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Abstract

We find that some notable time trends in equity- and option-based

CEO pay parallel firm’s idiosyncratic—rather than systematic—stock-

return volatility. We propose an adverse selection model of CEO talent

embedding these sources of volatility. The slope of the compensation

scheme reflects uncertainty about both CEO talent and outside wage

opportunities. Relative performance evaluation is only obtained un-

der certain separability conditions on the performance measure. We

evaluate the incentive pay gap associated with our agency problem

over various firm’s characteristics and CEO factors. The gap becomes

most evident for large firms, new-economy firms, and R&D-intensive

firms.

Keywords: Managerial talent, adverse selection, incentive pay, idiosyncratic

risk, relative performance evaluation (RPE), firm’s size, CEO age.
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We hire smart people so they can tell us what to do.

–Steve Jobs

1 Introduction

Economists have long been concerned with the relationship between firm’s

risk and incentive pay, but empirical research has not been so telling in iden-

tifying relevant sources of volatility together with the added effects of firm’s

characteristics and job-related factors. In the prototypical moral-hazard

model, the agent must be motivated to exert effort. Under risk aversion,

the optimal contract should strike a good balance between incentives and

insurance. Then, the correlation between firm’s risk and incentive pay would

be negative. As explained below, for CEO compensation this negative corre-

lation is not broadly supported by the empirical evidence. Further, we find

that firm’s idiosyncratic—rather than systematic—stock-return volatility ap-

pears to be a main driver of incentive CEO pay.

With the goal of contributing to a vast literature on executive pay and in-

centives, we present some stylized facts relating CEO compensation to firm’s

risk. We reexamine how the risk-incentive trade-off is also affected by firm’s

characteristics (size, idiosyncratic and systematic volatility, new economy,

R&D), and CEO-specific factors (age, tenure, chair of the board). We then

depart from the moral hazard framework, and consider an adverse selection

model of CEO talent embedding these sources of volatility. The optimal

contract preserves this positive relationship between firm’s risk and incentive

CEO pay. Based on the structure of CEO compensation, we evaluate the

incentive-pay gap associated with our agency problem. The gap becomes

most evident for large firms, new-economy firms, and R&D-intensive firms.
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All this evidence lends support to theories of managerial talent in accounting

for the variability of incentive CEO pay.

Therefore, as a first step we want to dig into the sources of variation and

propagation channels linking firm’s risk to incentive CEO pay. Researchers1

have been especially concerned with two notable changes in the composition

of CEO pay over time: the rise of stock-option rewards in the 1990s and

the progressive shift from stock options to stock grants in the 2000s. The

share of equity-based pay in CEO compensation, hereafter referred to as

the equity-based pay ratio,2 increased dramatically in the first period, but

become flatter in the second period. More specifically, the median option-

based pay ratio went up from 0.33 in 1992 to 0.55 in 1999, while the median

stock-based pay ratio remained relatively stable around 0.20. The trend

towards substitution of stock awards for stock option grants that started

around the turn of the century is one of the most puzzling, well-documented

facts on CEO compensation. Between 2000 and 2022, the median option-

based pay ratio decreased from 0.55 to 0.22, while the median stock-based

pay ratio increased from 0.23 to 0.59.

These robust trends in the structure of CEO pay mirror some structural

changes in fundamentals. In particular, there have been pronounced breaks

in the level and composition of firm’s risk. The volatility of stock returns

has trended downwards since about 2003 along with a progressive decline in

idiosyncratic volatility. There has been an increase in systematic volatility

from about 2008 to 2012. New-economy firms, traditionally characterized

by higher risk, have experienced a significant decrease in their stock-return

1See Edmans, Gabaix and Jenter (2017), Frydman and Saks (2010), and Murphy (2013)
for some recent reviews on executive compensation. In general, these authors follow an
eclectic approach ranging from models of job assignment and moral hazard, the rent ex-
traction view, and the impact of institutional factors.

2Definitions, data sources, and other technicalities are explained in the Online Ap-
pendix.
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volatility to levels comparable to those of the rest of the economy. Coinci-

dently, these firms have played a very proactive role in the gradual switch

from stock-option pay to stock compensation—their median option-based

pay ratio dropped from 0.81 in 2000 to 0.35 in 2022. In fact, all firms have

shifted the structure of incentive compensation towards stock-based pay.

Higher idiosyncratic volatility is associated with a greater share of stock-

and option-based pay in CEO contracts. Hence, the source of risk matters for

the structure of CEO pay. Moreover, while it is difficult to identify the dis-

persion in manager’s outside wage options, we do look at the cross-sectional

volatility of CEO pay, and document that it is higher for large firms. We

propose to study a principal-agent model of asymmetric information embed-

ding these sources of volatility. The principal intends to sort out managerial

talent through an incentive contract. After considering various settings and

equilibrium conditions, the model attests for a robust positive relationship

between firm’s risk and incentive CEO pay. The slope of the contract reflects

the severity of the adverse selection problem—talent is more difficult to iden-

tify under greater uncertainty about the productivity of the manager within

the company and greater dispersion of the manager’s outside wage oppor-

tunities. This allows for a natural interpretation of the more intense use of

incentives for CEOs in firms with greater stock-return volatility and R&D-

intensity, large companies with a high degree of organizational complexity

and a broad pool of candidates, new-economy firms using frontier technolo-

gies, young firms trying to consolidate their business models, as well as for

young CEOs with less established track records. We also address the weak

evidence of relative performance evaluation (RPE) in CEO contracting. In

our model, RPE only holds if the performance measure is weakly separable

on managerial talent and internal productivity factors; i.e., systematic risk

should not affect CEO’s ability to handle idiosyncratic risk. Hence, RPE
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can be a rather limiting condition in global corporations in which a CEO

should be evaluated for the ability to leverage out the company under var-

ious economic circumstances and opportunities associated with systematic

uncertainty. Nonetheless, RPE should prevail in optimal payment schemes

for middle management and other employees dealing with internal aspects of

the corporation.

Principles for incentivizing high-intensity work or strenuous task perfor-

mance may not be so relevant when the primary goal is attracting top man-

agerial talent. This is exemplified in some salient cases of prominent execu-

tives commanding very low base salaries (e.g., one-dollar pay) and substantial

amounts of equity. Most high-profile CEOs already own substantial shares

of their companies and so a prototypical moral hazard model (Holmstrom,

1979; Holmstrom and Milgrom, 1987) should essentially predict a flat wage.

Indeed, moral hazard models have spurred controversy3 about the sign of the

risk-incentive trade-off, the agency problem and structure of compensation

in large and new-economy firms, the mixed evidence on career concerns, and

the common lack of RPE. Assignment models (Gabaix and Landier, 2008;

Tervio, 2008) are concerned with the level of CEO pay but typically abstract

from the provision of incentives.4 As in these latter models, we accentuate

the importance of managerial talent, but analyze how changes in the dis-

tribution of managerial talent and asymmetric information frictions reshape

incentive pay. Other approaches to executive compensation advocate for rent

extraction (Bertrand and Mullainathan, 2001; Bebchuk, Fried, and Walker,

3Various extensions have been proposed for moral hazard to fit certain facts; e.g., see
Demsetz and Lehn (1985), Gibbons and Murphy (1992), Holmstrom (1999), Prendergast
(2002), Garvey and Milbourn (2003), Hong and Scheinkman (2015). In general, incentive-
based explanations for CEO-compensation based on moral hazard would entail implausible
effort disutility; e.g., Oyer and Schaefer (2005).

4Hybrid models merging assignment with unobservable effort [Edmans, Gabaix and
Landier (2009), Baranchuk, MacDonald and Yang (2011)] face similar challenges to fit our
stylized facts below.
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2002) and institutional factors (Murphy, 2013), but their applications have

generally been of limited scope.

The paper is organized as follows. Section 2 goes over some stylized facts

along with a formal econometric analysis on the determinants of the level

and structure of CEO compensation. This empirical evidence would serve

to motivate our adverse selection analytical framework in Section 3. We

characterize the optimal contract, and relate RPE to separability conditions

involving manager’s ability to harness firm’s idiosyncratic and systematic

risks. Section 4 extends the analysis to an equilibrium sorting framework of

multiple firms and managerial types under CARA preferences. In Section

5 we contrast the predictions of our model and assess the incentive CEO

pay gap attributed to our asymmetric information friction. Section 6 con-

cludes. All graphs and tables referred to in the text appear at the end of the

manuscript. The Online Appendix presents an extended model, definitions

of all variables, and supporting material for our empirical work.

2 Empirical Analysis

2.1 Data Sources, Definitions, and Descriptive Statis-

tics

All executive compensation data have been taken from ExecuComp and cover

the firms in the S&P Composite 1500 (S&P 500, S&P MidCap 400, and S&P

SmallCap 600) for the period June 1992 – March 2023. We have data for

10,158 CEOs from 3,895 companies for a total of 61,749 CEO-year matches.

Balance sheet data for each company come from Compustat, while corre-

sponding prices and returns are taken from CRSP. Nominal values are con-

verted to 2005 constant prices using the CPI of the US Bureau of Labor
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Statistics.

Total CEO compensation is calculated as grant-date value. We use four

metrics to characterize the structure of CEO compensation. The equity-

based pay ratio is the share of equity-based pay (ex-ante value of stock and

option awards) in CEO’s total compensation. The stock- and option-based

pay ratios are defined accordingly. The option-to-equity pay ratio is the share

of stock option grants in CEO’s equity-based compensation. Total CEO com-

pensation is positively skewed and exceeds $100 million in 68 observations.

The mean value has gone from $2.29 million in 1992 to $5.95 million in 2022,

and the median value from $1.47 million in 1992 to $4.43 million in 2022.

For a typical CEO, equity-based pay makes up for 58.6% of total pay, and

stock options make up for 36.4% of equity-based pay. The typical CEO is 55

years old and has spent 5 years as CEO of the company, and is serving as a

chair of the board in 40.7% of all observations.

A typical firm has a market capitalization of $1.5 billion, and 4.3 thousand

employees. We measure firm’s volatility as the standard deviation of firm’s

stock return. More specifically, we decompose firm’s monthly log returns into

the idiosyncratic and systematic components over the market return, and use

the standard deviations of these returns as proxies for firm’s idiosyncratic

and systematic risks.5 The average idiosyncratic volatility is about twice the

average systematic volatility. We consider several other characteristics; e.g.,

a dummy for new-economy firms as defined in Ittner, Lambert, and Larcker

(2003), R&D-intensity (the ratio of R&D-expenditure to net sales), and firm’s

age (years after IPO). About 9.2% of all observations can be attributed to

new-economy firms. We focus on companies with positive R&D-intensity.

5Idiosyncratic and systematic returns are traditionally measured by estimating a mar-
ket model, CAPM, or the three-factor Fama-French model. A regression-free alternative
is the average measure of Campbell et al. (2000). For further discussion, see, e.g., Jin
(2002) and Bali and Cakici (2008).
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We have R&D-intensity data for only 54% of all observations and out of

them the positive ones are 76%. The median R&D-intensity is 5%. Firm’s

median age has increased from around 4 years in 1992 to 22 years in 2022.

2.2 Stylized Facts

We begin our empirical analysis with seven stylized facts that link the evo-

lution and structure of CEO compensation to stock-return volatility over

salient firm- and executive-specific factors. We first highlight the dramatic

changes in the structure of CEO compensation over time.

Composition of CEO pay: Trends in the Shares of Stock and Option

Grants Figure 1a presents the evolution of the equity-, stock- and option-

based pay ratios for all firms, whereas Figure 1b refers to new-economy firms.

Fact 1. The equity-based pay ratio has trended upwards. In the 1990s,

the option-based pay ratio increased dramatically, while the stock-based pay

ratio hardly budged. Since the early 2000s, the option-based pay ratio has

been steadily decreasing, while the stock-based pay ratio has been on the rise.

Equity-based pay ratios have been consistently higher for new-economy firms.

The equity-based pay ratio increased pronouncedly in the 1990s, mostly

decreased in the 2000s, marked by the burst of the dot-com bubble and the

Great Recession, and continued to grow at a slower but steady pace in the

2010s. Essentially, this ratio was driven by a doubling of stock-option grants

in the 1990s, and a later progressive switch over the following years from

options to stock awards, with the latter becoming the largest component of

CEO compensation. Bettis et al. (2018) suggest that equity-based awards are

still characterized by significant compensation convexity due to the increase

of performance-vesting provisions.

While the structure of CEO pay in new-economy firms follows similar

9



trends, their equity-based pay ratio is about 11 percentage points higher than

for old-economy firms. The gap was above 20 percentage points in the 1990s,

and dropped significantly after the burst of the dot-com bubble—remaining

flat at around 9 percentage points ever since.

Firm’s Stock-Return Volatility: Trends in Idiosyncratic and Sys-

tematic Risks Figure 2 details the evolution of firm’s total, idiosyncratic

and systematic stock-return volatility for new-economy, old-economy, and

other firms.

Fact 2. Firm’s stock-return volatility has peaked in the aftermath of each

of the three recessions in our sample period (the early 2000s recession, the

Great Recession, and the Covid-19 pandemic). The first peak was a cul-

mination of a period of soaring idiosyncratic risk, while the next two were

preceded by a pronounced increase in systematic risk. New-economy firms,

which were especially affected by the first peak in stock-return volatility, have

since experienced a considerable decrease in their risk relative to the rest of

the economy; their idiosyncratic risk has trended downwards.

We observe considerable shifts in the composition of firm’s risk over time.

While idiosyncratic risk tends to dominate systematic risk and has been the

main driver of the increase in total risk in the later stages of the dot-com bub-

ble followed by the early 2000s recession, its relative importance has shrunk

considerably during the two latest high-volatility episodes. Our results are

consistent with several other papers in the literature. Campbell et al. (2001)

document a substantial increase of firm-level volatility relative to industry

and market volatility in the last four decades of the 20th century.6 Brandt et

6This positive trend in idiosyncratic volatility has been attributed to the rise in insti-
tutional ownership (Bennett, Sias and Starks, 2003; Malkiel and Xu, 2003), the increase
in product market competition (Gaspar and Masa, 2006; Irvine and Pontiff, 2009), and
changes in firms’ characteristics such as firm’s profit volatility (Wei and Zhang, 2006), age
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al. (2010) show that the 1990s surge of idiosyncratic volatility is followed by

a trend reversal in the early 2000s. Bartram, Brown and Stulz (2018, working

paper) show that idiosyncratic risk in 2013-2017 is significantly lower than

idiosyncratic risk in 1996-2000 and attribute the result to differences in the

size and age of listed firms.

New-economy firms saw both their idiosyncratic and systematic risk soar

during the dot-com bubble. Interestingly, after the crash of the bubble, their

stock-return volatility as well as its idiosyncratic and systematic components

converged to those of a typical company in our sample. Unlike the rest of the

economy, their idiosyncratic risk has been continuously dropping, and was

hardly affected by the Great Recession.

Firm’s Risk and Incentive CEO pay Figure 3a plots the evolution of

the median option-based pay ratio as well as systematic and idiosyncratic

volatility for all firms, while Figure 3b reproduces the evolution of these

aggregates for new-economy firms.

Fact 3. The equity-based pay ratio is positively correlated with firm’s

idiosyncratic and total stock-return volatility. The option-based pay ratio is

positively correlated with idiosyncratic volatility. This is especially evident

for new-economy firms.

Our later analysis suggests a positive relationship between firm’s total risk

and equity-based incentives, which is largely driven by idiosyncratic risk. As

we split all firms into three groups based on their idiosyncratic volatility, the

median equity-based pay ratio will be about 18 percentage points greater

for the firms with the highest idiosyncratic risk than for those with the low-

est idiosyncratic risk as long as the 1990s are concerned. In the 2000s, the

difference decreases, turns negative and eventually stabilizes at around 0.

(Fink et al., 2010) and growth options (Cao, Simin, and Zhao, 2008).
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Controlling for confounding firm- and CEO-specific factors, in our subse-

quent regression analysis the positive association between the equity-based

pay ratio and idiosyncratic risk declines but remains significant in the second

half of the sample, while it is not significant for systematic risk.

The related empirical literature does not distinguish between idiosyn-

cratic and systematic risk; e.g., see Edmans, Gabaix and Jenter, 2017 for an

overview of the positive relationship between stock options and firm’s total

risk. Coles, Daniel and Naveen (2006) find that higher total stock return

volatility results in higher vega (i.e., stock option) compensation, and Arm-

strong and Vashishtha (2012) find that convex incentives tend to increase

firm’s total and systematic but not idiosyncratic risk.

In contrast, the theory of incentive pay with unobservable effort generally

predicts a negative trade-off between risk and incentives (e.g., Holmstrom

and Milgrom, 1987; Aggarwal and Samwick, 1999). As discussed in foot-

note 3 above, the relationship could change sign in some further extensions

of the basic model, and so the empirical implications will crucially depend

on certain parameter values. Uncertain, risky environments may also lead

to steeper wage profiles because of the degree of delegation (Prendergast,

2002), heterogeneity of the labor force (Lazear, 2000), and monitoring costs

(Demsetz and Lehn, 1985). Risk-taking incentives are also considered in

Smith and Stulz (1985); Edmans and Gabaix, (2011); and Dittmann, Yu,

and Zhang (2017).

Firm’s Size and Incentive CEO pay Figures 4a and 4b portray the

dynamics of firm’s idiosyncratic and systematic risk for each of three groups

of firms based on market capitalization.

Fact 4. Firm’s total stock-return volatility is negatively correlated with

firm’s size, a result which is driven by idiosyncratic risk. Total CEO pay and
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equity-based pay ratio are positively related to firm’s size.

Gabaix and Landier (2008) argue that accounting measures such as earn-

ings and sales do not perform as well as market capitalization. In Figures 4a

and 4b, firms are grouped in three bins according to market capitalization.

Observe that large firms exhibit lower idiosyncratic and total risk. Empirical

studies tend to find a negative correlation between idiosyncratic volatility

and firm’s size, but there is some evidence that the relationship may not be

robust (see, e.g., Malkiel and Xu, 1997; Brandt et al., 2010; Bartram, Brown

and Stulz, 2018).

The correlation of total CEO pay with firm’s size is well documented (see,

e.g., Murphy, 1999; Gabaix and Landier, 2008; Frydman and Saks, 2010;

Gabaix, Landier and Sauvagnat, 2014) and is consistent with job assignment

models where high-ability managers are matched to large firms (Gabaix and

Landier, 2008; Tervio, 2008; Edmans, Gabaix and Landier, 2009) and sorting

models where the cost of moral hazard increases with firm’s size (Gayle and

Miller, 2009; Gayle, Golan, and Miller, 2015). Therefore, CEO compensation

is greater in large firms, but more interestingly so is the equity-based pay

ratio. In particular, we can divide our sample in three groups. The largest

firms here are the top 1/3 based on size (market capitalization) in the pre-

vious fiscal year, while the smallest firms are the bottom 1/3. Then, we find

that the largest firms in our sample have a median equity-based pay ratio

which is about 15 percentage points over the smallest firms. While the gap

was non-existent in the early 1990s, it grew up towards the end of the century

and has never dropped below 12 percentage points ever since. Certainly, this

positive correlation between the equity-based pay ratio and firm size remains

significant even after accounting for various confounding factors as confirmed

by our regression analysis.
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Firm’s Age and Incentive CEO pay Figures 5a and 5b report the evo-

lution of idiosyncratic and respectively systematic risks for young firms (5 or

fewer years since the IPO) and older firms (over 5 years since the IPO).

Fact 5. Young firms tend to be more volatile because of higher idiosyn-

cratic risk. CEO compensation packages for young firms are characterized

by more incentive pay.

Young firms exhibit higher stock-return volatility than older firms, which

can largely be attributed to differences in idiosyncratic risk. Unlike new-

economy firms, which eventually have converged to the rest of the economy in

terms of risk (see Fact 2), young firms continue to exhibit higher idiosyncratic

stock-return volatility.

A positive relationship between firm’s age and idiosyncratic risk has also

been reported by Pastor and Veronesi (2003), where idiosyncratic return

volatility increases with uncertainty about firm’s average profitability, which

is higher in young firms and would decrease as the firm gets older due to

learning. Trends in idiosyncratic risk have been associated with changes in

the age of listed firms by Fink et al. (2010) and Bartram, Brown and Stulz

(2018).

The option-based pay ratio in young firms is about 7 percentage points

higher than that of older firms, while the corresponding difference in the

equity-based pay ratio is around 3 percentage points. We should of course

note some confounding factors: young firms tend to be smaller, while older

firms are more likely to be in traditional sectors (old-economy).

CEO Age and Incentive CEO pay Figure 6 plots the evolution of the

equity-based pay ratio for each of three CEO-age groups.

Fact 6. The equity-based pay ratio decreases with CEO age. Likewise,

the option-based pay ratio is higher for younger CEOs, but the gap tends to
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disappear in the last 10 years of the sample.

Therefore, we find that companies provide stronger incentives to younger

CEOs. We should of course recognize that such CEOs tend to work for

smaller, more volatile companies, have shorter tenure, and are less likely to

serve as board chairs. Controlling for all these factors, however, does not

seem to alter our findings in our regression analysis below.

In dynamic agency models with career concerns (see, e.g., Gibbons and

Murphy, 1992, Holmstrom, 1999), the provision of monetary incentives will

generally grow with agent’s age and tenure to compensate for falling career

concerns. In Garrett and Pavan (2015), the time path of incentives depends

on managerial risk aversion and productivity persistence. In Edmans et

al. (2012), the pay-performance sensitivity increases with age because of

manager’s reduced ability for inter-temporal risk-sharing and to deter short-

termism.

The evidence on career concerns in CEO pay is controversial. Gibbons

and Murphy (1992) find some support as far as cash compensation is con-

cerned, while Yermack (1995) and Bryan, Hwang and Lilien (2000) find no

such support with respect to stock-option grants.

The Cross-Sectional Volatility of Total CEO pay Figure 7 displays

the dynamics of the cross-sectional CEO pay volatility over three groups of

firms based on market capitalization. This volatility was particularly high

around the dot-com bubble,

Fact 7. The cross-sectional volatility of total CEO pay is greater for large

firms.

Even though large firms are characterized by lower total and idiosyncratic

return volatility (see Fact 4), they exhibit higher volatility for total CEO pay.

A possible interpretation is that CEOs in large firms are faced with more
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dispersed outside options. As seen below, CEO pay volatility seems to vary

with other factors, e.g., R&D-intensity and new-economy, but the resulting

differences are less pronounced than those associated with firm’s size.

2.3 Econometric Analysis

Table 1 reports how the level and structure of CEO pay may vary with

salient firm- and executive-specific factors.7 In particular, we elucidate the

role of market capitalization (our preferred measure of firm’s size, which can

be interpreted as a proxy for organizational complexity), idiosyncratic and

systematic stock-return volatilities (proxies for idiosyncratic and systematic

risks, which can interact differently with managerial ability), and a new-

economy dummy (which reflects company’s exposure to new technologies).

We have also considered a dummy for young firms, and R&D-intensity—its

inclusion does not significantly alter the results but due to missing data con-

siderably reduces the sample size. We also include CEO-characteristics such

as age, tenure, and a dummy indicating whether the executive serves as a

chair of the board (these variables control for the uncertainty about manage-

rial talent, quality of the CEO-company match, and potential entrenchment).

The results are based on median regressions with bootstrapped standard er-

rors clustered by firm. All continuous variables are expressed in logs except

for ratios and firm’s idiosyncratic and systematic volatilities. The regressions

include both industry and fiscal year dummies.

[Insert Table 1 here]

7For more details, the reader is referred to the Online Appendix, where we also present
variations of the empirical model and results for different subsamples—in particular, prior
to and following the Great Recession, as well as during the Covid-19 pandemic.
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Total CEO pay The elasticity of CEO compensation with respect to firm’s

market capitalization is about 0.4, as reported in Edmans, Gabaix and Jen-

ter (2017). Furthermore, CEO pay is positively related to both idiosyncratic

and systematic volatility. Earlier studies have established a positive associa-

tion between executive compensation and firm’s total risk (see, e.g., Bartlett,

Grant and Miller, 1992; Rose and Shepard, 1997; Edmans, Gabaix and Jen-

ter, 2017), which could be attributed to risk aversion, higher disutility of

effort, or higher productivity of talent in risky firms. Kaplan (1998) argues

that this positive correlation is driven by the higher ability of executives in

risky firms, and not by managerial risk aversion.

New-economy firms do not add an extra bias to total CEO compensation.

Likewise, neither the age nor the tenure of the CEO seem to have a robust

effect on total pay. CEOs who chair the board tend to receive greater com-

pensation, which can be interpreted as some evidence for rent extraction [see,

e.g., Bertrand and Mullainathan, 2001; Bebchuk, Fried, and Walker, 2002;

Bebchuk and Fried, 2004] but is also consistent with talent- and skill-based

theories of executive pay.

The Equity-Based Pay Ratio The equity-based pay ratio, which ac-

centuates the relative importance of incentive pay in CEO compensation,

is positively linked to firm’s market capitalization in accordance with the

evidence presented in Fact 4.

The role of firm-related risks is more nuanced. While the equity-based

pay ratio is positively related to firm’s idiosyncratic volatility,8 it is hardy

associated with systematic volatility. This underscores the importance of dif-

ferentiating between various forms of uncertainty when analyzing the struc-

8The corresponding regression coefficient decreases but remains positive and significant
in the second half of the sample (see the Online Appendix for further details).
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ture of CEO compensation. In our adverse selection model below, we will

discuss the various channels under which idiosyncratic and systematic risk

will naturally worsen the agency problem—creating higher uncertainty about

managerial productivity. Systematic risk, however, could also be associated

with higher dispersion of managerial outside options.

New-economy firms are characterized by significantly higher equity-based

pay ratios—the difference is about 6 percentage points after controlling for

other sources of risk. Regarding CEO-specific factors, the coefficient of exec-

utive’s age is always negative and significant (Fact 6), the coefficient of CEO

tenure is positive but small, and the coefficient of the chair-of-the-board

dummy is negative and quite small in absolute value.

The Option-to-Equity Pay Ratio The dramatic changes in the shares

of stock- and option-based compensation prompt us to differentiate between

these two components of CEO pay. To check whether the decision about the

exact mix of stock and option grants is indeed related to firm’s idiosyncratic

risk, we focus instead on the option-to-equity pay ratio, which as previously

discussed is the share of option-based in equity-based pay.

The only factor that has a significant and robust association with the

option-to-equity pay ratio is firm’s idiosyncratic volatility. The corresponding

regression coefficient remains positive and significant across specifications and

subsamples of the data; see the Online Appendix. The result complements

Fact 3 in demonstrating the strong link between the share of CEO’s option-

based incentives and firm’s idiosyncratic volatility. There does not seem to be

a significant and stable relationship between the option-to-equity pay ratio

and any of our remaining firm- and CEO-specific variables.
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RPE: Internal and External Performance Measures We take a final

turn over the relationship between firm’s risk and incentive CEO pay. We

investigate the role of systematic risk further by analyzing the increase or

growth in CEO pay to changes in internal and external measures of perfor-

mance. The idea is that companies may find it optimal to use various per-

formance measures in their quest to reward and sort out managerial talent

and to incentivize effort. As we delve into the sensitivity of pay to perfor-

mance, we are particularly concerned with the empirical relevance of RPE in

practice.9

To keep the analysis simple, we consider four performance measures. The

first two measures are standard in the RPE literature, and are obtained

by decomposing firm’s stock return into an idiosyncratic and a systematic

component over the market return. The third measure is the average pay

on the market for CEOs. It is intended to capture systematic productivity

shocks that also affect managerial outside options. The fourth measure is

the growth of firm’s market share in net sales which is a natural performance

benchmark.

For a given firm i in fiscal year t, we consider the following empirical

specification:

Growth rate of total CEO payi,t = a0+a1× idiosyncratic stock returni,t+

9While there is some evidence that firms use explicit RPE provisions in executive
contracts (see, e.g., Gong, Li, and Shin, 2011; Bettis et al., 2018), economy-wide shocks
still seem to affect CEO pay (see Albuquerque, 2009 for a review of the literature). Several
explanations have been advanced to account for the lack of RPE: the ability of the executive
to hedge systematic risk (Garvey and Milbourn, 2003), a positive correlation of common
shocks to the marginal return of effort (Celentani and Loveira, 2006) or the reservation
wage (Oyer, 2004), the use of a wrong benchmark (Bizjak, Lemmon and Naveen, 2008),
and rent extraction under captured boards of directors (Bertrand and Mullainathan, 2001).
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a2× systematic stock returni,t+ a3× growth rate of average CEO payi,t+

a4 × growth rate of firm’s market sharei,t + errori,t (1)

Pay-performance elasticities have been advocated by Murphy (1999) on

empirical grounds (see Gibbons and Murphy, 1992) and justified theoret-

ically by Edmans et al. (2012). Under the strong-form RPE hypothesis

(Antle and Smith, 1986; Janakiraman, Lambert and Larcker, 1992), system-

atic risk is completely removed from managerial pay; i.e., a2 = a3 = 0. That

is, managerial compensation should not be sensitive to external measures of

performance. This hypothesis may be erroneously rejected if there are mea-

surement errors in our decomposition of stock returns into idiosyncratic and

systematic components. Since we only have annual data on sales and total

CEO pay, we estimate aggregate and average values based on companies that

end their fiscal year in the same month as the company in question. The use

of growth rates (log differences) is prompted by the non-stationarity of CEO

pay. We censor the data set by excluding observations in which the executive

in question has served as a company CEO for less than two thirds of the time

in either the current or the previous fiscal year.

[Insert Table 2 here]

As before, we run median regressions with bootstrapped standard errors.

The corresponding estimates are reported in Table 2. All regressions include

two-digit SIC industry dummies. In panel B, we also include fiscal year

dummies. The explanatory power of the regressions is low but comparable to

previous studies of CEO pay that estimate a log-differenced specification (see,

e.g., Albuquerque, 2009, Table 9). Observed CEO compensation schemes

may reflect various performance metrics, including ones that are intended to
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capture systematic risks. All four measures of performance display positive

coefficients with values ranging from 0.15 to 0.19. When we include fiscal year

dummies in the regression, the coefficient of average CEO pay falls to 0.025

and is only significant at 10%. We have also investigated how the choice of

performance measures is affected by firm- and CEO-specific characteristics,

but have generally found the effects to be weak.

3 Contracting under Adverse Selection

We first focus on the individual decision problem of the firm. We demon-

strate that RPE could only hold under severe separability conditions on the

interaction between managerial talent and idiosyncratic and systematic risks.

In the next section, we extend the model to a general equilibrium setting with

a discrete number of firms and manager types.

The firm offers an incentive contract that will only be accepted by a

high-ability manager. While the firm may only be interested in hiring the

high-ability manager, our model can easily be extended to serve the low-

ability manager who would be prescribed a fixed wage (e.g., Jullien, 2000).

We could also consider a setting where the manager observes an imperfect

signal about her ability: the probability that the prospective candidate is a

high-ability manager would always be less than one; see the Online Appendix

for further details. In this case, both parties would have intrinsic uncertainty

about the manager type.

3.1 The Optimization Problem of the Firm

Firm’s performance v = v(τ, ε, θ) is a function of agent’s talent τ ∈ {τ , τ}
and shocks ε ∈ [ε, ε] and θ ∈

[
θ, θ
]
. A manager has been preselected for

21



the position. The prospective candidate could be a high-ability manager of

talent τ or a low-ability manager of talent τ , where τ > τ . The agent knows

her type, but this information is unavailable to the firm. After signing the

contract, both parties observe the realization of θ as well as v, while the shock

ε remains unobservable. We will commonly interpret shock θ as systematic

risk, which affects other firms as well, and ε as idiosyncratic risk, which only

affects the firm in question.

The manager is risk averse. Preferences are represented by a utility func-

tion u : R+ → R. Function u is increasing and twice continuously differen-

tiable with derivative functions u′ > 0 and u′′ < 0, and satisfies the following

boundary conditions: lim
w→0

u′ (w) = ∞ and lim
w→+∞

u′ (w) = 0. The manager’

reservation wage w depends on agent’s ability and the observable shock θ.

This is consistent with an interpretation of θ as a systematic shock that af-

fects both firm’s performance and manager’s outside options. In particular,

the reservation wage is assumed increasing in talent, i.e., w(τ , θ) > w(τ , θ)

for all θ. The joint density f(ε, θ) is well defined (i.e., positive and finite at

all points) and continuously differentiable. Hereafter, F and f will be used

as generic notation for a cumulative distribution function and its respective

density.

The firm is risk-neutral, and seeks to minimize the expected cost of hiring

a high-ability manager, and would offer a contingent wage w = w(v, θ) based

on the observables. The optimization problem is subject to two constraints.

The first constraint is individual rationality on the part of the high-ability

manager (IRH) to accept the offer. The second constraint is individual ratio-

nality on the part of the low-ability manager (IRL) not to accept the offer.

More formally, the problem can be stated as follows:

min
w(v,θ)

θ∫
θ

ε∫
ε

w(v (τ , ε, θ) , θ)f (ε, θ) dεdθ subject to
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θ∫
θ

ε∫
ε

u (w(v (τ , ε, θ) , θ)) f (ε, θ) dεdθ ≥
θ∫
θ

u (w (τ , θ)) f (θ) dθ (2)

θ∫
θ

ε∫
ε

u (w(v (τ , ε, θ) , θ)) f (ε, θ) dεdθ ≤
θ∫
θ

u (w (τ , θ)) f (θ) dθ. (3)

Note that θ is observed at the same time as firm’s performance, and so the

constraints hold in expectation rather than for each realization of the shock.

Since the shock ε is not observable, it is more convenient to condition over

(v, θ) rather than over (ε, θ). We can then assume invertibility: v (τ, ε, θ) is

strictly increasing and continuously differentiable in ε on (ε, ε), ∀ (τ, θ). It

follows that the corresponding inverse function v−1 : v−1 (τ, v (τ, ε, θ) , θ) = ε,

∀ (τ, ε, θ) does exist, and is strictly increasing and continuously differentiable.

Therefore, we may rewrite the principal’s problem as:

min
w(v,θ)

θ∫
θ

(
v(τ,θ)∫
v(τ,θ)

w(v, θ)f (v|τ , θ) dv

)
f (θ) dθ subject to

θ∫
θ

v(τ,θ)∫
v(τ,θ)

u (w(v, θ)) f (v|τ , θ) dv

 f (θ) dθ ≥
θ∫
θ

u (w (τ , θ)) f (θ) dθ (4)

θ∫
θ

v(τ,θ)∫
v(τ,θ)

u (w(v, θ)) f (v|τ , θ) dv

 f (θ) dθ ≤
θ∫
θ

u (w (τ , θ)) f (θ) dθ, (5)

where f (v|τ, θ) = ∂v−1(τ,v,θ)
∂v

f (v−1 (τ, v, θ) |θ), ∀ (τ, v, θ).
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For talent not to be revealed, we assume that v(τ, θ) and v(τ, θ) do not

depend on τ ; i.e., v(τ, θ) = v(θ) and v(τ, θ) = v(θ), ∀θ, and f (v|τ, θ) > 0,

∀ (τ, v, θ).

3.2 Characterization of the Optimal Contract

We assume that the set of feasible contracts is non-empty. If v has a com-

pact support, then there exists an optimal contract w(v, θ). Our boundary

conditions guarantee that w(v, θ) ∈ (0,∞). We furthermore assume strict

monotonicity of the likelihood ratio in τ . That is, f(v|τ ,θ)
f(v|τ ,θ) is decreasing in v for

each θ. Therefore, talent τ is instrumental in boosting firm’s performance in

the sense of first-order stochastic dominance, i.e., F (·|τ , θ) < F (·|τ , θ) almost

everywhere.

From the first-order condition of the principal’s problem, we get:

1

u′ (w (v, θ))
= λ1 − λ2

f (v|τ , θ)
f (v|τ , θ)

, ∀ (v, θ) , (6)

where λ1 and λ2 are the Lagrange multipliers for constraints (4) and (5)

respectively.

As is usual in these optimization problems, we first note that both con-

straints must be binding, and the associated Lagrange multipliers must both

be positive. Note that constraint (4) must necessarily hold with equality;

for if not, the firm could propose a slightly reduced wage without violating

these two constraints. Also, constraint (5) must hold with equality; for if

not, the firm could decrease the cost of hiring the high-ability manager by

proposing a flatter wage. A constant wage, however, is not possible under

the monotonicity of the outside wage option: w(τ , θ) > w(τ , θ), ∀θ.
The following lemma summarizes the standard properties of the optimal

wage schedule.
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Lemma 1 The optimal contract w(v, θ) is unique, increasing, and continu-

ously differentiable in v for θ ∈
[
θ, θ
]
.

3.3 RPE: Invariance of CEO Pay to Systematic Risk

In the prototypical moral hazard model (Holmstrom, 1979), the optimal con-

tract depends non-trivially on a signal if and only if the signal is informative

about effort. Hence, managerial pay is invariant to common shocks if and

only if this same property holds for the likelihood ratio.

Our approach takes a different direction and targets the performance

function v as a model primitive. We derive necessary and sufficient conditions

for RPE, which involve restrictions on how managerial talent interacts with

idiosyncratic and common shocks in the production process.

We define RPE as a contractual situation in which executive compensa-

tion does not depend on the common shock. The definition is in line with the

strong-form RPE hypothesis (Antle and Smith, 1986; Janakiraman, Lambert

and Larcker, 1992); namely, systematic risk is completely removed from man-

agerial pay. While some researchers have found evidence that common shocks

are partially filtered out from firm’s performance in executive compensation

contracts, the strong-form RPE hypothesis has been consistently rejected.

Definition 1 We say that RPE holds if w (v (τ, ε, θ) , θ) = w (v (τ, ε, θ′) , θ′)

for all (τ, ε, θ, θ′).

We next introduce the concept of weak separability of v on (τ, ε); namely,

the ordering of pairs of managerial abilities and unobservable shocks with

respect to firm’s performance is not affected by the observable shock θ.

Definition 2 Firm’s value v is weakly separable on (τ, ε) if v(τ, ε, θ) >

v(τ ′, ε′, θ) for some θ implies that v(τ, ε, θ′) > v(τ ′, ε′, θ′) for all θ′.
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The following proposition establishes that weak separability of the per-

formance measure on (τ, ε) is a necessary condition for RPE.

Proposition 1 If w(v, θ) is strictly monotonic in v for each θ and RPE

holds, then v is weakly separable on (τ, ε).

The next proposition establishes that weak separability of v on (τ, ε)

together with an independence of the shocks is a sufficient condition for

RPE.

Proposition 2 Assume that shocks ε and θ are independent and function

v(τ, ε, θ) is weakly separable on (τ, ε). Then, RPE holds.

One can think of situations in which the performance function v (τ, ε, θ)

may or may not be weakly separable on (τ, ε). For instance, an expansion of

the company to be executed by the manager could only be profitable under

favorable aggregate demand and supply shocks which may either stimulate

sales or lower production costs; e.g., sales could be slow under high interest

rates, and costs may be increased under higher oil prices. Hence, an expan-

sion of the company could violate the assumption of weak separability on

managerial talent and internal productivity factors because such an expan-

sion may require favorable economic conditions. At the other extreme, some

organizational improvements as well as the launching of enhanced products

would satisfy the assumption of weak separability. Say a new procedure for

a better use of technology within the factory, an incentive scheme that im-

proves workers’ productivity, or a superior design of an existing product that

boosts sales under every possible economic scenario. Therefore, RPE should

prevail for middle management and other employees dealing with internal

aspects of the corporation.

26



3.4 The Slope of the Optimal Contract: The Interac-

tion between Idiosyncratic and Systematic Risks

With this background in mind, we now attempt to discuss the general case

in which the interaction of shocks ε and θ redefine the relationship between

firm’s risk and incentive pay.

Adding the above constraints (IRH) and (IRL), and integrating by parts,

we get:

θ∫
θ

v(θ)∫
v(θ)

u′ (w(v, θ)) ∂w(v,θ)
∂v

(F (v|τ , θ)− F (v|τ , θ)) dvf (θ) dθ =

θ∫
θ

(u(w(τ , θ))− u(w(τ , θ))) f (θ) dθ. (7)

Equations (6)-(7) exemplify the influence of the systematic shock θ on

the slope of the contract, ∂w(v,θ)
∂v

. Indeed, for RPE to hold, we would need

that both the dispersion of the productivity gap, F (·|τ , θ) > F (·|τ , θ) and

the dispersion of the reservation wages must remain unaltered over all θ.

Obviously, this reasoning can be extended to any other vector of signals x

affecting the productivity gap between both talent-types and the dispersion

of their outside options. Hence, in what follows, we write F (·|τ , θ, x), and
F (·|τ , θ, x). We would like to remark that parameter x may reflect some

external measure of performance (e.g., sales), or some characteristic of the

firm or the manager. In particular, companies with greater organizational

complexity, noisier performance measures, or newer technologies may find it

difficult to single out talent and so may resort to steeper wage schedules.

Similar reasoning may apply for CEO-specific factors.
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If the common shock θ widens the productivity advantage of the high-

ability manager,10 or the gap between managerial outside opportunities gets

smaller, then the pay scheme will get flatter. For non-linear contracts, these

results may only hold asymptotically, whereas for linear contracts these re-

sults will hold unambiguously.

Asymptotic Results Assuming that the firm is always interested in hiring

the high-ability manager, the following results are evident from equation (7).

Proposition 3 Suppose that F (·|τ , θ, x) → F (·|τ , θ, x) pointwise (for all θ),

as x → x̂. Then, ∂w(v,θ,x)
∂v

→ ∞, as x → x̂, over a set of positive measure.

Proposition 4 Suppose that
θ∫
θ

(u(w(τ , θ, x))− u(w(τ , θ, x))) f (θ) dθ → 0,

as x → x̂. Then, ∂w(v,θ,x)
∂v

→ 0 pointwise (for all θ), as x → x̂.

In the first case, the wage schedule would be arbitrarily steep over a set of

positive measure as it gets harder to discern managerial productivity between

the two talent types. In the second case, the wage schedule would be flat as

it is easy to dissuade the low talent type not to accept the contract offer. For

further details, see Propositions A1 and A2 in the Online Appendix.

Linear Contracts We now limit the feasible space of contracts to affine

functions: w(v) = a+ bv, where a is the fixed component of the wage and b

is the slope.11 It should be understood that we are searching for the optimal

solution over this two-dimensional parameter space (a, b). Therefore, every

10For instance, fisherman’s skills and dexterity may become more evident in a rough
stormy day; similarly, for managerial talent under difficult general economic conditions.

11Since Holmstrom and Milgrom (1987), various restrictions on the principal-agent
model have been shown to yield affine solutions (see, e.g., Gibbons and Murphy, 1992;
Prendergast, 2002; Baker and Hall, 2004; Cheng, Hong and Scheinkman, 2015).
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optimal pair (a∗, b∗) must obey the necessary first-order conditions over this

restricted subspace.

In our next proposition, we assume that v is positive,12 parameters (a∗, b∗)

are positive and the manager is not too risk-averse.13 Of course, b∗ > 0 be-

cause of the strict monotonicity of the likelihood ratio f(v|τ ,θ,x)
f(v|τ ,θ,x) . In this simpler

setting we offer a complete characterization of the sensitivity of optimal pay

to perturbations of primitive parameters.

Proposition 5 Let us restrict the principal’s optimization problem to the

subspace of affine contracts w(v) = a+ bv. Let (a∗, b∗) be the unique optimal

pair under distribution functions F (·|τ , θ, x) and F (·|τ , θ, x) and reservation

utility values u(w(τ , θ, x)) and u(w(τ , θ, x)). Consider a new realization x′

near x. Let (a′∗, b′∗) be the corresponding optimal pair. Then, everything else

remaining the same,

(i) F (·|τ , θ, x′) ≤ F (·|τ , θ, x) (or F (·|τ , θ, x′) ≥ F (·|τ , θ, x)) for all θ, im-

plies a′∗ ≥ a∗ and b′∗ ≤ b∗.

(ii) u(w(τ , θ, x′)) ≥ u(w(τ , θ, x)) (or u(w(τ , θ, x′)) ≤ u(w(τ , θ, x))) for all

θ, implies a′∗ ≤ a∗ and b′∗ ≥ b∗.

(iii) u(w(τ , θ, x′)) ≥ u(w(τ , θ, x)) and u(w(τ , θ, x′)) ≥ u(w(τ , θ, x)) for all

θ, but u(w(τ , θ, x′)) − u(w(τ , θ, x)) = u(w(τ , θ, x′)) − u(w(τ , θ, x)), implies

a′∗ ≥ a∗ and b′∗ ≥ b∗.

This proposition summarizes the main implications of our optimization

problem that hold globally for the optimal affine contract. We are considering

perturbations over the systematic shock θ and internal and external measures

of performance—one at a time. In part (i), a marginal change in some

12This approximates the case of variable compensation based on stock options or what
is commonly known as downward rigidity of the contract (e.g., Taylor, 2013).

13The coefficient of relative risk aversion should be less than or equal to 1 at every
optimal pair (a∗, b∗). This technical assumption is just a sufficient condition.
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primitive characteristic leading to a higher productivity advantage of the

high-ability manager will decrease the slope of the contract. In part (ii),

optimal pay becomes steeper after a marginal increase in the gap between

the outside option values. In both of these cases, the change in the slope

requires an offsetting change in the fixed component of the wage. Part (iii)

states that an income effect or a parallel positive shift in the reservation

utilities of the two manager types will increase both the fixed component

and the slope of the contract.

4 Equilibrium for CEO Talent under Adverse

Selection

We now consider a more simplified setting for the firm’s decision problem

that admits an analytical solution. There is but a single shock which may

proxy for idiosyncratic volatility—interacting with risk aversion. We use this

framework to build a general equilibrium model that highlights some other

aspects of optimal contracting. Firms compete for a given pool of talented

managers, and so the provision of incentives will also be determined by firm

heterogeneity and matching quality.

4.1 Linear Wages and Firm’s Volatility of Returns

Let firm’s performance v be normally distributed with mean µ and variance

σ2. Both µ and σ2 may depend on managerial talent τ . In particular, µ

is assumed to be increasing in τ . Managerial preferences exhibit constant

absolute risk aversion ρ > 0. Manager’s reservation wage w is increasing

in talent. The risk-neutral principal is interested in hiring the high-ability

manager and will offer a linear wage schedule: w(v) = a + bv. Given our
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assumptions, the wage is normally distributed with mean a + bµ(τ) and

variance b2σ2(τ), for τ = τ , τ . Hence, the certainty equivalent wage for type

τ is a + bµ(τ) − ρ
2
b2σ2(τ), whereas the expected cost of hiring this agent

equals a+ bµ(τ). Accordingly, the principal’s problem becomes:

min
(a,b)∈R2

a+ bµ(τ) subject to

a+ bµ(τ)− ρ

2
b2σ2(τ) ≥ w(τ) (8)

a+ bµ(τ)− ρ

2
b2σ2(τ) ≤ w(τ) (9)

Again, constraint (8) is individual rationality for the high-ability manager

(IRH) to accept the wage offer, while constraint (9) is individual rationality

for the low-ability manager (IRL) not to accept the wage offer.

Let us assume that an optimal solution (a∗, b∗) exists over the space of

affine contracts.14 We now study the sensitivity of pay to performance.

Proposition 6 Parameter b∗ has the following properties:

(i) b∗ is decreasing in (µ(τ)− µ(τ))

(ii) b∗ is increasing in (w (τ)− w (τ))

(iii) b∗ is decreasing in (σ2(τ)− σ2(τ))

(iv) If σ2(τ) < σ2(τ), then b∗ is decreasing in ρ. If σ2(τ) = σ2(τ), then

b∗ does not change with ρ. And if σ2(τ) > σ2(τ), then b∗ is increasing in ρ

Parts (i)-(ii) parallel those of Proposition 5 about the internal produc-

tivity and outside wage gaps reshaping the slope of the optimal contract. In

part (iii), a lower σ2(τ) enhances the utility gap between the manager types

and results in a flatter optimal wage, for all ρ > 0. In part (iv), higher risk

14This requires that (µ(τ)− µ(τ))
2 ≥ 2ρ

(
σ2(τ)− σ2(τ)

)
(w (τ)− w (τ)). To simplify

the exposition, we assume that the inequality is strict.
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aversion decreases the certainty equivalent wage. Hence, the effect of ρ on b∗

depends on how managerial talent affects firm’s volatility. If a high-ability

manager is also better at reducing σ2, then it would be easier to dissuade a

low-ability manager not to accept the wage offer for a higher ρ. The opposite

result is obtained when σ2 increases with τ .15

We should note that the assumption of linear wages is not crucial to the

results. Indeed, Proposition 6 continues to hold if the principal is constrained

to log-linear wages: w(v) = exp (a+ b log v), firm’s value v is log-normally

distributed with mean µ and variance σ2, and managerial preferences exhibit

constant relative risk aversion ρ > 1.

4.2 Pay-Performance Sensitivity in General Equilib-

rium

The principal’s optimization problem can be embedded in an equilibrium

setting with a discrete number of firms and manager types. The productivity

of the manager is assumed firm-invariant.16 There are N firms and N types of

managers. All managers share the same preferences, which exhibit constant

absolute risk aversion. A manager of type n has a reservation wage wn.
17

Firm n is defined as the firm that hires manager n. Firm’s value, v, is

normally distributed with mean µn and variance σ2
n. Both wn and µn are

increasing in n, while σ2
n is assumed constant. Hence, in this benchmark

case, managerial productivity is unambiguously defined; the manager with

15In Edmans and Gabaix (2011), if managers can create value by choosing risky projects,
the sensitivity of pay to the performance measure should be increasing in risk aversion.

16Imagine that the productivity of a scholar does not vary with academic affiliation.
Then, job offers may be treated as anonymous—the scholar would be indifferent between
any two institutions that offer the same contract.

17More generally, these reservation wages can be determined by sorting constraints in
equilibrium (cf. Tervio, 2008).
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the highest ability is of type N . Each firm n offers a linear wage, i.e., wn(v) =

an + bnv. The firm hiring the least talented manager will optimally offer a

constant wage, i.e., b∗1 = 0. All other firms n > 1 will offer steeper wages:

b∗n > 0.

Proposition 6 dictates the sensitivity of the wage profile. But obviously

some other conditions are necessary for the existence of a separating equilib-

rium. For reasons discussed in Section 3, the existence of such an equilibrium

requires that the slope of the optimal contract b∗n should be increasing in n.

Proposition 7 In a separating equilibrium, incentive compatibility results

in a natural ranking: b∗n ≥ b∗n−1, ∀n = 2, · · · , N . Moreover, for each firm n

the slope of the optimal contract is given by: b∗n =
wn−wn−1

µn−µn−1
,∀n = 2, · · · , N .

In other words, we need to assume that the marginal contribution of

talent outside the firm grows faster than the marginal contribution of talent

inside the firm. The intuition is that in a separating equilibrium, the wage

schemes intended for higher types should be steep enough to deter imitation

by lower types, and the wage schemes intended for lower types should be flat

enough to deter imitation by higher types. Then, the slope of the contract

acts as a selection device for managerial talent. In fact, firm n focuses on

separating type n from type n− 1, which also guarantees that all managers

but n would reject the offer. We should note that the monotonicity of pay

to performance still holds if the variance of firm’s performance is decreasing

in managerial talent.

For the purposes of the next proposition we depart from the normal dis-

tribution setting, and assume that v > 0 for all feasible v.

Proposition 8 If v is always positive, then (an − an′) (bn − bn′) ≤ 0, ∀n, n′ =

1, 2, · · · , N .
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Therefore, as a result of the adverse selection problem, steeper wage pro-

files have lower fixed components, while flatter compensation schemes exhibit

higher fixed components. For if not, a contract with the highest a and b will

dominate other contracts.

4.3 Sorting and Screening

Allowing for firm-specific managerial productivity does not affect our partial

equilibrium results (Propositions 3–6), but the general equilibrium results

derived earlier in this section would need to be qualified. If the productivity

advantage of high-ability managers is firm-specific, the slope of the contract

may no longer be monotonic in managerial talent, because flatter wages will

now suffice to deter imitation by low-ability managers in firms where they

are at a greater disadvantage. Gabaix and Landier (2008) and Tervio (2008)

assume that the production function exhibits complementarity between man-

agerial ability and firm’s size, which leads to an equilibrium where the largest

firms hire the most talented managers. However, this complementarity be-

tween size and managerial talent cannot be very pronounced, because either

a separating equilibrium may fail to exist, or the optimal contract for the

high-talented manager may become implausibly flat. Technically, supermod-

ularity is a sufficient condition for positive assortative matching (PAM) in

sorting models with transferable18 utility (see, e.g., Becker, 1973), but it

may limit the sensitivity of pay to performance. Conversely, submodularity

of managerial productivity will increase the sensitivity of pay to performance

in managerial talent.

Obviously, the presence of alternative screening devices mitigates the ad-

18Legros and Newman (2007) point out that the relevant condition in the presence of
imperfectly transferable utility is generalized increasing differences, and can be related to
the Spence-Mirrlees single-crossing condition (see Chade, Eeckhout and Smith, 2017).
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verse selection problem, especially for large firms attracting large pools of

candidates. The optimization problem of the firm will then be limited to a

subset of managerial types n′ for every firm n.

5 The Incentive CEO Pay Gap

In the model of Section 3, the slope of the optimal contract reflects the

strength of incentives as a result of the inherent uncertainty about man-

agerial productivity (i.e., the productivity gap between both types) and the

dispersion of outside wage opportunities (i.e., the outside wage gap). In the

log-linear version of the model in Section 4 the productivity gap was explic-

itly formulated in terms of first- and second-order moments. Incidentally, this

exercise highlights how risk aversion may interact with stock-return volatil-

ity. The general equilibrium version of the model suggests that the optimal

contract in one firm would depend on the characteristics of other firms as well

as the pool of available managers. A separating equilibrium with identical

firms requires that the marginal contribution of talent outside the firm grows

faster than its contribution inside the firm. In such an equilibrium, individual

rationality guarantees that the slope of the contract is increasing in manage-

rial talent. For heterogeneous firms, this general equilibrium framework calls

attention to some underlying effects of firm-specific productivity and assorta-

tive matching on the provision of incentives; e.g., the exceptionally talented

managers could be offered implausibly flat pay schedules not observed in

reality. To ease up these asymmetric information frictions, companies may

resort to complementary screening methods mitigating the agency problem.

Risk aversion, market competition (or lack thereof), and other firm’s char-

acteristics may also reshape the slope of the optimal contract.

Moreover, from Section 2 we should recall that idiosyncratic risk is asso-
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ciated with higher equity-based and option-to-equity pay ratios. Systematic

volatility, on the other hand, while being associated with higher CEO pay,

does not seem to have a robust effect on either equity- or option-based in-

centives. Hence, in our analysis below firms will be grouped by idiosyncratic

volatility. From Section 2, equity-based pay was particularly noticeable in

CEO compensation for high-volatility firms, large firms, new-economy firms,

R&D-intensive firms, and young firms, and for young CEOs.

Taking into account all these considerations, we want to evaluate the

incentive CEO pay gap (as proxy for the severity of the agency problem)

over firm- and executive-specific factors. We rely on our adverse selection

framework to account for these observed CEO compensation patterns based

on the aforementioned sources of volatility. In our database, the correlation of

systematic volatility with idiosyncratic volatility is 0.6, and the correlation

of systematic volatility with our measure of the dispersion of CEO wages

is 0.12. Hence, common shocks in our framework may then indirectly affect

the productivity gap among managerial types through idiosyncratic volatility

(e.g., see footnote 10), but possibly not so much through the outside wage

gap.

[Insert Table 3 here]

Table 3 reports various measures of incentive CEO pay over different

firm’s characteristics and CEO factors. This table is constructed from the

means of the normalized cross-sectional medians over all fiscal years between

1992 and 2022. The corresponding values for 5-year subperiods are quite

similar, and will not be reported for the sake of brevity. As explanatory

variables, we include idiosyncratic stock-return volatility, systematic stock-

return volatility, and firm size (market cap). For any selected group, the

sample is evenly divided into three bins. Then, we pick the median company
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for the selected bin. To ease up the exposition, we will hereafter refer to firms

with low, medium and high idiosyncratic stock-return volatility as low-, mid-

and high-volatility firms. The median mid-volatility firm is assigned 1 in all

entries. All other entries in this table should be read as the relative value of

the median firm in the category over that of the median mid-volatility firm.

The choice of a reference group based on idiosyncratic volatility is prompted

by our regression analysis which suggests that the link between firm’s risk

and (equity- and option-based) incentives is mainly driven by idiosyncratic

risk. Therefore, the incentive CEO pay gap will be reported as a percentage

deviation with respect to the median firm in the category of mid-volatility.

Observe that the category of mid-volatility firms roughly matches that of

mid-sized firms.

Size (Market Cap): The Median Large Firm Following Table 3, the

market cap of the median large firm is 23% greater than the corresponding

value for the reference group of mid-volatility companies, while the idiosyn-

cratic and systematic volatilities of such large firm are 25% and 8% lower,

respectively. Therefore, large firms are characterized by lower risk. However,

they tend to offer their CEOs strong equity-based incentives—the equity-

based pay ratios in large firms are 11% greater than those in mid-volatility

firms and 6% greater than those in high-volatility firms. This confirms our

regression analysis (Table 1, Section 2) in which the dummy for market size

was significant for total CEO pay and for the equity-based pay ratio. We

should, of course, note the high cross-sectional CEO pay volatility in large

companies (43% over the reference group). Moreover, such volatility of CEO

pay in the median large firm exceeds that in the median small firm by a

factor of 4.6.

Looking across firm’s size, large firms exhibit lower idiosyncratic volatility—
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as we split all firms into three groups based on size, the idiosyncratic volatility

for the median large firm will be 46% lower than that in the bottom group;

whereas the extra increase in the equity-based-pay ratio is about 14 per-

centage points. All this evidence points at a rather severe agency problem

from firm’s size that cannot be accounted for by underlying differences in

firm’s risk. This matches well with the prescriptions of our model in which

the inability to refine out talent would worsen the adverse selection problem,

together with the added effect of a greater dispersion in the outside wage

options for these prominent CEOs.

Idiosyncratic Stock-Return Volatility: The Median High-Volatility

Firm From our regression analysis in Section 2, idiosyncratic volatility was

significant in the three measures of CEO pay: total pay, the equity-based

pay ratio, and the option-to-equity pay ratio. These estimates, however,

translate into smaller absolute changes in these measures of pay in Table 3.

Looking across the rows of idiosyncratic volatility, the median high-volatility

firm displays 64% higher idiosyncratic and 34% higher systematic risk but

12% lower market cap as compared to the corresponding entries of the median

mid-volatility firm. Their CEOs must bear 5% higher equity-based pay ratios

and 11% higher option-to-equity pay ratios. This relatively small incentive

pay gap may in part be due to a 14% smaller cross-sectional wage dispersion.

The median low-volatility firm fetches similar figures in the opposite

direction—as deviations from mid-volatility—once we realize the relative

value for market capitalization is 1.15, and the relative value for wage dis-

persion is 1.06.

With this background in mind, we can now discuss the gap associated

with our agency problem for related categories of high-volatility firms: new-

economy, R&D-intensity, and firm’s age.
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TheMedian New-Economy Firm, the Median R&D-Intensive Firm,

and the Median Young Firm Themedian new-economy firm is less risky

than the median high-volatility firm; more precisely, its idiosyncratic risk is

12% lower. It is also 10% larger. Nevertheless, its equity-based pay ratio

is 15% higher. The extent of the additional incentive pay gap suggests a

rather exacerbated agency problem, which cannot be fully accounted for by

differences in firm’s size and risk. The result is in line with our regression

analysis (see Section 2). Indeed, new-economy firms are at the technological

edge and lead R&D intensity (13% vs. 3% for old-economy firms), and con-

sistently offer higher stock-based pay ratios and option-based pay ratios. Our

regression analysis suggests that after controlling for other sources of risk,

firm’s size, and CEO-specific factors, new-economy firms are characterized

by a gap in the equity-based pay ratio of about 6 percentage points. On the

other hand, the category of old-economy firms aligns well with mid-volatility

firms in most entries.

The median high R&D-intensity firm stacks up well against the median

new-economy firm in terms of risk and size. Their equity-based pay ratios are

comparable, but the option-to-equity pay is 8% higher in the R&D-intensity

firm. The evidence favors an aggravated agency problem. Comparing firms

with higher and lower R&D-intensity, we find that the former tend to be

42% smaller than the latter group, but with 51% higher idiosyncratic risk.

Their systematic risk is largely comparable to the rest of the economy with

the exception of the early 2000s when it rose significantly. They tend to offer

their CEOs about 21% higher equity-based pay ratios.

Similar considerations apply to the median young firm. Its idiosyncratic

volatility is about 16% smaller than in the median high-volatility firm, but

the ratios for both equity-based compensation ratio and option-based com-

pensation are about 4% higher. Both groups of firms present similar medium
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values for size and the cross-section dispersion of CEO pay. A young firm

may need to consolidate its business model through a learning process with

added uncertainty about the productivity of managerial talent.

CEO Age As compared to the high-volatility group, firms with young

CEOs are less risky (33% lower idiosyncratic volatility) and slightly bigger

(11% larger). Yet, the corresponding equity-based pay ratios are similar

for the median companies in both groups. The option-based pay ratio is

13% higher in the high-volatility group, which highlights the importance of

idiosyncratic volatility in option-based compensation.

As compared to the group of oldest CEOs, the volatility of companies

operated by junior CEOs is about 16% higher. This extra risk translates

into increases of 13% for both equity-based pay ratio and the option-based

pay ratio. Further, the cross-sectional volatility of outside wages is higher

for the oldest CEOs. For the sake of brevity, we do not report on tenure and

chair of the board, but their effects are much smaller.

Therefore, we document the influence of age on the incentive CEO pay

gap, as we benchmark the group of firms operated by young CEOs with

either the group of high-volatility firms or the group of firms operated by

oldest CEOs. Our adverse selection frameworks points at several channels

that could account for steeper pay schedules for young CEOs. First, there

is the added uncertainty in the productivity gap among managerial talent

types. Second, these effects of managerial uncertainty may get magnified in

the general equilibrium framework because there could be further imitation of

talent types to high-profile jobs while screening methods may be less effective

for young CEOs with less work history. And third, young CEOs usually face

less volatility of outside wage options, countervailing the uncertainties on the

productivity gap.
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While the evidence for a worsened agency problem is difficult to quantify,

we have already shown that the coefficient of CEO age in a regression of

the equity-based pay ratio on firm and executive characteristics is negative

and significant. Of course, we can also appeal to some casual evidence to

understand the role of CEO age on incentive pay. In academia, a senior

candidate with recognized ability is usually awarded a flat compensation

scheme, whereas a junior faculty faces stronger incentives to perform well.

The adverse selection problem arises because of the uncertainty as to whether

or not a junior candidate will succeed in teaching and research. Hence, the

wage profile of a junior hire could be quite steep due to essential difficulties

in identifying talent. Tenure-track contracts entail a probationary period

to assess quality and alleviate the agency problem, but such a probationary

period may not be necessary for senior candidates. Similarly, in sports, a

senior head coach may be offered a long-term contract with essentially no

bonus pay since talent is not under dispute. Merit pay under a short-term

contract would certainly be the norm for a promising junior head coach whose

talent is yet to be validated. More generally, age can affect the sensitivity of

optimal pay in a non-linear form. An aging or injured athlete may be subject

to minimum performance clauses and other compensation contingencies. Say

that after a player’s knee surgery, there is uncertainty about the type of

recovery, which may just be the agent’s private information. Then, the new

contract may institute pay contingent on performance. Board chairs would

generally be established executives of superior talent, which would explain

their higher level of pay (due to better outside options) and weaker incentives

(lower uncertainty about their productivity). We should of course recognize

that young CEOs tend to work for smaller, more volatile companies, have

shorter tenure, and are less likely to serve as board chairs.
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Summary We have addressed the incentive CEO pay gap associated with

the agency problem over various firm’s characteristics and CEO age. These

results should complement and clarify the empirical analysis of Section 2,

and the extent of the predictions of our model based on the aforementioned

productivity and wage gaps. Firms were ranked by idiosyncratic stock-return

volatility rather than by total stock-return volatility. First, we attest for the

positive relationship between firm’s risk and incentive CEO pay. Second, in

the provision of high-powered incentives, high-volatility firms are dominated

by some other groups of firms. Therefore, some other firm’s characteristics

appear to be quite relevant in accounting for the incentive CEO pay gap—

signaling the influence of underlying firm-specific asymmetric information

frictions. This is most clearly manifested in large firms through a higher

equity-based pay ratio. New-economy firms, R&D-intensive firms and young

firms also display sizable incentive pay gaps through higher equity-based

pay ratios, and especially through higher option-based pay ratios. To a

lesser extent, young CEOs are also offered compensation packages with higher

equity-based pay ratios, and especially higher option-based pay ratios. And

third, it all seems that the cross-sectional volatility of CEO wages affects

positively the incentive CEO pay gap within these groups of firms.

6 Concluding Remarks

We present some stylized facts relating firm’s risk to incentive CEO pay. Gen-

erally, the correlation between firm’s risk and incentive CEO pay is positive

and mainly driven by idiosyncratic stock-return volatility. Some robust, yet

puzzling time shifts in equity- and option-based compensation parallel associ-

ated time trends in firm’s idiosyncratic volatility. Firm’s systematic volatility

affects overall CEO pay, but not particularly its equity-based components.
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This risk-incentive tradeoff is also heavily influenced by some other charac-

teristics (size, new economy, young firms, R&D-intensity) and CEO-specific

factors (age, tenure, chair of the board). We propose a model of managerial

talent addressing these empirical regularities which seem difficult to recon-

cile with existing theories of CEO pay. In our adverse selection approach,

the agency problem worsens with uncertainty about managerial productivity

and the dispersion of CEO’s outside pay opportunities. The model displays

a robust positive relationship between firm’s risk and incentive pay.

As compared to high-volatility firms, the incentive-pay gap becomes quite

significant for large firms, new-economy firms, and R&D-intensive firms.

CEOs in large firms are offered compensation packages with high equity-

based pay ratios, a result that cannot be fully explained by other firm-

and CEO-specific factors. Likewise, CEOs in new-economy firms and R&D-

intensive firms are offered compensation packages with high stock-based pay

ratios, and especially high option-based pay ratios. To a lesser degree, these

high-powered incentives are intensively used in the compensation of young

CEOs. While being at the technological frontier, both new-economy firms

and R&D-intensive firms are likely to face rather severe adverse selection

problems in identifying top managerial talent. As an extension of this re-

search, a glimpse into particular sectors could be instructive. For example,

business equipment, telecommunications, health, and energy, tend to be char-

acterized by higher stock-return idiosyncratic volatility, and are inclined to

offer CEO-packages with higher equity-based pay ratios; the opposite applies

to utilities.19 Obviously, one should allow for fixed-effects, sector-specific

characteristics, and rather heterogeneous firms coexisting in some of these

sectors. A better understanding of the dispersion of CEO’s outside pay op-

portunities across sectors may also constitute a valuable contribution towards

19The listed sectors are based on Fama and French 12-industry classification.
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explaining the observed differences in the structure of CEO compensation.

Finally, we should acknowledge that incentive pay may evolve with new

job tasks and economic conditions. Some moral hazard problems may be

mitigated,20 whereas the complexity of the organization may exacerbate

asymmetric information frictions related to managerial talent. Technolog-

ical developments—most notably surrounding Artificial Intelligence—may

also contribute to benchmark managerial productivity more accurately and

help targeting relative performance evaluation; still, deeply-rooted manage-

rial conflicts may prevail. The advent of the information age and globalization

have impacted the productivity of various labor groups which may be harder

to monitor. Firms may now desire to have a global reach, and the signifi-

cance of managerial decisions may grow with the scaling across new markets

and opportunities. Increased competition, product innovation, and global

trends in labor and financing may carry a larger weight in the managing of

the corporation.

20Automation has improved the monitoring of effort intensity in some job tasks, and
inevitably transforming the nature of the risk-incentive trade-off [e.g., Liu, Brynjolfsson
and Dowlatabadi (2021)].
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Graphs and Tables1

Composition of CEO pay: Trends in the Shares of Stock and Option Grants

Figure 1a. Equity-, Stock- and Option-Based Pay Ratios for All Firms

Figure 1b. Equity-, Stock- and Option-Based Pay Ratios for New-Economy Firms

1See the Online Appendix for de�nitions and data sources.
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Firm�s Stock Return Volatility: Trends in Idiosyncratic and Systematic Risks

Figure 2. Firm�s Volatility for New-Economy, Old-Economy, and Other Firms
TOTAL STOCK RETURN VOLATILITY

ID IOSYNCRATIC STOCK RETURN VOLATILITY

SYSTEMATIC STOCK RETURN VOLATILITY
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Firm�s Risk and Incentive CEO pay

Figure 3a. Option-Based Pay Ratio, Idiosyncratic and Systematic Stock

Return Volatilities for All Firms

Figure 3b. Option-Based Pay Ratio, Idiosyncratic and Systematic Stock

Return Volatilities for New-Economy Firms
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Firm�s Size and Firm�s Risk

Figure 4a. Idiosyncratic Stock Return Volatility and Firm�s Size

Figure 4b. Systematic Stock Return Volatility and Firm�s Size
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Firm�s Age and Firm�s Risk

Figure 5a. Idiosyncratic Stock Return Volatility for Young and Older Firms

Figure 5b. Systematic Stock Return Volatility for Young and Older Firms
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CEO Age and Incentive CEO pay

Figure 6. Equity-Based Pay Ratio and CEO Age

Cross-Sectional Volatility of Total CEO Pay

Figure 7. Cross-Sectional CEO Pay Volatility and Firm�s Size
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Table 1. Level and Structure of CEO Pay: Regression Results

Table 2. Sensitivity of CEO Total Pay to Measures of Performance
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Table 3. Firm and CEO Pay Characteristics for Selected Groups of Firms
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