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Abstract

We examine the characteristics of endogenously-determined optimal incentive contracts for
agents who envy each other and work for a risk-neutral (non-envious) principal. Envy makes
each agent care not only about absolute consumption but also about relative consumption.
Incentive contracts in this setting display properties strikingly different from those associated
with optimal contracts in standard principal-agent theory. We derive results that help explain
some of the discrepancies between the predictions of principal-agent theory and the stylized
facts about real-world contracts. We also show how seemingly envious behavior can emerge
with asymmetric information even when envy is not biologically hard-wired into agents’

preferences.
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OPTIMAL CONTRACTS WHEN AGENTS ENvY EAcH OTHER

“Oh, what a bitter thing it is to look into happiness through another man’s eyes.”

William Shakespeare

1 Introduction

Principal-agent theory has derived optimal compensation contracts in various circumstances
(see Prendergast 1999). The basic assumptions in this literature are that the agent is risk
averse, effort-averse, and has utility over consumption that is dependent only on his own
wage and is increasing in this wage. The last assumption is at odds with the emerging
literature on envy and interdependent preferences (e.g., Akerlof and Yellen 1990, Bolton
and Ockenfels 2000, Charness and Rabin 2002, and Fehr and Schmidt 1999), which asserts
that an individual cares not only about his own absolute consumption but also about how
his consumption compares with that of a reference group. The inclusion of envy in an
individual’s preferences means that the individual gains utility when his consumption exceeds
his reference group’s, and loses utility when his consumption falls below the reference group’s.
While such preferences have numerous potential applications,! an especially interesting one
is when a team of agents reports to a principal, since the team represents a natural reference
group for each agent. In particular, what are the characteristics of optimal incentive contracts
when there is envy among multiple agents reporting to the same principal? In addressing this
question, we derive results that help explain documented gaps between real-world contracts
and the predictions of standard principal-agent theory.

The justification for including envy in agents’ preferences comes from four perspectives:
biology, psychology, sociology, and economics. Robson [2001] explains that the biological
foundations of envy arise from the evolutionary hard-wiring of envy into preferences because

it facilitates reproductive success. Adams [1963] proposes a psychological theory of inequity

"'We discuss this literature in greater detail later.



in which people compare their own reward (wages)—input (effort) ratios with those of others
and adjust their inputs to achieve equity of ratios. The sociological implications of envy
are discussed by Elster [1991], who argues that we are more envious of those who are more
similar to us, reminiscent of Aristotle (Rhetoric, 1388a): “We envy those who are near us
in time, place, age, or reputation.” Salovey and Rodin [1984] provide evidence of this. The
economics justification for envy has experimental (Martin 1981, Zizzo and Oswald 2001,
Cason and Mui 2002, and Grolleau et al. 2006) as well as empirical bases (Frank 1984,
Pfeffer and Davis-Black 1992, Pfeffer and Langton 1993, and Luttmer 2005).

For our analysis, we apply the insights of the literature on envy to a principal-agent
setting in which multiple agents are endowed with concave utility functions increasing in
their own wages and decreasing in the wages of other agents. Empirical evidence supports
this kind of specification. For example, in a survey of college and university faculty, Pfeffer
and Langton [1993] find that wage dispersion adversely affects faculty members’ self-reported
satisfaction, productivity, and research collaboration.? Our specification also finds support in
the theoretical and experimental literature on inequality aversion. This literature considers
“social” or “interdependent” preferences and takes the view that people are motivated by
considerations of fairness and wish to reduce inequality. This has led to the adoption of
preferences such that agents dislike inequality but their dislike for inequality is greater when
they are worse off than others than when they are better off than others (see Fehr and
Schmidt 1999).% Our specification of envy is consistent with the finding of Card et al. [2012]
who show that workers paid below the median for their unit report lower job satisfaction
and higher job-search intentions, while above-median earners are unaffected.

Our approach generates numerous results. First, the wage of an agent may depend

on the performance indicators of other agents even when these indicators provide no in-

2Frey and Stutzer [2002] review the literature on happiness and relative positions. Layard [2003] provides
a summary of the happiness research. Luttmer [2005] provides recent evidence of envy among neighbors.

30ne difference between the utility specification in this literature and in our paper is that this literature
assumes a symmetry in preferences as manifested in an individual’s dislike for being both better off and
worse off than others, whereas we assume a dislike only for being worse off. This difference will be discussed
further in Section 2.



formation about his action choice. This may explain empirically-documented violations of
Holmstrom’s (1979) “informativeness principle”—derived in a no-envy setting—which states
that an agent’s compensation must depend only on those outcomes that provide incremental
information about his action choice.

Second, an agent’s wage is increasing in the outcome of every other agent, so optimal
contracts are consistent with real-world contracts that pay individuals both for team per-
formance and individual performance. But this result is in striking contrast to the relative-
performance-evaluation literature where an agent’s wage is decreasing in the outcomes of
other agents (e.g., Lazear and Rosen 1981). Moreover, our result may also explain the
prevalence of equity-based compensation whereby workers invest in the shares of their own
firms despite an increase in their undiversified exposure to idiosyncratic risk.

Third, in our analysis the envy experienced by an agent depends on the agent’s reference
group, which the principal can affect, so we ask: is envy among agents good or bad for the
principal? We show that envy has two opposing effects on the principal’s expected payoff.
On the one hand, envy makes it easier to provide agents incentives to work hard (“incentive
effect”). That is, envy helps mitigate the problem of it being too hard to motivate agents
who are “too rich.” On the other hand, envy reduces the expected utility of the agents,
ceteris paribus, and the principal has to compensate for this with higher wages (“direct
utility effect”). The overall effect of envy depends on which effect dominates, and we derive
conditions under which envy among agents makes the principal better off as well as those
under which it makes the principal worse off. Moreover, increasing the number of envious
agents in the team can make the principal worse off, so that the relationship between group
size and performance may be driven by the tradeoff between envy and complementarities
among agents. This may explain the documented negative relationship between profitability
and the number of employees (e.g., Kaen and Baumann 2003).

Fourth, envious agents benefit from colluding not to compete, which provides a different

perspective on the cooperation-versus-competition choice from that in the literature (e.g.,



Itoh 1991).

Fifth, the pay-for-performance sensitivity of linear wages is lower when agents are envious,
consistent with the evidence that executive compensation exhibits lower-than-predicted pay-
for-performance sensitivity (e.g., Jensen and Murphy 1990). Our results also rationalize the
empirically-documented wage (or ratings) compression in firms (e.g., Prendergast 1999 and
Landy and Farr 1980). Moreover, if envy plays a greater role in larger firms, then our analysis
implies pay-for-performance sensitivity should be higher in smaller firms, consistent with the
evidence (e.g., Rasmusen and Zenger 1990).

Sixth, we show that agents can be divided into mutually exclusive groups such that an
agent’s wage depends on the outcomes of all other agents in his group, but not on the
outcomes of agents in other groups. This suggests a correlation between wages and one’s
level in the hierarchy.

Finally, we show that with even standard (non-envy) preferences, behavioral outcomes
with informational frictions and private benefits can mimic those attained with envy-based
preferences. Thus, our results may extend even to circumstances where envy is not biologi-
cally hard-wired.

This paper contributes to the literature on principal-agent theory and on envy. The
principal-agent theory literature is too large to discuss here; see Prendergast’s (1999) review
as well as Gibbons [1998], Gibbons and Waldman [1999], Lazear [1995], and Murphy [1999].
The key results are the following. First, agents respond positively to performance incentives
built into their compensation. Second, the tradeoff between risk sharing and incentives
means that contracts are less performance-sensitive when outcome risk is greater. Third,
the informativeness principle precludes dependence of an agent’s compensation on noisy
variables that convey no incremental information about the agent’s action.

The empirical evidence on these results is mixed. First, while agents do respond to
incentives, real-world contracts do not seem to be as performance-sensitive as the theory

predicts (see, for example, Jensen and Murphy 1990 and Milbourn 2003). Second, the



relationship between risk and incentives appears to be sometimes tenuous in practice (see
Prendergast 2002). Third, and most significantly, the informativeness principle appears to
often be violated. For example, team-production-based compensation or profit-sharing plans
are widely used even when measures of individual performance are available (see Baker et al.
1988, Hansen 1997, Jones and Kato 1995, and Weiss 1987).

Our contribution to this literature is to show that the introduction of envy into preferences
helps narrow the gap between the theory and observed characteristics of real-world contracts.
We show that an increase in envy may cause a reduction in the sensitivity of an agent’s
compensation to his own performance. Moreover, we explain that envy can rationalize the
use of measures of aggregate performance for individual compensation even when measures
of individual performance are available.

The theoretical envy literature has examined the behavioral implications of envy-based
preferences. For example, Bolton and Ockenfels [2000], Charness and Rabin [2002], and
Fehr and Schmidt [1999] explain why individuals display self-interested behavior in some

> Envy-based preferences have also

experiments and equity-motivated behavior in others.
been used to explain emulative activity [Clark and Oswald, 1996], involuntary unemployment
[Akerlof and Yellen, 1990], progressive taxation [Banerjee, 1990], wage compression (Frank
1984, Lazear 1989, and Levine 1991), suboptimal innovation [Mui, 1995], corporate socialism
in investment decisions [Goel and Thakor, 2005], and merger waves [Goel and Thakor, 2010].

These papers have recognized the relationship between the observed deviations from self-
interest and the institutional environment in which individuals display such behavior, but

they do not examine the optimal institutional design in light of such behavior. Cabrales

and Charness [2003] and Fehr et al. [2007] show experimentally that social preferences affect

4Prendergast [1999, p. 21] notes in his survey, “Perhaps the most striking aspect of observed contracts is
that the Informativeness Principle, ..., seems to be violated in many occupations.”

5Such behavior is consonant with preferences that depend on absolute as well as relative consumption
[Bolton and Ockenfels, 2000]. Individual utility is maximized at a finite threshold level of relative consump-
tion and people may exhibit self interest or equity concerns depending on how their relative consumption
compares with the threshold. Similarly, Fehr and Schmidt [1999] specify preferences that depend on absolute
consumption as well as relative consumption to rationalize self-interested and inequality-avoiding behavior in
different experiments under the assumption that there is a fraction of individuals who are inequality-averse.



contract choice in adverse-selection and moral hazard settings. However, Fehr and Schmidt
[2002] point out that the literature has ignored the effects of social or interdependent prefer-
ences in optimal incentive contract design. Since then, numerous papers have advanced this
literature in various ways. But none characterizes optimal incentive contracts with moral
hazard and risk aversion with envious agents.®

Dur and Glazer [2008] and Englmaier and Wambach [2010] focus on a single agent who
envies the principal, while we consider multiple agents who work for the same principal and
envy each other.” Bartling [2011] considers linear contracts for two agents that are inequity
averse or status-seeking but differ from envy in comparing their effort levels and comparing
expected rather than realized outcomes. They show that relative performance evaluation or
team-contracts can be optimal depending on the preference specification. Bartling and von
Siemens [2010], in a setting similar to ours, consider moral hazard with envious risk-averse
agents. They show that envy allows the principal to overcome limited liability constraints and
impose stronger punishments on agents. We do not assume limited liability. While we char-
acterize optimal contracts, Bartling and von Siemens [2010] focus on whether envy among
agents makes the principal better or worse off. We also discuss this interesting question but
realize that such analyses are incomplete in the absence of additional structure related to
the external opportunities of agents. DeMarzo and Kaniel [2023] consider contracting with
multiple agents across multiple firms and show that while a single firm can exploit relative

wage concerns to increase profits, compensation benchmarking by multiple firms can lead to

®Demougin and Fluet [2003], Demougin et al. [2006], Grund and Sliwka [2005], Itoh [2004], Neilson
and Stowe [2010] all model risk-neutral agents and therefore do not consider the tradeoff between risk and
incentive provision. Demougin and Fluet [2003] and Grund and Sliwka [2005] focus on tournaments where
only the rank order of agents’ outcomes is used to reward them. Rey Biel [2008] considers deterministic
production with observable effort so agents’ wages do not depend on noisy outcomes. Demougin and Fluet
[2003], Demougin et al. [2006], and Rey Biel [2008] also assume agents have limited liability. Neilson and
Stowe [2010] study optimal piece-rate by restricting each agent’s wage to be a linear function of her output.

"Englmaier and Wambach [2010] extend their model to discuss two agents who are averse to inequity in
wages. They state that there is a rationale for team incentives, but do not prove so. They claim that the
wage of an agent may be decreasing in the outcome of another agent when the first agent is already far better
off than the second. However, by solving for optimal wage contracts with multiple agents, we show that the
wage of an agent is always increasing in the outcomes of other agents. Further, Englmaier and Wambach
[2010] do not discuss the pay-for-performance sensitivity of wage contracts that we examine.



inefficiency. However, in their model, agents compare themselves to benchmarks based on
peers and do not exhibit the asymmetry characteristic of envy.

Many of these papers assume specific functional forms for how an agent’s utility depends
on other agents’ outcomes. Our preference specification is general enough to have these
specifications as special cases. The common theme in this literature is that social preferences
affect incentives, optimal contracts, production efficiency, and the principal’s payoffs, and
can strengthen or weaken the incentive effects of performance-sensitive wage contracts; we
do show, however, that the presence of social preferences strengthens incentive effects. We
characterize optimal contracts under a general social preference specification, and examine
when such preferences make the principal better or worse off.

In a related paper, Meyer and Mookherjee [1987] examine how agents’ wage contracts
are designed by a social planner with a preference for ex-post wage equality. They show that
with outputs uncorrelated across agents, wage contracts based on output rank-ordering are
dominated by independent contracts, and that wages are optimally positively correlated. We
derive these and other results with a principal who maximizes profits net of agents’ wages.
Our results provide a rationale for why capitalist firms, where the principal maximizes profits
rather than social welfare, may surprisingly exhibit behavior that reeks of equity promotion
among agents. That is, some common properties of contracts in our analysis and in Meyer
and Mookherjee [1987] raise the possibility that the social preferences of individuals over
contracts can be reduced to having a principal with preferences that aggregate agents’ social
preferences.®

As our analysis shows, one reason for this is that even a profit-maximizing principal
must respect the incentive compatibility and participation constraints of agents, and this
causes the principal to design contracts recognizing both the positive incentive and negative
direct utility effects of envy, which naturally leads to wages being positively correlated across

agents even when the principal has no ex-post equality preference. Thus, a model like Meyer

8However, this result seems difficult to prove in a general setting in view of the impossibility theorems
about aggregation of individual preferences into social choice functions. See Arrow [1963] and Sen [1970a,b].



and Mookherjee [1987], that starts with such a preference, could be viewed as reflecting in
reduced form more primitive considerations of envy among agents.

The rest is organized as follows. Section 2 describes the model. Section 3 characterizes
optimal contracts for a single principal and multiple envious agents. Section 4 analyzes how
envy affects agents’ action choices and the principal’s expected payoff. Section 5 examines
how envy affects pay-performance sensitivity in wage contracts. Section 6 discusses that
our results are robust to alternative preferences based on relative payoffs. Section 7 shows
theoretically how envy-like behavior can arise as a result of informational frictions. Section 8

concludes. All proofs are in the Appendix.

2 Model

There is a team of n ex ante identical agents, indexed 1 through n, and there is a single
principal. Let N = {1,...,n}. Agent i € N chooses a privately-observed action a; € R,
where R is the real line. There are n outcomes (z1, ..., x,) € R", observed by the principal as
well as the agents. The sets of actions and outcomes are represented by A = (ay, ..., a,) and
X = (x1,...,2,). The probability density of the outcomes depends on the agents’ actions
and is given by g(X, A). For simplicity, we assume that outcome z; is associated with agent
j and is distributed independently of a; if i # j. Further, all outcomes are independently

distributed. That is,

g(X, A) = Hg<mi>ai)'

ieN
The n outcomes determine the total payoff to be shared between the principal and the

agents. This total payoff equals f(X), a symmetric function of the n outcomes. That is,

f(&1, 29, ..., 2pn) = f(z1,29,...,24)

if (z1,...,2,) is a permutation of (#1,...,Z,). Since all agents are ex ante identical, the



total payoff depends only on the realized outcomes and not on the identity of the agents
associated with individual outcomes. The principal specifies the wage functions of agents
that determine the payoffs to respective agents based on the outcomes. The wages are
denoted as W = (wy,...,w,). The principal is risk neutral and wants to maximize his
expected payoff net of agents’ wages.

Some examples of such teams of agents are divisional heads in a conglomerate, prod-
uct managers in a multiproduct firm, a team of salespersons, members of consulting firms,
and project managers in a software firm. In all these cases, multiple agents take individ-
ual actions and their individual performances can be (noisily) observed, with performance
complementarities across agents that would explain why agents work in teams rather than
independently. Although our key results do not depend on such complementarities, they
can be incorporated by assuming that the principal’s benefit function f is supermodular in
agents’ outcomes. Supermodularity of the total payoff requires:
flzy, 2o, ..o ) + f(Z1, 2, ..., Tn)

S f@ VI, 2oV ag, oo, 2, Vi) + f(@1 ATy, 22 AZo, o, By A ),

where (21,...,2,) and (x1,...,x,) are arbitrary vectors, V is the maximum operator and A
is the minimum operator. It can be shown that with such a specification, a high outcome
by one agent increases the marginal benefit of another agent’s outcome to the principal.
These outcome complementarities distinguish a team of agents from multiple agents working
independently for the same principal.

The agents are risk averse and envy each other. The preferences of an agent are repre-

sented by the utility function U : R x R™ — R, which is expressed as follows for agent i:

Us(Wa:) = v(w) +5 Y dlw; —wy) +£(y) — cla). (1)

JEN\{i}



The function v depends only on the agent’s own wage w;, and is twice continuously differen-
tiable with v > 0, v” < 0. The function ¢ captures the agent’s utility over relative wages.’
It is twice continuously differentiable, and is normalized so that ¢(0) = 0; we will refer to
¢ as the “envy function.”!® The constant v > 0 measures how envious the agent is, with
higher v designating more envy. The constant £(7) does not affect an agent’s preferences
over wages but allows agents with different v’s to have different expected utilities even in the
absence of relative wage differences. Since we do not restrict the functional form of £(7y), this
specification is general enough to permit the agent’s expected utility to increase or decrease
due to () as v increases. Finally, ¢(a;), the disutility associated with action a;, is convex
and twice continuously differentiable, with ¢/(a) < 0 for a < a and ¢/(a) > 0 for a > a, where
a € R. Thus, each agent experiences positive marginal utility from action below a threshold
a. However, this feature is unnecessary for our results, and a may be —oo. Each agent
chooses an action to maximize his expected utility, assuming every other agent maximizes
his utility. Each agent’s reservation utility, U*(y), depends on 7 because an agent’s outside
opportunities may be affected by it.

The literature suggests two aspects of envy. First, individuals dislike payoffs lower than
those of others and second, they like payoffs higher than those of others.!! While the first
aspect has unanimous agreement in the literature on relative-consumption preferences, there
are alternative specifications for the second aspect. For example, in the inequality-aversion
literature individuals dislike either being better or worse off than others (e.g., Bolton and

Ockenfels 2000), whereas in the envy literature individuals always like being better off than

9We assume envy depends on difference of wages. While more general specifications are possible, almost
all papers in this area agree on difference of wages as the source of envy. It is unlikely that a different
specification will change our results qualitatively.

10The envy function depends on a comparison of wages, rather than action-adjusted wages. The rationale
for this is that agents make their action choices optimally and compare their ex-post realized wages. The
alternative specification in which agents compare action-adjusted wages would imply that agents would not
be as averse to the high wage realizations of other agents if they believed that these other agents worked
harder. This is based on a fairness motive for envy. In our model, all agents are ex-ante identical, make
identical action choices, and get the same wage contracts, so fairness is not an issue.

HFor simplicity, we assume that each agent’s payoff consists of his wages only. In general, the preferences
are a function of multiple consumption goods or attributes of payoffs, and envy may then be stronger for
certain attributes than for others (see Solnick and Hemenway 1998).

10



others (e.g., Mui 1995).' The experimental evidence is mixed. In some cases, individuals
simply dislike any form of inequality, whereas in others they behave selfishly, displaying an
aversion only to being worse off than others.!® For example, Zizzo and Oswald’s (2001)
experiments suggest that people may be willing to pay to reduce the incomes of even those
who are worse off than them. Similarly, Cason and Mui [2002] present experimental evidence
that innovations that are potentially Pareto improving are often avoided if these innovations
benefit some people more than they do others.'* Thus, the evidence indicates that individuals
either display purely envious behavior, or even when they care about fairness, their disutility
from being worse off than others exceeds that from being better off than others. This suggests
a concave envy function ¢, asymmetric around zero.

To be consistent with the envy literature, ¢ must be increasing and concave. However,
to show that many of our results generalize to a broader set of preferences, we use a more
general specification: an increase in an agent’s wage increases his utility when the wages of
some of the other agents are increased by the same amount while the wages of the remaining

agents are left unchanged. Thus,

V(w) +9Y ¢ (w;—w;) >0 VieN, SCN\{i}. (2)

jes
The motivation is that even if fairness causes the marginal utility from relative wages to
be negative, a higher absolute wage must increase the agent’s total utility regardless of his
reference group for comparison. This is trivially true when the envy function ¢ is increasing,

as assumed in the envy literature. However, this may also hold if an agent’s marginal utility

12Later we discuss how our results would be affected if we had inequality-aversion instead of envy.

13The behavior of individuals also seems to depend on how they expect others to behave towards them.
See Charness and Rabin [2002].

14Blanchflower and Oswald [2004] find that a unit increase in the average income in a U.S. state decreases
a resident’s self-reported happiness by about as much as the increase in happiness due to a one-third unit
increase in the resident’s own income. Clark and Oswald [1996] find a similar but stronger relationship in
Britain. In a questionnaire administered to Harvard graduate students in public health, a majority of the
students responded that they would choose a world in which they earned $50,000 and others earned $25,000
over a world in which they earned $100,000 and others earned $250,000 (see Solnick and Hemenway 1998).

11



from relative wages is negative but this effect is dominated by the positive marginal utility
from absolute wages. Some of our results require that ¢ be strictly increasing, and we shall

note this in context. We also assume:
¢"(x) +¢"(—x) <0 Va. (3)

This condition ensures that the aggregate envy-related utility from comparison across two
agents is zero when the agents have the same wages, negative when their wages differ, and
falls at an increasing rate as wage dispersion increases. This means that the envy-related
utility reduction when one is worse off than others is larger than the utility increase, if any,
when one is better off than others. The condition clearly holds when ¢ is concave, as in Fehr
and Schmidt [1999].'5 But it may also hold if ¢ is convex in the region of positive relative
wages. We prove most of our results with the most general specifications (1), (2), and (3)
and will clarify if a result requires a more restrictive assumption like an increasing ¢.

The principal’s problem is to choose agents’ actions A and wage contracts W : R — R”

to maximize her expected net payoft:

ieN
subject to the agents’ individual rationality (IR) constraints
/Ui(wzai)g<X,A>dXz Ut VieN, (5)

and the agents’ incentive compatibility (IC) constraints

/ U/(W(X),a;) g(X, A) dX >

/Ui(W(X),a;)g(X,al,...,ai_l,a;,aiJrl,...,an)dX Vi€ N, a; € R. (6)

15See Clark and Oswald [1998] for a discussion of what they call “comparison-concave” utility functions.

12



A standard solution technique divides this problem into the choice of wage contracts that
implement a set of actions with the lowest expected wages to the agents, and the choice of
actions that maximize the risk-neutral principal’s objective with the corresponding optimal
wage contracts. In the subsequent analysis, we consider a principal who wants to implement
actions A, and investigate how envy affects the optimal wage contracts to implement these

actions. Thus, the principal’s problem is:

W(X)

min 7 = /%wi(X)g(X,A) dX, (7)

subject to constraints (5) and (6).

Assumption 1. The principal wants agents to implement actions strictly greater than the

least-cost actions to the agents. That is, a; > a for allt € N.

Assumption 1 ensures that agents must be provided incentives to implement the desired
action choices. Actions least costly to the agents can be trivially implemented with fixed-
wage contracts.

We employ the first-order approach and replace (6) with the following first-order condi-

tions: 16

0
0(11'

/Ui(W(X),ai)g(X, A)dX =0 YieN. (8)

Thus, we replace the unrelaxed problem, (5)—(7), with the relaxed problem, (5), (7), and (8).
We show later that a solution to the relaxed problem is also a solution to the unrelaxed

problem.

Assumption 2. There exists a solution to the principal’s relazed problem represented by (5),

(7), and (8).

We further make the following assumption to ensure monotonic wage functions.

16See Rogerson [1985a] and Jewitt [1988] for the class of utility functions and production functions under
which the first-order approach is valid when agents do not envy each other. The conditions specified in
Rogerson [1985a] are assumed to be satisfied here.

13



Assumption 3. The distribution functions of outcomes follow the monotone likelihood ratio

property (MLRP). That is, do(wi0i)/dai o i creqsing in ;.

9(xi,a)

3 Optimal Contracts

We now investigate optimal wage contracts that minimize expected wages in (7) subject to
the IR constraints (5) and the IC constraints (8). Choosing the Lagrange multipliers «; > 0

for (5) and 3; for (8), the Kuhn-Tucker conditions can be expressed as follows:

— (X, A) + o (V(w) +7 D wi—wy)) =y Y e (w; - w)] (X, 4)
JEN\{i} JEN\{3}
dg(X, A)

+ [ﬁi <U/(wi) +7 Z ¢’ (wi — wj)) - Z B¢ (w; — wz)} T da 0 VieN. (9)
JEN{i} JEN{i} '

The left side of (9) consists of three components representing the three marginal effects
of an increase in agent i’s wage on the principal’s objective function: (i) C} = —g(X, A)
is the change in the principal’s expected payoff, (ii) Cy = [o{v"(w;) + 7> ¢'(w; —w;)} —
v o (w; — w;)]g(X, A) is the shadow-price effect of increasing agent i’s utility and de-
creasing other agents’ envy-related utilities, and (iii) C5 = [5;{v"(w;) + 7 D_ ¢’ (w; — w;)} —
vy Bt (w; — wi)]% is the shadow-price effect of strengthening agent i’s incentive and
weakening other agents’ incentives.

Since the agents are ex ante identical, we can exploit symmetry to restrict o; = a and

B; = B for all i. Further, with independent individual outcomes, the above equations simplify

to

1 dg(z;, a;)/da;

- Vie N. 10
) TS emia B —w) — Fawy—w)] O gwnay . TN (10

The left side of the above equation is the marginal cost to principal of providing utility

to agent ¢ while the right side is the corresponding marginal benefit in meeting agent ¢’s (IC)

14



and (IR) constraints. To characterize the optimal contracts qualitatively, we differentiate

the first-order condition (10) with respect to z; to get

v”(wi)i—;u; +7 Z[¢//(wi —wj) + ¢" (w; — w;)] (

JFi

dw, dw) JOHIAL
dZBl dZBl N

d 1 . .
< if ¢ = [.
d dg(z4,a;)/da;

T atp g(z,a4)

(11)

This linear system of equations can be written as

MD = L (12)
where Dij = dwi/d:cj, L“ = %W, Lij =0 for 7 # j, and
glxg,aq

My = v (w;) +7 ) [0 (w; — wy) + ¢ (w; — wy)],
j#i

My = —[¢"(wi — w;) + ¢"(w; —wy)] (i #j). (13)

We first prove a technical result.
Lemma 4. All entries of M~ are negative.

Lemma 4 characterizes the inverse of the matrix M that links the outcome-sensitivities

of wages to outcome-sensitivities of shadow prices of the (IC) and (IR) constraints.
Lemma 5. The Lagrange multiplier § in (10) is strictly positive.

The intuition is as follows. If 5 < 0, the marginal utility of each agent is increasing
in his own outcome as well as the outcome of the other agents. If § = 0, the marginal
utility of an agent does not depend on his or the other agents’ outcomes. In either case, the
wage of an agent is non-increasing in his outcome. This, coupled with the agent’s disutility

for action, causes each agent to lower his action choice, which means the contracts cannot
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implement any action higher than a. Thus, # > 0. This means that the principal’s expected
payoff, net of agents’ wages, increases if an agent chooses an action slightly higher than his

incentive-compatible action choice under the optimal wage contract.

Proposition 6. The wage of an agent is increasing in his own outcome regardless of whether
the agents envy each other. Only when the agents envy each other, the wage of each agent is

also increasing in the outcome of every other agent even when the outcomes are independent.

When agents do not envy each other, Proposition 6 shows that the wage of each agent
is increasing in his outcome but is independent of the outcomes of the other agents. This
familiar result from standard principal-agent theory, also noted by Green and Stokey [1983]
for the case of a single principal and multiple agents in the absence of a common shock,
is consistent with Holmstrom’s (1979) informativeness principle. It is inefficient to base an
agent’s compensation on any other agent’s outcome because other agents’ outcomes are noisy
and convey no information about the particular agent’s action. And each agent’s wage is
increasing in his own outcome because a higher outcome indicates a higher action choice,
given the MLRP. This result provides the benchmark for our analysis with envy.

Proposition 6 says that agents’ wages are increasing in their own outcomes even when
agents envy each other. However, the proposition further asserts that an agent’s wage is
also increasing in the (independent) outcomes of other agents, and that this holds only when
there is envy. That is, the optimal contract with envy makes an agent’s compensation depend
on a noisy outcome that conveys no information about the agent’s action, in contrast to the
informativeness principle of Holmstrom [1979] for the no-envy case.'” The intuition is as
follows. In the no-envy case of the standard principal-agent model, it is inefficient to make
an agent’s compensation depend on a non-informative noisy outcome because that imposes
risk on the risk-averse agent without any incentive effect on his action; since the outcome

conveys no information about the agent’s action, he cannot affect it by choosing a higher

1T"We interpret the informativeness principle only to refer to the optimality of conditioning contracts on
any signal that conveys information about an agent’s action choice and the inefficiency of conditioning on
non-informative noisy signals, as in Holmstrom [1979].

16



action. All of this is true with envy as well. Basing an agent’s compensation on the outcomes
associated with other agents imposes risk on him without revealing any information about his
action. However, if agent i’s compensation is independent of agent j’s outcome, when agent
7 experiences a higher outcome than agent i, outcome disparity results in wage disparity
and envy causes this wage disparity to diminish agent i’s utility. This utility reduction is a
cost absorbed by the principal in meeting agent ’s reservation utility. To lower this cost,
the principal increases agent i’s compensation when agent j’s outcome is higher.!

The wage scheme in Proposition 6 can be interpreted as one in which a part of an agent’s
wage depends on his outcome and the rest depends on team performance, and offers an
explanation for this observed property of real-world contracts in apparent violation of the
informativeness principle (see Prendergast 1999). As indicated earlier, individual pay is of-
ten based on the group’s performance even when more informative measures of individual
performance are available.'® Professional sports players, such as those in the National Foot-
ball League, are paid bonuses for exceeding individual performance targets and additional
bonuses for the team reaching the playoffs or winning the Super Bowl.?

Proposition 6 stands in contrast to the relative-performance-evaluation literature. A
result in that literature is that agent ¢’s compensation is decreasing in the outcomes of
other agents (when outcomes are affected by a common shock) since higher outcomes for

other agents decrease agent i’s performance rank (e.g., Carmichael 1983, Lazear and Rosen

18Note that in the absence of random shocks to outputs, all agents produce the same output and get the
same wage, so there is no ex-post envy. Ex-ante envy, however, affects agents’ action choices and optimal
wage contracts. Further, if agents are not ex-ante identical, there may be ex-post envy.

19 Another characteristic of real-life compensation contracts is that executives are typically paid on the
basis of how their firms’ stock prices behave, with little or no adjustment for market movements. This result
does not immediately follow from Proposition 6, but would obtain if the model were extended to incorporate
envy between agents and the principal (shareholders).

20An alternative explanation for paying agents based on group performance is based on peer pressure, the
idea that agents can monitor each other’s actions and can discourage others from exerting low effort (see
Kandel and Lazear 1992). However, as mentioned by Prendergast [1999], since an agent’s benefit from an
increase in group performance is typically small, agents will effectively monitor and punish those exerting
less effort only if the cost of doing so is negligible. Another explanation relies on production externalities.
However, this approach cannot readily explain wage compression—which we explain later—in settings where
individual performance matters greatly and is both observable and contractible.
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1981, and Bhattacharya and Guasch 1988).2! The empirical evidence on relative performance
evaluation is weak. Gibbons and Murphy [1990] find that executives are penalized when their
peer group performs better, but this peer group is the entire stock market rather than firms
in the same industry. Other studies find little evidence of relative performance evaluation
(e.g., Aggarwal and Samwick 1999 and Baker et al. 1988).%2

An interesting question is whether Proposition 6 will hold if agents care about the out-
comes of other agents for reasons other than envy. For example, an agent’s relative outcome
may be a better signal of his ability than his absolute outcome. In this case, a principal
rewarding agents for their abilities will lower an agent’s wage when another agent produces
higher outcomes. This relative performance evaluation result—for which we are not aware
of empirical support—is the opposite of Proposition 6.

Meyer and Mookherjee [1987] show that agents’ wages are positively correlated when
agents are non-envious and the principal minimizes cost subject to achieving a target level
of welfare, where the welfare function exhibits complementarities in agents’ ex post wages.
Thus, the principal’s concern for wage equality rather than agents’ envy generates positively
correlated wages. The similarity and differences between that approach and ours can be
understood by examining the first-order condition for wages in (9). Consider Cy in (9),
which represents the net reduction in the aggregate utility of agents from an increase in
wage inequality. In Meyer and Mookherjee [1987], this component is a part of the principal’s
welfare function instead of entering the optimization through the agents’ preferences, but it
produces the same result of positively-correlated wages. What is clearly different about our
model is C5, the shadow-price effect of strengthening agent i’s incentives, which is absent in
Meyer and Mookherjee [1987]. C3 shows that envy among agents has incentive effects, and

it strengthens agents’ incentives in our model as we show later. By contrast, the principal’s

21Tf we were to consider a tournament setting with a common shock, our analysis suggests that envy will
alter optimal relative-performance-evaluation contracts in such a way as to (partially) blunt the incentive
effect of the tournament itself. This conjecture awaits formal verification.

22We model agents within a firm but our results can be extended to multiple organizations in which the
agents are CEOs who envy each other.
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equity concern in their model generates no such effects. Thus, a number of our subsequent
results (e.g., Propositions 2 through 7) are unlikely to obtain in the Meyer and Mookherjee
[1987] framework. Moreover, since envy impacts agents’ behavior while the principal’s equity
concerns do not, envy’s effect on optimal contracts is more sensitive to agents’ characteristics
like risk aversion and action aversion in our model than in theirs.

We have focused on incentive provision through wages. Agents may also use financial
markets to mitigate the effect of envy. For example, employees in a public firm can invest
in its equity to better align their individual payoffs with firm performance. Note that the
additional idiosyncratic risk exposure will make this individually inefficient if agents are risk
averse but not envious. However, if agents envy each other, such an investment makes the
agent’s total payoff more correlated with other agents’ payoffs, and may diminish envy arising
from a comparison of the total payoffs from wages and investments.?® This may explain the

prevalence of equity-based compensation and 401(k) plans.

Lemma 7. An increase in an agent’s outcome causes a greater increase in that agent’s wage

than in the wage of any other agent.

The intuition behind this lemma is that even though envy causes an agent’s compensation
to depend on the performance of others in the group, the incentive effect of the contract is
still the dominant force in determining the agent’s wage. An agent’s compensation must be
made more sensitive to his outcome than to those of others in order to incent the agent to
provide the desired action.

We now make the following assumption to justify the first-order approach.

23Note that this result will not obtain if envy is based solely on a comparison of wages. Moreover, the
extent to which financial markets can be used to mitigate the effect of envy may be limited, particularly in
large firms. One reason is that the firm’s value, besides being affected by exogenous noise, depends on a large
number of individuals, not all of whom are likely to be in an agent’s reference group for envy. Thus, tying the
agent’s payoffs more closely to firm value may impose more risk on him than warranted by the accompanying
reduction in envy. Another reason why the scheme may be inefficient is that firm performance captures the
average performance of all agents, but an envious agent experiences negative envy-related utility even when
he receives the average wage, since in this case some agents are paid more than him.
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Assumption 8. The probability distribution of outcomes follows convexity of the distribution

function condition (CDFC). That is, % >0 forallz € R, a € R.

Lemma 9. A solution to the relaxed problem (5), (7), and (8) also solves the unrelazed

problem (5)—(7).

The above lemma shows that the first-order approach for solving the optimal wage con-
tract is valid and the optimal solution (10) to the relaxed problem is also a solution to the
original unrelaxed problem. The MLRP condition in Assumption 3 and the CDFC condition
in Assumption 8 are sufficient to ensure that the expected utility of each agent is concave
in his action. Thus, replacing the incentive-compatibility constraint (6) with the first-order

condition (8) does not change the principal’s problem.

Proposition 10. When there are two agents who envy each other and the outcomes are
independent, the utility of an agent is decreasing in the outcome of the other agent if the first
agent’s marginal utility from relative wages is positive and the agents are sufficiently more

risk averse in absolute wages than in relative wages, i.e.,

¢"(y) + ¢"(—y)
' (y)

,UI/
The utility of an agent is increasing in the outcome of the other agent if the first agent’s
marginal utility from relative wages is negative or if the agents are sufficiently less risk averse

i absolute wages than in relative wages, i.e.,

¢"(y) + ¢"(—y)
?'(y)

,U//
This proposition is intuitive.?* If an agent’s marginal utility from relative wages is neg-
ative, which is likely if the agent has fairness-motivated preferences and is earning a higher

wage than the other agent, then a higher outcome of the other agent increases the first

24While we have proved this proposition for the two-agent case, we believe that the intuition extends to
any arbitrary number of agents (n > 2) working for the principal.
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agent’s absolute wage and reduces his relative wage. Both effects cause an increase in his
utility. If the agent’s marginal utility from relative wages is positive, the intuition is as
follows. With envy, each agent is exposed to risk unrelated to his own action. An agent’s
wage declines relative to the other agent’s wage when the other agent experiences a higher
outcome. This relative-wage risk reduces expected utility because of the asymmetric nature
of envy (see (3)). In countering this expected utility reduction, the principal incurs a higher
expected contracting cost. The principal can lower this cost by increasing the sensitivity of
agent ¢’s wage to the outcome of agent 7, but this imposes additional risk on agent i since his
utility is concave in absolute wages. Thus, the principal, constrained to make each agent’s
compensation output-dependent for incentive compatibility, faces a choice between imposing
risk through absolute wages and imposing it through relative wages. An increase in agents’
risk aversion over absolute wages compared to their risk aversion over relative wages decreases
the sensitivity of each agent’s wage to the outcome of the other agent. Consequently, this
sensitivity may be so low that agent i’s wage experiences little increase when the other agent
realizes a higher outcome, leading ¢ to suffer a utility decline. But if agents’ risk aversion
over relative wages is sufficiently high compared to their risk aversion over absolute wages,
the optimal wage contract makes the wage of each agent very sensitive to the outcome of the
other agent. Fach agent’s wage then responds positively to higher outcomes for the other
agent, leading each agent to experience an increase in utility when the other agent realizes
a higher outcome.

Proposition 10 highlights the principal’s tradeoff in providing incentives through absolute
wages and relative wages. Both absolute and relative wages motivate agents to work harder,
but variations in both impose risk on agents for which the principal must compensate them.
This implies that the expected wage of an agent should be higher when his wage is more
sensitive to his own outcome. The dependence of the agent’s expected wage on the sensitivity
of his wage to another agent’s outcome is not as clear, however. On the one hand it increases

the risk of his absolute wages, but on the other hand it decreases the risk of his relative wages.

21



What can be said is that the expected wage of an agent should be increasing in the volatility

of his relative wage, conditional on a fixed volatility of his absolute wage.

4 Organizational Design: Is Envy Good or Bad for the
Principal?

This section analyzes whether envy among agents is good or bad for the principal. This
question is obviously important if the principal has a choice between agents with varying
levels of envy. It may be possible for the principal to learn over time about each agent’s degree
of envy, so that organizational design decisions may depend on this learning. Additionally,
the principal may attempt to control the effect of envy among agents by changing the number
of agents working for her or the structure of reporting relationships, thereby influencing the
size of the reference group that agents base their envy on. We begin by examining the effects

of envy on agents’ utilities and action incentives.

Proposition 11. Keeping wage contracts fixed, an increase in vy, the envy among agents:
(i) reduces each agent’s mazximum expected utility, and (ii) causes agents to choose higher

actions if the envy function is increasing in relative wages.

This result reflects two opposing effects of envy on the payoff of the principal, a positive
“incentive effect” and a negative “direct utility” effect. The incentive effect is that envy
acts as a motivator. An envious agent works harder because this yields a higher individual
outcome relative to the other agents’ outcomes, and hence a higher wage relative to the wages
of other agents. This result requires that the envy-related utility be an increasing function
of the relative wages. The more envious an agent, the greater is his utility from an increase

in his wage relative to the wages of others.?> Thus, envy generates action incentives in and

25The incentive effect requires that envy-related utility be increasing in one’s own consumption. Becker
et al. [2005] assume that an individual’s utility is increasing in his consumption as well as his status. The
utility from status is somewhat similar to our envy-related utility. The difference is that while consumption
levels determine envy-related utility in our model, Becker et al. [2005] assume that status may be independent
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of itself and the principal can employ weaker contractual incentives to elicit the same actions
from the agents. Since providing incentives to risk-averse agents is costly, this weakening of
incentives lowers expected contracting costs and increases the principal’s expected payoff.

The incentive effect of envy implies that envy helps ameliorate the problem of incenting
“rich” agents to work hard. Mechanisms like savings and credit markets access allow agents
to accumulate wealth and diminish the incentive effects of contracts (Rogerson 1985b and
Bizer and DeMarzo 1999). Proposition 11 shows that the incentive effect of envy helps to
offset this weakening of incentives.?

The direct utility effect of envy arises due to the asymmetry property of envy. Since
the increase in the envy-related utility of the agent earning more is less than the decrease
in the envy-related utility of the agent earning less, on average envy reduces utility. If the
principal does not alter contracts when envy increases, the incentive effect causes agents to
work harder while the direct utility effect causes their expected utilities to decline. Note
that Proposition 11 holds for optimal contract as well as any wage contract such that an
agent’s absolute wage as well as his relative wage is increasing in his own outcome.

We have taken as exogenous the actions that the principal induces the agents to take.
The incentive effect of envy may cause the principal to induce more envious agents to work
harder, and the resulting disutility will reinforce the utility reduction due to the direct utility
effect of envy. Thus, the principal will need to compensate more envious agents with higher
expected wages. If we take the number of employees in the firm as a proxy of envy,?” this
predicts harder work and higher wages in larger firms. While we are not aware of any evidence

about how between workers’ efforts relate to firm size, there is considerable evidence that

of consumption or may depend on the consumption of only a few goods. They also assume that higher status
increases the marginal utility from consumption. By contrast, in our specification, the marginal non-envy-
related utility depends only on absolute consumption and not on relative consumption.

26 A related observation is that the pay-for-performance sensitivity offered to executives tends to ignore
the stock ownership of these executives (see Baker et al. 1988). The effect of stock ownership on incentives
will be mitigated to the extent envy drives incentives of executives and to the extent envy among coworkers
is based on differences in wages rather than differences in wealth obtained from other sources such as stock
market gains.

27Tt is easy to prove the result in Proposition 11 with an increase in number of agents rather than increase
in envy among pairs of agents. We don’t include that to conserve space.
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compensation increases with firm size (see Idson and Oi 1999).

Another aspect of envy is that it makes an agent unhappy only because he looks worse
by comparison either because a peer experiences a higher outcome by luck or because a peer
works harder and generates a higher outcome. But this applies symmetrically to all agents,
suggesting that the agents could be collectively better off if they all abstained from working

harder. This intuition is captured below.

Proposition 12. With two envious agents, a strictly increasing envy function, and the
optimal wage contracts for agents acting independently, the equilibrium action chosen by the
agents acting independently (i) exceeds the action they will choose in collusion if they are

sufficiently more risk averse in absolute wages than in relative wages,

" > ¢//(y) +¢//(_y)
r ?'(y)

S

Vy eR,

<

and (i) is less than the action they will choose in collusion if the reverse is true,

" 'y) + 9" (=)
' ¢'(y)

S

VyeR.
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The intuition is that an agent’s action imposes an externality on the other agent.?®

When agents choose actions independently in a Nash equilibrium, they do not internalize
this effect, similar to the Prisoner’s Dilemma problem. Since a higher action by an agent
reduces the other agent’s expected utility, agents choose higher actions in a Nash equilibrium
than under collusion.?? Envy thus provides a new perspective on the relative benefits of
cooperation versus competition that have been explored in the literature (e.g., Itoh 1991

and Ramakrishnan and Thakor 1991).

Proposition 13. If a change in envy parameter v does not change the non-envy-related

28 Although Proposition 12 has been proved for the two-agent case, it can be readily extended to cover n
agents (n > 2) if we can take Proposition 10 as holding for n > 2.

29The possibility of collusion may cause the principal to alter the optimal contract. Proposition 12 assumed
the wage contract is kept fixed as the optimal contract for the case when agents act independently.
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utility or the reservation utility of the agents, then with wage contracts designed to be optimal
at the altered v, the following is true: the expected per-agent-payoff of the principal increases
with v if the envy function ¢ is linear, and decreases with ~v for sufficiently small values of

v when ¢ is concave and agents are risk neutral in absolute consumption.

The intuition is as follows. Unlike Proposition 11, here the principal adjusts contracts to
keep them optimal as the degree of envy changes. This means that the principal’s expected
payoft declines as she compensates agents for the reduction in utility due to the direct effect
of envy. A linear (or sufficiently low in risk aversion) envy function leads to a relatively small
direct utility effect of envy—since this effect arises solely from the concavity of the envy-
based function—without adversely impacting the incentive effect of envy. Thus, envy makes
the principal better off, indicating that it may be preferable to form a team of agents who
envy each other rather than to have individual non-envious agents work independently, even

31,32 By contrast, when agents

when there are no output complementarities among agents.
display risk aversion in relative consumption and risk neutrality in absolute consumption,
an increase in envy makes the principal worse off, at least at low levels of envy.?3

Bartling and von Siemens [2010] find that with risk-averse agents and no limited liability,

envy unambiguously increases the cost of incentive provision and creates a tendency toward

flat-wage contracts. Our analysis shows without limited liability shows that envy can both

30Proposition 13 requires that the degree of envy among agents does not affect their non-envy-related
utility or their reservation utility. That is, £(y) = £ and U*(vy) = U*. If these conditions are not met,
complex tradeoffs may arise between envy and other attributes of the agents. The conditions are more likely
to hold when environmental shocks cause envy to change for all agents rather than when agents start out
with different degrees of envy. Thus, admittedly Proposition 13 is a special result that seems difficult to
generalize further.

31The result that the principal could be better off when agents care about relative as well as absolute
consumption is specific to envy and is unlikely to obtain with inequality aversion.

32Glaeser and Scheinkman [2002] and Sacerdote [2001] discuss how the actions or performances of one’s
peers may affect one’s own actions. In these papers, the reference group is exogenous and fixed, so it is not
clear how the size or existence of a peer or reference group affects one’s actions.

33 An extension of our analysis may permit an examination of endogenous organizational design in which
the principal chooses either a team of agents or multiple agents working independently for her. The choice
of organizational design will optimize the benefit or loss from complementarities as well as envy. Thus,
situations in which envy among agents is either beneficial to the principal, or is costly to the principal but
the cost is less than the benefits from complementarities, should result in the principal choosing a team
of envious agents. The principal should have agents work for her independently when envy among agents
imposes a cost on the principal greater than the benefit from complementarities.
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strengthen and weaken incentive provision. If ¢ is linear or not too concave, the cost-
decreasing incentive effect of envy can dominate.

Because organizational design may influence how employees view their reference groups
for envy, Proposition 13 suggests that optimal organizational design may take the marginal
effect of envy into consideration. In particular, envy increases with the number of agents
reporting to the principal.®* The reason is that an increase in number of agents allows an
agent to compare herself with more agents and each comparison results in a utility that is
concave in relative wages, so the expected envy-related utility declines with more compar-
isons. Although Proposition 13 is stated for a change in the envy parameter v for a fixed
number of agents, the effect of increasing v on realized envy is similar to that of increasing
the number of agents holding v fixed. Of course, as the number of agents increases, envy
between a pair of agents may diminish, particularly if the number of agents is large enough
to impose a cognitive limit on one’s ability to compare across all the agents.?® In assuming
that the degree of envy does not decline, we are focusing on smaller organizations where such
cognitive constraints are not binding. Under this assumption, if envy is marginally costly

to the principal, increasing the number of agents may decrease the principal’s per-agent

34Englmaier and Wambach [2010] seem to reach the opposite conclusion. They view social comparisons
to be more important in smaller groups, while in our model envy has a bigger impact with larger reference
groups. A key difference between the two papers appears to be that the number of envy-inducing comparisons
matters in our model but not in Englmaier and Wambach [2010]. The two views can be reconciled if an
increase in the number of agents, n, lowers 7, the degree of envy in each pairwise comparison, but increases
the number of comparisons (n — 1) each agent performs in order to assess envy-based utility. As long as
~v does not decline too rapidly, an increase in n will weaken an agent’s envy towards another agent but
still have a greater expected impact on the agent’s utility. A key underlying assumption in our analysis is
that an agent performs separate social comparisons with other agents rather than with the aggregate or an
average agent. This is important because a comparison with the aggregate could lead to an opposite result
that envy matters more with fewer agents as the uncertainty about the average of other agents’ outcomes
increases with fewer agents. Further, even if the average wage is kept constant, a change in the distribution
of wages of other agents can impact envy. For example, an agent earning an average wage may experience
disutility from earning less than high-earners that exceeds her utility from earning more than low-earners.
Martin [1981] provides experimental evidence that agents are more concerned about the wages of the highest
paid in the group than about the average wage. Buckingham and Alicke [2002] show that individuals place
more weight on social comparisons with individuals than with the aggregate. Finally, if the object of envy
is multidimensional—say wage and perquisites—then agents may focus on the dimension in which they are
worse off than others, so both agents in a pair may experience disutility from mutual comparison.

35There is little scientific evidence about how reference groups are formed and how their size impacts
the degree of envy. See Salovey and Rodin [1984]. Bartling [2012] considers organizational design where
compensation contracts influence reference groups.
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payoff.3¢  The optimal number of agents in the firm will depend on the tradeoff between
the effect of envy and the complementarities between agents’ outputs, so the relationship
between firm size and profitability may be driven by this tradeoff.

Kaen and Baumann [2003] show that profitability for manufacturing firms is decreasing
in the number of employees, controlling for asset size. One explanation for this finding is
that an increase in the number of employees worsens envy-related distortions. However,
this explanation is empirically difficult to disentangle from the effects of output comple-
mentarities or other agency and organizational problems. An alternative test of the effect
of envy would be to examine if firm profitability is related to the determinants of envy.
Nickerson and Zenger [2008] propose a theory of organization form in which larger firms
mitigate envy-related costs, for example, through pay compression, restricting comparisons,
and divestitures.?” Bloom [1999] finds that pay dispersion negatively affects organizational

performance (see also Pfeffer and Davis-Black 1992 and Pfeffer and Langton 1993). Finally,

36The effect of increasing envy between each pair of agents on the principal’s per-agent payoff is similar
to increasing the number of agents while holding the envy between each pair of agents fixed. Proposition 13
can easily be proved with an increase in the number of agents rather than an increase in envy. The first part
will follow from the fact that with more agents to compare with, each agent will be more motivated to work
so the principal can weaken costly incentives. The second part follows because with risk-neutral agents, the
first-best can be achieved when there is only one agent. As the number of agents increases, envy reduces the
expected utilities of agents, which must be compensated by the principal by paying agents higher expected
wages. Interpreting envy as the number of agents avoids the issues related to how the reservation utility of
an agent changes when his preferences change. The possible concern that an agent in an organization may
not envy all other agents when the organization grows very large does not affect our results as long as the
reference group of each agent expands when the organization grows.

3"We have assumed that an agent’s reference group for envy purpose consists of all other agents in the
firm and that envy is uniform. This is a simplification as reference groups may be endogenous and people
may envy their coworkers, neighbors, or other acquaintances and the intensity of envy may depend on the
degree to which one considers the other person similar in background and opportunities (see Ben-Ze’ev 1992
and Luttmer 2005). Thus, employee heterogeneity may affect the size of envy-related distortions.
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5 Implications of Envy for Pay-for-Performance Sensi-
tivity

In this section, we examine the impact of envy on the pay-for-performance sensitivity, i.e., the
sensitivity of an agent’s wage to his own outcome. In Subsection A, we provide a numerical
example, with specific functional forms for the utility functions and the production functions,
to illustrate how envy affects the pay-for-performance sensitivity of optimal contracts. For
general wage contracts, the pay-for-performance sensitivity depends on the outcome itself,
so the rank-ordering of the sensitivities of two wage functions may vary across outcomes.
This makes comparison of pay-for-performance sensitivities across different wage contracts
not very meaningful. To avoid this problem and for analytical tractability, in Subsection B
we examine the special case of linear wage contracts and analyze the impact of envy on the

pay-for-performance sensitivity of contracts that are optimal in this case.®®

5.1 An Example of Optimal Wage Contracts

We assume there are two agents, 1 and 2. Their utility functions are

Uy(W,a1) = v(wy) + yo(wy — we) — c(ay) and

Us(W, az) = v(wsa) + y¢(wy — wy) — c(ag),

2

where v(w) = pw — w? and p(w) = yw — Zw?.

The utility functions yield linear marginal utilities. This simplifies the derivation of

optimal wage contracts. The production functions are given by the cumulative distribution

38 A related question is how pay-for-performance sensitivity depends on the risk of agents’ outcomes.
This risk is measured in our model by the variance of the distribution function g. A prediction of standard
principal-agent theory is that pay-for-performance sensitivity should decline as the risk of outcomes increases.
The intuition for this result holds even when agents envy each other, so it is not clear that incorporating
envy into preferences has any incremental effect on the relationship between risk and pay-for-performance
sensitivity.
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The system of linear equations in (14) can be solved to obtain:

1 < _qri+2yz(ri+ 1)

w; = —
q q+4vyz

) Vie {1,2}.

The optimal contract parameters o and  can be solved numerically so that the wage
contracts satisfy the individual rationality constraints and the incentive compatibility con-
straints of the two agents. For this exercise, we assumed p =2, ¢ =1, y = 5, and z = 0.5.
The cost of action is assumed to be equal to the action, and the action vector implemented
is (1,1). Figures 2a and 2b plot the numerically-computed optimal wage contracts in the
no-envy case and in the envy case with v = 0.1.

Figure 2a shows that, absent envy, an agent’s wage is increasing in his own outcome and
is independent of the other agent’s outcome, consistent with Holmstrom’s (1979) informa-
tiveness principle. Figure 2b shows that, with envy, an agent’s wage is increasing in his
own outcome as well as the other agent’s outcome, although it is more sensitive to his own
outcome. Thus, each agent’s wage is increasing in his outcome relative to the other agent’s
outcome. Further, as envy increases from v = 0.1 to 7 = 1, the sensitivity of an agent’s
wage to the other agent’s outcome increases (Figure 2c).

We now examine how envy affects the pay-for-performance sensitivity of the optimal
contract. Pay-for-performance sensitivity is the agent’s incremental wage associated with
each additional unit of his own outcome. We examine two cases, v = 0.1 and v = 1, and
then compute the difference in pay-for-performance sensitivities. Figure 2d plots the pay-
for-performance sensitivity with v = 1 minus that with v = 0.1. It can be seen that this
difference is negative for all outcome combinations, suggesting that the pay-for-performance

sensitivity of the optimal wage contract declines as envy increases.
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Figure 2: Figures 2a, 2b, and 2c plot the optimal contracts with v =0, v = 0.1, and v = 1,
respectively. Figure 2d plots the pay-for-performance sensitivity with v = 1 minus the pay-

for-performance sensitivity with v = 0.1.
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5.2 Envy and Pay-for-Performance Sensitivity for Linear Con-

tracts

Consider the model of the previous section specialized to only two agents, 1 and 2, with
preferences represented by (1). Wages are restricted to be linear. Since the agents are ex
ante identical, we focus on symmetric contracts. Let the actions that the principal wants the
two agents to take be (a*,a*). If the agents choose actions (a*, a*), the expected outcome of

either agent is z. That is,
T = /a:ig(x,-,af)dxi, 1=1,2. (15)
The linear wage contracts can be represented as follows:
wy =k +1l(x; — ), wy =k + l(xe — T), (16)

where k and [ are scalars the principal chooses.?® We refer to k as the agent’s fixed wage
and [, his share of the unexpected outcome, as his pay-for-performance sensitivity. The

principal’s problem is

Hll}CnZ = /[wl(X) + wq(X)] g(X, A) dX, (17)

subject to
Q= /U(W, a*) g(X, A)dX — U* =0, (18)
_ d%l/U(W(X),al) sx.Ayax| =0 (19)

39Empirical tests of pay-for-performance sensitivity measure it as the sensitivity of the agent’s pay to his
own performance. Therefore, we define pay-for-performance sensitivity accordingly. We obtain qualitatively
similar results when we analyze a more general form of symmetric wage contracts in which the wage of each
agent depends linearly on his own outcome as well as on the outcome of the other agent.
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The individual rationality constraint (18) has been represented as an equality because it will
be binding in equilibrium. The principal can change the fixed wage k£ paid to the agents to

ensure that each agent’s expected utility exactly equals his reservation utility.

Proposition 14. For linear contracts with two agents, the principal optimally weakens in-
centives in response to an increase in the degree of envy by lowering each agent’s pay-for-

performance sensitivity.

The intuition is that an increase in envy has two main effects: it increases the marginal
cost of providing wage-induced effort incentives, and it makes agents work harder while
lowering their expected utilities (Proposition 11). The principal’s response to the higher
marginal cost of incentive provision is to lower the pay-for-performance sensitivity of both
agents, recognizing that the consequent weakening of effort incentives is somewhat attenuated
by the agents’ envy-based proclivity to work harder. Moreover, to counteract the effect of
lower expected utilities, each agent’s fixed wage is increased.*’

Proposition 14 provides a possible explanation for Jensen and Murphy’s (1990) empirical
finding that the pay-for-performance sensitivity of executives in firms seems to be low relative
to what theory would suggest.*! An alternative explanation is provided by the “multitask-
ing” literature which proposes that an agent’s work is multidimensional and if performance
measures that are used to provide incentives do not encompass all these dimensions, the
agent will distort his effort allocation among the different dimensions to “game” the wage
contracts [Holmstrom and Milgrom, 1991]. The principal may thus weaken the agent’s in-
centives along a particular dimension in order to avoid the potentially greater cost of the
agent making an inefficient effort allocation. By contrast, envy creates incentives of its own,
so lowering the pay-for-performance sensitivity results in optimal incentives.

Proposition 14 also yields an implication about the relationship between firm size and

pay-for-performance sensitivity. If envy plays a greater role in larger firms with more agents,

40Although proved for linear contracts, we believe this result holds more generally.
41Of course, calibrating the theoretically-optimal benchmark pay-for-performance sensitivity is difficult.
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then the pay-for-performance sensitivity should be higher in smaller firms. This prediction
is consistent with the findings of Garen [1985], Rasmusen and Zenger [1990], and Schaefer
[1998].

Propositions 6 and 14 offer a possible explanation for wage compression, such as that doc-
umented by Landy and Farr [1980], Mohrman and Lawler [1983], and Murphy and Cleveland
[1991], which is difficult to rationalize with the standard principal-agent model. Proposition 6
shows that an increase in an agent’s outcome increases the wages of all agents, and Proposi-
tion 14 shows that greater envy reduces the outcome-sensitivity of relative wages. Together
they predict a lower cross-sectional variation in wages than one would obtain in the absence
of envy; envy has the effect of smoothing wages across agents.*?

Wages are compressed in our model to mitigate the reduction in agents’ expected utilities
arising from wage disparity. The agents can do little to avoid this envy-related utility reduc-
tion other than taking actions that increase their own outcomes. Mui [1995] allows envious
firms to retaliate against firms that innovate successfully. If envious agents in our model
can sabotage the outcomes of other agents, the principal will have even stronger incentive

to compress wages, strengthening Propositions 6 and 14.

6 Robustness of Results to Alternative Preference Spec-
ifications

In this section, we first discuss how envy-based preferences specified in our model compare

with those in the recent literature and then briefly discuss how alternative preferences affect

42What if the principal is a supervisor who does not set wages but is merely instructed to implement a
given wage structure, and outcomes are privately observed by the supervisor? In this case, the supervisor
will be asked to rate workers and ratings will serve as the proxy for outcomes in determining wages. If the
supervisor has to absorb a cost that increases with agents’ envy, he will tend to be lenient in assigning ratings.
This cost could either be a direct cost of higher wage payment to compensate agents for their envy-related
utility loss, as in our analysis, or an indirect cost related to the time and effort the supervisor spends in
dealing with agents who are dissatisfied with their ratings. This will lead to ratings compression, which has
been empirically observed (e.g., Rothe 1949 and Stockford and Bissel 1949). Wage and ratings compression
will also arise in a setting with inequality aversion rather than envy.
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our results. For utility function comparisons, we will not distinguish between consumption
and wages. The part of utility that depends on one’s own wage is the function v in (1). This
function appears in different forms in different papers. For example, it is the identity function
in Fehr and Schmidt [1999] and Charness and Rabin [2002], and is a weakly increasing and
concave function in Bolton and Ockenfels [2000]. More important, however, is the component
of utility that depends only on a comparison with other individuals. We take this component
to be the difference between an agent’s utility and the utility the agent would have if everyone
else in the reference group consumed the same as the agent. It is this component of utility

where the most important differences lie. These are discussed below.

A. Inequality-Averse Preferences. Fehr and Schmidt [1999] and Bolton and Ockenfels
[2000] specify preferences that Charness and Rabin [2002] refer to as “difference-averse” and
we refer to as “inequality-averse.” This is because, holding fixed an agent’s own consumption,
the agent prefers to minimize the difference between his own consumption and that of others.
These preferences differ from ours in that inequality aversion creates a negative marginal
utility from higher relative payoff, whereby envy creates a positive marginal utility from
higher relative payoff. The specification in (1) will be consistent with inequality aversion if
¢'(x) >0 for x < 0 and ¢'(z) < 0 for = > 0.

More specifically, Fehr and Schmidt’s (1999) preferences represent a special case of (1)
with a piecewise linear envy function ¢, and they also satisfy constraints (2) and (3). The
Bolton and Ockenfels [2000] preferences are similar to (1) with a concave ¢ that peaks at
»(0) = 0. Their specification differs from ours in two ways. First, each agent in their
model compares his wage only to the average wage of all other agents, whereas in (1) the
comparison is to the distribution of wages of all agents. The comparison to the average wage
will affect our comparative statics results about the number of agents. An increase in the
number of agents strengthens the effects of envy under our specification but may weaken the

effects of envy when the comparison is to the average wage because the average wage will be
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less variable with more agents (see footnote 36). Second, Bolton and Ockenfels [2000] use
the ratio of one’s wage to the average wage as the basis of comparison, whereas we use the
difference. Using a ratio has some advantages. For example, standard functional forms like
the Cobb-Douglas and the logarithmic function are not defined for zero or negative wage
differences. However, our use of a ratio per se would not have affected any of our key results
since the negative direct utility effect of wage variations will continue to hold.

Aslong as (2) is satisfied—even when an agent experiences disutility from a higher relative
payoff, his total utility is increasing in his own payoff—many of our results will continue to
hold with inequality-averse preferences. However, Propositions 11 and 12 may not hold.
Proposition 11 shows that an increase in envy, keeping agents’ wage contracts unaltered, has
two effects. First, it lowers each agent’s expected utility and second, it causes each to choose
a higher action because of a preference for higher relative payoffs. The first effect will persist
with inequality-averse preferences, but the second effect may not. Proposition 12 specifies
conditions under which agents choose higher (or lower) actions than under collusion. A higher
action by agent ¢ is more likely to increase agent j’s utility with inequality aversion than with
envy. Hence, the conditions under which agents will choose lower actions independently than

with collusion will be less restrictive with inequality aversion than those in Proposition 12.

B. One-Sided Envy-Based Preferences. We have assumed that envy affects an agent’s
utility regardless of his own relative performance. An alternative view is that relative-
consumption-based utility declines when one’s payoff is below that of others, but there is no
utility gain when one’s payoff exceeds that of others. Such preferences would be consistent

with (1) if the envy function ¢ is:

¢(x) = max(0, ¢ (z)),

where ¢' > 0, ¢” < 0 and ¢(0) = 0. While this bifurcation of ¢ into two regions of relative

payoffs is unrealistically abrupt, it nonetheless satisfies our assumptions on ¢, so our results
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hold.

C. Envy of Action-Adjusted Wages. In our model, the envy experienced by agents is
independent of presumed action choices, which raises the question of why an agent should
feel envious of someone who worked harder and was “deservedly” paid more. Alternatively,
agents could compare “action-adjusted” wages, as in Adams [1963], so agent i would be
less averse to agent j’s higher wage realization if agent j worked harder. This equity-based
motive for inter-agent comparison is not an issue in our model because all agents are ex-
ante identical, make identical action choices, and get the same wage contracts; ex-post wage
differences arise solely due to chance. Nonetheless, if we introduce action-adjusted envy,
each agent will have to compute his utility on the basis of his beliefs about other agents’
unobservable action choices. With identical agents, all agents are expected to choose the
same action, so agents’ expected utilities do not change, but the agents will experience envy-
related effort disutility. This will make effort incentives costlier for the principal and thus

reduce the positive incentive effect of envy.

D. No Ex-Ante Expectation of Envy. We have made the natural assumption that
individuals rationally anticipate the effect of envy on their ex-post utility. This is impor-
tant because the agents’ action choices, participation decisions and consequently the wage
contracts offered by the principal all depend on their beliefs about preferences as specified
in (1). If we were to make the extreme assumption that agents realize ex-post envy but do
not anticipate this, then envy will play no role and all of our results will reduce to the ones in
the principal-agent model with standard preferences. Alternatively, if agents underestimate
the ex-post effect of envy, then the parameter v in the beliefs about preferences (1) will be
less than the true parameter. All our results will still hold qualitatively, albeit with dimin-
ished strength. For example, there will be less wage compression when agents are known to

underestimate 7.
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E. Cross-Sectional Variation in Envy. We now extend the model of Section 2 to in-
corporate variations in envy across agents. Our assumption in the main model was that all
agents in the firm envy each other to the same degree. Now, we allow the degree of envy
with which the agents in a pair envy each other to vary across pairs. This accommodates
agent-specific reference groups and agents who envy some agents more than others. The

main model is retained but agents’ preferences change. Agent i’s utility is:

U;(W. a;) = v(w;) + Z VijP(w; — wy) — ca), (20)

JEN\{i}
where the constant v;; > 0 with ~;; = v;;; higher values of 7;; correspond to greater envy
among agents ¢ and j. The reservation utility of agent ¢ is U. The reservation utility may
depend on degree of envy and may differ across agents. It seems likely that more envious
agents will have lower expected utilities from outside options and so also lower reservation

utilities but this has no effect on the results of this section.

Proposition 15. The wage of an agent is increasing in his own outcome and non-decreasing
in the outcomes of all other agents, including those the agent does not envy. The wage of
agent i is independent of the outcome of agent 7 if and only if agents can be partitioned into
two groups such that agents i and j fall in two different reference groups, with agents from

different groups not envying each other.

What is surprising about this proposition is that agent i’s wage may depend on agent
j’s outcome even when these agents do not envy each other. The intuition is as follows.
The wage of an agent k who envies agent j will clearly depend on agent j’s outcome (see
the intuition for Proposition 6). However, if agent ¢ envies agent k but not agent j, then
agent ¢’s wage will also depend on agent j’s outcome. This is because the principal can lower
expected wages by reducing variations in the wages of agents k and j as well as variations
in the wages of agents ¢ and k. Therefore, any risky outcome that increases agent j’s wage,

such as agent j’s outcome, must also increase the wages of agents ¢ and k.
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Proposition 15 suggests that agents can be divided into mutually exclusive groups such
that the wage of an agent in a group depends on the outcomes of all other agents in the group
but not on the outcomes of agents in other groups. These reference groups are consistent
with the observation of Baker et al. [1988] that pay in organizations tends to be based on an
agent’s level in the hierarchy, and that a promotion changes the agent’s level in the hierarchy
as well as his reference group. Our analysis shows that even if agents in a level envy only
some agents in their level, the wage of every agent will depend on the outcomes of all the
agents in that level.

We believe that reference levels of agents may change even in the absence of promotions.
This will happen when their performance is much higher or much lower than that of their
reference group members. Such performance differences can cause agents to implicitly put
themselves in different reference categories. Our model predicts that the sensitivity of an
agent’s wage to the outcome of another agent will be a decreasing function of the absolute

difference in the past performances of the two agents.

7 Envious Behavior as Outcome of Informational Fric-
tions

We have taken the view thus far that envy is biologically hardwired. But are there alter-
native ways to rationalize envy solely on economic grounds? Why should a worker who
does not believe he has been treated unfairly envy someone who is more highly rewarded?
Identification of the economic mechanism by which people develop envy-based preferences,
although not essential for our results, is interesting in its own right. In particular, it can
help us understand the economic rationale for why a worker would envy someone who gets
paid more according to a rule that applied to him as well.

In this section, we develop a model to show how seemingly envious behavior can arise

as a result of information asymmetries that cause agents to care about each other’s con-
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sumption. The model shows that agents’ equilibrium utilities are declining in the wages of
their peers. This can be interpreted in two ways. One is that although agents care only
about their own consumption, information frictions cause them to behave as if they were
envious. Another interpretation is that agents have developed envy-based preferences such
that agents’ behavior based on such preferences creates the illusion of a conscious response
to informational frictions even when such frictions are absent. Thus, envy-based preferences

may, like reflex actions, be short-cuts to dealing with the environment.

A Model of “Envy” Based on the Information Content of Agents’
Wages

A team of n ex ante identical agents, indexed 1 through n, works for a risk-neutral principal
who maximizes her expected payoff net of agents’ wages. Let N = {1,...,n}. Agent
1 € N has unknown ability 6;. Agents’ abilities are independently and identically distributed
with marginal probability density function h. Agent ¢ chooses a privately-observed action
a; € R, and has an outcome x; € R with probability density function g¢(z;,a;, ;) that
displays monotone likelihood ratio property; for 67 > 6% g(z,a,0™)/g(x, a,0%) increases as
x increases. An agent’s outcome is observed by the agent and the principal and possibly
other agents. Abilities, actions, and outcomes are represented by the sets © = (6;,...,6,),
A= (ay,...,a,) and X = (z1,...,2,). Let g(X, A,0) =[] g(zi,a;,6;) and h(©) =[] h(6;).

The total payoff, f(X), is to be shared between the principal and the agents, and it is a
symmetric function of the n outcomes. That is, f(Z1,...,2,) = f(x1,...,2,) if (x1,...,2,)
is a permutation of (#1,...,Z,). Since agents are ex ante identical, the total payoff depends
only on the realized outcomes and not on the identity of an agent associated with an outcome.
The agents’ wages are denoted as W = (wy,...,w,). In addition to his outcome-dependent
wage, each agent obtains a private benefit B from working with the principal.*® Agents

maximize expected utility from wages and private benefits, given by v(w;) + B for agent i,

BB <0 represents cost to agents.
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minus the disutility from action, given by c(a;) for agent i.
The principal’s problem is to choose agents’ actions A and wage contracts W : R* — R”

to maximize her expected net payoft:

/ [ - MX)] g(X, A,0) h(©) dX dO, (21)

1EN

subject to the agents’ individual rationality (IR) constraints
/ W(wi(X)) + B g(X, A, ©) h(©) dX dO — c(a;) > U* Vi€ N, (22)
and the agents’ incentive compatibility (IC) constraints

/ (Wi (X)) + B] g(X, A, 0) h(©) dX d6 — c(a;)

> /[u(wi(X))—i—B] 9(X,a1,...,a; 1,0 041, ...,0,,0)h(0)dX dO—c(a,) Vie N, a, € R.

(2

(23)

The optimal wage contract is: w; = w(z;) — B. An agent’s wage depends only on his
own output because agents care only about their own wages, and other agents’ outcomes
are uninformative about an agent’s action. The principal adjusts wages based on agents’
private benefits. Thus, wage functions are identical for all agents and each agent’s wage is a
function of his own outcome minus his private benefit.

Now, consider an “outsider” who cannot observe the agents’ outcomes or their private
benefits, and therefore infers agents’ abilities and private benefits from observing their wages.

The posterior belief of the outsider about B is given by:

- 4 _ 24
ffooo IL k(w; + B,a*)dB (24)

where k(w(z),a*) = [,g(w™'(z),a* 0)h(0)df is the probability density function of an
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agent’s total compensation (wages and private benefit) and a* is the equilibrium action
of each agent. The outsider simultaneously updates his beliefs about the expected ability of

agent ¢ as:
[ 1(8;) g(w™"(w;), a*, 6;) b*(B | W) dB

I2 J5 h(0) g(w=(w;), a*,0) *(B | W) df dB-

9(0: | W) = (25)

The above equation shows that the outsider assesses an agent’s ability to be higher if
he assesses the private benefit B to be higher. The assessment of B, however, depends on
the observed wages of all the agents. For a fixed outcome of an agent, the agent’s wage
is decreasing in the private benefit. This suggests a negative relationship between observed

wages and the outsider’s inference about B. We formalize this with the following assumption.

Assumption 16. An outsider’s posterior distribution of private benefit B when agent i’s
wage is w” first-order-stochastically-dominates the outsider’s posterior distribution of B when

agent i’s wage is w > w”.

Lemma 17. Assumption 16 holds if the probability distribution of wages under equilibrium

15 log-concave.

The above lemma shows that when an agent’s wage has a log-concave distribution, then
an increase in the agent’s wage lowers the outsider’s estimate of the private benefit. It
is reasonable to assume that the probability distribution of outcomes is log-concave since
admissible distributions include the uniform, the (truncated) normal, and the (truncated)
exponential. The wage distribution will also be log-concave as long as the wage function
is not too convex in the outcome. Note that log-concavity of the wage distribution is a

sufficient condition, but not necessary, for Assumption 16 to hold.

Proposition 18. The outsider’s posterior distribution of agent i’s ability when agent j earns
a low wage w” first-order-stochastically-dominates the posterior distribution with agent j

earning a high wage wf > wt.

The above proposition shows that an outsider’s assessment of an agent’s ability depends

not just on his wage but also on the wages of other agents. His assessment of the agent’s

42



ability is lowered when another agent’s wage increases. Suppose each agent’s expected utility
is increasing in the outsider’s assessment of his ability, possibly because this assessment influ-
ences the agent’s future reservation utility or wage. Then, although the agent has no direct
disutility from the higher wages of other agents, holding fixed the outsider’s assessment of
his ability, he nonetheless cares about other agents’” wages because the outsider’s assessment
of his ability is decreasing in the other agents’ wages.** The reduced form of this relationship
can lead to envy-like preferences in our model. Thus, a friction like the unobservability of a

common payoff-germane attribute of agents can lead to seemingly envious behavior.

8 Conclusion

We have introduced envy into agents’ preferences and derived optimal incentive contracts in
this setting. These contracts display properties different from those predicted by standard
principal-agent theory. Our results help to partially bridge the gap between the theory and
real-world contracts.

In addition to characterizing optimal incentive contracts, our analysis also reveals that
envy has both negative and positive effects. The negative effect is well known. Envious
agents make themselves worse off, and they may also engage in destructive behavior [Mui,
1995]. But our analysis also highlights the bright side of envy: it induces agents to work
harder. That is, “keeping up with the Joneses” may not be all bad. The interaction between
these two effects means that envy among agents can make the principal worse off sometimes
and better off other times.?> While our analysis assumes envy is biologically hardwired into
preferences, we have also provided a model in which asymmetric information causes agents

who care only about their own consumption per se to behave as if they are envious.

440f course, envy-like behavior from agents’ concerns about outsider’s assessment of ability changes the
wage determination problem faced by the principal and would may change optimal contracts. In particular,
an agent’s wage may now depend on outcomes of other agents. However, as long as wages are decreasing in
private benefits, Proposition 18 will continue to hold.

45The interaction between these two effects formalizes the intuition that incentive provision is inherently
“unfair” in that it tends to increase wage dispersion, and “fairness” is inherently inimical to incentives.
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We believe that the issue of optimal contract design with envious agents is an important
one and deserving further scrutiny. For example, it would be interesting to examine the
implications of having an envious principal or agents who envy each other as well as the

principal.

Appendix: Proofs

Proof of Lemma 4. It follows from v” < 0 and (3) that
(i) M;; > 0 for all ¢ # j,
(ii) My < 0 for all 7, and
(iii) Each row sums to v"(w;) <0, Le., >3, My; = v"(w;).

Since —M has non-positive off-diagonal entries, positive diagonal entries, and positive row
sums (—v”(w;) > 0), it is a nonsingular M-matrix (see Berman and Plemmons 1979, Con-
dition Mss). Further, all entries of —M are non-zero so —M is irreducible (see Berman
and Plemmons 1979, Definition 2.1.2). By Theorem 6.2.7 of Berman and Plemmons [1979],
the inverse of an irreducible nonsingular M-matrix has all positive entries, so M~! has all

negative entries. O

Proof of Lemma 5. Suppose 8 < 0. Then L;; > 0 for all i,j. By Lemma 4, D = M'L
with all entries of M~! negative and all entries of L non-negative, so dw;/dz; < 0 for all .
Each agent’s wage is non-increasing in his own outcome, so each agent prefers to lower his

action, making it impossible to implement any a; > a, contradicting Assumption 1. Hence,

6> 0. O

Proof of Proposition 6. Since § > 0 (Lemma 5), L; < 0 and L;; = 0 for 7 # [. All entries
of D = M™'L are positive because M~! has all negative entries (Lemma 4) and L has

negative diagonal entries and zero off-diagonal entries. Thus every agent’s wage is increasing
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in every agent’s outcome. For the no-envy case, see Holmstrom [1979] or Green and Stokey

1983]. O

Proof of Lemma 7. Consider Ly and Ly, i # [ in (13):

dwy dw;
M;,— M, —L =L;<0
”dxl +§ j 2 u )
dw; dw;
M, — E M, —L =0.
ldiL‘[ + gy J d&?l

By agent symmetry M, = M;;, M;; = M;; for j # 1,4, and M;; = M;;. Subtracting the

second equation from the first:

dw;  dw;
M, — M) [ E2 — b
My m(dxl m) l

Since My < 0 and M;; > 0 (see (13)), My — M,; < 0. Hence,

dwl dwz bl

= >0
dx; dx; M, — My,

since both numerator and denominator are negative. O]

Proof of Lemma 9. Consider the wage contract W that solves the relaxed problem by imple-
menting actions A and hence satisfies the first-order-condition (8). It suffices to show that
the expected utility of each agent is concave in their action so that W satisfies the global IC

constraint (6). Since agent i’s expected utility is fX_i Ri(X i, a:)g9(X 3, A;)dX _; with R;,
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the conditional expectation of U; given X _;, it is sufficient to show that R; concave in a;.

Ri(X_ i, a;) :/Ui (W(X), ;) g(z;, a;)dx;

I/ v (wi(X) +7 Y d(wilX) —wi(X)) | glws, a;)da; — c(a;)

JEN\{i}
— i (o () 4y Y oun(X) — (X)) - ea)
L JEN\{i}
’ dwz ’ dw,, dwj
- [ e G40 3 0 - w0 (5 - §2) | Glanaan
i ' JEN\{i} ‘ ‘

using integration by parts. Differentiating twice with respect to a;,

82
8—ang‘(X—z‘,az‘)
dw; dw, dw; d?
= —"(a,) — " * ueny — W L J - Yy )
— ) = [ i) T Y ) wJ(X))(dxi dxj) {da?G(xl,az)} dz,
JEN\{i}
<0

because the term inside the second set of brackets is positive by Assumption 8 and the terms
inside the first set of brackets are also positive, either because ¢’ > 0 and agent i’s wage,
both absolute and relative to other agents is increasing in z; (Lemma 7 and Proposition 6),

or because ¢ < 0 and

dw; , dw;  dw,
) T+ 3 0 - w0 (- )
b jEN\{i} ' '
d i / d 7
>l (@) Ty D ¢ (X)) — (X)) > 0,
CJEN\( '

where the first inequality follows from Proposition 6 and the second from (2) and Proposi-

tion 6. O
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Proof of Proposition 10. Differentiating agent 1’s expected utility with respect to x5,

SV (X0, 00) = o) G2 30w = wo) (20 - 22

8ZE2 d$2 d[EQ CL’L'Q
_ v,(w1> " %
- U”(wl)v (wl)dx2
Plwr — wy) o — w3) + & 1s — (% _ %)
* ,be”(uh — wy) + ¢"(we — wy) (67 (w1 = wa) + ¢ (wy = wn)) dzo dxs

< vwn) (v”(wl)i—g + (8" (w1 — wa) + ¢ (w2 — wn)) (% B %>> =0,

v (wy) dzy  dzo

where the last inequality follows from ’;—l/l > %

substituting ¢ = 1 and [ = 2 in (11). The proof for the second part of the Proposition is

and the last equality follows from

similar. O

Proof of Proposition 11. Let W implement A at 7, with both absolute and relative wages
of each agent increasing in his outcome. Consider vy > 7.
Part (ii). Since W implements A at v, the IC condition (8) holds at ;. Then, agents

prefer higher actions at vy because

0
o [ UV, i5m) X, )
o dg(X, A4)
JEN\{i }
= (Yu — L) /R<xi>ai;Xi>g(Xi,Ai>dXi > 0,
where R(z;, a;; X_i) = > icnia [ o(w; — wj)%;:”)dxi is positive because
dg( az7z,aZ dg(mz,az)/daZ
/¢ w; — wj)——= : /(b ol a) ————g(x;,a;)dx;
> /¢(wi - wj)g(xuai)dxi/wd% = 0.
a;

Here the inequality follows from Chebyshev’s inequality (see [Mitrinovic and Vaic, 1970],
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Theorem 10, p. 40) as ¢(w; — w;) and dg(z;,a;)/da; / g(z;,a;) are both increasing in z;.
Concavity of expected utility in a; (from proof of Lemma 9) gives higher equilibrium actions.
Part (i). Since agents are identical, E[w; — w;] = 0. Applying Jensen’s inequality to

[p(w; —w;) + ¢(w; —w;)], which is concave by (3), gives E[¢(w; —w;)] < 0, so envy reduces

N

expected utility. Optimality of A at v, then bounds agent utility. n

Proof of Proposition 12. Let a* and a be the symmetric equilibrium and collusive actions.
In equilibrium the first-order condition for agent 2 holds with equality. Under v”/v" >
(¢"(y) + ¢"(—y)) /¢ (y), Proposition 10 gives IE[U;]/0z2 < 0, so the aggregate marginal
utility at (a*, a*), OE[U; 4+ Us]/0z2 < 0. Since it holds with equality at (a,a), we get a < a*.

The second part is analogous. O]

Proof of Proposition 13. Linear ¢: The principal’s constrained objective Z or identical agents’
expected utilities do not directly depend on « so the marginal change in the principal’s un-
constrained objective from a change in 7 arises from strengthening of the IC constraint (8)
and is proportional to >, [ ¢(w; — w;) dg(XA dX > 0 by Chebyshev’s inequality (Lemma 7
and Assumption 3) as shown in proof of Proposition 11, so the principal’s payoff increases
with ~.

Concave ¢, risk-neutral agents: The marginal change in the the principal’s unconstrained

objective from a change in 7y is

Z/ ) a)g(X, A)AX + B Z/ %a;de
—Z / S ow (ag(X )+ ﬁ%@f”)dx

ieEN JEN\{i}

P(wi — w;)
a Z/ Z "(wi) + 9D kem iy 10 (wi — wi) — ¢/ (wi — wi)}g(X’ Ajdx

ien? ey’
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using (9). For small v and linear v, this reduces to

%Z/ Y élw; —w;)g(X, A)dX <0

i€EN Y jeN\{i}

by Jensen’s inequality as in proof of Proposition 11, part (i)), so the principal’s payoff

decreases with v for small . O

Proof of Proposition 14. Differentiating () and R gives the partial derivative signs

0Q
Ok

0Q R OR oQ R
8l<0’ 8k<0’ 8l>0’ 87<0’ > 0.

>0
Y ary

Further, expanding partial derivatives and then applying Chebyshev’s inequality as in the
proof of Proposition 11 yields

0Q OR - 0Q OR

ok Oy =~ 0y Ok
If the optimal contract is perturbed by decreasing expected wage k while changing [ so that
(IC) constraint (19) continues to hold, expected utility of agents in (18) must decrease below
their reservation level. Thus, we must have

00/9k _ 9Q/ol 00 OR _ dQOR
< —_ 2> _ 2
orjok = orjol =" ok ol = ol Ok

Totally differentiating the binding constraints (18) and (19) with respect to 7, we get

0Q 9Qdk 9Qdl  OR  ORdk  ORdl

deck el ot onck ond )
oy T okdy T aldy oy T okdy T ol dy

Solving,

9QOR _ 9ROQ
dl. 3 ok 0ok _
dy T O0ROQ _ 9QOR

ol ok ol ok
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after substituting the previous two inequalities. O]

Proof of Proposition 15. The Kuhn-Tucker conditions with heterogeneous v;; and multipliers
a;, B; are analogous to (9). Differentiating with respect to z; gives a system similar to (12).
With ¢ concave, Lemma 4 holds and the M-matrix argument establishes dw;/dx; > 0 for all
1 as in Proposition 6.

For the independence result: Substituting agents k£ € P and j € () into the differentiated
system of equations (10) and noting dw;/dxz; > 0, implies that vy, =0for allk € P, m € Q)
is necessary and sufficient for (10) to be partitioned into two sets of equations, one for agents
in P and another for agents in (), a necessary and sufficient condition for agent i’s and j’s

wages to be independent of each other’s outcome. O]

Proof of Lemma 17. Consider B > BY and w# > w”. From (24),

VBIWopwi=w)  p(B") k(e + B 0% k(! + B o)
Y (BE\W_;,w; = wH) — (BE) [z k(w; + BL o) k(w? + BE o
w(B")  uklw +B% 0" k(w"+ B a%) _ ¢/(BTW_i,wi =
W(BE) [z k(w; + BE a*) — k(wh + B ar) - @/ (BE W, w; =

*)
. ;j”

Ly’
The inequality obtains because k(c+9)/k(c) is decreasing in ¢ for 6 > 0 and k is log-concave.

The MLRP then implies first-order stochastic dominance. O

Proof of Proposition 18. From (25), the likelihood ratio of abilities 7 and ¥ increases as
the posterior ¢* shifts right in the FOSD sense (by MLRP). Combining with Assumption 16
(Lemma 17) yields the result: agent i’s inferred ability is higher when agent j earns a lower

wage. ]

References

J. Stacy Adams. Toward an understanding of inequity. Journal of Abnormal and Social

Psychology, 67:422-436, 1963.

50



Rajesh Aggarwal and Andrew Samwick. The other side of the tradeoff: The impact of risk

on executive compensation. Journal of Political Economy, 107(1):65-105, 1999.

George A. Akerlof and Janet L. Yellen. The fair wage-effort hypothesis and unemployment.
Quarterly Journal of Economics, 105(2):255-283, 1990.

Kenneth J. Arrow. Social Choice and Individual Values. Yale University Press, New Haven

and London, 1963.

George P. Baker, Michael C. Jensen, and Kevin J. Murphy. Compensation and incentives:

Practice vs. theory. Journal of Finance, 43(3):593-616, 1988.

Abhijit Vinayak Banerjee. Envy. In Bhaskar Dutta, Shubhashish Gangopadhyay, Dilip
Mukherjee, and Debraj Ray, editors, Economic Theory and Policy: Essays in Honour of

Dipak Banerjee, pages 91-111. Oxford University Press, Bombay, 1990.

Bjorn Bartling. Relative performance or team evaluation? Optimal contracts for other-

regarding agents. Journal of Economic Behavior € Organization, 79(3):183-193, 2011.

Bjorn Bartling. Endogenous social comparisons and the internal organization of firms. Man-

agerial and Decision Economics, 33(1):11-17, January 2012.

Bjorn Bartling and Ferdinand von Siemens. The intensity of incentives in firms and markets:

Moral hazard with envious agents. Labour Economics, 17(3):598-607, 2010.

Gary S. Becker, Kevin M. Murphy, and Ivan Werning. The equilibrium distribution of income

and the market for status. Journal of Political Economy, 2005.
Aaron Ben-Ze’ev. Envy and inequality. The Journal of Philosophy, 89(11):551-581, 1992.

Abraham Berman and Robert J. Plemmons. Nonnegative Matrices in the Mathematical

Sciences. Academic Press, New York, 1979.

51



Sudipto Bhattacharya and J. Luis Guasch. Heterogeneity, tournaments, and hierarchies.

Journal of Political Economy, 96(4):867-881, 1988.

David S. Bizer and Peter M. DeMarzo. Optimal incentive contracts when agents can save,

borrow, and default. Journal of Financial Intermediation, 8(4):241-269, 1999.

D. Blanchflower and Andrew Oswald. Well-being over time in britain and the usa. Journal

of Public Economics, 88(7-8):1359-1386, July 2004.

Matt Bloom. The performance effects of pay dispersion on individuals and organizations.

Academy of Management Journal, 42(1):25-40, 1999.

Gary E. Bolton and Axel Ockenfels. ERC: A theory of equity, reciprocity, and cooperation.
American Economic Review, 90(1):166-193, 2000.

Justin T. Buckingham and Mark D. Alicke. The influence of individual versus aggregate
social comparison and the presence of others on self-evaluations. Journal of Personality

and Social Psychology, 83(5):1117-1130, 2002.

Antonio Cabrales and Gary Charness. Optimal contracts, adverse selection, & social prefer-

ences: An experiment. Working Paper, University of California, Santa Barbara, 2003.

David Card, Alexandre Mas, Enrico Moretti, and Emmanuel Saez. Inequality at work: The
effect of peer salaries on job satisfaction. American Economic Review, 102(6):2981-3003,

October 2012.

H. Lorne Carmichael. The agent-agents problem: Payment by relative output. Journal of

Labor Economics, 1(1):50-65, 1983.

Timothy N. Cason and Vai-Lam Mui. Fairness and sharing in innovation games: A laboratory

investigation. Journal of Economic Behavior € Organization, 48(3):243-264, 2002.

Gary Charness and Matthew Rabin. Understanding social preferences with simple tests.

Quarterly Journal of Economics, 117(3):817-869, 2002.

92



Andrew Clark and Andrew Oswald. Satisfaction and comparison income. Journal of Public

Economics, 61(3):359-381, 1996.

Andrew Clark and Andrew Oswald. Comparison-concave utility and following behavior in

social and economic settings. Journal of Public Economics, 70:133—-150, 1998.

Peter M. DeMarzo and Ron Kaniel. Contracting in peer networks. Journal of Finance, 78

(5):2725-2778, October 2023.

Dominique Demougin and Claude Fluet. Inequity aversion in tournaments. CIRPEFE Work-

ing Paper 03-22, 2003.

Dominique Demougin, Claude Fluet, and Carsten Helm. Output and wages with inequality

averse agents. Canadian Journal of Economics, 39(2):399-413, 2006.

Robert Dur and Amihai Glazer. Optimal incentive contracts when workers envy their boss.

Journal of Law, Economics, and Organization, 24(1):120-137, 2008.

John Elster. Envy in social life. In Richard J. Zeckhauser, editor, Strategy and Choice, pages
49-82. MIT Press, Cambridge, MA, 1991.

Florian Englmaier and Achim Wambach. Optimal incentive contracts under inequity aver-

sion. Games and Economic Behavior, 69(2):312-328, 2010.

Ernst Fehr and Klaus M. Schmidt. A theory of fairness, competition, and cooperation.

Quarterly Journal of Economics, 114(3):817-868, 1999.

Ernst Fehr and Klaus M. Schmidt. Fairness, incentives, and contractual incompleteness.

Institute for Empirical Research in Economics Working Paper 72, 2002.

Ernst Fehr, Alexander Klein, and Klaus M. Schmidt. Fairness and contract design. Fcono-

metrica, 75(1):121-154, 2007.

53



Robert Frank. Are workers paid their marginal products? American Economic Review, T4

(4):549-571, 1984.

Bruno S. Frey and Alois Stutzer. What can economists learn from happiness research?

Journal of Economic Literature, 40(2):402-435, 2002.

John E. Garen. Worker heterogeneity, job screening, and firm size. Journal of Political

Economy, 93(4):715-739, 1985.

Robert Gibbons. Incentives in organizations. Journal of Economic Perspectives, 12(4):115-

132, 1998.

Robert Gibbons and Kevin J. Murphy. Relative performance evaluation for chief executive

officers. Industrial and Labor Relations Review, 43(3):30S-51S, 1990.

Robert Gibbons and Michael Waldman. The theory of wage and promotion dynamics inside
firms. Quarterly Journal of Economics, 114(4):1321-1358, 1999.

Edward Glaeser and Jose A. Scheinkman. Non-market interactions. In M. Dewatripont, L. P.
Hansen, and S. Turnovsky, editors, Advances in Economics and Econometrics: Theory and

Applications, Eighth World Congress. Cambridge University Press, 2002.

Anand M. Goel and Anjan V. Thakor. Green with envy: Implications for corporate invest-

ment distortions. Journal of Business, 78(4):2255-2288, 2005.

Anand M. Goel and Anjan V. Thakor. Do envious ceos cause merger waves? Review of

Financial Studies, 23(2):487-517, February 2010.

Jerry R. Green and Nancy L. Stokey. A comparison of tournaments and contracts. Journal

of Political Economy, 91(3):349-364, 1983.

Gilles Grolleau, Naoufel Mzoughi, and Angela Sutan. Do you envy others competitively or

destructively? An experimental and survey investigation. Working Paper, 2006.

o4



Christian Grund and Dirk Sliwka. Envy and compassion in tournaments. Journal of Eco-

nomics and Management Strategy, 14(1):187-207, 2005.

Daniel G. Hansen. Worker performance and group incentives: A case study. Industrial &

Labor Relations Review, 51(1):37-49, 1997.

Bengt Holmstrom. Moral hazard and observability. Bell Journal of Economics, 10(1):74-91,

1979.

Bengt Holmstrom and Paul Milgrom. Multitask principal-agent analyses: Incentive con-
tracts, asset ownership, and job design. Journal of Law, Economics, and Organization, 7:

24-52, 1991.

Todd L. Idson and Walter Y. Oi. Workers are more productive in large firms. American

Economic Review, 89(2):104-108, 1999.

Hideshi Itoh. Incentives to help in multi-agent situations. Econometrica, 59(3):611-636,
1991.

Hideshi Itoh. Moral hazard and other-regarding preferences. Japanese Economic Review, 55

(1):18-45, 2004.

Michael C. Jensen and Kevin J. Murphy. Performance pay and top management incentives.

Journal of Political Economy, 45(4):225-264, 1990.

lan Jewitt. Justifying the first-order approach to principal-agent problems. Econometrica,

56(5):1177-1190, 1988.

Derek C. Jones and Takao Kato. The productivity effect of employee stock-ownership plans
and bonuses: Evidence from japanese panel data. American Economic Review, 85(3):

391-414, 1995.

Fred R. Kaen and Hans D. Baumann. Firm size, employees and profitability in U.S. manu-

facturing industries. Working Paper, 2003.

55



Eugene Kandel and Edward P. Lazear. Peer pressure and partnerships. Journal of Political

FEconomy, 100(4):801-817, 1992.
Frank Landy and J. Farr. Performance rating. Psychological Bulletin, 87(1):72-107, 1980.

Richard Layard. Happiness: Has social science a clue? Lionel Robbins Memorial Lectures,

London School of Economics, 2003.

Edward P. Lazear. Pay equality and industrial politics. Journal of Political Economy, 97
(3):561-580, 1989.

Edward P. Lazear. Personnel Economics. MIT Press, Cambridge, MA, 1995.

Edward P. Lazear and Sherwin Rosen. Rank-order tournaments as optimum labor contracts.

Journal of Political Economy, 89(5):841-864, 1981.

David I. Levine. Cohesiveness, productivity, and wage dispersion. Journal of FEconomic

Behavior and Organization, 15(2):237-255, 1991.

Erzo F. P. Luttmer. Neighbors as negatives: Relative earnings and well-being. Quarterly

Journal of Economics, 120(3):963-1002, August 2005. NBER Working Paper 10667.

Joanne Martin. Relative deprivation: A theory of distributive injustice for an era of shrinking
resources. In Larry L. Cummings and Barry M. Staw, editors, Research in Organizational

Behavior, volume 3. JAI Press, Greenwich, CT, 1981.

Margaret A. Meyer and Dilip Mookherjee. Incentives, compensation, and social welfare.

Review of Economic Studies, 54(2):209-226, 1987.

Todd Milbourn. CEO reputation and stock-based compensation. Journal of Financial Eco-

nomics, 68(2):233-262, 2003.

D. S. Mitrinovic and P. M. Vaic. Analytic Inequalities. Springer Verlag, New York, 1970.

56



A. M. Mohrman and Edward E. Lawler. Motivation and performance appraisal behavior.
In Frank J. Landy, Sheldon Zedeck, and Jeanette N. Cleveland, editors, Performance
Measurement and Theory, pages 173-189. Lawrence Erlbaum Associates, Hillsdale, N.J.
and London, 1983.

Vai-Lam Mui. The economics of envy. Journal of Economic Behavior €& Organization, 26

(3):311-336, 1995.

Kevin J. Murphy. Executive compensation. In Orley Ashenfelter and David Card, editors,
Handbook of Labor Economics, volume 3. North Holland, 1999.

Kevin R. Murphy and Jeanette N. Cleveland. Performance Appraisal: An Organizational

Perspective. Allyn & Bacon, Boston, 1991.

William S. Neilson and Jill Stowe. Piece rate contracts for other-regarding workers. Economic

Inquiry, 48(3):575-586, July 2010.

Jack A. Nickerson and Todd R. Zenger. Envy, comparison costs, and the economic theory

of the firm. Strategic Management Journal, 29(13):1429-1449, December 2008.

Jeffrey Pfeffer and Alison Davis-Black. Salary dispersion, location in the salary distribution,
and turnover among college administrators. Industrial & Labor Relations Review, 45(4):

753-763, 1992.

Jeffrey Pfeffer and Nancy Langton. The effect of wage dispersion on satisfaction, productivity,

and working collaboratively. Administrative Science Quarterly, 38(3):382-407, 1993.

Canice Prendergast. The provision of incentives in firms. Journal of Economic Literature,

37(1):7-63, 1999.

Canice Prendergast. The tenuous trade-off between risk and incentives. Journal of Political

Economy, 110(5):1071-1102, 2002.

57



R. T. S. Ramakrishnan and Anjan V. Thakor. Cooperation versus competition in agency.

Journal of Law, Economics and Organization, 7(2):248-283, 1991.

Eric Rasmusen and Todd Zenger. Diseconomies of scale in employment contracts. Journal

of Law, Economics and Organization, 6(1):65-92, 1990.

Pedro Rey Biel. Inequity aversion and team incentives. Scandinavian Journal of Economics,

110(2):297-320, June 2008,

Arthur J. Robson. The biological basis of economic behavior. Journal of Economic Literature,

39(1):11-33, 2001.

William P. Rogerson. The first-order approach to principal-agent problems. Fconometrica,

53(6):1357-1368, 1985a.
William P. Rogerson. Repeated moral hazard. Econometrica, 53(1):69-76, 1985b.

H. F. Rothe. The relation of merit ratings to length of service. Personnel Psychology, 2:
237-242, 1949.

Bruce Sacerdote. Peer effects with random assignment: Results for Dartmouth roommates.

Quarterly Journal of Economics, 116:681-704, 2001.

Peter Salovey and Judith Rodin. Some antecedents and consequences of social comparison

jealousy. Journal of Personality and Social Psychology, 47:780-792, 1984.

Scott Schaefer. The dependence of pay-performance sensitivity on the size of the firm. Review

of Economics and Statistics, 80(3):436-443, 1998.
Amartya Sen. Collective Choice and Social Welfare. Holden Day, Inc., San Francisco, 1970a.

Amartya Sen. The impossibility of a Paretian liberal. Journal of Political Economy, T8:
152-157, 1970b.

58



Sara J. Solnick and David Hemenway. Is more always better? a survey on positional concerns.

Journal of Economic Behavior and Organization, 37:373-383, 1998.

Lee Stockford and H. F. Bissel. Factors involved in establishing a merit-rating scale. Per-

sonnel, pages 94-116, 1949.

Andrew Weiss. Incentives and worker behavior. In Haig Nalbantian, editor, Information,

Incentives, and Risk Sharing. Rowman & Littlefield, Totowa, NJ, 1987.

Daniel John Zizzo and Andrew Oswald. Are people willing to pay to reduce others’ incomes?

Annales d’Economie et de Statistique, 63—64:39-62, 2001.

59



	Introduction
	Model
	Optimal Contracts
	Organizational Design: Is Envy Good or Bad for the Principal?
	Implications of Envy for Pay-for-Performance Sensitivity
	An Example of Optimal Wage Contracts
	Envy and Pay-for-Performance Sensitivity for Linear Contracts

	Robustness of Results to Alternative Preference Specifications
	Envious Behavior as Outcome of Informational Frictions
	Conclusion

