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I. Introduction

Managers are paid to organize human resources in creative ways that add value to their

�rm. Because their activities are hard to monitor, managers are rarely paid for their inputs.

Called moral hazard, this is the main reason why managers are not paid like most other

professionals, at a rate more or less equalized across a large market for similarly skilled

workers after adjusting for cost of living and amenity indices.1 Executive compensation

is tied instead to various indicators of managerial e¤ort, such as the �rm�s performance.

Linking a manager�s compensation to the �rm�s performance requires him (or, in rare cases,

her) to hold a substantial amount of insider wealth, assets that are sensitive to the �rm�s

performance, such as its stocks and options.

The dramatic increase in both the level of CEO compensation and its sensitivity to �rm

performance over the last quarter century is widely documented by Brian Hall and Je¤rey

Liebman (1998) and Kevin Murphy (1999). Those studies show that, of all the components

making up executive pay� including cash, bonuses, stock grants, and retirement bene�ts�

the biggest increases have been in option grants. Thus, much of the increase in managerial

compensation is attributable to increases in asset grants whose value is explicitly tied to

the value of the �rm. Since moral hazard explains why managerial compensation and �rm

performance should be connected, it is tempting to suggest that changes in the nature of

moral hazard might have triggered these trends.

The theory of moral hazard provides a plausible transmission mechanism for connect-

ing the compensation paid to a �rm�s executives with the returns on their �rm�s assets.

There are two channels for inducing secular change in managerial compensation within the

principal�agent paradigm. First, contracts re�ect heterogeneity across �rms, such as their

size, capital�labor ratios, the sectors they belong to, and the dispersion of their �nancial

returns. Consequently, changing the heterogeneity across �rms induces changes in the ag-

gregate level and variability of compensation. Second, the optimal contract is a function

of the preferences and risk attitudes of managers. Changing those preferences also a¤ects
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the probability distribution of compensation across executives. The purpose of our study

is to estimate a model of moral hazard with data spanning a sixty-year period in order to

investigate how well these two channels explain secular changes in managerial compensation

and to assess their relative importance.

Various metrics have been used to assess the importance of moral hazard. In their widely

cited paper, Michael Jensen and Kevin Murphy (1990) de�ne the importance of moral hazard

by the ratio of absolute changes in managers�compensation to changes in �rm equity value.

In the case of large corporations, the ratio is a very small but increasing positive number.

However, questions about the economic costs of moral hazard, such as those posed by John

Abowd and David Kaplan (1999), cannot be answered with this metric. The three metrics

we adopt from Mary Margiotta and Robert Miller (2000) are de�ned in Section 2: the loss in

�rm value from not contracting with a manager to overcome the moral-hazard problem; the

gain to managers from putting their personal goals ahead of their �rm�s; and a shadow value

of a �rm�s willingness to pay for monitoring technology that would eliminate moral hazard.

They are modeled within the principal�agent framework of Margiotta and Miller (2000) laid

out in Section 3, which is a direct descendent of Sanford Grossman and Oliver Hart (1983)

and Drew Fudenberg, Bengt Holmstrom, and Paul Milgrom (1990). The optimal contract is

given in Section 4.

The data for our empirical analysis, described in Section 5, are drawn from two samples

that collectively span approximately sixty years from 1944 with a �fteen year break at 1978.2

Previous research in accounting guided us on how to measure managerial compensation and

�rm returns. Appealing to a notion of current income equivalent or opportunity cost, Rick

Antle and Abbie Smith (1985, 1986) have persuasively argued that measures of the manager�s

income should include returns from insider wealth, rather than only salary, bonus, additions

to retirement bene�ts and (stock and option) grants. They also found comparable results

are obtained whether �nancial returns or an accounting measure, such as the �rm�s net

income, is used. For these reasons, our de�nitions of compensation and returns use the
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inclusive measure of managerial compensation advocated by Antle and Smith, and focus on

the �nancial returns of �rms.

There is less agreement on how to benchmark �rms�returns and managerial compensa-

tion; that is, relative to the performance of other assets and payments made to comparably

placed executives. With regard to �rm assets, since no single manager can a¤ect the return

on the market portfolio, returns to each �rm should be purged of factor components that

depend on returns from holding the market portfolio. Additionally, it is debatable whether

managers can a¤ect returns to all �rms in the industry, depending on industry concentra-

tion and equilibrium advertising strategies. Our study shows that �rm returns imputed net

of the market portfolio factor are highly correlated with �rm returns imputed net of both

the market-portfolio factor and an industry component factor. Consequently, our empirical

results on the importance of moral hazard are robust whether or not industry components

are subtracted to obtain a measure of abnormal returns. With regard to managerial com-

pensation, we included a set of time-varying �rm and industry characteristics to capture

compensating di¤erentials between executive positions.

The �rms and their managers are selected from three industrial sectors, aerospace,

chemicals, and electronics, broadly representative of all publicly traded corporations. The

summary data on managerial compensation also match previous �ndings from other datasets;

CEO average compensation has risen more rapidly than average wages, but less than its

standard deviation. There are three noteworthy features about the �rm data we investigate.

First is the increase in size, as measured by assets, equity, and sales. Second, the capital�

labor ratio has also increased, the �rms in our samples experienced relatively moderate

changes in employment, with declines in two out of the three sectors. A third feature is

that, overall, the variance of �nancial returns on the market portfolio has trended upwards,

but not uniformly across sectors, actually falling in aerospace. Our empirical framework

accommodates changes in the processes determining �rm size and returns by separately

estimating models of managerial compensation for the two samples and by parametrically
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allowing for the e¤ects of changes on the contracts within each sample.

Identi�cation of the moral-hazard model is discussed in Section 6, the nonlinear struc-

tural estimator for a parameterization of our model is described in Section 7 and explained in

an Appendix, while our main results are presented in Section 8. We �nd that there are com-

pensating di¤erentials among the three industries we focus on that achieve both statistical

and economic signi�cance. However, the certainty equivalent of executive compensation for

a �rm with a given set of characteristics has increased at the same rate as national income,

not faster. Our estimates show that managers have become a little less risk averse, slightly

reducing the mean compensation required to accept risk. Consequently, we do not attribute

the increased mean and variance of managerial compensation to changes in attitudes towards

risk, or to increased rent from human capital in the management profession relative to other

occupational skills.

We �nd that exogenous growth in �rm size largely explains the secular trends in man-

agerial compensation. Firm size has both direct and indirect e¤ects on managerial com-

pensation. The direct e¤ect, the compensating di¤erential paid to manage a larger �rm, is

unrelated to the moral-hazard problem. The bigger the �rm�s workforce, the greater must

be compensation to attract and retain more talented executives by persuading them to post-

pone retirement and decline employment elsewhere. Furthermore, although changes in the

distribution of the �rm workforce have been modest, the responsibility for managing them,

as estimated by the compensating di¤erential, have increased. This may re�ect higher wages

paid to workers and greater protection o¤ered by labor law. The coe¢ cient determining

the marginal cost of e¤ort of managing �rm assets has also increased. In the old sample,

managers are willing to take a reduction in their baseline pay to manage a larger �rm, but

in the new sample the CEO requires a premium to manage a �rm with more assets. Overall,

we �nd that the direct e¤ects have not increased managerial compensation, but that the

compensating di¤erential for managing big �rms has increased. This means that managers

of small �rms have experienced a decline relative to the increase in GDP.
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The indirect e¤ect of �rm size on compensation stems from our empirical �nding that

the larger the �rm, whether measured by assets or number of employees, the greater the

con�ict of interest between shareholders and managers. To align the incentives of managers

with shareholders, managers tie their compensation to the �rm�s performance, exposing

themselves to risk. Since managers are risk averse, this raises the expected compensation to

o¤set the greater uncertainty. These changes in the mean and variance of compensation from

the indirect e¤ect are attributable to moral hazard. Overall, our estimates therefore attribute

a much greater portion of average increases in executive compensation to the indirect e¤ects

of higher moral-hazard costs from managing larger �rms rather than to the direct e¤ects of

increased demand from larger �rms for managerial services. Comparing the two samples,

the marginal e¤ect of adding workers is lower in the more recent sample when �rms in two of

the three sectors had lower �rm size on average. Similarly, the marginal e¤ect of increasing

assets on the con�ict of interest between chief executive o¢ cers and shareholders is greater in

the more recent sample where �rm assets are on average higher. Both results corroborate the

hypothesis that this con�ict is a convex increasing cost of �rm size, whether measured by the

number of employees or total �rm assets. Our empirical results on �rm size, both within each

dataset and between sets supports early work by Adolf Berle and Gardiner Means (1932)

and Oliver Williamson (1967) about the size of �rms and control of managers, as well as the

argument that the size of organizations is limited by the scope of management.

The cost of moral hazard is also a¤ected by the quality of abnormal �nancial returns to

shareholders as a signal of managerial e¤ort. In theory, increasing the volatility of abnormal

returns does not necessarily weaken this signal, but in the three sectors we investigate, our

results indicate that the signal about managerial e¤ort deteriorates when abnormal returns

become more dispersed. Thus in chemical and electronics, where the �rms�returns become

more variable in the more recent dataset, the e¤ects of increased �rm size on managerial

compensation are reinforced by the weaker signal shareholders receive about managerial

performance. In aerospace, where returns have become less dispersed, the stronger signal
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that shareholders now receive reduces the variance in compensation for a given �rm size.

In contrast to the other two sectors, the average �rm in aerospace has experienced growth

in both assets and employment. These growth e¤ects have more than o¤set the e¤ects of

receiving a clearer signal. Thus, changes in signal quality have played a smaller role than

exogenous �rm growth has played in explaining trends in managerial compensation.

Armed with our parameter estimates, the last parts of the paper answer the question

posed in the paper�s title: Has moral hazard has become a more important factor in man-

agerial compensation? Our estimates imply that the loss from ignoring the moral-hazard

issue altogether and not providing the appropriate incentives to management has increased

substantially, largely because more assets are at stake in each �rm. The gains to managers

from deviating from shareholder interests when they are not given incentives to align their

actions with shareholder interests have not increased; there is little to support the notion

that managers employed in a �rm with a given set of characteristics now require more in-

centives than before to act in the interests of their shareholders. However the composition

of �rms in the three sectors we investigate has changed, and the growth in average �rm

assets has been accompanied by more dissonance between managerial and �rm objectives.

This change is re�ected in the sharply increased welfare cost of moral hazard, which is the

reservation value of shareholders to rid the �rm of moral hazard at the executive level and

pay risk-averse managers their certainty equivalent wage. The higher welfare cost has risen

more rapidly than managerial compensation, and is the main force driving increased average

payouts as well as increased volatility.

II. Measuring Moral Hazard

Arguing that �agency theory remains the only viable candidate for the answer to the

question �How well does executive compensation work?�� John Abowd and David Kaplan

(1999) recently posed six questions about executive compensation that need answering. Our

measures, borrowed fromMargiotta and Miller (2000), directly relate to three of them: �How
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much does executive compensation cost the �rm?� �How much is executive compensation

worth to the recipient?� �What are the e¤ects of executive compensation?�We characterize

the importance of moral hazard three ways, the gross loss shareholders would incur (before

accounting for managerial compensation) from the manager tending his own interests, the

bene�ts accruing to the manager from tending his own interests instead of his shareholders�,

and how much the shareholders are willing to pay to eliminate the problem of moral hazard

altogether.

The �rst measure, denoted � 1, is the expected gross output loss to the �rm for switching

from the distribution of abnormal returns for diligent work to the distribution for shirking,

that is the di¤erence between the expected output to the plant from the manager pursuing

the �rm�s goals versus his own, before netting out expected managerial compensation. Let

v denote the value of the �rm at the beginning of the period, and let x denote the �rm�s

abnormal return realized at the end of the period. Following literary convention, we describe

a manager who pursues the interests of the �rm as working, and a manager who pursues his

own interests, when compensation is independent of �rm performance, as shirking.

� 1 = E [x j manager works] v � E [x j manager shirks] v

= �E [x j manager shirks] v;(1)

where the second equality exploits the identity that the expected value of abnormal returns

is zero when the manager is pursuing the interests of the �rm.

The second measure, � 2, is the nonpecuniary bene�ts to the manager from shirking,

that is pursuing his own goals within the �rm. Let w2 denote the manager�s reservation

wage to work under perfect monitoring or if there were no moral-hazard problem, and let w1

denote the manager�s reservation wage to shirk. Then � 2, the compensating di¤erential for
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these two activities, can be expressed as the di¤erence:

(2) � 2 = w2 � w1:

We also estimate the maximum amount shareholders are willing pay to eliminate the

moral-hazard problem, the value of a perfect monitor. Absent moral hazard, the �rm would

pay the manager the �xed wage w2, instead of according to the compensation w(x). The

�rms�willingness to pay to eliminate the moral-hazard problem, denoted � 3, is accordingly

de�ned as

(3) � 3 = E[w(x)]� w2

Against the output reduction from shirking, � 1, is the savings in managerial compensa-

tion coming from two terms, the shadow value of a perfect monitor, and the cost of inducing

the manager to work diligently when a perfect monitor is removed. Subtracting from � 1

the sum of � 2 and � 3, we obtain the net income loss a �rm would sustain from signing a

shirking contract with a manager. This net amount represents the value of preventing the

manager from undoing contracts that align his incentives with the �rm, by dealing with a

lender who does not recognize the folly of allowing the manager to insure himself against

poor �rm performance, and is unaware of public disclosure laws that require the manager to

report his holdings of �rm-related securities.

III. A Model

This section lays out the theoretical principal�agent framework on which our empirical

analysis is based.3 At each time period t, there are three activities in which a person can be

engaged: not employed by the �rm, employed as a manager at the �rm but pursuing interests

di¤erent from those of the shareholders, and working as the �rmmanager in the shareholders�

interests. Let lt � (l0t; l1t; l2t) denote the three possible activities, where ljt 2 f0; 1g is an
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indicator for choice j 2 f1; 2; 3g and

(4)
j=2X
j=0

ljt = 1:

If l0t = 1, we say that the manager is not engaged by the �rm and this activity is publicly

observed, l1t = 1 denotes shirking and l2t = 1 denotes working diligently. While l0t is common

knowledge, the values of (l1t; l2t) are hidden from the shareholders. Apart from choosing

his activity, the manager also chooses his consumption for the period. Let ct denote the

manager�s consumption in period t.

We assume that preferences over consumption and work are parameterized by a utility

function exhibiting absolute risk aversion that is additively separable over periods and mul-

tiplicatively separable with respect to consumption and work activity within periods. In the

model we estimate, lifetime utility can be expressed as

(5) �
X1

t=0

X3

j=0
�j�

tltj exp(��ct)

where � is the constant subjective discount factor, �j are utility parameters associated with

setting ljnt = 1 and � is the constant absolute level of risk aversion. We set �0 = 1 as

a normalization, since behavior is invariant to linear transformation of the utility function

under the independence axiom. We assume that �2 > �1, or that diligence is more distasteful

than shirking. This assumption is the vehicle by which the manager�s preferences are not

aligned with shareholders interests. We are not suggesting that managers are inherently lazy,

merely that their personal goals do not motivate them to maximize the value of the �rm if

their compensation is independent of the �rm�s performance. Finally, we require �1 > 0 to

ensure utility is increasing in consumption.

An optimal contract, with shareholder-created incentives to induce diligent work, com-

pels the manager to bear risk on only that part of the return whose probability distribution

is a¤ected by his actions. Assuming the manager is risk averse, his certainty equivalent for
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a risk-bearing security is less than the expected value of the security, so shareholders would

diversify amongst themselves the �rm securities whose returns are independent of the man-

ager�s activities, rather than use them to pay the manager. We de�ne the abnormal returns

of the �rm as the residual component of returns that cannot be priced by aggregate factors

the manager does not control. In an optimal contract, compensation to the manager might

depend on this residual in order to provide him with appropriate incentives, but it should

not depend on changes in stochastic factors that originate outside the �rm, which in any

event can be neutralized by adjustments within his wealth portfolio through the other stocks

and bonds he holds.

More speci�cally, let vt be the value of the �rm at that point in time. Then the abnormal

return attributable to the manager�s actions is the residual

(6) xt �
wt
vt�1

� �t � zt
;

where �t is the di¤erence between the return on the market portfolio in period t and the

return on the �rm�s stock, and zt
 is a linear combination of some risk factors, denoted

zt, that lead to systematic deviations between the expected return on the �rm�s shares

and that on the market portfolio. This study assumes that xt is a random variable that

depends on the manager�s e¤ort activity choice in the previous period but, conditional on

(l1t; l2t), is independently and identically distributed across both �rms and periods. Given

ljt = 1, for j 2 f1; 2g, we denote the probability density function of xt by fj(xt), where

j 2 f1; 2g denotes shirking and working, respectively. So, when managers are motivated to

work diligently, di¤erences in �rm returns are attributed to exogenous forces modeled as risk-

adjustment factors, and the excess return is a random variable drawn from a sector-speci�c

probability distribution that depends on �rm characteristics.
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IV. Contracting

Within this model, there are �ve parameters that might account for di¤erences in ex-

ecutive compensation apart from the �rm�s abnormal return. They are the probability

distribution of abnormal returns conditional on working, f2(x); the probability distribution

of abnormal returns conditional on shirking, f1(x); the risk aversion parameter, �; the non-

pecuniary bene�t of shirking versus working, captured by parameter ratio �2=�1; and the

nonpecuniary bene�t of working versus retiring or accepting employment outside the �rm,

�2=�0. The shirking density, f1(x), determines � 1, the three parameters, � and �2=�1, are

used to de�ne � 2, and � 3 is fully determined by the two densities f1(x) and f2(x) plus �

and �2=�1, as we show below. All three measures of moral hazard require us to compute a

counterfactual. In the case of � 1, we must impute the �rm�s value before compensation is

paid if the manager shirks. The manager�s utility from shirking is required for � 2 and what

the �rm would have paid if there were no moral-hazard problem for � 3.

To compute these counterfactuals, we make the identifying behavioral assumption that

shareholders contract with the manager to maximize the expected value of their �rm. One

possibility is that shareholders pay the manager enough to remain with the �rm, but do

not attempt to in�uence his activities on the job. In this case, shareholders minimize his

expected compensation subject to a weak inequality constraint that induces the manager not

to quit the �rm (participation), a constraint which is satis�ed with equality at the optimal

contract for shirking,

(7) (�0=�j)
1=(bt�1) = E

�
exp

�
��wt
bt+1

��
;

where j = 1 and bt is the price of a bond at t paying a unit of consumption per period forever.

The solution to this problem is pay the manager a �at wage which exactly compensates

him for not taking a market or nonmarket alternative after allowing for the nonpecuniary
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attributes associated with managing the �rm,

(8) w1t =
bt+1

� (bt � 1)
ln(�1=�0):

The other possibility is that shareholders not only pay the manager enough to deter

him from quitting, but also create incentives for the manager to pursue the shareholders�

interests rather than his own (incentive compatibility).4 When the manager is induced to

work diligently, the participation constraint (by setting j = 2 in equation (7)) is satis�ed

and the incentive compatibility constraint is satis�ed with the strict equality

(9) E

�
exp

�
��wt
bt+1

��
f1(xt)

f2(xt)
� (�2=�1)1=(bt�1)

��
= 0:

The optimal cost-minimizing contract that implements diligence behavior, solved by minimiz-

ing direct compensation subject to the participation and incentive-compatibility constraints,

can then be written as

(10) wt =
bt+1

� (bt � 1)
ln(�2=�0) +

bt+1
�
ln
�
1 + �t(�2=�1)

1=(bt�1) � �tg(xt)
�
;

where g(xt) � f1(xt)=f2(xt) is the likelihood ratio of the two probability density functions

for shirking versus working, and �t, the shadow value of relaxing the incentive-compatibility

constraint, is the unique, strictly positive solution to the equation

(11)
Z
[�(�2=�1)

1=(bt�1) � �g(xt) + 1]
�1f2(x)dx = 1:

In words, optimal compensation for diligent work is the sum of two pieces. If moral

hazard was not a factor because managerial e¤ort could be monitored, then a manager
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would be paid the �at rate

(12) w2t =
bt+1

�(bt � 1)
ln(�2=�0):

Changes in the demand for the services of managers, from increased globalization and a

greater reliance on general versus speci�c capital, a¤ect �0, while changes in the nonpecu-

niary aspects of providing managerial services, such as more travel and more demanding

sta¤, a¤ect �2. In the absence of variables that a¤ect only demand or supply, we can-

not identify the relative importance of these factors. From data on the level of managerial

compensation and its covariation with abnormal returns to �rms, we can, however, empiri-

cally distinguish between the forces that determine the certainty equivalent that managers

command in equilibrium, and the risk premium they are paid to hold insider wealth.

The second piece in the compensation equation under diligent work determines how it

varies with abnormal returns through the slope of the function g(xt), a nonnegative function

with E[g(xt)] = 1 under f2(xt). We interpret g(xt) as the signal shareholders receive about

the manager�s e¤ort choice. If g(xt) = 0, then shareholders conclude that the manager must

have worked diligently. The greater the realized value of the signal, the less con�dent they

are. If g(xt) = 1, they are sure the manager shirked. If g(xt) = 1 for all xt, the signal is

useless, so compensation does not vary with returns in that case.

Having derived the two optimal contracts for shirking and diligence, shareholders select

the most pro�table, creating incentives for the manager to work diligently if and only if

� 1 > � 2.

V. Data

We used two sources of compensation and returns data to construct three samples for our

empirical study. The �rst source of compensation was originally collected by Robert Masson

(1971) and later extended by Antle and Smith (1985, 1986). They contain compensation
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data on the top three executives of 37 �rms for the period 1944 through 1978. A detailed

description of the �rst dataset can be obtained from Antle and Smith (1985). The primary

source for the other two samples is the June 2004 version of the S&P ExecuComp database.

This database follows the 2,610 �rms in the S&P 500, Midcap, and Smallcap indices and

contains information on the eight highest-paid executives. We supplemented these data with

�rm-level data obtained from the S&P COMPUSTAT North America database and monthly

stock-price data from the Center for Securities Research (CSP) database.

The �rst dataset contains compensation data for three industrial sectors, namely, aero-

space, chemicals, and electronics. To ensure comparability of our results across the two time

periods, we constructed two separate samples from the second dataset. The �rst sample

includes only �rms from the �rst dataset that belong to the three sectors according to the

Global Industrial Classi�cation Standard code (GICS). The second sample includes all �rms

in the S&P ExecuComp database. The �rst two samples allow us to directly compare the

behavior of executive compensation across the two time periods controlling for aggregate

conditions in the economy, and measures of the size and capital structure of �rms. The third

sample allows us to discern whether our restricted sample is broadly representative of the

whole population of �rms in the economy.

To facilitate comparisons across the three samples, we deleted observations on female

executives in the two more recent samples and retained only the top three executives because

there are no female executives in the older sample and no information on executives below the

top three. We deleted observations with missing information, such as where compensation

is reported for executives who had held the o¢ ce for less that 50 weeks of a given year, and

we also eliminated observations where the same executive is simultaneously listed with more

than one company. This left us with 151 �rms and 4,150 observations in the second sample

and 1,517 �rms and 82,578 observations in the third sample.
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A. Abnormal Returns

We imputed xt, gross abnormal returns to the �rm in period t; as follows. First we

computed the di¤erence between the �nancial return on the individual stock and the return

on the market portfolio. Then we regressed this di¤erence on a sector-speci�c constant and

the time-varying factors, including GDP.

[INSERT TABLE 1 HERE]

The sample means of the residual and their standard deviations are displayed in Table

1. The inclusion of a constant in the regression guarantees that the sample mean of the

residual is numerically zero. All the estimated coe¢ cients in the regression used to form

this measure of abnormal returns proved signi�cant, but the factors a¤ect their dispersion

by only a trivial amount. Table 1 shows that dispersion has increased in the chemicals and

electronics sectors, but has declined in the aerospace sector. Dispersion in the unrestricted

sample is higher than in the old sample of three sectors, but lower than in the new restricted

sample.

B. Bond Prices

By de�nition, the price of a bond, bjt, purchased at period t and maturing at date t+ j

can be expressed as

(13) bjt =
Xt+j

s=0

Ys

i=1
(1 + rit)

�1 ;

where rit is the (marginal) yield from lengthening the bond one period by extending the

maturity date from t+ j to t+ j+1: Our bond price series comes from the Federal Reserve�s

Economic Research Data Base and is based on Treasury bills with maturities of 1, 2, 3, 5, 7,

10, 20, and 30 years. We assumed the marginal annuitized yield rate for any bond maturing
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over 30 years is the same as the 30-year rate:

bt �
X1

s=1

Ys

i=1
(1 + rit)

�1(14)

=
Xt+30

s=1

Ys

i=1
(1 + rit)

�1 +
hY30

i=1
(1 + rit)

�1
iX1

s=31
(1 + r30;t)

�s

=
Xt+30

s=1

Ys

i=1
(1 + rit)

�1 +
1

r30;t

Y30

i=1
(1 + rit)

�1

For each date t, we imputed a yield curve using the data on newly issued bonds for various

maturities, using a cubic spline for each date�maturity combination in the data, to obtain

imputations erit for each date t and for all i 2 f1; : : : ; 30g. The imputed series falls steeply
from approximately $120 to $15 during the periods covered by our old dataset and is com-

paratively stable at the lower level during the periods covered by our new dataset; the steep

decline is due to in�ation.

C. Firm Characteristics

The characteristics of the manager�s �rm a¤ect the nature of his responsibilities and

the satisfaction he derives from his job. These characteristics are also relevant to the non-

pecuniary satisfaction derived from pursuing his own goals within the �rm.5 Table 2 is a

cross-sectional summary of the characteristics we used in the estimation.

[INSERT TABLE 2 HERE]

We partitioned each dataset by sector and focused on four indicators of size: sales,

value of equity, total assets, and number of employees. These indicators convey some idea

of the scope of managerial responsibilities. Sales have almost tripled in the three sectors,

rising by less than a factor of two in chemicals, but by more than �ve in the other two

sectors. Average sales per �rm in these three sectors is about three quarters of average sales

in the unrestricted sample of all listed �rms. Similar changes in magnitude apply to equity

value. However all sectors have become much more capital intensive, as gauged by changes

in total assets and employment. Assets have increased more than tenfold in aerospace and

16



electronics, and by more than a factor of four in chemicals. Employment has declined in two

out of the three sectors, most markedly in chemicals, where the average �rm employs less

than half the number of workers in the new dataset compared to the old one. The size of

the two datasets for the three sectors are very close in two of the sectors, but we have many

more observations in the electronics sector, re�ecting the growth of this sector over the last

thirty years. Finally, although data on the three sectors is not a microcosm of the publicly

listed corporations, it is quite representative: all the measures of size fall within a standard

deviation of the sample mean for all the sectors.

D. De�nition of Compensation

The cost to shareholders of employing a manager, called direct compensation, is the

sum of salary and bonus, the value of restricted stocks and options granted, as well as the

value of retirement and long-term compensation schemes. The discounted sum of these direct

compensation items measures the reduction in the �rm�s value from outlays to management.

Total compensation to a manager is de�ned as direct compensation plus changes in wealth

from holding �rm options, and changes in wealth from holding �rm stock. In order to

compute the remaining two components in total compensation, one must take a stand on how

managers would dispose of this wealth if it were not held in their �rms��nancial securities.

We assume that the manager would hold a well-diversi�ed portfolio instead, an implication of

our model. When forming their portfolio of real and �nancial assets, managers recognize that

part of the return from their �rm-denominated securities should be attributed to aggregate

factors, so they reduce their holdings of other stocks to neutralize those factors. Hence, the

change in wealth from holding their �rms�stock is the value of the stock at the beginning of

the period multiplied by the abnormal return.

Our model implies that changes in wealth from holding �rm options and changes in

wealth from holding �rm stock both have mean zero. Hence direct and total compensation

have the same expected value. Therefore, whether risk-neutral shareholders minimize ex-
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pected total compensation or expected direct compensation is moot. However, changes in

wealth from holding �rm stock and options re�ect the costs a manager incurs from not being

able to fully diversify his wealth portfolio because of restrictions on stock and option sales.

Consequently managers care about total compensation, not direct compensation, because

the former determines how their wealth changes from period to period when they optimally

smooth their consumption over the life cycle and make optimal portfolio choices.

A third measure of compensation, called constrained compensation, is the sum of cash,

bonus, the value of restricted stock and option grants, plus the change in the value of

restricted stock and grant holdings. Constrained compensation exposes the manager to

aggregate risk to the degree the �rm�s share price �uctuates with the market. Rational man-

agers would neutralize their market risk by reducing their holdings of the market portfolio

to compensate for the additional market risk that holding restricted stock entails. Suppose

managers held no diversi�ed stock after receiving their compensation, and were prevented

from selling futures in the market portfolio (maturing when their �rm-speci�c securities can

be redeemed through sales). Then we might conclude compensation is based on market

returns if cash and bonus payments were not su¢ ciently countercyclical to o¤set the aggre-

gate risk impounded within the manager�s portfolio of his �rm�s �nancial securities. We are

unaware of any evidence showing that the wealth portfolio of a manager is constrained by

his own shareholders to hold more market risk than he voluntarily chooses. This explains

why we followed Antle and Smith (1985, 1986), Hall and Liebman (1998), and Margiotta

and Miller (2000) by using total compensation rather than constrained compensation in our

study.

E. Total Compensation

Table 3 provides a cross-sectional summary of total compensation in the three samples

by sector and rank. As can be seen from the top three rows, the means and standard

deviations of the unrestricted sample lie between the corresponding numbers for the other
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two samples. The means and standard deviations are higher for the restricted samples, but

there is large overlap between the empirical distributions characterizing the restricted and

unrestricted samples.

[INSERT TABLE 3 HERE]

Average total compensation for the three sectors in the new restricted sample is more

than seven times larger than in the old one, payments to the CEO rising by more than a factor

of eight and payments to the other executives by less than six. The sector di¤erences in the

average growth rates are most pronounced for other executives. Average compensation for

other executives grew by less than twenty percent in the chemicals sector, but by �fteenfold

in electronics. The sector di¤erences are less pronounced at the CEO level, ranging between

�ve times (in chemicals), and about twelve times (in aerospace and chemicals).

Changes in the average levels of compensation are considerably less than changes in

their dispersion. The standard deviation increases by more than a factor of ten across all

the subsamples except in the chemicals sector.

F. Components of Compensation

Table 4 breaks out total compensation into its main components, salary and bonus,

the value of restricted options granted, the value of restricted stock granted, changes in

wealth from holding �rm options, and changes in wealth from holding �rm stock. The

�rst three components collectively account for about eighty percent of the sum. While not

contributing signi�cantly to mean total compensation, the latter two components account

for much of its variability. The remaining unlisted components come from retirement and

long-term compensation schemes.

[INSERT TABLE 4 HERE]

The table shows that salary and bonus increased almost fourfold in the three sectors,

and the sample mean in the three sectors is about twenty-�ve percent higher than the average
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salary and bonus in all sectors. Comparing this table with the previous one, we see that

salary and bonus accounted for almost half total compensation in the old sample, but these

components account for less than one quarter of the total compensation in the new three-

sector sample. Thus, total compensation has increased much faster than salary and bonus in

the three sectors. In fact, CEOs in the restricted sample received a lower salary and bonus,

on average, than CEOs in the unrestricted sample, whereas Table 3 shows the inequality is

reversed for average total compensation.

The component contributing the most to this dramatic shift is the options granted

to managers, valued using the Black�Scholes formula. Options granted have increased on

average more than thirtyfold in the three sectors. More than half of the total compensation

comes from options granted in the restricted sample, or about three times the amount for

salary and bonus. Comparing the two new samples, the value of stock options granted �gures

less prominently in the unrestricted sample than in the restricted, but is still over one third.

In both the restricted and the unrestricted samples, the value of options grants is the biggest

component to managerial compensation. In the old sample, the value of options granted

is seven times the value of stock granted, greater than the ratio in the new unrestricted

sample (six) but much less than the ratio in the new restricted sample (fourteen). Thus,

stock grants in the three sectors, a relatively small component of managerial compensation,

has diminished in importance.

Holding �nancial securities in their own �rms rather than a well-diversi�ed market

portfolio exposes managers to considerable uncertainty. Table 4 shows that changes in wealth

from holding options are more dispersed than any other component. This point is all the

more noteworthy considering that much of cash, bonus, and grants are not contingent on

�rm performance; indeed, our analysis below shows that they are partly explained by sector,

�rm size, and general a­ uence as captured by GDP. Changes in wealth from holding �rm

stock also add considerable volatility to compensation; the standard deviation is higher than

for cash and bonus, option grants and stock grants. Note that the standard deviation of
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both these components has dramatically increased: changes in stocks and options by more

than one hundredfold. The two components underlie the increased variation in managerial

compensation.

To summarize the discussion of our dataset, managerial compensation has substantially

increased in real terms and become more dispersed. This has been accomplished by dramat-

ically increasing stock option grants. These trends compellingly con�rm previous evidence

based on shorter time periods.6 How managerial compensation has changed relative to �rm

size depends on the measure used. Comparing the old sample with the new, average man-

agerial compensation has increased relative to employment, fallen in two sectors relative to

the value of assets, and increased roughly proportionately with output. Although the three

sectors have notable di¤erences, they are comparable to the unrestricted sample in many

respects. Given the similarities we have noted between our data and those used in previous

research and the comparability between restricted and unrestricted samples, we believe con-

clusions reached about the importance of moral hazard in the restricted sectors have broader

applicability.

VI. Identi�cation

We estimate our model from panel data on �nancial returns, managerial compensation,

and auxiliary information describing the �rm and the executive position. Our measure of

excess returns is constructed by �rst regressing �nancial returns on a vector of risk adjustment

factors to estimate 
 in equation (6). Since the estimator of 
 is
p
N -consistent for a sample

of size N , our discussion of identi�cation is una¤ected by assuming we can construct the

true series of excess returns. We also assume that our measure of compensation, denoted

by ewt, is an error-ridden measure of true compensation, wt, where the error "t � ewt � wt is

orthogonal to the other variables of interest with standard deviation 2bt+1��2�.

In our model, all �rm�manager matches of the same type choose whether to implement

a shirking or a diligent work contract, depending on which is more pro�table. If shareholders
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implement a shirking contract, the manager receives a constant wage given by equation (8).

In principle, we can test which types of �rm�manager matches are governed by contracts that

depend on excess returns and then partition the �rm�manager match types by the contract

they implement. This would allow us to estimate f1(x) and f2(x) nonparametrically, and

also exploit equation (8) as a moment condition which jointly restricts the values of � and

(�1=�0). In practice, 99.98% of the managers in the new sample and 99.88% of the managers

in the old sample hold �rm-speci�c assets in any given period. Since this channel is the largest

source of variation in compensation attributable to excess returns, f1(x) cannot be estimated

this way in practice.

Instead we assume that all managers are o¤ered incentives to work diligently, undertak-

ing tasks they would not choose if they were paid a �at wage. Consequently, the contract

depends on the industry, economic conditions, and the �rm�s characteristics. Hence, our em-

pirical analysis includes factors to account for heterogeneity across the sample of �rms when

estimating the structural parameters. As noted above, f2(x) is nonparametrically identi�ed

from excess returns alone for the set of managers whose compensation varies with excess

returns (in our sample all of them), and can be consistently estimated from a univariate

nonparametric regression. Similarly the optimal compensation contract, wt(xt) for diligent

work, is identi�ed from a panel on ( ewt; xt), and consistent estimators of the wage contract for
each type of �rm�manager match for any given bond price can be obtained from successive

cross sections on ( ewt; xt).
Having demonstrated that f2(x) and wt(xt) are identi�ed, we can, without loss of gener-

ality, proceed as if true compensation wt and excess returns xt are observed for the purpose

of identifying the other parameters, namely the risk-aversion parameter, �, tastes for shirking

over diligence (�2=�1), tastes for diligence over the value of quitting (�2=�0), and the signal-

ing function g(x). Elsewhere, in George-Levi Gayle and Miller (2008), we provide necessary

and su¢ cient conditions for identifying generalized moral-hazard models, and a technical

appendix available online applies the approach to this particular framework. Intuitively,
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identi�cation proceeds in two steps.

The �rst step is to prove that if the risk-aversion parameter, �, is known, then the

remaining parameters are nonparametrically identi�ed. Intuitively, we can nonparametrically

recover the signal function g(xt) up to a normalization by tracing out the slope of the contract

as a function of abnormal returns xt. A boundary condition, such as that g(1) = 0, which

is satis�ed in our framework, then fully determines g(xt). Note also that f2(xt) can be

nonparametrically estimated from data on abnormal returns xt. Consequently, f1(xt) =

g(xt)f2(xt), the probability density function for shirking, is identi�ed. Given f1(xt), f2(xt),

and �, the participation constraint can be used to identify the ratio �2=�0, and the incentive-

compatibility constraint can then be used to identify the ratio �2=�1.

With regards �, an observer with cross-sectional data on a homogeneous set of �rms

and managerial compensation paid out in that period cannot distinguish between a sample

of managers with a high risk tolerance and unpleasant working conditions and a sample with

lower tolerance but more nonpecuniary bene�t. Thus, to identify �, we assume there are

data on at least two states r 2 S and s 2 S, that is dates with distinct bond prices, or sectors

where the nonpecuniary bene�ts of the job and the alternative opportunities for work are the

same. More formally the two states have di¤erent compensation plans, wr(x) and ws(x), but

the same nonpecuniary bene�ts from diligent work �2. In this case, wr(x) 6= ws(x) because

the probability density function of abnormal returns from working diligently di¤ers by state,

that is f2r(x) 6= f2s(x), or the density from shirking di¤ers; that is, f1r(x) 6= f1s(x).

The existence of multiple states provides a means of identifying �. Since the participation

condition holds state by state, we can in principle solve moment conditions of the form

�Z
exp

�
��b�1r+1wr (x)

�
f2r (x) dx

�{(r)
=

�Z
exp

�
��b�1s+1wr (x)

�
f2s (x) dx

�{(s)

in �, where {(r) = {(s) = 1 when they are sectors and {(r) = 1�br and {(s) = 1�bs when

they are dates. If there is a unique root common to all possible pairs of separate states, then
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� is identi�ed, and consequently the other parameters are too.

In our study, bond prices vary signi�cantly over the sixty-year period, and we also impose

exclusion restrictions, because the model is not saturated with a full set of interactions for

every di¤erent �rm size and sector. In the old dataset, only 37 �rms are tracked over 29

years and the bond price declines steeply; in the new dataset there are 151 �rms tracked over

only 10 years and bond prices remain relatively stable. So in contrast to the old dataset, the

sources of variation in the new dataset come predominantly from the cross section rather

than the time series characteristics of the panel.

VII. Estimation

Nonparametric techniques for estimating this class of models are developed in Gayle and

Miller (2008). Mainly to avoid the intractability of undertaking nonparametric estimation

in the presence of many covariates, several of them continuous, we settled on a paramet-

ric speci�cation de�ned below and used nonlinear parametric estimation techniques. Our

empirical analysis assumes fj(xt) is truncated normal with support bounded below by  ,

(15) fj(x) =

�
�

�
�j �  

�

�
�
p
2�

��1
exp

��(x� �j)
2

2�2

�
;

where � is the standard normal distribution function and (�j; �
2) denotes the mean and

variance of the parent normal distribution. As indicated in the previous section, we cannot

reject the null hypothesis of restricting the mean of abnormal returns to zero conditional

on working in the data. We impose this restriction in the estimation of the parameter �2.

This restriction implies that �2 is determined as an implicit function of the parameters

the truncated normal distribution under diligence. Denoting by � the standard normal
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probability density function, the implicit function for �2 is given by
7

(16) 0 = E(xt j l2t = 1) = �2 +
��[( � �2)=�]

1� �[( � �2)=�]
:

This leaves the truncation point ( ), the mean of the parent normal distribution under

shirking (�1), the common variance of the parent normal (�), the risk-aversion parameter

(�), the ratio of nonpecuniary bene�ts from working and shirking (�2=�1), and the ratio of

nonpecuniary bene�ts from working and quitting (�2=�0) to be estimated.

The parameters of the distribution of returns are estimated separately for each sector.

For each sector, the production parameters �1 and �
2 are speci�ed as functions of the number

of employees in the �rm, the �rm�s asset-to-equity ratio, and an aggregate economic condi-

tion, annual Gross Domestic Product. Denoting the controls for observed heterogeneity by

z1t, we assume

(17) �1 = u01z1t

and

(18) �2 = exp (s0z1t):

The taste parameters �2=�1 and �2=�0 were speci�ed as linear mappings of executive rank,

�rm sector, the number of employees in the �rm, and the total assets of the �rm. Denoting

this vector of controls by z2t, we assume

(19) �2=�1 = a01z2t

and

(20) �2=�0 = a02z2t
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The parameter estimates and their asymptotic standards were obtained in three steps.

First, maximum likelihood estimates of the parameter vector determining the distribution

of abnormal returns, ( ; s), were obtained using data on abnormal returns over time and

across companies. In the second step, we used data on the abnormal returns and managerial

compensation to form a generalized method-of-moments estimator from the participation

constraint, the incentive compatibility constraint, and the managerial compensation sched-

ule, and thus the remaining parameters (�; u1; a1; a2). The third step corrected the estimated

standard errors in the second step to account for the pre-estimation in the �rst one. Details

of the estimation procedure are provided in an appendix.

VIII. Results

We now present the main results of this paper, including our measures of moral hazard

and the structural parameter estimates that are used to derive them. First, we report our

estimates of the distribution of abnormal returns, both when managers are diligent, f2(x),

and when they shirk, f1(x). This yields an estimator for g(x), the signal function, by sample

and sector. Estimates of these probability distributions also yield, for each observation, a

consistent estimator of � 1, the expected gross loss to a �rm from ignoring the moral-hazard

problem and paying managers a �xed wage. We investigate why the average loss has increased

over the two sample periods, decomposing the change into three factors: namely, changes

in �rm size denoted by �v; changes in the signal quality �g(x), and changes in f2(x), the

returns density with diligence.

The latter parts of this section report on our estimates of the remaining parameters,

including the other two measures of moral hazard, which depend on managerial preferences.

First, we present our estimates of the parameters that determine whether the manager

works for the �rm or not �2=�0 and the divergence between managerial and shareholder

interests �2=�1 next, along with the estimated coe¢ cient of absolute risk aversion, �. The

nonpecuniary bene�ts to the manager from pursuing his own objectives within the �rm rather
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than pro�t maximizing, � 2, is a function of these three parameters only, and our results on

the distribution of � 2 are then discussed. We conclude the section with our �ndings on the

welfare cost of moral hazard, � 3, which depends on both managerial preferences and the

distribution of abnormal returns.

A. Abnormal Returns from Working Diligently

The �rst step in estimation, estimating the probability distribution of abnormal returns

from working, provides further evidence on potential sources of change in managerial con-

tracting. If the estimates of ( ; s) vary between the two datasets, we might infer that the

technology of production has changed in ways that might rationalize the trends observed

in compensation plans. The parameter estimates and their standard errors are displayed in

Table 5.

[INSERT TABLE 5 HERE]

The table shows that there are signi�cant di¤erences between the two time periods, and

that these di¤erences are, for the most part, sector speci�c. The only common trend is that

the e¤ect on abnormal returns of adding workers to a �rm has increased the dispersion. In

the case of GDP, we cannot tell whether the di¤erent coe¢ cient estimates are attributable to

changes that have taken place, or a nonlinear e¤ect on the variance because the level of GDP

in every period of the new restricted sample is more than twice its level in the old sample.

What we can conclude, however, is that not only have the covariates that determine the

higher-order moments of the abnormal returns changed as we saw in Table 2, their marginal

impact has also changed, potentially confounding attempts to explain why managerial com-

pensation has increased and become more sensitive to �rm performance. Finally, reported

at the bottom of the table is the average variance for the returns of �rms in each sector.

Imposing the truncated-normal assumption on the distribution of abnormal returns does not

have a signi�cant e¤ect on its estimated variance. The estimates in Table 5 are comparable

to our consistent estimates of the unconditional standard deviations presented in Table 1.
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B. Abnormal Returns from Shirking

The remaining parameter estimates were obtained from the second step. Table 6

presents our estimates of the coe¢ cient vector u1� which determines �1, the sample mean

of the parent distribution of abnormal returns under shirking, for di¤erent values of the

covariates.

[INSERT TABLE 6 HERE]

Although there are signi�cant di¤erences between the coe¢ cients, they are not as pro-

nounced as those reported in Table 5. One summary measure of the e¤ects of shirking is the

expected decline in abnormal returns by sector. The estimates on the last three lines of the

table show that not providing an incentive to the manager would have led, on average, to

catastrophic losses of between 1.77% and 8.75% of the equity value of the �rm, depending

on the sample and the sector. There is, however, no statistical evidence that the returns

from shirking have fallen. In chemicals, the estimated average returns to equity have risen,

and in aerospace they have fallen, but, after accounting for asymptotic estimation error in

the parameters and the standard deviations within the sector samples, none of the three

di¤erences is signi�cant.

C. Signal Quality

Using the estimates of the probability density function for abnormal returns to �rms

conditional on managerial e¤ort, Figure 1 plots the signal of managerial e¤ort, g(x), by

sector and sample. To interpret the plots, note that signal quality can be measured by the

distance between g(x) and the constant one. Heterogeneity of signal quality between the

three sectors has increased from the earlier to the later sample periods. Increased variation of

abnormal returns in the chemicals and engineering sectors presented in Table 1 translates to

a weaker signal about managerial e¤ort (because the distance has shrunk), while the decline
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in variance of abnormal returns has improved the precision of the signal in the aerospace

sector.

[INSERT FIGURE 1 HERE]

Comparing the �gure with Table 3, there is no discernible pattern linking signal quality

to variance in managerial compensation. In aerospace, the increased variation in managerial

compensation is comparable to that in electronics and greater than in chemicals, yet the

signal became stronger in aerospace, weaker in chemicals, and much weaker in electronics.

D. Loss from Ignoring the Moral Hazard

The model implies that the expected loss per period to the �rm from the manager

pursuing his own interests rather than value maximization is

(21) � 1 = �v
Z
xf1(x)dx;

where v is the value of the �rm in the previous period. Multiplying the expected loss for

each �rm by its size, we obtain estimates of � 1 for each �rm�year observation. Table 7

displays the estimated average over all �rms (that is, before compensation), from inducing

the manager to shirk, both per year, and as a net present value calculation, by sector and

for the two samples.

[INSERT TABLE 7 HERE]

The implied average losses have increased more than tenfold in the aerospace and elec-

tronics sectors, and by a factor of about �ve in the chemicals sector. In aerospace and

electronics, the mean return to �rms from the manager shirking has fallen and the size of the

�rms has increased. Both factors contribute to the larger expected losses. In the chemicals

sector, the mean return from shirking, while negative, has increased and this partly o¤sets

the greater loss due to the fact that chemical �rms are larger. Comparing the present value
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of the losses as a ratio of the total assets and the equity value of the �rm reported in Table 2,

we see two measures of how much claimants on the �rm, and in the latter case shareholders,

would lose from not providing an incentive to managers. Controlling for sector, as a ratio

of total assets, the implied losses are of the same order of magnitude in the two datasets,

roughly one ninth in aerospace, just under one half in chemicals, and about two thirds in

electronics. As a fraction of assets, the losses that would be incurred by not providing an

incentive to managers appears relatively stable in these three sectors. Since �rms are more

leveraged than before, the loss has increased as a fraction of equity value. This is most no-

ticeable in two of the sectors (electronics and chemicals) where the average estimated present

value of losses exceeds the average equity value in the new data but not the in old.

The dominant role of �rm size in explaining the large increase in the cost of ignoring

moral hazard is evident from expressing � 1 as the negative of the product of �rm size v and

the expected value of the signal g(x) when the manager works diligently. Di¤erencing the

estimates obtained for the two regimes, we obtain the decomposition

(22) ��� 1 = (�v)
Z
xg(x)f2(x)dx+ v

Z
x [�g(x)] f2(x)dx+ v

Z
xg(x) [�f2(x)] dx:

The �rst of the three expressions on the right side, the change in cost of moral hazard due to

the increasing size of �rms, is unambiguously positive. The second expression arises because

of changes in g(x). In two of the sectors, the signal has weakened, reducing the gap between

f1(x) and f2(x) and thus mitigating the losses that would be incurred from encouraging

the manager to pursue his own goals instead of expected-value maximization. The third

expression captures the e¤ects of the change in the distribution of abnormal returns. Noting

that f2(x) has undergone a mean preserving spread in two sectors and that g(x) is a convex

decreasing function, it follows that the third expression is positive for these sectors, thus

reducing the loss incurred. In summary the growth of �rms increased the losses from shirking

so much that it dominates the other two e¤ects.
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E. Participation and Alternative Work

We now turn to our estimates of the preference parameters and the two other measures

of moral hazard we described earlier. Given the attitude of managers towards risk, which as

we show below has not changed much, changes in �2=�0 come from the shifting supply and

demand for managerial services. Our estimates of �2=�0 for the three sectors are displayed

in Table 8. The parameter is estimated for each sector, separately for CEOs and other

executives, as a linear mapping of �rm size by assets and employment. Comparing the results

for CEOs from the old and new data, every sector coe¢ cient has signi�cantly increased, in

chemicals the most and in aerospace the least. In addition the coe¢ cient on total assets,

negative but insigni�cant in the old dataset acquires positive signi�cance in the new dataset,

while the coe¢ cient on employment has signi�cantly increased too.

[INSERT TABLE 8 HERE]

The results for other executives are less noteworthy but similar. The sector coe¢ cients

in aerospace and electronics have signi�cantly increased, while in chemicals, we cannot reject

the null hypothesis that the sector coe¢ cient (the sum of the constant and the dummy) is

unchanged. The coe¢ cient on employment has also signi�cantly increased, but the large

estimated standard error on assets in the old sample implies that we cannot reject the

hypothesis of no change for this measure of �rm size.

If a freely available perfect monitor existed to eliminate moral hazard, managers would

be paid their reservation wage, w2, in our framework. Consequently, our model predicts

that, in the absence of moral hazard, with little change in preferences for risk, and roughly

constant interest rates, compensation would have increased by the log of the ratios for the

estimated �2=�0 parameters. Our estimates imply on average, compensation would have

risen by 2:3, which, up to two decimal places, is identical to the increase in GDP over the

comparable period. Therefore, we should not attribute the rise in compensation relative to

the rise in aggregate output and general living standards to a decline in the attractiveness
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of managerial work, or to demands for increased skills in managers. At the same time,

our �nding that the marginal rewards from heading a larger �rm, whether measured by

employment or assets, have increased corroborates �ndings cited in the introduction that

the market for CEOs has become more competitive on both the supply and demand sides.

F. Con�ict between Management and Shareholder Goals

Table 9 reports our estimates of �2=�1, a measure of the divergence between managerial

and shareholder interests characterizing how much worse o¤ a manager is by working instead

of shirking when compensation is determined independently of his choice. The higher this

ratio the less desirable is diligence compared to shirking, with incentives perfectly aligned at

�2=�1 = 1. We did not constrain the parameters to satisfy the inequality �2 > �1. Thus,

our �ndings that the estimates are all signi�cantly greater than one validates our model on

this dimension.

[INSERT TABLE 9 HERE]

Comparing the results from the old and new datasets, we cannot, for the most part, reject

the hypothesis of no change against the one-sided hypothesis that the ratio has risen. Many

of the changes are insigni�cant. With regard to CEOs, the coe¢ cients on the electronics

sector and the number of employees have signi�cantly fallen; only the coe¢ cient on assets

has signi�cantly increased. The main evidence against the hypothesis of no change is found

in the chemicals sector for the non-CEOs, where the interests of non-CEOs and shareholders

appear to have diverged.

In both samples, increasing a �rm�s assets or its workforce exacerbates the con�ict

between management and shareholders, a �nding that broadly conforms to the predictions

of theories about corporate governance and the degree of separation between �rm ownership

and control. Although the evidence with respect to non-CEOs is more ambiguous, the

coe¢ cient on assets for CEOs has increased, but the coe¢ cient on employees has declined.
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Noting that average �rm size has increased as measured by asset value but has declined

as measured number of employees, the change in coe¢ cient values is broadly consistent

with convex increasing organizational costs in these two dimensions of �rm size. Oliver

Williamson (1967), amongst others, noted that this cost structure can explain the limits to

natural monopoly in the presence of strong technological returns to scale.

G. Risk Aversion and Fit

The estimate for the risk-aversion parameter �, calculated for million-dollar units, is

0.519 for the old sample with an estimated standard error of 4.9E-3, and 0.501 for the new

sample with a standard error of 6.7E-6. Although they di¤er across the two samples in a

statistical sense, the di¤erence has a small economic impact on the optimal contract, and on

the measures of moral hazard reported below. For example, a manager with risk-aversion

parameter of 0.501 would be willing to pay $240,670 to avoid a gamble that has an equal

probability of losing or winning one million dollars, whereas the certainty equivalent loss for

a manager with risk-aversion parameter of 0.519 is $248,620.

Comparing the estimates obtained for the old and new samples, �, a parameter that is

proportional to the variance of the measurement error (2bt+1��2�), increases by a multiple

of about twelve from 0.008, with an estimated standard error of 2.6E-4, to 0.101 with an

estimated standard error of 8.7E-5. This increase is o¤set by the signi�cant reduction in

bond prices over the two samples (as we indicated earlier). Hence, the variance of the

measurement error has increased by a far less. The variation in compensation explained

by the optimal contract, R2, is comparable in the two datasets� 0.63 in old dataset and

0.46 in the new� rising to over two thirds when the samples are trimmed by a �ve percent

outlier tail.8 Future research on corporate governance might explain the role of directors and

management within a noncooperative game, and thereby improve the model �t to the data,

especially in the tails.9
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H. Bene�ts for Managers from Shirking

The two remaining measures of moral hazard, � 2 and � 3, can now be computed from

the estimated parameters. The nonpecuniary value of the deviating from the incentive-

based contract depends only on the preferences of the manager, not the distribution of the

abnormal returns. For each observation, we computed a consistent estimator for � 2:

(23) � 2 = [�(bt � 1)]�1 bt+1 ln(�2=�1):

The top panel of Table 10 reports, by sector and executive position, the average of the

consistent estimators, and consistent estimates of their respective standard deviations. The

�rm averages for each executive type by sector have increased in �ve out of the six sectors, by

a factor of more than three for CEOs in two sectors. As a proportion of total compensation

averaged over observations for each executive type by sector, the compensating di¤erential

to managers for pursuing their own interests has fallen in all six categories. A key factor

contributing to this measure of importance, � 2=w, is that changes in the supply and demand

for managerial services has roughly doubled the compensation of managers of a �rm with

any given set of characteristics.

In both samples the average � 2 is tiny compared to the expected losses a �rm would

incur; our model predicts there are enormous gains from having managers act in the interests

of shareholders. From the manager�s perspective, however, � 2 is quite substantial, and for a

sizeable proportion of the sample population, exceeds actual and even expected compensa-

tion. This paradox is resolved by noting that the manager would be harshly penalized if the

�rm does poorly, which is of course more likely if he shirks.

Perhaps the most striking feature of these results is how they compare with those re-

ported in Table 9. Recall that Table 9 exhibits estimates of �2=�1 for each �rm and executive

type, whereas Table 10 averages over �rms within sector after taking logarithms and scaling

by ��1. Since � has not changed much, and the estimated changes in �2=�1 are for the most
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part insigni�cant or negative, we attribute the dramatic di¤erences between the tables to the

changing composition of �rms within each sector. More speci�cally, the e¤ects of the average

growth in �rm assets dominates the decline in employment, and is largely responsible for

the increased compensating di¤erential to work for shareholders versus pursue some other

agenda.

[INSERT TABLE 10 HERE]

I. Cost of the Moral Hazard to Shareholders

The last measure of moral hazard, � 3, is the welfare cost of the moral hazard, the

willingness of a �rm to pay for a perfect monitor, thus eliminating moral hazard. From the

de�nition of � 3 and the solution for the optimal contract, it follows that the welfare cost

may be expressed as

(24) � 3 = bt+1�
�1
Z
ln
�
1 + �t(�2=�1)

1=(bt�1) � �tg(xt)
�
f2(x)dx

The bottom panel of Table 10 presents consistent estimates of the average of � 3 in the two

samples and three sectors, along with the consistent estimates of the standard deviations.

The table shows that the increase in managerial compensation presented in Table 3 is mir-

rored in the increased cost of moral hazard.

From the formula above and the formula for �t, changes in � 3 are ultimately attribut-

able to changes in �2=�1, f1(x), and f2(x) only. After adjusting for the general rise in living

standards, the estimated model attributes practically all the increase in managerial com-

pensation to moral hazard, and hardly any of it to changes in the supply and demand for

managers, as re�ected in the participation condition and hence �2=�0.

To further investigate the sharply increased cost of the moral hazard, we �rst note

that change in bt+1=� between the two samples is minimal, and decompose �� 3 into those

stemming from changes in f2(x), and changes in the integrand. Since g(xt) is a convex
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decreasing function,

(25) ln
�
1 + �t(�2=�1)

1=(bt�1) � �tg(xt)
�

is a concave increasing function. Noting again that �f2(x) is a mean-preserving spread in

chemicals and engineering but not in aerospace, it therefore follows that

(26) bt+1�
�1
Z
ln
�
1 + �t(�2=�1)

1=(bt�1) � �tg(xt)
�
�f2(x)dx

is positive in chemicals and engineering but negative in aerospace. Thus, changes in the

distribution of abnormal returns cannot explain why the welfare costs of the moral hazard

increased in aerospace, the sector where the biggest increases occurred. The remaining

component to explain �� 3 is

(27) bt+1�
�1
Z
� ln

�
1 + �t(�2=�1)

1=(bt�1) � �tg(xt)
�
f2(x)dx:

The predominant change is due to a sharp increase in �2=�1 averaged over �rms for the

reasons demonstrated in Table 10. This component is the most important factor responsible

for the increase in � 3. To recapitulate, increased �rm assets exacerbated the con�ict between

managers and shareholders by creating new opportunities for managers to act against share-

holder interests. These were resolved through the compensation schedule by placing greater

weight on penalizing poor �rm performance and rewarding superior abnormal �rm returns,

thus subjecting risk-averse managers to the vagaries of greater insider wealth and causing

their expected compensation to rise at a rate much greater than that of national income.

IX. Conclusion

The welfare cost of the moral hazard is a compensating di¤erential paid to risk-averse

managers to hold insider wealth and accept nondiversi�able risk that realigns their incentives
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to those of the stockholders, who do not price risk from an individual �rm�s abnormal returns

because of their portfolio choices. Table 10 shows that the welfare cost of the moral hazard

associated with employing CEOs has increased by an estimated factor of more than twenty

times in the aerospace and electronics sectors and sixfold in the chemicals sector. Subtracting

the welfare costs of the moral hazard displayed in Table 10 from the expected compensation

paid to top executives reported in Table 3, we obtain, for each of the six categories, the

average certainty equivalent wage which equates the supply and demand for managerial

services for a given �rm. The overall increase in the sixty year period is 2.3, the same as the

increase in national income. Therefore our results attribute all the di¤erence between the

rate of increase in managerial compensation and the rate of increase in national income to

the rising welfare cost of the moral hazard.

The cost of the moral hazard depends on the preferences of managers, what shareholders

observe about their behavior, the distribution of abnormal returns accruing to �rms, and

the characteristics of the �rms they manage. We do not attribute the steep increase in the

welfare cost to changing tastes. Table 9 shows that, if anything, the con�ict between a �rm

with a given set of characteristics and its executives has declined. As documented in Table 1,

and our estimates in Tables 5 and 6, there have been changes in the probability distributions

of abnormal returns, but not all in the same direction. Table 10 shows that managerial pref-

erences for risk have remained stable in an economic sense, and the compensating di¤erential

of deviating from the goal of maximizing the expected value of the �rm with a given set of

characteristics has not increased. Nevertheless, Table 7 shows that if managers were paid a

�at wage to prevent skimming, and our model of the moral hazard was correctly speci�ed,

then con�ict between managerial and shareholder objectives would remain unresolved, the

ensuing losses incurred by �rms would be catastrophic, and would have grown substantially

over the last sixty years.

The exogenously changing distribution of �rm size is the primary driver of the steep

increase in the welfare costs of moral hazard and managerial compensation. In an average
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�rm belonging to the three sectors we studied, Table 2 shows that sales tripled, employment

halved, assets increased sixfold. Our model does not explain �rm size, but does distinguish

between the direct e¤ect of �rm size through the market-clearing certainty-equivalent wage,

and its indirect e¤ect through the moral hazard and its welfare costs. The di¤erences we

previously noted between Tables 9 and 10 essentially establish that the indirect e¤ect of �rm

size on managerial compensation is largely responsible for the increased costs of the moral

hazard. Our empirical results lend support to the view that the welfare cost of the moral

hazard has risen because large �rms are more susceptible to governance problems than small

�rms, managers having greater opportunities to engage in opportunistic behavior at the

expense of �rm owners, a well-understood and common intuition that dates back to Berle

and Means�(1932) early work on corporations.

The direct e¤ect of �rm size on managerial compensation is determined by the demand

of �rms of various sizes for managers of di¤ering skill levels, the supply of such managers,

and how the nonpecuniary bene�ts of diligent management are a¤ected by �rm size. We

interpret Table 8 as empirical evidence showing that the market for managers has become

more di¤erentiated and the relative premium for managing a larger versus smaller �rm,

whether measured in terms of employees or assets, has increased, a result that corroborates

recent work by Xavier Gabaix and Augustin Landier (2008), and Murphy and Jan Zabojnik

(2004, 2006).10 Noting that the average certainty-equivalent wage for managers has only

risen at the same rate as the price of other factor inputs, it immediately follows that the

certainty equivalent of managers of small �rms has not kept pace with aggregate growth.

Consequently the reduction in the net demand for managerial services, and/or increased

nonpecuniary bene�ts from being a manager (less likely in our opinion), was essentially o¤set

by the �rst e¤ect of increasing �rm size along with an increased premium for managing larger

�rms.

The evidence we present in Tables 2 through 4 shows that the three sectors we inves-

tigated are quite representative of all sectors and exhibit trends that have been found in
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previous studies using other data. All three measures of moral hazard in the three sectors

for the new dataset are comparable to values we found in a much broader range of sectors

for almost the same years.11 Our model explains about half of the observed variation of

managerial compensation in both datasets we studied. This leads us to conclude that the

steep increase in the welfare costs of moral hazard induced by the exogenous shifting com-

position of �rms is the most important factor explaining the increased levels and volatility

in managerial compensation.
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Notes

1The surveys by Canice Prendergast (1999), John Abowd and David Kaplan (1999),

and Pierre Chiappori and Bernard Salanié (2000) review a growing empirical literature that

analyses executive compensation as a tool for regulating managerial decisions that are not

directly monitored by shareholders.

2The �rst dataset, originally constructed by Robert Masson (1971) and later extended

by Rick Antle and Abbie Smith (1985, 1986), covers the period 1944 to 1978. The second

dataset, constructed from SEC records, covers the period 1993 to 2003.

3For an introduction to the vast literature on hidden actions and moral hazard, see

the recently published texts of Jean-Jacques La¤ont and David Martimont (2002), Bernard

Salanié (2005), or Patrick Bolton and Mathias Dewatripont (2005).

4This is a standard assumption in principal�agent models. See, for example, Sanford

Grossman and Oliver Hart (1983). In conducting an empirical analysis of executive compen-

sation that is explicitly based on a principal�agent model, our approach follows the work of

John Garen (1994), Joseph Haubrich (1994), and Mary Margiotta and Robert Miller (2000),

where the derivation of the optimal contract in our model can be found.

5Several researchers have explored how di¤erences in �rms a¤ect managerial compensa-

tion. For example, Peter Kostiuk (1990) and Scott Schaefer (1998) analyzed �rm size and

managerial compensation. Teresa John and Kose John (1993) investigated the capital struc-

ture of a �rm and managerial compensation. Evidence provided by Rajeesh Aggarwal and

Andrew Samwick (1999) shows that the volatility of abnormal returns is inversely related

to the performance component of executive pay, as the theory of compensating di¤erentials

would predict.

6See Hall and Liebman (1998) and Murphy (1999).

7This equation is derived in G. S. Maddala (1983, page 365).

8In this context, we de�ne R2 by 1� V ar(")=V ar( ew), where " is the measurement error
from the �nal stage estimation of the equation ew = w(x) + ".
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9Commenting on the sensitivity of previous results to measures of �rm size in the analysis,

Pierre-André Chiappori and Bernard Salanié (2003) noted that unless heterogeneity between

�rms is treated within the analysis, interpreting the �ndings and attributing causality is

problematic. Our results con�rm their conclusions by showing the large extent to which

including a set of control variates explains trends in executive compensation through �rms�

changing composition.

10See also Vicente Cuñat and Maria Guadalupe (2005) for an empirical study analyzing

the impact of globalization on incentives.

11See Gayle and Miller (forthcoming). The sectors analyzed in that paper include energy,

materials, industrials, consumer discretionary, consumer staples, health care, �nancial, infor-

mation technology, telecommunication and utilities. Our companion paper covers the years

1992 through to 2001, whereas the new dataset in this paper covers the years 1992 to 2003.
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Table 1: Abnormal Returns in Percentage Points (standard deviations in parentheses)

Variable Sector Old New Restricted New All

All
1.70E-8 4.17E-7 8.63E-8

(31.48) (53.43) (45.90)

Aerospace
�2:50E-8 8.01E-8

Abnormal Returns
(42.24) (30.26)

Chemicals
3.82E-8 6.51E-8

(23.89) (48.61)

Electronics
�1:68E-8 3.84E-7

(41.16) (59.41)
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Table 2: Cross-sectional Information on Sectors, all Currency in Millions of US$ (2000) (standard

deviations in parentheses)

Variable Sector Old New Restricted New All

All
1,243 3,028 4,168

(2,250) (6,830) (109,000)

Aerospace
1,886 11,500

Sales
(3,236) (14,900)

Chemicals
1,246 2,252

(2,018) (2,091)

Electronics
319 2,469

(536) (6,223)

All
589 1,273 1,868

(1,034) (2,863) (4,648)

Aerospace
391 3,132

Value of Equity
(680) (3,826)

Chemicals
677 800

(1,107) (869)

Electronics
159 1,283

(365) (3,096)

All 37 151 1,517

Number of Firms
Aerospace 5 11

Chemicals 25 40

Electronics 7 100
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Table 2 (continued): Cross-sectional Information on Sectors, all Currency in Millions of US$ (2000)

(standard deviations in parentheses)

Variable Sector Old New Restricted New All

All
27,370 12,208 18,341

(28,850) (26,676) (46,960)

Aerospace
49,920 58,139

Number of Employees
(34,335) (69,452)

Chemicals
23,537 8,351

(25,268) (9,323)

Electronics
10,485 9,195

(7,664) (18,266)

All
525 3,035 9,926

(924) (6,550) (40,300)

Aerospace
726 10,600

Total Assets
(130) (12,900)

Chemicals
548 2,385

(851) (2,380)

Electronics
146 2,551

(233) (6,311)

All 1,797 4,150 82,578

Number of Observations
Aerospace 355 233

Chemicals 1,092 935

Electronics 252 2,092

47



Table 3: Cross-sectional Information on Total Compensation in Thousands of US$ (2000) (standard

deviations in parentheses)

Rank Sector Old New Restricted New All

All All 528 4,121 2,319

(1,243) (19,283) (12,121)

CEO All 729 6,109 5,320

(1,472) (24,250) (19,369)

Non-CEO All 400 2,256 1,562

(1,026) (12,729) (9,303)

All Aerospace 744 6,407

(1,140) (20,689)

CEO Aerospace 950 11,664

(1,292) (19,416)

Non-CEO Aerospace 624 1,997

(695) (18,563)

All Chemicals 543 2,802

(1,348) (9,555)

CEO Chemicals 718 3,673

(1,527) (7,072)

Non-CEO Chemicals 401 477

(241) (23,390)

All Electronics 370 4,501

(1,057) (22,118)

CEO Electronics 457 5,325

(1,407) (24,576)

Non-CEO Electronics 108 1,635

(61) (18,810)
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Table 4: Cross-sectional Information on Components of Compensation in Thousands of US$ (2000)

(standard deviations in parentheses)

Variable Rank Old New Restricted New All

All
219 838 667

(114) (1,066) (905)

Salary and Bonus CEO
261 1,037 1,127

(115) (1,365) (1,282)

Non-CEO
179 640 552

(97) (576) (738)

All
79 2,401 903

(338) (13,225) (3,753)

Value of Options Granted CEO
111 3,402 1,782

(439) (18,172) (7,169)

Non-CEO
51 1,401 681

(198) (4,237) (2,106)

All
11 187 152

(95) (1,633) (936)

Value of Restricted
CEO

8 242 298

Stock Granted (72) (2,021) (1,464)

Non-CEO
13 133 115

(112) (1,118) (743)
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Table 4 (continued): Cross-sectional Information on Components of Compensation in Thousands

of US$ (2000) (standard deviations in parentheses)

Variable Rank Old New Restricted New All

All
5 785 281

(134) (14,636) (8,710)

Change in Wealth
CEO

7 1,667 1,474

from Options Held (167) (17,078) (13,567)

Non-CEO
3 �76 �18

(94) (11,706) (6,939)

All
�3 �40 125

(439) (5,681) (4,350)

Change in Wealth
CEO

0.434 �14 264

from Stock Held (479) (6,712) (6,791)

Non-CEO
�7 �64 90

(398) (4,496) (3,473)
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Table 5: Parameter Estimates of the Diligent-Returns Distribution (standard deviations in paren-

theses)

Parameter Sector Variable Old New

Constant
�1:42 4.184

(0.375) (1.492)

Asset to Equity Ratio
�354 33.57

�2 Aerospace
(135) (49.94)

Number of Employees
�7:08 �0:106

(1.38) (0.135)

GDP
0.379 �8:23

(3.14) (1.64)

Constant
�3:08 �4:16

(0.097) (0.703)

Asset to Equity Ratio
77.3 �6:92

�2 Chemicals
(8.28) (7.69)

Number of Employees
�0:352 0.533

(0.222) (0.559)

GDP
�5:53 1.97

(1.15) (0.777)

Constant
�2:07 �7:12

(0.326) (0.46)

Asset to Equity Ratio
�1:119 8.926

�2 Electronics
(139) (13.5)

Number of Employees
0.355 0.877

(0.28) (0.22)

GDP
�16:6 5.44

(2.13) (0.47)

51



Table 5 (continued): Parameters Estimates of the Diligent-Returns Distribution (standard errors

in parentheses)

Parameter Sector Variable Old New

Aerospace
�0:71 �0:79

(0.04) (0.08)

 Chemicals
�0:47 �1:26

(0.11) (0.32)

Electronics
�0:61 �1:6

0.15 (0.48)

Aerospace
26.72 20.61

(6.00) (5.98)

p
Var(xnt j l2nt = 1) Chemicals Standard Deviation

17.42 32.40

(3.28) (3.96)

Electronics
22.09 37.90

(5.52) (5.98)
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Table 6: Parameter Estimates of the Shirking-Returns Distribution (standard deviations in paren-

theses)

Parameter Sector Variable Old New

Constant
�0:051 �0:085

(0.011) (0.001)

Asset to Equity Ratio
0.042 �0:003

Aerospace
(1.71) (4.1E-5)

Number of Employees
�0:015 0.019

(9.52) (3.5E-4)

GDP
�0:056 �0:014

(11.0) (1.9E-4)

Constant
�0:015 �0:021

(0.003) (2.1E-3)

Asset to Equity Ratio
�0:063 �0:071

�1 Chemicals
(0.077) (0.005)

Number of Employees
�0:0428 �0:088

(0.001) (0.005)

GDP
�0:025 �0:031

(0.003) 3.29E-3)

Constant
�2:0E-4 �0:008

(1.1E-5) (4.2E-4)

Asset to Equity Ratio
�0:025 �0:034

Electronics
(6.6E-4) (4.9E-4)

Number of Employees
�0:024 �0:011

(6.8E-4) (3.8E-3)

GDP
�0:057 �0:017

(0.002) (4.0E-4)
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Table 6 (continued): Parameter Estimates of the Shirking-Returns Distribution (standard errors in

parentheses)

Parameter Sector Variable Old New

Aerospace
�5:523 �8:755

(1.47) (1.22)

E(xnt j l1nt = 1) Chemicals Mean
�3:176 �1:771

(1.25) (1.22)

Electronics
�2:137 �2:456

(1.56) 0.23)
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Table 7: Gross Losses to Firms from Shirking in Millions of US$ (2000) (standard deviations in

parentheses)

Parameter Industry Old New

Per Year Aerospace
13.751 180.212

(29.522) (261.294)

Present Value
81.065 1,261.484

(177.132) (1,829.058)

Per Year Chemicals
33.392 160.038

�1
(73.537) (240.970)

Present Value
200.352 1,120.266

(441.222) (1,686.79)

Per Year Electronics
16.650 230.566

(49.182) (600.607)

Present Value
99.907 1,613.962

(894.492) (4,204.249)
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Table 8: Nonpecuniary Bene�ts from Diligence Relative to the Outside Option (standard deviations

in parentheses)

Parameter Rank Variable Old New

Constant
0.985 3.91

0.052) (0.004)

Assets
�0:475 2.31

(0.102) (0.314)

CEO Employees
1.08 2.8189

(0.104) (0.121)

Aerospace Dummy
2.32 1.06

(1.03) (0.082)

Chemicals Dummy
0.403 1.75

�2=�0

(0.116) (0.072)

Constant
0.838 2.44

(0.198) (0.025)

Assets
1.77 0.605

(7.41) (0.041)

Non-CEO Employees
0.626 2.35

(1.96) (0.06)

Aerospace Dummy
1.29 1.46

(11.1) (0.031)

Chemicals Dummy
0.458 �1:42

(1.2) (0.0043)
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Table 9: Nonpecuniary Bene�ts from Diligence Relative to Shirking (standard deviations in paren-

theses)

Parameter Rank Variable Old New

Constant
3.23 1.85

(0.317) (0.022)

Assets
0.109 2.72

(0.015) (0.02)

CEO Employees
5.06 1.90

(0.251) (0.07)

Aerospace Dummy
10.224 13.123

(4.17) (1.62)

Chemicals Dummy
8.0 9.53

�2=�1

(2.09) (2.4)

Constant
3.08 3.02

(1.73) (0.011)

Assets
13.0 7.39

(4.07) (0.125)

Non-CEO Employees
3.06 2.35

(1.96) (0.041)

Aerospace Dummy
4.47 8.39

(9.22) (0.123)

Chemicals Dummy
2.35 8.04

(1.86) (1.45)
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Table 10: Nonpecuniary Bene�ts of Shirking and Welfare Cost in Thousands of US$ (2000) (stan-

dard deviations in parentheses)

Parameter Industry Rank Old New

CEO
2,380 4,000

Aerospace
(43) (92)

Non-CEO
1,500 3,400

(72) (78)

CEO
920 3,800

�2 Chemicals
(274) (209)

Non-CEO
812 600

(321) (451)

CEO
747 3,048

Electronics
(432) (387)

Non-CEO
436 2,070

(515) (366)

CEO
500 10,350

Aerospace
(1,316) (15,473)

Non-CEO
330 1,280

(1,413) (10,501)

CEO
490 2,973

�3 Chemicals
(1,437) (5,087)

Non-CEO
299 301

(206) (1,678)

CEO
278 4,873

Electronics
(1,257) (17,285)

Non-CEO
67 1,206

(188) (11,159)
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Figure 1: Likelihood Ratio
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