individual production. The higher wage is due

to the free-riding incentives identi�ed in the static setting discussed above. As a result, a harsh severance

policy should never be used with team production, as it does not make use of the (superior) private
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signals between the agents.

It remains to consider the use of generous severance policy under team production. Consider a PPE

with the stationarity property. Its structure is identical to that considered in Section 3.2, which is brie�y

recapped below. Each pair of agents begin with the employment phase in which they both exert e¤ort.

If any one agent produces a bad signal, then with a positive probability, the on-path punishment phase is

triggered and one agent quits the job. Were he fail to do so, the o¤-path punishment phase is triggered in

which both agents shirk as long as the deviating agent stays on the job. The advantage of this combination

of production technology and severance policy relative to the e¢ ciency wage is that the punishment of job

loss is based on a more accurate signal (that is only privately observed by the agents). On the other hand,

the free-riding incentives inherent in team production raises the agency cost of this combination. This

trade-o¤ determines whether individual production (necessarily used with a harsh severance policy) or

team production (necessarily used with a generous severance policy) should be adopted. The proposition

below states the su¢ cient conditions for the optimality of team production.

Proposition 3 Suppose l1 is su¢ ciently small. Then there exists a pair of values �UGT0 and �UGT1 with

0 � �UGT0 < �UGT1 < qc
p�q such that for all

�U 2
�
�UGT0 ; �UGT1

�
, the cost-minimizing arrangement is team

production and a generous severance policy. Whenever this is the case, they are complementary practices.

The intuition for the su¢ cient condition is simple. First, as noted in the static analysis in Section

4.1, the agency cost of team production is small if l1 is low. Second, the cost of the combination of team

production and generous severance policy is lowest for intermediate values of �U . The reason is as follows.

Similar to the analysis in Section 3.2, we can show that under a generous severance policy, there exists

a cuto¤ outside option, denoted by �UGT , such that a positive severance payment is needed to induce

voluntary exit if and only if �U < �UGT . For �U 2
�
0; �UGT

�
, the agent�s resignation payo¤ is determined

by his "inside option" of staying on the job. Consequently, the agency cost is decreasing in �U as the

necessary severance payment for inducing voluntary exit goes down when the agent has better outside

option. For �U 2
�
�UGT ; qc

p�q

�
, no severance payment is needed to induce exit and his resignation payo¤

is determined only by his outside option. The agency cost is increasing in �U because the punishment

of job loss is less severe when the agent has better outside option. Finally, since team production raises

the agency cost when a harsh severance policy is used, it is clear that, whenever team production and a

generous severance policy is the optimal combination, they are complementary to each other.

Recall that, in the analysis of independent production in Section 3, the optimal contract features a

JPE wage scheme and a generous severance policy whenever the outside option is high enough. Here,
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in contrast, the optimality of team production and a generous severance policy may not hold if �U is

too large. The di¤erence arises because individual production inherently incurs a lower agency cost, as

shown in the static setting in Section 4.1. If �U is large, the dynamic incentive is necessarily weak, and

the bene�t of individual production prevails.

Che and Yoo (2001) �nd that a necessary condition for the optimality of team production is the

presence of team synergy. In contrast, Proposition 3 shows that even if team synergy is absent, team

production may still be the optimal job design. In fact, the proposition suggests that a new necessary

condition for the optimality of team production: it must be used in conjunction with a generous severance

policy. Our result therefore strengthens and enriches the message of Che and Yoo (2001): the bene�t

arising from peer monitoring can be large enough to overcome the inherent limitation of team production,

provided that an appropriate severance policy is in place.

5 Discussion and Concluding Remarks

Work team is an integral part of modern organizations. In fact, even if joint performance evaluation is

not explicitly used, members in a team often inherently face a common stake in the team performance.

For instance, a well-performing division in a company is allocated more budget. A successful university

department is better respected, and all members bene�t from the established reputation. The general

message of our analysis is that the design of severance policy is an important dimension in team manage-

ment. We show that, contrary to common perception, a generous severance policy can be complementary

to team incentives, and constitute an e¤ective tool for maintaining a high team morale and fostering a

corporate culture of teamwork. To deliver these messages as directly as possible, we have made a number

of simplifying assumptions in the analysis. Below we discuss some alternative model speci�cations.

Nonstationary contract The focus on stationary contracts simpli�es the analysis of the repeated

game between the agents as it makes their stage game time-invariant. It is known in the moral hazard

literature that with risk-neutrality and limited liability, the optimal contract may bundle several tasks

(Laux (2001)); here, it translates into bundling performance across periods. Fong and Li (2017) consider

a dynamic moral hazard setting with a single agent.34 The optimal contract in their setting begins with

a probation phase in which no performance bonus is paid. If the agent produced a history of su¢ ciently

unfavorable outcomes during probation, he would be �red. Conversely, if the agent produced a history of

su¢ ciently favorable outcomes during probation, the contract enters a bonus phase, which is stationary;

34See DeMarzo and Fishman (2007) for a �nancial contracting application of a similar dynamic moral hazard setting.
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once reaching the bonus phase, the agent would never be �red and a constant bonus is paid for good

outcome in every period. The reason for using a probation phase is to exploit the agency rent from the

bonus phase to motivate the agent in the initial employment stage, thus saving the overall agency cost.

By restricting to stationary contracts, our analysis rules out the use of probation phase, and the

contract always begins right away at the stationary bonus phase. We conjecture that if we allow the

contract to be fully dependent on the agent�s past performance in our model, the optimal contract would

have a probation phase at the initial stage of employment. In other words, the optimal severance policy

could be dynamic and dependant on the agent�s past performance. During the probation phase, an agent

with a better (overall) past performance would have a higher expected future bonus, so he would have a

higher inside option in the o¤-path punishment phase, and a better severance payment would be o¤ered

(upon voluntary resignation). As an agent�s survival in the job is positively linked with his performance,35

the severance payment is increasing in the agent�s tenure during the probation phase; and it becomes

constant after the bonus phase is reached. The severance policy used at Amazon has a similar feature:

the severance pay begins at $2,000, and increases by $1,000 each year until it reaches $5,000. Finally,

we expect that the bene�t of using the probation phase is weaker in our team setting than that in the

single-agent setting, as the mechanism of peer monitoring and sanction would be weakened if the agents

face a higher likelihood of being �red (recall Lemma 2).

Nonstationary equilibrium behavior Our analysis focuses on equilibria with the stationarity

property, namely that on the equilibrium path, each agent puts in e¤ort and quits with an identical

probability (conditional on signal realizations) in every period. An appeal of this class of strategies is its

simplicity in implementation. In general, there exist equilibria in which on-path behaviors are history-

dependent. For instance, one possible way to implement punishment on bad signals is to have some

agents shirk for a certain number of periods. However, as discussed in the benchmark setting in Section

2.1, if the principal values the agent�s e¤ort highly (for example, if Y is large enough), then the principal

does not �nd it pro�table to induce shirking (with a positive probability) on the equilibrium path.

If �U is so low that severance payment is necessary to induce quitting, the principal may bene�t from

the agents playing an equilibrium in which quitting is history-dependent. For example, an agent can be

prescribed to quit only after the number of bad signals he has produced in the relationship exceeds that

of his partner by a certain value. By making quitting dependent on history and thus potentially less

frequent, such an equilibrium improves the performance of JPE scheme and generous severance policy,

35 Increasing pay, as well as pay sensitivity, over the course of employment is a well-documented empirical �nding, see for

instance, Rubinstein and Weiss (2006) and Gibbons and Murphy (1992).

30



especially when �U is low, in which case the severance payment cost is a signi�cant concern.36 On the

other hand, as no severance payment is needed for the case of high outside option, our analysis remains

valid even if the equilibrium stationarity requirement is not imposed.

Stochastic termination Throughout our analysis, we have restricted to deterministic termina-

tion decision, which has the appeal of simplicity and easy enforcement. Suppose stochastic termination is

feasible, and f0 2 [0; 1] now stands for the probability of �ring agent i following yi = 0. Setting a positive

f0 has both bene�ts and costs to the use of a peer monitoring scheme. The bene�ts include a more

severe punishment of job loss (as �ring does not come with severance payment), and saving in severance

payment. On the other hand, it comes at the costs of making peer monitoring less e¤ective when the

agent�s partner is �red in the employment phase; as well as making peer sanction less e¤ective when

the partner is �red during the o¤-path punishment phase (recall Lemma 4). Moreover, the imprecision

of performance measure on which �ring is based implies that a higher agency cost is needed. As the

tradeo¤ here is similar to our main analysis, we expect the comparative statics suggested by Proposition

2 remains valid: the optimal value of f0 increases in principal�s signal precision r but decreases in agent�s

outside option �U .

Asymmetric tasks We have shown in Lemma 4 that it is never optimal to prescribe di¤erent

severance policies to di¤erent agents in our setting with symmetric tasks. However, if the agents have

asymmetric tasks, which are associated with di¤erent agency rents, it is conceivable that asymmetric

severance policies can be optimal. For instance, suppose task A is more easily monitored by the principal

than task B (i.e., task A has a higher value of r than task B). Then in the optimal contract, the principal

may link their wages with JPE, while attaching a harsh severance policy to task A, and a generous

severance policy to task B. Similarly, if agents who can perform task A have lower outside options than

those who can perform task B, then the optimal contract can also be a JPE with a harsh severance policy

for task A, and a generous severance policy for task B. Thus if a hierarchical team consists of workers

and supervisors, our theory predicts that while their pay may be linked, it is possible that the supervisors

are given a generous severance policy, as their tasks are harder to monitor and their outside options are

typically better, whereas the workers have a harsher severance policy.

Alternative signal/outcome structure It is assumed in our model that a bad signal xi = 0

36We expect that the basic structure of the optimal contract would remain the same: an JPE scheme that pays out a

positive wage if and only if both agents produce good outcomes, and possibly a severance payment to induce voluntary

quitting. We also expect the wage to be higher than the case of stationary equilibrium, as the punishment of job loss is now

less frequent and thus less severe.
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never leads to a good outcome yi = 1. For instance, the agent�s signal represents his work attitude

displayed, and a display of positive attitude is a necessary (though not su¢ cient) condition for a successful

outcome. The implication of the assumption is that conditional on a good outcome, peer monitoring does

not o¤er any extra information. In the discussion leading to Corollary 1, we explicitly use this feature of

the signal structure to argue that under a harsh severance policy, repeated-game incentives are infeasible

and hence a JPE scheme has no strict value.

Alternatively, one may consider an information structure in which a bad signal may still result in

a good outcome with positive probability. In this case, under a harsh severance policy, a JPE scheme

may lower the agency cost relative to an IPE scheme. However, under plausible conditions, the saving

in agency cost by adopting a JPE scheme is larger under a generous severance policy than under a

harsh severance policy. To see this, note that there are two e¤ects of introducing team incentives. The

�rst e¤ect concerns the increase in the frequency of punishment. Speci�cally, with a harsh severance

policy in place, the JPE scheme generates extra punishment on the agent with a bad signal (relative to

an IPE scheme) only if the bad signal is associated with a good outcome. On the other hand, with a

generous severance policy in place, the JPE scheme generates extra punishment whenever a bad signal

is generated, regardless of the associated outcome. Therefore, team incentives generate more frequent

punishment (conditional on a bad signal) under a generous severance policy.

The second e¤ect concerns the magnitude of punishment. As shown in Section 3.2, with a JPE scheme

and a generous severance policy, the agent�s o¤-path punishment phase payo¤ is max
�
�U; �i (0; 0)

	
. On

the other hand, under a harsh severance policy, the most severe o¤-path punishment phase payo¤ is a

convex combination of his employment phase payo¤ Vi (as his partner may produce a bad outcome and

is �red), his outside option �U (as he may produce a bad outcome and is �red), and his stage-game payo¤

of mutual shirking �i (0; 0). If the outside option �U is su¢ ciently large,37 the generous severance policy

implies a weakly stronger o¤-path punishment. Taking both the punishment frequency and magnitude

e¤ects into account, the complementarity of generous severance policy and team incentives is present

whenever �U is su¢ ciently large and/or the probability of a good outcome conditional on a bad signal is

su¢ ciently low.

Implementation In our model, if JPE and the generous severance policy is optimal, the option

of quitting with severance payment, though always available, is taken by the agent only if his observed

performance outcome is bad. This is because in the corresponding equilibrium, an agent i quits only if his

inside option drops from Vi toWi, which in turn happens only when his signal and thus outcome is bad.38

37For example, �U > �i (0; 0).
38Note that in the alternative signal structure speci�cation discussed above, it can be strictly optimal to o¤er severance
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This implementation of severance payment is consistent with the "Pay to Quit" policy used by Amazon,

where the o¤er of severance payment is not contingent on employees�performances. On the other hand,

in some real-world applications, a practical concern is that agents� outside options are heterogeneous

and time-varying, which means such o¤ers may sometimes be taken by a well-performing agent if a very

favorable outside option emerges for him. To minimize the associated cost, the principal may provide

the option of quitting with severance payment only if the agent has a bad performance outcome. This

practice is similar to the severance policy at Net�ix (only "adequate" performers get a generous severance

package).39 Enriching our model to allow for general signal/outcome structures, as well as time-varying

and uncertain outside options, would yield speci�c predictions on how severance payment should depend

on agents�observed performance.

Communication to the principal In our model, we do not allow the principal to write a

contract contingent on agents�reports of their observed signals. If such reports and contract are feasible,

the principal can e¤ectively contract on the agents�signals, as truthful reporting of signals can be almost

costlessly induced (as an equilibrium outcome) by penalizing inconsistent reports. In this case, the

optimal contract is simply an e¢ ciency wage contract based on the agent�s signal. However, as pointed

out by Che and Yoo (2001), such contracts are often impractical: in many environments, observations

of coworkers e¤ort cannot be easily described or is susceptible to manipulation, making the comparison

of reports and formal contracting based on these reports impossible. Moreover, in our repeated setting,

truthful reporting is not the only equilibrium outcome; in fact, the agents can bene�t from colluding on

the reports submitted.

Costly agent replacement Proposition 2 is obtained under the assumption of no replacement

cost. Assuming a positive replacement cost40 would favor the combination of JPE scheme and generous

severance policy relative to the optimal e¢ ciency wage contract. The reason is that the latter is associated

with a higher expected probability of agent replacement. Speci�cally, the per-period probability of agent

replacement under the optimal e¢ ciency wage contract is 1 � pr, whereas that of the optimal contract

with JPE and a generous severance policy is at most 12
�
1� p2

�
, which is lower. If the replacement cost is

su¢ ciently high, the principal would never replace her agent, and a simple IPE contract becomes optimal.

In practice, there can be multiple reasons, other than that proposed in this paper, for paying workers

payment that is not contingent on performance.
39Likewise, Adore Me o¤ers the resignation bonus only to select employees.
40Replacement cost may arise from di¢ culties in �nding and training a replacement worker, or the legal cost of terminating

an employment contract.

33



to quit. Below we discuss some possible rationales, and explain how our theory can be empirically

distinguished from these alternatives.

Insurance provision If the agent is more risk-averse than the principal, the optimal employment

features a risk-incentive tradeo¤. To insure the agent, he may receive a positive base wage following a poor

performance, which can be interpreted as a severance pay following dismissal.41 In contrast, our model

predicts that a positive severance pay may arise following voluntary quitting, but there is no severance

pay if the agent is �red for poor performance. Moreover, if the individual rationality constraint binds,

a moral hazard model with risk-incentive tradeo¤ would predict that the base wage (and consequently

severance pay) is increasing in the agent�s outside option. Our model predicts the severance pay moves

in the opposite direction (see Proposition 1).

Private information on match quality As discussed in the literature review, severance pay

in CEO contracting is usually attributed to the agent having superior information on his match quality

with the �rm. If we assume that the production technology is complementary in the match quality of

each agent, and that the match quality is subject to exogenous shock privately observed by the agent,

then under additional structures, one can construct a model in which a severance pay can help weed out

agents that su¤er negative shocks in match quality, thus improving the team output.42 In contrast, our

model starts out in a pure moral hazard setting, and the agent�s private information about his payo¤

of staying on the job arises endogenously because of his interaction with fellow coworkers. Below, we

argue why our model is empirically relevant, and point out empirical predictions that distinguish the two

theories.

As pointed out by Oyer and Schaefer (2011), because of the di¢ culties in obtaining clean data, rigorous

empirical studies on the causes of voluntary quitting are lacking in labor and personnel economics. On

the other hand, research in psychology and organizational behavior provide some hints to major causes

of quitting. Humphrey, Nahrgang, and Morgeson (2007) summarize more than 250 articles in these �elds

and �nd that the e¤ect of job characteristics43 on turnover intention and decision is insigni�cant. On the

other hand, social factors such as task interdependence, feedback and social support from coworkers are

key in employees�turnover intention and decision. Moreover, relations between coworkers are critically

41A related rationale for severance pay is to encourage the agent to take risk in experimentation. Manso (2011) shows

that the optimal contract can feature golden parachute if the agent is prematurely terminated.
42 It is worth pointing out that some elements of moral hazard are likely to be still necessary in such a theory, see the

discussion in Section 1.3 of Inderst and Mueller (2010).
43The job characteristics considered in their study include job autonomy, skill variety, task identity, task signi�cance, and

feedback from the job.
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shaped by their workplace behaviors. For instance, Chiaburu and Harrison (2008) �nd a signi�cant

negative correlation between coworker support and individual workers�e¤ort reduction. Du¤y, Ganster,

and Pagon (2002) report that counterproductive behaviors (such as displaying lazy work habits) are

signi�cantly correlated with coworker undermining behaviors (such as withdrawing promised assistance,

delaying work to slow others down, and giving misleading information). These �ndings therefore suggest

that for regular employees (i.e., non-CEO), coworker relation, which is highly related to their workplace

behaviors, plays a much more important role than match quality in their turnover decisions. This may

not be surprising as it has been shown that �rms can hire the right workers e¤ectively, by means of

applicant screening (Huang and Cappelli (2010)) and self-selection (Dohmen and Falk (2010)).

Our model generates the following predictions that di¤er from a theory of turnover and teamwork

based on mismatch. First, the analysis in endogenous job design in Section 4 shows that adopting

teamwork can be optimal even if team synergy is absent. On the other hand, the mismatch theory relies

crucially on the synergy in agents�match qualities. Second, as the bene�t of teamwork in our model

arises from peer monitoring and sanction, measures that improve the technology of peer monitoring

is complementary to implementing teamwork and a generous severance policy (see Corollary 3). The

detailed case study of Knez and Simester (2001) has illustrated the e¤ectiveness of peer monitoring

and sanction in practice, and discussed possible measures that facilitate them. On the other hand, the

mismatch theory is silent on this issue. Finally, in our theory, having a stable team (weakly) lowers

the severance payment required to induce an agent�s exit. The intuition is similar to that of Corollary

2: the stability of the agents� relationship implies that the expected punishment on the agent would

be more severe were he deviate to stay on the job. In contrast, the mismatch theory would predict an

opposite relation, if the expected tenure of agents are positively associated with their match qualities,

and production is complementary in team members�qualities.

Motivation and engagement A number of media commentaries point out the potential bene�t

of programs such as Amazon�s "Pay to Quit" arises from removing unmotivated or disengaged employees

at a relatively low cost.44 In reality, there are many possible causes for employee disengagement, and

the management literature have pointed to factors such as value incongruence and a lack of trust and

support in the organization.45 Our model has a �avor very close to a breakdown of trust among workers.

44See for example, McGregor, Jena (2014), "Why more companies should pay employees to quit" The Washington

Post. Retrieved from https://www.washingtonpost.com/news/on-leadership/wp/2014/04/14/why-more-companies-should-

pay-employees-to-quit. Some other rationales proposed include fewer termination-related lawsuits, and exerting pressure on

improving hiring upfront.
45See for example, Rich, Lepine, and Crawford (2010) and Saks (2006).
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Speci�cally, in the (o¤-path) punishment phase of our model, an agent refuses to put in e¤ort, and is thus

behaviorally similar to a disengaged worker. Moreover, he shirks under the belief that his colleagues are

also shirking, which can be interpreted as a lack of trust among the workers. Employee disengagement

caused by discrepancies in value and direction with the company can be mapped into a model in which

the agent privately learns the match quality with the �rm over time, and the learned result a¤ects the

workers�intrinsic motivation of working in the �rm. Such a model would share similar features to those

described in the paragraph above.

Appendix

Omitted Proofs

Proof of Lemma 1: Denote by V the agent�s payo¤ on the job and denote by w the agent�s expected

wage following yi = 1. While on the job, he exerts e¤ort. Whenever yi = 1, he gets paid an expected wage

w and keeps the job. If yi = 0, he is �red and paid nothing. Therefore, V can be expressed recursively as

V = (1� �) (prw � c) + �
�
prV + (1� pr) �U

�
.

Shirking saves the e¤ort cost but increases the chance of bad outcome from 1�pr to 1�qr. The incentive

compatibility constraint for exerting e¤ort is thus given by:

V � (1� �) qrw + �
�
qrV + (1� qr) �U

�
.

Combining the two conditions above, the expected wage w has to satisfy

w � c

r (p� q) � �
�
qc

p� q �
�U

�
� wEW .

Clearly, at optimum, the condition above holds at equality. The principal�s unit agency cost is thus

(pr)wEW . �

Proof of Lemma 2: To induce voluntary resignation, it is necessary that the continuation payo¤

in the o¤-path punishment phase is weakly lower than the payo¤ of resignation, which consists of an

immediate severance payment siyi;yj stated in the contract, as well as the outside option
�U for the rest

of the agent�s life. Among the set of possible outcome pro�les after which agent i is induced to quit

voluntarily following some on-the-equilibrium-path history, select the one that is associated with the

smallest severance payment and denote it by
�
y0i; y

0
j

�
. Further select a continuation strategy pro�le

� following a history in which agent i deviates from resigning after outcome pro�le
�
y0i; y

0
j

�
realizes.
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The continuation payo¤ associated with � is thus weakly lower than the resignation payo¤ following�
y0i; y

0
j

�
. Now prescribing � to every history in which agent i has deviated from quitting would preserve

his incentives for voluntary resignation at every history. �

Proof of Lemma 3: We will explicitly solve the relaxed problem in the proof. First, note that the

IC constraint (1) can be rearranged into

[1� � (1� (1� q)Qi)]�i (1; 1)�[1� � (1� (1� p)Qi)]�i (0; 1) � [1� � (1� (1� q)Qi)] c+� (p� q)QiWi.

(4)

Note also that given a resignation payo¤Wi, the expected severance payment for agent i is �
1�� max

�
Wi � �U; 0

	
.

As lowering Wi helps relax IC constraint (4) and lower the severance payment required, it is obvious that

IC constraint (2) holds with equality at the optimum. Using these observations, the relaxed problem can

be stated as choosing wages
�
wi11; w

i
10; w

i
01; w

i
00

	
i=1;2

, quitting probabilities f(�i; �i)gi=1;2, and resignation

payo¤ fWigi=1;2 to minimize the total expected agency costX
i=1;2

�
(pr)2wi11 + pr (1� pr)

�
wi10 + w

i
01

�
+ (1� pr)2wi00 + (1� p)Qi

�

1� � max
�
Wi � �U; 0

	�
;

subject to IC constraint (4), and Wi = max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
for each i = 1; 2, as well as the

feasibility constraint �1 + �2 � 1.

In the �rst step, we �x the quitting probabilities �i and �i such that Qi > 0, and consider the

following three classes of wage schemes for agent i: (i)Wi = �i (0; 1); (ii)Wi = �U ; and (iii)Wi = �i (0; 0).

In each of these cases, we solve for the cost-minimizing schemes within each class. As �i is �xed, the

feasibility constraint �1+�2 � 1 can be ignored in this step. In the second step, we look for the quitting

probabilities that would minimize the total agency cost.

Case (i): Wi = �i (0; 1)

Ignoring the requirement that the wage scheme must satisfy max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
=

�i (0; 1), and replacing �i (�; �) with the corresponding expression involving wages, the problem above can

be stated as choosing wage scheme
�
wi11; w

i
10; w

i
01; w

i
00

	
to minimize

�
p+

�

1� � (1� p) qQi
�
pr2wi11 +

�
p+

�

1� � (1� p) qQi
�
(1� pr) rwi10

+

�
(1� pr) + �

1� � (1� p) (1� qr)Qi
�
prwi01 +

�
(1� pr) + �

1� � (1� p) (1� qr)Qi
�
(1� pr)wi00

� �

1� � (1� p)
�UQi,
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subject to the constraint

pr
�
wi11 � wi01

�
+ (1� pr)

�
wi10 � wi00

�
� c

r (p� q) .

The coe¢ cients of wi00 and w
i
01 are negative in the constraint; while those of w

i
11 and w

i
10 are positive.

Thus, it is clear that wi00 = w
i
01 = 0 and the constraint binds at optimum. Thus, the problem simpli�es

into choosing wi11 and w
i
10 to minimize�

p+
�

1� � (1� p) qQi
�
pr2wi11 +

�
p+

�

1� � (1� p) qQi
�
(1� pr) rwi10 �

�

1� � (1� p)
�UQi,

subject to

prwi11 + (1� pr)wi10 =
c

r (p� q) .

It is clear that any pair of wi11 and w
i
10 such that prw

i
11+(1� pr)wi10 = c

r(p�q) gives an equal objective

value. Moreover, to ensure that �i (0; 1) � �i (0; 0), we need

�i (0; 1) � �i (0; 0), (pr)wi11 + (1� pr)wi10 � qrwi11 + (1� qr)wi10 , wi10 � wi11:

The condition wi10 � wi11 is enough to ensure max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
= �i (0; 1), as

�i (0; 1) = (pr) (qr)w
i
11 + qr (1� pr)wi10 = (qr)

�
(pr)wi11 + (1� pr)wi10

�
=

qc

p� q >
�U .

In sum, if the solution has Wi = �i (0; 1), then it is necessary that wi00 = w
i
01 = 0 and w

i
10 � wi11 such

that prwi11 + (1� pr)wi10 = c
r(p�q) . One contract that satis�es these conditions is a simple IPE contract

with wi11 = w
i
10 =

c
r(p�q) . Given a Qi, the agency cost is

	G1 (Qi) �
�
p+

�

1� � (1� p) qQi
�

c

p� q �
�

1� � (1� p)Qi
�U .

Case (ii): Wi = �U

Like case (i) above, we temporarily ignore the requirement max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
= �U .

The principal�s relaxed problem can be stated as choosing the wage scheme
�
wi11; w

i
10; w

i
01; w

i
00

	
to min-

imize

(pr)2wi11 + pr (1� pr)
�
wi10 + w

i
01

�
+ (1� pr)2wi00,

subject to

r (1� � + �Qi)
�
prwi11 + (1� pr)wi10

�
� (r (1� �)� � (1� r)Qi)

�
prwi01 + (1� pr)wi00

�
� [1� � (1� (1� q)Qi)] c+ � (p� q)Qi �U

p� q . (5)
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Observe that both the objective and the constraint are linear in wages. By comparing (the ratios of)

the coe¢ cients in the objective and the constraint, it can be readily shown that wi01 = w
i
00 = 0, and the

constraint must bind. Consequently, the relaxed problem in this case is solved by any wage scheme that

satis�es wi01 = w
i
00 = 0 and

�
wi11; w

i
10

�
such that

prwi11 + (1� pr)wi10 =
[1� � (1� (1� q)Qi)] c+ � (p� q)Qi �U

(p� q) r (1� � + �Qi)
. (6)

Next, we identify conditions that ensure min f�i (0; 0) ; �i (0; 1)g � �U , or equivalently,

min
�
qrwi11 + (1� qr)wi10; prwi11 + (1� pr)wi10

	
�
�U

qr
.

Direct algebraic manipulation shows that the right hand side of (6) exceeds
�U
qr . Therefore, it is necessary

that qrwi11 + (1� qr)wi10 �
�U
qr . Provided that

�U � q2c

p� q
1� � (1� (1� q)Qi)
p (1� � + �Qi)� �q2Qi

� �U� (Qi) ,

the cost-minimizing contract (within the class max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
= �U) is thus��

wi11; w
i
10; w

i
01; w

i
00

�
� 0 : wi01 = wi00 = 0; qrwi11 + (1� qr)wi10 �

�U

qr
; (6) holds.

�
. (7)

On the other hand, if �U < �U� (Qi), the class of scheme under consideration is never incentive compatible.

To see this, direct algebraic manipulation shows that within this class of schemes that satisfy (5), both

�i (0; 0) and �i (0; 1) are minimized by setting
�
wi11; w

i
10; w

i
01; w

i
00

�
=
�
[1��(1�(1�q)Qi)]c+�(p�q)Qi �U

pr2(p�q)(1��+�Qi) ; 0; 0; 0
�
.

With these wages, �U < �U� (Qi) implies that both �i (0; 0) and �i (0; 1) exceed �U .

In sum, provided that �U � �U� (Qi), the cost-minimizing scheme within this class is given by (7) with

the value of the objective being

	G2 (Qi) � p
�

c

p� q �
�Qi

1� � + �Qi

�
qc

p� q �
�U

��
. (8)

Case (iii): Wi = �i (0; 0).

We temporarily ignore the requirement �i (0; 0) � �U . The principal�s relaxed problem can be stated

as choosing the wage scheme to minimize

(pr)2wi11 + pr (1� pr)
�
wi10 + w

i
01

�
+ (1� pr)2wi00

+
�

1� � (1� p)Qi
�
(qr)2wi11 + qr (1� qr)

�
wi10 + w

i
01

�
+ (1� qr)2wi00 � �U

�
=

�
(pr)2 +

�

1� � (qr)
2 (1� p)Qi

�
wi11 +

�
pr (1� pr) + �

1� � qr (1� qr) (1� p)Qi
� �
wi10 + w

i
01

�
+

�
(1� pr)2 + �

1� � (1� p) (1� qr)
2Qi

�
wi00 � (1� p)

�

1� �
�UQi,
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subject to

r
�
p (1� �) + �Qi

�
p� q2

��
wi11 +

�
(1� �) (1� pr) + �Qi

�
1� q + q2r � pr

��
wi10

�
�
(1� �) pr � �Qi

�
p� q �

�
p� q2

�
r
��
wi01 �

�
(1� pr) (1� �) + �Qi

�
p� 2q + q2r � pr + 1

��
wi00

� [1� � (1� (1� q)Qi)] c
r (p� q) , (9)

and

0 � (qr)
�
wi11 � wi10

�
+ (1� qr)

�
wi01 � wi00

�
. (10)

We begin with a couple of observations. First, if �U > �U� (Qi), this class of scheme is dominated by

the optimal schemes in case (ii) considered above. It is easy to see that the problem in case (ii) is the

relaxed version of the one considered here (the objective is weakly lower and the constraint set is weakly

larger). Thus, if the optimal scheme in case (ii) is feasible, it must dominate schemes in case (iii) here.

For the subsequent analysis, we therefore focus on the case �U � �U� (Qi). Second, in the problem above,

wi00 = 0 at the optimum because the coe¢ cients of wi00 in both constraints are negative.

In the solution to the problem above, either wi10 = 0, or w
i
10 > 0. Suppose �rst that w

i
10 = 0. Then

it is necessary that constraint (10) is slack at the optimum. The ratio of coe¢ cients in the objective and

constraint (9) for wi11 and w
i
01 are respectively

R11 �
p2r + �

1�� q
2r (1� p)Qi

p (1� �) + � (p� q2)Qi
and R01 �

pr (1� pr) + �
1�� qr (1� qr) (1� p)Qi

� ((1� �) pr � � (p� q � (p� q2) r)Qi)
.

If the denominator of R01 is negative, then it is immediate that wi01 = 0 too. Suppose not. Then

R11 �R01 =
�pr (1� � + � (1� p)Qi) (p (1� �) + �q (1� q)Qi)

(1� �) (p (1� �) + � (p� q2)Qi) (� ((1� �) pr � � (p� q � (p� q2) r)Qi))
< 0.

Thus, in this case, wi01 = 0 and w
i
11 =

1��(1�(1�q)Qi)
p(1��)+�(p�q2)Qi

c
r2(p�q) and the resulting value of the objective is

	G3 (Qi) �
�
p2 +

�

1� � q
2 (1� p)Qi

�
1� � (1� (1� q)Qi)
p (1� �) + � (p� q2)Qi

c

p� q �
�

1� � (1� p)
�UQi. (11)

Moreover, it is straightforward to verify that this solution satis�es max
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
=

�i (0; 0) if and only if �U � �U� (Qi).

Next consider the case wi10 > 0. We �rst show that constraint (10) must bind at optimum. Suppose

not. Then wi01 = 0, for otherwise, one can raise wi10 and lower w
i
01 by the same small amount, which

has no e¤ect on objective but strictly relaxes constraint (9).46 Now if wi10 > 0 at the solution, then it is

necessary that it has a positive coe¢ cient in the constraint (9), and that the ratio of coe¢ cients in the

46This is because in constraint (9), the coe¢ cient of wi10 exceeds that of w
i
01.
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objective and constraint (9) for wi10 must be no less than R11, i.e.,

pr (1� pr) + �
1�� qr (1� qr) (1� p)Qi

(1� �) (1� pr) + �Qi (1� q + q2r � pr)
�R11 � 0

, �

1� �
qrQi (1� � + � (1� p)Qi) (p� q)

(p (1� �) + � (p� q2)Qi) ((1� �) (1� pr) + �Qi (1� q + q2r � pr))
� 0,

which is a contradiction.

Since constraint (10) binds, we have wi10 = w
i
11+

�
1
qr � 1

�
wi01. Substituting this into the objective and

constraint (9) respectively, the relaxed problem can be formulated as choosing wi11 and w
i
01 to minimize�

pr +
�

1� � (1� p) qrQi
�
wi11 +

�
p (1� pr)

q
+

�

1� � (1� qr) (1� p)Qi
�
wi01,

subject to

wi11 +
1� pr � qr

qr
wi01 =

c

r (p� q) .

If 1� pr � qr � 0, then set wi01 = 0, and wi11 = wi10 = c
r(p�q) , and the value of the objective is

p (1� �) + �q (1� p)Qi
1� �

c

p� q �
�

1� � (1� p)
�UQi.

Straightforward computation shows that it strictly exceeds (11). Next, if 1� pr� qr > 0, comparing the

ratios of coe¢ cients in the objective to that in the constraint, we have

r p(1��)+�q(1�p)Qi1��
1

<

p(1��)(1�pr)+�q(1�qr)(1�p)Qi
q(1��)
1�pr�qr

qr

.

Therefore, it is again optimal to set wi01 = 0 and w
i
11 = w

i
10 =

c
r(p�q) . Again, the resulting value of the

objective strictly exceeds (11).

In sum, if �U � �U� (Qi), the optimal wage scheme within the class under consideration is
�
wi11; w

i
10; w

i
01; w

i
00

�
=�

1��(1�(1�q)Qi)
p(1��)+�(p�q2)Qi

c
r2(p�q) ; 0; 0; 0

�
. The objective value is given by 	G3 (Qi) as de�ned in (11).

We are ready to conclude the analysis of the �rst step. Direct computation shows that for all Qi > 0,

we have 	G1 (Qi) > 	
G
2 (Qi) if �U � �U� (Qi), and 	G1 (Qi) > 	

G
3 (Qi) if �U < �U� (Qi). For Qi = 0, we have

	G1 (0) = 	
G
2 (0) = 	

G
3 (0). Therefore, as long as voluntary resignation is induced with positive probabil-

ity, i.e., Qi > 0, it is suboptimal to adopt the class of wage scheme withmax
�
min f�i (0; 0) ; �i (0; 1)g ; �U

	
=

�i (0; 1). On the other hand, if voluntary resignation is induced with zero probability, i.e., Qi = 0, then a

simple IPE contract with wi11 = w
i
10 =

c
r(p�q) is optimal. In sum, given quitting probabilities �i and �i,

and hence Qi, the value of the objective is

	G (Qi) �

8<: 	G3 (Qi) if �U < �U� (Qi)

	G2 (Qi) if �U � �U� (Qi)
=

8<: 	G3 (Qi) if Qi < Q�
�
�U
�

	G2 (Qi) if Qi � Q�
�
�U
� ; (12)
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where

Q�
�
�U
�
� 1� �

�

1

q2
�

qc
p�q� �U
q qc
p�q�p �U

�
� 1

.

It is straightforward to verify that 	G (�) is a strictly convex function.

In the second step, we compute the optimal quitting probabilities �i and �i. From the previous step,

the problem can be stated as choosing �i and �i (i = 1; 2) to minimize

	G (p�1 + (1� p)�1) + 	G (p�2 + (1� p)�2) ,

subject to the feasibility constraint �1 + �2 � 1.

We �rst argue that in the search for the optimal quitting probabilities, it is without loss to suppose

Q1 = Q2. First, if the feasibility constraint is non-binding at optimum, then the separability of the

objective function in Q1 and Q2 immediately implies that the objective function has a unique minimum

with Q1 = Q2. On the other hand, if the feasibility constraint is binding at optimum, then it is necessary

that �1 = �2 = 1, for otherwise, raising �i and lowering �i by the same amount would strictly relax the

feasibility constraint without a¤ecting the objective value, contradicting that the feasibility constraint

is binding. This in turn implies that �1 = �2 =
1
2 , because given �1 = �2 = 1, the agency cost

	G (p�i + (1� p)�i) is strictly convex in �i. The argument above implies that in the search for the

optimal quitting probabilities, it is without loss to set Q1 = Q2. Moreover, we can replace the feasibility

constraint with an upper bound of p + 1
2 (1� p) =

1
2 (1 + p) for Qi. Using this observation, the second-

stage problem can be stated as

	G� � min
Q2[0; 12 (1+p)]

	G (Q) , (13)

where 	G is de�ned in (12).

Consider �rst the case �U � q(1�q)
p�q2

qc
p�q . In this case, as

�U� (Qi) >
q(1�q)
p�q2

qc
p�q for all Qi 2 [0; 1], the

condition for case (ii) of the �rst step is never satis�ed. Thus, it su¢ ces to solve minQ2[0; 12 (1+p)]
	G3 (Q).

The objective function is strictly convex in Q. If �U � �U0, then the objective function is increasing in Q,

so the optimal value of Q is 0. If �U � �U1 � max

�
0; 1
p�q2

qc
p�q

�
q (1� q)� p(p�q)2(p+q)

(1�p)( �
1��

1
2
(1+p)(p�q2)+p)

2

��
,

then the objective function is decreasing in Q for all Q 2
�
0; 12 (1 + p)

�
, so the optimal value of Q is

1
2 (1 + p). Finally, if

�U 2
�
�U0; �U1

�
, then the objective function is U-shaped in the interval

�
0; 12 (1 + p)

�
.

Using the �rst-order condition, the optimal value of Q is given by

Q =
1� �
�

1

p� q2

0@�p+ (p� q)vuut p (p+ q) qc
p�q

(1� p)
�
q (1� q) qc

p�q � (p� q2) �U
�
1A . (14)
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Next, consider the case �U > q(1�q)
p�q2

qc
p�q . In this case, the objective function is 	

G (Q). It is immediate

that for Q � Q�
�
�U
�
, the objective function 	G = 	G2 is decreasing in Q . To see that for Q < Q�

�
�U
�
,

	G = 	G3 is also decreasing, we evaluate its derivative:

@

@Q
	G3 (Q) =

�

1� �
1� p

(p (1� �) + � (p� q2)Q)2

24 �qc� p
1�p (1� �)

2 + 2� (1� �) pQ+ �2
�
p� q2

�
Q2
�

+
�
�Q
�
p� q2

�
+ (1� �) p

�2 � qc
p�q � �U

�
35

<
�

1� �
1� p

(p (1� �) + � (p� q2)Q)2

24 �qc� p
1�p (1� �)

2 + 2� (1� �) pQ+ �2
�
p� q2

�
Q2
�

+
�
�Q
�
p� q2

�
+ (1� �) p

�2 � qc
p�q �

q(1�q)
p�q2

qc
p�q

�
35

= � � (1� �)
((1� �) p+ � (p� q2)Q)2

p (p+ q) (p� q)2

p� q2
qc

p� q < 0.

As a result, if �U > q(1�q)
p�q2

qc
p�q , then the optimal value of Q is 1

2 (1 + p). Whether Wi = �U or �i (0; 0)

depends on how Q�
�
�U
�
compares with 1

2 (1 + p). Speci�cally, if Q
� � �U� > 1

2 (1 + p), or equivalently

�U < �U�, then Wi = �i (0; 0), as in case (iii) of the lemma. Otherwise, Wi = �U , as in case (iv) of the

lemma.

We have thus completely solved the relaxed problem. The solutions take di¤erent forms depending

on the value of the outside option �U , which is summarized below.

(i) If �U � �U0, then �i = �i = 0, and the set of wages is given by��
wi11; w

i
10; w

i
01; w

i
00

�
: wi01 = w

i
00 = 0; pw

i
11 + (1� p)wi10 =

c

r2 (p� q)

�
.

(ii) If �U 2 ( �U0; �U1], then any pair of quitting probabilities such that p�i + (1� p)�i equals the

right-hand side of (14) is optimal. Moreover,

wi11 =
1� � (1� (1� q)Q)
p (1� �) + � (p� q2)Q

c

r2 (p� q) , w
i
10 = w

i
01 = w

i
00 = 0, and Wi = (qr)

2wi11.

(iii) If �U 2 ( �U1; �U�], then �i = 1 and �i = 1
2 . Moreover,

wi11 =
1� �

�
1� 1

2 (1 + p) (1� q)
�

p (1� �) + 1
2� (1 + p) (p� q2)

c

r2 (p� q) , w
i
10 = w

i
01 = w

i
00 = 0, and Wi = �U�.

(iv) If �U 2
�
�U�; qc

p�q

�
, then �i = 1 and �i =

1
2 . Moreover, Wi = �U and the optimal wage satis�es

wi01 = w
i
00 = 0, as well as

qrwi11 + (1� qr)wi10 �
�U

qr
, and prwi11 + (1� pr)wi10 =

1

r

�
c

p� q �
� (1 + p)

2� � (1� p)

�
qc

p� q �
�U

��
.

It is straightforward to verify that all wage schemes for this case satis�es wi11 > w
i
10. �

Proof of Proposition 1: The solution to the relaxed problem is stated at the end of the proof

of Lemma 3. It can be readily checked that under the optimal wage scheme for �U 2
�
�U0; �U

��, both
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agents shirking is a stage-game Nash equilibrium. This is because by substituting
�
wi11; w

i
10; w

i
01; w

i
00

�
=�

1��(1�(1�q)Q)
p(1��)+�Q(p�q2)

c
r2(p�q) ; 0; 0; 0

�
, we get �i (0; 0) � �i (1; 0)�c for all Q 2

�
0; 12 (1 + p)

�
. The corresponding

resignation payo¤ under the optimal scheme is Wi = �i (0; 0) = (qr)
2wi11. This can be implemented by

setting an outcome-independent severance payment si = �
1��

�
Wi � �U

�
.

The following strategy pro�le supports this payo¤ as a continuation PPE payo¤ in the o¤-path

punishment phase. If an agent deviates from resigning, both the deviating agent and his partner shirk.

They keep shirking as long as the deviating agent stays on the job. The deviating agent voluntarily

resigns at the end of every period (if he has not previously done so). If the deviating agent quits the job,

his partner starts a fresh relationship with a newly hired agent in the employment phase. In the strategy

pro�le above, the deviating agent and his partner are both willing to shirk, because as we have shown

above, it is a stage-game Nash equilibrium. Moreover, the deviating agent is willing to voluntarily resign

because the payo¤ of resigning (1� �) si+� �U , is no less than the payo¤ of staying on the job for an extra

period, �
�
(1� �)

�
si + �i (0; 0)

�
+ � �U

�
.

Similarly, in the optimal wage scheme for �U 2
h
�U�; qc

p�q

�
(identi�ed in the proof of Lemma 3), it can

be readily checked that both agents shirking is a stage-game Nash equilibrium. This is because for any

wage scheme from the set (7) with Qi = 1
2 (1 + p), we have

�i (0; 0)� (�i (1; 0)� c) = qr
�
qrwi11 + (1� qr)wi10

�
�
�
pr
�
qrwi11 + (1� qr)wi10

�
� c
�

= � (p� q) r
�
qrwi11 + (1� qr)wi10

�
+ c

� � (p� q) r
� �U
qr

�
+ c =

p� q
q

�
qc

p� q �
�U

�
> 0.

The corresponding resignation payo¤ of the optimal scheme is �U . The strategy pro�le for the o¤-path

punishment phase described for the case �U 2
�
�U0; �U

�� above also supports the continuation PPE payo¤
�U here. As �i (0; 0) = qr (qrw11 + (1� qr)w10) � �U holds at the optimal scheme, both agents shirking

results in a payo¤ lower than the outside option. Thus, deviating to stay on the job is unpro�table.

Finally, under the optimal wage scheme for �U > �U0, each agent has �i (0; 1)� (�i (1; 1)� c) > 0. As

the e¤ort IC constraint (1) can be expressed as Vi�Wi � 1��
�
�i(0;1)�(�i(1;1)�c)

(p�q)Qi , each agent �nds it strictly

optimal to stay on the job in the employment phase, i.e., Vi > Wi. �

Proof of Lemma 4: To show that o¤ering asymmetric severance policies is suboptimal, it su¢ ces to

show that if agent j is given a harsh severance policy and agent i is given a generous severance policy, then

the agency cost for agent i strictly exceedsmin
�
	G�;	EW

	
. If this is true and 	EW � 	G�, then o¤ering

the optimal e¢ ciency wage to both agents strictly dominates any contract with asymmetric severance

policy. Alternatively, if 	G� < 	EW , then o¤ering the optimal contract with generous severance policies
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(identi�ed in Proposition 1) to both agents strictly dominates any contract with asymmetric severance

policy. The rest of the proof will show the claim in the �rst sentence of the paragraph.

Suppose agent j�s contract has a harsh severance policy, and without loss, it is the optimal e¢ ciency

wage contract. Suppose agent i�s contract has a generous severance policy. Suppose further that a simple

IPE contract is not optimal for agent i, for otherwise, we can immediately conclude the agenct cost of

agent i exceeds min
�
	G�;	EW

	
.

Following yj = 0, agent j is �red, so agent i would not have to quit regardless of his own signals. His

employment-phase continuation value is thus recursively given by

Vi = (1� �) (�i (1; 1)� c) + � ((1� (1� p) prQ)Vi + (1� p) prQWi) ,

where Q 2 [0; 1] is the probability that agent i is prescribed to quit if xi = 0 and yj = 1, and Wi is his

resignation payo¤. He is willing to exert e¤ort if and only if

Vi � (1� �)�i (0; 1) + � ((1� (1� q) prQ)Vi + (1� q) prQWi) .

Combining the two conditions above and rearranging gives:

[1� � (1� (1� q) prQ)]�i (1; 1)�[1� � (1� (1� p) prQ)]�i (0; 1) � [1� � (1� (1� q) prQ)] c+�prQ (p� q)Wi.

(15)

Next, note that agent i has the option of staying on the job (and shirking) perpetually, even if he is

prescribed to quit. Denote his payo¤ of doing so by W 0 �wi�, where wi stands for the wage pro�le for
agent i.

W 0 �wi� � min
8<: (1� �)�i (0; 0) + �

�
qrW 0 �wi�+ (1� qr)Vi� ;

(1� �)�i (0; 1) + �
�
prW 0 �wi�+ (1� pr)Vi�

9=; .
As Vi > W 0 �wi� (otherwise, a simple IPE contract is optimal), the inequality above implies that

W 0 �wi� > min f�i (0; 0) ; �i (0; 1)g. Together with the fact that quitting is always an option for agent i,
a lower bound for Wi in this case is given by Wi � min

�
W 0 �wi� ; �U	.

The agency cost of the optimal contract for agent i (within the class of generous severance policy)

is bounded from below by the solution to the following relaxed problem: choosing wages and quitting

probability Q to minimize

�i (1; 1) +
�

1� � (1� p) (prQ)max
�
Wi � �U; 0

	
,

subject to (15) and Wi � min
�
W 0 �wi� ; �U	. Denote this problem by Problem-A.

Recall we have shown in Lemma 3 that in solving the relaxed problem stated in Section 3.2, it is

without loss to focus on identical wages and quitting probabilities for both agents. After imposing identical
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contracts for both agents, the resulting objective and constraints are identical to those in Problem-A, with

two modi�cations: �rst, choice variable Qi is e¤ectively replaced by prQ; and second, the IC constraint

for quitting has min f�i (0; 0) ; �i (0; 1)g replaced by a strictly larger value W 0 �wi�. Moreover, the upper
bound for Qi in the problem of Lemma 3 is 1

2 (1 + p), whereas the upper bound for prQ in Problem-A

is pr. As p; r < 1, it follows that 12 (1 + p) > pr. Consequently, the value of Problem-A is no less than

that of the problem considered in Lemma 3. Below we make use of the similarities of the two problems

to show that the value of Problem-A strictly exceeds that of the relaxed problem of Lemma 3.

Similar to the proof of Lemma 3, we consider the following three classes of wage schemes: (i) �U �

�i (1; 0) � �i (0; 0), (ii) min f�i (0; 0) ; �i (0; 1)g � �U , and (iii) �U � �i (0; 0) � �i (0; 1).

In case (i), for the problem considered in Lemma 3, a simple IPE contract is optimal. Thus, within

this class of wage scheme, the value of Problem-A is no less than 	SI , which strictly exceeds 	EW .

In case (ii), given a value of Q, the objective value of Problem-A is no less than 	G2 (prQ). As 	
G
2

is decreasing in Q, the value of Problem-A within this class of wage scheme is bounded from below by

	G2 (pr). However, the value of the problem considered in Lemma 3 is strictly smaller at 	G2
�
1
2 (1 + p)

�
.

In case (iii), W 0 �wi� > �U , so Problem-A can be stated as choosing Q and wi to minimize

�i (1; 1) +
�

1� � (1� p) (prQ)
�
W 0 �wi�� �U

�
,

subject to (15) with Wi = W 0 �wi�. As W 0 �wi� > �i (0; 0) and its constraint set is strictly smaller

than that of the relaxed problem considered in Lemma 3, the value of Problem-A strictly exceeds

minQ2[0; 12 (1+p)]
	G3 (Q) = 	

G�.

In sum, for each classe of wage schemes, the associated agency cost for agent i strictly exceeds

min
�
	G�;	EW

	
. �

Proof of Proposition 2: Classify the values of �U into 3 regions: (i)
�
0; �U0

�
, (ii) ( �U0; �U�), and

(iii) [ �U�; qc
p�q ). First, the simple IPE contract is optimal in the class of contracts with generous severance

policy if and only if �U 2
�
0; �U0

�
. In this case, since the optimal e¢ ciency wage contract outperforms the

simple IPE contract, it also outperforms any contract with generous severance policy. Next, in region

(iii), the expected cost of the optimal contract with generous severance policy is 	G2
�
1
2 (1 + p)

�
(recall

	G2 is de�ned in (8)). Comparing it with the cost of the optimal e¢ ciency wage contract 	
EW , it is

less costly if and only if r � 1+p
2��+�p . Finally, in the intermediate region (

�U0; �U
�), the expected cost of

the optimal contract with generous severance policy is 	G�
�
�U
�
= minQ2[0; 12 (1+p)]

	G3 (Q). Observe from

the de�nition of 	G3 in (11) that it is independent of r. On the other hand, 	
EW is decreasing in r.

Thus, there exists a unique cuto¤ r̂
�
�U
�
in r below which the optimal contract with generous severance
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policy is less costly. Speci�cally, generous severance policy is less costly if and only if 	G�
�
�U
�
� 	EW ,

r �
pc
p�q�	

G�( �U)

�p
�

qc
p�q� �U

� = r̂
�
�U
�
. Note that the envelope theorem implies that 	G�

�
�U
�
is decreasing in �U for

�U 2 ( �U0; �U�], so r̂
�
�U
�
is increasing in �U in this region. �

Proof of Corollary 2: Suppose agent j�s contract has a harsh severance policy, and without loss, it

gives the same agency rent as the optimal e¢ ciency wage contract. This can be achieved by, for instance,

wj11 =
c

r2p(p�q) � �
1
pr

�
qc
p�q � �U

�
> 0 = wj10 = wj01 = wj00. Suppose agent i�s contract has a generous

severance policy, and without loss, he is induced to voluntarily resign, with a positive probability, following

a bad signal (for otherwise, the result is trivial). In the proof of Lemma 4, we have shown that the agency

cost of agent i, denoted by 	Ai , is no less than 	
G� (the agency cost corresponding to the case of applying

generous severance policy to both agent, as de�ned in (13)), and strictly so if 	G� < 	SI . The di¤erence

between the agency costs for agent i under a generous and a harsh severance policy is 	Ai �	EW , if agent

j is given a harsh severance policy. On the other hand, the corresponding di¤erence is 	G� � 	EW , if

agent i is given a harsh severance policy. The result follows from that 	G� �	EW � 	Ai �	EW . �

Proof of Corollary 3: First, as the e¢ ciency wage contract is based only on the contractible

outcome, which is distributed identically under technologies (p; q; r) and (p0; q0; r0), the cost of e¢ ciency

wage are identical under both technologies.

Next we show that the agency cost of the optimal JPE scheme with a generous severance policy is

strictly lower under technology (p0; q0; r0) than technology (p; q; r). We denote the corresponding agency

cost functions under technology (p0; q0; r0) by 	G0� (�). It is immediate that 	G02 (0) = 	G2 (0) =
pc
p�q and

	G03 (0) = 	G3 (0) =
pc
p�q . Next, we show that 	

G0
2 (Q) < 	G2 (Q) and 	

G0
3 (Q) < 	G3 (Q) for all Q > 0.

Take a Q > 0, we have

	G2 (Q) =
pc

p� q �
�pQ

1� � + �Q

�
qc

p� q �
�U

�
=

p0c

p0 � q0 �
�pQ

1� � + �Q

�
q0c

p0 � q0 �
�U

�
>

p0c

p0 � q0 �
�p0Q

1� � + �Q

�
q0c

p0 � q0 �
�U

�
= 	G02 (Q) .
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Similarly,

	G3 (Q) =
p (1� �) + � (p� pq)Q
p (1� �) + � (p� q2)Q

pc

p� q| {z }
expected wage cost

+
�

1� � (1� p)Q
�
q (1� �) + �q (1� q)Q
p (1� �) + � (p� q2)Q

qc

p� q �
�U

�
| {z }

expected severance payment

=
(1� �) + � (1� q)Q
(1� �) + �

�
1� q0

p0 q
�
Q

p0c

p0 � q0 +
�

1� � (1� p)Q

0@ q0

p0 (1� �) + �
q0

p0 (1� q)Q

(1� �) + �
�
1� q0

p0 q
�
Q

q0c

p0 � q0 �
�U

1A
>

(1� �) + � (1� q0)Q
(1� �) + �

�
1� q0

p0 q
�
Q

p0c

p0 � q0 +
�

1� �
�
1� p0

�
Q

q0

p0 (1� �) + �
q0

p0 (1� q
0)Q

(1� �) + �
�
1� q0

p0 q
0
�
Q

q0c

p0 � q0 �
�U

= 	G03 (Q) .

Finally, recall from the proof of Lemma 3 that the agency cost of the optimal JPE scheme with

generous severance policy is given by 	G� = minQ2[0; 12 (1+p)]
max

�
	G2 (Q) ;	

G
3 (Q)

	
. The derivations

above imply that

min
Q2[0; 12 (1+p)]

max
�
	G2 (Q) ;	

G
3 (Q)

	
� min
Q2[0; 12 (1+p0)]

max
�
	G02 (Q) ;	

G0
3 (Q)

	
,

with the inequality being strict whenever the optimal value of Q is strictly positive under technology

(p; q; r). The latter occurs if �U > �U0. �

Proof of Proposition 3: We �rst show that team production should not be adopted under the

harsh severance policy.

Lemma 5 Suppose the principal implements the harsh severance policy. If individual production is

adopted, the optimal wage scheme is the e¢ ciency wage contract stated in Section 3.1, i.e., w0 = 0

and w1 = 1
pl2+2(1�p)l1

c
p�q � �

�
qc
p�q � �U

�
. If team production is adopted, the optimal wage scheme is

w0 = 0 and w1 =
1��pl1

pl2+l1�2pl1
c
p�q � �

�
qc
p�q � �U

�
. As a higher wage is required, team production is more

costly than individual production.

Proof of Lemma 5. The optimality of the e¢ ciency wage contract under individual production has

been established in Lemma 1. Suppose team production is adopted. It is clear that w0 = 0 and w1 > 0.

The strongest termination threat is to �re the team whenever the team outcome is bad. Denote by V

the value of the job to each agent. We have

V = (1� �)
��
p2l2 + 2p (1� p) l1

�
w1 � c

�
+ �

��
p2l2 + 2p (1� p) l1

�
V +

�
1�

�
p2l2 + 2p (1� p) l1

��
�U
�
.

Each agent is willing to put in e¤ort if and only if

V � (1� �) (pql2 + (p (1� q) + q (1� p)) l1)w1

+�
�
(pql2 + (p (1� q) + q (1� p)) l1)V + (1� (pql2 + (p (1� q) + q (1� p)) l1)) �U

�
.
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Combining the two conditions above, the minimum value of w1 that satis�es the IC is that stated in the

lemma.

For later comparison, denote by 	HI the agency cost of using individual production and harsh sever-

ance policy:

	HI
�
�U; l1

�
� pc

p� q � �p (2l1 (1� p) + pl2)
�
qc

p� q �
�U

�
. (16)

Next, we compute the agency cost of using team production and generous severance policy in the

lemma below.

Lemma 6 Suppose team production and generous severance policy are adopted. There exists a cuto¤

�UGT 2
�
0; qc
p�q

�
such that (i) if �U � �UGT , then the optimal contract is given by

w1 =
1� � + �Q (1� q)

�Q ((1� p) l1 + pl2 � q (ql2 + 2 (1� q) l1)) + (1� �) (l1 � 2pl1 + pl2)
c

p� q , (17)

s1 = s0 =
�

1� �
��
q2l2 + 2q (1� q) l1

�
w1 � �U

�
,

where Q 2
�
0; 12 (1 + p)

�
is set at the unique minimizer of

p (pl2 + 2 (1� p) l1)w1 + (1� p)Q
�

1� �
��
q2l2 + 2q (1� q) l1

�
w1 � �U

�
; and

(ii) if �U 2
�
�UGT ; qc

p�q

�
, then the optimal contract is

w1 =

�
1� � + �

�
1
2 (1 + p)

�
(1� q)

�
c
p�q + �

�
1
2 (1 + p)

�
�U

(1� �) (pl2 + l1 � 2pl1) + �
�
1
2 (1 + p)

�
((1� p) l1 + pl2)

,

s1 = s0 = 0.

Proof of Lemma 6. We �rst formulate the IC constraint for the agent�s e¤ort exertion. If his signal is

a bad while his partner�s signal is good, then he resigns with probability � 2 [0; 1]. If both the signals of

him and his partner are bad, then he resigns with probability � 2 [0; 1]. Taken together, the probability

that an agent resigns following a bad signal is denoted by Q = p�+ (1� p)�. Denote by �W an agent�s

resignation payo¤. The value of the employment phase V can be recursively expressed as

V = (1� �)
��
p2l2 + 2p (1� p) l1

�
w1 � c

�
+ � [(p+ (1� p) (1�Q))V + (1� p)QW ] .

The agent is willing to put in e¤ort if and only if

V � (1� �) (pql2 + (q (1� p) + p (1� q)) l1)w1 + � [(q + (1� q) (1�Q))V + (1� q)QW ] .

Combining the two conditions:

[(1� �) (pl2 + l1 � 2pl1) + �Q ((1� p) l1 + pl2)]w1 �
�
1� � + � (1� q)Q

p� q

�
c+ �QW . (18)
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Since the agent always bene�ts from the partner�s e¤ort (by condition (3)), a lower bound for W is given

by

W � max
�
�U;
�
q2l2 + 2q (1� q) l1

�
w1
	
. (19)

The relaxed problem is choosing w1 and Q to minimize w1 subject to constraints (18), (19) and

feasibility constraint Q 2
�
0; 12 (1 + p)

�
. It is straightforward to see that the �rst two constraints hold

with equality at the optimum. This also implies that at the optimum, both agents shirking is indeed a

Nash equilibrium in the stage game. To see this, note that the incentive for e¤ort exertion is binding

even if the partner is exerting e¤ort. Shirking therefore is strictly optimal knowing that the partner is

shirking.

We proceed to solve the problem above following an approach similar to that in the proof of Lemma

3. We �rst �x a Q 2
�
0; 12 (1 + p)

�
and compute the necessary w1 that satis�es the constraints. Then we

proceed to choose the optimal value of Q.

Given a quitting probability Q, using the fact that constraints (18) and (19) bind at the optimum,

[(1� �) (pl2 + l1 � 2pl1) + �Q ((1� p) l1 + pl2)]w1

=

�
1� � + � (1� q)Q

p� q

�
c+ �Qmax

�
�U;
�
q2l2 + 2q (1� q) l1

�
w1
	
. (20)

Consider �rst w1 such that �U �
�
q2l2 + 2q (1� q) l1

�
w1. Then equation (20) implies that

w1 =
(1� � + �Q (1� q)) c

p�q + �Q
�U

(1� �) (pl2 + l1 � 2pl1) + �Q ((1� p) l1 + pl2)
. (21)

This wage satis�es �U �
�
q2l2 + 2q (1� q) l1

�
w1 if and only if

�U � (ql2 + 2 (1� q) l1) (1� � + �Q (1� q))
(1� �) (l1 � 2pl1 + pl2) + �Q ((1� p) l1 + pl2 � q (ql2 + 2 (1� q) l1))

qc

p� q �
�UT (Q) .

In this case, severance payment is zero as the resignation payo¤ is �U . The strategy pro�le stated in

the proof of Proposition 1 supports this resignation payo¤ as a continuation PPE payo¤. The resulting

agency cost is

	GTh (Q) � p (pl2 + 2 (1� p) l1)
(1� � + �Q (1� q)) c

p�q + �Q
�U

(1� �) (pl2 + l1 � 2pl1) + �Q ((1� p) l1 + pl2)
.

Next, consider a w1 such that �U <
�
q2l2 + 2q (1� q) l1

�
w1. Then equation (20) implies that w1 is

equal to the expression in (17). This wage satis�es �U <
�
q2l2 + 2q (1� q) l1

�
w1 if and only if �U < �UT (Q).

In this case, positive severance payment is needed to induce voluntary resignation, as the lowest possible

continuation payo¤ exceeds �U . The strategy pro�le stated in the proof of Proposition 1 supports the

resignation payo¤ of
�
q2l2 + 2q (1� q) l1

�
w1 as a continuation PPE payo¤. The resulting agency cost is

	GTl (Q) �
(1� � + � (1� q)Q)

�
p (pl2 + 2 (1� p) l1) + �

1�� (1� p)
�
q2l2 + 2q (1� q) l1

�
Q
�

�Q ((1� p) l1 + pl2 � q (ql2 + 2 (1� q) l1)) + (1� �) (l1 � 2pl1 + pl2)
c

p� q�(1� p)
�

1� �
�UQ.
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Therefore, given a quitting probability Q, the agency cost of the optimal contract within this class is

	GT (Q) �

8<: 	GTl (Q) if �U < �UT (Q)

	GTh (Q) if �U � �UT (Q)
=

8<: 	GTl (Q) if Q < Q̂T
�
�U
�

	GTh (Q) if Q � Q̂T
�
�U
� , (22)

where

Q̂T
�
�U
�
� 1� �

�

(l1 � 2pl1 + pl2) �U � (ql2 + 2 (1� q) l1) qc
p�q

(1� q) (ql2 + 2 (1� q) l1) qc
p�q � ((1� p) l1 + pl2 � q (ql2 + 2 (1� q) l1)) �U

.

It remains to compute the optimal quitting probability Q. Consider two cases: (i) either ql2 +

2 (1� q) l1 � (1� p) l1+pl2, or �U < (1�q)(ql2+2(1�q)l1)
((1�p)l1+pl2)�q(ql2+2(1�q)l1)

qc
p�q ;

47 (ii) �U � (1�q)(ql2+2(1�q)l1)
((1�p)l1+pl2)�q(ql2+2(1�q)l1)

qc
p�q .

In the �rst case, �U < �UT (Q) for all Q 2 [0; 1]. Consequently, the optimal value of Q is obtained by solving

minQ2[0; 12 (1+p)]
	GTl (Q). The objective function is strictly convex in Q. Thus, the optimal value of Q is

0 if and only if @
@Q	

GT
l (Q)

���
Q=0

� 0, which is equivalent to

�U �

0@ (1� p) q (ql2 + 2 (1� q) l1) (l1 � 2pl1 + pl2)

�p (pl2 + 2 (1� p) l1) [((1� p) l1 + pl2)� q (ql2 + 2 (1� q) l1)� (1� q) (l1 � 2pl1 + pl2)]

1A
(1� p) (l1 � 2pl1 + pl2)2

c

p� q �
�UT;0.

Also, the optimal value of Q is 12 (1 + p) if and only if
@
@Q	

GT
l (Q)

���
Q= 1

2
(1+p)

� 0, which is equivalent to

�U �

0BBBBBB@
(1� �)2

0@ (1� p) q (ql2 + 2 (1� q) l1) (l1 � 2pl1 + pl2)� p (pl2 + 2 (1� p) l1)

� [((1� p) l1 + pl2)� q (ql2 + 2 (1� q) l1)� (1� q) (l1 � 2pl1 + pl2)]

1A
+� (1� �) q (1� q) (1� p) (ql2 + 2 (1� q) l1) (l1 � 2pl1 + pl2) (1 + p)

+�2q (1� q) (1� p) (ql2 + 2 (1� q) l1) [((1� p) l1 + pl2)� q (ql2 + 2 (1� q) l1)] 14 (1 + p)
2

1CCCCCCA
(1� p)

�
(1� �) (l1 � 2pl1 + pl2) + �

�
1
2 (1 + p)

�
(((1� p) l1 + pl2)� q (ql2 + 2 (1� q) l1))

�2 c

p� q �
�UT;1.

It follows from direct computation that �UT;1 <
(1�q)(ql2+2(1�q)l1)

((1�p)l1+pl2)�q(ql2+2(1�q)l1)
qc
p�q . Moreover, if

�U 2
�
�UT;0; �UT;1

�
,

then the optimal value of Q, taking value in the interval
�
0; 12 (1 + p)

�
is the unique minimizer of the ex-

pression:

p (pl2 + 2 (1� p) l1)w1 + (1� p)Q
�

1� �
��
q2l2 + 2q (1� q) l1

�
w1 � �U

�
,

where w1 is given by equation (17).

In the second case �U � (1�q)(ql2+2(1�q)l1)
((1�p)l1+pl2)�q(ql2+2(1�q)l1)

qc
p�q , the objective function is 	

GT (Q). It can be

shown by direct computation that 	GT (Q) is continuous and decreasing in Q. Consequently, the optimal

value of Q in this case is 12 (1 + p).

47Note (1�q)(ql2+2(1�q)l1)
((1�p)l1+pl2)�q(ql2+2(1�q)l1)

qc
p�q <

qc
p�q if and only if ql2 + 2 (1� q) l1 < (1� p) l1 + pl2.
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The derivations above is summarized as follows. De�ne �UGT � �UT
�
1
2 (1 + p)

�
. If �U � �UT;0, then Q =

0 and w1 = c
(p�q)(pl2+(1�2p)l1) . If

�U 2
�
�UT;0; �UT;1

�
, then Q 2

�
0; 12 (1 + p)

�
, wage w1 is given by expression

(17) and severance pay is �
1��

��
q2l2 + 2q (1� q) l1

�
w1 � �U

�
. If �U 2

�
�UT;1; �U

GT
�
, then Q = 1

2 (1 + p),

wage w1 is given by expression (17), and severance payment is �
1��

��
q2l2 + 2q (1� q) l1

�
w1 � �U

�
. Finally,

if U � �UGT , then Q = 1
2 (1 + p), wage is given by (21), and severance payment is zero.

We are ready to compare the agency cost of team production with generous severance policy, denoted

by 	GT
�
�U; l1

�
, against individual production with harsh severance policy, 	HI

�
�U; l1

�
, as de�ned in (16).

Note that 	GT
�
�U; l1

�
� maxQ2[0; 12 (1+p)] 	

GT (Q), where 	GT is given by equation (22). It is continuous

in both �U and l1 by the envelope theorem. It is immediate by inspecting the de�nition that 	HI
�
�U; l1

�
,

is continuous in �U and l1 too.

First, for �U 2 [ �UGT ; qc
p�q ), both

@	GT

@ �U
and @	HI

@ �U
are constant and given by

@	GT

@ �U
=

(pl2 + 2 (1� p) l1) �
�
1
2 (1 + p)

�
(1� �) (pl2 + l1 � 2pl1) + �

�
1
2 (1 + p)

�
((1� p) l1 + pl2)

; and

@	HI

@ �U
= �p (2l1 (1� p) + pl2) .

It is immediate that if l1 is su¢ ciently small, then @	GT

@ �U
> @	HI

@ �U
.

Second, for each l1 > 0, direct computation gives 	GT
�
qc
p�q ; l1

�
> 	HI

�
qc
p�q ; l1

�
. In this case,

dynamic incentive is ine¤ective and the reason for the superiority of individual production is the same as

that pointed out in the static setting.

Next, by direct computation again, 	GT
�
�U; 0

�
< 	HI

�
�U; 0

�
for all �U 2 [ �UGT ; qc

p�q ). Combined

with the two observations above, if l1 is su¢ ciently small, there exists a �UGT1 2 [ �UGT ; qc
p�q ) such that

	GT
�
�U; l1

�
< 	HI

�
�U; l1

�
holds for �U 2 [ �UGT ; �UGT1 ). Finally, since 	HI and 	GT are both continuous

in �U , the region of �U over which 	GT
�
�U; l1

�
< 	HI

�
�U; l1

�
can be extended to some �UGT0 < �UGT . �

Flexible Termination Clauses

In this subsection of the appendix, we consider a modi�ed version of the model analyzed in Section 3.

Here, we allow the termination clauses to be conditioned on the outcomes of both the agent and his

partner. For simplicity, we focus on symmetric contracts. We write fyi;yj to stand for the �ring decision

of outcome pro�le (yi; yj) 2 f0; 1g2, and allow fyi;0 6= fyi;1 for any yi 2 f0; 1g. The main purpose of

this investigation is to illustrate the insight obtained in Section 3 is robust to a more general class of

contracts. The main complication arises from the increase in the number of contract classes needed

to be considered. We do not attempt a full characterization of the optimal contract for all parameter

con�gurations; instead, we focus on identifying su¢ cient conditions under which the optimal contract
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features a JPE wage scheme and severance pay for voluntary exit.

We begin with a few observations. First, as pointed out at the beginning of Section 3, the agent is

always retained after producing a good outcome, i.e., f1 = 0; and the severance payment following forced

termination is zero, i.e., �yi;yj = 0. Second, note that if f0;1 = f0;0 = 1, the contracts belong to the

class studied in Section 3.1, while if f0;1 = f0;0 = 0, the contract belongs to the class studied in Section

3.2. Therefore, only two possibilities remain to be considered: (a) f0;1 = 0; f0;0 = 1; and (b) f0;1 = 1;

f0;0 = 0. Third, as the o¤ered contracts are symmetric between the agents and we focus on PPE with

the stationarity property, an argument similar to that in Lemma 3 can show that it is without loss to

focus on symmetric equilibrium quitting probabilities. To ease notations, we drop the dependence of the

contract terms and continuation payo¤s on the agent�s identity.

Case (a): f0;1 = 0; f0;0 = 1

This is the class of contracts that �re an agent if and only if both team members produce bad outcomes.

In our search for the candidate optimal contracts within this class, we focus only on contracts that induce

voluntary resignation following a poor signal, as contracts that do not involve voluntary resignation in

the PPE are more costly than the optimal e¢ ciency wage contract. Following the same arguments in

Section 3.2, it is without loss to focus on PPEs with a structure similar to the one considered there.

As agent i is �red if (yi; yj) = (0; 0), and is prescribed to leave voluntarily with probability � if

(xi; yj) = (0; 1), his continuation payo¤ in the employment phase V is given by

V = (1� �) (� (1; 1)� c) + �
h�
1� pr (1� p) �� (1� pr)2

�
V + pr (1� p) �W + (1� pr)2 �U

i
.

The agent is willing to put in e¤ort if and only if

V � (1� �)� (0; 1) + �
�
(1� pr (1� q) �� (1� pr) (1� qr))V + pr (1� q) �W + (1� pr) (1� qr) �U

�
.

Combining and rearranging the two conditions above givesh
�r (p� q) (p�+ 1� pr) + 1� �

�
1� pr (1� p) �� (1� pr)2

�i
� (1; 1)

�
h
1� �

�
1� pr (1� p) �� (1� pr)2

�i
� (0; 1)

�
h
�r (p� q) (p�+ 1� pr) + 1� �

�
1� pr (1� p) �� (1� pr)2

�i
c

+
�r (p� q)
1� �

�
p� (1� �r (1 + p� pr))W + (1� pr) (1� � � �p (1� r) �) �U

�
. (23)
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Suppose the agent�s partner produces a good outcome, and the agent himself produces a bad signal

but declines to leave. One feasible strategy for the deviating agent is to stay on the job and exert no

e¤ort for the rest of the game until he is �red. Denote the continuation payo¤ of such a strategy by W 0.

It is necessary that

W 0 � min

8<: (1� �)� (0; 0) + �
��
1� (1� qr)2

�
W 0 + (1� qr)2 �U

�
;

(1� �)� (0; 1) + �
�
(1� (1� qr) (1� pr))W 0 + (1� qr) (1� pr) �U

�
9=; .

Rearranging the inequality above implies a lower bound for the resignation payo¤ as follows:

W � max

8<: �U;min
8<:(1� �)� (0; 0) + � (1� qr)2 �U1� �

�
1� (1� qr)2

� ;
(1� �)� (0; 1) + � (1� qr) (1� pr) �U

1� � (1� (1� qr) (1� pr))

9=;
9=; . (24)

Similar to Section 3.2, we consider a relaxed problem in which the lower bound on W above can be

achieved as a PPE payo¤. Formally, the principal chooses wages, W and � to minimize

(pr)2w11 + pr (1� pr) (w10 + w01) + (1� pr)2w00 +
�

1� � (1� p) pr�
�
W � �U

�
,

subject to constraints (23) and (24). The following lemma analyzes this relaxed problem and identi�es

the candidate optimal contract that arises from this class.48

Lemma 7 Given a quitting probability �, de�ne �U�00 (�) �
�r(p�q)(1�pr+p�)+1��(1�pr(1�p)��(1�pr)2)

(1��pr+�pr�)p��q2r(1�pr+p�)
q2c
p�q >

0. If �U < �U�00 (�), the candidate optimal contract is w00 = w01 = w10 = 0, and

w11 =

0@ �
1� �qr � �pr + �pqr2 + �pr (1� q) �

� �
1� �

�
1� (1� qr)2

��
c

r(p�q)

+�
��
1� 2�qr + �q2r2

�
(1� pr) + �pr�

�
1 + p� 2q �

�
p� q2

�
r
��
�U

1A
pr ((1� 2�qr + �q2r2) (1� �pr) + �r� (p� q2 � �qr (2p� q � pq))) ; (25)

s1 = s0 =
�

1� 2�qr + �q2r2
�
(qr)2w11 � �U

�
.

If �U � �U�00 (�), the set of all candidate optimal contracts is given by w00 = w01 = s1 = s0 = 0, and

(w11; w10) satisfying

prw11 + (1� pr)w10 =

���
1� �qr � �pr + �pqr2 + �pr (1� q) �

��
c

r(p�q) + � (1� pr + p�) �U
�

1� �pr + �pr� ; and

qrw11 + (1� qr)w10 �
�U

qr
.

Proof of Lemma 7. It is immediate thatW is chosen such that constraint (24) holds with equality. De-

pending on the values ofW , there are three distinct classes of wage schemes: (i)W = (1��)�(0;1)+�(1�qr)(1�pr) �U
1��(1�(1�qr)(1�pr)) ;

(ii) W = �U ; and (iii) W = (1��)�(0;0)+�(1�qr)2 �U
1��(1�(1�qr)2)

.

48That is, if the overall optimal contract indeed arises from the class considered here, it must take the form shown below.
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Case (i): W = (1��)�(0;1)+�(1�qr)(1�pr) �U
1��(1�(1�qr)(1�pr))

Ignoring the requirement that the schemes must satisfy W = (1��)�(0;1)+�(1�qr)(1�pr) �U
1��(1�(1�qr)(1�pr)) , and replacing

� (�; �) with the corresponding expressions involving wages, the problem above can be stated as choosing

nonnegative wages fw11; w10; w01; w00g to minimize�
(pr)2 +

�pr (1� p) (pr) (qr)
1� � (1� (1� qr) (1� pr))

�
w11 +

�
pr (1� pr) + �pr (1� p) (qr) (1� pr)

1� � (1� (1� qr) (1� pr))

�
w10

+

�
pr (1� pr) + �pr (1� p) (1� qr) (pr)

1� � (1� (1� qr) (1� pr))

�
w01 +

�
(1� pr)2 + �pr (1� p) (1� qr) (1� pr)

1� � (1� (1� qr) (1� pr))

�
w00

� �pr (1� p)
1� � (1� (1� qr) (1� pr))�

�U ,

subject to

(1� �pr) [prw11 + (1� pr)w10]� (1� �) [prw01 + (1� pr)w00] �
1� �pr � �qr + �pqr2

r (p� q) c+ � (1� pr) �U .

It is immediate that in the solution, w01 = w00 = 0. Also, wages w11 and w10 share equal ratio of the

coe¢ cient in the objective and the constraint. Thus, a solution is w10 = w01 = w00 = 0 and

w11 =
1

(1� �pr) pr

�
1� �pr � �qr + �pqr2

r (p� q) c+ � (1� pr) �U
�
.

It can be shown that the expected cost of this contract exceeds that of the e¢ ciency wage contract:

	EW � (pr)2w11 =
pc

p� q � �pr
�
qc

p� q �
�U

�
� pr

1� �pr

�
1� �pr � �qr + �pqr2

r (p� q) c+ � (1� pr) �U
�

= �� (1� �) p
2r2

1� pr�

�
qc

p� q �
�U

�
< 0.

Thus, there is no contract from this class that can be an overall optimal contract.

Case (ii): W = �U

Like case (i) above, we temporarily ignore the requirement W = �U . In this case, the severance

payment is zero. The principal�s relaxed problem can be stated as choosing wages to minimize

(pr)2w11 + pr (1� pr) (w10 + w01) + (1� pr)2w00,

subject to

(1� �pr + �pr�) (prw11 + (1� pr)w10)� (1� � � �p (1� r) �) (prw01 + (1� pr)w00)

�
h
�r (p� q) (1� pr + p�) + 1� �

�
1� pr (1� p) �� (1� pr)2

�i c

r (p� q) + � (1� pr + p�)
�U .

We �rst show that at the solution to the problem above, we have w01 = w00 = 0. This is clearly the

case if 1 � � � �p (1� r) � � 0, so suppose otherwise. The ratio between the coe¢ cient of w11 in the
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objective and the constraint (which equals that of w10) is
pr

1��pr+�pr� , and the corresponding ratio of w01

(which equals that of w00) is
1�pr

�(1����p�+�pr�) . The former ratio is smaller than the latter as

pr

1� �pr + �pr� �
1� pr

� (1� � � �p�+ �pr�) =
1� �pr (2� pr � (1� p) �)

(1� �pr (1� �)) (1� � � �p (1� r) �) ,

which is negative as the numerator 1 � �pr (2� pr � (1� p) �) � 1 � �pr (2� pr) � 0. As a result,

w01 = w00 = 0 and the constraint must bind at optimum.

prw11 + (1� pr)w10 =
�
1� �qr � �pr + �pqr2 + �pr (1� q) �

�
c

r(p�q) + � (1� pr + p�) �U
1� �pr + �pr� . (26)

Next note that W = �U if and only if min f� (0; 0) ; � (0; 1)g � �U . Below we identify conditions that

ensure min f� (0; 0) ; � (0; 1)g � �U , i.e.,

min fqrw11 + (1� qr)w10; prw11 + (1� pr)w10g �
�U

qr
.

Direct algebraic manipulation shows that the right hand side of equation (26) exceeds
�U
qr . Therefore, it

is necessary that qrw11 + (1� qr)w10 �
�U
qr , and the cost-minimizing contracts within this class is given

by �
(w11; w10; w01; w00) : w01 = w00 = 0, equation (26) holds, and qrw11 + (1� qr)w10 �

�U

qr

�
. (27)

It can be directly shown that all contracts in set (27) feature w11 > w10. Set (27) is nonempty if and only

if �U is su¢ ciently large. Speci�cally, within the set (27), the scheme that minimizes qrw11+(1� qr)w10
is (w11; w10; w01; w00) =

�
[�r(p�q)(1�pr+p�)+1��(1�pr(1�p)��(1�pr)2)] c

r(p�q)+�(1�pr+p�) �U
(1��pr+�pr�)pr ; 0; 0; 0

�
. Therefore,

set (27) is nonempty if and only if qrw11 �
�U
qr , �U � �U�00 (�). If �U < �U�00 (�), the class of schemes under

consideration is never incentive compatible. This is because, within this class of contracts that satisfy

equation (26), both � (0; 0) and � (0; 1) exceed �U .

To summarize this case, if �U � �U�00 (�), the value of the objective within this class of wage scheme is

	002 (�) � pr
�
1� �pr � �qr + pqr2� + �pr (1� q) �

�
c

r(p�q) + � (1� pr + p�) �U
1� �pr (1� �) .

Case (iii): W = (1��)�(0;0)+�(1�qr)2 �U
1��(1�(1�qr)2)

Like the cases above, we temporarily ignore the requirementW = (1��)�(0;0)+�(1�qr)2 �U
1��(1�(1�qr)2)

. The principal�s
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relaxed problem can be stated as choosing wages to minimize0@(pr)2 + � (qr)2 pr (1� p)
1� �

�
1� (1� qr)2

��
1Aw11 +

0@(pr) (1� pr) + � (qr) (1� qr) pr (1� p)
1� �

�
1� (1� qr)2

� �

1Aw10
+

0@(pr) (1� pr) + � (qr) (1� qr) pr (1� p)
1� �

�
1� (1� qr)2

� �

1Aw01 +
0@(1� pr)2 + � (1� qr)2 pr (1� p)

1� �
�
1� (1� qr)2

��
1Aw00

� �pr (1� p)
1� �

�
1� (1� qr)2

�� �U;
subject to constraint

pr
��
1� 2�qr + �q2r2

�
(1� �pr) + �r�

�
p� q2 � �qr (2p� q � pq)

��
w11

+
��
1� 2�qr + �q2r2

�
(1� pr) (1� �pr) + �pr�

�
(1� q)

�
1 + �pqr2

�
�
�
p� q2

�
r � �qr (1� p)

��
w10

+pr
�
� (1� �)

�
1� 2�qr + �q2r2

�
+ ��

�
(p� q)

�
1 + �qr2

�
�
�
p� q2

�
r + �qr (1� p)

��
w01

� (1� �)
��
1� 2�qr + �q2r2

�
(1� pr) + �pr�

�
1 + p� 2q �

�
p� q2

�
r
��
w00

�
�
1� �qr � �pr + �pqr2 + �pr (1� q) �

� �
1� 2�qr + �q2r2

� c

r (p� q)
+�
��
1� 2�qr + �q2r2

�
(1� pr) + �pr�

�
1 + p� 2q �

�
p� q2

�
r
��
�U

The observations below follow from direct algebra. First, the coe¢ cient of w11 in the constraint is positive.

Second, the coe¢ cient of w00 in the constraint is negative. Third, the coe¢ cient of w10 in the constraint

exceeds that of w01. These observations imply that the solution of the problem has w00 = w01 = 0 and

the constraint binds.

Next, the ratio between the coe¢ cients of w11 in the objective and the constraint is smaller than that

of w10, as shown by the computation below:

(pr)2 + �(qr)2pr(1�p)
1��(1�(1�qr)2)

�

pr ((1� 2�qr + �q2r2) (1� �pr) + �r� (p� q2 � �qr (2p� q � pq)))

<
(pr) (1� pr) + �(qr)(1�qr)pr(1�p)

1��(1�(1�qr)2)
�

(1� 2�qr + �q2r2) (1� pr) (1� �pr) + �pr� (1� q � (p� q2) r � �qr (1� p) + �pqr2 (1� q))
, �pqr3 (p� q) �

�
1� 2�pr + �p2r2 + �pr� (1� p)

�
< 0.

Therefore, the solution of the problem is given by w00 = w01 = w10 = 0, and w11 is given by equation

(25).

Next, we show thatW = (1��)�(0;0)+�(1�qr)2 �U
1��(1�(1�qr)2)

holds if �U � �U�00 (�). To ensureW = (1��)�(0;0)+�(1�qr)2 �U
1��(1�(1�qr)2)

,

we need both (i) � (0; 0) � �U , and (ii)

W =
(1� �)� (0; 0) + � (1� qr)2 �U

1� �
�
1� (1� qr)2

� � (1� �)� (0; 1) + � (1� qr) (1� pr) �U
1� � (1� (1� qr) (1� pr)) : (28)
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Straightforward algebraic manipulation shows that the optimal scheme found above satis�es � (0; 0) � �U

if and only if �U � �U�00 (�). Moreover, the optimal scheme satis�es inequality (28) if and only if

w11 �
� (1� qr)
qr (1� �qr)

�U , �U � 1� �qr
�r (p� q)

qc

p� q .

The last inequality holds because of the assumption that �U < qc
p�q . Finally, observe that if

�U > �U�00 (�),

this class of schemes is dominated by the optimal schemes found in case (ii) considered above. It is easy

to see that the problem in case (ii) is relaxed version of the one considered here (the objective is weakly

lower and the constraint set is weakly larger). Thus, if the optimal scheme in case (ii) is feasible, it must

dominate the one computed here.

To summarize this case, if �U < �U�00 (�), then the objective value within this class of wage schemes is

	003 (�) � (pr)
2w11 +

�pr (1� p) �
1� �

�
1� (1� qr)2

� �(qr)2w11 � �U
�
,

where w11 is given by equation (25).

We claim that the following strategy pro�le supportsW = (1��)�(0;0)+�(1�qr)2 �U
1��(1�(1�qr)2)

as a continuation PPE

in the o¤-path punishment phase. If an agent deviates from resigning when he is prescribed to, both the

deviating agent and his partner shirk. They keep shirking as long as the deviating agent stays on the job.

The deviating agent voluntarily resigns at the end of every period (provided that he has not done so).

If the deviating agent quits the job, his partner starts a fresh relationship with a newly hired agent in

the employment phase. To check that is no pro�table one-shot deviation, �rst consider the non-deviating

agent�s incentive to shirk. He is willing to shirk if and only if

(1� �)� (0; 0) + �
��
1� (1� qr)2

�
V + (1� qr)2 �U

�
� (1� �) (� (1; 0)� c) + �

�
(1� (1� qr) (1� pr))V + (1� qr) (1� pr) �U

�
. (29)

Substituting the optimal contract found and rearranging the inequality above gives

(1� �) (� (0; 0)� (� (1; 0)� c)) � r (1� qr) (p� q)
�
V � �U

�
, r2

24q (p� q) + pr (1� qr) (p� q)
1� �

�
1� pr (1� p) �� (1� pr)2

�
0@p+ �r (1� p) �q2

1� �
�
1� (1� qr)2

�
1A35w11

� �c� r (1� qr) (p� q)
1� �

�
1� pr (1� p) �� (1� pr)2

� �c+ �1 + �p (1� p) r�
q2r2� � 2qr� + 1

�
�U

�
.

The inequality holds as the left-hand side is positive and the right-hand side is negative. Next, the

deviating agent is willing to shirk if and only if

(1� �)� (0; 0) + �
��
1� (1� qr)2

�
W + (1� qr)2 �U

�
� (1� �) (� (1; 0)� c) + �

�
(1� (1� qr) (1� pr))W + (1� qr) (1� pr) �U

�
.
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This inequality holds, as V > W and inequality (29) holds.

In the second case of �U � �U�00 (�), a candidate optimal contract is as stated in Lemma 7, with an

expected agency cost of

	002 (�) =
pc

p� q �
�pr (1� pr + p�)
1� �pr + �pr�

�
qc

p� q �
�U

�
.

A similar strategy pro�le as above supports the o¤-path punishment payo¤ provided that both agents

are willing to shirk. The nondeviating agent is willing to shirk if and only if

(1� �)� (0; 0) + �
��
1� (1� qr)2

�
V + (1� qr)2 �U

�
� (1� �) (� (1; 0)� c) + �

�
(1� (1� qr) (1� pr))V + (1� qr) (1� pr) �U

�
, c � � (1; 0)� � (0; 0) + �

1� � r (p� q) (1� qr)
�
V � �U

�
. (30)

At the solution found above, constraint (26) holds with equality:

c = � (1; 1)� � (0; 1) + �

1� � r (p� q) (1 + p� pr)
�
V � �U

�
.

To see that IC constraint (30) holds, it su¢ ces to note that (i) � (1; 1)� � (0; 1) � � (1; 0)� � (0; 0), and

(ii) 1+ p� pr � 1� qr. Inequality (i) is equivalent to w11�w10 � w01�w00, which holds at the solution

as explained above. Finally, the deviating agent shirks because by inequality (30), � (0; 0) � � (1; 0)� c.

Using Lemma 7, given a quitting probability �, the agency cost within this class of contract is

	00 (�) �

8<: 	003 (�) if �U < �U�00 (�)

	002 (�) if �U � �U�00 (�)
.49

By solving the problem min�2[0;1]	00 (�), one can explicitly obtain the optimal contract within this class.

Case (b): f0;1 = 1; f0;0 = 0

This class of contracts �res the agent if and only if he produces a bad outcome while his partner produces a

good outcome. The following lemma provides a lower bound on the agency costs of this class of contracts.

Lemma 8 Consider the class of contracts such that fyi;yj = 1 if and only if (yi; yj) = (0; 1). De�ne

�U�01 (Q) =
1� � + 2�pr (1� qr) + �Q (1� q)

p (1� �) + �pr (p+ q � 2q2r) + � (p� q2)Q
q2c

p� q , and

	011 �

�
1� �

�
pr + (1� pr)2

��
pc
p�q + � (pr)

2 �c+ �U
�

1� � + �pr .

49 It follows from direct computation that the agency cost function is convex in �. Therefore, following an argument similar

to that in the proof of Lemma 3, a symmetric wage scheme is optimal within the class of contracts studied here.
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If �U � �U�01 (Q), a lower bound on the agency cost of this class of contracts is given by

	012 (Q) � min
(
	011 ; p

(1� � + �pr (1� qr) + � (1� q)Q) c
p�q + �

�
Q+ pr2

�
�U

1� � + �pr + �Q

)
.

If �U < �U�01 (Q), a lower bound on the agency cost of this class of contracts is given by

	013 (Q) � min

8>>>>>>><>>>>>>>:
	011 ; p

2

[(1� � + 2�qr (1� qr)) (1� � + �pr (1� qr)) + � (1� q) (1� � + �qr (1� qr))Q] c
p�q

+�r
�
pr (1� �) + 2�pqr2 (1� qr) + �Q (�p (1� r) + q (1� qr))

�
�U

p (1� � + 2�qr (1� qr)) (1� � + �pr) + �Q (�pqr (1� q) + (1� �) (p� q2))

9>>>>>>>=>>>>>>>;
.

Proof of Lemma 8. If the contract does not induce voluntary resignation, then the risk-neutrality

assumption implies that it is without loss to focus on the IPE wage schemes. Denote the wages by

w11 = w10 = w. The agent is willing to put in e¤ort if and only if

V = (1� �) (prw � c) + �
h�
pr + (1� pr)2

�
V + pr (1� pr) �U

i
� (1� �) qrw + �

�
(qr + (1� pr) (1� qr))V + pr (1� qr) �U

�
.

Upon simpli�cation and rearranging, we get

w �
c

r(p�q)

�
1� �

�
pr + (1� pr)2

��
+ �pr

�
c+ �U

�
1� � + �pr .

By setting wage w at the right-hand side of the inequality above, the resulting agency cost is 	011 (de�ned

in the lemma). It is immediate that 	011 > 	EW , so this type of contract is never an overall optimal

contract.

Now, we consider contracts that induce agent i to voluntarily resign with probability � following

(xi; xj ; yj) = (0; 1; 0) and with probability � following (xi; xj ; yj) = (0; 0; 0). Denote by Q = p (1� r) �+

(1� p)� an agent�s probability of voluntary resignation following a bad signal (xi = 0). Similar to cases

analyzed before, it is without loss to focus on PPE with a structure similar to that stated in Section 3.2.

As agent i is �red whenever (yi; yj) = (0; 1), his employment phase payo¤ V is given by

V = (1� �) (� (1; 1)� c) + �
�
(1� (1� p)Q� (1� pr) pr)V + (1� p)QW + (1� pr) pr �U

�
.

The agent is willing to put in e¤ort if

V � (1� �)� (0; 1) + �
�
(1� (1� q)Q� (1� qr) pr)V + (1� q)QW + pr (1� qr) �U

�
.
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Combining and rearranging the two conditions above gives

(1� � + �pr (1� qr) + � (1� q) [p (1� r) �+ (1� p)�])� (1; 1)

� (1� � + � (1� pr) pr + � (1� p) [p (1� r) �+ (1� p)�])� (0; 1)

� (1� � + �pr (1� qr) + � (1� q) [p (1� r) �+ (1� p)�]) c

+
�

1� � (p� q) (p (1� r) �+ (1� p)�) (1� � + �pr (1� r))W

� �

1� � pr (p� q) (� (1� �) r + � (1� r) ((1� p)�+ p (1� r) �))
�U . (31)

One feasible strategy for the deviating agent in the o¤-path punishment phase is to stay on the job,

and exert no e¤ort for the rest of the game until he is �red. Denote the continuation payo¤ of such

strategy by W 0. Then it is necessary that

W 0 � min

8<: (1� �)� (0; 0) + �
�
(1� 2qr (1� qr))W 0 + qr (1� qr)V + qr (1� qr) �U

�
;

(1� �)� (0; 1) + �
�
(1� (1� qr) pr � (1� pr) qr)W 0 + (1� pr) qrV + (1� qr) pr �U

�
9=; .

Rearranging the inequality implies a lower bound for the resignation payo¤W :

W � max
�
�U;min fW00;W01g

	
, (32)

where

W00 =

8<: (1� �) [(1� � (1� (1� p)Q� (1� pr) pr))� (0; 0) + �qr (1� qr) (� (1; 1)� c)]

+�qr (1� qr) (2� (1� pr) pr + 1� � + � (1� p)Q) �U

9=;�
(1� � (1� 2qr (1� qr))) (1� � (1� (1� p)Q� (1� pr) pr))� �2qr (1� qr) (1� p)Q

� ; and

W01 =

8<: (1� �) [(1� � + � (1� pr) pr + � (1� p)Q)� (0; 1) + �qr (1� pr) (� (1; 1)� c)]

+�pr
h
(1� qr) (1� � + � (1� pr) pr + � (1� p)Q) + �qr (1� pr)2

i
�U

9=;
(1� � (1� pr � qr + 2pqr2)) (1� � + � (1� pr) pr + � (1� p)Q)� �2qr (1� pr) (1� p)Q

.

Consider the following relaxed problem: choose wage scheme and W to minimize

(pr)2w11 + pr (1� pr) (w10 + w01) + (1� pr)2w00 + (1� p)Q
�

1� �
�
W � �U

�
,

subject to IC constraints (31) and (32). It is immediate that W is chosen such that constraint (32) holds

with equality. Depending on the values of W , there are three distinct classes of contracts to consider: (i)

W =W01; (ii) W = �U ; and (iii) W =W00.

Case (i): W =W01

Ignoring the requirement that the contracts must satisfy W = W01. Substituting W = W01, the

problem above can be written as choosing wages to minimize

� (1; 1) +
�

1� � (1� p)Q
�
W01 � �U

�
,
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subject to the constraint

(1� � + �pr) (prw11 + (1� pr)w10)�(1� �) (prw01 + (1� pr)w00) � (1� � + �pr (1� qr))
c

r (p� q)+�pr
�U .

The coe¢ cients of w00 and w01 in the constraint are negative; while those of w11 and w10 are posi-

tive. Moreover, for w11 and w10, the ratio of the coe¢ cient in the objective to that of the constraint

are equal. Thus, a solution is to assign all the weight on w11 such that the constraint binds, with

w11 =
1

1��+�pr

�
(1� � + �pr (1� qr)) c

pr2(p�q) + �
�U
�
. The implied agency cost is at least (pr)2w11, which

strictly exceeds that of the optimal e¢ ciency wage contract. Hence, this class of contract is never optimal.

Case (ii): W = �U

Like case (i) above, we temporarily ignore the requirement W = �U . In this case, the principal�s

relaxed problem can be stated as choosing wages to minimize

(pr)2w11 + pr (1� pr) (w10 + w01) + (1� pr)2w00;

subject to

r (1� � + �pr +Q�) ((pr)w11 + (1� pr)w10)� (r (1� �)� � (1� r)Q) (prw01 + (1� pr)w00)

� (1� � + �pr (1� qr) + � (1� q)Q) c

p� q + �
�
Q+ pr2

�
�U .

By comparing the ratios of coe¢ cients in the objective and the constraint, the solution is given by

w01 = w00 = 0, and any pair of (w11; w10) such that

prw11 + (1� pr)w10 =
(1� � + �pr (1� qr) + � (1� q)Q) c

p�q + �
�
Q+ pr2

�
�U

r (1� � + �pr + �Q) . (33)

Next we identify condition that ensures W = �U . Condition (33) above implies that W01 > �U . Thus, it is

necessary that W00 � �U , which can be simpli�ed as

�U � qr (1� � (1� (1� p)Q� (1� pr) pr)) (qrw11 + (1� qr)w10) + � (1� qr) (pr (prw11 + (1� pr)w10)� c)
1� � + �pr (1� pr) + �qr (1� qr) + � (1� p)Q .

(34)

The cost-minimizing contract within this class is thus

f(w11; w10; w01; w00) : w01 = w00 = 0, condition (33) and (34) holdg :

It can be shown that all contracts in the set above satisfy w11 > w10. The set is nonempty if and only if �U

is su¢ ciently large. Speci�cally, within the set of contracts, the one that minimizes qrw11 + (1� qr)w10
is (w11; w10; w01; w00) =

�
(1��+�pr(1�qr)+�(1�q)Q) c

p�q+�(Q+pr
2) �U

pr2(1��+�pr+�Q) ; 0; 0; 0

�
. Substituting and rearranging

shows that existence is guaranteed if and only if �U � �U�01 (Q) (see the lemma statement for the de�nition
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of �U�01 (Q)). If �U < �U�01 (Q), the class of contract under consideration is never incentive compatible. It

can be shown by noting that within this class of contracts that satisfy IC constraint (33), both W00 and

W01 exceed �U .

Recall the problem above is a relaxation of the principal�s actual problem, as it does not guarantee

�U can be supported as a resignation payo¤ in some PPE. Nonetheless, it provides a lower bound on the

expected cost of this class of contract as stated in the lemma statement.

Case (iii): W =W00

Like case (i) above, we temporarily ignore the requirementW =W00. The principal�s relaxed problem

can be stated as choosing wages to minimize

� (1; 1) +
�

1� � (1� p)Q
�
W00 � �U

�
;

subject to

[(1� � + 2�qr (1� qr)) (1� � + �pr (1� qr)) + � (1� q) (1� � + �qr (1� qr))Q] [� (1; 1)� c]

�
�
(1� � (1� 2qr (1� qr))) (1� � (1� (1� p)Q� (1� pr) pr))� �2qr (1� qr) (1� p)Q

�
� (0; 1)

�� (p� q)Q (1� � + �pr (1� r))� (0; 0)

� �r (p� q)
�
pr (1� �) + 2�pqr2 (1� qr) + �Q

�
�p+ q + pr � q2r

��
�U .

The observations below follow from straightforward computation. First, the coe¢ cient of w00 in the

constraint is negative. Second, the coe¢ cient of w10 in the constraint exceeds that of w01. Third, the

coe¢ cient of w11 in the constraint is positive. These observations imply that in the solution w00 = w01 = 0.

Finally, comparing the ratios of coe¢ cients in the objective and the constraint, it can be shown directly

that it is optimal to put all the weight on w11 such that the constraint binds, i.e., w10 = w01 = w00 = 0,

and

w11 =

[(1� � + 2�qr (1� qr)) (1� � + �pr (1� qr)) + � (1� q) (1� � + �qr (1� qr))Q] c
p�q

+�r
�
pr (1� �) + 2�pqr2 (1� qr) + �Q (�p (1� r) + q (1� qr))

�
�U

r2 (p (1� � + 2qr (1� qr) �) (1� � + �pr) + �Q (�pqr (1� q) + (1� �) (p� q2))) .

It can be shown by direct computation that the wage scheme above satis�es W00 � �U if and only if

�U � �U�01 (Q).

Comparison

Using the results above, we can compare the performance of all contracts. The following proposition

states su¢ cient conditions for the optimality of a JPE wage scheme.
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Proposition 4 Denote r� � 1
2 +

1
2p

�
1�

q
(1�p2)(2����p)

2��+�p

�
< 1.

(i) If r < r�, then there exists a Û (r) < qc
p�q such that for all

�U > Û (r), the optimal contract has a

JPE wage scheme and never �res the agent.

(ii) If r 2 (r�; 1), then there exists a Û (r) < qc
p�q such that for all

�U > Û (r), the optimal contract

has a JPE scheme and �res the agent if and only if both agents in the team produce yi = 0.

Proof of Proposition 4. It is straightforward to verify that both �U�00 (�) and �U�01 (�) are decreasing

functions. Thus, if �U � ~U (r) � max
�
�U�; �U�00 (0) ;

�U�01 (0)
	
, then the expected costs of the optimal

contract under di¤erent severance policies are as tabulated below:

Severance Policy Agency cost

Fire agent i if and only if yi = 0 	EW

Never �re agent i 	G2

Fire agent i if and only if yi = yj = 0 	002

Fire agent i if and only if yi = 0 and yj = 1 at least 	012

It follows from direct computation that 	G2 < 	012 and 	002 < 	EW . Thus, it su¢ ces to consider only

the severance policy of never �ring and that of �ring the team following two bad outcomes. Direct

computation shows that 	G2 < 	
00
2 if and only if r < r�.

Suppose r > r� and �U is slightly below ~U (r). The policy of �ring the team if both have bad outcomes

is still optimal because of the continuity of the cost functions (or the bounding function in the �nal case)

in �U .

The computation for the optimality of the severance policy of never �ring in the case r < r� is

analogous and is omitted.

Proposition 4 states that if both r and �U are large enough, then the optimal contract is a JPE scheme

that �res both agents if and only if they both produce bad outcomes. Intuitively, a large value of �U

means that the principal�s cost in severance payments is low. Moreover, if r is large, �ring both agents

when both produce bad outcomes helps save the agency costs. This is because under a contract in which

agents are never �red, the corresponding PPE has the agents forgoing punishment (with probability 1
2)

if both of them have bad signals. If the outcome is an accurate performance measure, i.e., r close to

one, then in the event that both agents have bad outcomes, it is very likely that they both also have bad

signals; �ring the team is a "correct" punishment with a high probability.
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