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T he after-tax real ~vage of the average worker in the United States
has fallen 13 percent in the last 20 years, while the average chief
executive officer (CEO) has received a pay raise of over 300

percent.1 This glaring contrast has sparked a flood of papers analyzing
CEO compensation contracts. One of the main justifications for the
extraordinary pay of top CEOs is that they receive performance-based
contracts. In theory, having CEO pay depend on the performance of the
firm is the optimal solution to the moral hazard problem that exists
because shareholders do not observe the actions of the CEO. Because
the shareholders have less information than the CEO about the actions
of the CEO and how they affect the health of the firm, the CEO takes
actions in his or her own best interests, which do not necessarily coincide
with the best interests of shareholders. Designing compensation contracts
that link CEO compensation to the performance of the firm is one way
to get around this difficulty. The empirical literature, however, has found
little evidence that CEO contracts provide such incentives. The compen-
sation of CEOs appears to respond very little to the performance of their
firms.

This article addresses three reasons ~vhy the previous literature may
have been underestimating the response of compensation to firm perfor-
mance. First, only firms where monitoring the CEO is costly should have
CEO compensation that is performance-sensitive. Restricting the sample
to these firms yields a 67 percent increase in the performance sensitivity
of compensation contracts. Second, the parameter that measures the
performance sensitivity of CEO pay is negatively correlated to perfor-
mance, causing it to be underestimated in standard regressions. Finally,
econometricians do not observe exactly what compensation boards use as
performance measures. This mismeasurement causes esthnates of the
effect of corporate performance on compensation to be too low. Correct-
ing this error shows that the elasticity of CEO pay with respect to firm
performance is 10 times higher than previously believed.



I. Theo~.d and the Empirical Literature

The information asymmetry that exists between
the shareholders and the chief executive officer of a
firm is generally considered to be a classic example of
a principal-agent problem. In the basic principal-
agent model, the agent (the CEO) is working on behalf
of the principal (the shareholders), who does not
observe the actions of the agent. The compensation
contract is chosen to elicit the actions by the agent that
maximize the principal’s utility, subject to two con-
straints: individual rationality (the CEO would rather
take the job than not) and incentive compatibility (the
action that maximizes the agent’s utility also maxi-
mizes the principal’s utility). Because of information
constraints, the first-best solution cannot be obtained.
The second-best solution is analyzed here.

The solution has two parts. First, the principal
specifies a contract relating levels of compensation to
various outcomes. Then, the agent chooses an action.
The shareholders choose a contract, such that the
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depend on the performance of the
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action tha~ is optimal to the CEO will also minimize
the net cost of compensation. Payroll costs rise with
the degree to which corporate performance affects
CEO pay h~ the contract, because a risk-averse CEO
will only accept an increase in risk if expected com-
pensation increases. Expected performance should
also increase. The solution occurs when incremental
corporate performance balances the cost of higher
average compensation.

Early empirical attempts to estimate the relation-
ship between firm performance and CEO c6mpensa-
tion were based on cross-sectional analyses that suf-
fered from a serious omitted variables bias because of
an inability to control for individual firm effects. In the
past decade, however, a number of studies have
documented a significant positive effect of corporate
performance on CEO compensation, using panel data.

Coughlan and Schmidt (1985), Kostiuk (1986), Mur-
phy (1985, 1986), and Deckop (1988) find a significant
response to sales, profits, stock prices, or rate of
return. Antle and Smith (1986) and Gibbons and
Murphy (1990) find a significant response of the real
rate of return even when controlling for industry
measures of success, and Gilson and Vetsuypens
(1993) document sensitivity when looking specifically
at firms in financial distress.

The most comprehensive study is that of Jensen
and Murphy (1990). They look at a wide variety of
compensation measures and control for the probabil-
ity of dismissal and still show that CEO wealth
increases only $3.25 for every $1,000 increase in share-
holder wealth. When looking only at salary and bo-
nuses, a $1,000 increase h~ shareholder wealth yields
only an extra 2 cents for the CEO. They compare the
pay variability of CE©s with that of randomly chosen
non-CEO workers and conclude that CEO compensa-
tion is not significantly more variable. While CEO
compensafion is statistically sensitive to measures of
firm performance, the implied correlation is surpris-
ingly small.

Jensen and Murphy suggest political forces are
driving the small estimates they find. They argue that
since managerial contracts are public irfformation,
they are subject to the scrutiny of employees, labor
unions, consumer groups, the Congress, and the me-
dia. The press is filled with stories about executive
compensation each spring (during proxy season), and
lawsuits are filed against board members. Jensen and
Murphy conclude that "it is natural that welMnten-
tioned but risk-averse board members will resist in-
novative incentive contracts" (1990, p. 254). To sup-
port their hypothesis, they use two pieces of evidence.
First, pay-performance sensitivity was higher in the
1930s when regulatory pressure was less in evidence.
Second, large visible firms have a lower pay-perfor-
mance sensitivity. These facts are suggestive but
hardly conclusive, and they do not explain why
boards would be so easily swayed to act unprofitably.

Another possible explanation for the small per-
formance-sensitivity estimates that previous authors
have found is that the asymmetry of information
between the shareholder and the CEO is not as large
as assumed. Lazear (1986) shows that contingent,
performance-based managerial compensation con-
tracts are optimal only when the cost of direct moni-

~ Crystal (1991, p. 27). Ush~g the sample and measure of
compensation used in this paper, real CEO compensation has gone
up 91 percent.
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toring of the agent’s actions is prohibitive. When a
comparatively inexpensive monitoring system is
available, both CEOs and shareholders benefit from
more traditional compensation systems. The ease with
which stockholders monitor is related to ownership
structure. When stockholders are relatively dispersed,
an individual holder has neither the incentive nor the
power to influence the CEO’s actions. The social
benefit to monitoring the CEO is much higher than the
private benefit. On the other hand, when a few dom-
inant shareholders control the company, the return to
monitoring is greatly increased. If this is the case, CEO
contracts shottld be less sensitive to performance when
the oun~ership of the corporation is very concentrated.
Monitoring and incentive contracts are substitute
methods for influench~g the actions of the agent.

A number of studies have
documented a significant positive

effect of corporate performance
on CEO compensation.

Douglas and Santerre (1990), Arnould (1985), and
Dyl (1988) have found an inverse relationship between
the effect of shareholder concentration and CEO com-
pensation. Because the overall cost of a compensation
contract must increase with increased performance
sensitivity and, thus, risk to the CEO, these results are
consistent with the hypothesis that increased monitor-
ing in highly concentrated firms leads to less sensitiv-
ity in the compensation contract.2

None of the above studies looks directly at the
degree of performance sensitivity in CEO compensa-
tion contracts across grottps with different monitoring
costs. However, Kaplan (1992) investigates the sensi-
tivity of Japanese CEO contracts relative to U.S. con-
tracts. The Japanese corporate governance structure is
generally believed to include much more direct mon-
itoring by banks and other major shareholders. Japa-
nese firms should therefore be less subject to the
information asymmetry of the principal-agent prob-
lem, and CEO contracts should thus be less sensitive
to measures of performance. Kaplan finds no sigrfifi-
cant difference between the degree of sensitivity in
U.S. and Japanese compensation systems. He con-
cludes, however, not that monitoring is an unimpor-
tant aspect of the principal-agent setup, but that the

Japanese and U.S. corporate governance systems are
not so different after all. Kaplan exploits neither the
exogenous splitting of Japanese firms into high versus
low monitoring-cost groups due to the keiretsu system
nor the recent liberalization in Japan’s corporate gov-
ernance system, which may provide a natural experi-
ment.

This article explores another way to distinguish
groups with differing monitoring costs, by comparing
the performance sensitivity of firms with concentrated
ownership structures to that of firms with more dis-
persed ownership structures. The results show that
they differ significantly. This evidence raises concerns
that previous studies found little sensitivity because
their salnples included firms where a basic assump-
tion of agency theory may have been violated.

The evidence that different groups use incentive-
based compensation systems to varying degrees
brings up another problematic issue. Some firms are
more likely to use performance-sensitive compensa-
tion systems than others. The parameter that measures
the effect of performance on compensation may also
vary across time as a result of trends in compensation
or the regulatory environment. As long as contract
differences are unrelated to firm performance, ordi-
nary least squares results can be used to find the
average sensitivity of firms. If the heterogeneity is
systematic, however, modeling the incentive param-
eter is necessary. Tl~is issue is taken up h~ Section IV.

Another potential problem with the previous em-
pirical literature is that the performance regressor may
not fit the requirements of ordinary least squares
(OLS) regression. The performance measures used in
this paper and others are not necessarily the same as
those used by compensation committees. Econometri-
cians can guess at the definitions used, but they ~vill
always be measuring performance with error. The
solution to this problem is an instrmnental variables
approach.

-~ Other studies look at growth rates of firms to infer informa-
tion about the ease of monitoring. They suggest that managers in
bigh-growth firms are more likely to have inside information
because high-growth firms are characterized by new products,
which may have long development cycles. Bizjak, Brickley, and
Coles (1993) use this assumption to look at incentive compensation
and investment behavior. Kole (1991), Clinch (1991), and Gaver and
Gaver (1993) look at whether firms have incentive plans, and their
results are consistent with the theory that high-growth firms are
more likely to have incentive contracts because they are more
difficult to monitor. High-growth firms are not a very clean indica-
tor of mooitoring costs, however, because these firms may differ in
many ways from other firms. For instance, firms with innovative
approaches may be characterized by both high growth and incen-
tive-based contracts without the t~vo necessarily being linked.
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This paper uses information from the input-out-
put table of the U.S. manufacturing sector to create
demand-shift instruments for 52 CEOs in the sample.
The consistent estimates yield interesting results. Ex-
ogenous demand shocks cause movements in current
performance measures that identify performance-sen-
sitivity estimates 10 times as large as the OLS esti-
mates.

The next section explains the data to be used.
Section III investigates the role of monitoring costs.
Section IV examines the heterogeneity in the sensifiv-
ity parameter. Measurement error of the performance
variable is handled in Section V. Some brief conclu-
sions are drawn in the final section.

II. The Data

The basic data set is an unbalanced panel that
combines compensation and performance measures
from two sources. The COlnpensation data were gath-
ered from the annual Forbes magazine CEO salary
lists. The data comprise roughly 400 CEOs each year
for the period 1972 to 1989. The variables include

This study compares the
performance sensitivity of firms

zoith concentrated ozonership
structures to that of firms with

more dispersed ozonership
structures and finds that
they differ significantly.

salaries and bonuses, deferred compensation earned
for a given fiscal year but paid out later, and director’s
fees. SIC codes and the name of the CEO were also
obtained from this source. For the 1980-89 period,
information is also available on stock awards, fringe
benefits, accruals to pensions, and the value of cash or
stock of exercised options. However, the second group
of variables does not capture the ex ante value of stock
options and therefore is not accurately measuring
compensation. Only the first group of variables is used
in this study. In the first part of the study, whether the
CEO is a major shareholder is considered part of the
monitoring costs classification, so that CEO holdings

are not ignored. In the second part, not enough
observations are present to restrict the analysis to only
the 1980-89 period. For this reason, even if the second
group of variables were accurate, it would be unusable.

The data on firm performance are taken from
Compustat for fiscal years 1971 to 1989, based on the
1991 industrial and historical research files. The Com-
pustat data were matched with the Forbes data by
company name and any uncertainties were double-
checked in Moody’s Industrial and Financial News
Reports. For companies with name changes, a com-
plete history was documented to see if Forbes informa-
tion was consistent with data h’om Compustat. The
performance variables in this paper are total share-
holder return, sales, and the stock price. Total share-
holder return is a market measure, the annual return
per share of common stock. The numerator is divi-
dends and capital gains and the denominator is the
previous year’s closing price. Sales are taken directly
from Compustat and the stock price is the closing
price. These values have all been adjusted to reflect
stock splits and stock dividends during the year.

The data on shareholder concentration and CEO
share holdings were taken from the Corporate Data
Exchange (CDE). The CDE publishes stock ownership
directories that include shareholder concentration at
the 5, 10, 15, and 20 shareholder levels. In addition, the
CDE Stock Ownership Directory also includes the
names of all the major shareholders of the companies
it profiles. These were matched with the names of the
CEOs from the Forbes data. The CDE publishes direc-
tories on the Fortune 500 companies as well as the
transportation, banking and finance, energy, and agri-
business industries.

III. Ownership Concentration

If monitoring costs are low, both the principal and
the agent prefer a contract that is not contingent on
performance. This section explores whether the con-
tingency of the contract varies across groups with
different monitoring costs. When shareholders are
relatively dispersed, monitoring of the CEO is more
costly to individual shareholders. Firms with low
shareholder concentration are defined as those where
the share of the stock held by the top five shareholders
is below the five-shareholder concentration level for
the median firm. A family complex--defined as all
known family members and family-controlled trusts,
foundations, and corporations--is classified as a sin-
gle holder. While this classification can identify firms
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Table 1
Summary Statistics by Monitoring Class

Standard Number of
Mean Deviation Observations

Total Sample
Salary and Bonus ($) 517,500 406,208 11,430
Shareholder Return (%) 9.98 35.8 10,933
Assets ($) 1,189,888 2,199,729 9,195
CEO Tenure (years) 8.1 7.2 12,471

Low Shareholder Concentrations
Salary and Bonus ($) 605,897 304,028
Shareholder Return (%) 9.31 31.9
Assets ($) 1,945,671 2,597,699
CEO Tenure (years) 6.8 5.6

3,001
3,040
2,296
3,298

CEO Not a Shareholder
Salary and Bonus ($) 617,654 324,266 1,525
Shareholder Return (%) 9.33 30.6 1,531
Assets(S) 2,063,116 2,655,897 1,156
CEO Tenure (years) 6.7 4.6 1,588

with dispersed shareholders, CEOs may still be major
shareholders in these firms. For example, in 1980 the
top five shareholders of Teledyne held only 16.2
percent of the stock, making it a relatively unconcen-
trated ownership structure. Forty percent of that,
however, was held by the CEO. Teledyne suffered less,
therefore, from an informational asymmetry between
its top five shareholders and its CEO. To take care of
these cases, only firms that have both low shareholder
concentration and a CEO who is not a major stock-
holder are classified as high-monitoring-cost firms.

Some summary statistics about the various sam-
ple groups are given in Table 1. Firms with high
monitoring costs appear to be somewhat larger than
other firms and pay their CEOs more. This is not
particularly surprising, since firms where it is easy for
the owners to monitor the management tend to be
small, family-held firms. High-monitoring-cost firms
also have slightly lower performance as measured by
total shareholder return. The relative number of ob-
servations between the high-monitoring-cost firms
and the total sample do not indicate the share of all
firms that have l~igh monitoring costs, because infor-
mation on both shareholder concentration and CEO
shares were available for only one-third of the entire
sample.3

The specification of the compensation equation
used in this section is similar to that used by others.4

ACit = [3TSRit + 1"lit (1)

AC is the first difference of compensation and TSR is
real total shareholder return. Compensation is first-
differenced because its level is non-stationary, but the
same is not trtte of shareholder return. By its very
nature, shareholder return is not in levels. Equation (1)
is similar to a regression of compensation on share-
holder wealth that has been differenced. First-differ-
encing is one way to deal with the omitted variables
that differ across CEO and firm but do not vary across
time.5 Since this equation is not technically completely
first-differenced, it was also run including a dummy
variable for each CEO, and the hypothesis that the
intercept is the same for all cross-sectional units was
not rejected.6 Year dummies were included in all the
regressions to control for business cycle effects and
stock price movements that are common to all firn~s.7

The results from equation (1) are given in Table 2.
The first column shows that compensation is signifi-
cantly positively related to total shareholder return.
When the total shareholder return is 10 percent, a CEO
receives on average $8,300 more per year. The signif-
icant intercept in this regression indicates that a firm
with a zero return would increase the pay of its CEO
by $24,700, while a firm with a 10 percent return
would increase the pay of its CEO by $33,000. For the
CEO with the mean compensation, this amounts to a
4.7 percent real increase in pay as opposed to a 6.4
percent increase: a difference of 1.7 percentage points.
These magnitudes are similar to those found by pre-
vious authors.

The first column of Table 2, however, includes
firms where monitoring costs may be very low and
performance-sensitive contracts may be unnecessary.

3 Since shareholder concentration is defined as being below
the median, 50 percent of the firms with shareholder concentration
data are low-concentration firms. Of the firms that have available
shareholder data in the CDE, 48 percent of their CEOs were not
shareholders.

4 Murphy (1986) and Abowd (1990) are two examples.
-~ Another reason to control for fixed effects is because in levels

the relationship may merely be capturing the fact that some firms
attract higher-quality CEOs than others and they are paid what they
are worth. Since this ability to attract high-quality CEOs presum-
ably does not change over time, it is a fixed effect for each firm and
first-differencing takes care of it.

6 Regressing the level of compensation on total shareholder
return as well as CEO and year dtunmies did not qualitatively alter
the basic results, either.

7 The fact that they are significant indicates that CEOs are being
compensated to some extent for movements outside their control.
This is not terribly surprising, sh~ce CEO compensation--like that of
other workers--should depend on the tightness of the labor market
to some extent.
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Table 2
CEO Compensation and Monitoring Costs

(Salary and Bonus)

.55
(2.41)

Shareholder Return .83 .84 .70 .76
(12.7) (7.56) (4.80) (5.65)

Low Shareholder .35
Concentration (2.27)

CEO Not a
Shareholder

High Monitoring
Costs

Year Dummies

Constant

.63
(2.30)

Yes Yes Yes Yes

24.7 12.4 -18.6 -18.6
(2.86) (.941) (-.671) (-.670)

Number of
Observations 9,879

Note: t-statistics in parentheses.
5,605 3,312 3,312

Columns 2, 3, and 4 include interactive terms to test
for differences in the performance sensitivity across
groups.8 In column 2, total shareholder return is
interacted with a dummy for low shareholder concen-
tration.9 The significance of the variable shows that
firms with low concentration have a sensitivity param-
eter that is 0.35 higher than the total sample. This
indicates that lumping these firms in with the rest of
the sample masks the fact that high monitoring costs
yield more performance-sensitive compensation. In
column 3, the interactive term is between total share-
holder return and a dummy that equals one when the
CEO is not a major stockholder of the firm. These
firms have a performance sensitivity that is 0.55 higher
than the rest of the sample.1°

The strictest definition of high monitoring costs is
in column 4. Shareholder return is interacted with a
dummy for firms that have both low shareholder
concentration and a CEO who is not a major share-
holder. In this case, the high-monitoring-costs group
has a sensitivity parameter that is 0.63 higher than the
others, for a total sensitivity of 1.39. That high moni-
toring costs are associated with more performance-
sensitive compensation is consistent ,vith fl~e theory
that contingent contracts and monitoring are substi-
tutes. According to this regression, there is no increase
in real CEO pay for a total shareholder return that is
equal to zero. A 10 percent shareholder return, how-
ever, yields an extra $13,900 for the CEO. For the
average CEO, this is an increase of 2.1 percent.

While restricting the sample to those firms that fit
the assumptions of the standard principal-agent prob-
lem increases the sensitivity parameter by 67 percent,
the resulting increase in CEO compensation due to
changes in performance does not change the basic
results of previous studies that conclude that perfor-
mance sensitivity is not as high as would be expected.
This section has proved, however, that the sensitivity
parameter can differ in systematic ways across groups,
a difficulty taken up in more detail in the next section.

IV. Heterogeneity

Section III discussed how the degree of contin-
gency h~ compensation contracts can vary across
groups. It may also vary across time. This heteroge-
neity is a problem only if the incentive parameter
(pay-performance sensitivity) is correlated to the re-
gressor (performance). Given that the groups in the
previous section that had higher pay-performance
sensitivity also had lower performance, this may be
the case. Certain firms may be more likely to adopt
incentive-based plans, and firms may be more likely to
change their compensation schemes when perfor-
mance changes. The heterogeneity in the incentive
parameter can be modeled as:

Cit = ~itPit q- ~it (2)

where C is the compensation measure, P is the firm
performance measure, /3 is the incentive parameter,
and ~ is the error term. Since most studies are con-
cerned with the average degree of performance sensi-
tivity, they test:

Cit ~ /3Pit + "Oit (3)

Assuming equation (2) is the true equation, r/ is a
function of the regressor,

~, = (/3.-/3)P;, + (4)

s These columns have fewer observations because information
on concentration and major share holdings ~vas unavailable for
SOllle firms,9 The comparable results obtained when the definition of low
concentration is modified to be all firms whose 15-shareholder
concentration is below the median are shown in columns 1 and 2
of Table 4, below. The result from low concentration in this case
becomes less significant but still has the same sign and ma~mfitude.m When the CEO is a major shareholder, salaD’ and bonus is
less sensitive, but total compensation may not be. Whether a CEO’s
shares are considered compensation or a reduction in monitoring
costs is merely a difference in definitions.
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Table 3
CEO Compensation, Monitoring Costs,
and Heterogeneity

L~ (Salary and Bonus)

Shareholder
Return

(Shareholder
Return)2

Low
Concentration

CEO Not a
Shareholder

High Monitoring
Costs

Year Dummies

Constant

1.06 1.07 .89
(13.3) (8.11) (4.94)

-.002 -.002 -.001
(-4.98) (-3.23) (-1.78)

.30
(1.89)

.45
(1.93)

Yes Yes Yes

22.6 10.3 -20.7
(2.60) (.783) (-.745)

.95
(5.69)

-.001
(-1.96)

.55
(1.98)

Yes

-20.9
(-.753)

Number of
Observations     9879     5605     3312     3312

Note: t-statistics in parentheses.

As long as Pit and [Bit are uncorrelated, ordinary least
squares will continue to yield consistent estimates.
However, if [Bit and Pit are correlated, OLS estimates
and even instrumental variable estimates are inconsis-
tent. One way to deal with the problem is to model [Bit

as a linear function of Pit"

Plugging this into equation (2) yields:

Cit = [BoPit q- [B1P~t q- ~it (6)

Adding the squared performance term allows /3 to
vary with the performance of a firm.

The results from adding squared performance
terms to the regressions are shown in Table 3. The
coefficient on total shareholder return is again positive
and significant, but now it is even higher. The squared
performance term is significantly negative, though
small. These results indicate that the performance-
sensitivity parameter was biased downward before
because it decreases with performance. The interactive
terms continue to be positive and significant; however,
both the estimates and the t-statistics on these terms
are somewhat smaller than they were in Table 2.11

This suggests that some of the effect attributed to high
monitoring costs may have been due to the link

Table 4
15-Shareholder Concentration Ratio

a (Salary and Bonus)

Shareholder .87 .77 1.11
Return (7.48) (5.74) (8.16)

(Shareholder - .002
Return)2 (-3.36)

Low .23 .19
Concentration (1.49) (1.23)

High Monitoring
Costs

Year Dummies

Constant

.97
(5.82)

-.001
(-2.4)

.55 .47
(1.97) (1.64)

Yes Yes Yes Yes

13.3 -18.2 11.0 -20.6
(1.01) (-.655) (.832) (-.742)

Number of
Observations 5,605 3,312 5,605 3,312

Note: t-statistics in parentheses.

between high monitoring costs and low performance,
given that performance varies inversely with pay-
performance sensitivity.

Column 4 of Table 3 implies that while a firm
with a zero return will increase its CEO’s pay by
nothing, a firm with a 10 percent return will increase
CEO pay by $14,900 (= $9,500 + $5,500 - $100). For
the average CEO, this is only a 2.9 percent increase.
So while there is evidence that allowing for the
heterogeneity in the sensitivity parameter increases
the overall response of compensation to performance,
it is not enougli to greatly alter the results.

V. Measurement Error

The first two issues addressed in this article,
monitoring costs and heterogeneity, have yielded sig-
nificant differences that were not very large. This
section takes up the issue of measurement error, with
more interesting results.

The assumption that the econometrician can ac-
curately measure the performance variable being used
by the compensation board is crucial for the consis-
tency of the estimates. Consider the basic equation
that is usually specified:

H The comparable results obtained when the definition of low
concentration is modified to be all firms whose 15-shareholder
concentration is below the median are shown in columns 3 and 4 of
Table 4.
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~vhere P* is the measure used by the compensation
board. The performance measure used by the econo-
metrician, P, is the true measure plus some error:

P = P* + ~ (8)

Equation (7) becomes:

c = (P - (9)

Running a regression on the performance measure
with error causes the regressor to be correlated to the
error term. Standard ordinary least squares estimates
of/3 are underestimating the true value.

The solution to the measurement error problem is
to find an instrumental variable that is correlated to
the true performance measure that compensation
committees use, but is not correlated to the error term
in equation (8).

The instruments used in this analysis are obtained
using the methodology of Shea (1993). Shea uses
information from the input-output tables to choose
variables that should be correlated with demand
shocks to a particular industry. Output of sector j is a
good demand-shifter for sector i if sector j demands a
large share of sector i’s output, but sector i and other
sectors closely related to it comprise a small share of
the production costs to sector j. The first condition is to
ensure that output of sector j is relevant for identifying
demand shocks. The second condition is to mh~imize
the possible sensitivity of the output of sector j to price
variations in sector i.

Shea (1991) shows that the asymptotic bias in the
instrumental variable estimates of the supply elasticity
obtained using the h~pnt-output approach to select
instruments is decreasing, in the ratio of the demand
share of sector j, DS, to the cost share of sector i, CS.
For a given ratio, increases in DS increase the correla-
tion between the final and intermediate outputs. Us-
ing Monte Carlo simnlations, Shea shows that, over a
certain range, the increased correlation improves the
small-sample properties of his estimates. ;Variables
with high DS/CS ratios are therefore good exogenous
demand shocks.

To minimize the influence of common supply
shocks between sector i and sector j, industries within
the same 2-digit SIC code are not eligible to be used as
instruments. The same restriction is also true for

industries that are subject to the same supply shocks:
apparel and textiles, primary and fabricated metals,
and machinery and electrical machinery. The entire
list of industries that have good demand shifters
according to the above criteria is given in Shea (1992).
Many industries have more than one candidate instru-
ment. In those cases, the instrument that maximized
DS/CS was chosen.

The correlation between industry j and industry i
may still be caused by responses to the business cycle.
If the instrument candidate moves closely ~vith the
business cycle, it may not represent exogenous shocks
to sector i, because sector i’s cost variables may
respond to the business cycle as well. To minimize the
possibility that the correlation between sector j and
sector i is driven by the business cycle, instruments
were further screened and only those variables that
maintained a positive correlation to the regressor,
controllh~g for aggregate mantffacturing price and pro-
duction movaments, ~vere included as h~struments.

Shea develops instruments for 2-, 3-, and 4-digit
industries, while the variables in this paper are firm-
level. Under the assumption that firms have input-
output structures that are similar to the industries to
which they belong, Shea’s instruments work here as
well. For firms with 4-digit SIC codes that did not have
instruments, the 2- and 3-digit SIC instruments were
not used because, at the level of aggregation closest to
firm level, the DS/CS level was not high enough and
either exogeneity or instrument relevance would have
been sacrificed.

Results

The specification in this section differs from that
of Section III in a number of ways. While total share-
holder return is a good way to measure performance
of the firm, it is not easily instrumented for. The
demand-shifting instruments described in the previ-
ons subsection are best for performance measures that
stress current performance of the firm. So for this
section, performance is split into two variables: sales,
to measure the current performance of the firm; and
the stock price, to measure expectations of the firm’s
future performance. The equation to be estimated is:

log C, = ]3~A log SAit q- ]32L~ log ST, + ~1i~ (10)

SA represents sales and ST represents the stock price.
Unlike total shareholder return, sales and the stock
price do not take on negative values and are not
stationary. This equation, therefore, is first-differenced
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Firms and Their Instruments

Name of CEO’s
Company

Armstrong Cork
Carborundum
Certainteed
Georgia-Pacific
Great Northern

Nekoosa
Hoerner Waldorf
Inland Container
International Paper
Johns-Mansville
Lafarge
Longview Fibre
Louisiana-Pacific
Masonite
Mead
Norton
Olinkraft
Owens-Corning
Parker Hannifin
Square D
Sundstrand
Textron
United States

Gypsum
Weyerhaeuser

Instrument

New construction
New construction
New construction
New construction

Animal fats and other food products
A~timal fats and other food products
Animal fats and other food products
Animal fats and other food products
New construction
New construction
Animal fats and other food products
New construction
New construction
Animal fats and other food products
New construction
Animal fats and other food products
New construcfion
Federal defense spending
New construction
Federal defense spending
Federal defense spending

New constructioi’~
Animal fats and other food products

and can be represented in logs. The constant is insig-
nificant throughout this section.

The sample to be nsed in the two-stage least
squares regressions is much smaller than that used
thus far. Many industries for which CEO data are
available simply did not have good exogenous de-
mand shifters. The list of 23 firms included ha the
smaller sample is shown in the box, along with the
instruments used. Summary statistics comparing
the two samples are given in Table 5. Sales and the
stock price are slightly higher in the large sample
but not significantly so. The compensation variable is
very similar across the two samples; however, the
standard deviations of both sales and the stock price
differ strongly across the groups. In the case of the
stock price, this is because only manufacturing indus-
tries are included in the small sample. The manufac-
turing sector as a whole has a stock price standard
deviation of 25.3. The difference in the variability of
sales is apparently driven by a long upper tail. Exclud-
ing only the top 1 percent (which does not include any
firms with instruments) brings the standard deviation
down to $3,680,087. Excluding the top 5 percent brings
it down to the standard deviation of the small sample.

Table 5
Su~nmary Statistics

Standard Number of
Mean Deviation Observations

Large Sample
Stock Price ($) 31.4 123.9 12,502
Sales ($) 3,133,936 6,736,477 9,918
Salary and Bonus ($) 517,499 406,207 11,430

Small Sample
Stock Price ($) 28.2 16.9 309
Sales ($) 2,410,491 1,769,393 309
Salary and Bonus ($) 545,631 339,151 283

While contemporaneous demand shocks are good
exogenous instruments for sales, the stock price will
be best instrumented for by expected future demand
shocks. Information on expectations is difficult to
come by, but assuming that the market sometimes
correctly anticipates demand shocks, leads of the
instruments used for sales can be used to instrument
for the stock price. The first-stage regression results
are given in Table 6. Demand shocks should be
correlated to sales, but the magnitude of the correla-
tion will be determined by the slope of the supply
curve. Future demand shocks should be correlated to
the current stock price, but the accuracy of expecta-
tions and the supply curve will determine the extent.
The ~2 given in the last row indicates that sales is
better instrumented for than the stock price. Includ-

Table 6
First-Stage Regression Results

~ log ~ log
~ log (Stock (Salary +

(Sales) Price) Bonus)
~ log (Demand Shock) .48 -.35 .95

(3.05) (-.79) (.95)
,~ log (Demand Shock) (+1) .10 .65 .67

(.62) (1.48) (1.20)
Year Dummies Yes Yes Yes
Number of Observations 252 ’ 252 228
~2 .46 .33 .10
Note: t-statistics in parentheses.
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Table 7
CEO Compensation, Performance, and Measurement Error

log (Salary and Bonus)
Large Sample Small Sample

OLS OLS OLS OLS OLS OLS Instrumental Variables (IV)

Alog (Sales) .26 .23 .22 .42 .48 .35 2.44 1.16 2.52
(15.6) (40.0) (12.9) (2.02) (2.97) (1.63) (2.03) (2.61) (2.05)

Alog (Stock Price) .12 .15 .07 .12 .56 .42
(16.2) (16.5) (1.10) (1.56) (2.14) (.36)

Year Dummies             Yes No Yes Yes No Yes Yes No Yes

Number of Observations 9,847 9,847 9,847 253 253 253 253 228 228

Note: t-statistics in parentheses.

ing more leads of the instruments did not improve
the fit.

The results from the OLS regressions on the large
sample are given in the first three columns of Table 7.
In colun~ 3, an elasticity of compensation with re-
spect to sales of 0.22 is consistent with what the
previous literature has found. The compensation-
stock price elasticity of 0.15 is also quite familiar.
Columns 1 and 2 show the results from regressions
run omitting the stock price variable and year dum-
mies, respectively. While both are significant and
should be included, leaving them out gives some
indication of what happens to the coefficient on sales
when they are removed.

Before turning to the instrumental variable re-
sults, it is worth looking at the ordinary least squares
results from the smaller sample, given in columns 4, 5,
and 6 of Table 7. The huge reduction in observations
causes a decrease in significance, but the point esti-
mates of the parameters are not greatly changed.

The last column of Table 7 shows the results
obtained from using two-stage, least-squares estima-
tion on equation (10) including year dummies. One
result is a huge increase in the performance sensitivity
estimate on sales. Holding the stock price constant, a
10 percent increase in sales now yields a 25 percent
increase in the compensation of the CEO. This result is
10 times as large as the estimates found he’re and in
other studies.12 The coefficient on the stock price is
insignificant, however. This result may be due to the
fact that the instruments are not as good for expected
future performance as they are for current perfor-
mance. The standard error is too large to say anything
about the stock price measure. Including or excluding

it, however, does not alter the large jump in the
parameter on sales.

The results indicate that previous empirical stud-
ies were underestimating the performance-sensitivity
parameter. Although with just one performance vari-
able, measurement error is known to bias the variable
downward, with more than one regressor the sign of
the bias is unknown and must be discovered empiri-
cally.

In Table 8, squared terms of both performance
variables are included. The heterogeneity that was
evident in Table 3 is no longer apparent. The squared
terms are insignificant throughout. Their inclusion has
two effects: The coefficient on stock price is insignifi-
cant in the small sample, and everything is insignifi-
cant when both year dummies and instrumental vari-
ables are used.~3 Excluding year dumn-fies, the
instrumental variable estimate of the coefficient on
sales (Table 8, column 6) is not significantly different
from its counterpart in Table 7 (column 8). However,
it also is only significantly different from zero with 85
percent confidence. The conclusion obtained from
Table 8 is that the heterogeneity that is a problem
when performance is measured by total shareholder
return does not emerge when performance is mea-
sured by sales and the stock price.

~2 Studies that look at the cumulative response rather than the
contemporaneous response of pay to performance also find higher
estimates. See Boschen and Smith (1995) and Joskow and Rose (1994).

~ These regressions also include the squares of the instruments
as additional instrnments.
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Table 8
CEO Compensation and the Heterogeneity of
Performance Measures

~ log (Salary and Bonus)

Large Sample    Small Sample

OLS OLS OLS OLS
AIog (Sales) .22 .23 .28 .45

(12.3) (13.4) (1.25) (2.71)
(Alog (Sales))2 .01 -.01 .88 .64

(.20) (-.17) (.94) (.72)

Alog (Stock Price) .12 .10 .12 .12
(5.05) (4.01) (.50) (.51)

(&log (Stock Price))2 .00 .00 .00 -.00
(1.10) (.94) (.02) (-.24)

Year Dummies           Yes No Yes No

Number of Observations 9,847 9,847 253 253
Note: t-statistics in parentheses.

IV
5.38

(.237)

-42.2
(-.19)

-3.97
(-.48)

.63
(.57)

Yes

228

estimates have been biased down-
ward. CEO contracts are apparently
much more sensitive to the perfor-
mance of the firm than has been pre-
viously thought. This result is more in
line with the principal-agent theory,
which proposes that CEOs who are

IV difficult to monitor should have a
.97 higher compensation elasticity with

(1.51) respect to performance than the aver-
-3.99 age worker does.
(-.34) The study, however, has several
-1.81 shortcomings. Complete measures
(-.36) of compensation, including stock

.36 awards and options, fringe benefits,
(.49) and pension accruals, would add to
No the instrumental variable analysis.
228 Combining the analyses in the first

and second parts of the article would
also be desirable. In this study, the
small number of firms with good in-
struments prevents the h~strumental
variable technique used in Section V

from being used only on those firms with high mon-
itoring costs. Further research should also identify
good instruments for the stock price or total share-
holder wealth, in order to generate results that are
more comparable to the previous literature.

Despite these problems, the finding remains that
performance of the firm has a very large effect on CEO
compensation. By rewarding CEOs for increased per-
formance, shareholders align the interests of the CEO
with their own and ensure that the CEO is choosing
actions that optimize performance for both. Incentive-
based contracts are costly, however, and only worth
the increase in compensation if aligning the CEO’s
h~terests with the shareholders’ yields a substantial
subsequent increase in shareholders’ wealth. Higher
firm performance resulting from the incentive con-
tracts of CEOs has not yet been demonstrated, and
further research is needed before CEO pay packages
can be justified on the grounds that they are perfor-
mance-based.

VI. Conclusions

This paper has highlighted three problems with
the earlier literature on CEO compensation. First,
many samples include firms that may not fit the basic
assumption of the principal-agent model, that moni-
toring costs must be prohibitively high. Focush~g only
on the 1-dgh-monitoring-cost firms yields a parameter
that is higher, but not high enough to make the results
consistent with agency theory. Second, firms with low
performance may be more likely to change their CEO
incentive structure. Other firms may change CE©
contracts in response to trends in compensation or the
regulatory environment. Controllh~g for changes in
the incentive parameters that vary with firm perfor-
mance shows that previous results were biased down-
ward, but not by a large enough magnitude to change
the qualitative results.

Third, mismeasurement of performance has been
largely ignored until now. Using exogenous demand
instruments, this study yields the restflt that previous
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