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Abstract

We consider the incentive characteristics of optimal linear contracts based on relative
performance evaluation (RPE) for managers under moral hazard in imperfectly competitive
product markets. Each contract influences the quantity choices of all competing agents
causing contract externalities that affect the principals’ contracting game. We analyze the
relations between the optimal extent of RPE and several firm and market characteristics,
especially allowing for heterogeneous firm characteristics and imperfectly correlated firm
profits. We find non-monotonic comparative static results, which yield an explanation
for the mixed empirical results in the literature and may help to improve the empirical
evidence regarding RPE.
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1 Introduction

This paper explores contract externalities that arise in a single-period setting with two prin-
cipal/agent-relations. In this setting, each principal contracts separately with his agent to
supply personally costly effort and to choose the quantity of the product to be sold on the
market. While the effort choices are independent, the two firms face Cournot competition
on the product market. Given that market decisions are interdependent, and assuming that
the contract influences the agent’s quantity choice, this contract also influences the quantity
choice of a rival firm’s agent. Then, two kinds of contract externalities arise: first, the choices
of the rival firm’s agent may influence the performance measures that are used to evaluate
one’s agent, and, second, these choices may influence the expected net payoff to the principal.
In equilibrium, these contract externalities are considered in the contracting game played by

the principals.

We examine the consequences of contract externalities for the principal’s choice of using
relative performance evaluation (RPE).! RPE serves two different roles. First, by filtering out
systematic risk from an agent’s compensation, RPE results in stronger effort incentives (Holm-
strom (1982)). For example, if firm profits in an industry are positively correlated, choosing a
positive weight on own firm profit and a negative weight on the rival firm’s profit filters out
some of the industry’s systematic risk and, thus, yields stronger effort incentives. Second, RPE
influences an agent’s product market decision and, thus, serves as a strategic commitment de-
vice (Vickers (1985)). Then, by including the rival’s performance into an agent’s compensation
scheme, RPE may soften or strengthen the agent’s aggressiveness in oligopolistic competi-
tion. Thus, the paper addresses Bushman/Smith’s (2001) call for research on the impact of

competition on RPE.

A broad literature empirically tests for the implications of RPE? by statistically regressing
compensation on firm and industry performance. These studies yield mixed results. Basi-

cally, the evidence of RPE differs substantially across industries. For example, considering

IWe refer to the principal using RPE if he assigns a non-zero incentive weight to the performance of a peer
group. However, RPE is often defined as a negative weight on the performance measure. See, for example,
Aggarwal/Samwick (1999).

2Antle/Smith (1986), Barro/Barro (1990), Jensen/Murphy (1990), Gibbons/Murphy (1990), Janakira-
man/Lambert/Larcker (1992), Aggarwal/Samwick (1999), Joh (1999) and Murphy (1999) are some often cited
examples.



US commercial banks, Barro/Barro (1990) provide evidence contradicting RPE. On the other
hand, considering US manufacturers, Aggarwal/Samwick (1999) observe a positive relation
between compensation and industry performance. Moreover, Albuquerque (2005) provides
evidence for RPE using stock returns based on industry peer groups of similar sized firms
in the US. We suppose that these mixed results follow from an omitted firm and industry ef-
fect on contract design. This conjecture corresponds with several empirical studies that find
evidence of a link between an industry’s competitiveness and managerial incentives. For exam-
ple, Funk/Wanzenried (2003) observe countervailing effects of competitiveness on incentive
schemes. Cunat/Guadalupe (2005) consider the appreciation of the British pound in 1996 as
a quasi-natural experiment for an unexpected change in competition, and find that more com-
petitiveness leads to an increase in pay-for-performance sensitivity. Karuna (2005) supports
this result by finding that firms in more (less) competitive industries use stronger (weaker)

incentives.

In a setting with two principal/agent-relations, we assume that each principal contracts
with his agent to supply personally costly effort and to make a product market choice. Due
to the product market, the agents’ quantity choices, and, therefore, the principals’ contracting
choices are interdependent. As a consequence, we find, in general, non-monotonic compar-
ative static results with respect to the relevance of RPE and agent risk tolerance, industry
competitiveness, the correlation of firm profits, and systematic risk. Moreover, because of the

externalities, market size and firm-specific risk influences the relevance of RPE.

Key to our results is the relative importance of the net payoff from the agent’s effort,
and the net payoff from selling the product. For example, consider the impact of systematic
risk with imperfectly correlated firm profits. For both a zero systematic risk and an infinitely
systematic risk, filtering systematic risk from the agent’s compensation is either irrelevant
or impossible. Hence, the principal chooses the weight for the rival’s profit in the agent’s
performance evaluation such as to maximize the expected net payoff from product market
competition. On the other hand, given intermediate values of systematic risk and depending
on the payoff productivity of the agent’s action, a different incentive weight is beneficial to the
principal. Specifically, given a negligible expected net payoff from product market competition,
the principal chooses the incentive weight for the rival’s firm profit such as to maximize the

expected net payoff from the agent’s effort choice. In general, an ambiguous relation between



the incentive weight and the systematic risk results. Finally, given perfectly correlated firm
profits and a sufficient productivity of the agent’s effort, a complete filtering of systematic risk
is feasible and beneficial to the principal. Thus, only for the latter special case, a monotonic

relation between the incentive weight on the rival’s firm profit and systematic risk results.

Likewise, in general, ambiguous relations between the industry’s competitiveness, the cor-
relation of firm profits, and the incentive weight for the rival’s firm profit result. However,
unambiguous relations may result (a) if one component of firm profit, i.e., the net payoff from
the agent’s effort choice or the net payoff from the product market, dominates, and (b) if the
firms are identical. Finally, it is straightforward that the use of RPE may increase the expected
net payoff to the principal. Key to this result is that RPE is (weakly) beneficial due to the filtering
of systematic risk, and is potentially beneficial by properly altering the agent’s aggressiveness

in product market competition.

Several implications for empirical studies testing for RPE follow from the analysis. First,
assuming that the payoff from the product market correlates negatively with the industry’s
competitiveness, the competitiveness has a substantial impact on the weight for the rival’s firm
profit, i.e., the relevance of RPE. However, the relation between the industry’s competitiveness
and the relevance of RPE is non-monotonic. Second, the relation between the relevance of RPE
and the correlation of firms’ profit is ambiguous. Due to the ambiguous relations, a simple

cross sectional analysis has a bias towards not detecting RPE.

The remainder of this section reviews the related literature. Section 2 describes the model
and derives general properties of optimal linear incentive schemes based on RPE. Section 3
examines the impact of several parameters on the use of RPE. Due to complexity inherent in
the problem, we base our analysis on numerical examples and closed form solutions for some
special cases. In Section 4 we draw some conclusions and outline implications for empirical

studies.

1.1 Previous Research

Segal (1999) and Genicot/Ray (2006) consider contract externalities in a setting where a prin-

cipal contracts with multiple agents. Our analysis differs in that we consider a setting where



a different principal contracts with each agent, and we analyze the principals’ contracting

choices that arise in Nash equilibria.

Several papers discuss the effects of competition on managerial slack and, thus, on man-
agerial incentives. For example, Schmidt (1997) shows that the influence of competition on
managerial incentives is ambiguous, since competition lowers the probability of liquidation

for firms with managerial slack, while it also reduces firm profits.3

Another stream of the literature focuses on strategic delegation in oligopolies, without ex-
plicitly considering a moral hazard problem. Following Schelling (1960), in a non-cooperative
game, delegation of a decision may improve the principal’s expected net benefit if the relevant
(or the imposed) objectives of the delegatee differ substantially from his own preferences.
Within different oligopoly settings, Fershtman (1985), Vickers (1985), Fershtman/Judd (1987),
Sklivas (1987), Reitman (1993), and Miller/Pazgal (2002) show that evaluating the agent rel-
ative to a measure of the competitor’s performance, e.g., the rival’s profit, sales, or market
share, serves as a strategic commitment device, alters the agent’s aggressiveness in market
competition, and, ultimately, may improve firm profits.* Due to the externalities, the agent’s
performance evaluation crucially depends on the firm’s and its competitor’s product market

competition.”

Finally, Fumas (1992) and Aggarwal/Samwick (1999) address Vickers’ (1985, p. 145) state-
ment: “In a setting with many interdependent principal-agent pairs, payments according to rel-
ative performance may therefore have strategic, as well as informational, advantages.” These
papers consider a setting with two principal/agent-relations, where each agent supplies per-
sonally costly effort, the two firms compete in a duopoly, and the product market choice is
delegated to the agent. Here, the two principals may use RPE to filter out systematic risk
and, thus, provide stronger effort incentives. Although the agents have no direct preferences
regarding the product market decision, their choices influence the performance measures in-

cluded in their compensation schemes, i.e., the firm’s own profit and the rival’s profit. As a

3See also Hart (1983), Scharfstein (1988), and Hermalin (1992).

4Bagwell (1995) fundamentally criticizes the effects of strategic delegation. In a sequential move game, he
shows that any commitment effect may disappear if a marginal uncertainty concerning the commitment signal
exists. Huck/Miiller (2000), however, find no evidence for Bagwell’s result in experiments.

>Given risk neutral agents, Miller/Pazgal (2001) show that the use of RPE yields equivalent firm profits for
Bertrand and Cournot competition.



consequence, the agents’ product market choices are the result of induced moral hazard.®
Consequently, the principals’ choices regarding the agents’ incentive compensation reflect the

impact on the agents’ effort choices and product market decisions.

Fumas (1992) examines properties of equilibria in a general framework with heterogeneous
firms in differentiated Cournot and Bertrand competition. Assuming a perfect positive corre-
lation of firm profits, he shows that with Cournot competition and risk averse agents, a unique
equilibrium results, and both principals choose a negative weight on the rival’s profit. With

Bertrand competition, however, the sign of the incentive weight is ambiguous.’

Based on a stylized product market model with specific demand and cost functions for
identical firms, Aggarwal/Samwick (1999) derive monotonic comparative static results for dif-
ferentiated Bertrand and Cournot competition. They assure that their “theoretical results
continue to hold in a fully specified principal-agent model”8, i.e., a setting characterized by
moral hazard. Assuming that firm profits are perfectly positive correlated, they find thatin a
setting with moral hazard and differentiated Bertrand competition the optimal contract puts
a positive weight on own and rival’s profit, whereas under Cournot competition the weight on
the rival’s profit is negative. Testing their model’s predictions, Aggarwal/Samwick (1999) find
weak evidence for a positive relation between compensation and industry performance, and
thus, reason that their empirical results support solely the Bertrand case.” However, we find
that their results only hold true for the special case of a perfect positive correlation of firm
profits. That is, given imperfectly correlated firm profits, non-monotonic comparative statics
result. Then, the relation between the incentive weight placed on the rival firm's profit and
the firm’s systematic risk, the industry’s competitiveness, and the correlation of firm profits,

is ambiguous.

Finally, Aggarwal/Samwick (1999) conclude that, in general, RPE is detrimental to each

principal. Again, their result only holds true for the special case of a perfect positive cor-

6See, e.g., Christensen/Feltham (2005), pp. 201-210.

“Graziano/Parigi (1998) and Merzoni (2000) consider a related setting with Cournot competition and incom-
plete information regarding marginal costs. Graziano/Parigi (1998) find a positive relation between the degree
of product differentiation and the agent’s effort as well as the agent’s incentive rate. Assuming identical firms,
Merzoni (2000) finds that strategic delegation increases the agent’s effort level.

8 Aggarwal/Samwick (1999), p. 2030.

9However, alternative effects may explain their empirical findings. For example, Oyer (2004) argues that, given
a positive correlation between industry performance and executives’ outside opportunities, compensation will
be positively correlated to industry performance.



relation. Key to this result is the relative importance of the payoffs from the agent’s effort
choice and from the product market choice. That is, no prisoner’s dilemma exists if, for both
principal/agent-relations, the payoff from the agents’ effort dominates, such that both princi-
pals choose the incentive weight for the rival’s profit in order to minimize the incentive risk
imposed on the agent. Therefore, given a sufficiently negative correlation, using RPE to reduce
incentive risk results in a positive incentive weight for the rival firm’s profit, thus reducing both
agents’ aggressiveness in product market competition, yielding an increase in the expected net

payoff to both principals.

2 Basic Notation and Model Structure

2.1 Actions, Reports, and Preferences

We consider two firms in an industry characterized by differentiated Cournot competition.
Principal i of firm i contracts separately with agent i, i = 1,2. At date t = 1, both agents
simultaneously choose their effort a; € R and the quantity q; = 0 to be sold on the market,

i =1, 2. Both choices are non-contractible. Agent i’s personal cost of effort is assumed to be
ki(ai) =1/2a%, i=1,2,

and we assume that he has no direct preferences regarding the product market choice. With

heterogeneous firms, prices as functions of quantities? are
pi(ai,a¢) = & — Bidi — yiqe,  ,€=1,2,and i = ¢,

with «; > 0, B; > 0, and y; > 0, i.e., the products are supposed to be substitutes. We define
the firms to be identical if the parameters of the inverse demand function and the parameters

of the principal’s payoff are the same. We assume that product i's saturation quantity is

10The inverse demand system is based on consumer preferences. For example, consider the special case of
identical consumers and y; = y» = y. A representative consumer maximizes his utility U(q1,q2) = o1q1 +
oodz — 1/2(B1at + yaraz + B2a3) — p1d1 — p2q2, with & > 0, B; > 0, p; > 0, i = 1,2, and B1 B> > y? to ensure
strict concavity. Then, the first order conditions for the consumer’s optimal quantity choices define the indirect
demand system. See, e.g., Vives (1999).



positivell, i.e.,
a; = (xiBe — ogyi) | (BiBe — yiye) =20, i,£=1,2, and i+ {.

Finally, we use the sum of the saturation quantities as a measure for market size s, i.e., s =

al +ad.

At date t = 2 the firms’ profits x; are publicly disclosed. We assume that the payoff from
the agent’s effort and the payoff from the product market competition are additively separable.
Hence, the agent’s effort may be interpreted as a reduction of the firm’s fixed costs. Moreover,

principal i’s payoff is linear in agent i’s effort choice, i.e.,
Xi=Dbia; +qi(«; — Biqi — yiqp —ci) +€, i,£=1,2,andi=",

where b; > 0 is agent i’s payoff productivity, and c; > 0 is product i’s marginal cost. The noise
terms €;, i = 1, 2 are assumed to be normally distributed with €; ~ N(O, O'iz) and Cov[eq,e2] =

po10». Finally, to ensure an interior solution for the quantity choices, &; —¢; > 0,i =1, 2.

As is standard in the LEN model!?, we restrict the compensation paid to agent i at date

t = 2 to be a linear function of the performance reports, i.e.,
w; = fi + vi(xi + pixyp), i,{=1,2, and i+ ¢, (1)

where f; is agent i’s fixed wage, and v; is the incentive rate for performance measure x; +
uixp. The parameter y; shows the weight for the rival’s profit in the agent’s performance
evaluation.!?> The absolute value |y;| indicates the extent to which agent i’'s compensation
depends on RPE. The contract offered to agent i by principal i at date t = 0 is z; = (fi, Vi, Ui),
and z = (z1,z2). We assume an exogenous mechanism enforces both contracts.!4 Also, z
is assumed to be common knowledge at t = 1, for example, due to mandatory disclosure of

executive compensation.!>

'with the saturation quantities q?, prices pi(q?,q% are equal to zero, i = 1,2. Given identical firms and
homogeneous products, the saturation quantity is g° = «/B.

125ee Holmstrom/Milgrom (1987).

13Obviously, the contract characterized by (1) is equivalent to contract w; = f;+viixi+vipxy, i,£ = 1,2, and i #
{. Hence, u; = v;p/v;; represents the incentive ratio of the incentive rates for the two performance reports.

l4For example, in a repeated setting the contracts are supposed to be enforced by reputation effects.

15Gince the contracts are common knowledge at t = 1, any changes by principal i prior to t = 1 are ineffective
if principal £ # i has the possibility to respond. Renegotiations after t = 1, however, focus on efficient risk-
sharing. Given a risk averse agent and a risk neutral principal, Fudenberg/Tirole (1990) establish that post-
decision renegotiation removes any effort incentives.



The agents’ preferences are represented by negative exponential utility functions, with
u; = —exp {-7; (w; — ki(ay))}, i=1,2,

where 7; is agent i’s coefficient of absolute risk aversion. In this LEN-setting, agent i’s certainty
equivalent given contracts z, and his conjectures d, and g, with respect to the other agent’s

choices, is

CEi(z,ai,ap,qi,4q¢) = Elwilz,a;,dyg,qi,4e) — ki(a;) — 1/2r; Var[w;|z]
= fi + vi (Elxilai, qi, d¢] + Hi Elxgldy, ai, del)

— 1/2a12 - 1/21fivi2 <(ri2 + 2uipoiop + [JEO‘E) . (2)
Of course, agent i will only participate in the firm if his contract z; provides him with his
reservation wage, which is scaled to zero, i.e.,
CE;>=0, i=1,2. (3)
Principal i is risk neutral. His expected net payoff consists of the gross payoff x; realized
at date t = 2 minus the expected compensation paid to his agent, i.e.,

I1; = E[x; — w;ldq, dg, 4i, de, 2], i,{=1,2,andi = ¥. (4)

2.2 Optimal Agents’ Choices

Differentiating (2) with respect to a; given contracts z and conjectures d, and gy, provides the

following characterization of agent i’s effort choice
al(vi) =byvi, =12 (5)

The key to the independence of the agents’ effort choices is that the marginal effort cost and
the marginal expected compensation are independent of the other agent’s effort choice, and
that the variance of the compensation is independent of the agents’ effort choices. Thus, the
individually optimal effort choices constitute a single Nash equilibrium (consisting of dominant

effort choices).



Next, differentiating (2) with respect to g; given contracts z, and conjectures dy and gy,

provides the reaction function of agent i to agent £’s quantity choice, i.e.,

i~ Ci _Yit YeHi G
2Bi 2Bi ’

While agent i has no direct preferences regarding the product-market choice g;, his quantity

i,{=1,2,and i # 4. (6)

~ (6.4
a;i (ui, dg) =

choice is subject to an induced moral hazard problem!%. If principal i pays agent i a fixed
wage, the agent will implement any quantity q; chosen by the principal. On the other hand,
while a non-zero incentive rate v; # 0 is sufficient to induce direct preferences regarding the
product market choice, agent i’s quantity choice is only influenced by the incentive weight p;

for the rival’s firm profit, and the conjecture g, regarding the other agent’s quantity choice.

The solution in (6) indicates that with RPE, the principal may fundamentally alter his agent’s
aggressiveness in product market competition. In general, agent i’s aggressiveness is given by

his reaction to the other agent’s anticipated quantity choice, i.e.,

oa; (Wi de) _  yi+ Yok
ody 2Bi

and his aggressiveness increases if for every g, agent i responds with a greater g;. Assume that

i,{=1,2,and i = ¥,

the products are substitutes, i.e., y; > 0, i = 1, 2. Figure 1 illustrates that y; > O results in a
less steep reaction function as compared to y; = 0, thereby softening agent i’s aggressiveness.
More specifically, since y; + ypu; > 0 for y; > 0, agent i lowers his quantity choice g; if
he expects agent ¢ to increase qy. For a given quantity gy, increasing y; results in a lower
quantity q;, i.e., a less aggressive response to agent £’s quantity choice. On the other hand, for
Ui € (=yi/yy,0), the reaction function is steeper as compared to y; = 0. Within the interval,
decreasing p; results in a more aggressive response to gy. Moreover, for u; = —y;/yyp, agent
i behaves as if he were a monopolist, i.e., his quantity choice is independent of agent £’s
quantity choice. Finally, for y; < —y;/yy, agent i reacts as if the products were complements,
and decreasing p; results in an even more aggressive reaction. Then, because of the positive
slope of the reaction function, agent i increases quantity g; if he expects agent £ to increase

quantity gy, and his reaction increases with p;.

———— Insert Figure 1 here ———

16Gee, for instance, Demski/Sappington (1987), and Christensen/Feltham (2005), pp. 201-210.



In equilibrium, each agent’s conjecture is equal to the other agent’s quantity choice. Thus,

solving (6) yields the optimal quantity choices as specified in Proposition 1.

Proposition 1: Given exogenously specified compensation contracts z, there exists a single

Nash equilibrium, and the agents’ optimal quantity choices are characterized by

¥ 2(a; —¢i)Bp— (g — cp)(yi + Yoli)

i pty) = 7
4 (Hix ko) 4BiBe — (i + yYeri) (Yo + yilp) (7a)
with  4BiBp # (yi + yeri) (Yo + yibe),  i,0=1,2,andi=*?. (7b)

In equilibrium, since qj, is influenced by py, q:-r is influenced by both weights u; and uy for
the rival’s firm profit in both contracts, i,¥ = 1,2, and i # £. Thus, by evaluating agent i’s
performance relative to the performance of competitor £ # i, principal i influences his own
agent’s quantity choice plus the quantity choice of the competitor’s agent. Hence, there are
externalities to contracting with agent i. Note that condition (7b) restrains the feasible set of
parameters to rule out parameter combinations that yield parallel reaction functions, i.e., to

avoid a zero denominator in (7a).1”

Corollary 1: The solution to (7a) has the following properties:
(a) Agent i’s quantity choice increases in the incentive weight u; chosen in his compen-
sation contract for the rival’s firm profit
(i) if yp > 0 and pp > (2Bi(xp — cp) /(i — ¢i) — yp)/yi, and
(ii) if yp <O and pp < (2Bi(exp —cp) /(i — i) — ¥¢)/Yis
and it decreases for all other strict relations (i, = 1,2, and i = ).
(b) Agent i’s quantity choice increases in the incentive weight pp chosen in the compen-
sation contract of the competitor’s agent
@) if y; >0and —y;/yp < i < 2Bp(et; —ci)/(xpg —cp) —yi) e,
@) if y; <0 and y; < —yi/yyp, and

(iii) if y; <0 and (2B¢(ot; —ci)/ (g —cg) — yi) I Ye < His

7Thus, given homogenous products, (7b) excludes p; = up, = 1. Moreover, we focus our analysis to situations
characterized by positive quantities in equilibrium. Thus, we implicitly restrict the feasible set of compensation
parameters by the condition q;r >0,i=1,2.

10



and it decreases for all other strict relations (i,€ = 1,2, and i = ¥).

In general, the equilibrium relation between q;r , 1 =1,2, and p; and uo, i.e., the impact of
RPE on the quantity choice, is ambiguous. Assume that the products are substitutes, i.e.,
y; > 0, i = 1,2. Then, increasing u;, i.e., softening agent i’s aggressiveness, increases this
agent’s quantity choice qf if pp is larger than the threshold given by Corollary 1 (a) (i), i.e.,
if the competitor intensely uses RPE. On the other hand, increasing py, i.e., softening the
aggressiveness of the competitor’s agent, results in a larger quantity choice of agent i if y; lies
within the interval as given by Corollary 1 (b) (i), i.e., if agent i is not too intensely evaluated

relative to the competitor’s agent.

2.3 Optimal Linear Contracts
2.3.1 Optimal Contract Choices

We assume firstly that the agent’s action choices are contractible.!® Then, no incentive risk is
necessary to induce the agents to supply a desired effort level, and principal i chooses effort

ai and quantity q;, i = 1, 2. Hence, the principal’s objective is to maximize
0; = Elxilai, dg, a1, 4 2¢) - 1/2a;, i, =1,2, andi + L. ®)
In equilibrium, principal i’s conjectures are identical to the choices made by the other

participants. From the first order conditions we directly establish that the action choices and

principal i’s net payoff are

af = by, (9a)
200 —ci)Bp— (xp—cpyi
— d 9b
i 4BiBe — yive an ()
b Bi(2(axi —ci)Bp — (otg — cp)yi)?
x _ Yi i i i i P .
I = > + @B:B1 —yiyL)? , i,{=1,2,andi = 4. (9¢)

18while standard agency theory refers to this as the first-best setting, considering strategic delegation and
following Katz (2006) we refrain from using the terminology of first best vs. second best.

11



Note that due to the assumptions of the LEN-model, the principal’s net payoff is perfectly
separable into a net payoff from the agent’s effort choice and a payoff from product market

competition.

Next, consider non-contractible agents’ actions. Then, each principal chooses compensa-
tion parameters z; such as to maximize (4) subject to incentive constraints (5) and (7a), and
participation constraint (3). Choosing f; such that CE; = 0, substituting f; and (5) into (4)

yields principal i’s unconstrained optimization problem, i.e.,

max ;= 105 (vi, 1) + T (g, fg), 4,4 =1,2, and i # ¥, (10a)
with
1 i
I (vi, ki) = b vi — 5bivi — 2v7 (0 +2uipoioy + piof), (10b)
™ (pi, fig) = qlT(ui,ﬁe)[ai - Biqz’r(ﬂi; fig) — yiél}(ui,ﬁe) -cil, (10¢)

where II? is principal i’s net payoff from agent i’s effort choice, IT}"* is the net payoff from
product market competition, and q;r is given by (7a), i = 1, 2. Hence, we assume that the noise
€; is completely due to measuring the agent’s effort. In equilibrium, each principal’s conjecture
regarding the other principal’s contract offer is identical to the actual contract choice, i.e.,
2p = zp, £ = 1,2. Thus, the first order conditions of (10a) yield necessary conditions for the
optimal contract choices. Proposition 2 characterizes principal i’s optimal choice of agent i’s

incentive contract.

Proposition 2: The optimal incentive weights are characterized by

OIL;" (ai, a¢) 0q;(ui, fip) N oI (qi,ap) dqy(u;, fip)
04i oU; a4y O

Po=Hyg
~ri(v)(poioyg + plod) =0, (11a)
b}

5 , i,{=1,2, andi =+ L. (11b)
b? +7; <(7i2 + 2p[,llTO'g0'i + (uz) 0'5)

viu)) =

Thus, the optimal contract parameters viT and uzr are the simultaneous solution to (11a) and
(11b), with IT}"* (g4, q¢) according to (10c), and g; according to (7a), i,£ = 1,2 and i # £. Due to

the complexity inherent in (11a) and (11b), closed form solutions are hard to find.!® Moreover,

19These are based on the solution to a non-linear system of equations containing polynomials of higher order
in y; and uy. For example, given identical firms, this system is a single polynomial of fifth order in u.
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because of the non-linear relations given by (11a) and (11b), multiple Nash equilibria may result

for the principal’s contract choices.

2.3.2 Segregated Contract Choices

Now, consider the contract choices v; and p; that maximize the segregated net profits, i.e., the
net payoff IT¢(v;, u;) from the agent’s effort choice, and the net payoff I1)"* (u;, fiy) from the

product market competition. Lemma 1 characterizes these segregated contract choices.

Lemma 1: In equilibrium, the optimal contract choices v; and u; for the segregated net

profits are

(a) for the net payoff from the agent’s effort choice:

2

Ve = by (12a)
Yobt+ri(l - p2)of’

ué = —p(%, i,£=1,2, and i+ {. (12b)

(b) for the net payoff from the product market competition:

v =0, (12¢)
eV Bovi — (0 — )2
= (@i = c)Beyi = (xe —cp)y; i0=1,2 andi={. (12d)

(i —ci)Boye — (g —cp)(2BiBy — yiye)'

While the optimal u{ regarding the agent’s effort choice depends on the covariance and variance
of the net profits, the optimal u" regarding the product market competition is driven by the
characteristics of the demand functions. Obviously, in general, the two incentive weights u{

and pi", i = 1, 2, differ.
With identical firms, Proposition 3 shows that the segregated solutions u® and u™ define

boundaries to the principals’ choice ut following (11a) and (1 1b).20

Proposition 3: With identical firms, the optimal compensation parameters for the segre-

gated profits, i.e., u¢ and u™, define boundaries for the optimal incentive weight ut for the

20proposition 3 is proven in the appendix.
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rival’s firm profit in symmetric equilibria, i.e.,

+ Y . Y

ut e (—p, 2B+>/) 1fp>23+y, (13a)

U p 2B +y if p 2[3+y’and (13b)

ute (=Y _py ifp<-—Y . (13¢)
2B+y’ 2B +y

While closed form solutions for zt are hard to find, Proposition 3 restricts the optimal incen-
tive weight ut. With heterogeneous firms, however, optimal contract choices are, in general,
asymmetric, and, hence, the solutions to the segregated profits do not establish boundaries

foru;f,i=1,2.

Proposition 3 indicates that with identical firms, and Cournot competition in substitutes,
a positive correlation coefficient is a sufficient condition for a negative incentive weight, i.e.,
ut < 0if p > 0. However, due to the joint effect of i on the agent’s effort and quantity choice,
there does exist a threshold p < 0 such that ut < 0if p € (p,0). Therefore, the optimal
incentive weight will only be positive if the correlation coefficient is sufficiently negative, i.e.,

ut >0if p < p.

2.3.3 Relative Performance Evaluation and the Principal’s Expected Net Payoff

We now consider the impact of RPE on each principal’s expected net payoffs, i.e., whether RPE
is beneficial to the principals. First, consider the principals’ segregated contract choices with
respect to product market competition. Given fixed wage contracts, i.e., z? =(f1,0,0),i=1,2,
agent i is indifferent regarding quantity g;. Due to the indifference, principal i chooses g;. With
the principal’s choice as given by (9b), the expected net product market payoff to principal i is

Bi(2(ct; — ci) By — (cxp — cp)yi)?

17(0,0) = (4BiBy — yiy1)? ’

i, =1,2andi = ¥.

Note that fixed wage contracts z? are not a Nash equilibrium. Rather, the pair of weights

(ui", u3") as given by (12d) constitute a Nash equilibrium regarding the principals’ segregated
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contract choices. Then, principal i’s expected net payoff is

7 (™, ) = (2(axi=ci)Bp = (xp=cp)yi) 2(ati=ci) BiBe — (xp—cp) Biyi — (¥i=Ci)yiye)
AT 16B:8¢(BiBr — yive) ’

i, =1,2andi = ¥. (14)

It is straightforward to show that, for each principal, the payoff from product market compe-
tition with RPE is smaller than the payoff without RPE, i.e., IT"* (u7", u5*) < I17"(0,0), i = 1, 2.
Therefore, considering the segregated contract choices with respect to product market com-
petition, the principals face a prisoner’s dilemma, i.e., they sustain a loss from evaluating the
agent relative to the rival’s profit. On the other hand, RPE is beneficial with respect to the
expected net payoff from the agent’s effort choice. That is, each principal benefits from filter-
ing systematic risk from his agent’s compensation, i.e., IT{ (v{, uf) = II¢(v;,0), for all v; € R,

i=1,2.

Therefore, considering the principals’ contracting game that maximizes the firms’ total
expected profit IT; = Hf(vif,u;r) + H}"(uf,u;r), i = 1,2, and in contrast to Aggarwal/Samwick
(1999), it is straightforward that RPE may be beneficial to both principals. The simplest way
to see this result is to consider noisy performance measures plus a sufficiently large payoff
productivity for both agents. Then, the net payoff from the agent’s effort choice with RPE
exceeds the loss in the net payoff from product market competition. Hence, RPE is beneficial
to both principals even though a prisoner’s dilemma persists regarding the product market
competition. Furthermore, given a negative correlation of firm profits plus a sufficiently large
payoff productivity, the incentive weights uf , 1 = 1,2, are non-negative, and the prisoner’s

21 To summarize, whether

dilemma regarding the product market competition disappears.
RPE is beneficial or detrimental depends on the relevance of the agent’s effort choice and the

product market competition for the expected net payoff.

2.3.4 Relative Performance Evaluation and Optimal Effort Incentives

The discussion in Section 2.2 indicates that with u;, principal i influences his agent’s aggres-

siveness in the product market competition. Moreover, due to the impact of u; on v; (see

21See Section 3.1 for some numerical examples.
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(11b)), the extent of RPE also influences the agent’s effort incentives. Likewise, agent i’s effort

incentives v; influence the optimal use of RPE.

Corollary 2: The solutions to (11a) and (11b) have the following properties:

vl 2b2rioy(poi + pl o) (15a)
d T (b2 (o2 +?2 T . 1-)2 2 )2’
H; g +1fl(ai +2pU; Op0; + (Ili (Tg)
.i.
oul 21ivioy(poi + Hioy) (15b)
T — )
oV, i[aﬂlm(qi,qw dai(uifiy) | 0N} (aid¢) day(isily) ‘ ] —-rivio;
OH; 0qi T ody Oui fe=ke e

i,{=1,2, and i+ L.

According to (15a), viT increases (decreases) with u;f if /,13 < (>) — poj/oyp. Therefore, an in-

crease of uzr , i.e., a softening of agent i’s aggressiveness in the product market competition,
t

may increase or decrease the incentive rate v;, i.e., may result in smaller or larger effort incen-
tives. A sufficient condition for an unambiguous relation between viT and u;r is puj > 0, i.e.,
if the weight chosen for the rival’s profit in the agent’s performance evaluation and the corre-

lation coefficient have the same sign. Then, given a positive (negative) correlation coefficient,
.l.

an increase of the incentive weight NJ results in a decrease (increase) of the incentive rate v; .

Otherwise, ambiguous relations result. To summarize, increasing the extent of RPE may yield

stronger or weaker effort incentives.

Proposition 4 outlines the influence of the industry’s competitiveness on the agents’ effort

incentives.

Proposition 4: Consider two firms with correlated firm profits. Then, under imperfect
competition, the firms choose lower effort incentives as compared to two monopolist firms

for pi"™ + u¢, and they choose equal effort incentives for p)"* = uf, i = 1, 2.

To prove Proposition 4, note that firm i is a monopolist if y; = 0. Then, agent £’s product mar-
ket choice does not influence firm i’s expected payoff, and principal i chooses u; to maximize
the expected net payoff from the agent’s effort choice, yielding (12b). With (11b) it is straight-
forward to show that effort incentives are maximized if y; = uf. Hence, effort incentives are

largest for a monopolist firm.
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The intuition for Proposition 4 is that in competitive industries, the principal’s choice of
the incentive weight for the rival’s profit in the agent’s performance evaluation trades off the
benefit of a reduced systematic risk and the benefit of proper product market decisions. Given
a monopolist firm, product market competition does not exist, and the incentive weight can

be tailored to optimize the risk imposed on the agent.

3 Comparative Statics

3.1 Relative Performance Evaluation with Identical Firms

Subsequently, we consider the impact of several parameters on the relevance of RPE. Because of
the complexity of the first order conditions, the subsequent analysis intensely uses numerical
examples?? plus the closed form solutions for some special cases. To illustrate the principals’
basic trade-off between effort incentives, risk premium, and product market incentives, we
first analyze the optimal extent of RPE in a setting with identical firms. Due to the symmetry
of this setting, we restrict our analysis to symmetric solutions. Therefore, we omit the indices
to ease the notation. Depending on the parameter values, multiple symmetric Nash equilibria
may occur.?3 We assume that in these cases both principals select the equilibrium with the

highest net payoff.

3.1.1 Trade-off between Effort Incentives, Risk-premium, and Product Market Incentives

With identical firms, following (12b) and (12d), the segregated choices for each principal of the

incentive weight for optimal effort incentives and optimal product market incentives are

u¢ =—-p, and (16a)

Y
m _
um = By (16b)

22Due to the lack of generality inherent in numerical examples, our subsequent analysis (i) yields proofs for
the existence of several highlighted characteristics of the solutions and (ii) illustrates our findings. We verified
the optimal contract choices to satisfy the second order conditions by a change-of-sign test.

23We find multiple stable symmetric solutions in a setting comparable to Fumas (1992). Thus, our numerical
results contradict Fumas (1992), Proposition 1(f), which states that for p = 1 the equilibrium is unique in general.
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The optimal choice ut balances the effects of effort incentives and product market incen-
tives on the principal’s aggregate net profit. Following Proposition 3, the segregated solutions

u¢ and u™ define boundaries of the set of optimal choices u'.

Figure 2 illustrates for a specific example the trade off between effort incentives and prod-

uct market incentives. Here, x =5,8=2,y=1,b=1,c=1,r =1,and o = 1.%4

———— Insert Figure 2 here ————

According to Figure 2, ut lies within the interval defined by p¢ and u™, and decreases
with p. The intuition behind this result is that the principal’s loss from setting ut unequal
to the solution of the segregated profits, i.e., ut = p/, j = e,m is a monotonically increasing
non-linear function of the absolute difference between ut and p/. Following (16a) and (16b),
while p does not affect u™, u¢ decreases with p. Moreover, from Proposition 3 we know that

ut decreases (increases) if p¢ decreases (increases). Thus, ut decreases with increasing p.

Result 1: With identical firms, the incentive weight for the rival’s profit in the agent’s

performance evaluation decreases with the correlation of firm profits.

Fumas (1992), considering perfectly positively correlated firm'’s profits, concludes that “strate-
gic competition and risk sharing considerations arrive at the same conclusion”?> with respect
to the general use of RPE, i.e., sign (u™) = sign (u®). Figure 2, however, illustrates that this is
not true if the correlation of firm profits is sufficiently negative. While u™ < 0if y > 0, u¢ > 0

if p < 0. Hence, the sign of the boundaries differs if firm profits are negatively correlated.

Finally, given identical firms and a symmetric equilibrium, using (7a) in (10c), firm i’s net

payoff from product market competition is

Hmuoz(a—CMB+ym

L i=1,2.
t B +y+yu)?

With substitute products, i.e., y > 0, IT* is maximized for y = 1. Then, each principal mo-

tivates his agent to maximize joint product market profit, i.e., [T = II}" + II5*. However,

24Note, that the parameters meet the conditions we imposed in Sections 2.1 and 2.2.
25Fumas (1992), p. 483.
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following Lemma 1 (b), g = 1 is not an equilibrium of the non-cooperative game. Moreover,
u™ < 0 indicates that the principals are caught in a prisoner’s dilemma, i.e., they increase
their agent’s aggressiveness in product market competition, although a softening would be
mutually beneficial. Specifically, renouncing from the use of RPE, i.e., setting u = 0, would

increase the expected net payoff IT™.

Now, Figure 2 shows that each principal chooses u' > 0if p is sufficiently negative, i.e., they
both reduce their agent’s aggressiveness in the product market competition. The key to this
result is that the optimal ut balances the effect of RPE on the principal’s payoff from the agent’s
effort choice and from product market competition, and that the former payoff dominates if
the principal can motivate the agent to supply a high effort level, i.e., if the correlation is
sufficiently large. Then, a sufficiently positive correlation, i.e., p > |u™|, results in an even
more detrimental increase of the agent’s aggressiveness. On the other hand, for p < |u™|, the
use of RPE to filter systematic risk results in a less aggressive behavior. Therefore, because
of the use of RPE to filter systematic risk, the principals overcome the prisoner’s dilemma
and reduce their agents’ aggressiveness in the market. Thus, ultimately, RPE results in higher

expected net payoff to the principal.

3.1.2 Effort- versus Product Market-Incentives and Systematic Risk

Next, we consider the impact of systematic risk on RPE. With identically distributed noise and

incentive weight u, the variance of each agent’s aggregate performance measure is
Var[x; + uxp] = (1 + pu® + 2up)o?, i,0=1,2,i+4,

i.e., with RPE the principal reduces the noise by the amount of (u%+2up)o?2. Since the precision
of each agent’s aggregate performance measure decreases in o2, we interpret o2 as a measure
indicating the amount of systematic risk imposed on each agent. Obviously, for o2 = 0, no
systematic risk is imposed on the agents. Then, u is chosen such as to maximize the net payoff
from product market competition, i.e.,

Y
m _ _
H 2B+y’

u-l-

o2=0

Figure 3 illustrates the impact of systematic risk o on the weight for the rival’s profit

in the agent’s performance evaluation for varying values of the correlation coefficient. Here,
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@ =5, B =2,y =1, thus yielding the market size s = 2x/(f + y) = 10/3. Moreover, b = 1,
c =1,7r =1, and p varies in steps of 0.5. Following Figure 3, depending on the correlation
coefficient p, fundamentally different comparative static results follow. For example, given a
(positive or negative) unit correlation coefficient, u approaches unity with the opposite sign
of the correlation coefficient for an increasing o. With p +# =1, however, for an increasing o,

the optimal incentive weight approaches u" = —0.2.

———— Insert Figure 3 here ————

The key to this result is the principal’s ability to filter systematic risk, and the relative size of
the payoffs from the agent’s effort choice and from product market competition. First, assume
that firm profits are perfectly correlated. Then, with u = —p, the principal completely filters
incentive risk from the agent’s compensation, and, following Corollary 2, the principal achieves
maximum effort incentives. On the other hand, with the equilibrium choice for optimizing
I ie., for y = —y/(2B + y), the principal imposes incentive risk on the agent, such that the
agent’s effort incentives decrease with increasing 2. Whereas for a low variance the benefits
from product market competition may outweigh the losses due to lower effort incentives, the
second effect exceeds the first for a relatively high variance. Thus, given perfectly correlated
firm profits, a sufficient productivity of the agent’s effort relative to the payoffs from the
product market competition, and a noisy performance measure, the principal sets maximum
effort incentives by removing any incentive risk from the agent’s compensation. That is, uf
approaches unity with an increasing o, i.e., with |p| = 1, we have ut — p¢ and vt - 1, if

g — o0,

Next, assume that firm profits are imperfectly correlated, i.e., p # +1. Then, in general,
RPE fails in eliminating systematic risk. While II" is independent of o, II¢(vT, u¢), with vt
following (11b), decreases with o2, i.e., providing effort incentives becomes more costly with
increasing systematic risk. While reducing incentive risk may be beneficial for a relatively
precise performance measure, for relatively unprecise performance measures the loss due to
distorted product market incentives outweighs the benefit from a lower risk premium. Thus,
given imperfectly correlated firm profits, an ambiguous relation between ut and o results, and
for a relatively high variance, the principal chooses u to optimize product market incentives.

That is, with p # =1, we have ut — y™, vt — 0, and, therefore, at — 0, if ¢ — . While
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vt approaches zero and results in arbitrary small effort incentives, ut continues to affect the
product market decision, because a marginal incentive rate v1 is sufficient to influence the

product market decision.

Now, consider a relatively large market size where the expected net payoff from product
market competition exceeds the expected net payoff from the agent’s effort choice. Given
a sufficiently large s and perfectly correlated firm profits, multiple Nash equilibria arise for
larger values of o. Then, u' approaches u™ with an increasing o. Therefore, given a relatively
large market size, the optimal incentive weight u approaches u™ with increasing systematic
risk for p € [—1,1]. The key to this result is that for a sufficiently large market size, the
payoff from product market competition dominates the principals’ trade-off, such that even
for perfectly correlated firm profits the principal chooses u in order to maximize IT™, i.e.,

limy - ut = p™, and limy—o vi = 0.

Result 2: With identical firms, the following relations exist between the optimal weight ut

for the rival’s profit in the agent’s performance evaluation and systematic risk o:

(i) given perfectly correlated firm profits, and a relatively small market size, i.e., a suffi-
cient productivity of the agent’s effort, the weight for the rival’s profit in the agent’s

performance evaluation monotonically approaches +1 with increasing systematic risk.

(ii) given imperfectly correlated firm profits, or a relatively large market size, the relation
between the weight for the rival’s profit in the agent’s performance evaluation and the
amount of systematic risk is ambiguous. The incentive weight approaches u™ with

increasing systematic risk.

Using the optimal incentive weights (11a) and (11b) in (10a) yields the total net payoff It
to the principal. Interestingly, given sufficiently negatively correlated firm profits, we find that
1t may increase with o. The key to this result is that increasing the systematic risk may help
both principals to overcome the prisoner’s dilemma. More specifically, given zero systematic
risk, i.e., o = 0, they choose uf = u™ < 0, which results in a lower expected net payoff as
compared to u = 0. It is obvious from Figure 3, that, with negatively correlated firm profits,
increasing o may yield positive incentive weights ut. While the principals use the rival’s profit

to reduce the systematic risk imposed on the agent, I1° decreases in o due to the increase
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in the agent’s risk premium. Since IT" increases in g, it is straightforward that the total net
payoff IIt increases with an increasing o, if the increase in IT" exceeds the loss in I1¢. This is
the case, e.g., if the expected net payoff from product market competition exceed the expected

net payoff from the agent’s effort choice, i.e., if market size is sufficiently large.

3.1.3 Effort- versus Product Market-Incentives and the Intensity of Competition

Now, we analyze the impact of the competitiveness of the industry on the relevance of RPE. We
interpret the degree of product differentiation, i.e., y /B, as an indicator for the competitiveness
of the industry, and alter the market’s competitiveness by varying y, while leaving 8 and s
constant.’® With x € [s,2s], b =1,c=1,r =1, 0 =1,p =1,8 = 2,and y € [0,2],
Figure 4 shows the influence of y on the optimal incentive weight ut. Of course, the lowest
competitiveness results for y = 0, whereas competitiveness is strongest for y = 8, i.e., y/B =
1.27  While in the first case both firms are monopolists in their markets, in the latter case
the products are homogeneous and the competitor has the same impact on prices as does the

focal firm, yielding maximum competitiveness.

———— Insert Figure 4 here ———

Figure 4 illustrates that the relation between the weight for the rival’s profit in the agent’s
performance evaluation and the industry’s competitiveness is, in general, ambiguous.28 First,
note that with zero systematic risk, ut = u™, out/dy < 0, and that u™ depends only on 8
and y. Then, ut = 0if y = 0, i.e., RPE is not useful for motivating product market decisions
if firms are a monopolists. Second, given zero competitiveness and non-zero systematic risk,

iie,y=0and o # 0, ut = pu¢ = —p, i.e., a monopolist chooses the incentive weight such

26with s = 2x/(B + y), a variation in the degree of product differentiation affects the size s of the product
market. Thus, holding f (y) constant, increasing y (8) lowers the market size and, consequently, the net profit
from the product market competition, and vice versa. Varying the net profit from product market competition,
however, alters the relation between the net payoffs from product market competition and from the agent’s
effort choice. Hence, to avoid this additional market size effect, we hold s constant by adjusting «. Note that
our qualitative results hold true even if we did not adjust «.

27Note that for y = 0 the quantity choice is independent of p.

28Furthermore, with p = 1, Figure 4 captures the setting considered by Aggarwal/Samwick (1999). Figure 4
illustrates that their statement of a monotonic relation between the industry’s competitiveness and the optimal
weight of the rival firm’s profit only holds true for a relatively small market, whereas, for a relatively large market,
the relation is non-monotonic.
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as to minimize systematic risk imposed on his agent. Now, given non-zero competitiveness
and non-zero systematic risk, from Proposition 3 we have ut € (u¢, u™) for y € (0, 8]. Then
Figure 4 shows, that 3y € (0, 8] with out/dy > 0 if p is sufficiently positive, and 3y € (0, 8]
with out /0y < 0 if p is sufficiently low.

Moreover, Figure 4 indicates that the relation between ut and y depends on the market
size. For example, with p = 1, 3y € (0, 8] with ouT/dy < 0. That is, while for (p = 1,s = 3),
ut monotonically increases with y, with (p = 1,s = 10) the relation between u' and y is
ambiguous. The key to this result is the relative size of the payoffs from product market
competition and from the agent’s effort choice. Given a relatively large market size, the first
payoffs dominate, and for y # 0 the principal is more interested in choosing u such as to
optimize product market competition. Hence, uf(s) = uf(s’) for all y € (0, 8] if s = s’. Since
ou™ /0y < 0, it is straightforward that 3y € (0, 8] such that ouf/dy < 0 if s is sufficiently

large.

Result 3: With identical firms and positively correlated firm profits, the weight u' for the
rival’s profit in the agent’s performance evaluation is negative, whereas with negatively

correlated firm profits the sign of the weight u' is ambiguous. Moreover,
(i) given a relatively low positive or a negative correlation of firm profits, the incentive
weight u' decreases with the industry’s competitiveness.

(ii) given a relatively large positive correlation of firm profits plus a relatively low market

size, the incentive weight ut increases with the industry’s competitiveness.

(iii) given arelatively large positive correlation of firm profits plus a relatively large market
size, the relation between the incentive weight u' and the industry’s competitiveness

is ambiguous.

3.2 Relative Performance Evaluation with Heterogeneous Firms

Subsequently, we consider the use of RPE for heterogeneous firms. To simplify the comparison
with the previous results, we assume that firms differ with respect to the precision of firm

profits. Note that with heterogeneous firms, the equilibrium selection in case of multiple
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equilibria becomes more difficult. Of course, in general, only Pareto inefficient equilibria can
be excluded. To simplify the analysis, we focus on numerical examples with unique feasible

equilibria.

3.2.1 Trade-off between Effort Incentives, Risk-premium, and Product Market Incentives

First, with heterogeneous firms, consider the impact of the correlation coefficient on the weight
for the rival’s profit in the agent’s performance evaluation. We continue to use the setting
from Section 3.1, with parameter values &y = &2 = 15,81 =2 =2, y1 =y2=1,b; = by =1,
c1 =c¢2 =1,and 1 = r» = 1. Additionally, we set o7 = 2 and o> = 1, i.e., the performance

measure of firm 1 is less precise than the measure of firm 2.

Figure 5 illustrates the optimal incentive weights /JEL ,1=1,2,as well as the optimal weights
for the segregated profits, i.e., uf and p!", for varying values of the correlation coefficient. Obvi-
ously, while the optimal weight decreases for the agent i = 1 with the less precise performance
measure, the optimal weight for the agent i = 2 with more precise profits increases. Further,

Figure 5 illustrates that with heterogeneous firms, the optimal weights u{ ,i=1,2,j=em
.i.

for the segregated profits no longer mark boundaries for the optimal weights y; .

———— Insert Figure 5 here ————

The key to this result is that, with different performance measure precisions, varying the
correlation coefficient has a significantly different impact on the optimal effort incentives for
the two firms. Moreover, the difference spill overs to the product market incentives. Principal
1 with a less precise performance measure needs to put more weight on the rival’s profit to
filter systematic risk from the agent’s compensation as compared to principal 2 with a more
precise measure. Thus, given a negative (positive) correlation coefficient, principal 1 softens
(increases) his agent’s aggressiveness in the product market. Then, however, it is beneficial
for principal 2 to make contracting choices that are opposed to the choices of principal 1.
More specifically, to gain market share, principal 2 increases his agent’s aggressiveness if
principal 1 softens his agent’s aggressiveness, and principal 2 avoids a destructive competition

by softening his agent’s aggressiveness if principal 1 increases his agent’s aggressiveness. As
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a consequence, for the example considered, principal 2 increases the weight for the rival’s
firm profit in his agent’s performance evaluation if the correlation coefficient increases. To
summarize, with heterogeneous firm risk, the relation between the incentive weight ut and

the correlation coefficient is ambiguous.

Result 4: With heterogeneous firm risk, the weight for the rival’s profit in the agent’s
performance evaluation decreases with an increasing correlation of firm profits if the firm
profit is relatively noisy, while the relation is ambiguous for firms with relatively precise

firm profits.

3.2.2 Effort- versus Product Market-Incentives and Idiosyncratic Risk

Finally, we consider the impact of firm specific risk on RPE. Assume that the noise inherent in
the profit is due to a common shock and an idiosyncratic shock, i.e., & = &y + £¢;, with the

market-wide event &;,, ~ N(O, U,,Zn), the firm-specific events Eri ~ N(O, Ufzi), and Cov[esy, 2] =

2 _
;o=

Covlem, &1 = 0, i = 1,2. Then, Var[g] = o o5 + Ufzi, Covley,e2] = 03, and p =
o2,/ (o10%2). Obviously, the correlation coefficient p is non-negative, approaches unity for an
increasing market risk, i.e., hmafn .« = 1, and approaches zero for an increasing firm-specific

=1,i=1,2.

(o)

risk, i.e., llmgj‘gia

It is straightforward that the optimal incentive weight uf, i = 1,2, regarding agent i’s
effort incentives depends exclusively on the rival’s firm-specific risk and the market risk, and

is independent of own firm specific risk o¢;:

2

Ufz—%, i,€=1,2, andi=¥.
Om + 0y
Moreover, lim,2 p$ = —1, and hm“?w‘” u$ =0,14,¢ = 1,2, and i # £. That is, while the

use of RPE does not depend on own firm-specific risk, the principal more intensely uses RPE
with increasing systematic risk, and he reduces the extent of RPE with an increasing rival

firm-specific risk.

Figure 6 illustrates the optimal incentive weights u;r , 1 = 1,2 for varying degrees of firm-
specific risk for firm 1. We continue to use the example from the previous section, but consider

a relatively small market size, i.e., ®x; = o2 = 5 and thus s = 10/3. Moreover, o, = 1, and
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of> = 1. Firm i = 1 specific risk oy varies from 0 to 6, and the correlation coefficient p

follows endogenously according to p = 03,/ (0102).
———— Insert Figure 6 here ———

With increasing oy, the optimal weight uf first increases and then decreases (slightly),
while ug increases for o € [0, 61.29 Obviously, the impact of firm-specific risk Of1 On ug
corresponds to the impact of o on p$. Unlike the optimal incentive weight u{ regarding the
segregated profit I1§ for agent 1’s effort choice, uf varies with oy, L.e., own firm-specific risk

influences the extent of RPE. Specifically, the relation between uf and o is ambiguous.

To grasp the intuition for Figure 6, note that with an increasing firm-specific risk the corre-
lation of firm profits is decreasing. As a consequence, principal 2 increases u;f , since he is less
able to remove incentive risk from his agent’s compensation. The impact of oy, on uf is more
subtle. Equivalent to principal 2, with a decreasing correlation of firm profits, the ability to
filter systematic risk decreases. In addition, increasing firm-specific risk reduces the precision
of firm 1 profits, thus reducing the relevance of the payoffs from agent effort as compared to
the payoffs from product market competition. As a consequence, principal 1 emphasizes the
payoffs from product market competition if the firm-specific is sufficiently large. While em-
phasizing product market competition results in a more aggressive behavior for firm 1 agent,
principal 2 reacts by softening his agent’s behavior. Therefore, given a sufficiently large firm-
specific risk, the optimal weight for the rival’s profit in agent 1’s performance evaluation , i.e.,

uI, increases with o7fy.

Result 5: With heterogeneous firm risk and positively correlated firm profits, the weight
u;f for rival €’s profit in agent i’s performance evaluation is negative, i,¥ = 1,2, £ # i.
Moreover,

(i) the incentive weight u} decreases with rival i’s firm specific risk.

(ii) the incentive weight u;r varies with own firm specific risk.

(iii) given a relatively low firm specific risk, the incentive weight u;r increases with own

firm specific risk.

29Note, that for oy = 1, the firms are identical, such that the incentive weights are identical.
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(iv) given a relatively large firm specific risk, the incentive weight [,l;r decreases with own

firm specific risk.

4 Empirical Implications and Concluding Remarks

In this paper, we examine incentive contracts for a setting with two principal/agent-relations.
Due to product market interdependencies, contract externalities arise that influence the con-
tracting game played by the principals. As a result of these frictions, optimal managerial

incentives are, in general, linked across firms.

For identical firms, we show that the solutions that maximize the segregated payoff from
the agent’s effort and from the product market competition, respectively, define boundaries
to the solutions of the integrated problem. Moreover, our analysis indicates that the sign of
the optimal weight on the rival firm’s profit in the agent’s performance evaluation may differ
from the opposite sign of the correlation coefficient. Of course, the ambiguous relation of both

signs complicates empirical tests for RPE.

Our numerical comparative static analysis indicates that, given identical firms, the weight
on the rival firm’s profit in the agent’s performance evaluation decreases with the correlation
of the firms’ profits. With heterogeneous firms, however, this relation holds true only for
firms with a relatively low precision of firm profit. Then, a positive relation may result for
firms with a relatively high precision. Thus, empirically testing for RPE without discriminating
for the precision of the performance measure introduces a bias against detecting the use of
RPE. Regarding the criteria for discrimination, however, our results indicate that the relation

between the extent of RPE, systematic risk, and firm specific risk, is ambiguous.

Finally, we find that, in general, firms in more competitive industries may use more as well
as less RPE as compared to firms in less competitive industries if firms compete in quantities.
Discriminating with respect to the correlation between firm profit and a market portfolio, we
expect that for firms with a relatively small correlation the extent of RPE increases with the

industry’s competitiveness, whereas it decreases for firms with a relatively large correlation.

Moreover, our results indicate that the heterogeneity of firms substantially influences the
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optimal weight for the rival firm’s profit in the agent’s compensation scheme. Especially,
we find that heterogeneous firms in the same industry may place a fundamentally different
weight on RPE. More specifically, due to the contract externalities, firm-specific risk influence
the incentive weight on the rival’s profit in the agent’s performance evaluation. While the rival’s
use of RPE decreases in the amount of firm-specific risk, the opposite relation may result for the
firm under study. Thus, we provide a theoretical foundation for Albuquerque (2005), who finds
strong evidence for RPE using peer groups of similar sized firms within specific industries.
Finally, our analysis suggests that there are fewer effort incentives in an oligopolistic firm as
compared to a monopolist firm, since optimal incentive schemes incorporate product market

effects yielding equilibria characterized by inefficient effort incentives.

To summarize, our result supports more differentiated comparative statics results that
may improve the discrimination of data sets. Then, we expect stronger empirical evidence

regarding the implicit extent of RPE.
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Appendix - Proof of Proposition 3

Given identical firms and a feasible set of parameters, the differentials of the segregated profits
yield the following properties:

et >0, va<pe

aul i i 1/ M1 Ui=p ’ )

0 0o, ¢+ e
a—uiﬂi(vi (Hi), Hi) \uizu <0,  Vp>pus,

0
— ™ (uy, [ N > 0, Yu<um,
op; ¢ (i W)‘uﬁufwzu H<H

0 —m . .
= I (g < Vu>p™ i f=1,2, and i+ ?.
o i (ul,uy)]uiw:w;u 0, B> p 2, and i #

Assuming a symmetric solution, the first order condition of the integrated problem is

0 v ) + 10 ) ||

oH; Mi=pp=fy=u

(i) First consider u¢ < u™. With u¢ and ™ as the unique solutions to the segregated problems,

the first order conditions of the integrated problem require

. 0 . 0 N
sign (Eiul H?(Vf(ui),ui)> + sign (aui Hl-"(ui,uy)) ,

which is only true for u¢ < pu; < u™.
(ii) The proof for u¢ > u™ is analogous to ().

(iii) Finally, consider u¢ = u™. Since the signs of the differentials of the segregated profits are
identical in case of yu < u® = p™ and p > pé = u™, ut = u€ = u™ is the unique solution to the

integrated problem.

Note that for heterogeneous firms, the relevant signs of the differentials regarding IT!"* (u;, f1p)
may differ. Thus, the segregated solutions do not define boundaries for the integrated solu-

tions. O
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Figure 1: Impact of the Incentive Contracts on the Agents’ Reaction Functions
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Figure 2: Optimal Relative Performance Evaluation and the Correlation of Firms’ Profit for

Identical Firms
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Figure 3: Optimal Relative Performance Evaluation and Systematic Risk
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Figure 4: Optimal Relative Performance Evaluation and the Intensity of Competitiveness
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Figure 5: Optimal Relative Performance Evaluation and the Correlation of Firms’ Profit for

Heterogeneous Firms
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Figure 6: Optimal Relative Performance Evaluation and Idiosyncratic Firm Risk
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