= JOURNALOF

5

ELSEVIER Journal of Financial Economics 53 (1999) 43-71

The sensitivity of CEO wealth to equity risk:
an analysis of the magnitude and
determinants™

Wayne R. Guay*

The Wharton School, University of Pennsylvania, Philadelphia, PA 19104, USA

Received 12 January 1998; received in revised form 19 June 1998; accepted 1 January 1999

Abstract
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1. Introduction

Jensen and Meckling (1976) illustrate that, to reduce agency conflicts with
managers, shareholders are expected to tie managers’ wealth to firm, or stock-
price, performance. By using compensation policy to manage the slope of the
relation between managers’ wealth and stock price, shareholders can induce
managers to take actions that increase equity value. Managing this slope,
however, is not sufficient to control agency conflicts arising between stock-
holders and managers. As is well-recognized in studies by Jensen and Meckling
(1976), Haugen and Senbet (1981), and Smith and Stulz (1985), the convexity of
the relation between stock price and managers’ wealth, in addition to the slope,
must be managed to induce managers to make optimal investment and financ-
ing decisions.

The convexity, or curvature, of the wealth-performance relation refers to the
sensitivity of managers’ wealth to the volatility of equity value. To date, no
empirical evidence exists on the importance of convexity in the design of
executives’ incentives. This study quantifies the impact of equity risk, or stock-
return volatility, on the value of stock options and common stock held by
corporate CEOs, and provides evidence on cross-sectional determinants of
convexity in executives’ incentive schemes.

Smith and Stulz (1985) show that when managers’ wealth is dependent upon
firm performance, risk-aversion can cause managers to pass up risk-increasing,
positive net-present-value projects. They illustrate how shareholders can reduce
this risk-related agency problem by using stock options or common stock to
structure managers’ wealth as a convex function of firm performance. Since
risk-related investment problems are expected to be greatest for firms with
substantial investment opportunities, the magnitude of convexity in executives’
wealth—performance relation is predicted to be positively related to the propor-
tion of assets that are growth options. Smith and Watts (1992) also hypothesize
that growth options are a determinant of executives’ incentives. However, their
argument focuses primarily on the slope of the wealth-performance relation.
Theory suggests that, in addition to influencing the slope, the investment
opportunity set is also a determinant of the convexity in the wealth-perfor-
mance relation.

To illustrate differences between the slope and convexity of the wealth—
performance relation, consider the options and common stock held by the
following two CEOs. As of December 31, 1993, the CEO of Conrail Inc. held
94,400 shares of stock, worth $6.3 million, and 102,500 stock options, worth
approximately $3.9 million. At that time, the CEO of GTE Corp. held 61,100
shares of stock worth $2.1 million and 539,900 stock options worth approxim-
ately $4.3 million. Using a Black and Scholes (1973) option-pricing framework
(its application in this study is discussed in Section 4), and parameter values as of
December 31, 1993, the securities held by each of the CEOs would increase in
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value by about $600,000 for a 5% increase in their firm’s stock price. That is, the
slope of the wealth-performance relation is approximately the same for both
CEOs on this date. However, the convexity in their wealth—performance relation
differs considerably. The GTE CEO’s securities would increase in value by
about $505,000 for a 5 percentage point increase in the annualized standard
deviation of GTE’s stock returns. This figure compares to a $55,000 increase in
the value of the Conrail CEQO’s securities for the same increase in stock-return
volatility. Therefore, the GTE CEO appears to have significantly greater risk-
taking incentives than the CEO of Conrail Inc.

Using compensation data for 278 corporate CEOs, I present evidence that
stock options, but not common stockholdings, play an economically significant
role in increasing the convexity of the relation between managers’ wealth and
stock price. I measure convexity as the change in the value of managers’ stock
options and stockholdings for a given change in stock-return volatility. The
median change in the value of CEOs’ option portfolios for a 10 percentage point
change in the standard deviation of stock returns is approximately $300,000,
with an interquartile range of $425,000." Convexity provided by common stock,
on the other hand, is several orders of magnitude lower than that of stock
options, and is of little economic importance for most CEOs in the sample. The
median change in the value of CEOs’ common stockholdings for a 10 percentage
point change in return volatility is only $22, with an interquartile range of $2400.
Since most firms are financially healthy, common stock, when viewed as an
option on the firm’s asset value, is generally so deep ’in the money’ that the
payoff to shareholders is effectively a linear function of firm value.

I also find that the convexity in CEOs’ incentive schemes is positively related
to the proportion of a firm’s assets that are growth options. Thus, firms appear
to provide managers with incentives to invest in risky projects when the
potential loss from forgoing valuable risk-increasing projects is greatest. Finally,
equity risk is shown to be positively related to the convexity provided to CEOs,
suggesting that managers’ investment and financing decisions are influenced by
their risk-taking incentives.

Section 2 briefly highlights the relation between convexity, managers’ prefer-
ences toward firm risk, and risk-related agency costs. The data are summarized
in Section 3. Section 4 describes the procedure used to estimate the slope and
convexity of the wealth-performance relation, and provides descriptive findings.
The cross-sectional relation between firms’ investment opportunities and the
convexity provided to managers is explored in Section 5. Section 6 examines
whether firms’ stock-return volatility is related to the convexity of managers’
wealth-performance relation. I conclude with Section 7.

! A 10 percentage point change represents the standard deviation of the sample firms’ stock-return
volatility, adjusted for industry and firm size. Stock-return volatility is measured as the annualized
standard deviation of daily stock returns.
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2. Managers’ preferences toward firm risk and risk-related agency costs

The relation between firm risk and managers’ incentives is well-developed
in the literature. When a manager holds common stock and stock options,
a dependence exists between his wealth and the firm’s stock-price performance
(see Jensen and Meckling, 1976; Jensen and Murphy, 1990). This dependence is
commonly referred to as the wealth-performance relation. Since stock
price varies over time, the payoffs to this incentive scheme are uncertain,
and risk is imposed on the manager. In Pratt (1964), a risk-averse manager is
shown to be indifferent between a risky payoff and the following payoff with
certainty:

Certainty equivalent = E(wealth) — risk premium. (1)
Differentiating this expression with respect to firm risk yields the following:
0CE/do = 0E(wealth)/dc — 0O(risk premium)/do. (2)

Smith and Stulz (1985) and Lambert et al. (1991) illustrate how this expression
partitions the effect of firm risk on managers’ preferences into two components.
The first component, 0E(wealth)/do, which 1 will refer to as the wealth effect,
represents the change in expected wealth experienced by a manager when firm
risk changes. When the payoffs of an incentive scheme are a linear function of
firm performance, the wealth effect is zero, since changes in the distribution of
firm performance do not affect managers’ expected wealth. Expected wealth is
an increasing function of risk when managers own securities with convex
payoffs, such as stock options or common stock, that increase in value as firm
risk increases. Bonus plans and other incentive schemes can also contribute to
the wealth effect when their payoffs are concave or convex functions of firm
performance (see Section 5.2 for further discussion).

The presence of convex, or option-like, payoffs in the structure of executives’
incentives is well-recognized by both academics and practitioners. For example,
Jensen and Meckling (1976) point out that equity holders in a levered firm
essentially hold a European call option to buy the firm at an exercise
price equal to the face value of debt. As such, the value of common stock
increases with the volatility of the firm’s cash flows. Haugen and Senbet
(1981) analyze the incentive effects of convex payoffs from employee stock
options. Several empirical studies, such as Agrawal and Mandelker (1987),
DeFusco et al. (1990), and Tufano (1996), have also examined the convexity
implications of managers’ stock-based wealth. However, none of these studies
has quantified the magnitude of this convexity for common stock or
stock options, or explored its determinants. The following excerpt from the
Committee Report on Executive Compensation in BellSouth’s 1993 proxy state-
ment (p. 11) illustrates that corporate compensation committees also recognize
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the need to structure compensation plans to give executives appropriate risk-
taking incentives:

BellSouth’s long term [incentive] program is intended to focus the
executive group on the achievement of corporate goals. ... Recognizing the
dynamic convergence of industries such as telecommunications, entertain-
ment, and cable which will continue throughout the next decade, the Com-
mittee wants to motivate BellSouth executives to take the risks necessary to
secure a strong foothold for BellSouth in this extremely competitive new
marketplace.

The second component in Eq. (2), (risk premium)/do, which I will refer to as
the risk-aversion effect, captures the influence of risk-aversion on managers’
utility. If managers are risk-averse and poorly diversified with respect to firm-
specific wealth, an increase in firm risk decreases managers’ expected utility. The
magnitude of the risk-aversion effect is expected to depend upon the degree of
diversification in a manager’s portfolio of wealth, the level of a manager’s
wealth, and manager-specific risk-aversion parameters.

A manager’s overall preference toward firm risk will depend upon the relative
magnitudes of the wealth effect and the risk-aversion effect. If the risk-aversion
effect dominates, the manager will prefer to decrease firm risk. This condition
can give rise to risk-related agency problems. When shareholders hold well-
diversified portfolios, they would like managers to invest in all positive
net-present-value projects, irrespective of the risk associated with those
projects. However, due to a lack of diversification, risk-averse managers
may choose to forgo some positive net-present-value projects that would
increase firm risk. Smith and Stulz (1985) and Milgrom and Roberts (1992)
argue that by making adjustments to the slope and convexity of the wealth—
performance relation, shareholders can reduce the likelihood that managers
pass up valuable risky projects. Holding the slope constant, greater convexity in
the wealth—-performance relation is expected to shrink the gap between the
risk-aversion effect and the wealth effect. Though, in principle, the wealth
effect could dominate the risk-aversion effect, Lambert et al. (1991) find that, for
most plausible incentive schemes, managers are likely to remain averse to firm
risk.

Unlike the wealth effect, which can be estimated with option pricing tech-
niques and readily available data about managers’ stock options and common
stockholdings, a measure of the risk-aversion effect requires manager-specific
data that is much more difficult, if not impossible, to obtain. For example, the
risk-aversion effect is expected to be a function of a manager’s total wealth, the
degree of diversification in a manager’s portfolio of wealth, and a manager’s
utility function. Given these measurement problems, this study focuses primarily
on developing a better understanding of the magnitude and cross-sectional
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variation in the wealth effect.> However, I do not ignore the risk-aversion effect
in the empirical tests. Since securities that induce convexity in the
wealth—performance relation, such as stock options and common stock, are also
likely to influence managers’ aversion toward firm risk, the wealth effect and
risk-aversion effect are expected to be correlated. Section 5 addresses the
implications of this correlation and how the research design is structured to
control for these effects.

3. Data and descriptive statistics

I compile compensation and stock-based wealth data for 278 corporate CEOs
as of December 31, 1993. To obtain the sample, I first rank the largest 1000
firms included in the Compustat database by market value as of December 31,
1988. By allowing a five-year period between the ranking date and the
compensation measurement period, I reduce the potential bias of including only
successful firms in the sample, and increase the probability of finding cross-
sectional variation in the firms’ financial characteristics. However, because firms
are required to have survived from 1988 until 1993, a survival bias could be
present, as some firms are likely to have been eliminated due to bankruptcy or
being acquired. From this initial sample, 500 firms are chosen for inclusion in
the final sample using a uniform selection method where every other firm is
selected.

I delete firms without a December-end fiscal year from the sample. Firms are
also removed if data are not available from the Center for Research in Security
Prices (CRSP) or Compustat. These selection criteria result in a sample of 315
firms. For 20 of these firms, either the time series of proxy statements is
incomplete, or sufficient proxy data are not available to construct the CEO’s
option portfolio. To check for errors in the procedure used to construct option
portfolios, I compute the cash value each CEO would obtain if all options in the
constructed portfolios were exercised on December 31, 1993, and compare this
amount to the cash value of the CEOs’ options if exercised immediately. This
cash value disclosure is required for all named executive officers. CEOs are
excluded from the sample if these two cash value measures differ by more than
25% and $200,000, resulting in the removal of 14 CEOs. Finally, CEOs are
excluded if they own more than one-third of their corporation’s common stock,
since it is doubtful that these managers’ compensation schemes are designed for

2 Ofek and Yermack (1997) provide evidence that managers can influence the magnitude of their
own stock-based wealth and degree of diversification. This suggests a less important role for the
risk-aversion effect. However, to the extent that convexity in managers’ incentive schemes comes
largely from non-portable employee stock options, managers are less likely to be able to influence
the wealth effect.
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contracting purposes. This criteria reduces the sample by three CEOs. The
results are not sensitive to using a lower ownership threshold, such as five or ten
percent stockholdings. The final sample contains 278 CEOs.

3.1. Summary of compensation and stock-based wealth data

For each CEO, I compile data on common stock, restricted stock, and
outstanding stock options held as of December 31, 1993, as well as salary and
bonus received during 1993. With the exception of the composition of the
CEOs’ option portfolios, this data is readily available from the firms’ 1993
proxy statements. To reduce the influence of a few CEOs that hold extremely
large quantities of common stock, the upper-most percentile of aggregate
stockholdings and sensitivities of these stockholdings to stock price and equity
risk are set equal to the stockholdings and sensitivities of the CEOs at the 99th
percentiles.

I construct the CEO’s option portfolios using the past time-series of proxy
statements. For each CEO, I collect data on the number of options granted in
each fiscal period, the average exercise price per option granted, and the actual
or maximum allowable time-to-maturity for the options granted. In approxim-
ately 5% of the fiscal periods, it was necessary to average option grants over
a multi-year period. Beginning in 1992, proxy statements report the total
number of stock options held by each named executive officer. I use the number
of options held at the end of 1993, combined with the time series of options
granted, to construct an estimate of the composition of each CEO’s option
portfolio as of December 31, 1993. Detailed information on option exercises is
not readily available from proxy statements prior to 1992. I assume that, unless
otherwise noted, options with the shortest remaining time-to-maturity are
exercised first. Since this exercise strategy is expected to simulate the true
exercise strategies with error, it is important to remove CEOs with constructed
option portfolios that differ significantly from the option portfolio character-
istics disclosed in the 1993 proxy statements, as described in Section 3.

Table 1 indicates that common stock and options are significant components
of CEOs’ incentive schemes. Using the Black and Scholes (1973) model, the
median stock option portfolio has a value of $1.78 million. Furthermore, the
substantial standard deviation and interquartile range (not reported) suggest
there is considerable variation in the extent to which firms use options to
provide managers with incentives. The median value of CEOs’ common stock-
holdings is $2.74 million, which is about 50% larger than the median value of
option holdings. Though restricted stock is held by less than half of the CEOs,
nearly 25% of the CEOs hold restricted stock valued at $1 million or more. The
median value of total stock-based wealth, including stock options, common
stockholdings, and restricted stock, is $6.79 million, and several times larger
than the median annual cash compensation of $866,700.
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Table 1
Summary statistics for CEOs’ stock option portfolios, common stockholdings, and cash compen-
sation

The sample consists of 278 CEOs selected uniformly from the 1000 largest firms on Compustat,
ranked by market value of equity on December 31, 1988. The CEOs’ salary and bonus are for the
fiscal year ending December 31, 1993. The number of options held by the CEOs and their
stock-based wealth are as of December 31, 1993. Option values are based on the Black-Scholes
formula for valuing European call options, as modified to account for dividend payouts by Merton
(1973). Option value is calculated as [Se "N(Z) — Xe ""TN(Z — ¢ T*/?)], where Z is equal to
[In(S/X) + T(r — d + 6/2)]/cT*?. The parameters in the Black-Scholes model are set as follows:
S = price of the underlying stock at December 31st, 1993, E = exercise price of the option,
¢ = annualized volatility, estimated as standard deviation of daily logarithmic stock returns over
the last 120 trading days in 1993, multiplied by 2521/?), r = In(1 + risk-free interest rate), where the
risk-free interest rate is the yield, as of December 31, 1993, on a U.S. Treasury strip with the same
time to maturity as the remaining life of the stock option, T' = remaining time to maturity of the
option in years, as of December 31, 1993, and d = In(1 + expected dividend rate), where the expected
dividend rate is set equal to the dividends paid during 1993 divided by the year-end stock price.
Total stock-based wealth is the sum of the value of the CEO’s options, stockholdings, and restricted
stock.

Compensation component Mean  Standard Minimum Median  Maximum
(in $ millions) deviation

Salary + bonus 1.10 0.93 0.00 0.87 8.87
Number of options held (000s) 257.89  329.69 0.00 170.55 2500.00
Value of option portfolio 4.23 6.83 0.00 1.78 42.53
Value of common stockholdings 24.23 88.75 0.00 2.74 600.90
Value of restricted stock 0.97 2.46 0.00 0.00 25.17
Total stock-based wealth 29.43 89.80 0.04 6.79 600.90

4. Estimating convexity in the wealth—performance relation

As discussed above, the focus of this study is not on the slope of CEOS’
wealth—-performance relation, but instead on the convexity of this relation.
I measure the convexity contributed by a stock option or share of common
stock as the change in the security’s value for a 0.01 change in the annualized
standard deviation of stock returns. The contribution of stock options and
common stock to the convexity in the wealth-performance relation can vary
widely across CEOs, and is a function of firms’ financial characteristics, the
quantities of each security held, and the specific parameters that underlic the
stock-based components, such as the exercise prices and times to maturity of the
options in a manager’s portfolio.

I estimate the incentive effects of employee stock options using the
Black-Scholes formula for valuing European call options, as modified to ac-
count for dividend payouts by Merton (1973). The details of this procedure are
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presented in Section A.1. of the appendix. Huddart (1994) and Cuny and Jorion
(1995) point out that the optimal exercise policy is likely to deviate from the
assumptions underlying the Black—Scholes framework, due to managers’ risk-
aversion and the non-transferability of employee stock options.> However,
adjusting the Black-Scholes model to accommodate these differences is not
straightforward. First, there is no clear method of determining the value of an
employee stock option from the employee’s perspective, as opposed to the firm’s
perspective. Second, since there is considerable variation in the remaining
time-to-maturity for the options held by the CEOs, it is difficult to estimate the
expected time until these options will be exercised.

I estimate the sensitivity of an option portfolio’s value to equity risk as
follows. First, for each option in a CEO’s portfolio, I compute the Black-Scholes
partial derivative of option value with respect to a 0.01 change in the annualized
standard deviation of stock returns. Next, the partial derivatives are weighted by
the number of options in the portfolio. The procedure and parameters used to
compute the Black-Scholes partial derivatives are described in Section A.1. of
the appendix.

To check the sensitivity of the reported results to alternative option valuation
techniques, all tests are reproduced using the methods suggested in Hemmer
etal. (1994) and in Statement of Financial Accounting Standards No. 123,
‘Accounting for stock-based compensation’ (FASB, 1995). To implement the
Hemmer et al. and FASB techniques, I assume that the expected time to exercise
for all options held is equal to 60% of the remaining time-to-maturity, though
the cross-sectional results are not sensitive to varying this percentage. With
respect to the Hemmer et al. method, I also assume that all options have
a three-year vesting period at the grant date. The option values and convexity
measures using these procedures are generally about 10-25% lower than those
using the Black-Scholes formula. However, all cross-sectional results are quali-
tatively unchanged.

As illustrated by Black and Scholes (1973) and Smith (1976), the payoff to
a share of common stock in a levered firm can also be viewed as a call option,
where the option’s underlying asset is the value of the firm and the exercise price
is the face value of the firm’s liabilities. Unlike stock options, the Black-Scholes
parameters for common stock are not all readily available. However, an

3 Cuny and Jorion (1995) and Statement of Financial Accounting Standards No. 123, ‘Accounting
for stock-based compensation’, address valuation issues resulting from vesting and portability
restrictions. The difference between Cuny and Jorion’s ‘corrected’ option value and Black/Scholes’
value is smallest when options do not have vesting restrictions. Since most of the options valued in
this study are not newly granted options, measurement error due to vesting issues is not likely to be
a serious problem. Failure to consider portability restrictions is likely to lead to upward biased
estimates of option values and convexity. However, it is much more difficult to determine how
portability restrictions affect cross-sectional variation in option values and convexity.
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estimate of the value of the option component is readily observable in the stock
price. Knowledge of this option value reduces, by one, the number of
Black-Scholes parameters that must be estimated. I estimate parameters for the
exercise price, time to maturity, interest rate, dividend yield, and volatility of
firm value as described in Section A.2. of the appendix. Firm value, the sum of
market value of equity and market value of debt, and the underlying asset in this
option pricing application, is left as the free parameter. Using the Black—Scholes
model, I compute the implied per-share value of each sample firm. As reported
in Table Al of the appendix, the implied per-share firm values are slightly
smaller than the sum of per-share book value of debt plus stock price for nearly
all firms. This relation is not surprising given that the value of an option is
strictly greater than the price of the underlying asset less the exercise price. The
correlation between the implied firm value and the sum of book debt plus
market value of equity is 0.99.

Together with the other parameters, I use the implied firm value to estimate
the Black—Scholes partial derivative of each firm’s stock price with respect to
volatility. Note that because common stock is an option on firm value, its value
is sensitive to the volatility of firm value. In contrast, a stock option’s value is
sensitive to stock-return volatility. To make the two convexity measures compa-
rable, I compute the change in common stock value with respect to a 0.01
change in the annualized standard deviation of stock-returns. Since firm value is
the sum of debt value plus equity value, portfolio theory suggests that the
volatility of firm value can be estimated using measures of debt volatility and
equity volatility, and an assumption about the correlation between debt value
and equity value. For simplicity, I set this correlation equal to one, though the
results are not sensitive to this assumption. The sensitivity of common stock
value to equity volatility is then estimated, at the margin, by holding debt
volatility constant while stock-return volatility is allowed to vary by 0.01 (see
Section A.2. for further details). Finally, I estimate the aggregate sensitivity of
a CEO’s common stock to equity risk as the partial derivative of stock price
with respect to stock-return volatility, multiplied by the number of shares of
stock held by the CEO.

To gain some insight for the source of convexity inherent in common
stock, consider how the value of common stock varies as a function of
firm value. In an unlevered firm, the payoff to common stock is a linear
function of firm value, and the value of common stock increases by $1
for every $1 increase in firm value. For a levered firm, an increase in firm
value will not accrue entirely to common stockholders, but will instead
be shared between the debtholders and shareholders, assuming the probability
of financial distress is greater than zero. Confirming this notion, a $1 change
in firm value translates into a median change in common stock value of only
$0.97, with $0.03 accruing to the firms’ debtholders (see Table Al in the
appendix).
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4.1. Descriptive statistics on convexity in the wealth-performance relation

Table 2 presents the characteristics of the stock option portfolios held by the
CEO:s in the sample. Panel A indicates that the characteristics of the CEOs’
options vary considerably. For each CEO, I compute the mean price-to-strike
ratio and mean time-to-maturity of the options in their portfolio. The price-to-
strike ratio is the stock price divided by the option’s exercise price. The mean
price-to-strike ratio indicates, on average, the extent to which the CEO’s options
are in the money. The value of an option with a price-to-strike ratio much
greater than one increases almost linearly with stock price, and as such, will be
quite insensitive to changes in stock-return volatility. By comparison, an “at the
money” option has a price-to-strike ratio of one, and will be more sensitive to
equity risk. The mean price-to-strike ratio has a median value of 1.3, and ranges
from about 0.4 to 9.0. The mean time-to-maturity is the number of years
remaining to expiration, on average, for a CEO’s options. The mean time-to-
maturity has a median value of 7.2 years, and ranges from 1.5 to 16.5 years. This
variation suggests that per-option incentive effects are expected to vary widely
across CEOs.

Estimates of the sensitivity of CEOs’ options and stock to equity risk are
presented in Panel B of Table 2. In the first row, the sensitivity of option value to
equity risk is averaged over the options in each CEO’s portfolio. For the 228
CEOs with options, the median change in value, per option, for a 0.01 change in
the standard deviation of stock returns is $0.156, and ranges from $0.001 to
$0.748. The considerable variation in these per-share statistics indicates that the
incentive effects of stock options are heavily dependent on security-specific
parameters. Measures that ignore this variation are likely to estimate the
incentive effects of these instruments with considerable error. The median
aggregate sensitivity of CEOs’ wealth to equity risk due to options is $29,893.
These sensitivities range from a minimum of $0 for the 50 CEOs that do not hold
options, up to a maximum of $347,256 for the CEO holding the option portfolio
most sensitive to equity risk.

The sensitivity of common stock to equity risk is much smaller than that of
options. The median change in per-share stock price for a 0.01 change in
stock-return volatility is $0.00005, compared to $0.156 per option. This result is
not surprising, given that the median price-to-strike ratio for a share of common
stock is 1.9, which is much larger than the price-to-strike ratio of most CEOs’
stock options (see Table 6 of the appendix). Even when multiplied by the
quantity of stock held, the total sensitivity of common stock value to equity risk
is very small for most CEOs, with a median sensitivity of $2. As a result, for most
firms, the aggregate sensitivity of CEOs’ stock-based wealth to equity risk due to
options plus stock is driven primarily by stock options. However, the sensitivity
of stock value to equity risk is significant for a small number of CEOs. For
approximately 3% of the CEOs, the change in stock value for a 0.01 change in



(¢) suondo + o038

TOT'LYE 0LL'SS ¥99°CC 6819 0 LLLOS LSSOF st £1mba 01 yiream Jo Kranisuas [elo
T€T'86 orT [4 0 0 ¥$9°TT LS8 ($) o038 i1 Aynbo 01 Yi[eIM JO ANANISUS [€10]
$TT0 2000 0000 0000 0000 9100 S000  (§) Mysi A1nba 01 o11d }001s Jo ANANISUGS AILYS-IOJ
($) s0dD Ire - suondo
9ST'LYE Yo1°8t S16°0C v19¥ 0 786°6Y 00L°LE s £3mba 03 yireom Jo Ayanisuds [ejo],
9ST'LYE 065°9S €68°6C 80141 z8 1%9°T§ L96°Sy «($) suondo st £3mba 01 yIream Jo ANIADISUSS [LI0L
+(§) 1 &mbo
8¥L°0 (a0 9510 L60°0 1000 010 L9T0 01 onfea s,uondo ue Jo L)IANISUSS 9FLIAY
:g [aund
€591 L8 €TL $T9 0S'T 891 8T'L ;uondo 1ad Ajmyew-ol-owm UL
006 L9T 0¢'T L0°T 80 980 0T LO1JEI dY1135-03-0011d UBIN
Iy Jound
UOI)BIAJD
WNWIXBIA O UBIPIA 10 WNWIUIA prepueis UeBIN onsweioeIeyd orfoptod uondo

W.R. Guay | Journal of Financial Economics 53 (1999) 43-71

-orjopirod uondo s,0g) & ur suondo [[e 1040 pageIdAe 2o11d Yo0Is

0] I[eoMm JO AJIATIISUDS AU} ST 9011d }003s ur a3ueyd 9/, | © 10j anjeA s,uondo ue Jo ANATISUIS d3eIoAe Y [, ‘(xrpuadde oy3 99s) 9o11d 30038 s, ULy 9y} JO on[eA
) ur a3uBYD ¢/, ] B I0J STUIP[OYI0]S UOUWIOD 10 suondo J203s Jo an[eA SI[OYIS—Ie[g PIsn[pe-puapIAIp ay) ur a3ueyd 2y} st 201Id J003s ur a3ueyd 9, ©
0] [I[eoM JO AJIATIISUDS "P[OY SONLINOAS Jo Joquinu 9y} Aq pajySrom sonianisuas areys-1od pue uondo 1od oy so1egai3se ysu £1ba 01 yijeom jo AI1A13ISUSS
1e10], ‘ofjoptod uondo s,0gD © ut suondo [[e 19A0 PaFeIoA. YsuI £3nba 03 yireom Jo A1IANISUSS 9Y) SI JSLI AJInbo 03 anfea s,uondo ue jo A31ANISUSS 9 BIIAL
oy L ‘(xrpuadde o) 90s) suIN}aI Y003S SULIY Y} JO UOTIRIAIP pIepUB]S Pazi[enuue ) Ul d3uLYd [(Q B 10J SSUIP[OYD0)s Uowwod pue orjojyiod uondo
390318 S,0HD) B JO aNJBA SI[OYIS—OR[{ PAIsn[pe-puspIAIp 2] Ul 23uLYd 2y ST J001s pue suondo 03 anp ysu1 A3ba 03 yiream jo L31anisuag -oroprod uondo
s.0dD ® ur suondo [re 10j A3njew-03-own 9y} Jo aferoar oiduwirs oy) SI AJLINJLUW-03-0WI) UBIW Y, ‘€66 ‘T€ 19quada(] Jo st uondo ue 10y uonendxo

0} owr) Sururewal oy} st Ayrnjew-o3-owl] -oroyiod uondo s,0gD © ur suondo [[e 10j sorjel ay111s-03-0011d oy jo oSeroae ojdwrs oy} st oryer ay11)s-03-9011d
ueow oy [, ‘uondo ue jo 9ord 9s1010%0 Y} Aq POpIAIP 9o1d 00IS £66T JOqUIAOA(T SY) ST O1JBI AYLIIS-03-00LJ "§86] ‘T€ 10quiedd(] uo £3nba jo enjea joyrew
£q payuelr ‘yeisndwo)) uo swy 3sa51e] Q] Y} Wwolj A[uriojiun pajodfes sOID 8.7 10J SSUIp[oyxo01s uowwod pue sorjojirod uondo jo Isisuod eyep oy L

54

sourd yo01s pue ysiu1 £3bo 01 yireom SO JO ANADISULS oY

zolqeL



55

W.R. Guay | Journal of Financial Economics 53 (1999) 43-71

'suondo Yo03s p[oy J0u op 1By} SO 0S SOPNOXH,

765°00€°9

LS6°8009

0S€°L89
86T

091°1

L8ETTT

T7€°801

0ST°96
0670

99¢0

$89°06
LOE'LE
LOY*9E

9€€0

1€C0

v8L'3E

1L5°01

L66€
8¥T0

LY1°0

£6¢

6200

9000

PES06
098988
Pr8Y01

LvT0

ELTO

YOTYTE

S66°15T

691°TL
£6€°0

<LTo

(¢) suondo + xo03s :2011d }003s UI

aSueyo 9,1 € 01 Y)[eom Jo AJIADISUDS [0
($) yo01s :9011d }003s UI

aSueyo 9,1 € 01 Y)[edam Jo AJADISUDS [BIO],
(¢) suondo :0011d y003s ur

aSueyo 9,1 € 01 Y)[eOM JO AIIADISUDS [BIOL
($) 9o11d o038 ur dZueyYd 9, |

& 0} 201d 001S JO AJIAT)ISUDS AIRYS-1o]
«($) @o11d 30038 ur 23uUBYD 9 |

® 0} anfea s,uondo ue jo £J1ANISUS 0BIIAY

D joung



56 W.R. Guay | Journal of Financial Economics 53 (1999) 43-71

stock-return volatility exceeds $25,000. Thus, while the sensitivity of stock value
to equity risk can potentially provide managers with incentives to shift wealth
from bondholders, this effect is expected to be extremely isolated, and relevant
only for firms experiencing severe financial distress.

To interpret the economic significance of these sensitivities, one must consider
both the sensitivity of a CEO’s wealth to equity risk and his ability to alter the
risk of the firm. I estimate the latter component for each sample firm by first
computing the difference between 1993 stock-return volatility and the 1993
volatility of a control sample obtained from the CRSP tapes, and matched on
two-digit SIC code and market value of equity. Each sample firm is then
assumed to experience a change in equity volatility that brings it in line with its
industry and size-matched control portfolio. The mean change in CEOs’ stock-
based wealth from this change in volatility would be $324,000, with a standard
deviation of $562,000. This mean change in wealth is about 20% larger, at
$391,000, when considering only CEOs with option portfolios. The magnitude
of these wealth effects suggests that the convexity generated by stock options is
potentially large enough to influence managers’ behavior.

The maintained hypothesis in this paper is that firms add convexity to
a manager’s incentive scheme to encourage investment in valuable risk-increas-
ing projects, that is, to help overcome the risk-aversion effect. However, note
that even in the absence of convexity in the wealth-performance relation,
managers have incentives to undertake positive NPV projects when the slope of
the wealth—-performance relation is greater than zero. Therefore, it is difficult to
precisely determine how much convexity, at the margin, is necessary to induce
managers to invest in risk-increasing, positive NPV projects.

To illustrate the differences between the slope and convexity of the
wealth—-performance relation, Panel C of Table 2 reports descriptive statistics on
the sensitivity of CEOs’ wealth to stock price. On average, a stock option
changes in value by $0.27 for a 1% change in stock price, compared to $0.39 for
a share of common stock. Thus, in contrast to the convexity induced by each of
these securities, a share of stock increases the slope of the wealth-performance
relation by about 40% more than a stock option does, on average. On an
aggregate basis, both stock options and common stock make a substantial
contribution to the wealth-performance slope. The median change in option
portfolio value for a 1% change in stock price is $36,400, compared to a median
change of $37,300 for common stockholdings.

5. Convexity and the investment opportunity set
As illustrated in Section 2, risk-related agency problems can cause managers

to pass up risky, positive NPV projects. This problem is likely to be most severe
in firms with substantial investment opportunities (see Milgrom and Roberts,
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1992, Chapter 13, for a discussion of potential risk-related agency costs in firms
with valuable growth opportunities).* As such, the expected loss from valuable
projects bypassed by managers is hypothesized to be positively related to the
proportion of assets that represent growth options. By providing managers with
incentive schemes that have convex payoffs, equity holders can reduce these
risk-related agency costs. The following hypothesis follows directly: Convexity
in the relation between managers’ wealth and stock price is positively related to
the proportion of assets that are growth options.

I use three proxies to capture variation in firms’ investment opportunities.
These are: (i) the book-to-market ratio, (ii) expenditures on research and devel-
opment, scaled by market value of assets, and (iii) a measure of investment
expenditures defined as the sum of capital expenditures plus acquisitions over
the most recent three years, divided by market value of assets. Though these
variables are expected to contain information about investment opportunities,
each has unique limitations as a measure of this unobservable underlying
construct. Therefore, as in Baber et al. (1996) and Gaver and Gaver (1993),
I employ common factor analysis to construct a single variable that captures
variation common to these observable proxies. Separate results are presented
using the common factor as an alternative to the above three proxies.

Table 3 summarizes the proxies for investment opportunities and the financial
characteristics of the 278 sample firms. In general, the sample firms are large,
with median market value of assets equal to $5.4 billion. The range in values for
book-to-market, R&D, and investment expenditures is quite large, suggesting
that there is considerable variation in investment opportunities across the
sample firms. The factor score for investment opportunities has a mean of zero,
by construction, and varies from — 0.85 to 2.27.

5.1. Empirical results: convexity and the investment opportunity set

To explore the relation between convexity and the investment opportunity
set, I regress the sensitivity of CEOs’ wealth to equity risk on the proxies for
growth options described in the previous section. I use two alternative measures
of the sensitivity of CEOs’ wealth to equity risk: (i) the sensitivity of CEOs’
option portfolios to equity risk, and (ii) the combined sensitivity of stock options
and common stockholdings to equity risk.

#Note that this risk-related agency problem is somewhat different than the well-known underin-
vestment problem described by Myers (1977). He demonstrates that when fixed claims are present in
the capital structure, equity holders may forgo positive net-present-value projects if the gains accrue
primarily to fixed claim holders. The risk-related agency problem described here does not require
debt in the capital structure, but instead derives from risk-averse managers that are poorly
diversified with respect to their firm-specific wealth.
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Table 3
Summary firm characteristics

The sample consists of 278 CEOs selected uniformly from the 1000 largest firms on Compustat,
ranked by market value of equity on December 31, 1988. All financial variables are computed for
fiscal year ending December 31, 1993. Book-to-market ratio is the book value of assets divided by
the sum of book value of liabilities and market value of equity. R&D expenditures is R&D expense
divided by the market value of assets (in %). Investment expenditures is the sum of capital
expenditures plus acquisitions over the period 1991 through 1993, divided by market value of assets.
Factor score is obtained using common factor analysis on the variables Book-to-market, R&D
expenditures, and Investment expenditures. Market value of assets is book value of debt plus market
value of equity. Leverage is calculated as [(book value of assets — book value of equity)/market
value of equity].

Firm characteristics Mean Standard Minimum Median Maximum
deviation

Book-to-market ratio 0.74 0.21 0.24 0.78 1.20

R&D expenditures 0.80 1.78 0.00 0.00 13.80

Investment expenditures 0.13 0.10 —0.01 0.12 0.71

Factor score (investment 0.00 0.54 —0.85 —0.05 227
opportunities)

Market value of assets 16.59 34.15 0.20 5.42 315.21
($billion)

Leverage 2.74 4.13 0.06 1.10 34.28

Though stock options and common stockholdings add convexity to the
relation between managers’ wealth and stock price, both securities also increase
the slope of this relation. Smith and Watts (1992) argue that because the
management of investment opportunities is difficult to monitor, firms with
greater investment opportunities are expected to tie managers’ wealth more
closely to firm performance.’® To control for a relation between the
wealth-performance slope and investment opportunities, the sensitivity of
CEOs’ wealth to stock price is included in all regressions. The market value of
assets is also included in the regressions to control for a relation between firm
size and both the probability of having a formal incentive compensation plan,
such as a stock option plan, and the level of compensation (see Smith and Watts,
1992; Gaver and Gaver, 1993). All ¢-statistics are calculated using heteroskedas-
ticity-consistent standard errors.

The regression results are reported in Table 4. The negative coefficient on
book-to-market and positive coefficients on R&D and investment expenditures
are consistent with the hypothesis that the investment opportunity set is

> Gaver and Gaver (1993) and Baber et al. (1996) provide further empirical support for this
hypothesis. Yermack (1995) finds that the investment opportunity set does not help in explaining the
wealth-performance slope when examining new grants of stock options.
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positively related to convexity in the relation between CEOs’ wealth and stock
price. In Columns (2) and (5), book-to-market ratio, R&D expenditures, and
investment expenditures are replaced with the factor variable that captures
variation common to these observable proxies for investment opportunities. In
both columns, the coefficient on this factor is positive and significant at the 1%
level.

To interpret the magnitude of the factor score coefficient, consider two CEOs
with factor scores that differ by the standard deviation of the sample firms’
factor scores. The coefficient on the factor score in Column (5) implies that the
compensation schemes for these two CEOs are expected to be set so that a ten
percentage point rise in stock-return volatility increases the stock-based wealth
of the CEO managing the high growth options firm by about $143,000 more
than the CEO managing the low growth option firm.

As noted in Section 2, the sensitivity of CEOs’ wealth to equity risk, or the
wealth effect, is expected to measure the impact of risk on managers’ utility with
error. Missing from this estimate is the risk-aversion effect, or the reduction in
utility that risk-averse, poorly diversified managers experience when the volatil-
ity of their wealth increases. To examine whether this omitted variable is
influencing the results, I include proxies for the risk-aversion effect in the
regressions.

The dollar value of 1993 cash compensation, salary plus bonus, is included to
control for the level of CEOs’ outside wealth. The greater the cash compensation
that can be invested outside the firm, the better diversified the CEO is likely to
be, and the lower the expected risk-aversion effect. CEO age is included to
control for manager-specific variation in diversification of wealth and degree of
risk-aversion. The results are robust to the following alternative treatments of
the age variable: (i) including dummy variables for various age categories, (ii)
interacting age with the other independent variables, and (iii) re-estimating the
regressions on subsamples of the CEOs formed by age. The signs of the
coefficients on cash compensation and age are difficult to predict since it is
unclear how the wealth and risk-aversion effects are likely to be correlated for
these variables. The log of the sensitivity of CEOs’ wealth to stock price is also
added as a proxy for the CEOs’ degree of diversification. The more sensitive the
CEO’s wealth is to firm performance, the less well-diversified the CEO is likely
to be, and the greater the expected risk-aversion effect. Though logarithm is the
reported functional form of this variable, the regressions are not sensitive to
using other concave functional forms, such as the square root. Since the same
stock-based securities drive both the sensitivity of CEOs’ wealth to equity risk
and to equity value, a positive coefficient is predicted.

When these variables are included, as shown in Columns (3) and (6), the
coefficient on log[sensitivity of wealth to stock price] is significantly positive,
indicating that securities that increase the risk-aversion effect also increase the
wealth effect. However, the coefficient on the investment opportunities factor
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remains significantly positive in both columns, providing further support for the
hypothesis that firms provide managers with incentives to invest in risky
projects when the potential loss from underinvestment in valuable risk-increas-
ing projects is greatest.

Yermack (1995) concludes that investment opportunities are not an impor-
tant determinant for grants of CEO stock options. However, the sensitivity of
wealth to stock price is used as the dependent variable in his tests. The results in
Table 4 suggest that firms are expected to consider the sensitivity of wealth to
equity risk, in addition to sensitivity of wealth to stock price, when granting
stock options.

5.2. Specification checks

Corporate hedging theory identifies circumstances where firm value can be
increased through reductions in risk (e.g., Myers, 1977; Smith and Stulz, 1985;
Smith and Mayers, 1987, 1990; Froot et al., 1993). All else being equal, firms with
strong incentives to hedge are expected to provide managers with weaker
incentives to increase firm risk. To examine the sensitivity of the reported results
to these factors, I include measures of financial leverage, operating performance,
cash flow volatility, and tax-loss-carryforwards in the Table 4 regressions as
proxies for firms’ incentives to hedge. The coefficients and significance levels on
the growth option variables (not reported) are qualitatively similar to those
reported previously. The coefficient on leverage is in the predicted direction,
negative, and is significantly different from zero. The coefficients on the other
hedging variables are not significantly different from zero.®

Yermack (1995) and Dechow et al. (1996) hypothesize that liquidity con-
straints can induce firms to use stock options in lieu of cash compensation.
If firms with substantial growth options tend to be cash constrained,
the inferences drawn in this section could be spurious. The results reported in
Table 4 are robust to including free cash flow, measured as cash flow from
operations less capital expenditures, and financial leverage, as proxies for cash
constraints.

The preceding analysis focuses exclusively on the convexity of payoffs in
CEO¥s’ stock-based wealth. However, it is possible that firms make adjustments
to other forms of compensation, such as salary and bonuses, to offset changes in

%In addition to the determinants posited here, Jensen and Meckling (1976) explain how fixed
claims in the capital structure can create incentives for equity holders to transfer wealth from
bondholders by increasing the firm’s risk. This incentive to shift wealth from bondholders may
increase the desire of equity holders to motivate managers to invest in risky projects. However, this
argument is only relevant ex-post with respect to the issuance of debt. Prior to issuing debt, equity
holders, as the residual claimants, are expected to structure incentive schemes that discourage wealth
transfer from fixed claim holders.
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stock-based wealth that CEOs’ experience when equity risk changes. To explore
this possibility, I examine the relation between changes in the CEOs’ salary and
bonuses from 1993 to 1994, and both changes in firms’ stock-return volatility
and estimates of realized changes in CEOs’ stock-based wealth due to changes in
equity risk. To estimate the CEOs’ realized change in stock-based wealth due to
equity risk, the sensitivity of the CEOs’ wealth to equity risk at December 31,
1993, is multiplied by the change in stock-return volatility from 1993 to 1994.
The change in stock-return volatility is computed as the standard deviation of
daily stock returns over the last 120 trading days in 1994 minus the standard
deviation of stock returns over the last 120 trading days in 1993. Note that this
method measures the true changes in wealth during 1994 with error due to new
grants/exercises of options, changes in stockholdings, and changes in the
Black/Scholes parameters used to estimate the 1993 sensitivities. I find no
significant correlations between these variables.

6. The relation between stock-return volatility and the sensitivity of CEOs’ wealth
to equity risk

The analysis in Section 2 suggests that managers are more willing to invest in
risk-increasing projects as the convexity of payoffs in the relation between their
wealth and stock price increases. This relation between convexity and invest-
ment choice also underlies the hypothesis tested in Section 5, that the sensitivity
of CEOs’ wealth to equity risk is directly related to firms’ investment opportuni-
ties. Therefore, it is of interest to examine whether firms’ stock-return volatility,
as a measure of the riskiness of a firm’s projects, is positively related to the
sensitivity of managers’ wealth to equity risk.

To explore the relation between equity risk and the convexity of payoffs to
managers, | regress contemporaneous stock-return volatility on the sensitivity
of CEOs’ wealth to equity risk.” The dependent variable, stock-return volatility,
is computed over 240 trading days, from 120 days before through 120 days after
the compensation measurement date of December 31, 1993. The results are not
sensitive to alternatively measuring volatility over 120 or 240-day periods

7Theories of risk management hypothesize that the benefits from hedging are increasing in
cashflow volatility. Therefore, other things equal, managers of firms with highly volatile cashflows
are expected to be provided with weaker incentives to increase equity risk than managers’ of
firms with steady cashflows. Since cashflow volatility and stock-return volatility are positively
correlated, the alignment of managers’ incentives with optimal hedging strategies can induce a bias
against finding the positive relation hypothesized between equity risk and the sensitivity of man-
agers’ wealth to equity risk. Though this issue clouds the interpretation of the results if the null
hypothesis cannot be rejected, it does not create interpretive difficulties when the null hypothesis can
be rejected.
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Table 5
The relation between stock-return volatility and the sensitivity of CEOs’ wealth to equity risk

Stock-return volatility = a + by(Sensitivity of wealth to equity risk)
+ ¢y(market value of assets) + c,(Leverage)
+ c¢3(Factor score for investment opportunities) + error.

Stock-return volatility is the annualized standard deviation of daily logarithmic stock returns (in %)
over 240 trading days, starting with the last 120 trading days in 1993 and ending with the first 120
trading days in 1994, multiplied by 2521/2), Sensitivity of wealth to equity risk from options and
stock is the change in the dividend-adjusted Black-Scholes value of a CEO’s stock option portfolio
and common stockholdings (in $ thousands) for a 0.01 change in the annualized standard deviation
of the firm’s stock returns. Adjusted sensitivity of wealth to equity risk due to options and stock
removes the influence of firm-specific stock-return volatility by using the sample mean standard
deviation of stock returns in all Black—-Scholes computations, instead of using the equity risk specific
to each firm. Log[market value of assets] is the natural logarithm of [book value of liabili-
ties + market value of equity] at December-end 1993. Leverage is [(Book value of assets — book
value of equity)/market value of equity]. Factor score is obtained using common factor analysis on
the variables Book-to-market ratio, R&D expenditures, and Investment expenditures as described
in Section 5.

Annualized standard deviation of
stock returns (%)

1 @ ©)] 4
Intercept 55.37* 51.84* 53.91° 50.07*
(10.47) (10.97) (9.68) (10.21)
Sensitivity of wealth to equity risk: 0.047* 0.035*
options + stock (4.69) (3.90)
Adjusted sensitivity of wealth to equity risk: 0.026* 0.016°
options + stock (2.97) (1.88)

Control variables:
log(market value of assets) —3.85* —3.51* —3.57* —3.21*
(—6.03) (—6.20) (=533 (—54)

Leverage 0.67* 1.04* 0.62* 1.02*
(3.83) (4.53) (3.44) 4.31)

Factor score: investment opportunities 6.20* 6.63*
(5.12) (5.28)

Adjusted R? 19.63 27.88 1591 25.48

T-statistics are in parentheses and are computed using White’s heteroskedasticity-consistent stan-
dard errors.

“Statistical significance at the 5% level.

bStatistical significance at the 10% level.
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starting at the compensation measurement date. To control for other determi-
nants of equity risk, the log of market value of assets and financial leverage are
included in all regressions. All ¢-statistics are calculated using heteroskedastic-
ity-consistent standard errors.

Column (1) of Table 5 indicates that firms’ stock-return volatility is positively
related to the sensitivity of CEOs’ wealth to equity risk. However, given the
findings in Table 4, and the likelihood of a positive correlation between invest-
ment opportunities and equity risk, there is a concern that these inferences are
spurious. When the factor score for investment opportunities is added to the
regression, the coefficient on the sensitivity of wealth to equity risk is about 25%
lower, but remains significantly positive. The regression results are robust to
including the book-to-market ratio, R&D expenditures, and investment expen-
ditures in place of the factor score as proxies for investment opportunities.

Since the standard deviation of stock returns is an input in the Black—Scholes
model, it is possible that the regression coefficients are influenced by a mechan-
ical relation between stock-return volatility and the Black-Scholes partial
derivatives used to estimate the sensitivity of CEOs’ wealth to equity risk. To
address this concern, I recompute all Black-Scholes partial derivatives using the
sample mean standard deviation of stock returns, instead of the volatility
specific to each firm. Though this adjusted measure of sensitivity of wealth to
equity risk is not expected to fully reflect the incentive effects of managers’
compensation schemes, it is free from a mechanical relation with firm-specific
stock-return volatility. As indicated in Columns (3) and (4) of Table 5, the
coeflicients on this adjusted measure of convexity are about 50% smaller than in
the previous regressions. However, they remain significantly positive.

These findings support the hypothesis that firms’ stock-return volatility is
positively related to the convexity of payoffs in managers’ incentive schemes.
The coefficient on the sensitivity of CEOs’ wealth to equity risk in Column (2) of
Table 5 indicates that a difference of one sample standard deviation in the
sensitivities of two CEOs’ wealth to equity risk is expected to be associated with
a two percentage point difference in the annualized standard deviation of their
firms’ stock returns. For a firm with the sample median standard deviation of
stock returns, this difference amounts to nearly 10% of the firm’s equity risk.

7. Conclusion

The determinants of executive compensation practices, and in particular the
relation between managers’ wealth and firm performance, is a topic of import-
ance to both academics and practitioners. Though the slope of this relation
has been examined in considerable detail, no study has quantified or explored
the determinants of curvature, or convexity, in this relation. I argue that
to effectively control agency conflicts between stockholders and managers,
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shareholders are expected to manage the convexity, in addition to the slope, of
the relation between firm performance and managers’ wealth. Since convexity in
an incentive scheme generates a positive relation between a manager’s wealth
and firm risk, compensation components with convex payoffs, such as stock
options and common stock, can induce risk-averse managers to invest in
valuable risk-increasing projects that they may otherwise forgo.

My evidence indicates that the convexity of payoffs in managers’ stock-based
wealth is potentially large enough to influence investing behavior. In a sample of
278 corporate CEOs, I find stock options play an economically significant role
in increasing the convexity of the relation between managers’ wealth and stock
price. The magnitude of the convexity provided by common stock is much lower
than that of stock options, and of little economic importance for most CEOs in
the sample.

In cross-sectional tests, after controlling for the slope of the wealth-perfor-
mance relation, convexity is positively related to proxies for the importance of
growth options in firms’ assets. This finding supports the hypothesis that firms
provide managers with incentives to invest in risky projects when the potential
loss from underinvestment in valuable risk-increasing projects is greatest.
Finally, consistent with managers making investment and financing decisions
in accordance with their risk-taking incentives, I find that firms’ equity risk
is positively related to the convexity provided to CEOs.

This study makes two important contributions to the literature. First, | empha-
size that the incentive effects of stock-based compensation encompass more than
simply encouraging managers to increase stock price. Specifically, I consider
firms’ use of stock-based compensation to manage the sensitivity of managers’
wealth to firm risk, and find evidence consistent with firms using stock options to
control risk-related agency problems. Second, I stress the importance of consider-
ing an executive’s complete portfolio of stock options and common stock when
analyzing firms’ compensation practices. Yermack (1995) observes that the ab-
sence of complete data on managers’ option portfolios can hinder researchers’
ability to find a strong link between extant agency and financial contracting
theory, and firms’ use of stock options. Since managers’ incentives derive from
both newly awarded and previously issued options and stock, firms are expected
to consider the incentive effects of outstanding options and stock when choosing
the size and characteristics of the current year’s options grant.

Appendix A

A.l1. Estimating the sensitivity of stock option portfolios to stock-return volatility

Estimates of the sensitivity of stock options and common stock to equity risk
at December 31, 1993, are based on the Black-Scholes formula for valuing
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European call options, as modified to account for dividend payouts by Merton
(1973), as follows:

Option value = [Se “"N(Z) — Xe ""N(Z — s T"/?)],

where

Z is the [In(S/X) + T(r — d + ¢*/2)]/cT"'?, N the cumulative probability
function for the normal distribution, S the price of the underlying stock, X the
exercise price of the option, o the expected stock-return volatility over the life of
the option, r the risk-free interest rate, T the time to maturity of the option in
years, and d the expected dividend rate over the life of the option.

The partial derivative with respect to stock-return volatility is defined as

d(option value)/d(stock volatility) = e “"N'(Z)ST*/?,

where N’ is the normal density function.

The parameters of the Black—Scholes model are estimated for stock options as
follows:

S = price of the underlying stock on December 31, 1993.

X = exercise price of the option. The exercise price could not be obtained for
approximately 2% of the options. For these options, the exercise price is
set equal to the simple average of the stock prices prevailing at the
beginning and end of the year in which the option was granted.

¢ = annualized volatility, estimated as the standard deviation of daily loga-
rithmic stock returns over the last 120 trading days in 1993, multiplied by
2521/2) There were 252 trading days in 1993.

r = In(1 + risk-free interest rate), where the risk-free interest rate is the yield,
on December 31, 1993, on a U.S. Treasury strip with the same time to
maturity as the remaining life of the stock option.

T = remaining time to maturity of the option, in years, as of December 31,
1993. T use the grant date and duration of the option when granted to
compute the remaining time to maturity. If the grant date is unavail-
able, I set it equal to July 1st in the year the option is issued. If the
duration of the option is not specified, I set it equal to ten years at the
grant date, since over 90% of newly issued options in the sample have
a ten-year duration.

d = In(1 + expected dividend rate), where the expected dividend rate is
the per-share dividends paid during 1993 divided by the year-end
stock price.

A.2. Estimating the sensitivity of common stock value to stock-return volatility
I estimate the per-share sensitivity of common stock value to equity risk at

December 31, 1993, in two steps: i) Compute the implied, per-share firm value
using the Black-Scholes model. ii) Use the implied firm value to estimate the
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Black-Scholes partial derivative of stock price with respect to a 0.01 change in
the annualized standard deviation of stock returns.®

Descriptive statistics for the parameters used to estimate the sensitivity of
common stock to stock-return volatility appear in Table 6. These parameters
are defined as follows:

Option value = per-share price of common stock

X = the per-share book value of debt, estimated as the book value of total
liabilities divided by common shares outstanding.

o = annualized volatility of firm value, estimated as the annualized
standard deviation of the rate of return on a portfolio that includes the
firm’s debt and equity. Portfolio theory implies that the variance
of firm value is equal to sziebt Gtziebt + Xezquity O-ezquity + 2Xdethequity
CoV (G4ebtTequity): Xdebt and X equiry are the weights on equity and debt in
the firm’s capital structure. g.q,;, 1S estimated as the standard deviation of
daily logarithmic stock returns over the last 120 trading days in 1993,
multiplied by 2522, g4, is estimated as the standard deviation of
monthly logarithmic returns on the Merrill Lynch corporate bond index
that matches the firm’s S&P senior debt rating, multiplied by 12/, The
standard deviation of bond index returns is estimated over the five-year
period ending December 1993. The correlation between equity and debt
returns is set equal to one, which assumes that shocks to firm value affect
equity and debt values similarly. Though this assumption is not expected
to hold empirically (e.g., the value of debt may be much more dependent
upon interest rates than the value of equity), the results are not sensitive to
varying this correlation.

T = the weighted average maturity of the firm’s liabilities estimated using
Compustat data on corporate liabilities maturing in less than 1 year,
2 years, 3 years, 4 years, 5 years, and more than five years. When the firm
has outstanding debt with different times to maturity, common stock is
technically a compound option. That is, when a portion of the debt
matures, the stockholders have the option to pay off that portion

81n contrast to stock options, where the price of the underlying asset is allowed to vary freely
above or below the exercise price during the option’s life, the option value of common stock may be
reduced by the existence of bond covenants that generally do not allow the value of the firm to drop
below a certain point without triggering technical default and forced renegotiation. To incorporate
this feature into the Black-Scholes computations requires detailed assumptions about the con-
straints placed upon equity holders by firms’ creditors. Since there is no theoretical or empirical
guidance in making these assumptions, I use the standard Black-Scholes model to compute the
sensitivity of common stock value to firm risk. Failure to incorporate this feature results in an
upward-biased estimate of the option component and convexity contributed by common stock (see
Core and Schrand (1998) for a detailed discussion of the impact of covenants on the option
component of common stock).
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Table 6
Description of parameters used in Black-Scholes computations for common stock

The sample consists of 278 CEOs selected uniformly from the 1000 largest firms on Compustat,
ranked by market value of equity on December 31, 1988. All data are for 1993. Per-share stock price
is the stock price on December 31, 1993. Per-share book value of debt is the book value of liabilities
as of December 31, 1993. Per-share market value of assets is per-share stock price plus per-share
book value of debt. Implied per-share market value of assets is computed using the Black-Scholes
model (see Section A.2 of the appendix). The standard deviation of equity returns is the standard
deviation of daily logarithmic stock returns over the last 120 trading days in 1993, multiplied by
2521/2 The standard deviation of debt is the standard deviation of monthly logarithmic returns on
the Merrill Lynch corporate bond index that matches the firm’s S&P senior debt rating, multiplied
by 12(1/2), The standard deviation of bond index returns is estimated over the five-year period ending
December 1993. The standard deviation of equity and debt returns are used to compute the
estimated standard deviation of returns on firm value (o) (see Section A.2 of the appendix). The
risk-free interest rate is the yield, as of December 31st, 1993, on a U.S. Treasury strip with the same
time to maturity as the weighted average maturity of the firm’s liabilities. The weighted average
maturity of liabilities is estimated as described in Section A.2 of the appendix. Dividend yield is
dividends per share paid during 1993, divided by the implied per-share market value of assets.
Price-to-strike ratio is the implied per-share market value/per-share book value of debt. Sensitivity
of stock price to a $1 change in firm value is the change in the dividend-adjusted Black-Scholes value
of common stock for a $1 change in the value of the firm (see Section A.2 of the appendix).

Firm characteristics Minimum  Median Maximum
Per-share stock price (8) 2.88 33.56 254.75
Per-share book value of debt ($) 0.84 38.90 1632.73
Per-share market value of assets ($) 9.78 76.75 1680.35
Implied per-share market value of assets ($) 9.51 75.04 1617.96
Standard deviation of equity returns (%) 11.82 2222 62.06
Standard deviation of debt returns (%) 3.48 4.15 12.24
Est. std. dev. of returns on firm value (%) 3.89 10.70 52.20
Risk-free interest rate (%) 3.22 433 5.57
Weighted average maturity of liabilities (yrs.) 0.50 2.57 7.60
Dividend yield (%) 0.00 1.11 5.06
Price-to-strike ratio 0.82 1.88 18.56
Sensitivity of stock price to a $1 change in firm value (§)  0.68 0.97 1.00

of debt and purchase an option to buy the firm for the remaining book
value of debt. To approximate the sensitivity of wealth to firm risk for this
compound option, I make the simplifying assumption that the firm has
a single debt obligation with time to maturity equal to the weighted
average time to maturity of the firm’s debt. I assume a maturity of ten
years for the portion of debt maturing in more than five years. For most
banks, utilities, and insurance firms, maturity data for years two and over
is unavailable. I assume these firms have an average maturity on long-term
debt of 7.5 years, though the results are not sensitive to alternative
maturity assumptions.
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‘
|

= In(1 + risk-free interest rate), where the risk-free interest rate is the yield, as
of December 31, 1993, on a U.S. Treasury strip with the same time to
maturity as the weighted average maturity of the firm’s liabilities.

d = In(1 + expected dividend rate on firm value), where the expected dividend

rate is set equal to dividends paid during 1993 divided by the implied

market value of the firm. Note that the dividend rate on firm value is not

known ex ante. It is obtained in step (i) when the implied total market

value of the firm is computed.
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