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Abstract

We integrate an agency problem into search theory to study executive compensation in the
market equilibrium. Assuming that a CEO can choose whether to stay with a firm or quit and
search after privately observing an idiosyncratic productivity shock to the firm, we show that
it is optimal for the firm to set the pay-to-performance ratio to be less than one even when the
CEO is risk neutral. More importantly, our market equilibrium endogenizes CEOs’ and firms’
outside options to reflect the externalities. In equilibrium, the indirect effects of the risks on
the contract via the outside options dominate the direct effects of the risks. As a result, the
equilibrium incentive contract exhibits new and important features, which are confirmed by our
empirical tests using executive compensation data from 1992 to 2009. First, the equilibrium
pay-to-performance sensitivity depends positively on a firm’s idiosyncratic risk, and negatively
on the systematic risk. This is in contrast to agency models with exogenous outside options,
where the two risks always affect the pay-to-performance sensitivity in the same way. This
result offers a plausible explanation for why the empirical relationship between the pay-to-
performance sensitivity and a firm’s total risk is ambiguous. Second, the ratio of a CEQ’s
total compensation to firm value depends positively on idiosyncratic risks and negatively on
systematic risks.
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1. Introduction

Two issues concerning the executive compensation deserve particular attention. The first is how a
firm’s risk affects the executive’s pay-to-performance sensitivity (hereafter PPS), i.e., the ratio of
incentive pay to firm performance. Standard agency models predict that the PPS does not change
with the firm’s risk if the agent is risk neutral and decreases with the firm’s risk if the agent is
risk averse. Notable examples are Bolton and Dewatripont (2005, pp160-162), Holmstrom (1982),
and Murphy (1999, pp27-28). In contrast to this theoretical prediction, the empirical evidence
on the effect of the firm’s risk on the PPS is ambiguous. For example, Core and Guay (1999)
and Oyer and Shaefer (2005) find a positive relationship while Aggarwal and Samwick (1999)
document a negative relationship.!

The second issue is the large increase of executive compensation along with the increase in
firm size in the past three decades. This large increase has generated an intense debate in the
public and the academia on whether CEOs are over-compensated. Although the increase in firm
value contributed partly to the increase in executive pay, a closer look at the data reveals two
notable features (see section 5 for a detailed description of the data). First, incentive pay, as
the predominant component of executive pay, has increased more rapidly than the increase in
firm value. From 1994 to 2009, median incentive pay increased by 276% in real terms, compared
with a 42.5% increase in median firm value, and its share in total pay increased from 41.2% to
79.6%. Second, and related to the first feature, total executive pay outpaced firm value. The
ratio between CEO pay (in millions) and firm value (in billions) increased from 1.62 in 1994 to
2.05 in 2009. These features suggest that the key to understanding the increase in executive
compensation is to understand what factors determine the PPS.

We believe that two factors are intuitively important for the PPS, both arising from the notion
that executive contracts should be designed to maximize firm value in a market economy. One is
job mobility of CEOs. When different firms compete for CEOs, each firm has incentive to design
contracts to increase the retention probability. Thus, changes in the market conditions can affect
the PPS by affecting the severity of competition for CEOs. Another factor is the composition of

risks faced by a firm. By switching from one firm to another, a CEO can change the amount of

'Prendergast (2002) summarizes additional conflicting empirical evidence on this relationship.
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idiosyncratic risks to which he is exposed, but not the aggregate systematic risk since all firms
face the same systematic risk. Thus, the PPS should depend on the two types of risks differently.

To incorporate these factors, we integrate an agency model into search theory to determine
incentive contracts in a market equilibrium, and then empirically evaluate the model. Search
theory endogenizes CEOs’ and firms’ outside options and it enables us to distinguish idiosyn-
cratic risks from systematic risks. The integrated model captures the intuitive mechanism that
competition among firms for CEOs affects incentive contracts in the equilibrium by affecting a
CEQ’s incentive to participate in a firm. To isolate the effect of competition on the incentive
contract from the effect of risk aversion, we focus on risk-neutral and effort-averse CEOs.

In our model, there are many firms and CEOs. In each period, a firm’s output depends on an
aggregate shock, an idiosyncratic shock, and the CEQ’s effort. The aggregate shock is publicly
observed while the idiosyncratic shock, measuring the match quality between the firm and the
CEQ, is the CEO’s private information. The firm offers an incentive contract which can be
contingent on its output and the aggregate shock, but not directly on the idiosyncratic shock and
the CEQ’s effort. The CEO decides whether to accept the offer after observing the idiosyncratic
shock. If he quits, he can search for a new job. Due to the competition among firms, a CEO’s
outside option depends on the probability of getting a new job and the compensation at the new
job. This link between a CEQ’s outside option and other firms’ contracts implies that a market
equilibrium must determine all firms’ contracts and agents’ outside options simultaneously. We
focus on a stationary and symmetric equilibrium where all firms offer the same type of contracts.

As a step to determine the equilibrium, we first analyze an individual firm’s optimal contract
under arbitrarily fixed outside options for CEOs and firms. The optimal PPS is less than one, in
spite of a risk neutral CEQO. This result arises because a CEO can choose whether to quit after
privately observing the idiosyncratic shock. If the idiosyncratic shock is contractible or the CEO
is forbidden to quit, the optimal contract would set the PPS to one, as is well known in agency
models with a risk-neutral agent. Such a contract would align the CEQ’s effort perfectly with the
objective of maximizing the joint surplus of the match, and the firm would vary the salary with
the idiosyncratic shock to obtain the maximum share of the joint surplus. When the idiosyncratic
shock is the CEQ’s private information, it is not feasible to make the salary payment contingent
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on such a shock. The CEO will choose to stay to obtain the high payoff when the idiosyncratic
shock is high, and will quit to insulate himself from the low payoff when the shock is low. In
this setting, it is optimal for the firm to set the PPS below one in order to get part of the high
surplus when the idiosyncratic shock is high and compensate for the low payoff when the CEO
quits. In fact, the firm chooses the PPS and the salary to obtain the optimal trade-off between
the retention probability and the expected profit conditional on retention.

Once the optimal PPS is below one, it can be affected by the aggregate and idiosyncratic risks.
When the outside options are arbitrarily fixed, the two risks have the same qualitative effect on
the PPS; namely, they reduce the PPS if and only if the sum of the CEO’s and the firm’s outside
options for a period is positive. This effect of the risks on the PPS arises from the new mechanism
in our model that a firm makes a trade-off between retention and profit conditional on retention,
not from risk aversion as in standard agency models cited above. Specifically, an increase in either
the aggregate or the idiosyncratic risk increases a firm’s expected profit conditional on retention,
which induces the firm to re-optimize. When the sum of the outside options for a period is
initially high, the retention probability is low, in which case it is optimal for the firm to increase
retention by increasing the salary and reducing the PPS. When the sum of the outside options for
a period is initially low, then the retention probability is high, in which case it is optimal for the
firm to increase the conditional profit by reducing the salary and increasing the PPS. The critical
level of the sum of the outside options for a period that divides these two cases turns out to be
zero. It is worth noting that negative outside options for a period are normal in an intertemporal
setup where the CEO and the firm are sufficiently patient.

Next, we endogenize the outside options, determine the market equilibrium and explore the
new predictions arising from the equilibrium. The outside options reflect two externalities. One is
the interactions between different firms’ contracts and the other is the dependence of the matching
probability on the contracts through competitive entry of vacancies. We find that, for any given
contract with a PPS not too large, the sum of a firm’s and a CEQO’s outside options is increased
by the idiosyncratic risk and reduced by the aggregate risk. This is intuitive. An increase in
the idiosyncratic risk increases dispersion in match value, which induces both the CEO and the

firm to search for a new match that might draw a high idiosyncratic productivity. In contrast,
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an increase in the aggregate risk has the same effect on all matches and reduces the value of
searching relative to staying in the existing match. Moreover, we find that endogenous outside
options are often the dominating force which determines the response of the equilibrium PPS to
the risks. An increase in the sum of the outside options increases the optimal PPS by intensifying
the competition for CEOs among the firms. When the PPS is not too large, an increase in the
idiosyncratic risk increases the equilibrium PPS by increasing the sum of the outside options,
while an increase in the aggregate risk reduces the equilibrium PPS by reducing the sum of the
outside options. This difference between the two risks’ effects on the optimal PPS is unique to
the market equilibrium with search. When the outside options are exogenous, as in the agency
literature cited above, the PPS responds to the two risks in the same direction.

Finally, we empirically test two new predictions of our model under the empirically supported
assumption that the PPS is not too large. First, the equilibrium PPS depends negatively on
the systematic risk and positively on the idiosyncratic risk; second, because the PPS responds
to the two risks differently, so does the ratio of a CEQO’s total compensation to firm value in
the equilibrium. This ratio depends negatively on the systematic risk and positively on the
idiosyncratic risks. The empirical tests find robust support for these predictions which help
addressing the two issues raised at the beginning of this introduction. Specifically, because the
equilibrium PPS depends on the two risks in opposite ways, the theory can reconcile with the
mixed empirical evidence on the role of total risk on the PPS. Moreover, the increase in firms’
idiosyncratic risks between 1994 and 2004 (see section 5) may partly explain why executive
compensation outpaced firm value in that period.

Our contribution to the labor search literature (e.g., Mortensen and Pissarides, 1994) is that
the current study is the first paper to integrate incentive contracts into a search model to examine

2 To the principal-agent literature (e.g., Bolton and Dewatripont 2005

executive compensation.
and references therein), our paper contributes in three dimensions. First, we explicitly model
CEOs’ quitting decisions and study incentive contracts that induce both optimal effort and opti-

mal retention. Second, we endogenously determine the effects of market conditions on a CEQO’s

outside option. Third, we analyze the optimal contract in a dynamic equilibrium in which firms

?In a summary of the new perspectives of search theory, Shi (2008) points out the integration of contract theory
with search theory as a promising research agenda.
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interact in the CEO job market. This dynamic equilibrium structure contrasts with a typical
agency model that analyzes the optimal contract with a single agent-firm pair in a static setting.
With the current setup, we show that a firm’s specific and systematic risks have opposite effects
on the PPS. Our result offers a possible explanation for the mixed evidence on the empirical
relationship between a firm’s total risk and the PPS.3

A more specific comparison is with Oyer (2004), who also recognizes that an agent may
choose not to participate in a contract in certain states of the world. However, he assumes that
the outside option is exogenous and does not study a market equilibrium. Moreover, he studies
broad-based stock option plans for lower-ranked workers and abstracts from the effort-inducing
mechanism on the ground that such plans have limited incentive effects on workers.

Our paper is related to Edmans, Gabaix and Landier (2009) in the assumption that the shocks
and the agent’s effort are multiplicative in a firm’s profit function. However, they study a different
mechanism (i.e., positively assortative matching) and their objective is to explain the negative
relationship between the CEQ’s effective equity stake and firm size. They do not analyze the
effects of risks on the PPS.

The rest of the paper is organized as follows. Section 2 describes the model, formulates indi-
viduals’ decision problems and defines the market equilibrium. Section 3 examines the optimal
contract under fixed outside options. Section 4 discusses the contracting externalities and deter-
mines the market equilibrium. Section 5 presents the empirical analyses, and Section 6 concludes

the paper. Proofs and tables are relegated to the Appendix.

2. A Search Market with Incentive Contracts

In this section we describe the environment of the model economy, set up individual CEOs’ and

firms’ decision problems and define the market equilibrium.

3 A few other studies focus on the relationship between a firm’s risk and the PPS from different perspectives. For
example, Jin (2002) studies a CEO’s portfolio diversification effect on the PPS. Shi (2011) differentiates respondable
and non-respondable risk. Guo and Ou-Yang (2006) focus on the wealth effects while Bhattacharyya and Lafontaine
(1995) on role of risk in franchising.



2.1. The environment of the model economy

Consider an infinite-horizon economy in discrete time. There are many infinitely-lived CEOs
whose measure is normalized to one. In each period, a CEO is either employed or unemployed.
If a CEO is unemployed, he receives utility B in the period, which includes the utility of extra
leisure as well as monetary benefit during unemployment. In addition, the CEO can search for a
job. If a CEQO is employed, he chooses how much effort to exert at the job, e, and earns income
w. Utility in the period is u(w,e) = w — %62, where the constant ¢ > 0 reflects a CEO’s effort
aversion. Note that a CEQO is risk neutral in income. This assumption ensures that risk aversion
is not a determinant of the PPS as emphasized in the agency literature. Instead, we focus on a
new mechanism that centers on the interactions between firms in the market equilibrium.

There are also many firms whose measure is endogenously determined by job creation. In each
period, a firm either has or does not have a CEO. A firm without a CEO can incur a recruiting

cost H to search for a CEO. If a firm has a CEQO, profit in the period before paying the CEO is
r=nle,x,y) =ey*z/?, a>1/2 (2.1)

where z is a shock specific to the firm-CEQO pair in the period and y is an aggregate or systematic
shock in the period. The idiosyncratic shock z is identically and independently distributed on
[z, T] across matches and over time, where Z > z > 0. We assume that the cumulative distribution
function, Fy(z), is uniform so that the mean of x is p; = (z + Z) /2 and the standard deviation
is 0, = (Z—2)/(2v/3). The aggregate shock 3 is identically and independently distributed

over time according to the cumulative distribution function F»(y), with the mean as p, and the

standard deviation as 03. Note that the profit function is multiplicative between effort e and
the shocks (z,y), which captures the intuitive notion that the marginal productivity of effort is
higher when a firm experiences higher shocks.* When CEOs are risk neutral, this specification is
necessary for a non-trivial analysis. Namely, if the profit function is additive between effort and
the shocks, then the shocks do not affect the optimal choice of effort and, with risk neutrality,

this implies that the risks generated by the shocks have no effect on the PPS.

“For example, in the literature of CEQ compensation, Edmans, Gabaix and Landier (2009) promote the mul-
tiplicative specification by arguing that a majority of CEQO actions are “rolled out” across the entire company
and hence have a greater effect in a larger firm. It is useful to note that a generalization of the profit function is
7 = ey®z?. The analytical results are the same for all 8 > 1 /2, but the algebra is simpler with 8 =1/2.
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The idiosyncratic risk can be understood as the match quality between the CEO and the
firm in the current period, rather than a permanent characteristic of the firm, the CEO, or the
match. For example, a high match quality means that a CEQ’s talent, experience, education,
and personal objective match well in this particular period with the firm’s size, nature of the
business, strategic direction, organizational culture, and so on. A CEO who is well matched with
a firm at one point of time may not be well matched with the firm at another time if one of the
above mentioned features of the CEO or the firm has changed.? To capture the realistic feature
that a CEO might have a better idea than a firm about the match quality, we assume that the
realization of the idiosyncratic shock z is a CEQ’s private information. This assumption on z is
central to the results in this paper because a CEQ’s quitting decision is non-trivial only when z
is non-contractible, as we will demonstrate later.

A firm offers a sequence of one-period contracts to the CEO.% As in the literature, effort is a
CEQ’s private information and not verifiable. In contrast, the aggregate shock y and profit 7 are
publicly observed. However, knowing 7 and y is not sufficient for an outsider to disentangle effort
e and the idiosyncratic shock x. To simplify the analysis and to facilitate the comparison with

well-known models, we assume that the contract in each period has the following linear form:
w=w(,7) =a+bmw, where = (a,b).

That is, total compensation for a CEO consists of salary, a, and a profit-sharing payment, br.

The profit-sharing ratio, b, is referred to as the PPS. Note that a and b can be functions of y, but

they cannot be functions of the unobservable e and x. For brevity, we refer to v as a contract.
To clarify the elements of the economy, we specify the timing of events in each period in

Fig. 1. A period consists of four stages. The first stage is exogenous separation in which a

SWe focus on idiosyncratic heterogeneity occurring ex post rather than ex ante. It is well-known that a large
fraction of the wage differential among workers cannot be explained by observable heterogeneity (see Mortensen,
2005). This is also likely to be the case for managers. An excellent CEO in a mining firm may or may not be a good
CEO in a software firm. Specifically, Graham, Harvey and Puri (2010) document the evidence that CEOs’ personal
or behavioral traits such as optimism and managerial risk-aversion are related to corporate financial policies. They
also show that certain types of firms appear to attract executives with particular psychological profiles and that
CEOs’ behavioral traits help explain compensation structure.

5In Appendix C, we add a long-term retention reward to the contract which resembles the option grant prac-
tice. We show that the qualitative features of the incentive contract remain the same. We do not consider fully
dynamic (recursive) contracts because such contracts tend to generate the uncommon result that an agent’s utility
stochastically approaches the minimum, sometimes —oo, in the long run (see Spear and Srivastava, 1987).
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CEO separates exogenously from the firm into unemployment with probability 6 € [0,1). This
exogenous separation represents the turnover of CEOs caused by reasons other than the ones
modeled explicitly here, such as job separation caused by family relocation. The second stage is
contract offers and quitting decisions. In this stage, a firm with a CEO offers a contract to the
CEO first and then the idiosyncratic shock z is realized, after which the CEO chooses whether to
accept the contract or to quit into unemployment. The third stage is effort choice and production,
whereby the aggregate shock y is realized, a CEO who stays with the firm chooses effort, profit
is generated and the CEO is paid according to the contract.” The fourth stage is search and
matching. Here, an unmatched CEO receives the benefit B and searches for a match, while a
firm without a CEO pays the recruiting cost H to seek a CEO. Entry of vacancies is competitive.
After search and matching, the period ends and another period starts.

The matching process is modeled as in Mortensen and Pissarides (1994). Denote v as the
number of vacancies and s the number of searching CEOs at the search/matching stage in a
period. The total number of new matches is given by the matching function m(v, s) = vs/(v+s).8
Denote the job market tightness as § = s/v, the matching probability of a searching CEO as

A =m(v,s) /s, and the matching probability of a vacancy as ¢ = m(v, s)/v. We have:
A=1/(140) and ¢=6/(1+60)=1-\

These expressions reflect the intuitive property that, when there are more searching CEOs per
vacancy, the matching probability is lower for a searching CEO and higher for a vacancy. Each
CEO or firm takes the tightness and matching probabilities as given, because these characteristics

depend only on the aggregate numbers of vacancies and searching CEOs.
2.2. Decisions of individual CEOs and firms

In each period, firms choose contracts first and then CEOs choose whether to quit or stay,

followed by CEOs’ effort choice. We analyze these decisions recursively in this subsection. In

"Whether y is realized before or after a CEO chooses effort matters only slightly for the analysis. If y is realized
before the effort choice, y affects the decisions through E(y?®), as shown in sections 3 and 4. If y is realized after
the effort choice, y affects the decisions through [E(y*)]. If a # 1 and if « is not too small, then the two terms
have the common property that they increase in the variance of y. This is the property we will need in the analysis.

8The specific matching function has constant returns to scale and is strictly concave in the two arguments, v
and s. The intuition for the main results of our paper should hold for more general matching functions, but the
algebra becomes more complicated.
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these decisions, an individual firm or CEO takes other firms’ and CEQOs’ choices as given. Also,
because contracts are assumed to be one-period, individuals take as given future contracts which
affect the current period’s choices only through the future value functions.

Examine first the optimal choice of effort by a CEO who has chosen to stay with the firm in
the current period. Given the contract 1) = (a,b) and the realizations of (z,y), the CEO chooses
effort e to maximize utility u(w, e), where w = a + br(e, x,y). Under the specified forms of u and

m, the optimal choice of effort is given by the following first-order condition:
et = e*(v,z,y) = by°z/?/ec. (2.2)

As is expected, optimal effort decreases in the effort-aversion parameter ¢, increases with the PPS,
and is independent of the fixed salary. In addition, because the effort and shocks are multiplicative
in the profit function, higher shocks induce higher effort. Given any contract 1) and the induced

effort e*, denote profit, the CEQO’s income and the CEQ’s utility, respectively, as follows:

T =1 (Y, xz,y) = w(e* (i, x,y), 2, y) = by**x/c,
w* = w*(Y,x,y) = a+ br* = a + b*y*x/c, (2.3)
u* = ut (i, z,y) = a + 307y /c.

Next, we examine a CEQ’s quitting decision after observing z. If the CEO chooses to quit, he
becomes unmatched. The value of this CEO is the same as that of a CEO who is unemployed at
the beginning of the period, which is denoted Vg. If the CEO chooses to stay with the firm, utility
in the current period is [, (u*), where E, denotes the expectation over y. In addition, the CEO will
start the next period as being matched, the value of which is denoted Vg 1 where the subscripts
+1 indicate the next period. The CEO accepts the contract if and only if Ey(u*) + Vg 41 > Vs,

where 8 € (0,1) is the discount factor. We write this acceptance condition as

Ey[U*W% z, y)] >u= VS - 5VE,+1- (24)

We call u the CEQ’s effective outside option for the current period. We substitute u* from (2.3)
and express (2.4) as a cut-off rule on the idiosyncratic shock z. That is, the CEO accepts the

contract if and only if the realization of x satisfies x > pZ, where the cut-off ratio p is
2cfu — By(a)]

Q—;Ey (b2y20¢) ’

9
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We keep a and b? inside the expectation operator [E, because these terms can be contingent on y
in principle. As is expected, the cut-off is higher and quitting is more likely if the CEQO’s effective
outside option for the period is higher. As well, a more generous salary and a higher PPS both
reduce the cut-off and make the CEO less likely to quit, provided p > 0.

Let us compute the value function of a CEO. If a CEO enters a period as being matched, the
value function is Vg. If the CEO separates from the firm, either exogenously or endogenously,
the CEO obtains the value Vg. If the CEO is not separated from the firm in the current period,
the additional value above Vg that the CEO obtains is u* + Vg 41 — Vi = u* — u. Because the
CEO works for the firm if and only if he is not separated from the firm exogenously and if the

realization of x is no less than pZ, a matched CEQ’s value obeys:

Vi = Vs + (1—0) [Cw Eyf(42,9) ] dFi ). (2.6)
xp(Y,u

The integral over z reflects the fact that z is not realized when Vg is measured. If a CEO enters
a period as being unmatched, he receives utility B and can search. With probability A, the CEO
finds a match at the end of the period, in which case the CEO enters the next period as a matched
CEO whose discounted value is Vg 1. With probability 1 — A, the CEO fails to find a match

in which case the CEO’s discounted value is SVg 1. Thus, Vg obeys:
Vs =B+ AVg 41+ (1 —AN)BVs 41. (2.7)

Now we examine a firm’s contract offer and value function. Let Jr and Jgy denote the value
of a firm that enters the period with and without a CEO, respectively. Denote J = Jyg — 8JF 41
as a firm’s effective outside option for the period. We derive Jp similarly to Vg. For a firm
that starts the period with a CEQO, the firm may lose the CEO through exogenous separation or
endogenous quits in the period, in which case the firm’s value is Jg. If the CEO stays, the firm
obtains net profit in the current period, 7* — w*, and the discounted value in the future, 3Jr 1.

The additional value above Jy is 7* — w* + 8Jp 41 — Jg = 7* —w* — J. Thus, Jr obeys:
z
zp(Y,u

We denote the optimal contract for the maximization problem in (2.8) as ¢¥*(u, J, y) to emphasize

its potential dependence on the two sides’ outside options (u,.J) and the aggregate shock. Notice
10



that (2.8) has incorporated the CEO’s participation decision through the cut-off rule p(¢, u) and
incentive compatibility of the effort choice through e* (1, x,y) which is embedded in (7%, w*).
The value of a firm with a vacant CEO position, Jy7, can be computed similarly to Vg. The
firm incurs a cost H to recruit in the period. With probability ¢, the firm will get a match in the
period, in which case the firm’s value will be 5.JFr 1. With probability 1 — ¢, the firm will fail to

get a match in the period, in which case the firm’s value will be BJg 1. Thus,

Ju=—H+BlgJr+1+ (1 —q)Ju+1]- (2.9)
2.3. Definition of a market equilibrium

Because the outside options depend on the matching probabilities which are functions of the
market tightness, we need to determine the number of searching CEQOs, s, and the number of
firms with vacant CEO positions, v. These numbers are measured immediately before the search
process starts (see Fig. 1). Free entry of vacancies determines v. To determine s, we compute
the change in the number of searching CEOs between the beginning of the search stages in the
current and the next period, s41 — s. In the current period, the number of new matches created
and, hence, the flow out of the group of searching CEOs is As, where A is the matching probability
for a searching CEQO. Exogenous separation and endogenous quits in the next period generate the
flow into the group of searching CEOs. This inflow is (1 — s + As)[0 + (1 — §)F1(Zp41)] where
1 — s + As measures the number of CEOs in matches at the beginning of the next period and
d+(1—0)Fi(Zp41) measures the probability with which a matched CEO will become unemployed

through exogenous separation and endogenous quits in the next period. Thus,
sy1—s=(1—=s5+As)[0+ (1 = 0)F1(Tps1)] — As. (2.10)

Notice that the number of firms is endogenously determined as v + 1 — s, because v number of
firms are searching for CEOs and (1 — s) number of firms are already matched with CEOs.

We adopt the following definition of an equilibrium. A stationary and symmetric market
equilibrium consists of an individual firm’s contract ¢¥*(u, J, y), an individual CEO’s quitting rule
p(,w) and effort rule e*(1, x,y), other firms’ contracts 1) = (a,b), other CEOs’ choices (,€*),

value functions (Vg, Vs, Jr, Ji), the implied effective outside options (u,.J), and the numbers of
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searching CEOs and searching firms, (s,v), such that the following requirements are satisfied:
(i) Given any (¢,u), a CEO’s decision rules e* (), z,y) and p(1, u) satisfy (2.2) and (2.5);

(ii) Given any (u,.J), a firm’s contract *(u, J,y) solves the maximization problem in (2.8);

(iii) The value functions satisfy (2.6), (2.7), (2.8) and (2.9), while the effective outside options
are given as u = Vs — Vg 11 and J = Vg — BJp 1 1;

(iv) Symmetry: ¢ = ¢ and (p, ") = (5,€");

(v) The number of searching CEOs, s, obeys the dynamics in (2.10);

(vi) Competitive entry of vacancies: v is such that the net value of creating a vacancy is Jg = 0;
(

vii) Stationarity: s41 =5, Jr+1 = Jr, Ju+1 = Ju, Ve41 = Vg and Vg 1 = Vs.

We focus on a stationary equilibrium because the economy described in subsection 2.1 is
stationary. We focus on a symmetric equilibrium because all CEOs and firms conditional on their
status (employed or unemployed, with or without a CEO, respectively) are ex ante homogeneous.
Note that stationarity and symmetry imply only that the decision rules are time-invariant and
symmetric between individuals/firms in the same status. Since these rules are functions of the
realizations of the shocks, the outcomes of a firm’s or a CEQ’s choices can still vary from period
to period, and different realizations of the shocks make firms or CEOs heterogeneous ex post.

The model presented here differs from a standard static agency model with a single agent-firm
pair in three dimensions: (i) The model distinguishes a firm’s idiosyncratic risk from the system-
atic risk, as opposed to lumping them into the firm’s total risk; (ii) a CEO can choose to quit after
privately observing the idiosyncratic risk; and (iii) there are contracting interactions/externalities
among the firms in the market equilibrium which work through endogenous outside options. In
the next section we will explore the importance of elements (i) and (ii) by analyzing the optimal
contract under any arbitrarily fixed outside options, (u,J). In section 4, we will examine the role

of element (iii) and determine the equilibrium.

3. Optimal Contract Under Fixed Outside Options

In this section we determine the optimal contract when the effective outside options (u,J) are
fixed. We also analyze how the two risks and the quitting decision affect the optimal contract.

Even with fixed (u,J), our model differs from a static agency model not only in the presence of the

12



two risks and the allowance for quitting, but also in the admissible region of the outside options.
A static model assumes that (u,.JJ) are positive or zero, which is an inappropriate assumption in
an intertemporal setting because a match has future values. In the equilibrium, a firm’s outside
option for a period, J = Jg — fJF 41, is negative because Jg = 0 by the free-entry condition of
vacancies. A CEQO’s outside option for a period, u = Vs — fVEg 11, can also be negative when the
discount factor is sufficiently close to one. Thus, the case with u+J < 0 is the normal case in the

equilibrium. To maintain generality in this section, we allow for both u + J < 0 and u + J > 0.
3.1. The optimal contract

In the contracting problem in (2.8), a firm chooses ¥ = (a,b) by anticipating that the CEO’s
cut-off rule for quitting responds to the contract as p(¢,u). To emphasize the importance of the
quitting choice, we reformulate the contracting problem by using (b, p) as the firm’s choices. That
is, the firm chooses b and recommends a cut-off p on z/Z, leaving the fixed salary a to ensure
that the recommended cut-off p be consistent with the CEQO’s optimal quitting rule p(t, ). This
reformulation also simplifies the analysis of the optimal contract. We provide the reformulation
in Appendix A. To facilitate the presentation of the results, denote 2 = 2% y(y2o‘). Appendix
A also rewrites the firm’s objective function as [1 — Fi(pZ)|p(b, p), where p(b, p) is the firm’s

expected surplus over y conditional on retaining the CEO and is defined as
p(b,p) = [P0+ b(1 —0)(1+ p)] 2 — (u+ ). (3.1)

Proposition 3.1. Assume that (u,.J) are fixed and satisfy %(337 -D)Q<u+J < Q. (i) The

T

optimal choices (b*, p*) are unique and independent of the realization of the aggregate shock y.

(ii) b* and p* are interior and satisfy the first-order conditions:

pr=2b"—1, p—3[1+ 0 } (3.2)

Expected salary is E, (a*) = u — b**p*Q). The unique (admissible) solution to (3.2) is:

b=ty [1+i(u+i)r/2, p*:g[l%—é(u—Fi)r/Q—%. (3.3)

1,1
37300 370

(iii) An increase in either u or J increases (b*, p*) and the CEQ’s incentive pay b*n*. A higher u

increases the expected salary B, (a*) but a higher J reduces the expected salary.
13



(iv) An increase in either the aggregate or the idiosyncratic risk (o, or o,) reduces (b*, p*) when
u+ J > 0 and increases (b*, p*) when u + J < 0. Also, an increase in either risk increases the

CEQO’s incentive pay b*1* at x = p*Z and reduces the expected salary E, (a*).

The optimal cut-off ratio p* is independent of y because a CEQ’s quitting decision is made
before observing y. The driving force for b* < 1, which will be explained below, is a CEQ’s option
to quit after privately observing x. Because this driving force is independent of the realization of
Yy, so is the optimal b*. For b* and p* to lie in the interior of (0,1), it is necessary and sufficient
that (u+ J) satisfies the bounds in the proposition. These bounds are satisfied in the equilibrium
under certain restrictions on the parameters specified later in Proposition 4.1. In fact, these
bounds on (u+J) yield 3(1+ £) < b* <1 and p* € (z/z,1).

In contrast to our result b* < 1, standard static agency models predict b* = 1 for a risk neutral
agent (e.g., Bolton and Dewatripont, 2005, pp160-162; Holmstrom 1982; and Murphy, 1999, pp27-
28). This difference is caused by the assumptions that x is a CEQ’s private information and a
CEO can quit. It is easy to see the role of quitting: if a CEO is forbidden to quit, then it is
always optimal for a firm to extract all the surplus and set b = 1 to induce effort. As for the role
of private information about x, consider the alternative assumption that z is publicly observable
and contractible. In this case, a contract takes the form ¥ (u,J, z,y) instead of 1 (u, J,y), and a
CEO can still quit. In fact, it is optimal for the firm to induce the CEO to quit if the realization
of = is so low that the joint surplus of the match is negative. When z is high enough to generate
a positive joint surplus, the firm will use the contract to squeeze the CEQ’s expected surplus over
y to zero. That is, (2.4) holds with equality for such x, which yields E, (a) = u — £E,(b?y>*).

2c

Then, for such x, the firm’s expected surplus is
* * €T b2 2c
By(r* —w' = J) = 2B, § [+ (1 - Dy b - (w+ ),

after substituting (7*, w*) from (2.3) and E, (@) from the result just obtained. For each pair (z,y),
the derivative of the firm’s expected surplus with respect to b(u,.J, z,y) is £[1 — b(w, J, =, y)|y?*,
which is strictly positive for all b < 1. Thus, when x is contractible, the optimal PPS is
b(u,J,z,y) = 1 for all = high enough to make it worthwhile for the firm to keep the CEO.

With b* = 1, the firm makes the CEQ’s incentive in the effort choice perfectly aligned with the
14



goal of maximizing the total expected surplus of the match.

Notice that this contract with b* = 1 requires the expected salary over y to vary with the
idiosyncratic shock in the form that B, (a) = u — £€0. That is, when z is high, the firm rewards
the CEO through the incentive pay by giving b = 1 but, at the same time, reduces the salary. In
fact, the firm adjusts the CEQ’s salary conditional on = to the extent that the CEQO’s value in
the match in the period is equal to the effective outside option for the period.

In contrast, when z is only observed by the CEO, contracts cannot be contingent on the
realization of x. As a result, the firm cannot squeeze the CEQ’s expected surplus to zero by
adjusting the salary. Rather, the CEO is shielded from the negative surplus in the case z < p*%
by quitting. For all x > p*Z, the CEO’s expected surplus, E,(u* — u), is strictly positive and
increases with the size of the “pie” generated by a higher x. Because the firm cannot condition
the salary payment on z, the only way for the firm to get a share of this larger pie is to set the
PPS below one.”

Once b* < 1, the optimal PPS interacts with the quitting decision and is affected by the two

risks, as stated in parts (iii) and (iv) of Proposition 3.1 and explained in the next two subsections.
3.2. The interactions between the optimal PPS and the quitting decision

The optimal choices (b*, p*) maximize a firm’s expected surplus, [1 — Fi(pz)|p(b, p), as stated
before Proposition 3.1. That is, a firm makes the optimal trade-off between the retention prob-
ability, 1 — F1(pZ), and the expected surplus conditional on retention, p(b, p). This trade-off is
described by the first-order conditions in (3.2) which are depicted in Fig. 2. The left panel is the
case u + J > 0 and the right panel is the case u + J < 0. In both panels, the straight line FOCb
depicts the first equation in (3.2) which is the first-order condition of b*, and the curve FOCp
depicts the second equation in (3.2) which is the first-order condition of p*. The intersection
between FOCb and FOCp depicts the pair (b*, p*) given by (3.3).

The first-order condition of b* gives a positive relationship between b* and p*. To explain this

9We do not model the possibility of contract renegotiation when the CEO chooses to quit. Such renegotiation
complicates the analysis significantly because a CEO might pretend to quit just to renegotiate the contract even
when z is high. Also, we assume that the firm has some inalienable asset of knowledge necessary for the operation,
which makes it not optimal for the firm to sell the operation to the CEO. This assumption is implicit in the contract
that all payments between the firm and the CEO must occur after production is carried out.
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relationship, note that for any given p, the optimal choice of b maximizes the firm’s conditional
surplus p(b, p); i.e., the marginal effect of b on the conditional surplus is zero. A higher PPS
affects the firm’s conditional surplus in two ways. One is that a higher PPS enables the firm to
cut the salary and still induce the CEO to stay when x = pZz. This effect works through the term
b%p in the firm’s conditional surplus. The other effect of a higher PPS on the conditional surplus
works through the amount of profit that the firm keeps, b(1 — b)(1 4+ p). The overall effect of
a higher PPS on the firm’s conditional surplus, given by (1 + p — 2b)€2, increases with p. That
is, the PPS and the cut-off are complementary with each other in the firm’s conditional surplus.
In particular, when p is higher, an increase in the PPS generates a larger increase in the CEO’s
incentive pay when & = pZ, which enables the firm to cut the expected salary by a larger amount
and still induce the CEO to stay. Because of this complementarity, the PPS needs to increase
with p in order to keep the marginal effect of b on the conditional surplus at zero.

The first-order condition of p* gives an ambiguous relationship between the PPS and the
cut-off. The relationship is positive if u + J < 0 and negative if u + J > 0. To explain this
relationship, note that the cut-off affects both the retention probability and the firm’s conditional
surplus. A higher cut-off reduces the retention probability. Because the value of x conditional on
a higher cut-off is higher in the first-order stochastic dominance, a higher cut-off also increases
the firm’s conditional surplus. When the cut-off is optimally set, the marginal effect on the firm’s
expected surplus is zero. The implied relationship between b* and p* is positive if and only
if the PPS and the cut-off are complementary with each other in the firm’s expected surplus,
[1 — F(pz)]p(b,p). Because the retention probability depends only on p, the firm’s expected
surplus has complementarity between the two choices if and only if the conditional surplus plays
a relatively more important role than the retention probability in the firm’s decision. This is
the case when the retention probability is already high, in which case a further increase in the
probability has only a small effect on the firm’s expected surplus. In turn, for the retention
probability to be sufficiently high, the sum of the two sides’ effective outside options must be
sufficiently low. The critical level of the sum of the outside options turns out to be zero. This
explains why the relationship between b* and p* arising from the first-order condition of the

cut-off is positive when u 4+ J < 0 and negative when u + J > 0.
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3.3. The effects of the outside options and the two risks

Part (iii) of Proposition 3.1 describes the effect of the outside options on the optimal contract.
The outside options affect the optimal (b*, p*) only as the sum (u 4 J). An increase in (u + J)
shifts up the curve FOCp in Fig. 2 and leaves the curve FOCDb intact, thus increasing the optimal
PPS and cut-off. These effects are intuitive. When the CEQ’s outside option is higher, the CEO
is less likely to stay, and so the cut-off on the idiosyncratic shock above which the CEO stays is
higher. When the firm’s outside option is higher, it is worthwhile for the firm to keep a match
only if the firm’s profit is increased. This requires the value of x conditional on = > p*Z to be
higher and, hence, requires the optimal cut-off to be higher. When the optimal cut-off is higher,
the optimal PPS is also higher because the two choices are complementary with each other in the
firm’s conditional surplus, p(b, p), as explained in the last subsection.

Part (iv) of Proposition 3.1 states the effect of the risks on the optimal contract. We model
an increase in a risk as an increase in the variance of the associated shock while the mean is fixed.
A higher mean or variance of the aggregate shock increases E(y?®), while a higher idiosyncratic
risk increases T = i, + 0,v/3. Hence, the two risks affect (b*, p*) exclusively by increasing € (see
3.2). When ( increases, the line FOCb in Fig. 2 does not change, while the curve FOCp shifts
down in the left panel and up in the right panel. Thus, an increase in either risk reduces (b*, p*)
when u 4+ J > 0 and increases (b*, p*) when u + J < 0.

The key to understanding these effects of the risks is to understand that, for any given contract,
an increase in either risk increases the firm’s conditional surplus defined in (3.1). Consider first
an increase in the aggregate risk. Because the CEQO’s optimal effort is an increasing function
of the aggregate shock and the profit function is multiplicative in effort and y, the combined
effect of the aggregate shock and the induced effort on profit is E(y?*). When the variance of
the aggregate shock increases, E(y%®) increases, and so does profit. Because the size of the “pie”
increases, the firm’s conditional surplus increases under any given contract. Consider next an
increase in the idiosyncratic shock. For any given contract, a higher variance of the idiosyncratic
shock increases the firm’s conditional surplus by increasing the average value of x conditional on
the CEQ’s acceptance of the match. Specifically, because the CEO stays only if x > p*Z, the

firm’s profit behaves like a call option written on the idiosyncratic shock, with a strike price being
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set to the reservation value p*Z. A higher variance of the idiosyncratic shock widens the interval
of possible realizations of x on both sides of the mean. However, the widening of the interval
of x on the left-side of the mean has no impact on the firm’s profit since the CEO quits if the
realization is below p*Z. In contrast, the widening of the interval of  on the right-side of the
mean increases the firm’s profit and conditional surplus.

When the firm’s conditional surplus increases with either risk, the firm must re-optimize
in order to restore the optimal trade-off between the retention probability and the conditional
surplus. The required adjustments in (b*,p*) depend on uw + J. If w+ J > 0, the cut-off
is relatively high and the firm is more concerned about the term (1 — p) associated with the
retention probability than the conditional expected surplus (see the previous subsection). In this
case, it is optimal for the firm to increase the retention probability by inducing the cut-off p* to
fall. If u+J < 0, however, the cut-off is low and the firm is more concerned about the conditional
expected surplus than the term (1 — p) associated with the retention probability. In this case, it
is optimal for the firm to increase the conditional surplus and reduce the retention probability
by inducing p* to rise. In both cases, the PPS adjusts in the same direction as p* because the
two choices are complementary with each other in the firm’s conditional surplus. Moreover, in
order to induce effort, the firm uses part of the increase in profit to increase the CEQ’s incentive
pay. Thus, even when b* and p* fall in the case u + J > 0, the CEQ’s incentive pay at © = p*T
still increases with ). Because total expected pay to the CEO is fixed at u, the increase in the
incentive pay must be accompanied by a fall in the expected salary.

Note that the optimal contract here responds to changes in the risks because the firm makes
the trade-off between the retention probability and conditional surplus. This mechanism contrasts
with risk considerations in standard static agency models with a risk-averse agent (Bolton and
Dewatripont, 2005, pp160-162; and Murphy, 1999, pp27-28). There, it is optimal for a firm to
reduce the PPS in order to limit the agent’s exposure to increased risk. Because the agent dislikes
risk, regardless of whether the risk is aggregate or idiosyncratic, the optimal PPS decreases with

both risks.'® We deliberately model a risk-neutral agent. Moreover, standard models presume

10Standard models typically assume that the profit function is additive in the agent’s effort and the shocks,
rather than the multiplicative form used in our model. However, even if standard models are modified to have a
multiplicative profit function, risk aversion will remain to be the reason why the PPS is below one there, and so

18



that the outside options are non-negative. Because this presumption is likely to be invalid in
an intertemporal setup with sufficiently patient players, our analysis in this section uncovers the

result that the risks can increase the PPS when the outside options are fixed at negative levels.

4. Contracting Externalities and Properties of the Market Equilibrium

In this section we determine the effective outside options and the market equilibrium. By de-
termining the outside options, we show how individual firms’ choices generate contracting exter-
nalities. Moreover, the analysis reveals that the two risks affect the optimal contract differently
in the equilibrium, in contrast to the result with fixed outside options. These properties of the
equilibrium form a list of hypotheses that we will test empirically in Section 5.

Contracting externalities arise because the outside options (u, J) and the matching rates (A, q)
are endogenous in the equilibrium but are taken as given by individual firms. To understand
these externalities, suppose that all firms choose a contract ¢ = (a,b) and that, as in an optimal
contract, the cut-off on z/Z is p = 2b — 1 > 0 and the expected salary is E, (a) = u — b?pQ. We
find how the outside options (u,.JJ) depend on b. Given the contract 1) and the induced cut-off p,

we can derive the following equations (see Appendix B):

w=B—qLOb*(1 —b)?, J=—FJp=—2L0W(1 —b)?, (4.1)

q=H/[2LOb(1 — b)?], where L = (1 — 6)Z/(0,V3). (4.2)

These equations reveal two externalities. The first externality is that individual firms ignore
the inter-dependence between their choices. This externality appears in (4.1): for any given
matching probability ¢, the outside options u and J increase in b, provided p = 2b—1 > 0. To
explain this externality, recall that when a firm chooses a higher PPS, the firm also increases the
recommended cut-off p and reduces the expected salary. For any b > 1/2, the loss to a CEO
from the reduction in the expected salary outweighs the gain from the increased PPS. Thus, an
employed CEQ’s expected surplus in the period falls. For any given g, competition among firms
intensifies in order to retain a CEQO, which reduces the value of each firm with a matched CEO.

The value of a searching firm relative to the value of a matched firm increases.

the optimal PPS will likely to be decreasing with the two risks.
19



The second externality is that individual firms and CEOQOs ignore the equilibrium relationship
between the matching probability and the contract. To see this relationship, note that free-entry
of vacancies requires ¢ = H/(8Jr). Because Jp is a decreasing function of b (see 4.1), then ¢
increases in b in the equilibrium. That is, when the value of a firm with a CEO falls with the PPS,
fewer vacancies are created in order for each vacancy to break even. This equilibrium response
of ¢ to b reduces a searching CEQ’s matching probability A = 1 — ¢ and, hence, reduces a CEQO’s
outside option u (see 4.1). This is an externality because individual CEOs and firms take the
matching probability as given. Moreover, for a CEQ’s outside option, this externality through
the matching probability dominates the first externality. To see this, we substitute ¢ from (4.2)
into (4.1) to obtain u = B — bH /2. Since this is a decreasing function of b, the overall effect of
the two externalities is that if all firms increase the PPS, a CEQ’s outside option falls.

Because of these externalities, the properties of the PPS in the equilibrium differ from those
under fixed outside options. Before stating these properties, let us denote the ratio of a CEQ’s
total expected pay to firm value as R4y /sizc, Where firm value is Jp and total expected pay is

(1-19) fp‘ii Ey(a* 4+ b*7*)dFy(z). The following proposition is proven in Appendix B:

Proposition 4.1. A unique market equilibrium exists in a non-empty region of the parameters

(H, py /oy, B) specified in Appendix B. Moreover, the equilibrium PPS, the cut-off p* and the

matching probability q are all interior. Assuming > 1/[2(1 — )], the equilibrium has the fol-

lowing properties: (i) Equilibrium PPS decreases with ju, and oy,. (ii) Equilibrium PPS increases

with the idiosyncratic risk o, if and only if b* < by € (2/3,1) where b is defined by (B.4). (iii)
2b*—1

The pay/size ratio Ry size 18 3=+ + (1 —b) L, which decreases with p, and o,. It increases with

the idiosyncratic risk o, if and only if b* < bz € (uy/T,2/3) where bz is defined by (B.5).

Let us describe verbally the restrictions on the parameters (H, i, /0,, B) for an interior equi-
librium to exist (see B.3 in Appendix B for the precise restrictions).!’ First, the hiring cost H
should not be very high. If H is very high, the vacancy-filling probability must be one in order for
a firm to create a vacancy. In this case, a CEQ’s job-finding probability is zero. Second, the ratio

iz /0y should not be too high. If p, /o, is very high, the idiosyncratic risk is low, in which case

" Because these restrictions guarantee that b* and p* are interior, they ensure that the sum (u + .J) generated
by the equilibrium satisfies the bounds imposed in Proposition 3.1.
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a CEO never quits. Third, the benefit to a searching CEO should be bounded below and above.
If this benefit is very low, there is no gain for a CEO to quit one job and search for another. If
this benefit is very high, quitting happens very often. In this case, a firm needs to set the PPS
to be very high which is not profitable. In addition, we impose the assumption g > 1/[2(1 — §)]
to simplify the algebra. This assumption is easily satisfied when the exogenous separation rate §
is small. For example, when § = 0, the assumption requires only that 5 > 1/2.

Parts (i) and (ii) of Proposition 4.1 show that the effects of the two risks on the PPS in
equilibrium have two main differences from those in Proposition 3.1 under fixed outside options.
First, an increase in p, or o, always reduces the PPS in equilibrium, while it does so with fixed
outside options if and only if the sum of outside options is positive. Second, the two risks can
affect the equilibrium PPS in opposite directions. In the equilibrium, an increase in o, increases
the PPS when the PPS is not too large, while o, always reduces the equilibrium PPS. With
fixed outside options, in contrast, the two risks always affect the PPS in the same way. These
differences demonstrate in a concrete way the importance of the market equilibrium. Also, the
finding that the two risks can affect the PPS in opposite directions contrasts with the agency
literature with a single agent-firm pair, where the two risks both reduce the PPS.

To explain why the market equilibrium differs from the partial equilibrium in these aspects,
we examine how the sum of outside options varies with the risks. To this aim, we combine the

two externalities discussed above and derive the following expression (see Appendix B):
H 2
u+i:B—?b—2LQb(1—b) , (4.3)

where L is defined in (4.2). For any given b, the sum of the outside options depends on o, entirely
through Q = £E,(y**), and on o, entirely through z? /o, which appears in the term LQ in (4.3).
An increase in o, or u, increases . An increase in o, reduces 7%/, even after taking into
account the relationship, = p, + 0,v/3. Thus, for any given b, the sum of the outside options
decreases in o, and increases in 0.

It is intuitive that the two risks affect the outside options in opposite directions. As is well
known in search theory, the return to search is a convex function of the underlying match value
because it is truncated at the value of search. That is, a match with a high value is accepted, but a
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match with a low value is rejected in which case a searcher retains the value of search. Convexity
implies that the return to search increases when match value is more dispersed. An increase in o,
increases dispersion in match value and, hence, increases the return to search relative to staying
in a match for both the CEO and the firm. In contrast, an increase in o, affects all matches in
the same way and reduces the return to search relative to staying in the existing match.

Because of this difference in the effect on the outside options, the two risks can affect the
equilibrium PPS in opposite directions. Recall from Proposition 3.1 that an increase in the sum
of the outside options (u + J) increases the PPS. When the aggregate risk increases, the ratio
(uw+ J)/$ falls and, by (3.3), the equilibrium PPS falls. When the idiosyncratic risk increases,
the sum of the outside options increases, which increases the PPS. However, for any given sum
of the outside options, an increase in the idiosyncratic risk also has the direct effect of increasing
the PPS if and only if the sum of the outside options is negative. The overall effect of a higher o,
on the equilibrium PPS is positive if and only if the sum of the outside options is not too large.
Because u + J > 0 if and only if b* > 2/3 (see 3.3), 0, increases the PPS if and only if b* < by
for some be > 2/3, as in Proposition 4.1. This property reveals that the response of the sum of
the outside options to the risks is often the dominating force that determines the response of the
equilibrium PPS to the risks. By fixing the outside options, a partial equilibrium model is likely
to reach incorrect conclusions about how the risks affect the PPS.

The equilibrium effects of the risks o, and o, on the PPS lead to the behavior of the pay/size
ratio described in part (iii) of Proposition 4.1. When o, increases, the equilibrium PPS decreases
and the retention probability increases (see 3.2). Both responses increase a firm’s expected value.
Total expected pay to a CEO may also increase, but it increases by a smaller proportion because
the CEO’s profit-sharing ratio is reduced. As a result, the pay/size ratio falls with o,. In contrast,
an increase in 0, can increase the pay/size ratio by increasing the PPS and the incentive pay.
Because an increase in o, increases the PPS only when the PPS is relatively small, it is not

surprising that it increases the pay/size ratio only when the PPS is relatively small.
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5. Empirical Analysis

Before beginning the empirical analyses, let us recapitulate. We have constructed a theoretical
model to integrate an agency problem in executive compensation with search theory and analyzed
the market equilibrium with many firms and CEOs. Each firm offers an incentive contract to
the CEO that achieves the optimal trade-off between the probability of retaining the CEO and
expected profit conditional on retention. This trade-off implies that the optimal PPS is below one,
despite that a CEOQ is risk neutral. More importantly, the search process endogenously determines
CEOs’ and firms’ outside options which reflect the externalities in the market equilibrium. The
externalities induce novel effects of the risks on incentive contracts. While an increase in the
idiosyncratic risk increases search by widening dispersion in match value and induces search, an
increase in the aggregate risk reduces search by compressing dispersion in match value. As a
result, we have found that the idiosyncratic risk increases the PPS when the PPS is not too
large, but the aggregate risk always reduces the PPS. Also, the two risks affect the pay-size ratio
differently. Because these differences between the two risks’ effects arise from the externalities,
they are unique to the market equilibrium with search. In particular, if the outside options are
fixed at positive levels, as in the agency literature, then the two risks both reduce the PPS.

The objective of our empirical analyses is three-fold: (i) to evaluate our model’s predictions
on the PPS; (ii) to clarify the existing mixed evidence on the relationship between firms’ risks
and the PPS; and (iii) to provide new evidence on the relative growth between executive pay and
firm size. Because the PPS in the data is not very large, the condition b* < b3 in Proposition 4.1

is satisfied. In this case, Proposition 4.1 leads to the following two testable predictions:

Prediction 1: The PPS, b, decreases with the aggregate state and a firm’s systematic risk,

and increases with the firm’s idiosyncratic risk.

Prediction 2: The relative growth of total pay to firm size decreases with the aggregate

state and a firm’s systematic risk, and increases with the firm’s idiosyncratic risk.
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5.1. Data and variable definitions

Executive compensation data are retrieved from the ExecuComp for the period of 1992 to 20009.
Firm characteristics and returns are obtained from the COMPUSTAT and CRSP. Firms are
classified into 48 Fama-French industries. As is standard in the empirical compensation literature
(e.g., Coles, Daniel and Naveen 2006), we exclude financial and utility firms. Our final sample
consists of 13,051 firm-years fo