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Abstract

I estimate a model of CEO compensation with non-binding shareholder approval votes
(Say-on-Pay). The Board sets compensation and (relative to shareholders) may prefer high
total pay; shareholders can fail the vote and punish the Board for high pay. Failed votes
are perceived as costly by the Board and shareholders: Say-on-Pay resembles a costly
punishment mechanism, raising firm value by 2.4% on average, despite only 7% of votes
failing. I analyze a counterfactual binding vote: failure binds pay to prior levels, which
may not reflect current information about CEO ability. The failure rate falls, pay levels
increase and firm value decreases.
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1. Introduction

Shareholders elect the Board of Directors but the Board need not represent their interests (Shleifer
and Vishny, 1997). A primary manifestation of this agency problem is in executive compensation: the
Board should set compensation to align the interests of management and shareholders, yet directors
may have an incentive to favor the CEO (Bebchuk and Fried, 2003).

When shareholders disagree with compensation decisions and exerting control is not viable, share-
holders can convey dissent through voice (Hirschman, 1970; Cunat et al., 2016). Say-on-Pay (SOP), a
non-binding shareholder approval vote on CEO compensation policy, is the primary channel through
which shareholders can voice dissent. While non-binding, SOP is in essence a vote of confidence on the
Board’s pay decisions and CEO performance. As compensation is the key tool to limit potential agency
problems in managerial decision-making, SOP is a potentially important governance mechanism.

Yet the impact of SOP is unclear. Compensation policies receive over 90% support on average and
only about 7% of SOP votes in the US fail." As Figure 1 shows, the generally positive outcomes of SOP
may be hard to reconcile with both survey evidence on shareholder views about the level of total CEO
pay (Edmans et al., 2023), as well as the literature studying CEO influence on the pay-setting process
(e.g., Bertrand and Mullainathan, 2001; Coles et al., 2014).

An important consideration is that these approval votes are ex post, endogenous outcomes, occur-
ring after compensation has been set and firm performance realized. What determines the impact of
SOP is how much the Board internalizes the cost of failure into ex ante compensation decision. As
Figure 1 suggests, it may be just as important to understand shareholders’ apparent hesitancy to fail
SOP votes and dissent from the Board on compensation policy.

This paper’s goal is to build a structural model to quantify the influence of SOP on compensation
policy and explore the mechanism by which this influence occurs. In the model, the Board decides com-
pensation policy and may be biased towards high total pay. Shareholders hold the SOP: failure punishes
the Board for overpayment, yet dissent may be costly to shareholders. Estimating the model will as-
sess how much boards internalize the cost of SOP failure into pay decisions and whether shareholders

consider SOP failure a costly outcome, quantifying fully the influence of SOP on compensation policy.

!SOP was formalized in the US as part of Dodd-Frank in 2010. SOP proposals are put forth by management at the annual
shareholder meeting, and shareholders vote on the CEO’s compensation from the previous fiscal year. I use “failure” to refer
to SOP proposals that do not garner the required support from shareholders. In the US, SOP votes are non-binding, so there
is no threshold which forces the Board to change pay policy. However, the understood threshold for SOP failure is 70%
support (or 30% voting against, see Dey et al., 2024; ISS, 2022, Section 5 “Compensation”), though 50% is also an important
threshold (Hauder, 2019). Further, SOP votes are ex post approval votes on the previous year’s CEO compensation, not
advisory votes on proposed compensation.



Figure 1. Say-On-Pay results and shareholder satisfaction with CEO pay
Panel A displays SOP passing rate in the US by year from 2010 to 2020 is about 93% (a passing vote garners over 70% support,
ISS, 2022). Panel B displays results from a survey question in Table OA4 of Edmans et al. (2023) that asks UK institutional
investors about the levels of the CEOs’ pay; over 75% of survey respondents state that they believe CEO pay is too high.
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However, factors beyond these potential costs also influence compensation and voting decisions.
The size (or even existence) of the Board’s bias is not obvious and may vary across the CEO’s tenure
(e.g., by potentially capturing the Board over time, Coles et al., 2014). Some CEOs are more skilled than
others and will receive different compensation for their effort. The Board and shareholders cannot ob-
serve CEO skill directly and may have different beliefs about the CEO’s ability (Taylor, 2010); public
and private information will influence learning, and consequently, pay and vote decisions. Separately
quantifying the effects of these forces is necessary to fully understand the impact of SOP.

I estimate model parameters via indirect inference and the model matches key features of the data.
The model replicates the observed SOP failure rate very closely. Importantly, it matches the sensi-
tivity of SOP failure likelihood to both the level of total pay and company performance, the primary
determinants of SOP vote outcomes (Fisch et al., 2018).

The estimation produces several results. To start, boards shift a share of surplus towards the CEO
(relative to the profit-maximizing wage), which I refer to as board capture. I estimate that the average
S&P1500 CEO receives 16.4% of expected surplus in the first year of tenure, and this grows by about
6.6% per year (reaching 58.1% by year 20 of tenure). This is in line with Taylor (2013), who finds that
CEOs capture about half of the surplus from positive updates about their ability.

How does CEO surplus capture of this magnitude square with the seemingly low SOP failure rate?
My structural model provides an answer, considering the costs internalized by directors and share-
holders from failed SOP votes. First, for SOP to impact compensation policy, it must be that the Board

internalizes the threat of vote failure into their decision. To explain observed behavior, I estimate that



Boards internalize a utility cost from SOP failure that is equivalent to 3.14% of firm value.” While the
unconditional failure rate of about 7% means the cost is closer to 0.21% of value in expectation, the
threat of costly SOP failure disciplines CEO compensation, even when failure is ex ante unlikely. I
estimate that SOP as a disciplining mechanism brings total pay levels down by 6.6% on average, in line
with Correa and Lel (2016), who find the adoption of SOP brought wages down by about 7%. Hence,
shareholder voice affects executive compensation policy.

Second, failed SOP votes are considered costly by shareholders. I estimate that shareholders in the
model internalize a cost to SOP failure equivalent to 0.90% of value (about 0.05% in expectation).” This
aligns with survey evidence from Edmans et al. (2023): shareholders state that failing the SOP may be
undesirable, for example because they are hesitant to dissent from the Board on a prominent policy.*
Though SOP failure is conditionally costly, my estimates suggest that the disciplining effect of SOP
improves firm value by 2.35% on average, consistent with Cunat et al. (2016), who find that voting to
adopt SOP as a governance tool increased market value by 5% for firms close to the majority threshold.

These results highlight the simple economics through which these votes impact CEO pay policy
and value: SOP resembles a costly punishment mechanism (Silveira, 2017). The threat of punishment
disciplines the Board, even in states when SOP failure is unlikely; this discipline brings the Board’s
CEO compensation policy (and consequently, the CEO’s action) closer to that which maximizes share-
holder value. Thus, providing shareholders with the regularly-occurring punishment technology is
value-enhancing, even if punishment is costly and rarely occurs.

To infer the magnitude of unobservable model parameters, the structural estimation uses observed,
endogenous patterns in company performance, CEO pay and SOP vote outcomes. Its success hinges in
part on whether there are sensible patterns to reinforce the structural results. As described next, I doc-
ument several empirical facts about the Board and shareholder failure costs which underpin the model.

The first set of new descriptive facts shows that SOP failure may lead to negative effects for direc-
tors, in support of the magnitude of the Board’s cost. I find that failing SOP votes is a career and reputa-
tion concern for directors: SOP failure is associated with a 2 percentage point (pp) increase in the like-
lihood that a compensation committee director leaves or is removed from the Board (a 20% larger like-
lihood of turnover relative to the non-fail group). For directors that remain on the board, I find they are

more likely to be off the compensation committee: SOP failure is associated with a 1.5 pp increase in the

*Because the Board maximizes a mix of firm value and CEO utility, the mix dictated by board capture, this cost can be
equivalently stated as a percentage of the Board’s equity stake in the firm

3That is, the cost is equivalent to 0.90% (0.05% in expectation) of each shareholder’s equity stake in the firm.

See Online Appendix A of Edmans et al. (2023) for discussion of potential costs from shareholder dissent in SOP.
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likelihood they are off the compensation committee the next year (26% larger compared to the baseline).
Interestingly, I find that failed SOP votes lead to external reputational damage for directors. A failed
SOP at a director’s current firm is associated with a decrease in outside Board positions at other firms
(a 2 pp increase in the likelihood that a director loses at least one outside board position). This evidence
is in line with Fos and Tsoutsoura (2014) and Aggarwal et al. (2019, 2023); however to the best of the
knowledge, my paper is the first to document internal and external costs to directors tied to SOP failure.

While directors generally wish to be re-appointed to the Board, I argue that a large portion of the
Board’s perceived failure cost acts through a prestige channel (Fos and Tsoutsoura, 2014; Bebchuk and
Fried, 2003). SOP failure is a public negative performance evaluation from shareholders on a prominent
policy. Directors may have an incentive to favor the CEO; however, the threat of SOP failure pushes
their incentives towards shareholders.

My estimation also shows that SOP failures are perceived as costly by shareholders. In surveys
(Edmans et al., 2023), shareholders state they avoid failure to maintain relations with the Board. The
negative performance evaluation aspect of SOP failure may commit shareholders to raising the rate of
Board turnover, which is not costless.

As further evidence consistent with this cost, I show there is bunching in SOP vote outcomes: I
uncover excess density directly below the failure thresholds of 30% and 50%.” In the data, bunching
is consistent with shareholders internalizing a cost from SOP failure. Blockholders (often pivotal in
SOP votes) may have an incentive to force a close pass relative to a close fail, precisely because they
internalize a cost to SOP failure. Similar bunching evidence was first documented in Listokin (2008),
and has been found in Babenko et al. (2019) in the broader context of management proposals, and in
Bach and Metzger (2019) for shareholder proposals.

This empirical evidence provides further insight about the economics at play. SOP votes are non-
binding, so they do not directly impact the Board’s compensation policy. To give power to voice,
shareholders hold the Board accountable when the SOP vote fails; for example, by exerting control and
replacing directors in the future. Failure is thus costly for the Board, but not a free ride for shareholders.

These findings further our understanding of shareholder voting. I show that the threat of a failed
vote may alter corporate decisions ex ante, resulting in a passing vote ex post. A direct consequence is
that high shareholder support in management proposals does not imply ineffective monitoring. More-
over, observed voting decisions may not reveal shareholder preferences — one must consider how off-

equilibrium vote outcomes influence corporate policies and consequently, equilibrium voting decisions.

’In SOP, 30% and 50% of shareholders voting against the SOP are key thresholds (see Hauder, 2019).



In the last part of the paper, I use the structural model to analyze a policy-relevant counterfac-
tual implementation of Say-on-Pay. While my estimates indicate that non-binding SOP is an effective
governance mechanism, it remains unclear whether a binding shareholder vote would enhance this
efficacy. Indeed, the relative efficacy of binding vs. non-binding shareholder voting is an important
topic in corporate governance, both for practitioners (Allaire and Dauphin, 2016) and academics (Levit
and Malenko, 2011), and my structural model is uniquely positioned to provide empirical insight.

I take my estimated structural parameters and make the SOP vote binding. In the counterfactual,
the Board proposes a compensation package and shareholders hold a binding approval vote; failure
leads to the CEO receiving the same compensation from the previous period. This follows the institu-
tional design of binding votes in, for example, the United Kingdom and Switzerland (as explained in,
respectively, Allaire and Dauphin, 2016; Federal Council, Switzerland, 2013).

In the model, the trade-off between non-binding and binding voting is one of discipline vs. infor-
mation. Though a binding vote entails greater control over compensation policy, the failing pay level
does not incorporate the signals revealed about CEO skill between annual shareholder meetings. This
is particularly limiting early in a CEO’s tenure when learning is most valuable. The binding vote’s
explicit control actually reduces its effective disciplining power: the shareholder optimally sets a low
failure rate so that the CEO’s compensation reflects current information; the Board endogenously re-
sponds to the low failure rate and the realized impact of board capture is greater.

In the counterfactual, relative to the baseline model, the SOP failure rate falls, pay levels increase
and firm value decreases on average, particularly when beliefs about the CEO’s ability are less precise.
Indeed, the greater power of intervention actually reverses the vote’s disciplining power as the Board
incorporates shareholder unwillingness to fail the vote when learning is most valuable.

These findings have implications for shareholder democracy and corporate governance more gen-
erally. Levit and Malenko (2011) show that binding voting may not fully aggregate the shareholder
base’s information. My analysis shows that binding voting can negatively impact realized disciplining
power, if failure binds the company to a policy that is not reflective of the company’s current state.

The paper is organized as follows. I first describe the paper’s contribution and context within the
literature. Section 2 describes the data and presents empirical facts about CEO pay and SOP, which
both motivate and discipline the model. Section 3 presents the structural model. Section 4 describes the
estimation methodology, with Section 5 showing the results of the structural estimation. Section 6 in-
troduces and analyzes the counterfactual binding Say-on-Pay. Appendix A contains additional results,

and additional model and estimation details are in Internet Appendices IA1 and IA2, respectively.



Literature Review

This paper contributes to the literature on shareholder voice as a way to influence corporate policies
(e.g. Hirschman, 1970; Gillan and Starks, 2007). Levit and Malenko (2011) study non-binding votes as
a form of communication, showing how a large (activist) investor can make votes more effective at
influencing management. My paper provides empirical evidence of this hypothesis by estimating how
much the Board internalizes the cost of failing a SOP, and my subsample analysis shows that this cost
varies with the presence of large shareholders. Levit (2019) studies the effectiveness of communication
in influencing the decision-maker, which relates to my paper — the Board and shareholder costs to
SOP failure determine the effectiveness of SOP as a communication device in disciplining wages.

My empirical results speak to the literature on how possibly non-binding or non-consequential
shareholder voting can influence the Board of Directors. Fos and Tsoutsoura (2014) study how pre-
vious proxy contests impact the careers of directors and Aggarwal et al. (2019) study the impact of
dissent votes in uncontested director elections on careers; my paper shows the career and reputation
consequences of a specific form of non-binding shareholder votes — SOP. Aggarwal et al. (2023) study
shareholders’ motivations for voting against corporate directors and find that shareholders hold direc-
tors accountable for a wide range issues, with governance being the main driver.

My paper contributes to the literature on Say-on-Pay. Several papers study the effects of the adop-
tion of SOP (e.g., Cai and Walkling, 2011; Ferri and Maber, 2013; Correa and Lel, 2016; Cunat et al.,
2016), showing that increasing voice through SOP improved firm value, impacted CEO pay, or both.
However, given the high SOP support, several papers (such as Armstrong et al., 2013; Kaplan, 2013)
conclude that, once implemented, SOP has not influenced compensation and question its effectiveness
in practice. My paper shows that SOP is an effective governance mechanism: the low failure rate belies
that SOP has a large impact. Relatedly, Holland et al. (2023) show that it is difficult to infer the value
impact of SOP votes directly from stock prices: option-implied volatility decreases before shareholder
meetings, suggesting the market internalizes the vote outcomes in advance. Dey et al. (2024) show that
SOP failures trigger higher shareholder engagement on other issues, supporting my analysis that SOP
acts like a performance review of the Board on a prominent policy.

There is a large literature studying how corporate governance affects firm value. Cuniat et al. (2012,
2016) and Flammer (2015) show a causal (positive) relation between adoption of governance-improving
mechanisms and firm value; my paper shows how (and by how much) a particular governance mech-

anism improves firm value. Johnson and Swem (2021); Fos (2017) show that, although proxy contests



are rare, the threat of initiation influences firm behavior beneficially for shareholders, I show that SOP
operates similarly. Holderness (2018) shows that a similar mechanism exists when shareholders vote
on equity issuance decisions. Within the realm of hedge fund activism, Gantchev et al. (2018) show
that spillover threats of activism induce changes in corporate policies at peer firms; Zhu (2021) focuses
on how (threats of) activism influence CEO compensation structures.

My paper relates to how institutional investors impact CEO compensation policy. Mehran (1995)
and Hartzell and Starks (2003) show a negative relation between blockholder ownership and the level
of CEO pay. Several papers have argued that passive investors, generally the largest blockholders, are
ineffective monitors due to their hesitancy to dissent from management (Heath et al., 2022). In sub-
sample analysis, I show that large blockholders are effective monitors (the Board cost to SOP failure is
larger), yet they also face a larger cost to SOP failure. The argument that passive (large) investors are
ineffective monitors is more subtle than previously considered, and depends on the relative magnitudes
of these costs.

The study of executive compensation from an empirical, theoretical, or structural perspective is
too vast to properly reference here. Taylor (2010, 2013) and Page (2018) are seminal structural papers
studying CEO compensation, CEO turnover and board incentives. A structural literature that studies
shareholder voting has emerged; e.g., Blonien et al. (2024) study errors in shareholder voting and Pin-
nington (2023) studies strategic voting considerations. To the best of my knowledge, this is the first
paper to estimate a structural model of executive compensation with a shareholder vote.

Finally, SOP can be seen as a monitoring mechanism with costly punishment. While non-binding,
the Board’s punishment for a negative evaluation arises through a career concern or reputation channel
(Dewatripont et al., 1999). Similar economic settings have been explored in the empirical industrial
organization literature, for example Silveira (2017) studies how the threat of trial sentencing (and costs

associated for both sides) lead to most criminal cases ending in a plea bargain.

2. Empirical Analysis
2.1. Data

For the analysis in Section 2.2 and the estimation described in Section 4, I use data on SOP vote re-
sults (Institutional Shareholder Services), CEO compensation (Execucomp) and firm-level accounting
outcomes (Compustat). The period is 2011-2020 and the sample is S&P1500 firms. Table 1 displays
summary statistics for firm, CEO and SOP variables. The average vote against is about 9% (i.e., the

average support rate is about 91%). Only 7% of votes fail (i.e., have more than 30% vote against).



The measure of CEO compensation used throughout the paper is Execucomp’s TDC1, which in-
cludes each year’s salary, bonus, total value of granted restricted stock and options (the latter valued
using Black-Scholes) and long-term incentive payouts. The model is silent on differences between base
and incentive compensation. However, as shown below, shareholders primarily vote on the level of
pay, suggesting that pay levels matter more than the structure of pay in SOP. Following arguments
in Taylor (2013), I assume that each year’s total pay level induces effort from the manager, and any
negotiated future incentive today is incorporated into total current pay (see Page (2018) for structural
analysis of the CEO’s contract). The average total compensation is about 7.2 million (the median about

5.5 million), with about 30% being current compensation. The median length of tenure is 8 years.

2.2. Empirical Facts

I document empirical facts about SOP and compensation that help discipline the model. Specifically,

1. SOP failure likelihood is driven primarily by the level of total pay and company performance.
2. CEOs may exert influence over compensation policy via board capture.

3. SOP failure correlates with costly outcomes for directors.

e~

. SOP voting behavior is consistent with shareholders facing a cost from SOP failure.

Facts 1 and 2 are a summary of empirical results known to the literature, framed within my setting;

Facts 3 and 4 are new results that motivate the Board and shareholder costs to SOP failure.

Fact 1.  SOP failure likelihood is driven primarily by the level of total pay and company performance.
This fact provides a basis for analysis and will inform how the SOP vote is structured in the model: the
probability of SOP failure is increasing in the total pay level and decreasing in company performance.
Table 2 displays regressions in which the dependent variable is an indicator for SOP failure (more than
30% voting against the SOP, in columns 1-3), or the percentage of shareholders voting against the SOP
(columns 4-6). The table shows that SOP failure likelihood is strongly (and robustly) increasing in the
level of total CEO pay.

The same table shows that SOP disapproval is decreasing in company performance (the firm’s re-
turn on assets, or ROA), conditional on the pay level, confirming Fisch et al. (2018). These relations
provide clarification for the model. Vote failure occurs when total pay is too high, given what share-
holders believe about CEO ability; if the company is doing well, then shareholders are less likely to fail

the SOP. Both forces will influence the shareholder voting strategy in the model.®

6 As corroborative evidence that SOP impacts future compensation policy, Appendix Table A1 shows a strong negative relation



Fact 2. CEOs may exert influence over their compensation via board capture.

Previous literature has suggested that CEOs can partially determine the compensation-setting process
by influencing the Board of Directors (e.g., Graham et al., 2020; Coles et al., 2014; Bebchuk and Fried,
2003). Indeed, SOP was in part designed to combat this direct channel of influence, so confirming the
relation between influence on the Board of Directors and the level of compensation is important.

I examine a well-established proxy from the literature: board co-option (Coles et al., 2014), which
measures the percentage of directors (including independent) that were appointed during the CEO’s
tenure. Coles et al. (2014) show that board co-option correlates with the level of CEO pay and I confirm
this relation in Table A2. The level of CEO pay increases by about 8 percentages points (pp) for a

standard deviation increase in board co-option.’

Following the strong relation between board co-
option and CEO pay levels, the model incorporates potential CEO influence on the Board directly
into the Board’s pay-setting process. In the model, the Board has a preference towards paying the CEO
above the value-maximizing wage level. The magnitude of this potential bias will be controlled by a

tenure-specific, estimated parameter A;. As shown in Section 5.3, estimated board capture varies with

empirical board co-option (the measure from Coles et al., 2014, also used in Table A2).

Fact 3. SOP failure correlates with costly outcomes for directors.

A basic premise of the model is that SOP failure is costly for directors. I provide new evidence of this
cost in three areas. First, Table 3, columns 1-2 show that director turnover the year after the vote
correlates with SOP failure. The columns show that director turnover likelihood is about 2 pp higher
after SOP failure. Relative to passing, the probability of director turnover is about 20% higher. This
finding is robust to controlling for company performance (ROA), and a battery of controls covering
board, director and CEO features.

The table also shows a second possible cost to directors from SOP disapproval (in columns 3-4).
Focusing on directors not turned over, SOP failure is associated with about a 1.3 pp higher probability
of a compensation committee member leaving the committee (a 26% increase). These results show that
SOP failure is a career concern for directors.

I also study how SOP failure affects the external reputation of directors, or the number of outside
boards on which the director sits. Focusing on directors that sit on at least one outside board, SOP fail-
ure is associated with about a 1.8 pp increase in the likelihood that the director loses at least one outside

position (a 21% increase). Vote failure seems to impact directors outside the firm where they work.

between changes in CEO pay and SOP disapproval: CEO pay falls by about 8 percentage points following SOP failure. This
robust result suggests that SOP failure pushes the Board to make changes to CEO pay.
7As in Coles et al. (2014), I include CEO tenure fixed effects in each specification as co-option mechanically rises with tenure.



Fact 4. SOP voting behavior is consistent with shareholders facing a cost from SOP failure.

This paper presents empirical evidence that shareholders internalize a cost to SOP failure, estimates its
magnitude, and explores its role in the economic mechanism through which SOP influences compen-
sation policy. Edmans et al. (2023) provide survey evidence that of the cost: in interviews, institutional
investors express their reluctance to fail SOP votes. SOP failure is viewed as a reputation cost via dis-
senting from management on a prominent firm policy. Shareholders also feel that dissent constitutes a
future monitoring cost, as management will engage with shareholders repeatedly in the future about
changing compensation policy.”

While the survey-based evidence suggests the existence of a shareholder cost to SOP failure, bunch-
ing in observed vote results at important failure thresholds provides empirical evidence. A higher oc-
currence of close passes relative to fails suggests shareholders may strategically avoid failing votes:
large, pivotal blockholders may swing the outcome of the vote by (strategically) keeping the percent-
age of dissenting votes below the vote failure threshold. Figure A2 displays a test for bunching around
the SOP failure thresholds of 30% and 50% (the commonly understood failure thresholds, ISS, 2022).
The light blue and orange bars show the observed frequencies of SOP vote outcomes in 0.5 percentage
point relative to the failure threshold. Though the bunching is more pronounced at the 50% threshold,
it is still clearly there at 30%. Bunching is suggestive, though not definitive, evidence of a shareholder
cost. While beyond the scope of this paper, a model of strategic voting could illustrate the degree to

which bunching identifies a cost to failure, relative to strategic considerations (as in Pinnington, 2023).

3. Model

This section outlines the model. The key forces are guided by the analysis in Section 2. The estimation

will determine the extent to which these forces matter; for now, the model treats them as parameters.

3.1. Technology and Environment

Time is annual. The firm is infinitely-lived and consists of three actors: the Board of directors, that
sets the CEO’s wage level each period; the CEO, who exerts effort for the wage they receive; and a
shareholder base, which holds an approval vote of the Board’s pay policy (a “Say-on-Pay”). As men-

tioned above, the wage in the model represents the level of total (expected) pay, with no distinction

8See Online Appendix A of Edmans et al. (2023). Investors also mention they often follow proxy advisors as resource con-
straints prevent them from fully analyzing compensation policy. Figure A1 presents anecdotal evidence of future monitoring
costs: after failing the 2021 SOP, Netflix engaged with large shareholders about compensation numerous times throughout
the year.
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between base and incentive pay; one interpretation of the model is that the Board and CEO contract a
new expected wage each year that induces the CEO to remain at the firm and produce (Taylor, 2013).”

Effort (n;) is increasing but concave in the wage level w;,
no=w/, ye(,1].

This assumption captures in reduced-form that effort is privately costly for the CEO, so compensation

extracts less effort if effort is already high. The firm produces according to

Ve = nAtnf, pe(0,1),

where f is a constant and A; > 0 is the firm’s productivity. I am not interested in separately identifying
y and B, so I define a = yf8 € (0, 1) to describe the shape of the production function.'’ The parameter
n is a scaling factor, which captures how CEO productivity transformed into observed revenues.

Output is thus

Yt = UAthl- (1)

Firm productivity is centered around CEO skill a but influenced by a mean-zero shock &y,

InA;=a+ey, &~ N(O, 0}2,). (2)

Type a is not observed by the Board and shareholders, they make predictions about a based on infor-
mation they observe (as detailed in Section 3.2). Eq. (2) defines the notion of CEO skill — higher types
achieve higher average productivity.

Operating income in year t is

II; = nAyw/ - nkw,.

k > 0 is amodel parameter which dictates how changes in CEO wages (effort) scale to firm-level costs."’
These two parameters are not essential for the model’s forces, but they are important for estimation,

as they translate CEO effort and skill into the firm-level revenues and operating income observed in

Effort as an increasing (concave) function of total pay can be motivated by TDC1 being primarily incentive pay, as standard
principal-agent models with risk-averse agents would predict this relation. Fairness-based models like Chaigneau et al.
(2022) also predict that effort may increase with pay levels, even in the absence of effort incentives.

9Beyond their effort and skill, the CEO is a passive actor: the model is silent on the exact contracting problem between the

Board and the CEO, and instead focuses on the interaction between the Board and shareholders. Page (2018) estimates the
effect of CEO attributes and agency issues on the CEO contract.

"y = 1 implies costs rises in unison with output, ¥ < 1 implies costs increase less or more than output.
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the data (Page, 2018). Normalizing operating income by the scale parameter 1 (so z; = I1;/1), we have
m = Apwl - kwy,

The Board of Directors (B) sets the wage w;. Importantly, the Board does not perfectly maximize
firm profits. That is, absent dynamic considerations and any influence from the SOP, the Board would

choose w; to maximize
B-Aw? A
Ty = A44Wy — KWy + AL KWy,

where A, € [0,1) governs the influence the CEO has on the Board’s decision-making, and more gen-
erally captures agency costs in the form of CEO influence on pay, what I refer to as board capture (see

Section 2.2 and Fact 2). I allow board capture to vary across CEO tenure according to:
Ar = Ao(1 + A1), ®3)

where Ay and A, are parameters to be estimated. A positive A, measures a gap between the wage that
would maximize shareholder value and the wage the Board would pay the CEO. Noting that output y; is
an increasing-concave function of the wage w;, a positive A, induces a realized agency cost that resem-
bles empire-building: the Board does not internalize that higher wage levels lead to over-production
(e.g., Jensen, 1986; Bebchuk and Fried, 2003).

As Taylor (2013) shows, CEO wages display downward rigidity: risk-averse CEOs accept lower total
pay if they are protected from downside risk. To match observed patterns in compensation, the model

incorporates an adjustment cost into the Board’s compensation decision:

Wy — Wi

2
AC(Wt§ Wi-1, Tt) = Cyy X Wt( ) x 1[wy < weg] x 1[7; > 0]. (4)

Wt

The adjustment cost is quadratic, scales with the wage level, is not present in the first year of CEO

tenure, and only activates if the Board decreases the wage from ¢ — 1 to t; the one-sidedness is chosen

to match downward rigidity in CEO pay. c,, controls the cost of adjustment, and is to be estimated.'”
Shareholders hold an approval vote each year on the Board’s CEO pay policy, or a Say-on-Pay vote

(SOP)." The vote is non-binding (failure does not lead to a change in compensation policy) and occurs

2Table Al and the findings from Taylor (2013) show why the adjustment cost is needed: CEO pay falls when SOPs fail,
whereas Taylor (2013) shows CEO pay is downward rigid.
BWhile the structure of the CEO’s pay package certainly influences SOP outcomes, shareholders predominantly vote in
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at the end of each period (after the wage decision and output have occurred, following the observed
institutional structure). A failed vote results in a cost for the Board, yg > 0. In practice, this cost
may include both pecuniary and non-pecuniary components, but in the model it measures the Board’s

(perceived) aversion to a failed vote. The Board’s per-period utility is
Arwf = kwy + Arkwy — yp x 1[SOP fail,] - AC(wy; wi_1, 71). (5)

Shareholders in the model seek to maximize operating income: if wages are “too high” given share-
holders’ current beliefs about CEO ability, the SOP vote may fail. Upon vote failure, the shareholders
will also face a perceived cost, which might represent an aversion to dissenting from the Board on
compensation policy (Section 2.2). The parameter ys = 0 governs the shareholders’ cost of failing the

SOP. The shareholders’ per-period utility is
Arwf — kwy — xs x 1[SOP fail,]. (6)

Egs. (5) and (6) summarize the differences in Board and shareholder preferences.'* Shareholders can
alleviate board capture (A;) by threatening to fail the SOP; however, they also internalize their own

cost from failed votes. The Board further internalizes the adjustment cost.

3.2. Beliefs, Signals and Model Timeline

Each period the firm separates from the CEO with exogenous probability f; and matches with a new

CEO of tenure 7 = 0. Upon matching, the Board and shareholders begin with the prior about CEO skill,

a~ N(,uo,ag), (7)

which matches the distribution of ability in the CEO talent pool. At the annual compensation commit-

tee meeting, the Board receives its private signal about the CEO,

Zpy = A + Epy, 5bt~N(0,0'2)- 8)

zp; will inform the Board’s wage decision, and may represent operational interaction with the CEO.

Shareholders do not observe z;, which means that the Board is asymmetrically informed (has differ-

response to the level of CEO pay, as detailed in Fact 1 and Table 2.
“The assumption that shareholders do not incorporate the adjustment cost keeps the shareholders’ problem static, which
greatly simplifies the numerical solution.
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ent and more precise beliefs) about CEO skill when they set the wage. Once the wage is set, the CEO
receives their wage and exerts effort, and productivity and output realize.

At the annual shareholder meeting, each atomistic shareholder draws a signal about CEO type that
is private knowledge, but correlated across shareholders. The standard voting model with incomplete
information assumes that signals are completely private, but in shareholder voting, these signals are
correlated (e.g., due to proxy recommendations.) This correlation makes it informationally equivalent
to focus on a representative shareholder, as microfounded in Appendix IA1.1. I henceforth refer to the
single representative Shareholder, labeled S. At the meeting, which occurs at the end of each period t,

S aggregates information from the shareholder base into the signal

Zst = A+ &gy, Est’“N(O 0'2)~ )

> Yz

Conccurently, S receives the firm’s 10-K and proxy statement, which reveal output y, realized pro-
ductivity A; and the CEO’s wage w;. Importantly, A; serves as a public signal about the CEO’s ability:

when productivity is high (2), B and S will revise their beliefs about the CEO upward. Ilabel this signal:
zyr=InAy=a+ey, ey~ N(O, 0}2,). (10)

Both the private signal z;; and the public signal z,; will affect the SOP result.

Model timeline. Figure 2 displays the per-period sequence of events. I assume signal disclosure
in the wage-vote game: B’s wage choice and the vote resuly fully reveal z,, and z; this implies that B
and S share the same beliefs a ~ N (,uat, O'st) at the beginning of each period t (Appendix IA1.3). At the
compensation committee, B receives its signal z;;, which informs their wage decision. Then, operations
take place: the CEO receives their wage and expends effort, and productivity realizes and output occurs.
At the annual shareholder meeting, S receives the private signal zy;, and output, productivity and wages
are revealed; productivity reveals the private signal z,,. Finally, the SOP vote occurs and Board and

Shareholder utilities are realized.

Board and Shareholder beliefs. Both B and S use Bayes’ rule to update beliefs about CEO abil-
ity after their signals. I use subscript a to refer to beliefs shared by B and S: (,Uat, G;,?‘t) refers to the
shared prior at the beginning t. Subscripts b and s refer to when B and S can have different beliefs.

CEO tenure fully determines the variance of beliefs (see Appendix IA1 and Taylor, 2010); the function
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Figure 2. Model timeline
This figure displays the within-period model timeline. The top timeline displays the timeline as it maps to practice; the bottom
as it maps to the sequencing of events within each period t. Figure IA1 displays an in-depth timeline which incorporates the
timing of the strategies by the Board and Shareholder (See Appendix [A1.3).

Compensation committee Annual shareholder
Start of period meeting Firm operations meeting

Ay, yr, W, revealed,
Zyt, 2y revealed,

Starting Beliefs B gets private signal zy,, Productivity A,, SOP occurs,
B &S: a~ N Grfr) B sets w; output y; realized B and S utilities realized
[ | | |
[ [ [ [
0 1 2 3

02(t) tracks how the variances of beliefs decreases across tenure. Given tenure 7; at t,

_ _ oy1-1
aﬁt = O'az(ft) = ag [1 +(13) x ooz(ozbz + ozsz +0 2)] , 02(0) = ag. (11)

The mean evolves according to

Hat Zpt | Zst |yt
Hars = 02(r + 1)| i+ o B 20, (12)
oi(r) of o oy

and the rate of decline of the variance o2, means that y,, tends toward the CEQ’s true ability.

3.3. The Say-On-Pay Vote

The Board and Shareholder’s wage and vote decisions are informed by each party’s private signal and
how they view each other’s beliefs. This section details the Shareholder’s strategy, holding the Board’s
wage choice fixed. Appendix IA1.3 details three assumptions made about the SOP vote, which aim to

keep the Shareholder’s decision both tractable and realistic.

3.3.1. The Shareholder’s Strategy

Informally, S will fail the SOP if the CEQ’s wage is “too high” given their beliefs. Fixing the wage choice
of the Board, the notion of “too high” will incorporate S’ current beliefs about CEO ability and how
costly vote failure is to Shareholders. Formally, S sets a threshold posterior belief about CEO ability for
which they would be indifferent between the vote failing and passing, which is equivalent to setting a
threshold in S’ signal distribution that leads to this posterior belief. As such, a higher threshold implies

a higher probability of SOP failure. Via the Board’s expected failure cost, this will lead to lower wages
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on average, but also raises the Shareholder’s expected failure cost. S’ strategy can be described as

setting a probability (threat) of SOP failure which maximizes S’ expected utility,
Pr(SOP fail;) = Pr(Zy: < kq).

The signal Z;,; incorporates both the private signal (z5;) and the effect of firm productivity (z,:) on S’

beliefs. I assume the threshold S chooses takes the form
kst = St X Wt. (13)

Fact 1: Pr(SOP fail) is increasing in the wage. Eq. (13) is chosen to match Fact 1, which
shows that a higher CEO wage leads to a higher probability that the SOP vote fails. The threshold is
thus increasing in the wage choice of the Board, and the choice variable s; controls the sensitivity of
the SOP failure likelihood to changes in the wage.

Asin Figure 2, at the annual shareholder meeting, output and the wage are revealed to shareholders.
S receives two signals about CEO ability: their private signal zy; and the productivity signal z,;. The
Shareholder uses all information available and considers the average of these signals, with weights
determined by their relative precision. Let p = ng%_iy,z be the relative precision of &5;. Hence, ex ante

the Shareholder’s signal is distributed according to

0-2 0-2
Zsyt =Pz t+ (1- p)zyt =a+ pég t+ (1- p)gyt: Zsyt ~ N(/Jat’ 0'5[ + 0_223 Y 2 ) . (14)

This distribution determines the probability of vote failure: S incorporates both signals, placing more
weight on the signal with better precision. At the time that they commit to their threshold, S has beliefs
about CEO ability ( Hats Jgt). Given this, the signal Z;,; has distribution as in (14). Further, B knows this

is the distribution that from which S’ signal arises and takes this into account when setting the wage.

Fact 1: Pr(SOP fail) is decreasing in company performance. Eq. (14) is how firm perfor-
mance positively affects SOP outcomes in the model (Fisch et al., 2018). If productivity is high, S is
unable to distinguish whether it is due to the CEO’s expertise or a shock affecting output. A higher z,,

will lower the probability of SOP failure, even if the wage w; is large.
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Distance from the unbiased wage. With no board capture, the profit-maximizing, or unbiased

wage that the Shareholder would pay, given beliefs about q, is

w}j = arg max E,; [exp(a + eyt)] wi - Kkwy = (%Est[exp(a + eyt)]>m. (15)
The Shareholder’s goal is to get the Board’s wage choice as close to the unbiased wage as possible,
given the costliness of SOP failure. So, failure is determined via distance of the observed wage from
the unbiased wage. The random variable w' represents S’ preference for the CEO wage level, given

their current beliefs about CEO skill, with distribution determined by the belief tuple ( L, crtz)

o2 + o2 log € + (g2 + o2
w?~logN He Mot ine Ay = 8« 2< ! y). (16)
1-a (1-a)? 1-a

wV is simply a transformation from belief-space to wage-space, so given the distribution of Z;,; in (14),
t ply P ge-sp g y

there is a random variable wp(Zsyt) given by (16) that is the conversion of Zj,; to its unbiased wage
counterpart.'® I refer to the CDF of this distribution as FJ, where st signifies the Shareholder’s period

t beliefs about CEO ability.'°

3.3.2. Determining the Probability of Say-on-Pay Failure

If Z;y; leads to S* posterior belief falling below the chosen the threshold, the vote fails. Given the

previous discussion, the ex ante probability of failure, given wy is
Pr(SOP fail;) = Pr(wP(Zsyt) < S5 x wt) = Fg(st X Wy). (17)

Fixing the Board’s best response w; for now, S chooses s; to maximize expected operating income,
conditional on their beliefs at the start of period ¢, a ~ (,Uat, crft) and the signals they will receive
at the end of the period. Importantly, S influences expected wages. When setting the vote policy, S
takes expectations over signals z;. Concurrently, B updates beliefs and optimally offers w;(zy;, s;). The

Shareholder’s problem is

J

msax /f(zb) [Est[At]Wt(th, 1) - Kwi(zpt, St) —Xs % FS(st x Wi(zpt, St))] dzy. (18)
t Zp N

Expected operating income Expected cost of SOP failure

2
Oz

5The distribution of w(Z,,,) is found by plugging y,, and o2, + —

2
0, .
Hff into (16).

16The transformation to the lognormal wage distribution ensures that S’ threshold is always increasing in the wage. While
Zgy is normal and has positive and negative support, the lognormal wage is guaranteed to be non-negative.
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The Shareholder commits to an ex ante threat of vote failure, and the realizations of z;; (determining

the wage), z;; and z,; will determine the outcome of the vote.

Commitment to a costly failed vote. It is important to note that I assume Shareholder com-
mitment to an ex post costly failed vote. This may seem a strong assumption but reflects the nature
of a costly punishment mechanism. If the Shareholder reneged on the failed vote (after inducing the
Board to pay a more favorable wage), this would affect the Shareholder’s credibility and effectively
lower the vote’s disciplining power. Indeed, as Fact 3 shows, director turnover increases after failed

votes, suggesting a willingness to punish the Board, though it may entail a cost for the Shareholder.

3.4. The Compensation Committee

Each period, the Board receives its signal z;; and decides the CEO’s wage. Their beliefs at the beginning

of t are a ~ N(ugy, 02,). Upon receiving zy;, the Board updates to (,ubt‘zb, Gftm), where

) Hat  Zbt
Hbt|z, = Ubtlzb<2 + )

2
Oay O-z;,
2 2
_ 0,.0,
2 ( -2 72) 1 atYz,
oy, =0, +0 =" (19)
t at z
itz b O-gt + O-Zzb

If B’s belief is revised downwards, they will want to decrease w; relative to w;_1, so I include the
adjustment cost from (4) in the Board’s problem (to match rigidity in total pay, Taylor, 2013). At the

compensation committee meeting, B’s wage policy solves the following Bellman equation:'’

V(lat, 1, Wi-1) = m;\x Ebt\zb[At]Wfl - KW + Arkwy = yp x Fg(st x wy) = AC(wy, W13 Tp) +

dp|(1 _fT[)Eht\zb[V(,uaHh 7+ 1, wy)] +th VRl (20)

The state consists of the two variables that track the Board’s beliefs: the current belief about the mean
Ugr and the CEO’s tenure 7; (which determines the variance of beliefs, eq. 11). The third is the previous
period’s wage w;_; (set to zero if 7, = 0). FJ(s; x w;) specifies the probability of SOP failure as detailed
in Section 3.3. Operator Ej.[-] is taken with respect to B’s beliefs about CEO ability after it receives
the signal z; (so beliefs are distributed according to eq. 19).

The Board faces a trade-off between paying a higher wage (1;) and the increased probability of SOP

failure. It must also consider the firm’s expected productivity A; (influenced by ¢,,), the likelihood of

74, is a function of both z;; and the shareholder’s strategy s;, however for tractability this notation is omitted from (20).
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SOP failure, adjustment costs, and the continuation value. The hazard function f;, controls CEO-firm
separation and is an input to the model.'"® VR describes the termination value: upon separation, the

Board finds a new CEO and beliefs reset to (1, o),
VR = Vi, T = 0,0). (21)

3.4.1. Objective Firm Value

The Board’s optimal wage policy admits the model’s definition of firm value. Given the state and the

Board’s wage policy w; = w(las, 73, Wi-1), firm value is simply the discounted cash flows of the firm:

VOB (ﬂata Tt, Wt—l) = Eat[At]w? - Kwy + 0 % Eqy [VOBJ (llat+1, T+ 1, wt)] (22)

Unlike the Board’s problem, objective value does not include board capture or the adjustment cost; in
general, the Board’s policy «w; will be above the value-maximizing wage. Secondly, firm value is not
directly affected the SOP vote. In counterfactuals, (22) will allow me to analyze how changes to SOP

affect firm value (via its effect on the Board’s compensation policy).

3.5. Model Solution

I use Bayes’ rule to derive Board and shareholder beliefs about CEO ability and substitute these beliefs
into the Board’s Bellman equation (20) and the Shareholder’s objective function (18). To solve, I guess
the Shareholder’s solution for s;, given each Board’s state (i, 7;, w;-1). Given S’ proposed vote policy,
I iterate to find the Board’s policy function w(y;, 73, w;-1), at which point I update S’ vote policy. I

continue until both the wage and vote policies are stable. Appendix IA1.4 gives the full solution.

4. Estimation

I estimate the parameters of the structural model using indirect inference (McFadden, 1989): I choose
the vector of structural parameters which minimizes the difference between the reduced-form out-
comes of an auxiliary model estimated on observed and simulated data. The auxiliary model, though
misspecified, focuses on features of the data which are highly informative about structural parameters.
Details of the estimation are presented in Appendix IA2. Section 4.1 outlines the identification strategy

and Section 4.2 presents the quality of the model’s fit.

8Pooling all CEO spells, f;, is the frequency of turnover after 7 years, conditional on the CEO surviving 7 - 1 years. I follow
Taylor (2010) in the computation of the hazard rates. For simplicity, f, = 0 in the estimation, and f;, = 1, where T is the cap
on the length of CEO tenure. Further, the estimation sample excludes CEO spells that only last one year.
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4.1. Identification Strategy

Output and CEO skill parameters. I first residualize out industry and time fixed effects from

log firm revenues.'” The model’s definition of log revenues is:
log yir = logn + a; + alog wi; + &)y = yi = nAWj; = ryexp(a,- + £yit)wf§. (23)

Vit is CEO-driven firm revenues, w;; is the CEO’s observed compensation, and 7 scales CEO productiv-
ity and effort up to observed levels. I target the parameter log 7 in the estimation. Average CEO skill is
only identified relative to the constant log n in (23), so I normalize py to zero. The following regression

in the data maps exactly to company output in the model
log yir = yo + y1 log wi; + €. (24)

Given py = 0, y, (average observed revenues) identifies log 1. The curvature of output with respect to
the wage/effort (a) is identified via y;, and o, via the variance of the residual ‘7(;’(63;) Netting out
the effect of CEO effort/wage on output and taking expectation across the years CEO i spent in office

exactly pins down oy (Taylor, 2010):
Ei[yit] = Ei[log yir — alog wi] = E; [ai + Eyit] =a; = Var(Ei[yu]) = o5. (25)

Lastly, targeting average observed profit margins identifies the scale parameter k. Unscaled operating

profits from the model are I1; = nA; w — knw;, so

Wi _ Acw = kwy — (26)
Yit AtWt

Parameters that drive the Board’s decision. The optimal wage depends on the Board’s beliefs
about CEO productivity, the degree of board capture, the probability of SOP failure, and an adjustment
cost if the Board lowers pay. These forces are reflected in the following approximation to the optimal

log wage, illustrating how estimable parameters drive variation in CEO pay

logw; = log(aEp[A+]) - logx(1-21;)
[ —— ——
Expected productivity Board capture

That is, I regress log firm revenues on industry and time fixed effects (both assumed mean zero) and take the residual as
my measure of firm revenues.
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- 10g<1 + ﬁ x fuie(sit x Wit)sit> +  g(wir, wir-1)

N N
Pr(SOP fail) Adjustment cost

where fU,() is the likelihood function of the Shareholder’s signal distribution.?’

The following regression in the data is tightly linked to this expression:
log wi; = by + by 1[SOP faily,] + by1yy + ¢ + €. (27)

where ¢; is a CEO fixed effect and 7;; is the CEO’s tenure. The fixed effect ¢; will remove variation
caused by natural CEO ability (the expected productivity component of the wage); so by and b, will
capture Ay and A, respectively. by helps to identify yp as it indicates how different wages are in SOP
failure relative to SOP pass. Fixing other parameters, a small yp (close to zero) implies that b; must be
close to zero: the Board cares little about SOP and will set a similar wage in SOP pass and failure. As
xB gets larger, the Board must have better beliefs about the CEO to offset the higher expected cost of
failure, resulting in a larger b;. The Board’s wage choice is determined by their signal z;;;, so Va\r(eib,)

informs about the precision of the Board’s signal. Lastly, the log wage autocovariance
Y(Wir, wir—1) = Cov(log wit, log wis_1) (28)

identifies c,,, as it pins down the dynamic aspect of the Board’s problem.

Parameters that drive the Shareholder’s decision. The model’s definition of SOP failure is
1[SOP fail;;] = 1 [sitwit - w? (pzsit +(1- p)zyit) > 0],

where WP (pzsit +(1- p)zy,-,) is a linear combination of the two signals zy; and zy;; transformed to
the relevant distribution as in (14), and s;; is the Shareholder’s choice variable. The model-implied

determination of SOP failure maps to the regression in the data

1[SOP fail;;] = so + s1 log wi + 52 e% ++di + €, (29)

OThe expression for log w;; results from taking w;_; as given, fixing the Shareholder’s strategy s;; and abstracting from

dynamics (setting d5 = 0). The Board’s first-order condition from this simple program is the approximation. The partial
2

derivative of the adjustment cost with respect to w; can be written as as AC'(w;, w;_1) = cw( - % ) 1[w; < weq]1[7 > 0].
t

AC (wr,wi-1) )

Then, g(w;, wi_y) = log(2 * T e(=Ae)) s f G )
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where €, is the residual from the output regression (24). §, maps to the unconditional failure rate and
is most informative for the parameters ys and A,. All else equal, higher ys will lower the observed rate
of SOP failure and higher A, will raise it (via increasing the wage). §; describes the sensitivity of SOP
failure likelihood to the wage, which is highly informative about ys and yg: s; is decreasing in ys as it
lowers the sensitivity of the threat of SOP failure to the wage and increasing in yg as the Shareholder
internalizes the threat has a larger impact on wages.

While the Board’s wage choice reveals z;;, the Shareholder’s signal is unobservable in the data. As
the distribution of €}, is determined by other parameters (o, and o), @(eft) and $; jointly identify o,.
$; corners how changes in productivity influence Shareholder beliefs about the CEO and determines

how much of SOP is driven by the private signal zg;;.

4.2. Estimated Model Fit

4.2.1. Moment-Matching Exercise

Table 4 displays the closeness of auxiliary-model moments estimated on the observed and simulated
data. The final column displays the test statistic from a two-way ¢-test comparing each moment. Over-
all, the fit is quite good and importantly, the estimation matches the reduced-form moments which
identify key structural parameters A;, yg and ys.

The estimation matches the observed SOP failure rate closely (moment 1, ): 6.8% and 6.4% in the
observed and simulated data, respectively. The sensitivity of SOP failure to the wage (moment 2, §;) and
the output residual (moment 3, §,) are well-matched. These three moments are key for identifying the
Shareholder’s voting preference, so the closeness is reassuring. The vote regression residual variance is
slightly too large in the simulated data (moment 4), and the statistically significant difference primarily
reflects the high precision of this moment in the data.

For the Board, average log wages (moment 5, l;o) and the log difference in wages in SOP failure
(moment 6, b;) are matched well; the model under-estimates the average wage when SOP votes pass
by about $24 thousand, and the average wage when SOP votes fail by about $159 thousand. The tenure
time trend in wages (moment 7, Z;Z) is the the primary area in which the model fails to replicate the
data: the model has too-low of a within-CEO wage growth to match the data. This suggests that a high
growth of board capture is needed to keep wages increasing over tenure as the disciplining power of
SOP grows as beliefs become more precise. Otherwise put, a relatively high degree of board capture is
needed to keep wages from decreasing over tenure. The variance of the wage regression residual and

the log wage autocovariance (moments 8 and 9) are indistinguishable in the observed and simulated

22



Figure 3. Untargeted moment: The relation between changes in CEO pay and SOP vote outcomes
This figure displays the relation between changes in CEO pay and the SOP vote outcome in both the observed and simulated
data. In both panels, I display a binned scatterplot estimated from a regression of the change in CEO pay on SOP disapproval,
expressed as the vote’s distance from the failure threshold. Each regression includes CEO and CEO tenure fixed effects, and a
control for the output shock from the previous period. Both the change in compensation and the SOP vote results (expressed
as distance from the vote failure threshold) are de-meaned in the plot.

(A) Observed data (B) Simulated data
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data, suggesting that the Board’s private information volatility and adjustment cost are well-identified.
Output and skill-based moments are matched well in magnitudes (moments 10-14). The output
residual variance is close in magnitude, but given the precision of this moment in the data, the dif-

ference is statistically different from zero. The model also estimates profit margins to be too high.

4.2.2. Changes in CEO Pay Following Say-on-Pay Disapproval

Confidence in the model’s implications will be strengthened if the simulated and observed data produce
similar results when examining features of the data not target during estimation. Figure 3 displays how
the observed and simulated data compare in terms of changes in CEO compensation (from ¢ to ¢ + 1)
in response to different SOP disapproval rates (in t). The slope of this relation is very similar in the
model and data (though understandable more precise in the model). A key prediction of the model is
that SOP disapproval conveys that shareholders believe the CEO is low-type. The figure shows that

the Board endogenously internalizes shareholder beliefs into future pay decisions.

5. Results
5.1. Estimated Structural Parameters and Economic Implications

Table 5 displays the estimated parameters and quantifies their economic magnitudes.
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5.1.1. Board Capture

The estimated values for Ay and A; are 0.131 and 0.066, respectively. In Appendix IA1.5, I show that the

share of total surplus shifted to the CEO by board capture can be written as

9(1_) _ Arwy _ Arwy (30)

Er[ﬂr] + Arwr ET[A]W;X - wrt Arwr‘

0(r) would equal zero without board capture and would equal one if the CEO captured all profits,
and importantly it incorporates how the Board’s preferences for w; change as it learns about CEO
ability. Figure 4 displays estimated CEO surplus capture as a function of tenure. Focusing on a CEO of
average skill in their first year of tenure, I estimate 6(0) = 16.4%, which rises to 28.6% and 58.1% in the
10th and 20th years of tenure, respectively. This is similar to Taylor (2013), who estimates that CEOs
capture around 50% of surplus on the upside, but bear no downside risk. I allow my measure of CEO
surplus capture to vary across tenure, following prior empirical research (e.g., Coles et al., 2014). These

estimates suggest that CEO surplus capture is substantial at public companies.

5.1.2. The Board and Shareholder Costs to Say-on-Pay Failure

I estimate that the Board considers SOP failure to be equivalent to 3.14% of firm value. For sharehold-
ers, this cost is 0.90% of value (or of a shareholder’s equity stake), and both estimates are statistically
different from zero.”! It is important to note that these are utility costs: SOP failures do not affect
value directly, the Board and shareholders must behave as if they do for the model to match observed
outcomes. Thus, the shareholder cost to SOP failure makes shareholders pass some SOP votes that
would fail if this cost did not exist. Further, both costs are considerably lower in expectation as the
unconditional failure rate is 6.4% in the simulated data: the Board (Shareholder) expected cost is closer
to 0.21% (0.05%) of value. These estimates highlight a key finding of this paper and clarify the eco-
nomic mechanism of Say-on-Pay votes. SOP resembles a costly punishment mechanism: shareholders
can punish the Board for overpayment, but internalize a cost from doing so.” The threat of costly
SOP failure disciplines the Board even when failure is unlikely. As I show in Section 5.2 providing
shareholders with a punishment technology improves firm value considerably, even though punishing

the Board is conditionally costly.

#1The parameters capturing the failure cost to the Board yp and Shareholder ys are estimated to be 2.247 and 0.641. I normalize
them by average firm value (in Appendix [A1.5, I show that average firm value can be derived in closed form).

2Costly punishment is a common, naturally occurring mechanism that facilitates cooperation between economic actors, and
has been analyzed by a large experimental literature (e.g., Ambrus and Greiner, 2012).
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Figure 4. Estimated CEO surplus capture over CEO tenure
This figure displays estimated CEO surplus capture from (30) over the first 20 years of CEO tenure. Board capture A, is
estimated using Ay and 4; from Table 5.
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5.1.3. Economic Implications of Other Parameters

The volatility of CEO skill is 1.105, equating to about 1.5% of average firm value. This implies that CEO
skill matters (supporting Taylor (2010), who finds that CEO fixed effects matter greatly). The output
shock volatility o, is 1.465 (about 2.1% of firm value): a large portion of observed variation in output
comes from randomness, rather than CEO skill.

The standard deviations of the Board’s and shareholder’s private signals are 0.818 and 0.684, re-
spectively. While the volatility of the Board’s innovation is larger than the Shareholder’s, the Board
receives its signal in advance of making its wage choice; at the point when B and S set their strategies,
the Board has more precise beliefs than the Shareholder. Figure A3 displays how the variance of (Board
and Shareholder) beliefs decline over the CEO’s tenure. There is still quite a lot of uncertainty through

the median length of the CEO’s tenure (7 = 8, as in Table 1).

5.2. How Much Does Say-on-Pay Impact Compensation and Firm Value?

The Board SOP failure cost suggests that SOP impacts compensation policy, but the estimated mag-
nitude does not reveal this impact directly. Setting yg = 0, simulating a counterfactual dataset and
comparing quantities reveals the full impact of SOP, and also allows me to benchmark my estimation
against empirical work on how the adoption of SOP impacted compensation policy and firm value.
Table 6 displays the results. As this counterfactual is equivalent to removing SOP, I do not display
the SOP failure rate. The table displays the percentage that pay levels would increase if SOP were

removed, both for the full simulated sample and for several sample splits. It shows that, on average,
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SOP brings pay down by 6.6%. This is consistent with the evidence from Correa and Lel (2016) who
show (in a cross-country analysis) that total CEO pay decreased by 7% upon the adoption of SOP; the
similarity in our estimates is reassuring.

There is cross-sectional heterogeneity in the impact. SOP has more impact for below-average abil-
ity CEOs (columns 2-3, 8.5% decrease vs. 4.8%), and for CEOs later in tenure (columns 4-5, 10.3% vs.
3.6%). This suggests that SOP has more impact in the cases when it should: board capture negatively im-
pacts performance more for low-ability and longer-tenured CEOs (board capture increases in tenure).
Interestingly, the change in the wage level is greatest for the observations in which SOP fails (column
6, 13.8% decrease): the cases when discipline actually occurs are when SOP is most impactful.

The table also shows that SOP increases firm value by 2.35% on average, with similar heterogeneity
as observed in compensation. This impact on value occurs because changes in compensation bring
the CEO’s effort closer to that which maximize shareholder value. Cuiiat et al. (2016) find that the
adoption of SOP increased market value by 5%. Their design uses firms voting to adopt SOP (before
it was mandated by Dodd-Frank), and is based on the discontinuity at the majority threshold in the
adoption vote. Given their estimate is local to the firms close to the threshold (and thus likely to benefit
more than the average firm), it is reassuring that my average estimate is somewhat smaller.

This analysis benchmarks the key outcomes of the estimation against two important papers that
study how the adoption of SOP affected compensation policy and value. It also shows that shareholder
voice via a regularly-occurring opportunity to dissent from the Board on compensation policy benefits

shareholders. The threat of punishment is value-enhancing, though punishments rarely occur.

5.3. Subsample Analysis

I use subsample estimation to explore how parameters and their implications vary with empirical mea-
sures of board capture (board co-option, Coles et al.,, 2014) and institutional ownership concentration
(percentage of market value held by the 5 largest investors, Hartzell and Starks, 2003). I estimate the

model on each subsample and display the resulting parameters from each split in Table 7.

5.3.1. Board Co-Option

My estimation shows that CEOs receive a large share of surplus. While the model takes no stance on the
channel through which board capture arises, Table A2 shows that board co-option (Coles et al., 2014),

which measures the percentage of the Board appointed during the tenure of the CEO, may play a role:

#Table IA2 displays the parameters (with standard errors) and moment-matching exercise for each subsample.
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if CEOs influence director selection to tilt Board decisions in their favor, then estimated board capture
should vary with empirical board co-option. I split the sample by the degree of board co-option. Board
co-option mechanically increases with tenure, so I use tenure-residualized board capture, averaged
across the CEO’s tenure at the firm, as the splitting variable. High (low) co-option firms are in the top
(bottom) quintile of board co-option.

Table 7 columns 1-3 display the results of this subsample estimation. For the low co-option sample,
the table shows that Ay = 0.126 and A; = 0.082; and for the high co-option sample, Ay = 0.099 and A; =
0.105. Although the estimated baseline board capture (4) is higher in the low co-option sample, CEO
surplus capture increases at a faster rate in the high co-option sample, averaging about a 3 percentage
point greater growth per year compared to the low co-option group. Interestingly, as Table 7 shows,
the board failure cost is much larger in the low co-option (4.28% vs. 1.33%), while the Shareholder
costs are practically equivalent in the two samples. This suggests that board capture may reduce the

effectiveness of SOP as a governance mechanism.

5.3.2. Institutional Ownership Concentration

Institutional owners, by their size and consequent influence on corporate policies, may take on the role
of disciplining management (Kakhbod et al., 2023; Appel et al.,, 2016; Brav et al., 2008). Hartzell and
Starks (2003) find that institutional ownership concentration is negatively related to levels of CEO pay:
the presence of large blockholders disciplines compensation policy. However, recent research argues
that the largest blockholders (passive funds) may be ineffective monitors (Heath et al., 2022), as they
tend to vote with management more regularly.

If large blockholders discipline compensation policy, the model predicts that the Board’s SOP fail-
ure cost should be higher with their presence. The model also implies that the Shareholder SOP failure
cost should increase with blockholder concentration. When the shareholder base is dispersed, no single
investor may be focal enough to deal with the potential fallout of a failed vote (see Fact 4 and Edmans
et al.,, 2023). So, the model predicts that the shareholder cost to SOP failure should also increase with
blockholder concentration.

I follow Hartzell and Starks (2003) and use the percentage of the firm’s market capitalization held
by the top five institutional investors (top 5 inst. ownership) as a measure of concentration. Table 7
display the estimated parameters for the sample split into “low” and “high” based on the median average
top 5 inst. ownership over the CEO’s tenure. The Board’s failure cost is higher when there is greater

concentration of institutional investors. Table 7 columns 4-5 (row 1) show that the Board cost is 3.62%
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(4.48%) of firm value for the low (high) split based on top 5 inst. ownership, and the difference is
statistically significant. The Shareholder cost also increases with concentration, going from 1% to 2.66%.
The estimation reveals that large blockholders do discipline compensation policy, as the punishment

they can inflict on the Board is larger. However, the cost of giving this punishment is also larger.

6. Counterfactual: Should Say-on-Pay Votes Be Binding?

My analysis so far has taken as given the way Say-on-Pay occurs in practice. Though non-binding
vote failure is conceivably ignorable by boards, my results suggest that SOP emerges as an effective
governance mechanism. What is not clear is whether SOP would be more effective as a binding vote.
Indeed, the relative efficacy of binding vs. non-binding shareholder voting has long been discussed
by academics and practitioners, both concerning SOP (e.g., Ferri, 2015; Allaire and Dauphin, 2016) and
more generally (e.g., Levit and Malenko, 2011; Levit, 2020; Kakhbod et al.,, 2023). Despite this, there
is scant empirical evidence comparing binding vs. non-binding voting. Such analysis would require
comparison of outcomes (with respect to the policy and firm value) for the same firm under a binding
and non-binding regime, and such a setting is unlikely to exist in the data.

My structural model is thus uniquely positioned — I can alter the structure of SOP and ask the
question: is a binding SOP vote a more valuable governance mechanism? The answer has important
implications for corporate governance and shareholder democracy, beyond this particular setting.

In the baseline model, SOP is purely shareholder voice: the Shareholder votes on realized compen-
sation and the only consequence of a failed SOP vote is an ex post utility cost. Under the binding coun-
terfactual, vote failure would lead to the CEO receiving the previously approved remuneration package
(i-e., last period’s compensation). This resembles how binding SOP votes work in the UK (these votes
occur triennially in concert with annual non-binding SOP votes); rejection of compensation policy in
the UK’s binding vote requires the company to operate according to previous compensation policy
(Allaire and Dauphin, 2016).%*

Figure 5 provides a view of the institutional and model differences between a non-binding and bind-
ing vote. In practice, non-binding SOP occurs ex post and is simply an approval vote at the end of the
fiscal year. In the counterfactual, SOP must be ex ante and occur after the Board has proposed compen-
sation policy but before the CEO is paid. As such, vote failure would imply a different compensation

package for the CEO and consequently, different company output and performance.

“Further, a similar policy exists in Switzerland, by the Ordinance Against Excessive Remuneration, shareholders must ap-
proval the total compensation of top executives, and should shareholders reject proposed pay, the CEO continues to receive
compensation according to the last approved package (see Federal Council, Switzerland, 2013).
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Figure 5. Binding SOP: Counterfactual model timeline
This figure displays the within-period model timeline of the counterfactual, in which SOP is a binding vote. The top timeline
(“Baseline") displays the timeline from the main version of the model, the bottom timeline (“Counterfactual") displays the
counterfactual timeline.
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6.1. The Compensation Committee and Binding Vote

As in Section 3.4, the Board and Shareholder come into period t with the shared prior about CEO
ability a ~ N (,uat, o;ft). At the compensation committee meeting, instead of setting a finalized remu-
neration package, B only proposes a wage level at the compensation committee. During the SOP vote,

the Shareholder votes on the Board’s proposed pay. The counterfactual pay level takes the form

Y S (T if SOP pass
Wy = . (31)
whll =y if SOP fail

When the vote passes, the CEO receives the Board’s proposed wage (determined by policy function
@(-), detailed below), set according to Board beliefs after they receive their signal z;;, as in the baseline.
When the vote fails, the CEO receives the same pay as the previous period, w;_;. The binding vote
entails greater discipline for the Shareholder at the expense of a compensation package that does not
fully internalize all information about the CEO’s ability: w;_; does not incorporate the signals revealed
about CEO ability between compensation committee meetings (namely, the previous period’s output

and Shareholder signals zy; 1 and zy_1, and the Board’s current-period signal z;).

The Shareholder’s problem. The Shareholder’s problem is markedly different. First, S now has
an active role in compensation policy. Second, the information that informs the SOP vote differs in the

binding vote — information coming from productivity (zy;) no longer informs the SOP vote (only the
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private signal zy; has an impact). For notational convenience, I define

Fg(st xw) = Pr(SOP fail | s; x w)

ﬁst(w) = Est[At]Wa - Kw.

as SOP failure likelihood (which follows the same definition as eq. 17) and the firm’s operating income,

respectively, given wage w. S controls the sensitivity of SOP failure to the proposed wage, w;

max (1- Fg(st x wP™%)) x /f(zb)[ ﬁst(wfass)] dz, +
¢ 2

Non-binding: CEO receives proposed wage

Fg(st X W?ass) X (7rse(We-1) = Xs)- (32)
—
Binding: CEO receives prior wage & S pays cost s

The Board’s problem. Under binding SOP, the Board proposes wy"" according to

ViHat 1, Wi-1) = nlp%s)s((l - Fg(st x Wfass)) [(ﬁgt\zbt(wfass) - AC(W™, wig; ) + Vat\zb,(W?ass) +
w; R
Non-binding: Proposed compensation
U ~B 7
Fst(st X Wfass) [”at\zbt(wt—l) + Vat|z,,,(Wt—1) — XB (33)

N J

Binding: Prior compensation, B pays cost y

where

~B
ﬂat\zbt(w) = Eat\zbt [At]Wa - KW + A kW

vat\zb,(w) = Eat\zb, [(1 _th)[V(llat+ls T+ 1,w)] +frt VR]

are the Board’s flow utility (from company profits and bias) and continuation values upon receiving zy;.
The Board’s proposed compensation policy &(ta;, 0ar, wi-1) Will in general differ from the baseline.””

I solve this version of the model using the estimated parameters and compare relevant outcomes to
the baseline (using the same sequence of shocks in both simulations). Table 8 displays the results: the
binding SOP failure rate and the average percentage changes in the CEO wage level and firm value,
and these quantities are estimated and displayed for subsamples defined by observable characteristics.
The SOP failure rate falls by a small amount, from 6.4% in the baseline to 6% in the counterfactual.

Interestingly, however, total pay levels increase by about 5% and firm value decreases by about 1.5%

“Note that the adjustment cost is not present in failure by definition (compensation does not change from t - 1).
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Figure 6. Impact of binding Say-on-Pay conditional on Shareholder belief precision

This figure illustrates the Shareholder’s trade-off in the binding vote counterfactual between disciplining the Board and
allowing the wage to fully reflect information about the CEO’s ability. Using the simulated counterfactual data, each panel
shows a binned scatterplot, where the main independent variable is the log change in the Shareholder’s (prior) belief precision
relative to CEO tenure 7 = 1. CEO fixed effects and a control for current (prior) beliefs about CEO ability are included in
each regression. Because the binding vote is only relevant for tenure beyond the first year (z > 0), I drop 7 = 0 observations
from the analysis. In Panel A, the dependent variable is the SOP failure rate; in Panel B, the counterfactual change in the
wage level; and in Panel C, the counterfactual change in firm value.
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on average. The table shows that the binding vote reduces the effective disciplining power of the vote,
even though it gives the Shareholder explicit control over compensation policy.

This arises because learning is valuable: the CEO receiving compensation that fully incorporates
information often proves more beneficial than having direct control over compensation policy. Early in
CEO tenure (when learning is most beneficial), the SOP failure rate would decrease to just 0.93%, while
pay levels would increase by 10.3% (see Column 4 of Table 8). The Shareholder internalizes the benefit
of an ability-appropriate wage early in tenure and optimally chooses a low failure rate. The Board
anticipates and raises the proposed wage, thus lowering the power of SOP in mitigating board capture.

To illustrate further, Figure 6 displays how key outcomes change in the binding counterfactual as
a function of Shareholder precision of beliefs about CEO ability. Using the counterfactual data, each
panel shows a binned scatterplot in which the independent variable is the log precision of Shareholder
beliefs about CEO ability (which strongly relates to the value of new information about CEO skill).

In Panel A, the binding failure rate is lower when beliefs are less precise, even after controlling for
the CEO fixed effect (ability a), and current beliefs about ability (prior belief 1,;). When learning about
CEO skill is most valuable (early in tenure), the Shareholder lowers the failure rate because the failing
wage does not reflect current information about CEO ability. In turn, the Board optimally responds by
raising the CEQO’s wage (by about 12%, relative to the baseline). As such, a binding SOP would lessen
the effective disciplining power of the vote. The negative impact on firm value is shown in Panel C,
where the counterfactual change in value tends toward zero as shareholder belief precision increases,

though it remains negative across the entire range of belief precision.
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My analysis broadly connects to Levit and Malenko (2011), who, from the standpoint of strategic
voting, show how a binding vote may be less efficient at conveying shareholder views to management.
It also connects to Levit (2020) who shows that the power of costly intervention may hinder communi-
cation between the shareholder and decision-maker as the decision-maker anticipates the intervention
when setting the policy. I show that binding voting may lower realized disciplining power, if a failed
vote binds the corporate policy to a state that has not aggregated all available information, precisely

because the decision-maker internalizes that the Shareholder may value information over intervention.

7. Conclusion

CEO influence on the Board of Directors induces an agency problem in compensation policy. Say-
on-Pay, the prominent shareholder voice mechanism in corporate governance, allows shareholders to
discipline the Board and influence compensation policy. However, because of their non-binding nature
and low failure rate, the impact of SOP votes is unclear.

This paper establishes this impact and clarifies the channel through which it occurs. Through my
estimated structural model, I show that SOP resembles a costly punishment mechanism: shareholders
can punish the Board, but doing so is costly. For the Board and shareholder, these costs are equivalent
to 3.14% and 0.90% of each party’s equity stake in the firm. The shareholder cost of giving punishment
helps explain the low failure rate of SOP, but does not mitigate its value creation. I show that providing
shareholders with the vote reduces wages by 6.6% and increases firm value by 2.4% on average.

I'study the efficacy of non-binding vs. binding voting by constructing a counterfactual binding SOP.
Vote failure binds CEO pay to its prior level, and though it entails greater discipline, failure implies
that realized compensation policy may not reflect current information about CEO ability. I show that
making SOP binding would actually diminish its effective disciplining power, especially when learning
about CEO skill is valuable: shareholders value a compensation package more reflective of current in-
formation. These results have implications for the literature on shareholder democracy more generally.

My results broaden our understanding shareholder voting, suggesting that high support rates in
shareholder votes may not imply ineffective monitoring: the threat of a failed vote may have a large
impact, even if this impact is not directly observable. If corporate decision-makers internalize a cost to
shareholder dissent on environmental or social shareholder proposals, then a mandated vote similar

to SOP may positively impact shareholder welfare, even if the observed pass rate were high.
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Table 1. Summary statistics
This table displays descriptive statistics of the variables used in the empirical analysis and estimating the model. The sample
is based upon a merge of Compustat, Execucomp and ISS for the years 2011-2020. All dollar variables are deflated to 2018
dollars. There are a total of 2,112 CEO spells in the dataset.

Say-on-Pay

Vote against SOP (%)

SOP failure: 1[More than 30% against]
1[More than 20% against]

1[More than 50% against]

CEO

Total compensation (TDC1, $m)
Current compensation (share, %)
Change in total pay (%)

CEO tenure (years)

Length of CEO tenure (years)

Firm

Assets ($b)

Revenues ($b)

Market capitalizaiton ($b)
Return on assets (%)
Profit margin (%)

N Mean Stddev 25% 50% 75%
10,170  0.087 0.121 0.024 0.043 0.084
10,170  0.070
10,170  0.117
10,170  0.020
10,170  7.268 7.018 2961 5.533 9.537
10,170  0.272 0.215 0.134 0.200 0.325
7,903 0.040 0.460 -0.099 0.046 0.198
10,170  7.062 5.603 3 6 10
2,112 9.321 5.878 5 8 13
10,170 28.754 154.601 1.202 3.830 12.710
10,170  9.144 25.058 0.774 2.194 6.989
10,170 15.571  55.359 1.177 3.137 10.838
10,170  0.120 0.093 0.067 0.114 0.165
10,170  0.197 0.165 0.097 0.168 0.283
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Table 2. Say-on-Pay results, CEO pay and company performance

This table explores the relation between SOP outcomes, total CEO pay and company performance, in support of Fact 1.
Panel A estimates the relation between SOP outcomes and the level of CEO pay. The dependent variable in columns 1-3 is
an indicator for SOP failure (at least 30% of shareholders voting against the SOP), and in columns 4-6 it is the percentage of
shareholders that vote against. Log total pay is the natural logarithm of the CEO’s total expected pay (TDC1). SOP fail is an
indicator if a SOP vote fails, i.e. the % voting against is above 30%. % vote against in SOP is the proportion of shareholders
voting to fail the SOP. Return on assets is standardized to mean zero, unit variance. Standard errors are displayed below
coefficients and clustered at the firm x CEO level. ***, **, * denote significance at 1%, 5%, 10%.

(1) (2) ®3) (4) (5) (6)
SOP fail {0,1} % vote against in SOP

Log total pay 0.071%** 0.077*** 0.078"** 0.035"** 0.039*** 0.039***
(0.008) (0.009) (0.009) (0.004) (0.004) (0.004)
Return on assets -0.024*** -0.025*** -0.016™** -0.016™**
(0.007) (0.007) (0.003) (0.003)
Log assets 0.006 -0.002 0.001 -0.003
(0.014) (0.014) (0.006) (0.006)
Lagged log total pay 0.035"** 0.016™**
(0.008) (0.004)
Observations 10,170 10,170 10,170 10,170 10,170 10,170
R-squared 0.398 0.404 0.406 0.491 0.498 0.500
Firm x CEO FE Yes Yes Yes Yes Yes Yes
CEO tenure FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
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Table 3. Evidence of costs to directors from Say-on-Pay failure

This table displays correlations between costly outcomes for directors and SOP failure. I focus on directors that serve on
the compensation committee during the year of an SOP vote. Director turnover (columns 1-2) occurs when a director is
no longer on the Board the year after an SOP vote, conditional on the next year not being the year the director’s term
ends. Compensation committee turnover (columns 3-4) occurs when a compensation committee director is no longer on the
compensation committee the year after an SOP vote, conditional on the director remaining on the Board. A reduction in
outside Board positions (columns 5-6) occurs when the number of outside boards a director sits on decreases in the year after
an SOP vote, conditional on the director sitting on at least one outside Board and the director remaining on their current
Board the next year. SOP fail is an indicator if a SOP vote fails, i.e. the % voting against is above 30%. % vote no in SOP is the
proportion of shareholders voting to fail the SOP. The firm’s return on assets is included as a covariate in columns 1-4, the
mean outside firms’ return on assets is included as a covariate in columns 5-6. All continuous covariates are standardized to
mean zero, unit variance. Standard errors are displayed below coefficients and clustered at the director level. ***, **, * denote
significance at 1%, 5%, 10%.

(1) (2) (3) (4) ©) (6)

Turnover Off comp. committee Reduction outside seats
SOP fail {0,1} 2.226™** 1.619*** 1.387*** 1.353*** 1.922** 1.722**
(0.539)  (0.512)  (0.449)  (0.459)  (0.854)  (0.860)
Log director age 2.398*** -0.230 1.935***
(0.184) (0.152) (0.290)
Log board size 0.340** 0.334** 0.203
(0.160) (0.140) (0.257)
Log director tenure 1.361*** 0.192 -0.187
(0.159) (0.145) (0.274)
Log CEO tenure -1.206™** -0.800™**
(0.163) (0.140)
Log total CEO pay 0.545*** 0.065
(0.150) (0.156)
Constant 10.147*** 5.481"** 9.488™**
(0.173) (0.145) (0.293)
Observations 33,213 33,213 29,752 29,752 13,469 13,469
R-squared 0.001 0.186 0.001 0.009 0.000 0.006
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
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Table 4. Model fit
This table displays the estimated model’s fit. Following the identification strategy in Section 4.1, I estimate the model from
Section 3 using the simulated method of moments, which is described in detail in Appendix IA2. I display data and model
moments (under the estimated optimal parameter vector vector), the difference between the moments, and a t-test of the
difference between the observed and simulated data moments.

Data

Description Notation Observed Simulated Difference t-stat
(1)  SOP failure rate S0 0.068 0.064 0.004 0.391
(2)  SOP fail wage sensitivity s1 0.048 0.054 -0.006 -0.371
(3)  SOP fail output sensitivity Sy -0.022 -0.027 0.005 0.177
(4)  SOP failure residual variance Var(€®) 0.038 0.046 -0.008 -3.775
(5)  Average log wage SOP pass by 1.604 1.599 0.005 4.052
(6)  Change in log wage SOP fail b 0.221 0.200 0.021 0.564
(7)  Wage growth over tenure by 0.049 0.008 0.040 8.611
(8)  Wage residual variance Var(e?) 0.114 0.115 -0.002  -0.056
(9) Log wage autocovariance y(w, w.) 0.596 0.596 0.000 0.014
(10) Average log output Yo 7.717 7.775 -0.058 -1.376
(11) Elasticity of output to wage B%) 1.191 1.193 -0.002 -0.537
(12) Output residual variance Var(e?) 2.446 2.403 0.042 10.294
(13) CEO-average output variance  Var(E;[y]) 2.253 2.255 -0.002 -1.078
(14) Average profit margin In/y 0.213 0.282 -0.069 -3.985
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Table 5. Estimated parameters
This table displays estimates of the parameters that drive the model in Section 3. The panel also displays the magnitudes
of the Board and Shareholder costs to SOP failure as a percentage of model-implied average firm value. I compute average
firm value in closed form as a function of model parameters, and use the delta method to calculate standard errors (see
Appendix IA1.5 for derivation).

Description Notation Value

SOP failure costs

Board SOP failure cost (% average firm value) xs/ Vo 3.14% (0.112%)
Shareholder SOP failure cost (% average firm value)  ys/ Vj 0.90% (0.035%)

Estimated parameters

Board SOP failure cost XB 2.247 (0.0655)
Shareholder SOP failure cost Xs 0.641 (0.0292)
CEO board capture (constant) Ao 0.131 (0.0050)
CEO board capture (growth) A 0.066 (0.0085)
Prior std dev of CEO ability 09 1.105 (0.0083)
Output—CEO wage elasticity o 0.286 (0.0039)
Std dev of productivity shock oy 1.465 (0.0048)
Scaling factor (output) logn 7.321 (0.0434)
Scaling factor (cost) K 0.329 (0.0067)
Std dev of Board signal 0z, 0.818 (0.0131)
Std dev of Shareholder signal 0z, 0.684 (0.0067)
CEO wage adjustment cost Cy 4.857 (0.0356)
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Table 6. The impact of Say-on-Pay on compensation policy and firm value

This table analyzes the impact of SOP on compensation policy and firm value. I simulate a counterfactual (using the same
sequence of shocks as in the baseline estimation) in which the Board cost to SOP failure (y;z) is set to zero while holding
other parameters constant, effectively analyzing compensation policy as if SOP did not exist. The first row displays the
average counterfactual percentage change in the wage level; the second displays the change in objective firm value from
(22). The first column displays the average percentage changes for the entire simulated sample. The remaining columns split
the sample based on cross-sectional characteristics. In columns two and three, “Low Ability" means that the CEO’s type a is
less than zero (i.e., below the average); “High" ability means that the CEO’s type a is greater than zero. In columns four and
five, “Early" refers to first five years of tenure (“Late" refers to years of tenure beyond five). In columns six and seven, “Fail"
refers to observations in which the SOP vote would fail in the baseline; “Pass" refers the opposite.

) @) ®) (4) &) (6) 7

Ability Tenure SOP vote
Full sample Low High Early Late Fail Pass
% change in
Wage level -6.62% -8.45% -4.83% -3.57% -10.26% -13.83% -6.06%
Firm value +2.35% +3.44% +1.24% +0.64% +4.73% +9.83% +1.86%
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Table 7. Subsample heterogeneity
This table presents estimation outcomes for subsamples split by various characteristics, using the same routine as the main
sample (see Table 5). For “Board co-option” is the percentage of directors appointed during the CEO’s tenure, adjusted
for tenure effects (Coles et al., 2014). “Top 5 inst. ownership” is measured as the percentage of equity held by the five
largest investors (Hartzell and Starks, 2003). Board co-option compares the bottom and top quintiles, whereas the top 5 inst.
ownership compares below- and above-median. SOP failure costs and parameters from each split and ¢-statistics testing
parameter equality are shown.

(1) @) ©) (4) ®) (6)
Board co-option Top 5 inst. ownership
Notation Low High t-stat Low High t-stat
SOP failure costs
(1) xs/ Vo 4.28% 1.33% 21.32% 3.62% 4.48% -2.86%
(2) xs/ Vo 1.49% 1.58% -0.05% 1.00% 2.66% -26.24%
Estimated parameters
(3) XB 2.233 1.435 26.247 2.327 3.107 -12.057
(4) Xs 0.776 1.712 -0.971 0.645 1.848 -19.470
(5) Ao 0.126 0.099 4.416 0.069 0.185 -6.336
(6) A 0.082 0.105 -3.922 0.069 0.077 -0.561
(7) 00 1.022 1.353 -18.148 0.997 1.238 -9.821
(8) a 0.300 0.294 0.373 0.365 0.278 2.078
(9) oy 1.358 1.460 -6.286 1.389 1.380 0.843
(10) logn 7.225 7.297 -0.358 7.958 6.997 8.395
(11) K 0.340 0.351 -1.126 0.357 0.377 -0.718
(12) 0z, 0.646 0.441 21.735 0.584 0.424 17.844
(13) 0y, 1.040 0.527 73.100 1.451 1.918 -34.362
(14) Cw 5.395 6.002 -4.792 0.555 7.906 -161.220
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Table 8. Counterfactual exercise: Binding Say-on-Pay

This table displays a counterfactual experiment where I re-solve a different version of the model, in which SOP votes are
binding and failure implies that the CEO’s pay is set to its previous value w;_;. The first row displays the counterfactual SOP
failure rate. Rows 2 and 3 display the counterfactual percentage change in wages and firm value. The first column displays
for the full sample, columns 2-7 are the same cross-sectional splits as in Table 6. To compute the counterfactual, I re-solve
the counterfactual model, applying the same sequence of shocks to each firm. I solve for optimal choices, and solve for the
percentage change in each quantity at the observation level. Because the binding vote is only relevant for tenure beyond the
first year (r > 0), I drop 7 = 0 observations from the analysis.

) @) ®) ©) ®) (6) ™)
Ability Tenure SOP vote

Full sample Low High Early Late Fail Pass
SOP fail %
Non-binding 6.43% 11.80% 3.21% 3.62% 10.38% 100.00% 0.00%
Binding 5.99% 7.41% 5.16% 0.93% 12.25% 46.85% 2.77%
% change in
Wage level +5.23% +7.37% +4.27% +10.34% +3.33% +0.06% +5.85%
Firm value -1.52% -1.70% -1.65% -1.93% -1.86% -0.25% -1.61%
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A. Appendix Figures and Tables

Figure A1. Example of monitoring costs arising from SOP failure — 2021 Netflix SOP
This figure presents anecdotal evidence of monitoring costs incurred by shareholders when the SOP fails. The 2021 Netflix
SOP saw 49.4% of shares voting against the SOP. Under the 30% failure rule, this presents a clear SOP failure. Netflix directors
then repeatedly engaged with large stockholders in the following year over the compensation policy. See Netflix, Inc. (2022).

Stockholder Engagement and the 2021 Say-on-Pay Vote Result

In 2021, 50 6% of voted shares approved the compensation of our Named Executive Officers. At the time of the vote in 2021, the Compensation
Committee had already approved the design of our 2021 executive compensation program. The Compensation Commitiee reviewed these voting results,
and in response, members of the Compensation Committee and management engaged with stockholders to solicit feedback regarding our compensation
program.

Figure A2. Bunching at SOP vote thresholds of 30% and 50%
This figure displays the result of testing for density manipulation of SOP votes at the failure thresholds of k = {30%, 50%},
following the methodology described in Cattaneo et al. (2018). I focus on SOP votes falling within 10 pp of each failure
threshold and test for density manipulation at the failure threshold. The blue and orange bars display observed frequencies
of A% in 0.5 percentage point bins and the blue and orange lines display the estimated density.

(A) 30% threshold (B) 50% threshold
8% il
6% "N - \s—_-:;
4% -
2% -
0% ]

1 1 1
-10%  -5% 0% 5% 10% -10% -5% 0% 5% 10%
Distance from SOP failure threshold
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Figure A3. Board and Shareholder volatility of beliefs over CEO tenure
This figure displays the volatility Board and shareholder beliefs about CEO ability as a function of CEO tenure 7 at the time
at which each agent plays their strategy, using the parameter estimates from Table 5. Each volatility of beliefs is at the time
that each party plays their strategy: the Board’s belief volatility is o,, as in (19), and the Shareholder’s belief volatility is
0at (i-e., the prior).

(o)
1.5% @ Board belief vol

A Shareholder belief vol

1.25%

1.0%
0.75%

0.5% ‘

0.25%

®
‘..0000.

Belief vol (% value)

1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
Tenure 7

0.0%
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Table A1. Changes in CEO compensation following SOP disapproval

This table explores the relation between changes in CEO compensation (from t to ¢t + 1) and SOP results (from t). The
dependent variable is the log change in CEO compensation from ¢ to ¢ + 1. SOP fail is an indicator if a SOP vote fails, i.e. the
% voting against is above 30%. % vote no in SOP is the proportion of shareholders voting to fail the SOP. Return on assets is
standardized to mean zero, unit variance. Standard errors are displayed below coefficients and clustered at the firm x CEO

level. ***, **, * denote significance at 1%, 5%, 10%.

(1) (2) ®3) (4) (5) (6)
Change in total pay (¢ to ¢ + 1)
SOP fail {0,1} -0.086*** -0.081*** -0.081***
(0.030) (0.029) (0.029)
% vote against in SOP -0.234***  -0.177***  -0.177**
(0.071) (0.067) (0.067)
Log total pay -0.951*** -1.049*** -1.049*** -0.948*** -1.047*** -1.047***
(0.025) (0.024) (0.024) (0.025) (0.025) (0.025)
Return on assets 0.035** 0.035** 0.034** 0.034**
(0.016) (0.016) (0.016) (0.016)
Log assets 0.125*** 0.125*** 0.124*** 0.124***
(0.029) (0.029) (0.029) (0.029)
Observations 7,502 7,502 7,502 7,502 7,502 7,502
R-squared 0.540 0.580 0.580 0.540 0.580 0.580
Firm x CEO FE Yes Yes Yes Yes Yes Yes
CEO tenure FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
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Table A2. Board co-option and the level of CEO pay
This table displays how board co-option (Coles et al., 2014), an important empirical measure of board capture influences the
level of CEO pay and modulates the effect of SOP results on changes in CEO compensation, in support of Fact 2. Panel A
presents correlations between the level of CEO pay and the degree of board co-option. Board co-option and Return on assets
are standardized to mean zero, unit variance. Standard errors are displayed below coefficients and clustered at the firm x
CEO level. ***, **, * denote significance at 1%, 5%, 10%.

(1) () 3) (4)
Log total pay

Board co-option  0.078™**  0.089***  0.086™*  0.061"**
0.028)  (0.020)  (0.019)  (0.010)

Return on assets 0.235***  0.236™*  0.103***
0.018)  (0.018)  (0.009)

Log assets 0.325"**  0.343"**  0.389***
(0.008)  (0.011)  (0.006)

Log board size -0.232"** 0.035

(0.086)  (0.044)

Observations 6,347 6,347 6,347 6,346
R-squared 0.014 0.441 0.444 0.616
CEO tenure FE Yes Yes Yes Yes
Industry FE Yes
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Internet Appendix



IA1. Model Appendix
IA1.1. Microfoundation of Representative Shareholder Assumption

This section microfounds the assumption of a representative shareholder, under the assumption that
a diffuse shareholder base receive a correlated private signal of CEO ability (see Section 3.2). When
all atomistic shareholders receive a correlated signal and vote with the same threshold strategy, it is
informationally equivalent to focus on a representative shareholder votes with the same threshold
strategy under the aggregated signal. This assumption of correlated private signals also embeds proxy
advisors into the model: if a proxy advisor gives a negative recommendation, this is like a strong,

correlated negative signal of CEO ability.

Proposition 1. The expected proportion of shareholders voting against the SOP is informationally equiv-
alent to

CDF(ky(w))

where CDFY(-) is the CDF of the distribution of the random variable which determines the outcome of the

SOP vote and kg(w) = s x w, where w is the CEO’s wage and s is the shareholder’s choice variable.

Proof. The proof largely follows arguments in Pinnington (2023). In the model, there is a continuum of
Ns shareholders, whom each draw a signal z; that is private knowledge, but correlated across share-
holders,

- 2
Zsi = 2 + &, Esi ~ N(O, O'si).

z; is conditionally normal and independent across shareholders given the common, latent signal Z,
distributed according to

Z=a+ &, gg~N(O,o§2).

The standard voting model with incomplete information assumes that signals are completely private,
i.e zj; = a+ ¢, With proxy voting, signals are more likely to be correlated. For example, z could reflect
proxy advisors’ recommendations. Note, however, that z is not a public signal. Rather, each shareholder
shares the same belief about z. So, it is as if shareholders each receive the proxy advisor’s signal with
some “noise,’ which could reflect, e.g. idiosyncratic trust in the proxy advisor across shareholders.

Shareholders play a symmetric cutoff strategy, voting against the proposal if and only if they draw



a signal below their cutoff value
1[SOP fail;] < z; < ki(w).

Note — I have abstracted away from the effect of the output shock on the vote, and adjudging failure
using lognormals. Given that the output shock is common knowledge, it will affect all shareholers
voting in the same way, so does not impact the proof; the conversion to lognormal is a technical
assumption that again affects all shareholders equivalently.

Given z, the probability that a single shareholder votes against is

Ki(w) - 2
Pr(SOP fail, | Z) = q><s(w)z>
Osi

and the probability I observe N out of Ng shareholders voting against is

q)(ksi(w) —z) . CI)<k;'<w) —z)
Osi Osi

Fixing the unknown type a, I can find the probability of observing N out of Ns against votes,

N Ns-N

Pr(N | Z) = Cy’

Pr(N | a) = / fz | a)Pr(N | 2) dz.

Let p be the proportion of shareholders voting against: p = N/Ns. Since p is Binomial, as Ns — oo, the
distribution of p becomes increasingly peaked around its mean. Since its mean is the probability any
individual shareholder votes against the proposal, the likelihood of observing p vanishes in the limit
when Pr(SOP; = 1 | ) is anything other than p. Given that Z completely determines Pr(SOP; = 1 | 2),

there is a bijection between z and p
Z(p) = ks(w) - 0™ (p)
Using this peakedness, the limit of the density of observing p as Ng — oo is
1) = [ @) | 0 ) da

The likelihood of observing p is driven by the likelihood of observing z(p), scaled by a change-of-

variable term E/(p). Since 7 is conditionally normal around the type g, I integrate over all types a and



then take the likelihood of observing z(p) given the type a. I am more interested in f(a | p) — the

density of a conditional on observing p,

. _ limyseo f(a)f(p | a)
N @) = e f@f(p | @) da’

The intuition is that the posterior likelihood of a is proportional to two components: the prior f(a);
and the likelihood that the latent signal z, given a, is equal to z(p), which in the limit is the only z for

which I would see p. This is a scaled product of Gaussians, so the posterior is also normal,

alp~ N(uap, Ggp),

where
R
ap — 2 21a 2 2 > ap — 2 2"
O.a + UE O.a + GE O.a + O.?

Thus, observing p is informationally equivalent to observing a signal z; = zZ(p) = ks(w) - 0,7 (p),
where z; = a + &, and ¢ ~ N(0, crfs). The proof arises because of the assumptions about the correlated
signal and the continuum of shareholders. All shareholders play a symmetric cutoff strategy; in the
limit, the exact proportion of shareholders that receive a signal below the cutoff must be equivalent
to the probability that an informationally equivalent aggregate signal falls below the cutoff. Another
way to think about this is to consider a representative shareholder that interacts with the Board, and

aggregates the votes or signals of the shareholder base at the shareholder meeting. |

IA1.2. Evolution of Board and Shareholder Beliefs

I first detail two Propositions, which define how beliefs update in the model. Then I define exactly how

Board and shareholder beliefs change within each period.

IA1.2.1. Evolution of Beliefs Period to Period

Prop. 2 shows how beliefs change from ¢ to ¢+ 1. Prop. 3 describes the distribution of next period beliefs
given today’s beliefs, which is used when the Board calculates their (expected) continuation value.

Figure TA1 displays a detailed timeline that illustrated belief updating and the timing of strategies.

Proposition 2. From period t to t + 1, the variance of beliefs for both the Board and shareholders declines



Figure IA1. Model timeline with exact time that strategies are played
This figure displays a more detailed model timeline, with mappings to the relevant assumptions, and when the Board and
Shareholder play their strategies. See Figure 2 in the main text for the timeline as it maps to real-world outcomes. See
Appendix [A1.3.

Yi> Wi Zyt, Zst
revealed simultaneously
w; reveals zp,;

Starting Beliegs Output & wages revealed,
B:a ~ Ny, 03,) B gets signal z;, S sets threshold Output & SOP occurs: S receives z,
S: a ~ N(tq,, 02,) B sets w; ky(w) Productivity realized B and S utilities realized
0 la 1b 2 3
Assumption 1 Assumption 1
B plays strategy after signal Commitment forces S to use
S commits to strategy before signal threshold B expects

deterministically according to

Ar)+ 0,0 + o0+ 0’2]71 (IA1)

oX(r+1) = [o_ )

a a
where t is the tenure of the CEO at year t. Equivalently, I can write the variance of beliefs about CEO
ability entirely as a function of CEO tenure T and model parameters

oi(r) = 002[1 + T(Kz_bl + K;Sl + K;l)]_l (IA2)
where k;, = azzb/ag, Kz, = azzs/ag and ky = 05/63

Similarly, from period t to t + 1, the mean of beliefs for both the Board and shareholders evolves

according to

Hat Zbt | Zst Ryt

o(7) azzb GZZS 0}2,

Hats1 = Oo(T + 1) (TIA3)

Proof. The formulas are standard results in Bayesian learning (e.g., Pastor and Veronesi, 2009; Taylor,
2010).! The Board and shareholder reveal their signals each period. Thus, Board and shareholders

share the same beliefs about the variance from period to period. |

ISee also the internet appendix for Taylor (2010).


http://finance-faculty.wharton.upenn.edu/luket/wp-content/uploads/sites/10/2019/08/taylor_turnover_appendix.pdf

Proposition 3. The mean and variance of the mean of t + 1 CEO beliefs at t are

Et[;uatﬂ] = Hat

Var[par1] = 02(7) - 0-3(7' +1) (IA4)

That is,

Hat+1 | Hat>s T ~ N(,Uat, O'az(f) - 03(1' + 1))

Proof. 1 drop time subscripts for convenience, and use 7 to denote next period. Via Prop. 2, the mean

evolves as

U Zp z z
a S
Hay = 0'5, Lo T s 4
o2 o2 o2 o2

a zp zs y

where z, = In A = a + ¢, is the productivity signal. Let p’ = 6,7, i.e the next period precision of beliefs.

Let pg, pp, ps, py be precisions 0,2, 0,%, 0,2, 0% respectively. Then define pxe(q.s,) be each precision
divided by p’, e.g. pa = % I can write,

Elpe | pal = (pa+ po + ps + py)Ha = Ha

which holds because the sum of precisions equals next period’s precision. I can write Var(uy | y,) as

[ 2
Var(uy | pa) = E (Pa.ua + ppzp + Pszs + pyZy — E[py | ,Ua]) | .Ua]

=E (pa(:ua = Ha) + pb(2b = Ha) + ps(zs = pla) + Py(zy - 'Ua))z | ﬂa]

=E

(Pb(zb = Ha) + ps(zs = pa) + Py(zy - .Ua)>2 | .Ua]

Note that E[(zj - ta)® | pta] = 02 + 0%, which similarly holds for subscript s and y. Hence, I can write

Var(uy | ) as
2
Var(uy | pa) = o2 (po + ps + py)” + pio’, + psol + pyos,
Note that pjo?, = %, similarly for s and y, and 1 = p, + pp + ps + py, so I can again write

1-p,
Var(uy | pa) = 62(1 - pa)* + y“




2
OgPa _

Lastly, I note that 6(1 - p,) = 02 - T

2 2
oy — 0, and

Var(py | pa) = (07 = 02)(1 = pa) + 62(1 = pa)

2
= O-a(l_pa)
= 0'3 - 0'3/

This expression of the conditional variance of the mean can be used for pair of normal prior + posterior

beliefs. This quantity is useful when taking expectation of next period’s continuation value |

IA1.2.2. Differences in Board and Shareholder Beliefs Within Period

This sections how Board and shareholder beliefs evolve within each period. As the wage and vote
reveal signals z, and z;, B and S share the same beliefs at the beginning of ¢. By Prop. 2, I have that
of, = 0% = 02(r;) from (IA2). Let p, be the beliefs about the mean at the beginning of period t. The

evolution of B and S beliefs within ¢ is:

1. Board beliefs after the compensation committee meeting

At the meeting, the Board receives signal z;;, and Board beliefs update to

2 Hat Zpt
Hptlz, = O + — (IA5)
t|zp bt|z, < O’g(ft) O-zzb )
2 2
oa(t1)o. i} 1 -t
O.gﬂzb = 2 =gl [1 + (1 + 1)bi1 + 1}(1<Z$1 + Kyl)] (IA6)

oZ(t) + oZ,
The Board makes their wage decision based upon these beliefs.

2. Shareholder beliefs when they commit to signal threshold k;;
At the time that S commits to voting strategy, B has beliefs (,ubt‘ 24> Obt] Zb) and S has (,uat, ag(rt)) (the

prior). S can discern (;ubt\zb: th‘zb) for any zp;, which they integrate out int her objective function

(18).

3. Board and shareholder beliefs about shareholders’ ex ante signal distribution at the time
of the SOP vote
Before the SOP vote, when the shareholders commit to their threshold, both B and S know that the

shareholders’ aggregated signal will be

Zsyt =a+peg+(1- p)gyt (IA7)



2 2
(Ziyﬁ ).z Notice that shareholder beliefs about a do not update to N ( Hbt|zy» Obt|z, )

with Zg,, ~ N(yat, ol +
This is because the timing convention in the model states that the wage w; (and equivalently z;;),

productivity zy; and the signal z; are all revealed concurrently (see Figure IA1).

4. Board and shareholder beliefs after the annual shareholder meeting
The 10-K and compensation committee report reveals the wage to shareholders, hence reveals z,.
Shareholders vote at the annual meeting and Z;,; and thus z; are revealed. Hence, B and S beliefs

update to (,Uam, o2(t + 1)), by Prop. 2.

IA1.3. Assumptions about Shareholder strategy

See Section 3.3 for the full discussion of the Shareholder’s strategy. I model this threat as an ex ante
probability that the SOP will fail, which is increasing in the wage, and I make the following assump-

tions:

Assumption 1. Shareholders commit to their voting strategy in advance of the annual shareholder

meeting.

Iassume that S commits to an ex ante probability of vote failure to influence the Board’s wage decision,
even though ex post failure is costly. Because of the information revelation structure of the model
(Figure IA1), S sets the probability of vote failure before seeing zj;, z:, or zy;. The threat of vote failure
does not need to be revealed to the Board before the annual shareholder meeting, however commitment
forces S to play the threshold strategies that the Board expects. Unlike Kakhbod et al. (2023), there is
no notion of cheap talk here. Commitment means S cannot choose an ex ante optimal non-zero failure

probability and then renege at the shareholder meeting once the Board sets their wage.’

Assumption 2. Shareholders are myopic. That is, the SOP vote is only influenced by today, and is not

a fully dynamic problem.

Effectively, this means that shareholders play a static game, while the Board plays a dynamic one.
This assumption matches reality. There is ample evidence that voting in SOPs is influenced by short-

run outcomes, such as current firm or stock performance (see Fisch et al., 2018; Novick, 2019, 2020).

“The variance of the signal is Var(a + pey + (1 - p)e,) = o} + p*d’, + (1 - p)*a’, where p = %Z%‘;Z Expanding this expression
out leads to the expression for the variance.

*Based on Assumption 1, Figure IA1 provides a more detailed version of the model timeline (slightly adapting Figure 2). In
particular, in period 1 (or 1a and 1b), B and S set their strategies. These strategies are not revealed at this time, but this
timing convention defines the notion of the Board’s informational advantage. In particular, the Board plays their strategy
after receiving signal; the shareholder plays their strategy before. the assumption of commitment forces S to stick with the
strategy that B expects.



This makes the solution method much simpler, as I only need to solve for one value function in the

numerical solution.

IA1.4. Full Derivation of Model Solution

Proposition 4. The Board’s problem can be written as

Ve, 7, w-) = ‘51(12); exp(,ubm + O.S(O'Ifm + 0}2,))w(zb, )% - (1 - A)w(zp, s) —)(BFg(s x W(zp, S)) —

AC(w(z1, 9, -5+ 8 [V + (1= () By, [ V0 7+ 1, (1, 9)] | (1A8)

where
* Hp)z, and Glflq are defined in (IA5) and (IA6),
o Ep,,[V]= Fg(s x w) where FEISJ is the CDF as in (16)
o AC(w, w_; 7) (adjustment cost) is defined in (4),
« f(z;) are CEO tenure-specific hazard rates, with fy = 0 and f(7;) = 1
e VR =V(1p,0,0) as in (21)

o po | iz, T~ N(,ub‘zb, of‘Zb -ol(r+ 1)) from Prop. 3

The shareholder’s problem can be written as

max/f(zb | ta» 02) exp(pa + O.S(O'Ileb + J}z,))w(zb, $)* = w(zp, s) — xsCDFY(s x w(zy, s))| dz (IA9)
s 2

wheref(z;J | tas 03) is the density function of z, given prior beliefs about CEO ability, and all other objects

are defined as above.

Proof. 1 start with (IA8). pp,, and crf‘ 2, are Board beliefs after receiving their signal, hence are known
from the perspective of the Board. As A = exp(a+¢,), with a (and beliefs about a) normally distributed,
I can write its expectation in terms of means and variances. The probability of vote failure is described
in Section 3.3, but as brief overview it is given by the CDF Fg of the unbiased (lognormal) wage of
beliefs implied by realizations of Z;. The adjustment cost makes the Board’s problem dynamic, as they

have to factor in the effect of wages on the continuation value.



VR is value if the CEO retires, so beliefs reset and there is no adjustment cost. In other words, the
Board’s problem reverts to its ¢t = 1 value; it is constant for any state as the prior belief of ability about
the CEO talent pool is distributed N (o, o¢) for any state.

The distribution of y, conditional on y, and r is given in Prop. 3. However, because the Board has
beliefs (l’blzw of‘ Zb), the variance of next period mean beliefs (not the variance of beliefs) at the time
the Board makes their decision is a,fl _— 0. This quantity wil be used to take expectation over the
continuation value. If the CEO continues, the tenure increases by 1, and the Board must consider the
adjustment cost in the next period.

For (TA9), the objects are the same as the Board’s problem, however the shareholders choose s after
integrating out z;. That is, shareholders figure out the Board’s wage decision for each z;, including
how they would react to the choice of a particular s, and maximize expected operating income. Under
Assumption 2, shareholders do not behave dynamically, and only vote on the current period.

The solution (w(zp), s) is to be found numerically, each (w(zy), s) is a best response under commit-
ment (Assumption 1). To sketch the intuition of the solution, fix S’ strategy s under commitment. The
Board can then back out the probability of failure for each choice of w(z;), knowing that S must play the
threshold. In other words, there is no notion of deviation for the Board. S just needs to maximize (IA9)

for their strategy to be a best response; they cannot deviate at the vote and play a lower threshold. W

IA1.5. Derivation of Model Statistics

This section derives several closed-form model statistics that are useful to interpret the magnitude of
the main effects from the model. I can directly derive standard errors for closed-form functions of

model parameters, which is useful for comparing across models.

SOP failure cost as a percentage of unbiased value. To interpret the magnitude of the SOP
failure cost, I first develop a measure of unbiased firm value. Unbiased firm value is the discounted
stream of future cash flows produced by the CEO if the CEO were paid the profit-maximizing wage,

under the assumption that Board and shareholder beliefs remain fixed at (y, 02). First, note that

1

wp = arg max Eg[Agw” - w] = ara x Eo[Ap]T=
is the optimal unbiased wage, absent SOP. Using this, average (unbiased) firm value can be written as

Average firm value = V) = Z 5§Et[yt - W]
t=1



= Z SpEolyo — wo]
t=1

(o]

SEo[ Ao x (wo)® = wo]

t=1

1
=1 5 [exp(yo + 0.5(002 + aﬁ)) x (wp)* - wo]

I can use unbiased firm value to interpret the magnitude of the SOP failure cost parameters yp and ys

X{B,S}
Vo

SOP failure cost (% average value) = (IA10)

Board capture as a share of surplus. To interpret the magnitude of my board capture param-
eter, I can express it in terms of how the Board decides to split up the surplus between the Board and
shareholder. Focusing on the average CEO in the first year of tenure, and abstracting from dynamics
and SOP, suppose the Board places the weight v; € [0, 1] on the CEO’s utility (pure dollar wage), and

1 - v, on company profits, so that their program is

max (1 -v;)x E.([A]lwy - wr) + v x wy
wr

Ve
1-v;2

As can be seen, this is the same as max,, E;[A]wZ -(1-A;)w,, with A; = the main program from

the paper. Equivalently defining v, = 1&—% there exists A for which the CEO captures all profits. If

Ar = 0, the Board maximizes profits. The optimal split that the Board decides for the CEO is thus
VrWr AT Wr

A = ) < (BlATwe — w) v vewe ~ E[AIwE - (1= o),

The split 0(7) describes how much the Board tilts the surplus towards the CEO.

IA2. Estimation Appendix
IA2.1. Numerical Solution

The model requires 12 estimable parameters, the Board’s discount rate and T + 1 externally calibrated
CEO separation rates. I externally calibrate the Board’s discount factor 3 = 0.9, following Taylor
(2010). The CEO separation rates are generated by calculating the cross-sectional proportion of CEOs

that separate from their firm for a given tenure. I group the remaining 12 parameters as P,

P=llogn « o o0y a ¢y 05 o0z A M xB xs (IA11)

s
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The model’s solution proceeds as such
1. Start with a given PP

2. Discretize each idiosyncratic shock into an N, grid; e.g., fix the possible realizations of ¢,,, ¢,

€2,,» while maintaining the same seed sequence across iterations. I set N; = 21

3. Discretize the state space into a (N,,,T + l,NW) = (21,26, 15) grid, call it S, where each tuple
(1i, 7j, wi) indexes current mean belief about CEO ability, tenure (which fully determines beliefs

of variance of CEO ability) and the previous wage.

4. Start with a guess of Vy(y, 7, w) as the solution to the static game (i.e., where there is no wage
adjustment cost), so Vj is just the Board’s per-period expected utility given optimal choices. Each

V(u, 7, wi: N, ) starts with the same value.

5. Use Gauss quadrature, interpolation and Prop. 2 to estimate the continuation value for each tuple

(.7, w)
6. Guess S’ voting policy policy and compute S(y, 7, w-), or S’ flow utility given the voting policy

7. Given S’ policy, find B’s wage policy w(y, 7, w_) given S’ policy using value function iteration on

Vip T, w-)
8. Return to 5 and repeat until max|V; - Vi_;| < € = le - 5 and max|S; - S;_1| < e = le-5

This process returns the Board’s wage policy for each element in in the state space and each realization

on the grid of ¢;,. Concurrently, it returns the shareholder’s policy for each element in the state sapce.

IA2.2. Simulation

I set Ny = 2000 firms. Given a ~ (0, 0p), I draw a CEO of skill a for each firm. A CEO spell is the
length of time the CEO is matched with a firm. Each period, for each firm, I generate realizations of
€2, €2, and €y, (Which are drawn under the same sequence of quasi-random numbers each simulation
iteration). Given the state, I use the policies described in Section IA2.1 to generate optimal choices.
Beliefs update given realizations of ¢,,,, ¢;, and ;. At the end of each period, for CEOs with tenure
7 > 0, they separate (via firing, quitting or retirement) with exogenous probability f;.

I generate Ns = 5 samples for each simulation. I “fix" randomness across different simulations.

That is, each ny € N5 sample has the same seed across iterations, only the variance of each CEO ability

11



and each shock changes. Within each simulation ng, I allow 20 years of burn-on data, and use 15 years

as my analysis sample.

IA2.3. Estimation

I estimate the 12 parameters in (IA11) As mentioned above, the Board’s discount factor dp is calibrated
to 0.9. (Taylor, 2010), and separation rates are calibrated to match observed separation rates in the
sample. I estimate the remaining model parameters by finding a vector [P of parameters that minimizes
the weighted distance between simulated and data moments. That is, given model moment m(P) and

data moments m(X) and an appropriate weighting matrix W, I minimize
4
min [m(IE") - m(X)] W[m(IE") - m(X)] (IA12)

I use the identity matrix as the weighting matrix. Given that some moments in my estimation are
extremely precise, but secondary in terms of relevance for understanding the impact of SOP, using the
optimal weighting matrix would prioritize precision over relevance. For example, the output residual
is extremely precise, and while important for learning in the model, it does not have the same model-
relevance as the observed SOP failure rate. I allow less precise but critical SOP-related moments to have
equal impact on the estimation, which reduces efficiency at the gain of greater eocnomic relevance.
When calculating standard errors, I use the variance-covariance matrix of the data moments, cal-
culated using the influence function approach (as such, parameter standard errors are larger than if
estimated using the optimal weighting matrix). Table IA1 displays the moments, along with the model

parameter each aims to identify (see Section 4.1).

IA2.4. Optimization algorithm

My goal is to find the global minimum of the SMM objective function described in Section IA2.3.
To leverage the efficiency of parallel computing, I use a somewhat modified version of the TikTak
global optimization algorithm described in Arnoud et al. (2019).* The modifications are designed to
take advantage of high performance computing to minimize computing time. The global optimization

routine can be described as such:

1. Parallel local minimization

*I modified code from https://github.com/tpapp/MultistartOptimization.jl, which is based upon the original TikTak code:
https://github.com/serdarozkan/TikTak. See also Liu (2022) for a recent example.
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Table IA1. Moment targeting exercise
This table displays the notation and description for each targeted moment, along with the parameter(s) it targets.

Description Notation  Target
(1)  SOP failure rate o Xs
(2)  SOP fail wage sensitivity 1 {xs, x5}
(3)  SOP fail output sensitivity So {oz, xs}
(4)  SOP failure residual variance Var(e®) 0z,
(5)  Average log wage SOP pass by Ao
(6)  Change in log wage SOP fail by {xB, xs}
(7)  Wage growth over tenure by M
(8)  Wage residual variance Var(eb) 0z,
(9) Log wage autocovariance y(w, w.) Cyy
(10) Average log output Yo logn
(11) Elasticity of output to wage V1 o
(12) Output residual variance Var(e?) oy
(13) CEO-average output variance Var(E;[y]) 00
(14) Average profit margin I/ y K

i. Generate bounds for each parameter. This is a holistic step, yet the bounds should be narrow
enough to allow for the subsequent quasi-random sequences to adequately cove the space, but

wide enough so that I maximize the chance of finding the global minimum.

ii. Using the bounds, generate a Sobol sequence of length N. Sobol points are quasi-random
points which are intended to mimic a draw from from a uniform distribution. In my setup, I

set N = 50,000 or N = 100, 000.

iii. For each n € N of the Sobol points, evaluate the objective function at n. Keep N,, of the points

with the smallest initial function value. I set N,, = 100 or N, = 200.

iv. For each p € N,, solve for the local minimum. In my setup, I use Nelder-Mead locally, which

gives N, “promising" candidates for the global minimum.

2. Parallel global minimization. This step slightly modifies the TikTak routine to take advantage
of parallel computing. I employ SLURM with MPI to enable communication between ranked sets
of iterations across the N, points. This allows me to speed up the TikTak global optimization step,

though at the expense of far greater expenditure of computing resources.

i. Take the p € N, candidates for the global minimum from above and sort in ascending order.

Set i = 1, so the best minimum so far is indexed by i.

ii. Take the best minimum so far, labeled p;. Generate N, — i convex combinations using the
TikTak methodology. That is, for j € N, - i, pjcl-“”d = 0;p; + (1 - 6;;)p;, where 6;; € [0,1] and

approaches 1 as j increases.
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iii. Compute the local minimum of each N, - i point in parallel. If p; is the best, then exit the

routine and pj is the candidate global minimum. Else,

iv. For the first j such that function value of pjcl-“"d is less than that of p;, stop all subsequent
(unfinished) local minimization routines for j* € Nj, - i, and j* > j. Update i += p and return to

ii.
This routine will return p; as the global minimum.

3. Polish global minimum. Using stricter stopping criteria and a large number of function iterations,

polish the global minimum p; using a local minimization routine, i.e. Nelder-Mead.
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IA2.5. Parameter Estimates and Model Fit for Subsample Analysis

Table IA2. Parameter estimates and model fit for subsample splits
This table displays the parameter estimates with standard errors and model fit for each subsample split presented in Table 7.

Panel A1. Low co-option

Moments
Data
Description Notation Observed Simulated Difference t-stat
(1)  SOP failure rate S0 0.053 0.067 -0.014 -0.488
(2) SOP fail wage sensitivity $1 0.057 0.060 -0.003 -0.077
(3)  SOP fail output sensitivity So -0.021 -0.039 0.019 0.411
(4)  SOP failure residual variance Var(e®) 0.032 0.045 -0.013 -1.905
(5)  Average log wage SOP pass by 1.503 1.506 -0.003 -0.902
(6) Change in log wage SOP fail b 0.224 0.224 0.000 0.001
(7)  Wage growth over tenure b, 0.034 0.032 0.001 0.069
(8)  Wage residual variance Var(e?) 0.102 0.127 -0.025  -0.416
(99 Log wage autocovariance y(w, w_) 0.646 0.667 -0.021 -0.989
(10) Average log output Yo 7.651 7.674 -0.023 -0.227
(11) Elasticity of output to wage N 1.015 1.036 -0.022 -1.300
(12)  Output residual variance Var(e”) 2.105 2.121 -0.015 -0.871
(13) CEO-average output variance Var(E;[y]) 1.964 1.957 0.007 0.838
(14) Average profit margin In/y 0.173 0.218 -0.045 -1.807
Parameters

Description Notation Value

SOP failure costs

Board SOP failure cost (% average firm value) xs/ Vo  4.28%(0.135%)

Shareholder SOP failure cost (% average firm value)  ys/ Vo 1.49% (1.800%)

Estimated parameters

Board SOP failure cost XB 2.233 (0.0275)

Shareholder SOP failure cost Xs 0.776 (0.9640)

CEO board capture (constant) Ao 0.126 (0.0060)

CEO board capture (growth) M 0.082 (0.0052)

Prior std dev of CEO ability o)) 1.022 (0.0170)

Output—CEO wage elasticity a 0.300 (0.0156)

Std dev of productivity shock oy 1.358 (0.0126)

Scaling factor (output) log n 7.225 (0.1055)

Scaling factor (cost) K 0.340 (0.0096)

Std dev of Board signal 0z, 0.646 (0.0028)

Std dev of Shareholder signal Oz, 1.040 (0.0050)

CEO wage adjustment cost Cyy 5.395 (0.1147)




Panel A2. High co-option
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Moments
Data
Description Notation Observed Simulated Difference t-stat
(1)  SOP failure rate S0 0.080 0.035 0.044 1.840
(2)  SOP fail wage sensitivity 1 0.092 0.080 0.011 0.235
(3)  SOP fail output sensitivity Sp 0.004 -0.004 0.008 0.095
(4)  SOP failure residual variance Var(e®) 0.049 0.016 0.033 5.433
(5)  Average log wage SOP pass by 1.650 1.648 0.002 0.114
(6) Change in log wage SOP fail b 0.269 0.272 -0.003 -0.027
(7)  Wage growth over tenure b, 0.054 0.047 0.007 0.379
(8)  Wage residual variance Var(e?) 0.133 0.070 0.064 0.984
(99 Log wage autocovariance y(w, w_) 0.524 0.372 0.152 4.337
(10) Average log output Yo 7.586 7.775 -0.189 -1.223
( Elasticity of output to wage N 1.436 1.277 0.159 8.068
( Output residual variance Var(e”) 3.059 2.954 0.104 4.409
( CEO-average output variance  Var(E;[y]) 2.744 2.767 -0.023 -1.565
( Average profit margin II/y 0.243 0.279 -0.036 -0.750
Parameters

Description Notation Value

SOP failure costs

Board SOP failure cost (% average firm value) xs8/ Vo 1.33% (0.030%)

Shareholder SOP failure cost (% average firm value)  ys/ Vj 1.58% (0.048%)

Estimated parameters

Board SOP failure cost XB 1.435 (0.0130)

Shareholder SOP failure cost Xs 1.712 (0.0033)

CEO board capture (constant) Ao 0.099 (0.0016)

CEO board capture (growth) M 0.105 (0.0027)

Prior std dev of CEO ability 0o 1.353 (0.0067)

Output—CEO wage elasticity o 0.294 (0.0066)

Std dev of productivity shock oy 1.460 (0.0102)

Scaling factor (output) log n 7.297 (0.1720)

Scaling factor (cost) K 0.351 (0.0030)

Std dev of Board signal 0z, 0.441 (0.0090)

Std dev of Shareholder signal Oz, 0.527 (0.0050)

CEO wage adjustment cost Cyy 6.002 (0.0538)



Panel B1. Low top five institutional ownership

Moments
Data
Description Notation Observed Simulated Difference t-stat
(1)  SOP failure rate So 0.062 0.064 -0.001 -0.069
(2)  SOP fail wage sensitivity 1 -0.017 -0.010 -0.008 -0.329
(3)  SOP fail output sensitivity S2 -0.076 -0.050 -0.026 -0.937
(4)  SOP failure residual variance Var(e®) 0.032 0.044 -0.012 -1.168
(5)  Average log wage SOP pass bo 1.767 1.762 0.005 0.484
(6) Change in log wage SOP fail b 0.220 0.109 0.110 2.107
(7)  Wage growth over tenure b, 0.046 0.006 0.040 4.864
(8)  Wage residual variance Var(e?) 0.100 0.138 -0.038 -0.833
(99 Log wage autocovariance y(w, w_) 0.674 0.623 0.050 2.297
(10) Average log output Yo 8.101 8.596 -0.494 -8.873
( Elasticity of output to wage N 1.221 1.135 0.086 14.833
( Output residual variance Var(e”) 2.220 2.155 0.065 9.817
( CEO-average output variance  Var(E;[y]) 2.039 2.097 -0.058 -17.283
( Average profit margin II/y 0.197 0.308 -0.110 -3.825
Parameters

Description Notation Value

SOP failure costs

Board SOP failure cost (% average firm value) xs8/ Vo 3.62% (0.295%)

Shareholder SOP failure cost (% average firm value)  ys/ Vj 1.00% (0.014%)

Estimated parameters

Board SOP failure cost XB 2.327 (0.0638)
Shareholder SOP failure cost Xs 0.645 (0.0305)
CEO board capture (constant) Ao 0.069 (0.0181)
CEO board capture (growth) M 0.069 (0.0135)
Prior std dev of CEO ability 0o 0.997 (0.0240)
Output—CEO wage elasticity o 0.365 (0.0414)
Std dev of productivity shock oy 1.389 (0.0086)
Scaling factor (output) log n 7.958 (0.0927)
Scaling factor (cost) K 0.357 (0.0283)
Std dev of Board signal 0z, 0.584 (0.0066)
Std dev of Shareholder signal Oz, 1.451 (0.0051)

CEO wage adjustment cost Cyy 0.555 (0.0058)
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Panel B2. High top five institutional ownership

Moments
Data
Description Notation Observed Simulated Difference t-stat
(1)  SOP failure rate So 0.072 0.072 0.001 0.044
(2)  SOP fail wage sensitivity 1 0.070 0.069 0.000 0.015
(3)  SOP fail output sensitivity S2 -0.006 -0.052 0.047 1.295
(4)  SOP failure residual variance Var(e®) 0.038 0.045 -0.007 -0.483
(5)  Average log wage SOP pass bo 1.444 1.446 -0.003 -0.946
(6) Change in log wage SOP fail b 0.230 0.226 0.004 0.073
(7)  Wage growth over tenure b, 0.052 0.054 -0.001 -0.127
(8)  Wage residual variance Var(e?) 0.112 0.101 0.011 0.323
(99 Log wage autocovariance y(w, w_) 0.478 0.501 -0.023 -1.385
(10) Average log output Yo 7.332 7.396 -0.065 -1.033
( Elasticity of output to wage N 1.046 1.117 -0.071 -11.005
( Output residual variance Var(e”) 2.560 2.514 0.046 8.063
( CEO-average output variance  Var(E;[y]) 2.403 2.396 0.007 0.756
( Average profit margin II/y 0.237 0.297 -0.060 -3.357
Parameters

Description Notation Value

SOP failure costs

Board SOP failure cost (% average firm value) xs8/ Vo 4.48% (0.057%)

Shareholder SOP failure cost (% average firm value)  ys/ Vj 2.66% (0.062%)

Estimated parameters

Board SOP failure cost XB 3.107 (0.0109)
Shareholder SOP failure cost Xs 1.848 (0.0537)
CEO board capture (constant) Ao 0.185 (0.0028)
CEO board capture (growth) M 0.077 (0.0049)
Prior std dev of CEO ability 0o 1.238 (0.0050)
Output—CEO wage elasticity o 0.278 (0.0026)
Std dev of productivity shock oy 1.380 (0.0078)
Scaling factor (output) log n 6.997 (0.0671)
Scaling factor (cost) K 0.377 (0.0041)
Std dev of Board signal 0z, 0.424 (0.0060)
Std dev of Shareholder signal Oz, 1.918 (0.0126)
CEO wage adjustment cost Cyy 7.906 (0.0452)
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