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1. Introduction
The literature on the pay–performance characteristics of chief executive ofﬁcer
(CEO) compensation is extensive.1 Recently, a number of papers have considered the
use of different types of performance measures in CEO contracts. For instance,
Bushman et al. (1996) consider the explicit use of individual performance evaluation
in CEOs’ annual incentive plans for a sample of 396 ﬁrms over the six-year period
from 1990 to 1995. Ittner et al. (1997) explore the use of ﬁnancial versus nonﬁnancial
performance measures in CEO bonus contracts for a sample of 317 ﬁrms during the
years 1993 and 1994. Core and Guay (1999) consider the determinants of equity
incentives in CEO compensation for a sample of 5,352 CEO-year observations
during the 1992 to 1997 period. Kole (1997) contributes to this literature with an
empirical analysis of ﬁrms’ compensation plans for the 1980 Fortune 500 ﬁrms
through which she identiﬁes factors that inﬂuence the availability of different types of
equity-authorizing compensation plans at 371 of that year’s Fortune 500 ﬁrms.2
While the above analyses have advanced understanding of managerial compensation contracts, a number of issues, both theoretical and empirical, remain that we
seek to address in this paper. On the theoretical side, our aim is to expand the
analysis of CEO contracts suggested by Banker and Datar (1989) and Sloan (1993)
to account for differences in the use of incentive pay in general, and equity-based
compensation in particular, across top executives of different positions. To do so, we
develop a theoretical framework for our empirical analysis that adopts a view similar
to Lambert (1986) concerning the actions executives take to enhance the value of the
ﬁrm.
In the standard principal-agent approach, each executive’s actions are summarized
by a single variable, effort. Increases in effort improve ﬁrm performance, but at a
cost to the executive. Assuming effort is not directly observable, the optimal
compensation package links payments to various signals of the executive’s level of
effort, with risk aversion on the part of the executive limiting the extent to which
compensation can be tied to imperfect signals. This approach has proven useful in a
wide variety of applications even though it adopts a simple characterization of the
actions taken by the executive as an agent of the ﬁrm’s shareholders. However, to

1
Jensen and Murphy (1990), in their well-cited analysis, ﬁnd little support for a link between the pay of
CEOs and their performance using a Forbes sample of the CEOs of 1,049 ﬁrms from 1974 to 1986. More
recently, Hall and Liebman (1998) produced contradictory evidence using data on 478 large U.S.
companies for the years 1980 to 1994. While Hall and Liebman perceive the importance of alternative
components of compensation packages, they do not attempt to explain why packages vary across CEOs
and other top executives. Yermack (1995) provides a good review of CEO stock options. Two recent
examples of papers that consider various aspects of the pay-performance relationships for executives are
Ke et al. (1999) and Aggarwal and Samwick (2003).
2
For her sample, Kole (1997) demonstrates that ‘‘the authority of the board to grant equity [as
compensation to executives] can be predicted by the mix of tangible and intangible assets in the ﬁrm and,
to a lesser extent, by ﬁrm size’’ (p. 103). Also notable is her ﬁnding that ‘‘the boards of ﬁrms that are
larger, more diverse, and more research-intensive are more likely to have greater ﬂexibility in contracting’’
(p. 103).
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better understand the potential roles of various types of compensation, we adopt a
more explicit description of what an executive does within the ﬁrm.
In Section 2, we outline a model in which executives, as agents of shareholders,
invest effort to collect information on the value of projects and then make decisions
regarding whether to accept or reject these projects. Examples of such projects could
include the hiring of an outside subcontractor or a key employee, the acceptance or
rejection of a proposed marketing plan, or the choice of a new product line. In this
context, the value of the ﬁrm is inﬂuenced not only by the executive’s effort choice
that determines the quality of information on which to base a decision, but also by
the executive’s choice of the decision criteria for selecting projects. In short,
executives’ actions are multidimensional, and one has to consider the extent to which
a particular compensation package encourages costly effort by the executive as well
as the potential for the compensation package to distort the executive’s decision
criteria away from that of the principal.
To keep our analysis simple, we limit our discussion throughout the paper to an
executive evaluating a single new project. Section 2 focuses on the agent’s effort
choice in improving the quality of information about potential projects. Even for this
simple version of a project selection model, several new features emerge. For
instance, increased effort to improve the informativeness of the signal on the quality
of a project not only beneﬁts the principal by raising the expected return, but also
can beneﬁt the risk-averse agent by reducing the uncertainty of compensation based
on the project’s return.
The model developed in Section 2 allows us to formalize the relationships between
various ﬁrm characteristics cited by Kole and others and the use of incentive and
equity-based compensation. The model also provides a rationale for additional
explanatory variables such as the rank of the executive’s position. Section 3 identiﬁes
these testable hypotheses regarding the composition of compensation, both with
respect to the proportion of compensation that is incentive-based and the proportion
of incentive-based compensation that is equity-based.
Section 4 presents the results of tests of the hypotheses developed in Section 3. On
the empirical side, the paper contributes to the existing literature in several ways.
First, we examine whether Kole’s ex ante characterization of compensation
contracting for 371 Fortune 500 companies in 1980 compares with more recent
actual forms of compensation adopted by both Fortune 500 and non-Fortune 500
companies. We ﬁnd that many of the tendencies Kole identiﬁed with respect to the
potential use of equity-based compensation across ﬁrms using data now more than
20 years old are more pronounced when one considers the actual use of equity-based
compensation for an extensive sample of annual compensation data for executives
from over 1,700 ﬁrms each year during the 1992–2000 period.
Second, we document the theory’s predictions regarding the roles of such variables
as ﬁrm size, the level of research and development (R&D), the volatility of equity
returns, and executive rank on both the extent of incentive pay and the extent of
equity-based incentive pay. One important ﬁnding is a systematic increase in the use
of incentive pay, and speciﬁcally in the use of equity-based compensation, at higherlevel positions as predicted. In particular, executives in the top position are 30.3%
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more likely to receive a given dollar of compensation tied to various performance
measures than those in ﬁfth-ranked positions. Following individual executives within
our sample through time with a ﬁxed-effect model conﬁrms that compensation
becomes more incentive-based and, further, that incentive pay becomes more equitybased as one moves up in position within the same ﬁrm. For example, the ﬁxed-effect
results indicate that moving from the bottom rank of our sample to the top rank
(within the same ﬁrm) increases the predicted proportion of total compensation that
is incentive pay by 49.1% and increases the predicted proportion of incentive pay
that is equity-based by 70.9%. With the growth in the use of equity through the early
1990s (Hall and Liebman, 1998) and the evidence of this trend continuing through
2000, this analysis is timely and signiﬁcant in its contribution to the overall
understanding of how executives are compensated.

2. A model of project selection
Consider n executive positions at a ﬁrm ordered according to rank, r ¼ 1; y; n;
with more senior positions having a lower r. More senior positions are positions in
which more important decisions are made; below we make clear what we mean by
more important decisions. Following Lambert (1986), the role of the executive in
each of these n positions is to determine whether to accept or reject proposed
projects.
2.1. Project characteristics
For simplicity, we assume that each executive evaluates a single project and that
the project is one of only two types. A good project has a net present value that
exceeds the status quo; a bad project less than that of the status quo.3 Let VrG ; VrB ;
and Vr0 represent the net present values to the risk-neutral owners of the ﬁrm (or
principal) generated by an executive in position r adopting a good project, adopting
a bad project, and maintaining the status quo, respectively, with VrG > Vr0 > VrB : Let
ar denote the exogenous and known probability that the project to be evaluated by
executive r is good.
An executive can err in project selection in one of two ways. The executive can
reject a proposed project in favor of the status quo when the proposed project is
good. Or, the executive can adopt a proposed project over the status quo when the
proposed project is bad. Adopting the terminology of Sah and Stiglitz (1988), the
rejection of a good project is a type 1 error and the adoption of a bad project is a
type 2 error. In what follows, we focus on differences across executive positions that
arise from differences in the costs of types 1 and 2 errors. More senior positions are
deﬁned as positions with a greater loss from rejecting a good project ðVrG  Vr0 Þ and
3
For simplicity, we assume that the principal ranks projects solely on the basis of their expected value.
This need not be the case. For instance, the simple capital asset pricing model suggests that risk-averse
shareholders value stocks in their portfolio based on considerations beyond their expected return.
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a greater loss from accepting a bad project ðVr0  VrB Þ: The presumption that
mistakes are more costly for executives occupying higher positions within the ﬁrm is
what we mean when we say that senior positions are positions in which more
important decisions are made.
2.2. Executive project evaluation choices
In evaluating a project, we assume that an executive obtains an imperfect signal, s,
of the project’s underlying value to the ﬁrm. For an executive in position of rank r,
the signal is drawn from the normal distribution FG ðsÞ with mean mG and precision
Pr if the project is good. Precision is the reciprocal of the variance of the signal. If the
project is bad, the signal is drawn from the normal distribution FB ðsÞ with mean mB
and precision Pr : We assume FG ðsÞ ﬁrst-order stochastically dominates FB ðsÞ; such
that good projects tend to generate higher signals, or mG > mB :
An executive who evaluates a potential project can affect the precision of
the signal on project type. Speciﬁcally, let Pr ¼ f ðer Þ; with f 0 ðer Þ > 0 and f 00 ðer Þp0;
where er denotes the choice of evaluation effort for the executive assigned to
position of rank r. Given this, we amend our notation to account for the potential
impact of an executive’s evaluation effort on the signal distribution, so that
if the project is good the signal is drawn from FG ðer ; sÞ and if the project is bad the
signal is drawn from FB ðer ; sÞ: Once a signal on a project is received, the executive
assigned to position r must determine whether to accept or reject the proposed
project based on the information revealed. This decision to accept or reject
depends on the executive’s optimal reservation signal, s#r : If the signal obtained for
the proposed project is above the chosen reservation signal, s#r ; the executive
adopts the project. If the signal obtained is less than s#r ; the executive rejects the
project.
For a given evaluation effort er and signal cutoff s#r ; a proposed project that is
good is therefore adopted by the executive assigned to position r with probability
1  FG ðer ; s#r Þ and rejected with probability FG ðer ; s#r Þ: Likewise, a proposed project
that is bad is adopted by the executive with probability 1  FB ðer ; s#r Þ and rejected
with probability FB ðer ; s#r Þ: Thus, an increase in s#r increases type 1 errors (rejection of
a good project) but reduces type 2 errors (adoption of a bad project). We refer to the
setting of s#r ; and the resulting likelihood of types 1 and 2 errors, as the executive’s
choice of the decision criteria for selecting projects.
2.3. The principal’s objective
The expected value to the principal of the project selection decision by an
executive in position of rank r given a level of effort er and reservation signal s#r is
given by
EðVr ðer ; s#r ÞÞ ¼ ar VrG þ ð1  ar ÞVr0  ar FG ðer ; s#r ÞðVrG  Vr0 Þ
ð1Þ
 ð1  ar Þð1  FB ðer ; s#r ÞÞðVr0  VrB Þ:
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According to Eq. (1), the ﬁrst-best outcome (ﬁrst two terms on the right) is
reduced by losses associated with type 1 errors (third term) and by losses due to type
2 errors (fourth term). In the analysis to follow, we assume that the costs of these
errors are sufﬁciently large that it will not be optimal for an executive to adopt the
simple rule of not evaluating project proposals and either always rejecting or always
accepting.
An important feature of Eq. (1) is the inherent uncertainty in the value of a project
even if the executive’s effort and reservation signal are known. In general form, we
have
Vr ðer ; s#r Þ ¼ EðVr ðer ; s#r ÞÞ þ wV
r er ;

ð2Þ

where wV
r er is the difference between the realized value of the executive’s chosen
project in the position of rank r and its expected value. The term er has mean zero
2
and variance ðsV
r Þ : We deﬁne symmetry in project selection to occur when the
expected incremental gain to a good project, ar ðVrG  Vr0 Þ; equals the expected
incremental loss to a bad project, ð1  ar ÞðVr0  VrB Þ: For the symmetric case, the
variance of er depends on the probability of a good project, ar ; and the probabilities
of project rejection for each type, FG ðer ; s#r Þ and FB ðer ; s#r Þ: With symmetry, the scaling
term wV
r equals the expected gain to a good project or, equivalently, the expected loss
from a bad project.
Assuming independence in project returns across executives, the principal’s
realized value from the n projects evaluated by the n executives can be expressed as
n
X
M M
V ð#s; eÞ ¼
½EðVr ðer ; s#r ÞÞ þ wV
ð3Þ
r er  þ w e ;
r¼1

where eAfe1 ; :::; en g is a vector of efforts and s#Af#s1 ; y; s#n g is a vector of reservation
signals across the n executives, eM is an exogenous random variable with zero mean
and positive variance ðsM Þ2 that reﬂects ﬂuctuation in the ﬁrm’s market value
independent of project selection, and wM is a scaling factor for market-speciﬁc
shocks that varies across ﬁrms. We assume that er is independent of the exogenous
market-performance random component, eM ; r ¼ 1; y; n:
2.4. The first-best solution
The ﬁrst-best evaluation effort for an executive in position r is the level of effort
that maximizes the shareholders’ expected value of the project net of effort costs,
EðVr ðer ; s#r ÞÞ  cðer Þ: Given a simple quadratic effort-cost function cðer Þ ¼ e2r =2; the
ﬁrst-order condition that deﬁnes the ﬁrst-best evaluation effort er for the executive
given the optimal reservation signal s#r is
er ¼ ar

@FG ðer ; s#r Þ G
@ð1  FB ðer ; s#r ÞÞ 0
ðVr  Vr0 Þ  ð1  ar Þ
ðVr  VrB Þ:
@er
@er

ð4Þ

The optimal evaluation effort from the shareholders’ perspective equates the
marginal cost of effort with the marginal beneﬁt arising from the effort’s effect on
reducing the expected costs of making type 1 and type 2 errors given s#r : The ﬁrst-best
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signal cutoff s#r is given by


ln ðar =ð1  ar ÞÞFr
m þ mB
þ G
;
s#r ¼
Pr ðmG  mB Þ
2
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ð5Þ

where
Fr ¼

VrG  Vr0
Vr0  VrB

ð6Þ

is the ratio of losses from type 1 and type 2 errors made by the executive in the
position of rank r. Note that if symmetry exists in the expected gain and loss from
project selection, such that ar ðVrG  Vr0 Þ ¼ ð1  ar ÞðVr0  VrB Þ; then the ﬁrst-best
decision criterion is independent of the speciﬁc level of evaluation effort and can be
written as s#r ¼ ðmG þ mB Þ=2:
2.5. The solution with risk-averse agent and asymmetric information
Eq. (4) deﬁnes the ﬁrst-best evaluation effort of the executive. However, if the
principal (the set of shareholders) does not directly observe the effort choice made by
a risk-averse executive, then the standard principal-agent trade-off arises. The
principal, in linking compensation to imperfect measures of executive effort to
encourage such effort, must compensate the executive not only for the disutility of
effort but also for the resulting income uncertainty.
Eq. (3) indicates that one measure of the executive’s effort is the resulting value of
the ﬁrm, V. Thus, in the absence of observable evaluation efforts and decision
criteria, ﬁrm performance can act as a measure of an executive’s behavior. However,
it is an imperfect measure for three reasons. First, the random outcome of the
executive’s project reﬂects the inherent uncertainty in the value of projects being
considered as well as project-selection errors made by the executive. Second, ﬁrm
performance includes the random outcome from the project selection process of the
n  1 other executives at the ﬁrm. Third, there is the random market component of
the ﬁrm’s valuation that is independent of the project selection choices of all n
executives.
There are, however, measures of an executive’s choices other than the ﬁrm’s stock
price that, unlike overall market performance, are not inﬂuenced by the project
selection process of other high-level executives or the random component of the
ﬁrm’s market valuation. Bushman et al. (1996), among others, have noted the
importance of individual performance evaluation in CEOs’ annual incentive plans,
evaluations that are often drawn from accounting data sources. Let the value of such
an accounting-performance measure that is speciﬁc to the project selection of an
executive in position of rank r be given by
V
A A
Ar ðer ; s#r Þ ¼ EðVr ðer ; s#r ÞÞ þ wV
r er þ wr er ;

ð7Þ

where Ar is the executive-speciﬁc performance measure, eA is a normally distributed
exogenous noise term with mean zero and strictly positive variance ðsA Þ2 ; and wA
r is a
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A
scaling factor for the noise term. For simplicity, we assume that eV
r and e are
independent.
Our model now has two imperfect independent measures of the contribution
made by each executive. One is the overall performance of the ﬁrm as deﬁned by
Eq. (3). The second, deﬁned by Eq. (7), can be thought of as one that is extracted
from internal data that are correlated with the outcome of the speciﬁc project
selection of the executive. In comparing Eq. (3) and Eq. (7), three common
features emerge. First, the expected value of each performance measure is directly
related to the expected value of the executive’s project selection, and thus directly
related to the executive’s effort and decision-criteria choices. Second, the measures
have a common error term that reﬂects the inherently random outcome of project
selection. Third, each measure has an additional random component. In the ﬁrmperformance measure, the additional random component reﬂects both the projectselection process of other executives at the ﬁrm and random market shocks. In the
executive-speciﬁc performance measure, the additional random component reﬂects
the lack of perfect correlation between accounting data and the expected value
of the project.
We allow the agent’s current compensation to take three forms: a base-line
salary, a reward or bonus based on the realization of the agent’s projectspeciﬁc performance measure, Ar ; and a reward based on the overall performance
of the ﬁrm in terms of the realized value to the principal, V. Assuming a simple
linear compensation rule, the current compensation package for position r takes
the form
V
C r ¼ dr þ b A
r Ar þ br V ;

ð8Þ

V
where dr is the salary component and the coefﬁcients bA
r and br are weights on
the executive-speciﬁc (accounting) and ﬁrm-speciﬁc (ﬁrm value) measures of
performance, respectively. These two coefﬁcients determine the responsiveness of
compensation to changes in these performance measures.
Given this compensation rule, we assert the following simple form for the
executive’s certainty equivalent:
V
2
2
CEr ¼ dr þ bA
r EðAr Þ þ br EðV Þ  ð1=2Þer  ð1=2Þgsr ;

ð9Þ

P
where expected ﬁrm value EðV Þ equals EðVr Þ þ jar EðVj Þ; the term ð1=2Þe2r
captures the cost of evaluation effort, g is a measure of the importance of risk in
the executive’s expected utility, and s2r captures the endogenous variance in the
current compensation of the executive ﬁlling position of rank r. This form for the
certainty equivalent is common in the principal-agent literature and can be explicitly
derived from an exponential utility function, our linear compensation package,
and performance measures that are normally distributed. Eq. (9) indicates that
the expected payment to the executive (the ﬁrst three terms) must compensate the
agent for costly effort (the fourth term) and risk (the ﬁfth term) given that the
agent is risk averse ðg > 0Þ: The variance in the executive’s current compensation,
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s2r ; is given by
V 2 V V 2
A 2 A A 2
s2r ¼ ðbA
r þ br Þ ðwr sr Þ þ ðbr Þ ðwr s Þ

þ

2
ðbV
r Þ

X

!
V 2
ðwV
j sj Þ

M M 2

þ ðw s Þ

:

ð10Þ

jar

An important aspect of Eq. (10) is that the executive’s effort choice can
inﬂuence the overall variance in compensation as the effort choice affects
V 2
ðwV
r sr Þ : In particular, an increase in executive effort, by reducing the likelihood
of costly mistakes, not only increases the expected value of the ﬁrm (because
@EðVr ðer ÞÞ=@er > 0Þ; but also can reduce the variance in executive r’s contribution
2
to the value of the ﬁrm as it is possible that @ðsV
r Þ =@er o0: This second effect
will increase the beneﬁt from effort to any risk-averse agent whenever compensation is linked to the value of the project. This new feature of the agent affecting the
extent of risk faced through the effort choice is not apparent in earlier papers on
project selection such as Lambert (1986) where the executive’s effort decision was
framed as a zero/one choice: either perform no effort or perform a ﬁxed, positive
level of effort.
Our focus in this section of the paper is on the executive’s choice of effort. In order
to facilitate this, we assume symmetry in the expected gain and loss from project
selection. As noted earlier, symmetry implies that the ﬁrst-best signal cutoff for the
executive’s decision to adopt the project is independent of the effort choice. Given
symmetry, compensation package (8), and the executive’s certainty equivalent (9),
the principal’s maximization problem can be succinctly stated as follows. Choose
V
each executive’s compensation package weights, bA
r and br ; to maximize the
expected value of the ﬁrm net of compensation payments made to the n executives,
V
recognizing that changes in the weights bA
r and br affect each executive’s optimal
effort choice (thus satisfying the incentive compatibility constraints). Then adjust the
salary component dr such that each executive receives a certainty equivalent at least
equal to his or her alternative (thus satisfying the individual rationality constraints).
The appendix provides a formal statement of the problem.
An important issue heretofore not explicitly dealt with are incentives for increased
effort by an executive that are not directly tied to the current compensation package
V
weights bA
r and br : For instance, an executive’s future career opportunities and thus
wealth can be inﬂuenced by the recommendations of peers and superiors. If these
recommendations are based in part on information obtained through the direct
monitoring of the executive, then incentives exist for the executive to perform in
addition to the incentives provided by the current compensation package.
Alternatively, the executive has incentives to perform if the executive has an equity
stake in the ﬁrm. To capture these incentive effects that are outside the current
compensation package, we introduce a parameter yr in the incentive compatibility
constraint to denote the marginal impact of a change in project value on the wealth
of the executive assigned to position r that is independent of the current
compensation package.
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3. Hypotheses regarding composition of compensation
We seek to address two key issues using the above theory. The ﬁrst concerns the
determinants of the proportion of total expected compensation that is incentivebased (not salary), where this proportion is deﬁned by
V
bA
r EðAr Þ þ br EðV Þ
:
V
d r þ bA
r EðAr Þ þ br EðV Þ

ð11Þ

The second concerns the determinants of the proportion of expected incentive-based
compensation that is based on equity, where this proportion is deﬁned by
bV
r EðV Þ
:
A
br EðAr Þ þ bV
r EðV Þ

ð12Þ

As shown in the appendix, from the ﬁrst-order conditions for the optimal weights
and speciﬁc functional forms for scaling factors that reﬂect the presumption that
such factors are increasing, concave functions of the expected project or ﬁrm value,
we obtain the following expression for the ratio of expected compensation from
equity to the total expected incentive-based compensation:
bV
r EðV Þ
A
br EðAr Þ þ bV
r EðV Þ

¼

ðsA Þ2

þ

P

ðsA Þ2
:
V 2
M 2
jar ðEðVj Þ=EðV ÞÞðsj Þ þ ðs Þ

ð13Þ

Eq. (13) is similar to that obtained by Sloan (1993) and Banker and Datar (1989),
with three notable exceptions. First, our expression refers not to the ratio of weights
on the two performance measures, but to the ratio of expected compensation linked
to the two performance measures. This arises from our explicit characterization of
the activities of executives in terms of project selection coupled with the presumption
that the absolute deviations in these measures from their expected values will be
increasing, concave functions of the signiﬁcance of the projects under consideration.
Second, our result is simpler than theirs in that we assume zero covariance in the
error terms of the two performance measures. Otherwise, covariance terms would
appear as determinants of the weight attached to each measure in determining
compensation. Third, our result extends their theoretical analysis by identifying a
new
source of variation in the ﬁrm performance measurement, the
P
V 2
ðEðV
term. For each executive, this component reﬂects the
j Þ=EðV ÞÞðsj Þ
jar
variation in project selection outcomes of the other n  1 executives.
3.1. Effects of rank
Eq. (11) indicates that factors that increase the optimal weights attached to either
the accounting or ﬁrm value measures of performance will increase the proportion of
compensation that is incentive-based, other things equal. One key factor that differs
across positions held by top executives at a ﬁrm is the importance of the decisions
being made. We have referred to positions that involve more important decisionmaking as more senior positions or, equivalently, as positions with a lower rank r. In
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our model, the measure of the importance of decision-making are that the costs of
making mistakes are larger as measured by ðVrG  Vr0 Þ and ðVr0  VrB Þ:
The theory predicts that executives assigned to more senior positions, because of
the greater importance associated with the decisions being made, will be provided
greater incentives to devote effort to the decision process. We thus have the following
hypothesis:
Hypothesis 1: Executives who are more senior (have a lower r) will have a greater
proportion of compensation that is incentive-based.
Note that more important positions are predicted to pay more, not only to
compensate the executive for the increased effort sought in such positions but also
for the accompanying increased exposure to risk. The empirical analysis uses the
total compensation of top executives to determine the ranking of executive positions
within a ﬁrm, and thus to differentiate positions in terms of the importance of the
decisions being made.
From Eq. (13), we note that the ratio of equity-based compensation to total
incentive-based compensation is determined by the measures’ relative noisiness.
Thus, ceteris paribus, where there is increased exogenous noise in the executive2
speciﬁc performance measure [higher ðsA
r Þ ; the ﬁrm optimally compensates the
executive by increasing the relative weight placed on ﬁrm performance. Likewise,
where there is increased noise in the component
of ﬁrm performance that is
P
V 2
exogenous to executive r [increased
ðs
Þ
þ
ðsM Þ2 ; the ﬁrm optimally
jar j
compensates executive r by increasing the relative weight placed on the executivespeciﬁc performance measure.
An implication of Eq. (13) is that if, as we have previously assumed, executives in
more senior positions evaluate projects of greater signiﬁcance to the ﬁrm, then sV
r
will be greater for more senior executives. It follows P
that the variation in ﬁrm value
2
reﬂecting the other n–1 executive’s project decisions, jar ðsV
j Þ ; will be less for more
senior executives. Thus, for more senior executives, ﬁrm value will be a relatively less
noisy performance measure than the accounting measure according to Eq. (13). We
therefore have the following hypothesis:
Hypothesis 2: Executives who are more senior (have a lower r) will have a higher
proportion of incentive-based compensation that is equity-based.
We now consider factors that can affect the composition of compensation across
ﬁrms instead of across positions within a ﬁrm.
3.2. Effects of exogenous variation in market value
The theory suggests the optimal compensation weights will decrease
noise of
P if Vthe
2
2
M 2
the ﬁrm value performance measures [as measured by ðsV
r Þ þ
jar ðsj Þ þ ðs Þ 
increases. Such an increase in the noise in the ﬁrm performance measure reduces the
reliance on this measure in the incentive portion of the optimal compensation
package and thus, from Eq. (11), will reduce the proportion of total compensation
that is incentive based. One source of noise in the ﬁrm measure of performance is the
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exogenous variation in the ﬁrm’s market valuation ðsM Þ2 : We thus have the
following hypothesis:
Hypothesis 3: Executives will have a lower proportion of compensation
that is incentive-based if the exogenous variation in market valuation is
higher.
Eq. (13) suggests that the value of adopting a compensation scheme linking the
compensation of executive r speciﬁcally to the ﬁrm’s value will be increasing in the
exogenous variation in ﬁrm-performance, ðsM Þ2 : In particular, we have the following
hypothesis:
Hypothesis 4: Executives will have a lower proportion of incentive pay that is
equity-based if the exogenous variation in market valuation is higher.
3.3. Effect of firm size
Reduced direct monitoring of executives’ efforts is likely at larger ﬁrms. This can
be interpreted as a lower parameter yr for executives at larger ﬁrms, inducing
compensation packages that rely more heavily on incentive-pay at larger ﬁrms.
Larger ﬁrms may also face lower contracting costs in offering incentive-based
compensation to executives, which would also suggest that larger ﬁrms would be
more likely, ceteris paribus, to grant executives compensation based on ﬁrm
performance. The assumption that large ﬁrms have a cost advantage in offering
complex compensation packages is consistent with the ﬁnding that larger ﬁrms
tend to pioneer the use of new forms of compensation (Fox, 1983, 1984). Thus,
we have:
Hypothesis 5: Executives at large ﬁrms will have a greater proportion of
compensation that is incentive-based.
We have argued that a decrease in ﬁrm size will decrease the use of incentive pay if
smaller ﬁrms can better monitor the effort of agents and if such monitoring
inﬂuences the executive’s future career opportunities and thus wealth. This allows a
smaller ﬁrm to substitute increased monitoring for explicit incentive elements in the
compensation package. However, the effect of ﬁrm size on the type of incentive pay
is less clear. One could argue that larger ﬁrms not only are more likely to have higher
2
variability in the executive-speciﬁc measure of performance, ðsA
r Þ ; but also, because
of more executives, have a higherP variability in the ﬁrm-value measure of
V 2
performance, speciﬁcally the term
jar ðsj Þ : From the above discussion and
Eq. (13), we thus have the following hypothesis:
Hypothesis 6: Executives at larger ﬁrms will have a greater proportion
of incentive-based compensation that is equity-based assuming increased
ﬁrm size means an increase in the variability of the executive-speciﬁc
accounting performance measure relative to the ﬁrm-value measure of
performance.
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3.4. Effect of executive stock ownership
Executives with larger prior holdings of equity in the ﬁrm will have a greater
incentive to perform independent of the current compensation package. This can be
interpreted as an increase in the parameter yr in our model and leads to the following
hypothesis:
Hypothesis 7: Executives with a larger existing ownership in the ﬁrm will have a
lower proportion of compensation that is incentive-based.
We have indicated that an increase in the prior equity holdings of an executive will
decrease the use of incentive pay, as larger equity holdings more closely tie the
executive’s wealth to effort independent of the current compensation package. In
addition, a clear prediction is that executives with larger prior equity holdings will
have a reduced proportion of current incentive pay tied to equity. As discussed in the
appendix, if we interpret the outside-incentive parameter yr as the extent of prior
V
equity holdings, then bV
r in Eq. (13) would be replaced by br þ yr : This follows as the
prior equity holdings increase the effect of an increase in current equity
compensation on the variance of income. Comparing such a modiﬁed Eq. (13) to
Eq. (12) indicates a lower optimal bV
r and thus yields the following hypothesis:
Hypothesis 8: Executives with a larger existing ownership in the ﬁrm will have a
lower proportion of incentive-based pay that is equity-based.
3.5. Effects of R&D and market-to-book
New product development often involves a signiﬁcant initial investment and a
lengthy time interval until the product reaches the market. This suggests that
mistakes in new product development, either failing to recognize a potential good
product to develop or devoting signiﬁcant resources to develop what turns out to be
a bad product, can be costly. The Statement of Financial Accounting Standard No. 2
(SFAS 2) classiﬁcation of research and development expenditures suggests that the
magnitude of R&D expenditures can serve as an indicator of the extent of
involvement by executives in new product development.4 It follows that executives at
ﬁrms with large expenditures in research and development are more likely to be
involved in project selection decisions that involve new product development, where
the costs of mistakes are presumed to be greater. Similarly, for ﬁrms with a high
market-to-book value of assets, indicative of large intangible assets that reﬂect
4
In particular, SFAS 2 indicates that research is ‘‘planned search or critical investigation aimed at the
discovery of new knowledge with the hope that such knowledge will be useful in developing a new product
or service or a new process or technique or in bringing about a signiﬁcant improvement to an existing
product or process.’’
Development is ‘‘the translation of research ﬁndings or other knowledge into a plan or design for a new
product or process or for a signiﬁcant improvement to an existing product or process whether intended for
sale or use.’’

318

J.M. Barron, G.R. Waddell / Journal of Financial Economics 67 (2003) 305–349

market expectations of high future growth, mistakes in project selection are likely to
be more costly. We thus have the following hypothesis:
Hypothesis 9: Executives at ﬁrms with high R&D costs and ﬁrms with high
market-to-book will have a higher proportion of total compensation that is
incentive-based.
Bernardo et al. (2001) also suggest ‘‘managers will receive greater performancebased pay when the ﬁrm has high R&D expenditures’’ (p. 332). However, their
prediction relies on the presumption that higher R&D increases monitoring
difﬁculties. To have such monitoring difﬁculties affect compensation given their
assumption of risk-neutral agents requires a further assumption, namely that
greater monitoring difﬁculties lead to a greater aversion to effort on the executive’s
part.
We agree with Bernardo et al. in that ﬁrms that invest larger amounts in research
and development are, by deﬁnition, more likely to realize the returns to project
selection far into the future. As such, current accounting performance measures may
be less precise in capturing an executive’s contribution to ﬁrm value in ﬁrms with
high R&D expenditures. Kole (1997) suggests that a high market-to-book value of
assets also can serve as a proxy for increased difﬁculty in measuring managerial
effort from current accounting performance measures in the presence of intangible
assets that reﬂect market expectations of future growth opportunities. We therefore
have the following hypothesis:
Hypothesis 10: Executives at higher R&D ﬁrms and ﬁrms with a higher marketto-book value ratio will have a greater proportion of incentive-base pay that is
equity-based.

4. Empirical results
The prior section identiﬁed a number of factors that are predicted to inﬂuence
both the extent of use of incentive pay in general and equity-based incentive pay in
particular. Our main source of data to test these predictions is Standard & Poor’s
(S&P’s) ExecuComp data set that collected the details of executive compensations
directly from the proxy statements of publicly traded companies in the S&P 500,
S&P Midcap 400 and S&P Smallcap 600 for the years 1992 through 2000. As such,
the ExecuComp data set contains annual executive compensation data from over
1,700 ﬁrms each year on average, for a total of 16,143 ﬁrm-year observations.
4.1. Sample data
Our analysis includes roughly 98% of the ﬁrm-year data available. Missing
information on the ﬁrm’s market value or assets explain the omission of 373 ﬁrmyear observations. For the remaining 15,770, there are a total of 92,135 executives
identiﬁed. We remove from consideration eight executives with missing information
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on salary, bonus, or restricted stock compensation. We then determine the ranking
of executive positions for the remaining sample of 92,127 executives at 15,770 ﬁrmyear combinations.
The rank of an executive’s position at a ﬁrm in a given year depends largely on
reported total compensation paid to the executive ﬁlling the position.5 However, in
calculating the rank of positions based on the compensation of the executive holding
that position, we have to be concerned with the turnover of executives. In particular,
the compensation of an executive in his or her last year at the ﬁrm may reﬂect a
partial year payment or severance pay or both. As the imposed ranks of positions
within the ﬁrm are interdependent, one cannot simply drop these ﬁrst- and last-year
observations of an executive from the sample. Instead, we assign a departing
executive a rank equal to the rank of the position held in the prior year if the
executive’s title is the same in both years but the exit-year rank based on
compensation alone is below the prior-year rank. We then reorder the ranks of the
other executive positions accordingly. In this way, the adjustment of rank for
departing executives improves the classiﬁcation of the rank of the positions held by
the other executives.
The compensation of an executive in his or her ﬁrst year at the ﬁrm may also
reﬂect a partial-year payment. To adjust for this, we assign the new executive a rank
equal to the rank of the position held in the subsequent year if the executive’s title is
the same in both years but the ﬁrst-year rank based on compensation alone is below
the subsequent-year rank and the increase in rank of the position ﬁlled is feasible
given the number of executives in higher ranked positions who left the ﬁrm over the
same period. While this results in cases in which more than one executive ﬁlls the
same rank in a given year, one would expect this to occur if turnover leads to two
executives ﬁlling the same position in the same year. Finally, if two executives in
adjacent ranks have identical compensations, then the lower-ranked executive is
assigned the other’s rank.
ExecuComp identiﬁes 4% of the executives who are not the highest paid at the
ﬁrm, and thus ﬁll a rank below the top-ranked position, as CEOs. This occurs even
after adjusting the rank for new and departing executives for the potential effects of
partial-year payment. In our analysis, we include a dummy variable to identify these
individuals. To anticipate, we ﬁnd that the composition of compensation differs
signiﬁcantly for this minority of individuals who are designated CEOs in ExecuComp
but who are not the highest paid executive at the ﬁrm. In particular, the
compensation packages for such individuals have a reduced incentive component
as well as less equity-based incentive compensation.
The ExecuComp data set collates annual compensation information provided by
large, publicly traded ﬁrms in their Securities and Exchange Commission (SEC)
ﬁlings. While some companies elect to report pay beyond the ﬁve highest paid
5

In making this calculation, we replace missing values for compensation paid in the form of options
with zeros. In our ﬁnal data set, 4,175 observations omitted information on the value of compensation
paid in the form of options for a particular year. We include a dummy variable in our analysis to identify
these individuals. The analysis reported is robust to dropping these observations.

320

J.M. Barron, G.R. Waddell / Journal of Financial Economics 67 (2003) 305–349

mandated by SEC disclosure requirements, we limit our analysis to the top ﬁve to
eliminate potential sample-selection bias driven by over-reporting.6 This eliminates
15,083 observations. Given that our analysis considers determinants of the
proportion of total compensation that is incentive based and the proportion of
incentive-based compensation that is equity-based, we drop from the sample 58
observations where executives had zero total compensation and nine observations
where the imputed proportion of incentive pay that was equity-based exceeded one
due to negative values for compensation other than salary, bonus, and equity. We
thus arrive at our ﬁnal sample of 76,977 executive-year observations, or 84% of all
executives for which compensation data are available in our sample of ﬁrms and
period.
Executive compensation can be broken into the categories of salary, bonus, equity
and all other annual compensation. Note that the value of equity compensation is an
expected value at the time of the grant (restricted stock grants plus Black-Scholesvalued stock options, Black and Scholes (1973)). Fig. 1 indicates that annual
compensation increased over time for our sample period. For all executives in our
sample, inﬂation-adjusted compensation in 2000 is 266% higher than that of 1992,
with year 2000 total compensation at an average of $3.6 million. These ﬁndings
complement Kole and Lehn (1999) ﬁndings of rising real CEO compensation for the
1971–1992 period.
Fig. 1 also illustrates the patterns of compensation for the executives by rank for
three of the nine years in the sample, 1992, 1996 and 2000. Speciﬁcally, we illustrate
the proportional breakdown of total compensation into three components: that
which is strictly equity compensation (restricted stock plus stock options), that which
is incentive but not equity compensation (bonus payments and other incentive plans)
and that which is not incentive pay (salary). Note not only the increasing reliance on
incentive pay over time, but also the increasing reliance on incentive pay for
executives in more senior positions. In subsequent analysis, we include a trend
variable to control for such changes over time.
4.2. Comparison to Kole (1997)
Our theoretical discussion has focused on the determinants of incentive pay in
general, and equity-based incentive pay in speciﬁc. Table 1 describes the independent
variables used in our analysis. Kole (1997) considered many of these same
determinants in examining the existence of ﬁrm authorization of equity-based
compensation among Fortune 500 ﬁrms using 1980 data. Our ﬁrst analysis, reported
in Column 2 of Table 2, updates Kole’s analysis using our recent data set that
measures the actual use of equity-based compensation. The dependent variable
indicates whether an executive’s compensation package includes equity-based
compensation. For comparison purposes, Kole’s original ﬁndings are reported in
6
The sample includes 477 ﬁrm-year observations (3% of all ﬁrm-year observations) when more than ﬁve
executives were identiﬁed among the top ﬁve ranked positions either due to two or more executives having
identical compensation or to turnover that resulted in more than one executive occupying a position.
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Fig. 1. Compensation Characteristics By Rank and By Year. The breakdown of compensation into
equity-based incentive pay, non-equity-based incentive pay and salary is shown for 1992, 1996 and 2000.
In this ﬁgure, the breakdown of compensation in each year for each rank sums to 100%.

Column 1 of Table 2. Column 3 of Table 2 expands Kole’s analysis by including two
new independent variables, the rank of the executive’s position and market return
volatility. Column 4 includes ﬁrms outside the Fortune 500.
The results indicate that many of the relationships suggested by Kole regarding the
existence of equity authorization plans in 1980 hold regarding the recent actual use
of equity-based compensation. For instance, for our entire sample of ﬁrms, we ﬁnd
that executives at larger ﬁrms, at ﬁrms with higher R&D, and executives with smaller

Ratio

Proportional rank

Executive stock ownership (Tables 3 and 4)

Ratio of each executive’s total compensation to the top
executive’s compensation at the ﬁrm in the same year
(ExecuComp)

Indicator variable: individual designated chief executive
ofﬁcer but did not receive highest total compensation
from among top ﬁve executives in the current year
(ExecuComp)

Indicator variables: top ﬁve executives ranked according
to total compensation (ExecuComp)

Deﬁnition (Source)

Proportion

Holdings as a proportion of total shares outstanding
(ExecuComp), for Kole (1997) comparison (Table 2)

Hundreds of thousands of dollars Value of executive’s equity holdings in the ﬁrm
(ExecuComp)

0, 1

Chief Executive Ofﬁcer not top-ranked
executive

Executive stock ownership (Table 2)

0, 1

Units

Executive rank

Executive-speciﬁc variables

Variable

Table 1
Variable deﬁnitions and summary statistics
Statistics for the sample of 76,977 executive-year observations from 2,407 ﬁrms. The sample period is 1992–2000.

0.010
(0.040)

0.307
(5.648)

0.556
(0.300)

0.032
(0.175)

Mean
(Standard
deviation)
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Ratio

Ratio

1 to 9
0, 1

0, 1

Market/book value of assets

Year indicator

Industry indicators

Fortune 500 ﬁrm

Thousands of dollars

Number

Research and development/book value of
assets

Book value of assets

Sixty-month return volatility

Firm-speciﬁc variables

Indicator variable: ﬁrm in Fortune 500 (Compustat)

Indicator variables: North American Industry
Classiﬁcation System industries (Compustat)

Time trend variable reﬂecting years 1992–2000

Ratio of ﬁrm’s ﬁscal year-end market value to the book
value of assets, both in 1999 dollars (Compustat)

Ratio of research and development expenditures to book
value of assets, both in 1999 dollars (Compustat)

Book value of physical plant, inventories, and
investments in unconsolidated subsidiaries in billions of
1999 dollars (ExecuComp)

Standard deviation in monthly Standard & Poor’s 500
returns over prior 60 months (Center for Research in
Security Prices)

0.246
(0.431)

1.622
(3.826)

0.030
(0.102)

8,072.177
(31,859.19)

0.036
(0.008)
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Rank 4 executive position

Rank 3 executive position

Rank 2 executive position

Rank 1 (top) executive positionc

Market/book value of assets

Research and development/book value of assets

Executive stock ownershipb

Log of the book value of assets

Independent variable

0.01
(1.08)
0.05
(0.93)
0.76
(1.22)
0.06
(2.11)nn

0.035
(11.05)nnn
1.044
(5.63)nnn
0.401
(3.28)nnn
0.004
(1.41)

Equity authorization
Equity exists
plan exists at
as part of executive’s
ﬁrm (Kole)a
compensation
(1)
(2)

Fortune 500 only

0.034
(10.99)nnn
0.852
(4.81)nnn
0.436
(3.59)nnn
0.004
(1.32)
0.041
(4.32)nnn
0.054
(5.89)nnn
0.039
(4.53)nnn
0.031
(3.80)nnn

Equity exists as
part of executive’s
compensation
(3)

0.043
(21.94)nnn
1.260
(14.93)nnn
0.423
(11.46)nnn
0.000
(0.15)
0.090
(13.38)nnn
0.080
(12.87)nnn
0.057
(9.63)nnn
0.036
(6.38)nnn

Equity exists as
part of executive’s
compensation
(4)

All ﬁrms

Table 2
The use of equity-based compensation (Probit models)
For Columns (2)–(4), the dependent variable equals one if equity is part of the executive’s current-year compensation. Reported coefﬁcients are probability
derivatives predicting compensation plans that include equity-based compensation. Absolute value of z-statistic in parentheses. The Huber/White/sandwich
estimator of variance is used. Coefﬁcients for the intercept, industry indicator variables, and controls for missing values are provided in a supplement.
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0.246
(18.48)nnn
1.960
(8.56)nnn
0.016
0.019
(11.82)nnn
(23.12)nnn
0.045
(7.13)nnn
18,947/15,826
18,947/15,826
76,977/56,476
Wald w2 ð25Þ ¼ 1; 313:6 Wald w2 ð31Þ ¼ 1; 515:0 Wald w2 ð35Þ ¼ 7; 319:1

0.241
(10.61)nnn
1.995
(5.52)nnn
0.015
(10.63)nnn

For Kole’s estimation (Kole, 1997) the dependent variable equals one if the ﬁrm authorizes the use of equity in compensation packages. Kole’s estimation
also included a variable indicating family representation either in management or on the board of directors and a variable indicating the percentage of outside
directors. Asymptotic t-statistics are reported in parentheses for Column (1). Also, Kole’s variable indicating executive stockholdings was at the ﬁrm level and
counted directors as well as ofﬁcers.
b
Where data are available. Note that in this table we follow Kole in using the holdings as a proportion of total shares outstanding.
c
Excluded is rank ﬁve. In general, executive positions are ranked within each ﬁrm according to total compensation received by the executive ﬁlling the
position. Subject to data availability, the top ﬁve executive positions are included from each ﬁrm.
d
Of the sample of 371 ﬁrms, 336 ﬁrms were authorized to award equity.
n
Signiﬁcant at 10% level.
nn
Signiﬁcant at 5% level.
nnn
Signiﬁcant at 1% level.

a

Observations/number awarded or authorized to award equity 371/336d

Firm included in Fortune 500

Trend (1992¼1)

Sixty-month return volatility

Chief executive ofﬁcer designate not highest ranked
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stockholdings tend to be more likely to have equity-based compensation. Kole
suggests that potential multicolinearity with respect to the R&D and market-to-book
variables may weaken the results when these two variables are both included, and we
do ﬁnd here and in subsequent analysis that the predicted effect of R&D on the
extent of both incentive-based and equity-based incentive compensation is
strengthened if the market-to-book variable is excluded from the analysis.
4.3. Tests of hypotheses
Tables 2 and 3 provide tests of Hypotheses 1–10. Columns 1 and 2 of Table 2
provide estimates of the effect of the various ﬁrm and executive characteristics
identiﬁed above on the extent of total compensation that is incentive-based.
Columns 3 and 4 provide estimates of their effect on the extent of incentive
compensation that is equity-based.
In estimating determinants of the proportion of compensation that is incentive pay
and the proportion of incentive pay that is equity, we face a potential econometric
problem in using the measured proportion as the dependent variable, for this
variable is bounded in the unit interval. Such boundedness implies that the
assumption of a normally distributed error term is not tenable. Recognizing this
issue, we rephrase our questions concerning proportions to take the following
forms:What determines the likelihood a given dollar of compensation is incentivebased? and What determines the likelihood a given dollar of incentive-based
compensation is equity-based?
Columns 1 and 3 of Table 3 report the results of Probit models that accommodate
our potential econometric problem and answer such questions. For this estimation
procedure, we duplicate the data set and create a binary variable equal to one for the
original data set and zero for the duplicate. We then weight each original observation
by the observed proportion of the executive’s total compensation that was incentive
pay (Column 1) or the proportion of incentive pay that was awarded as equity
(Column 3) and weight each duplicate observation with one minus the respective
proportion.7 Columns 2 and 4 of Table 3 report the results of ﬁxed-effect
speciﬁcations of Columns 1 and 3, respectively.8
Results reported in Table 3 strongly support Hypotheses 1 and 2. Not only are
more senior executives more likely to have a given dollar of total compensation as
incentive pay, but also they are more likely to have a given dollar of incentive pay
awarded as equity. The results are striking, as the coefﬁcients for the various ranks
7
As an alternative to our method of estimating Columns 1 and 3 of Table 3, one could accommodate the
dependent variable in the unit interval by estimating the model on the logistically transformed proportion
of compensation awarded as equity. However, while the results are not substantially affected by this
monotonic transformation, we feel that the nonlinearity introduced into the dependent variable by this
transformation is troublesome.
8
The ﬁxed-effect results reported in Tables 2 and 3 do not control for the boundedness of the dependent
variable. However, the results for the entire sample reported in Columns 1 and 3 are similar to results using
actual proportions as the dependent variable, so concern for the effect of not accounting for the
boundedness of the dependent variable appears to be unwarranted.

Executive stock ownershipb

Log of the book value of assets

Sixty-month return volatility

Chief executive ofﬁcer designate not highest ranked

Rank 4 executive position

Rank 3 executive position

Rank 2 executive position

Rank 1 (top) executive positiona

Independent variable

0.156
(43.86)nnn
0.113
(34.60)nnn
0.072
(23.59)nnn
0.036
(12.87)nnn
0.116
(14.92)nnn
1.261
(11.36)nnn
0.051
(43.21)nnn
0.001
(4.60)nnn

Likelihood that a
given dollar of
total compensation
is incentive-based
(Probit) (1)
0.235
(61.67)nnn
0.144
(48.22)nnn
0.085
(31.27)nnn
0.040
(15.74)nnn
0.026
(5.40)nnn
1.328
(13.93)nnn
0.067
(30.59)nnn
0.0003
(2.02)nn

Fixed-effect model for
proportion of total
compensation that is
incentive-based
(2)

Extent of total compensation
that is incentive-based

0.090
(16.80)nnn
0.075
(15.14)nnn
0.051
(10.80)nnn
0.031
(7.03)nnn
0.161
(15.74)nnn
0.044
(0.25)
0.017
(11.49)nnn
0.003
(1.91)n

Likelihood that a given
dollar of incentive
compensation is
equity-based
(Probit) (3)

0.252
(38.67)nnn
0.141
(27.74)nnn
0.082
(17.83)nnn
0.040
(9.24)nnn
0.022
(2.68)nnn
0.109
(0.67)
0.084
(22.54)nnn
0.0002
(0.53)

Fixed-effect model
for proportion of
incentive compensation
that is equity-based
(4)

Extent of incentive-based
compensation that is equity

Table 3
The extent of incentive-based and equity-based compensation with a simple ordering of positions
Reported coefﬁcients for Columns (1) and (3) are probability derivatives from the estimation of Probit models. Reported coefﬁcients for Columns (2) and (4)
are estimates of ﬁxed-effects models for an unbalanced panel of executives during their tenure at particular ﬁrms. Absolute value of z-statistic is in parentheses.
The Huber/White/sandwich estimator of variance is used. Coefﬁcients for the intercept, industry indicator variables, and controls for missing values are
available in a supplement.
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76,977/20,642
F ð14; 56321Þ ¼ 1; 000:0

0.802
(23.69)nnn
0.003
(2.60)nnn
0.025
(39.71)nnn
0.010
(2.13)nn

0.023
(2.51)nn
0.006
(19.00)nnn
0.005
(10.85)nnn
0.008
(2.59)nnn

Wald w2 ð35Þ ¼ 7; 188:8

152,022d/76,011

Likelihood that a given
dollar of incentive
compensation is
equity-based
(Probit) (3)

Fixed-effect model for
proportion of total
compensation that is
incentive-based
(2)

76,011/20,569
F ð14; 55428Þ ¼ 750:9

0.093
(5.96)nnn
0.001
(1.19)
0.000
(0.00)
0.005
(1.07)

Fixed-effect model
for proportion of
incentive compensation
that is equity-based
(4)

Extent of incentive-based
compensation that is equity

b

Excluded is rank ﬁve. Executive positions are ranked within each ﬁrm according to total compensation.
Where available. This variable is the percent ownership of the ﬁrm times the total value of the ﬁrm to account for the effect of differences in ﬁrm value on
the value of executive’s stock ownership. This contrasts with Table 2, which uses the more standard measure of executive stock ownership in terms of the
proportion of total shares outstanding. Baker and Hall (1998) provide a discussion of these two measures.
c
Only 152,833 observations contribute to the likelihood function. We arrive at this sample by doubling of the 76,977 sample less those observations with zero
weights.
d
Only 131,309 observations contribute to the likelihood function. We arrive at this sample by doubling of the 76,011 sample of those who received incentive
pay less those observations with zero weights.
n
Signiﬁcant at 10% level.
nn
Signiﬁcant at 5% level.
nnn
Signiﬁcant at 1% level.

a

Wald w2 ð35Þ ¼ 14; 928:0

153,954c/76,977

Observations/number of unique executive-years
Observations/number of unique executives

Firm included in Fortune 500

Trend (1992=1)

Market/book value of assets

0.281
(8.09)nnn
0.005
(3.43)nnn
0.020
(44.68)nnn
0.032
(10.22)nnn

Likelihood that a
given dollar of
total compensation
is incentive-based
(Probit) (1)

Extent of total compensation
that is incentive-based

Research and development/book value of assets

Independent variable

Table 3 (continued)
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are monotonically increasing across all ranks for both the extent of incentive pay and
the proportion of incentive pay that is equity. Further, these differences across ranks
are statistically signiﬁcant with respect to each increase in seniority, from rank 5 to
rank 1. Pooled-data estimates of our full sample (Columns 1 and 3 of Table 3)
suggest that the top-ranked executive has a 6.9% higher likelihood that a dollar of
compensation is awarded as incentive pay than the second-to-top-ranked executive,
and a 2.8% higher likelihood that a dollar of incentive pay is awarded as equity.
These results of higher incentive pay and greater equity-based incentive pay at
more senior positions are consistent with the assumption that executives in positions
of different rank do face differences in project selection characteristics, with more
senior executives evaluating projects with greater costs attached to mistakes.
However, one might argue that these empirical results, especially with regard to use
of incentive-based compensation, may instead reﬂect differences in ability, with
executives in more senior positions having greater ability. Or, they may reﬂect
differences in risk aversion across executives, with executives in more senior
positions being less risk averse.
Consider ﬁrst the implications of differences in ability. Greater ability can increase
both the level of precision of signals on project type given no effort and the marginal
impact of effort on precision. In either case the ﬁrm beneﬁts from such higher ability
and one would thus expect higher-valued alternatives for individuals with greater
ability. Simulation results suggest that, of these three changes (higher precision
independent of effort, greater gain in precision to increased effort, and a highervalued alternative), only the increased marginal impact of effort on precision tends
to increase the proportion of compensation that is incentive-based. The other two
changes tend to reduce the proportion of compensation that is incentive-based for
more able executives. Also, our simulations suggest that all three changes imply that
more able executives will receive a reduced proportion of incentive pay that is equitybased. As our empirical ﬁndings do not offer strong support for such predictions, we
are hesitant to adopt a theory that explains differences in the compensation
composition across ranks solely on differences in executives’ ability.
Now consider the implications if executives in more senior positions are less risk
averse. It is the case that the optimal proportion of compensation that is incentivebased will increase with a decrease in the executive’s aversion to risk. In fact, if one
assumes that the salary component of compensation is not bounded from below,
V
then the limiting case of a risk-neutral executive has the weights bA
r and br summing
to one, a likely negative salary component, and a proportion of total compensation
that is incentive based that exceeds one. If we accept the view that executives of
different ranks are paid differently solely due to differences in their aversion to risk,
then no change would be predicted in the compensation package for the same
executive who changes rank. However, this prediction is not consistent with the
estimation results for the ﬁxed-effect model (Column 2 of Table 3) that controls for
executive-speciﬁc effects and estimates the effect of rank for executives who changed
rank at a ﬁrm within the nine-year period of our sample. For instance, the estimates
suggest that there is a 14.7% increase in the proportion of compensation that is
incentive-based for one moving from the second-ranked to the top-ranked position.

330

J.M. Barron, G.R. Waddell / Journal of Financial Economics 67 (2003) 305–349

Hypotheses 3 and 4 suggest that increased exogenous volatility in ﬁrm value will
lead ﬁrms to reduce the use of incentive pay, in particular equity-based incentive pay.
To test Hypotheses 3 and 4, we have to generate a measure of return volatility that is
independent of the outcomes of past project decisions of the executives at the ﬁrm.
This means that we have to be careful in using measures that are tied directly to the
ﬁrm’s return volatility. The reason for this is as follows. From Eq. (3), we know that
the past volatility of a ﬁrm’s value will reﬂect not only the exogenous market shocks
that we seek to measure but also the outcome of the decisions made by the ﬁrm’s
executives. At ﬁrms where the executives’ decisions are more important in terms of
evaluating projects with greater costs attached to mistakes, we expect not only
greater volatility in the ﬁrm’s value but also more weight at such ﬁrms attached to
incentive-based pay for all executives. This implies that increased ﬁrm-speciﬁc
volatility will be associated with increased use of incentive-based use of incentive
pay.
In an attempt to minimize the above measurement problem, our market return
volatility measure is calculated as the standard deviation in the overall monthly
return for all S&P 500 ﬁrms over the previous 60 months as reported in data
provided by the Center for Research in Security Prices (CRSP). As we indicate in
Appendix A, this aggregate measure provides a cleaner measure of exogenous
market shocks as it is less directly tied to ﬁrm-speciﬁc outcomes. Using this measure,
we ﬁnd support for Hypothesis 3 regarding the effect of volatility in ﬁrm value on the
use of incentive compensation. However, these results do not carry over with respect
to the use of equity-based incentive pay, and so we are left with no clear evidence in
favor of Hypothesis 4. We suspect the reason for this is the lack of a precise measure
of the variance ðsM Þ2 in the exogenous shocks to a ﬁrm’s market value ðeM Þ; shocks
that we have assumed are independent of both executives project decisions and
errors in accounting measures of performance.
Hypotheses 5 and 6 identify ﬁrm size as another important potential determinant
of the use of incentive pay in general and equity-based incentive pay in particular.
The results reported in Table 3 also support these two hypotheses. Executives at
larger ﬁrms are more likely to receive incentive-based pay and are more likely to have
such pay be equity-based. An executive employed in a ﬁrm that is at the median of
the upper quartile in assets is 40.7% more likely to receive a given compensationdollar as incentive pay and 14.7% more likely to receive a given dollar of incentive
pay as equity-based compensation. Further, the ﬁxed-effects results indicate this
applies for the pooled sample and for speciﬁc executives as the size of their ﬁrm
changes.
Hypotheses 7 and 8 suggest that greater prior stock ownership will reduce the
extent to which compensation is incentive-based as well as the proportion of
incentive-based compensation that is equity-based. Our results provide partial
support for these hypotheses. In particular, the pooled sample estimates indicate that
as the equity holdings of an executive increase over time, less compensation will be
incentive-based and less incentive-based compensation will be equity-based.
However, the economic signiﬁcance of the point estimates is marginal, and the
second result is not found in our ﬁxed-effect model estimation for equity-based pay.
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Finally, Hypotheses 9 and 10 link the increased use of incentive pay and equitybased incentive pay to greater R&D and to higher market-to-book values. We ﬁnd
some support for these hypotheses in the results reported in Table 3. For our pooled
sample, an executive employed in a ﬁrm that is at the median of the upper quartile in
market-to-book value or in R&D intensity is 2.2% and 3.8%, respectively, more
likely to receive a given compensation dollar as incentive-based pay and 1.4% and
13.9%, respectively, more likely to receive a given incentive-based compensation
dollar as equity than an executive employed in a ﬁrm that is at the median of the
corresponding lower quartile. However, the ﬁxed-effects model reverses the R&D
result for the use of incentive pay. That is, as a ﬁrm becomes more research intensive,
a given executive at this ﬁrm is less likely to receive a dollar of compensation as
incentive pay.
One possible way to reconcile these ﬁndings is as follows. We have interpreted
high R&D expenditures to reﬂect a climate in which more important decisions are
made (in the sense that decision mistakes are more costly), and our theory predicts
that in such situations the advantage to incentive pay is greater. This explains the
pooled-sample result. What the ﬁxed-effects result could indicate is that important
R&D decisions precede in time the actual R&D expenditures. Thus, a year of low
(below average for the ﬁrm) R&D expenditures is one in which executives are
making important decisions regarding substantial future R&D expenditures and
thus more weight is attached to incentive pay to induce more accurate decisionmaking during such times. This suggests that a potentially fruitful area to explore is
the interplay between the timing of R&D expenditures and the composition of
compensation. Dropping the market-to-book variable from the ﬁxed-effect
estimation does yield the predicted positive effect of R&D on the use of equitybased incentive pay.
Our empirical work, as it employs a timely data set that is more comprehensive
than those used in earlier papers, offers an opportunity to update and reexamine
earlier ﬁndings. For instance, Lambert and Larcker (1988), Core and Guay (1999),
and Natarajan (1996) are examples of papers that analyze the use of accountingbased versus stock-based performance measures in CEO compensation.9 Lambert
and Larcker consider a sample of 370 ﬁrms from 1970 to 1984, while Core and Guay
rely on the ExecuComp database, although their analysis is restricted to CEOs and
covers the period from 1992 to 1997. One aspect of the empirical work in these
papers that differs from ours is a focus on testable hypotheses in terms of relative
weights attached to various performance measures. Our approach suggests a focus
on the resulting proportion of compensation that is incentive-based and the resulting
proportion of incentive-based compensation that is equity-based. Nevertheless,
consistencies exist across the ﬁndings in these papers and our ﬁndings.
Lambert and Larcker also report that the relative weight in the compensation
package assigned to a ﬁrm’s market return versus an accounting measure of
performance is an increasing function of the relative noise of the ﬁrm’s accounting
measure. These results are compatible with our ﬁnding that the proportion of
9

Others include Sloan (1993), Bushman and Indjejikian (1993), and Baiman and Verrecchia (1995).
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incentive-based compensation that is equity-based increases with higher R&D
expenditures (as a proxy for increased noise in accounting measures of performance).
Similarly, Core and Guay’s ﬁnding that larger ﬁrms place increased weight on equity
incentives mirrors our ﬁnding.
Natarajan (1996) considers how various accounting measures of performance such
as net income and working capital from operations determine CEO total
compensation for a time series of 331 ﬁrms over the period 1970–1988. He
establishes that the weights attached to these various accounting measures tend to be
smaller at larger ﬁrms and at ﬁrms with higher market-to-book ratios. One can
interpret Natarajan’s ﬁndings as indicating a decreased reliance on accounting
measures for CEO compensation packages at larger ﬁrms and ﬁrms with higher
market-to-book ratios. If we adopt this interpretation, then Natarajan’s ﬁndings are
consistent with our cross-sectional ﬁndings that executives at such ﬁrms have a
greater proportion of incentive compensation that is equity-based. However, our
ﬁndings could not be deduced immediately from Natarajan’s. For instance, one
could obtain Natarajan’s ﬁndings if the correlation between ﬁrm value and the
accounting measures was less at larger ﬁrms, even if ﬁrms of different sizes devoted
the same positive fraction of total compensation to equity-based compensation.
4.4. Robustness of results to alternative rank measures
An important ﬁnding of the above empirical analysis is the systematic difference in
the composition of compensation depending on an executive’s position rank as
indicated by the relative total compensation of the executives (ranks 1–5). Our
measures of rank based on compensation is adjusted in the case of executives in their
ﬁrst or last year at the ﬁrm, as compensation in such cases may not accurately
capture the relative position of the new or departing executive.10 However, such
modiﬁcations do not alter our ﬁndings. Below we outline ﬁve alternatives we tried to
test the robustness of our rank results. First, we reestimated the equations reported
in Table 3 using the rank measures that do not correct for the fact that a particular
executive is in his or her ﬁrst or last year at the ﬁrm and thus may have a
compensation measure that reﬂects a partial-year payment. The result remains that
the use of incentive pay and equity pay as a proportion of incentive pay are both
monotonically increasing in executive seniority.
For our second alternative, we retained our preferred rank measures that make
adjustments for new and departing executives, but we introduced new variables that
interact these rank variables with dummy variables indicating if the executive is in his
or her ﬁrst year or last year to see if the effect of rank on the composition of
compensation differs for such individuals. Again we ﬁnd that the rank results are
robust to this speciﬁcation in that the use of incentive pay and equity pay as a
proportion of incentive pay are monotonically increasing in executive seniority.
Further, we ﬁnd that the use of both incentive pay and equity pay as a proportion of
10

As ExecuComp data contains information only on the top ﬁve executives, we can only observe arrival
and departure from the top ﬁve positions in the ﬁrm, not true arrival and departure from the ﬁrm, per se.

J.M. Barron, G.R. Waddell / Journal of Financial Economics 67 (2003) 305–349

333

incentive pay tend to be higher for executives who are new to the top ﬁve, suggesting
that the rank of these executives is underestimated. The use of incentive pay and
equity pay as a proportion of incentive pay tend to be lower for executives who are in
their departing year, which suggests that the rank of these executives is overestimated.
Our third alternative speciﬁcation is like the second one, but with the addition of
variables that interact the rank measures with dummy variables that indicate the
executive is at a ﬁrm that experienced a departure of an executive or an arrival of a
new executive in that year. This captures the possibility that if our adjusted rank
measures do not fully reﬂect the true rank of a new or departing executive, then this
can distort the rank measures for some of other individuals at the ﬁrm where such
turnover occurred. As in the two alternative speciﬁcations above, here we also ﬁnd
that the rank results are robust. Furthermore, equity pay as a proportion of incentive
pay tends to be higher in ﬁrms experiencing transition.
Top executives in some ﬁrms could act as a team, with decisions arrived at through
consensus or by a rotation of leadership roles. In such cases, one could argue that a
similar rank should be assigned to these positions, as they are similar in the
importance of the decisions being made. It follows that we would expect individuals
in these positions to receive similar compensation packages. Table 4 provides
estimates using an alternative measure of a position’s rank that accommodates
positions that are similar in compensation and thus importance. Speciﬁcally, in
Table 4 a position’s rank is deﬁned by the ratio of total compensation of the
executive in the position to the highest compensation at the ﬁrm in the same year. In
the vast majority of cases, the top compensation is the CEO’s compensation.
This new measure of rank has the potential to be a more accurate reﬂection of the
relative importance of decision-making across positions for two reasons. First, to the
extent executives are in positions of similar importance, possibly reﬂecting a sharing
of decision-making responsibilities, and thus similar compensation, this new measure
of a position’s rank appropriately assigns these individuals a similar rank. Now
consider two individuals whose compensation differ substantially. This suggests a
substantial difference in the importance of projects being evaluated, and this new
measure of position rank as a proportion of the top executive’s compensation would
reﬂect this substantial difference.
In constructing our new measure of the rank of a position, as we did for our
simpler measure of a position rank, we adjust for cases in which an executive is in his
or her last or ﬁrst year at the ﬁrm and thus likely has compensation that reﬂects a
partial year. In such cases, if it is the top executive, if the departing executive’s
compensation is below the compensation in the prior year or the new executive’s
compensation is below compensation in the subsequent years, and if the executive
has the same title in both years, then we identify the compensation for the top
position at the ﬁrm using the individual’s prior or subsequent year compensation,
respectively. For executives ﬁlling positions other than the top position who are in
either their last or ﬁrst year at the ﬁrm, if the ratio is lower in their last or ﬁrst year,
respectively, and there is no change in the title of their position across the two years,
then we replace the ratio of their compensation to the top executive’s with the one in

Research and development/book value of assets

Executive stock ownershipb

Log of the book value of assets

Sixty-month return volatility

Chief executive ofﬁcer designate not highest ranked

Proportional rank of executive’s positiona

Independent variable

Extent of incentive-based
compensation that is equity

0.166
(40.30)nnn
0.120
(15.73)nnn
1.193
(10.70)nnn
0.052
(43.87)nnn
0.001
(4.60)nnn
0.278
(8.09)nnn

0.234
(57.55)nnn
0.058
(13.33)nnn
1.169
(12.17)nnn
0.065
(29.59)nnn
0.0003
(1.92)n
0.026
(2.83)nnn

0.076
(12.81)nnn
0.159
(15.83)nnn
0.006
(0.03)
0.017
(11.66)nnn
0.003
(1.91)n
0.799
(23.75)nnn

0.275
(39.77)nnn
0.059
(7.99)nnn
0.044
(0.27)
0.084
(22.52)nnn
0.0002
(0.54)
0.090
(5.78)nnn

Fixed-effect model
Likelihood that a
Likelihood that a
Fixed-effect model
given dollar of total
for proportion of
given dollar of incentive for proportion of incentive
total compensation that
compensation is
compensation that is
compensation is
is incentive-based
equity-based (Probit)
equity-based
incentive-based (Probit)
(1)
(2)
(3)
(4)

Extent of total compensation
that is incentive-based

Table 4
The extent of incentive-based and equity-based compensation with positions ranked by proportion of top executive’s compensation
Reported coefﬁcients for Columns (1) and (3) are probability derivatives from the estimation of Probit models. Reported coefﬁcients for Columns (2) and (4)
are estimates of ﬁxed-effects models for an unbalanced panel of executives during their tenure at particular ﬁrms. Absolute value of z-statistic is in parentheses.
The Huber/White/sandwich estimator of variance is used. Coefﬁcients on an intercept, industry indicator variables, and controls for missing values shown in a
supplement.
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0.006
(19.01)nnn
0.007
(15.18)nnn
0.006
(2.14)nn

76,977/20,642
Wald w2 ð32Þ ¼ 14; 127:8 F ð11; 56324Þ ¼ 1; 161:4

153,954c/76,977

0.005
(3.47)nnn
0.020
(45.53)nnn
0.031
(9.85)nnn

Wald w2 ð32Þ ¼ 7; 034:0

152,022d/76,011

0.003
(2.63)nnn
0.025
(39.80)nnn
0.009
(2.04)nn

76,011/20,569
F ð11; 55431Þ ¼ 948:0

0.001
(1.43)
0.002
(2.45)nn
0.004
(0.73)

b

Executive positions are ranked within each ﬁrm in terms of the executive’s total compensation as a proportion of the top executive’s total compensation.
Where available. This variable is the percent ownership of the ﬁrm times the total value of the ﬁrm to account for the effect of differences in ﬁrm value on
the value of executive’s stock ownership. This contrasts with Table 2, which uses the more standard measure of executive stock ownership in terms of the
proportion of total shares outstanding. Baker and Hall (1998) provide a discussion of these two measures.
c
Only 152,833 observations contribute to the likelihood function. We arrive at this sample by doubling of the 77,016 sample less those observations with
zero weights
d
Only 131,309 observations contribute to the likelihood function. We arrive at this sample by doubling of the 76,011 sample of those who received incentive
pay less those observations with zero weights.
n
Signiﬁcant at 10% level.
nn
Signiﬁcant at 5% level.
nnn
Signiﬁcant at 1% level.

a

Observations/number of unique executive-years
Observations/number of unique executive

Firm included in Fortune 500

Trend (1992¼1)

Market/book value of assets
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the prior year for a departing executive or with the ratio in the subsequent year for a
new executive.
Our empirical results of Table 4 provide support for the idea that compensation will differ across positions that are different in rank using an alternative
approach to ranking positions. Positions that are ranked higher in terms of
offering compensation closer to that of the top executive have a greater proportion of compensation that is incentive-based as well as a greater proportion
of incentive-based compensation that is equity-based. In particular, the estimates
of Table 4 suggest that relative to an executive whose proportional-rank
measure is at the medium of the lower quartile, a top executive is 22.8% more
likely to receive a given compensation dollar as incentive pay and 12.2% more
likely to receive a given dollar of incentive pay as equity-based compensation.
Further, the ﬁxed-effects results indicate this applies not only for the pooled
sample, but also for speciﬁc executives as their relative importance changes. The
ﬁndings in Table 4 regarding variables other than position-rank conﬁrm those
reported in Table 3.
Finally, for our measure of rank in terms of the proportion of compensation
relative to the CEO (results reported in Table 4), we added variables that interact this
rank measure with dummy variables indicating if the executive is in his ﬁrst or in his
last year. In this case, the rank measure of other executives at the ﬁrm is not affected
by such turnover so further adjustments along the lines of the third alternative
described above are not required. We ﬁnd that the proportional rank result remains
robust to this speciﬁcation. Beyond this, we again ﬁnd that the use of both incentive
pay and equity pay as a proportion of incentive pay tend to be higher for executives
who are new to the top ﬁve and lower for executives who are in their departing
year.

5. Conclusion
This paper investigates executive compensation using an expanded principal-agent
model that focuses on project selection. There are three key distinguishing features
of our paper. First, hypotheses regarding executive compensation are formally
developed in the context of a project selection principal-agent model and tested
using a large data set of U.S. ﬁrms for the 1992 to 2000 period. Second, the
paper’s empirical analysis on the proportion of executive compensation that
is incentive-based and the proportion of incentive-based compensation that is
equity-based is linked to earlier work on ex ante compensation and afﬁrms
the ﬁndings of Kole (1997). Third, the characteristics of compensation
packages for executives below the CEO level are treated both theoretically
and empirically. The predictions that executives of higher rank, because of
their more pronounced impact on the ﬁrm’s stock appreciation, will not only
have a greater proportion of compensation incentive based, but also a
greater proportion of incentive-based compensation that is equity-based, hold
as well.
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The effect of executive rank in this paper has focused on the view that the
project selection of more senior executives has a greater impact on the value of the
ﬁrm. However, if one were to view the project selection process as hierarchical
among the top ﬁve executives, such that an executive of a particular seniority
only evaluates projects approved by executives of lower seniority, then a key
difference in projects evaluated across ranks would be that more senior
executives evaluate projects that are more likely to be good. Simulations of our
model indicate that an increase in the probability of a good project ðar Þ would
lead to a reduction in the optimal level of effort and a reduced proportion
of compensation that is incentive-based. Yet we ﬁnd the opposite in the
empirical analysis, suggesting that our original view that more senior executives
evaluate projects of greater impact on the ﬁrm may be the more useful
characterization of the differences across ranks, at least for the ﬁve most senior
executives at the ﬁrm.
The project selection model presented in this paper has two attractive features.
First, it formalizes our understanding of the roles played by the various variables
used in the empirical analysis on the extent of incentive-based and equity-based
compensation. For instance, the relative informativeness of performance signals is
shown to be an important element in interpreting the effect of such ﬁrm
characteristics as R&D and the market-to-book ratio on the structure of executive
compensation.
Second, the model allows one to identify a potential trade-off between various
types of equity-based compensation, in particular restricted stock grants versus stock
options. Expanding our analysis, one can identify a leverage advantage to stock
options that enhances their effectiveness in inducing an executive to increase efforts
toward determining the true value of a proposed project. However, options, by
limiting the effect of type 2 errors on compensation, provide an executive with a
different perspective on optimal project selection than that of shareholders, one that
can lead the executive to accept a project that, ceteris paribus, shareholders would
rather reject.
Thus, within the context of project selection, stock options offer the trade-off of
encouraging increased effort but at the expense of introducing a bias in the
project acceptance decision. Preliminary empirical evidence suggests that for the
highest ranks, executives receive relatively less of their equity compensation in
the form of stock options when compared with lower ranking executives, suggesting that the adverse effect of options on project selection criteria grows relatively
more important at higher ranks. Further work along these lines is considered in
Barron and Waddell (2002a), which provides a more extensive treatment, both
theoretically and empirically, with regard to this trade-off. In so doing, issues such as
the effect of stock options on the nature of the variance in income of the agent are
considered.
Other potential extensions of the paper suggested by the theory can draw upon the
extensive ExecuComp data set. For instance, we have cited prior stock holdings and
ﬁrm size (through monitoring effectiveness) as variables that reﬂect the magnitude of
the outside-incentive parameter yr : However, one could also consider executives
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below the top executive as engaged in a tournament, in which case the increase in
expected compensation from a movement to a more senior rank becomes another
measure of an incentive that is separate from or outside current compensation. In
this light, the results in Table 4 could be interpreted as indicating that those reaping a
greater gain in terms of the compensation increase if they become the CEO at the
ﬁrm will receive less incentive pay in part due to the substitution of tournamentincentives for compensation-based incentives. Further work along these lines is
considered in Barron and Waddell (2002b). For related discussion, consult
Bognanno (2001).
Another potential extension of the paper that can beneﬁt from the rich
ExecuComp data set is to examine in more detail the nature of compensationcomposition differences across ranks for ﬁrms of different characteristics. For
instance, preliminary ﬁndings suggest that the increase in the proportion of
compensation that is incentive pay and equity-based incentive pay at more senior
ranks is more pronounced at ﬁrms with a higher R&D expenditures to asset ratio.
This suggests further study of such issues, both theoretical and empirical, is
warranted.

Appendix A
This appendix shows how one can obtain our simple characterization of the
optimal compensation package in terms of the proportion of incentive pay that is
equity-based and provides a justiﬁcation for our focus on the variance in aggregate
returns to measure market uncertainty. First, consider our characterization of the
optimal current compensation package. The standard principal-agent maximization
problem, with shareholders as the principal and executives as the agents, can be
simpliﬁed by ﬁrst substituting the individual rationality constraints related to the
current compensation package (certainty equivalent) into the ﬁrm’s objective
function. Given reservation utility u for the executive in position r, this yields the
following problem:
max

n
X

V
er ;bA
r ;br r¼1
r¼1;y;n

EðVr ðer ; s#r ÞÞ 

n
X

ðu þ ð1=2Þe2r þ ð1=2Þgs2r Þ;

r¼1

subject to the incentive compatibility constraints that
V
er ¼ ðbA
r þ br þ y r Þ


@FG ðer ; s#r Þ G
@ð1  FB ðer ; s#r ÞÞ 0
ar
ðVr  Vr0 Þ  ð1  ar Þ
ðVr  VrB Þ
@er
@er

 1=2g

@s2r
@er

ðA:1Þ
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for all r. We adopt the ﬁrst-order approach to characterizing the incentive
compatibility constraints. See Rogerson (1985), among others, for a discussion of
this approach.
The marginal impact of effort on the executive’s wealth outside the current
compensation package is captured by the parameter yr : This parameter could reﬂect
future career opportunities that are linked to recommendations based on
information other than that reﬂected in the performance measures, such as
information obtained through the direct monitoring of the executive by the ﬁrm’s
directors or other executives. Alternatively, the parameter yr could reﬂect the impact
of effort on the value of the executive’s previously acquired equity holdings. If we
adopt this view, then several other modiﬁcations have to be made to the above
statement of the problem. First, we have to modify the form of the variance term in
the incentive compatibility constraint to incorporate the effect of effort on the
variance in the value of the stock holdings that are not part of the current
compensation package. Second, we have to adjust the executive’s individual
rationality constraint to recognize the fact that the increment in variance to
accepting the compensation package includes an additional term that reﬂects the
increased exposure to risk (variance) that arises when the stock holdings speciﬁed by
the compensation contract are added to an existing level of equity holdings.
From the incentive compatibility constraint, we can write the implicit solution for
the optimal evaluation effort of the executive assigned to position r as
V
G
0
0
B
er ¼ gðbA
r ; br ; yr ; g; ðVr  Vr Þ; ðVr  Vr Þ; ar Þ;

ðA:2Þ

where g1 > 0 and g2 > 0: Substituting (A.2) into the ﬁrm’s objective, (A.1) simpliﬁes
further to
n
n
X
X
max
EðVr ðgðÞÞÞ 
ðu þ ð1=2ÞgðÞ2 þ ð1=2Þgs2r Þ:
ðA:3Þ
V
bA
r ;br
8r

r¼1

r¼1

V
From the ﬁrst-order conditions for the compensation weights bA
r and br ; ignoring
for the moment the role of incentives outside the current compensation package (i.e.,
setting yr ¼ 0Þ; we obtain the following relationship:
A 2
bV
ðwA
r s Þ
r
¼
:
P
V V 2
M M 2
bA
r
jar ðwj sj Þ þ ðw s Þ

ðA:4Þ

The solution indicates that the optimal executive contracts always include a
strictly positive weight on both measures if both are imperfect measures. This is an
.
expected result. For instance, Holmstrom
(1979) demonstrated that where an
informative performance measure is costless to employ, the ﬁrm would always attach
some strictly positive weight to the measure. However, evidence shows that this is
not empirically supported in the compensation of executives. For instance, roughly
15% of executives in the most recent year of our sample (2000) do not receive equitybased compensation. This suggests the existence of some ﬁxed contracting cost to the
ﬁrm of implementing an equity compensation program for each executive that we
have not formally modeled.
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G
0
0
B
With symmetry, wV
r ¼ ar ðVr  Vr Þ ¼ ð1  ar ÞðVr  Vr Þ: This suggests that the
V
magnitude of the weight wr on the project error component is an increasing, concave
function of the expected value of the project. We expect the weight on the accounting
measure error term, wA
r ; to also be an increasing, concave function of the expected
value of the project. Finally, the weight wM that determines the magnitude of
deviations in ﬁrm value from its expected level reﬂecting overall market shocks is
expected to be an increasing, concave function of the expected value of the ﬁrm. If
1=2
we adopt the speciﬁc functional forms for these relationships wA
; wV
r ¼ ðEðAr ÞÞ
r ¼
1=2
1=2
M
ðEðVr ÞÞ ; and wr ¼ ðEðV ÞÞ ; then Eq. (A.4) can be rewritten as

bV
ðsA Þ2
r EðV Þ
¼
P
V 2
M 2
bA
r EðAr Þ
jar ðEðVj Þ=EðV ÞÞðsj Þ þ ðs Þ

ðA:5Þ

given EðAr Þ ¼ EðVr Þ from Eq. (7). Rearranging Eq. (A.5), we obtain Eq. (13) that
identiﬁes the determinants of the proportion of incentive based compensation that is
equity-based. If the parameter yr is deﬁned as equal to the executive’s prior share of
equity holdings in the ﬁrm, then the modiﬁcations of the incentive compatibility and
individual rationality constraints discussed above will result in a modiﬁed Eq. (A.5),
V
with bV
r þ yr replacing br :
Now let’s consider a justiﬁcation for our measure of the variance sM in the market
shock component that is derived from the variance in aggregate rates of return. We
can rewrite the ﬁrm value expression [Eq. (3)] as
n
X
M M
Vt ¼ Vt1 ð1 þ ret Þ þ
½wV
ðA:6Þ
r er  þ w e
r¼1

where ret ; the expected rate of return in period t, is deﬁned as ðEðVt Þ  Vt1 Þ=Vt1 :
The realized rate of return can then be expressed as
n
X
M M
oV
ðA:7Þ
rt  ðVt  Vt1 Þ=Vt1 ¼ ret þ
r er þ o e
r¼1

oV
r

wV
r =Vt1

M

M

where

and o  w =Vt1 : Eq. (A.7) illustrates that a ﬁrm’s realized
return differs from the expected return due to the random components of the project
outcomes for each of the n executives ðer ; r ¼ 1; :::; nÞ and the random component
reﬂecting exogenous market events ðeM Þ:
Now consider the average return across S ﬁrms. To provide an explicit expression
for this average return, we introduce superscripts i to denote ﬁrm i, i ¼ 1; y; S:
Before, we omitted such superscripts forP
notational simplicity. The average return
across the S ﬁrms is deﬁned by rat  si¼1 rit =S: Substituting the deﬁnition of
individual ﬁrms’ rates of return Eq. (A.6) results in
s X
n
s
X
X
Vi i
þ
o
e
=S
þ
oMi eM =S;
ðA:8Þ
rat  rae
t
r r
rae
t

PS

i¼1 r¼1

ei
i¼1 rt

i¼1

where

denotes the average of the expected returns across the S ﬁrms.
We have assumed the random terms eir are independent across the r executives and
across the S ﬁrms and that the market shock eM is independent of the ﬁrm-speciﬁc
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random components eir : This means that as the number of ﬁrms in the average
increases (higher S), the variance in rat approaches a term that involves only the
variance in the market shock, ðsM Þ2 : In particular, if we assume identical weights
Vi
M
Mi
across ﬁrms, such that oV
for all
r ¼ or for all ranks r and ﬁrms i and that o ¼ o
a
ﬁrms i, then the variance in the average return rt is given by
n
X
V 2
M M 2
Eðrat  Eðrat ÞÞ2 ¼
ðoV
ðA:9Þ
r s Þ =S þ ðo s Þ
r¼1

From Eq. (A.9), it is clear that as S increases, the ﬁrst term goes to zero, and the
variance in the average return approaches a scaled measure of the variance in the
exogenous market shock, ðsM Þ2 : In the paper, we use the variance in the returns
across all ﬁrms that comprise the S&P 500 in a given year to approximate the
variance in the exogenous market shock (Tables A.1–A.3).
Table A.1
Table 2 coefﬁcients not reported in the paper
Absolute value of z-statistic is in parentheses. The Huber/White/sandwich estimator of variance is used.
Industry indicators are drawn from the North American Industry Classiﬁcation System (NAICS).
Fortune 500 only
Independent variable

Agriculture, forestry, ﬁshing, and
hunting (NAICS¼11)
Mining (NAICS¼21)
Utilities (NAICS¼22)
Construction (NAICS¼23)
Manufacturing (NAICS¼31)
Manufacturing (NAICS¼32)
Wholesale trade (NAICS¼42)
Retail trade (NAICS¼44)
Retail trade (NAICS¼45)
Transportation and warehousing
(NAICS¼48)
Transportation and warehousing
(NAICS¼49)

All ﬁrms

Equity exists as
part of executive’s
compensation
(1)

Equity exists as
part of executive’s
compensation
(2)

Equity exists as
part of executive’s
compensation
(3)

0.064

0.056

0.005

(0.75)
0.044
(1.92)n
0.230
(10.16)nnn
0.073
(1.87)n
0.042
(2.62)nnn
0.025
(2.36)nn
0.006
(0.46)
0.036
(1.76)n
0.007
(0.34)
0.079

(0.64)
0.048
(2.16)nn
0.237
(10.48)nnn
0.070
(1.86)n
0.043
(2.67)nnn
0.024
(2.33)nn
0.001
(0.10)
0.040
(2.00)nn
0.006
(0.32)
0.079

(0.11)
0.030
(2.43)nn
0.261
(18.43)nnn
0.033
(1.37)
0.047
(3.68)nnn
0.000
(0.02)
0.032
(2.47)nn
0.064
(4.46)nnn
0.014
(0.84)
0.062

(2.97)nnn
0.062

(3.05)nnn
0.059

(3.60)nnn
0.108

(1.68)n

(1.58)

(2.61)nnn
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Table A.1 (continued)
Fortune 500 only
Independent variable

Information (NAICS¼51)
Finance and insurance
(NAICS¼52)
Real estate and rental and leasing
(NAICS¼53)
Professional, scientiﬁc and
technical Services (NAICS¼54)
Administrative and support and
waste management and
remediation services (NAICS¼56)
Educational services (NAICS¼61)
Health care and social assistance
(NAICS¼62)
Arts, entertainment and recreation
(NAICS¼71)
Accommodation and food services
(NAICS¼72)
Other services (except public
administration) (NAICS¼81)
Share ownership not available
Option value missing (set equal to
zero)
a

Equity exists as
part of executive’s
compensation
(1)
0.037
(1.98)nn
0.060
(3.33)nnn
0.089
(1.99)nn
0.075
(2.83)nnn
0.036

All ﬁrms

Equity exists as
part of executive’s
compensation
(2)
0.036
(1.95)n
0.063
(3.45)nnn
0.085
(2.03)nn
0.072
(2.72)nnn
0.026

Equity exists as
part of executive’s
compensation
(3)
0.033
(3.40)***
0.059
(5.93)nnn
0.007
(0.26)
0.007
(0.51)
0.003

(0.91)
No observations

(0.67)
No observations

0.006

0.000

(0.21)
0.024
(0.46)
0.004

(0.18)
No observations

(0.01)
No observations

(0.29)
0.102

0.001

0.000

(3.18)nnn
0.016

(0.03)
Droppeda

(0.01)
Droppeda

(1.01)
0.040

0.144
(6.62)nnn
0.318

0.133
(6.15)nnn
0.300

(0.87)
0.395
(36.01)nnn
0.322

(13.76)nnn

(13.03)nnn

(27.05)nnn

All ﬁve observations from the industry ‘‘Other services (except public administration)’’ (NAICS=81)
are associated with the same outcome in Columns (1) and (2). Therefore, this variable and the associated
observations are dropped from the estimation procedure.
n
Signiﬁcant at 10% level.
nn
Signiﬁcant at 5% level.
nnn
Signiﬁcant at 1% level.

Retail trade (NAICS¼44)

Wholesale trade
(NAICS¼42)

Manufacturing
(NAICS¼32)

Manufacturing
(NAICS¼31)

Construction (NAICS¼23)

Utilities (NAICS¼22)

Mining (NAICS¼21)

—

—

(8.53)nnn
0.041

(9.60)nnn
0.042

(6.13)nnn
0.051
(7.47)nnn

—

—

—

—

—

—

0.065

Agriculture, forestry,
ﬁshing, and hunting
(NAICS¼11)

(2.84)nnn
0.007
(1.13)
0.228
(37.87)nnn
0.026
(2.54)nn
0.056

Fixed-effect model for
proportion of total
compensation that is
incentive-based
(2)

Likelihood that a given
dollar of total
compensation is incentivebased (Probit)
(1)

Independent variable

Extent of total compensation that is incentive-based

(0.29)
0.020
(1.83)n

(0.28)
0.003

(1.87)n
0.002

(1.55)
0.066
(6.89)nnn
0.194
(21.47)nnn
0.095
(5.71)nnn
0.018

0.044

Likelihood that a given
dollar of incentive
compensation is equitybased (Probit)
(3)

—

—

—

—

—

—

—

—

Fixed-effect model for
proportion of incentive
compensation that is equitybased
(4)

Extent of incentive-based compensation that is equity

Table A.2
Table 3coefﬁcients not reported in the paper
Reported coefﬁcients for Columns (1) and (3) are probability derivatives from estimation of Probit models. Reported coefﬁcients for Columns (2) and (4) are
estimates of ﬁxed-effects models for an unbalanced panel of executives during their tenure at particular ﬁrms. Absolute value of z-statistic is in parentheses.
The Huber/White/sandwich estimator of variance is used. Industry indicators are drawn from the North American Industry Classiﬁcation System (NAICS).
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Professional, scientiﬁc and
technical Services
(NAICS¼54)
Administrative and support
and waste management and
Remediation services

Real estate and rental and
leasing (NAICS¼53)

Finance and insurance
(NAICS¼52)

Information (NAICS¼51)

Transportation and
warehousing (NAICS¼49)

Transportation and
warehousing (NAICS¼48)

Retail trade (NAICS¼45)

Independent variable

—

0.020
(1.71)n

—

(0.57)
0.004
(0.45)

—

(10.06)nnn
0.013

—

(3.43)nnn
0.062

—

—

—

—

0.025
(2.59)nnn
0.034

(2.97)nnn
0.037
(7.31)nnn
0.053

Fixed-effect model for
proportion of total
compensation that is
incentive-based
(2)

Likelihood that a given
dollar of total
compensation is incentivebased (Probit)
(1)

Extent of total compensation that is incentive-based

(5.33)nnn

0.079

(1.45)
0.030
(2.76)nnn

(7.79)nnn
0.030

(3.59)nnn
0.046
(6.30)nnn
0.053

(0.18)
0.109

0.110
(8.10)nnn
0.002

Likelihood that a given
dollar of incentive
compensation is equitybased (Probit)
(3)

—

—

—

—

—

—

—

—

Fixed-effect model for
proportion of incentive
compensation that is equitybased
(4)

Extent of incentive-based compensation that is equity

Table A.2
Table 3coefﬁcients not reported in the paper
Reported coefﬁcients for Columns (1) and (3) are probability derivatives from estimation of Probit models. Reported coefﬁcients for Columns (2) and (4) are
estimates of ﬁxed-effects models for an unbalanced panel of executives during their tenure at particular ﬁrms. Absolute value of z-statistic is in parentheses. The
Huber/White/sandwich estimator of variance is used. Industry indicators are drawn from the North American Industry Classiﬁcation System (NAICS).
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nn

Signiﬁcant at 10% level.
Signiﬁcant at 5% level.
nnn
Signiﬁcant at 1% level.

n

Constant

Option value missing (set
equal to zero)

Share ownership not
available

Other services (except
public administration)
(NAICS¼81)

Accommodation and food
services (NAICS¼72)

Arts, entertainment and
recreation (NAICS¼71)

Health care and social
assistance (NAICS¼62)

(NAICS¼56)
Educational services
(NAICS¼61)
—

—

—

—

—

0.091
(21.97)nnn
0.090
(21.27)nnn
0.023
(1.56)

0.004
(0.20)
0.046

(5.33)nnn
0.001

(0.06)
0.011

(1.22)
0.083

(2.50)nn
0.079

(14.38)nnn
0.065

(11.59)nnn
—

—

(4.61)nnn
0.031

(24.16)nnn
—

(29.19)nnn
0.241

(32.71)nnn
0.229
(8.88)nnn

(28.51)nnn
0.242

0.207

—

(2.22)nn
0.058

(1.03)
0.266

—

—

—

(10.07)nnn
0.068

(0.79)
0.126

0.030
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Transportation and
warehousing (NAICS=49)

Transportation and
warehousing (NAICS=48)

Retail trade (NAICS=45)

Retail trade (NAICS=44)

Wholesale trade
(NAICS=42)

Manufacturing (NAICS=32)

Manufacturing (NAICS=31)

Construction (NAICS=23)

Utilities (NAICS¼22)

Mining (NAICS¼21)

Agriculture, forestry, ﬁshing,
and hunting (NAICS¼11)

Independent variable

(3.58)

nnn

—

(3.58)nnn
0.071

—
—

—

—

—

—

—

—

(6.25)
0.056
(8.11)nnn
0.028
(2.87)nnn
0.036

nnn

(2.89)nnn
0.008
(1.16)
0.232
(38.34)nnn
0.026
(2.48)nn
0.058
(8.68)nnn
0.042
(9.79)nnn
0.043
—

—

0.066

(1)

Fixed-effect model for
proportion of total
compensation that is
incentive-based
(2)

Likelihood that a given dollar
of total compensation is
incentive-based (Probit)

Extent of total compensation that is incentive-based

(3.42)

nnn

(0.14)
0.105

(0.35)
0.017
(1.58)
0.109
(8.02)nnn
0.002

(1.57)
0.066
(6.86)nnn
0.196
(21.71)nnn
0.095
(5.71)nnn
0.019
(1.95)n
0.002
(0.38)
0.003

0.045

(3)

Likelihood that a given dollar
of incentive compensation is
equity-based (Probit)

—

—

—

—

—

—

—

—

—

—

—

Fixed-effect model for
proportion of incentive
compensation that is equitybased
(4)

Extent of incentive-based compensation that is equity

Table A.3
Table 4 coefﬁcients not reported in the paper
Reported coefﬁcients for Columns (1) and (3) are probability derivatives from estimation of Probit models. Reported coefﬁcients for Columns (2) and (4) are
estimates of ﬁxed-effects models for an unbalanced panel of executives during their tenure at particular ﬁrms. Absolute value of z-statistic is in parentheses.
The Huber/White/sandwich estimator of variance is used. Industry indicators are drawn from the North American Industry Classiﬁcation System (NAICS).
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nn

Signiﬁcant at 10% level.
Signiﬁcant at 5% level.
nnn
Signiﬁcant at 1% level.

n

Constant

Option value missing (set
equal to zero)

Share ownership not available

Other services (except public
administration) (NAICS=81)

Accommodation and food
services (NAICS=72)

Arts, entertainment and
recreation (NAICS=71)

Health care and social
assistance (NAICS=62)

Professional, scientiﬁc and
technical
services (NAICS=54)
Administrative and support
and waste management and
Remediation services
(NAICS=56)
Educational services
(NAICS=61)

Real estate and rental and
leasing (NAICS=53)

Finance and insurance
(NAICS=52)

Information (NAICS=51)

—

(1.40)
0.094

(11.47)nnn
—

(2.85)
0.087
(15.87)nnn
0.064
(20.96)nnn
0.005
(0.33)

0.092
(21.98)nnn
0.090

—

(0.11)
0.012

nnn

—

(5.81)
0.002

nnn

—

(0.46)
0.052

(24.25)nnn
—

(32.52)nnn
0.289
(11.12)***

0.206
(28.41)nnn
0.240

—

(4.54)nnn
0.037
(1.20)
0.270
(29.90)nnn
0.242

—

—

—

—

(2.30)
0.057

nn

(10.30)
0.070

nnn

(0.88)
0.128

0.033

(1.68)
—

—

nnn

(2.51)nn
0.079

0.010

—

(0.14)
0.020

—

—

—

—

(1.38)
0.027

(5.37)

—

(0.73)
0.001

(7.95)
0.029

nnn

0.046
(6.24)nnn
0.055

n

—

—

—

(10.71)
0.016

nnn

0.036
(7.14)nnn
0.056
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