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Abstract

How much of the rise in CEO pay can be explained by the increased risk that CEOs

are exposed to? This paper employs a life-cycle model of consumption and saving to

answer this question, and, more broadly, to study the risk-reward tradeoff in executive

compensation. The model incorporates the main types of risk that executives of

public corporations face: option- and stock-based pay, pay-performance sensitivity,

dismissal risk, and stock return volatility. I use the model to compute risk premia

in pay levels, and analyze how well they explain the observed variation in CEO

pay. A calibration to a large panel of CEOs shows that, for realistic degrees of risk

aversion, risk premia explain about 20 percent of the variation in CEO pay, both in

the cross-section and the time-series. The model captures the higher moments of the

cross-sectional pay distribution particularly well.
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1 Introduction

The extraordinary rise in executive compensation over the past decades has spurred an

intense debate about the underlying causes of this phenomenon. Average CEO pay in S&P

500 firms has risen seven-fold between 1980 and 2000.1 For the broader, more recent sample

of S&P 1500 CEOs covered by Execucomp, total compensation increased by 150 percent

between 1995 and 2000 alone. While declining for three years following the burst of the

dot-com bubble, CEO pay started to rise again in 2003 until the break-out of the financial

crisis, and remains exceptionally high by historical standards. The common perception

of exaggerated pay levels has led to several regulatory changes in the recent past, from

the sweeping disclosure rules imposed by the SEC in 1992, to the recently announced pay

limits in firms receiving government bailout funds.

The discussion about the causes of the rise in executive pay has been shaped by three

fundamentally different views: Proponents of the entrenchment view have attributed this

development to poor governance and the ability of CEOs to set their own pay (Bebchuk

and Fried, 2004). Others have advocated market-based explanations based on the rising

marginal product of managerial talent due to increasing scale (Rosen, 1981; Gabaix and

Landier, 2008) and/or technical change that favors highly skilled or generally skilled in-

dividuals (Murphy and Zabojnik, 2004; Frydman, 2005; Kaplan and Rauh, 2009). In this

paper, I focus on the third explanation, the widespread adoption of high-powered incen-

tives, and the resulting increased exposure of CEOs to firm-specific risk (Hall and Liebman,

1998; Hermalin, 2005).

In the presence of risk aversion, increasing risk exposure of CEOs requires a rise in the

expected value of compensation. Suggestive evidence for such a link comes from aggregate

time-series data. Many of the risks that CEOs face show a non-monotonic development

similar to that of CEO compensation. Forced CEO turnover rates increase from two to

four percent between 1995 and 2001, then decline until 2003, to rise again thereafter. The

fraction of option-based pay also doubles from 20 to 40 percent until 2000 and then declines.

This declining exposure to option-induced risk is partially offset by the shift towards stock-

based compensation after 2000. Finally, stock return volatility more than doubles between

1993 and 2002, and then falls back to the levels of the early 1990s. The time-series pattern

of CEO pay and the various risks is illustrated in Figures 1-6.2

While the existence of a ”risk-return tradeoff” in executive compensation is unsurpris-

ing, quantifying it is a more difficult task. Ideally, one would estimate the risk premium

1These numbers are from Jensen, Murphy, and Wruck (2004) who calculate total compensation for S&P
500 CEOs based on data from Forbes and Execucomp.

2Contrary to all other types of risk, pay-performance sensitivity does not show a pronounced trend over
the period 1995-2005.
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in a regression of CEO pay on the various risks using exogenous variation in the risks as a

source of identification. However, all of these risks are endogenous. For example, equity in-

centives are set by the board based on determinants that are, at least partly, unobservable

by the researcher, and dismissal risk is likely correlated with unobservable CEO character-

istics. So far, instrumental variable approaches have failed to provide a viable solution to

the inference problem.

In this paper, I use a model-based calibration approach to study the relation between the

risk and level of CEO pay. I develop a life-cycle model which incorporates, in a calibratable

way, the various risks that CEOs face: Risks to wealth due to the option- and stock-based

components of pay; risks to income due to dismissal and pay-performance sensitivity; and

risks to both income and wealth that result from stock return volatility. The solution of

the life-cycle model yields the lifetime utility, or value function, which depends on the

exposure to the various types of risk. Using the value function, I compute the proportional

risk premium on the level of pay that would make a CEO indifferent between the risks he

actually faces and an alternative safe income stream.

With the methodology in hand, I then investigate how much of the observed variation

in CEO pay can be explained by model-implied risk premia. To do this, I calibrate the

model to a panel dataset of CEOs of the largest public US firms for the period 1995 to 2005

and compute risk premia for each CEO and year. The core of my analysis consists of the

comparison of the model-implied, purely risk-based variation, with the observed variation

in CEO pay.

I analyze a number of dimensions of the relationship between the risk and level of CEO

pay: (i) various moments including the correlation between the risk and level of pay, the

variance as well as the higher moments of total pay and risk premia; (ii) the contribution of

the individual types of risk to the total variation in CEO pay; and (iii) cross-sectional and

time-series relationships. The model-implied risk premia, and hence all sample statistics

computed thereof, depend on the degree of relative risk aversion. For relative risk aversion

of three and homogeneity of risk aversion across CEOs, I obtain the following results:

• Correlation. Empirical correlations appear to yield biased estimates of the causal

effect of the various risks on CEO pay. The empirical estimates of option and stock

risk premia are significantly larger than their model counterparts. Conversely, the

empirical estimates of dismissal and volatility risk premia are much smaller than

their model analogues. One interpretation of this finding is that equity-based pay

is positively correlated with unobserved skill and effort, while dismissal risk and

volatility are negatively correlated with these characteristics.

• Variance. Model-implied risk premia explain about 20 percent of the cross-sectional
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variation in CEO pay. They explain about 30 percent of the residual variation in

CEO pay once firm size is accounted for. Due to the fact that risk aversion scales

the relation between risk and risk premia, the explanatory power of risk premia for

observed CEO pay rises with the degree of risk aversion.

• Higher moments. Similar to the distribution of observed CEO pay, model-implied risk

premia are heavily right-skewed and fat-tailed. Skewness and kurtosis coefficients of

risk premia are very close to their empirical counterparts. There are two reasons for

this feature: First, the cross-sectional distributions of the some of the risks themselves

are skewed. Second, with relative risk aversion risk premia are convex in the size of

the risks. Hence even normally distributed risks generate skewed distributions of risk

premia.

• Relative contributions of the various risks. Equity-based pay, in particular stock op-

tions, contribute by far the most to the sample variation in the total risk premium.

While the premium for dismissal risk is large for unit changes in risk, the sample

variation in dismissal risk is too small to explain a significant portion of the total

variation in pay. Pay-performance sensitivity appears to be unimportant for explain-

ing variation in CEO pay, as it exhibits both small unit risk premia and small sample

variation.

• Risk premia and the development of average pay levels. Average risk premia rise

steadily from 1995 to 2001 and revert thereafter. Risk premia can explain a 30

percent increase in pay levels from 1995 to 2001. The development over the entire

1995-2005 period can be well-explained by risk and firm size as the main determinants

of CEO pay.

In short, the calibrations suggest that risk is an important factor in determining ex-

ecutive compensation. In terms of cross-sectional explanatory power, risk and firm size

appear to be of similar importance.3 In the time-series, risk explains a smaller part of the

increase in pay levels than does size, although risk does help to explain the non-monotonic

pattern over 1995-2005.4 Finally, risk helps explain the pronounced inequality in the in-

come distribution of executives of the largest US corporations, a fact which has led to a

renewed focus on the superstar status of some CEOs (Rosen, 1981; Gabaix and Landier,

2008; Malmendier and Tate, 2009).

3Calibrations of the Gabaix and Landier (2008) model as well as cross-sectional regressions of log CEO
pay on log firm size yield R-squared statistics between 20 and 40 percent.

4It is difficult to assess the quantitative importance of explanations based on entrenchment or the shift
towards general skills since these models have not been calibrated.
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Regarding the current policy debate about pay limits for executives, the results of this

paper provide a quantitative estimate of the ”fair”, or utility-neutral, compensation for

risk. Because the recently imposed pay limits pertain to cash compensation only, they will

likely be accompanied by even larger stock grants than would be necessary without these

restrictions in order to retain managerial talent.

The structural approach taken in this paper has the advantage of being more robust

to endogeneity than reduced-form empirical methods, given the lack of instruments. For

example, estimating the option risk premium in a regression of CEO pay on the fraction of

options in total compensation will likely overstate the causal effect of risk on pay. Option-

based pay might be correlated with partially unobservable skill, if more highly skilled

executives select into jobs with high-powered incentives. In addition, stronger incentives

induce higher effort, the costs of which also need to be compensated. In this case, the

regression coefficient of option-based pay will include skill and effort premia, in addition

to the risk premium. In contrast, a model that realistically captures how CEOs perceive

risks can quantify the premium needed to compensate for risk alone, while being unaffected

by omitted, model-external variables. On the other hand, endogeneity remains a concern

if it is driven by model-external characteristics that affect the risk premium itself. For

example, if highly skilled executives tend to select into jobs with high-powered incentives

and are also less risk-averse, then the model, which does not capture such selection, would

overstate the risk premium on average.

This paper makes several contributions to the economics and finance literature. First,

it adds to the large body of research studying the determinants of CEO pay and the

causes of the extraordinary rise of average pay levels. The most prominent explanations

include rising firm size (Gabaix and Landier, 2008; Terviö, 2009), the shift towards general

skills needed to manage large corporations (Murphy and Zabojnik, 2004; Frydman, 2005),

managerial entrenchment (Bebchuk and Fried, 2004; Kuhnen and Zwiebel, 2008), and the

greater risks imposed on CEOs due to the push towards stronger incentives (Hall and

Liebman, 1998; Hermalin, 2005). My results provide a quantitative assessment of the role

that risk plays in determining CEO pay. The risk premia calculated from the structural

model can also be viewed as a benchmark for ”justified” variation in CEO pay. In that

sense, the framework may be useful to compute excess compensation, i.e. pay levels that

cannot be explained by economically sound determinants.

Second, this paper introduces life-cycle models into the study of executive compen-

sation. To date, life-cycle models have mainly been used in macroeconomics to study

aggregate consumption and savings patterns (Zeldes, 1989; Deaton, 1991; Carroll, 1992;

Hubbard, Skinner, and Zeldes, 1994; Carroll and Samwick, 1997) or to estimate prefer-

ence parameters (Gourinchas and Parker, 2002; Laibson, Repetto, and Tobacman, 2007).

5



Rather than studying the choice of consumption and savings, this paper focuses on the

utility implied by optimal choice under risk.

Besides the particular modeling framework, this paper extends the use of calibrated

structural models to study the determinants of the level of CEO pay. The link between

the risk and level of executive compensation under relative risk aversion has not been

extensively calibrated.5 Following the seminal contribution of Haubrich (1994), a number

of recent papers employ calibrations of principal-agent models to study the structure of

CEO pay, i.e. the optimal mix of stocks, options and cash salary (Armstrong, Larcker,

and Su, 2007; Dittmann and Maug, 2007; Edmans, Gabaix, and Landier, 2008; Dittmann,

Maug, and Spalt, 2009; Dittmann and Yu, 2009). This paper takes incentives as given

and explores the implications of the cross-sectional and time-series variation in the risks

implied by these incentives for the level of CEO pay.

Finally, this paper is related to the literature on the subjective valuation of executive

stock options. A number of papers have used utility-based approaches to value execu-

tive stock options for undiversified executives (Lambert, Larcker, and Verrecchia, 1991;

Huddart, 1994; Carpenter, 1998; Hall and Murphy, 2002; Ingersoll, 2006). These papers

typically focus on the valuation of a particular option and the utility generated by the

payoff at the expiry date, abstracting from any income generated between the grant and

expiry dates of the option. The life-cycle model presented in this paper takes into account

other sources of risk such as dismissal and pay-performance sensitivity, and allows the CEO

to dynamically respond to these risks by adjusting consumption and savings according to

the income and wealth realizations in each period.

The rest of the paper is organized as follows: The next section develops a life-cycle

model for CEOs and describes the computation of risk premia. Section 3 describes the

calibration procedure and the dataset used in this study. The results are presented in

Sections 4, which contains the cross-sectional analysis, and Section 5, which presents the

time-series results. Section 6 concludes.

2 A Life-cycle Model with Incentive Pay

In this section I present a life-cycle model that incorporates the main types of risk that

CEOs of large public corporations are exposed to: Option- and stock-based pay, pay-

performance sensitivity, stock return volatility, and dismissal. The model builds on Chap-

man, Evans, and Xu (2009), who study the effects of career concerns on fund managers’

5Gayle and Miller (2009) estimate a dynamic agency model of executive compensation assuming con-
stant absolute risk aversion.
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investment decisions, but differs from theirs in at least two respects: First, it includes

constraints on CEOs’ savings decisions in order to capture the effects of vesting periods

of equity-based pay. Second, it focuses on the welfare implications of risk exposure rather

than its effect on the manager’s firm-related decisions. I first lay out the model, and then

describe the computation of risk premia and the proposed relation between the risk and

level of CEO pay. The technical details of the model solution are relegated to Appendix

A.

2.1 The basic model

The starting point is the canonical, discrete-time, life-cycle model of consumption and

saving behavior. Calendar time is indexed by subscript t, firms and CEOs are indexed by

subscript i. The CEO lives for N periods and works for T < N periods.

The income process. In every year of his working life, the CEO receives a stochastic

income, Yt, with the following dynamics:

Yt = Yt−1Gtφ(rt)θ(rt) (1)

Income growth is determined by three components. First, it evolves according to an de-

terministic growth factor, Gt, which can be thought of as the expected premium for an

additional year of professional experience. Second, conditional on the CEO keeping his job,

income growth depends on the performance of the firm’s stock price over the current year,

rt. This stochastic component, denoted by φ(rt), reflects the pay-performance sensitivity

typically observed in executive compensation. Third, the manager receives a discrete neg-

ative income shock if he is fired. The dismissal variable, θ(rt), takes two values with the

respective probabilities q(rt) and 1− q(rt):

θ(rt) =

λ < 1 dismissal, with probability q(rt)

1 no dismissal, with probability 1− q(rt)
(2)

Thus, the monetary risk of firing is reflected in both the probability of this event, q(rt), as

well as the magnitude of the drop in income following dismissal, 1− λ.

The conditional probability of dismissal, q(rt), can be estimated by a probit regression

of a dichotomous variable indicating dismissal on the stock return. The size of the shock,

λ, can be separately estimated from observed income effects of dismissals in the CEO labor

market. The exact empirical parametrization and estimation of all three components of

income dynamics is described in detail in Section 3.
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The return on savings. The savings process is modeled so as to explicitly account for

CEOs’ mandatory holdings of own-firm stocks and options. Such holdings result from the

vesting periods on the equity-based part of the compensation package.6 The dynamics

of savings during the CEO’s working life are specified as follows. Let Rt+1 be the gross,

discrete-time return on the manager’s personal portfolio over the period t to t+1. Further,

denote by ηf , ηs, and ηz the manager’s portfolio shares in the risk free asset, own-firm

stocks, and own-firm options, respectively, and let rf , rt+1, and rz,t+1 denote the returns

of the risk free asset, the firm’s stock, and stock options over t to t+1. Then savings

accumulate according to

Rt+1 = 1 + ηfrf + ηsrt+1 + ηzrz,t+1

≈ 1 + ηfrf + ηsrt+1 + ηzεz,srt+1

≈ eηf rf+(ηs+ηzεz,s)rt+1 (3)

The first line expresses the portfolio return as the weighted sum of the returns on three

components: the risk-free asset, own-firm stocks, and own-firm options. The second line

replaces the return of the stock options with its first order approximation, the stock return

times the elasticity of the option price with respect to the stock price, εz,s.
7 The third line

approximates discrete time returns by log returns. This last formulation ensures that gross

returns cannot be negative. The term ηs+ηzεz,s can be interpreted as the (portfolio share)

weighted elasticity of total wealth with respect to the stock price: ηfεf,s + ηsεs,s + ηzεz,s =

ηf · 0 + ηs · 1 + ηz · εz,s = ηs + ηzεz,s. Thus the riskiness of the manager’s personal portfolio

depends on the shares held in own-firm stocks and options, the elasticity of the option

price with respect to the stock price, and the stock return distribution. At retirement all

company stocks and options vest and savings grow at the risk-free rate.

The budget constraint. The CEO’s budget constraint reflects the risks of both labor

income and the returns to his personal portfolio. Denote by Mt the CEO’s financial wealth

available for consumption at the beginning of period t (cash-on-hand), and by At the re-

6In practice, CEOs often hold more stocks and options than is required by vesting restrictions. This can
be due to a number of reasons such as overconfidence or signaling motives. However, executives can and
often do hedge their exposure to own-firm stocks and options by engaging in derivative transactions (Bettis,
Bisjak, and Lemmon, 2001). Such transactions have explicitly been declared as legal by the Securities and
Exchange Commission in case the underlying is a vested stock or option. Thus, the fact that executives
hold more equity in their firm than required, does not mean that they have excess exposure to firm-specific
risk. For the purposes of computing risk premia, I use only the fractions of wealth that a CEO is forced
to hold in own-firm stock, since only the risk induced by that fraction should be compensated with higher
levels of pay.

7The approximation can be made arbitrarily precise by including higher order terms of a Taylor expan-
sion. The reason for using a Taylor approximation is to express the portfolio return as a function of one
stochastic variable only.
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maining wealth (=savings) at the end of period t, after income is realized and consumption

is chosen. Financial wealth is the sum of accumulated savings and current-period income:

Mt+1 = AtRt+1 + Yt+1 (4)

Substituting the expressions for Yt+1 and Rt+1 from equations (1) and (3) yields

Mt+1 = Ate
ηf rf+(ηs+ηzεz,s)rt+1 + YtGt+1φ(rt+1)θ(rt+1) (5)

Equation (5) shows that shocks to CEO savings and income are correlated through the

stock price. Thus the model explicitly captures correlation between risks to financial and

human capital.8 In addition, the shock distribution is fat-tailed and left-skewed due to the

discrete and large and consequences of dismissal. This leads to bigger risk premia than

would result with uncorrelated, normally distributed risks.

Preferences. CEOs are assumed to derive instantaneous utility from the consumption of

a single good according to the standard time-separable power utility with constant relative

risk aversion (CRRA):

u(Ct) =
C1−ρ
t

1− ρ
(6)

where ρ is the coefficient of relative risk aversion.

CEOs’ preferences over the life cycle are assumed to take the additively separable

expected utility form with constant discount factor β:

Et[
t+N∑
s=t

βs−tu(Cs)] (7)

The manager’s problem. CEOs maximize expected lifetime utility given their initial

wealth and income level, non-negativity constraints on consumption and terminal wealth,

and the dynamic budget constraint. Note that in this setup CEOs will never choose to

borrow against future income. This follows from (i) the fact that the income process has

a lower bound of zero, and (ii) the Inada condition limc→0 u
′(c) =∞. To see this, suppose

the CEO were to borrow in the next-to-last working period. Then, with a strictly positive

probability he would be left without any wealth for the rest of his life. He would then have

an infinite expected marginal utility. Backward induction then implies that it will never

8See Cocco, Gomes, and Meanhout (2005) for an analysis of the effects on portfolio choice of correlation
between labor income and savings.
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be optimal to borrow in any period. The CEO’s optimization problem is then given by:

max
{Cs}t+N

s=t

Et[
t+N∑
s=t

βs−tu(Cs)] (8)

subject to

At = Mt − Ct (9)

Yt+1 = YtΓt+1 (10)

Γt+1 = Gt+1φ(rt+1)θ(rt+1) (11)

Rt+1 = eηf rf+(ηs+ηzεz,s)rt+1 (12)

Mt+1 = AtRt+1 + Yt+1 (13)

The maximization problem has no closed form solution and has to be solved numerically

and recursively. The details of the numerical solution are given in Appendix A. The solution

consists of the optimal consumption as a function of wealth for each period. This, in turn,

implies the value function which depends on the state variables current income, Yt, and

wealth, Mt, the CEO’s years until retirement, T , and all other parameters of the model:

V (Mt, Yt, T, ·) = max
{Cs}t+N

s=t

Et[
t+N∑
s=t

βs−tu(Cs)] (14)

2.2 The risk and level of CEO pay

The main question I address in this paper is how much CEOs should be compensated with

higher expected levels of pay for bearing risks to income and wealth. To quantify this ”risk-

reward” tradeoff in CEO compensation I compute the risk premium, π, as the percentage

premium on expected income that makes a CEO indifferent between the risky income he

receives and the alternative safe income, Y i. Technically, this is done by equating the value

functions that result under the two different environments by scaling up the income under

the risky environment:

V (Mi, Y i(1 + πi), Ti, ..., σi, ...) = V (Mi, Y i, Ti, ..., 0, ...) (15)

The left hand side of the equation represents expected lifetime utility under the risky en-

vironment the CEO actually faces. Here, σ denotes the vector of parameters determining
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the risks to income and wealth. It includes (i) pay-performance sensitivity, (ii) the param-

eters determining the dismissal probability and the percentage drop in pay that dismissal

entails, (iii) the fraction of unvested options and stocks the CEO expects to hold in his

personal portfolio, and (iv) the mean and variance of the firm’s stock return. The gross risk

premium, 1 + π, is the percentage premium that makes the CEO indifferent between this

risky environment and the alternative safe environment, represented by the value function

on the right hand side of equation (15).

The finance and economics literature often uses other measures to compare utility

across risky environments such as certainty-equivalent income or certainty-equivalent con-

sumption. While all of these metrics imply the same ranking of risky alternatives, the

percentage premium on the pay level is more natural in the context of this study because

it can readily be compared with its empirical counterpart, the actual pay level. In contrast,

certainty-equivalent measures do not have observed sample analogues.

Equation (15) implicitly states that actual pay levels are determined as the product of

the salary for a risk free job, Y i, and a proportional risk premium:

Yi = Y i × (1 + π(σi)) (16)

Clearly, the level of pay varies across individuals depending on determinants other than

risk, such as skill and experience, which are not captured by the life-cycle model. The effect

of such determinants is subsumed in Y i, which is allowed to vary across individuals. Under

CRRA utility, these other determinants do not affect the size of the risk premium to the

extent that they are deterministic and uncorrelated with the risks. This feature implies

that the model can separate the risk premium from other determinants of pay. Empirically,

such model-external determinants can be controlled for in cross-sectional regressions. For

instance, skill might be reflected in the size of the firm a CEO heads. In this case, Y i can

be expressed as a function of firm size. Sections 4 and 5 describe in more detail how I treat

these model-external determinants empirically.

3 Data and calibration

3.1 Data

In order to calibrate the model and evaluate its performance I combine a number of data

sources. I use the Execucomp database for the period 1993-2005 to obtain total CEO com-

pensation, the option and stock-based components of pay, as well as CEO age. I then merge

the compensation data with a hand-collected dataset on CEO turnovers. The turnover data
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covers all CEOs in Execucomp over the same period 1993-2005, and classifies turnovers

as either forced or voluntary. It comprises a total of 639 forced and 1,855 voluntary CEO

turnovers. Identifying a turnover as forced is not straightforward as firms almost never

officially state a turnover as having occurred involuntarily. Classification thus requires

hand-collection of data from multiple sources, in particular press releases.9 Turnover data

for 1993 to 2001 is from Jenter and Kanaan (2008). Data for 2002-2005 is from Peters and

Wagner (2009).10 Finally, I combine the resulting dataset with stock prices from CRSP.

Table 1 reports descriptive statistics for the final dataset. Panel A contains compensa-

tion statistics. Total compensation is truncated at the top and bottom 0.5 percent to reduce

the influence of outliers. Total compensation is heavily skewed, with a mean that is about

twice as large as the median ($4m and $2m, respectively). Option-based pay constitutes

on average one third of the total market value of the pay package, while restricted stock

represents only 6 percent and has a median of zero. The time-series pattern of total pay

and its components is illustrated in Figure 1. The development of option- and stock-based

pay over 1995-2005 is illustrated in Figures 3 and 4 using both equal and value-weights for

computing the yearly means. Panel C of Table 1 reports basic firm characteristics. Panel

D contains age and tenure statistics for CEOs.

[Table 1]

3.2 Calibration

I now turn to the calibration of the model parameters. The central inputs to the model

are the parameters governing the various risks to income and wealth. I estimate these

parameters separately for each CEO and year via regressions or simple sample moments

using the relevant data over lagged two-year periods. This procedure contains the implicit

assumption that CEOs form expectations about the future value of these parameters in

the same way as the econometric procedure does. It is a statistical, adaptive concept of

expectation formation broadly used in the modern macroeconomics literature (Evans and

Honkapohja, 2001).

9The methodology follows (Parrino, 1997). All departures for which the press reports state that the
CEO is fired, forced out, or retires or resigns due to policy differences or pressure, are classified as forced.
Turnovers of CEOs below the age of 60 which have not been classified as forced by the press criterion,
are classified as forced if the articles do not report the reason to be death, poor health, or acceptance of
another position or the articles report that the CEO is retiring but does not announce the retirement date
at least 6 months before the succession. For further details, see the original paper.

10I am grateful to Dirk Jenter and Fadi Kanaan for sharing their turnover data.
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The various risks to CEO wealth operate through two main channels, income and

savings. For ease of exposition, I restate the two main equations here:

Yt = Yt−1Gtφ(rt)θ(rt) (17)

Rt+1 ≈ eηf rf+(ηs+ηzεz,s)rt+1 (18)

Pay-performance sensitivity and expected income growth rate. I specify both

φ(rt), the function governing pay-performance sensitivity, and Gt, the deterministic growth

rate, as exponentials, and assume Gt to be constant over time:

φ(rt) = eγ1rt

Gt = eγ0

This is a standard specification in the empirical literature on pay-performance incentives

(Gibbons and Murphy, 1992) and allows straightforward least-squares estimation. Condi-

tional on the CEO keeping his job, i.e. θ(rt) = 1, equation (17) can be written as

∆ log(Yt) = γ0 + γ1rt (19)

The parameters γ0 and γ1 can be estimated by regressing the first differences of log CEO

pay on the stock return, using the subsample of observations with no CEO turnovers.

In order to allow pay-performance sensitivity to vary across CEOs, I include interaction

terms of the return with industry dummies, and the stock return variance. The latter choice

is motivated by the theoretical result that boards should put less weight on the return as

a signal of effort, the more noisy is the signal (Holmström and Milgrom, 1987). Instead of

the stock return variance itself, I use its empirical cumulative distribution function, Φ(σ2),

as in Aggarwal and Samwick (1999). The rolling-regression procedure allows coefficients

to also vary over time.

Table 2, Panel A, shows the results for the pay-performance regressions. The top rows

contain estimates for two-year rolling window regressions, the bottom row contains the

regression results for the entire period 1995-2005. Results are reported starting in 1995

due to the requirement of a two-year estimation window. The columns report the coef-

ficients and standard errors for the three main regressors, the stock return, the variance

and their interaction. Contrary to the Holmström-Milgrom prediction, the interaction

of the variance with the stock return is statistically and economically insignificant in all

rolling regressions, except for 2005, and it is only marginally significant when estimated

over the entire sample period. Below, I show that the same interaction is highly signifi-
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cant in turnover-performance regressions. Thus, in order to keep regression specifications

comparable, I use the complete specification including the interaction.

Figure 6 depicts the median cross-sectional pay-performance sensitivity over time. It

is computed as the product of the return coefficient and 0.5 times the coefficient of the

return-volatility interaction term. The figure illustrates that pay-performance sensitivity

does not exhibit any particular trend over the sample period.

Conditional dismissal probability. Dismissal affects income through the term θ(rt) in

the income equation (17). Recall that

θ(rt) =

λ < 1 dismissal, with probability q(rt)

1 no dismissal, with probability 1− q(rt)
(20)

I estimate the conditional probability of dismissal using a the probit model:

q(ri,t) = P [θi,t = λ|ri,t] = Φ(α0 + α1ri,t). (21)

As for the estimation of pay-performance sensitivities I also include the distribution func-

tion of the stock return variance, industry dummies as well as interactions of these variables

with the stock return.

The results are shown in Table 2, Panel B. As expected, dismissal increases with

poor performance. Column three indicates that, as predicted by agency theory, turnover-

performance sensitivity decreases with the variance of the stock return.

Unconditional dismissal probability. The probit model described above models the

dismissal probability conditional on the realization of the stock return. To obtain the

unconditional probability of dismissal one needs to integrate over the stock return density:

P [θi,t = λ] =

∫
Φ(α0 + α1ri,t) · f(ri,t)dri,t (22)

In addition to the parameters α0 and α1, the unconditional turnover probability also de-

pends on the distribution of stock returns. Since, empirically, α0 and α1 are both negative,

most probability mass of the argument α0 + α1rit−1 lies in the convex region of the dis-

tribution function Φ(·). Thus, due to Jensen’s inequality, higher variance increases the

unconditional turnover probability for fixed α0 and α1.

Earnings losses of dismissed CEOs. Earnings consequences of dismissal for CEOs are

difficult to measure, because SEC rules require income data to be disclosed for the five

highest paid executives of public corporations only. Because it is difficult to track earnings

of CEOs if they transferred to a private firm after being dismissed, sample attrition is
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potentially an issue. However, a number of related studies allow me to estimate the likely

pay loss following turnover. Fee and Hadlock (2004) track the careers of CEOs around

205 turnovers. For the subsample of CEOs for which they are able to find post-turnover

earnings, pay losses are about 20%. However, these are likely to be those CEOs who have

gotten the best subsequent jobs. In the subsample for which the authors could identify the

firm size of the subsequent employer, dismissed CEOs managed firms about one tenth the

size of their former employers. If the coefficient of size of a regression of log compensation

on firm size is used to predict the associated earnings loss, this implies earnings losses

of about 75%. Another indication of the severe consequences of demotion comes from

Chapman et al. (2009) who find that assets under management of mutual fund managers

drop by 50% following performance-related demotions. Since compensation of mutual fund

managers is typically proportionally linked to assets under management, this suggests that

earnings drop by about the same amount. Finally, in a dataset free of sample attrition,

Jacobson, LaLonde, and Sullivan (1993) find that workers displaced in mass-layoffs suffer

earnings losses of 45-50% compared to their pre-displacement earnings. In the present

analysis I use a value for this proportional drop of 50%, i.e. λ = 0.5.

Distribution of stock returns. I estimate the mean, µi, and the variance, σ2
i , of stock

returns using daily return data over the lagged two-year period preceding the year t. I use

the maximum likelihood estimators

µ̂i,t =
1

J

j∑
s=j−J

ri,s (23)

σ̂2
i,t =

1

J

j∑
s=j−J

(ri,s − µ̂i,t)2 (24)

Here, j is the last trading day of the fiscal year prior to year t and J is the number of

trading days in the previous two years. Figure 5 depicts the mean and median stock return

variance over the sample period. The figure shows a substantial rise in volatility from 1993

to 2002, and the complete reversal thereafter.

Holdings of own-firm stocks and options. The model requires estimates of the frac-

tions of savings which the CEO is forced to hold in own-firm stocks and options, ηs and ηz.

These fractions vary over time depending on the evolution of income and wealth. I assume

that CEOs expect to obtain a constant fraction of stocks and options of current income.

This fraction can be directly observed in the Execucomp. The fraction of unvested stocks

and options in wealth then depends on the vesting schedule, and past income and returns.

Assuming that one third of a stock grant vests each year, the fraction of stocks in total

15



savings is given by the following expression:

ηs,t =
Value of unvested stocks in t

Value of total savings in t

= ws
Yt + 2/3Yt−1exp(rt) + 1/3Yt−2exp(rt + rt−1)

At
(25)

where ws is the fraction of stocks in income. An analogous calculation applies to option

holdings. The dependence of ηs,t and ηz,t on past values of income and return implies that

these variables become state variables in the optimization problem.

Elasticity of the option portfolio with respect to the stock price. In the model,

εz,s measures the elasticity of the CEO’s unvested option portfolio with respect to the

stock price. This portfolio elasticity is the value-weighted average of the elasticities of the

different unvested option grants. Consistent with a three year graded vesting schedule, the

CEO expects to hold the entire current year option grant, two thirds of the prior year’s

grant, and one third of the grant made two years prior to the current year. To estimate the

individual grants’ elasticities I use the derivative of the Black-Scholes option value with

respect to the stock price, multiplied by the ratio of the stock price to the option price:

εz,s = e−dTΦ(D1) ·
S

Z
=

Φ(D1)

Φ(D1)−X/S · ed−rΦ(D2)
(26)

where S is the stock price, X is the strike price of the option grant, d is the dividend

rate, D1 = [ln(S/X) + (r − d + σ2/2)T )]/
√
σ2T , and D2 = D1 −

√
σ2T . The individual

grant’s elasticities depend on the price-to-strike ratio, S/X, the difference between the log

dividend rate and the log risk free rate, d− r, the time to maturity, T , and volatility, σ2. I

assume that option grants have initial maturity of ten years, and are made at the money.

The expected price-to-strike ratio of prior year grants is determined by the expected stock

return, i.e. the prior year grant’s price-to-strike ratio is 1 + µ.

CEO age and retirement age. The age of CEOs is available in Execucomp and can

thus be inferred precisely. I use the 95th percentile of the CEO age distribution, 68 years,

as the retirement age.

Table 3 summarizes the parameters of the model and reports their mean sample values.

Table 4 reports sample statistics for the risks that the model captures.

[Table 3]

[Table 4]
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4 The Cross-section of Risk and CEO Pay

In this section I analyze the relationship between the risk and level of CEO pay in the

cross-section. I start by examining the correlation between risk and pay, and then proceed

to evaluate the explanatory power of risk for the variance of CEO pay as well as for the

higher moments of the pay distribution, that is, skew and kurtosis. For each of the moments

I present the model-implied quantities for different degrees of risk aversion, and compare

them with their empirical analogues. I further disentangle the contributions of the different

types of risk to the various moments.

The analysis presented in this section rests on the proposition that CEO pay is de-

termined in part by a compensating risk premium that makes CEOs indifferent between

the risks inherent in the pay package they actually receive and an alternative safe income

stream:

Yi = Y i × (1 + π(σi)) (27)

where Yi is CEO i’s pay, Y i is the safe income that CEO i could obtain, σi is the vector

of the various risks that CEO i bears, and π(σi) is the risk premium that compensates the

CEO for the risks.

The risk premium, π, has somewhat complicated properties in that is it generally

nonlinear in the individual risks σk,i, and depends on the interaction between the various

risks as well as on other parameters such as CEO age and wealth. Thus, risk premia

computed for a sample of CEOs with varying risks, age, and wealth will not lie on a

single straight line when plotted against the risks. In order to facilitate comparison of

model-implied and empirical risk premia, it is useful to log-linearize the risk premium by

approximating equation (27) as

Yi ≈ eαi × eα′
1σi (28)

where eαi corresponds to Y i, and the term eα
′
1σi approximates the gross risk premium

1 + π(σi). In the log-linear specification, α1 is the vector of risk premia per unit of risk,

and σi captures the amount of each type of risk the CEO bears.

While equations (27) and (28) are simple and intuitive, they omit other determinants

of pay such as firm size. A simple extension of this model is one where pay scales with

firm size and multiplicative risk premia for each of the risks:

Yi ≈ eα0 × eα′
1σi × Sizeα2

i (29)
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One possible interpretation of this equation is that CEO pay is determined by two main

factors: talent and risk. As in GL, CEOs are compensated for their marginal product of

talent, which, in a competitive assignment model, ranks with firm size. In addition, they

receive a multiplicative risk premium for each type of risk depending on the respective unit

risk premium and amount of risk. The theoretical and empirical versions of equations (27),

(28) and (29) form the basis for the following analysis.

4.1 A First Look at the Data

I start by presenting simple scatter plots of actual CEO pay against model-implied risk

premia. This comparison is purely illustrative, since the relation between model-implied

risk premia and actual pay is prone to endogeneity. That is, there is no reason to expect

that risk premia vary one-to-one with actual pay, as the model predicts. Omitted variables

that are correlated with both risk and pay may change the slope of the relationship between

risk premia and actual pay.

The top graph of Figure 7 plots log CEO pay against the log of the total gross risk

premium. This is an illustration of how well the simple model of equation (27) fits the

data. CEO pay and risk premia are demeaned for each year separately so as to reflect

cross-sectional variation only. The plot shows that, as predicted by the model, risk premia

are positively associated with actual CEO pay, though the slope is smaller than one, and

explanatory power is relatively low.

The bottom graph of Figure 7 plots the size-adjusted quantities of actual pay and risk

premia. Size-adjusted pay is estimated as the residual of a panel regression of log CEO

pay on log firm size and year dummies. Size-adjusted risk premia are computed using

size-adjusted risks as model inputs, i.e. the residuals of a panel regression of the various

risks on log firm size and year dummies. The graph illustrates how the residual variation

in CEO pay is related to risk premia once size is accounted for. The figure shows that

risk premia explain very well the size-adjusted variation in CEO pay. The slope of the

fitted regression line is closer to one and explanatory power increases significantly. In the

following subsections I turn to a more detailed statistical analysis of these relationships.

4.2 Correlation

In this section I compare model-implied and empirical correlations between risk and CEO

pay. I distinguish between five types of risk: risks to wealth induced by option and stock

holdings, risks to income due to dismissal and pay-performance sensitivity, and finally,

stock return volatility which affects all of the above risks simultaneously.
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Empirically, the vector of unit risk premia α1 can be estimated by an ordinary least

squares regression of log CEO pay on the vector of risks, i.e. by estimating the regression

equation

log(Yi) = α0 + α′1σi + α2 log(Sizei) + εi (30)

where firm size is included as a control to avoid any bias due to the correlation between

risks and firm size. To obtain cross-sectional relations for my dataset I estimate the above

regression on the entire panel and include year fixed effects.

The model counterpart to the vector of empirical unit risk premia α1, is the sample

average of the derivative of log(1 +π(σi)) with respect to σi. This derivative vector can be

obtained, for each type of risk, as the coefficients of a regression of the log risk premium

log(1 + π(σi)) on the vector of risks σi:

log(1 + π(σi)) = α0 + α1σi + εi (31)

To estimate the cross-sectional, model-implied unit risk premium on my dataset, I run

regression (31) on the entire panel and include year fixed effects. Note that in order to

estimate the log-linearized risk premium implied by the model, there is no need to account

for firm size since the relationship if purely model-driven. Details of the estimation of

empirical and model-implied risk premia is provided in Appendix B.1.

Empirical and model-implied unit risk premia are reported in Table 5. The empirical

coefficient estimates are reported in column two, while their model-implied analogues are

reported in columns three to six. Comparison of the model-implied with the empirical

coefficients suggests that endogeneity is likely to be a concern. The theoretical estimates

indicate that exogenous shifts in dismissal risk should command the highest risk premia

followed by option holdings and volatility. In contrast, the empirical estimates suggest

that risk premia for option and stock holdings are larger than for dismissal, and volatility

premia are even negative.

One explanation for these differences is that the different risks are related to unobserved

CEO skill. Stock and option holdings might be positively associated with CEO skill, per-

haps because more skilled CEOs tend to take jobs that come with high-powered incentives.

This would bias upwards the respective regression coefficients. On the other hand, volatility

and dismissal might be negatively associated with CEO skill, thereby inducing a negative

bias to the empirical correlations.

[Table 5]
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4.3 Explained Variance

I now turn to the explanatory power of risk for CEO pay. Specifically, I examine what

fraction of the cross-sectional variation in CEO pay can be explained by risk. As for the

correlation, I compute both the empirical and the model-implied quantities of explained

variance, for each risk individually as well as for all risks combined.

I compute three different measures of explained variance. First, I compute the fraction

of total variance of CEO pay that can be explained by risk alone. The empirical version

of this measure is the R-squared of a regression of log CEO pay on the various risks.

Hence I call this measure R-squared. Second, I compute the partial R-squared, i.e. the

fraction of total variance that can be explained by the size-orthogonal component of risk.

Its empirical version is the partial R-squared of a regression of CEO pay on risk and firm

size. Finally, I compute the fraction of the residual variance of CEO pay that is explained

by risk once firm size is accounted for. This is the fraction of the variance of the size-

orthogonal component of pay that is explained by the size-orthogonal component of risk.

I call this statistic residual R-squared. The empirical R-squared statistics are computed

from regressions, while their model analogues are computed from the model-implied risk

premia (using raw risk as inputs for R-squared and size-adjusted risks for partial R-squared

and residual R-squared). The details of the computations of the R-squared statistics are

provided in Appendix B.

Panel A of Table 6 presents the results for R-squared. Each entry in the table rep-

resents the time-series average of cross-sectional R-squares statistics computed for each

year in 1995-2005. The empirical R-squared statistics provide a benchmark for their model

counterparts, though they might either over- or understate the true explanatory power of

risk depending on the direction of the bias of the coefficients. Upward-bias (in absolute

value) implies that the empirical R-squared will overstate the true R-squared, while bias

towards zero will downward-bias empirical R-squared. Since the coefficients of options and

stock holdings, which contribute most to the explanatory power of all risks, are likely to

be upward biased, the empirical R-squared of all risks (shown in the bottom row of Panel

A) can be regarded as an upper bound of the true R-squared implied by the causal effect

of risk on pay.

Panel A of Table 6 shows that the model can explain a sizeable fraction of the total

variance of CEO pay for plausible levels of risk aversion. For a risk aversion of ρ = 3 all

risks combined explain about 20 percent of the cross-sectional variation in CEO pay. This

compares to the 42 percent explained by the empirical model which, as explained above,

likely overstates the true effect of risk.

Looking at the individual risks separately, it is apparent that equity-based pay and

volatility contribute the most to the overall explanatory power of risk for CEO pay. This is
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because these risks exhibit both significant unit risk premia (as shown in Table 5) as well

as large sample variation. In contrast, dismissal risk contributes only modest explanatory

power to the cross-sectional variance of CEO pay. Despite the large unit risk premia

commanded by turnover risk, its sample variation is simply too low to generate significant

variation in risk premia. Pay-performance sensitivity appears to be essentially irrelevant

for explaining the cross-section of CEO pay, because both unit risk premia are sample

variation are modest.

Panel B contains partial R-squared statistics. The empirical statistics are substantially

lower than the raw R-squared statistics of Panel A, indicating that omission of size leads

to overstating the explanatory power of risk. While even after controlling for size some

endogeneity remains, partial R-squared is a much more credible benchmark than raw R-

squared. The partial R-squared statistics generated by the model are only slightly lower

than the model-implied raw R-squared. And, for ρ = 3, the explanatory power of model

quantities falls only slightly short of the empirical one (18 percent for the model versus 25

percent empirically). Panel C shows that the model can explain 30 percent of the residual

variation in CEO pay (implying that size explains about 40 percent).

Taken together the results on explanatory power show that the model can explain

a significant portion of the total variation in CEO pay and, for risk aversion of three,

this variation is not much lower than the explained variance obtained from reduced form

regressions once firm size is accounted for. Risk aversion between three and five is needed

for the model to generate the same explanatory power as reduced form regressions.

4.4 Higher Moments

Another important question is whether risk premia can explain part of the asymmetry

and fat-tailedness of the CEO pay distribution. It is well-known that CEO pay is heavily

right-skewed with a small number of CEOs receiving extraordinary pay checks while the

median CEO only makes a small fraction of that. The median CEO in my dataset earns

around 2 million dollars per year while average pay is about 4 million, and CEOs in the

top percentile of the pay distribution make more than 29 million. Several explanations for

this phenomenon have been proposed in the literature, in particular the superstar status

of some CEOs (Gabaix and Landier, 2008; Malmendier and Tate, 2009). In this section I

explore whether the asymmetry, and in particular the high incidence of extreme CEO pay

realizations can, in part, be explained by risk.11

11Maybe the most suggestive example of this possibility is the compensation Steve Jobs, the CEO of
Apple Inc., received in 2000. In that year, Job’s compensation was exclusively in stock options. The
Black-Scholes value of his option package was about 600 million dollars, but the options were out of the
money in the following year, i.e. had an intrinsic value of zero.
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I restrict attention to the cross-sectional higher moments of actual CEO pay and gross

risk premia. That is, I evaluate how well the simple model given in equation (27) fits the

data. (Results on size-adjusted pay and risk premia are available from the author upon

request.) As for the R-squared statistics, I compute skewness and kurtosis coefficients for

each cross-section in 1995-2005, and report the observation-weighted average of the time-

series of the cross-sectional statistics. Also as above, I compute the model statistics for

each type of risk separately as well as for all risks combined, and for different degrees of

risk aversion.

Table 7 presents the results. Panel A contains the skewness statistics, Panel B the

results on kurtosis. The average cross-sectional skewness of CEO pay is about 3.7, doc-

umenting the pronounced inequality in CEO compensation resulting primarily from the

right tail of the distribution. The skewness of model-implied risk premia is very similar

in magnitude. The statistics range between 3.2 and 3.5 for all risks combined. Looking

at individual risks separately, it is apparent that all risks generate positively skewed risk

premia. This is due to the fact that, under CRRA utility, risk premia are convex in the

size of the risk, so that even symmetrically distributed risks would translate into positively

skewed risk premia (Arrow, 1971). Here again, it is equity-based pay and volatility that

contribute most to the skewness of the total risk premium.

The kurtosis statistics, given in Panel B, show that model quantities exhibit very high,

above-normal, values (between 14.3 and 16.5), though they are somewhat lower than in

the data (22.7). In the next section I show that this deviation is entirely due to an

extremely high kurtosis of actual pay in the year 2000 which the model does not capture.

Notably, skewness and kurtosis coefficients of risk premia are unsensitive to the risk aversion

parameter. For risk aversion between 2 and 10, skewness and kurtosis statistics are almost

identical. This is due to the fact that risk aversion scales risk premia approximately linearly

leaving the normalized higher moments unaffected.

Overall, the analysis of higher moments shows that risk premia capture very well the

extreme observations of CEO pay. From a theoretical perspective this is due to the fact

that risk premia are nonlinearly increasing in the size of the risks, so that large risks imply

disproportionately large premia. Thus, some of the seemingly outrageous pay packages

observed in recent years may be justified to the extent that they compensate for more risk.

In this discussion it should be kept in mind that the assumptions made in the model do

not allow for any kind of actions which, ex post, reduce or eliminate the effective risk that

CEOs bear. Such actions include backdating or repricing of options, earnings management.
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5 Risk and CEO Pay over Time

While the above section examines the average cross-sectional relations of risk and CEO pay,

this section explores time-series patterns of moments of actual pay and model-implied risk

premia over the period 1995 to 2005. Of particular interest is the question of whether the

extreme characteristics of CEO pay during the height of the dot-com bubble in 2000-2001

is to some extent captured by the model. I start by comparing average levels of actual

pay with model-impied risk premia and then proceed by analyzing variance and higher

moments over time.

Figure 8 depicts yearly sample averages of actual CEO pay and gross risk premia. All

moments are normalized to one in 1995. The top solid line plots average CEO pay and

shows the steep increase from 1995 to 2000, and the non-monotonic pattern over the entire

sample period. The lower lines represent the development of average risk premia. From

1995 to 2003, the pattern of risk premia is very similar to that of CEO pay. Risk premia

also increase for a number of years, and then revert after the peak of the dot-com bubble.

In terms of magnitude, the figure shows that the actual increase in pay between 1995 and

2000 is much steeper than could be justified by risk alone, even for risk aversion of ten. For

a more plausible risk aversion of ρ = 3, risk premia would justify an increase in pay of about

30 percent. Following 2003, risk premia and actual pay diverge. While risk premia tend to

decline through 2005, actual pay starts to rise again after 2003. A plausible explanation

for this divergence is the effect of firm size (not shown in the figure). Firm size increases

almost steadily through the entire sample period (monotonically if measured in total assets

and with a slight dip in 2001 if measured in market capitalization). Rising firm size may

then explain why, from 1995 to 2000, CEO pay increases more steeply than do risk premia

and starts to rise again after 2003 when the decline of risk premia moderates.

[Figure 8]

The time pattern of cross-sectional variation is depicted in Figure 9. The figure plots

the coefficient of variation instead of the variance in order to avoid the mechanical effect of

the changing mean. The model appears to capture well the time-series pattern of the cross-

sectional variation, rising until 2001, and then falling back to the level of 1995. Apparently,

the cross-sectional variation in risk premia is sensitive to the level of risk aversion. For risk

aversion of three, the coefficient of variation rises from 8 percent to 25 percent between

1995 and 2001. For risk aversion of ten it rises from 60 percent to 260 percent, far exceeding

the variation in actual pay. Taken together, the time patterns of cross-sectional mean and

variation in risk premia suggests that risk alone is unable to match both first and second

moments of CEO pay. The high level of risk aversion needed to match the time-series

23



pattern of mean pay would lead to a counterfactual time pattern of the cross-sectional

variation.

[Figure 9]

Finally, Figures 10 and 11 depict the time-series of skewness and kurtosis. As noted

above in Section 4.4, the higher sample moments of risk premia do not exhibit much

sensitivity to risk aversion. Figures 10 and 11 illustrate that this is also true in the time-

series. While the model fits very well the overall level of higher moments of the pay

distribution it fails to capture the peak levels at the height of the dot-com bubble.

[Figures 10 and 11]

Taken together, the time-series pattern of cross-sectional moments suggests that risk

helps to explain a number features of the aggregate development of CEO pay, in particular

the rise and fall of average pay levels and cross-sectional variation over 1995-2005. However,

the extreme magnitudes of average pay levels and higher moments around the peak of the

dot-com bubble appear not be rationalizable by risk alone.

6 Conclusion

This paper employs a life-cycle model of consumption and saving to analyze the relationship

between the risk and level of CEO compensation. Under the assumption that CEOs have

the outside option of receiving a safe salary, the model generates quantitative predictions

about the variation in CEO pay that can be attributed to risk. The model incorporates

the various types of risk that executives of public corporations are exposed to, and thus

allows for an assessment of the contribution of these individual risks to the total variation

in pay.

A calibration of the model shows that, for typical levels of relative risk aversion, 20

percent of the cross-sectional variation and 30 percent of the observed increase in average

pay levels from 1995 to 2000 can be explained by risk alone. Risk premia also help explain

the pronounced inequality in CEO pay among the largest US corporations. In terms of

the importance of the different types of risk, equity-based pay and stock return volatility

contribute by far the most to the total variation in pay.

In interpreting these results it should be kept in mind that the model does not provide

for the possibility of actions that, ex post, reduce the effective risks that CEOs bear. Such

actions include backdating or repricing of options, earnings management, and excessive
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discretionary severance pay. In this sense, the risk premia calculated from the model can

be viewed as fair compensation for risk from an ex ante perspective, that is, assuming

compliance with the contractual agreements in place at the time of the grant.

This paper contributes to the debate about justified pay levels for corporate executives

and has important implications for the design of compensation packages. First, the model

provides a quantitative benchmark for variation in pay levels that keeps CEOs indifferent

to receiving a safe income. By implication, any observed, additional variation in pay must

affect CEO utility. The actual development of CEO pay levels over the past decades

indicates that nowadays CEOs are, indeed, much better off than they used to be. Second,

by quantifying the cost of the various types of risk, the model can be helpful for identifying

the least costly mix of incentives.
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A Numerical Solution of the Incentive Pay Life

Cycle Model

The maximization problem given by equations (8)-(13) has no closed form solution and has to
be solved numerically and recursively. It is well known that the problem can be written in the
recursive form

Vt(Mt, Yt) = max
{Cs}t+N

s=t

Et[
t+N∑
s=t

βs−tu(Cs)] = max
Ct

{u(Ct) + βEt[Vt+1(Mt+1, Yt+1)]} (A-1)

subject to the same constraints.

A.1 Homogeneity of the Value Function

To simplify the problem we can exploit the fact that the value function is homogenous of degree
1−ρ in cash-on-hand and labor income. By normalizing all variables by Yt, we can formulate the
problem in terms of the single state variable mt = Mt/Yt, the wealth-to-income ratio. It is easy
to show that the original value function, Vt(Mt, Yt) can then be written as a function of a newly
defined value function, vt, and scaled current income:

Vt(Mt, Yt) = vt(mt)Y
1−ρ
t (A-2)

where

vt(mt) = max
ct
{u(ct) + βEt[Γ

1−ρ
t+1 vt+1(mt+1)]} (A-3)

Thus one only needs to solve the simpler problem

max
ct
{u(ct) + βEt[Γ

1−ρ
t+1 vt+1(mt+1)]} (A-4)

subject to

at = mt − ct (A-5)

mt+1 = at
Rt+1

Γt+1
+ 1 (A-6)

Rt+1 = eηf rf+(ηt+ηzεz,s)rt+1 (A-7)

Γt+1 = Gtφ(rt+1)θ(rt+1) (A-8)

A.2 Computing the Consumption Function

The first order conditions for all periods prior to T − 1 are given by the Euler equation

u′(ct) = βEt[Γ
−ρ
t+1u

′(ct+1)Rt+1]
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where ct+1 = ct+1(mt+1) is the consumption function. Substituting for mt+1 and assuming CRRA
utility yields

c−ρt = βEt[Γ
−ρ
t+1[ct+1(as

Rt+1

Γt+1
+ 1)]−ρRt+1]

The solution to this equation involves the computation of the right hand side expectation.
This expectation is a function of two random variables: the stock return, rt+1, and the shock
due to dismissal, θt+1, which is itself a function of the stock return. Using the law of iterated
expectations one can split the expectation into two parts corresponding to the events of dismissal
and no job change:

c−ρt =βEt[Γ
−ρ
t+1[ct+1(at

Rt+1

Γt+1
+ 1)]−ρRt+1|θt+1 = λ]P [θt+1 = λ]

+βEt[Γ
−ρ
t+1[ct+1(at

Rt+1

Γt+1
+ 1)]−ρRt+1|θt+1 = 1]P [θt+1 = 1]

Substituting for Γt+1, and writing the conditional expectation as the integral over the appro-
priate conditional density, yields

c−ρt = β

∫
[Gtφ(rt+1)λ]−ρ

[
ct+1(at

Rt+1

Gtφ(rt+1)λ
+ 1)

]−ρ
R(rt+1)f(rt+1|θ = λ)drt+1 · P [θ = λ]

(A-9)

+ β

∫
[Gtφ(rt+1)]

−ρ[ct+1(at
R(rt+1)

Gtφ(rt+1)
+ 1)

]−ρ
R(rt+1)f(rt+1|θ = 1)drt+1 · P [θ = 1]

The first order condition for the next-to-last working period T − 1 is different. Due to the
deterministic nature of the problem for all periods from T to N , the consumption function at
period T is linear in wealth:

cT =
1− β1/ρ(1 + rf )1/ρ−1

1− (β1/ρ(1 + rf )1/ρ−1)N−T
·mT (A-10)

The first order condition for T-1 is then given by

u′(cT−1) = βET−1[Γ
−ρ
T u′(

1− β1/ρ(1 + rf )1/ρ−1

1− (β1/ρ(1 + rf )1/ρ−1)N−T
·mT )RT ]

Again, substituting for mT and assuming CRRA utility gives

c−ρT−1 = βET−1[Γ
−ρ
T

[
(

1− β1/ρ(1 + rf )1/ρ−1

1− (β1/ρ(1 + rf )1/ρ−1)N−T
· (aT−1

RT
ΓT

+ 1))
]−ρ

RT ]

A.3 Computing the Value Function

The (normalized) value function also needs to be computed numerically and recursively. Substi-
tuting optimal consumption into the value function gives

vt(mt) =
c∗t

1−ρ

1− ρ
+ βEt

{
Γ1−ρ
t+1 vt+1(mt+1)

}
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and replacing mt+1 and Γt+1 yields

vt(mt) =
c∗t

1−ρ

1− ρ
+ βEt

{
[Gtφ(rt+1)θt+1]

1−ρvt+1(at
Rt+1

[Gtφ(rt+1)θt+1]
+ 1)

}
Again, we can split up the expectation into two parts and write the expectation as the integral
over the conditional densities:

vt(mt) =
c∗t

1−ρ

1− ρ

+ β

∫
[Gtφ(rt+1)λ]1−ρvt+1(at

Rt+1

Gtφ(rt+1)λ
+ 1)f(rt+1|θt+1 = λ)drt+1 · P [θt+1 = λ] (A-11)

+ β

∫
[Gtφ(rt+1)]

1−ρvt+1(at
Rt+1

Gtφ(rt+1)
+ 1)f(rt+1|θt+1 = 1)drt+1 · P [θt+1 = 1]

A.4 The conditional distribution of stock returns

The solution of the life-cycle model requires integration over the stock return distribution condi-
tional on dismissal and no dismissal. Using Bayes’ rule for probability densities, these conditional
densities are given by

f(rt|θt = λ) = f(rt) ·
P [θt = λ|rt]
P [θt = λ]

(A-12)

f(rt|θt = 1) = f(rt) ·
P [θt = 1|rt]
P [θt = 1]

(A-13)

The empirical estimation of the conditional densities is detailed in Section 3.

B Comparing model-implied with empirical

moments

B.1 Correlation

This paper explores the proposition that part of the variation in CEO pay can be described by a
compensating risk premium that makes CEOs indifferent between the risks inherent in the pay
package they actually receive and a pay package implying average risks. For the cross-section the
model predicts that CEO pay depends on risk in the following way:

Yi = Y i × (1 + π(σi)) (B-1)

where Yi is CEO i’s pay, Y i is the safe income that CEO i could obtain (his safe outside option),
σi is the vector of risks that CEO i faces, and π is the risk premium that compensates the CEO for
these risk. The risk premium, π, is generally nonlinear in each of the risks σk,i, and, in addition,
depends on other parameters such as CEO age and the wealth-to-income ratio. Thus, sample
risk premia will not lie on a single line when plotted against the individual risks. In order to
facilitate comparison of model-implied and empirical risk premia, it is useful to log-linearize the
risk premium by writing equation (B-1) as

Yi ≈ eα0 × eα′
1σi (B-2)
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where eα0 corresponds to Y i, and the term eα
′
1σi approximates the gross risk premium 1 + π(σi).

In the log-linear specification, α1 is the vector of risk premia per unit of risk and σi is the vector
of the quantities of each risk that the CEO of firm i bears.

Empirically, the unit risk premium α1 can be estimated by a simple ordinary least squares
regression of log CEO pay on the risks, i.e. by estimating the regression equation

log(Yi) = α0 + α′1σi + εi (B-3)

When estimating empirical risk premia via regression equation (B-3) one might be worried
that firm size, the most important determinant of CEO pay, is omitted. Thus, in the empirical
specification, I include log firm size as an explanatory variable:

log(Yi) = α0 + α′1σi + α2 log(Sizei) + εi (B-4)

This is in an intuitive extension of the simple model (B-2), in which pay scales with firm size
according to a power law and a multiplicative risk premium:

Yi ≈ eα0 × eα′
1σi × Sizeα2

i (B-5)

One possible interpretation of this equation is that CEO pay is determined by two factors: talent
and risk. As in GL, CEOs are compensated for their marginal product of talent, which, in a
competitive assignment model, ranks with firm size. In addition, they receive a multiplicative
risk premium depending on the unit risk premium and the amount of risk they bear.

The model-implied counterpart to the vector empirical unit risk premia α1, is the sample
average of the derivative of log(Y i × (1 + π(σi))) with respect to σi. This derivative can be
obtained as the coefficient of a regression of the log risk premium log(1 + π(σi) on the vector of
risks. Note that in order to estimate the log-linearized risk premium implied by the model, there
is no need to account for firm size since the relationship if purely model-driven.

B.2 Explained Variance

R-squared. I denote by R-squared the fraction of the variance of log CEO pay that is explained
by risk alone - either by one particular type of risk or alternatively by all risks combined. The
empirical R-squared is simply the explained sum of squares from regression (30), denoted by
ESS1 divided by the total sum of squares, denoted by TSS:

R2 =
ESS1
TSS

(B-6)

The model-implied counterpart to the empirical R-squared is given by the fraction of the
model-implied explained sum of squares and the total sum of squares. The model-implied ex-
plained sum of squares for risk k is given by

ESS1 = (N − 1) · V ar(log(1 + π(σi))) (B-7)

where N is the number of observations in the cross-section.

Partial R-squared. I denote by partial R-squared the fraction of variance of CEO pay that
is explained by the component of risk that is orthogonal to firm size. For the empirical partial
R-squared this can be done by
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1. regressing log pay on log firm size and taking the residual ε1,i:

log(Yi) = α0 + α1 log(Sizei) + ε1,i (B-8)

I denote the residual sum of squares of this regression by RSS.

2. regressing each of the risks, σk, on log firm size and taking the residual ε2,i:

σk,i = α0 + α1 log(Sizei) + ε2,i (B-9)

3. regressing ε1,i on ε2,i:

ε1,i = α0 + α1ε2,i (B-10)

4. computing the explained sum of squares of regression (B-10), denote it by ESS2.

5. computing partial R-squared as:

R2
partial =

ESS2
TSS

(B-11)

To obtain the model-implied counterpart to the empirical partial R-squared I obtain the
residuals from regression (B-9) and use these size-adjusted risks as inputs for the model. The
model-implied explained sum of squares is then given by

ESS2 = (N − 1) · V ar(log(1 + π(σadj.i ))) (B-12)

and the partial R-squared is obtained as the fraction of the model-implied ESS2 and the total
sum of squares, TSS.

Residual R-squared. Finally, I compute the fraction of the residual variance (after controlling
for firm size) that is explained by the component of risk orthogonal to size. Residual R-squared
is given by

R2
residual =

ESS2
RSS

(B-13)

B.3 Higher moments

For space reasons I report skew and kurtosis statistics only for total risk, not for the individual
risks separately. Also, I simply compare model-implied higher moments with the actual higher
moments of CEO pay, not the higher moments generated by the empirical model. I compute the
skew and kurtosis as

Skew =
µ3

σ3
(B-14)

Kurtosis =
µ4

σ4
(B-15)

where µ3 is the third central moment and σ is the standard deviation of the variable of interest.
The empirical statistics are simply the skew and kurtosis of total pay. The model-implied statistics
are computed from the gross risk premium on all risks, 1 + π(σi).
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Table 1: Descriptive statistics. This table reports descriptive statistics for CEOs and firms in the
Execucomp database over the period 1993-2005. Panel A contains compensation data. Total compensation
is the sum of salary, bonus, the Black-Scholes value of options granted, the market value of restricted stocks
granted, and other compensation. Panel B reports turnover statistics. Panel C contains firm characteristics.
Market capitalization is the market value of equity plus the book value of debt. Volatility is computed as
the sample variance of daily stock returns over a given year. Total compensation, mean and volatility of
stock returns are winsorized at the top and bottom 0.5 percent. All quantities are inflation-adjusted to
constant 2000 dollars using the Bureau of Economic Analysis GDP deflator.

Panel A: CEO compensation
Mean Median Std Observations

Total compensation [$1000] 4011.50 2078.02 6036.03 21160
Salary [$1000] 622.35 566.58 333.44 21160
Bonus [$1000] 689.28 358.20 1263.50 21160
Black-Scholes value of option grant [$1000] 1910.17 552.18 4547.29 21160
Value of restricted stock grant [$1000] 393.56 0.00 1551.40 21160
Other compensation [$1000] 212.47 37.67 990.08 21160
Options-based pay [%] 0.33 0.29 0.29 21160
Stock-based pay [%] 0.06 0.00 0.14 21160

Panel B: CEO turnover
# turnovers # involuntary # voluntary

Turnover statistics 2426 639 1855

Panel C: Firm characteristics
Mean Median Std Observations

Market capitalization [$m] 12082.95 1949.32 50334.41 18425
Total assets [$m] 10578.76 1380.03 48393.26 21352
Market-to-book 2.09 1.50 2.51 18425
Mean stock return 0.19 0.12 0.59 21103
Volatility 0.40 0.36 0.18 20875

Panel D: CEO characteristics
Mean Median Std Observations

Age 55.63 56.00 7.60 21146
Tenure 7.80 5.00 7.29 19731
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Table 2: Performance regressions. This table reports pay-performance (Panel A) and turnover-
performance regressions (Panel B). Row one to eleven of each panel contain estimates for two-year rolling
window regressions. The last row of each panel reports estimates for the entire sample period 1995-2005.
The regression equation for the pay-performance regressions is ∆ log(Yi,t) = α0 + α1ri,t + α2Φ(σ2

i,t) +

α3ri,t×Φ(σ2
i,t) + νj + ri,t× νj + εi,t, where Y is CEO pay. The probit model for the turnover-performance

regressions is Prob(Di,t = 1|·) = Φ(α0+α1ri,t+α2Φ(σ2
i,t)+α3ri,t×Φ(σ2

i,t)+νj +ri,t×νj), where Di,t is the

dismissal indicator, ri,t is the stock return, Φ(σ2
i,t) is the sample cumulative distribution function of stock

return volatility, and νj is a vector of industry dummies. The industry dummies follow the Fama-French
(1997) classification into 12 industries. The coefficients of the industry dummies and their interactions with
the stock return are omitted to save space. Standard errors are clustered at the firm level and reported in
brackets. *** significant at the 1% level, ** significant at 5% level, * significant at 10% level.

Panel A: Pay-performance regressions
Return

Return Φ(σ2) ×Φ(σ2) Constant Observations
Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E.

1995 0.23 [0.17] -0.18*** [0.07] -0.19 [0.17] 0.11** [0.05] 2168
1996 -0.01 [0.17] -0.13** [0.06] 0.03 [0.18] 0.17*** [0.05] 2554
1997 -0.07 [0.19] 0.00 [0.06] 0.02 [0.16] 0.14** [0.06] 2550
1998 0.23 [0.14] 0.02 [0.07] -0.13 [0.15] 0.04 [0.06] 2488
1999 0.13 [0.13] -0.02 [0.07] 0.18 [0.14] 0.06 [0.06] 2543
2000 0.04 [0.16] -0.17** [0.07] -0.07 [0.17] 0.10* [0.06] 2583
2001 0.18 [0.19] -0.19** [0.08] -0.29 [0.18] 0.15** [0.07] 2571
2002 0.15 [0.19] -0.16** [0.08] -0.23 [0.19] 0.16** [0.07] 2628
2003 -0.05 [0.18] -0.22*** [0.06] 0.03 [0.19] 0.11* [0.06] 2672
2004 0.39*** [0.13] -0.07 [0.06] -0.23 [0.14] 0.07 [0.06] 2710
2005 0.40*** [0.12] 0.19*** [0.06] -0.38*** [0.12] 0.02 [0.06] 2719
1995-2005 0.13** [0.05] -0.11*** [0.03] -0.10* [0.05] 0.12*** [0.03] 14298

Panel B: Turnover-performance regressions
Return

Return Φ(σ2) ×Φ(σ2) Constant Observations
Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E.

1995 -2.05*** [0.56] 0.57** [0.28] 1.41* [0.85] -2.57*** [0.27] 1975
1996 -1.01* [0.59] 0.89*** [0.26] 0.67 [0.76] -2.39*** [0.23] 2389
1997 -0.39 [0.45] 0.58** [0.26] 0.13 [0.60] -2.00*** [0.20] 2510
1998 -1.66*** [0.56] 0.20 [0.24] 0.80 [0.61] -1.58*** [0.19] 2545
1999 -1.99*** [0.49] 0.32 [0.22] 0.77 [0.52] -1.82*** [0.20] 2590
2000 -1.78*** [0.67] 0.48* [0.25] 0.93 [0.65] -2.21*** [0.26] 2647
2001 -3.06*** [0.85] 0.49* [0.27] 1.85*** [0.65] -2.74*** [0.35] 2528
2002 -2.25** [0.94] 0.25 [0.31] 1.18 [0.93] -2.48*** [0.32] 2673
2003 -2.82** [1.18] 0.47 [0.30] 0.37 [1.00] -2.79*** [0.42] 2720
2004 -0.85 [0.81] 0.41 [0.27] 0.61 [0.54] -2.11*** [0.24] 2657
2005 -1.46*** [0.40] -0.09 [0.26] 1.81*** [0.49] -1.64*** [0.21] 2593
1995-2005 -1.52*** [0.28] 0.47*** [0.10] 1.10*** [0.28] -2.06*** [0.17] 15804
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Table 3: Parameter description and baseline values. This table summarizes the parameters of the
model as well as their average sample values. See Section 3 for details on the calibration of the parameters.

Parameter Description Average sample values
m Wealth-to-income ratio 4
γ0 Expected income growth rate 0.03
γ1 Pay-performance sensitivity 0.11
T Years until retirement 12
α0 Intercept of probit model -1.81
α1 Turnover-performance sensitivity -0.45
ηs Percentage of wealth invested in company stock 3.09%
ηz Percentage of wealth invested in company options 16.32%
µ Mean stock return 12.00%
σ2 Variance of stock return 19.55%
rf Risk free rate 6.00%
εzs Elasticity of the option value with respect to the stock price 1.5
β Discount factor 0.98
1− λ Percentage drop in income following dismissal 0.5
ρ Coefficient of relative risk aversion varying

Table 4: Sample distribution of risks to CEO income and wealth. This table reports sample
statistics of the various risks to CEO income and wealth.

Risk Model parameter / quantity Mean Std Q25 Q50 Q75
Option holdings ηz 0.163 0.145 0.000 0.147 0.273
Stock holdings ηs 0.031 0.071 0.000 0.000 0.000
Dismissal Φ(α0 + α1r)f(r)dr 0.035 0.017 0.022 0.032 0.047
Pay-performance γ1 0.123 0.089 0.049 0.120 0.184
Volatility σ2 0.196 0.168 0.078 0.140 0.259
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Table 5: Cross-sectional correlations. This table presents empirical and model-implied cross-sectional
correlations between the various risks and log CEO pay. The rows report statistics for the different types
of risk. The second column reports the coefficients and standard errors of a panel regression of log
CEO pay on the various risks, log firm size and year dummies. The regression equation is log(Yi,t) =
α + βσi,t + log(Sizei,t) + ψt + εi,t, where Y is total CEO pay, σ is the vector of risks, Size is firm size
measured as market capitalization, ψt is a vector of year dummies, and εi,t is an error term. Columns three
to six contain the model-analogues to the empirical coefficients. They are estimated via panel regressions
with year fixed effects of the log gross risk premium, log(1 + π(σi) on the risks, σi. See Appendix B.1
for details on the computation of empirical and model-implied correlations. Standard errors are clustered
at the firm level and reported in brackets. *** significant at the 1% level, ** significant at 5% level, *
significant at 10% level.

Empirical Model
Risk ρ = 2 ρ = 3 ρ = 5 ρ = 10
Option holdings 3.46*** 1.70*** 2.13*** 3.52*** 9.09***

[0.08] [0.02] [0.02] [0.02] [0.06]
Stock holdings 3.69*** 1.16*** 1.48*** 2.51*** 7.52***

[0.13] [0.02] [0.02] [0.03] [0.10]
Dismissal 2.33** 4.49*** 5.49*** 7.62*** 11.14***

[1.03] [0.04] [0.04] [0.06] [0.10]
Pay-performance 0.75*** 0.42*** 0.64*** 1.11*** 2.09***

[0.17] [0.00] [0.01] [0.01] [0.02]
Volatility -0.20** 1.21*** 1.64*** 2.84*** 7.02***

[0.09] [0.01] [0.01] [0.03] [0.09]
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Table 6: Cross-sectional R-squared. This table presents empirical and model-implied cross-sectional
R-squared statistics. Panel A reports R-squared, computed as the fraction of the total variance of log CEO
pay explained by the various risks. Panel B reports partial R-squared, computed as the fraction of the total
variance of log CEO pay explained by the size-orthogonal components of the risks. Panel C reports residual
R-squared, computed as the fraction of the size-orthogonal component of log CEO pay explained by the
size-orthogonal component of the risks. The top five rows in each panel report R-squared statistics for each
type of risk separately, the bottom row contains R-squared for all risks combined. The second column in
each panel contains empirical R-squared statistics obtained from panel regressions with year fixed effects
of log CEO pay on the respective risks (Panel A), or the size-orthogonal components of these variables
(Panel B and C). Columns three to six contain the model-analogues to the empirical R-squared statistics,
computed as the observation-weighted time-series average of the cross-sectional R-squared statistics. The
theoretical R-squared uses model-implied risk premia to compute explained variance, computed from total
(Panel A) or the size-orthogonal components of the risks (Panel B and C). See Appendix B for details on
the computation of the various R-squared statistics.

Panel A: R-squared
Empirical Model

Risk ρ = 2 ρ = 3 ρ = 5 ρ = 10
Option holdings 0.24 0.06 0.10 0.27 1.11
Stock holdings 0.06 0.06 0.08 0.18 0.66
Dismissal 0.03 0.00 0.01 0.01 0.03
Pay-performance 0.01 0.00 0.00 0.00 0.02
Volatility 0.03 0.03 0.06 0.18 0.83
All risks 0.42 0.15 0.19 0.33 0.96

Panel B: Partial R-squared
Empirical Model

Risk ρ = 2 ρ = 3 ρ = 5 ρ = 10
Option holdings 0.19 0.06 0.09 0.25 1.03
Stock holdings 0.02 0.01 0.01 0.03 0.20
Dismissal 0.01 0.00 0.01 0.01 0.02
Pay-performance 0.01 0.00 0.00 0.00 0.02
Volatility 0.01 0.03 0.05 0.14 0.62
All risks 0.25 0.14 0.18 0.31 0.94

Panel C: Residual R-squared
Empirical Model

Risk ρ = 2 ρ = 3 ρ = 5 ρ = 10
Option holdings 0.31 0.10 0.16 0.43 1.75
Stock holdings 0.03 0.01 0.02 0.05 0.35
Dismissal 0.02 0.01 0.01 0.02 0.04
Pay-performance 0.02 0.00 0.00 0.01 0.03
Volatility 0.02 0.04 0.08 0.23 1.06
All risks 0.40 0.24 0.30 0.53 1.60
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Table 7: Cross-sectional skewness and kurtosis. This table presents empirical and model-implied
cross-sectional skewness and kurtosis statistics. The coefficient of skewness, reported in Panel A, is calcu-
lated as the ratio of the third centered moment and the standard deviation raised to the third power. The
kurtosis, reported in Panel B, is calculated as the ratio of the fourth centered moment and the standard
deviation raised to the fourth power. The top part of each panel contains statistics for gross risk premia
generated by the individual risks (rows one to five) and all risks combined (row six). The columns contain
the respective statistics by degree of relative risk aversion, ρ. The bottom part of each panel reports the
skewness and kurtosis of total CEO pay. All statistics are computed as the observation-weighted mean of
the cross-sectional statistics for each year in 1995-2005. See Appendix B for details on the computation of
the skewness and kurtosis statistics.

Panel A: Skewness
Model

Risk ρ = 2 ρ = 3 ρ = 5 ρ = 10
Option holdings 1.84 1.88 2.27 2.99
Stock holdings 3.96 3.87 4.13 5.12
Dismissal 0.40 0.44 0.34 0.10
Pay-performance 0.59 0.59 0.57 0.58
Volatility 1.61 2.06 2.83 3.61
All risks 3.41 3.29 3.22 3.49

Data
Skewness of CEO pay: 3.66

Panel B: Kurtosis
Model

Risk ρ = 2 ρ = 3 ρ = 5 ρ = 10
Option holdings 7.21 7.00 8.70 12.88
Stock holdings 22.21 21.47 24.12 33.69
Dismissal 2.97 2.99 2.83 2.40
Pay-performance 3.53 3.53 3.50 3.32
Volatility 5.83 8.29 13.05 18.15
All risks 16.49 15.29 14.32 16.07

Data
Kurtosis of CEO pay: 22.70
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Table 8: Mean and variation in CEO pay and risk premia over time. This table reports the
sample mean (Panel A ) and coefficient of variation (Panel B) of CEO pay and gross risk premia for each
year in 1995-2005. The yearly means are expressed as a fraction of the 1995 mean. The second column
in each panel contains the respective cross-sectional statistics for total CEO pay. Columns three to six
contains sample statistics for gross risk premia calculated for different degrees of risk aversion.

Panel A: Mean (1995=1)
Data Model

Year ρ = 2 ρ = 3 ρ = 5 ρ = 10
1995 1.00 1.00 1.00 1.00 1.00
1996 1.27 1.04 1.04 1.03 1.05
1997 1.54 1.07 1.08 1.10 1.15
1998 1.64 1.15 1.19 1.29 1.39
1999 1.99 1.14 1.19 1.33 1.54
2000 2.36 1.23 1.28 1.46 1.81
2001 2.22 1.25 1.30 1.49 1.84
2002 1.83 1.26 1.31 1.49 1.80
2003 1.68 1.13 1.18 1.33 1.52
2004 1.85 1.14 1.16 1.23 1.41
2005 1.89 1.12 1.16 1.24 1.38

Panel B: Coefficient of variation
Data Model

Year ρ = 2 ρ = 3 ρ = 5 ρ = 10
1995 0.82 0.05 0.08 0.22 0.58
1996 0.92 0.06 0.09 0.23 0.62
1997 1.00 0.07 0.12 0.32 0.86
1998 1.04 0.10 0.17 0.47 1.40
1999 1.26 0.11 0.18 0.51 1.66
2000 1.34 0.15 0.25 0.76 2.20
2001 1.41 0.19 0.31 0.86 2.66
2002 1.14 0.19 0.30 0.84 2.37
2003 1.07 0.12 0.20 0.57 1.87
2004 0.98 0.09 0.13 0.34 1.18
2005 1.01 0.08 0.14 0.38 1.18
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(Table 8 continued)

Panel C: Skewness
Data Model

Year ρ = 2 ρ = 3 ρ = 5 ρ = 10
1995 3.53 3.66 3.85 3.70 3.64
1996 3.50 3.37 3.43 3.89 4.27
1997 3.65 3.44 3.60 3.56 3.66
1998 3.90 3.38 3.38 3.29 3.06
1999 4.09 3.30 2.92 3.10 3.31
2000 6.22 3.18 3.18 3.09 3.48
2001 4.85 3.00 2.79 2.65 3.71
2002 2.69 3.25 2.91 2.76 3.72
2003 2.63 3.31 3.28 3.10 3.47
2004 2.65 3.85 3.25 2.93 3.04
2005 2.86 3.72 3.56 3.27 3.06

Panel D: Kurtosis
Data Model

Year ρ = 2 ρ = 3 ρ = 5 ρ = 10
1995 19.59 18.79 20.25 18.53 17.24
1996 21.26 16.60 16.36 19.79 23.57
1997 22.34 16.46 17.19 16.55 17.47
1998 25.17 15.92 15.76 14.66 12.29
1999 26.06 16.03 12.05 13.48 14.45
2000 65.56 13.82 13.89 13.23 15.90
2001 34.52 12.91 11.34 10.02 18.00
2002 12.72 15.27 12.26 10.70 17.70
2003 11.87 14.65 14.96 13.19 15.68
2004 12.08 20.38 15.04 12.24 12.62
2005 13.74 19.98 18.69 14.89 12.25
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Figure 1: Average CEO pay. This figure depicts average CEO pay of Execucomp firms (indicated by
bar height), and its components over 1993-2005. Total pay includes salary, bonus, restricted stock, option
grants (valued using the Black-Scholes formula), and other compensation. Total CEO pay is truncated at
the 0.5 percent level and inflation-adjusted to constant 2000 dollars using the Bureau of Economic Analysis
GDP deflator.
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Figure 2: Dismissal rates. This figure depicts forced CEO turnover rates over 1993-2005 for Execucomp
firms. Underlying data is from Jenter and Kanaan (2008) for 1993-2000 and Peters and Wagner (2009) for
2001-2005.
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Figure 3: Fraction of option-based pay. This figure shows value- and equally weighted fractions of
option-based pay over 1993-2005 for the CEOs of Execucomp firms.
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Figure 4: Fraction of stock-based pay. This figure shows value- and equally weighted fractions of
stock-based pay over 1993-2005 for the CEOs of Execucomp firms.
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Figure 5: Stock return volatility over time. This figure depicts the yearly mean and median stock
return variances over 1993-2005 for Execucomp firms. Variances are computed using daily stock returns
over the two years preceding the respective fiscal year. The yearly means are computed as equally weighted
averages.
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Figure 6: Pay-performance sensitivities over time. This figure depicts pay-performance sensitivities
over time. The regression equation is ∆ log(Yi,t) = γ0+γ1ri,t+γ2Φ(σ2

i,t)+γ3Φ(σ2
i,t)×ri,t+νj+νj×ri,t+εi,t.

ϑt is a vector of year dummies, νj is a vector of industry dummies corresponding to 12 Fama-French industry
groups. The regression is run over two-year rolling windows, and the figure plots the cross-sectional median
pay-performance sensitivity, γ̂1 + γ̂3 × 0.5, for each year. The two dashed lines represent 95% confidence
bounds.
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Figure 7: CEO pay and risk premia in the cross-section. The top figure shows a scatter plot of log
CEO pay, against the log gross risk premium, log(1 + π(σi)) for risk aversion of three. Both variables are
adjusted by their yearly means to reflect cross-sectional variation only. For the bottom figure both CEO
pay and risks are, in addition, adjusted for firm size. The solid lines represent fitted linear regressions of
the data points.
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Figure 8: Average CEO pay and risk premia for different degrees of risk aversion. This figure
depicts average CEO pay (thick, solid line) and cross-sectional risk premia over 1995-2005 for different
degrees of relative risk aversion, ρ.
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Figure 9: Cross-sectional variation in risk premia and CEO pay. This figure depicts the coefficient
of variation of CEO pay (thick, solid line) and gross risk premia for different degrees of relative risk aversion,
ρ, over 1995-2005.
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Figure 10: Skewness of CEO pay and risk premia for different degrees of risk aversion. This
figure depicts skewness of CEO pay (thick, solid line) and gross risk premia for different degrees of relative
risk aversion, ρ, over 1995-2005.
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Figure 11: Kurtosis of CEO pay and risk premia for different degrees of risk aversion. This
figure depicts kurtosis of CEO pay (thick, solid line) and gross risk premia for different degrees of relative
risk aversion, ρ, over 1995-2005.
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