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ABsTRACT: | estimate a dynamic principal-agent model to study the impact of turnover
frictions on managerial incentives. Firms hire CEOs of unknown quality and design com-
pensation contracts. Quality is gradually learned, and firms make replacement decisions
based on their beliefs. CEOs are entrenched, so replacement is costly. Entrenchment
weakens termination-based incentives, increasing the provision of performance pay in
equilibrium. The estimates imply a 9.1% reduction in average CEO pay upon the elimi-
nation of entrenchment, though effects are heterogeneous across the distribution of CEO
quality. Finally, I find that the level of entrenchment is minimally affected by board in-
dependence. (JEL M50, D86, D83, G30)

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 impact of

entrenchment on managerial compensation. Boards hire CEOs of uncertain quality which
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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 has a considerable impact on the incentive-aligning level
of CEO pay; the model predicts a 9.1% reduction in average CEO compensation upon
the elimination of entrenchment. Entrenchment effectively induces a transfer of surplus
from shareholders to the CEO, which I refer to as the entrenchment premium. Notably, this
premium varies substantially across the distribution of managerial quality. The average
marginal effect of entrenchment on compensation is $907 thousand dollars per year for
CEOs in the top quintile of the estimated quality distribution, compared to $45 thousand
per year for CEOs in the bottom quintile. In addition, I find that the level of entrenchment
varies minimally with the level of board independence; CEOs monitored by boards with
high and low levels of independence extract roughly the same benefits stemming from
entrenchment. This is consistent with prior literature (Coles et al., 2014) and suggests
that increasing board independence is not an exhaustive remedy for the issue of CEO
entrenchment.

This paper makes several contributions to the literature. First, this paper makes a
methodological contribution to the growing literature on CEO employment dynamicsﬂ
I leverage theoretical results from |Demarzo and Sannikov| (2017) to embed the equilib-
rium compensation contract within the canonical model of CEO turnover first employed
by Taylor| (2010), allowing compensation and employment dynamics to be studied in tan-
dem. Second, I contribute to the literature on corporate governance by quantifying the
impact of entrenchment on managerial compensation. The role of disciplinary termina-
tion in CEO compensation contracts is often overlooked; I endogenize termination and
provide empirical evidence that the threat of termination has considerable effects on the
provision of managerial incentives. Furthermore, I extend the model to allow for interac-

tions between CEO entrenchment and board independence, permitting an assessment of

3The 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
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whether the effects of entrenchment on managerial incentives are heterogeneous across
board types. Finally, this paper contributes to the broader literature in labor economics
on job matching under uncertainty about worker quality (Jovanovic, 1979; Miller, 1984;
Moscarini, [2005). This literature 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 ob-
served empirically; conditional on a job match surviving, posterior beliefs increase on av-
erage, 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.
When estimating the extended model, I augment my sample with director data obtained
from Institutional Shareholder Services (ISS). 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 al.|(2024) 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 attention. 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. Boards face substantial uncertainty about CEO
quality at time of hire 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, boards cannot disentangle the effects of effort and quality when
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monitoring CEO performance, posing an identification problem for boards which CEOs
can leverage for their private gain. Reminiscent of the ratchet effect in |Laffont and Tirole
(1988), CEOs who convey positive information to boards face more demanding incen-
tive schemes later in their employment. CEOs thus have an incentive to convey negative
information, which can be achieved by privately expropriating firm resources and in-
creasing board pessimism about future performance. Such behavior is inefficient, and
the problem is especially severe when the rate of board learning is slow. Indeed, the
model estimates imply that boards learn about CEO quality quite slowly. After 15 years
of CEO tenure, roughly 40% of the initial uncertainty remains. This suggest that boards’
ability to precisely make inferences about the quality of their CEO is severely limited by
the idiosyncratic noise present in the cash flow process. An implication is that some de-
gree of “pay for luck” is to be expected in equilibrium (Bertrand and Mullainathan)| 2001}
Garvey and Milbourn) 2006;|Daniel et al., 2019); even if a CEOQ is of relatively low quality,
sequences of good luck may lead boards to perceive their CEO as high quality and award
pay accordingly. The estimates suggest that the prevalence of pay for luck in equilib-
rium is substantial; among CEOs at the 90" percentile of the compensation distribution,
roughly one in four have quality below that of the average replacement.

Low-quality CEOs can have a detrimental impact on shareholder value, as managerial
quality has been found to be an important determinant of firm performanceﬁ The exist-
ing 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 $155 million dollar dif-
ference in yearly cash flows between a CEO at the 95" and 5" percentiles of the quality
distribution. 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, as
the estimated level of entrenchment is quite high. Entrenchment reflects a conflict of in-
terest between shareholders and boards of directors, to whom CEO replacement duties
are delegated. In particular, boards may consider non-pecuniary factors, independent
of shareholder value, when making CEO termination decisions. As an example, these
non-pecuniary factors might reflect personal relationships with the CEO which 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. Thus, CEO dismissals may also
subject directors to reputational costs. In light of these considerations, I follow Taylor

(2010) and represent CEO entrenchment as a non-pecuniary cost incurred by the board
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when firing their CEO.

A high degree of entrenchment is generally associated with weak corporate gover-
nance (Gompers et al., 2003; Bebchuk et al., 2009). In the corporate finance literature,
managerial entrenchment has been argued to be an important determinant of a num-
ber of firm outcomes including investment decisions (Shleifer and Vishny,|1989), capital
structure (Zwiebel|, [1996; Berger et al., 1997), and dividend payout policy (Hu and Ku-
mar, [2004). I contribute to this literature by quantifying both the effect of entrenchment
on equilibrium CEO compensation and the sensitivity of this effect to board indepen-
dence. 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 increases the effective cost of forced termination, inducing boards to substitute and
use more performance-pay in equilibrium. Given the estimates, this amounts to a roughly
9.1% increase in average yearly CEO pay. Further, I find that the level of CEO entrench-
ment decreases with board independence, but not drastically. I estimate the effective cost
of replacing a CEO to be roughly 15% higher for boards with low levels of independence
relative to those with high levels of independence.

The results of this paper highlight the importance of turnover frictions when studying
moral hazard in executive labor markets. Considerations of turnover are often neglected
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. More recently,
the incentive effects of turnover have received attention in a continuous time setting (San-
nikov, 2008 Biais et al.,|2010;[Zhu), 2013 Demarzo and Sannikovl,|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. Importantly, 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 when

boards’ ability to punish CEOs through financial means is exhausted.
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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 models
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 stationary
learning. Uncertainty reduction over tenure is important to consider when studying the
dynamic selection of workers, so I adopt the JP assumption of non-stationary learning.
However, JP assumes agents are risk-averse with unlimited liability and does not con-
sider 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 liability is important in this paper, as it leaves a role for disciplinary termina-
tion 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 ter-
minated. In my model, agents are replaced following an instance of turnover and firms
continue operations. 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 regular-
ity 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, allowing 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 presents the
model estimates. The impact of entrenchment on equilibrium compensation is analyzed
through counterfactual experiments in Section 6. Section 7 presents the estimates and
results of the extended model with board independence. Closing discussion and con-

cluding remarks are contained in Section 8.

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 [I[ 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
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 [1). 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.

8ROA is defined as operating income (0ibdp;j; in Compustat) divided by total assets (at;;; in Compustat):
o Oihdpijf % 100
yl]t - ut,-jt

9See Appendix for extended details on the turnover classification and construction of the sample.
10Through 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.



Table 1: Summary Statistics

Mean Std. Dev. 57 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 4.91 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.

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 Stylized Facts

Next, I outline the key empirical facts motivating the structural model. The data suggest
that variation in CEO quality is high; CEOs of relatively high quality generate substan-
tially 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 contracts, 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 qual-
ity 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 de-

creasingly motivated by the risk of forced termination.

CEOs are rarely fired. Panel (b) of Figure |1| plots the rate of forced turnover over the
first 13 years of CEO tenure. As previously documented in the literature, CEOs are un-
likely 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
Taylor| (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 popula-
tion, 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 reduced-form proxy for it using observed firm profitability. Specifically, I project firm
profitability on a vector of firm and CEO characteristics, and obtain the shrinkage esti-
mate 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+ y + € (1)

where p;;; denotes the return on assets for firm j employing CEO i at time tm Cij; and
F;;t are a vector of CEO and firm characteristics, respectively@ 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

"IThe use of ROA as the main measure of firm performance is consistent with the related methodolog-
ical literature (Taylor, 2010; Hamilton et al) |2024; (Capron et al., [2024). I follow suit in the interest of
maximizing comparability of results with those of previous studies.

12Speciﬁcally, I control for the CEO’s age, gender, and tenure (as CEO), along with firm assets and total
revenue.



by s;;, the shrinkage estimate of CEO match quality 6;; is defined by:

N A NSV
0ij = 1+a)-(_Z€1]t1[1] _z]]) (2)

] Sij ij’

wj=Var(ép|j =j) (3)

éij is the James-Stein estimator of true match quality 6;; and ¢€;;; are fitted residuals ob-
tained from estimating Equation Table [2, summarizes the distribution of 6; j across
all CEOs in the sample. Its standard deviation is 5.4, which lies within the range found

Table 2: Distribution of CEO Quality éi]-

Mean  Std. Dev. 57 pct 507 pct 95" pct

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

in previous literature 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
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. Figureshows that the across-CEO average of éi]- increases over tenure
(Panel (a)) while its variance decreases (Panel (b)). As 0;; is fixed within a given CEO,
this pattern is suggestive of positive selection on quality; firms exercise their firing op-
tion in response to poor signals of CEO quality, inducing gradual attrition of low-quality
CEOSE 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 com-
presses the variance of the quality proxy among those employed, as the distribution be-

comes more concentrated around relatively high levels of quality.

3Match quality 0] 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.

14For example: Taylor|(2010) reports a SD of 2.42 while Bertrand and Schoar|(2003) report a SD of 7.

15The median-sized firm in the sample has $2.219 billion in assets. The approximate $303 value is ob-
tained by: 2219 x 831715 ~ 303,

16T show in Appendixthat forced turnover decisions are sensitive to cumulative performance, while

voluntary turnover decisions are statistically independent of cumulative performance.
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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 f as calculated in Core and
Guay| (2002) and Coles et al. (2006)@ Specifically, 6;;; is defined as the year t monetary
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-tenured CEOs, who have
exhibited relatively high levels of performance on average (Figure2), face a very low risk
of forced termination 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 termination-based incentives are stronger. Figure (3| gives a sharp depiction
of this gradual substitution away from termination-based incentives 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. In other words, it is more costly to threaten to fire a proven,
long-tenured CEO than a brand new CEO of uncertain quality.

176,-]-t 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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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. Pay-performance sensitivity is
measured following|Core and Guay|(2002) and|Coles et al.|(2006) and 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.

2.2 Discussion

The stylized facts presented in this section provide a descriptive glimpse into the role
of reputation in CEO employment dynamics. It is worth emphasizing that the patterns
observed are the product of complex endogenous relationships between compensation,
turnover, and perceptions of CEO quality. Consequently, the reduced-form results re-
ported here are almost certain to be contaminated by bias. For instance, Figure[2]suggests
that CEO quality and tenure are correlated, in which case estimating CEO quality using
residual performance will yield biased estimatesm To develop a more credible under-
standing of the influence of reputation and turnover on the provision of CEO incentives,
it is essential to address the limitations of this descriptive analysis and provide a more
rigorous account of the underlying decision problem.

To this end, I construct in the next section a dynamic agency model to capture the
joint dynamics of CEO reputation, turnover, and incentives. I explicitly model boards’
decision over both CEO dismissals and contract design, addressing both selection bias
and the endogeneity of CEO reputation and incentive provision (Milbourn, 2003). This
approach lays the groundwork for a more nuanced interpretation of the stylized facts,
linking them to the strategic decision-making processes that govern CEO employment
and compensation.

18See Chetty et al.| (2014) for an analogous discussion in the context of estimating teacher value-added.
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3 Model

The model features two types of decision makers: boards and CEOs. Each board acts
on behalf of their firm and employs one CEO at a time. Firms’ rate of profitability is
determined by their level of productivity, turnover costs, idiosyncratic shocks, and their
CEO’s qualityﬁ and private actionsm Neither quality nor actions are directly observed
by boards. Rather, quality is gradually learned by observing profitability and efficient
actions are implemented through the board’s design of a full-commitment contract. The
contract specifies optimal compensation and termination policies which serve as alter-
native 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
areplacement CEO is hired and operations continue. The board designs contracts to max-
imize 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 not be shareholder-optimal in
the sense that it does not purely maximize firm value.

Both boards and CEOs are risk-neutral. Each ﬁrm@ j employs a CEO i whose current
level of tenure is denoted by t > 0. CEO quality 0, is drawn from population distribution
N(6,, 65) and remains fixed over time 0, is not known by either party, but is gradually
learned as cash flows are realized. 0;;; and ij , respectively denote the board and CEO’s
estimate of 0; at tenure f, which do not coincide in general. If the board believes qual-
ity 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@ [ let 7;; = min{T, R} denote the time at which CEO i’s em-
ployment within firm j ends, whether by retiring or being fired. Firms incur cost c in the
case of firing or retirement, representing the monetary costs associated with replacing a

CEO. Additionally, boards incur non-pecuniary cost 7 when firing their CEO, reflecting

YThroughout this paper, “quality” is taken to be synonymous with skill, ability, or fitness for the CEO
position. It is beyond the scope of this study to engage in a detailed philosophical inquiry of what consti-
tutes managerial quality—whether it reflects the ability to select profitable projects, interpersonal skills,
strategic vision, or other factors. Instead, I follow related literature and treat quality as a latent, CEO-
specific attribute with an additive effect on firm performance. For an in depth discussion of what comprises
managerial quality, see Kaplan et al.|(2012).

20All firms operate independently of one another, so broader market equilibrium considerations are not
addressed in this paper.

2IBecause each firm has a single board, the j subscript can be seen as indexing both firms and boards.

22T abstract from learning by doing and show in Appendix that the assumption of time-invariant
CEO quality is supported in the data.

23The assumption of exogenous CEO retirement is empirically motivated. I show in Appendixthat
voluntary CEO turnover is statistically independent of CEOs’ history of performance.
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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 replace-
ment 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‘7%), both of which I assume to be known and constant over

time@ Firm cash flows gross of CEO pay are denoted by dX;;; and have the dynamics:

Profitability Rate

—_——
Xmjt:b]()/]dt-l—dYZ]t) (4)
dYiji = (0; —a;j)dt + owd Wi (5)
Xijo = =bjc+ X(i-1)jr,y), (6)

For firm j with CEO i, the rate of profitability at tenure t is obtained by dividing cash
flows dX;;; 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
ajj; > 0, representing the diversion of firm cash flows towards the CEO’s private consump-
tion Wij = fOtdWi]-S is a standard Brownian Motion on probability space {Q,}',P}
and the parameter oy, measures the volatility of performance shocks. At the beginning
of CEO i’s employment spell, cumulative cash flows initialize at X;;o. This initial condi-
tion is given by the cumulative level of cash flows at the time of departure for the previous
CEO, denoted by X(i—l)jr(z-_l)
sented as a fraction of assets, scaling by firm assets converts the units of turnover costs to

i minus the monetary turnover cost b]-c. Because c is repre-

24Modeling entrenchment as a non-pecuniary cost follows the specification of previous structural anal-
yses of CEO entrenchment (Taylor,|2010; Hamilton et al.,|2024;|Capron et al.,|2024)). This reflects boards’
distaste for forced CEO dismissals stemming from, for example, personal relationships with the CEO, rep-
utational costs, or the fact that director turnover often follows CEO turnover.

25The analytic results would be unchanged if yj or bj varied over time, as long as they are observed
separately from dY;;;. The 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
bj > 1 for all j, so all firms have at least $1 million in assets. For reference, the minimum value of the
empirical distribution of assets is roughly $57 million.

261t is equivalent to interpret a;j; as managerial effort, where the case of a;;; = 0 corresponds to full effort
exertion.

27() is the set of all sample paths of {Wijt}t=0, with @ € () denoting an arbitrary sample path. P is a
probability measure over F, a o—algebra over Q.
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dollars.
Preferences and outside options CEOs’ flow utility is given by@

u(wijr, aije) = wije + Piaijr (7)
¢;=b" ac(01) (8)

wjj; is the tenure-t realization of compensation specified by the F;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 4)]- increases with firm size. Hence, cash flow diversion is more profitable
for CEOs in larger firms, implying that CEOs’ incentive for misbehavior 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 + P9

Upon exiting from the firm, the CEO receives outside option C(éij) which depends
explicitly on their reputation at time of departure, capturing the influence of career con-
cerns (Fama) 1980; Gibbons and Murphy, 1992; Holmstrém, 1999; |Fee and Hadlock),

201 5)@ Specifically, I assume CEO outside options are an increasing, linear function

a .

of their perceived quality 0 it

Na (P] Na
C(O5) = p+ Teijt (%)

Hence, high-quality CEOs will (on average) have a high outside payoff, and thus will

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

dac _¢j
467 1

is not innocuous. I illustrate in Appendix|A.1|that this slope assumption implies

28As is conventional, I assume compensation and effort are additively separable in the interest of
tractability. For an example of optimal incentive provision with multiplicative utility functions, see [Ed-
mans et al.|(2008).

“’Further, this will imply that CEOs employed in large firms are compensated more than CEOs in small
firms, all else equal. This is consistent with the well-known fact that CEO pay increases with firm size
(Gabaix and Landier),|2008).

USee Appendixfor a proof of this statement.

31Tying outside options to beliefs implies that managers transmit information about their fitness as CEO
to the market while employed in a CEO position. At first glance, this may appear inconsistent with the
earlier assumption that boards have no information about the quality of incoming CEOs, aside from knowl-
edge of the distribution N(6y,53). However, it is important to note that the vast majority of CEOs in the
sample have never held a prior CEO position (Cziraki and Jenter,|2024). In fact, over 95% of managers in
my sample have only held one CEO position in their career. Consequently, at the time of hire, managers
generally have had no prior opportunity to publicly demonstrate their quality as a CEO, leaving firms
reliant on the prior distribution of quality to form beliefs.
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that the marginal benefit associated with an increase in private beliefs is the same within
and outside of the firm, vastly improving 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
separation, the arrival rate of CEO retirement A will be absorbed into the discount rate.
For notational brevity, I therefore define r = p + A as the effective discount rate. Given

a strategy a: [0,T] xQ — R,, the CEO’s net present value of employment at tenure ¢ is
given by@

U4

T T
th:IE?[J er(”)u(wijs,ﬂijs)dHAf e "6 )ds + e TIC(0f ) (10)
t t

ijs

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 Ul.“j ;

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

contractual relationship, the firm’s optimal payoff is given by:

VijO = max IEO

T T T
‘ f e_”dXijt_J e‘”wi],th/\J e_rtVTdHe_rT(VT_bfn) (1)
€eC 0 0 0

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 %;j;-adapted. Upon turnover, the board receives value Vr which

simply denotes the value of the next CEO employment spell:
Vr = Viirnjo (12)

Following any instance of turnover, the board immediately draws a successor CEO (i + 1)
from distribution N (6, 65) and continues operations. Note that given the initial condi-

tion for profitability (6), the monetary turnover cost c is reflected in the term Vj,q)jo.

32Throughout the model, E¢[x] = fQ xd P/, where P/ is the tenure-t probability measure arising from hav-

ing observed the action process a. On the other hand, IE;[x] = fQ xdP;, where P, is the tenure-t 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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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 +1. 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(é,-]-t, Sijt) and N(éfjt, 5ijt) rep-
resent the respective beliefs of the board and CEO given information up to f, where

0;jr = 07,
1t
edge of the process a4, 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 CEO’s beliefs if necessary for establishing incentive com-
patibility, the details of which I relegate to Appendix[A.1] T assume rational expectations,
so the initial beliefs of the board and CEO coincide with the population distribution:

él‘]'ozé?jozeo (13)
8510 = 8 (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-

mulative action A;j; by:
t t
Yijt:YijO"'J (Qi—aijs)d5+0'wj dWijs (15)
0 0
t
Aijt = J aijsds (16)
0

The parameters of the equilibrium belief distribution N (6; jts 51-2]. ;) are then given by:

3 67200+ 0 2(Yi, — Yiig + A

Qi]’t: 0 0 (~1_]2t ij0 z]t) (17)
6ijt

&5y = (857 +a 21! (18)
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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
Ajj; and shares the same estimate of 6; as the CEO. The equilibrium law of motion for

0;j: follows from Ito’s lemma:

~ 52t ~
d0;jy = —5-(dYjs = (0 — @iy, )d1) (19)
Ow
= VijjowdZij (20)

where dZ;;; = 0;\,1(61}’,-# - (éijt - ajjt)dt) is the innovation process, tracking the realization

of performance dY;;; net of expectations (0;;; — az*-]-t)dt. Beliefs adjust in response to these
2

ijt
variance is deterministic and decreases monotonically with t:

signals with sensitivity v;;; = 6%.,/0%,, which I define as the rate of learning. The posterior

do%, = —vijpd7,di (21)
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-
tions, cash flow diversion induces a low realization of contemporaneous performance@
This leads the board’s beliefs to drift downwards relative to the CEQO’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.

33Given that the action process a* attains its lower bound in equilibrium, it suffices to restrict attention
to positive deviations. See Appendixfor more discussion.

34CEOs’ capacity to manipulate boards’ beliefs about their quality has received empirical attention in
the accounting literature. For example, |Ali and Zhang| (2015) note that CEOs’ incentive to manipulate
earnings reports is greatest in early years of tenure when there is relatively more uncertainty about quality,
as is the case in the model presented here. More recently, evidence has been presented suggesting that the
pervasiveness of such strategic earnings management is minimal (Bertomeu et al},|2021). This supports the
notion that the “no manipulation” equilibrium considered here is a reasonable approximation of reality.
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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(6;j1,t, Ujj;) denote the board’s optimal payoff given state (0;j;,t, U;j;), where
Uij: 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
(1+1):

V(Of(t),t,Uijy) = Vr — b (22)

The stopping time T denotes the first time that éijt reaches 0¢(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 Uj;q

and maximizes the board’s objective:

T T
V(0iji, t, Ujt) = IEt[ ft e dX; - ft e wijds

+)\.[Te_r(s_t)VTds+e_r(T_t)(VT—bjn)l (24)
subject to:
T T
Uijo = ]EO[JO e_rtu(w,-jt,aijt)dt + /\J;) e_rtC(éi]-t)dt + e_rTC(é,-jT)l (PK)
Ujjr 2 C(65) Y t<T (IR)
Uijo = Uz'i‘o for any other 4 (IC)

simply defines the CEO’s promised value. and are the participation and
incentive-compatibility constraints, respectively. 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;;;

are observable and the board ensures the first-best action a;f].t = 0 is selected for all ¢t. This
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lack of information asymmetry implies that the board and CEO’s beliefs are identical
(i.e. éijt = éfjt). Here, the board solves a pure optimal stopping problem, monitoring
performance and determining when to fire and replace their current CEO. Define 9?3 (t)

as the first-best firing threshold, which is characterized in the following proposition.

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

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

2 2
FB -1 Vijtow FB
0¢°(t)=—rm+b; | pVr - Voo(0;°(t),1) (25)
Proof. See Appendix[A.1] O

Condition implicitly defines the optimal firing boundary In the case of no
entrenchment, 7 = 0 and is shareholder-optimal in the sense that it maximizes firm
value. When 7 > 0, a wedge is induced which separates firm value from the board’s
optimal payoff V. Thus, in the presence of entrenchment, the board’s enacted 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. The same is true in the second-best case with unobservable CEO

actions, which I consider next.

3.2 Second-Best Case

To characterize incentives in the second-best case, I apply the stochastic maximum prin-
ciple to derive necessary conditions for the incentive-compatibility of the efficient action
path (Bismut, 1973; |Williams, 2011} |Demarzo and Sannikov, 2017). The necessary con-

ditions 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; = (rUijt — Wijt — /\C(éijt))dt + BijtowdZijs (26)

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

efficient strategy a* is incentive compatible if:

Biit = ViitLiji + §; (27)

350btaining a closed-form representation of GEB(t) is not feasible, but it can be computed numerically.

See Appendix [B.3|for a detailed exposition of the numerical solution.
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where I, = % is the CEO’s information rent, the benefit of having marginally more optimistic

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

¢ _ (28)

> == =
I‘l]t— r ijt

which holds with equality when binds.

Proof. See Appendix O

Equation (26) is the standard representation of the CEO’s promised value in contin-
uous time, showing that Ujj; is an Ito process with respect to the standard Brownian
Motion Z;j;. Ujj; has drift (rUZ-]-t — Wijt — /\C(éi]-t)), stating that the CEO’s promised value
accumulates at rate r net of the CEO’s expected payoff (w;;; + /\C(éijt)) Promised value
has volatility B;;;o, measuring the sensitivity of the CEO’s payoff to performance inno-
vations dZ;;;. The sensitivity process ;;; 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 proposition, 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(6;;7)

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

Z(Pj

Vijt  Vijt

+TI; (29)

dUijr dUijt(déijt )_1 _ Pijt
jt

dby;, AV \ Y,

The condition (29) 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

36Speaking heuristically, prior to the realization of the retirement shock, the CEQ’s expected payoff over
interval At is: ~
E/\Atwijt + /\EAAtC(Qijt) + 0(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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level of tenure t and termination boundary 6¢(t), U;j; = U(éijt, t,0¢(t)) must exceed:

Oije dU,
4=Cl f<t>>+f9f(t) o (30)
- Oijt
> C(05(1))+ (611 - 0,(1) f j +L()nﬁde (31)
1t Jit;
ClO4(1) + (B3 — 07 (1) )(f]t (f])—Um (32)
ij

The first inequality comes from (29), while the second comes from (28). Uy, is thus the
lower bound of the CEO’s promised utility in any incentive-compatible contract imple-

menting a:., = 0 for all t. The board seeks a compensation process w which minimizes

ijt

Uij: subject to the constraint U;j; > U}, it Given this constraint, the following proposition

summarizes the cost-minimizing compensation process.

Proposition 3 (Wage Determination). The firm’s relaxed problem can be stated as follows.
The board offers value Ujj; with volatility ;o such that Ujjy > C(éijt)for allt <T, holding
with equality only when t = T. The incentive-compatibility constraint implies a lower
bound on Ujj; in equilibrium:

Uije = C(O¢(t)) +(0jjs — O£ (1) ( b +— a1 ) =Ujj;, (33)

Vl]i‘ r

Thus, the board maximizes (24) subject to Ujj; > Uijs and participation constraint (IR) for all
t. Given termination boundary O¢(t), the cost-minimizing compensation process is given by:

wiiy = pp+ K1 0;jp + K2, Op (1) (34)
Klt:¢j(g+%jt+#) (35)
=1 V”t) (36)
Proof. See Appendix[A.1] O

The compensation process above ensures that the constraint U;;; > Ui*jt binds for all ¢.
This implies that it is in the CEO’s interest to commit themselves to the efficient action
process for the duration of their employment and rules out premature endogenous CEO
departures. Given the dependence of compensation on the termination boundary 6(t),

the replacement cost parameters will have direct effects on the provision of CEO pay, the
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magnitude of which will be determined empirically. To close the model, I summarize the

second-best termination boundary in the proposition below.

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

1 Vi Bijtow
Of(t) =—rm+b; (pVr - Voo (0f(t),t,C(O¢(t))) — Vuu(05(t),t,C(O(1))) (37)
Proof. See Appendix[A.1] O

The optimal firing threshold is derived by applying standard smooth-pasting and
value-matching conditions to the board’s HJB equation. The second-best threshold re-
tains 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
liability, firms have limited ability to punish their CEO through financial means. Termi-
nation serves as an alternative method of punishment. In particular, if CEOs’ continua-
tion payoff 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

extreme cases results in the termination of their employment.

4 Identification and Estimation

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 parameters oy,
0, 09, and ¢, whose key identifying information comes from firm profitability data. Un-
der 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, [ target the following two moments:

Var(E;[ii]) (38)

E[Var;(y;j:)] (39)

The moment (38) is the across-firm variance of the within-firm average of ROA, and car-
ries information about the standard deviation of firm productivity o,. The moment (39)

is the within-firm variance of y;;; averaged across all firms, which informs the estimate
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of the idiosyncratic volatility o. The mean of match quality 6, affects the mean of
profitability, so is pinned down by the empirical average of ROA. The monetary cost
of turnover, measured by c, is identified by variation in ROA around episodes of CEO
turnover (forced or voluntary).

The parameters 7w 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 entrench-

ment. With this in mind, I target the coefficients of the auxiliary model:
dijy = Ao+ Ay tenure;ji + Ay tenureizjt +&ijt (40)

where d;;; € {0,1} is an indicator for forced turnover. The arrival rate of retirement shocks
A is recovered by simply matching the simulated and empirical rates of CEO retirement.

The parameters y, a, and 9y are identified off of the compensation data. Equation
shows that the unconditional expectation of model-implied compensation increases
with p. This estimate of this parameter therefore informed by the empirical average of
compensation. Additionally, compensation varies with firm size through the specification
of the cash flow diversion rate (8). Under this parameterization, targeting the empirical
correlation between compensation and firm size is sufficient for recovering the parameter

a. Specifically, I match the coefficients of the following auxiliary model:

log(wiji) = Po + P1log(assets;j) + Patij+ €ijt (41)

where the auxiliary parameters fy and f; are informative of 4 and «, respectively. Finally,
the compensation process implies that conditional on recovering the parameters «,
ow, and A, the sensitivity of compensation to CEO performance is pinned down by the
parameter oy. I thus match the simulated and empirical pay-performance sensitivities

summarized in the simple auxiliary model:

Alog(wjjt) = Bo + P1Yiji + Mije (42)

Alog(w;j;) is year over year growth and CEO pay and the coefficient f; measures the
sensitivity of pay to performance. In total, I estimate the model using a 13 x 1 vector
of moments denoted by M. I obtain the optimal weighting matrix as the inverse of the
covariance matrix of M

37See Appendixfor details on the computation of the optimal weighting matrix, estimation algorithm,
and standard error computation.
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The estimation algorithm proceeds as follows. Let © € R® denote an arbitrary vector of
structural parameters. Given ©, I obtain the value function V by numerically solving the
board’s HJB 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 13 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[A.2]

5 Results

Parameter estimates and standard errors are reported in Table[3| The estimated standard
deviation of the CEO quality distribution (og) is .021, or 2.1% of total assets per year,
which is comparable to what has previously been found in the literature. Taylor| (2010)
for example reports an estimate of 2.4%. Interpreting this estimate in terms of dollars:
a one standard deviation increase in CEO quality implies a $46.6 million dollar increase
in average yearly cash flows for the median-sized firm in the sample@ The estimate of
0y, the standard deviation of firm productivity, is significantly higher; a one standard
deviation increase in productivity yields a $228.6 million increase in yearly cash flows
for a median-sized firm. Using the volatility estimates oy, o), and oy, I decompose the
variance of firm profitability: 2.9% and 68.0% of the variation of profitability can be re-
spectively attributed to variation in CEO quality and firm productivity. The remaining
29.1% is attributed to idiosyncratic variation orthogonal to CEO and firm characteris-
tics P

The above calculation may, at first glance, seem to suggest that the impact of CEO
quality on firm performance is negligible. This is not the case; from shareholders’ per-

spective, whether an incumbent CEO is of high or low quality is paramount. To see this,

38The median firm in the sample has approximately $2.2 billion in assets.
3nterpreting 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)%

ROA attibuted to each component k € {6, ¥, W} are then computed as crkz/(cre2 +0,

+ agv)dt. The shares of the variation in

2
2+GW).
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Table 3: Structural Estimates

60 50 ow G)/ A a ]/l C TC
117 .021 067 103  .088 467 12.0 .007 .037
(6.9¢7%) (9.1e7%) (2.1e7%) (1.4e™%) (.001) (.001) (.278) (.002) (.004)

Notes: Standard errors are included in parenthesis.

first note that the implied difference in profitability between a CEO at the 5th and 95th
percentile of the quality distribution is 7% per year, or $155 million in cash flows per
year for the median-sized firm in the sample@ Furthermore, this gap in performance
accumulates as CEO spells progress. To get a sense of how this gap is amplified over CEO
careers, note first that the average CEO spell length in the sample is roughly 8.3 years
(Table[I). With model estimates in hand, I can compute this average separately for CEOs
across the distribution of quality. In Figure I plot the average spell length for CEOs
within 5 quintiles of the estimated quality distribution. As expected, CEOs of relatively
low levels of quality see shorter average spell lengths than their high-quality counter-
parts, highlighting some degree of proficiency in boards’ screening faculties. Given these
spell lengths, Figure plots the implied level of expected discounted cash flows over
a CEO spell for a median-sized firm, conditional on hiring the median CEO in each bin
of quality. For example, the median CEO generates roughly $5.1 billion in cash flows
over their career (if employed by a median-sized firm). For a CEO in the top quality
quintile, this increases by roughly $1.2 billion. Thus, from the perspective of forward-
looking shareholders, the difference between a high and low-quality CEO is in the order
of billions of dollars.

Clearly, it is in shareholders’ interest to have low-quality CEOs promptly replaced.
The speed at which this happens is dependent on the effective cost of CEO turnover and
boards’ ability to make inferences about CEO quality. Recall that the effective cost of
forced CEO replacement is given by c + . The estimated monetary cost of turnover (c)
is 0.7% of total firm assets which amounts to roughly $15.1 million for the median-sized
firm. This cost reflects expenses associated with finding a replacement CEO, severance
payouts, and general disruptions to profitability resulting from onboarding new person-
nel. Compared to the monetary cost ¢, boards’ estimated utility cost of forced turnover
(1) is significantly higher. While turnover entails a monetary cost of 0.7% of total as-
sets, boards behave as if turnover costs ¢ + 7w x 100 = 4.4% of total assets. This induces
a wedge separating the shareholder-optimal firing policy from boards’ enacted policy.
Namely, when CEOs are entrenched, the rate of CEO termination is lower than share-

40The implied difference in profitability is obtained using the formula 2 x 1.65 x &y = 9.24%
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Figure 4: CEO Quality, Spell Lengths, and Discounted Cash Flows
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Notes: Figure plots the average spell lengths for CEOs across the five quintiles of the CEO quality distribution. Given these spell
lengths, Figure approximates the discounted cash flows expected over a CEO spell given that quality 0; lies on the midpoint of

the respective quintile (i.e. the 10th, 30th, 50", 701", and 90th percentiles). The net present value of cash flows is computed as:

(1- eld pq) where Tq is the average spell length of a CEO in quintile g €{1,2,3,4,5} and py is the value of 0; which lies in the
midpoint of each quintile.

holders would prefer.

In addition, board firing decisions depend on their quality of information at any given
point in time. Given the high degree of uncertainty over CEO quality, it may be difficult
for boards to correctly infer that their CEO is of low quality. As not to erroneously fire
a high-quality CEO, boards may prefer to defer their option to replace until they have
acquired a sufficient amount of information pertaining to their CEO. The rate of infor-
mation acquisition is governed here by boards’ speed of learning, given analytically by
the signal to noise ratio v;j; = 51.2#/05\,. The high estimate of o}y relative to oy implies
that boards learn quite slowly. To illustrate this, I plot in Figure [6(a)| the share of quality
uncertainty remaining over the first 20 years of CEO tenure. Roughly 66% and 40% of
the quality uncertainty remains after 5 and 15 years of tenure, respectively. The low rate
of information acquisition decreases boards’” willingness to commit to costly turnover,
further increasing the employment lengths of low-quality CEOs.

As boards have limited ability to disentangle the effects of their CEO and exogenous
shocks on firm performance, some degree of pay for luck may be expected in equilib-
rium. As beliefs adjust, either upwards or downwards, compensation adjusts as a result.
Given the normality of firm beliefs and performance, the magnitude of compensation ad-
justment is the same in response to positive or negative performance shocks of the same
magnitude. Thus, pay for luck is symmetric, as documented empirically by
(2019). To quantify the degree of pay for luck in equilibrium, Figure plots, across
all percentiles of the compensation distribution, the probability that a CEO has quality
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Figure 5: Information Acquisition and Pay for Luck
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Notes: Panel (a) 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 (bijt/éo)z. Panel (b) plots the simulated probability that within a given percentile of the
cross-sectional compensation distribution, a CEO is of low quality. A CEO is referred to as low quality if and only if 8; < 6.

below that of the population mean 6. The Figure suggests that the degree of pay for luck
is substantial. As an example, among CEOs with compensation in the 90" percentile,
roughly one in four of them has quality below that of the average replacement. The high
degree of pay for luck can be attributed to the substantial amount of noise present in the

board’s learning process.

6 Entrenchment and the CEO Pay Premium

A primary purpose of this paper is to analyze the impact of entrenchment on CEO com-
pensation. As is typical in models of moral hazard, by virtue of the asymmetry in in-
formation between board and CEO, boards set equilibrium compensation above CEOs’
outside option in order to achieve incentive alignment. I illustrate in this section that en-
trenchment weakens CEO incentives, increasing the board’s cost of incentive provision.
This result is explained by straightforward economic intuition. When it comes to incen-
tivizing the CEO, boards have two levers at their disposal: the “carrot” of performance-
based pay and the “stick” of forced termination. Entrenchment increases the cost of
forced termination thereby increasing boards’ utilization of the carrot relative to the stick
in equilibrium. Thus, we should expect the CEOs’ rents to be larger in the presence of en-
trenchment relative to a counterfactual environment with no entrenchment. The model

confirms this intuition; counterfactual simulations reveal a 9.1% decrease in the average
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rate of CEO compensation upon the elimination of entrenchment Figure compares

the distributions of total CEO compensation with and without entrenchment.

Figure 6: Simulated CDFs of Total Compensation and CEO Quality
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Notes: Figure[7(a)| plots the cumulative distribution of CEO compensation with and without entrenchment. Eliminating
entrenchment (by setting 7t = 0) induces a leftward shift in the compensation distribution. This shift is the product of both the direct
impact of entrenchment on the level of CEO pay, and a rightward shift in distribution of 6; among retained CEOs (Figure|7(b)).

Eliminating entrenchment induces a leftward shift in the compensation distribution.
When faced with a higher risk of termination following poor performance, the level of
compensation necessary to induce efficient CEO behavior decreases. This shift in the
aggregate pay distribution, however, does not accurately reflect the direct effect of en-
trenchment on compensation. As illustrated in Figure which plots the distribution
of CEO quality conditional on retention, eliminating entrenchment induces a rightward
shift in the conditional distribution of 6; following from more aggressive screening on
CEO quality. All else equal, this has a positive effect on the average level of compensa-
tion. The change in compensation shown in Figure [7(a)|is thus dampened by this shift
in the distribution of quality among retained CEOs. To isolate the direct effect of en-
trenchment, I plot in Figure average CEO compensation as a fraction of the CEO’s
perceived contribution to output (i.e. their share of total surplus) with and without CEO
entrenchment. CEO surplus is strictly larger in the presence of entrenchment; boards
pay an additional premium to offset CEOs’ adverse incentive effects stemming from their
decreased risk of performance-induced termination.

I refer to the gap between the two lines as the entrenchment premium, which is the
excess surplus extracted by the CEO when they are entrenched relative to the counterfac-
tual case with no entrenchment. Notably, the entrenchment premium rises with tenure.

Given the positive correlation between CEO tenure and quality (Figure|5(a)), this implies

41Entrenchment is eliminated by setting the value of the parameter 7 = 0.
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Figure 7: Entrenchment, Tenure, and CEO Rent Extraction
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Notes: Figureplots the average share of surplus extracted by the CEO over the first 20 years of tenure, separately in the
estimated model (in which 7 =.037) and a counterfactual version of the model in which 7 = 0. The CEO’s share of surplus is defined
as the ratio of their compensation to their average output: wijt/éijt~ Entrenchment, as a result of its adverse effects on CEO
incentives, increases the cost of incentivizing the CEO, therefore increasing the CEO’s share of surplus. The difference between these
two lines, which I for brevity refer to as the entrenchment premiums, is plotted in Figurem

that per unit of output, high-quality CEOs on average extract more surplus than their
low-quality counterparts. Thus, when CEOs are entrenched, the benefits associated with
hiring a high-quality CEO are not fully passed through to shareholders and are instead
partially retained by the CEO. The heterogeneous effects of entrenchment on CEO pay
across the quality distribution are further illustrated in Table [4, which decomposes total
compensation for CEOs across the five quintiles of the estimated quality distribution. For
each quintile, I calculate both the level and share to total compensation associated with
four of its key determinants: outside options, asymmetric information, entrenchment,
and the monetary cost of turnover. This decomposition is carried out in four steps. First, I
calculate average pay in the first-best environment with no informational asymmetry and
costless turnover, giving the level of pay purely attributable to CEOs’ outside options.
Next, I add asymmetric information (i.e. moral hazard) to the contractual environment
but keep turnover costs fixed to zero; this gives the marginal change in average compen-
sation attributable to asymmetric information between board and CEO. Similarly, I add
in (one at a time) entrenchment and monetary turnover costs to compute their marginal
effects on average compensation.

Irrespective of the level of quality, outside options comprise the largest share of CEO
pay. This constitutes the lower bound of compensation subject to retaining the CEO,
which steadily increases with respect to CEO quality When adding asymmetric infor-

#2Note that unlike standard models of moral hazard, equilibrium pay is not constant in the first-best
case. This is due to the functional form of CEOs’ outside options[9} under which outside options increase
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Table 4: Composition of CEO Pay

(1) (2) 3) (4) (5)
Asymmetric Monetary
Outside Option Information Entrenchment Turnover Cost Total Pay

Quintile 1
Marginal Effect $2.89 M $388 K $45 K $122K $3.44 M
Share of Total Pay 83.9% 11.3% 1.3% 3.5%

Quintile 2
Marginal Effect $2.95M $602 K $254 K $157 K $3.96 M
Share of Total Pay 74.4% 15.2% 6.4% 4.0%

Quintile 3
Marginal Effect $3.00 M $813 K $471 K $195 K $4.48 M
Share of Total Pay 70.0% 18.1% 10.5% 4.4%

Quintile 4
Marginal Effect $3.07 M $1.16 M $683 K $217 K $5.13 M
Share of Total Pay 59.8% 22.6% 13.3% 4.2%

Quintile 5
Marginal Effect $3.20 M $2.02M $907 K $249K $6.37 M
Share of Total Pay 50.2% 31.6% 14.2% 3.9%

Notes: Tabledecomposes CEO compensation in four steps. To compute the marginal effect of outside options on total pay, I
simulate the first-best case and additionally set both the monetary and non-monetary turnover costs (c, ) to zero. Here, equilibrium
pay is set equilibrium pay to exactly compensate CEOs for their outside options. In step two, I introduce moral hazard (keeping
¢ =1 =0), in which case both the participation and incentive compatibility constraints must be satisfied. In step three, I set the
entrenchment parameter 7 to its estimated value. Finally, I set the monetary turnover cost c to its estimate value in step four. In
steps 2-4, the marginal effect on total pay is given by the difference in average compensation from the previous step. Summing the
first four columns with each quintile gives total average compensation in the estimated model (Column 5). Shares of total pay are
calculated as the marginal effect in each step divided by total pay.

mation, the incentive compatibility constraint requires satisfaction, in which case equi-
librium compensation lies above CEOs’ outside options. Observe that CEOs’ gains from
information asymmetry are heterogeneous; high-quality CEOs see by far the largest pay
increases in response to moral hazard. This result is explained by differences in perfor-
mance across the CEO quality distribution. Note first that in the presence of asymmetric
information, compensation is tied to CEOs’ performance histories. Under a performance-
based pay scheme, the potential for rent extraction increases with respect to CEO perfor-
mance, which on average is higher if a CEO is of high quality. In other words, consis-
tent with Milbourn|(2003), high-quality CEOs are generally awarded more performance-
based pay than their low-quality counterparts, generating disparate effects of moral haz-
ard on total compensation.

Entrenchment increases the incentive-aligning level of pay across all levels of CEO
quality. Again, however, the magnitude of its effect is heterogeneous. As discussed

above, entrenchment weakens termination-based incentives, increasing boards’ utiliza-

with respect to public beliefs about CEO quality.

31



tion of performance pay in equilibrium. This disproportionately benefits high-quality
CEOs given their relatively high levels of average performance; CEOs in the top quality
quintile see nearly a roughly $907 thousand dollar increase in average yearly compensa-
tion attributable to entrenchment. The monetary costs associated with turnover have a
similarly adverse impact on CEO incentives, though its effects on compensation are rel-
atively more stable across the quality distribution. Though they have similar effects on
CEO compensation, entrenchment and monetary turnover costs have distinct effects on
shareholder welfare. From shareholders’ perspective, it is efficient for the boards acting
on their behalf to consider monetary turnover costs when monitoring their CEOs and de-
signing their incentive contracts, as monetary turnover costs have a direct impact on firm
cash flows. Entrenchment, on the other hand, effectively induces a transfer of surplus
from shareholders to the CEO. When 7 > 0, the rate of CEO termination is inefficiently
low while the rate of CEO pay is inefficiently high, increasing CEO welfare at the expense
of shareholders. In principle, these inefficiencies can be mitigated by a well-functioning
board who neglects any private interests which may conflict with those of sharehold-
ers. In the next section, I examine empirically whether the degree of CEO entrenchment
is sensitive to board characteristics, focusing specifically on the role of board indepen-

dence.

7 Entrenchment and Board Independence

To further dissect the determinants of CEO entrenchment, I re-estimate the model allow-
ing 7 to vary with board independence Director information comes from Institutional
Shareholder Services (ISS), which covers a subset of firms in my full sample. For each firm
in the sample, I compute the share of directors classified as independent. Note that this
variable is missing for 65% of my full sample, which I accommodate for in the estima-
tion procedure. As with the full sample, I numerically compute optimal termination and
compensation policies and subsequently simulate 5000 firms 20 times each. For a given
firm in the simulation, let the share of independent directors on the board be denoted by
sj. To mimic the data, I set this variable to “missing” for 65% of firms. Conditional on
not being classified as missing, I draw a value of s; from its empirical distribution and
classify firms into one of two groups: high or low. “High” firms are those whose value of

S; lies above the empirical median of Si while “low” firms are those with values below the

#35ee Appendix for additional details on the sample construction and Appendix for additional
details on the re-estimation procedure.
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median@ Each group of firms is subject to their own respective entrenchment parame-
ter Ty, Tow, and Tiyiep, which are identified off of variation in termination rates across
groups. As before, the remaining structural parameters are fixed across firms. I present
the estimates of this extended model in Table 5

Table 5: Structural Estimates - Entrenchment and Board Independence

) 99 ow Oy A a H ¢ Tlniss Tow TChigh
118 .020 .067 103 .088 467 12.0 .011 .026 .036 .029
(7.4e7%) (6.3e7%) (2.1e™*) (1.4e*) (.001) (.001) (.279) (.002) (.003) (.016) (.010)

Notes: Standard errors are included in parenthesis.

The estimate of 7y;g), is lower than that of 7., suggesting that independent boards
are more aggressive monitors of CEO performance (Hermalin and Weisbach) 1998). In
particular, the estimates imply a roughly 15% decrease in the effective cost of CEO re-
placement upon switching from a low to high level of board independence. This dif-
ference, however, is not significant, as the confidence intervals of the estimates of 714y,
and 7;,,, overlap. Though minor, this differential has implications for the effects of en-
trenchment on CEO pay across the board types, which I assess by conducting the same
decomposition exercise as in Table[4] By assumption, different types of boards are subject
to the same parameter values with the exception of 7ty for k € {missing, high,low}. Thus, I
focus specifically on the differential impact of entrenchment on CEO pay across the two
types of boards. I plot the results of this exercise in Table [§), which shows the implied
increase in compensation stemming from entrenchment.

As before, high-quality CEOs benefit the most from entrenchment irrespective of
board type. Additionally, as 7p;g, < 7)oy, the effect of entrenchment on CEO pay is mit-
igated to some extent as board independence increases. The effect however does not
disappear entirely, as the estimate of 71, is still significantly larger than zero. This is
consistent with prior findings in the literature, namely that of Coles et al.| (2014), who
argue that board independence alone is not an exhaustive remedy for the issue of inef-
ficient CEO monitoring practices. They make the important observation that even if a
given board consists of a high proportion of independent directors, it may still be possi-
ble that the CEO exercises a great deal of influence over them. In particular, CEOs may
strategically appoint sympathetic independent directors who share some alignment over
private objectives. Such a “co-opted” director, while classified as independent, may still
induce some degree of CEO entrenchment. Considerations of strategic board appoint-

ments made by the CEO, and the subsequent impact on CEO incentives, is important but

#4The median of sj in the sample is .83.
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Table 6: Marginal Effect of Entrenchment on CEO Pay

High Independence Low Independence

(Thigh) (Tiow)
Quintile 1 $41.9K $135K
Quintile 2 $233K $369 K
Quintile 3 $407 K $566 K
Quintile 4 $613 K $782 K
Quintile 5 $849 K $1.04 M

Notes: Given the estimates of 7jj¢p and 7oy, TableE] computes the marginal effect of CEO entrenchment on compensation under
boards with high and low independence in exactly the same fashion as in Table[d As before, I compute the effect separately across
the five quintiles of the quality distribution. Because the entrenchment parameter 7ty is the only parameter which varies with respect
to board performance, I suppress the marginal effects of the other model channels as they are mechanically the same. The effect of
entrenchment on compensation is higher under boards with low levels of independence given the higher degree of entrenchment
under these boards.

beyond the scope of the analytic framework of this paper.

8 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 compre-
hensively. The results highlight the substitutability of financial incentives and termination-
based incentives when motivating managers. Entrenchment increases the cost of CEO
replacement, weakening termination-based incentives and increasing the level of com-
pensation needed to induce efficient CEO behavior. The model predicts a considerable
decrease in managerial pay upon the elimination of entrenchment.

Through counterfactual experiments, I compute the entrenchment-induced transfer
in surplus from shareholders to the CEO, which I refer to as the “entrenchment pre-
mium.” I decompose equilibrium CEO compensation and show that this premium in-
creases with CEO quality. Thus, entrenchment partially mitigates shareholders’ benefits
associated with the employment of a high-quality CEO. I show further that this premium
has minimal sensitivity to the level of board independence. This is consistent with the
findings of |Coles et al.|(2014)), who argue that strategic appointments of sympathetic in-
dependent directors by the CEO weakens the relationship between board independence

and monitoring efficiency. An important extension of this paper would take this addi-
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tional layer of strategic CEO behavior into consideration. While in this paper, as in Taylor
(2010), I assume that the level of entrenchment is fixed over time, it may be more realis-
tic to allow CEOs to “entrench themselves” through the strategic manipulation of board
characteristics. Determining to what extent such behavior can be prevented through the

design of a proper incentive contract is an important question for future research.
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A Appendix

A.1 Proofs of Key Theorems
Throughout the model appendix, I suppress the ij subscripts to ease notational burden.

Proposition 1. Given state (6,,t), the value of the firm continuing with their current CEO

is:
22

< < - vioy <
T’V(Q, t) = b9+Vt(9, t)+ 5 VQQ(Q,t)+/\VT (43)

(43) is the firm’s Hamilton-Jacobi-Bellman (HJB) equation, the standard recursive repre-
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(afB(t), t)=Vy—bn (44)
A%
oL8(t),1)= =L =0 45
ViOFE(e), 1) = S (45)
Inserting these conditions into the HJB equation evaluated at 9?3( t) yields:
V2,02,
— 1
0F%(t) = —rm+b"pVr - / Voo (055(1), 1) (46)

O

Proposition 2. To derive necessary conditions in the second-best case, I first reformulate
the CEO’s problem. Recall that off of the equilibrium path, the board and CEO will not
share the same beliefs about quality. It is thus convenient to define a; = 07 — 0, as the
gap in beliefs at tenure ¢. Rewriting the innovation process in (20)), we see that the board

believes performance follows:
whereas the CEO knows that profitability truly follows:

= (a;—d; + 0,)dt + owdZ, (48)

Hence, when the CEO deviates from the board’s assumed action path {a; = 0}, the board

and CEO assign different probability measures to realizations of performance. Let P
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and P/ denote the probability measures arising from the board and CEO’s information

(F and F*?), respectively. By Girsanov’s Theorem:

dPf = A,dP} (49)
I , I .2
Ay =exp| — (as_as)dzs__z (as—dg)°ds (50)
ow Jo 209, Jo
dAt:Atat_atdZt (51)
ow

A, is the Radon-Nikodym derivative relating the measures P and P/, where A; = 1 in
the case of no deviations. The relative density process A can be used to reformulate the
CEO’s problem:

a

T
max IE?[J e"(s_t)[u(ws, ag) + )\C(éf)]ds + e_r(T_t)C(é%)l
t

T
— max 1EtU "IN Ju(w, ) + AC(69)|ds + e—“T—”ATC(é“T)l (52)
t

a

Note that the inclusion of A; allows the expectation operator to be interchanged. Using
this representation, I solve the weak formulation of the CEO’s problem, where the choice
of a; corresponds to a choice of distribution P over Y; (Cvitanic and Zhang), 2012). For
the Hamiltonian function H and pair of states (A, a;), define the corresponding adjoint

processes (p/, p%) as the solutions to the backward SDEs:

dp = rpMdt — Hydt +qldZ, (53)
dpf =rpfdt—H,dt+q{dZ, (54)

where (g2, 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:

Ht, A, a,a,p",p% 4", 0%) = A(w-+ ga+ 1C(9)+p (va—a) + 4" A=—  (55)
w

Incentive compatibility of the first-best action a; = 0 requires %—IZ < 0. Differentiating the

Hamiltonian yields:

A
A +pive— g—tWAt <0 (56)

(56) is the necessary condition for the incentive compatibility of the efficient strategy a*.
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Observe that under {a; =0}, A; =1 and a; = 0:

dpp = (rpf —w; — AC(0,))dt + g1 dZ, (57)
A

dp? = (r+vt)pf“dt—A2_—tdt+qf‘dZt (58)
w

with terminal values p? = C(Or) and pT = Cn(07). Letting g, = %, the pair (p2, ;) is a
weak solution to where:

T T
p =, U e Nwds + Aj e "C(0,)ds + e C(Or) (59)
t t

Notice that p? = U,, so the CEO’s continuation payoff U, becomes a state variable of the
firm’s problem, preserving 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{, gf') is a weak solution to where:

T
pf‘ =IE; lvt_l J- e_r(s_t)ﬁsvsds + v[lvTe‘r(T‘t)Ca(éT) (60)
t

pf =T} denotes the CEQO’s information rent. Substituting into the IC constraint, and noting

again that A; = 1 under the recommended action path, the constraint becomes:

B =Lvi+ ¢ (61)
can then be rewritten as:
dUt - (TUt—wt—/\C(ét))dt+[)’tawdzt (62)

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

a lower bound on the sensitivity process ; and information rent I}. Substituting the
constraint into (58)) yields:

> (T, — ¢)dt +q0dZ, = dT} (64)
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Solving using the terminal value I} = C,(67) = £ yields:

T

! ¢
I=E [I e T pds + e_r(T_t)? (65)
t
-2 (66)

[} 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:
U oU viod *U

rUOut (1) =we+ T+ 0555+ =5 Gar +

AC(6,) (67)

The cost-minimizing compensation process ensures that U(0,, t,0 £(t)) = Uy for all t. Sub-
stituting the expression for U into the HJB equation above and collecting terms yields
the equilibrium pay process (34). O

Proposition 4. Applying similar arguments as in the first-best case, Ito’s lemma implies

that the firm’s HJB equation is given by:

TV(ét, t, Ut) = bét - wt + Vt(ét’ t, Ut) + (TUt - wt - /\C(ét))VU(ét’ t, Ut)

2.2 22
Vi Ow Bt ow

+ Voo (0,1, U,) + Vuu(04,t,Up) + AVp (68)

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

V(04(t),t,Uy) = Vr —brt (69)
P)

V(64 (1),1,Uy) = % =0 (70)

Vu(05(0),1,Uy) = % =0 (71)

Condition is the value matching condition, while conditions (70)) and (71]) are smooth
pasting conditions. Substituting these conditions into the HJB equation evaluated along
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the firing boundary yields:

2 .2 2 .2
t

o o
5 Voo(05(6), 6, U) - =5 Vuu (O (1), £, U | (72)

n v
Of(t)=-rm+b" pVr -
0

A.2 Model Fit

Figure 8: Fit of Estimation Moments
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Figure (8| scatters the empirical moments over their simulated counterparts using the
45-degree line as a reference point. Panel (a) corresponds to the main estimation routine
with results presented in Section 5} while Panel (b) does the same with the board estimates

presented in Section|[7| All moments are scaled by the corresponding empirical standard
error.
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B Online Appendix

B.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:
oibdp;;,

ROA;j; =
Vt atij

[ 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.
B.1.1 Profitability and CEO Tenure

Table 7: 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 [7| 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.
B.1.2 Dismissal, Retirement, and CEO Performance Histories

Table 8: Turnover and Cumulative Performance

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*** (1.7e7%)
Age 4.1 (1.1e7%) L0070 (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 41,202

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.| (2024) 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 = (73)

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[8|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

459, 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.

B.1.3 1SS Director Data

To assess the impact of board independence on CEO entrenchment, I augment my main
sample with director information obtained from Institutional Shareholder Services (ISS).
The director sample ranges from 2007-2019 and is therefore missing for all firm-year
observations prior to 2007. Furthermore, ISS covers only a subset of firms in my full
sample. In total, I am missing director information for 65% of observations in my main
sample. For firms with non-missing director information, I compute the share of directors
classified as independent in each firm year. The median board consists of roughly 83%
independent directors, which I use as my threshold to classify boards as either “high” or

“low.” The density of this variable is plotted in Figure[9)]

Figure 9: Distribution of Board Independence

0 2 4 6 8 1
Share of Independent Directors

Notes: Figure [9]plots the kernel density of the share of independent directors on the board for all observations contained within the
ISS Director Data sample. Its median is given by .83.

B.2 Additional Model Results and Discussion
B.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:

A6, = vij(dY;j; — 0;;,dt)d O,
= vijjowdZij; (74)
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The CEO, knowing their true action choice, will update according to:

07, = vij(dYij = (05 - dyj)d1)
ot = vijowdZ, 73)

where lefl].t = 0;\,1(injt - (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:
dG?jt—injt :dijtvijtdt> 0 (76)
The CEO, who is perfectly informed of their action choices, can always update beliefs
“correctly” in the sense that their estimate of 6, is unbiased. The firm on the other hand
lacks knowledge of the CEO’s action choices, and instead assumes that the recommended
action aj;, has been selected. The firm thus misinterprets the information generated un-
der a deviation. In particular, positive deviations decrease realized performance relative

to the firm’s expectations (6;;; —a

ijt
ative to those of the CEO. Figure[10]illustrates an example.

)dt, leading the firm’s beliefs to drift downwards rel-

Figure 10: Belief Manipulation

14

[N
w

=
N
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= B
o [N

0 5 10 15 20
Tenure
Notes: Figure[I0]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;j; = 0 for all t. The CEO deviates to d;j; =.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.

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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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;;; = ijt —0;j; has law of
motion:

dajje = vij((dije — aj;,) — ajjr)dt (77)
Note that in the absence of further deviations, the gap in beliefs converges to zero at rate
Vijt-

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 t¢.
The compensation process ¢; and stopping time T under the original contract ¥ map
from sample paths to R,:

ct(YS;se[O,z‘]):cut—HR+
T(Ys;se [O,t]):a)t — R,

Consider the alternative contract ¢’ = (a’,¢’, T’) with compensation and stopping time

defined by:
S t
¢ ECt(YS—j aidl;s € [O,t])—i-d)f asds
0 0

S
T = T( Y, —J ajdl;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, = Y0+j (é?jt—a;—as)d5+awf dz, (78)
0 0
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coincides with the path of:

t

t
Y, =Y, +j (éfjt —al)ds + GWJ dz, (79)
0 0

under contract 4"’ and strategy {a;}. Given the definition of c;, 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

B.3 Numerical Solution and Estimation Routine
B.3.1 Numerical Solution for First-Best Case

The retirement process ensures that T < co. Thus, to approximate the value function, I
assume that t* = T for some arbitrarily large value of t*. I solve the model backwards
from this point. Ill first introduce some notation largely following Brandimarte (2006).

Define the discrete grids of state variables:

O={u+A0,u+2A0,...,u+(M-1)A6, u+ MA6} (80)
T = {At,2At,..., (N — 1)At, NAt) (81)

where p+ A6 is the smallest value of 0;;; contained in its discrete grid. Define V;; =
V(u+iA0, jAt) as the discretized counterpart of the firm’s value function evaluated at grid
points p+iAO and jAt. I use a finite difference approach to approximate the derivatives
in the HJB equation (43)). I use the backward and standard approximations of V; and Vjyg

respectively:

V(0 t) Vij=Vija

ot At (82)
*V(0,t)  Viej-1=2Vija+ Vi
002 (AB)? (83)
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Plugging these approximations into (43) and doing some algebra yields the discretized
HJB equation:

Vij=Ai;Viej-1+BijVijo1+Ci Vi1 + Di (84)
vio?
A= 5P (85)
B;; :v].zozp+rAt+1 (86)
vjz(fz
Cij=——%5"p (87)
D; = —(j + iAO)At (88)

where p = (AATt)z. This can be represented as an M —1 x M — 1 system of linear equations:
Vii Byj Cyj O 0 0 0 Vi1 Dy + Ay jVyi1
sz]' Azl]' Bz’]' Cz’]' 0 0 Vz,jfl D2
V3’]‘ _ 0 A3’]' B3,j C3,]‘ V3,j*1 D3
VM-1,j 0 0 0 Ama1; Bum1; Cum-1jl|VMm-1,j11 Dy
Vm,j o 0 0 0 Amj Bmj )\ Vm,ja Dy + C,j Vmst,j-1

Note that the values Vj;_; and Vj,1,j_1 are not defined. These are instead given by the

boundary conditions Vy ;1 = Vr and Viy1,j-1 = V(MAO, (j — 1)At). Rewriting the system

slightly:
Vl,j_(Dl +A1’jV0 ]_1) Bl,j Cl,j 0 0 0 Vl,j—l
V3,]' —D3 3 0 A3,j Bg’j C3,]' 0 V3’]-_1
VM-1,j —Dm 0 0 0 0 Ama,; Buma1,; Cum-1j||VM-1,j21
Vi = (Dm + C,jVe,j-1) 0 0 Am; Bmj )\ Vi
D Q v

The optimal values at each point in time are then obtained as V= Q~'D.

B.3.2 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, | assume some arbitrarily large t*
such that t* =T.
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For t < T, the firm’s HJB equation is given by:

rV(0pt,Up) = Ojy —wije + Vi + (rUp —wy — /\C(ét))VU (89)
VZ 2 2 2
fz Voo + Vyy +AVr (90)

I approximate this with a linear system of equations using an upwind finite-difference

scheme. The approximations of the relevant derivatives are given by:

t t—1
IV(O,t,U) _ Vi~ Vi

91
ot At &1
t-1 -1, y/t- 1
PV, t,U)  Vin;=2Vij +Vio (92)
00? (AQ)
< 1 1, yi-l
2v(0,4,0) Vi =2Vii Vi (03)
oU? (AU)
Consistent with the upwind scheme, I approximate the partial derivative V; by:
21—yt ~
ovV(O,t,U) | ~Tag if rUij 2 wij+ AC(0;5)
U e -viEL . 5 o4
=L AU J if rUijt <wijt+/\C(6i]-t)
Substituting these approximations into the firm’s H]B yields the implicit scheme:
V= AVEL BV CVIEL D VL S B VL + FL (95)
1
At = —Evtzazp% (96)
Bf . =1+rAt+ (rUl.ﬁ]—.l —wi! - /\C(iAQ))pu(l[drift > 0]-1[drift <0]
+pooVio” + PuuBiol (97)
1
Ct = —51/,52(72()99 (98)
- _ . 1
D! = (rUf! ~wis' - AC(iA0))p, [alrzft<0]—E 2620, (99)
E! = _(rUi{]—.l —wi! — AC(iAO))p,1[drift > 0] - —ﬁt 2Py (100)
FL, :—(iAG—wf,j1+/\VT) (101)

where p, = AA—[tj, Ouu = ((AA;]))Z, and pgg = %. This is represented as an (M —1)(N —1) x

(M —1)(N —1) linear system:
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t . . t t-1 t . .
Vl,l Bl,] CL] 0 0 El,l 0 Vl’ll Fl,l +A1/]V0']_1
t . . . t t— t
28 Ay By, Ca,j 0o .. 0 ES, Vi Fj,
t . . . t -1 t
Vier || - A3 Bsj  Cs3j .. Ey, .. 0 VM’% . Firq
t - t . . . t t— t
Vie Dy, 43, Bsj Csj - Eis Vin Fi
t t . . . t—-1 t
VM-1LN 0 Dyoin- w0 0 AM-1j Bm-1j Cm-1j|[ VMmN Fyoan
t t—-1 t
Viin 0 0 Dyn_g -+ O 0 0 Amj  Bmj N\ Virn ) \Fyn +CamjVamesja

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

case.

B.4 Estimation Appendix
B.4.1 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 (102)

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:

S
.1 y
$(©) =M—§;m ©) (103)

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(©)’ (104)
(C)

B.4.2 Model Estimation Algorithm

I use the particle swarm algorithm to minimize the SMM objective function (104). 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
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by the particle swarm algorithm.

2. Compute the firm’s value function: Given a vector of parameters O, 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-
mance evolves according to Equation (5) 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 (104). 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.

B.4.3 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(©)) (105)
avar(©) can be expressed as:
-1
avar(©) = (1 i é)(aga(s)waé(@@,)) (106)

where a‘g(g) is the Jacobian of the moment residual (103) with respect to the structural
parameters, W is the optimal weighting matrix, and S is the number of simulations. I

approximate the Jacobian using:

0m(©)  8p(©+hy)—g,(0)
00, I

(107)
p
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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\(24(0) ; 98(©)\"
(1+§)( AR ) (108)

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

B.4.4 Re-Estimation with Director Data

I merge the ISS Director Data with my main sample to analyze the impact of board in-
dependence on entrenchment. The key challenge is that the director data covers only a
subset of firm-years in my full sample; this information is missing for 65% of observations
in my full sample. An easy route forward could be to simply estimate the model using the
subset of data for which director information is not missing. However, the observations
with missing director data still contain useful identifying information for other model
parameters, and as such taking such an approach would discard valuable information.
The alternative approach I take is as follows. First, I randomly classify 65% of firms in
the simulation as “missing;” these correspond to the portion of the sample with no di-
rector information and will be subject to the entrenchment parameter 7,,;s;. Conditional
on not belonging to the “missing” group, I draw for each firm a share of independent
directors S; from its empirical distribution. As in the main model, I assume that board
characteristics and therefore the level of entrenchment are fixed over time. I classify
these firms into either the “high” or “low” group depending on whether their value of s;
is above or below the empirical median; “high” and “low” firms are respectively subject
to the entrenchment parameters 7y;g, and 7jo,,. Once all firms have been assigned to a
group, I solve and simulate the model as usual with the addition of separately solving the
HJB equation for each of the three possible values of 7ty for k € {missing, high, low}.

To identify this model, I use the same moments as in the main estimation routine, but
augment the forced turnover regression (Equation (109)) with indicators corresponding
to each of the three firm-groups. In particular, I target the coefficients of the following
equation:

2

dijy = Ao+ Ay tenure;j; + Ay tenurej;, + Azmissing;js + Aglow;j; + wij (109)

where missing;;; is an indicator = 1 if observation ijt lacks information on board indepen-

dence and low;;; is an indicator = 1 if the observation ijt’s share of independent directors
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lies below the median of .83. Adding the coefficients A3 and A4 leaves me with 15 mo-
ments to identify the 11 structural parameters of the extended model. The associated
weight matrix is computed using the same method described in the previous section. I

provide a summary of model fit in the next section.
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