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We study a competitive model in which managers differ in ability and choose unobservable
effort. Each firm chooses its size, how able a manager is to hire, and managerial compensa-
tion. The model can be considered an amalgam of agency and Superstars, where optimizing
incentives enhances the firm’s ability to provide a talented manager with greater resources.
The model delivers many testable implications. Preliminary results show that the model is
useful for understanding interesting compensation trends, for example, why CEO pay has
recently become more closely associated with firm size. Allowing for firm productivity
differences generally strengthens our results. (I&20, J21, J31, M12)

Recentgrowth in CEO compensation, especially the astronomical pay of top
CEOs (e.g., in 2006 Steve Jobs realized nearly $650 million from vested
restricted stock), has led many to question whether CEOs have too much in-
fluence over their own compensation. The low pay for performance sensitivity
in large firms (i.e., the inverse relation between CEO incentive compensation
and firm size) has been used as evidence of CEO entrenchBebtHuk and
Fried 2003 2004). More important, empirically, the degree to which variation
in size can explain variation in CEO compensation has increased (Frydman and
Saks 2010), challenging existing theories of CEO compensation Gagaix

and Landier 2008 in which firm size is an exogenously given determinant of
compensation.
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To improve our understanding of these observations, we study a Superstars
model in which each firm faces an agency problem. Specifically, the model
includes optimal incentives for CEOs (due to the agency problem), a com-
petitive output market, and a competitive labor market with a limited supply
of managerial talent (as in the Superstars model). Firm size and CEO com-
pensation are equilibrium phenomena, and the distribution of salary and the
incentive components of CEO compensation across firms is the consequence
of firms choosing incentives that are tailored to CEO skills and activities. The
equilibrium generates an extremely nonlinear cross-sectional relation between
firm size and CEO incentives. Despite the many restrictions that equilibrium
imposes, the model easily delivers a cross-sectional relation similar to the
observed one (see Sectid). The endogeneity of firm size and managerial
incentives allows us to investigate how changes in the economic environment
(e.g., an increase in product demand or an inflow of workers as globaliza-
tion progresses in recent years) alter the composition of CEO compensation,
increase the level and dispersion of firm size and CEO compensation, and
increase the elasticity of CEO compensation with respect to firm size.

The building blocks of the basic model are not unusual. Indeed, much of
the originality in the article, as well as the wide variety of new results, stems
from the novel combination of these standard features. Firms operate in a com-
petitive product market with free entry. There is a limited supply of manage-
rial talent, where talent (also referred to asility) is observable and varies
from agent to agent. Each firm employs just one manager, but its output is the
aggregate of a number of “projects,” which might be interpreted as plants or
divisions, or components of a product line. Each project has managerial talent
and a share of managerial effort as inputs, and is also subject to a firm-specific
random shock. Managerial ability and effort influence firm output more when
the firm is larger (i.e., has more projects). Firms differ in their choices of man-
agers, and compensate their managers with salary and a proportional share of
profits (we refer to the proportion as “incentive pay”).

In equilibrium, more talented managers exert greater effort and manage
more projects since they are employed by firms that, recognizing the comple-
mentarity between talent, effort, and projects, choose more projects. Higher-
ability managers, in equilibrium, grow firms much larger and receive much
greater pay. One reason for this to occur is that managing more projects means
exerting greater total effort. Another is that having more projects causes firm
profits to be more volatile, which, since managers have profit-based incen-
tives, increases the risk managers bear. Altogether, to compensate for greater
effort and more risk-bearing, higher-ability managers receive greater salaries
and more total incentive compensation, albeit via smaller profit shares. We
show that moral hazard magnifies the convexity of firm size and compensation
familiar from the Superstars literature.

Endogeneity of firm size (in contrast to, for exampBgbaix and Landier
2008;Tervio 2008 Edmans, Gabaix, and Landier 2009 important for three
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reasonsFirst, as a practical matter, firm size is not exogenous, and changes
in firm size are routinely accompanied and facilitated by changes in manage-
rial talent and responsibilities. New CEOs often undertake asset sales and re-
structure their labor force, reshaping firms to suit their strengths. For example,
Carlos Brito’s considerable international experience working for Daimler Benz,
Shell Oil, and the Brazilian soft drink company Brahma enabled InBev to pur-
sue its ambitious global plans, including acquiring Anheuser-Busch. In the mu-
tual fund industry, it is the manager’s talent that determines the size of assets
under management, not vice versa; changes in managers are normally followed
by substantial changes in fund size (eRerk and Green 2004

Second, when firm size is treated as exogenous, the predicted impact of
changing firm size on, for example, CEO pay, assumes that fundamentals,
such as product demand, technology, and factor prices, are all constant. Thus,
the predicted effect must be interpreted as the response of CEO pay to some
unspecified or unobserved change in the economic environment that causes
firm size to vary despite all fundamentals remaining unchanged. In our model,
predictions about firm size and CEO compensation follow from changes in the
economic environment that lead to corresponding adjustments in the behavior
of consumers, firms, CEOs, workers, and other input suppliers, all of which
are interpretable and conceivably measurable. Specifically, we study how the
distributions of firm size, along with fixed and incentive-based components of
CEO compensation, change in response to shocks to product demand, manage-
rial risk aversion, cost of effort, and supply of workers and managerial talent.
Considey for example, an increase in demand for the industry’s product. If
labor supply is elastic, so that workers’ wages are not much affected by the
increase in product demand, then, in response to increasing demand, firms ex-
pand, with large firms growing more and new firms entering the industry. Since
greater effort complements increasing firm size, managers receive greater
incentive-based compensation and total compensation for working harder and
bearing more risk, albeit via lower profit shares. Moreover, all components
of compensation are convex in ability, and become even more convex when
demand increases, tending to augment the cross-sectional dispersion of
compensation.

Third, while we model size and CEO incentives simultaneousfirm
choices, it is formally equivalent if the firm first selects incentives, then
determines how large to be (similar to the mutual fund example), or the firm
first selects size or capacity, then determines the structure of CEO incentives
(reminiscent of Anheuser-Busch Inbev), provided the earlier choices are made
bearing in mind their consequences for later choices. Our assumption that size
is endogenous is not an assumption about timing of choices. Instead, our intent

As an example, according to our model, the increased importance of incentive-based compensation, documented
in Frydman and Saks (2010), is consistent with a positive demand shock, improved technology, and enhanced
managerial hedging.
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is to include the familiar Coasian idea that managerial talent and firm size are
intimately connected.

Our base model assumes free entry of homogeneous firms. We show that
our results are enhanced when firms differ ex ante in, for example, productiv-
ity. Intuitively, more capable managers are matched with firms that have higher
productivity, exert greater managerial effort, and grow their firms much larger.
As a result, convexity of firm size and all components of CEO compensation
also increase. Allowing for differences in productivity across firms also results
in heterogeneity in firm profits, which enables us to generate new predictions
on the responses of the level, slope, and convexity of firm profits to various
changes in fundamentals. This extension can also be employed empirically to
disentangle the impacts of CEO talent and firm heterogeneity on CEO com-
pensation (e.gTervio 2009.

Testing our model’s implications is beyond the scope of this article. However,
there is encouraging evidence that our model may prove useful empirically.
First, Frydman and Saks (2010) show that CEO pay has long (i.e., their dataset
begins in 1936) shown nontrivial sensitivity to firm performance, and that
CEO pay has recently become more closely correlated with firm size. While
there may be various reasons why CEO pay and firm size might become more
closely associated, we show that if one assumes growing product demand (due
to, for example, economic growth or globalization), our model implies that
CEO pay and firm size will become more closely connected, specifically in the
sense of an increasing elasticity of pay with respect to size. To explore thisidea,
we analyze the Fama-French twelve industries and find that the six industries
in which pay and size have become more closely associated are also those for
which sales are growing more quickly. Thus, our explanation for the increased
pay-size association is that in more rapidly growing industries, firms respond
by complementing CEO ability with size and optimally chosen pay, which
appears in the data as growing elasticity of CEO pay with respect to firm size.

Moreover, using the ExecuComp data on the retail industry during 2003, we
examine the relations between CEO pay-for-performance sensitivity (a proxy
for profit share) aneach offirm size, CEO salary and bonus, and CEO total
compensation measurésTheseempirical relations show extreme behavior,
which is similar to the functional forms generated by our model. Finally, also
for retail, the model produces moments of firm size and CEO compensation
that are comparable to those in the data.

The balance of the article is organized as follows. The next section re-
views related literature. Secti@presents the model and its equilibrium. Sec-
tion 4 provides empirical predictions based on comparative static propositions.
Section5 describes our data analysis and empirical results, and Section 6
concludes. Appendix A discusses the role of moral hazard in our model.

Theidea of restricting the analysis this way is that the model assumes a single, competitive, homogenous product
industry. Omitting Walmart, as we do, retail reasonably meets the assumptions.
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AppendixB contains proofs and derives the elasticity of CEO pay with respect
to firm size when capital inputs are required, which is necessary for the
empirical analysis. Appendix C includes figures and tables.

. Related Literature

The growing theoretical literature on the level and dispersion of managerial
compensation has its roots in seminal papersunas(1978) andRosen(1981),

who investigate the implications of managerial talent for the size distribution
of firms. In equilibrium, compensation for the most talented managers is much
more than their less talented peers because the marginal product at the large
firms they choose to manage is so high. Interest in this idea has been revital-
ized recently, yielding numerous papers investigating various refinements of
the basic problem. For example, with economies of scale and heterogeneous
agents,Antras, Garicano, and Rossi-Hansb€a06) show that in equilib-
rium, more skilled agents specialize in problem solving (as managers) while
less skilled agents specialize in production. This hierarchical organization and
recent advances in communication technology lead to greater cross-sectional
differences and increases in pay. All these papers omit managerial effort and so
do not analyze the composition of managerial compensation (i.e., salaries vs.
incentive-based pay), which is the focal point of the current debate on manage-
rial compensation. The moral hazard problem included in our model magnifies
the impact of managerial ability, increasing skewness of the distributions of
firm size, and managerial compensation. The complementarity between effort
and ability implies that more able managers exert higher effort, which, in turn,
translates into much higher salaries, total incentive compensation, and total
compensation.

Gabaix and Landie(2008) emphasize the size-talent complementarity—
managerial talent is matched to an exogenous firm size distribution. In equi-
librium, CEO pay increases one-for-one with firm size, consistent with the
roughly sixfold increase in both CEO pay and market capitalization of large
corporations in the United States between 1980 and Zli8io (2008) obtains
similar qualitative results under more general assumptions about the distribu-
tion of managerial talenEdmans, Gabaix, and Landig2009) extend Gabaix
and Landier’s work to include effort and incentives, again given a fixed distri-
bution of firms. High effort is assumed to be optimal for all managers regard-
less of their ability. FinallyGayle and Miller(2009) stress the importance of
incentive pay, and argue that moral hazard in large and complex firms is the
main force driving the recent trends in CEO compensation. These four papers
leave open the questions of where the distribution of firm size comes from,
and why it evolves as it does, including firm entry and exit. Thus, they cannot
make predictions about how changes in the economic environment impact the
distribution of firm size along with CEO pay and effort. Our article contributes
to this stream of literature by endogenizing firm size, which allows us to make
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separatepredictions about how firm size and CEO compensation respond to
variation in economic fundamentals, such as the supply of talent and demand
for products.

Other papers emphasize the effect of market for managers on executive
compensatiolMurphy and ZabojniK2004a,b) examine how intensified com-
petition for talent (driven by the growing importance of general managerial
ability in comparison to firm-specific human capital) explains the observed
increase in CEO compensation, especially for the highest-ability CEOs. Murphy
and Zabojnik’s model, similar to ours, assumes free entry of firms and a com-
petitive output market; their empirical implications are qualitative, and they
do not study incentive compensatiddimmelberg and Hubbar®000) and
Oyer(2004) link CEO compensation and firm valuation to economic shocks,
stressing the role of limited supply of managerial talent. Their models, like
ours, predict that positive shocks lead firms to expand, and talented CEOs to
be paid substantially more than their less talented peers. But our explicit solu-
tions enable us to derive many more predictions, such as the impact of demand
shocks or greater technological uncertainty on the number of firms, firm size
and profits, overall executive compensation, and incentive pay.

The just-described literature assumes competitive markeggarwal and
Samwick (1999) andRaith (2003) study the effect of product market com-
petition on managerial incentives and executive compensation. Neither paper
derives implications for the distribution of managerial pay or taleatato and
Kadyrzhanovg2007) focus on the interaction between industry structures and
CEO compensation. They do not model the effect of managerial talent, nor do
they provide closed-form solutions.

In a related and primarily empirical literaturglilbourn (2003) andBaker
and Hall(2004) assume exogenous firm size, and argue that much of the cross-
sectional variation in incentive pay can be attributed to differences in CEO
productivity. Kaplan and Raul§2009) document that the growth in CEO pay
in non-financial firms from 1994 to 2004 is similar to growth in pay for simi-
larly talented Wall Street executives, corporate lawyers, professional athletes,
and celebrities. They argue that the evidence is most consistent with theories
of Superstars, “skill-biased” technological change, economies of scale, and
their interaction. Without clear theoretical guidance, observationally equiva-
lent evidence can be interpreted as either CEO entrenchment or the functioning
of the managerial labor market. For examm@ebchuk and Grinstei(?006)
document that the expansion of firm size is associated with increases in sub-
sequent CEO compensation and argue that the evidence is consistent with a
theory of CEO entrenchment. Actually, this evidence is very consistent with
our model, in which firm size is determined in equilibrium, and highly
talented managers both run large firms and get paid substantially more. The
precise nature of the impact of talent will vary from industry to industry, but
our model suggests that the same fundamental economic forces will generally
operate.
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. Model

IS

The simplest version of our model generalizes a perfectly competitive product
market with free entry. Demand is conventional, but the supply side comprises
firms that choose managers from a heterogeneous talent pool. Managerial effort
is assumed unobservable, so each firm chooses incentives to influence the man-
ager’s effort choice. The cooperating resources available to the manager are
also a choice, and determine the size of the firm and affect the manager’s in-
centives and effort. Thus, while firms have identical productivity, their choices
result in heterogeneity in, for example, output. Later (in Secti@), we allow

firms to have different productivity. The formal specification follows.

2.1 Firms and agents
There are two kinds of playerfismsandagentsand a fixed continuum of each.
The firms are all identical, but the agents are heterogeneous. Specifically, each
agent has a fixed and known ability levale [0, co); heterogeneity in ability
is described by the atomless measure

Each firm may produce output in a competitive market where the unit price
(given, as far as the firm is concerned)psNonparticipation yields payoff
normalized to zero. The firm hires a single manager—effectively, the definition
of a firm is the entity that one manager can oversee—and chooses how many
(formally, a continuum) identical projects to operate. Running these projects
requires the manager to exert effort. Specifically, if the firm hires a manager
of ability a, and operatea projects,eachof which receives effore from its
manager, total output is given by

n(vae+ e), 1)

wheree ~ N(0, ¢2) is a firm-specific random shock common to all projects
within a firm, but differing across firms. The key feature Y {s thatn, a, and
e are complements. One can interpnegither as “scale,” i.e., each project is
literally identical and produces the same output, or as “the number of projects,”
in which case projects involve different activities, but a symmetry assumption
is made to simplify the analysis. In subsequent discussions, we also refer to
n asfirm size Empirically, there is no obvious counterpart mf below, we
examine various measures, such as employment and assets.

We assume that the manager is compensated by salanyd profit share
s1.* Eachproject requires one worker, who earns a wageofrhen, for any
a, n, e, 9, ands;, assuminghe firm is risk neutral, its expected payoff is

The contract we study is the optimal affine contract. Msrlees (1974) showed, there is generally a “forcing
contract” that performs better. However, the forcing contract yields grossly counterfactual predictions, and so
something in the model must change if it is to be empirically relevant. The modification we choose is to restrict
the space of contracts to affine. Alternatively, we can reinterpret the model (i.e., the mathematics are identical),
assuming thatif effort is exerted continuously over time; (i) at each instant, the manager observes output; and
(iii) the manager can adjust effort at each point in time. Under these assumpiioingstom and Milgrons

(1987) theorem 7 applies, so the optimal contract is affine.
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(1 —syn(pvae - w) -,

i.e., the firm’s share of expected total operating profits from projects, less the
manager’s salary.

Each agent can elect to be either a worker or a manager, and ability mat-
ters only for managing. For simplicity, a worker’s effort is normalized to zero.
Thus, a manager of ability, employed by a firm withn projects, compensated
by salarysy andprofit shares;, earnsincome net of effort costs equal to

S+ sih[p(vae+e) — w] — %éne,

whereé parameterizes the unit cost of managerial effort. Observe that, given
managerial ability and effort, a greater share of profits, more projects, and a
higher product price all expose the manager to more income risk.

We assume agents’ utility has constant absolute risk aversion, with parame-
tery,y > 0. Given the normality of the shocks to firm output, a manager of
ability a has expected utility

1 1
_eXp[—y [so + sin(pvae — w) — Sne— Eysfnzp%z“ ’

in which case the agent’s choice of whether to manage or work hinges on a
comparison ofo with the certainty equivalent

1 1
S+ sin (pvae—w) — Séne— >y sen?p?s2. 2

Theinformation and timing assumptions are as follows. Each agent’s ability,
a, is common knowledge. Firms decide whether to operate. Each operating
firm chooses, supposing its manager is of abéitythe number of projects it
will operate,n(a), and what salarys(a), andprofit shares; (a), it will offer.

Given a salary ofy(a), a profit share ofs;(a), andthe number of projects
n(a), an agent of abilitya decides whether to be a worker or manager, in-
cluding, if the latter is chosen, how much effqréer project to expend; the
manager’s effort choice is his/her private information. Stated this way, the
firm assumes a given manager’s talent, then chooses how many projects to
operate and the parameters of the manager’'s compensation. Exactly which of
the firms ultimately employs which manager is determined in equilibrium; the
homogeneous firm case is easiest to analyze because, in equilibrium, firms are
indifferent about ability. Some readers, especially when firms are allowed to be
heterogeneous, find it more intuitive to cast the problem as follows: Each firm
chooses the number of projects to operate, then how able a manager to hire,
then how to compensate the manager. Formally, this setup is identical to the
one we analyze, provided the firm is aware that its choice of projects has con-
sequences for its ability decision, and that ability and the number of projects
affect the compensation choice it will make.
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2.2 Equilibrium

The model in which the workers’ wage;, is exogenous is most straight-
forward, so we concentrate on that model and discuss the endogenous wage
version later. Givenw, the definition of equilibrium follows. In the definition,

M is the set of agents choosing to be managet&) is the equilibrium
certainty equivalent for an agent of abilityif the agent elects to be a man-
ager, and consumer behavior is described by a linear demand functigfp,
wherea > 0 andg > 0.

Definition 1. An exogenous wage equilibriuim a setM c [0, o), a price
p*, and functiong* (a), €*(a, s1), (@), s7(a), andn*(a), satisfying:

1. Agents optimize managerial effofor anya ands;,
e*(a, s1) = ag rgz%X[ sip*Vae— %fe] ; ®3)
2. Agents optimize whether to work or manage
M={ae[0,) |w<c"@};
3. Firms optimize incentives and number of projefts all a,

($5(@). 51 (@), n* (@) = ag max { (1 - sn| p*v/ae* @ s) - v] -]
@

subjectto
c'(@) <sp+s1n [p*x/aE*(a, s1) — w]

2 *20,2;

1, ., 1,
—5¢ne’ (@, s1) — 5y sin°p

4. All surplus goes to agentbor all a,
c*(a) =n*(a) [p*‘ /ae*(a, sj(a)) — w]

1 1
—5¢n" (@€ @ s{@) - 57 si?(an*?(a)p*2o;

and

5. Theproduct market clearsp* satisfies

o — pp* =/Mn*(a) ae*(a, s;(a)u(da).
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Several aspects of Definitioh require comment. First, each firm’s output
is stochastic, whereas industry output and equilibrium price aré Nekt,
in #1, a manager choosing effgoer projectto maximize (2) will make a
choice that is independent of both salary and number of projects. Thus, the
manager’s optimal effort choice’, asdefined by (3), has just ands; as
arguments. In #3, a firm can consider any salary, profit share, and number of
projects. But, in equilibrium, it must offer a combination that will attract a man-
ager. Since*(a) is required, in #, to be the equilibrium certainty equivalent
for managers#3 requires a firm’'s choice to be at least as attractive*#a).
Finally, because firms earn zero profits, in equilibrium, managers receive, via
a combination of salary and profit share, all profits from operations. Hence, a
manager’s equilibrium certainty equivalent is comprised of firm profits from
operations, less the costs of effort and a risk premium. In our model, the most
capable manager does not run an infinitely large firm due to the combination
of profit sharing and risk aversion. More specifically, the risk premium term in
the certainty equivalent given irk#s multiplicative in the number of projects,
risk aversion, and output uncertainty. This combination limits the number of
projects run by the most talented manager.

The simplicity of our model allows u$pr given [, to calculate closed-form
solutions for all ofc*(a), €*(a, s{(a)), (), s;(a), andn*(a). With these
expressions in hand, we can show that the model has a unique equilfbrium;
specificassumptions about (e.g., Lebesgue measure) also allow a closed-
form solution forp*. The solution process follows.

Solving the first-order condition for the optimization i) (gives

* 2

e'(a,s) =a ( 5P ) . %)
¢

Next, since the firm gains nothing by offering the manager a salary allow-

ing more utility than the agent’s best alternative, the constrainBiwitt be

binding. Thus,

1 1
S =Cc*(@—s1n [p*\/ae*(a, S1) — w]+§§ne*(a, sl)+§y (s1np*)%s2, (6)

which can be substituted int@) to yield firm profits:

Early applications of this “deterministic aggregate” setup includeas(1980), Diamond and Dybvig1983),
andPrescott and Townser(d984). For an especially clear exposition of the various approacheEetdraan
and Gilles(1985).

Existenceof an equilibrium in which firms actually operate in the industry requires some assumptions on param-
eters. For example, if the wage raig, is too high, the industry will be unable to attract managers at all, even at

a price ofa/p (the highest price any consumer is willing to pay). A similar comment applies if the industry is
too risky or if agents are too risk averse. We can handle all the possibilities with a single parametric assumption:
The support o« is an interval, and there &in the support such that

2
a [ |a@p?
1< 5;/02 ( 2w 1) .
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1 1
7(@) = n(p"v/ae* (@, s1) —w) — 5¢ne’ (@, s1) — 5y (np*)*o*—c*(@). (7)
Firm profits are total profits from operations, less compensation paid to the

manager for taking effort and bearing risk, less other payments to the manager
reflecting the market value of ability. Using (5Y,)(can be written as

nas p*2 nas2p*? 1
7 (@) =( ‘Zip - nw) _nagp” 57 (Enp')2e? - ¢ (a),

2¢

in which case the first-order conditions characterizing (i.e., second-order
conditions are satisfied) profit maximizimgands; are

om(a)  asip*? as?p*?

on ¢ 2¢

~ ysinp*?6? =0 (8)

and
om(a) _ nap*? nas p*?
os ¢ ¢

To interpret (8) and9), note that expanding the number of projects increases
profits from operations directly, but also causes the manager to incur greater
total effort costs and to bear more risk, both of which must be compensated.
Similarly, increasings; expands profit from each project by inducing more
effort, but causes the manager to incur greater total effort costs and to bear
more risk, requiring greater compensation.

Solving the first-order conditions, given we obtairl

—y6°5n°p*? = 0. (9)

‘@) — ap*? _
n*(a) = 502 20 1 (10)
and
ca [B
si@ =257 (11)
Then,(5) and (11) yield
2
e@si@) =" (12)

n*(a) > 0is ensured by the choice of the ability of the marginal mana@édefinedbelow). Expressionf),
combined withn*(a) > 0, guarantees that, in equilibriurd,< sj(a) < 1.
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Becauseeffort per project is independent af we will simply denote ite*.
Next, equilibrium condition #4, with some algebra, gi¥es

2

*2
av 137 _4) . (13)

&yo2 \\ 2¢w

c'(a) =
Obsenre thatc*(a) is strictly increasing ina. Thus, the set of managers is
M = [3, o), wherea, the ability of the marginal manager, is defined by
c'(@) = w. (14)

Finally, (6) yields

2
e aw ap*z_ 2w
S@=g07 |V T (2 vap*z)' 1)

Given (10)—(15), Theorerh (in Appendix A) shows that equilibrium exists
and is unique.

Since understanding the structure of executive pay is a key objective, it is
helpful to define some other objects that correspond more directly to observed

variables. Specificallygxpected total incentive compensatisrgiven by, for
aeM,

(@) = s{(a)n" @)(p"Vae" — w),
andexpected total compensatitn
T* (@) =s(a) + 1" (a).
Employing (10)—(12) and (15), we obtain

aw 25w 2ap*2
(@) = = (1- [ =2 P~ (16)
<yo ap* Cw
Substitutingthe equilibrium values* (a), SI (a), ande* (a) into #4 gives
v A ap*2 e 2w 1 2w\ 1 (2w a ap*? 2 2
e | S AE A EH I
__a [ [ap? U (-
= fyaz < 200 — l) (p z w—w w( 2w l))
2

_a ap*Z 1 . 261710 wew ap*Z _aw ap*Z 1
=502 |\ 2 Py 220 | = 52 |\ 20w :
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e AW ap*z_ 2ap*2_
T(a)—gw2 ,/wa 1 ,/—éw 1]. (17)

It also proves useful to have some notationtfiial managerial effort:

and

E*(@) = €e*n*(a). (18)

. Predictions

©

We model a competitive market in which the supply side is comprised of
firms that tailor both the scale of their operations and managerial incentives
to the ability of their managers. There are two kinds of implications. First, the
closed-form expressions derived in the previous section generate predictions
for cross-sectional distributions of firm size, managerial incentives, salary, and
total compensation. (Naturally, “aggregate variables,” for example, the prod-
uct price and the ability of the marginal manager, are common to all firms
and fixed as we look across firms.) These predictions are empirically relevant
for the following reasons. If ability is measurable, for example, as illustrated
in Kaplan, Klebanov, and Sorensg010), the results may be tested directly.

If ability is not measurable, one could impose some structure on the distri-
bution of ability to obtain testable implications; we explore this approach in
Section 5.3. Finally, ability induces observable correlation in, for example,
firm size and profit share. As we discuss in Section 5.2, the equilibrium expres-
sions place restrictions on this induced correlation, which can be tested without
relying on either proxies for ability or assumptions on its distribufion.

Part of Propositiorl confirms that our model has some features in common
with the Superstars literature. Specifically, firm size and total managerial com-
pensation are increasing and convex in ability. This is unsurprising because our
model is effectively a Superstars model combined with agency. More interest-
ingly, as we discuss in more detail below and in Appendix A, moral hazard
does not temper the Superstars effect—in fact, the implied optimal contracting

Considey for example, the equilibrium number of projects,(a), and profit sharesi‘ (a). For anys,, let the

ability of the manager whose equilibrium profit sharesjsbe a(sy) = sI_l(sl); a(sy) is a decreasing and
convex function of;, (asfollows from Propositiori below), i.e.,a’(s;) < 0anda”(s;) > 0. Then,define the
number of projects at a firm whose manager’s profit shase iy n(s;) = n*(a(sy)). It follows that

n'(sp) = n¥(@a’(s;) <0
and
n”(s1) = n*’ (@@ (s1))% +n* @a" (s1) > 0,

i.e.,n(sy) is a decreasing and convex functionspf(theinequalities follow from positivity of first- and second-
order derivatives oh*(a) showvn in Propositionl). As we show in Sectio#.2, our specific functional forms
generate an(s;) whoseextreme shape is suggestive of the empirical relation between firm size and managerial
profit share.
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problemenhances it by increasing convexity. Moreover, the monotonicity and
convexity results are also applicable to each element of compensation
(i.e., salary, incentive compensation, and profit share).

The second collection of results (Propositiahst) describes how equi-
librium variables are influenced by changes in the model’s fundamentals—
demand parameters, the workers’ wage (in the exogenous wage model), man-
agers’ risk aversion and effort cost, production variability, and the ability
measure. Changes in parameters not only directly affect the just-mentioned
cross-sectional relationships between output, incentives, effort, and ability, but
also alter aggregates (e.qg., the price of output), which has further implications
for the cross-sectional relationships. Why are these results relevant? Our model
is not dynamic. Nevertheless, comparative statics results are routinely applied
to explore differences across markets or countries at a point in time, as well
as to explain variations over timfé.In our basic model, the workers’ wage is
exogenous, and firms differ only because they employ managers of different
abilities. In Sectiongl.1 and4.2, we study how endogeneity of the workers’
wage and differences in firm-specific characteristics affect and expand the two
sets of results.

Proposition 1 summarizes the qualitative cross-sectional properties of
equilibrium entities.

Proposition 1. Higher-ability managers:

1. Are employed by firms choosing more projects;
2. Exert more total effort;

3. Earn higher salaries and more total incentive compensation, although
via a smaller share of profits; and

4. Have greater utilityi.e., a greater certainty equivalent)
Formally, n*(a), s5(a), I *(a), T*(a),s{(a), E*(a), and c*(a) are
monotoneand strictly convex functions af, all buts; (a) areincreasing
in a.

The endogeneity of both firm size (number of projects) and incentive
compensation is central for the results in Propositiofrrom (9), for a fixed
number of projects, a firm contemplating a manager of higher ability would
optimally offer that manager a larger profit share. However, when the number
of projects is a matter of choice, a higher-ability manager increases the left-
hand side of bothg) and 9), suggesting that firms hiring more able managers
might choose to be larger and to provide managers with stronger incentives
via larger profit shares (i.e., the number of projects muathager'sprofit share

See for example Gabaix and Landief2008), who argue that exogenous change in firm size explains the recent
empirical trends in CEO compensation.
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arecomplements). An offset to this complementarity is that more projects also
expand the risk facing the manager. In equilibritim,

0% (a)
onosy

>

implying that number of projects anfirm’s profit share are complements.
Thus, as Propositiod states, equilibrium number of projects and the man-
ager’s profit share vary ioppositedirections in the cross-section. This negative
equilibrium relation provides a non-entrenchment explanation for the low
pay-for-performance-sensitivity for CEOs in large firms.

Ability and effort per project are also complements in (1), creating incentive
for a firm whose manager is more able to choose greater effort per project.
However, this incentive is partially offset by the fact that more projects,
together with more effort per project, would raise the total level of managerial
effort dramatically. Taking both effects into account, a firm whose manager is
of greater ability induces greater total effort as a result of more projects but, in
this specific model, the same effort per project as any other firm-manager pair.

Further, a firm whose manager is more able offers the manager more total

(salary plus incentive-based) compensation. There are three reasons. First, a

ueipu| e /610'sruIno [pJoxo s i//:dny wouj pepeojumod

more able manager generates more output per project than a less able manager2

even if the firm makes exactly the same choice of projects and incentives.

Second, a firm employing a more able manager chooses a larger number of

projects, which further increases firm output and profits. In our competitive
model, competition among firms delivers any such extra profits to the firm’'s
manager. Third, although the firm having a more able manager employs a
smaller profit share to offset the greater risk implied by more projects, the
offset is incomplete. In equilibrium, the firm optimally provides a more able
manager with incentives to increase total effort. Thus, the firm must compen-
sate the manager for both more risk-bearing and more effort. Altogether, total

pay increases via a higher salary and greater total incentive compensation,

albeit by a smaller profit share. Finally, despite bearing more risk and working
harder, the higher-ability manager’s greater salary and total incentive pay more
than compensate, implying greater utility.

Propositionl states that number of projects, components of compensation,
and total managerial effort are monotonic functions of ability; they are also
convex in ability. To highlight the intuition, focus on how the number of projects

Thatis,
2 %2 %2
o‘m(@) _ ap*® asp — 2ysnp*202.
onosy 4 ¢
Using 5’{5}—(;‘) = 0to solve for2y s;np*2s2, and simplifying, yields

azn(a) _ 2 a:slp"2 W
onésy 0§ 2¢ ’

Substitutingfor s (a) from (11) and using] (a) < 1 shaws that the bracketed expression is positive.
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varies across firms. Suppose first that the manager’s profit share is fixed and in-
dependent of ability. In this case, a higher-ability manager increases the value
of an incremental project, but the manager also works much harder and bears
more risk. From (8), for fixed;, theoptimal choice of the number of projects

is linear in ability (thus, absent effort, our assumed production function pro-
duces no Superstars effect). But when the profit share can be adjusted, the firm
whose manager is of higher ability can choose more projects, but can also em-
ploy a smaller profit share both to increase effort less and to impose less risk on
the manager, thereby allowing the firm to increase the number of projects even
more. This effect is stronger for a more able manager, because the overall risk
the more able manager bears is much greater. Thus, the more able the manager,
the more sensitive the firm’s choice of number of projects to managerial ability
(i.e., number of projects is a convex function of ability due to the equilibrium
adjustment of incentives). Similar logic explains why salary, total effort, etc.,
are convex functions of ability.

Our second collection of results shows how the model’s equilibrium responds
to changes in parameters. The model has a variety of parameters: intencept (
and slopeg) of product demand; workers’ wage); agents’ risk aversiorny()
and unit cost of effort(); variance of the firm-specific shock {}; and ability
measure (u.) Proposition®2—6 summarize the results when is exogenous;
Sectiond.1discusses the analogous results wheis endogenous.

Changes in demand parametersnd/orf can represent a variety of changes
in the economic environment. For example, advertising, economic growth, or
a change in customer demographics may cause demanders to purchase more
of the product or service at any given price, which we represent by an increase
in a. On the other hand, substitute goods or services becoming more differen-
tiated, or the introduction of new complementary products, reduces customer
price sensitivity, which we would represent by a declingin

Proposition 2. If demand increases, either through an increase ior a
decline ing,

1. More agents become managéss declines)and the product price
increasegp* increases)

2. Managers of given abilitya, are employed by firms choosing more
projects(n*(a) increases)earn higher salarie&;(a) increases)have
more total compensation and total incentive compensfidiia) and
I*(a) increase)via a smaller share of profités} (a) declines) exert
more total effor{ E*(a) increases)and have greater certainty equivalent
(c*(a) increases)and

3. The slope and convexitf.e., first- and second-order derivatives with
respect taa) of n*(a), s5(a), T*(a), 1*(a), E*(a), andc*(a) all in-
crease. The slope o§/(a) also increases(toward zerg, but its
convexity decreases.
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Theimpact of increasing demand on firm choices is clear because the way
demand increase affects firm optimization is purely via a higher ppté,e.,
neithera nor g entersthe firm’s problem directly).

When demand increases, the implied excess demand is met in part by
entry of new firms employing less talented managers who otherwise would
have chosen to be workers, and in part by an increase in product price. The
higher product price motivates firms to choose more projects. This adjust-
ment imposes greater risk on managers, for which firms compensate in part by
reducing the managers’ share of profits, albeit not to the degree that total
incentive compensation falls. More projects also translates into more total
effort, although effort per project does not change. To compensate for in-
creases in both effort and risk, the managers’ compensation must rise. Over-
all, managerial talent becomes scarcer, and managers enjoy greater utility. The
increased slope and convexity of the variables of interest (except profit share)
follow from the profit opportunities implied by a higher price. That is, as
described in Propositiofi, a firm whose manager is more able is generally
also more sensitive to variation in ability, and an increased price augments
this sensitivity. Thus, for example, when demand increases, the differences
in firm size and managerial compensation across firms increase, the largest
firm grows much more than the median firm in the industry, and its
manager receives much greater increases in salary, total incentive compen-
sation, and total compensation in comparison to the manager of the median
firm.

Proposition?2 also implies that equilibrium compensation responds to some
things that are not under the managers’ control (e.g., economic conditions).
There are two reasons why this occurs. First, managers receive all gross prof-
its of their firms in equilibrium due to firms competing for talent. As a result,
managers enjoy some of the benefit from improved economic conditions, and
also feel some of the pain of worsened conditions. Second, changing economic
conditions imply changing returns to motivating the managers, and the optimal
adjustment depends on ability. For example, high oil prices create a consider-
able profit opportunity for oil companies, and we expect to see incentives to
act aggressively when these opportunities are present. Altogether, according
to the model, there is no mystery in the observation that managerial compen-
sation rewards—or, more accurately, “is a function of "—entities beyond the
managers’ control.

Consider next the impact of a change in ability measure¢p another mea-
sure, . (Note thaty and i are measures, not distributions, and so need not
integrate to one.) We are able to consider a wide variety of possibilities. For
example, if managers all effectively become more able due to the discovery of
superior but widely available management meth@d§), oo)) = u ([0, 00)),
and for alla € (0, ), i([a, o0)) > u([a, o0)). Or, if heterogeneity in man-
agerial talent grows; can be constructed from via a series of “mean
preserving spreads.”
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Proposition 3. Suppose the ability measure changes froto 4. If

/6_1 n,(a),/ae; (@ sy (a)u(da) < /a n,(a),/ae;(a, sy (a)i(da),
M M (19)

wherea,,, n;, (a), €, (a, siﬂ(a)), andsi*’ﬂ(a) arethe equilibrium values under
measure, then the implications of becomingu are qualitatively identical to

a decline in demand via lower or greaters (the opposite of conclusions 1-3
of Proposition2). If (19) is strictly reversed, then conclusions 1-3 of Propo-
sition 2 hold. If (19) is an equality, then firms whose managers are of given
ability make the same choices under both measures.

The intuition for the results in Propositidhis quite straightforward. Con-
dition (19) stipulates that if firms having managers of any given ability did not
adjust their choices whem becameiz, then industry output (i.e., the integral
in (19)) would rise, and so the product price would fall. Thus, the impact on
firms of u becomingu is qualitatively the same as the industry facing a decline
in demand, in which case the results in Proposiaapply immediately. To
see how condition1(9) might be satisfied, note that, using (12), condition (19)
is equivalent to

| ni@vau@a < [ n@vaida.

i 2T

Using (10), it follows thany, (a)/ais anincreasing and strictly convexinc-

tion of a. Thus, both the above-mentioned examples of homight become

4 result in (9) being satisfied, and so, for example, a larger profit share
for managers of given ability. In particular, an increase in the heterogene-
ity of managerial talent increases profit shares generally and augments their
heterogeneity.

An increase in the workers’ wage arises from general labor market condi-
tions, such as changing workers’ tastes for the type of work in the industry.
The next proposition describes the impact of such changes on equilibrium out-
comes. A similar result can be derived for an increase in the price of any factor
employed in firm projects.

Proposition 4. If the workers’ waggw) increases,

1. Fewer agents become manag@rincreasesand the product price in-
creasegp* increases)

2. Managers of given abilitya, are employed by firms choosing fewer
projects(n*(a) declines) which provides incentives through a larger
share of profitgs] (a) increases)effort per project also increas¢s*
increases)and
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3. Salary (s;(a)), total compensation and total incentive compensation
(T*(@) and |*(a)), total effort (E*(a)), and manager's certainty
equivalent(c*(a)), as well as their slope and convexity, may increase
or decrease depending on parameter values. The less price sensitive the
demand(i.e., the smaller ig), the greater the tendency for all the am-
biguous effects above to be positive, the slope of profit sei@) to
increasetoward zerg, and the convexity o} (a) to decrease.

Anincrease in the workers’ wage affects firms in two ways. First, there is the
direct effect on project costs, motivating firms to reduce the number of projects.
However, since all firms face the cost increase, there is upward pressure on the
product price, impacting firm incentives in the direction opposite to that of the
wage increase. Thus, the overall impact on firm choices depends on the relative
importance of these opposing forces.

Firms employing the lowest ability (i.ea) managers generate just enough
profits from operations to pay their managers the equivalent of the wage,
Thus, whenw increases, these firms, as well as some others employing man-
agers with ability just abova, are no longer sufficiently profitable to attract
managers, and must exit. Firms that continue to opegiaten price econo-
mize on workers by reducing the number of projects. Moreover, since fewer
projects means less risk and effort for the manager, the firm can offer a some-
what greater profit share and demand more effort on each project. The net
effect of all these changes, in concert with fewer operating firms, is less out-
put. The implied excess demand is met in part through an increase in price,
which partly offsets both the tendency of firms to exit and the actions firms
take to economize on workers. It is clear that the wage increase improves
workers’ utility, and utilities of managers whose ability is marginally above
the threshold that existed before the wage increase. That is, before the wage
increase, their certainty equivalent was barely above the old wage; after the
change, it is at least as high as the higher new wage. However, whether higher-
ability managers work harder and get paid more depends on how price adjusts.
When demand is less price sensitiyei¢ low), excess demand is accommo-
dated primarily through a price increase, generally limiting how firms reduce
the number of projects, and giving managers incentives to work harder. This
works in the direction of making managers better off in various ways, such as
higher salary and overall greater incentive pay, and generally increasing cross-
sectional dispersion in these variables. The opposite occurs when demand is
more price sensitive.

Propositions2 and 4 are not dynamic, but they are suggestive of numer-
ous interesting differences in the cross-section of firms at different points in

the business cycle, as well as some differences across business cycles. For

example, early in a recovery period, the impact of the business cycle on firms
will be similar to that of a demand increase, with the effects described in
Proposition2 (e.g., decreasing managerial share of profit). Later in the
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business cycle, as wages grow, the predicted impact will be more in line with
Proposition4 (i.e., a reversal in the declining trend of managerial share of
profit). In addition, according to Propositieh the way the recovery impacts
(e.g., total compensation) depends on the specifics of the industry (i.e., price
sensitivity). Thus, we would expect changes in wages to have effects on man-
agerial compensation that are very different in the oil industry, where there is
very limited scope for product substitution, in comparison to the automobile
industry, in which there is abundant opportunity for intertemporal substitution.
Finally, because modern recessions display longer lags between demand and
labor market recoveryAndolfatto and MacDonald 2007and the references
therein), Proposition2 and4 imply, for example, a slower decline and subse-
guent increase in managers’ profit shares as the modern business cycle unfolds.
The results explored thus far are driven by the interplay of managerial ability
and firm choices of the number of projects and structure of incentives. Man-
agers’ attitudes toward risk (described py, and the risks inherent in the
production (described by?), are key parameters that will affect how abil-
ity, number of projects, and incentives interact. Attitudes toward risk change
for a wide variety of reasons. For example, improvements in hedging or de-
velopments in insurance markets may allow managers to reduce other sources
of risk, for example from investments outside the firm, thereby making incre-
mental risk due to incentives less painful. Risk preferences may change over
the business cycle. Likewise, inherent production risk varies across industries,
countries, and time. In10)—(17), the agent’s risk aversion paramegerand
the parameter describing how much risk is inherent in productidnenter
togetherin a form that describes the overall importance of risk to the
risk-averse agents (i.eyo?). Thus, the next proposition focuses on this
entity.

Proposition 5. If y o2 increases,

1. The product price increas€p* increases)but the ability level of the
marginal manageg, may increase or decrease. The less price sensitive
the demand, the greater the tendencyafto decrease;

2. Managers of given ability have a smaller share of profgsa)
declines)

3. The number of projects and total managerial effort generally declines
(n*(a) andE*(a) decline) but can increase for smaller firms; and

4. For managers of given abilitg, the level of salarys;(a)), total com-
pensation and total incentive compensatidr(a) and | *(a)), and
manager’s certainty equivale(*(a)), aswell as their slope and con-
vexity, may increase or decrease depending on parameter values. The
less price sensitive the demand, the greater the tendency for all the am-
biguous effects above to be positive, the slope of profit sbai@) to
increase(toward zerg, and the convexity of; (a) to decrease.
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Similar to an increase in the workers’ wage, an increase drf affects
firms both directly and indirectly, through output price. The direct impact is
the greater compensation required by managers for the greater disutility of
inherent risk. Since high-ability managers optimally face much more risk in
comparison to the less able, the direct impact of greaiet is more signif-
icant for firms whose managers are more able. The price increase arises as
follows. Increase iy o2 makes managing too risky for low-ability managers,
implying exit of their firms. Firms that remain in the market optimally impose
less risk on managers by reducing both the number of projects and the man-
agers’ profit shares. As a result, effort per project remains unchanged. Exit
and reduction in the number of projects combine to reduce supply, creating
excess demand for the product, which is met in part through a higher product
price. The price increase ameliorates firms’ tendency to reduce the number of
projects, and may even cause the number of projects to increase for smaller
firms where managers face little risk. But it also motivates firms to shrink their
managers’ share of profits further in order to reduce the increased risk gener-
ated by the price increase. As a result, profit share becomes less sensitive to
managerial ability. When demand is price insensitive (f)wso that much of
the excess demand is met via an increase in price, firms become more prof-
itable, which translates into both greater pay and utility for managers, as well
as entry by firmsd declines).

Even though the model’s prediction that the equilibrium profit slisfiéa))
decreasesasy o2 increaseseems natural, it is not as straightforward as in a
simple agency model. Whepo? increasesfirms may reduce the total risk
exposure of the manager in a number of ways, such as reducing the number of
projects(n*(a)). Given thatn*(a) ands;(a) tendto move in opposite direc-
tions, the equilibrium adjustment of (a) might,in principle, actually increase
sj (@). Our proof shows that this does not occur in equilibrium.

The managers’ cost of effort is parameterizedébyAn increase inf has
many interpretations. One is simply that for some reason, for example, the
availability of superior recreational activities, or twitter, managers find work
more onerous. Alternatively, new rules or regulations, for example, Sarbanes-
Oxley, makes it time consuming and more difficult to deliver any given level
of productive effort.

Proposition 6. If £ increases,

1. The product price increasép* increases)andthe ability level of the
marginal manageg, may increase or decrease. The less price sensitive
the demand, the greater the tendencyafto decrease.

2. Effort per project fallge* declines)

3. For managers of given abilitya, the number of projects and total
managerial effort generally declirfe* (a) andE*(a) decline) but can
increase for smaller firms; and
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4. Salary (s5(a)), total compensation and total incentive compensation
(T*(a) andl *(a)), and manager’s certainty equivaldiot (a)), as well
as their slope and convexity, may increase or decrease depending on
parameter values. The less price sensitive the demand, the greater the
tendency for all the ambiguous effects above to be positive, profit share
(sj(a)) andits convexity to decrease, and its slope to incre@seard
zero)

An increase irt operates much like a factor price increase, albeit subject to
the offsetting effects of a higher product price. Specifically, wheises,at a
given price, the firm optimally reduces the number of projects and effort per
project; thus, total effort also falls. Since reducing the number of projects also
reduces the risk the manager must bear, the firm optimally gives the manager
greater motivation by increasing the manager’s profit share. Being a manager
becomes generally less attractive, causing exit by the smallest firms, who em-
ploy the least able managers. Since firm exit and reduced number of projects
for each firm reduce supply, some upward pressure on the product price is
created. When demand is less price responsive, excess demand is met primar-
ily through price increasing, which works further to decrease managers’ profit
share and to make firms more profitable, leading to greater pay and utility for
managers, as well as to entry by firms (i@declines).

3.1 Endogenous wage
Thus far we have assumed the workers’ wage to be exogenous. That is, the
alternative to being a manager is to employ one’s human capital either as a
worker in the industry or elsewhere in the economy, but human capital is not
industry specific. In this subsection, we explore the opposite case, i.e., agents’
human capital is entirely industry specific.

The primary impact of this change is as follows. When human capital is
not industry specific, there is free entry and exit of both fiamd workers, in
which case shocks to the economic environment ultimately impact only man-
agers, possibly including a change in their number. When human capital is
industry specific, workers also feel some of the impact of external shocks,
which alters the comparative statics results. While Proposithrts and6
have close counterparts in the endogenous wage setting (see below), there
is no obvious analogue to PropositiBnwe do offer some similar results in
Proposition7. Obviously, there is no analogue to Propositionvhich studies
the effect of external shocks to the workers’ wage.

We begin by modifying the definition of an equilibrium.

Definition 2. An endogenous wage equilibriuim a setM c [0, c0), a

price p*, a wagew*, andfunctionsc*(a), €*(a, s1), §(), s;(a), andn*(a),
satisfyingconditions1-5of Definition 1, and
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6. Every agent is either a manager or a worker in the industry

§(M) + /M " (@)u(da) = u ([0, 00)). (20)

The endogeneity of the workers’ wage does not alter the derivation of the
optimal number of projects, managerial compensation, effort, and certainty
equivalent. Thus, Propositidhcontinues to hold.

Proposition2 is much simpler whem is endogenou’? An increase in de-
mand translates into a higher product pripé increasesand more supply via
managers working harder on each projéet increases)Managers become
better off €*(a) increasesthrough higher salary, total incentive compensa-
tion, and total compensatiogy(a), | *(a), andT*(a) all rise), although man-
agers provide more total efforE( (a) rises).Firms do not have to increase
their manager’s profit share to motivate more work; indeed, the higher product
price raises the marginal value of managers’ effort sufficiefglya) doesnot
change). Whereas the higher product price gives firms incentives to expand the
number of projects, this effect is offset by the required workers being more
expensive (s@*(a) doesnot change). Moreover, no firms enter or e&idpes
not change). Finally, the slope and convexitygdfa), 1 *(a), T*(a), andc*(a)
all increase when demand increases.

Proposition5 is virtually unchanged whem is endogenous. The primary
difference is that increasings 2, sinceit causes price to rise, also leads to
an increase in the wage rate as managers are drawn into the industry by firms
entering & declining does not depend on the sensitivity of demand to price
when w is endogenous) and, necessarily, the number of workers falls. The
increasing wage causes firms partially to substitute managers’ effort for
the number of projects, because this allows firms to hire fewer workers.
Thus,e* increaseswherease* was independent of o2 whenthe wage was
exogenous.

Proposition6 is also less ambiguous. That is, wh&increases, the man-
agers’ profit share and the ability of the marginal manager both decline (these
effects do not depend on the sensitivity of demand to price whega en-
dogenous). Moreover, with a fixed, an increase it leads to managers’
decreasing their per-project effort. Whenis endogenous, increasiggeads
to an increase in the wage that may lead to, especially when demand is less
sensitive to price, effort per project to increase.

When the wage is endogenous, a change in the ability meagumay
affect both the labor market (e.g., through supply of workers) and product mar-
ket (through changes in the managers’ abilities). As we show in the following
proposition, it is the imbalance in the labor market that helps us identify what
happens to the equilibrium outcomes.

12 proofsof the endogenous-wage version of Propositidrss, andé are available from the authors upon request.
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Proposition 7. Suppose the ability measure changes franto 4. If the
change in the measure results in excess supply of workers,

| m@ae < 0.8, (21)

2
wherea, andnj, (a) arethe equilibrium values under measyrethen

1. The ability of the marginal manager declin@sdecreases)

2. Managers of given abilitya, are employed by firms choosing more
projects(n*(a) increases)which provides incentives through a smaller
share of profit§s; (a) decreases)nd

3. Salary (s5(a)), total compensation and total incentive compensation
(T*(a) and | *(a)), total effort (E*(a)), manager’s certainty equiva-
lent (c*(a)), their slope and convexity, workers’ wage™*), and output
price (p*) may increase or decrease depending on parameter values.
The less price sensitive the demand, the greater the tendency for all the
ambiguous effects above to be positive.

If the change in measure results in excess demand for ({abexquivalently,
(21)is violated) then results 1-3 reverse.

Condition (21) says that, absent changes in product price or wage, demand
for workers would fall short of supply of workers whenreplacesu. As we
show in the proof, this change invariably resultsgh rising relative tow™*.
However, the level of either may rise or fall, because, for examplmight
have many more agents of ability less tt&n but also more agents of ability
aboved, . In this case, Condition (21) can be satisfied, but the industry has so
many more agents on the supply side that hwttandw* fall.

There are various ways in which the supply of workers may become ex-
cessive. For example, regulatory changes may reduce the supply of manage-
rial talent. In the financial services industry, as a result of the repeal of the
Glass-Steagall Act, it became important for bank CEOs to have skills in both
commercial and investment banking businesses, which effectively disqualified
many managers from running large universal banks even though they are still
gualified as division managers (“workers” in our model). In another example,
globalization has increased the supply of workers, but has had little impact on
the supply of managerial talent in many U.S. industries.

Proposition7, combined with Propositiod, suggests that globalization may
be an important driver of the recent trends in managerial compensation. Glob-
alization has increased not only the supply of workers, but also output de-
mand. According to the propositions, these increases lead to new firm entry,
and increases in the level and dispersion of firm size and all components of
managerial compensation (given that product demand is not too price sensi-
tive). Moreover, our model suggests that these observed patterns may reverse
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whenthe supply of managerial talent increases substantially as globalization
progresses.

3.2 Heterogeneous firms

The model analyzed above assumes that firms are homogeneous. Thus, firms
differ in, for example, size, purely due to differences in ability of the managers
they hire. The homogeneity assumption simplifies the analysis while still, as
we show in Sectiod, allowing a surprisingly good correspondence with the
data. However, the model can be extended to accommodate firm heterogeneity,
thus capturing inter-firm productivity differences due to technology, location,
equipment, patents, access to capital, other talents in the firm, or political con-
nections;Maksimovic and Phillipg2002) employ total factor productivity to
measure firm and plant productivity. Our extension has exogenously specified
differences across firms, but retains the endogenously determined number of
projects. Thus, it can be interpreted as allowing for firm size to be partly exoge-
nously determined by “productivity,” and partly driven by managerial ability.
Thus, the extension includes as special cases models similar to those with ex-
ogenously heterogenous firms (e @abaix and Landier 2008ervio 2008
Edmans, Gabaix, and Landier 2009) and those with ex-ante identical firms and
endogenously determined firm sizes (elguicas 1978 Rosen 1981land our

base model).

Allowing for firm heterogeneity generates even greater convexity of firm
size, incentive compensation, and effort, given intuitive and fairly mild re-
strictions on the distribution of the exogenous firm characteristic; with similar
but slightly stronger conditions, total compensation is also more convex when
firms are heterogeneous. Essentially, because managerial ability and firm pro-
ductivity are complementary, and, in equilibrium, more talented managers
match with firms having greater productivity, the differences in productivity
amplify the complementarity among the number of projects, managerial talent,
and managerial effort. Firm heterogeneity also results in positive firm profits,
which also vary across firms. This yields new predictions about the impact of
changes in economic fundamentals on firm profits, while allowing all com-
parative statics on other equilibrium entities for the base model (Propositions
2-6) to carry ovet?

The analysis also offers new empirical implications. For exampégyio
(2008) estimates the effect of managerial ability on compensation by calcu-
lating the difference between the observed compensation earned by the CEO
of a large firm, and the hypothetical compensation that the CEO of a small
firm would earn if employed by this large firm. However, our model suggests

Intuitively one may suspect that the convexity results in the base model are due to the fact that the manager
enjoys all profit from heterogeneity in talent. When firms are heterogeneous, firms and managers split the return
to heterogeneity in both ability and productivity. As we show, under mild conditions, this split yields equilibrium
profit and components of compensation that are not only convex in ability, but also more convex in comparison
to the base model (firm profit in the base model was zero fa)all

3345

O

TTOZ ‘9T JOGUIBAON UO SUOIISINDOY SLES/A301IASS [BIIULYDS L SALRIGT ALSIBAILN BURIPU| T2 /B.0'SUINOPIOJX0'S /ANy WO PApeo|UMO


http://rfs.oxfordjournals.org/

TheReview of Financial Studies / v 24 n 10 2011

that, had the large firm employed the CEO of the small firm, its size would
decrease, and CEO effort would also decline. Both effects would reduce the
imputed hypothetical compensation, and thus magnify the difference in com-
pensation attributable to the difference in managerial ability. This notion ques-
tions the claim inTervio (2008) that only a small fraction of variation in CEO
pay is attributable to CEO ability. Although not a direct test of our model, the
empirical analysis oBertrand and Schod&2003) shows that firm policies and
characteristics indeed change significantly when CEOs are replaced.

If a firm having productivityk hires a manager with abilitg, who supplies
per-project efforte, and there ar@ projects, total firm output in(vkae +
¢), wheree ~ N(0, 62) is a firm-specific random shock. We will refer to a
firm characterized bk as “firmk.” Let v be the atomless measurelgfwith
v([0, 00)) being sufficiently large to ensure that there is a firm for every agent
who chooses to be a manager. ké&ta) be the function that describes the
equilibrium firm-manager matching. We can state the equilibrium matching
condition as

forallmc M, u(m) = v(k*(m)).

For firm k run by a manager with abilitg, the optimization problem is
similar to that for the base model, and yields the same optimal effort per
projecte* = 2w/¢. The number of projects and managerial profit share are,

respectively,
ka [kap*2
* = —_ 1
n*(a) &y o? 20 , and

S@=

Firm heterogeneity implies (except for the least productive firm that hires the
marginal manager) positive firm profits. The equilibrium profit of fiknthat

hires managea is given by*

2
kaw kap*2 .
ﬂk(a) = W Zg—w -1 —C (a) (22)

The equilibrium match between firrk and managea, k*(a), maximizes
firm profit zx(a). As in standard matching models (e.Gabaix and Landier

14 Theabove expression is obtained as follows. First, we exm@m usinge®, n*(a), sj (a), and the reservation
certainty equivalent®(a) (to be determined) given in the manager’s participation constraint (#3 in the equilib-
rium definition, assuming it holds with equality). Next, substitute for the equilibrium value$, of* (a), and

sj (a) into the profit definitionz (a) = (1 — s} (@))n* (@) (p* vVk* (@)ae* — w) — 5 (@).
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2008;Tervio 2008, more talented managers are matched with more productive
firms. The first-order condition describing a tykRdirm’s optimal choice of
manager ability i

/

2
, kaw kap*? IRY
(7K (@) ajk=k* @a) = Zyo? <‘/ 2ew 1) - (c*@) =0,
alk=k*(a)

implying
. al k*(bw [ |k*(b)bp*2 | 2k* (b)bp*2
c(a)_F+/O |:~fy02 ( 27w —1)( é—w_l)}db’

(23)

whereF is independent o, and is determined by the marginal firm/manager
condition: The firm that has the lowest productivity in the product market hires
the least able managdr,= k*(a), and thus earns zero profitg (&) = 0. The
certainty equivalent of the least able manager equals the workers’ wage, i.e.,
c*(d) = w. Substituting for firm profit given in (22),

2
) kaw kap*2
*(a) = = 1] =w.
c*(d) 502 ( 2w ) w
Thus, the expression fd¥ becomes

B 3| k*(byw [ [k*(b)bp*2 2k* (b)bp*2
S e |

(24)
Substituting 24) into 23), we obtain the certainty equivalent for the manager:

e al k*(byw [ [k*(b)bp*2 | 2k* (b)bp*2

(25)

Finally, because higher-ability managers work for firms with higher produc-
tivity, we can determind*(a) from the firm-manager equilibrium matching
condition, restated gs([a, c0)) = v([k*(a), 00)).

The condition can also be read as saying that the additional increase in salary that the higher-ability manager
demands is bigger than the improvement in profit (net of effort and risk costs) that the manager can generate for
the firm. Thus, a manager with ability aboaevill not switch to firmk = k*(a).
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With heterogeneous firms, the equilibrium expressionsnfa@), s;(a),
| *(a), andE*(a) canbe obtained from the equilibrium expressions in our base
model—Equationsl), (11), (L6), and £8)—by replacing with k*(a)a. The
equilibrium solutions for the remaining variables are

$yo? Sw k*(a)ap*2
. 2
. K@aw [ [k*(@)ap* 3 3 2&w .
s@) = 5y o2 20 1 (1 —k*(a)ap*z) +c*(a), and
e K(@aw [ [k*(a)ap*? k*(@ap*2
T@) = Eyo? 2¢w -1 T @,

wherec*(a) is given by @5). As in our base model, all of the equilibrium
solutions are monotone and convexir(a)a, and all buts} (a) areincreasing
in k*(a@)a.

How does the presence of ex-ante firm heterogeneity affect convexity of, for
example, total incentive compensation as a function of managerial ability? To
simplify notation, definel(a) = k*(a)a to be “productivity adjusted” abil-
ity. The expression for total incentive compensation with firm heterogeneity is
simply the corresponding expression without heterogeneity, evaluatdd)at
instead ofa. Thus, defind ;(a) = | *(1(a)) to be the total incentive compensa-
tion for a manager of abilitg in the model allowing firm heterogeneity, where
| * is the expression for total incentive compensation absent firm heterogene-
ity. Below we refer ton, (a), etc., defined analogously. Since the equilibrium
expressions for salary and total compensation are different in the model with
heterogeneity, in what follows, we denote thensgga) andT, (a).

Thereare several ways to compare convexity across the model with firm
heterogeneity and the model without. The one we explore is a comparison
of I;(a) to 1*" (8)]a—1(a). These two terms can be interpreted as convexities
of total incentive compensation in two distinct “experiments.” In the first, we
consider a manager of given ability, and explore convexity when matching
managerial ability to firm productivity is allowed. In the second, we explore
convexity in ability when the manager hlally fixedfirm productivity®
This way of examining convexity emphasizes one of two key differences
between the models with and without firm heterogeneity (i.e., better man-
agers attract more capable firms). (The other key difference is that the model

* * *2
_ k*@aw 2k*(@)ap 1 (1— 2&w )

More precisely, for each, there exists & suchthatk + a = 4(a).
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with firm heterogeneity effectively has more inputs. This must be addressed
somehow, and the above-described method is one way to dé so.)

Proposition 8. If for any a,4’(a) > 1andA”(a) >0, thenn’(a) > n*’(1(a)),
s @ = st"(G@), 1@ = 1" (@), T/ (@) > T*”(/l(a)) andEj(a) >

E*(4(a)). If, additionally, A”(a) > @%")‘1 thensj, (@) > s5”(A(a)), and
T/(@ > T (1(a))-

The intuition for the sufficient conditions is straightforward. Takda) as
anexample. If productivity-adjusted ability varies little in response to a change
in ability, then total incentive compensation may not be very sensitive to ability
itself; A’ > 1 means that productivity-adjusted ability varies at least one-for-
one with ability. Further, if productivity-adjusted ability becomes less sensitive
to ability as ability rises{” < 0), then total incentive compensation may not
be increasingly sensitive to ability as ability rises. To see this in more economic
terms, suppose that the distribution of firm heterogeneity is quite left skewed.
Then, for lower-ability managers, there is a lot of scope for matching of pro-
ductivity to managers, and pay will be very sensitive to ability. But matching
will be much less impactful for high-ability managers, and so pay will still be
increasing and convex in productivity-adjusted ability, but not nearly as sensi-
tive as to ability itself.

In this model, firm profit(z; (a)), given by (22) and45), is positive and
increasing ina. If (k*(a))” is not too negative, firm profit is convex m18

Anotherway to compare convexity is to comparjé(a) to | *”(a). Thefact that the firm heterogeneity model
has more factors must be addressed here, too. ™

Thefirst- and second-order derivatives are

2 !
» k* (a)aw k* (a)ap*2 PRV
T (@) = (é«/o—z ( 25w - l) ) -(c (a))
a
_aw /k*(a)ap*z —1 /Zk* @ap'2 _ (K@) >0
T &yo? 2¢w w
*1/ _ aw k*(a)ap*2 /ZK*(a)aP*Z * ’ ,
T @ = (g“yaz (/ 2¢w _l> ( w -1 K@)
a

o K@ a+k'@ 2k*<a>ap*2 /k*(a)ap*2 3\ .
52 k@ (/ )( 2w a) K@

w k*(a)ap*2 2k*(a)ap vy
* Eya? ( 25w ) < )(k @

aw k* (a)ap*2 2k*(a)ap .
* Eyo? ( 28w ) < T fw )(k @)

and
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Whenproduct demand increases, the level, slope, and convexity of firm profit
all increase. For shocks to other economic fundamentals, the responses of
firm profit depend on parameters in much the same way as total managerial
compensation responds to these shocks (recall Proposiidi)s

Data

The primary goal of our article is to study the interaction of agency and hetero-
geneous agents and how this affects the distribution of firm size and managerial
compensation. A thorough structural exploration of all empirical implications
set out above is far beyond the scope of this article. However, it is both interest-
ing and important to provide some evidence that our model may prove useful
empirically. To do so, we study data on CEO compensation and firm char-
acteristics. The CEO compensation data are from the ExecuComp database,
covering 1993 to 2007, and include the following variabsiary(s;, includ-

ing salary and bonus paymerifptal compensatiofiT *),1° andincentivepay

(sy, pay-for-performance sensitivity of estimated CEO wealth, as calculated in
Core and Guay 1999). Firm size measurgy (ncludeNumber of employegs
Sales, andotal assetsprovided in the Compustat database. We also include
year indicators, and industry indicators based on Fama-French twelve industry
groups (e.g.Bergstresser and Philippon 2006

4.1 Strengthened link between CEO compensation and firm size

In an intriguing empirical paper, Frydman and Saks (2010) document some
important facts about CEO compensation. First, the much-studied sensitivity
of CEO pay to firm performance is not just a modern phenomenon. In fact,
equity holdings and, later, stock options gave CEO pay sensitivity that was “not
inconsequentially small” for most of their sample period: 1936 to 2005. Sec-
ond, the use of performance-sensitive compensation, such as stock and stock
options, has grown since the mid-1950s. Third, the cross-sectional
association between CEO pay and firm size has increased over time.

Our model has nothing specific to say about the first of these facts, except
that, given the model, it would be quite surprising if CEO pay were ever not
associated with performance. The second and third facts are inherently dy-
namic ones, while our model is not. Nevertheless, it is interesting to ask
whether repetitions of our static model, allowing parameters to change and
equilibrium to adjust, can generate patterns similar to those observed.

The second phenomenon can be generated by our model using changes in
y 2. According to Propositiorb, a decrease ino? (e.g.,when managers
become less risk averse or production becomes more controllable) incspases

Accordingto ExecuCompTotal compensatiois comprised of the following: salary, bonus, other annual com-
pensation, total value of restricted stock granted, total value of stock options granted (using Black-Scholes),
long-term incentive payouts, and all other total compensation.
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It also increasek* andT* if demand is sufficiently price responsive (high

In this case, the dollar value and relative importance of incentive compensation
both increase. More interestingly; generallyincreases but could decrease
for small firms?® Thesecross-sectional differences of the implications of our
model can be used to guide future empirical research.

There are a variety of ways in which the third issue might be explored. One
simple way that can be implemented with existing data is as follows. Accord-
ing to the model, the cross-sectional relation between, for example, total com-
pensation and firm size is induced by cross-firm variation in CEO ability. Thus,
we can calculate the theoretical cross-sectional elasticity of total compensation
with respect to firm size:

1 dT*@ 1 dn*(a)
T*(@) da " n*(@) da
Next, we examine how this pay-size elasticity varies as the model’s parameters
change, and then explore whether the observed trends appear consistent with
observed changes in the economic environment.

Many aspects of the economy evolve over time. We focus on demand growth,
which is potentially measurable. Some algebra shows that, provided CEO in-
centive pay is not too small, the elasticity of total compensation with respect to
firm size is increasing in demarfdIntuitively, increasing demand causes firms
to expand, which imposes greater risk on the CEO and consequently requires
greater compensation. $f is too small, the extra risk that growing firm size
imposes on the CEO is small, and so the required increase in compensation is
minimal, translating to a decreasing cross-sectional elasticity. We assume that
s; is sufficiently large; increasing demand leads to an increase in the pay-size
elasticity.

While we do not have independent measures of demand by industry, we
do have measures of industry growth, such as changes in median firm sales
or total industry sales; we present results using the former, but both measures
produce similar results. The empirical question is whether industries in which
sales grew quickly are also those where the elasticity of CEO pay with respect
to size is growing quickly. If so, the model's explanation for the Frydman-
Saks third observation is that the increase in industry demand due to economic
growth and globalization has caused firms optimally to be larger and have more
sensitive pay.

We studied data on the twelve Fama-French industries from 1993 to 2007.
For each industry and yeawe estimate the cross-sectional elasticity of to-
tal (direct) compensationil(DC) with respect to firm size (total asseft 4);

20 This implication is not available in models such BSmans, Gabaix, and Landi¢2009), where exogenous
firm size drives compensation, and incentive p?)decreasewith firm size. In such a model, an (exogenous)
increase in firm size implies a lower incentive [sgyfor every given manager. Moreover, this implication is not
available in models that do not separate salary and total incentive compensation.

21 Detailedderivation is provided in Appendix B.
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very similar results hold for sales and number of employees) by running the
following regression:

In(TDC) = by + by IN(T A) + v, (26)

interpreting the estimate bf as the pay-size elasticity. Next, we look for intra-
industry trends in the elasticity by running the regres$arreach industry

IN(TDC) =bp + by In(T A) + byYearx In(TA) + o,

interpreting the estimate &b as the elasticity’s trend. Seven industries have a
positive and statistically significant estimatel®f(at better than 5%): manu-
facturing, healthcare, finance, utilities, telecommunications, retail, and energy.
The remaining five industries do not show any trend. Are the industries for
which the elasticity shows a positive trend also the industries that grew more
quickly? Figurel displays the time paths of the year-industry-specific elastic-
ities estimated from26), b1, for these two groups of industries.

0.2

0.2

1995 2000 2005 1995 2000 2005

Figure 1

Elasticity of CEO pay with respect to firm size

This figure depicts the trend in elasticity of CEO pay with respect to firm sizeThe estimate ob; is ob-

tained from g6) for each of the twelve Fama-French industries. Industries in the left graph (consumer durables,

consumer non-durables, business equipment, chemicals, manufacturing, and other) had low sales growth rates.

Industries in the right graph (healthcare, finance, utilities, telecommunications, retail, and energy) had high sales
growth rates. The number of observations used in each regression ranges from 20 to 346; the median number of
observations is 118.
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Consistentvith our model, six of the seven industries with a positive trend
in pay-size elasticity are also the fastest-growing industries (growth rates rang-
ing from 9.7% to 15.8%), while the seventh, manufacturing, is ranked eighth
in terms of growth. In contrast, the industries with no significant trend have
growth rates ranging from 5.9% to 8.1%. In addition, the inter-industry corre-
lation between the estimated trend in the elasticity émd the average growth
rate in sales is 0.68. Thus, our explanation of the Frydman-Saks finding is that
more rapidly growing industries generate stronger motivation for firms to com-
plement CEO ability with firm size and appropriately chosen pay, and that this
shows up empirically as a rising pay-size elasticity in those industries.

4.2 Comparisons of observed and model-predicted patterns

According to the model, within industry cross-sectional variation in firm size,
as well as CEO salary, incentive pay, and total pay, follows from heterogeneity
in managerial ability. Thus, the relation between, for example, CEO incentive
pay and firm size is also a consequence of this underlying heterogeneity.

We use number of employees as the proxy for number of projects; using the
number of segments provided by Compustat generates slightly weaker results.
Figure 2 displays scatter diagrams of eachNdmber of employeg®groxy
for number of projects)Salary, andTotal compensatiomersusincentive pay
(proxy for managerial profit share) for the 128 firms in the retail industry in
200322 Temporarily ignoring the functions graphed in Fig@eobserve that
the retail industry has features familiar from the ExecuComp data more gen-
erally. That is, the relation between each of the number of employees, salary,
and total compensation, and incentive pay, is not only negatively sloped, but
also highly nonlinear—the firms displaying high values of the number of em-
ployees, salary, and total compensation have very low incentive pay.

To see what the model has to say about these observed relationships, note
that (L1), together with10), (15), and 17), can be employed to generate pre-
dictions about the relations betwesh and each of*, 5, andT*. Thatis,

(11) can be inverted to yield

2
a= *fuch’
S°p

in which case 10), (15), and 17) give the theoretical values of employment,
salary, and total compensation as the following relations to incentive pay:

Thisindustry was chosen because it tolerably satisfies the model's assumptions of free entry and a homogeneous
product. On the other hand, retail is unusual in that the largest firm, Walmart, is 2.3, 4.3, and 5.7 times (based on
assets, sales, and market capitalization, respectively) larger than the second largest, Target. For this reason, this
analysis excludes Walmart.
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The functions graphed in Figur2 are these theoretical relations, assuming
number of employees and incentive pay measurends;; the factor of
proportionality has been estimated from the data by, for example, the sample
average value af* - [(1 — s’l“)/si‘s]. Thefunctions makeno other use of the
data. As shown in the figure, these relations are monotonic and very nonlinear,
and correspond with the data in a general way. In particular, the correlation be-
tween the observed number of employees and incentive pa§.&4, whereas

the correlation between the number of employees predicted from our theoreti-
cal model and incentive pay is0.20. In addition, the correlation between the
observed number of employees and the corresponding predicted vald®.is 0
For salary, the correlation between the observed variable and incentive pay is
—0.11, whereas the correlation between the value predicted from our model
and incentive pay is-0.15. The correlation between the observed salary and
the corresponding predicted value igl4. For total compensation, the cor-
relation between the observed variable and incentive paylid4, whereas

the correlation between the value predicted from our model and incentive pay
is —0.15. The correlation between the observed total compensation and the
corresponding predicted value i18.

Overall, the empirical relations between incentive pay and measures of firm
size and CEO compensation components show quite extreme behavior that
is consistent with the behavior generated by optimal incentives, competition
among firms, and endogenous firm size.

4.3 Moments of employment and components of CEO compensation

In the previous subsection, we showed that without making any particular
assumption about the underlying distribution of ability, the model easily gen-
erated relations between incentive pay and, for example, firm size that are
empirically relevant. We now explore how the model performs when con-
fronted with the more difficult task of generating distributions of firm size
and dimensions of CEO pay that are similar to those in the data on retail
firms.

The analysis is conducted in three steps. First, as mentioned above, the
model abstracts from payments to other factors of production, such as capital,
in which case all compensation calculations will be much too high compared
to the data. There are a variety of ways to address this issue. The route we
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follow is very simple. We calculate all the variables of interest from the model,
including salary &;), thenscale the calculated salaries (by the same factor
for all firms) so that the simulated cross-section average ratio of salaries to
total compensation agrees with the average in the data,’®.S2condwe

must specify a functional form for the ability distribution. We follow two ap-
proaches. One is to assume a zero skewness distributioriJmniéorm. This
approach implies that any skewness in the variables of interest has its origin
in the economizing behavior of firms and agents, rather than in the imposed
skewness in ability. On the other hand, insofar as it is reasonable to assume that
CEOs are generally from the right tail of the population ability distribution, it

is likely more descriptively accurate to assume some positive skewness in abil-
ity at the outset; we do this by assuming that ability has density proportional
to 1/a. Finally, we must select some values for the model's other parameters,
w, &, yo?, a, andf. We assumev, the wage of the marginal manager, to be
the salary payment of the bottom percentile in the data, $370,000. Lacking in-
formation on the other parameters, we estimate them by minimizing the sum
of the squared percentage differences between the first two moments of the
observed and the simulated data on incentive pay, the number of employees,
salary, and total compensation.

Given the assumed distribution of ability and the estimated parameters, the
model implies the cross-sectional distributionsdf n*, sj, and T*, whose
moments can be compared to the moments of the empirical distribution of in-
centive pay, the number of employees, salary, and total compensation.
Table1 includes the observed versus simulated moments implied by each of
the two ability distributions. There are two notable inconsistencies between the
model’s predictions and the data. First, the model predicts employment that is
on average too small, and that varies too little across firms. Second, while
the model predicts mean incentive pay well, the model predicts less variabil-
ity than is in the data. This is not surprising, because the model ignores CEO
stock holdings and options that are granted pre-2003. Otherwise, for both abil-
ity distributions, the model produces moments of pay that are in reasonable
agreement with those in the data. The distribution with skewness generates
slightly better correspondence with the data. A more full-blown empirical anal-
ysis would jointly estimate both the shape of the distribution of ability and the
other parameters in the model.

Conclusion

This article studies an agency model embedded in the Superstars framework.
There is a novel combination of features—agents differ in their ability, firms
choose both the scope of the managers’ activities and their incentives, and there

Anotherapproach, which yields very similar results, is to assume the firm to have some fixed cost whose size is
calibrated to bring the average salary payment into agreement with the data.
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Table 1
Observed versus Simulated Data (Retail Industry 2003)

Panel A: Uniform Ability Distritution

Mean Standard Deiation
Variable Observed Simulated Observed Simulated
Incentivepay(s{) 0.03 0.04 0.03 0.01
Number of employe&800,n*) 38.61 29.17 59.56 14.84
Salary($000,55) 1,514 1,870 1,103 1,210
Total compensatiof000,T*) 4,650 5,845 4,815 3,751

Panel B: Ability Distribution with Positive Skeness

Mean Standard Deiation
Variable Observed Simulated Observed Simulated
Incentivepay (s}) 0.03 0.04 0.03 0.01
Number of employe€300,n*) 38.61 2211 59.56 16.29
Salary($000,s3) 1,514 1,533 1,103 1,466
Total compensatiof000,T *) 4,650 4,792 4,815 4,546

Numberof employeesgin thousands) is obtained from the Compustat dataleslaryandTotal compensation

(in thousands of dollars) are obtained from the ExecuComp dataBalsgyis salary and bonus paymefibtal

compensationncludes salary, bonus, other annual compensation, total value of restricted stock granted, total
value of stock options granted (using Black-Scholes), long-term incentive payouts, and all other total compen-
sation.Incentive pays the pay-for-performance sensitivity of estimated CEO wealth, as calculated in Core and
Guay (1999). It is the sum of stock ownership and stock options (adjusted by estimated delta) scaled by the
number of shares outstanding. In both panels, the workers’ wage isise£1$370,000. In Panel A, we assume

a ~ U[0, 1], and optimization yields the following values:= 0.477, ¢ = 7.669 o = 1,036, andp = 1.649
As aresulta = 0.2404 In Panel B, we assume that ability has a density proportionglamna e (0, 10], and

obtain¢ = 0.787,0 = 5.413 a« = 1654, andp = 4.841 As aresulta = 0.181Q

is free entry by firms. The outcome is an industry equilibrium in which firms
are heterogenous in scope and output. That is, firms hiring more able managers
complement higher ability with more projects and stronger incentives, result-
ing in greater output. Pay has a strong “Superstars” element in the sense that
motivating higher-ability managers to accept a job involving more effort and

greater risk of managing greater scope requires much greater rewards.

The model is a simple one that makes strong but standard assumptions; this
allows us to analyze it completely and arrive at sharp conclusions. We derive
a wide variety of empirically testable implications. For example, an increase
in demand for the industry’s product, perhaps due to a booming economy or
opening of foreign economies, increases both the overall level and dispersion
of the cross-sectional distribution of all components in CEO compensation.

Some preliminary empirical work suggests that the model may prove quite
useful for understanding interesting trends in compensation. For example, em-
pirically, CEO pay and firm size have become more closely associated in cross-
section data (see Frydman and Saks 2010). In the model, a closer association
follows as the equilibrium response to demand growth. We find that in the
twelve Fama-French industries, those in which the association between CEO
pay and size has increased are also those in which industry sales growth has

been greater.
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Appendix A: The Role of Effort and Incentives

Oneof the key aspects of the model’s predictions and the interaction with the data is that firm size
and CEO pay are extremely convex functions of managerial ability. This convexity is in part due
to theSuperstars Effecbut it is much exaggerated by the inclusion of an agency problem. In this
section, we study a slightly different version of our model that shows very cleanly how effort and
incentives interact with the Superstars idea to exaggerate convexity.

In our model, the assumptions that effort is costly and managers are risk averse, and thus,
other things equal, larger firms face more inherent risk, play an important role in determining firm
size. With those assumptions, it is not necessary to include any other factor bounding firm size
(e.g., organizational inefficiencies leading to decreasing returns to scale). Thus, to begin with a
base case where ability matters but agency considerations are absent, our basic model must be
adjusted to allow some other factor bounding firm size. A simple specification that accomplishes
this is a form of diminishing returns to the number of workers, which, absent effort, leads to a
expected firm profits from operations being given by

np*a’ — nw, (A1)

where p* is the equilibrium price (whose determination can be ignored at this point because the
focus is cross-sectional variation) and<0; < 1 parameterizes ability. Under this assumption,
the optimal number of projects is given by

*all
n*a) = 22 (A2)
2w
Freeentry of firms implies that the manager’s total compensation is
*2.21

a
T'@ = P @a - (0" @)% = £, (A3)

w

i.e., linear in a2. Thus,T*(a) is strictly convex ina providedsy > %, i.e., returns to ability do
not diminish so quickly that the Superstars effect is wiped out by decreasing réfurns.
Thecomparative statics results with respect to demand and workers’ wage shocks are similar
to that for the main model: A positive demand shock increases firm size and total pay, while a
positive wage shock leads to higher output price, smaller firm size, and has an ambiguous impact
on total pay (which tends to be more positive when output demand is less elastic). Of course, be-
cause there is no effort, there are no implications for effort-related items: split between salary and
incentive compensation, strength of incentisgseffort levelse* andE*, and all the comparative
statics results with respect to risk—aversimﬂ2 andcost of effort¢.
Allowing for effort, the firm's expected profits from operations become

p*n(@e)’ — nw.

Proceeding as above, the agent chooses managerialatipto maximize
" 1
s p*n(ae)’ — Eéne.

The optimal effort choice satisfies

1

e'(@ = (2'75; P ) At (A4)

Comparehe expressionsAl), (A2), and (A3) for firm profit, size, and total compensation to those for the base
model, where profit is given byp* ,/ae — nw, firm size by (10), and total compensation ly).
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Thefirm chooses ands; to maximize

2

z(a) = p*n(ae*(@))" — n2w — %fne*(a) ysln 2p*252 _ c*(a). (A5)

-
Employing the first-order conditions, we obtain below tinéi(a) is linear inal-" andsj(a) is
independentf a. The derivations work as follows. Substituting4) into (A5), we have

i 1
2 *\N 1=y 1 1 2 *\T—y 1 1
z(@@) = p*n( WS}P ) " AT —nzw—éfn( ﬂsgp ) ]al_”—éysfnzp*zaz—c*(a),
&

Thefirst-order condition with respect &g is

N n
om@ _ . n (2pp*\T-n 151 %2 2
= — | == 1- v - =0,
a5 ﬂl_”( z S l-spa ysin?p*ee
whichyields the formula fon* (a):
U/
1 Zr]p* 1-y 17_,7_2 /.
n*(a) = —— (—) A-spal-n, (AB6)
1 nyp*o ¢ 1 &

Thefirst-order condition with respect tois

i 1
or(a) 2ns1 p* = li 2 2 1 2ns1 p* - L
=p* -2 * —_— al-1 =0. (A7
= p( : nw—y sfnp o 2e (= (A7)

Substituting(A6) into (A7), each term containsl '7 , which can be canceled. As a resaif(a)
is independent o&.
The free entry condition implies that total managerial compensafiéi&)) is equal to ex-
2

pected profitp*n* (a)(ae* (a))" — (n*(a))2w, which is linear inalT”'i. Even if returns to ability
diminish so quickly that the Superstars effect vanishes @.g,%), the manager’s total compen-
sation is convex im as long ag) > 3.2°

The intuition behind the result that the agency problem exaggerates the convexity of firm
size and managerial compensation is straightforward. With agency, because number of projects,
ability, and effort are all complements, firms that hire more able managers choose to grow larger
and grant managers with lower profit shares. The endogenous choice of incentives permits these
firms to choose even more projects, translating into much more rapidly increasing profits and
managerial compensation.

To improve our illustration of the role of effort in generating greater convexity, we next pro-
vide numerical simulations for the two models developed above. We assum@.5. For con-
sistency with simulations performed in Sectidnwe assume a uniform distribution for ability
and use wage = $370000. Both model versions have enough free parameters to allow us to
generate the mean of firm siné thatreflects the average number of employees in our sample of
firms analyzed in Sectioh: Mear(n*) = 3861 (in thousands). Given these parameter values, the
model without effort has a standard deviation of4l2(in thousands) for firm size. Because the
model with effort has more parameters, the set of parameters that generates the desited)Mean
is not unique, and thus the standard deviatiombfis not unique. The standard deviation can
get arbitrarily close to 381/+/3 (in thousands) from below, which is approximately 50% larger

While the calculations are considerably more tedious, very similar conclusions follow if, instead, we assume
7(a) = p*na’’el™" — n2w, where0 < 5 < 1.
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thanthe standard deviation produced by the model without effort. The results are similar for total
compensatio *.

Appendix B: Proofs

For many of the following proofs, it is convenient to first rewrite the output market equilibrium
condition #5using expressions (10)-(12), and the indifference condition of the marginal agent
(14) using expressiorl8):

®© a ap? 2aw
=- — =1 da) =0, A8
s [T (o5 > n(da) (48)

2
5 [ap2
a ap
G=—— —=1] -1=0. A9
Eyo? 2¢w (A9)

To prove Proposition&—6, we first show that there exists a unique equilibrium.

Theorem 1. There exists a unique equilibrium, as defined by Definifion

Proof. When the workers’ wage is exogenous, we have shown that, given productpraned
mamginal ability levela, there is a unique solution for all other variabla$; sj, sy, ande*. From

(A8), note that whermp = 0 we haveH < 0, and whenp = +oo we haveH = +oo. Because
% > 0, there exists a unique solution fpi* givena. BecauseH decreases with: ‘:3'; < 0,the
output pricep* thatsolves A8) is higher in a solution with highex. From (A9), note that when
a = 0we haveG = —1 < 0, and whera = +o00 we haveG = +oo. BecauseZS > 0, there
exists a unique solution fa given p. Additionally, becausé& is also increasing irp: % > 0,
thevalue ofa that solves (A9) is lower in a solution with higher Thus, there is a unique pair of

a and p* thatsolve @A8) and (\9), and therefore the equilibrium is unique. |

Proof of Proposition 2.

Proof. Using (A8) and A9), the derivative d; andg—g canbe found from the following system
of equations®

oH oHda oH dp*

da ' 0a da 67[) da

6G oGda oG dp*

Ga " dada ' op da

Becausehe denominator is

oH gH
oa op
—det G oG >0,
sa op
.
thesign of% is the same as the sign of
oH  oH
%a o
det A >0,
oa da

In all equations that follow, the derivativ% and % arecalculated at the equilibrium valyg* of the product

aH G
OpP lp=p*’ op

price:

p=p*’
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andthe signg% is the same as the sign of

N
[0]
N
[9]

Q.
(0]
@
S
I~
T
ol
o|T

><o.

Similarly, the sign of% is the same as the sign of

oH
det( &2 %) <o,
& o

andthe signg% is the same as the sign of
) > 0.

?TH
det( é
op
Thedirection of the change in* (a), s{ (8), ¢*(a), 53(@), | *(a), T*(a), andE* (a) follow directly
from the equilibrium expressiond@)—(18) because prige* is increasing inx and decreasing in
S and everything else in these expressions remains constant.

We next show that the increase in prip&impliesthat the first-order derivatives of all these
equilibrium entities increase. The second-order derivatives of alspi@) increasewhile the
second-order derivative sf (a) decreaseas demand increases.

The first-order derivatives ol0)—(11), (13), andl(5)—(17) with respect ta can be expressed
as

on*@@ 1 (3 ap*z_:L
oa _fyaz 2\ 2w

D

5}

=)
©

o 0|
O XT

D

3B 32

o

osj(® 1/ 2w
oa 2\ a3p*?
ct@  w ap*? 1 2ap*2 1
da  ¢yo? 26w 2w
ok ( 2 2 2 [9ap*2
a k. * k.
S ): w ap? 1\ (5o Ew I L 2ap*2
oa Eyo? 2&w 2ap*2 2Ew Ew
al*(a) w 25w ap*? w
- = 1-— 3 -1 1-
oa Eyo? (( ap*z) ( 2&w + 2ap*2

* *2 *2 *2 *2
aT(a): w ap -1 3ap _1 +} ap ap 2\

oa Eyo? 2w V 2¢w a4\ 2¢w |V 2¢w
All the first-order derivatives given above are increasinginimplying that the slope of each of
the variables increases when demand increases.

The second-order derivatives afQ)—(11), (13), and15)—(17) with respect t@ can be
expressed as
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n*(@)
0a?

?*si@ 3 [ 2w
0a2 4 a5p*2

%c*@  w p*2 ( 2ap*2 3)
B T2

0a? Eyol\ 2acw ¢w

®g@ w ap?2 N\ [p?2 1] cw 1
082  ¢&yol 2w 2acw 2\ 2a3p*2  4da

1@ w3 p? 12w
0a2  ¢&ye? \ 2V 2a¢w 4\ a3p*?

°T*@  w  [2p*2 [ [2ap*2 9
a2  &yo2\ alw ’

‘w8

Thesecond-order derivatives of all variables above except thagi@) arepositive and increas-

ing with p*, implying that the curvature of these corresponding variables increases as demand
increases. Fos; (a), a variable decreasing in ability, the curvature decreases as demand in-
creases. The optimal total effort B*(a) = n*(a)e*. By (12), e* is independent o&, and thus

E*(a) hasthe same property as‘(a). |

Proof of Proposition 3

Proof. Rewrite the product market equilibrium condition given &8 by substituting for the
equilibrium expressions and obtain

OO0
w=pp’ = [ i@ fag @S @ncda (A10)
Ja,

where the left-hand side is the demand for and the right-hand side is the supply of product. The
marginal agent (with abilitya,,) has a certainty equivalent equal to the workers’ wage. Dividing
both sides of the indifference conditiob4) by w (substituting (13) into (14)), we have

= = 2

a, a *

" ( ub” 1) —1 (A11)
éyo 2%w

Equations 19) and A10) imply that under the original pricg*, there is an excess supply when the
ability measure changes fromto z. Because, byA10) and @11), demand for product decreases

with product price and supply of product increases with the price, the equilibrium ptisbould
godown to clear the product market. Thus, the shock to the ability measure giva®Ylgas the

same impact on firms’ equilibrium choices as a negative product demand shock (that leads to a
decline in the equilibrium output price) as described in Proposiion |
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Proof of Proposition 4

Proof. As in the proof of Propositio, the derivatives‘ij% and g% canbe obtained by solving
the system of equations
oH , oW da  oHdp
ow oadw op dw
ow odadw op dw

Becausehe denominator is

oH aH
oa ap
—det G oG |~ 0, (A12)
oa op
dp* :
g hasthe same sign as o
Pa  ow
det( G 5G ) >0,
oa dw
andg—i‘ hasthe same sign as
oH oH
ow op
det G o6 |- (A13)
ow op

Substitutingfor the partial derivatives fromA8) and (A9), we obtain that the above determinant
is positive, and thué‘l% > 0.Becausa is increasing ino, (A9) implies thatp*z/w is decreasing
in w. The positive effect ofo on e* follows from (12);n* is decreasing ino by (10), ands] is
increasingn w by (11).

We show how the ambiguous results depend on the demandkpillows. First, note that
da/dw = Ry/Ry, whereRy is the determinant given in (A13) arf& is the denominator given in
(A12), only depends opt throughoH /op = f. After some algebraic simplifications, we obtain

thatd(R;/Rp)/dg hasthe same sign a%% (%% — o %) >0 becauség% >0,2 <o,

% <0, % < 0,and ‘;g > 0 by (A8) and @A9). Thus, a largep implies a largeda/dw. By
(A9), a largerg then implies a more negativl( p*2/w),/dw. Becausan*, sp, 1, andT* only
dependn g through p*2/w, and they all increase ip*2,/w, changes of all these variables become
more negative whep is larger, while the opposite is true fef. The same arguments imply that
the changes in slope and convexity of all variablessputiremore negative whefi is larger.

The rest of the variables may either increase or decrease, as illustrated by the following nu-

merical examples. Assume= 1, # = 0.25,a ~ U[0, 1], y = 10, ands2 = 0.25.When¢ = 1,

increasing wagey from 0.1 to 0.11 increasesfrom 0.3434 to 0.3609, and decreases the salary

$p(1) from 2.0775 to 2.0548 ang})(0.3609) (the newa) from 0.1953 to 0.1897. Whefi = 0.1,
increasing wagev from 0.1 to 0.11 increasesfrom 0.7229 to 0.7342, and increasgg¢1) from
0.4411to 0.4618 and; (0.7342)(thenewa) from 0.1456 to 0.1505.

Proof of Proposition 5

Proof. Letg = yoz. Similar to the proof of Propositiod, we can show thadp*/dg > O,
da/dg > 0, and a largep implies a higheda/dg and a more negati\,e(p*z/w)/dg. Because
n*, 5, I, andT* only depend org through p*2/w, and they all increase ip*2/w, changes of
all these variables become more negative whéslarger, while the opposite is true fef.

Effort e* isindependent of by (12). Incentive pag; decreasewith g by (11) because price

p* increasesvhile everything else does not change. The rest of the variables may either increase

or decrease, as illustrated in the following numerical examples.
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Assumef =1, w =0.1,a = 1,a~ U[0, 1], ande? = 0.25.Whenp = 0.05, increasing
y from 10 to 11 decreasesfrom 0.1504 to 0.1465, and decreaségl) from 4.8377 to 4.7032
andn*(0.1504)(theinitial &) from 0.2452 to 0.2408; it increase$(1) from 11.2547 to 11.7295
ands;(0.1504)from 0.1803 to 0.1925. Whefi = 0.25, increasing from 10 to 11 increases
from 0.3434 t0 0.347, and decreasésl) from 2.1243 to 1.9913 ana*(0.347) (thenewa) from
0.3772t0 0.3552; it decreasg§y(1) from 2.0775 to 2.0125 ang};(0.347)from 0.1774 to 0.1738.

In the numerical examples above, the number of projetta) decreasewith y . This, how-
ever, is not always the case. Whgn= 0.001, increasing from 10 to 11 reducea from 0.1069
to 0.1014; it decreases’ (1) from 6.7416 to 6.7284 while increasing (0.1069) (the initial &)
from 0.2068 to 0.2071. |

Proof of Proposition 6
Proof. Similar to the proofs of Propositions 4 and 5; available from authors upon requedli
Proof of Proposition 7

Proof. We first rewrite the inequality in the proposition by substituting for the equilibrium ex-
pressions and obtain

00 al *2
[7 25 ([ 5 -1 aca < 20,3,
& ¢vo 2wy,

wherethe subscripy denotes the equilibrium values under the original meaguihe left-hand
side of the inequality (demand for workers) increasespﬁﬁ/w*. The right-hand side (supply
of workers) decreases ip*z/w* because& decreasem p*z/w* accordingto the participation
condition of the marginal manager given &l(1). Thus, in the new equilibriunp*z/w* increases
to clear the labor market. For any given firm, an increasep’iﬁ/w* increasedirm size. An
increase inp*z/w* alsoleads to a decline in the marginal manager’s abfitfi.e., new firms
enter).

What happens to the equilibrium wagé depend®n the demand parameters and on the way
ability measure changes, which can be shown as follows. Divide both sides of the output market
equilibrium condition given inA8) by +/w* to obtain that the new equilibrium price and wage

satisfy
%2 00 *2
o p a ap 2a ,
- N / —1|./—ji(da)=0.
w* +h w* +/«’51;z Eyo? 2¢w* ¢ Alda)

In the equation above, all terms but the firsta/+/w*) depend onp* and w* only through
p*2/w*, they all increase irp*2/w*, and we have shown that*2/w* increasesWhether the
sum of all terms but the first increases or not, however, depends not orpyom*, but also
on the change in ability measure (frgmto 2 on [a,, 00)). If the measure remains the same on
[a,, 00), then the sum goes up, and we can conclude that workers’ wégdeasto go down to
clear the excess supply. However, if the measure dropg,grob), the sum of the last two terms
may decrease, which would result in an increase of the equilibrium workers’ wagé/hether

the sum decreases depends on both the magnitude of the drop in the measure and the magnitude

of the demand slopg: The largers, the stronger the tendency for the sum to increase.

Whether and by how much* declinesdetermines whether managerial compensation com-
ponentss; (@), | *(@), T*(a), and certainty equivalerd* (a) decline(these variables increase in
both p*2/w* andw*; the increase ip*2/w* causeshese variables to increase; however, the
de(z:rease im* works in the opposite direction and, if strong enough, may overcome the impact of
p*e/w®). u
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Proof of Proposition 8

Proof. Take, for examplel; (a). Theargument works as follows:

” « 2 | */(2 (a))

1, @ =1*((a) [/1’ @+ mA”(a) .
The conditions in Propositior8 suffice for the factor in square brackets to exceed unity. The
argument foisg (a) and T, (a) is slightly different, i.e.,

" _ 2 w /l(a)p*z _§ \/A(a)p*z ” _A/z(a) 1/
T, @ =T"(4@)4 (a)+§yg2 2\/ 2w 2 7w (@) @ |tC (@.

Elasticity of pay with respect to firm size, with capital input

Assumethat in addition to hiring one worker at wage each project also rents capital at price

r > 0.27 This affects the equilibrium as follows: In all conditions except the one that determines
the agent’s choice of whether to be a manager or a wotkées substituted byo + r. Agents with

ability a > a still become managers, and all remaining agents become workers. Because workers
earnw (rather thano +r), a is determined by

2
v o A+T) ap*2 _
c@= 502 (‘/25(11)+r) —1) =w. (A14)

The new closed-form expressions can be obtained from the original ones gived)#{18) by
substitutingw with (w +r).

In this extension, we are particularly interested in the impact of changes in demand (increase
in o or decrease i) on elasticity of total compensation,* (a), with respect to firm sizey* (a).
For notational convenience, denote

_T*@ | 2ap*?
M@ =@ “Vawen

Then, elasticity ofl *(a) with respect t;m* (a) canbe computed as

(M@) n*@ _ ("@M@)"  n*@
n*@) T*@ n¥@ n*@M(@)

(\/ ap*Z _ 1)\/ ap*2

2&(w+r) 2{(w+r)

(( [ _ap*? _1)+ 1 /jti)( | 2ap*2_ _1)
2&(w+r) 2\ 2&(w+r) E(w+r)

We now examine whether the elasticity increases in product demand (due to increase in
decrease i) for a given abilitya, with the remaining model parameters fixed. When demand
increasesp* goesup, and so daw andr if endogenous. These variables enter the above elastic-
ity expressions only as a fractiqu2/(w + r), and neithew nor g affect the expression in any

Etn(a) =

=1+

27 Theversion in the text is a special case in whick: 0.

3365

TTOZ ‘9T JOQUIAON UO SUOREINDOY SRLES/SS0INSS [BOIUL0S L S8Lieiq 1T AVSIBAIUN BueIpU| T8 /BI0'SUIN0 [pI0sX0's pj/:dhy Wol4 papeo|umod


http://rfs.oxfordjournals.org/

28

TheReview of Financial Studies / v 24 n 10 2011

otherway. Hence, the effect of an increase in demand on the elasticity can be evaluated by calcu-
lating the derivative of the above expression with respecp*ﬁ)/(w + r). After some algebraic
simplifications, the derivatives can be reduced to

w+r | ap*2 / ap*2 _1 ap*2 _1
p*2 | 25(w+r) 2&(w+r) 4 2E(w+r) 2
/ —
(ET”(a))[p*z/(zz)+r)] = 2 .
3/ _ap2 _ 1 2ap*2 1
2\ 2&w+r) S(w+r)

In the expression above, the denominator is positive. In the numerator, terms outside the
parentheses are also positive. Thus, the sign of the above derivative is the same as the sign of the

following expression:
ap*2 1 ap*? 1
28w +r) 428w +r) 2

whichimplies that(ETn(a))Ep*z/(w_H)] is strictly positive if and only if

ap*2
/ Twrn < 2++/2. (A15)

This condition holds when price* is sufficiently low relative tow + r. When input costs» and
r are exogenous, an increase in demand leads to an increa§%/'(no + r), which increases the
elasticity if and only if (A15) holds.

When wage and cost of capital are endogenous, the direction of the change in the elasticity
depends on the elasticities of labor and capital supply curves. In particular, if the supply of capital
is sufficiently more elastic than the supply of labor so théy (w* + r*) increasesn demand
(which we believe to be the case in practice), the marginal manager condifidh¢ombined with
the labor market clearance condition (20) imply tbé?/(w* + r*) alsoincreases in demarf@.

In this case, the elasticity increases in demand if and onlj16) holds. The derivation of the
elasticity of total compensation with respect to sales is similar.
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