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Abstract

While standard contract theory suggests that a CEO should be paid relative to a benchmark

that removes the effects of sector performance, there is evidence that CEO pay is strongly and

positively related to such sector performance. Many have coined this relationship as pay for

luck. In this paper, we offer an explanation. We model a CEO charged with selecting the firm’s

strategy which determines the firm’s exposure to sector performance. To incentivize the CEO

to choose optimally, pay contracts will be positively and sometimes asymmetrically related to

sector performance. Consistent with our predictions, our empirical analysis indicates that the

observed sensitivity of pay to sector performance is almost fully confined to multi-segment firms

and is greater in firms that offer greater strategic flexibility to alter sector exposure, for more

talented CEOs, and for CEOs as compared to their subordinate executives. Our evidence is

robust to alternate explanations such as CEO entrenchment. (JEL G30, J33)
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1 Introduction

One of the basic tenets of compensation theory is that optimal incentive-based pay should depend

on variables under the manager’s control and not on those over which the manager has no control.

If the performance of the firm’s sector is outside the manager’s control, then this would imply that

the optimal incentive contract should be based on the firm’s performance relative to the sector

performance (this is known as Relative Performance Evaluation (RPE)).1 This prediction has been

extensively tested on CEO pay data with firm performance measured relative to the performance of

either the firm’s sector or the overall stock market. Such studies typically find very little evidence

of RPE for the average CEO.2 On the contrary, there is strong evidence of a positive relationship

between CEO pay and the performance of the firm’s operating sector, although this varies in the

cross-section. The lack of RPE for the average CEO has been recently spun under the auspice

that CEOs receive compensation contracts that exhibit “pay for luck,” rather than true “pay for

performance” (Bertrand and Mullainathan (2001)). This has become the crux of the managerial

power hypothesis, most prominently put forth by Bebchuk and Fried (2003), who argue that the

pay process has been captured and unduly influenced by the CEOs.3 Our paper sheds light on

both the lack of RPE and also speaks to the popular managerial power hypothesis.

We return to the basic premise of Holmstrom (1979) and ask a fairly simple question. Even if

sector performance is outside the manager’s control, can the manager influence how sector perfor-

mance affects firm performance? That is, is the empirically-identified portion of firm performance

due to sector performance really something over which the executive has no control? We argue

that the answer to this question is a resounding no. While there are clearly market forces at work

that are beyond the executive’s control, our basic argument is that the CEO typically has at least

some discretion over the firm’s exposure to such forces through the choice of the firm’s strategy.

Holmstrom (2005) makes a similar point: “if John Browne’s (then CEO of British Petroleum)

incentive pay were insulated from oil price shocks, it would affect the way he thinks about ex-
1RPE is analogous to benchmarking or indexation. In all cases, some element of performance attributed to an

exogenous factor is pulled out of the ultimate measure of an agent’s performance. See Weisbach (2007) for a summary
and Holmstrom (1982) for its origins.

2Aggarwal and Samwick (1999a, 1999b), Antle and Smith (1986), Janakiraman, Lambert and Larcker (1992), and
Garvey and Milbourn (2003) offer studies that jointly span the 1980’s through early 2000’s.

3The more appropriate term for this observed phenomenon is “pay for firm performance due to luck.” Given the
literature’s familiarity with the more elegant phrase, “pay for luck,” we use it in our discussions as well. To fix
terminology, by “luck” we refer to the sector performance over which the CEO has no control, and by “pay for luck”
we refer to pay for the component of firm performance due to luck.
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ploration and how he reacts to price shocks once they occur. Even comparisons with other oil

companies or the overall stock market could influence his risk choices.” Here, we propose a simple

model to formalize optimal incentive contracts when a firm’s exposure to sector movements is the

CEO’s strategic choice. Our model shows that the optimal incentive contract should not remove

such sector forces from the CEO’s pay. We derive a number of predictions about how the sensitivity

of CEO pay to firm performance due to sector movements will vary in the cross-section and find

significant empirical support for these predictions.

Our view in this paper is that to understand CEO pay we should first specify what CEOs actually

do in that role. The longstanding modeling choice in the literature considers a standard agency

setup, wherein expected firm performance is assumed to directly depend on the CEO’s (personally)

costly effort and some random factors over which the CEO has no control. The optimal contract

incentivizes the CEO to exert effort to maximize firm value. If the sector performance only affects

the random portion of firm performance, then such models predict the optimality of RPE. Our

contention is that the Board of Directors is not primarily concerned with how hard the CEO is

actually working, but whether she has the vision to choose the right strategy for deploying the

firm’s assets. In doing so, the CEO concerns herself with the firm’s strategic direction in lieu of

its surrounding market environment: Where is the industry going and how does the firm fit into

it? What type of exposure to the industry is optimal for the firm? Such a situation forms the

basis of our analysis to model the CEO’s job as one of choosing the firm’s strategy, which in turn

affects the firm’s exposure to sector movements. It is important to note that sector or industry

benchmarks are just a special case of the general theory we have in mind. The CEO could choose

an exposure to anything relevant for her firm, but industry returns happen to be something we can

observe empirically as we test our theory.4

The rapidly growing literature on leadership models CEOs as visionaries whose main role is to

set the strategy for the firm (see, for example, Rotemberg and Saloner (2000), and Van den Steen

(2005)). However, to the best of our knowledge, such a CEO role has not been integrated into a

formal analysis in the compensation literature. In fact, Bolton, Brunnermeier and Veldkamp (2008)

argue that “the principal-agent approach to the firm makes no room for leadership, ... no room for

any significant role for management... more often than not shareholders are in reality looking for

guidance by the manager... when a firm appoints a new CEO it [the board] may define in broad
4Our results are robust to using broader market returns as well.
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terms the CEO’s compensation package, but otherwise gives carte blanche to the CEO in defining

and implementing the firm’s strategy...” Our paper takes an early step at modeling such an active

role for the CEO and highlights its effect on the optimal incentive contract. Such an approach

yields several new predictions and also sheds light on existing puzzles.

There is significant anecdotal support for our assumption that the CEO actively influences firm

strategy. McKinsey & Company surveyed 586 global corporate directors and these respondents

reported that 24% of board time was spent on the development and analysis of strategy.5 Benned-

sen, Pérez-González and Wolfenzon (2008) demonstrate the impact of CEOs on firm value using a

natural experiment involving CEO-family deaths. Their findings suggest that the CEO is not an

otherwise passive agent, but adds value through the host of actions and decisions she makes vis-à-

vis the firm’s strategic course. It is in this manner that we model the CEO’s role in the firm. Our

model is also in the spirit of the recent work of Frydman (2007) and Murphy and Zábojńık (2007)

that suggest that over time, CEOs have become more highly valued for their general management

skills, rather than for their firm-specific knowledge. This is akin to a world where CEO ability is

linked explicitly to navigating the firm within the broad market.

In our model, a CEO is charged with choosing the firm’s strategy as she faces uncertainty

regarding future sector movements. She has the ability to put forth (personally) costly effort to

generate an informative signal about future sector returns. The optimal contract rewards the CEO

for firm performance induced by sector movements so as to provide her incentives to exert effort

to forecast the sector movements and choose the firm’s optimal exposure to them.6 As our model

shows, benchmarking the CEO’s performance against her sector is the same as not offering her pay

for sector performance and will make firm investment decisions insensitive to sector movements.

This practice is suboptimal if sector performance affects firm performance. Our model also helps

pin down situations in which the sensitivity of pay to sector performance is more likely to be

present. We find that multi-segment firms, especially those in which the sector performances of the

different segments are less positively correlated, will offer pay contracts that are more sensitive to

sector performance as compared to single segment firms. This is because such firms provide greater

opportunity to the CEO to actively shift resources towards sectors that are likely to outperform.

We also find that the sensitivity of pay to sector performance will be greater in any firm that
5See Chen, Osofsky and Stephenson (2008).
6For brevity, in our subsequent discussions we refer to the sensitivity of CEO pay to the component of firm

performance due to sector performance as the sensitivity of pay to sector performance.

3



offers greater strategic flexibility to the CEO to alter firm exposure to sector movements and for

more talented CEOs. Another contribution of our model is to show that the optimal contract

rewards a risk-averse CEO more when sector performance is good than punishes her when sector

performance is bad; that is, the optimal contract is asymmetrically sensitive to good and bad sector

performance.7

Oyer (2004) suggests that executive pay should be sensitive to market movements to avoid losing

them to other firms because the value of their outside opportunities likely rise and fall with market

levels. While probably part of the story, it doesn’t tell us whether and how the sensitivity of CEO

pay to sector forces will vary in the cross-section. Our analysis uncovers significant cross-sectional

variation of this sort. Furthermore, Oyer’s story does not explain the asymmetry in sector-pay

sensitivity as documented by Garvey and Milbourn (2006). Our model can explain the asymmetric

sensitivity of CEO pay to sector performance in an optimal contracting setting.

We take the theory’s empirically-testable predictions to CEO compensation data spanning 1992

through 2006 and find strong empirical support for the model. Using industry returns to proxy

for sector performance, we confirm previous studies and document the dependence of CEO com-

pensation on sector performance. Also, as CEOs are likely to have a greater role in setting firm

strategy, we expect CEO pay to be more sensitive to sector performance as compared to pay of

other executives. Our empirical results support this conjecture. Moreover, consistent with our

model, we find that CEO pay is more sensitive to sector performance for multi-segment firms –

those that report positive sales and assets in more than one three-digit SIC code industry – as

compared to single segment firms. We further find that the sensitivity of CEO pay to sector per-

formance in multi-segment firms is greater when the sector performances of the different segments

are less positively correlated. Our results are also robust to controlling for the quality of firm-level

corporate governance using the Bebchuk, Cohen and Ferrell (2009) entrenchment index.

To test whether the observed pay for sector performance is greater in firms that offer more

strategic flexibility to the CEO, we introduce two proxies at the industry level meant to capture

the extent of strategic flexibility. Our first proxy is industry market-to-book ratio. Industries with

high market-to-book ratios are likely to have greater investment and growth options and thereby

offer CEOs greater strategic flexibility in timing the exercise of those options. Our second proxy

relies on the level of R&D expenditures in an industry. The idea is that firms in industries with
7One can think of this asymmetric loading as one of differential sharing rules in good and bad times.
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higher levels of R&D expenditures are likely to provide their CEOs with greater strategic flexibility.

In these industries, the CEO has more latitude to scale up or down such expenditures and thereby

change the firm’s exposure to market conditions. When we divide our sample into firms in industries

with high and low market-to-book ratios, we find that pay for sector performance is in fact greater

for the subsample of firms in industries with high market-to-book ratios. Similar results hold when

we measure strategic flexibility using industry R&D expenditures.

If pay for sector performance provides incentives for the CEO to exploit the available strategic

flexibility, then we should expect firms with greater pay for sector performance to show some evi-

dence of CEOs exploiting their strategic flexibility to a greater extent at the firm level. To test this

prediction, we classify firms with positive industry-adjusted R&D expenditures and asset-growth

rates as exploiting their strategic flexibility to a greater extent. Consistent with our conjecture,

we find that CEO pay is more sensitive to sector performance in firms that have positive industry-

adjusted R&D expenditures the following year and positive industry-adjusted asset-growth rates

during the sample period. This additional test offers some further support to our theory.

Apart from compensation, firms can also provide incentives to the CEO through their retention

decision. In a recent working paper, Jenter and Kanaan (2008) show that a decline in the industry

component of firm performance significantly increases the likelihood of a disciplinary CEO turnover.

If disciplinary turnovers provide incentives for the CEO to choose the right sector exposure, then

our model would predict that the likelihood of a disciplinary CEO turnover should be sensitive to

sector performance, with a greater sensitivity in firms that offer greater strategic flexibility to the

CEO. To test this prediction, we follow the procedure in Parrino (1997) and identify all disciplinary

CEO turnovers that occur during our sample period. We identify 275 instances of disciplinary CEO

turnover in our sample. We find that consistent with our conjecture the likelihood of a disciplinary

CEO turnover is sensitive to sector performance only in firms from industries with high market-to-

book ratios and high R&D expenditures.

Next, to test our model prediction of greater pay for sector performance for more talented

CEOs, we use three proxies for CEO talent, two of which have been used in Milbourn (2003). Our

first proxy for CEO talent is the firm’s stock return under the CEO’s watch. We classify CEOs

with performance above the median industry-adjusted stock return during the previous year as

talented. Our second proxy is based on the classification of CEOs as internal or external to the

firm. We identify external CEOs as more talented than CEOs promoted from within. Hiring an
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external CEO indicates that the board is willing to go with a candidate with less firm-specific

knowledge probably due to expectations of superior talent. Our third proxy further differentiates

among external CEOs and classifies external CEOs hired from firms with better stock performance

as more talented. Consistent with our theory, we find evidence of greater pay for sector performance

for more talented CEOs as identified by all three proxies.

Finally, consistent with Garvey and Milbourn (2006), we find evidence of asymmetric pay for

sector performance in our sample as well. In line with our model, we find that the asymmetry in

pay for sector performance is present in multi-segment firms, in firms that offer greater strategic

flexibility to their CEOs (as identified by our two proxies for strategic flexibility) and for more

talented CEOs (as identified by our three proxies for talent).

Overall, our empirical analysis provides significant support for our model and highlights im-

portant cross-sectional patterns in the extent of the sensitivity of pay to sector performance. This

shows that at least for certain firms, the observed correlation between pay and sector movements

may be designed to provide appropriate strategic incentives to the CEO. Our contribution in this

paper is to offer an optimal contracting explanation for the observed phenomenon. In doing so, we

highlight an alternative way to model a CEO’s role in a firm as one of choosing a firm’s exposure to

sector movements. We certainly concede that there may exist some poorly governed firms in which

CEOs control their own pay process, but we believe that the widespread presence of the sensitivity

of pay to sector performance and its persistence over time highlight that it may not be all about

inefficient rent extraction. The phenomenon may simply be part of an optimal incentive contract

in a richer environment where the role of the CEO is to select a firm’s strategy by managing its

exposure to external factors relevant to its performance.

The remainder of the paper is organized as follows. In Section 2, we delineate the primitives of

our model and derive the optimal compensation contract in a world where CEOs choose the firm’s

strategy by altering its exposure to sector movements. Section 3 contains a description of our data

and empirical strategy along with our tests of the model’s predictions. Section 4 concludes. All

proofs are relegated to the Appendix.
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2 The Model

We analyze a simple model and characterize the optimal incentive contract when a CEO directly

determines her firm’s exposure to sector performance through her choice of firm strategy. The

model delivers several empirically-testable predictions that we take to the data in the next section.

2.1 Agents and economic environment

Consider a two-date (t = 0 and 1) economy in which an all-equity firm is owned by risk-neutral

investors and managed by a risk-averse Chief Executive Officer (CEO). The CEO chooses a one-

period project to be implemented at t = 0. This project is a manifestation of the firm’s strategy, and

henceforth we refer to this choice as such. The CEO can choose between two alternative strategies:

a high-risk strategy denoted by subscript H, and a low-risk strategy denoted by subscript L. The

realized return at t = 1 from implementing either strategy, Ri with i ∈ {H,L}, is βiRs+ε, where βi

is a measure of the riskiness of strategy i and Rs is the realized sector return.8 We naturally assume

that βH > βL ≥ 0. The loading βi can alternatively be interpreted as a measure of firm scale, with

βH representing a larger scale than βL. The scale interpretation of βi is convenient when we extend

our model to multi-segment firms in Section 2.3. In the recent CEO compensation literature, Rs

is referred to as “luck” and βiRs is referred to as the component of firm performance due to luck

(Bertrand and Mullainathan (2001)). The key assumption in our model is that by the choice of

her strategy, the CEO directly affects the firm’s exposure βi to sector performance, so βiRs is not

totally driven by exogenous forces. Throughout the rest of our analysis, we refer to βiRs as sector

performance to capture the clumsier phrase of sector-driven firm performance. Lastly, the term ε

represents the idiosyncratic component of firm performance. It is assumed to be common to both

strategies and is independently distributed with respect to Rs on support (−∞,∞), with E(ε) = 0

and Var(ε) = σ2.

It is useful to pause here and highlight the main difference between our approach and that used

in the extant literature. This will also serve to provide some early intuition for why the optimal

contract has pay sensitive to sector performance in our setting. The extant literature has typically

modeled firm performance Ri as, Ri = α(e) + βRs + ε, where e denotes CEO effort. Here, the

realized firm performance consists of three components: CEO effort, α(e), sector performance,
8We allow firm performance to depend on multiple sectors when we analyze multi-segment firms in Section 2.3.

7



βRs, and noise, ε. Since CEO effort does not influence sector performance in this specification, it

is obvious that βRs should be filtered out from firm performance in an optimal incentive scheme

and pay for sector performance is not needed to induce CEO effort. The main innovation in our

paper is to recognize that at least for some firms, the realized sector exposure depends on CEO

effort. Thus, we model firm performance as, Ri = α(e) + β(e)Rs + ε, which makes a firm’s realized

exposure to the sector performance, β(e), dependent on CEO effort. Given this specification, our

model highlights the optimality of making pay sensitive to sector performance (i.e., β(e)Rs should

not be filtered out) and shows how it varies with firm and CEO characteristics.9 Since our main

objective is to study the optimality of pay for sector performance and its cross-sectional variation,

for simplicity we suppress the term α(e) in specifying firm performance. We now lay out the rest

of our model.

The sector performance, Rs, can be specified as Rs = r̄ + r̃s, where r̄ is the expected value of

Rs and r̃s is the variable component that can take two possible values with equal probabily: rs > 0

(akin to a sector boom) and −rs < 0 (akin to a sector bust). We assume rs > r̄, so the realized

sector return during a sector bust is negative. To maximize firm value, naturally it is optimal to

choose the high-risk strategy (βH) if the expectation is for a sector upturn and the low-risk strategy

(βL) if the expectation is for a sector downturn. At t = 0, the CEO can exert effort to generate a

private signal, Θ, about the sector return. The signal is fully revealing and can take two possible

values, Θ ∈ {θ+, θ−}, where

Pr(Θ = θ+|Rs = r̄ + rs) = Pr(Θ = θ−|Rs = r̄ − rs) = 1.

The probability that the CEO generates Θ is the effort supplied by her, e ∈ [0, 1], at a personal cost

of δe2/4. With probability 1 − e, the CEO fails to generate Θ, in which case her information set

contains only the prior belief. Note that in our model the CEO has two choice variables, namely

the amount of effort to generate a signal about sector performance and the firm’s strategy. While

the CEO’s effort choice lies continuously in the unit interval, [0, 1], we limit her strategy choice to

two candidates, {βH , βL}. We believe our model can be extended, at the expense of considerable
9Our model of CEO is somewhat analogous to that of a mutual fund manager who actively engages in market

timing by increasing the fund’s market exposure in anticipation of market upturns and reducing the exposure in
anticipation of market downturns (see Mamayski, Spiegel and Zhang (2008)). Similar to our setup, in the absence of
market timing the mutual fund manager should only be compensated for the fund’s α, whereas with market timing
the compensation should also include the systematic portion of fund performance due to market movement. We
thank Sheridan Titman for pointing out this analogy.
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complexity, to include more strategy choices. The presence of two choice variables in our model also

distinguishes it from the standard effort-choice models. In those models, CEOs typically choose

effort which then directly affects firm performance. In equilibrium investors are aware of the CEO’s

effort choice. In our model, the CEO’s effort choice affects the appropriateness of her strategy

choice to the firm’s sector, and thus indirectly affects firm performance. Furthermore, unlike in the

standard effort-choice models, even ex post investors are uninformed about one dimension of the

CEO’s action space, namely her strategy choice.10

At t = 1, both the CEO and investors observe and can verify the firm’s realized return, Ri, and

the realized sector performance, Rs, whereas investors do not observe the CEO’s effort choice (e),

the chosen strategy (βi) or ε.11 The problem confronting the investors is to appropriately design a

compensation contract to incentivize the CEO to both exert effort to uncover the impending sector

performance and choose the optimal strategy accordingly. Since investors only observe Ri and Rs,

an incentive contract can only be contingent on these two variables. We initially assume a linear

contract of the form W = w0 + wRi, where w0 represents fixed pay and w is the sensitivity of pay

to the firm’s return. For now, we assume a contract that is independent of Rs, but we relax this

assumption subsequently in Section 2.4. In our model, firm performance is predominantly driven by

sector performance, βiRs, therefore any loading of pay on firm performance also loads on βiRs. An

important question in the context of our model is whether it is optimal for investors to remove the

effect of expected sector performance (i.e., r̄, which is commonly known) in designing the incentive

contract. Interestingly, in our setting it is not possible for investors to do so. To see this clearly,

note that Ri = βiRs + ε = βir̄+ βir̃s + ε. Thus, r̄ affects Ri through the chosen strategy, βi. Since

investors do not observe βi even ex post, they cannot design a contract that depends on Ri and

also fully removes the effect of r̄ on compensation.

We now formally define the term “sensitivity of pay to sector performance” that we will use in

our subsequent discussions:

Definition 1: CEO pay is sensitive to sector performance if it is sensitive to the sector-driven

component of firm performance, βiRs.

Thus, in the context of our model, w > 0 indicates that pay is sensitive to sector performance. The
10The CEO’s equilibrium effort choice is also known to investors in our model, because the compensation contract

prescribes how much effort the CEO should exert through the CEO’s incentive-compatibility constraint.
11The CEO does not observe ε either. But since the CEO knows the strategy, she can back out ε from Ri.
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CEO’s utility is given by VCEO(W )− δe2/4, where VCEO(·) is an increasing and concave function,

with V ′CEO > 0 and V ′′CEO < 0. The CEO’s reservation utility is given by a constant V̄CEO.

2.2 Optimal sensitivity of pay to sector performance

Suppose the CEO exerts an effort e, then with probability e she generates the signal Θ. Conditional

on generating the signal, she optimally chooses the high-risk strategy (βH) if Θ = θ+ and the low-

risk strategy (βL) if Θ = θ−. With probability 1 − e she fails to generate Θ, in which case she

may unconditionally choose either the high-risk or the low-risk strategy. We assume that the CEO

will always choose the low-risk strategy whenever she fails to obtain a signal. This can be justified

as follows. Following the interpretation of the choice of βi as a choice of firm scale – with βH

representing a larger scale than βL – in the absence of the informative signal Θ, investing in the

sector is equivalent to a zero-NPV investment.12 Hence, we assume that whenever the CEO fails

to obtain a signal, she chooses βL and minimizes the investment in the sector.

Without loss of generality and to simplify our analysis, we normalize βL = 0 and denote

βH ≡ β > 0 subsequently. Hence, the CEO’s expected utility, given any compensation contract

denoted by (w0, w), can be written as:

VCEO(w0, w) = e

[
E
(
VCEO(w0 + w[βr̄ + βrs + ε]) + VCEO(w0 + wε)

)
2

]

+ [1− e]

[
E
(
VCEO(w0 + wε) + VCEO(w0 + wε)

)
2

]
− δe2

4
.

The term in the first set of square brackets represent the CEO’s payoff when she generates the

signal. This equals the sum of her payoff when Θ = θ+ (which occurs with probability 1/2) and

she optimally chooses the high-risk strategy, and her payoff when Θ = θ− (which also occurs with

probability 1/2) and she optimally chooses the low-risk strategy. The term in the second set of

square brackets represent the CEO’s expected payoff when she fails to generate Θ and chooses the

low-risk strategy. The last term is the CEO’s personal cost of effort provision.
12The implicit assumption is that r̄, the expected return from investing in the sector without Θ, is a fair compen-

sation for the risk involved in investing in the sector. Thus in the absence of Θ, the risk-adjusted excess return from
investing in the sector is zero.
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The investors’ corresponding expected payoff, denoted as VI(w0, w), is:

VI(w0, w) = [1− w][e]
[
βr̄ + βrs

2

]
− w0.

The investors’ problem at t = 0 is to design a contract, (w0, w), to maximize their expected payoff,

VI(w0, w), by providing the CEO the right incentives to choose an appropriate effort level to find

out the sector performance. The investor’s problem can be formally stated as:

max
{w0,w}

VI(w0, w), (1)

s.t. VCEO(w0, w) ≥ V̄CEO, (2)

and e = arg max
e∈[0,1]

VCEO(w0, w). (3)

In the above problem, the incentive-compatibility constraint in equation (3) stipulates that the

chosen effort level maximizes the CEO’s expected utility given the contract (w0, w). The CEO’s

participation constraint is given by the weak inequality (2).

We term the CEO’s ability to change the firm’s exposure in response to sector performance

as the extent of strategic flexibility. In our model, this can be measured by the distance between

the betas, i.e., βH − βL = β. Note that in the trivial case when β = 0, there is no flexibility

for the CEO to alter firm exposure in response to the sector movements. The CEO of a firm

with greater strategic flexibility (larger β) has more latitude in choosing the firm’s exposure to

the sector performance. We now provide our first result on the structure of the optimal incentive

contract. To obtain closed-form solution, we make specific assumption about the CEO’s utility

function. Specifically, we assume that the CEO’s utility function can be represented by a modified

mean-variance utility of the form: E
(
VCEO(w0, w)

)
= w0 +w[βiRs]− [λ/2][w2σ2]− [λ/2]{w[βiRs]},

where Rs ∈ {r̄ + rs, r̄ − rs} and the constant λ is the CEO’s risk-aversion parameter.13

Proposition 1. The optimal incentive contract, denoted as (w∗0, w
∗), exhibits pay for sector per-

formance, i.e., w∗ > 0. Moreover, w∗ is strictly increasing in the extent of strategic flexibility, β,

and the level of sector abnormal performance, rs, and decreasing in the effort disutility parameter,

δ.
13The CEO faces two sources of uncertainty: the first is due to the idiosyncratic shock, ε, and the second is due to

the sector return, Rs. The term −[λ/2][w2σ2] represents her risk aversion towards ε, and her risk aversion towards
Rs is captured (with the minimum mathematical complexity) by the term −[λ/2]{w[βiRs]}. Note that with this
formulation, we need λ < 2 to ensure that the CEO’s expected utility is increasing in her pay.
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The intuition for this result is as follows. The CEO’s compensation is intentionally left sensitive

to the sector’s return Rs to ensure that she has sufficient incentives to exert effort to uncover sector

performance and choose the optimal strategy accordingly. Absence of pay for sector performance

(i.e., w∗ = 0) will result in the CEO shirking and choosing the low-risk strategy unconditionally,

and hence the firm’s exposure is unlikely to be correctly matched to sector performance. To see

why pay for sector performance w∗ is increasing in β, note that the marginal benefit of CEO effort

to investors is increasing in β since the benefit of correctly matching the firm’s exposure to sector

performance increases with β. Thus, as β becomes larger, investors increase the sensitivity of pay

to sector performance to induce more effort from the CEO.14 A similar intuition applies for why w∗

is increasing in rs. Finally, w∗ is decreasing in the effort disutility parameter δ. In our empirical

analysis, we equate δ to the cross-sectional variation in CEO talent, with a more talented CEO

having a lower δ.

2.3 Multi-segment firm

We now extend our analysis to a setting where multiple sectors affect firm performance and examine

how the sensitivity of pay to sector performance may differ between multi-segment and single

segment firms. To fix ideas, consider a firm that operates in two sectors, denoted sector 1 and 2.

The t = 1 return for sector k ∈ {1, 2}, Rsk, can be either r̄ + rs > 0 or r̄ − rs < 0, which are

a priori equiprobable. The returns of the two sectors are correlated via the following conditional

probabilities:

Pr(Rsk′ = r̄ + rs|Rsk = r̄ + rs) = Pr(Rsk′ = r̄ − rs|Rsk = r̄ − rs) = η ∈ [0, 1], ∀k, k′ ∈ {1, 2}.

Note that η = 0 corresponds to the case where the two sector returns are perfectly negatively

correlated, whereas η = 1 corresponds to the case where the returns are perfectly positively cor-

related. At t = 1, the firm’s return is β1Rs1 + β2Rs2 + ε, where β1, β2 ∈ {β, 0}. In line with our

interpretation of β as a measure of the firm’s sector-investment scale, and in the spirit of resource

constraint within a multi-segment firm (also to simplify the analysis), we assume that at most one
14Although for a fixed w∗ > 0, an increase in β itself induces the CEO to exert more effort, that additional effort

alone is typically not sufficient from the investors’ perspective. This is because the CEO only enjoys a fraction of
the gain from the increase in strategic flexibility and the ability to correctly match exposures to sector performance.
Hence, notwithstanding the greater effort resulting from an increase in β, investors increase w∗ to induce greater
effort.
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among β1 and β2 can be positive, i.e., β1 +β2 ≤ β. Thus, if the CEO allocates capital to sector 1 by

choosing the high-risk strategy for that sector (β1 = β), she will have to reduce capital allocation

to sector 2 by choosing the low-risk strategy with β2 = 0, and vice versa. The CEO’s private signal

Θ perfectly reveals the returns for both sectors. The rest of the setup is the same as that in Section

2.1. We denote the optimal incentive contract for the multi-segment firm as (w∗0m, w
∗
m), where w∗m

is the sensitivity of CEO pay to firm performance and consequently to sector performance.

The following proposition compares the optimal incentive contracts between multi-segment and

single segment firms.

Proposition 2. The multi-segment firm ceteris paribus exhibits greater sensitivity of pay to sector

performance than the single segment firm, i.e., w∗m > w∗. Moreover, w∗m is decreasing in the degree

of sector-return correlation, η.

The key to understanding this proposition is to note that investors benefit from CEO effort if

she can identify a sector that is expected to outperform and direct resources to that outperforming

sector. Since the performances of the two sectors are not perfectly correlated, the likelihood that

the CEO of a multi-segment firm can identify one sector that will outperform and direct resources

to that sector is greater than that of a single segment firm’s CEO. To see this more clearly, note

that even if a single segment firm’s CEO can also observe the returns for both sectors, she may

not easily be able to direct resources to the outperforming sector if her firm does not currently

operate in that sector – unless of course she decides to diversify into that sector. Hence, CEO

pay in multi-segment firms is more sensitive to sector performance. This also explains why pay

for sector performance is decreasing in the sector correlation, η, within a multi-segment firm. The

lower is the sector correlation, the greater is the likelihood that at least one sector will outperform

and resources can be directed to that sector.

2.4 Asymmetric sensitivity of pay to sector performance

We now relax our original assumption on the contractual form and analyze a more general one that

allows the loading on firm performance to depend on sector performance. To succinctly convey

the main message in this section, we perform the analysis in a single segment setting, but the

conclusions here are robust to an extension to a multi-segment setting. More specifically, we assume

that investors offer the CEO a piecewise linear contract with W = w0 + w̄Ri when Rs = r̄ + rs,
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and W = w0 + wRi when Rs = r̄ − rs, where w̄ is the loading on firm performance when the

sector performance is good and w is the loading on firm performance when the sector performance

is bad. How do investors implement such an incentive contract? Since the contract we specify is

piecewise linear, it can be implemented using a fixed wage (to the extent of w0) plus stock grants.

The amount of stock grants may vary with the sector performance, with the amount during sector

upturns and downturns being given by w̄ and w, respectively. Analyzing this general contract

helps us explore any potential asymmetry in the optimal incentive contract. Let us proceed by first

defining asymmetric sensitivity of pay to sector performance in the context of our model:

Definition 2: The incentive contract exhibits asymmetric sensitivity of pay to sector performance

if the sensitivity of CEO pay to sector performance during sector upturns, w̄, is greater than the

sensitivity during sector downturns, w.

The following proposition delineates the result from the analysis of the general contract.

Proposition 3. The optimal compensation contract, denoted as (w∗0, w
∗, w̄∗), has the following

properties:

1. it loads positively on sector performance both when sector performance is good and when it is

bad, i.e., w∗ > 0 and w̄∗ > 0;

2. it exhibits asymmetric sensitivity of pay to sector performance, i.e., w̄∗ > w∗, whenever r̄ ≤ 0;

for a given r̄ > 0, there exists a cutoff value of CEO risk aversion such that for all values

of risk aversion greater than the cutoff, the contract exhibits asymmetric sensitivity to sector

performance;

3. the extent of asymmetric sensitivity of pay to sector performance is increasing in the extent

of strategy flexibility, i.e., w̄∗ − w∗ is increasing in β.

The intuition for this proposition is as follows. Observe first that the result of a positive

sensitivity of pay to sector performance obtains with the general contract as well. As explained

before, the CEO’s compensation is contingent on the sector performance (i.e., w∗ > 0 and w̄∗ > 0)

to ensure that she has sufficient incentives to exert effort to uncover the sector performance and

choose the optimal strategy accordingly. The two loadings, w∗ and w̄∗, however, serve two slightly

different incentive purposes. The loading when the sector performance is bad, w∗ > 0, ensures
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that the CEO does not shirk and unconditionally choose the high-risk strategy (βH), whereas

the loading when the sector performance is good, w̄∗ > 0, ensures that the CEO does not shirk

and unconditionally choose the low-risk strategy (βL). To see this, note that when w∗ > 0, the

CEO suffers a loss if she under-supplies effort and chooses βH whenever she fails to generate Θ

and the low sector return, Rs = r̄ − rs, is realized. Similarly, when w̄∗ > 0, the CEO forgoes a

compensational gain if she under-supplies effort and chooses βL whenever she fails to generate Θ

and the sector boom, Rs = r̄+rs, occurs. Given risk aversion, the CEO’s incentive to avoid the loss

when Rs = r̄−rs is ceteris paribus stronger than her incentive to avoid forgoing her compensational

gain when Rs = r̄ + rs. Hence, all other things being equal, investors rely to a lesser extent on

the compensation contract to provide incentives to the CEO to not shirk and choose the high-risk

strategy unconditionally. Such reliance on the contract is further reduced if the expected sector

return is non-positive, i.e., r̄ ≤ 0, in which case the CEO is ceteris paribus less likely to choose

βH whenever she fails to obtain a signal.15 Thus, when r̄ ≤ 0, the optimal incentive contract for a

risk-averse CEO exhibits asymmetry in the sensitivity of pay to sector performance. When r̄ > 0,

the CEO is ceteris paribus more likely to choose βH unconditionally whenever she fails to obtain a

signal. This factor alone would induce investors to choose a higher w∗ than w̄∗ in the compensation

contract. Note that risk aversion diminishes the CEO’s preference for βH . Thus, in order to have

w̄∗ > w∗ in this case, the CEO needs to be sufficiently risk averse, which reduces the contract’s

reliance on w∗ to incentivize the CEO to not shirk and choose βH unconditionally.

Moreover, as the firm’s strategic flexibility increases (i.e., β becomes larger), in order to provide

incentives to the CEO to exert more effort, both the loadings (w̄∗ and w∗) increase. Given CEO

risk aversion, each unit increase in the loading when the sector performance is bad (w∗) ceteris

paribus produces a stronger incentive effect than each unit increase in the loading when the sector

performance is good (w̄∗). Thus, to provide appropriate incentives, w̄∗ increases more than w∗.

That is, the asymmetry in pay for sector performance, w̄∗−w∗, is increasing in the firm’s strategic

flexibility.
15To see this more clearly, note that in this case whenever the CEO fails to generate Θ, the expected return from

investing in the sector is negative (since r̄ ≤ 0), and hence all other things being equal (i.e., for any compensation
contract without asymmetry, w̄ = w) the CEO is strictly worse off by choosing βH .
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2.5 Empirical predictions

In this section, we list the main empirical predictions of our model. From Proposition 1, we know

that the optimal incentive contract rewards the CEO for firm performance resulting from sector

movements. That is, the optimal incentive scheme does not remove the sector performance. Our

first prediction states:

Prediction 1: Optimal incentive contracts will reward CEOs for sector performance.

Support for this prediction can be found in Bertrand and Mullainathan (2001) and Garvey

and Milbourn (2006), although it was cast in a different light. One important aspect of testing

Prediction 1 relative to these two papers is that our model is quite specific about the nature of what

those authors call “luck.” It is reasonable to argue that CEOs, through their choice of strategy, will

affect the extent of the firm’s exposure to its industry movements. One way to think about this

is that the CEO uses capital budgeting to decide on the amount of incremental capital investment

in the firm’s industry. Instead of investing more, the CEO can decide to either keep the money as

cash holdings, return to shareholders or invest in another industry. The decision is likely to depend

on the CEO’s view on the future prospects of the firm’s industry. Thus, according to our model,

the luck that matters for CEO compensation should be industry performance. Hence, we repeat

the tests of Bertrand and Mullainathan (2001) and Garvey and Milbourn (2006) for our extended

sample period to test this prediction using industry returns.

Proposition 2 generates the second prediction of our model regarding the sensitivity of pay to

sector performance in multi-segment firms:

Prediction 2: The sensitivity of pay to sector performance will be greater for CEOs in multi-

segment firms than those in single segment firms. The sensitivity of pay to sector performance in a

multi-segment firm will decrease in the degree of correlation between the performances of the firm’s

different segments.

Next, we know from Proposition 1 that the sensitivity of pay to sector performance will be

greater for CEOs managing firms that offer them greater strategic flexibility. To test this prediction,

we identify two proxies for the extent of ex ante strategic flexibility offered to the CEO. To be

consistent with our model, we take care to ensure that the proxies are the ones that a CEO cannot

readily influence through her decisions. We do this by identifying industry-level variables that
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are not easily altered. For example, industries with higher market-to-book ratios are likely to have

greater investment and growth opportunities and hence offer CEOs greater strategic flexibility. The

idea is that CEOs can change the sensitivity of firm performance to sector movements by timing

the exercise of those growth options. Hence, we expect the sensitivity of pay to sector performance

to be greater in industries with higher levels of market-to-book ratio. Similarly, industries with

higher levels of R&D expenditures may offer a greater potential for CEOs to vary the firm’s sector

exposure. The idea is that CEOs can alter the sensitivity of firm performance to sector movements

by scaling up or down the level of R&D expenditures. Consistent with this, Bennedsen, Pérez-

González and Wolfenzen (2008) find that CEOs have a greater impact on firm performance in

industries with higher levels of R&D expenditures. Thus, we expect the sensitivity of pay to sector

performance to be greater in industries with higher levels of R&D expenditures. Summarizing, our

third prediction is:

Prediction 3: The sensitivity of pay to sector performance will be greater for CEOs in firms that

offer greater strategic flexibility, that is, for CEOs in firms: in industries with higher levels of

market-to-book ratio and higher levels of R&D expenditures.

We also know from Proposition 1 that the sensitivity of pay to sector performance will be

greater for more talented CEOs, as captured by the decreasing disutility of effort of more talented

executives. We construct three proxies for CEO talent to test this prediction. Our first proxy for

CEO talent, drawn from Milbourn (2003), is the industry-adjusted stock return during the previous

year. The idea is that firms managed by more talented CEOs will exhibit higher industry-adjusted

performance. Our second proxy is whether the CEO is an internal hire or an external hire. We

identify CEOs appointed from outside the firm as being more talented than inside CEOs, since

these executives overcome their relative lack of firm-specific knowledge to get hired anyway. Our

third proxy for talent further differentiates among externally-hired CEOs. It is based on the stock

performance of the external CEO’s previous firm. Thus, our next prediction is:

Prediction 4: The sensitivity of pay to sector performance will be greater for more talented CEOs,

that is, for CEOs in firms with above median industry-adjusted stock returns, for externally-hired

CEOs, and for external CEOs hired from firms with better stock performance.

From Proposition 3, we know that in the optimal contract we have w̄∗ > w∗. This implies

that the optimal contract rewards the CEO more for firm performance resulting from good sector
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returns (Rs = r̄+rs) than punishes her for declines in firm performance due to bad sector outcomes

(Rs = r̄ − rs), i.e., the optimal incentive contract is asymmetric in the pay sensitivity to sector

performance. Our prediction is thus in line with the results of Garvey and Milbourn (2006).

Interestingly, apart from the asymmetry built in the optimal contract, the CEO’s ability to change

firm exposure to sector performance implies that empirical tests that ignore this fact may be biased

towards finding asymmetry in the sensitivity of pay to sector performance. The reason for this is

as follows. In estimating the sector component of firm performance, these tests typically estimate

one average β for every firm, say β̄. However, if a CEO actively changes her firm’s exposure to

sector performance by increasing the risk of the firm’s projects during sector upturns and reducing

the risk during sector downturns, then such tests are likely to underestimate the actual β during

sector upturns and overestimate the actual β during sector downturns. This in turn is likely to

bias the estimates towards finding asymmetry in the sensitivity of pay to sector performance. To

see this more clearly, note that in the context of our model, in equilibrium (whenever the CEO

generates a signal) βH × [r̄ + rs] and βL × [r̄ − rs] represent the sector-driven component of firm

performance during sector upturns and downturns, respectively, and w̄∗ and w∗ are the loadings

on these two components. However, the empirically-estimated sector-driven component of firm

performance during upturns and downturns will be, respectively, β̄ × [r̄ + rs] and β̄ × [r̄ − rs]. Let

w+ and w− represent the empirically-estimated loadings on these two components. It is easy to

show that we will have w+ = w̄∗βH/β̄ and w− = w∗βL/β̄. Thus, even if w̄∗ = w∗, we are likely

to have w+ > w− because βH > β̄ > βL. Thus, empirically we will observe asymmetry in the

compensation contracts if we ignore the fact that CEOs can change the firm’s risk exposure.

Moreover, similar to Predictions 2 – 4, our model also predicts that we should observe asymme-

try between pay for good and bad sector outcomes in incentive contracts for CEOs in multi-segment

firms, in firms that offer greater strategic flexibility, and for more talented CEOs. Note that strictly

speaking, Proposition 3 predicts greater asymmetry in the sensitivity of pay to sector performance

for firms that offer more strategic flexibility. Our ability to test this prediction is compromised by

a couple of issues. The first one is the above noted bias in estimating the extent of asymmetry.

Second, when we estimate pay for good and bad sector outcomes for the subsample of firms (i.e.,

firms with more versus less strategic flexibility), the pay for either good or bad sector realizations

is insignificant in a number of cases. This makes comparison of the difference in coefficients across

the two subsamples difficult. Given these issues, we confine our tests to establishing the presence of
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asymmetric sensitivity of pay for sector performance in our full sample, and for multi-segment firms,

firms that offer more strategic flexibility to the CEO, and for more talented CEOs. Summarizing,

our fifth prediction yields the following:

Prediction 5: CEO pay will be more sensitive to sector performance when it is good than when it

is bad. This asymmetric sensitivity will be present for CEOs in multi-segment firms, in firms that

offer greater strategic flexibility (that is, for firms: in industries with higher market-to-book ratios

and higher levels of R&D expenditures), and for more talented CEOs (that is, for CEOs in firms

with better industry-adjusted stock performance, for externally-hired CEOs, and for external CEOs

hired from firms with better stock performance).

With these predictions in hand, we turn now to our empirical analysis.

3 Empirical Analysis

In this section, we describe our data, lay out our empirical methodology, and provide the main

results stemming from the tests of our model’s predictions.

3.1 Data and descriptive statistics

The data for testing our predictions are drawn from two standard sources. Stock returns come from

the Center for Research in Security Prices (CRSP), and compensation data are from Standard and

Poor’s ExecuComp. Our sample period covers the years 1992-2006. The compensation data are for

each firm’s executive identified by ExecuComp as the CEO. To obtain a sample suitable for testing,

we modify this overall sample in the following ways. First, we drop firms with fiscal years ending

in any month other than December. We do this to ensure that the period we use to measure firm

performance coincides with the period used to measure industry performance, which we use as the

benchmark. Second, to ensure that we have a full year’s compensation data, we drop firm-years in

which the CEO changed. In Section 3.3, we compare the overall ExecuComp sample to our sample

to ensure that the selection does not bias our conclusions. For robustness, we repeat all our tests

with the full sample and obtain results similar to the ones reported.
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3.2 Empirical specification and key variables

In testing our predictions, we are broadly interested in examining how CEO compensation is related

to the component of firm performance due to sector movements. To do this, we follow the approach

used in Bertrand and Mullainathan (2001) and Garvey and Milbourn (2006) and break the test

into two stages. In the first stage, we calculate the sector and firm-specific components of the firm’s

dollar return. We achieve this using the following specification:

yit = βXs + µtT + εit, (4)

where the subscript i indicates the firm, s indicates the sector, t refers to time in years and the

term T refers to a set of time dummies. The dependent variable y is the annual stock return

and X represents the return on a set of sector indices. We convert both the firm’s stock return

and sector return into dollar returns by multiplying them with the firm’s market capitalization at

the beginning of the year. In the baseline specification, the sector indices include the equal- and

value-weighted industry returns, where industry is identified at the level of the two-digit SIC code.

We remove the firm’s return while calculating the industry returns. As discussed earlier, industry

returns are most relevant for testing our model implications. For robustness, we repeat our tests

by including equal- and value-weighted portfolio returns of all NYSE/AMEX/NASDAQ stocks, the

return on the S&P 500 index and the return on the firm’s size-decile portfolio. Since many of these

indices are highly correlated with industry returns, not surprisingly we obtain similar results with

these as well. Furthermore, since all of these are imperfect measures of the sector return that is

likely to be relevant for choosing a firm’s strategy, we may misclassify some sector and firm-specific

portions of performance.

Because our tests are based on how CEO pay is related to the sector component of firm perfor-

mance in the cross-section, measurement error is unlikely to bias our conclusions. Note also that

even our tests are likely to be biased towards finding asymmetry in pay for sector performance

because we only estimate one average loading (β) for a firm. Due to the noise in short-term return

measures and the lack of sufficient observations, we are unable to estimate time-varying loadings

for a firm. As mentioned earlier, taking into account the potential bias, we confine our tests to

establishing the presence of asymmetric pay for sector performance consistent with our predic-

tions. Based on the estimation of the above equation, we calculate the sector component of firm

20



performance as:

Sectorit = β̂Xs + µ̂tT, (5)

where β̂ and µ̂t represent the coefficient estimates from (4). The difference between firm stock

return and its sector component is referred to as the firm-specific component.

Having estimated the sector and firm-specific components of firm performance, in the next stage

we estimate how CEO compensation varies with these two. To do this, we follow the approach

of Aggarwal and Samwick (1999a) and Garvey and Milbourn (2006) on the pay for performance

relationship and estimate the following model:

zit = α1 × Sectorit + α2 × Firm specificit + γXit + µeE + µtT, (6)

where the dependent variable z is the level of compensation. We use three alternative measures of

CEO compensation. Our first measure is the executive’s total direct compensation, Total compen-

sation, which is a sum of the CEO’s yearly salary, bonus, other annual compensation, long-term

incentive payouts, other cash payouts, the value of restricted stock and the Black and Scholes value

of stock option awards in the year. The other two measures of compensation are Bonus, which is a

measure of the CEO’s bonus for the year, and Option grants, which is the Black and Scholes value

of option grants during a year.

Following Garvey and Milbourn (2006), we do not fix the sensitivity of pay to either Sector or

Firm Specific to be the same for all firms. Instead, we let the loadings vary with the riskiness of

the two components of firm performance by including interaction terms between Sector and Firm

Specific and the cumulative distribution function (CDF) of their own respective variances. We

also include the level of the CDF as an additional control. Thus, our set of controls Xit include

interaction terms between Sector and Firm specific and the CDF of their variances (i.e., Sector ×

CDF of var of sector, and Firm specific × CDF of var of firm specific), the level of the CDF of the

two variances and the tenure of the CEO. We calculate the tenure for a CEO in any year as the

difference in years between the fiscal year end of that year and the date when the executive became

CEO. Jensen and Murphy (1990) find that firm size matters for pay for performance sensitivity. To

control for this, we include a dummy variable Large that identifies firms with above sample median
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firm size as measured by the natural logarithm of the book value of total assets.16 We also control

for executive fixed effects (E) and for time fixed effects (T). Our predictions are about how α1

varies in the cross-section of CEOs. In the tests designed to measure asymmetry in pay for sector

performance, we augment the above model by replacing Sector with two interaction terms. These

are Sector×(+ve Sector) and Sector×(−ve Sector), where +ve Sector (−ve Sector) is a dummy

variable that takes the value one when Sector is positive (negative) and zero otherwise. We now

present our empirical results, starting with the summary statistics.

3.3 Summary statistics

In Panels A and B of Table 1, we compare the summary statistics for compensation and firm-

specific variables for executives identified as the CEO (given by the CEOANN field in ExecuComp)

for the full ExecuComp sample (Panel A), and our subsample that excludes firms with fiscal years

ending in any month other than December and firm-years in which the CEO changed (Panel B).

These summary statistics show that our subsample is comparable to the full sample in terms of

average market value and CEO pay. Focusing on Panel B, the average salary and bonus for a

CEO in our sample are approximately $653,207 and $723,793, respectively, while option grants in

the year average about $2.0 million. The standard deviation of stock returns are the volatilities

provided in the Execucomp database that are used to calculate the Black and Scholes value of

options. The more important feature of both the full sample and the subsample is the significant

right skewness in the data. For instance, the maximum value of option grants is about $290 million

in our subsample, and the median value is approximately one-fourth of the mean. To reduce the

effects of such outliers, our variables of empirical interest are all winsorized at the 1% level and we

estimate robust standard errors throughout our analyses.

[Table 1 goes here]

Critical to our ability to test the hypothesis that CEOs change firm exposures to sector returns

is the fact that the benchmark can take both positive and negative values. Table 2 summarizes

the percentage of the observations for each benchmark that are positive, as given in the column
16We do not include an interaction term between Sector and firm size as measured by either Large or the natural

logarithm of the book value of total assets, because the correlation between this interaction term and Sector is more
than 90%. Our results are robust to controlling for the book value of total assets instead of the dummy variable
Large.
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denoted as percent positive. Not surprisingly for our sample period, a large proportion of our

sample contains positive benchmark returns.

[Table 2 goes here]

3.4 Empirical results

With the data and empirical strategy in hand, we now proceed to test our model’s predictions.

3.4.1 Pay for sector performance

We begin our empirical analysis by testing Prediction 1 to see if there is evidence of pay for

sector performance in our sample. These tests are similar to those in Bertrand and Mullainathan

(2001) except that our sample period is longer than theirs. We repeat the tests to ensure that

the results hold in our sample as well. The results are reported in Table 3. In Column (1),

the dependent variable is Total compensation. The statistically significant positive coefficient on

Sector confirms pay for sector performance. In Columns (2) and (3), we repeat the estimation

with Bonus and Option grants as measures of compensation, respectively, and find evidence of

reward for sector performance for bonus payments, whereas there is no statistically significant

pay for sector performance for option grants (the coefficient estimate on Sector in Column (3) is

positive, though). Our point estimates are consistent with earlier papers. The point estimates

imply that for a CEO of a firm with median risk, an additional $1,000 increase in firm value arising

from sector movements (i.e., luck in Bertrand and Mullainathan (2001)) increases the CEO’s total

compensation by approximately $1.2, bonus payouts by 27 cents, and new option grants by 21

cents.

It is reasonable to expect that within a firm the CEO has a greater control in setting the firm’s

strategy and hence its sector exposure as compared to other executives. If, according to our model,

pay for sector performance is aimed at providing incentives for the executive to find out the sector

movements and choose the right sector exposure, then we should expect greater pay for sector

performance for the CEO as compared to other executives within a firm. We test this prediction

in Columns (4) – (6) of Table 3 by expanding our sample to include both CEOs and non-CEO

executives from ExecuComp. We include all executives who appear for more than three years in
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the database. We re-estimate model (6) after including three additional terms: a dummy variable

CEO to identify CEOs, and two interaction terms Sector × CEO and Firm Specific × CEO. Note

that in Columns (4) – (6) the coefficient estimates on CEO and Sector × CEO are all positive

and statistically significant, regardless how we measure compensation. This shows that pay for

sector performance is indeed greater for CEOs than non-CEO executives, which is consistent with

our conjecture. Interestingly, we do not find a similar pattern in pay for firm-specific performance.

This additional test offers some further support for our theory.

[Table 3 goes here]

Since pay for sector performance is statistically insignificant for Option grants (see Columns (3)

and (6)), in the subsequent analysis we drop Option grants as a measure of compensation.

3.4.2 Pay for sector performance in multi-segment firms

One main advantage of our theory is that it identifies specific situations in which pay for sector

performance should be more prevalent. From Prediction 2 we expect greater pay for sector per-

formance for multi-segment firms as compared to single segment firms. To test this prediction, we

classify the firms in our sample into multi-segment and single segment firms and repeat our analysis

for the two subsamples. We identify a firm as a multi-segment firm if it reports positive sales and

assets in more than one three-digit SIC code industry. In measuring Sector for multi-segment firms,

we use the sector performance of the firm’s largest segment. In unreported robustness tests, we

repeat our estimation using the weighted average sector performance of all the segments in the firm

to measure Sector and obtain consistent results.

The results in Panel A of Table 4 show that when CEO pay is measured using Total compen-

sation, there is pay for sector performance only for multi-segment firms.17 We also find that the

coefficient estimates on Sector across the two subsamples are significantly different from each other.

When pay is measured using Bonus, we also find that pay for sector performance is significantly

greater for multi-segment firms as compared to single segment firms. These results offer strong

support for our theory. Since ex ante it is not apparent that CEOs of multi-segment firms are more

talented than CEOs of single segment firms, our results here also help distinguish our model from
17We run separate tests in the sub-sample of single segment and multi-segment firms to allow for different coefficients

on the control variables across the two sub-samples.
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that of Oyer (2004) who predicts greater pay for sector performance for more talented CEOs with

higher reservation utility.

Prior research shows that firms may endogenously choose to be multi-divisional (Campa and

Kedia (2002)) and hence it may not be appropriate to compare the valuations of multi-segment

and single segment firms. While a similar critic may be leveled against our tests as well, there are

two mitigating arguments. First, it is not obvious why the differences across multi-segment and

single segment firms should reflect in greater pay for sector performance in multi-segment firms.

One possible reason could be that multi-segment firms may have worse governance structures as

compared to single segment firms and pay for sector performance may be a manifestation of CEO

power. To partly control for this, in unreported tests, we repeat our analysis after controlling for

the Bebchuk, Cohen and Ferrell entrenchment index and find that our results are robust. Second,

in all our specifications we employ executive fixed effects. To the extent that CEOs remain with

the same firm, these fixed effects are likely to control for time-invariant differences across multi-

segment and single segment firms. In additional robustness checks, we repeat our analysis with

firm fixed effects instead of executive fixed effects and obtain consistent results (see Campa and

Kedia (2002)).

In Panel B, we test the second part of Prediction 2 which states that the sensitivity of pay to

sector performance within a multi-segment firm should be decreasing in the degree of correlation

between the performances of the segments. We measure the correlation between segment perfor-

mances using the correlation between the industry performance of a multi-segment firm’s main

segment (by total assets) and the weighted average industry performance of all other (non-main)

segments. We use the industry performance as opposed to the actual segment performance to avoid

spurious correlations. We use the book value of total assets of the non-main segments as the weights

to calculate the weighted industry performance. We then construct a dummy variable, Low corr,

which takes the value one if the correlation is less than the sample median and zero otherwise.

Then, we re-estimate (6), including both Low corr and an interaction term between Low corr and

Sector. These tests are confined to firms that we identify as multi-segment firms.18 In Columns

(1) and (3), we display the estimation results from Panel A for comparison. The results in Column

(2) show that when pay is measured using Total compensation, there is evidence of greater pay

for sector performance in multi-segment firms where the correlation between the industry perfor-
18We do not estimate separately for conglomerates with low and high-correlations because of the limited sample

size.
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mance of the main segment and all other segments is low. When pay is measured using Bonus, we

find that the coefficient estimate on the interaction term, Sector × Low corr, is also positive but

not statistically significant (see Column (4)). These results offer support for our theory and show

that at least for some firms, pay for sector performance may be optimal and aimed at providing

incentives for the CEO to choose the appropriate strategy.

[Table 4 goes here]

3.4.3 Strategic flexibility and pay for sector performance

We now test Prediction 3, which predicts greater pay for sector performance in firms that offer

greater strategic flexibility to the CEO. To test this prediction, we use two alternate proxies to

identify firms that offer greater strategic flexibility. First, we use the market-to-book ratio of

a firm’s industry as a proxy for strategic flexibility. We define a firm’s industry at the level of

two-digit SIC code and measure the industry market-to-book ratio as the median market-to-book

ratio of all firms in that industry. We classify industries with market-to-book ratios above the

60th percentile as offering greater strategic flexibility to the CEO.19 We then repeat our estimates

of pay for sector performance in subsample of firms with high and low industry market-to-book.

The evidence in Columns (1) and (2) of Table 5 shows that when pay is measured using Total

compensation, there is evidence of greater pay for sector performance for firms in industries with

high market-to-book ratios. We also find that the coefficient estimates on Sector for the two

subsamples (high and low market-to-book) are significantly different from each other. In Columns

(3) and (4) we repeat our estimation with Bonus as our measure of compensation. While pay for

sector performance is marginally greater for firms in industries with low market-to-book ratios, we

find that the coefficients in the two subsamples are not statistically different from each other.

In subsequent columns, we use the level of R&D expenditures in an industry to identify flexible

industries. Here again, we define a firm’s industry at the level of two-digit SIC code and measure

the industry R&D expenditures as the median ratio of R&D expenditures to total assets of all

firms in the industry. We classify industries with R&D expenditures above the 70th percentile

as offering greater strategic flexibility to the CEO. The idea is that by scaling up or down R&D
19The cutoff to identify high and low market-to-book industries is chosen to make the two sub-samples approxi-

mately equal in size. Same criterion is used to divide the sample for our second proxy of strategic flexibility: industry
R&D expenditures.
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expenditures, CEOs can alter the speed of new product introduction and hence the sensitivity of

firm performance to sector movements. As can be seen from Columns (5) and (6) of Table 5, pay for

sector performance is greater for firms in industries with higher levels of R&D expenditures. These

results offer further support for our theory. In Columns (7) and (8), we repeat our estimation with

Bonus as our measure of CEO compensation but find that pay for sector performance is actually

higher for firms in industries with low R&D expenditures.

[Table 5 goes here]

3.4.4 Pay for sector performance, R&D expenditures and asset growth

Our results so far indicate that pay for sector performance is greater in firms in industries that offer

the CEO greater strategic flexibility. If, according to our model, pay for sector performance provides

incentives for the CEO to exploit the available strategic flexibility, then it can be argued that we

should expect firms with greater pay for sector performance to show some evidence of the CEOs

exploiting their strategic flexibility to a greater extent at the firm level. To test this prediction,

we use actual firm R&D expenditures and asset-growth rates to identify firms that show evidence

of CEOs exploiting their strategic flexibility. Results are reported in Table 6. In Columns (1)

and (2), every year we classify firms with positive industry-adjusted R&D expenditures as firms

in which the CEO exploits her strategic flexibility. We then form two subsamples of firms with

positive and negative industry-adjusted R&D expenditures in the following year (Column (1) and

Column (2), respectively). We then re-estimate (6) in the two subsamples. A larger coefficient

estimate on Sector in the subsample of firms with positive industry-adjusted R&D expenditures as

compared to firms with negative R&D expenditures in the following year would indicate greater pay

for sector performance in firms that show evidence of exploiting their strategic flexibility the next

year. The evidence in Column (1) and (2) shows that pay for sector performance is indeed greater

in firms that have higher industry-adjusted R&D expenditures in the following year. Although the

coefficient on Sector in Column (1) is about twice the one in Column (2), we find that the coefficient

estimates are not significantly different from each other. Next, we classify firms into subsamples

based on whether they have positive or negative industry-adjusted asset-growth rates during the

sample period and re-estimate (6) in the two subsamples. Consistent with our conjecture, the

results in Columns (3) and (4) indicate that pay for sector performance is greater in firms that
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have positive industry-adjusted asset-growth rates. This additional test offers some further support

to our theory.

[Table 6 goes here]

3.4.5 Strategic flexibility and CEO turnover

Apart from compensation, firms can also provide incentives to the CEO through their retention

decision. If CEOs suffer loss of utility when they are fired, then the threat of getting fired due

to poor performance is likely to provide additional incentives to the CEO to find out the sector

movements and choose appropriate sector exposures. In a recent working paper, Jenter and Kanaan

(2008) show that a decline in the industry component of firm performance significantly increases

the likelihood of a disciplinary CEO turnover. Several explanations are proposed in their paper,

but none of them is fully supported by the data. Our theory offers a new angle to understand their

finding. If disciplinary turnovers provide incentives to the CEO to choose the right sector exposure,

then our model would predict that the likelihood of a disciplinary CEO turnover should be sensitive

to sector performance. Furthermore, we should also observe greater sensitivity of disciplinary CEO

turnover to sector performance in firms that offer greater strategic flexibility to the CEO, since in

these firms sector performance is ceteris paribus more informative about the CEO’s effort and talent

in choosing the right sector exposure.20 To test this prediction, we identify all disciplinary CEO

turnovers that occur during our sample period. A turnover event is recognized for a firm in a given

year if the CEO identification in the ExecuComp database changes. We then hand-collect media

reports that announce the CEO turnover and classify a CEO turnover as disciplinary following the

procedure in Parrino (1997). Specifically, a CEO turnover is classified as disciplinary if it is reported

that the CEO is fired, forced to step down, or departs due to unspecified policy differences. For

other cases, if the departing CEO is under the age of 65, and the news announcement reports that

the CEO is retiring, but does not announce the retirement at least six months before the effective

date, or if the announcement does not report the reason for the departure as related to death, poor

health, or the acceptance of another position, then the CEO turnover is classified as a disciplinary

turnover. We identify 275 instances of disciplinary CEO turnover in our sample. We then create a
20It is also reasonable to expect the sensitivity to be greater for multi-segment firms as compared to single segment

firms. Since we have very few instances of disciplinary CEO turnovers for multi-segment firms, we do not test this
prediction.
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dummy variable Fired that takes the value one if a firm experiences a disciplinary CEO turnover

and zero otherwise. We then estimate (6) with Fired as the dependent variable and present the

results in Table 7.21

In Columns (1) and (2), we present the results in subsamples of firms with high and low industry

market-to-book ratios. The evidence shows that, consistent with our conjecture, the likelihood of a

disciplinary CEO turnover is more sensitive to Sector for firms in industries with high market-to-

book ratios. Although the coefficient estimate for firms in high market-to-book industries is thrice

the coefficient for firms in low market-to-book industries (−.049 in comparison to −.016), due to

the noise in our estimation we find that the estimates are not statistically different from each other.

We repeat our estimation in Columns (3) and (4) with industry R&D expenditures as a measure

of strategic flexibility. Our results again show that the likelihood of a disciplinary CEO turnover is

more sensitive to Sector in firms in industries with high R&D expenditures. Our results thus offer

strong support for our theory.

[Table 7 goes here]

3.4.6 CEO talent and pay for sector performance

In Table 8, we test Prediction 4, which indicates greater pay for sector performance for more talented

CEOs. We use three proxies for CEO talent. Our first proxy for talent is the industry-adjusted

stock performance of the firm during the previous year. Our second proxy is a classification of

the CEO as internal or external. Our third proxy measures the talent of external CEOs and is

based on the stock performance of the firm from which the external CEO is hired. We provide the

results with Total compensation as our measure of CEO compensation in Panel A and Bonus as

the compensation measure in Panel B.

In Columns (1) and (2), we use the industry-adjusted stock performance during the previous

year as our proxy for CEO talent.22 The idea is that firms managed by more talented CEOs

will exhibit better industry-adjusted stock performance. We measure the annual industry-adjusted

performance as the average of Ri−Rind
σi

, where Ri is the monthly return on the firm i’s stock, Rind is

21We do not employ the Logit or the Probit models due to the incidental parameters problem that is likely in
non-linear models with a large number of variables (Woolridge (2001)).

22Since we measure performance over one year period, we do not use a performance measure such as the Carhart
(1997) four-factor α whose accurate estimation may require more data.
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the monthly equal-weighted industry return and σi is the standard deviation of monthly return of all

firms in the same industry as firm i. To test for greater pay for sector performance for more talented

CEOs, we divide our sample into two subsamples: CEOs of firms with above and below median

industry-adjusted performance during the previous year. We then repeat the estimation in both

the subsamples. The results reported in Columns (1) and (2) of Panel A show that there is strong

evidence of pay for sector performance for more talented CEOs. Specifically, Total compensation

loads significantly more on Sector for CEOs with above median industry-adjusted performance.

This offers support for our theory.

In Columns (3) and (4), we classify CEOs as internal or external depending on whether the

CEO was recruited from inside or outside the firm. We classify a CEO as external if she becomes

the CEO within two years of joining the firm. Following Milbourn (2003), we identify external

CEOs as being more talented than internal CEOs and repeat our tests in the two subsamples. The

results reported in Columns (3) and (4) show that when pay is measured using Total compensation,

there is evidence of greater pay for sector performance for external CEOs as compared to internal

CEOs.

In Columns (5) and (6), we look at the subsample of external CEOs to try to further differentiate

between talented and untalented ones. To achieve that, we identify the previous firm from which

an external CEO was hired and measure the stock performance of that firm during the tenure of

the executive. We use the Carhart (1997) four-factor α during the executive’s tenure as a measure

of firm performance.23. We then identify external CEOs hired from firms with positive four-factor

α’s as more talented than those hired from firms with negative α’s. We then re-estimate (6) in the

two subsamples of external CEOs with positive and negative α’s. Our results in Columns (5) and

(6) do provide evidence of greater pay for sector performance for external CEOs hired from firms

with positive four-factor α’s.

In Panel B, we repeat our estimation with Bonus as our measure of compensation and obtain

consistent results. With Bonus we find that both CEOs with better industry-adjusted performance

and external CEOs have greater pay for sector performance, although only the estimates for external

versus internal CEOs are different across the subsamples. We do not find any evidence of greater

pay for sector performance for external CEOs hired from firms with positive four-factor α’s when
23We have sufficient data to estimate the four-factor α’s as our performance measure because we use the full tenure

of the executive to measure the stock performance.
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pay is measured by bonus.

[Table 8 goes here]

3.4.7 Asymmetric pay for sector performance

In this section, we test Prediction 5, which predicts asymmetry in the optimal pay for sector

performance relationship. In Panel A of Table 9, we test whether there is evidence of asymmetry

in the overall pay for sector performance relationship. The tests in this subsection are similar to

those in Garvey and Milbourn (2006) except that our sample period is longer than theirs. To test

for asymmetry, we repeat the estimation of (6) after replacing Sector with two interaction terms,

namely Sector × (+ve Sector) and Sector × (−ve Sector). Recall that +ve Sector (−ve Sector) is

a dummy variable that takes the value one when Sector is positive (negative) and zero otherwise.

The results in Panel A show that there is significantly greater reward for good sector performance

than for bad sector performance, regardless of whether pay is measured by Total compensation or

Bonus. These results are consistent with Garvey and Milbourn (2006) and also in line with our

model’s predictions.

In Panels B of Table 9, we repeat our estimation to see if pay for sector performance asymme-

try is present in multi-segment firms. Although our objective is only to establish pay for sector

performance asymmetry in these firms, to provide a complete picture, we repeat the estimation in

both subsamples of multi-segment and single segment firms. Consistent with our prediction, we do

find asymmetry in the pay for sector performance relationship in the subsample of multi-segment

firms when we measure compensation using Total compensation. We do not find significant pay for

sector performance asymmetry when we use Bonus as our measure of compensation.

In Panel C, we repeat our estimation to see if the asymmetry in pay for sector performance is

present for firms that offer greater strategic flexibility to the CEO. In Columns (1) and (2), we mea-

sure strategic flexibility using industry market-to-book ratio. As mentioned earlier, industries with

higher market-to-book ratios are likely to offer greater strategic flexibility to the CEO. Consistent

with our prediction, we do find asymmetry in the pay for sector performance relationship in the

subsample with high market-to-book ratios. In Columns (3) and (4), we repeat our estimates with

Bonus as our measure of compensation and find evidence of pay for sector performance asymmetry

in firms in high market-to-book industries. We next use industry R&D expenditures as a measure
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of strategic flexibility in Columns (5) – (8). Here again, consistent with our model, we find pay for

sector performance asymmetry in firms in high R&D industries.

In Panel D, we test to see if pay for sector performance asymmetry is present for more talented

CEOs. As before we use three proxies for CEO talent. In Columns (1) – (4), we use the industry-

adjusted stock performance during the previous year as a measure of CEO talent and find that

pay for sector performance asymmetry is present for CEOs in firms with higher industry-adjusted

stock performance during the previous year. In Columns (5) – (8), we classify CEOs as internal or

external and find that pay for sector performance asymmetry is present for externally-hired CEOs,

who are likely to be more talented. Finally, in Columns (9) – (12), we classify external CEOs based

on the stock performance of the firms they are hired from and find that pay for sector performance

asymmetry is present for external CEOs hired from firms with positive Carhart four-factor α’s.

Overall, these results offer strong support for our theory.

[Table 9 goes here]

4 Conclusion

Optimal contracting prescribes that any portion of a firm’s performance that is truly outside of

the CEO’s control should be filtered out of her pay, but empirically, neither sector nor market

movements are filtered out in CEO pay packages. Many interpret this as a failure of corporate

governance, arguing that CEOs have taken control over their own corporate boards and set pay in

their own interests. Our paper suggests that the observed relationship between CEO pay and sector

performance is consistent with optimal contracting if one takes an alternative perspective on the

genesis of the portion of the firm’s performance recently referred to as luck. In this paper, we provide

a simple model of firms employing CEOs to select and implement the firm’s strategy, and that this

strategy choice manifests itself in realized exposures to sector returns. Ultimately, we attribute at

least a portion of the firm’s returns that correlate with sector returns to the CEO’s decision to have

just such an exposure. Optimal compensation necessarily evolves in such a setting, and predicts

the positive relationship uncovered empirically between CEO pay and sector performance. In fact,

our analysis suggests that filtering out the portion of a firm’s performance that is attributable to

sector or broad market forces would actually distort CEO incentives. Our analysis also suggests

that the positive reward for sector performance should be more prominent in multi-segment firms
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and in firms for which the CEO has greater flexibility to change the firm’s strategy by altering its

exposures. Using a novel set of proxies for strategic flexibility, we uncover strong empirical support

for this prediction. In future work, we hope to move beyond our current empirical focus on industry

returns and explore the implications of modeling a CEO’s action space more broadly as an active

agent leading her firm.
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Appendix A: Proofs of propositions

Proof of Proposition 1: Note that under the specific assumption for the CEO’s utility function, we have

E
(
VCEO(w0 + w[βir̄ ± βirs + ε])

)
= w0 + w[βir̄ ± βirs] − [λ/2][w2σ2] − [λ/2]{w[βir̄ ± βirs]}, i ∈ {H,L},

where λ ∈ (0, 2). The CEO’s incentive-compatibility constraint, (3), can be written as:

e =
[wβ][r̄ + rs][2− λ]

2δ
, (A1)

and her participation constraint, (2), can then be written as:

2V̄CEO = E
(
VCEO(w0 + wε) + VCEO(w0 + wε)

)
+
δe2

2

= 2w0 − λw2σ2 +
[w2β2][r̄ + rs]2[2− λ]2

8δ
. (A2)

Substituting both (A1) and (A2) into the investors’ objective function (1), we can rewrite the investors’

optimization problem as:

max
{w}

w[1− w][β2][r̄ + rs]2[2− λ]
4δ

+
[w2β2][r̄ + rs]2[2− λ]2

16δ
− λw2σ2

2
− V̄CEO. (A3)

Denote the solution as w∗, we have:

w∗ =
4− 2λ

4− λ2 + 8λδσ2

β2[r̄+rs]2

. (A4)

It is clear from (A4) that w∗ is increasing in β and rs and decreasing in δ. �

Proof of Proposition 2: Note that w∗ is given by (A4). We now analyze the multi-segment firm. Given

the contract (w0m, wm), the CEO’s expected utility is:

VCEO(w0m, wm) = [eη]

[
E
(
VCEO(w0m + wm[βr̄ + βrs + ε]) + VCEO(w0m + wmε)

)
2

]
+ [e][1− η]E

(
VCEO(w0m + wm[βr̄ + βrs + ε])

)
+ [1− e]E

(
VCEO(w0m + wmε)

)
− δe2

4
. (A5)

To understand (A5), first suppose the CEO generates the signal. With probability η the two sectors realize

the same return, in which case with probability 1/2 both sectors realize r̄ + rs > 0 but the CEO can only

choose the high-risk strategy for one sector, resulting the firm return to be [β][r̄+rs]+[0][r̄+rs]+ε = βr̄+βrs,

and with probability 1/2 both sectors realize r̄− rs < 0 and the CEO chooses the low-risk strategy for both,

resulting the firm return to be ε. This corresponds to the first term in (A5). With probability 1− η the two
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sectors realize different returns. The CEO chooses the high-risk strategy for the outperforming sector (with

return of r̄ + rs) and the low-risk strategy for the underperforming sector (with return of r̄ − rs), resulting

the firm return to be [β][r̄ + rs] + [0][r̄ − rs] + ε = βr̄ + βrs, regardless which sector outperforms. This

corresponds to the second term in (A5). Finally, if the CEO fails to generate the signal, she chooses βL = 0

for the two sectors, resulting firm return to be [0][Rs1 +Rs2] + ε = ε, regardless of the realized values of Rs1

and Rs2.

The CEO’s incentive-compatibility constraint can be written as:

e =
[wmβ][r̄ + rs][2− λ][2− η]

2δ
. (A6)

The investors’ expected payoff is:

VI(w0m, wm) = [1− wm][e]
{

[η]
[
βr̄ + βrs

2

]
+ [1− η][βr̄ + βrs]

}
− w01. (A7)

The investors’ contracting problem can be solved in the same way as that in the proof of Proposition 1 for

the single segment firm, which yields:

w∗m =
4− 2λ

4− λ2 + 8λδσ2

β2[r̄+rs]2[2−η]2

, (A8)

which is larger than w∗. It is also clear that ∂w∗m/∂η < 0, and w∗m ↓ w∗ when η ↑ 1. �

Proof of Proposition 3: If the CEO always chooses the high-risk strategy (βH = β) when she fails to

generate the private signal Θ, then the CEO’s incentive-compatibility constraint, (3), can be written as:

E
(
VCEO(w0 + wε)− VCEO(w0 + w[βr̄ − βrs + ε])

)
= δe. (A9)

On the other hand, if the CEO always chooses the low-risk strategy (βL = 0) when she fails to generate Θ,

then we have:

E
(
VCEO(w0 + w̄[βr̄ + βrs + ε])− VCEO(w0 + w̄ε)

)
= δe. (A10)

Thus, in equilibrium under the optimal contract we have:

δe = E
(
VCEO(w∗0 + w∗ε)− VCEO(w∗0 + w∗[βr̄ − βrs + ε])

)
= E

(
VCEO(w∗0 + w̄∗[βr̄ + βrs + ε])− VCEO(w∗0 + w̄∗ε)

)
> 0. (A11)
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First, note that we must have w̄∗ > 0 and w∗ > 0 in order for (A11) to hold. The reason is as follows.

If w̄∗ = 0, then E
(
VCEO(w∗0 + w̄∗[βr̄ + βrs + ε]) − VCEO(w∗0 + w̄∗ε)

)
= 0; similarly, if w∗ = 0, then

E
(
VCEO(w∗0 + w∗ε) − VCEO(w∗0 + w∗[βr̄ − βrs + ε])

)
= 0. Second, note that, for any realized value of ε,

{w∗0 + w̄∗[βr̄+βrs + ε]} > {w∗0 + w̄∗ε} > {w∗0 +w∗[βr̄−βrs + ε]}. Thus, we must have {w∗0 + w̄∗[βr̄+βrs +

ε]} − {w∗0 + w̄∗ε} > {w∗0 + w∗ε} − {w∗0 + w∗[βr̄ − βrs + ε]}, i.e.,

w̄∗[r̄ + rs] > w∗[rs − r̄], (A12)

in order for (A11) to hold, because VCEO(·) is concave. If r̄ ≤ 0, (A12) clearly implies that w̄∗ > w∗. If

r̄ > 0, in order to have w̄∗ > w∗, w̄∗[r̄+ rs] must be sufficiently larger than w∗[rs− r̄], i.e., VCEO(·) must be

sufficiently concave and the CEO be sufficiently risk averse.

To show w̄∗ −w∗ is increasing in β, note that {w∗0 + w̄∗[βr̄+ βrs + ε]}− {w∗0 + w̄∗ε} = w̄∗β[r̄+ rs], and

{w∗0 +w∗ε} − {w∗0 +w∗[βr̄− βrs + ε]} = w∗β[r̄− rs]. As β increases, say by ∆β, there are four possibilities

for the changes of w̄∗ and w∗ under the new optimal contract. First, both w̄∗ and w∗ increase. Suppose w̄∗

increases by ∆w̄∗ and w∗ increases by ∆w∗ under the new optimal contract. If the CEO is sufficiently risk

averse (i.e., VCEO(·) is sufficiently concave), ∆w̄∗∆β[r̄ + rs] must be much larger than ∆w∗∆β[r̄ − rs] in

order for the incentive-compatibility constraint (A11) to hold under the new optimal contract; this is because

VCEO(·) is concave. That is, ∆w̄∗ > ∆w∗, and w̄∗ − w∗ is increasing in β. Second, w̄∗ increases, whereas

w∗ decreases. In this case, it is trivially true that w̄∗ − w∗ increases. Third, both w̄∗ and w∗ decrease.

Suppose w̄∗ decreases by ∆w̄∗ and w∗ decreases by ∆w∗ under the new optimal contract. We must have

∆w̄∗∆β[r̄+ rs] < ∆w∗∆β[r̄− rs], and hence ∆w̄∗ < ∆w∗, in order for the incentive-compatibility constraint

(A11) to hold under the new optimal contract; this is again because VCEO(·) is concave. That is, w̄∗−w∗ is

again increasing in β in this case. Finally, w̄∗ decreases, whereas w∗ increases. This is, however, not possible,

since the incentive-compatibility constraint (A11) will not hold under the new contract in this case. �

Appendix B: Empirical variable definitions

The variables used in the empirical analysis are defined as follows:

• Salary is the CEO’s yearly salary value.

• Bonus is the CEO’s yearly bonus value.

• Option grants represents the Black and Scholes value of the options granted to the CEO in the year.
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• Total compensation is the sum of salary, bonus, other annual compensation, long-term incentive pay-

outs, other cash payouts, and the value of restricted stock and stock option awards.

• Tenure for any year is calculated as the difference between the fiscal year-end of that year and the

date at which the CEO became CEO as given by the BecameCEO field in ExecuComp.

• Age is the CEO’s age in the data year.

• Stock return is the one-year percentage return for the firm over its fiscal year.

• Volatility is the stock return volatility provided in ExecuComp that is used to calculate the Black-

Scholes value of the stock options.

• Market value is the firm’s equity market capitalization at the end of the firm’s fiscal year.

• Log(assets) is the natural logarithm of the book value of total assets.

• Sector is the sector component of firm performance estimated using the equal- and value-weighted

industry returns, where industry is defined at the two-digit SIC code level.

• +ve Sector (−ve Sector) is a dummy variable that takes the value one when the sector performance

is positive (negative) and zero otherwise.

• Firm specific is the residual firm performance and is estimated as the difference between firm return

and Sector.

• CDF of var of sector (Firm specific) is the cumulative distribution function of the variance of Sector

(Firm specific).

• CEO is a dummy variable that takes the value one if the executive is a CEO and zero otherwise.

• Large is a dummy variable that equals to one if the firm size, as measured by the natural logarithm

of the book value of total assets, is above the sample median.

• Low corr is a dummy variable that takes the value one for multi-segment firms in which the correlation

between the industry performance of the main segment and the weighted average industry performance

of the other (non-main) segments is less than the sample median.

• Fired is a dummy variable that takes the value one for a disciplinary CEO turnover. We classify a

CEO turnover as disciplinary following the procedure in Parrino (1997). Specifically CEO turnovers

are classified as disciplinary if it is reported that the CEO is fired, forced to step down, or departs due

to unspecified policy differences. For other cases, if the departing CEO is under the age of 65, and

the news announcement reports that the CEO is retiring, but does not announce the retirement at

least six months before the effective date, or if the announcement does not report the reason for the

departure as related to death, poor health, or the acceptance of another position, then the turnover

is classified as disciplinary.
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Table 1: Summary statistics

Descriptive statistics of Chief Executive Officers (CEOs) and firms. The data are collected for every CEO in ExecuComp for
the period 1992-2006. Panel A summarizes the full ExecuComp sample, and Panel B summarizes the subsample that only
includes firms with fiscal year ending in December and excludes the firm-years with CEO transition. Details on the definition
of the variables reported in this table are provided in Appendix B. Compensation data are in thousands, and market values are
in millions of yearly dollars.

Panel A: Summary statistics for full ExecuComp sample

Variable N Mean Min Median Max Std. Dev.
Salary ($ thousand) 22966 620.021 0 561 5806.651 346.664
Bonus ($ thousand) 22966 696.959 0 324.909 102015.2 1625.406
Option grants ($ thousand) 21809 2174.368 0 526.351 600347 8804
Total compensation ($ thousand) 22754 4573.603 0 2081.918 2256186 18494
Tenure (years) 17377 7.460 0 5.170 46.027 7.051
Age (years) 21424 55.602 28 56 91 7.601
Stock return (%) 21984 18.936 -97.842 11.101 2619.417 63.690
Volatility 19966 0.424 0.102 0.363 4.211 0.245
Market value ($ million) 22685 6292.372 0.190 1338.287 507216.7 20819.3
Log(assets) 22946 7.437 0.644 7.276 14.449 1.779

Panel B: Summary statistics for our subsample

Variable N Mean Min Median Max Std. Dev.
Salary ($ thousand) 14507 653.207 0 600 5806.651 360.342
Bonus ($ thousand) 14507 723.793 -0.001 346 102015.2 1713.297
Option grants ($ thousand) 13363 2000.138 0 534.573 290594.8 6675.643
Total compensation ($ thousand) 14436 4607.190 0 2194.180 2256186 20497.180
Tenure (years) 13272 7.997 1 5.986 46.027 6.800
Age (years) 13496 56.007 29 56 91 7.325
Stock return (%) 13736 19.050 -97.842 11.843 1494.336 59.777
Volatility 13968 0.407 0.102 0.341 4.211 0.260
Market value ($ million) 13872 6270 5.102 1460 506000 19900
Log(assets) 14468 7.695 1.233 7.582 14.449 1.837

Table 2: Market indices

This table reports the summary statistics of the two market indices that we use in our baseline specification to estimate the
sector and firm-specific components of firm performance: equal-weighted industry return and value-weighted industry return.
We define the firm’s industry at the level of the two-digit SIC code. The data are collected for every firm in which a Chief
Executive Officer (CEO) in ExecuComp is identified as defined by the CEOANN field for each year 1992-2006. The percent
positive (negative) represents the proportion of the sample for which the relative benchmark return is positive (negative).

Variable Percent positive Percent negative Min Median Max Std. Dev.
Equal-weighted industry return 74.9% 25.1% -50% 13.9% 126% 31.3%
Value-weighted industry return 73% 27% -51.8% 12.9% 83.4% 24.3%
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