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Abstract

I evaluate how firms’ and CEOs’ learning about their fit with one another affects CEO
turnover and compensation decisions. Building and estimating a dynamic model of the execu-
tive labor market, I find that learning and selection eliminate low-quality matches and provide
explanatory power for the excess skewness of CEO compensation in the data after controlling
for firm and CEO characteristics. I further establish that learning generates a hump-shaped
hazard rate curve of CEO turnover conditional on CEO tenure. Using a hand-collected dataset
of CEO turnover, I discover that the speed and precision of learning determine the level and
length of the "discovery phase" of the conditional hazard rate curve. I also find that CEO
compensation demonstrates a firm’s evaluation of the match quality and is predictive of the ex-
pected future tenure of its CEO. In short, I demonstrate the importance of learning and selection

in explaining the relations between CEO compensation, CEO turnover, and firm performance.
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1. Introduction

A recent survey of the AFL-CIO! finds that the average CEO-to-worker pay ratio increased 91%
from 1993 to 2014. Strikingly, the survey also demonstrates a significant dispersion in the CEO-
to-worker pay ratios. For example, the CEO of PepsiCo, Inc, Indra K. Nooyi, is paid twice as
much as the CEO of the Coca-Cola Co, Muhtar Kent, in 2013, after controlling for the average
compensation of their workers. The high level and dispersion of the CEO-to-worker pay ratio
motivated the U.S. Securities and Exchange Commission (SEC) to release final rules of the pay
ratio provision of Section 953(b) of the Dodd-Frank Wall Street Reform and Consumer Protection
Act (“Dodd-Frank”), mandating a public company to "disclose the ratio of the compensation of
its chief executive officer (CEO) to the median compensation of its employees."> Despite public
and political concerns, most of the literature focuses on the absolute increase in CEO compensa-
tion and its relation to firm performance. Still, the question of why some CEOs are highly paid,
after controlling for observable firm and CEO characteristics, remains unclear and needs further
investigation.

In this paper, I depart from traditional studies of CEO compensation and focus on how firms
and CEOs learn about their fit with one another. In particular, using a CEO-firm sample from
1994 to 2013, I first observe that, after controlling for observable firm and CEO characteristics, the
excess skewness accounts for 65% of the skewness of CEO compensation. Then, I develop a model
of the executive labor market in which learning and selection eliminate low-quality matches and
generate a right-skewed distribution of CEO compensation without introducing any heterogeneity
to firm and CEO characteristics. Bringing the model to the data, I find that, in addition to matching
the empirical excess skewness of CEO compensation, I can quantify the relations between CEO
compensation, turnover, and tenure that are consistent with their data counterparts. Moreover, the

learning mechanism I propose is robust to a CEO moving between companies and explains 25% -

I“Executive Paywatch 2014” at http: //www.aflcio.org/Corporate-Watch/Paywatch-2014.

2The AFL-CIO “Executive Paywatch 2013” reports that the hourly compensation of the PepsiCo. Inc CEO, Indra
K. Nooyi, equals 638 hours of the average worker’s pay at PepsiCo, and the hourly compensation of the Coca-Cola Co.
CEO, Muhtar Kent, equals 320 hours of Coca-Cola’s average worker’s pay.

3http ://www.sec.gov/news/statement/statement-on-open-meeting-on-pay-ratio-aguilar.html.
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62% of the skewness found by Gabaix and Landier (2008). Therefore, learning plays an important
role in determining CEO turnover decisions and shaping CEO compensation arrangements.

To explain how learning affects CEO turnover decisions and the consequent distribution of
CEO compensation, I model the executive labor market where CEOs and firms are matched. Upon
matching, firm productivity is determined by the unobservable match quality and an idiosyncratic
productivity shock. Then, the matched firm and CEO update their beliefs about their match quality,
and decide when to separate. At the same time, the firm also compensates its CEO conditional on
the belief.

Even though firm productivity fluctuates in the model, the belief about the match quality repre-
sents the learning history and can be used to determine the future prospect of a match. Comparing
the continuing payoffs of staying and separating, a CEO-firm match only dissolves when their
beliefs decline to a cutoff. Reflected in the equilibrium, only CEOs and firms with low beliefs
separate, skewing the belief distribution to the right. More importantly, the equilibrium CEO com-
pensation is also belief-contingent, weighing the CEO’s opportunity cost with her claim on the
expected firm productivity and the option value of the match. As a result, the distribution of CEO
compensation inherits the shape properties of the belief distribution and is, thus, right-skewed. In
other words, highly paid CEOs emerge due to belief-contingent turnover and compensation deci-
sions that are endogenously determined in the equilibrium.

To validate the model, I develop two testable hypotheses that are unique to the learning mech-
anism. In the first hypothesis, I posit that the hazard rate curve of CEO turnover increases in the
first few years of CEO tenure and then gradually decays, featuring a “discovery phase” and a “de-
caying phase.” The hump shape of the conditional hazard rate curve arises because CEOs and firms
steadily reveal their “true” match quality from productivity realizations. Equally important, the
learning mechanism also indicates that the signal quality of the productivity measure affects the
speed and precision of learning. Therefore, the noisier the firm productivity measure, the slower
and less accurately the firm and CEO learn, the longer the “discovery phase,” and the less skewed

the distribution of CEO compensation.



In the second hypothesis, I relate CEO compensation to CEO tenure continuation. Precisely, I
posit that higher CEO compensation reflects a stronger belief that the CEO-firm match is a “good”
fit and increases the likelihood of the CEO remaining with the firm. Additionally, the marginal
effect of learning diminishes as low-quality matches are gradually eliminated. Therefore, an in-
creasing and concave correlation is identified between CEO compensation and the probability of
the CEO staying in the current match.

To quantify the model, I estimate the structural parameters of the model to match the key
properties of CEO compensation, firm profitability, and CEO turnover rate in the data. Parameter
estimates are used to characterize the executive labor market. For example, consistent with Gabaix
and Landier (2008) and Pan (2010), I find that an average CEO only captures 1.25% of the firm
value in each period when splitting the total matching payoffs with her matched firm. Then, I
quantify both model hypotheses with parameter estimates and find strong empirical support without
directly matching to their data counterparts. For example, both the simulated and actual hazard rate
curves of CEO turnover peak at 3-4 years of CEO tenure and then steadily decay. Similarly, I also
find that CEO compensation is predictive of the likelihood of tenure continuation in an increasing
and concave way in both cases. Coefficient estimates from the actual and simulated data imply
that the likelihood of a CEO remaining with a firm rises by 1.2% - 1.3% when CEO compensation
increases by 1%. Therefore, the learning mechanism I propose can be used to explain the empirical
relations between CEO compensation, turnover, and tenure.

Estimating model parameters also allows me to quantify the impacts of noise in the firm per-
formance measure on CEO turnover and its sensitivity to firm performance. Specifically, I find
that a 100% increase in the productivity shock decreases the CEO turnover rate by 65%, increases
the length of the “discovery phase” of the hazard rate curve by two years, and lowers the turnover-
performance sensitivity by 45%. These results imply that the signal quality of the firm performance
measure affects the speed and precision of learning. Moreover, I also observe that 46% - 61% of the
skewness in CEO compensation and 16% - 35% of the total welfare of the executive labor market

are directly attributable to learning and selection. At the same time, without introducing any skew-



ness to CEO or firm characteristics, learning and selection still explain 25% - 62% of the skewness
in CEO compensation generated from Gabaix and Landier’s (2008) competitive assignment model.
These results further imply that belief-contingent turnover and compensation are critical in shaping
the distribution of CEO compensation and improving the efficiency of the executive labor market.
Departing from conventional methods,* this paper supplements the CEO compensation liter-
ature attributing CEO and firm characteristics to the right-skewed distribution of CEO compen-
sation.” In particular, I demonstrate that the learning-induced skewness is widespread and recon-
cilable to the executive matching process. Two papers, Taylor (2013) and Nickerson (2014), are
closely related to mine as the authors quantify the implications of executive matching on CEO com-
pensation. However, my paper diverges from each in several key aspects. First, Nickerson (2014)
focuses on the pay-size elasticity derived from an inelastic supply of CEO labor and ignores the
learning channel. In sharp contrast, in my paper, learning about the CEO-firm fit has a first-order
influence in shaping CEO compensation and turnover. Second, Taylor (2013) emphasizes learn-
ing as an essential element in determining CEO compensation. However, without introducing the
initial matching process in the executive labor market, he assumes an exogenous process for CEO
compensation. Aiming to explain the excess skewness of CEO compensation, my model origi-
nates from the executive labor market, preserving the learning implications from Taylor (2013)
but featuring the endogenous separation and the consequent cross-sectional distribution of CEO
compensation. Therefore, my investigation extends the perspectives of the previous literature.
This paper also contributes to the empirical literature on CEO turnover. First, Jenter and Kanaan
(2015) criticize the literature for investigating CEO compensation and turnover using different
economic mechanisms. Notably, I directly model CEO turnover as “an extreme case of pay-for-

performance” and explain the relation between CEO turnover and compensation. Second, Gao

4Theoretically, I apply the labor search literature (Mortensen and Pissarides, 1994, 1999; Jovanovic, 1979, 1984;
Moscarini, 2003, 2005) to a CEO compensation setup. Empirically, I estimate model parameters via the simulated
method of moments (SMM) following Hennessy and Whited (2005, 2007).

SResearchers provide numerous explanations of highly-paid CEOs in relation to firm size (Gabaix and Landier,
2008; Tervio, 2009), demand for general managerial skills in large corporations (Murphy and Zabojnik, 2004; Frydman,
2005), managerial entrenchment (Bebchuk and Fried, 2004; Kuhnen and Zwiebel, 2008), risks associated with incentive
compensation (Hall and Liebman, 1998; Hermalin, 2005), etc.



et al. (2014) question the literature on CEO entrenchment® and show that public firms have higher
turnover rates and greater turnover-performance sensitivities compared to private firms in the U.S.
In this paper, I quantify the magnitude of CEO turnover through the cross-sectional properties of
CEO compensation and investigate the variations of turnover-performance sensitivities with respect
to changes in market conditions. As a result, my results provide new insights into CEO turnover
and relate it to CEO compensation and firm performance.

The rest of the paper is organized as follows: I present the model in Section 2 and describe
the data and the identification strategy in Section 3. In Section 4, I discuss the estimation results,
investigate model hypotheses, and conduct counterfactual analyses. In Section 5, I extend the

model to subsamples and provide robustness checks. I conclude in Section 6.

2. The Dynamic Model of the Executive Labor Market

In this section, I introduce the dynamic model featuring the executive matching process and its
consequences on CEO turnover and compensation. Under a discrete time and infinite horizon
scheme, I first define the matching environment and its outcome, as well as their joint impacts on
firm productivity. Second, I characterize the learning process of a CEO-firm pair and outline the
choice set and value function of each agent. Last, I define a unique stationary general equilibrium

of the executive labor market.

2.1. The Matching Environment

In this paper, the central focus is the labor market for CEOs. I assume that, on the demand side,
there is a continuum of ex ante homogeneous risk-neutral firms of measure F, actively hiring
CEOs. Meanwhile, on the supply side, there is a continuum of ex ante homogeneous risk-neutral

individuals,” normalized to a measure of 1, searching for CEO positions. In each period, new

6Bebchuk and Fried (2004) promote the prevalent view that CEO turnover is insensitive to firm performance. Taylor
(2010) decomposes the total CEO turnover cost to the real cost of shareholders and the effective personal cost to the
board. He concludes that the board “behaves as if firing the CEO costs shareholders 5.9% of assets, whereas it really
only costs shareholders 1.3%.”

"The risk-neutrality assumption simplifies the model. It also captures the idea that individuals who have the expertise
to be executives are wealthy individuals in general. They have access to multiple saving and investment opportunities



matches emerge from the market. While being matched, the match-specific productivity of CEO-
firm pair 7, y;,® summarizes the match quality and only takes two discrete values {iy, tz } in the
space. Particularly, uy indicates that the match between the CEO and the firm is of high quality,
while uy, (Up < Uy) suggests that the match is of low quality.

Although in the model there is no information asymmetry between the CEO and the firm inside
a match, the quality of the match is unknown to both sides. Consequently, the CEO, along with
the matched firm, infers their match type through the direct impact on firm productivity. However,
two sources of idiosyncratic shock prevent both the firm and the CEO from perfectly inferring
their match type. First, a normally distributed idiosyncratic shock, z;; ~*¢ N(0, Gzz), affects firm

productivity in each period. If I denote firm i’s productivity in period ¢ as x;;, then:

Xit = Wi + Zis- (D

Second, a separation shock, arriving at an exogenous rate of 6 € (0, 1), randomly dissolves
existing CEO-firm matches. In reality, the exogenous turnover shock could be from the demand
side and be due to merges and acquisitions, bankruptcies, buyouts, spinoffs, etc. The shock could
also emerge from the supply side, as CEOs may leave their positions due to spousal relocations,
human capital shocks, health reasons, retirements, deaths, etc. Accordingly, I model the executive

labor market conditional on these observations.

2.2.  The Evolution of Belief

Although the performance of a CEO-firm match is driven by idiosyncratic uncertainties, the
CEO and the firm form and update their beliefs about their fit. In the model, immediately upon
matching, I assume that the CEO and the firm share a common prior belief, pg = Pr(u = uy) =

1 —Pr(u = pr), independent of their employment histories. Then, as the match continues, they

equivalent to high outside options. Without the risk-neutrality assumption, the model needs to distinguish alternative
compensation components, which is beyond the scope of this paper.

8The match-specific productivity u; does not exclude the innate ability of a CEO. In the general case, I can re-define
Ui = 6; + a;, where 0; is the ex-ante unobservable part attributable to match, and a; is the ex-ante observable individual
innate ability transferable among positions.



update their posterior beliefs following Bayes’ rule. Specifically, suppose that the ith CEO-firm
pair enters period ¢ with a posterior belief p;; = Pr(u; = uy|-%;—1). After observing the productivity

realization x;;, they update their beliefs following:

pilq)(xit“lH)
Pie® (x| rr) + (1 — pie) P (xie| r)

Pis+1 =Pr(W; = up| %) = ()

where ®(x;|-) is the distribution function of firm productivity. Then, both sides choose whether
to leave or stay conditional on the updated belief p;,, . Therefore, the posterior belief about the
match quality indicates the productivity history and determines whether the match will continue.

2.3.  Value Functions

In this section, I define the optimization problem of each agent in the executive labor mar-
ket. The posterior belief p;;, along with firm productivity x;;, defines the state of a CEO-firm pair
and characterizes their optimization problems. From here forward, I drop the subscript “it” for
simplication.

2.3.1. The Supply Side

Let W(p,x) be the value function of a matched CEO, with posterior belief p and productivity
realization x. Also, let U be the value function of an unmatched individual. In each period, while
the matched CEO receives w(p,x) as compensation, the unmatched individual only holds her out-
side wealth . To make the match quality non-trivial, I further assume that the outside wealth
b satisfies the following condition: p; < b < popg + (1 — po)Hr, indicating that a CEO should
always accept a new match and terminate a “bad” one.

In each period, the matched CEO decides whether to leave (d“*9 = 1) or stay (d“£° = 0) in the
current match conditional on the updated belief p’. The Bellman equation of a utility-maximizing

CEO equals:

1-0

W(p,x) = , X) + max
(p,x) = w(p,x) T qotha

{U,Exf [W(p’,x’ﬂ} +—U, (3)

1+r



where Ey[W(p',x')] is the expected payoff of the matched CEO in the following period if she
remains in the current match. Then, equation (3) implies that the matched CEO will separate
(d°F9 = 1) with her current firm if and only if the expected payoff of leaving is no less than that of
staying (U > E.[W (p',x')]). Otherwise (U < Ey[W (p’,x")]), the CEO stays (d“¥° = 0) and carries
the updated belief p’ to the next period. The risk-free rate r, together with the exogenous turnover

rate 8, discounts the continuing part of the value function.

The value function of the unmatched individual is state independent and equals:
1
U= bt o AAE W (po, X))+ (1-2)U}, )

where A € (0, 1) is the job-finding rate determined by the equilibrium matching technology. Equa-
tion (4) indicates that the belief about the CEO-firm fit will be reset to its prior value pg when a
new match emerges.

2.3.2.  The Demand Side

Analogously, let J(p,x) be the value function of a matched firm, with posterior belief p and
productivity realization x. Also, I define V as the value function of an idle firm. In each period,
after compensating its CEO, the matched firm obtains r(p,x) as profitability. Meanwhile, the idle
firm, receiving no profit in period #, incurs a search cost k¥ > 0. Loosely interpreting, k could be
the direct cost to search and groom the successor, or be the difference in profitabilities between the
matched and the idle firms.

The matched firm also decides whether to turn over (d = 1) its current paired CEO or not
(d" = 0) conditional on the updated belief p’. The Bellman equation of a profit-maximizing firm

equals:

max {V.E/ (0]} +

5
147 aFefo,1} ®)

J(p,x) =r(p,x)+ el

where E, [J(p',x)] is the expected payoff of the matched firm in the next period if the firm retains
its current CEO. Then, equation (5) implies that the matched firm will only turn over (df = 1) its

current CEO if and only if the continuing value of being idle is no less than that of staying in the



current match (V > Ey[J(p',x')]). Otherwise (V < Ey[J(p’,x")]), the firm retains its current CEO
(df = 0) and carries the updated belief p’ to the next period.

The value function of an idle firm is state independent and equals:
1
V=-x+ m{qu'[J(Po,xl)]+(1—Q)V}, (6)

where ¢ € (0,1) is the vacancy-filling rate in the equilibrium. To deter entries, I further assume
that the executive labor market satisfies the "free-entry" condition V = 0. Under this assumption,
no other firm will find it profitable to enter in any case.

2.3.3.  The Nash Bargaining

CEO compensation and firm profitability are determined by a Nash bargaining over the match-
ing surplus. Suppose that, in each period, the CEO takes a constant proportion »¥2 € (0,1) of the
surplus. I also assume that the firm retains p, from the expected matching surplus before paying

its CEO.” Then, the Nash bargaining solves the following problem in each period:

bNB 1—bNB

W(p’x) € argv?&lﬁ?)[w(p’x) - U] [J(pax) - V] ) (7)
where the necessary and sufficient first-order condition equals:
b1 (p,x) V] = (1-b"")[W(p.x) —U]. (8)

Equivalently, let S(p,x) = W(p,x) —U +J(p,x) —V be the net matching surplus. Then equa-
tion (8) shows that, in each period, the matched CEO receives a bVB fraction of the matching rent,
namely W (p,x) —U = bBS(p, x). The matched firm claims the rest J(p,x) —V = (1—b"B)S(p, x).
Thus, equation (8) specifies a linear rent-sharing rule between the CEO and the firm inside a match.

More importantly, it derives functional forms of CEO compensation and firm profitability in Propo-

9The average retaining profitability i, enters into the realized profitability of the firm, but is excluded from the net
matching surplus when the CEO bargains for compensation. In reality, it could be the retaining profitability for dividend
payouts, internal cash flow, or any fixed cost to compensation the CEO.

10



sition 1:
Proposition 1. The value function of the matched CEO W (p,x) and the value function of the
matched firm J(p,x) are strictly increasing in the belief p. As a result, the Nash bargaining solves

CEO compensation as:

A
w(p,x) = (1=b"B)b+ "2 {puy + (1 — p)ur + I—_H]Ex/ [7(po,x")]} )
and firm profitability as:
NB ng_ A /
r(p,x) = (1 =67 [pptas + (1= p)pe = Bl + pe = b5 =Bl (po, X)) (10)

The implication of Proposition 1 is threefold. First, equilibrium turnover is a threshold decision,
depending on the posterior belief p’. Therefore, belief-contingent turnover weeds out low-quality
matches and skews the distribution of beliefs to the right. Second, in Proposition 1, I derive a belief-
contingent CEO compensation scheme. In particular, equation (9) indicates that the compensation
a CEO receives is an affine function of the belief p, weighing the CEO’s outside wealth b with
her bargaining share in the expected firm productivity and the option value of the match. Last,
belief-contingent turnover and compensation decisions also indicate that the dispersion of beliefs
uniquely determines the excess skewness of CEO compensation. Meanwhile, the observed CEO
compensation provides a novel angle to quantify the influence of learning in the executive labor

market.

2.4.  The Stationary General Equilibrium

In this section, I specify a matching technology, a “free-entry” condition, and a measure over
the state pair (p,x). Then I close the model with the definition of the stationary general equilibrium.
In the model, the matching process determines an individual’s job-finding rate A and a firm’s

vacancy-filling rate g. Without loss of generality, I assume that the matching technology is an

11



increasing, concave, and linear homogeneous matching function g(m, f), satisfying the Inada con-

ditions such that:

g(m, f)=m =1, (11)

where m is the number of unmatched individuals, f is the number of idle firms, and ) € (0, 1) is the
matching elasticity with respect to unmatched individuals. Particularly, the “linear homogeneous”
assumption suggests that the “tightness” of the executive labor market, defined as the number of
vacant CEO positions per unmatched individual, 6 = %, is a sufficient statistic in determining the

equilibrium. Henceforth, the job-finding rate A of an unmatched individual is:

)=g(1,6)=0"'"" (12)

_ — o — —0Q N
q= =85 D=0 (3)

Coupled with the “free-entry” condition V = 0, the matching technology also links the market

“tightness” 6 to the expected payoff of a new match:

n
—

Ev[J(po,X)] = (A +r)kAT™1 = (14+7r)k0". (14)

Finally, let i(p,x) be the measure of the mass over CEO-firm pairs with posterior belief p and
productivity x, then there exits a general equilibrium in the executive labor market:
A Stationary General Equilibrium is a vector of scalars {1*,¢*, 0*,m*, f* F*} and a tuple of

functions {J*,W*,w*,r*, p*,h*} such that:

1. The tightness of the labor market equals:

6% =

5*" %

12



2. h* is an invariant distribution over the state space of the belief and the productivity (p,x).

3. W* and J* characterize the optimization problems of the matched CEO in equation (3) and
the matched firm in equation (5). w* and r* solves the Nash bargaining problem in equation

().

4. The separation policy p*(p,x) solves both the CEO’s optimization problem W* in equation

(3) and the firm’s optimization problem J* in equation (5).

5. The “free-entry” condition in equation (14) uniquely specifies the relations between the total
number of firms F*, the invariant distribution #*, and an individual’s job finding rate 1* in

the equilibrium.

By a detailed proof in Appendix A.3, I show that:

Proposition 2. The stationary general equilibrium of the executive labor market uniquely exists.

3. Data and Identification

In this section, I briefly discuss the datasets and identification strategies I use to quantify the
model.

3.1. Data

To quantify the dynamic model of the executive labor market, I create a sample from several
sources. First, I collect financial statements from the Compustat North America Fundamental
Annual files to merge with managerial compensation data from Execucomp. Following Erickson
et al. (2014), I delete firms with fewer than $2 million in total assets and require non-missing data
for the main variables in Table 1. Likewise, I eliminate observations outside the [0, 1] interval for

leverage, tangibility, and all compensation measures. Additionally, I winsorize compensation at its

13



top and bottom 5%, along with firm profitability at the top and the bottom 2%, to eliminate sample
outliers. Last, I require at least three consecutive observations for each CEO-firm pair. After all
these steps, the Compustat-Execucomp sample contains 19,600 CEO-year observations, ranging
from fiscal year 1994 to 2013. It includes 2,714 firms and 4,286 CEOs, representing 4,353 unique

matching pairs.

[Insert Table 1]

Based on the Compustat-Execucomp sample, I calculate CEO tenure by subtracting the date
the CEO left her position from the date she became the CEO. To further classify job flows in the
executive labor market, I construct a unique CEO turnover sample with precise separating reasons.
Specifically, I categorize each turnover case in the Compustat-Execucomp sample into exogenous
or endogenous turnover by searching news and tracking the CEO’s career path after her departure. '
Appendix C lists the classification criteria, as well as the sample characteristics of the novel dataset.

CEO characteristics also affect the quantitative analyses. Accordingly, I construct another char-
acteristics sample by collecting the education and external/internal/founder status for each CEO in
the Compustat-Execucomp sample. Specifically, I first record the highest degree each CEO re-
ceives and assign numerical scores representing one of the six categories in Table 1. Likewise, |
gather the external/internal/founder status following Graefe-Anderson (2014) for each CEO in my
sample. First, I let the dummy variable Founder = 1 for each founder or co-founder CEO. Sec-
ond, the dummy variable Internal = 1 if the CEO has already worked at the firm for more than
three years or is a family member of the founder/owner of the firm at her promotion. Third, the
dummy variable External = 1 if the CEO is from another firm or has worked less than three years
in succession. The criterion of internal CEOs rules out "recent outsiders" who are groomed to be

the successor of the ongoing CEO. Taking the education and status variables together, I form the

characteristics sample of CEOs.

10The main data source for CEO departures and career news is Factiva dataset. I also use Google search, Business-
Week, NNDB people search, Marquis who’s who, Equilar Atlas, Finding universe, and other news sources to supplement
the case-by-case analysis.

14



In the last step, I merge both the turnover and characteristics samples back into the Compustat-
Execucomp sample to form the main sample. I also provide summary statistics of the main vari-
ables in Table 3. To quantify the excess skewness of CEO compensation, I control for data varia-

tions unattained in the model using the following regression:

yir = B X Control Variables; + Year; + Industry; + €, (15)

where y;; equals firm profitability and CEO total compensation respectively, and Control Variables;,
includes:

{Leveragej,_, Tangibility;_,Market Capitalizationj_,,Gender; ,Interlock, Externaly Internaly , Foundery , Educationj; }.

I also control for the fiscal year (Year;) and industry (Industry;) fixed effects to eliminate institu-
tional changes over time and variations across industries. Then, I construct two main variables,
Profit_Residual and Comp_Residual, by adding the population mean of firm profitability and
CEO total compensation to the regression residuals of equation (15). These two variables are used
to estimate the model parameters in Section 4.1. I also report their summary statistics in Panel B

of Table 4.
[Insert Table 3]
[Insert Table 4]

Panel A of Table 3 and Panel B of Table 4 present the results of a characterization of the
main sample from different aspects. First, after controlling for firm and CEO characteristics in
Table 4, CEO compensation is still right-skewed. Moreover, the skewness of firm profitability
is not fully explanatory of the skewness of CEO compensation. Second, the majority of CEO
compensation comes from stock and option grants. Third, the firms in the sample are relatively
large. For example, the average firm size is $7 billion in total assets and $6 billion in market
capitalization. Fourth, on average, a CEO-firm match lasts for 9% years while half of the CEOs

leave their positions within 7 years. Last, the decomposition infers that, on average, the exogenous

15



turnover rate (= 8%) is twice the magnitude of the endogenous turnover rate (= 4%).

Panel B of Table 3 presents novel results of a characterization of the main sample from its
compositions. First, among all the CEOs in my sample from 1994 to 2013, 30% hold bachelors
degrees while 42% have Masters or other professional degrees. These results are consistent with
Graham and Harvey (2001), suggesting that U.S. CEOs are well-educated. Second, 59% of the
CEOs are corporate insiders at the time of succession, compared to 27% of external hires and
10% of founders. Last, 98% of the CEOs are male, having little influence over their compensation.

Boards of directors are of moderate qualities represented by the G-index and E-index in my sample.

3.2.  Identification

Key parameters of the model are estimated via simulated method of moments (SMM). How-
ever, | also estimate other parameters outside the model. First, I use the average 3-month Treasury
bill rate, r = 2.86%, to proxy for the risk-free rate. Second, I set the exogenous turnover rate at
its sample average. For example, it equals 8.68% in the main sample. Third, I cannot separately
estimate a firm’s search cost k and the matching elasticity 1 without the search lengths of firms
and CEOs. Consequently, I assume 11 = 0.5 based on the [0.5,0.7] range from Petrongolo and Pis-
sarides (2001). Last, following Hall and Murphy (2002), I assume that the average outside wealth
of CEOs is $5 million for the entire life span. As a result, the discounted annual value, scaled by
the average of firm total assets, is approximately O.

Table 2 lists the seven remaining parameters { Ly, lr., po, Uz, 0z, b8, k}. The validity of the
SMM estimation critically depends on the choice of the moments that are sensitive to changes in
the underlying parameters. I select 11 moments that feature the key properties of firm profitability,
CEO compensation, and CEO turnover in the model. Although the parameters have intertwining
impacts, I categorize them into three groups to emphasize the economic mechanisms they represent.

[Insert Table 2]

The first group of moments includes the means and standard deviations of firm profitability

and CEO compensation. These moments impose constraints on the match-specific productivities

16



Ug and iy, as well as their composition pg. Also, the mean and standard deviation ratios between
CEO compensation and firm profitability distinguish the average bargaining power "5 of a CEO.
Most importantly, the degree of skewness of CEO compensation identifies the informativeness of
firm performance, represented by the signal-to-noise ratio % Figure 1 shows that a higher
signal-to-noise ratio improves the proportion of high-quality matches in the equilibrium. Reflected
in the compensation distribution, the degree of skewness also rises as learning weeds out a larger

proportion of low-quality matches.
[Insert Figure 1]

I then use the AR(1) regression coefficient p and the residual deviation E[¢2] in:
Yit = PYir—1+ Eit (16)

to distinguish the mean of the retaining productivity p, and the standard deviation of the firm’s
productivity shock o, where y;; is firm i’s profitability in period . These two moments separate
the invariant and the changing parts in firm productivity and monotonically map onto y, and o,.
When estimating equation (16), I follow Han and Phillips (2010) to treat firm fixed effects with the
differencing-based estimator.

The last set of moments relates to the endogenous separation between CEOs and firms. First,
I use the endogenous turnover rate to assess the firm’s search cost k. Then, I estimate a linear

probability model (LPM):
End_Turnovery = o+ B1Ayi + Balog(Tenure;, ) + B3 (Ay,-, X log(Tenure,-t)) + &, (17)

where Ay, is the absolute change in firm profitability from period 7 — 1 to 7. Precisely, B; defines a

firm’s willingness to replace its current CEO per unit of profitability change and isolates the search

cost k and the bargaining power 1 — b8 from other parameters. Then, both 8, and B; identify the
MH—HL

dynamic feature of learning through the signal-to-noise ratio =“ = along CEO tenure.
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4. Results

In this section, I bring the model to the main sample constructed in Section 3.1 and present the
quantitative results. I first discuss the parameter estimates of the model and their implications for
the executive labor market. Then, I develop two learning hypotheses from the model and test them
in the data. Finally, I perform two types of counterfactual exercises to quantify the impacts of the
learning mechanism on CEO turnover and the importance of the learning mechanism in shaping

CEO compensation.

4.1. Benchmark Result

I first estimate the benchmark model and evaluate its implications for the executive labor market.
Panel A of Table 5 presents the results from moment matching. On the positive side, the model
provides a good fit to the actual CEO compensation, persistence in firm profitability, and the CEO
turnover rate. In particular, the simulated skewness agrees with the actual dispersion in CEO com-
pensation. Similarly, simulated coefficient estimators {f;, 3,3} of the LPM in equation (17)
capture the empirical observation that a CEO is less likely to leave with higher firm profitability
and longer CEO tenure. On the negative side, the model cannot match the mean and the standard
deviation of firm profitability. One possible explanation is that I fail to control for some unobserv-
able factors in the data that introduce noises to firm performance. Overall, an over-identification

test fails to reject the model with a p-value of 0.5923.

[Insert Table 5]

Panel B of Table 5 lists the structural parameter estimates. Three parameters are important
in describing the executive labor market. First, an average CEO only obtains 1.23% of the total
payoffs from matching, equivalent to 1.25% of the average firm value,'! when bargaining with the
matched firm. The estimator is close to the 2% of firm value in Gabaix and Landier (2008) but

differs from others such as the 20% in Tervio (2009). The comparison implies that market imper-

!'The calculation follows: 1.23% x S(p,x) = 1-2% x J(p,x) = 1.25% x J (p,x).
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fection in this model reduces CEO bargaining power to a similar extent as by the extreme value
theory in Gabaix and Landier (2008). Second, it costs a firm 23.20% of the average profitability,
equaling 1.27% of the average firm’s total assets,'? to replace its CEO. Even though there is no di-
rect evidence from the data, Taylor (2010) does find that it costs the shareholder 1.3% of firm assets
to dismiss a CEO. This estimated $70 million could include fees paid to a third-party recruiter'?
and losses to firm value during the transition period. Last, only 29% of the matches are of high
quality. This observation suggests that a CEQ’s innate ability, such as education, would be a poor

proxy for the match-specific quality in the empirical research.

4.2. A Hump-shaped Hazard Rate Curve of CEO Turnover Conditional on CEO Tenure

In this section, I develop and test the first learning hypothesis on the relation between CEO
turnover and tenure. Jovanovic (1979) proposes a single peak in the hazard rate curve conditional
on tenure for the general labor market. Jenter and Lewellen (2014) observe that the performance-
driven CEO turnover rate initially increases and then gradually decays with CEO tenure. The learn-
ing mechanism in my model also provides explanatory power for a hump-shaped hazard rate curve
of CEO turnover conditional on CEO tenure. Specifically, in the first few years of CEO tenure,
the turnover rate increases because CEO-firm pairs learn their match quality through productivity
realizations. Then, the turnover rate declines when the selection effect dominates for longer CEO
tenure. Therefore, I define the initial increasing part of the conditional hazard rate curve as its
"discovery phase," and the declining part of the curve as its "decaying phase."

To test this hypothesis in the actual data, I plot the actual versus the simulated endogenous
turnover rates for seven CEO tenure intervals (in years): 1-2, 3-4, 5-6, 7-8, 9-11, 12-16, and 17+
defined by Jenter and Lewellen (2014) in Panel A of Figure 2. The plot shows that my model
generates a simulated hazard rate curve that follows the pattern of the actual curve along CEO

tenure. In particular, without matching the turnover rates, both hazard rate curves first increase,

12The estimate of k is the difference between the profitability of the matched and idle firms. As a result, it equals to
0.2320 — 0.1438 = 0.0882 of firm profitability, equalling to 0.1438 x 0.0882 = 0.0127 of the average firm’s total assets
of the sample.

13For example, when Microsoft searched for its recent CEO, the market estimated that Microsoft paid $0.4 million to
Heidrick & Struggles
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peak at 3-4 years of CEO tenure, and gradually decline. Notably, Jenter and Lewellen (2014) find
it hard to reconcile a hump-shaped conditional hazard rate curve with a learning model of constant
match quality. Yet, I demonstrate that, by modeling the matching process of the executive labor
market with search friction, the speed of learning in the equilibrium provides explanatory power to
the delayed response of a firm in evaluating CEO performance and making separation decisions.
Therefore, I find strong empirical evidence on the relation between CEO turnover and tenure that
is consistent with the learning hypothesis inferred from my model.

[Insert Figure 2]

4.3.  Predicting CEO Tenure Continuation

The second learning hypothesis focuses on the relation between CEO compensation and the
likelihood of CEO tenure continuation. Precisely, the model implies that higher CEO compensa-
tion represents a stronger belief that the CEO-firm match is of high quality and raises the likelihood
of the CEO remaining in the current match. Furthermore, the marginal effect of learning is dimin-
ishing as low-quality matches are gradually eliminated. Hence, I posit that, unconditional on CEO
tenure, the likelihood of a CEO remaining with her matched firm is increasing and concave in her
current compensation.

To test this hypothesis, columns (1) - (4) of Table 6 report coefficient estimates from a LPM on

the actual data:

1 — END_Turnovery; = a+ BComp;, + ﬁZCOmpl-z, + yControls + &, (18)

where Controls includes subsets of { Leverage;;—1, Tangibility;_,, Internal;, Externaly, Foundery,
Gendery, Interlocki;, Education Dummies;, fiscal year and industry fixed effects}. Comparatively,
I also estimate the same LPM without Controls on the simulated data in column (5) of Table 6.

[Insert Table 6]

The results in Table 6 confirm that CEO compensation significantly relates to the probability of

tenure continuation in an increasing and concave way after controlling for firm and CEO character-
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istics in the actual data. Quantitatively, a 1% increase in CEO compensation raises the likelihood
of the CEO remaining with the firm by 1.2% - 1.3% in both the simulated and the actual data. Re-
markably, although I do not include these regression coefficients in my moment matching process,
the estimated regression coefficients from the simulated sample still closely follow their counter-
parts in the actual data. Therefore, the results in Table 6 emphasize that CEO compensation reflects

a firm’s evaluation of its fit with the CEO and indicates the likelihood of match continuation.

4.4. Counterfactual Analyses

Above I develop two testable hypotheses from the model and find strong empirical support in the
actual data. Therefore, the learning mechanism in my model provides explanatory power for the
empirical relations between CEO compensation, turnover, and tenure. In this section, I conduct
counterfactual analyses to further explore their relations. In particular, I address two questions:
How does noise in the firm performance measure affect CEO turnover decisions through learning?
And how important is the learning mechanism in shaping CEO compensation?

To answer the first question, I evaluate the influence of the idiosyncratic productivity shock o,
on CEO turnover rate. In the model, I conjecture that the noisier the firm performance measure
is, the slower and less accurately the CEO and the firm learn their match quality, and the less
efficient the executive labor market in dissolving low-quality CEO-firm matches. To quantify the
learning mechanism above, I first plot the hazard rate curves of CEO turnover conditional on CEO
tenure by increasing the value of the noise parameter ¢, in Panel B of Figure 2. Consistent with
Engel et al. (2003) and Farrell and Whidbee (2003), I also find that the endogenous turnover rate of
CEOs decreases at all CEO tenure intervals when firm performance becomes noisier. On average,
CEO turnover rate reduces by 43% when increasing o, by 50%, and decreases by 65% with a
100% increase in o,. Crucially, I also identify a positive correlation between the noise measure
o, and the length of the “discovery phase” of the conditional hazard rate curve. For example,
the hump of the hazard rate curve tilts from 3-4 years of CEO tenure to 5-6 years and then 9-11

years when increasing o; by 50% and 100% respectively. Consequently, I find that the length of
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the “discovery phase” of a conditional hazard rate curve represents the speed of learning and, thus,
contains information about the effectiveness of the executive labor market in dissolving low-quality
CEO-firm matches.

Next, I evaluate the impact of the noise in firm performance on turnover-performance (TP)
sensitivity. Recently, Bushman et al. (2010) examine the conjecture that risks unrelated to the CEO
decrease a firm’s ability to fire its CEO efficiently through TP sensitivity measures. Similarly, I

also conduct a counterfactual analysis to estimate the TP sensitivities from the following model:

END_Turnovery = a+ B Profitability; + Balog(Tenure; ) + B3 (Profitability,-, X log(Tenurei,)) +€&;.
(19)
Columns (1) - (3) in Table 7 present the estimation results at the benchmark value of o,. I then
repeat the analysis by increasing o, by 50% (columns (4) - (6)) and 100% (columns (7) - (9)). The
results in Table 7 verify a negative association between firm profitability and the likelihood of CEO
turnover. More importantly, a comparison across columns suggests that the TP sensitivity coeffi-
cient B is strictly decreasing in o, for all specifications. For example, controlling for CEO tenure
and an interaction term, the TP sensitivity drops by 45% when increasing o, by 100%. Therefore,
the results in Table 7 emphasize the learning implication from my model and provide evidence
consistent with Bushman et al.’s conjecture that "the probability of CEO turnover is decreasing in
the variance unrelated to CEO talent, holding firm performance and variation over CEO talent con-
stant.” The results also provides a clean quantification of the learning impact on the effectiveness

of separation between CEOs and firms without endogeneity or measurement error concerns.
[Insert Table 7]

I conduct two additional counterfactual analyses to address the second question of the im-
portance of the learning mechanism. In the first counterfactual analysis, I shutdown the belief-
contingent selection channel and directly assess its consequences on the skewness of CEO com-
pensation and the total welfare of the executive labor market. Particularly, I fix the equilibrium sep-

aration rate and re-estimate the model by randomizing the endogenous separation policy. Columns
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(1) and (2) of Table 8 show that the skewness of CEO compensation decreases by 46% while the
total welfare of the executive labor market lowers by 16%. These results indicate that the belief-
contingent selection is non-trivial in providing explanatory power to CEO compensation dispersion

and improving the efficiency of the executive labor market.
[Insert Table 8]

In the second counterfactual analysis, I evaluate the relative contribution of learning and se-
lection as it relates to CEO compensation skewness compared to a competitive assignment model.
This exercise is motivated by Gabaix and Landier (2008), who emphasize that firm size, when
assortatively matched with CEO talent, plays a key role in determining the cross-sectional CEO
compensation arrangement.

To provide a fair comparison, I replicate Gabaix and Landier’s pay-size regression using my
sample!* and find a consistent elasticity estimator of 0.3896. I then use the actual firm size in my
sample, along with the elasticity estimator, to generate the compensation of the top 1,000 CEOs,
denoted as Comp_ GL, applying Gabaix and Landier’s formula.'> The skewness of Comp_GL rep-
resents the dispersion in CEO compensation driven by the competitive assignment model proposed
by Gabaix and Landier (2008). I then simulate CEO compensation from my model as defined by
the benchmark parameter estimates in Table 5. I assume that each CEO is assigned to a firm with
the same size and take the first 1,000 highest compensation as the simulated CEO compensation,
denoted as Comp_Simul. The skewness of Comp_Simul is the dispersion in CEO compensation
purely driven by the learning mechanism in my model without introducing any heterogeneity to

firm and CEO characteristics.

140 replicate, I first run the pay-size regression in Gabaix and Landier’s equation (18):
In(wis1) =d+exIn(Sy, ;) + f xIn(Si;) + &

with my sample, where w; ;| is the total compensation of CEO i in period t + 1, S;; is the size of firm i in period ¢, and
Sy, ¢ 1s the size of the reference firm in period ¢. In this case, f is the pay-size elasiticity defined by Gabaix and Landier
(2008). I find the estimator equals to 0.3896, compared to a 0.37 — 0.39 range from their regression specifications.

151n Proposition 2 (Level of CEO Pay in the Market Equilibrium), Gabaix and Landier posit that the compensation of

the manager of index n runs a firm of size S(n) equals w(n) = D(n,)S(n,)B/%S(n)Y~B/® where S(n,) is the size of the
W(”*)
S(n)7-
matching assumption and use the top 1,000 CEOs by firm size in my sample as S(n). Then I use the estimated pay-size
elasticity and firm size and compensation of the 250th firm to calculate each w(n) as Comp_GL.

reference firm (n, = 250 in their specification), and D(ny) = To generate Comp_GL, 1 follow their assortative
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I provide two cases to evaluate the relative contribution of the learning mechanism. In the first
case, I plot a histogram of the skewness ratio, defined as skewness(Comp_Simul) / skewness(Comp_GL),
in Panel A of Figure 3 by repeating the simulation for 5,000 times. The histogram shows that
learning and selection still account for 25% of the skewness in CEO compensation compared to
the mechasnim of matching different CEO talent levels to heterogeneous firm sizes in Gabaix and
Landier (2008). Moreover, the 25% is only a lower bound because the learning mechanism could be
amplified by heterogeneities in firm and CEO characteristics. Therefore, the learning mechanism

in my paper is non-trivial in magnitude compared to other channels.

[Insert Figure 3]

To further emphasize the importance of the belief-contingent selection in shaping CEO com-
pensation skewness, I extend the same analysis by allowing CEOs to perform on-the-job searches
in the second case. In Appendix A.1, I present a full version of the benchmark model with on-the-
job search. Qualitatively, on-the-job searches provide another mechanism through which CEOs
can actively dissolve low-quality matches in the executive labor market. Reflected in the simu-
lated moments in Table 9, I find that the mean of firm profitability significantly increases when a
higher proportion of low-quality matches are eliminated. More importantly, column (3) and (4) of
Table 8 show that the skewness of CEO compensation decreases by an additional of 15% when
shutting down the learning channel to randomize CEOs’ on-the-job search decisions. Under this
circumstance, I conjecture that the skewness ratio will be higher when comparing the simulated
compensation (Comp_Simul_0Ot js) from a model with CEOs performing on-the-job searches to

the compensation (Comp_GL) generated from Gabaix and Landier (2008).

[Insert Table 9]

Panel B of Figure 3 shows that the relative explanatory power increases from 25% to 62%
when allowing CEOs to actively dissolve their matches with firms. Remarkably, this 37% jump

in the skewness ratio is entirely due to an extra selection channel based on the same information
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accumulated through learning from productivity realizations in the first case. Consequently, com-
bining the first and the second cases, in the second counterfactual analysis, I compare the relative
contribution to CEO compensation skewness from my model to that from Gabaix and Landier’s
(2008) competitive assignment model and demonstrate the importance of learning and selection in

shaping CEO compensation.

5. Subsample and Robustness

In this section, I evaluate model implications across subsamples and discuss robustness tests.

5.1. Subsample Analyses

Although the learning mechanism is independent of firm and CEO characteristics in the model,
there are wide cross-sectional and time series heterogeneities affecting the speed of learning and
the strength of selection. In this section, I examine four subsamples: external CEOs, internal CEOs,
pre-2006 and post-2006, to see if they provide explanatory power.

In the first analysis, I split the main sample into external and internal CEOs after exclud-
ing founder CEOs. The external subsample contains 5,288 CEO-year observations, compared
to 11,434 observations for the internal subsample. If learning about the CEO-firm fit plays an es-
sential role in shaping CEO turnover decisions, I hypothesize that the turnover rate will be lower
for the internal CEOs since firms have already observed their matching outcomes before promo-
tion. Additionally, I also conjecture that, on average, it takes a firm longer to discover its match
quality with an outside CEO before the selection effect dominates. In Panel C of Figure 2, I plot the
hazard rate curves of CEO turnover conditional on CEO tenure for both the external and internal
subsamples and observe consistent evidence for both learning implications above. To illustrate, I
show that the turnover rate in Panel C of Figure 2 is twice the magnitude for the external CEO
subsample compared to the internal one at all CEO tenure intervals. In addition, the external CEO
subsample exhibits a steeper and longer “discovery phase,” indicating that it takes an average firm

with an outside CEO two more years before the selection effect takes over.
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Mapped onto parameter estimates in Table 10, I find that a slower learning speed partially
cancels out the level effect of turnover in the external CEO subsample as the estimated signal-to-

noise ratios %

are extremely close for both subsamples. I also discover that the proportion of
high-quality matches is 24% lower for firms with outside replacements. Therefore, learning about

CEO-firm fit plays a key role in shaping CEO turnover decisions.
[Insert Table 10]

I also use the external/internal subsamples to evaluate whether greater CEO bargaining power
leads to higher compensation to external CEOs. In line with Graefe-Anderson (2014), Figure 4
shows that the compensation of external CEOs is significantly higher compared to insider CEOs
in the data. Reflected in parameter estimates, The results in Table 10 show that the external CEOs
claim 2.31% of the total payoffs, compared to 1.27% for internal CEOs. Similarly, it also costs a
firm an extra 46% of its profitability to replace the outside hire. As a result, the parameter estimates

show that managerial power is crucial in determining the high compensation of external CEOs.
[Insert Figure 4]

In the second analysis, 1 divide the main sample into pre- and post-2006 periods. I use the
fiscal year 2006 as a cutoff for three reasons. First, this cutoff generates two subsamples containing
similar numbers of observations.'® Second, Execucomp changed the definition of total compensa-
tion (TDC1) in 2006. Although the model is insensitive to different compensation measures, this
analysis serves as a robustness check. Last and most important, the volatility of firm profitability
is significantly higher for the post-2006 period, mainly due to the subprime mortgage crisis from
2007 to 2009. Therefore, consistent with the counterfactual analysis on CEO turnover in Section
4.4, I hypothesize that the turnover rate and skewness of CEO compensation will be lower for the
post-2006 period.

I plot six moments: mean and standard deviation of firm profitability, mean and skewness of

CEO compensation, endogenous turnover rate, and on-the-job search rate for both the pre- and

16The pre-2006 subsample contains 9,244 CEO-year observations and the post-2006 subsample includes 10,356
CEO-year observations

26



post-2006 subsamples in Figure 4. I find that the mean of CEO compensation remains the same for
both the pre- and post-2006. However, the turnover rate and compensation skewness are signifi-
cantly lower for the post-2006 period in both the actual and simulated data. This demonstrates that
the model is able to explain the empirical associations between the volatility of firm performance,
CEO turnover rate, and CEO compensation skewness. Therefore, I find consistent empirical evi-
dence that a noisier firm performance measure decreases the effectiveness of the executive labor
market in dissolving low-quality matches. Parameter estimates in Table 10 further confirm that
firm productivity is less informative in the post-2006 period as the signal-to-noise ratio “HT_Z”L is
9% lower. These estimates also suggest that during post-2006 period, CEOs have a 22% lower
bargaining power and a 13% higher proportion of high-quality matches. The cost of replacing a
CEO also decreases by 19% after 2006, along with a 32% drop in the relative switching rate. As a

result, the overall effect on the efficiency of the executive labor market is mixed.

5.2.  Robustness Analyses

Tests of robustness are discussed in this section. I first examine whether the results are sensitive
to different components of CEO compensation. The first three rows of Table 11 indicate that the
model fits alternative compensation measures equally well. Also, parameter estimators are insen-
sitive to changes in compensation measures except for the search cost k and the relative contact
rate Y. Interestingly, I find a surge in a firm’s search cost by excluding incentive compensation.
Additionally, other incentive compensation, such as retirement plan, deferred compensation, and

golden parachutes, significantly lowers a CEO’s willingness to change jobs by 70%.
[Insert Table 11]

Second, I split the main sample into four education subsamples based on the highest degree a
CEO receives - High School Diploma/No School, Bachelor Degree, Master Degree, and Doctorate

Degree. This analysis supplements the benchmark results by varying a CEQO’s innate ability.!” The

7In the model, the innate ability of CEOs is defined as the ex-ante observable productivity of CEOs that is transferable
and orthogonal to matching productivities. There is no direct measure of this variable. Following Spence’s (1973)
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results in Table 11 suggest that the model provides decent fit to each subsample using the over-
identification test J—statistics. I also characterize the executive labor markets defined by CEO
education levels from parameter estimates. For example, I find that CEOs with doctorate degrees
have the highest bargaining power of 3%. Yet, those with master degrees most frequently perform
on-the-job searches for CEO positions in other firms. Interestingly, the proportion of high-quality
matches is negatively correlated with the education level defined for each subsample. This result
indicates that caution should be used when using education to proxy for CEO-firm match quality.
In addition, I create MBA and JD subsamples to test whether the model holds for professional
managers. The results in the last two rows of Table 11 imply that the model provides a decent
description for these two subsamples. Parameter estimates also attribute low search cost and high
contact rate to frequent separation and switching observed in the MBA subsample. The results
reveal that the average bargaining power of CEOs with MBA degrees is 20% higher than the main

sample.

6. Conclusion

In this paper, I examine the excess skewness of CEO compensation after controlling for firm and
CEO characteristics. I emphasize the learning mechanism and the consequent belief-contingent
selection in shaping CEO compensation. Quantitative analyses of the model generate five dis-
tinct results. First, learning and selection generate a right-skewed distribution of CEO compen-
sation, which is robust to a CEO’s capacity to move between companies. Second, the learning
mechanism is non-trivial as it provides an explanatory power of 25% - 62% of the skewness in
CEO compensation generated from Gabaix and Landier’s (2008) competitive assignment model.
It also improves the welfare of the executive labor market by 16% - 35%. Third, learning pro-
vides explanatory power for the empirical observation of a hump-shaped hazard rate curve of CEO

turnover conditional on CEO tenure. Importantly, I can quantify the inference of learning speed on

signaling theory, I assume that the education level be the dominating factor, or at least the primary signal a firm choose
to evaluate the CEO. As a result, variations in CEOs’ highest degrees help to identify the impact of innate ability.
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the CEO turnover decision through the length of the "discovery phase." Fourth, unconditional on
CEO tenure, the likelihood of the CEO remaining with her matched firm is increasing and concave
in CEO compensation. Fifth, I provide a clean quantification of the impact of noise in the firm
performance measure on the CEO turnover rate and the turnover-performance sensitivity. With
different compensation determinants, I take a similar stand on the matching process between CEOs
and firms in the executive labor market as in Pan (2010) and Nickerson (2014) but instead employ
the learning mechanism in Taylor (2013). In like manner, I rationalize the relation between CEO
turnover and tenure in Jenter and Lewellen (2014) and quantify the influence of signal quality on
turnover-performance sensitivity in Bushman et al. (2010). Most importantly, I address the concern
in Jenter and Kanaan (2015) by interpreting turnover as "an extreme case of pay-for-performance,"
providing quantitative guidance as urged by Gao et al. (2014).

My study is particularly important with the SEC implementing the pay ratio provision of the
“Dodd-Frank” Act. First, I directly address Bebchuk and Fried’s (2004) critique by showing that
economic models can reconcile CEO compensation arrangement to firm productivity even after
controlling for observable firm and CEO characteristics. Second, I assess the efficiency of the labor
market for executives, characterize its unique features, and demonstrate its sensitivity to the ability
of executives to move between companies. To this end, I quantify the extent to which corporate
governance matters.

One question remains unanswered in this paper. Without information asymmetry, I cannot
address the learning implications on a CEO’s risk-taking behaviors, nor on the compensation design
in a principal-agent framework. Therefore, future studies of CEO compensation contract design
with frictional searching and matching in the executive labor market will advance the understanding

of corporate governance.
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Figure 1. Comparative Analysis: Signal-to-Noise Ratio

Figure 1 depicts changes in a) the percentage of “good” matches, b) endogenous turnover rate, and c) the
degree of skewness of CEO compensation in response to changes in the signal-to-noise ratio X2 - B Al
plots are based on a CEO-firm panel simulated from parameter estimates in Table 9.
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Figure 2. The Hazard Rate Curve of CEO Turnover Conditional on CEO Tenure

In Figure 2, I plot the hazard rate curves of CEO turnover conditional on seven CEO tenure intervals (in
years): 1-2, 3-4, 5-6, 7-8, 9-11, 12-16, >=17 defined by Jenter and Lewellen (2014). Panel A shows the
actual versus the simulated hazard rate curves of CEO turnover. The black solid line represents the endoge-
nous turnover rates calculated from the actual data; the red dotted line depicts the endogenous turnover rates
of a simulated CEO-firm panel from parameter estimates in Table 5. Panel B shows the hazard rate curves
from the counterfactual analysis in Section 4.4. The red line represents endogenous turnover rates from the
simulated data at the benchmark estimation in Table 5. The blue and green lines represent the conditional
hazard rate curves with 50% and 100% increases in the idiosyncratic productivity shock o;. Panel C shows
the hazard rate curves from the actual data in two subsamples. The black line depicts turnover rates of ex-
ternal CEOs and the red line shows turnover rates of CEOs who are internally promoted. The criteria to
distinguish external CEOs from internal ones are defined in Section 3.1.
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Panel B: Counterfactual Analysis: Increasing o,

-+ Benchmark
0.05'5 -+- Increase o, by 50%
] = Increase g, by 100%
5 ]
E 0.04_:
GL) -
> -
- ]
£ o0sd
= : - B
0 // ~~°\\\
3 ] ) -
c ] ) -
[0} 0.024 )
()] . /
o . /
S S0 o
| . L
i, ] L7 i n
0.014 e R |
I gt
E n-.. ........
0 -
1-2 3-4 5-6 7-8 9-11 12-16 —

CEO Tenure (years)

Panel C: Actual Hazard Rate Curve: External v.s. Internal

0.07 -o- External Sample
-+- Internal Sample

2 0.06 -
[
o
g
3 0.05 -
£
=]
|_
4] 0044
°c | - T
: §§§§§
S
S 0.03 -
C
LIJ ——————

0.024

\\‘
0.01
1-2 3-4 5-6 7-8 9-11 12-16 >=17

CEO Tenure (years)

34




oljey SSaUMaNS oljey SSaUMANS

ot 60 80 L0 90 g0 v'0 €0 50 0 €0 20 10
1 1 1 1 1 1 o 1 1 1 1 o
= L
o 2 o R
5 I 5
B e
@ (]
- - o = o
B e 3 | Fe 3
6201°0 = A9p 'PIS lkiE by 1250°0 = ASp 'PIS Hr by
1619°0 = UBB\ . G620 = ueay -
g S

yoIess qol-u1-uo YIM :S03D yoJeas qol-ou1-uo INOYIM :SO3D

qd [oued V [oued

‘suoneuIIs O00‘S siuasaidar weiSolsiy oy ‘dued yoes Uy g 9[qeL
ur yoIeas qol-ay)-uo [iim [opour ay) Jo suonewnss ojewered woiy spduwres way-Qg) pole[nuwiIs ay) uo paseq sQFD pred 1saysSty o1 9y 10§ uonesuaduiod
payernuurs oy st s/10 ~nung—duo) a1aym ‘(7o ~dwio))ssaumays /(s 10~ nuns —duio))ssaumays se pouyop ST ONel SSOUMMS Y} ‘g [oued U] "G 9[qe], ur
[opowW YIeWOuaq Y} JO suonewnss Jjoweled woiy ojdwes wiy-Qg) pare[nwils oy uo paseq sOgD) pred 1seySiy o0 1 2yp 10§ uonesuadwiod paje[nwurs ay}
ST g —dwio) A1ym (70 ~dwio))ssaumays [ (nuiis —duio))Ssaumaxys se paulap I ONeI SSOUMIYS ) ‘Y [oued U] "SWRIS0ISIY 10q 0] JOJRUIIOUP ) SB
(7D~ dwo))ssaumays dInseaw uonesuaduIod Iy} JO SSOUMS ) 9Je[NO[Ed USY) | "WLIY Q0UdISJAI oy} ST {J0Gg = *u pue d[dures AuI Ul paAIasqo JZIs [enjoe

oy st (u)§ A1oym “m\ 1 (u) wm?:v S(*u)g@ = (u)m se saA1991 OFD YI — u Yy uonesuadwod Ay sauyap g uonisodold IayJ, -z uonisodoid (800¢) S.JoIpue]
pue xreqen) Suimorioy 7o -dwo) sQgD pred 1soySny 0oQ°‘1 oy Joy uonesuedwoo derouad ‘ordwes Aw yim #3 + (Y1g)ur x Aw —A) + (F49)ur ¥ m +p
= (T*+#am)u1 uorssa13ar (8007) JOIPULT PuUE XTeqesr) ) uf M — A Kyonsele az1s-Aed oy) ojewnsa [ ‘osed yoea uy sQFD pred 1s9ySy 00T 2u? 10§ (8007)

—

IoIpue | pue XIeqen) Ul 9ZIS WY [eNiOe WOIj PIALIP uonesuadwod QgD 9yl 03 uonesuadwiod OFD) Pole[nWIs oy} JO Soner ssaumays oy} spordop ¢ amnsSig

(8007) 1a1pue ] pue xreqen) o} Surredwo)) :SISA[RUY [eNIoRJISIUNOD) ¢ IS

35



Figure 4. Subsample Analysis

In Figure 4, I plot the actual versus the simulated moments by applying the model with on-the-job search
to four subsamples, including 1) external CEOs, 2) internal CEOs, 3) pre-2006 and 4) post-2006. Moments
include: a) mean of firm profitability, b) standard deviation of firm profitability, c) mean of CEO compensa-
tion, d) skewness of CEO compensation, e) endogenous turnover rate, and f) on-the-job search rate. All the
actual moments are calculated from a sample of 19,600 CEO-year observations, ranging from the fiscal year
of 1994 to 2013.
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Table 1: Variable Definitions

In Table 1, I define all variables used in this paper.

Variable

Definition

Financial Characteristics

Profitability

Leverage

Tangibility

Total Assets
MarketCap

Industry Dummy Variable

Fiscal Year Dummy
Variable

Operating Income Before Depreciation (OIBDP) / lagged Assets -
Total (AT)

(Debt in Current Liabilities - Total (DLC) + Long-Term Debt - Total
(DLTT)) / Assets - Total (AT)

Property, Plant and Equipment - Total: Net (PPENT) / Assets - Total
(AT)

Assets - Total (AT)

Price Close - fiscal (PRCC_F) x Common Shares Outstanding
(CSHO)

Dummy variable defined at the first two-digit of Standard Industrial
Classification code (SIC)

Dummy variable defined for each distinct fiscal year (Fyear)

Executive Compensation

Salary + Bonus
Salary + Bonus + Stock +
Option

Salary + Bonus + Stock +
Option + Other Incentive

pay

Total Compensation

(Salary (SALARY) + Bonus (BONUS)) / lagged Assets - Total (AT)
Before 2006: (Salary (SALARY) + Bonus (BONUS) + Stock
(RSTKGRNT) + Option (Option_awards_BLK_value) )/ lagged
Assets - Total (AT)

After 2006: (Salary (SALARY) + Bonus (BONUS) + Stock
(stock_award_fv) + Option (option_award_fv) )/ lagged Assets - Total
(AT)

Before 2006: (Salary (SALARY) + Bonus (BONUS) + Stock
(RSTKGRNT) + Option (Option_awards_BLK_value) + Other
Incentive pay (LTIP) )/ lagged Assets - Total (AT)

After 2006: (Salary (SALARY) + Bonus (BONUS) + Stock
(stock_award_fv) + Option (option_award_fv) + Other Incentive pay
(NONEQ_INCENT) )/ lagged Assets - Total (AT)

Total Compensation (TDC1)/ lagged Assets - Total (AT)
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Variable

Definition

Executive Characteristics

Gender Dummy Variable = 1 if a CEO’s gender (GENDER) = “FEMALE”

Tenure Date Left as CEO (LEFTOFC) - Date Became CEO (BECAMECEO),
rounded to its closest integer

Education Indicating the highest degree the CEO receives: = 0 if unobservable,
=1 if no school, = 2 if with high school diploma, = 3 if with Bachelors
Degrees, = 4 if with Master Degrees or other professional degrees (JD
and MD included), = 5 if graduates with a Doctoral degree

MBA Dummy variable = 1 if the CEO receives a MBA degree

JD Dummy variable = 1 if the CEO receives a JD degree

Turnover

EXO_Turnover

END_Turnover

oT1JS

Dummy variable = 1 if the CEO is exogenously turned over in the
given fiscal year (details refers to Appendix C)

Dummy variable = 1 if the CEO is endogenously turned over in the
given fiscal year (details refers to Appendix C)

Dummy variable = 1 if the CEO accepts an equivalent offer from other

firms in the given fiscal year (details refers to Appendix C)

Insider/Outsider Status

External

Internal

Founder

Dummy variable = 1 if the CEO is an outsider of the firm at the time
being selected as the CEO or CEO successor

Dummy variable = 1 if the CEO is an insider of the firm at the time
being selected as the CEO or CEO successor

Dummy variable = 1 if the CEO is the founder or co-founder of the

firm

Governance Characteristics

Interlock

G-index

E-index

Dummy variable = 1 if the CEO is listed in the Compensation
Committee Interlocks section of the proxy

Governance index constructed by Gompers et al. (2003), ranging from
0 to 24 to indicate the quality of corporate governance

Governance index constructed by Bebchuk and Fried (2004), ranging

from O to 6 to indicate the quality of corporate governance

Macroeconomic Variables

Risk-free rate

Average 3-month T-bill rate over sample period
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Table 4: First-stage regression of Main Variables

Panel A of Table 4 reports the regression results of firm profitability (column (1)) and CEO total compensa-
tion (column (2)). T —statistics clustered at two-digit SIC code level are reported in the parentheses. Panel
B reports summary statistics of the main variables Profit_Residual and Comp_Residual used to estimate
the model. Profit_Residual equals the regression residual of column (1) plus the population mean of firm
profitability; Comp_Residual sums regression residuals of column (2) with the population mean of CEO
total compensation. All regressions are based on a main sample containing 19,600 observations ranging
from the fiscal year of 1994 to 2013.

Panel A: Regression

Dependent Variable Firm Profitability CEO Total Compensation
(OIBDP, /AT, 1) (TDC1, /AT;_y)
(D (2)
Leverage;; ¢ —0.0153* —0.0004
(-1.68) (-0.93)
Tangibility; 0.0793*** —0.0024***
(25.52) (-20.67)
MarketCap;; 1 4.1103E — 07 —2.77E — 08"**
(13.16) (-18.57)
Genderj 0.0060 0.0007**
(1.46) 4.29)
Interlock;; 0.0036 —0.0002**
(1.05) (-2.21)
External;, 0.0192*** 0.0005***
(5.94) (4.52)
Internalj 0.0288*** —0.0006***
(9.35) (-5.28)
Founder; 0.0518*** 0.0012***
(13.72) 9.37)
" Fiscal Yeart FE x T x
Industry Clustering X X
Education Dummy X X
Adjusted R? 0.6578 0.4884
*, %% and x % indicate statistical significance at the 10%, 5%, and 1% levels.
Panel B: Summary Statistics
Min  25% 50% 75% Max Mean S.D  Skewness
Profit_Residual -0.19 0.08 0.14 020 099 0.14 0.10 0.50
Comp_Residual ( x 100) -0.27 0.09 021 037 434 029 032 1.75
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Table 6: CEO Tenure Continuation

Table 6 reports coefficient estimates from a linear probability model (LPM): 1 — End Turnovery = o +
BiCompjs + ﬁgCOmpl% + Controls + €;. The results in columns (1) - (4) are coefficient estimates using the
actual data, consisting of 19,600 CEO-year observations ranging from the fiscal year of 1994 to 2013. In the
regression of each column, Comp is the total compensation TDC1;, /AT;,—; of the i-th CEO in period 7 from
the actual data. Control variables include different firm and CEO characteristics. T —statistics clustered at
fiscal year and industry level (defined as the first two-digit of the SIC code) are in parentheses. The results in
column (5) are coefficient estimates of the LPM model using the simulated data generated from parameter
estimation in Table 5, with bootstrapped 7—statistics in the parentheses.

Actual Data Simulated
Data
)] (2) 3) G 3
Comp 3.0519** 3.1355** 3.4457* 3.4180"* 6.8962***
(2.35) (2.41) (2.63) (2.61) (23.39)
Comp? —199.8926™*  —201.5638**  —215.4190**  —211.4544**  —562.5264***
(-2.08) (-2.09) (-2.23) (-2.19) (-15.32)
lag(Leverage) —0.0001 —0.0001 —0.0001
(-0.20) (-0.20) (-0.15)
lag(Tangibility) 0.0123 0.0121 0.0111
(1.35) (1.33) 1.21)
Internal 0.0187** 0.0183**
(2.19) (2.17)
External 0.0092 0.0088
(1.05) (1.01)
Founder 0.0202** 0.0193**
(2.17) (2.08)
Gender —0.0300**
(-2.56)
Interlock 0.0068
(1.30)

" Education Yy Yy Yy Y N
FiscalYear FE Y Y Y Y N
Industry FE Y Y Y Y N
R? 0.9740 0.9740 0.9748 0.9756 \
#obs 19,600 19,600 19,600 19,600 100,000

*, %% and x x x indicate statistical significance at the 10%, 5%, and 1% levels.
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Appendix A. Mathematical Appendix

A.l. A Full Model with On-the-Job Search

To extend the benchmark model to a full model with CEOs performing on-the-job searches, I
assume that an incumbent CEO contacts open vacancies at a rate of YA, where y € (0,1) is the
relative contact rate and A is the job-finding rate defined by the equilibrium matching technology.
Then, I assume that a “poaching auction” in Moscarini (2005) takes place. Precisely, the contacted
firm first makes an offer, followed by sequential bids between the contacted firm and the current
matched firm within that period. The auction settles when one firm declines to submit a new bid
over the CEO. In the end, the CEO receives an offer from the highest bid in the form of a lump-sum
transfer. If the CEO accepts the offer from the contacted firm, the belief of the match quality of
the CEO with the newly matched firm resets to its prior value pg. Then, the value functions of
an unmatched individual U and of an idle firm V still equal to equation (4) and (6). The value
functions of a matched CEO and a matched firm become:

. 1_5 / / /
w«nx»—wuaw+-L+rﬁggﬁu{cuwz££§5u{Eﬂm«pmxnﬂamvuuxn}

+(1 —WL)EX/[W(p’,x’)]} + U (A.D)

1+r

and

1-6 ;L
T dFIQ?O),(l} {V7 YA [V X Iygero_py +Eo [(J(p',x)] x Iy gcro_y

(1= WA)E (P X))} +

J(p,x) =r(p,x)+

V. A2
14+r (A2)

where [ (dSEO=1} equals to 1 if the matched CEO accepts the outside offer. The Nash bargaining
solves CEO compensation as:

w(p,x) = (1 =" )b+ 6" [puy + (1= p)ur] + 6" x0 x (1=l opy), (A3
firm profitability excluding the retaining part (L, as:
rexclude(p7x) = (1 _bNB)[p.uH + (1 _p).uL _b] —b"P k6 x (1 - l//I[{p’<po})7 (A4)

and firm profitability equals:

r(p.x) = (1 —b"B)[ppy + (1 — p)pr — b] + p: — BP0 x (1 — Yl o) (A.5)

In Sections A.2 and A.3, I prove propositions with respect to the full model with on-the-job
search. The benchmark proof is equivalent by setting y = 0.
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A.2.  Proof of Proposition 1

Proof. To prove Propositionl, I first re-write the value function of the CEO in equation (A.1) into
threshold decisions:

1-6
W(p,x):w(p, )+1+{U><]I{dCEO 1}+ |:l[/k{ [ (p(), )]X]I{dZCEOZI}
/ / 5
FEAW ()] < gro_op | + (1= VOB (]| X Tygeo_gy |+ 150 (a0

Coupled with the “free-entry” condition V = 0, the value function of the matched firm in equa-
tion (A.2) is:

) =r(pa) o { VB ] X Tgro 4 (1= VB )] <oy (AT

Then, I plug equation (A.6) and equation (A.7) into equation (8). Notice that the Nash bargain-
ing takes place before firm productivity x is realized. Thus, I substitute x with E(x|.%,_;) in the
following equation:

NB{puH + (1= p)ur —w(p,x)+

1

lf{MEHpMX%mm+Uvm upm@mwﬁ}

1-0
:(l_bNB){w(p,x)-l- 1+r {UX]I{dCEo 1}—|-|:1[/7L{ [ (po, )]Xﬂ{dgEozl}

0

+Ex’ [W(p/,x/)] X ]I{dgEO:()}} + (1 — l[/k)Ex/ [W(p',x/)]} X ]I{dl(,‘EO_O}} + 17_”

U } (A.8)
Next, I'show [i4r_q) = I jero_g, from equation (8). Denote ECEO(p' x') = q//”L{ (W (po,x)] x
Lggro_ sy +Ee W (o )] x Tygero_gy b+ (1~ WA W ()] and B (p.2) = yAE, [ (/.2)] %

[ gero_gy + (1= yA)Ev[J(p',x')], then [gero_oy = Liy<meeo(y vy and Tygr oy = Ligr(p xy>03-
Substitute the linear rent-sharing rule:

bN B

Ev[W(p',x)]-U = WE"/ (P, )] (A9)
and
bNB
Ex/[W(po,x')] U = mﬂﬂy[](pg,x’)] (AIO)
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into equation (A.8), and it becomes:
w(p) = (1=0")p-+0"{ (o + (1 = )

_‘_7
1+r
=(1="")b+ " (pup+ (1—p)ur)

0K 5 (1= Wlig, w10 <E, W (po.)])) (A.1D)

A
Ey [J(po,xl)] X (1 — WH{dZCEO_l})}

and firm profitability yields:

r(p,x) = (1=6"%) [ + (1 = p) e — b +
=" K0 X (1= Yl ()< W (o)) (A.12)
Given the functional forms of CEO compensation and firm profitability, I further show that
both value functions in equations (A.6) and (A.7) are strictly increasing in the posterior belief p.

First, for the matched CEO:

oW (p,x) _dw(p,x) 1-6_ IW(p'x')dp'
— —+ Ex/ [ _
ap ap l+r dp’ dp

]

1-6 op'
= bNB(NH — L)+ mEx’ [bNB(HH - IJL)TI;]. (A.13)

Equation (2) suggests:

9p" _ o(xlun) - [p9 (xlum) + (1 — p) ¢ (xlue)] — [ (x| ) — ¢ (xlpte)] - po (x| i)
dp (P9 (x|pe) + (1= p)o(x|ur)]?
_ ¢ (x|t ) @ (x| pr)
oGl + (=)o Gl ~ (A-19)

Substituting equation (A.14) into equation (A.13), and combining with the the assumption that
Wgr > U, it yields:

IW (p,x)
dp
Thus, the value function of the matched CEO is strictly increasing in the posterior belief p. Simi-
larly, by the linear rent-sharing rule in Equation (8), it must follow that:

> 0. (A.15)

aJ(p,x)
ap

>0 (A.16)

Last, I use equation (A.15) to simplify the decision rule of on-the-job searches. Since the value
function of the matched CEO is strictly increasing in the posterior belief p, then E.[W (p',x)] <
E, [W(po,x/)] if and only if p/ < po. As aresult, ]I{dgEO:I} = H{Ex’ W (p' X <Eu W (poxX)]} = ]I{p,<p0},
indicating that the CEO will leave her current match if and only if p’ < pg. At the same time,
equation (A.11) and equation (A.12) could be simplified to:

w(p,x) = (1=b"P)b+ " [puy + (1 — p)ur] + 5" 56 x (1= Yl ) (A.17)
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and

r(p,x) = (1= b6"%)[pun + (1 — p)ur — b] + p, — 6" k0 x (1 =yl py). (A.18)

A.3.  Proof of Proposition 2

Proof. In this appendix, I prove the existence, the uniqueness, and the stationarity of the equilib-
rium.

First, I prove that the general equilibrium in Proposition 2 uniquely exists.

I denote the domain of firm productivity x as €. In equilibrium, the “free-entry”’ condition of
Equation (14) is:

1 n_
J(po,x) x h( KA =1 A.19
Z Po,x) X h(po,x) = { g (A.19)
defining a continuous and strictly increasing relation between J*(pg) and the job-finding rate A
over the domain Q. It follows that & (p o) > 0 and J* (po) > 0 for a given A. The second relation
between the equilibrium entry value J*( po) and A comes from the value function of the matched
firm J(p,x). Setting p = po and converting to a function of the job-finding rate A, it follows that:

1
J(po,x) = (1= b"%) [poss + (1 = po) = b] + pt — b P kA =
1-96
?EF(P &) X Lr ()=o)
where Ef (p/,x') = yAE[J(p',x)] x Lgceo_gy + (1 — WA )Ey[J (p/,x')]. Using the chain rule, for
each given productivity realization x, it follows that:

dJ(po,x), _ bNB L

— <
L [ 1—n <0

As a result, summing over the whole domain of x, the equilibrium entry value J*(py) is a de-
creasing function of the job-finding rate A. Moreover, as long as the CEO has a positive bargaining
power b8 > 0, J*(po) is a strictly decreasing function of A. Similarly, I can also show that the
decreasing relation is bounded below from 0. Taking these two functions together, the continuity
and bounded conditions insure that the intersection exists. In addition, from monotonicity, it is
unique. As a result, there exits a A* such that the equilibrium in Proposition 2 uniquely exists.

Second, I prove that the general equilibrium in Proposition 2 is stationary

I denote the stationary distribution mass at x = x; and p = p; as hy;. Also I denote the transition
matrix of firm productivity as 7(a(s),i) = Pr(x’ = iJx = a(s)), and the optimal policy by solving
the value function of the matched firm as Policy*.

Then the invariant distribution 4* solves the following two equations:
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If p; # po, then:
h*—h*—i-Zﬂ Xh*() ))—6}1;
—(1- {h,.., X Ly <pry = WARG X Lprcp <o) 1 (A.20)

where Policy*(x,(s); Pb(s)) = Pj-
If p; = po, then:

P*<Pp(s)<Po (s) SP

where Policy*(x,(s), Pb(s)) = Pj-
After solving the invariant distribution /2*, the transition between state pair (x;, p;) and (x,(5), Pp(s))
also includes two cases:

If p; # po, then:

Pr ((xiapj)’(xa(s)apb(s)» - ﬂ(a<s)7 l) X h*(a(s)ab(s)) X H{Policy*(xa(s),pb(x)):pj}~ (A.22)

If pj = po, then:

Pr ((xi, )| (Xa(s)> Pi(s))) = 7(als), i) x B (a(s),b(5)) X Lipoticy (x5 pme) =y}
+yd Y w(a(s) DRy pey A Y, T(als), Dl b))

P*<Pp(s)<Po0 Pb(s) <P*
(A.23)

To show that the distribution #* at equilibrium is stationary, I need to show that the transition
between any two states is both irreducible and positive recurrent. To prove that the transition
between state pairs is irreducible, it is equivalent to show that V(i, j), (a(s),b(s) € Q, Pr(x,m =
Xiy Pntm = PjlXn = Xa(s), Pn = Pp(s)) > 0, where Q is the state-pair space. First, 7(a(s),i) > 0 given
that the idiosyncratic part of firm productivity is i.i.d. Second, h*(a(s),b(s)) > 0 by equations
(A.20) and (A.21). Third, the Bayes’ rule in equation (2) suggests that L pyjjcy« (v, ()Ph(s)) =P} could
adjust both upwards and downwards. As long as the idiosyncratic shock is extremely volatile,
namely o;, is large, then Pr(Policy* (xa(s), pb(s)) = p;) > 0 even j and b(s) are sufficiently far away.
Lastly, the exogenous turnover shock dissolves matches in each state pair at a rate of § > 0. Hence,
there is no absorbing state in the equilibrium. Overall, based on the four equations above and the
four arguments, the transition between state pairs is irreducible. Moreover, given that the state
space is finite in the model, a finite irreducible Markov chain is automatically positive recurrent.

O]
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Appendix B. Estimation

Appendix B presents the algorithm used to solve the model, along with the estimation proce-
dure.

B.1. Model Solution

Given the heterogeneity of CEO-firm matches in my model, I need four components to solve the
general equilibrium: the value function of the matched firm J(p, x), the separation policy d* (p, x)
and the switching policy d$¥9(p,x), the invariant distribution h(p,x), and the equilibrium “free-
entry condition” Ey [J(po,x’)].

The first step is to simplify the double-sided matching problem. The Nash bargaining in equa-
tion (8) implies that separation thresholds of the CEO and the firm coincide in the equilibrium. As
a result, by solving the value function of the matched firm J(p,x), I equivalently solve the value
function of the CEO as W (p,x) —U = %J(p,x).

Second, the difficulty in finding a numerical solution lies in the aggregate market condition.
Consequently, I iterate over the aggregate market condition in spirit of Aiyagari (1994) in the
following steps:

1. Step 0: Discretize the state space

I let the posterior belief p evenly spaced with 40 points in an interval of (0,1). To dis-
cretize firm profitability, I first transform a firm’s productivity shock into 20 discrete states in
[—30;,+30;] using the discretization method of Tauchen (1986). Then, I let the first 20 grid
points of firm productivity representing “low” quality matches x = y; + z, while the last 20
ones represent “high” quality matches x = uy +z. Although agents in the model cannot ob-
serve the distinction, the “true” transition matrix of firm productivities repeats the transition
matrix of z in the upper-left and lower-right corner.

2. Step 1: Start with an initial guess of the aggregate market condition
I start with an initial guess of the expected entry value of firm E, [J(po,x)]?), calculate the
job-finding rate A () and the initial market “tightness” 8(©) from equation (14).

3. Step 2: Given the initial market condition, I solve the value function of the firm
Coupled with the initial guess of Ey[J(po,x)]?), I solve the value function of firm J(p,x) in
equation (A.2) via value function iteration. At convergence, it produces the value function

JO) (p,x), its optimal separation policy d*(*)(p,x), and switching policy d2C E0(0) (p,x).

4. Step 3: Given optimal policies in Step 2, I solve the invariant distribution
After obtaining the optimal turnover policy d*(%)(p,x) and switching policy d2C E0(0) (p,x)
from Step 2, along with the law of motion of belief update p’(p,x), I iterate over the in-
variant distribution A(p,x). At convergence, it produces the stationary invariant distribution
1) (p, x) given the initial guess of the market condition.

5. Step 4: Update the aggregate market condition
In this step, I use firm’s value function J()(p,x) and the invariant distribution 4(?) (p, x) to
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update the expected entry value of the firm B, [J(pg,x)](V) = Z?Zglrid J(p0,x) 0 x h) (po, x;).

Then I update the job-finding rate A(Dand the market tightness 8(!) from equation (14).

6. Step 5: Repeat until convergence
I repeat Step 2 - Step 4 utill the expected entry value converges E. [J(po,x)] "D = E [J(po,x)] ™.
Then J(p,x) "1 solves the firm’s optimal problem, along with & (" (p, x) and dS B0t ).
At the same time, 2("*1)(p, x) characterizes the equilibrium distribution over the state space.

B.2. Estimation

To describe the estimation procedure, I denote x; be an i.i.d. data vector, and yy(b) as an
ii.d. simulated vector, where i takes value from 1 to N7 (N is the cross-sectional length and T
is the time-series length of the simulated sample), and k takes value from 1 to K (the number of
times the model is simulated). In my simulation, I roughly follow Michaelides and Ng’s (2000)
“ten times rule” and generate 10,000 matched and unmatched firms with respect to the equilibrium
market tightness and the stationary invariant distribution. Specifically, I multiply the invariant
distribution matrix #*(p,x) x 10,000 x A*, and then round each number to its closest integer, to
represent matched firms. At the same time, the number of idle firms equals to 10,000 x (1 —A%). I
simulate the panel for the T period, equaling to the maximum tenure length of each sample under
estimation. Then I drop the first T — 20 period to replicate the 20-year sample length and to avoid
the impact from initial conditions. Last, I maintain the free-entry condition in each simulated
period 7. Specifically, I let the equilibrium “tightness” 6* to hold. In another word, I allow firm
entry and exit for the entire estimation spell.

In order to identify the set of parameters b = [uy, Uz, U, po, K, o.,bVB, y| , I match a set of
simulated moments % (y; (b)) with data moments h(x;) defined in Section 3. The identification of
the parameter vector is from minimizing the quadratic distance between the data moments and the
simulated moments, which is defined as:

1 NT 1 K
gnt(b) = NT i:l[h(xi) - Ek; h(yi(b))] (B.1)
and X
b= arg mbingNT (b)/WgNT (b) (B.2)

in which W is the inverse of sample covariance matrix of moments. I use Erickson and Whited’s
(2000) influence function approach to get W. There are two types of variables in the estimation.
I use variables after regression (15) to estimate the model. In contrast, I use variables before
regressions to calculate influence functions of mean moments, those after regressions to calculate
the influence functions of other moments except for the AR(1) moments. Lastly, [ use an analogous
regression in Han and Phillips (2010) to calculate influence functions of AR(1) moments.

To calculate the standard error of the estimated parameter vector b, I use the following asym-
pototic distribution properties:

V(b —b) =4 N(0,avar(h)), (B.3)
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where the sample approximation of the variance is:

l)[agn(b) 7 agn(b)]fl
K’ db ob’' ’

avar(b) = (1+ (B.4)
where the optimal weighting matrix W is the same one in equation(B.2). I cluster all standard error
at the two-digit SIC code as in Nikolov and Whited (2014).

Additionally, to calculate the standard error of the simulated moments, the covariance matrix
of the two-step estimator is:

8gn(b) agn(b)

& —1 -1
new — ( ab Q ab/ ) Y (B'S)
where: NT . NT o
A L B dgn(b) B dgn(b) !
Q= l_:][gnw) 50 (b)]l_;[gn(m 5 9"0) (B.6)

and ¢”(b) is the influence function for b.

Appendix C. Data

Turnover Classification

This paper features a unique turnover sample based on case-by-case analyses. In the first step,
I categorize turnovers into exogenous and endogenous turnover by searching news and tracking
career paths around and after CEO departure. The exogenous turnover include the following cases,
with a finer classification labelled in parentheses:

1. The CEO position is on an interim basis (A1), co-CEO (A2), reappointment (A3), or due to
the mis-recording when co-CEO/interim CEQO is promoted to the sole-CEO position (A4).

2. The turnover is at the time one of the following events happens: company M&As (B1),
bankruptcies (B2), spinoffs (B3), buyouts (B4), selling companies (B5), re-organizations
(B6), privatizations (B7), liquidations (B8), regulatory bans (B9), or takeovers by the parent
firm or government (B10).

3. The CEO reaches her mandatory retirement age and the firm explicitly quotes this reason
in the public annoucement (C1), leaves the firm inherent to a pre-annoucend transition plan
at least 6-month ahead (C2), is more than 70 years old (C3), or does not take an equivalent
position utill to the end of the sample period after her departure (C4).

4. The CEO quits due to identified personal hobbies and interests unrelated to business (D1),
political appointment (D2), quits to academic positions (D3), or other activities with tractable
records (D4).

5. The CEO quits due to identified health reason (E1), death (E2), explicitly-cited family rea-
sons (E3), or other reasons related to personal and family well-beings (E4).
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6. The turnover case is an internal transfer (T).

7. The CEO is a turnaround specialist (TA).

In any of the above case, I let the exogenous turnover indicator EX O_Turnover = 1. After deleting
ambiguous cases, the rest are endogenous turnovers END_Turnover = 1. In the next step, I track
the career path of each CEO after her departure to select a subsample of CEOs performing on-the-
job search (OTJS = 1) from endogenous turnovers if the CEO is able to launch onto an equivalent
position within one year of departure. I also tag on-the-job searches for a future robustness check:

1. The departing CEO finds an equivalent position in another publicly-traded firm listed on
major exchanges within one year of her departure (F1).

2. The departing CEO launched onto an equivalent position (i.e. CEO, President, Principal,
major Partner, etc.) in a private-equity owned firm (G1).

3. The CEO founds her own firm:

(a) Consulting firm (H1).

(b) Not consulting, but similar to a post-retirement position (H2).

(c) In the same industry as the firm where she had been employed as CEO (H3).
(d) Private equity (H4).

In the last step, I categorize all the rest of endogenous turnovers (END_Turnover = 1) into the
following classes. They are:

1. The departing CEO finds another equivalent job or founds her own firm after one year of her
departure (J1).

2. The company goes bankruptcy (J2), M&A or restruction (J3) after her departure.'®
3. The company is in financial difficulties at the time CEO leaves the firm (J4).
4. The departing CEO is the CEO of another company at the time of turnover (J5).

5. The company or the CEO is under legal or financial investigation, inducing the turnover event
J6).

18The difference between the “B” category and here lies in the timing. If the CEO separation is simultaneously
annoucend, or happens exactly at the time the event happens, it belongs to the “B” category as exogenous turnover.
Otherwise, if the turnover and the event do not happen simultaneously, yet it may be the poor performance of the CEO
induces the consequent event, I classify the turnover event in the “J” category as endogenous turnover. A robustness
check will relax the assumption here.
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6. The firm explicitly cites bad performance as a reason of separation (J7).

7. There is a cited conflict between CEO and the board, or with the major shareholders, founders,
labor unions, etc. of the firm. Or the board is experiencing a proxy fight at the time the
turnover occurs (J8).

8. The turnover is to separate the CEO from the chairman role (J9).

Figure C1 depicts pie graphs of the composition of each classification.
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Figure C1. Turnover Classification

Figure C1 shows the turnover classifications. In Panel A, all exogenous turnover is decomposed
into 7 categories, and Panel B further provides the composition within each category. In Panel C all
endogenous turnover excluding on-the-job searches is further decompsed into 10 categories, and
Panel D shows the classification under on-the-job search. In each case, the symbol represents the
classification criteria defined in Appendix C.

Panel A: Composition of Exogenous Turnover

A TAT

Panel B: Composition of Exogenous Turnover - 2

60



Panel C: Composition of Endogenous Turnover (excluding on-the-job search)

J1Q9

J7

J2
J3

J6

Panel D: Composition of On-the-Job Search

H5 H4

F1
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