
 

 

NÚMERO 460 

KANISKA DAM 

Job Matching, Competition and Managerial 
Incentives

www.cide.edu 

AGOSTO 2009 
 

 



 

 

 
 

Las colecciones de Documentos de Trabajo del CIDE representan un 
medio para difundir los avances de la labor de investigación, y para 
permitir que los autores reciban comentarios antes de su 
publicación definitiva. Se agradecerá que los comentarios se hagan 
llegar directamente al (los) autor(es).  
 
• D.R. ® 2009. Centro de Investigación y Docencia Económicas, 
carretera México-Toluca 3655 (km. 16.5), Lomas de Santa Fe, 
01210, México, D.F.  
Fax: 5727•9800 ext. 6314  
Correo electrónico: publicaciones@cide.edu 

www.cide.edu 
 
Producción a cargo del (los) autor(es), por lo que tanto el contenido 
así como el estilo y la redacción son su responsabilidad. 



 

 

Abstract 

When a manager’s principal task is to organize production more efficiently, 
the intensity of the product market competition is crucial in determining the 
nature of firm-manager matching as well as the structure of managerial 
incentive. The firm-manager market is modeled as a two-sided matching 
game. If greater competition leads to increasing (decreasing) returns to 
cost-reduction, then a firm that faces more intense competition employs a 
manager with higher (lower) wealth, offers higher (lower) bonus and 
compensation, and has lower (higher) managerial slack. We further analyze 
the effects of entry on equilibrium matching and executive compensation. 
 
JEL Codes: C78, D82, J33, O31. 
Keywords: product market competition, managerial compensation. 

 

Resumen 

Cuando la tarea principal de los gerentes es organizar el proceso de 
producción más eficientemente, la intensidad de competencia en el mercado 
de productos influye tanto en el emparejamiento empresa-gerente como en 
la estructura de incentivos dentro de las empresas. En este trabajo se 
modela el mercado empresa-gerente como un juego de emparejamiento 
bilateral. Si mayor nivel de competencia implica un rendimiento creciente 
(decreciente) de la disminución de costo, una empresa que enfrenta un nivel 
de competencia más intenso contrata a un gerente con mayor (menor) 
riqueza, ofrece un bono mayor (menor) e induce mayor (menor) esfuerzo. 
Además se analizan los efectos de entrada sobre el emparejamiento y la 
compensación del gerente en equilibrio. 
 
Códigos JEL: C78, D82, J33, O31. 
Palabras claves: competencia en el mercado de producto, compensación del 
gerente. 
 



 



JOB MATCHING, COMPETITION AND MANAGERIAL

INCENTIVES

Kanis.ka Dam∗

Abstract

When a manager’s principal task is to organize production more efficiently, the intensity of
the product market competition is crucial in determining the nature of firm-manager matching
as well as the structure of managerial incentive. The firm-manager market is modeled as a
two-sided matching game. If greater competition leads to increasing (decreasing) returns to
cost-reduction, then a firm that faces more intense competition employs a manager with higher
(lower) wealth, offers higher (lower) bonus and compensation, and has lower (higher) man-
agerial slack. We further analyze the effects of entry on equilibrium matching and executive
compensation. (JEL: C78, D82, J33, O31)

I Introduction

The study of the relationship between the product market andthe market for managers is at the heart
of the labor economics literature. The issue has gained evenmore importance as the worldwide
liberalization wave in the late twentieth century has witnessed the emergence of firms with im-
mense growth opportunities (such as investment banking, biotechnology and information technol-
ogy), and an unprecedented demand for high-quality managers both in the developed and emerg-
ing economies. The popular belief is that the competitive pressure in the product market reduces
agency costs, fosters innovation, provides high-powered incentives, and lures high-quality man-
agers who organize production more efficiently. Nevertheless, there is a plethora of theoretical
models and empirical evidence that have both dismissed or supported such a view.1

The purpose of this paper is to propose a framework that shedslight on two key issues: how
market mechanisms sort heterogeneous managers into heterogeneous firms, and how managerial
incentives and executive compensations are structured across firms. The heterogeneity among
firms stems from the differences in the competitive environments to which they belong. Some

∗División de Economía, Centro de Investigación y Docencia Económicas, Carretera México-Toluca 3655, Colonia
Lomas de Santa Fe, 01210 México DF, México. Tel: +52 55 5727 9800 (extn. 2740). Fax: +52 55 5727 9878. E-mail:
kaniska.dam@cide.edu

1See the works of Oliver D. Hart (1983), David Scharfstein (1988), Klaus M. Schmidt (1997), Darius Palia (2000),
and Vicente Cuñat and Maria Guadalupe (2005) for the analyses of the relationship between competition and manage-
rial incentive.



markets are more competitive than others because the product substitutability is higher, the regu-
lated price cap is tighter, or the entry barrier is lower in these markets. Firms compete in the labor
market to hire managers, and offer incentive contracts for undertaking R&D activities that make
their production processes more efficient. A manager’s actions such as effort, investment decision,
etc. influence the probability that the firms end up being moreefficient. Such actions cannot be
contracted upon since they cannot be verified by the firms. Managers are heterogenous due to the
differences in their wealth endowment. In a situation that is characterized by such moral hazard
problems, differences in wealth imply differences in liability. A wealthier manager puts more ef-
fort, and hence is more efficient since higher effort impliesa higher probability of achieving a more
efficient technology. Two-sided heterogeneity of the market induces matching between firms and
managers.2 Such a matching is endogenous since the contract offers of all the firms influence it.
On the other hand, the contract for a firm-manager pair also depends on the matching. Thus one
would expect that, in equilibrium, contracts and matching are determined simultaneously.

The need for a more efficient technology is the principal motive for offering high-powered
incentives. If the firms benefit by reducing their costs, thenit is desirable for all firms to hire
better managers by offering them higher compensation. How the marginal benefit of cost-reduction
relates to the intensity of product market competition depends on the form of competition one has
in mind. For example, if the competition is in strategic substitutes such as price competition, a
price cut by a particular firm via cost-reduction is retaliated by a price-reduction by its rival. In a
market with almost similar products such a price war washes away the benefits of being “low-cost”.
In such firms the returns to managerial wealth/efficiency will be lower, and only the less wealthy
managers will be lured into them. In other words, managers with higher wealth will be matched
with firms that face less intense competition following a negatively assortative matching pattern.
One may observe a reversal of matching pattern if the nature of product market competition is
altered. We give sufficient conditions for a monotone matching, and analyze situations in which
non-monotonicity may emerge.

The existing literature has employed the tools of the traditional agency theory to relate the
product market competition to the structure of managerial incentive and executive compensation.
A key feature of these studies is that a firm-manager relationship is treated as an isolated entity, and
the outside option of the manager is exogenously given. Thus, such models are essentially a partial
equilibrium approach. In a general equilibrium model that considers a firm-manager market, as
in ours, the outside option of a manager is endogenous, whichis the payoff from switching from
one job to the other. We show that if more competition leads toan increasing return to cost-
reduction, then due to positively assortative matching, the firms that belong to a more intense
competitive environment end up offering steeper incentive, higher compensation, and managerial
slack is lower in these firms. The relationships of the degreeof product market competition with
managerial incentive, executive compensation and effort are reversed if more competition implies
a decreasing return to cost-reduction, or these relationships can even be non-monotone.

We aim at consolidating two different strands of the literature that study the relationship be-
tween the product and the labor markets. The first is how the product market competition is related
to managerial efficiency via firm-manager matching. Works ofJudith Chevalier and Glenn Ellison
(1999), and Darius Palia (2000) show that, in the United States, the firms that belong to a more
competitive environment or the firms with higher private holding were able to attract better edu-

2See Alvin E. Roth and Marilda A. Oliveira Sotomayor (1990) for discussions on two-sided matching markets.

2



cated managers. Our approach is closely related to that of Timothy Besley and Maitreesh Ghatak
(2005), who show that the matching of “motivated” agents with proper organizational goals works
as a substitute to high-powered incentives in mission-oriented firms. These authors do not con-
sider the effects of product market competition on the shaping of incentives; rather, they consider
how the possibility of matching between principals and agents reinforces the competition for spe-
cific types of agents in an organization. In contrast with thework of Besley and Ghatak (2005),
our contracting environment resembles the analyses of Benjamin E. Hermalin (1992) and Klaus
M. Schmidt (1997). In several other contexts one can observethe monotonicity of matching be-
tween firms and managers/workers such as the “superior” managers working for the “superior”
firms (Sherwin Rosen, 1982), the more talented managers or the managers with better schooling
managing the bigger firms (Xavier Gabaix and Augustin Landier, 2008, and John E. Garen, 1985),
the small firms that enjoy efficiency advantages in process innovation employing the high-quality
engineers (Todd R. Zenger and Sergio G. Lazzarini, 2004), and the higher-ranked hospitals being
able to lure the higher-ranked residents (Jeremy Bulow and Jonathan Levin, 2006).

The second strand of the labor literature we explore is the relationship between competition
and incentives. Oliver D. Hart (1983) asserts that competition provides greater incentives to the
managers, and helps reduce the managerial slack if the firms’environments are correlated. David
Scharfstein (1988) shows that more intense competition mayaggravate the managerial incentive
problem if a manager’s marginal utility of income is strictly positive, a reversal of Hart’s (1983)
result. Hermalin (1992) and Schmidt (1997) find that the effects of an increased intensity of com-
petition on managerial incentive are, in general, ambiguous. Michael Raith (2003) shows that the
positive relationship between competition and incentives, as predicted by many empirical stud-
ies, is quite robust if one considers risk-averse managers.Our results are driven by the comple-
mentarity/substitutability between cost and competitionin generating firm’s profit, which is the
same as Hermalin’s “change-in-the-relative-value-of-actions” effect and Schmidt’s “value-of-a-
cost-reduction” effect.

The difference in the degrees of product market competitionis the root of the heterogeneity
among the firms. We stick to this interpretation of heterogeneity since our main objective is to
study how competitive pressure in the product market influences managerial incentives and exec-
utive compensation. Our analysis easily extends to other forms of heterogeneity at the firm level.
Firms may be different because some are owned by private equity investors and others are purely
public. In this context, one can reinterpret the parameter that describes the degree of product mar-
ket competition as the fraction of private holding in a firm. Asecond source of heterogeneity is
the difference in efficiency at the firm level. Some firms are inherently more efficient than others
because they have better working conditions such as bigger offices, air conditioning, etc. Each of
these factors enhances productivity within a firm and affects a firm’s profitability. Firm size may
be another source. Think of the production of a single outputthat is carried out by many produc-
tion units of a firm, and there are increasing returns to size.Then smaller size (fewer units) would
imply lower profit. Thus, our model can be used to analyze assortative matching between firm size
and managerial quality, and how managerial incentive and executive compensation relate to firm
size as in Gabaix and Landier (2008), Garen (1985), and Zenger and Lazzarini (2004). The set of
firms we consider can also be interpreted as the set of varioustasks in a single firm, and so, one can
suppose that the profit is more sensitive to managerial efficiency in some tasks than in others. Then
our model yields conclusions similar to those drawn by the O-ring theory of production (Michael
Kremer, 1993, and Gilles Saint-Paul, 2001), which suggeststhat workers of similar skills tend to
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be matched together, and the equilibrium wage structure typically depends on the equilibrium skill
segregation.

In a market with homogeneous managers, competition may be positively, negatively, or non-
monotonically related to incentives depending on the assumptions of the specific models.3 In
our model, the relationship between competition and incentive not only depends on the moral
hazard problem associated with the managerial effort, but also on the nature of sorting. In other
words, firms in a more competitive sector may offer steeper incentive and better compensation not
only because they are able to solve moral hazard problem moreefficiently, but because they may
end up hiring better managers. This has been the main messageconveyed in the empirical work
by Daniel A. Ackerberg and Maristella Botticini (2002), whoanalyze historical data on tenancy
contracts, and show that the regression results are subjectto selection bias if one does not take the
endogenous nature of landlord-tenant matching into account. For empirical purposes, however,
our results should be carefully interpreted. Observability may be a problematic issue. In most of
the situations, the intensity of product market competition is easily measured. One can actually
observe how many firms are there in a market, or how similar theproducts are. But measuring
managerial wealth may not be easy. Experience, education, etc. can be used as proxies since such
attributes are expected to have high correlation with managerial wealth.

A sufficient condition for monotone matching in a very general economic environment has
been proposed by Patrick Legros and Andrew F. Newman (2007).In the current paper, the con-
dition that greater competition leads to increasing/decreasing returns to cost-reduction implies the
“generalized difference condition” of Legros and Newman (2007). Vincent P. Crawford and Elsie
Marie Knoer (1981) analyze the matching between heterogeneous firms and workers under sym-
metric information. Konstantinos Serfes (2008) asserts that when principal-agent matching exists,
the relationship between risk and incentive is non-monotone. The general equilibrium impact of
principal-agent matching on optimal incentive contracts has also been analyzed by Archishman
Chakraborty and Alessandro Citanna (2005), Kaniska Dam andDavid Pérez-Castrillo (2006), and
Ulf von Lilienfeld-Toal and Dilip Mookherjee (2007).

II The Model

A Firms and Managers

Consider a market for managers which consists of a setM = {m1, . . . , mN} of N risk-neutral firms
and a setW = {w1, . . . , wN} of N risk-neutral managers, withN ≥ 2. Letm, m′ ∈ M , etc. denote
the characteristics of the firms, which are determined by theconditions prevailing in the product
markets. We assume thatm1 ≥ . . . ≥ mN. Each of theN firms represents a different industry.
A higher value ofm implies a higher intensity of industry-wide competition (corresponding to
greater degree of product substitutability, more competitors, lower entry cost, etc.). The parameters
w, w′ ∈ W , etc. represent managers’ wealth. We assume thatw1 ≥ . . . ≥ wN. Several factors such
as schooling and experience may attribute to differences inmanagerial wealth.

The production technology of each firm is characterized by a constant average costc∈ {cL, cH}

3Hart (1983), Scharfstein (1988), Hermalin (1992), Schmidt(1997), all draw different conclusions in this regard.
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with cH > cL > 0. Initially all firms are endowed with the inefficient technology, i.e.,c= cH . Firms
hire one manager apiece, whose principal task is to exert R&Deffort to bring down the average cost
to the lower level.4 Each manager can reduce the average cost with probabilitye∈ [0, 1], which
is his effort. A manager incurs a cost of effort that is given by ψ(e), with ψ ′(e) > 0, ψ ′′(e) > 0
andψ ′′′(e) > 0. A market for manager is denoted byξ = (M , W , cL, cH , ψ), all elements being
publicly known. We assume that cost-reduction by a firm does not alter the competition dynamics
of the product market.

A firm is matched with a manager to form a partnership. Prior tothe choice of effort, the firm
and the manager in a match write binding contracts that specify state-contingent transfers to the
manager. Manager’s effort choice is followed by the realization of the cost parameter. The effort
is not verifiable, and hence is not contractible. A firm’s gross profit, π(c, m) for c ∈ {cL, cH},
depends on the cost realization and on the degree of product market competition. If the manager is
successful in reducing the cost (which happens with probability e), then firmm’s marginal benefit
is π(m) ≡ π(cL, m)−π(cH , m). We assume the following.

ASSUMPTION 1 For a given degree of competition, a firm’s marginal benefit ofcost reduction
is positive, i.e.,π(m) > 0.

ASSUMPTION 2 For a given realization of cost, more competition leads to lower gross profit,
i.e., m> m′ impliesπ(c, m) < π(c, m′), for c∈ {cL, cH}.

Assumption 1 says that all firms gain from cost-reduction. Also for any realization of cost, a firm
has strictly positive profit, and hence there is no concern for bankruptcy. Assumption 2 implies that
as the degree of competition increases firm’s gross profit decreases for any value ofc. Following
this assumption, one may give a second interpretation tom which describes heterogeneity across
firms within a given industry. The parametermmay represent the fraction of private equity owner-
ship in a firm, a firm’s initial market size, ormmay simply be an efficiency parameter that affects a
firm’s profitability. However, throughout the paper, we stick to the first interpretation, in whichm
is an industry-specific characteristic, and in Section V putforward an example of a situation where
it is firm-specific.

B Contracts

A contractt(m, w) = (R(m, w), b(m, w)) between a firmm and a managerw specifies the state-
contingent transfers to the manager:R(m, w) is a fixed salary, andb(m, w) is a bonus if the manager
is successful in reducing the cost. The expected payoffs of firm m and managerw, when they sign
a contractt(m, w), are respectively given by

Π(t(m, w)) ≡ e(m, w)π(cL, m)+ [1−e(m, w)]π(cH , m)−R(m, w)−e(m, w)b(m, w),

V(t(m, w)) ≡ R(m, w)+e(m, w)b(m, w)−ψ(e(m, w)).

We first describe the set of feasible contracts for the firm-manager pair(m, w). Since the effort is
not contractible, a manager will choose the effort level that maximizes his expected payoff. This is

4A manager carries out several tasks to organize production more efficiently, which include product and process
innovation, finding out profitable investment opportunities, laying off unproductive workers, etc. For tractability,we
restrict attention only to the task of process innovation.
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the incentive compatibilityconstraint. Since the expected payoff is strictly concave in effort, one
can replace it by the first order condition of the maximization problem as follows.

(ICw) ψ ′(e(m, w)) = b(m, w).

A manager would accept a contract if it satisfies the following participationconstraint.

(PCw) R(m, w)+e(m, w)b(m, w)−ψ(e(m, w)) ≥ uw,

whereuw > 0 is the manager’s payoff if he does not accept the contract offered by the firm. Also, a
firm would not accept a contract if it generates negative expected payoffs, i.e., the contractt(m, w)
must satisfy the followingindividual rationalityconstraint of firmm

(IRm) e(m, w)π(cL, m)+ [1−e(m, w)]π(cH , m)−R(m, w)−e(m, w)b(m, w) ≥ 0,

Finally, limited liability requires that, for any realization of cost, a manager’s net income must be
positive, which gives rise to the following constraints.

(LLCw) R(m, w)+b(m, w) ≥−w, R(m, w) ≥−w.

Let Ω(m, w) be the set of(e(m, w), R(m, w), b(m, w)) that satisfy (ICw), (PCw), (IRm) and (LLCw).
This is the set of feasible contracts for a pair(m, w).

C Allocations

Firms and managers are matched according to a ruleµ. The rule specifies a managerw (a firm m)
can only be matched with a firmm (a managerw). In this case we writeµ(w) = m (µ(m) = w). If
a managerw or a firmm is unmatched, we writeµ(w) = w or µ(m) = m. We assume that if a firm
or a manager is unmatched, then this individual signs a null contract, denoted bytnull, such that
Π

(

tnull
)

= V
(

tnull
)

= 0 for all m andw unmatched. Given a matching ruleµ, a list of compatible
contractsC is a set of feasible contracts, one for each pair. An allocation for the marketξ is a pair
(µ, C ).

III Optimal Contracts

As a benchmark, we analyze the optimal incentive scheme for agiven firm-manager pair tak-
ing the outside option of the manager,uw as given. Our final objective is to see how the for-
mation of other pairs influences the contracts within a partnership. Thus, the optimal contract
t(m, w, uw) = (e(m, w, uw), R(m, w, uw), b(m, w, uw)) for a pair(m, w) is the solution to the fol-
lowing maximization problem.

(P) φ(m, w, uw) = max
t(m,w)∈Ω(m,w)

Π(t(m, w)).

The functionφ(m, w, uw) is the Pareto frontier for the pair(m, w). In other words, it represents the
maximum payoff firmmcan obtain if it is to guarantee a minimum ofuw to managerw. When the
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limited liability for c = cH binds, it is typically costly for the firm to provide incentive to the risk-
neutral manager. In this case the moral hazard problem bites, and the first-best is not achieved.5

The optimal second-best contracts(e(m, w, uw), R(m, w, uw), b(m, w, uw)) solve the program (P)
with the limited liability at the high-cost state binding, i.e.,R(m, w, uw) = −w. In the following
proposition we analyze the comparative statics of the optimal incentive contract with respect to
managerial wealth and the degree of product market competition.

PROPOSITION 1Higher managerial wealth implies a higher optimal effort and a higher bonus
for the manager. If more competition leads to increasing (decreasing) returns to cost-reduction,
i.e., if π(m) > (<)π(m′) for m > m′, then more intense competition implies a higher (lower)
optimal effort and a higher (lower) bonus.

Higher wealth implies that the limited liability is less likely to bind, and hence the moral hazard
problem is less stringent. Consequently, optimal effort ishigher following an increase in manager’s
wealth. A higher-wealth manager reduces the average production cost with higher probability, and
hence is more efficient. The bonus offered to the manager is designed to compensate for the
incremental cost of exerting an additional unit of effort. Higher wealth implies higher effort, and
hence greater marginal cost of effort. Thus, the manager is compensated with a higher bonus.
More intense competition may have a positive or a negative impact on effort and bonus. To see
this, suppose thatπ(m) is increasing inm. As the firm benefits more (at the margin) by reducing
its cost, it provides greater incentive to the manager. Consequently, manager’s bonus and effort are
higher following an increase in the intensity of competition.6 The effect is exactly the opposite if
π(m) is a decreasing function ofm.

IV Market Equilibrium

In this section we focus on two key issues. The first is the nature of firm-manager matching. We
pose the question: if a particular firm belongs to a more intense competitive environment, then
under what conditions it would employ a wealthier/more efficient manager? Such a question is
important since hiring the “best” manager may be the most attractive option for a firm, but for
some it may be very costly to do so. The second important aspect of the market equilibrium is how
managerial incentive and executive compensation are associated with the degree of competition.

5The first-best is a situation in which the firm can contract on the manager’s effort. If the limited liability in no
state binds, then risk-neutrality leads to the optimality of the first-best contracts. In this case the Pareto frontier is
linear with a slope equal to -1, i.e., the equation of the frontier can be expressed asφ(m, w, uw) = h(m, w)−uw, where
h : M ×W −→ R+. Since we aim at studying the relationship between competition and incentives, we skip the
analysis of the first-best. In the second-best situation, the incentive constraint together with the limited liabilityat
c = cH imply that the limited liability atc = cL is always satisfied, and hence this constraint can be ignored.

6The property thatπ(m) is an increasing (decreasing) function ofm is equivalent to thatπ(c, m) has decreasing
(increasing) differences in(c, m), i.e.,π(cH , m)−π(cL, m) > (<)π(cH , m′)−π(cL, m′) for cH > cL andm> m′. This
is a standard complementarity/substitutability propertyof the profit function. See Donald M. Topkis (1998) for various
general complementarity conditions. Suppose that the decreasing differences condition holds. This implies that cost
and competition are substitutes in generating firm’s profit.In other words, the marginal benefit of cost-reduction
is higher if competition is more intense. We do not explicitly model the (product) market game that follows the
realizations of firms’ cost parameters. In Section V we construct examples of market games in which such differences
conditions naturally arise.
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This analysis is different from the results stated in Proposition 1 in the following sense. In Section
III we have taken a manager’s outside option as exogenously given since the formation of other
partnerships did not impose externality on the optimal contracts for a particular pair. In a firm-
manager market, the payoff/compensation a manager can earnfrom an alternative employment is
endogenous and influences the equilibrium contracts in the market. Consequently, the entire set
of incentive compatible contracts obtained in the previoussection may not be optimal in a market
equilibrium. We use stability as the solution concept.

DEFINITION 1 An allocation(µ, C ) is in the market equilibrium or is stable if there do not exist
any firm-manager pair(m, w) and a feasible contract t′(m, w) ∈ Ω(m, w) such thatΠ(t ′(m, w)) >
Π(t(m, µ(m))) and V(t ′(m, w)) > V(t(µ(w), w)), for t(m, µ(m)) and t(µ(w), w) in C .

Thus, if (µ, C ) is a stable allocation, then there is no firm-manager pair that can propose among
themselves a feasible contract, different from the one assigned to them at(µ, C ), to make both
of them better-off. In other words, if one such feasible contract existed for a pair(m, w), then
with this contract the pair would have “blocked” the allocation. A market equilibrium consists
of allocations that are immune to such pairwise blocking. Stability implies that all contracts in
a market equilibrium must be Pareto optimal, i.e., they mustsolve program (P). Suppose, in a
stable allocation, thatµ(w) = m. If the manager receivesuw, then the payoff to his partner must be
φ(m, w, uw).

A Matching

In a market equilibrium, matching and contracts are determined simultaneously and endogenously.
Further, in a stable allocation, not only are the contracts optimal, but the matching itself is optimal
in the sense that no other matching may generate a higher aggregate surplus. It is worth noting that,
given the provision of signing null contracts, in a stable allocation there is always full employment.

DEFINITION 2 Consider any two firms m and m′ with m> m′. A matching is said to be positively
(negatively) assortative ifµ(m) > (<)µ(m′).

A positively assortative matching means that a higher valueof w is matched with a higher value
of m. This should no way be confused with the fact that a “better” manager is hired by a “better”
firm. The following proposition analyzes under what conditions the equilibrium exhibits assorta-
tive matching.

PROPOSITION 2If more intense competition in the product market leads to increasing (de-
creasing) returns to cost-reduction, i.e., if for any two firms m and m′ with m > m′ one has
π(m) > (<)π(m′), then a firm that faces more competition employs a manager with higher (lower)
wealth following a positively (negatively) assortative matching pattern.

If more competition implies a higher marginal benefit of cost-reduction, then a firm with greater
m would have a higher marginal gain from employing a wealthiermanager. Unlike the first-best
situation, one main consequence of moral hazard is that the surplus cannot be transfered on a one-
to-one basis between a firm and a manager, i.e., the Pareto frontier is not linear. In our setup, the
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condition thatπ(m) is an increasing function ofm induces a positively assortative matching in
equilibrium via two channels: a wealthier manager produceshigher surplus along with a firm that
faces more competition, and for such a firm it is easier to provide incentives to such a manager
(through the transfer of utility). It is worth noting that, any matching pattern is optimal in the first-
best situation, and this does not depend on whetherπ(m) is monotone inm. Also notice that we do
not discard the possibility of a non-monotone matching asπ(m) may not be globally increasing in
m.7

The above type of equilibrium matching can also be obtained as part of a Walrasian allocation
in a vertically differentiated market. For a managerw, uw can be thought of as his “price”.8

Had the prices been equal, all firms would have liked to employthe wealthiest manager since
φ2(m, w, uw) > 0, i.e., there is vertical differentiation in the market formanagers.9 Hence, the
firm that is willing to pay the most (at the margin) for the bestmanager would get him. How
much a firm is willing to sacrifice (in terms of utility) to hirea better manager? Consider a firm
m and two managers withw > w′. The maximum amount this firm is willing to sacrifice to get
the better manager isφ(m, w, uw)−φ(m, w′, uw′). This is the firm’s “willingness to pay” forw. If
this amount is increasing inm, then the firm that belongs to the most competitive industry has the
highest willingness to pay for the best manager, and thus thematching is positively assortative. In
our model,π(m) being increasing inm is a sufficient condition for increasing willingness to pay.10

B Incentive

We have noted earlier that the contract externality in the firm-manager market makes the outside
option endogenous, and competition for the managers determines its equilibrium value. The equi-
librium outside option in turn determines the equilibrium payoff or the executive compensation.
Notice that all the firms have the same preferences over managers. Each firm ranks the wealthiest
manager as first, the manager with second-highest wealth as second, etc. Hence, it is natural to
expect that, in equilibrium, a particular manager cannot beworse-off than his less wealthy coun-
terpart. This gives rise to the question that which firm offers higher bonus and compensation, and
has lower managerial slack. Obviously, the answers to thesequestions depend on the nature of the
firm-manager matching in equilibrium.

PROPOSITION 3If more intense competition in the product market leads to increasing (de-
creasing) returns to cost-reduction, then a firm that faces more competition offers higher (lower)
bonus and compensation, and has lower (higher) managerial slack.

7See Section V for an example of this situation.
8See von Lilienfeld-Toal and Mookherjee (2007) for the equivalence between the Walrasian allocations and the set

of stable allocations in a model with homogeneous principals and heterogeneous agents.
9For the functionφ(m, w, uw), φi(m, w, uw) is the partial derivative with respect to thei-th argument.

10The “increasing willingness to pay” is same as the “generalized increasing differences” property of the Pareto
frontier in Legros and Newman (2007), which asserts that competition and managerial efficiency are complements in
producing as well as transferring the surplus. Complementarity in the production of surplus impliesφ12(m, w, uw) > 0,
and that in transferring the surplus is equivalent toφ13(m, w, uw) > 0. The functionπ(m) being increasing inm
guarantees both of the above conditions.
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To prove the above proposition, first we show that a wealthiermanager is always offered a higher
compensation. In a stable allocation, if a manager with higher wealth is offered a lower com-
pensation than his less wealthy counterpart, then the firm that is matched with the less wealthy
manager can always offer a slightly better contract to the wealthier manager and form a blocking
pair. Such a blocking is feasible since a wealthier manager is always preferred to a less wealthy
one. Having established the ranking of the managerial compensations, the proposition immedi-
ately follows from Proposition 2. Suppose first thatπ(m) is increasing inm. Then the equilibrium
matching is positively assortative, i.e., a wealthier individual manages a firm that faces steeper
competition in the product market. Thus, executive compensation is higher in such a firm. In
case of a negatively assortative equilibrium matching, managerial compensation is inversely re-
lated to competition. The equilibrium may exhibit a non-monotone relationship between payoff
and competition ifπ(m) is not globally monotone with respect tom. As regard to the relationship
between incentive and competition, notice that both matching and incentive affect the contracts in
equilibrium. Suppose thatπ(m) is increasing inm. Then the equilibrium matching is positively
assortative, and one is interested in comparing the contracts in these two pairs(m, w) and(m′, w′),
with m> m′ andw > w′. There are two effects at work.11 The first is thematching effect. When
the matching is positively assortative, bonus and effort inthe partnership(m, w) are higher since
higher values of bothmandw imply higher effort and bonus (by Proposition 1). In addition to this,
there is anincentive effectthat works through the endogenous outside option. A higher value ofw
implies a higher outside option, and hence a higher equilibrium compensation. This entails higher
effort and bonus. As both effects go in the same direction in determining optimal contract, man-
agerial slack is lower and bonus is higher in the partnership(m, w). One might also be interested
in the payoffs of the firms in a market equilibrium. The following corollary analyzes that.

COROLLARY 1 In a market equilibrium, a firm that faces more intense competition consumes
a lower payoff.

More competition lowers a firm’s profit for every realizationof cost, and thus each manager prefers
to work for a firm that faces less competition since there is more to share. Thus in equilibrium,
a firm with lowerm gets higher payoff. Had the firms been identical, they would have obtained
equal payoffs. The same would also be true had all managers been homogeneous.

V Examples of Market Game

In the previous sections we have not explicitly modeled the market game that follows the realization
of cost parameters of the firms, and we have shown that the nature of the equilibrium matching
depends on the behavior ofπ(m) with respect to the changes in the degree of product market
competition. In this section we consider examples of various market games where the optimal
matching pattern and the implications for managerial incentives are different as a result of a change
in the intensity of competition. The last example is of a Cournot duopoly wherem is a firm-specific
attribute.

11Besley and Ghatak (2005) also characterize the equilibriumcontracts in terms of these two effects.
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A Competition in Differentiated Goods

There areN separate markets for differentiated goods, each of which consists of two firms,i and
j. The degree of competition in a particular market is determined by the degree of product substi-
tutability,m∈ (0, 1). Let the demand functions in marketmbe given by

pi = 1−qi −mqj for i, j = 1, 2, and i 6= j.

First, we consider the situation in which both firms do R&D activities in order to reduce costs, and
may compete either in quantities or in prices. The symmetricCournot and Bertrand profits of each
firm are given by

π(c, m) =

{

( 1−c
2+m

)2
, for quantity competition,

(1−m)(1−c)2

(1+m)(2−m)2 , for price competition.

It is easy to show thatπ(m) = π(cL, m)− π(cH , m) is decreasing inm under both quantity and
price competitions. Hence, the equilibrium matching is negatively assortative, firms in a market
with higher degree of product substitutability offer lowerbonus and compensation, and have higher
managerial slack. Cost-reduction has two effects on a firm’sprofit. The direct effect is that lower
cost increases the profit of a particular firm. There is also a strategic effect in which cost-reduction
indirectly affects a firm’s profit. In a Cournot market, cost-reduction by a firm reduces the marginal
profit of its rival through an increase in output since the quantities are strategic substitutes. On
the other hand, in a Bertrand market, due to the strategic complementarity between prices, cost-
reduction by a firm results in a decrease in its price, and hence a decrease in the marginal profit
of its rival. Since both the firms are involved in cost reducing R&D, only the strategic effect is
at work. Thus in both sorts of competition, the reduction in the rival’s marginal profit due to
cost-reduction is higher if the products are more homogeneous. Hence, more competition leads to
decreasing returns to cost-reduction.

Next, we modify the above example to introduce asymmetry in the R&D activities in each
Cournot market, and show that the monotonicity of equilibrium matching may not hold sinceπ(m)
may not be globally monotone inm.12 In each industry one of the two firms (say, firmi) is engaged
in the R&D activity to bring down its average cost fromcH to cL, whereas the average cost of the
other firm is fixed atc j = 0. TheN innovators, one from each industry, compete in the managerial
labor market. For the existence of an interior Cournot equilibrium we assume thatm< 2(1−cH).
We only consider the Cournot profits of the innovators acrossN markets. In marketm, the profit
of the innovator is given by

π(c, m) =

[

2(1−c)−m
4−m2

]2

.

For cL + cH ≥ 1/4, π(m) is globally decreasing inm, and the matching is negatively assortative.
For cL + cH < 1/4, there is a cutoff level of the degree of substitutability,m̄≡ m̄(cL, cH) below
whichπ(m) is decreasing inm, and above ¯m it is increasing. In this case, monotonicity of matching
breaks down. For very high degrees of product differentiation, firms gain more from cost-reduction
since they enjoy quasi-monopoly rents. As firms become more similar in terms of the products they
sell, they have higher marginal benefits of cost-reduction,and hence, over this range of values of
m, the optimality is achieved by assigning wealthier managers to firms from more competitive

12This example is adapted from Helmut Bester and Emmanuel Petrakis (1993).
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industries. The equilibrium matching, bonus, compensation and managerial effort thus have U-
shaped relationships with the degree of product substitutability.

B Price Cap Regulation

There areN distinct and non-competing product markets, and each of theN firms is a monopolist
in one of these markets.13 A marketm faces a demand functionD(p) with D′(.) < 0, wherep is
the market price. Further, each marketm is subject to a price cap regulation:p≤ 1/m. We assume
that the values ofmare such that the price cap is set below the monopoly price at any realization of
cost. The price in marketm thus will be set at the price cap. A tighter price cap (corresponding to
a higher value ofm) implies a market price closer to marginal cost, and hence more competition.
The profit of firm/industrym at the price cap is given by

π(c, m) =

(

1
m
−c

)

D

(

1
m

)

, for c∈ {cL, cH}.

GivenD′ < 0, π(m) is globally increasing inm, i.e., the firm that is subject to a tighter price cap
has a higher incentive for cost-reduction. A lower average cost does not change the market price
since it is pegged at the price cap. But the marginal benefit ofcost-reduction is higher in the market
with the tighter price cap since the marginal gain to reduce the cost applies to a higher quantity,
and hence is higher. Thus in a market equilibrium a higher degree of competition implies higher
compensation, higher bonus, lower managerial slack, and a positively assortative matching.

C Varying Degree of Efficiency

In this example the parameterm is a firm-specific characteristic that influences the profitability of
a firm by altering production efficiency. There are two firms 1 and 2 which compete in both the
product and the labor markets. The competition in the product market is in quantity where the
inverse market demand isP(q1 + q2) = 1− (q1+ q2). The cost function of firmi = 1, 2 is given
by Ci(qi) = (mi c)qi , wherec∈ {cH , cL}. Both firms undertake the R&D activities to reduce their
average cost to the lower level. We assume thatm1 > m2. Thus, firm 2 enjoys efficiency advantage
over firm 1. The Cournot profits are given by

π(c, mi) =
1
9

[

1− (2mi −mj)c
]2

, for i, j = 1, 2 and i 6= j.

The above functions are decreasing inc and it is easy check thatπ(c, m1) < π(c, m2) for c ∈
{cH , cL}, i.e., Assumption 2 is satisfied. For the existence of an interior Cournot equilibrium, we
assume that 2− (mi +mj)(cL +cH) > 0. The marginal benefit of cost-reduction for firmi = 1, 2 is
given by

π(mi) ≡ π(cL, mi)−π(cH, mi) =
1
9
(cH −cL)(2mi −mj)[2− (mi +mj)(cL +cH)].

13This example is adapted from Luis M. B. Cabral and Michael H. Riordan (1989), Hermalin (1992), and Schmidt
(1997).
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Notice thatπ(m1) > π(m2), i.e., π(m) is increasing inm. Thus the more efficient firm (firm 2)
has lower incentives to reduce its cost since, prior to the R&D investments, this firm has already
been enjoying an efficiency advantage. Hence, in equilibrium firm 1 employs a wealthier manager,
offers higher bonus and higher executive compensation, andhas lower managerial slack.

VI Entry of New Firms

In this section we analyze the impact of the entry of new firms on the market equilibrium. Compe-
tition is determined via two different channels. The degreeof product substitutability, the barriers
to entry, the extent of regulation, etc. determine the levelof the product market competition. A
second source of competition is the number of firms that compete in the managerial labor market,
which is crucial in determining the payoffs of the managers by changing their outside options.
More firms competing for a fixed set of managers implies the outside option of each manager is
broader. Thus one can expect that the entry of new firms into the labor market should increase
the compensation received by each manager. In the previous section, we have been working with
the same number of firms and managers. A simple modification ofthat would help analyze the
consequences of the entry on the market equilibrium.

PROPOSITION 4The entry of new firms into the managerial labor market leads to increases in
executive compensation and bonus for all managers, and lowers the managerial slack.

Suppose that a new product market opens up in which the intensity of competition ism̂, and
this firm intends to compete with theN existing firms in the market for managers. Given the
restriction of one-to-one matching, only as manyN pairs can be formed in the new equilibrium.
It is easy to show that, if there are more firms than managers inthe labor market, only the firms
belonging to theN least competitive markets get matched in any equilibrium. Hence, the new
equilibrium depends on the value of ˆm. If this new firm faces more competition in the product
market than any of the existing firms, then it will stay unmatched, and hence the equilibrium will
remain the same as before. If the entrant faces less product market competition than at least one
of the existing firms, then the new market equilibrium will bedifferent from the old one. Suppose
that m̂< m′ ≡ sup{M }, whereM is the set of incumbent firms. Then in the new equilibrium,
entry will drive m′ out of the market for managers. Otherwise, ˆm can write a blocking contract
with the manager who was matched withm′. The possibility of blocking implies that, in the new
equilibrium, this manager has to be offered a higher compensation by the entrant firm, which
is higher than that he was receiving in the old equilibrium. For the remaining of the managers,
executive compensation will either improve or remain the same. Further, as a consequence of the
rise in the payoff, bonus will be higher and managerial slackwill be lower with each manager.
Within the set of matched firms and managers, the matching maybe assortative or non-monotone
depending on the behavior ofπ(m) with respect tom.

Economic integration increases the number of potential competitors in the labor market, the
effect of which on the equilibrium is analyzed in the above proposition. A direct consequence of
the presence of more firms in the economy is that the average market power of the firms competing
for a fixed set of managers increases, since only the firms in the N least competitive industries
survive the competition. Proposition 4 suggests that increase in the market power has favorable
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consequences for executive compensation, bonus and effortof the managers, which conforms to the
findings in the labor literature that workers’ compensationis higher if the market power increases
since a part of the monopoly profit may accrue to the workers ora monopoly pass-through to the
consumers is easier in a more concentrated industry.14 In the recent years, the emerging market
economies have witnessed the opening up of new business opportunities and huge rises in the
managerial compensation. The overall managerial slack hasalso been reduced due to the new
corporate culture. On the other hand, the high-quality managers remained scarce, which justifies
the consideration of a fixed set of managers in the analysis ofthis section.

VII Conclusions

This paper analyzes the nature of the equilibrium matching between the firms that are heteroge-
neous with respect to the competitive environments they belong to and the managers that differ in
initial wealth, and how such matching influences the ways in which executive compensation, bonus
and managerial slack are related to the intensity of the product market competition. Whether the
firms in a more competitive industry employ wealthier managers and offer higher incentives de-
pend crucially on the nature of competition one has in mind.

Casual empiricism suggests that there are relatively more competitive R&D activities in the
young and high-growth industries such as software and biotechnology than the matured sectors like
power generation. One reason may lie in the fact that the marginal benefits of process innovation
are more or less constant across firms in a matured industry, whereas a higher degree of competition
leads to an increasing return to cost-reduction in young industries. Thus our results help explain
the heterogeneity in the compensation for the top executives in the high-tech sectors as opposed to
the very little variation in the pays of the managers of the utility firms.

The introduction of free trade changes the intensity of competition in some sectors, whereas the
level of competition in some others may remain the same as that in autarky. In many developing
countries, the manufacturing and the services industries have faced relatively higher competition
in the world market following the removal of the trade barriers. On the other hand, in many
specific industries such as food products, the globalization did not alter the level of competition
much because these firms either cater to a local clientele or enjoy the same comparative advantage
before and after free trade. If one assumes that more competition leads to an increasing return
to cost-reduction, then our analysis may yield useful insights in explaining the recent rise in the
executive compensation in the newly integrated sectors like manufacturing and services.

Ours is a stylized model that analyzes how incentives are related to the intensity of the product
market competition in the presence of moral hazard. As proposed by Marcel Boyer and Jean-
Jacques Laffont (2003), there are various other channels through which competition may affect
incentives. The view taken by these authors is that greater product-market competition ameliorates
informational asymmetry within a firm, and works as a substitute for high-powered incentives
when principal-agent relationships are subject to an adverse selection problem. A complete gen-
eral equilibrium analysis of competition and incentives inthe presence of both moral hazard and
adverse selection will be an interesting future research agenda.

14See James E. Long and Albert N. Link (1983) for similar arguments.
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Appendix

Analysis of the second-best The second-best optimal contracts are obtained by solving the max-
imization problem (P) with the limited liability binding forc = cH , i.e., R(m, w) = −w. If the
incentive constraint is satisfied together with limited liability for c = cH , then the limited liability
for c = cL is also satisfied, and hence can be ignored throughout. Incorporating (ICw) and (LLCw),
the problem (P) reduces to:

(P ′) max
e(m,w)

e(m, w)π(cL, m)+ [1−e(m, w)]π(cH, m)+w−e(m, w)ψ ′(e(m, w)),

subject to

(PCw) e(m, w)ψ ′(e(m, w))−ψ(e(m, w))−w≥ uw .

We identify two disjoint sets of parameters over which the solution is optimal. First consider the
case when (PCw) does not bind at the optimum. The optimal effort is obtainedby setting the
derivative of the objective function equal to zero, which isgiven by

(1) ψ ′(e(m, w, uw))+e(m, w, uw)ψ ′′(e(m, w, uw)) = π(m).

Now consider the case when (PCw) binds at the optimum. The maximum value of effort is obtained
from the binding participation constraint, which is given by

(2) e(m, w, uw)ψ ′(e(m, w, uw))−ψ(e(m, w, uw)) = w+uw .

From (ICw) we get the optimal bonus asb(m, w, uw) = ψ ′(e(m, w, uw)). The optimal payoff of the
firm is given byφ(m, ,w, uw) = e(m, w, uw)[π(m)−φ ′(e(m, w, uw))]+π(cH , m)+w, and that of
the manager isσ(m, w, uw) = e(m, w, uw)ψ ′(e(m, w, uw))−ψ(e(m, w, uw))−w. Let

φ(m, ,w, uw) =

{

φ̄(m, w) when (PCw) is not binding,

φ̂(m, w, uw), when (PCw) is binding.

And

σ(m, ,w, uw) =

{

σ̄(m, w) when (PCw) is not binding,

uw, when (PCw) is binding.

Since the payoffs of both the firm and the manager do not dependonuw when (PCw) does not bind
at the optimum, we omituw from the arguments of bothφ(.) andσ(.). ||

Proof of Proposition 1 From equation (1) we have the following

∂e(m, w, uw)

∂w
=

∂b(m, w, uw)

∂w
= 0,

∂e(m, w, uw)

∂m
=

π ′(m)

2ψ ′′ +eψ ′′′
≷ 0 as π ′(m) ≷ 0,

∂b(m, w, uw)

∂m
= ψ ′′

[

∂e(m, w, uw)

∂m

]

> 0 as π ′(m) ≷ 0.
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Now form equation (2) we have

∂e(m, w, uw)

∂m
=

∂b(m, w, uw)

∂m
= 0,

∂e(m, w, uw)

∂w
=

1
eψ ′′

> 0,

∂b(m, w, uw)

∂w
= ψ ′′

[

∂e(m, w, uw)

∂w

]

=
1
e

> 0.

The above completes the proof of the proposition. ||

Proof of Proposition 2 Consider two firms withm > m′ and two managers withw > w′. We
will show that if π(m) is increasing (decreasing) inm, then the equilibrium matching is positively
(negatively) assortative. We first prove that ifπ(m) > π(m′), then the matching is positively as-
sortative. We omit the proof of negatively assortative matching since it is similar to the case of
positively assortative matching. There are the three following cases.

CASE 1: Suppose first that the participation constraints for boththe managers do not bind at
the optimum and that the matching is negatively assortative, i.e.,µ(w) = m′ andµ(w′) = m. Then
the payoffs of the principals are given by

Π(t(m, w′)) = φ̄
(

m, w′
)

,

Π(t(m′, w)) = φ̄
(

m′, w
)

.

Managerw gets σ̄(m′, w). Since for both managers the participation constraints do not bind,
we must havee(m, w, uw) = e(m, w′, uw′). Notice thatφ̄(m, w)− φ̄(m, w′) = w−w′ > 0 since
σ̄(m, w) > uw. Also,

∂σ̄ (m, w)

∂m
=

eψ ′′ π ′(m)

2ψ ′′+eψ ′′′
> 0 sinceπ ′(m) > 0.

Thus,σ̄(m, w) > σ̄(m′, w). Hence, there existsε ∈
(

0, 1
2[φ̄(m, w)− φ̄ (m, w′)]

)

such that

Π(t(m, w)) = φ̄(m, w)− ε > φ̄ (m, w′),

V(t(m, w)) ≥ σ̄(m′, w)+ ε > σ̄(m′, w).

Thus, firmm and managerw will block the initial allocation which contradicts stability. Hence,
the stable matching must be positively assortative.

CASE 2: Now suppose that for one of the two managers the participation constraint binds at the
optimum. This has to be the case withw, otherwise the optimal effort ofw will be lower than that
of w′. Suppose further that the equilibrium matching is not positively assortative. In the similar
fashion as above, one can show thatm andw can form a blocking pair which would contradict the
stability of the initial allocation.

CASE 3: Finally suppose that the participation constraints for both the managers bind at the op-
tima. The Pareto frontier for a given pair(m, w) is given by

φ(m, w, uw) = φ̂(m, w, uw).
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From the above, it is easy to check that

sign[φ12(m, w, uw)] = sign[φ13(m, w, uw)] = sign[π ′(m)].

Given thatπ ′(m) > 0, we haveφ12(m, w, uw) > 0 andφ13(m, w, uw) > 0. Takem> m′, w> w′ and
uw > uw′. Then the last two inequalities respectively imply

φ(m, w, uw)−φ(m′, w, uw) > φ(m, w′, uw)−φ(m′, w′, uw),(3)

φ(m, w′, uw)−φ(m′, w′, uw) > φ(m, w′, uw′)−φ(m′, w′, uw′),(4)

which together give

(5) φ(m, w, uw)−φ(m, w′, uw′) > φ(m′, w, uw)−φ(m′, w′, uw′).

The above is the condition of increasing willingness to pay.Now suppose that, in a stable alloca-
tion, condition (5) holds and the matching is not positivelyassortative. Then there existm> m′

andw > w′ such thatµ(m) = w′ andµ(m′) = w. Since the allocation is stable, neither(m, w) nor
(m′, w′) can block the allocation. Hence, it must be the case that (i)φ(m, w′, uw′) ≥ φ(m, w, uw)
and (ii)φ(m′, w, uw) ≥ φ(m′, w′, uw′). These two inequalities together imply

(6) φ(m, w, uw)−φ(m, w′, uw′) ≤ φ(m′, w, uw)−φ(m′, w′, uw′),

which is a contradiction to the fact that condition (5) holdsin a stable allocation. ||

Proof of Proposition 3 To prove this proposition, we first show that a wealthier manager con-
sumes higher payoff/compensation in equilibrium. Consider any two managersw and w′ with
w > w′. Suppose further thatµ(w) = m andµ(w′) = m′ in this outcome. First we prove that, for
any firmm, at the second-best

φ(m, w, u) > φ(m, w′, u′), if w > w′ and u≤ u′.

To show the above, consider the optimal contracting problem(P). It is easy to check that
φ2(m, w, u) > 0 andφ3(m, w, u) < 0. Then these two together imply

φ(m, w, u) > φ(m, w′, u), for w > w′,(7)

φ(m, w′, u) > φ(m, w′, u′), for u≤ u′.(8)

Thus, from the above two inequalities we have

φ(m, w, u) > φ(m, w′, u′), if w > w′ and u≤ u′.

Now suppose thatw > w′ and in a stable allocationuw ≤ uw′. From the previous inequality we
know that, for firmm′,

φ(m′, w, uw) > φ(m′, w′, uw′).

Define byt + ε = (R+ ε, R+ b+ ε) for ε > 0 and sufficiently small. In this contract a manager
is paid the same additional amount for both cost realizations. It is easy to check that, compared
to the contractt, incentive constraint remains unaltered undert + ε as well. If the last inequality
holds, then there exists a feasible contract for the pair(m′, w), t ′(m′, w) = t(m′, w, uw) + ε such
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that Π(t ′(m′, w)) = φ(m′, w, uw)− ε > φ(m′, w′, uw′) andV(t ′(m′, w)) ≥ uw + ε > uw. Thus,m′

andw can form a blocking pair, which is a contradiction. Thus, we conclude thatuw > uw′ for any
two w andw′ with w > w′.

Now suppose thatπ(m) is an increasing function ofm. Then by Proposition 2, a higherw is
matched with a higherm. This immediately implies that, between any two firmsm andm′ with
m> m′, firm m ends up offering higher compensation,uw. If π(m) is decreasing inm, there is a
decreasing relationship between executive compensation and competition.

Next, we compare the optimal contracts in two distinct pairs. Consider two firmsm> m′ and
two managersw > w′. First suppose thatπ(m) is increasing inm. Then the matching is posi-
tively assortative. In this case, the optimal efforts for the two pairs are given bye(m, w, uw) and
e(m′, w′, uw′), and the bonuses areb(m, w, uw) andb(m′, w′, uw′). From the optimization problem
(P) we have

e1(m, w, uw) ≥ 0, e2(m, w, uw) > 0, e3(m, w, uw) ≥ 0,

b1(m, w, uw) ≥ 0, b2(m, w, uw) > 0, b3(m, w, uw) ≥ 0

The above inequalities imply that

e(m′, w′, uw′) ≤ e(m, w′, uw′) ≤ e(m, w′, uw) < e(m, w, uw),

b(m′, w′, uw′) ≤ b(m, w′, uw′) ≤ b(m, w′, uw) < b(m, w, uw).

Hence, bonus is higher and managerial slack is lower for higher m. A similar argument leads
to the fact thatπ(m) is a decreasing function ofm implies that bonus is higher and managerial
slack is lower for lowerm. Obviously, if π(m) is non-monotone inm, then bonus and effort are
non-monotone with respect to the degree of competition. ||

Proof of Corollary 1 We need to show that ifm> m′, thenφ(m′, ., .) > φ(m, ., .) irrespective
of whether the equilibrium matching is positively or negatively assortative. Suppose first that the
matching is positively assortative, i.e., form> m′ andw > w′ we haveµ(m) = w andµ(m′) = w′.
Suppose, on the contrary, that

(9) φ(m, w, uw) > φ(m′, w′, uw′).

We know thatφ1(m, w, u) ≤ 0, which implies

(10) φ(m, w, uw) ≤ φ(m′, w, uw).

The above two inequalities together imply

(11) φ(m′, w, uw) > φ(m′, w′, uw′).

The above implies that there exists a blocking contractt ′(m′, w) = t(m′, w, uw) + ε such that
Π(t ′(m′, w)) = φ(m′, w, uw)−ε > φ(m′, w′, uw′) andV(t ′(m′, w)) ≥ uw +ε > uw. Thus,m′ andw
can form a blocking pair, which is a contradiction. Now, if the matching is negatively assortative,
then one can construct a blocking contractt ′(m′, w′) in the similar fashion as above, which would
contradict the stability of the initial allocation. ||

Proof of Proposition 4 Without loss of generality, we analyze the market equilibria for N = 3.
Let the initial market beM = {m′, m′′, m′′′}, with m′ > m′′ > m′′′ andW = {w′, w′′, w′′′} with
w′ > w′′ > w′′′. Thus,m′ = sup{M }. We use the following lemma to prove this proposition.
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LEMMA 1 If there are more firms than managers, i.e.,|M |>|W |, then only the firms in the three
least competitive markets and all the managers are matched in a market equilibrium.

Proof Suppose there are four firms withm′ > m′′ > m′′′ > m̂ and three managers withw′ >
w′′ > w′′′, and in a stable allocation(µ, C ), m̂ is unmatched. So this firm consumes zero payoff by
signing a null contract. Take anym∈ {m′, m′′, m′′′}. Sinceφ(m, w, uw) < φ(m̂, w, uw) for anyw,
firm m̂ and managerµ(m) can sign a blocking contractt ′(m̂, µ(m)) = t

(

m̂, µ(m), uµ(m)

)

+ε such
thatV(t ′(m̂, µ(m))) ≥ uµ(m) + ε > uµ(m) andΠ(t ′(m̂, µ(m))) = φ(m̂, µ(m), uµ(m))− ε > 0. This
contradicts the fact that(µ, C ) is stable. Following this logic, it is immediate to show thatonly
firms m′′, m′′′, m̂ will be matched.�

The above lemma trivially extends to|M |>|W | = N ≥ 3. Let there be an entrant firm ˆm. First
suppose thatπ(m) is increasing inm. Hence, the matching is positively assortative both in the
initial and the final equilibria. Let the initial equilibrium allocation be(µ, C ) with µ(m′) = w′,
µ(m′′) = w′′ andµ(m′′′) = w′′′, anduw for w∈ {w′, w′′, w′′′} be the equilibrium compensation of

managerw. Let the new equilibrium allocation be
(

µ̂ , Ĉ

)

with the vector of equilibrium payoffs

of the managers,(ûw)w∈W . If m̂ > m′, then following the above lemma firm ˆm is not matched,

and(µ, C ) =
(

µ̂ , Ĉ

)

. Now suppose thatm′ > m̂> m′′. Then in the new equilibrium,̂µ(m̂) = w′,

µ̂(m′′) = w′′ andµ̂(m′′′) = w′′′. This implies that ˆm andw′ could have formed a blocking pair has
m̂been unmatched in the new equilibrium. Hence,w′ must receive strictly higher payoff in the new
equilibrium allocation, whereasw′′ andw′′′ continues to receive the same. Thus compensations of
the managers weakly improves in the final equilibrium. Next,suppose thatm′′ > m̂> m′′′. Thus
in the new equilibrium allocation, we havêµ(m′′) = w′, µ̂(m̂) = w′′ andµ̂(m′′′) = w′′′. This new
allocation is stable since ˆm can form blocking pair with either ofw′ andw′′, andm′′ can write a
blocking contract withw′. Hence, in the new equilibrium bothw′ andw′′ are strictly better-off,
while w′′′ consumes the same payoff as in the initial equilibrium. It iseasy to see that if ˆm< m′′′,
then all the three managers are strictly better-off. Similar logic goes through when the matching is
negatively assortative in both the equilibria. ||
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