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a b s t r a c t
Cost heterogeneity is an important source of performance disparity
among ﬁrms. This heterogeneity conditions the strategic decisions
that ﬁrms make in the product market and can lead to heterogeneity
in the design of managerial compensation contracts. I investigate the
effect of cost heterogeneity in a strategic product market environment where ﬁrms compete à la Cournot. The paper offers new predictions on how executive compensation contracts that account
for relative performance must be adjusted for cost differences.
Ó 2009 Elsevier Inc. All rights reserved.

Keywords:
Cost heterogeneity
Strategic decisions
Managerial compensation
Relative performance evaluation
Firm heterogeneity

1. Introduction
Firms are intrinsically heterogeneous, even within the same industry. For example, ﬁrms produce
differentiated products, face different demand curves, or differ in their productive efﬁciency. Heterogeneity conditions the strategic decisions that ﬁrms make and, not surprisingly, leads to heterogeneity
in ﬁrm proﬁtability.1 Because managerial compensation is often tied to measures of ﬁrm proﬁtability, it
is important to understand the effect that cost heterogeneity has on managerial compensation contracts.
I investigate the design of managerial compensation contracts when ﬁrms compete à la Cournot in
the product market and managerial compensation is allowed to depend on own and rival ﬁrm’s
* Fax: +1 617 353 6667.
E-mail address: albuquea@bu.edu
1
Bartelsman and Doms (2000) study the drivers of heterogeneity in proﬁtability. Syverson (2004) shows that heterogeneity can
persist in equilibrium.
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proﬁts. When ﬁrms are identical, the optimal level of compensation decreases in the rival ﬁrm’s proﬁt:
shareholders want their managers to be more aggressive in setting quantities as this strategy yields
the highest proﬁt for each ﬁrm. Moreover, this effect is more pronounced as products become more
substitutable (Aggarwal and Samwick, 1999). When costs differ across ﬁrms, I show that as products
become more substitutable, only shareholders of less efﬁcient ﬁrms give incentives to harden product
market competition. As products become more substitutable, shareholders of more efﬁcient ﬁrms give
their managers incentives to soften product competition, provided the relative difference in efﬁciency
levels is large enough.
The result that cost-heterogeneous ﬁrms incentivize their managers differently has implications for
the use of relative performance evaluation (RPE) in executive compensation. One of the main puzzles
in the executive compensation literature has been the limited evidence of RPE in compensation
schemes (e.g., Murphy, 1999). In the presence of cost heterogeneity, my results suggest that cross sectional analyses that fail to take into account the differential behavior of more efﬁcient ﬁrms within an
industry introduce a bias regarding the relevance of RPE. The results supporting RPE usage when using
industry-size peers may be due to a correlation between peer performance and the omitted variable
causing the bias referred to above.
Ideally, to correct this bias one needs empirical measures of marginal costs to model relative performance usage. Alternatively, assuming that ﬁrms with lower marginal costs are also larger ﬁrms,
then ﬁrm size can be used as a proxy for a ﬁrm’s efﬁciency level. In that case, the model provides a
rationale for the empirical results in Albuquerque (2009), who ﬁnds evidence consistent with RPE
when using peer ﬁrms in the same industry and size quartile, but no evidence of RPE when peer ﬁrms
are those in the same industry irrespective of size.
This paper contributes to a large literature that explores the impact of ﬁrm heterogeneity on the
design of executive compensation contracts. For example, Hermalin and Wallace (2001) analyze the
savings and loan industry and ﬁnd – even within a single industry – evidence of heterogeneity in
the structure of compensation contracts. My results add to this literature by pointing to cost heterogeneity as a rationale for equilibrium heterogeneity in compensation contracts.
2. The model
Consider the shareholders’ problem in designing the optimal compensation contract of a manager
in a monopolistic competitive industry with two ﬁrms labelled 1 and 2. I also use the indexes i and j
for the ﬁrms. Firms act strategically à la Cournot.2 The model extends Fumas (1992) and Aggarwal and
Samwick (1999) to allow for heterogeneity in marginal costs, ci , with c1 – c2 . The model with cost differences can be interpreted as a model where ﬁrm heterogeneity arises from demand differences as in
Singh and Vives (1984). Accordingly, high-demand ﬁrms resemble low marginal cost ﬁrms. For brevity,
I present the results only with cost heterogeneity.
Firm i’s inverse demand function is

Pi ðqi ; qj Þ ¼ A  bqi  aqj ;

ð1Þ

where qi and qj are quantities, and Pi is the price of good i. The parameters A, b and a are all positive.
Firms in the industry face a common, independently and identically distributed proﬁt shock, e, with
zero mean. This shock invalidates contracts written on prices or quantities which are assumed to be
unobservable. Thus, contracts can only be written as a function of proﬁts. All agents are risk neutral.
Managers face a participation constraint in that they have an outside job opportunity that gives them a
payoff of w.
The timing of the model is as follows. First, shareholders of each ﬁrm choose the contract’s parameters. Second, given shareholders’ actions, managers choose prices.
Consider a linear incentive contract assigning weights ai to own-ﬁrm’s proﬁts and bi to rival ﬁrm’s
proﬁts, and with a ﬁxed compensation ki . Firm i’s proﬁt i’s

pi ðqi ; qj Þ ¼ ðA  bqi  aqj  ci Þqi þ e;
2

The results for Bertrand competition are similar and available upon request.

ð2Þ
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and ﬁrm i’s managerial compensation is

wðki ; qi ; qj Þ ¼ ki þ ai pi þ bi pj :

ð3Þ

The manager chooses quantities to solve the following problem

q
i ¼ arg max E½wðki ; qi ; qj Þ;

ð4Þ

qi

where q
j is the Cournot equilibrium quantity chosen by ﬁrm j’s manager. Lemma 1 gives the equilibrium quantities.
Lemma 1. The industry equilibrium quantities are:

q
i ¼ aj

aðbi þ ai ÞðA  cj Þ  2bai ðA  ci Þ
2

a2 ðbi þ ai Þðbj þ aj Þ  4b ai aj

;

ð5Þ

for i ¼ 1; 2 and j – i.
Shareholders use backwards induction and infer the second stage equilibrium quantities for each
triplet ðki ; ai ; bi Þ that they choose. Thus, ﬁrm i’s shareholders choose ðki ; ai ; bi Þ to solve

h  


i


max E pi q
 wi ki ; q
;
i ; qj
i ; qj

ki ;ai ;bi

ð6Þ

subject to the wage scheme (3) and the participation constraint, wi P w. This problem can be simpliﬁed by eliminating ki using the fact that wi ¼ w at the optimum. The solution is given in Proposition 1.
Proposition 1. Shareholders of each ﬁrm design contracts that include peer performance evaluation. The
optimal compensation ratios are ai =bi ¼ zi , for any bi – 0. Letting q ¼ b=a,

zi ¼ 2

ðq2  1ÞðA  ci Þ
þ 1:
qðA  cj Þ  ðA  ci Þ

ð7Þ

It is not optimal to set bi ¼ 0.
Notice that it is not in the shareholders’ interest to set b1 ¼ b2 ¼ 0. Hence, packages that include
relative compensation measures are optimal. Moreover, independently of cost heterogeneity, relative
performance schemes do not distinguish the separate roles of the own-price elasticity parameter, b,
from that of the product substitutability parameter, a.
Absent ﬁrm heterogeneity, the impact of product market substitutability on relative performance is
dzi =dq ¼ dzj =dq ¼ 2. In this case, both ﬁrms choose to harden product market competition.
Proposition 2 presents the result with cost heterogeneity.
Proposition 2. Without loss of generality, let c1 < c2 . When product market substitutability increases
2
1
< 0. Depending on the degree of cost heterogeneity, ﬁrm 1 may choose dz
> 0.
(q decreases), ﬁrm 2 chooses dz
dq
dq
Proposition 2 shows that ﬁrms can react in different ways to increases in product market substitutability (lower q). Assuming zi ¼ ai =bi < 0,3 ﬁrm 2 hardens market competition in response to an increase in product market substitutability by putting a relatively more negative weight, b, in the rival
ﬁrm’s proﬁt. In contrast, ﬁrm 1 may prefer to soften product market competition by choosing a less
negative b. Thus, in this industry, either both ﬁrms choose to adjust in identical fashion to changes
in product market substitutability or the more efﬁcient ﬁrm differentiates itself by giving incentives
to soften competition.
Fig. 1 illustrates Proposition 2. The Appendix describes the construction of the incentive regions I1
and I2 and demonstrates that region I2 is not empty, at least for values of q close to 1. Region I1 is
composed of the pairs ðc2 ; c1 Þ for which ﬁrms behave in a similar fashion. Region I2 gives all other
combinations.
Fig. 1 shows that for sufﬁciently large cost differences (region I2 ), shareholders of low cost ﬁrms
give incentives to soften competition in response to increases in product substitutability. This is never
3
With identical costs, zi ¼ 2q  1 < 0, because q > 0. With differential costs, it is not possible to analytically sign zi , but zi < 0
in all numerical examples with positive expected proﬁts.
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Fig. 1. Firm 1 is more efﬁcient. In region I1 , both ﬁrms harden market competition as product substitutability increases. In
region I2 , the more efﬁcient ﬁrm softens market competition instead.

the case for shareholders of high cost ﬁrms. To get some intuition, note that as product substitutability
increases the price impact of the rival ﬁrm’s quantity increases relative to the price impact of the ownﬁrm’s quantity. This negative effect can be ameliorated if shareholders of ﬁrm 1 give incentives to reduce competition. This is only optimal if ﬁrm 1 is sufﬁciently more efﬁcient.
3. Conclusion
Cost heterogeneity is an important source of proﬁt dispersion among ﬁrms. This paper shows that
incentive compensation contracts can vary signiﬁcantly across ﬁrms with different cost structure.
The are two main predictions. First, shareholders of more efﬁcient ﬁrms may want to design incentive contracts that differ from those offered by less efﬁcient ﬁrms. To the extent that larger ﬁrms are
more efﬁcient, I conjecture that the incentive contracts offered to ﬁrms within the same industry vary
with ﬁrm size. Second, in industries that can be characterized by Cournot competition, low cost ﬁrms
may soften competition whereas high cost ﬁrm always harden competition in response to increased
product substitutability.
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Appendix A.

The appendix provides the proofs of the results in the main text.

Proof of Lemma 1. The manager’s problem is to solve (4). The ﬁrst order condition can be rewritten to
yield the best reply function

qi ¼

A  aðbiaþai Þ qj  ci
i

2b

:

ð8Þ


Tedious algebra reveals that ðq
i ; qj Þ solves the system of two equations in two unknowns composed by the
equation above on qi and a symmetric one for qj . h
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Proof of Proposition 1. Problem (6) yields the ﬁrst order conditions

@qj
@qi
ðA  2bqi  aqj  ci Þ ¼ aqi
;
@ ai
@ ai

ð9Þ

@qj
@qi
ðA  2bqi  aqj  ci Þ ¼ aqi
:
@bi
@bi

ð10Þ

and

It can be shown that these two equations are identical and give only a solution to zi ¼ ai =bi .
Together with ﬁrm j’s ﬁrst order condition, I solve for ðz1 ; z2 Þ. Tedious algebra leads to the expressions
in the text.
To show that it is never optimal to set bi ¼ 0 (or bj ¼ 0), note that the manager’s ﬁrst order
condition when bi ¼ 0 is

A  2bqi  aqj  ci ¼ 0:
dq
j
dbi

ð11Þ

Inserting this into the shareholder’s ﬁrst order conditions (9), and (10), gives qi ¼ 0 (noting that
– 0 when evaluated at bi ¼ 0). h

Proof of Proposition 2. Without loss of generality, let c2 > c1 . Simple computations give

dzi 2ðq  1Þ2 ðA  cj Þ þ 4qðcj  ci Þ
¼
ðA  ci Þ:
dq
½qðA  cj Þ  ðA  ci Þ2
First note that A > c2 > c1 . That A > c2 (and A > c1 ) is needed to ensure positive proﬁts. Thus,
dz2 =dq is always negative. As for the more efﬁcient ﬁrm, the derivative dz1 =dq, is negative iff

2ðq  1Þ2 ðA  c2 Þ þ 4qðc2  c1 Þ < 0:

ð12Þ

This condition need not hold if the cost differential is sufﬁciently large relative to q as I now show.
Consider the pairs ðci ; cj Þ that satisfy condition (12)

gðc2 Þ  

ðq  1Þ2
ðA  c2 Þ þ c2 < c1 :
2q
2

2

q1Þ
Clearly, gðc2 Þ ¼ 0 when c2 ¼ ðqð1Þ
A. Also, g 0 ðc2 Þ is constant and equal to 1 þ ðq21Þ
2
q . Therefore, gðÞ
þ2q

intersects the 45° line. Using gðÞ, dz1 =dq is positive iff c1 < gðc2 Þ, that is to the right of the locus gðc2 Þ
or in region I2 in Fig. 1.
At the point where c1 ¼ c2 the condition implies that c2 ¼ A. Therefore, at that point and, in fact for
any ðc1 ; c2 Þ ¼ ðc1 ; AÞ, expected proﬁts for ﬁrm 2 are negative (see (2)). Therefore, by continuity, there is
a zero-isoproﬁt curve that passes to the left of the vertical line ðc1 ; AÞ, because proﬁts for ﬁrm 2 must
also be negative when c2 is close enough to A.
Finally, I show that region I2 is not an empty set when q is close to 1. To do that, I show that


2
A . This point deﬁnes
equilibrium quantities, prices and proﬁts are all positive at ðc1 ; c2 Þ ¼ 0; ðq1Þ
2
ðq1Þ þ2q

the starting point of g and is in the boundary of I2 . Note that because g 0 ðc2 Þ > 1, there exists a


2
A þ e lies inside I2 . Therefore, by
sufﬁciently small e > 0 such that the point ðc1 ; c2 Þ ¼ e; ðq1Þ
2
ðq1Þ þ2q


2
A þ e yields positive equilibrium quantities, prices and proﬁts as
continuity, ðc1 ; c2 Þ ¼ e; ðq1Þ
2
ðq1Þ þ2q

4

2

2q þq þ1
well. Using (7) yields z1 ¼ 2q2  1 and z2 ¼ 3 and from (5) I obtain q1 ¼ 3Aa2 q ð2þ6
q2 Þðq2 þ1Þ and
3q1
q2 ¼ ð2q2 þ 1Þ 2þ6
q2

aA
2.
2b

Using (1), p1 ¼ A 6q

6 6 5 þ15 4 9 3 þ4 2 3

q

q

q

q

ð4þ12q2 Þðq4 þq2 Þ

qþ1

and p2 ¼

2b
6
q5 4q4 þ7q3 þq2
A 6q þ12
.
ð4qþ12q3 Þðq2 þ1Þ

It

can be veriﬁed by evaluating p1 that p1 > c1 ¼ 0. Also, q2 > 0 if and only if q > 1=3. Finally, for
p2  c2 > 0 a necessary and sufﬁcient condition is

2qð6q6 þ 12q5  4q4 þ 7q3 þ q  2Þ > ðq  1Þ2 ð3q þ 9q3 þ 6q6 þ 4q4 þ 2Þ:
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The condition holds for q 2 ð:7; 1:65Þ. Since values for q < 1:0 are not realistic because they imply
that the demand for a ﬁrm’s product is more sensitive to the rival’s output than its own, a more realistic condition is q 2 ð1; 1:65Þ. h
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