Reputation, Entrenchment, and

Dynamic Managerial Incentives |/

Noah Lyman

[Click here for most recent draft]

AsstracT: CEOs are rarely fired. This fact, often attributed to entrenchment, may ad-
versely impact managerial incentives; entrenched CEOs can advance their private inter-
ests at shareholders’ expense while facing little risk of disciplinary termination. In this
paper, I estimate a dynamic principal-agent model to assess the impact of entrenchment
on managerial incentives. Firms hire CEOs of unknown quality and subsequently de-
sign the optimal compensation contract. Firms gradually learn about CEO quality and
make replacement decisions based on their beliefs. CEOs are entrenched, so replace-
ment is costly. The threat of termination compresses CEO pay in equilibrium, though
this effect is weakened by entrenchment. Counterfactual experiments reveal a 10.3% re-
duction in average CEO compensation upon the elimination of entrenchment. Moreover,
entrenchment is more costly for shareholders than moral hazard; on average, firm value
increases by 6.3% when eliminating entrenchment compared to 1.3% when eliminating
moral hazard. Entrenchment slows the rate at which low-quality CEOs are terminated
and increases the cost of aligning incentives, exacerbating the severity of moral hazard.

Keyworps: Personnel Economics, Contracts, Executive Compensation, Turnover, Corpo-
rate Governance.
JEL Crassirication: M50, D86, D83, G30

IFirst version: August 7, 2023. This version: November 29, 2023. Department of Economics, Univer-
sity of North Carolina at Chapel Hill, Chapel Hill, NC, 27599 CB 3305. Contact: nmlyman@unc.edu. I
thank my dissertation advisors Andrés Hincapié, Barton Hamilton, and Fei Li for their guidance and sup-
port. I also thank Luca Flabbi and Qing Gong for their helpful comments. This work has also benefited
from presentations at the Fuqua School of Business, Olin Business School, Kenan-Flagler Business School,
the University of Mississippi, North Carolina State University, the College of Charleston, the University of
South Carolina, the 2022 and 2023 Southeastern Economics Association meetings, the 2023 WashU Eco-

nomics Graduate Student Conference, and the 2023 Summer Meeting of the Econometric Society.


https://www.noahlyman.com/uploads/1/4/1/8/141899784/draft.pdf
mailto:nmlyman@ad.unc.edu

1 Introduction

CEOs are rarely fired. In a given year, only 3% of CEOs are forcefully removed from their
positions. This fact is often attributed to managerial entrenchment, a term encompassing
a variety of inefficient mechanisms through which CEOs are protected from job lossE| As
discussed by Taylor|(2010), entrenchment leads boards to adopt inefficient firing policies
at the expense of shareholder value. Furthermore, such protection from replacement can
weaken the alignment of incentives between CEOs and shareholders, exacerbating moral
hazard and increasing the incentive-aligning level of pay. While it is well understood that
entrenchment increases the cost of CEO replacement, what impact this has on managerial
incentives is an open question.

In this paper, I estimate a dynamic principal-agent model to quantify the cost of en-
trenchment and moral hazard, analyzing in detail the interaction between the two fric-
tions. Boards hire CEOs of uncertain quality which is gradually learned as employment
progresses. CEOs are privately informed of their actions and have limited liability, giving
rise to moral hazard. Upon learning that their CEO is of sufficiently low quality, boards
can fire their CEO and draw a replacement from a fixed population of executives. Firing
a CEO subjects boards to both monetary and non-monetary costs, the latter reflecting
entrenchment. Both incentive pay and the threat of termination help motivate the CEO
to select efficient actions, though the incentive effects of termination are weakened by
entrenchment.

I find that entrenchment is significantly more harmful for shareholders than moral
hazard. Firm value increases by 6.32% on average upon the elimination of entrenchment
compared with a 1.34% increase when eliminating moral hazard. Entrenchment more
than doubles the cost of forced termination, pushing the firing rate far below its efficient
level. This substantially increases CEO employment lengths, particularly for the lowest-
quality CEOs. Furthermore, entrenchment weakens CEOs’ termination incentives, the
motivation to engage in efficient behavior else face risk of job loss, which increases the
level of compensation necessary to achieve incentive compatibility. The model predicts
a 10.3% reduction in average CEO compensation upon the elimination of entrenchment.
The weakening of incentives under entrenchment more than doubles the cost of moral
hazard. When CEOs are entrenched, moral hazard induces a 1.34% drop in firm value
below its first-best level. In the absence of CEO entrenchment, this drop falls to 0.62%

on average. This implies that measures taken to mitigate entrenchment, appointing in-

2Entrenchment may arise through a number of anti-takeover mechanisms (ex: poison pills, golden
parachutes, voting agreements) or through personal relationships between managers and board members.



dependent board members for example, would significantly reduce the severity of moral
hazard.

This paper makes several contributions to the literature. First, this paper makes a
methodological contribution to the growing literature on CEO employment dynamicsﬂl
leverage theoretical results from Demarzo and Sannikov|(2017) to embed the equilibrium
contract within the canonical model of CEO turnover first employed by Taylor| (2010),
allowing compensation and employment dynamics to be studied in tandem. Second, I
contribute to the literature on corporate governance by quantifying the impact of en-
trenchment on managerial compensation. The role of disciplinary termination in CEO
compensation contracts is often overlooked; I endogenize termination and provide em-
pirical evidence that the threat of termination has considerable effects on the provision
of managerial incentives. The level of entrenchment is often viewed as inversely related
to a firm’s quality of governance. Thus, the results of this paper may be interpreted as ev-
idence that the cost of moral hazard declines with governance quality. Finally, this paper
contributes to the broader literature in labor economics on job matching under uncer-
tainty about worker quality (Jovanovic, 1979; Miller, |1984; Moscarini, 2005). This litera-
ture typically views firms and workers as symmetrically informed about worker quality,
which is gradually learned over time. This framework provides a natural explanation
of the increasing wage-tenure relationship commonly observed empirically; conditional
on a job match surviving, posterior beliefs increase on average, driving wages up with
tenure. I present a second explanation for the wage-tenure relationship in environments
with asymmetric information between the firm and worker. Namely, as tenure increases,
termination incentives fade, placing upward pressure on the incentive-aligning level of
compensation.

With a panel of publicly traded North American firms spanning from 1995-2019, 1
estimate the model using the simulated method of moments. Firm-level information
is obtained from Compustat while CEO-level information is obtained from Execucomp.
Using data provided by Peters and Wagner|(2014) and Jenter and Kanaan|(2015), I classify
cases of CEO turnover as either forced (being fired) or voluntary (retiring). As mentioned
previously, the rate of forced CEO turnover is quite low; on average, only 3% of CEOs are

fired in a given year. Using a similar structural approach, Taylor|(2010) and |[Hamilton et

>The use of structural techniques is growing increasingly common in this literature. [Taylor| (2010) esti-
mates a dynamic model of CEO turnover to measure the impact of entrenchment on firm value. |[Lippi and
Schivardi|(2014) use a similar approach to study the impact of concentrated ownership on executive selec-
tion. More recently, [Ferraro| (2021) and |Hamilton et al.| (2023) have extended the model of [Taylor| (2010)
to respectively study female leadership and nepotism. Barry|(2023) estimates a similar model to study the
impact of shareholder voice on CEO pay.



al. (2023) find strong evidence that this rate is far below its efficient level. I confirm these
conclusions, and delve into their implications for managerial incentives, which are not
considered in their papers.

Misalignment of incentives between shareholders and CEOs has been an utmost con-
cern since the separation of corporate ownership and control in the early 20" century
(Edmans et al.,|2017). The objectives of shareholders and CEOs are unlikely to perfectly
coincide, and perfect monitoring of the CEO is generally taken to be prohibitively costly
(Hermalin and Weisbach) 1998). This gives rise to moral hazard, whose costs have re-
ceived considerable empirical attentionﬁ The literature generally agrees: conditional on
employing a CEO, misalignment of incentives is harmful for firm value. However, se-
curing a qualified CEO is no easy task. Firms face substantial uncertainty about CEO
quality at time of hireE| and such information frictions at the hiring margin compound
the moral hazard issue (Jovanovic and Prat, 2014; Demarzo and Sannikov, 2017). Given
their limited information, firms cannot disentangle the effects of effort and quality when
monitoring CEO performance, posing an identification problem for firms which CEOs
can leverage for their private gain. Reminiscent of the ratchet effect in |[Laffont and Tirole
(1988), CEOs who convey positive information to firms face more demanding incentive
schemes later in their employment. CEOs thus have an incentive to convey negative infor-
mation, which can be achieved by privately expropriating firm resources and increasing
firm pessimism about future performance. Such behavior is inefficient, and the problem
is especially severe when the rate of firm learning is slow. Indeed, the model estimates
imply that firms learn about CEO quality quite slowly. After 10 years of CEO tenure,
roughly 30% of the initial uncertainty remains. Furthermore, among CEOs with 10 years
of tenure, roughly one in three has quality below that of the average replacement.

Retention of low-quality CEOs is detrimental for shareholders, as managerial qual-
ity has been found to be an important determinant of firm performanceﬁ The existing
literature has documented high variation in CEO quality, implying that the difference
between a high and low-quality CEO is quite pronounced. I confirm this result; for the
median-sized firm in my sample, the model estimates imply a $73.6 million dollar in-
crease in yearly cash flows following a one standard deviation increase in CEO quality.
Thus, firms stand to gain a substantial amount of value through the prompt replacement
of low-quality CEOs. Despite this, the firing option is rarely exercised. This fact, as

4See for example: Margiotta and Miller|(2000), Gayle and Miller|(2009), Gayle et al.|(2015), Page| (2018),
Al et al.|(2022).

>See for example: |Hermalin| (2005), Taylor| (2010), Hamilton et al.| (2023)

®See for example: [Bertrand and Schoar| (2003), Allgood and Farrell (2003), Peréz-Gonzélez (2006),
Bennedsen et al.| (2007),|Mackey| (2008)



discussed by Taylor| (2010), is largely explained by CEO entrenchment. CEOs are said
to be entrenched if boards retain them for longer than shareholders would prefer. CEO
replacement duties are delegated to firms’ board of directors, whose interests may be
at odds with shareholders. In particular, boards may consider non-pecuniary factors,
independent of shareholder value, when making CEO termination decisions. First, per-
sonal relationships with the CEO may lead the board to view forceful replacement as
undesirable. Additionally, firing a CEO may reflect poorly on the board, who hired the
CEO to begin with. In light of these considerations, I follow [Taylor|(2010) and represent
CEO entrenchment as a non-pecuniary cost incurred by the board when firing their CEO.
Through counterfactual experiments, I show that entrenchment substantially increases
CEOs’ average length of employment. Importantly, this effect is not uniform across the
distribution of CEO quality; it is most stark for those of especially low quality. CEOs in
the bottom quintile of the quality distribution see a roughly 60% extension in employ-
ment lengths on average due to entrenchment, compared with a roughly 10% increase for
CEOs in the top quintile of quality.

A high degree of entrenchment is generally associated with weak corporate gover-
nance Gompers et al.[| (2003). In the corporate finance literature, managerial entrench-
ment has been argued to be an important determinant of a number of firm outcomes
including investment decisions (Shleifer and Vishny, [1989), capital structure (Zwiebel,
1996; Berger et al.,|1997), and dividend payout policy (Hu and Kumar},|2004). I contribute
to this literature by quantifying the effect of entrenchment on equilibrium CEO compen-
sation. Reduced-form analysis, which has proven to be challenging in this literatureﬂ is
poorly suited for my research question as compensation and termination decisions are
endogenous. I tackle this challenge by instead taking a structural approach, modeling
explicitly the relationship between turnover, entrenchment, and compensation. In the
model, termination and compensation policies are jointly determined in equilibrium and
serve as alternative levers through which the board can incentivize the CEO. Entrench-
ment weakens the credibility of the termination threat, increasing the level of compensa-
tion needed to align CEO incentives. The estimates imply an 10.3% reduction in average
compensation in the absence of entrenchment. Importantly, entrenchment magnifies the
cost of moral hazard through the weakening of managerial incentives. When CEOs are
entrenched, moral hazard induces a 1.32% decrease in firm value on average relative to
the first-best case. In the absence of entrenchment, these losses drop to 0.62%, implying
that entrenchment more than doubles the losses associated with moral hazard. These re-

sults suggest that mitigating entrenchment is an effective remedy for the moral hazard

’See for example: Lehn et al.| (2007), Bebchuk et al.|(2009), Chang and Zhang| (2015)



problem.

The results of this paper highlight the importance of turnover frictions when study-
ing moral hazard in executive labor markets. Turnover is often overlooked in empirical
studies on moral hazard, despite the consensus in the theoretical literature that turnover
serves as a useful incentive device. The incentive effects of turnover have been studied as
far back as Stiglitz and Weiss| (1983), and more recently by Spear and Wang| (2005) and
DeMarzo and Fishman|(2007) in discrete time settings. As discussed by Spear and Wang
(2005), the income effect may lead termination of a risk-averse agent to be optimal when
the agent’s continuation payoff is sufficiently high. In other words, the agent may become
“too rich” to effectively punish through compensation, thus leaving a role for termination
in the optimal contract. Alternatively, termination may be optimal if the agent’s contin-
uation payoff becomes too low, particularly in the presence of limited liability. In this
paper, I model CEOs as risk-neutral with limited liability, the latter constraint serving as
the source of the moral hazard problem. Thus, termination serves as a punishment of last
resort in the framework considered here. More recently, the incentive effects of turnover
have received attention in a continuous time setting (Sannikov, 2008; Biais et al., 2010;
Zhu, 2013; Demarzo and Sannikov) [2017; Grochulski and Zhang} [2023). Continuous-
time methods improve the tractability of dynamic incentive problems, as the derivation
of optimal incentives amounts to solving a partial differential equation, which can be
done numerically with low computational burden. For improved tractability, I adopt a
continuous-time approach in this paper.

On the theoretical front, the papers most similar to this one are Jovanovic and Prat
(2014) (JP) and Demarzo and Sannikov|(2017) (DS). Both papers develop dynamic mod-
els of moral hazard in which the principal and agent face symmetric uncertainty about
agent quality. JP allows learning to be non-stationary while DS restricts attention to sta-
tionary learning. Uncertainty reduction over tenure is an important consideration for my
research question, so I adopt the JP assumption of non-stationary learning. However, JP
assumes agents are risk-averse with unlimited liability and does not consider turnover. I
explicitly model turnover, both endogenous termination and exogenous retirement, and
assume agents to be risk-neutral with limited liability. The assumption of limited lia-
bility is important in this paper, as it leaves a role for disciplinary termination in the
equilibrium contract. Endogenous termination is included in DS, but agent replacement
is not; rather, firms liquidate and cease operations when their agent is terminated. In my
model, agents are replaced following an instance of turnover and firms continue opera-
tions. On the empirical front, the paper most similar to mine is Taylor| (2010) who uses a

structural approach to explain the low rate of forced CEO turnover observed empirically.



Taylor finds that the key determinant of this empirical regularity is CEO entrenchment,
and offers a compelling argument suggesting entrenchment is detrimental for firm value.
I build upon his paper by embedding the optimal contract into his framework, allow-
ing for a detailed analysis of the equilibrium response of CEO compensation to turnover
frictions. I find that the response is considerable, and show that turnover frictions have
major implications for the severity of moral hazard in the executive labor market.

The remainder of the paper proceeds as follows. Section 2 outlines the sample and key
empirical patterns motivating the structural model. Section 3 presents the theoretical en-
vironment and derivation of firms’ optimal compensation and turnover policies. Section
4 discusses model identification and the estimation procedure. Section 5 discusses the
model estimates. Counterfactual experiments are presented in Section 6. Closing discus-

sion and concluding remarks are contained in Section 7.

2 Data

The sample is a matched CEO-firm yearly panel of North American publicly-traded firms
spanning 1994-2019. The panel is constructed by linking three sources of data. First, I
obtain CEO-level information from Execucomp, which provides detailed data on com-
pensation packages and CEO tenure. I match this with Compustat which reports infor-
mation on firm assets, industry classification, income, and other financial fundamentals.
Firm performance is measured using their return on assets (ROA), defined as operating
income per dollar in assetsﬁ Firms with missing operating income or missing total as-
sets are omitted from the final sample. Lastly, I match the sample with supplementary
turnover data (Peters and Wagner, 2014; Jenter and Kanaan, |2015), which classifies in-
stances of CEO turnover as forced or voluntary using the method outlined by Parrino
(1997). The final sample consists of 42,513 firm-year observations, 3,627 distinct firms,
and 8,191 distinct CEO employment spells. I observe 5,005 cases of CEO turnover, where
1,260 (25.2%) are forced and 3,745 (74.8%) are Voluntaryﬂ Throughout this section, I in-
dex CEOs by i, firms by j, and calendar years by ¢.

Summary statistics are reported in Table |Il CEOs in the sample are predominantly
male; only 2.8% of CEOs are female. The average executive is 53 years in age. The ma-
jority of CEOs have some prior experience with their firms prior to becoming CEO. On

average, an executive has roughly 9 years of firm-specific experience when appointed for

8ROA is defined as operating income (0ibdp;j; in Compustat) divided by total assets (at;;; in Compustat):
Oihdp,']‘t
yijt = ut,-j, x 100

See Appendix for extended details on the turnover classification and construction of the sample.




Table 1: Summary Statistics

Mean Std. Dev. 5" Percentile Median 95" Percentile

Panel (a): Firm Characteristics

Profitability (ROA) 11.9 11.8 -1.75 12.0 28.5
Total assets ($ Billions) 17.1 103.5 178 2.22 51.5
Total revenue ($ Billions) 6.93 21.0 .136 1.66 27.4
Panel (b): CEO Characteristics
Spell length 8.29 7.12 1 6 22
Eventually fired .259 438 0 0 1
Eventually retired 743 437 0 1 1
Panel (c): CEO Compensation ($ Millions)

Total compensation 6.32 12.2 .601 3.72 18.9
Salary .866 457 .327 .809 1.56
Bonus .549 1.88 0 0 2.40
Bonus (Conditional on > 0) 1.23 2.66 .058 .643 3.88
Other compensation 491 11.9 .015 2.44 16.2

Notes: The unit of observation in Panels (a) and (b) is a firm-year. The unit of observation in Panel (c) is a CEO. All monetary values
are expressed in 2015 dollars.

the CEO position. The average length of employment as CEO is 8.29 years, though the
spell length distribution exhibits substantial rightward skewness. Of the CEO employ-
ment spells which are not right-censored, roughly 26% end in forced termination.

The level of CEO pay is substantial and largely attributable to performance pay, with
fixed salary making up only about 30% of total compensation for the average CEO (Fig-
ure [2(a)). Performance pay is composed primarily of equity incentives, the use of which
in executive compensation packages is well documentedm The use of performance pay is
intended to align the interests of the CEO with those of the firm, mitigating the CEO’s mo-
tivation to pursue private interests (Margiotta and Miller} [2000). In addition, the threat
of forced termination provides incentives by serving as a punishment of last resort (Spear
and Wang)| 2005). Performance pay and the threat of termination thus complement each
other in the incentive mix, rewarding the CEO in cases of positive performance and pun-

ishing the CEO in cases of persistent negative performance.

"0Through the 1990s and beyond, stock and option packages surged to become the dominant component
of CEO compensation. See [Edmans et al.|(2017) for a detailed discussion.



Figure 1: CEO Pay and Forced Turnover
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Notes: Panel (a) plots the composition of CEO compensation packages on average. Roughly 30% of total CEO pay can be attributed
to salary, while the rest is split between cash bonuses and other forms of incentive pay. “Other” is composed of equity incentives
including restricted stock grants, option grants, and long-term incentive payouts. Panel (b) plots the rate of forced turnover over the
first 15 years of CEO tenure. The likelihood of forced termination is low and gradually declines with tenure.

2.1 Key Empirical Facts

Next, I outline the key empirical facts motivating my modeling decisions. The data sug-
gest that variation in CEO quality is high; CEOs of relatively high quality generate sub-
stantially higher rates of profitability than their low-quality counterparts. Furthermore,
firms are responsive to new information about the quality of their CEO, revealed by the
firm’s financial performance. As information is generated, firms adjust their pay con-
tracts, and in the case of exceptionally poor performance, exercise their firing option.
Low-quality CEOs are gradually forced out of employment, inducing positive selection
of CEO quality over tenure. As tenure increases, firms substitute away from termination
incentives towards monetary incentives. Thus, as CEO employment progresses, those
who survive into later years of tenure are increasingly motivated by the use of incentive

pay and decreasingly motivated by the risk of forced termination.

CEOs arerarely fired. Figure[2(b)|plots the rate of forced turnover over the first 13 years
of CEO tenure. As previously documented in the literature, CEOs are unlikely to be fired.
The likelihood of forced termination is highest in early years of tenure, peaking at roughly
4% and otherwise generally declining with tenure. There are many potential explanations
underlying the low rate of forced termination. As discussed by (2010), replacing
a CEO is quite costly, so boards may only exercise their firing option as a last resort.

Alternatively, if CEOs are relatively homogeneous in the population, CEO replacement



may have minimal impact on the trajectory of firm performance. I argue next, however,

that this second possibility is unlikely.

Variation in CEO quality is high. CEO quality has been shown to be extremely con-
sequential for firm performance (Allgood and Farrell, 2003} Bertrand and Schoar, 2003;
Bennedsen et al.,[2020). While CEO quality is not directly observed in the data, I create a
proxy for it using observed firm profitability. Specifically, I project firm profitability on a
vector of firm and CEO characteristics, and obtain the shrinkage estimate of CEO quality
given as a weighted average of the resulting profitability residuals. I begin by estimating
the equation:

Vijt = Ao+ M Cijr + M Fij+ 1+ yj +€ijy (1)

where p;;; denotes the return on assets for firm j employing CEO i at time ¢. C;j; and F;j;
are a vector of CEO and firm characteristics, respectivelyﬂ 7; and y; are year and firm
fixed effects. Next, I use the residual component of Equation (1) to create a coarse proxy
of CEO quality. For each CEO-firm match ij, denoting their length of employment by s;;,
the shrinkage estimate of CEO match quality 6;; is defined by:

A w; 1 . c ..
0;; = 1+;_(—Z€i]’t1[l] 21]]) (2)

] Sij ij’

wj=Var(éjp|j =j) (3)

A

0;; is the James-Stein estimator of true match quality 6;; and ¢;; fitted residuals obtained
from estimating Equation Table |2, summarizes the distribution of éi]’ across all

CEOs in the sample. Its standard deviation is 5.4, which lies within the range found in

Table 2: Distribution of CEO Quality éi]-

Mean  Std. Dev. 5% pct 50" pct 95 pet

Quality Proxy (0;;) -.171 5.40 -7.15 0.00 6.51

previous literaturem For the median-sized firm in the sample, the implied difference

between cash flows generated by a CEO at the 5" and 95" percentile of the distribution

USpecifically, I control for the CEO’s age, gender, and tenure (as CEO), along with firm assets and total
revenue.

12Match quality 0;j is clearly measured with error in the data. Given this measurement error, the James-
Stein estimator, while biased, minimizes mean-squared error among the set of admissible M-estimators.

I3For example: Taylor| (2010) reports a SD of 2.42 while Bertrand and Schoar| (2003) report a SD of 7.

9



of éi]’ is roughly $303 million per year This staggering difference suggests that the

difference between a high and low-quality CEO is quite pronounced.

CEO quality is positively selected over tenure Notably, the distribution of éi]- evolves
with CEO tenure. Figure 2|shows that the average of CEO quality increases over tenure
(Panel (a)) while its variance decreases (Panel (b)). Such a pattern is consistent with pos-
itive selection on quality; firms exercise their firing option in response to poor signals
of CEO quality, inducing gradual attrition of low-quality CEOSB As low quality CEOs
gradually exit the sample, the average quality of those who survive is pushed upwards.
Furthermore, the termination of low quality CEOs compresses the variance of CEO qual-
ity among those employed, as the distribution becomes more concentrated around rela-
tively high levels of quality.

Figure 2: Distribution of éij over Tenure
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Notes: Panel (a) plots the average value of the CEO quality proxy éij over the first 10 years of tenure while Panel (b) plots the
variance. Together, the figures suggest that the distribution of CEO quality becomes increasingly concentrated among high values as
tenure increases.

Termination incentives and monetary incentives are substitutes. Given the evolution
of the CEO quality distribution, I next consider the co-evolution of the incentive mix. Let
0;j; denote contract ij’s pay-performance sensitivity in year ¢ as calculated in Core and
Guay| (2002) and [Coles et al. (2006)@ Specifically, 6;j; is defined as the year t monetary

14The median-sized firm in the sample has $2.219 billion in assets. The approximate $303 value is ob-
tained by: 2219 x 821715 5 303,

15T show in Appendix that forced turnover decisions are sensitive to cumulative performance, while
voluntary turnover decisions are statistically independent of cumulative performance.

1661-# is calculated as the change in option portfolio value in response to a 1% increase in the firm’s
stock price, where options are valued using the standard model of Black and Scholes|(1973) as modified by

Merton|(1973) to accommodate for dividend payouts. See|Core and Guay|(2002) for more details.
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return (in $1000s) that CEO i would receive in response to a 1% increase in firm j’s stock
price.

Figure[3|plots the evolution of pay sensitivity and the predicted firing probability over
CEO tenure. Each point corresponds to a level of tenure. Long-tenure CEOs, who are of
relatively high quality on average, face a very low risk of forced termination on average,
and are motivated primarily by monetary incentives. The opposite is true for newly-
tenured CEOs; monetary incentives are weaker relative to long-tenured CEOs while ter-
mination incentives are stronger. Figure (3| gives a sharp depiction of this gradual sub-
stitution away from termination threats towards monetary incentives. This substitution
suggests a change in the firm’s relative cost of providing termination versus monetary
incentives. In particular, the observed pattern is consistent with termination incentives
becoming increasingly costly relative to monetary incentives as CEO tenure increases. It
is more costly to threaten to fire a proven, long-tenured CEO than a brand new CEO of
uncertain quality. Such a phenomenon can have important implications for misalignment

of incentives between firm and CEO, which I explore formally next.

Figure 3: Incentive Pay, Termination Risk, and CEO Tenure
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Notes: For each of the first 20 years of CEO tenure, Figure[3]scatters the average pay-performance sensitivity over the predicted
firing probability conditional on firm characteristics, tenure, and the CEO’s history of performance as summarized by éijt-
Pay-performance sensitivity is measured following|Core and Guay|(2002) and|Coles et al.| (2006); it gives the number of dollars (in
thousands) a CEO would receive in response to a 1% increase in their firm’s stock price. The figure reveals that CEO’s risk of

termination decreases with tenure, while their pay sensitivity increases. The risk of termination has a weaker impact on incentives
late in CEOs’ careers; these weakened termination incentives are gradually replaced with financial incentives.

3 Model

The model features two types of decision makers: boards, who act on behalf of their
firm, and their respective CEOs. A firm’s rate of profitability is determined by the their

level of productivity, turnover costs, idiosyncratic shocks, and their CEO’s quality and
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private actions Neither quality nor actions are directly observed by boards. Rather,
quality is gradually learned by observing profitability and efficient actions are imple-
mented through the board’s design of a full-commitment contract. The contract specifies
optimal compensation and termination policies which serve as alternative mechanisms
through which incentives can be delivered to the CEO. Termination occurs when the
board believes their CEO to be of sufficiently low quality, at which point boards hire a re-
placement and continue operations. The board designs contracts to maximize firm value
plus non-pecuniary factors associated with CEO turnover. The presence of such non-
pecuniary factors in boards’ objective induces a wedge separating firm value and board
utility. As such, the equilibrium contract may be inefficient in the sense that it does not
purely maximize firm value.

Both boards and CEOs are risk-neutral. Each ﬁrmﬂj employs a CEO i whose current
level of tenure is denoted by t > 0, which is continuous. CEO quality 0, is fixed over time
and drawn from population distribution N(6g, 53). 0; is not known by either party, but is
gradually learned about over time by observing cash flows. éijt and é?jt respectively de-
note the board and CEQO’s beliefs about 6;, which do not coincide in general. If the board
believes quality to be sufficiently low, they will fire their CEO and hire a replacement.
Firing occurs at stopping time T. Otherwise, CEOs retire stochastically at Poisson rate
A. Retirement occurs at random time R. I let 7;; = min{T, R} denote the time at which
CEO i’s employment within firm j ends, whether by retiring or being fired. Firms incur
cost ¢ in the case of firing or retirement, representing the monetary costs associated with
replacing a CEO. Additionally, boards incur non-pecuniary cost 7t when firing their CEO,
reflecting CEO entrenchment. Both ¢ and 7 are measured as a fraction of firm assets,
allowing turnover costs to vary with firm size. The tenure index t resets to zero upon the
replacement of a CEO. Boards operate over an infinite horizon, hiring successive CEOs

whenever the previous one departs.

Firm Profitability Each firm j has two unique characteristics: total assets b; and a pro-

ductivity parameter y; ~ N(0, 0")%), both of which I assume to be known and constant over

17 All firms operate independently of one another, so broader market equilibrium considerations are not
addressed in this paper.
18Because each firm has a single board, the j subscript can be seen as indexing both firms and boards.
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time Firm cash flows dX;;; are represented as the increment of an Ito process following:

Profitability Rate

/_/%
dXz]t:b] (’)/]dt-i-le]t) (4)
dYij = (0, —a;j)dt + owd Wij, )

Xijo = =bjc+ X(i-1)jr;_,
For firm j with CEO i, the rate of profitability at tenure f is obtained by dividing cash
flows dX;j; by assets b;. Profitability has two components. The drift term y;dt represents
the firm’s known contribution to profitability, which is independent of the CEO. dY;;;
is the contribution of unobservables to profitability, which I henceforth refer to as resid-
ual performance. dY;;; increases in the CEO’s quality and decreases in their private action
a;j > 0, representing the diversion of firm cash flows towards the CEO’s private consump-
tion. W;j; = fot dWi;js is a standard Brownian Motion on probability space {Q,]-",P} and
the parameter o}y measures the volatility of contemporaneous performance. At the be-
ginning of CEO i’s employment spell, cumulative cash flows initialize at X;jo. This initial
condition is given by the cumulative level of cash flows at the time of departure for the

previous CEO, denoted by X(;_y)jr,_, ;, minus the monetary turnover cost bjc. c is repre-

JTi-1)
sented as a fraction of assets, so scaling by firm assets converts the units of the turnover

cost to dollars.
Preferences and outside options CEOs are risk-neutral with flow utility:

u(wijr, aijt) = wijs + P;aij (7)
¢;=b" ae(0) (8)

wjj; is the tenure-t realization of compensation specified by the J;j;-adapted process
w:[0,T]xQ — R, and ¢; measures the size-dependent rate of cash flow diversion.
Concretely, diverting a;;;% of cash flows from the firm yields ¢;a;;; dollars directly to
the CEO, where ¢; increases with firm size. Hence, cash flow diversion is more profitable

for CEOs in larger firms, implying that the misalignment of incentives between firm and

19The assumption of constant firm assets is equivalent to assuming that all profits are immediately paid
as dividends to shareholders. This allows me to abstract from dividend payout decisions, which are outside
of the scope of this paper. Assets are denoted in millions of dollars; I take as given that b; > 1 for all j, so
all firms have at least $1 million in assets. The minimum value of the empirical distribution of assets is
roughly $57 million.

200) is the set of all sample paths of {Wijt}i=0, with @ € Q denoting an arbitrary sample path. P is a
probability measure over F, a o —algebra over Q.
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CEO grows with firm size (Gayle and Miller, 2009). Imposing a < 1 renders cash flow
diversion inefficient and allows us to restrict attention to contracts which implement no
diversion (a;;; = 0) for all tm

Upon exiting from the firm, the CEO receives outside option C (ijr) which depends
explicitly on their private beliefs at time of departure. Specifically, I assume CEO outside

options are an increasing, linear function of their perceived quality éfj =

(68 ) = v Vg (9)

ijt ro At

Hence, high-quality CEOs will (on average) a high outside payoff, and thus will be more
ic _ 9;
do* 1
is not innocuous. As will be articulated later in this section, imposing this slope on the

expensive to retain than their low-quality counterparts. The assumption that

CEOQO'’s outside option implies that the marginal benefit associated with an increase in
private beliefs is the same within and outside of the firm. This assumption vastly im-
proves both the analytic and numerical tractability of the model. Furthermore, this slope
assumption has little effect on the key qualitative results of the model.

Both parties discount the future at rate p. However, given the possibility of exogenous
termination, the arrival rate A of voluntary separations will be absorbed into the discount
rate. For notational brevity, I therefore define r = p + 1 as the effective discount rate.

Given a strategy a: [0, T]|x(Q — R,, the CEO’s net present value of employment at tenure
t is given by@

Ul-”jt = IE?[ J;T e_r(s_t)u(w,-js, ajjs)ds + A J;T e_r(s_t)C(éij)ds +e " T=D( ~f’].T) (10)
The first term reflects the discounted flow payoffs accumulated during employment. The
second term reflects the possibility of future retirement, in which case the CEO departs
and collects their outside option. If the CEO is fired prior to the arrival of a retirement
shock, they will also depart and collect their outside option, as reflected by the third term.
Note that Uiajt is the continuation payoff given an arbitrary strategy a, which in general
does not coincide with the board’s recommended strategy, denoted by a".

I assume boards are risk-neutral and maximize the expected net present value of cash

flows net of CEO pay and the non-pecuniary cost of termination. At the outset of the

21See Appendixfor a proof of this statement.
22Throughout the model, Ef[x] = JQ xdPf, where P/ is the tenure t probability measure arising from

having observed the action process a. On the other hand, E;[x] = IQ xdP;, where P, is the tenure ¢ probability
measure having not observed the action process. Given that the CEO observes a and the firm does not, the
two parties will condition their expectations on different information.
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contractual relationship, the firm’s optimal payoff is given by:

T T T
‘/Zjozl%}eaq):( IEO[L e_rthijt_J; e‘”wi]-tdt+AJ; €_rtVTdt+€_rT(VT—bjﬂ)l (11)

The board maximizes over the space of admissible contracts C, where a contract ¢ =
(w,a,T) is a triple specifying a compensation process w, action process a, and stopping
time T, all of which are F;;;-adapted. Upon turnover, the board receives value Vr which
is defined as:

Vr = Viisn)jo (12)

Following any instance of turnover, the board immediately draws a successor CEO (i + 1)
from distribution N (60,5(2)) and continues operations. Note that given the initial con-
dition for profitability (6], the monetary turnover cost c is reflected in the term Vj.
Additionally, in the case of firing the CEO, reflected by the last term of (11)), the board
incurs non-pecuniary cost b;n. This represents CEO entrenchment, which raises the ef-
fective cost of forceful CEO replacement. Hence at stopping time T, the board incurs cost
bj(m + c) and continues operations with new CEO i’. Note here that the board’s problem
is stationary and the turnover value V7, the value of the subsequent CEO’s employment,
is independent of the current employment spell. When deriving the optimal contract, V

can thus be treated as a constant.

Learning Though CEO quality is unknown, information about 6; is continuously gen-
erated as firm profitability is realized. The distributions N(éijt, 5ijt) and N(éfjt, 5ijt) rep-

resent the respective beliefs of the board and CEO given information up to t, where

éi jt = é? i
Jt
edge of the process a, the CEO may form beliefs which differ from the board’s. Consider-

in equilibrium. Off the equilibrium path however, given their private knowl-

ing deviations in the board and CEQ’s beliefs if thus necessary for establishing incentive
compatibility. I assume rational expectations, so the initial beliefs of the board and CEO

coincide with the population distribution:

Oij0 = 0755 = 00 (13)
S50 = 09 (14)

As CEO tenure increases, beliefs adjust in response to realized performance. In partic-
ular, given the normality of both 6; and W;j;, the posterior mean will be an increasing,

linear function of cumulative performance. Define cumulative performance Y;;; and cu-

15



mulative action A;j; by:
t t
YijtZYijoJrf (Qi_aijs)d5+gwf dWijs (15)
0 0
t
Aijs =J ajjsds (16)
0

The parameters of the equilibrium belief distribution N(éijt, 5i2jt) are then given by:

- 8000+ 072 (Yiji = Yo+ Ajj

Qijt: o Yo (J_]; 170 1]t) (17)
5ijt

55 = (5% +a 721! (18)

Beliefs depend only on the CEO’s cumulative contribution to profitability Y;j;, as the
firm productivity component of profitability y; is independent of the CEO. Additionally,
beliefs are conditioned on the CEO’s cumulative action A;;;. In equilibrium, the CEO will
always pick the board’s recommended action, in which case the board correctly infers
Ajjr and shares the same estimate of 0; as the CEO. The equilibrium law of motion for

0;j: follows from Ito’s lemma:

~ 52t ~
d6;j; = —-(dY;j, — (63, — aj;,)dt) (19)
Ow
= VijjowdZij (20)

where dZ;;; = a;vl(dY,-jt - (éijt - aijt)dt) is the innovation process, tracking the realization
of performance dY;;; net of expectations (0;j; — a;f].t)dt. Beliefs adjust in response to these
signals with sensitivity v;;; = Sl.zjt/afv, which I define as the rate of learning. Equation
shows that in equilibrium, the posterior mean is a martingale with volatility v;;;o . The
posterior variance on the other hand is deterministic and decreases monotonically with
i

d52 = _Vijtg

= 2 dt (21)

ijt
Note that the variance of beliefs depends only on tenure, so is unaffected by CEO action
choices and hence will be the same on or off the equilibrium path for a given ¢.

The posterior mean for the board and CEO on the other hand will in general not co-
incide off the equilibrium path. In particular, deviations from the efficient action a* will

lead boards to misinterpret the realized signal of quality. Relative to the board’s expecta-
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tions, cash flow diversion induces a low realization of contemporaneous performance
This leads the board’s beliefs to drift downwards relative to the CEO’s, inducing a gap
in expectations about future performance. This is reminiscent of the ratchet effect as
discussed by [Laffont and Tirole|(1988). The CEO benefits from conveying negative infor-
mation to the board, as it eases their future incentive load. To prevent this in equilibrium,
the board compensates the CEO via an information rent. Additionally, the CEO’s incen-
tive to convey negative information is limited by the risk of termination. If the boards’
beliefs fall too low, the CEO will be fired.

CEO Turnover CEOs employment can end either through endogenous termination or
exogenous retirement, where retirement shocks arrive at rate A. Conditional on a retire-
ment shock, the board immediately draws a replacement CEO at cost ¢ and continues op-
erations. Firing occurs when the board’s beliefs éijt drop below the endogenous threshold
Or(t). Let V(0;j1,t, Ujj;) denote the board’s optimal payoff given state (0;j;,t, U;j;), where
Uijr denotes the CEO’s promised equilibrium payoff. 6(t) is defined as the level of 0;;;
such that the board is indifferent between continuing with CEO i and drawing a new CEO
(i+1):

V(Of(t),t,Uijy) = Vr — b (22)

When CEOs are entrenched, i.e. 7 > 0, the board’s termination threshold will be strictly
lower than the firm-value-maximizing threshold, leading to inefficiently low levels of ter-
mination. The stopping time T denotes the first time that éijt reaches 6¢(t). Concretely:

T = inf{t <o0|0;j; = O4(t)) (23)

Board’s Problem The optimal contract ¢ = (w,a,t) delivers the CEO a payoff of U;;q
and maximizes the board’s objective:

T T T
V(éijtl t, Ui]'t) :]Et[ f e_rthijt—j e_rtwijtdt+AJ €_rtVTdt+€_rT(VT—bjﬂ)l (24)
0 0 0

23Given that the action process a* attains its lower bound in equilibrium, it suffices to restrict attention
to positive deviations. See Appendix for more discussion.
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subject to:

T T
UijO = ]Eolj e‘”u(wi]-t,al-]-t)dt+/\j e_rtC(éi]'t)dt+€_rTC(éijT) (PK)
0 0
Uijp 2 C(0;j) Y t<T (IR)
Uijo = U[;-O for any other d (IC)

simply defines the CEO’s promised value. (IR) and are the participation and
incentive-compatibility constraints, respectively. [E; and [E{ denote the expectation op-
erators given information J;;; and .E;.’t, respectively. ﬁj’t represents the information set
when the action process {a;;;} is observed, while F;; is the information set under the
assumption that true actions coincide with recommended actions. Rather than directly
using (IC), I use a first-order approach following Williams| (2011) and derive the CEO’s
first-order-incentive-compatibility condition (FOIC).

3.1 First-Best Case

Before deriving the optimal contract, it is useful to analyze the first-best case. Actions

a;j; are observable and the board ensures the first-best action a;;, = 0 is selected for all

t
t. Given that a;;, is observable, the board and CEO’s beliefs are icjlentical (i.e. 91-]-,5 = éfjt).
Here, the board solves a pure optimal stopping problem, monitoring performance and
determining when to fire and replace their current CEO. Define T*? = inf{t < oo|(§1-]-t =
ijB(t)} as the first-best stopping time. QﬁB(t) is the first-best firing threshold; the lowest

value of 6; ji such that the board is willing to retain their CEO.

Proposition 1 (First-Best Firing Threshold). When actions are observable, the firing thresh-

old which maximizes the board’s payoff is given by:

V2,07,
— 1yt

07(t) = —rm+b;'pVr - 12 Voo (055(1), 1) (25)

Proof. See Appendix[8.2] O

Condition implicitly defines the optimal firing boundary[¥| In the case of no en-
trenchment, 7 = 0 and is shareholder-optimal in the sense that it maximizes firm

value. Importantly, when 7= > 0, a wedge is induced which separates firm value from

24Obtaining a closed-form representation of GJfB(t) is not feasible, but it can be computed numerically.
See Appendixfor a detailed exposition of the numerical solution.
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the board’s optimal payoff V. Thus, in the presence of entrenchment, the board’s en-
acted firing rule does not coincide with the shareholder-optimal firing rule. In particular,
when CEOs are entrenched, the board retains some CEOs which shareholders would have
preferred to see terminated ex-post. This also holds in the second-best case when CEO

actions are unobservable, which I consider next.

3.2 Second-Best Case

In the second-best case, the CEO has private information a. As a result, off of the equi-

librium path the board and CEO will not share the same beliefs about quality. It is con-
venient to define a;;; = éfjt - é,-j

diversion is inefficient, the optimal contract will ensure that a’;jt = 0 for all t. Rewriting

; as the gap in beliefs at tenure t. Because cash flow

the innovation process in (20)), we see that the board believes performance follows:

le]t = Qi]'tdt-l-()'wdzi]'t (26)

whereas the CEO knows that profitability truly follows:

injt = Qijtdt + O’W{iZfljt

= (ajj — djjr + 0;j)dt + owd Zjy (27)

Hence, there is a disagreement about the data generating process, and the board and CEO
will accordingly assign different probability measures to realizations of performance. Let
PZ.(])-t and Pl‘; ; denote the probability measures arising from the board and CEO’s informa-

tion (%, and F7,), respectively. By Girsanov’s Theorem:

ijt
dpi?‘t = Aijfdpi(])‘t (28)
1 (! 1 (! 5
Ajji = exp(a Jo (ajjs —dijs)dZijs — 202 J; (ajjs —dijs) dS) (29)
Qi —diir
dA;j = Aijtljo,—wljdzijt (30)

Ajj; is the Radon-Nikodym derivative relating the measures P?, and P?

it it where A;j; =1

in the case of no deviations. The relative density process A can be used to reformulate
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the agent’s problem:

T
max IE?[J‘ e_r(s_t)[u(wijs,aij5)+/\C (6%) ]ds+e r(T- t)C(Gf’]T)l
a t

iJs
T
:m;lx IEt[L e—r(s—t)Ai]-t[u(wi]-S,aijs)+)\C ijs ]d5+e r(T- t)AleC(Q:l]T)l (31)

Note the change in the expectation operator; the inclusion of A;j; allows Ef and E; to be
interchanged. Using this representation, I solve the weak formulation of the agent’s prob-
lem, where the choice of a;;; corresponds to a choice of distribution PI‘]’ , over Y;;; (Cvitanic
and Zhang}, |2012). To derive necessary conditions for the incentive-compatibility of the
efficient action path, I apply the stochastic maximum principle first proposed by Bismut

(1973). The necessary conditions are summarized in the following theorem.

Proposition 2 (Necessary Conditions). Under the efficient strategy a*, the CEO’s promised
value has equilibrium law of motion:

dUjj = (TUijt —Wijs— /\C(éijt))dt + BijrowdZij; (32)

where B, is a sensitivity process representing the incentives provided by the contract. The

efficient strategy a* is incentive compatible if:
Biit = ViitLiji + @ (33)

U
whereT}j; = aeﬂ

beliefs relative to the board. T}j; has equilibrium lower bound:

 is the CEO’s information rent, the benefit of having marginally more optimistic

> — ¢; =TI (34)

I‘1]t r ijt

which holds with equality when binds.

Proof. See Appendix O

Equation (32) is the standard representation of the CEO’s promised value in contin-
uous time, showing that U;j; is an Ito process with respect to the standard Brownian
Motion Z;j;;. Ujj; has drift (rUijt — Wijs — /\C(éijt)), stating that the CEO’s promised value
accumulates at rate r net of the CEO’s expected payoff (w;;; + )\C(éijt)) Promised value

25Speaking heuristically, prior to the realization of the retirement shock, the CEO’s expected payoff over
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has volatility B;;;o, measuring the sensitivity of the CEO’s payoff to performance inno-
vations dZ;;;. The sensitivity process f;;; is chosen implicitly by the board, and is the key
instrument through which incentives are delivered to the CEO.

Condition is the first-order counterpart of the incentive compatibility constraints
(IC). The above theorem, however, says little about the participation constraint (IR). If

the CEO’s promised value falls below their outside option C(éijt), it is optimal for the
CEO to leave the firm. The optimal compensation process ensures that U;;r = C(éijT)

while U;j; > C(6;j;) for all £ <T, so CEO departure only occurs through firing when it is
optimal for the board. Condition (33) implies that U;;; changes with éijt according to:

dU;i,  dUij (dOij\™' Bii -
~1]1.‘ _ z]t( l]t) _ ﬁl]t > ﬁ"‘rijt (35)
db;;;  dYij\dYij Vijt - Viji

The condition paired with the bound on the CEO’s information rent implies a
lower bound on the CEO’s continuation payoff U;;; in any optimal contract. For a given

level of tenure ¢ and termination boundary 0¢(t), U;;; = U(6;j, t,0(t)) must exceed:

éijt dU
Ujjr = C(04(t)) +J —Ldo (36)
os(1) 40ijt
i ¢; (it
2 COO/0)+ Oy~ O510) | Ty (37)
1] f t

2C(Qf(t))+(éijt—Qf(t))(ﬂ+ﬂ)z U’ (38)

Vijp T it
The first inequality comes from (35), while the second comes from (34). U;jt is thus the
lower bound of the CEO’s promised utility in any incentive-compatible contract imple-
menting a;;, = 0 for all . The board seeks a compensation process w which minimizes

Uijj: subject to the constraint U;j; > U}

> Ujjy- Given this constraint, the following theorem

presents the cost-minimizing compensation process.

Proposition 3 (Wage Determination). The firm’s relaxed problem can be stated as follows.
The board offers value U;j; with volatility ;i o such that U;j; > C(éijt)for all t < T, holding
with equality only when t = T. The incentive-compatibility constraint implies a lower

interval At is: }
e Mwyi+ 1M C(0;,) + o(At)

The first two terms respectively represent the probability of zero and one retirement shocks arriving over
interval At. The probability of > 1 shocks arriving is negligible, represented by the third term. Taking the

limit as At — 0 yields w;j; + AC(0;j;.)
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bound on Ujj; in equilibrium:

U, zC(ef(t))+(éi]-t—9f(t))( ¢ +ﬁ)zu* (39)

jt Vijt r ijt

Thus, the board maximizes:

T T T
E, lj e_r(s_t)dX,']-S - J e_r(s_t)w,-jsds + /\J e TVrdt + e_r(T_t)(VT - bjrc)l (40)
t t t

subject to Ujj; > U;jt

O¢(t), the cost-minimizing compensation process is given by:

and participation constraint (IR) for all t. Given termination boundary

wijt:PP‘+K1téijt+K2t6f(t) (41)
K1e = ¢j(§+%ﬂ+ Vft) (42)
o = cp]-(l - v;t) (43)
Proof. See Appendix|[8.2] O

The compensation process above ensures that U;j; = U;jt

the CEO no more than is necessary to implement efficient actions. CEOs are compensated

for all ¢, so the board pays

for their reputation according to the piece rate x;;,. Additionally, the optimal level of
compensation depends on the termination boundary 0¢(t). The coefficient x,; captures
two conflicting effects of termination risk on the level of compensation. First, because
CEOs prefer employment to unemployment, job security is valuable. Thus, CEOs must
be compensated for decreases in job security (i.e. increases in 6((t)) to maintain their
equilibrium payoff. On the other hand, increasing the termination boundary decreases
the CEO’s incentive to deviate, as deviations increase the risk of job loss. Through this
channel, financial incentives can be relaxed as the termination boundary rises. Which
of these two effects dominates depends on the model’s parameter values, so the question
must ultimately be resolved empirically. What remains to be determined is the optimal

termination boundary, which is summarized in the following theorem.

Proposition 4 (Second-Best Firing Threshold). When CEO actions are unobservable, the
firing threshold which maximizes the firm’s payoff is given by:

2 2 2 2
ViitOw Pijtow

Gf(t):—rn+b]-_1 pVr— Voo (O£ (), t,C(O£(1))) -

Vuu(05(t),1,C(Of (1)) (44)
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Proof. See Appendix O

The optimal firing threshold is derived by applying standard smooth-pasting and
value-matching conditions to the firm’s H]B equation. The second-best threshold retains
many of the same features as the first-best counterpart. The key difference arises from the
inclusion of the CEO’s continuation payoff in the state. Given the CEO’s limited liabil-
ity, firms have limited ability to punish their CEO through financial means. Termination
serves as an alternative method of punishment. In particular, if CEOs’ continuation pay-
off falls to their outside option C(éijt), the board optimally fires and replaces the CEO.
Thus, poor performance gradually drives down CEOs’ continuation payoff, and in ex-

treme cases results in the termination of their employment.

4 Identification and Estimation

Table 3: Summary of Model Parameters

Notation Definition Source of Identification:
0o Mean of CEO quality distribution Unconditional mean of ROA
o SD of CEO quality distribution Unexplained variation in pay
ow SD of profitability shocks Within-CEO ROA variation
oy SD of firm productivity Across-firm ROA variation
a Rate of cash flow diversion Correlation in pay & firm assets
U Outside option intercept Unconditional mean of CEO pay
A Retirement arrival rate Frequency of retirement
c Monetary turnover cost ROA variation around turnover
Tt Non-pecuniary firing cost Forced hazard rate

In Table |3} I summarize the model parameters and corresponding sources of identifi-
cation. I fix the value of the discount rate p =.05 and estimate the remaining 9 parameters
using the Simulated Method of Moments. I first discuss the identification of the parame-
ters 0g, @, and y, whose key identifying information comes from the compensation data.
Equation shows that the unconditional expectation of model-implied compensation
increases with y. Because the mean of compensation is sensitive to the intercept term of
CEOs’ outside option, the empirical average of compensation is informative of . The sec-
ond moment of the empirical compensation distribution, conditional on CEO tenure and
firm size, is informative of the standard deviation of CEO quality (. To see this directly,
note that the optimal wage equation implies that:

Var(wij|bj,t) = ylthar(éijt |t) (45)
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Thus, after conditioning on firm size and CEO tenure, the remaining variation in CEO
compensation is attributed to variation in beliefs éijt- Unexplained variation in the com-
pensation data therefore helps identify the standard deviation of the CEO quality distri-

bution. Furthermore, defining w;iy = wije — pp as CEO compensation net of its intercept

ru, equation implies{?]

log(wjj,) = alog(b;) +1og(f(6;j1, 1)) (47)

which reveals that the diversion rate « is given exactly by the elasticity of Wiy with respect
to firm assets b;. The quantity w;‘j , is of course not observed in the data, so equation (47

is not feasible to estimate. Rather, I approximate it using the auxiliary model:

log(wijt) = Bo + B1log(assets;j;) + Patij+ €ijs (48)

The auxiliary parameters f3; and f; are informative of y and «, respectively. The variance
of the fitted residual €;;; carries information about the parameter 9. I thus match the
parameters of equation along with the variance of the fitted residuals €;;; to recover
the structural parameters y, a, and 9.

The parameters oy, 0y, 0y, and c are identified off of firm profitability data. I first
discuss the disentangling of the volatility parameters o, and oy. Under the assumption
that both CEO quality 6; and firm productivity y; are time-invariant, variation in ROA
within a given employment spell is generated entirely by idiosyncratic shocks. Thus,
within-spell variation in ROA helps to identify oyy. Across-firm variation in ROA on the
other hand is informative of o,. Let y;;; denote observed ROA, and let [E; and Var; denote
the mean and variance operators conditioned on firm j. To separately identify o, and oy,

I target the following two moments:

Var(E;[ii]) (49)
E[Varj(yij;)] (50)

The moment (50) is the within-firm variance of y;;, averaged across all firms. This is infor-

mative of the idiosyncratic volatility oyy. The moment (49) is the across-firm variance of

Z6Recalling that ¢; = b{, the expression is obtained from equation by first subtracting ry from
both sides, pulling b;?‘ to the front of the right hand side, and taking logs. The function f(éijtr t) is given by:

f(éijt:t):(g"'L"’%)éijt‘i'(l_L)ef(t) (46)

r Vijt Vijt
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the within-firm average of ROA, and carries information about the standard deviation of
firm productivity o,. The mean of match quality 0, affects the mean of profitability, so is
pinned down by the empirical average of ROA. The monetary cost of turnover, measured
by ¢, is identified by variation in ROA around episodes of CEO turnover.

The remaining parameters, 7 and A, are identified off of CEO turnover data. The
probability of forced termination strictly decreases in the non-pecuniary cost of forced
turnover 7t. The empirical forced termination rate thus carries information about the

level of entrenchment. I target the parameters of the auxiliary model:
dijy = Ao+ Ay tenure;ji + Ay tenureizjt+éijt (51)

where d;;; €{0,1} is an indicator for forced turnover. Finally, the arrival rate of retirement
shocks A is recovered from the empirical rate of retirement. In total, I estimate the model
using a 12 x 1 vector of moments denoted by M. I obtain the optimal weighting matrix as
the inverse of the covariance matrix of M

The estimation algorithm proceeds as follows. Let ® € IR’ denote an arbitrary vector
of structural parameters. Given O, I obtain the value function V by numerically solving
the firm’s H]B equation, from which the optimal termination boundary and compensation
process can be computed. Given the optimal policies, I simulate 5000 firms 20 times each.
Firms draw an initial CEO, and thereafter performance, beliefs, turnover, and compensa-
tion evolve as specified in the previous section. The simulation proceeds for 50 periods,
where a period corresponds to a calendar year. Using the simulated data, I compute the
same 12 moments as were computed in the empirical sample. If the simulated moments
are sufficiently close to their empirical counterparts, the algorithm halts and returns the
estimate ©. Otherwise, a new candidate parameter vector is chosen and the procedure
repeats. Standard errors for the estimates are computed based upon the asymptotic dis-
tribution of the SMM estimator as presented by Duffie and Singleton| (1993). Details on
model fit can be found in Appendix 8.4

5 Results

5.1 Firm Profitability and Turnover Costs

The estimated standard deviation of the CEO quality distribution (oy) is .033, or 3.3% of

total assets per year (Table[4). This estimate in comparable to what has previously been

27See Appendixfor details on the computation of the optimal weighting matrix, estimation algorithm,
and standard error computation.
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found in the literature; Taylor|(2010) for example reports an estimate of 2.42%. To give a
dollar interpretation to the estimates of oy and 0y, aone standard deviation increase in
CEO quality implies a $73.6 million dollar increase in average yearly cash flows for the
median-sized firm in the sample@ The estimate of 0, the standard deviation of firm
productivity, implies a $228.6 million increase in yearly cash flows resulting from a one
standard deviation increase in productivity for a median-sized firm. Using the volatility
estimates oy, 0y and o, I decompose the variance of firm ROA: 6.8% and 65.4% of the
variation of firm ROA can be respectively attributed to variation in CEO quality and firm
productivity. The remaining 27.8% is attributed to idiosyncratic variation orthogonal to
CEO and firm characteristics”’]

Table 4: Structural Estimates

0o 0o ow oy A a c I U
110 .033  .067 103 .088 .476 .015 .097 122
(.001) (.001) (2.6e7%) (1.5e7%) (.001) (.001) (.008) (.050) (.274)

Notes: Standard errors are included in parenthesis.

The model replicates well the low rate of forced CEO turnover in the data (Figure
[G(a)). Such a low rate is explained in part by the high estimated turnover costs. The
estimated monetary cost of turnover (c) is 1.5% of total firm assets (Table [4). For the
median-sized firm, this amounts to roughly $33.1 million. This cost reflects the expenses
associated with finding a replacement CEQO, severance payouts, and general disruptions
to profitability resulting from onboarding new personnel. Compared to the monetary
cost ¢, firms’ utility cost of forced turnover () is estimated to be higher. While turnover
entails a monetary cost of 1.5% of total assets, boards’ effective cost of turnover is (c+7) x
100 = 11.2% of total assets. This added non-monetary cost of forced turnover induces
a substantial wedge separating the value-maximizing firing policy from firms’ enacted
policy, reflecting CEO entrenchment.

As employment progresses and uncertainty is resolved, low-quality CEOs are termi-
nated. CEO quality is positively selected over tenure, leading its respective density to
shift rightward as tenure increases (Figure [5(b)). The initial (¢ = 1) distribution of CEO
quality, prior to any turnover decisions, is symmetric and matches the population distri-

bution N (6,, 55). Thus, among CEOs with one year of tenure, 50% are of below-average

28The median firm in the sample has approximately $2.2 billion in assets.

PInterpreting the increment dy;j+ as firm ROA, under the assumption that CEO quality 0; and firm
productivity y; are independent we have that Var(dy;;;) = (092 + cr)% + agv)dt. The shares of the variation in
2
ROA attibuted to each component k € {6, y, W} are then computed as (,zﬂfﬁ
67y
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Figure 4: Forced Turnover and Positive Selection
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Notes: Panel (a) compares the simulated and empirical firing rates. Solid lines denote the empirical forced turnover rate while
dashed lines denote the simulated counterpart. The gray shaded region indicates the 95 percent confidence intervals around the
empirical forced turnover rate. Panel (b) plots the simulated density of quality among CEOs who survive to tenure ¢ € {1,10,20}. All

CEOs make it through one year of tenure, so the t = 1 distribution coincides with the population distribution N (6, 5%). As tenure
progresses, low-quality CEOs are filtered out, inducing attrition of CEOs with quality in the left tail of the distribution.

quality. As tenure increases, CEOs with quality in the left tail of the distribution are
gradually forced out, concentrating the distribution around increasingly high levels of
quality. Among CEOs with 10 years of tenure, the share of those with quality below the
population mean 6, drops to 34.8%. It is striking that among the CEOs who have sur-
vived 10 years of filtering, roughly one in three of them are below average, suggesting
that the rate at which firms filter out low-quality CEOs is fairly slow.

Two mechanisms generate this slow rate of selection. First, entrenchment increases
the cost of terminating the CEO, protecting them from job loss. A firm may suspect that
their CEO is of below-average quality, and thus would generate higher cash flows in ex-
pectation by drawing a replacement CEO, but turnover costs prevent the firm from doing
so. Second, given the substantial uncertainty over CEO quality, firms may be unaware
that their CEO is of relatively low quality. Given the costs of exercising their turnover
option, firms prefer to wait to replace their CEO until they have sufficient certainty that
their CEO is of low quality. The high estimate of o}y suggests that ROA is a very noisy
signal of 0;, limiting firms’ ability to make precise inferences about the quality of their
CEO. To illustrate this, in Figure |5} I plot the share of quality uncertainty remaining over
the first 15 years of CEO tenure. Consistent with Hamilton et al. (2023), the rate of learn-
ing is quite slow. Roughly 45% and 30% of the quality uncertainty remains after 5 and
10 years of tenure, respectively. The low rate of information acquisition leads firms to
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postpone their firing decisions, increasing the employment lengths of low-quality CEOs.

Figure 5: Speed of Learning
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Notes: Figure[5]plots the share of uncertainty remaining over the first 15 years of CEO tenure. I define the share of quality
uncertainty remaining at tenure ¢ as (Sijt/50)2~

5.2 CEO Compensation

The key model-implied determinants of CEO compensation are CEO reputation, tenure,
firm size, and outside options. The estimates along with parametric assumption (9) im-
ply an outside option of $43.6 million in net present value for a CEO of average quality@
This value is reasonable in light of the fact that CEOs are typically among the most highly-
skilled and well-connected workers in the labor market (Rajgopal et al.,|2006;|Liu, |[2014).
This tightens the participation constraint, decreasing firms’ share of the surplus gener-
ated over their CEO’s employment. Relative to a lower-ranked employee, CEOs are thus
quite expensive to retain, and the high level of CEO compensation observed in the data
can in part be explained simply by CEOs’ lucrative outside options. Moreover, outside
options are sensitive to CEOs’ reputation; a CEO employed in a median-sized firm will
see a $9.43 million dollar increase in their outside option in response to a one standard
deviation increase in their perceived quality éijt This reward is substantial, and must
be matched by employers to ensure that high-quality CEOs are not drawn out of their
positions into the outside market.

In Figure [6] I plot the model-implied increase in compensation resulting from a one

standard deviation increase in CEO reputation. For early-tenured CEOs, the sensitivity of

30Setting firm assets to their median value and evaluating @ at the estimates of 6, y, @, and A yields
C(6y) =43.6.
3!In the population, the standard deviation of the outside option C(éi]-t) is equal to 4)’#
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compensation to their reputation is comparable to that of the outside market. However,
this sensitivity quickly increases with CEO tenure. For a CEO with 10 years of tenure,
the model implies a roughly $20 million increase in total compensation resulting from
a one standard deviation increase in perceived quality. Because CEOs at high levels of
tenure are of relatively high quality on average, they face minimal risk of termination
and thus must be motivated through financial means. This preserves incentive compat-
ibility; as termination incentives weaken over tenure, financial incentives must increase

in response.

Figure 6: CEO Reputation and Compensation
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Notes: Figure[6]plots the model-implied increase in pay resulting from a one standard deviation (SD) increase in CEO reputation
(0;j¢) as a function of tenure. This is obtained as the square root of the variance of optimal compensation (41) conditional on CEO
)2

tenure: Var(wij;|t) = (5ijiy10)*

Lastly, as discussed extensively by Gayle and Miller|(2009), firm size is another major
source of variation CEO pay. As firm size increases, CEOs’ private incentive to divert
cash flows also increases. This is illustrated in Figure |7, which plots the CEO’s private
benefit associated with a 1% decrease in firm ROA. For example, a CEO employed by a
firm with $20 billion in assets would privately receive roughly $1.12 million in response
to decreasing the firm’s ROA by 1%. However, this action would result in a $200 million
decrease in cash flows for such a firm, highlighting the extreme inefficiency of cash flow
diversion. To prevent such inefficient behavior, large firms must increase compensation

along the equilibrium path to preserve the incentive compatibility of efficient actions.

6 Moral Hazard and Entrenchment

In this section, I explore the economic burden of moral hazard, CEO entrenchment, and

match quality uncertainty, analyzing in detail the impact of these three frictions on firm
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Figure 7: Firm Size and the Rate of Cash Flow Diversion
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Notes: Figure[7]plots the CEO’s flow benefit of diverting 1% of firm assets towards their private consumption as a function of firm
size. The incentive to divert cash flows grows with firm size, as does the inefficiency of such an action.

value and CEO employment dynamics. First, I compute firm value in the baseline case
and compare it to the first-best case with no moral hazard. In all cases, firm value is
obtained by simulating 5000 firms for 50 years each and computing the net present value
(NPV) of cash flows net of CEO pay. Similarly, I compare firm value with and without
CEO entrenchment. Results in Table [5|reveal substantial gains upon the elimination of

entrenchment in both the baseline and first-best case.

Table 5: Moral Hazard, Entrenchment, and Firm Value

Entrenchment No Entrenchment | Net Present Value
(1t =.097) (t=0) (NPV) % Change
2" Best $22.36 $23.77 6.32%
(Hidden actions)
1% Best $22.66 $23.92 5.57%
(Observable actions)
NPV % Change 1.34% .62% 6.98%

Notes: Tablereports firm value (in billions of dollars), computed as the net present value of cash flows net of CEO pay, in four
separate environments. The top left cell is the baseline case with both moral hazard and entrenchment. The top right cell is a
counterfactual environment with moral hazard, but no entrenchment. The second row contains the environments with no moral
hazard, with and without entrenchment. Percent changes in NPV when eliminating entrenchment (moral hazard) are reported in the
rightmost column (bottom row).

6.1 First-Best Case

In the first-best case, CEO actions are observed by the firm. Hence, there is no information

asymmetry and moral hazard is eliminated. Table |5/shows that firm value increases by
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1.34% on average upon the elimination of moral hazard. This increase in value is driven
by two mechanisms. First, firms need not satisfy the incentive-compatibility constraint in
the first-best case, so their compensation expense decreases substantially. Second, in the
absence of moral hazard, low-quality CEOs are terminated quicker. To understand this
second point, note that firms have two means of delivering value to their CEOs: direct
compensation and job security. Expanding job security increases the CEO’s expected
length of employment, increasing their equilibrium payoff. In the presence of moral
hazard, firms decrease their firing threshold, thereby increasing expected employment
lengths, in exchange for decreased compensation. Thus, CEOs are employed longer on
average in the second-best case relative to first best. I illustrate this in Figure which
plots the percent change in average spell lengths for CEOs upon the elimination of moral
hazard, across the quality distribution.

Figure 8: Counterfactual Changes in Employment Length
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Across the board, spell lengths decline upon the elimination of moral hazard. How-
ever, the effect is most pronounced for CEOs of relatively low quality. Low-quality CEOs
are thus filtered out of employment more quickly in the absence of moral hazard, posi-
tively impacting firm value. However, the relative change in employment lengths is fairly
small, given the substantial level of CEO entrenchment. In the baseline simulation, CEOs
in the first quintile of quality are employed for 5.32 years on average. This drops to 4.54
years in the first-best case, less than a one year decline in employment length. While
the elimination of moral hazard does improve CEO filtering, entrenchment substantially
limits the realized improvements.

In Figure I compare average compensation across the CEO quality distribution
in the first and second-best cases of the model. In the absence of moral hazard, CEOs’

participation constraints remain relevant while the incentive compatibility constraint be-
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comes immaterial. Hence, compensation is specified to exactly offset CEOs’ outside op-
tion. As such, compensation falls substantially, with high-quality CEOs bearing the ma-
jority of the loss in pay. Additionally, the gradient of compensation with respect to CEO
quality also falls. In the first-best case, compensation increases with perceived quality
only through its dependence on the outside option. Thus, the CEO quality premium falls
substantially. The figure highlights that relative to the case of perfect monitoring, high-
quality CEOs are substantially more expensive to retain when actions are not observable

by boards.

6.2 CEO Entrenchment

Because firms’ non-pecuniary cost of forced turnover () is large, entrenchment has major
consequences for CEO employment dynamics. Entrenchment decreases the firing bound-
ary, increasing the expected length of CEO employment and decreasing the strength of
termination incentives. Table [5/shows that upon the elimination of entrenchment, firm
value increases by 6.32% on average, significantly outweighing the gains generated when
eliminating moral hazard. There are two main channels through which entrenchment
harms firm value. First, entrenchment slows the rate at which low-quality CEOs are ter-
minated. Low-quality CEOs remain employed longer in the presence of entrenchment,
negatively impacting performance. Second, entrenchment weakens termination incen-
tives, increasing the necessary amount of compensation to satisfy incentive compatibility.
This weakening of termination incentives exacerbates the cost of moral hazard, as can be
seen in Table [5) the gains in NPV from eliminating moral hazard drop substantially in
the absence of entrenchment.

Notably, the effect of entrenchment on CEO employment lengths is not uniform across
the distribution of quality (Figure [9(b)). CEOs in the left tail of the quality distribu-
tion see a roughly 60% decline in length of employment on average. This enhances firm
value, as low-quality CEOs are employed for shorter spells. CEOs in the right tail see
a decline in employment lengths of roughly 10%. Firms increase their firing boundary,
strengthening termination incentives, which thereby decreases the necessary amount of
compensation in equilibrium. While high quality CEOs see the smallest changes in em-
ployment lengths, they see the largest changes in compensation upon the elimination of
entrenchment (Figure [10(b)).

As discussed previously, termination incentives and monetary incentives act as substi-
tutes. In the absence of entrenchment, CEOs’ risk of job loss is substantially higher. This

termination risk incentivizes the CEO to remain on path, decreasing the level of compen-
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Figure 9: Counterfactual Changes in Compensation
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sation needed to satisfy the IC constraint. Entrenchment mitigates termination incen-
tives, which increases the equilibrium level of pay, particularly for high-quality CEOs.
Thus, the high level of compensation observed in the data can be attributed in part to the
weakening of incentives induced by entrenchment. Because entrenchment weakens ter-
mination incentives, it is more costly for firms to align the incentives of their CEOs in the
presence of entrenchment relative to the case with no entrenchment. Table |5|shows that
with entrenchment, the gains from eliminating moral hazard more than double relative
to the case with no entrenchment. Thus, decreased CEO entrenchment, brought upon for
instance by improved corporate governance, is one channel through which the severity of

moral hazard can be mitigated.

7 Conclusion

This paper shines light on the impact of turnover frictions on dynamic managerial incen-
tives. The theoretical model, motivated by a set of empirical facts, provides a tractable
framework in which moral hazard, entrenchment, and reputation can be studied com-
prehensively. The results highlight the substitutability of financial incentives and termi-
nation incentives when motivating managers. Entrenchment increases the cost of CEO
replacement, weakening termination incentives and increasing the level of compensa-
tion needed to align incentives between shareholders and the CEO. The model predicts a
considerable decrease in managerial pay upon the elimination of entrenchment.
Counterfactual experiments show that entrenchment more than doubles the cost of

moral hazard. A practical takeaway is that one remedy for the moral hazard problem
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is to lessen to extent of managerial entrenchment. This can be achieved, for example,
by refraining from the use of anti-takeover tactics such as poison pills, or precluding
constitutional limits on shareholder voting power. Such practices add frictions to the
CEO replacement process, weakening managerial incentives and decreasing firm value.
There are several extensions of this paper which may be fruitful avenues for future
research. First, rather than taking the level of entrenchment as given, one could treat the
level of entrenchment as a contractible object. This is similar to work by Grochulski et
al. (2020), who analyze the effects of golden-parachute type mechanisms on the dynamic
allocation of incentives. Additionally, entrenchment may extend CEOs’ time horizons,
mitigating the extent of managerial short-termism. Estimating the impact of entrench-
ment on CEOs’ willingness to invest in long-term projects, R&D endeavors for instance,
may be an interesting task for future work. In addition, while this paper restricts at-
tention to the market for executives, the framework considered here may be insightful
when applied to other labor markets. One could, for example, apply a similar model to
study the impact of teacher tenure on student outcomes. This may be an interesting and

important task for future research.
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8 Appendix

8.1 Data Appendix

Execucomp I obtain data on CEO pay and tenure from Execucomp. Each CEO-firm
match is uniquely identified by the variable co_per_rol. The key compensation variable I
use in estimation is tdc1, defined as “Total Compensation (Salary + Bonus + Other Annual
+ Restricted Stock Grants + LTIP Payouts + All Other + Value of Option Grants).” I
convert tdcl to millions of dollars in estimation; all nominal variables are denoted in
2015 dollars. I winsorize the distribution of tdc1 at its 1st and 99th percentiles.

Compustat [obtain company fundamentals data from Compustat North America, which
contains a rich set of financial information on publicly held companies in Canada and the
U.S. Each firm is uniquely identified by the variable gvkey. Using operating income before
depreciation (item oibdp) and total assets (item at) I compute return on assets (ROA;j;) for
each firm-year as: .

ROA;; - oibdp;;,

ati]-t
[ drop firms with values of ROA;j; outside of the range [~1,1] (70 observations). In-
dustries are defined using the Global Industry Classification Standard (GICS) codes, cor-

responding to the Compustat variable gind.

Forced turnover data Data on forced CEO turnover was graciously shared by Florian
Peters. He and a team of researchers gathered these data for CEOs listed in Execucomp
from years 1995 to 2015. The criteria used to classify turnover as forced are described in
detail in Peters and Wagner| (2014) and Jenter and Kanaan|(2015). Both methodologies

follow the three-step criteria to classify successions as forced from [Parrino (1997):

1. “All successions for which the Wall Street Journal reports that the CEO
is fired, forced from the position, or departs due to unspecified policy

differences are classified as forced.”

2. “All other successions in which the departing CEO is under age 60 are
reviewed to identify cases in which the Wall Street Journal announcement
of the succession either (1) does not report the reason for departure as
involving death, poor health, or the acceptance of another position (else-

where or within the firm), or (2) reports that the CEO is retiring, but does
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not announce the retirement at least six months before the succession.

These cases are also classified as forced successions.”

3. “The circumstances surrounding departures that are classified as forced
in the previous step are further investigated by searching the business
and trade press for relevant articles. These successions are reclassified
as voluntary if the incumbent takes a comparable position elsewhere or
departs for previously undisclosed personal or business reasons that are

unrelated to the firm’s activities.”

If turnover is not classified as forced in Florian Peters’ data, it is assumed to be volun-
tary. For a small number of cases, forced turnover is reported in year t, but the executive
is still listed as CEO in year t + 1. To avoid inconsistencies, all indicators of turnover are
moved to the last year of the CEOs tenure as reported in Execucomp. In my final sample,

I observe 908 instances of forced turnover and 2,667 instances of voluntary turnover.
8.1.1 Profitability and CEO Tenure

Table 6: Profitability and CEO Tenure

Profitability and CEO Tenure

(1) (2)
Coefficient SE Coefficient SE

CEO Characteristics:

Tenure .059*** (.008) 181 (.183)
Age -.009 (.009) -.036  (.080)
Female .085 (.273) - -

Firm Characteristics:

Log(Assets) -4.617%*  (.062) -8. 71 (.534)

Log(Revenue) 5.94*** (.087) 11.7%*%*%  (.654)
Fixed Effects:

Year v v

CEO-Firm Match v

Observations 41,415 41,415

Notes: Column (1) reports pooled OLS estimates while column (2) reports within-match estimates. CEO gender is omitted from
column (2) since this is fixed within match. The tenure effect disappears within match.

In principle, profitability may rise with tenure as a result of learning by doing on part
of the CEO. To test this, I report in Table @ estimates from an ROA regression with and
without CEO-firm match effects. Across matches, there is a positive and significant rela-

tionship between CEO tenure and firm performance. However, the tenure effect vanishes
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within match. This is evidence favoring selection on CEO quality as the key determinant

of the tenure-profitability relationship as opposed to learning by doing.

8.1.2 Turnover and Cumulative CEO Performance

Table 7: Profitability and CEO Tenure

Forced Turnover Voluntary Turnover
Marginal Effect SE Marginal Effect SE
CEO Reputation:
0;j; (Standardized) -.003*** (.001) -3.5¢74 (.002)
CEO Characteristics:
Tenure -.001%+* (1.4e7%) -.001%%* (1.7¢7%)
Age -4, 1m0 (1.1e7%) L0074 (2.2¢7%)
Female .008** (.004) -.016%* (.008)
Firm Characteristics:
Log(Assets) -.002** (.001) -.005%** (.001)
Log(Revenue) .002 (.001) .006*** (.002)
Observations 41,202 41,402

Notes: Columns (1) and (2) respectively report marginal effects obtained from a logit regression of forced and voluntary turnover
indicators on vectors of CEO and firm characteristics.

Taylor (2010) and Hamilton et al.| (2023) suggest that firms make CEO replacement
decisions in response to new information about CEO quality. To proxy for firms’ evolving
information set, I define the adaptive shrinkage estimator éijt as the best estimate of 0;;

given information at time f. Concretely, 0;;; is defined as:

< Biji+wjéij

0ijt = (52)

1+C()j

0;j; is the cumulative weighted average of the performance residuals €;;; implied by esti-
mating Equation (I). I refer to the quantity éijt as CEO i’s reputation with firm j at time
t

Table[7|reports marginal effects obtained from regressing forced and voluntary turnover
indicators on sets of CEO and firm characteristics, along with the reputation proxy é,-jt.
The probability of forced turnover significantly declines in response to positive cumu-

lative performance, as proxied by éijt- On the other hand, the probability of voluntary

329, j+ only conditions on performance residuals up to time f, whereas the James-Stein estimator 0; j con-
ditions on the CEO’s complete performance history. The terminal value of 6; j¢ is the baseline James-Stein
estimate él-j.
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turnover is unaffected by cumulative performance. In light of these results, I assume in

the model section that voluntary turnover is independent of CEOs’ reputation.

8.2 Model Appendix

Throughout the model appendix, I suppress the ij subscripts to ease notational burden.

8.2.1 Belief Manipulation

Suppose that at tenure t the firm recommends aj].t = 0, but the CEO deviates to d;;; > 0.

The firm, assuming the CEO took the recommended action, updates beliefs according to:

d0ijr = viji(dYij, — 0,j,dt)d0;,
= VijiowdZij; (53)

The CEO, knowing their true action choice, will update according to:

déf]-t = Vije(dYij — (éijt —djji)d1)
dof;, = vijowdZ, 54

where de].t = 0;\,1(dYZ-]-t - (éi]-t —d;j;)dt) is the innovation process observed by the CEO.
The asymmetry in information induces a discrepancy in the incremental belief update:

do?

ljt_déijt:dijtvijtdt>0 (55)

The CEO, who is perfectly informed of their action choices, can always update beliefs
“correctly” in the sense that their estimate of 0; is unbiased. The firm on the other hand
lacks knowledge of the CEO’s action choices, and instead assumes that the recommended
action a’;]. ;
der a deviation. In particular, positive deviations decrease realized performance relative

has been selected. The firm thus misinterprets the information generated un-
to the firm’s expectations (éijt - a’;jt)dt, leading the firm’s beliefs to drift downwards rel-
ative to those of the CEO. Figure[10]illustrates an example.

In essence, the firm faces an identification problem in which the effects of CEO qual-
ity and actions on performance cannot be disentangled, since neither are observable. The
CEO can take advantage of this by deviating and inducing a gap in beliefs between firm
and CEO. This benefits the CEO because the optimal contract will reward them if perfor-
mance surpasses the firm’s expectations. The lower the firm’s expectations relative to the

CEQ'’s, the higher the probability that realized performance exceeds expectations. Hence,
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Figure 10: Belief Manipulation
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Figure[L0]illustrates the gap in beliefs induced following a deviation by the CEO. I simulate a sample path of profitability and record
the corresponding beliefs. In this simulation, the firm recommends a;;; = 0 for all t. The CEO deviates to d;;; =.1 at t = 5. This leads
performance to fall short (on average) of the firm’s expectations, decreasing the firm’s beliefs relative to the CEO’s. The CEO is
informed of their action choice, so updates beliefs accurately.

manipulating the firm’s beliefs downwards increases the CEO’s likelihood of accumulat-
ing rewards later in their employment spell. The gap in beliefs a;;; = é?jt - éi]-t has law of
motion:

dajje = vij((dije — aj;,) — aijr)dt (56)
Note that in the absence of further deviations, the gap in beliefs converges to zero at rate

Vi]'t.

8.2.2 Proofs of Key Theorems

Theorem 1. Given any IC contract € = (a,c, T) recommending a; > 0 for some t, there is an
alternative contract €’ recommending {a; = 0};5¢ in which the CEO’s payoff is unchanged and

the firm’s payoff is weakly greater.

Proof. This proof is essentially a restatement of Lemma A in Demarzo and Sannikov
(2017). Let w; denote an arbitrary sample path of profitability Y;;; up until tenure .
The compensation process ¢; and stopping time T under the original contract 4 map

from sample paths to R, :
ct(Ys;s € [O,t]) rw; > R,

T( Y;s € [O,t]) cw; > R,
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Consider the alternative contract ¢’ = (a’,¢’, T’) with compensation and stopping time

defined by:
s t
c;zct(Ys—j ajdl;s € [O,t])+¢j asds
0 0

S
T = T( Y, —j aydl;s € [O,t])
0

which adjust compensation and the stopping time according to the cash flows the CEO
would have diverted given original action recommendation {a; > 0}. If the CEO selected
strategy {a; > 0} under contract %¢”, their flow payoff would be identical to their payoff

under ¢ and {a; + a,} for a given path w;. Furthermore, under contract ¥ and strategy
{a; + a;}, the path of:

t t
Y, = YO+J (éfjt—a;—as)ds+awf az, (57)
0 0

coincides with the path of:

t

t
Y, =Y, +J; (éfjt —al)ds+ GWJO dz, (58)

under contract ¢’ and strategy {a;}. Given the definition of ¢;, the CEO’s flow payoff under
¢’ is greater by ¢a;dt, the amount they would have diverted, so their payoff under both
contracts and respective strategies are identical. The incentive compatibility of original
contract ¢ implies that {a; = 0} is optimal for the CEO under ¢”. Additionally, given
{a; > 0} under ¥ the firm’s payoff strictly increases under ¢” as long as ¢ = b* < b, which
holds when a < 1. O]

Proposition 1. Given state (Qijt; t), the value of the firm continuing with their current CEO
is:
V(éijtl t) = béi]'tAt + E_rAtIE[dV(éi]'H_At, t+ At)] + /\e_rAtVT + O(At) (59)
Taking the limit as At — 0 and applying Ito’s lemma:
2.2

- < - viok <
rV(0,t) =b0 + V,(0,t) + > Voo (0,t)+AVr (60)

E[dV (0jjrsant+At)]/At

is the firm’s Hamilton-Jacobi-Bellman (HJB) equation, the standard recursive repre-
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sentation of the value function in continuous time. To derive the firing threshold, I apply

the value matching and smooth pasting conditions along the stopping boundary:

V(ejfB(t), t)= Vi —br (61)
FB IVr

Inserting these conditions into the HJB equation evaluated at QJIjB( t) yields:

2 2
ViitOw

efB(t) =—r+b ! pVr - Vgg(efB(t), t) (63)

Proposition 2. 1 apply the stochastic maximum principle of Bismut| (1973) to derive nec-
essary conditions. For the Hamiltonian function H and pair of states (A;, a;), define the

corresponding adjoint processes (p2, p®) as the solutions to the backward SDEs:

dp? = rpPdt—Hpdt +q2dz, (64)
dpf =rpfdt—H,dt+q}dZ; (65)

where (g, %) are the volatility processes corresponding to the adjoint pair (p2, p%). Con-
ditions and are the stochastic counterparts of the deterministic Pontryagin’s
maximum principle. The CEO’s (current value) Hamiltonian reads:

H(t,A,a,a,p%,p% 0", 0%) = A(w+ pa+ AC(O)) +p*(v(a-a) + 4" A= (66)
Ow
Incentive compatibility of the first-best action a; = 0 requires %—H < 0. Differentiating the
a

Hamiltonian yields:
A

A+ pivi= 1A <0 (67)

(67) is the necessary condition for the incentive compatibility of the efficient strategy a*.
Before discussing the condition’s economic interpretation, I'll first find expressions for

the multipliers p® and g. Under {4, = 0}, A, =1 and a, = 0:

dp = (rp —w, - AC(6y))dt + g d Z, (68)
A

dp? = (r+vt)pfdt—A2—tdt+qf‘dZt (69)
w
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~ ~ A
with terminal values p/T\ = C(01) and pT = C,(O1). Letting B, = g—fw, the pair (p{\,[}t) is a
weak solution to where:

T T
p = U e Nwds + Af e C(0,)ds + e TIC(Or) (70)
t t

Notice that p2* = U, so the CEQ’s continuation payoff U, becomes a state variable of the
firm’s problem. This is a standard result in the recursive contracts literature. Including
U, in the state preserves the history-dependence of the contract. However, as discussed
in Williams| (2011), additional information is needed in environments with persistent
private information. This additional information is represented by the second co-state

variable p{. The pair (p{,q¥) is a weak solution to where:
T ~
p¥ =, lvt_l J e "B vds + v lvre T C,(67) (71)
t

Let pf = I; denote the CEO’s information rent, which serves as an additional necessary
state variable. Substituting into the IC constraint, and noting again that A; = 1 under the

recommended action path, the constraint becomes:
Be =2 Tvi+ ¢ (72)

coincides exactly with Jovanovic and Prat| (2014), who consider a similar environ-
ment with non-stationary learning, but use the alternative approach of |Cvitanic et al.
(2009) to derive necessary conditions. It is also identical to Demarzo and Sannikov/|(2017)
with the exception of v; being constant in their model.

Using (68), we know that along the equilibrium path, the CEO’s promised value

evolves according to:

dUijt = (rUt_wt_/\C(ét))dt+/5tadZt (73)

where Z—% = B is the sensitivity of U, to profitability dY;. The constraint implies a

lower bound on the sensitivity process ;. Noting the presence of ; in the expression

for I}, it also implies a lower bound on the CEO’s information rents. Substituting the
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constraint into (69) yields:

drt = (r+vt)rtdt_/3tdt+q?dzt (74:)
> (r+vy)Ldt — (Live + p)dt +qfdZ, (75)
= (T, - ¢)dt +q%dZ, = dT} (76)

Solving using the terminal value I} = C,(67) = £ yields:

T

’ ¢
I=E [I e T pds + e_r(T_t)? (77)
t
-? (78)

I} is the minimum value of I} in equilibrium, which is attained when the IC binds. Under
the assumed functional form of the CEO’s outside option, I} is a constant, so can be

dispensed with as a state variable as long as the IC binds. N

Proposition 3. Given an arbitrary termination boundary 0(t), the CEO’s equilibrium value

of continuing employment satisfies the HJB equation:

) oUu . dU vfo&vazU
rUOut (1) =we+ Zo + 0555+ =5 Gar

> AC(61) (79)

The cost-minimizing compensation process ensures that U(6,,t, 0¢(t)) = Uy for all t. This
process is obtained by substituting the expression for U’ j into the HJB equation above.

Doing so and collecting terms yields:

wy = pp+ K1, 0y + K20 05 (1) (80)
K1t=¢(§+%+%) (81)
Kﬁ=¢@—%) (82)

O

Proposition 3. Applying similar arguments as in the first-best case, Ito’s lemma implies

47



that the firm’s HJB equation is given by:

rV(Oijit, Uje) = b0, —wije + Vi(Ojj, t, Uyjy) + (TUijt — Wijt — /\C(éijt))VU(éijtr t,Uij:) (83)
) 2 2

ViitOw = Bijtow »
Voo(0ijirt, Usje) + ——Vyu(0iji,t, Usjy) + AVp

To derive the optimal firing boundary 6¢(t), I apply the following conditions:

V(Qf(t), t, Uijt) = VT—bT( (84)
A%

Vi(Of (1)1, Ujje) = — - =0 (85)
A%

Vu(0p(1), 8, Uij) = - =0 (86)

Condition is the value matching condition, while conditions and are smooth
pasting conditions. Substituting these conditions into the HJB equation evaluated along
the firing boundary yields:

2 2 2 2
ViLo ..o
L WVGG(Qf(t):t:Uijt)_ L

Gf(t):—r7(+b_1 pVr— Vuu(05(1), £, Uijt) (87)

O

8.2.3 Numerical Solution for First-Best Case

To obtain a numerical solution, I first assume that at some T* < oo, the posterior variance
Stz remains constant. Thus, Sijt = 51-]-5 =dand Vvijs = Vijs = v forall T* < t <s. Note that this

approximation can be arbitrarily accurate, as T* can be arbitrarily large. At T", the firm’s
Figure 11: Evolution of Posterior Variance

8
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value can be derived analytically. Consider a firm who has retained their CEO until T,

their value is given by:

T
V(B T*) = V(6yj7) = IEU "G pds + e TV (88)
T:{-
Importantly, time is no longer a relevant state variable for t > T*. Applying Ito’s lemma
in this case yields the simplified HJB equation:
< ~ v2o2d?V

rV(0ijr+) = 9ijT*+TW (89)
with boundary condition V(6¢) = Vr. This is a straightforward second-order ODE with

solution:

3 ;i1 0;ir-—6 0
V(6ire) = +T+exp(—\/§(ﬂ—f))(VT—n—7f) (90)

Vo

Hence, conditional on reaching tenure T, the firm’s value is given exactly by Equation
(90). I solve the model backwards from this point. I’ll first introduce some notation

largely following Brandimarte| (2006). Define the discrete grids of state variables:

O={u+A0,u+2A0,...,u+(M-1)A0, u+ MA6} (91)
T = {At,2At,...,(N —1)At, NAt} (92)
where p+ A6 is the smallest value of 0;;; contained in its discrete grid. Define V;; =
V(u+iA06, jAt) as the discretized counterpart of the firm’s value function evaluated at grid
points u+iA6 and jAt. I use a finite difference approach to approximate the derivatives
in the HJB equation (60). I use the backward and standard approximations of V; and Vjyg

respectively:

aV(0,t) Vij=Vija

ot At (93)
*V(0yt)  Vierj-1 =2Vij+ Vic 4
002 (AB)? (54)
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Plugging these approximations into and doing some algebra yields the discretized
HJB equation:

Vij=Ai;Viej-1+BijVijo1+Ci Vi1 + Di (95)
vio?
Ajj = 5P (96)
B; ;= v].zozp+rAt+l (97)
vjz(fz
Cij=——%5"p (98)
D; = —(u+iAO)At (99)

where p = (AATt)z. This can be represented as an M —1 x M — 1 system of linear equations:
Vi, By G 0 0 0 Vi1 D1+ A4,V
Vo Az By Gy O 0 Va1 D,
V3,]' _ 0 A3,]' B3,j C3,]‘ V3,]'_1 D3
VM-1,j 0 0 Apm1j Bum-1j Cm-yj||VMm-1,j-1 Dy
VM,j 0 0 0 0 AM,] BM,] VM,j—l Dy + CM,jVM+1,j—1

Note that the values Vj ;1 and Vj,1,j_1 are not defined. These are instead given by the
boundary conditions Vg ;1 = Rand Vi1 = V(MABG,(j — 1)At). Rewriting the system

slightly:
Vl,j_(Dl +A1,]‘VO’]‘_1) Bl,j Cl,j 0 0 0 Vl,j—l
V2,j -D, Az,j BZ’]‘ C2,j 0 0 V2,j—1
V3’]‘ —D3 3 0 A3,j B3’j C3,]' 0 V3’j_1
Vpm-1,j — Dpm 0 0 Am-1j Bma1,j Cm-rjl|| VM-1,j1
Vm,j = (Dm + Car,j Vare1,j-1) 0 0 0 Am,j  Bmj J\ Vm,ja
D Q v

This can be expressed more succinctly in matrix form: D = QV. Note that the matrix Q
is tridiagonal, and thus can be decomposed into an upper triangular matrix U, a lower

triangular matrix L, and a diagonal matrix with positive elements P:

Q=L+U+P (100)
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With this insight, the successive over relaxation (SOR) iterative method can be applied to

solve for firm values for t < T*. To apply this method, I rewrite the linear system as:
(P+wL)V" =[(1 - )P - U]V + wD (101)

n is the iteration counter and the parameter w € (0,2) is the relaxation parameter whose

optimal value is given by: )

A VIopGP

where p(G) is the spectral radius of the matrix G = P! (L+U). When (P+wL) is invertible,

(101) can be written as:

(102)

V"= (P+wl) ! [[(1-0)P-wU]V"™ +wD] (103)

whose elements can be computed via forward substitution:

i—1 n
- w _
V=@V o Dim ) QuV- ) Qv (104)
1,1 .
=

j=i+1
8.2.4 Numerical Solution for Second-Best Case

The solution method for the second-best case works largely the same as in the first-best,
with the addition of U; as a state variable. As before, I assume some arbitrarily large T~
such that 6, = 6, = 0 for all t > T*.

For t < T, the firm’s H]JB equation is given by:

rV(0yt,Up) = By —wijy + Vi + (rUp —wy — AC(6,) ) Vy (105)
2.2 2.2
+Vf2‘7 Voo + PL v v Ay (106)

I approximate this with a linear system of equations using an upwind finite-difference
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scheme. The approximations of the relevant derivatives are given by:

aV(0,t,Uy) _ ifj - ifj_l
ot T At
PV@, Uy Vi -2V v
202 (AD)2
2V (6,,t,U) Vi —2Vi + Vi
oU?2 - (AU)?

(107)

(108)

(109)

Consistent with the upwind scheme, I approximate the partial derivative V; by:

oV (6,,t,U,)
U

~

t-1 t—1
vy,

t—1 t—1
i1 Vi

AU

iji-1 -
Nij if

TUl'

jt

if rUijt > Wijt + AC(élﬂ)

< wi]-t + /\C(él]t)

(110)

Substituting these approximations into the firm’s H]B yields the implicit scheme:

i,j

1
Al = —Evtzazpee

Bf.y]. =1+rAt+ (rUf’;l -w

2 2 2 2
+PoeVi 0 + PuuPi 0f

1
t_ 2 2
C —_Evtg Pee
t _ t—1 t—1
D};=(rUf;' —wij' -

t—
i,j

b ptyst-1 t t—1 tyst-1 t t—1
Vi.=A Vi_l,].+Bi,jVi’]- +C'V. ~+Di,jV--

i+1,j

i,j—

t t—1 t
1T E Vi tEi

AC(iA0))p,1[drift <0]- % 2620,

1
Ef =—(rUf;' —wi;! = AC(iA0))p,1[drift > 0] - 3 2620,

i,j

Fl i =—(iA0 -w! ' + AVy)

(A1)

where p, = 2%, pu = {807,
(M —1)(N —1) linear system:

Vi By, Cj 0
Vii Ayj By Ca,j

t . .
VMJ o A3z, B3

t - t .
Vio Dy ; Az

vi 0 D!

M-1,N M-1,N-1

t t
VM,N 0 0 DM,N—l

and pgg = -

(A1)
(A0

t
Ej 0
t
0 Ey,
t
EM,2
Cs,j
0 0 AM—l,j
0 0 0
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0
t
E1,3

Bnp-1,j
AM,j

Cm-1,j
BM,j

t-1
Vl,l1

t—
V2,1

t—1
VM,]

t-1
V1,2

-1
VMoIN
t—1
VMmN

(111)

(112)

- /\C(iAE)))pu(l[drift >0]-1[drift <0]

(113)

(114)
(115)

(116)

(117)

5. This is represented as an (M —1)(N —1) x

Fi,l +A1’j V()]j,]
t
F2,1

t
FM,]
t
F1,2

t
Fyon
F,{,LN +CM,j VM+1,j-1



With this representation in hand, I proceed by using the same method as in the first-best

case.

8.3 Estimation Appendix
8.3.1 Weighting Matrix

From the empirical sample I obtain a K x 1 vector of moments M. Let W denote the
corresponding N x K matrix of influence functions, N being the number of observations
in the sample. Each element W, is the influence function describing observation n’s
contribution to moment k. The covariance matrix of the vector of moments can then be

estimated as:
avar(M) = W'W (118)

The weighting matrix W is then obtained as the inverse of matrix Let © € R” denote
an arbitrary vector of structural parameters. Define the moment residual g : R — RM

as:

N
2(©) =M—§;m (©) (119)

Where M is the vector of empirical moments, #1°(®) is the vector of simulated moments
given parameter values © in simulation s, and S is the total number of simulations. The

vector of estimates © minimizes the SMM objective function:

A

© = argmin g(©)Wg(©)’ (120)
(C)

8.3.2 Model Estimation Algorithm

I use the particle swarm algorithm to minimize the SMM objective function (120). The

model is estimated as follows:

1. Set initial guesses for model parameters: 1 set initial values for the structural parame-
ters ©. The initial guess is chosen manually, while subsequent guesses are selected

by the particle swarm algorithm.

2. Compute the firm’s value function: Given a vector of parameters ©, I compute the
value function V using the procedure outlined in Appendix from which the

optimal firing boundary and compensation process can be computed.

3. Simulate model: Given the optimal firing and compensation policies, I simulate 5000

firms 20 times each. Firms draw an initial CEO from distribution N (6, 5(2)). Perfor-
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mance evolves according to Equation (j5) and beliefs evolve according to Equation
(20). Firms make compensation and firing decisions based upon the optimal poli-

cies outlined in the second-best case of the model.

4. Construct simulated panel and compute moments: Using the simulated data, I con-
struct a panel resembling the empirical sample and compute the same moments as
described in Section

5. Evaluate objective function: Given the set of simulated moments, I evaluate the SMM
objective function (120). If the objective function value satisfies the particle swarm
stopping criterion, the algorithm halts. Otherwise, a new candidate parameter vec-

tor ©’ is selected and steps 2-5 repeat. This continues until the algorithm halts.

8.3.3 Standard Errors for Parameter Estimates

For true parameter vector © and consistent estimate ©, we have the following asymptotic
distribution (Duffie and Singleton) 1993):

Vn(© - 0) - N(0,avar(©)) (121)
avar(©) can be expressed as:
-1
avar(©) = (1 ; é)(agag)wagg?)) (122)

where a‘g(g) is the Jacobian of the moment residual (119) with respect to the structural
parameters, W is the optimal weighting matrix, and S is the number of simulations. I

approximate the Jacobian using:

04m(©)  8p(© +hy)—g,(O)
20, h

(123)
p

for each moment m and parameter p. h, is the perturbation size for parameter which I
set to 1% of the absolute value of the parameter estimate. The standard errors are then

obtained as the square root of the diagonal elements of the matrix:

1\(98(©) , §(©)\"
1+ 1) 20 121

where W is the sample counterpart of the optimal weighting matrix.

54



8.4 Further Details on Results

8.4.1 Model Fit

Figure 12: Fit of Estimation Moments
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Figure[12]scatters the empirical moments over their simulated counterparts using the
45-degree line as a reference point. All moments are scaled by the corresponding empir-
ical standard error. Additionally, the model replicates well the substitution of financial
and termination incentives as illustrated in Figure 3| Figure|13|plot the simulated coun-
terpart.

Figure 13: Simulated Incentive Pay and Termination Risk
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Notes: For the first 20 years of CEO tenure, Figure[I3|plots the average pay sensitivity ()1;) over the average rate of forced
termination. The rate of forced termination decreases with tenure, while the pay-performance sensitivity increases.

Pay sensitivity here is measured by the parameter yy;, the marginal effect of CEOs’
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perceived contribution to ROA (0;;;) on total compensation. As tenure increases, firms
become increasingly certain about CEO quality, and low-quality CEOs are forced out.
The high-quality CEOs which survive into later years of tenure face relatively low risk
of job loss, so are incentivized alternatively via financial instruments. Such a pattern is
consistent with |Gibbons and Murphy| (1992) for example, who also find that CEO pay

contracts become increasingly sensitive to performance as tenure increases.
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