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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
produccién mas 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 disminucién de costo, una empresa que enfrenta un nivel
de competencia mas intenso contrata a un gerente con mayor (menor)
riqueza, ofrece un bono mayor (menor) e induce mayor (menor) esfuerzo.
Ademdas se analizan los efectos de entrada sobre el emparejamiento y la
compensacion del gerente en equilibrio.

Cédigos JEL: C78, D82, J33, O31.
Palabras claves: competencia en el mercado de producto, compensacion del
gerente.






JOB MATCHING, COMPETITION AND MANAGERIAL
INCENTIVES

Kanigka Dant

Abstract

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

| Introduction

The study of the relationship between the product markettacharket for managers is at the heart
of the labor economics literature. The issue has gained mx@e importance as the worldwide

liberalization wave in the late twentieth century has wssed the emergence of firms with im-

mense growth opportunities (such as investment bankiotgd¢hnology and information technol-

ogy), and an unprecedented demand for high-quality masdgeh in the developed and emerg-
ing economies. The popular belief is that the competitivesspuare in the product market reduces
agency costs, fosters innovation, provides high-powamedntives, and lures high-quality man-

agers who organize production more efficiently. Nevertgl¢here is a plethora of theoretical
models and empirical evidence that have both dismissedoposted such a view.

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

*Division de Economia, Centro de Investigacion y Docenciarbmicas, Carretera México-Toluca 3655, Colonia
Lomas de Santa Fe, 01210 México DF, México. Tel: +52 55 572D98xtn. 2740). Fax: +52 55 5727 9878. E-mail:
kaniska.dam@cide.edu

1See the works of Oliver D. Hart (1983), David Scharfsteir8@9 Klaus M. Schmidt (1997), Darius Palia (2000),
and Vicente Cufiat and Maria Guadalupe (2005) for the anslyfile relationship between competition and manage-
rial incentive.



markets are more competitive than others because the preglostitutability is higher, the regu-
lated price cap is tighter, or the entry barrier is lower iest markets. Firms compete in the labor
market to hire managers, and offer incentive contracts folettaking R&D activities that make
their production processes more efficient. A manager'sastsuch as effort, investment decision,
etc. influence the probability that the firms end up being n&ffieient. Such actions cannot be
contracted upon since they cannot be verified by the firms.dgers are heterogenous due to the
differences in their wealth endowment. In a situation teatharacterized by such moral hazard
problems, differences in wealth imply differences in lidgii A wealthier manager puts more ef-
fort, and hence is more efficient since higher effort impéidsgher probability of achieving a more
efficient technology. Two-sided heterogeneity of the mamk@uces matching between firms and
managerg. Such a matching is endogenous since the contract offers thfeafirms influence it.
On the other hand, the contract for a firm-manager pair alpert#s on the matching. Thus one
would expect that, in equilibrium, contracts and matchirggdetermined simultaneously.

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

The existing literature has employed the tools of the trawll agency theory to relate the
product market competition to the structure of managenie¢mntive and executive compensation.
A key feature of these studies is that a firm-manager relstiqris treated as an isolated entity, and
the outside option of the manager is exogenously given. ;uch models are essentially a partial
equilibrium approach. In a general equilibrium model thantsiders a firm-manager market, as
in ours, the outside option of a manager is endogenous, whitte payoff from switching from
one job to the other. We show that if more competition leadartancreasing return to cost-
reduction, then due to positively assortative matching, firms that belong to a more intense
competitive environment end up offering steeper incentivgher compensation, and managerial
slack is lower in these firms. The relationships of the degfgeoduct market competition with
managerial incentive, executive compensation and efferteversed if more competition implies
a decreasing return to cost-reduction, or these relatipasian even be non-monotone.

We aim at consolidating two different strands of the litaratthat study the relationship be-
tween the product and the labor markets. The first is how théymt market competition is related
to managerial efficiency via firm-manager matching. Work3uafith Chevalier and Glenn Ellison
(1999), and Darius Palia (2000) show that, in the UnitedeStaihe firms that belong to a more
competitive environment or the firms with higher privatedioy were able to attract better edu-

2See Alvin E. Roth and Marilda A. Oliveira Sotomayor (1990)discussions on two-sided matching markets.
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cated managers. Our approach is closely related to thanodthy Besley and Maitreesh Ghatak
(2005), who show that the matching of “motivated” agentdwpitoper organizational goals works
as a substitute to high-powered incentives in missionateie firms. These authors do not con-
sider the effects of product market competition on the stwpf incentives; rather, they consider
how the possibility of matching between principals and égesinforces the competition for spe-
cific types of agents in an organization. In contrast withwhek of Besley and Ghatak (2005),
our contracting environment resembles the analyses ofaB&njE. Hermalin (1992) and Klaus
M. Schmidt (1997). In several other contexts one can obsieenonotonicity of matching be-
tween firms and managers/workers such as the “superior” geasavorking for the “superior”
firms (Sherwin Rosen, 1982), the more talented managersean#mnagers with better schooling
managing the bigger firms (Xavier Gabaix and Augustin Lan@@08, and John E. Garen, 1985),
the small firms that enjoy efficiency advantages in procasgviation employing the high-quality
engineers (Todd R. Zenger and Sergio G. Lazzarini, 2004 ttz&n higher-ranked hospitals being
able to lure the higher-ranked residents (Jeremy Bulow andthan Levin, 2006).

The second strand of the labor literature we explore is thioaship between competition
and incentives. Oliver D. Hart (1983) asserts that compaetiprovides greater incentives to the
managers, and helps reduce the managerial slack if the femv&onments are correlated. David
Scharfstein (1988) shows that more intense competition agayavate the managerial incentive
problem if a manager’s marginal utility of income is strycfositive, a reversal of Hart's (1983)
result. Hermalin (1992) and Schmidt (1997) find that theatff®f an increased intensity of com-
petition on managerial incentive are, in general, ambigudlichael Raith (2003) shows that the
positive relationship between competition and incentiesspredicted by many empirical stud-
ies, is quite robust if one considers risk-averse manadeus.results are driven by the comple-
mentarity/substitutability between cost and competifioigenerating firm’s profit, which is the
same as Hermalin’s “change-in-the-relative-value-dfems” effect and Schmidt’'s “value-of-a-
cost-reduction” effect.

The difference in the degrees of product market competisahe root of the heterogeneity
among the firms. We stick to this interpretation of heter@ignsince our main objective is to
study how competitive pressure in the product market inftaemmanagerial incentives and exec-
utive compensation. Our analysis easily extends to othherdmf heterogeneity at the firm level.
Firms may be different because some are owned by privatéyaquestors and others are purely
public. In this context, one can reinterpret the paraméigrdescribes the degree of product mar-
ket competition as the fraction of private holding in a firm.sécond source of heterogeneity is
the difference in efficiency at the firm level. Some firms afgeirently more efficient than others
because they have better working conditions such as bidfieesy air conditioning, etc. Each of
these factors enhances productivity within a firm and affectirm’s profitability. Firm size may
be another source. Think of the production of a single outpaitis carried out by many produc-
tion units of a firm, and there are increasing returns to Siben smaller size (fewer units) would
imply lower profit. Thus, our model can be used to analyzeréetsoe matching between firm size
and managerial quality, and how managerial incentive aedwgie compensation relate to firm
size as in Gabaix and Landier (2008), Garen (1985), and ZemgkLazzarini (2004). The set of
firms we consider can also be interpreted as the set of valsks in a single firm, and so, one can
suppose that the profit is more sensitive to managerial &fiigi in some tasks than in others. Then
our model yields conclusions similar to those drawn by then@-theory of production (Michael
Kremer, 1993, and Gilles Saint-Paul, 2001), which suggéstisworkers of similar skills tend to
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be matched together, and the equilibrium wage structuiedifp depends on the equilibrium skill
segregation.

In a market with homogeneous managers, competition may biiyaby, negatively, or non-
monotonically related to incentives depending on the agsioms of the specific modefs. In
our model, the relationship between competition and inecentot only depends on the moral
hazard problem associated with the managerial effort, lsot@n the nature of sorting. In other
words, firms in a more competitive sector may offer steepantive and better compensation not
only because they are able to solve moral hazard problem efiicgently, but because they may
end up hiring better managers. This has been the main messageyed in the empirical work
by Daniel A. Ackerberg and Maristella Botticini (2002), wihoalyze historical data on tenancy
contracts, and show that the regression results are subjselection bias if one does not take the
endogenous nature of landlord-tenant matching into adcoor empirical purposes, however,
our results should be carefully interpreted. Observahifity be a problematic issue. In most of
the situations, the intensity of product market competii® easily measured. One can actually
observe how many firms are there in a market, or how similaptbeducts are. But measuring
managerial wealth may not be easy. Experience, educatmman be used as proxies since such
attributes are expected to have high correlation with manalgwealth.

A sufficient condition for monotone matching in a very gehex@onomic environment has
been proposed by Patrick Legros and Andrew F. Newman (20@#he current paper, the con-
dition that greater competition leads to increasing/desirey returns to cost-reduction implies the
“generalized difference condition” of Legros and Newma®(2). Vincent P. Crawford and Elsie
Marie Knoer (1981) analyze the matching between heterayenfrms and workers under sym-
metric information. Konstantinos Serfes (2008) assedbwen principal-agent matching exists,
the relationship between risk and incentive is nhon-mon@tdrhe general equilibrium impact of
principal-agent matching on optimal incentive contracs hlso been analyzed by Archishman
Chakraborty and Alessandro Citanna (2005), Kaniska DanDeawvitl Pérez-Castrillo (2006), and
UIf von Lilienfeld-Toal and Dilip Mookherjee (2007).

I The Model

A Firms and Managers

Consider a market for managers which consists of aget {my, ..., my} of N risk-neutral firms
and ase?” = {wy, ..., wn} of N risk-neutral managers, witd > 2. Letm, m’ € .#, etc. denote
the characteristics of the firms, which are determined bycthwditions prevailing in the product
markets. We assume that > ... > my. Each of theN firms represents a different industry.
A higher value ofm implies a higher intensity of industry-wide competitiorofeesponding to
greater degree of product substitutability, more compegjiower entry cost, etc.). The parameters
w, W € #/, etc. represent managers’ wealth. We assumenthat ... > wy. Several factors such
as schooling and experience may attribute to differencesainagerial wealth.

The production technology of each firm is characterized bymstant average cost {c_, c4}

3Hart (1983), Scharfstein (1988), Hermalin (1992), Schr(i@97), all draw different conclusions in this regard.
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with cy > ¢ > 0. Initially all firms are endowed with the inefficient techogy, i.e.,c = cy. Firms
hire one manager apiece, whose principal task is to exert B&ddt to bring down the average cost
to the lower leveft Each manager can reduce the average cost with probabiitd, 1], which

is his effort. A manager incurs a cost of effort that is givenyn(e), with ¢/(e) > 0, ¢ (e) >0
andy(e) > 0. A market for manager is denoted By= (.#, # , c, cn, Y), all elements being
publicly known. We assume that cost-reduction by a firm dagster the competition dynamics
of the product market.

A firm is matched with a manager to form a partnership. Pridh&ochoice of effort, the firm
and the manager in a match write binding contracts that §pstate-contingent transfers to the
manager. Manager’s effort choice is followed by the rediliraof the cost parameter. The effort
is not verifiable, and hence is not contractible. A firm’s grosofit, r7(c, m) for c € {c_, cq },
depends on the cost realization and on the degree of produkebtompetition. If the manager is
successful in reducing the cost (which happens with prdibale), then firmm’s marginal benefit
is rt(m) = (¢, m) — m(cy, m). We assume the following.

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

ASSUMPTION 2 For a given realization of cost, more competition leads t@wdo gross profit,
i.e., m>m impliesm(c, m) < m(c, ), force {c., cu}.

Assumption 1 says that all firms gain from cost-reductiorsoXbr any realization of cost, a firm
has strictly positive profit, and hence there is no concerbdmkruptcy. Assumption 2 implies that
as the degree of competition increases firm’s gross profiedses for any value af Following
this assumption, one may give a second interpretation which describes heterogeneity across
firms within a given industry. The parametamay represent the fraction of private equity owner-
ship in a firm, a firm’s initial market size, on may simply be an efficiency parameter that affects a
firm’s profitability. However, throughout the paper, we ktio the first interpretation, in whicin

is an industry-specific characteristic, and in Section fpmward 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 managew specifies the state-
contingent transfers to the managfm, w) is a fixed salary, anld(m, w) is a bonus if the manager
is successful in reducing the cost. The expected payoffsrofifiand managew, when they sign
a contract(m, w), are respectively given by

Nt(mw)) = e(m w)m(c, m)+ [1—e(m, w)|m(cy, m) —R(m, w) —e(m, w)b(m, w),
V(t(mw)) = R(m w)+e(m w)b(m w)—(e(m w)).

We first describe the set of feasible contracts for the firnmagar paifm, w). Since the effort is
not contractible, a manager will choose the effort level thaximizes his expected payoff. This is

4A manager carries out several tasks to organize productame efficiently, which include product and process
innovation, finding out profitable investment opporturstilaying off unproductive workers, etc. For tractabilityg
restrict attention only to the task of process innovation.
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theincentive compatibiliticonstraint. Since the expected payoff is strictly concavefiort, one
can replace it by the first order condition of the maximizafiwoblem as follows.

(ICw) ' (e(m, w)) = b(m, w).
A manager would accept a contract if it satisfies the foll@yparticipationconstraint.
(PCu) R(m, w) +e(m, w)b(m, w) — (s(e(m, w)) = Uw,

whereu,, > 0 is the manager’s payoff if he does not accept the contréateaf by the firm. Also, a
firm would not accept a contract if it generates negative etguepayoffs, i.e., the contraigim, w)
must satisfy the followingndividual rationalityconstraint of firmm

(IRm) e(m, w)rr(cr, m) + [1—e(m, w)]1t(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 mairne must be
positive, which gives rise to the following constraints.

(LLCw) R(m, w) +b(m,w) > —w, R(m,w) > —w.

Let Q(m, w) be the set ofe(m, w), R(m, w), b(m, w)) that satisfy [Cy), (PCy), (IRm) and CLLCy).
This is the set of feasible contracts for a p@, w).

C Allocations

Firms and managers are matched according to guulEhe rule specifies a managei(a firm m)
can only be matched with a firm (a managew). In this case we writ@/(w) = m (u(m) = w). If

a managew or a firmmis unmatched, we writg(w) = w or p(m) = m. We assume that if a firm
or a manager is unmatched, then this individual signs a muitract, denoted by, such that
n (t") = v (t") = 0 for allm andw unmatched. Given a matching ryle a list of compatible
contractss’ is a set of feasible contracts, one for each pair. An allocdtr the marke€ is a pair

(M, €).

Il Optimal Contracts

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

(£) o(m, w, Uy) = max Mn(t(m, w)).
t(m,w)eQ(m,w)

The functiong(m, w, uy) is the Pareto frontier for the paim, w). In other words, it represents the
maximum payoff firmm can obtain if it is to guarantee a minimumugf to managew. When the
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limited liability for ¢ = cy binds, it is typically costly for the firm to provide incengito the risk-
neutral manager. In this case the moral hazard problem, kitesthe first-best is not achieved.
The optimal second-best contra¢gsm, w, uy,), R(m, w, uy), b(m, w, uy)) solve the program#)
with the limited liability at the high-cost state bindingei, R(m, w, uy) = —w. In the following
proposition we analyze the comparative statics of the agtincentive contract with respect to
managerial wealth and the degree of product market congetit

PROPOSITION 1Higher managerial wealth implies a higher optimal effordean higher bonus
for the manager. If more competition leads to increasingcfeasing) returns to cost-reduction,
i.e., if m(m) > (<) (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 &l to bind, and hence the moral hazard
problem is less stringent. Consequently, optimal effanigher following an increase in manager’s
wealth. A higher-wealth manager reduces the average ptiodwmst with higher probability, and
hence is more efficient. The bonus offered to the managersgued to compensate for the
incremental cost of exerting an additional unit of efforigher wealth implies higher effort, and
hence greater marginal cost of effort. Thus, the manageongpensated with a higher bonus.
More intense competition may have a positive or a negatiy@machon effort and bonus. To see
this, suppose that(m) is increasing irm. As the firm benefits more (at the margin) by reducing
its cost, it provides greater incentive to the manager. Egmsntly, manager’s bonus and effort are
higher following an increase in the intensity of competitfoThe effect is exactly the opposite if
r(m) is a decreasing function of.

IV Market Equilibrium

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

5The first-best is a situation in which the firm can contractlua manager’s effort. If the limited liability in no
state binds, then risk-neutrality leads to the optimalityhe first-best contracts. In this case the Pareto fronsier i
linear with a slope equal to -1, i.e., the equation of the imytan be expressed @sm, w, uy) = h(m, w) — uy, where
h: # x# — R,. Since we aim at studying the relationship between conipeténd incentives, we skip the
analysis of the first-best. In the second-best situatiom iribentive constraint together with the limited liabiliy
¢ = cy imply that the limited liability atc = ¢ is always satisfied, and hence this constraint can be ignored

5The property thatt(m) is an increasing (decreasing) functionrofis equivalent to thatr(c, m) has decreasing
(increasing) differences ift, m), i.e., 7(cq, m) — (¢, m) > (<) 7(cq, M) — m(cy, M) for cy > ¢ andm > nv. This
is a standard complementarity/substitutability propefthe profit function. See Donald M. Topkis (1998) for varsou
general complementarity conditions. Suppose that theedsirg differences condition holds. This implies that cost
and competition are substitutes in generating firm’s prdfit.other words, the marginal benefit of cost-reduction
is higher if competition is more intense. We do not explcithodel the (product) market game that follows the
realizations of firms’ cost parameters. In Section V we cartstexamples of market games in which such differences
conditions naturally arise.



This analysis is different from the results stated in Prapos1 in the following sense. In Section
[l we have taken a manager’s outside option as exogenouain gince the formation of other
partnerships did not impose externality on the optimal i@mt$ for a particular pair. In a firm-
manager market, the payoff/compensation a manager carirearran alternative employment is
endogenous and influences the equilibrium contracts in thkeh Consequently, the entire set
of incentive compatible contracts obtained in the prevgertion may not be optimal in a market
equilibrium. We use stability as the solution concept.

DEFINITION 1 Anallocation(u, %) is in the market equilibrium or is stable if there do not exist
any firm-manager paifm, w) and a feasible contractm, w) € Q(m, w) such thaf1(t'(m, w)) >
M(t(m, p(m))) and V(t'(m, w)) >V (t((w), ), for t(m, u(m)) and t(p(w), w) in %

Thus, if (4, €) is a stable allocation, then there is no firm-manager patrdha propose among
themselves a feasible contract, different from the onegassi to them atu, %), to make both
of them better-off. In other words, if one such feasible cacit existed for a paifm, w), then
with this contract the pair would have “blocked” the alldoat A market equilibrium consists
of allocations that are immune to such pairwise blockingabfity implies that all contracts in
a market equilibrium must be Pareto optimal, i.e., they nsobte program £?). Suppose, in a
stable allocation, that(w) = m. If the manager receives,, then the payoff to his parther must be

q)( m, w, uW) '

A Matching

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

DEFINITION 2 Consider any two firms m and mith m> m'. A matchingis said to be positively
(negatively) assortative fi(m) > (<)p ().

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

PROPOSITION 2If more intense competition in the product market leads tweaasing (de-
creasing) returns to cost-reduction, i.e., if for any twarfs m and mwith m> nf one has
r(m) > (<) ri(m'), then a firm that faces more competition employs a managhkrhigher (lower)
wealth following a positively (negatively) assortativetoiang pattern.

If more competition implies a higher marginal benefit of emtuction, then a firm with greater
m would have a higher marginal gain from employing a wealtmanager. Unlike the first-best
situation, one main consequence of moral hazard is thautipdus cannot be transfered on a one-
to-one basis between a firm and a manager, i.e., the Parettefres not linear. In our setup, the



condition thatr(m) is an increasing function ah induces a positively assortative matching in
equilibrium via two channels: a wealthier manager prodimgker surplus along with a firm that
faces more competition, and for such a firm it is easier to igeincentives to such a manager
(through the transfer of utility). It is worth noting thatpyamatching pattern is optimal in the first-
best situation, and this does not depend on whetf) is monotone inm. Also notice that we do
not discard the possibility of a non-monotone matchingr@s) may not be globally increasing in
m.7

The above type of equilibrium matching can also be obtairsgosat of a Walrasian allocation
in a vertically differentiated market. For a manageru, can be thought of as his “pricé”.
Had the prices been equal, all firms would have liked to empheywealthiest manager since
@(m,w, uy) > 0, i.e., there is vertical differentiation in the market foanager§. Hence, the
firm that is willing to pay the most (at the margin) for the basinager would get him. How
much a firm is willing to sacrifice (in terms of utility) to hire better manager? Consider a firm
m and two managers wittv > w. The maximum amount this firm is willing to sacrifice to get
the better manager ig(m, w, uy) — @(m, W, u,,). This is the firm’s “willingness to pay” fow. If
this amount is increasing im, then the firm that belongs to the most competitive indusasy the
highest willingness to pay for the best manager, and thuseitehing is positively assortative. In
our model,ri(m) being increasing imis a sufficient condition for increasing willingness to pay.

B Incentive

We have noted earlier that the contract externality in the-fimanager market makes the outside
option endogenous, and competition for the managers detesrits equilibrium value. The equi-
librium outside option in turn determines the equilibriumypff or the executive compensation.
Notice that all the firms have the same preferences over neasia§ach firm ranks the wealthiest
manager as first, the manager with second-highest wealtbcand, etc. Hence, it is natural to
expect that, in equilibrium, a particular manager cannotvbese-off than his less wealthy coun-
terpart. This gives rise to the question that which firm affeigher bonus and compensation, and
has lower managerial slack. Obviously, the answers to thesstions depend on the nature of the
firm-manager matching in equilibrium.

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

’See Section V for an example of this situation.

8See von Lilienfeld-Toal and Mookherjee (2007) for the ealénce between the Walrasian allocations and the set
of stable allocations in a model with homogeneous prinsipald heterogeneous agents.

9For the functionp(m, w, uy), @(M, w, uy) is the partial derivative with respect to théh argument.

10The “increasing willingness to pay” is same as the “geneedliincreasing differences” property of the Pareto

frontier in Legros and Newman (2007), which asserts thatpstition and managerial efficiency are complements in
producing as well as transferring the surplus. Compleniyta the production of surplus implieg»(m, w, uy) > 0,
and that in transferring the surplus is equivalenggtg(m, w, uy) > 0. The functionri(m) being increasing irm
guarantees both of the above conditions.



To prove the above proposition, first we show that a wealtii@nager is always offered a higher
compensation. In a stable allocation, if a manager with énghealth is offered a lower com-
pensation than his less wealthy counterpart, then the fighishmatched with the less wealthy
manager can always offer a slightly better contract to thaltlveer manager and form a blocking
pair. Such a blocking is feasible since a wealthier managealways preferred to a less wealthy
one. Having established the ranking of the managerial cosgi®ns, the proposition immedi-
ately follows from Proposition 2. Suppose first thigitn) is increasing irm. Then the equilibrium
matching is positively assortative, i.e., a wealthier undlial manages a firm that faces steeper
competition in the product market. Thus, executive comaeoss is higher in such a firm. In
case of a negatively assortative equilibrium matching, aganial compensation is inversely re-
lated to competition. The equilibrium may exhibit a non-ratame relationship between payoff
and competition ifrf(m) is not globally monotone with respectta As regard to the relationship
between incentive and competition, notice that both matghind incentive affect the contracts in
equilibrium. Suppose that(m) is increasing irm. Then the equilibrium matching is positively
assortative, and one is interested in comparing the cdatimthese two pairém, w) and(m’, w'),
with m> nf andw > w. There are two effects at wofR. The first is thematching effectWhen
the matching is positively assortative, bonus and effoth&npartnershigm, w) are higher since
higher values of botimandw imply higher effort and bonus (by Proposition 1). In additto this,
there is anncentive effecthat works through the endogenous outside option. A higakrevofw
implies a higher outside option, and hence a higher eqiilfbcompensation. This entails higher
effort and bonus. As both effects go in the same directioretemnining optimal contract, man-
agerial slack is lower and bonus is higher in the partner&hipv). One might also be interested
in the payoffs of the firms in a market equilibrium. The follog corollary analyzes that.

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

More competition lowers a firm'’s profit for every realizatiohcost, and thus each manager prefers
to work for a firm that faces less competition since there isento share. Thus in equilibrium,
a firm with lowerm gets higher payoff. Had the firms been identical, they wowdehobtained
equal payoffs. The same would also be true had all managershmmogeneous.

V Examples of Market Game

In the previous sections we have not explicitly modeled theket game that follows the realization

of cost parameters of the firms, and we have shown that theenafuhe equilibrium matching
depends on the behavior @im) with respect to the changes in the degree of product market
competition. In this section we consider examples of varimarket games where the optimal
matching pattern and the implications for managerial itigen are different as a result of a change
in the intensity of competition. The last example is of a Gaiduopoly wherenis a firm-specific
attribute.

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

There areN separate markets for differentiated goods, each of whiasists of two firmsj and
j. The degree of competition in a particular market is deteeuiby the degree of product substi-
tutability, me (0, 1). Let the demand functions in marketbe given by

pi=1-qg—mg fori,j=1,2 andi#j.

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

(£8)°. for quantity competition
(Trm)(—m)? price competition

It is easy to show thatr(m) = 1(c._, m) — 11(cy, M) is decreasing irm under both quantity and
price competitions. Hence, the equilibrium matching isategly assortative, firms in a market
with higher degree of product substitutability offer loviemus and compensation, and have higher
managerial slack. Cost-reduction has two effects on a fipmo§it. The direct effect is that lower
cost increases the profit of a particular firm. There is aldoadegyic effect in which cost-reduction
indirectly affects a firm'’s profit. In a Cournot market, costluction by a firm reduces the marginal
profit of its rival through an increase in output since thergitees are strategic substitutes. On
the other hand, in a Bertrand market, due to the strategigpmnentarity between prices, cost-
reduction by a firm results in a decrease in its price, and én@ndecrease in the marginal profit
of its rival. Since both the firms are involved in cost redgcR&D, only the strategic effect is
at work. Thus in both sorts of competition, the reductionhe tival's marginal profit due to
cost-reduction is higher if the products are more homogesieldence, more competition leads to
decreasing returns to cost-reduction.

Next, we modify the above example to introduce asymmetnhe R&D activities in each
Cournot market, and show that the monotonicity of equilibrimatching may not hold sinaggm)
may not be globally monotone .12 In each industry one of the two firms (say, fifjis engaged
in the R&D activity to bring down its average cost fram to c_, whereas the average cost of the
other firm is fixed at! = 0. TheN innovators, one from each industry, compete in the manalgeri
labor market. For the existence of an interior Cournot égiiim we assume thah < 2(1—cy).
We only consider the Cournot profits of the innovators achssarkets. In marketn, the profit
of the innovator is given by ,

2(1-c)—m
n(c,m)_[ e } .

Forc_ +cq > 1/4, i(m) is globally decreasing im, and the matching is negatively assortative.
Forc. +cy < 1/4, there is a cutoff level of the degree of substitutability= m(c,, c4) below
which r(m) is decreasing im, and abovenit is increasing. In this case, monotonicity of matching
breaks down. For very high degrees of product differemtigtiirms gain more from cost-reduction
since they enjoy quasi-monopoly rents. As firms become momiées in terms of the products they
sell, they have higher marginal benefits of cost-reductiom, hence, over this range of values of
m, the optimality is achieved by assigning wealthier mangagerfirms from more competitive

12This example is adapted from Helmut Bester and EmmanueiRei{1993).
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industries. The equilibrium matching, bonus, compengadiod managerial effort thus have U-
shaped relationships with the degree of product subsbitiita

B Price Cap Regulation

There areN distinct and non-competing product markets, and each dfithiems is a monopolist
in one of these markefs. A marketm faces a demand functidd(p) with D’(.) < 0, wherep is
the market price. Further, each markeis subject to a price cap regulatiop:< 1/m. We assume
that the values ain are such that the price cap is set below the monopoly priceyatealization of
cost. The price in markeh thus will be set at the price cap. A tighter price cap (coroesjing to
a higher value om) implies a market price closer to marginal cost, and hencesroompetition.
The profit of firm/industrym at the price cap is given by

r(c, m) = (r—t—c) D (r%) , for ce{cL,cq}.

GivenD’ < 0, (m) is globally increasing im, i.e., the firm that is subject to a tighter price cap
has a higher incentive for cost-reduction. A lower averags does not change the market price
since it is pegged at the price cap. But the marginal benefvstfreduction is higher in the market
with the tighter price cap since the marginal gain to redeedost applies to a higher quantity,
and hence is higher. Thus in a market equilibrium a higheresegf competition implies higher
compensation, higher bonus, lower managerial slack, amsitiyely assortative matching.

C Varying Degree of Efficiency

In this example the parameteris a firm-specific characteristic that influences the profitsof

a firm by altering production efficiency. There are two firmsntl 2 which compete in both the
product and the labor markets. The competition in the prbcharket is in quantity where the
inverse market demand B0, + o) = 1— (g1 + g2). The cost function of firni = 1, 2 is given

by Ci(gi) = (mic)q;, wherec € {cy, c_}. Both firms undertake the R&D activities to reduce their
average cost to the lower level. We assumeimat- m,. Thus, firm 2 enjoys efficiency advantage
over firm 1. The Cournot profits are given by

1 - .
(e, my) = 9 [1—(2m —mj>C:|2, for i,j=1,2 andi# j.
The above functions are decreasingciand it is easy check that(c, m) < m(c, mp) for c €
{cH, cL}, i.e., Assumption 2 is satisfied. For the existence of aniot€ournot equilibrium, we
assume that 2 (m +m;)(c. +cH) > 0. The marginal benefit of cost-reduction for firm: 1, 2 is
given by

(M) = (L, M) — (oH, M) = (04 — L) (2 — my)[2— (1 -+ 1) (0L +0n)].

13This example is adapted from Luis M. B. Cabral and Michael bréan (1989), Hermalin (1992), and Schmidt
(1997).
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Notice thatrt(my) > mi(my), i.e., m(m) is increasing ilfm. Thus the more efficient firm (firm 2)
has lower incentives to reduce its cost since, prior to thd®Rd&vestments, this firm has already
been enjoying an efficiency advantage. Hence, in equilibfitm 1 employs a wealthier manager,
offers higher bonus and higher executive compensationhaadower managerial slack.

VI Entry of New Firms

In this section we analyze the impact of the entry of new firmshe market equilibrium. Compe-
tition is determined via two different channels. The degreproduct substitutability, the barriers
to entry, the extent of regulation, etc. determine the lef¢he product market competition. A
second source of competition is the number of firms that coenpehe managerial labor market,
which is crucial in determining the payoffs of the managerscbhanging their outside options.
More firms competing for a fixed set of managers implies thsidatoption of each manager is
broader. Thus one can expect that the entry of new firms irgdaior market should increase
the compensation received by each manager. In the preveatiss, we have been working with
the same number of firms and managers. A simple modificatidghadfwould help analyze the
consequences of the entry on the market equilibrium.

PROPOSITION 4The entry of new firms into the managerial labor market leadat¢reases in
executive compensation and bonus for all managers, andative managerial slack.

Suppose that a new product market opens up in which the ihtesfscompetition isni, and
this firm intends to compete with thg existing firms in the market for managers. Given the
restriction of one-to-one matching, only as mayairs can be formed in the new equilibrium.
It is easy to show that, if there are more firms than managettseirabor market, only the firms
belonging to theN least competitive markets get matched in any equilibriunent¢, the new
equilibrium depends on the value of 1f this new firm faces more competition in the product
market than any of the existing firms, then it will stay unnhatt, and hence the equilibrium will
remain the same as before. If the entrant faces less prodar&ebcompetition than at least one
of the existing firms, then the new market equilibrium willdiéferent from the old one. Suppose
thatm < m' = sup{.#}, where.# is the set of incumbent firms. Then in the new equilibrium,
entry will drive m' out of the market for managers. Otherwisegcdn write a blocking contract
with the manager who was matched with The possibility of blocking implies that, in the new
equilibrium, this manager has to be offered a higher congtes by the entrant firm, which
is higher than that he was receiving in the old equilibriunor #he remaining of the managers,
executive compensation will either improve or remain th@esaFurther, as a consequence of the
rise in the payoff, bonus will be higher and managerial shadkbe lower with each manager.
Within the set of matched firms and managers, the matchingbeagssortative or non-monotone
depending on the behavior af m) with respect tan.

Economic integration increases the number of potentialp=iitors in the labor market, the
effect of which on the equilibrium is analyzed in the abovegasition. A direct consequence of
the presence of more firms in the economy is that the averagestpwer of the firms competing
for a fixed set of managers increases, since only the firmseiiNtleast competitive industries
survive the competition. Proposition 4 suggests that am@an the market power has favorable
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consequences for executive compensation, bonus andaftbhe managers, which conforms to the
findings in the labor literature that workers’ compensatghigher if the market power increases
since a part of the monopoly profit may accrue to the workeis mionopoly pass-through to the
consumers is easier in a more concentrated indd/tig. the recent years, the emerging market
economies have witnessed the opening up of new businesstoppies and huge rises in the
managerial compensation. The overall managerial slaclalsasbeen reduced due to the new
corporate culture. On the other hand, the high-quality garsaremained scarce, which justifies
the consideration of a fixed set of managers in the analyshlio§ection.

VIl Conclusions

This paper analyzes the nature of the equilibrium matchetgveen the firms that are heteroge-
neous with respect to the competitive environments theyrigeto and the managers that differ in
initial wealth, and how such matching influences the wayshictvexecutive compensation, bonus
and managerial slack are related to the intensity of theymiocharket competition. Whether the

firms in a more competitive industry employ wealthier mamaged offer higher incentives de-

pend crucially on the nature of competition one has in mind.

Casual empiricism suggests that there are relatively monepetitive R&D activities in the
young and high-growth industries such as software anddhoi@ogy than the matured sectors like
power generation. One reason may lie in the fact that the imarigenefits of process innovation
are more or less constant across firms in a matured industeyeas a higher degree of competition
leads to an increasing return to cost-reduction in youngstries. Thus our results help explain
the heterogeneity in the compensation for the top exeaitivéhe high-tech sectors as opposed to
the very little variation in the pays of the managers of thktyfirms.

The introduction of free trade changes the intensity of cetitipn in some sectors, whereas the
level of competition in some others may remain the same dsriteutarky. In many developing
countries, the manufacturing and the services industags Faced relatively higher competition
in the world market following the removal of the trade baigie On the other hand, in many
specific industries such as food products, the globalimadid not alter the level of competition
much because these firms either cater to a local clientelejoy €he same comparative advantage
before and after free trade. If one assumes that more camopelgads to an increasing return
to cost-reduction, then our analysis may yield useful intgn explaining the recent rise in the
executive compensation in the newly integrated sectoesiknufacturing and services.

Ours is a stylized model that analyzes how incentives asge@lto the intensity of the product
market competition in the presence of moral hazard. As megdy Marcel Boyer and Jean-
Jacques Laffont (2003), there are various other channedsigh which competition may affect
incentives. The view taken by these authors is that greatelugt-market competition ameliorates
informational asymmetry within a firm, and works as a subtitfor high-powered incentives
when principal-agent relationships are subject to an adveelection problem. A complete gen-
eral equilibrium analysis of competition and incentiveshia presence of both moral hazard and
adverse selection will be an interesting future researemaa.

145ee James E. Long and Albert N. Link (1983) for similar argntse
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Appendix

Analysis of the second-best The second-best optimal contracts are obtained by sollimgiax-
imization problem £2) with the limited liability binding forc = ¢y, i.e., R(m, w) = —w. If the

incentive constraint is satisfied together with limitedlldy for ¢ = ¢y, then the limited liability
for c = ¢, is also satisfied, and hence can be ignored throughout.gacating (C,,) and (CLCy),

the problem £7) reduces to:

(7)) Enax) e(m, w)7t(cL, m) +[1—e(m, w)]rt(cy, m) +w—e(m, w) g/ (e(m, w)),
subject to
(PCw) e(m, w) ¢’ (e(m, w)) — g(e(m, W) — W > Uy.

We identify two disjoint sets of parameters over which thieison is optimal. First consider the
case whenHKGC,) does not bind at the optimum. The optimal effort is obtaibgdsetting the
derivative of the objective function equal to zero, whiclgigen by

(1) L[J/(e(m, W, UW)) + e<m7 W, UW) llfﬂ(e(m, W, UW)) = (m)

Now consider the case whelR@,) binds at the optimum. The maximum value of effort is obtdine
from the binding participation constraint, which is given b

(2) e(m, W, Uy) W' (e(m, W, Uy)) — @(e(m,w, Uy)) = W+ Uy.

From (Cy) we get the optimal bonus &m, w, u,) = ¢’'(e(m, w, uy)). The optimal payoff of the
firm is given byg(m, ,w, uy) = e(m, w, uy)[r1(m) — ¢’ (e(m, w, uy))] + 11(cH, M) +w, and that of
the manager is(m, w, uy) = e(m, w, Uy,) Y’ (e(m, w, uy)) — P(e(m, w, uy)) —w. Let

@(m, w) when PGC,y) is not binding

(M, , W, Uy) = {é’(m, W, Uy), Wwhen PGy) is binding

And B
(M, W, Uy) = o(m,w) when PC,) !s nF)t plndlng
Uy, when PGC,y) is binding
Since the payoffs of both the firm and the manager do not depeng when PC,) does not bind
at the optimum, we omit,, from the arguments of botf(.) ando(.). ||

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

ge(m W uy) _ Ob(m . ty) _

ow B ow -
de(m, w, uy) 7 (m)
0—mW — szasn’(m)zo,
0b(m, W, UW) . " de( m, W, UW) >
—— = W — >0 as(m) = 0.
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Now form equation (2) we have

de(m, w, uy) ab(m, w, uy)
_— = _— = O,
om om
Je(mw, uy) 1
ow ey >0,
ob(mw, uy) o [demwuy)] 1
ow = ow e 0

The above completes the proof of the proposition. ||

Proof of Proposition 2 Consider two firms withm > m’ and two managers witlv > w/. We
will show that if (m) is increasing (decreasing) i, then the equilibrium matching is positively
(negatively) assortative. We first prove thatifm) > ri(n), then the matching is positively as-
sortative. We omit the proof of negatively assortative g since it is similar to the case of
positively assortative matching. There are the threevotig cases.

CAse 1: Suppose first that the participation constraints for lib#h managers do not bind at
the optimum and that the matching is negatively assortatizep(w) = m andp(w') = m. Then
the payoffs of the principals are given by

nEmw)) = @(mw),
Ntm,w) = o(n,w).

Managerw getsa(n', w). Since for both managers the participation constraints atobind,

we must havee(m, w, uy) = e(m, W, uy/). Notice thatg(m, w) — ¢(m,w) =w—w > 0 since
a(m, w) > uy. Also,

da(mw) ey’ (m)
om - ZLIJH _|_ew///

> 0 since ’(m) > 0.

Thus,a(m, w) > a(m, w). Hence, there existse (0, 3[@(m, w) — @(m, w)]) such that

I'I(t(m,w)) = (E(m,w)—£>(p(m,V\/),
Vit(mw)) > a(m,w)+e>a(m,w).

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

CAsSE 2: Now suppose that for one of the two managers the partioipabnstraint binds at the
optimum. This has to be the case withotherwise the optimal effort of will be lower than that
of W. Suppose further that the equilibrium matching is not peedig assortative. In the similar
fashion as above, one can show threandw can form a blocking pair which would contradict the
stability of the initial allocation.

Cask 3: Finally suppose that the participation constraints fathithe managers bind at the op-
tima. The Pareto frontier for a given pam, w) is given by

A

(P<m7 W7 UW) = (P<m7 W7 UW)'
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From the above, it is easy to check that

Sigr{q)l2<m7 W, UW)] = Sign[q)l3<m7 w, UW)] = S|gn[n’(m)]

Given thatrr' (m) > 0, we haveap>(m, w, uy) > 0 and@i3(m, w, uy) > 0. Takem > m', w > w' and
Uw > Uy . Then the last two inequalities respectively imply

(3) (p(m, W, UW) - cp<n{7 W, UW) > q)(m7 V\/7 UW) - QO(I'T'(, V\/7 UW)7
(4) p(m W, uy) —@(m, W, uy) > @(mw, uy) —@(m, W, uy),

which together give
(5) q)(m7 W, UW) - q)(m7 V\/7 UW’) > q)(n{7 W, UW) - qo(r‘rf, V\/7 UW’)'

The above is the condition of increasing willingness to pégw suppose that, in a stable alloca-
tion, condition (5) holds and the matching is not positivagsortative. Then there exist> m’
andw > w such thatu(m) =w andu(m') = w. Since the allocation is stable, neittem, w) nor
(m', W) can block the allocation. Hence, it must be the case thai((), W, uy) > @(m, w, Uy)
and (ii) (m', w, uy) > @(m, W, u, ). These two inequalities together imply

(6) (P(m, W, UW) - (P(m, V\/7 UW’) < (p(m', W, uW) - (p(rr{7 V\/7 UW’)7

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

Proof of Proposition 3 To prove this proposition, we first show that a wealthier nggmacon-
sumes higher payoff/compensation in equilibrium. Consatgy two managersy andw' with

w > w. Suppose further that(w) = mandu(w') = T in this outcome. First we prove that, for
any firmm, at the second-best

o(mw, u) > e(mw,u), if w>w andu<u'.

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

(7) p(mw,u) > @mw,u), for w>w,
(8) e(mw,u) > @(mw, ), foru<u.

Thus, from the above two inequalities we have
o(m, w,u) > @(mw,u), if w>w andu<u'.

Now suppose thal > w' and in a stable allocation, < u,,. From the previous inequality we
know that, for firmn?,
(p(rnla W7 uW) > (p(rr{7 V\/7 u\A/)‘

Define byt + ¢ = (R+ €, R+ b+ ¢) for € > 0 and sufficiently small. In this contract a manager
is paid the same additional amount for both cost realizatidhis easy to check that, compared
to the contract, incentive constraint remains unaltered undere as well. If the last inequality
holds, then there exists a feasible contract for the @#irw), t'(m', w) =t(m', w, uy) + € such
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that M (t'(m, w)) = (M, w, uy) — & > (M, W, uy) andV (t'(m, w)) > uy+ € > uy. Thus,n
andw can form a blocking pair, which is a contradiction. Thus, wadude thaty, > u,, for any
two w andw’ with w > w.

Now suppose thatr(m) is an increasing function ah. Then by Proposition 2, a higheris
matched with a highem. This immediately implies that, between any two firmsandm’ with
m > ', firm m ends up offering higher compensatiag, If r7(m) is decreasing im, there is a
decreasing relationship between executive compensatio@mpetition.

Next, we compare the optimal contracts in two distinct pa@snsider two firmsn > m' and
two managersv > W. First suppose thatr(m) is increasing irm. Then the matching is posi-
tively assortative. In this case, the optimal efforts foe tvo pairs are given bg(m, w, u,) and
e(m', W, uy ), and the bonuses abém, w, uy,) andb(m’, W', u,,). From the optimization problem
(Z2) we have

el(m7 W7 Uw> 2 07 eZ(m7 W7 Uw> > 07 e3(m7 W7 uW) Z 07
bl(m7 W, uW) 2 07 b2(m7 W, uW) > 07 b3(m7 W, uW) 2 O

The above inequalities imply that

e(l'T’(, V\/7 UW') < e<m7 V\/7 UW') < e(m7 V\/7 UW) < e(m7 W, UW)7
b(m', W, uy) < b(m w, uy) < b(m w, uy) < b(m, w, uy).

Hence, bonus is higher and managerial slack is lower fordrigh A similar argument leads
to the fact thatrr(m) is a decreasing function oh implies that bonus is higher and managerial
slack is lower for lowem. Obviously, if 71(m) is non-monotone im, then bonus and effort are
non-monotone with respect to the degree of competition. ||

Proof of Corollary 1 We need to show that ih > m, theng(n, .,.) > @(m, ., .) irrespective
of whether the equilibrium matching is positively or negaly assortative. Suppose first that the
matching is positively assortative, i.e., for> m’ andw > w we haveu(m) =wandu(m') =w'.
Suppose, on the contrary, that

(9) (P(m, W7 UW) > (p(rr{7 V\/7 U\/\/)-
We know thatgp (m, w, u) < 0, which implies
(10) @(m, W, Uy) < @(n, W, Uy).

The above two inequalities together imply

(11) (p(rnla W7 uW) > (p(rr{7 V\/7 u\A/)‘

The above implies that there exists a blocking conttget!, w) = t(m', w, uy) + € such that
At (m, w)) = @(m, w, uy) — & > @(m, W, u,) andV (t'(m’, w)) > uy+ & > uy. Thus,m andw
can form a blocking pair, which is a contradiction. Now, iéttnatching is negatively assortative,

then one can construct a blocking contrggt, 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 equiidar N = 3.
Let the initial market be# = {m/, m’, m"}, with m/ > m"’ > m"” and? = {w, w’, w"} with
w >w’ >w". Thus,m’ = sup{.#}. We use the following lemma to prove this proposition.
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LEMMA 1 If there are more firms than managers, ileZ | >|#|, then only the firms in the three
least competitive markets and all the managers are matanadnarket equilibrium.

Proof  Suppose there are four firms with > m” > m” > m and three managers with >

w’ > w", and in a stable allocatiofu, ¢), mis unmatched. So this firm consumes zero payoff by
signing a null contract. Take amg e {m/, m’, m"}. Since@(m, w, uy) < @(h, w, uy) for anyw,
firm mand managep(m) can sign a blocking contrat{(rh, u(m)) =t (fh, u(m), uu(m)) + € such
thatV (t'(fh, u(m))) > Uy (m) + € > Uy andN(t'(m, u(m))) = @(m, u(m), uym) — & > 0. This
contradicts the fact thdfu, %) is stable. Following this logic, it is immediate to show tloaly
firmsm’, m"”, mwill be matched

The above lemma trivially extends to7| >|#'| = N > 3. Let there be an entrant firm. First
suppose thati(m) is increasing ifm. Hence, the matching is positively assortative both in the
initial and the final equilibria. Let the initial equilibnm allocation be(u, €) with p(m') = w/,
p(m’y =w’ andu(m”) =w", anduy for w e {w, w’, w”} be the equilibrium compensation of
managemw. Let the new equilibrium allocation b(—:-ﬂ, %9) with the vector of equilibrium payoffs
of the managers(w)wey - If M > m, then following the above lemma firm iS not matched,
and(u, %) = <[1, %9) Now suppose that! > m > m". Then in the new equilibriung () = w/,
p(m”) =w’ andi(m”) = w"”. This implies tham"andw could have formed a blocking pair has
mbeen unmatched in the new equilibrium. Hengemust receive strictly higher payoff in the new
equilibrium allocation, whereas” andw”’ continues to receive the same. Thus compensations of
the managers weakly improves in the final equilibrium. Nexppose that'’ > m > m”. Thus
in the new equilibrium allocation, we haygm’) = w/, () =w’ andfi(m”) =w"”. This new
allocation is stable sincen ¢an form blocking pair with either of/ andw’, andm’ can write a
blocking contract withw/. Hence, in the new equilibrium both' andw” are strictly better-off,
while w” consumes the same payoff as in the initial equilibrium. #adsy to see that ih< m”,
then all the three managers are strictly better-off. Sinhdlgic goes through when the matching is
negatively assortative in both the equilibria. ||
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