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Abstract

Existing research on executive stock options mainly focuses on total risk when studying risk
incentives. In this study, we use a GARCH option pricing framework to show that the incen-
tive effects of executive stock options depend on the composition of risk. Controlling for total
risk, the value of executive stock options increases with systematic risk and this effect is stron-
ger when the total risk is low. Thus, when firms grant standard or non-indexed options, CEOs
will have incentives to increase systematic risk even when the total risk remains constant. In
contrast, indexed options will provide CEOs with incentives to reduce systematic risk. We
therefore conclude that an optimal mix of indexed and non-indexed option grants will provide
CEOs with incentives to take the desired level of systematic risk.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Executive stock options have become an important compensation vehicle for most
companies. They are used to align the CEO’s interest with shareholders’, i.e., to alle-
viate the agency problem in the sense of Jensen and Meckling (1976). Typically,
stock options are issued at-the-money with a time to maturity of 10 years, and a
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certain vesting period (please see Appendix A for examples of option grants). Empir-
ical evidence seems to support the general rationale of stock options. For example,
Hall and Liebman (1998) found a strong link between a firm’s performance and its
CEOQO’s compensation.

Broadly speaking, the existing literature on executive stock options can be classified
into four strands. The first focuses on valuation and incentive effects from the CEO’s
perspective in light of the CEO’s risk-aversion and hedging restrictions. A partial list
of studies includes Lambert et al. (1991), Hall and Murphy (2001), Meulbroek
(2001a,b), Tian (2001, 2002), and Jin (2002). The second examines the repricing of
stock options. Studies on this topic include Brenner et al. (2000), Chance et al.
(2000), and Emm and Ince (2000). The third investigates alternative designs of stock
options for the purpose of better aligning performance and pay. Johnson and Tian
(2000), Meulbroek (2001b), and Tian (2001) are representative studies in this area.
The fourth strand of literature, such as Hall and Liebman (1998), and William and
Rao (2000), examines the empirical efficacy of stock options. When considering CEOs’
risk-aversion, researchers typically assume a certain form of utility function and then
find the so-called certainty equivalent value of the stock option. Otherwise, a Black—
Scholes setup is generally used to study valuation, incentive effects and repricing.

When studying risk incentives, most researchers only focus on the total risk or the
return volatility. Very little attention has been paid to the breakdown of the total
risk. One exceptions is the study by Meulbroek (2001a). From a diversification per-
spective, Meulbroek (2001a) demonstrated that managers would value the com-
pany’s stocks and options much less than the market would, simply due to the
fact that a major portion of their wealth is tied to the company’s fortune. Therefore,
CEOs will have an incentive to increase the systematic risk of the company’s stock in
order to reduce the exposure to the company specific risk. ' Another exception is
Tian (2002). Using a utility and certainty equivalent framework, he showed that
stock options create incentives for CEOs to reduce idiosyncratic risk and, under cer-
tain conditions, the systematic risk as well. The direction of risk incentive concerning
the systematic risk is not always clear due to the trade-off between risk aversion and
higher option payoffs. When the systematic risk is in the modest range, the benefit of
potential higher payoffs due to higher expected returns more than offsets the cost of
higher risk. Both authors relied on the CEO’s trading constraint to arrive at their
respective conclusions.

This paper examines the risk incentive effects of executive stock options by assum-
ing a GARCH process for the stock returns. We employ the GARCH option pricing
theory to break down the total risk into systematic and non-systematic components,
and show explicitly how option values depend on the amount of systematic risk. Our
use of the GARCH option pricing theory is motivated by two facts. First, this pric-
ing theory offers a constructive answer to a conceptual issue that is difficult to rec-

! The discussions of systematic risk versus non-systematic risk also appear in Meulbroek (2001b), with a
focus on indexed options. Jin (2002) also studied the relation between CEOs’ incentives and their firms’
risk characteristics.
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oncile with the two largely incompatible pricing paradigms — the capital asset pricing
model and the Black—Scholes option pricing model. The former paradigm concludes
that only the systematic risk of a capital asset should be priced in equilibrium
whereas the latter renders the issue of risk composition irrelevant for derivative con-
tracts. > Second, many empirical studies documented the GARCH effect on ex-
change-traded options; for example, Duan (1996), Heston and Nandi (2000),
Hsieh and Ritchken (2000), Hardle and Hafner (2000), Duan and Zhang (2001)
and Christoffersen and Jacobs (2002).

We find that, with non-indexed options, CEOs have an incentive to increase the
systematic risk, consistent with the findings by Meulbroek (2001a) but for a different
reason. A higher systematic risk will enhance the value of the stock option, even
when the total risk remains constant. The incentive to increase the systematic risk
is stronger when the total risk is lower. The Black—Scholes model tends to under-
estimate the value of the stock option when the systematic risk is high, since it is
incapable of distinguishing the separate effects of systematic and non-systematic
risks. With indexed options, CEOs generally have an incentive to reduce systematic
risk. The opposite incentives induced by the two types of options imply that firms
could grant a mixture of indexed and non-indexed options to target a desirable com-
position of systematic and non-systematic risks.

In analyzing the risk-incentive issue, we do not distinguish a stock option’s value
to the CEO from its cost to the firm as many authors have done (e.g., Lambert et al.,
1991; Hall and Murphy, 2001; Meulbroek, 2001a,b; Tian, 2001, 2002). The gap be-
tween the two values arises from the fact that the hedging restriction forces the CEO
to live with a suboptimal portfolio. Although it is difficult to determine precisely how
binding the trading constraint is in reality, some studies have provided empirical evi-
dence indicating that trading restrictions may have a material impact on valua-
tions. ® In this study, we do not explore the asymmetry between the CEO’s private
value and the firm’s cost. However, we argue that our qualitative conclusions would
remain valid when trading restrictions are explicitly considered.

Alternatively, our model can be viewed as providing a new and practical approach
to determining the cost of executive compensation to the issuing firm with an explicit
recognition of the role played by systematic risk. Arguably, the cost issue is of more
significant interest to the accounting profession. Even though the incentive aspect is
more suitably cast in a principal-agent framework, the cost to the issuing firm is
what market-value accounting attempts to capture. In the current literature of

2 Dybvig and Ingersoll (1982) demonstrated that applying the CAPM to derivative contracts will lead to
arbitrage opportunities.

3 One consequence of trading constraint is for CEOs to exercise options earlier in order to diversify their
investment portfolios. Huddart and Lang (1996) examined exercise behavior of over 50,000 employees at
eight corporations, and found that employees typically exercise options long before expiration. Hemmer
et al. (1996) studied 110 option exercises by 74 top executives, and found that the extent of early exercise is
reduced by firm’s hedging of the stock options’ returns. While focusing on the cost of stock options,
Carpenter (1998) also documented the early exercise patterns for CEOs at 40 firms. Finally, Bettis et al.,
2003) examined over 100,000 option exercises at over 3000 firms and found that employees exercise their
options nearly five years prior to expiration.
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executive compensation, the principal-agent analysis is limited to addressing the
qualitative implications of the current compensation practice or to contemplating
a better contract design; for example, Garen (1994), Aggarwal and Samwick
(1999) and Jin (2002). The existing principal-agent models appear to have limited
applicability as to providing a practical tool, comparable to the Black—Scholes
model, of computing a fair market value for accounting purposes.

The rest of the paper is organized as follows. Section 2 presents the valuation
framework which allows the systematic risk to be an explicit factor. Section 3 reports
numerical results pertaining to valuation and risk incentives for both non-indexed
and indexed stock options. Section 4 provides a brief summary and some concluding
remarks.

2. The theoretical framework

The seminal work of Black and Scholes (1973) on option pricing lays the foundation
for the modern option pricing theory. One of the most significant theoretical implica-
tions of the Black—Scholes theory is the irrelevancy of the underlying asset’s risk pre-
mium. Specifically, it stipulates that an option’s value is a direct function of the
underlying asset’s volatility but is not a function of the expected return. This implies
that an option’s value is independent of the relative proportions of systematic and
non-systematic risks as long as the total asset risk remains the same. In short, CEOs
do not have any incentive, other than the distortion induced by the hedging restriction
imposed on them, to change the proportions of systematic and idiosyncratic risks be-
cause the value of their compensation (i.e., call option value) depends only on the total
risk level. Although this conclusion logically follows from a continuous hedging argu-
ment within the Black—Scholes framework, it seems at odds with a simple economic
intuition: a higher expected return (due to a bigger systematic risk) should increase
the chance for a call option to finish in the money keeping other variables fixed. *

The recently developed GARCH option pricing theory, however, offers a drasti-
cally different theoretical predication on the effect of systematic risk. In what follows,
we will lay out this valuation framework, with a particular focus on the role of sys-
tematic risk. We consider a specific version of the GARCH process, the exponential
GARCH(1, I)-in-mean process for the stock return with respect to the physical
probability measure P: >

lnSthl = Feet F A1 Ot — %azzﬂ + 018415

Ino? | =ap+ oy Ino? + (|| — Oc), (2.1)
P

BH’l ‘d)tmN(O, 1)7

4 A higher expected return can be a result of (1) a lower current asset price in conjunction with the same
level of future cash flows, or (2) the same current asset price in conjunction with a higher level of future
cash flows, or both. Our discussion on the effect of the expected return is concerned with the second case.

5 Please note that our general conclusions remain valid under other GARCH specifications. We choose
to use EGARCH because it has a better numerical property for the current application.
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where ¢, is the information set containing all information up to and including time #;
7,1 18 the risk-free interest rate; A, is the risk premium per unit of standard devi-
ation; oy, o, o, and 0 are the EGARCH parameters governing the variance process;
and N(0, 1) denotes a standard normal distribution. The term A,,,0,,; captures the
total risk premium in the expected return. We use time subscript for the interest rate
and the risk premium to allow them to be potentially stochastic. For the conditional
volatility process to be stationary under P, parameter «; must be strictly between one
and minus one.

According to Duan (1995), under the locally risk-neutralized pricing measure Q,
the system in (2.1) becomes

ln% =T — %G%H + Gz+lét+17

Ina? | = oy + o Ina® + o|é — 4] — 0(& — 4], (2.2)
Q

St ~N(0,1),

where &, = ¢, + A,. It is seen that the risk premium, A, plays a critical role in the
GARCH option pricing model. In contrast to the Black—Scholes framework, an
option’s value is a direct function of the stock’s expected return (via the risk pre-
mium /,).

In order to explicitly characterize the risk premium /; in terms of systematic risk,
we define ¥, = k — In(U’'(C,)/U’(C,_,)) with U(C,) being the utility function of time-¢
consumption C; and k the impatience parameter for exponential discounting over
time. In words, Y; is the negative of the logarithmic one-period marginal rate of sub-
stitution (or the logarithmic one-period stochastic discount factor). As shown in
Appendix B,

A = q:94, (2.3)

where ¢, = Cort”(Ing-, Y|¢, ;) and 6! = Var’(Y,|¢, ;). Next, in order to relate
systematic risk to the market portfolio, we adopt the following one-factor model for
the stochastic discount factor:

1,

Y,=a+bln—"+¢, (2.4)
]t—l

where /, is the value of the market portfolio at time ¢ and ¢, is the regression residual.

We further assume that the residual ¢, has a constant variance and is independent of

any asset returns. With the assumption of (2.4),

9, = /bt +c, (2.5)

where oit = VarP(lnll’T’l|(;’>t,1) and ¢ = Var”(¢,). Moreover, it is straightforward to

derive

bﬁzait 5 — bﬁtait

t
o1\/b%at, + ¢ 01

Jy = (2.6)
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where 8, = COVP(ln;—il ,In7'~|¢,_,)/ai,. The risk premium per unit of total asset risk
(4,) is thus completely characterized relative to the market portfolio. Note that b is
constant across different assets and can be identified using the market portfolio
because its own systematic risk equals one by definition. The difference across assets
only comes from the difference in the systematic risk as measured relative to the
market portfolio. Since the total risk premium is 4,6, = bf,o7 , it is seen that an asset
with a larger systematic risk will have a higher total risk premium, a result that is
consistent with the standard asset pricing theory.

To actually implement the model, we adopt an EGARCH(1, 1) process for the
market portfolio return. Specifically,

Ly 2 1.2
ln% =V —di + bG]\,H — 320741 + o181,

Inaf, | = oo+ oniInaf, + on(ler] — Orer), (2.7)
8I,t+1|¢t‘£‘N(Oa ])a

where dy ., is the dividend yield on the market portfolio and Corr” (e, 1, er,11]¢,) =
p. ¢ Note that the risk premium term results from (2.1) and (2.6) by using the fact
that the systematic risk of the market portfolio equals one. Again, according to
Duan (1995), the pricing system under the locally risk-neutralized measure Q is

I
ln'%,l =711 — digy1 — %U%,H + o181,
In Jit+1 =ayo + g In Ui, + o [|51,z —bor,| — 0i(&, — bO’u)L (2.8)

Erit |9 AN (0, 1).

Notice that Corr?(&,,,, 14111#,) = p. In addition, it can be seen that ¢, = p and /,
in (2.6) can be simplified to pbay,.

The systems in (2.2) and (2.8) allow the valuation of any options on the stock and
the market portfolio. For instance, with a constant risk-free interest rate r, an exec-
utive stock option of European style with an exercise price X and maturity 7 can be
valued as

C, = e " E2max(Sy — X,0)|¢,], (2.9)

where Sr is the stock price at the option’s maturity, and E9(-) is the expectation
operator with respect to the risk-neutral measure Q. An indexed option as proposed
by Johnson and Tian (2000) can be valued in a similar fashion:

cirdeed — o~ (-0 FO[max (Sy — H(So, Io, Ir), 0)| ], (2.10)

where H(Sy, I, Ir) in general is a function that sets the exercise price in relation to the
future index level, the current index level and the current stock price. There is no
closed-form solution to either (2.9) or (2.10) but numerical procedures such as

© The dividend yield term in (2.7) is used to account for the fact that many component stocks pay cash
dividends, which can be approximated as a continuous rate. For individual stocks, we do not incorporate a
similar term in (2.1) because periodic cash payments are typically treated by an adjustment to the stock
price.
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Monte Carlo simulation, the lattice method of Ritchken and Trevor (1999) and the
Markov chain method of Duan and Simonato (2001) can be used to price European
executive options or American style options subject to a vesting period restriction.

3. Valuation and risk incentives of executive stock options

In studying the value and risk incentives of executive stock options, we follow per-
vious authors by assuming away the complications associated with vesting and the
early exercise feature. We treat the stock option as a European call option. Monte
Carlo simulations are used to value the options.

3.1. Parameter estimation and design of numerical analyses

To obtain the value of a stock option, we simulate the systems in (2.2) and (2.8),
and evaluate (2.9) or (2.10) numerically. 7 Specifically, we generate 10,000 correlated
paths of the stock and the index via (2.2) and (2.8) to obtain 10,000 stock and index
prices at the option’s maturity. We then calculate the option’s value by averaging the
10,000 discounted payoffs in (2.9) or (2.10).

GARCH process parameters are obtained by empirically estimating (2.1) and
(2.7) using the daily closing prices for Philip Morris’ stock and the S&P500 index
for the period of 2 January 1992 to 29 December 2000. To guide the choice of para-
meter values for comparative analysis, we also estimate (2.1) for the other 29 com-
ponent stocks of the Dow Jones industrial average (DJIA). (Philip Morris is a
component stock of the index, and has been renamed to Altria since 27 January
2003.) Table 1 contains the estimation results for Philip Morris and the S&P500
index.

For all cases, we keep the S&P500 parameters constant. For the stock, we vary the
volatility asymmetry parameter 0 and the correlation coefficient p to obtain compar-
ative static results. For the 30 DJIA component stocks, 0 ranges from —0.06 to 1.07,
with an average close to 0.6. The parameter takes a negative value for only two
stocks. We examine three values of 6: 0.2, 0.6, and 1.0, representing respectively
low, average and high levels of 6. Notice that the volatility asymmetry parameter,
0 is crucial in determining the return distribution properties and is directly linked
to the so-called leverage effect. This parameter is also related to the skew feature
of the implied volatility smile. Roughly speaking, a positive 6 induces a negative
skewness in the cumulative stock return.

The range for the correlation coefficient, p for the 30 DJIA component stocks is
from 0.20 to 0.49. To ensure generality of the numerical results, we examine three
values of p: 0.0, 0.35, and 0.70. Given the market volatility and the overall level

7 Even for non-indexed options, we need to simulate the index return since the risk premium term, 4, is
a function of the market return variance.
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Table 1
Maximum likelihood estimation results
Parameter estimate Standard error
Philip Morris oo —0.104526 0.013253
o 0.991743 0.001417
o 0.057173 0.004759
0 0.831291 0.070553
p 0.247279 0.018487
S&P500 og0 —-0.337300 0.036177
o1 0.976618 0.003122
o2 0.147977 0.015064
O 0.664131 0.104156
b 4.759124 2.208925

Note: Estimated systems are (2.1) and (2.7). We use daily closing prices for the period from 2 January 1992
to 29 December 2000. For simplicity, we set the dividend yields to zero. The risk-free rate is approximated
by daily yields of the 90-day T-bills.

of stock volatility, the amount of systematic risk is purely determined by the corre-
lation coefficient.

The annualized standard deviation for the 30 DJIA component stocks ranges
from 0.27 to 0.51, and that for the S&P500 is 0.19. Unless otherwise specified, we
set the stock’s standard deviation at 0.40, and the market’s at 0.2, both under mea-
sure P.

At this point, we need to discuss how to ensure comparability between the Black—
Scholes and GARCH option prices. Traditionally, within the Black—Scholes frame-
work, we estimate the constant volatility using total returns. Once we stipulate that
GARCH properly describes the real world, we should use the total return generated
via (2.1) to estimate the constant volatility. Although we typically refer to the aver-
age standard deviation of the residual in (2.1) as the stationary volatility for a
GARCH process, in the current setting, we refer to the constant standard deviation
of the total return as the stationary volatility, just to be consistent with the Black—
Scholes assumption. Due to stochastic conditional mean, the typical stationary stan-
dard deviation of the EGAR CH-in-mean model differs from the stationary volatility
considered here. With this understanding, we then back out the value for o in (2.7)
for the given level of the market index volatility, 0.2. The constant volatility is esti-
mated by calculating the standard deviation of total returns in (2.7) for a very long
time series (i.e., 50,000,000 days). The search algorithm will pinpoint a value of oy,
which leads to the constant volatility of 0.2. Similar procedures can be used to back
out the value of o in (2.1) for a given level of the stock’s constant volatility.

Since changes in 0 lead to changes in the overall standard deviation under mea-
sure P, whenever we vary this parameter, we must re-adjust o so that the total vol-
atility remains at 0.4. Similarly, changes in the correlation coefficient p also affect the
constant volatility of the total return in (2.1), although this impact is very minor.
Nonetheless, to ensure comparability, we also re-adjust the value of o in (2.1) so that
the constant volatility remains at 0.4. Although changes in p only slightly affect the
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total return standard deviation under measure P, they will greatly affect the corre-
sponding standard deviation under measure Q. This is essentially how the impact
of systematic risk is manifested in the GARCH framework. All else being equal,
varying p amounts to varying the amount of systematic risk while keeping the total
risk constant. Given the unconditional volatilities, p = 0.0, 0.35 and 0.70 correspond
to a stationary beta of 0.0, 0.7, and 1.4.

Without loss of generality, we set the risk-free interest rate to 5%, and the current
stock price to $100. We examine nine moneyness situations: PV(X)/S =0.80, 0.85,
0.90, 0.95, 1.00, 1.05, 1.10, 1.15, and 1.20, where PV(X) stands for the present
value of the exercise price, i.e., the exercise price discounted at the risk-free rate.
For brevity, we only report five moneyness situations: deep-in-the-money (DITM),
in-the-money (ITM), at-the-money (ATM), out-of-the-money (OTM), and deep
out-of-the-money (DOTM). For the ITM case, we average the two prices for
PV(X)/S=0.95 and 0.90; for the DITM case, we average the two prices for
PV(X)/S=0.85 and 0.80. Similar calculations and reporting apply to the OTM
and DOTM cases. ® The option’s maturity ranges from 0.5 to 10 years. For brevity,
we report only five maturities: 0.5, 1, 2, 5, and 10 years. As mentioned before, most
of the executive stock options are granted with a 10-year maturity, so the longest
maturity corresponds to the case of newly granted stock options.

Three variance reduction techniques are used to reduce simulation errors: anti-
thetic variable, control variate and empirical martingale correction. The first two
are well known and the third was proposed by Duan and Simonato (1998). The con-
trol variate is the Black—Scholes value with the aforementioned stationary standard
deviation as the volatility input. The empirical martingale correction is important for
long-term options because the stock price is typically modeled as a stochastic expo-
nential. Without such a correction, the Monte Carlo option value tends to have a
serious downward bias.

3.2. Risk incentive analysis of non-indexed stock options

Since most previous researchers used the Black—Scholes framework to analyze
executive stock options, we use the Black—Scholes value as the benchmark value,
and consider the GARCH option value as the true value for the executive stock op-
tion. Risk incentives are also derived from the GARCH option prices. Table 2 re-
ports the numerical results. Here, for each parameter combination, we report the
percentage difference between the GARCH option price and the Black—Scholes
price. In addition, for the GARCH process, we set the initial volatility equal to

8 Note that our definition of moneyness deviates from the normal practice in the CEO stock option
literature. Almost all stock options are granted with an exercise price equal to the stock price at the time of
granting, and they are typically considered as at-the-money options. When studying long term options,
with a non-zero interest rate, this type of “at-the-money” options effectively becomes in-the-money
options. The advantage of our definition is that the option values are actually independent of the risk-free
interest rate. In other words, it is equivalent to using the usual moneyness definition while setting the
interest rate to zero.



Table 2
Impact of systematic risk on CEO stock option prices — Initial volaility equal to the stationary volatility

Maturity Moneyness B-S Percentage difference between CEO option prices under GARCH and Black—Scholes
(years) Panel A, 0 =02 Panel B, 0 = 0.6 Panel C, 0= 1.0

p =0.00 p=0.35 p=0.70 p =0.00 p=0.35 p=0.70 p =0.00 p=0.35 p=0.70

0.5 DITM 21.31 0.49 0.77 1.09 1.35 2.13 3.00 2.09 3.37 4.81
0.5 I™ 15.01 0.11 0.56 1.05 0.39 1.70 3.09 0.50 2.65 4.98
0.5 ATM 11.23 -0.56 0.04 0.68 -1.47 0.35 2.24 =2.57 0.43 3.61
0.5 OT™M 8.32 -1.51 -0.76 0.01 -4.42 -2.06 0.35 -7.58 -3.66 0.42
0.5 DOTM 5.41 -3.25 -2.31 -1.37 -10.24 =7.12 -3.98 -17.53 -12.36 -7.04
1 DITM 24.86 0.34 0.84 1.40 0.83 2.25 3.81 1.14 3.45 6.05
1 I™ 19.33 -0.12 0.58 1.34 -0.40 1.64 3.82 -0.89 2.45 6.09
1 ATM 15.85 -0.64 0.23 1.15 -1.99 0.59 3.32 -3.58 0.67 5.24
1 OT™M 12.99 -1.24 -0.21 0.86 -3.99 —-0.86 241 -7.05 -1.89 3.60
1 DOTM 9.87 -2.31 -1.07 0.22 -7.53 -3.62 0.40 -13.09 —6.64 0.16
2 DITM 30.23 0.03 0.74 1.52 0.04 2.08 431 -0.12 3.21 6.93
2 I™ 25.41 -0.28 0.62 1.60 -0.97 1.67 4.51 -1.85 247 7.23
2 ATM 22.27 -0.56 0.49 1.62 -1.96 1.16 4.50 -3.59 1.54 7.13
2 OT™M 19.56 -0.98 0.22 1.51 -3.25 0.37 4.21 -5.78 0.17 6.62
2 DOTM 16.43 -1.65 -0.25 1.24 =534 -1.06 3.46 -9.32 -2.26 5.36
5 DITM 40.95 -0.19 0.69 1.65 -0.80 1.77 4.55 -1.51 2.70 7.38
5 I™ 37.12 -0.40 0.63 1.75 -1.46 1.59 4.87 -2.62 2.38 7.89
5 ATM 34.53 -0.58 0.56 1.81 -2.03 1.39 5.05 -3.60 2.02 8.16
5 OT™M 32.19 =0.77 0.48 1.84 -2.64 1.12 5.15 -4.67 1.54 8.32
5 DOTM 29.38 -1.06 0.34 1.86 -3.54 0.70 5.22 -6.20 0.81 8.45
10 DITM 52.35 -0.38 0.53 1.53 -1.20 1.50 4.39 -2.08 2.36 7.20
10 I™ 49.35 -0.52 0.50 1.62 -1.65 1.40 4.67 -2.82 2.20 7.67
10 ATM 47.29 -0.64 0.47 1.68 -2.01 1.32 4.86 -3.42 2.05 8.00
10 OTM 45.39 -0.75 0.45 1.74 -2.34 1.23 5.04 -4.00 1.92 8.33
10 DOTM 43.05 -0.90 0.41 1.82 -2.80 1.11 5.28 -4.75 1.73 8.75

Notes: (1) The annualized stationary volatility is 0.40 and is kept constant for all cases. (2) The column with the heading B-S contains Black—Scholes option
prices in dollars. (3) The columns under different p values contain the percentage difference between the GARCH option price and the Black—Scholes option
price. (4) DITM: deep in-the-money, ITM: in-the-money, ATM: at-the-money, OTM: out-of-the-money, DOTM: deep out-of-the-money.
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the stationary volatility. Again, it should be kept in mind that the stationary volatil-
ity under measure P is kept constant at 0.4.

Several observations are in order. First, for all parameter combinations, the true
value of executive stock options increases as the systematic risk increases (i.e., as p
increases). An immediate implication is that CEOs will have an incentive to increase
their companies’ systematic risk in order to enhance their stock options value. With-
out proper monitoring, the company’s systematic risk level may be above the desired
level. Conceivably, the CEO could achieve a higher systematic risk by keeping the
total risk constant. Within the Black—Scholes framework, this would have no effect
on the option’s value. Therefore, using the Black—Scholes framework to study stock
options’ risk incentives will overlook the incentive for the CEO to take on excessive
systematic risk. It is interesting to note that our conclusion is in agreement with that
of Meulbroek (2001a) who studied the value of a stock option from a diversification
perspective.

Second, with several minor exceptions, the true stock option value is always lower
than the Black—Scholes counterpart when the systematic risk is zero (i.e., when
p = 0.0 corresponding to a zero stationary beta), and higher when the systematic risk
is high (i.e., when p = 0.7 corresponding to a stationary beta of 1.4). The difference
in value can be substantial in many cases, especially for options with shorter matu-
rities. With a medium level of systematic risk (i.e., when p = 0.35 corresponding to a
stationary beta of 0.7), it appears that the true option value is lower (higher) than its
Black—Scholes counterpart for out-of-the-money (in-the-money) options. Overall,
the results imply that the Black—Scholes formula can lead to substantial errors in
estimating the cost of executive stock options to the firm. Whether it under- or
over-estimates the true stock option’s value depends on the stock’s systematic risk
and moneyness of the option. For instance, if the stock has a zero systematic risk,
the Black—Scholes value will be upward biased most of the time; if the stock has a
high systematic risk, the Black—Scholes value will be downward biased. °

Third, in order to see whether the impact of changing systematic risk is different
across maturities, for each moneyness situation and under a particular level of the
volatility asymmetry parameter, 0, we examine the difference between the percentage

° There is a subtle reason for the GARCH option values to be lower than their Black—Scholes
counterparts when the correlation coeflicient is zero (i.e., no systematic risk). In practice, the standard way
of estimating the constant volatility is based on one sample path. Implicit in such an estimation is the i.i.d.
return assumption. For a time series model such as GARCH, it is equivalent to computing the average
variance of one-period return. By the Central Limit Theorem, the standardized cumulative stock return
(continuously compounded) will converge to a normal distribution, but the normalizing constant should
be the standard deviation of the standardized cumulative return. Once a correlation exists among one-
period returns such as the case of GARCH, the variance of the standardized cumulative return no longer
equals the average variance of one-period return. In other words, although the Black—Scholes formula is
applicable for long-term options due to the Central Limit Theorem, it must be evaluated at a volatility
level different from the standard constant volatility estimate. We performed a separate investigation on
this issue, and it turns out that the average variance of one-period return is always higher than the variance
of the standardized cumulative return. As a result, one would expect the Black—Scholes value to be higher
than the GARCH option value for long-term options when the systematic risk is zero.
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value differences, since the latter are both with respect to the same Black—Scholes
value. For example, with the volatility asymmetry parameter 0 being 1.0, the value
of a deep-in-the-money option with a maturity of five years would go up by
[7.38 — (—1.51)]/(100 — 1.51) = 9.03% when the correlation coefficient goes from
0.0 to 0.7. This is approximately equal to 7.38 — (—1.51) = 8.89%. A quick look re-
veals no apparent pattern of the value change across different maturities for the same
moneyness. This means that the CEO’s incentive to increase systematic risk is uni-
form across options with different maturities, as long as the options have similar
exercise prices. Since different maturities mean different granting dates, the above im-
plies that CEOs will try to increase the systematic risk to equally benefit all existing
stock options in his/her compensation portfolio.

Fourth, the percentage difference in price is generally bigger, the higher the vola-
tility asymmetry parameter, 0. As mentioned before, this parameter determines the
distribution property of the stock return. Specifically, it determines the skewness
of the distribution. The results imply that, other things being equal, CEOs of those
companies whose stock returns exhibit more skewness will have more incentive to
increase the systematic risk.

So far, the current volatility of the stock is assumed to be equal to the stationary
volatility. However, the model allows the volatility to evolve, and at a particular
point in time, the actual volatility can be above or below the long run average. To
see if the previous observations still obtain under those circumstances, we re-run
the simulations by setting the initial volatility to, respectively, 50% and 150% of
the long run average. To conserve space, we omit the tables and only discuss the
key findings.

To begin with, the true stock option prices are all lower (higher) when the initial
volatility is low (high). More important, it remains true that a higher systematic risk
leads to a higher option value. Therefore, the incentive to increase systematic risk is
present regardless of the current level of the stock’s volatility.

We also find that the difference between the true stock option value and the Black—
Scholes value is much more pronounced for shorter term options. To illustrate this
finding, we plot in Fig. 1 the percentage difference in values against moneyness for
two maturities: 1 and 10 years (the volatility asymmetry parameter 6 is fixed at 0.6
and the correlation at 0.35). The percentage differences for longer term options are
all within 3%, whereas those for shorter term options can be more than 30%.

The dramatic difference across maturities is due to the dampening effect. In a
GARCH framework, the stochastic volatility reverts to the long-run stationary level
when the time horizon is long. Over a shorter horizon, the current level of volatility
dominates valuation. Our findings once again reveal the limitations of the Black—
Scholes model in estimating the value of previously granted CEO stock options.
When the stock’s volatility changes, the value of the option can change significantly.
In the Black—Scholes setting, when the long-run volatility is estimated using histor-
ical data, the option value does not respond to current fluctuations of the return vol-
atility.

The above analyses focus on the varying levels of the current volatility relative to
the long run volatility. Stocks can have inherently different levels of long run or aver-
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Panel A: Time to Maturity = 1 year

30
6 20 '//,/—*’—"
M o~
Fx 104
§ ] 0 4 '\.\I\.\.\i
2 & 1
2w -10 1
0 M
52 20
=S
&0 30 -
2

—40 T T T T T T T

0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20

Moneyness: PV (X) /S

—e— low initial volatility ~—=— average initial volatility = —a— high initial volatility

Panel B: Time to Maturity = 10 years

Difference between GARCH
and B-S Prices (%)

'2 T T T T T T T
0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20

Moneyness: PV (X) /S

—e— low initial volatility ~—m=— average initial volatility =~ —a— high initial volatility

Fig. 1. Impact of systematic risk on CEO stock option prices — Different levels of initial volatility.
Notes: (1) In each panel, we plot the percentage difference between GARCH and Black-Scholes option
prices against option’s moneyness which is the present value of the exercise price divided by the current
stock price. For all plots, 0 = 0.6, p = 0.35, and the remaining parameters take their values. (2) The three
settings for the initial volatility are: 50% of the stationary volatility (low), 100% of the stationary volatility
(average), and 150% of the stationary volatility (high).

age volatilities due to different business lines. For instance, high tech stocks have a
much higher average volatility than utility stocks. It is useful to know if risk incen-
tives are different under different levels of long run volatilities. To this end, we repeat
calculations similar to those in Table 2 by setting the initial volatility to the long run
average. Here we vary the systematic risk parameter p under different levels of long
run volatilities. Specifically, we examine three scenarios: the annualized stationary
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standard deviation being 0.2, 0.4, and 0.6. The volatility asymmetry parameter 6 is
kept at the base level of 0.6. Table 3 contains the results. '°

There are two interesting observations. First, it remains true that the higher the
systematic risk, the higher the stock option’s value, implying that the CEO always
has the incentive to increase the proportion of systematic risk, regardless of the
total risk level. Second, increasing the systematic risk has a bigger impact on
the true option value when the long run volatility is low. This result is quite intu-
itive: since the option value is always lower when the long run volatility or total
risk is low, any change to the systematic risk will likely bring about a bigger im-
pact on the option value in a relative sense. The implication is that, for companies
with a lower total risk, the board should be extra vigilant about their CEOs’ ac-
tions.

Our analyses so far are for a single stock option. We examined how the option
value changes with respect to a particular parameter. In other words, we assume that
the CEO will modify the firm’s risk profile after they receive the stock options. When
comparing alternative compensation packages, it is sometimes meaningful to keep
the cost constant. To this end, we calculate the option’s sensitivities to the stock price
(delta) and stock volatility (vega) per $1 cost. Here we implicitly assume that the
CEO cannot alter the risk profile and the firm can pick an “optimal” risk profile
to maximize incentives. In Fig. 2, we plot option delta’s and vega’s against the total
risk and the systematic risk (measured by correlation). For delta or value incentives
(Panel A), lower correlation and lower volatility seem to bring about a higher incen-
tive. Although not shown here, similar observations regarding volatility also obtain
in the Black—Scholes setting. For vega or risk incentives (Panel B), the patterns are
similar, except that the negative association between per $1 vega and correlation is
not visually apparent. Overall, on a fixed cost basis, Fig. 2 implies that the value
incentive and the risk incentive are mostly driven by the total risk and the composi-
tion has very little bearing on them. Therefore, total risk plays an important role in
deciding on the option package. However, after the option is granted, both total risk
and its composition become important.

Taken together, the results in this section seem to suggest the following: (1) once
the options are granted, CEOs have an incentive to increase their stocks’ systematic
risk to enhance their own wealth; (2) the risk incentive is stronger when the total
risk level is lower; (3) when the systematic risk is high, the Black—Scholes formula
tends to under-estimate the true option value because of its inability to incorporate
the systematic risk into pricing; when the systematic risk is very low, the Black—
Scholes formula tends to over-estimate the true option value due to its failure to
properly account for return dependency in computing the constant volatility esti-
mate.

19 The Black-Scholes prices are different under different stationary volatilities. The percentage
differences are calculated using the proper Black—Scholes price under each stationary volatility. For
brevity, we omit the Black—Scholes prices in the table. Calculations are also done for cases of lower and
higher initial volatilities. Since they do not offer additional insights, we omit the tables for brevity.



Table 3
Impact of systematic risk on CEO stock option prices — Under different levels of stationary volatility

Maturity Moneyness  Percentage difference between CEO option prices under GARCH and Black—Scholes

(years) Panel A, o, — 0.2 Panel B, o, — 0.4 Panel C, o, — 0.6
0 =0.00 p =035 0 =0.70 0 =0.00 p =035 p =070 p=0.00 p =035 0 =070

0.5 DITM 115 1.46 1.83 135 213 3.00 0.72 1.73 2.83
0.5 IT™ 1.41 236 3.40 0.39 1.70 3.0 ~0.50 0.92 241
0.5 ATM ~0.96 0.90 2.86 147 0.35 224 ~1.97 ~0.20 1.62
0.5 OTM 777 478 ~1.76 442 ~2.06 0.35 2389 ~178 0.37
0.5 DOTM _25.15 ~20.71 ~16.30 ~10.24 712 —3.98 _7.18 —459 ~1.98
1 DITM 1.49 2.24 3.13 0.83 225 3.81 ~0.24 1.42 3.19
| IT™ 1.01 2.66 449 ~0.40 1.64 3.82 ~151 0.61 283
1 ATM ~1.21 1.47 4.34 ~1.99 0.59 3.32 267 ~0.19 239
1 OTM ~561 ~1.76 226 -3.99 ~0.86 241 —4.04 12 1.70
1 DOTM ~15385 ~10.29 —457 ~7.53 362 0.40 ~6.16 285 0.53
2 DITM 1.22 2.57 412 0.04 2.08 431 ~0.99 1.20 3.54
2 IT™ 0.39 273 532 ~0.97 1.67 451 ~188 0.73 3.49
2 ATM ~1.21 2.09 5.67 ~1.96 1.16 450 268 0.25 3.32
2 OTM 378 0.56 522 325 0.37 421 357 ~0.34 3.05
2 DOTM ~9.10 323 3.01 ~5.34 ~1.06 3.46 ~4.89 ~1.25 2.55
5 DITM 0.52 2.62 498 ~0.80 1.77 455 “175 0.76 3.41
5 IT™ ~0.18 278 6.05 ~1.46 1.59 487 229 0.54 3.51
5 ATM ~1.09 2.60 6.64 203 139 5.05 268 0.38 3.60
5 OTM 227 2.19 7.04 264 112 5.15 2305 0.23 3.68
5 DOTM 430 1.25 7.26 354 0.70 522 -3.56 0.02 3.75
10 DITM ~0.04 251 5.33 ~1.20 1.50 439 044 ~0.06 2.40
10 IT™ ~0.51 273 6.30 ~1.65 1.40 467 282 ~0.23 2.46
10 ATM ~0.96 2.83 6.98 201 1.32 436 311 ~035 2.50
10 OTM -152 282 7.56 234 123 5.04 ~3.40 ~0.48 253
10 DOTM ~2.46 2.65 8.23 ~2.80 111 5.8 378 ~0.66 2.55

Notes: (1) The initial volatility is set equal to the stationary volatility for all cases. (2) The columns under different p values contain the percentage difference
between the GARCH option price and the Black—Scholes option price, the latter of which is omitted for brevity. (3) DITM: deep in-the-money, ITM: in-the-
money, ATM: at-the-money, OTM: out-of-the-money, DOTM: deep out-of-the-money.
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Panel A: Stock Option Delta per $1 Cost
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Fig. 2. Non-indexed stock option’s delta and vega per $1 cost.

Notes: (1) The plots are for at-the-money options with a time to maturity of five years. The initial volatility
for the stock is set equal to the stationary volatility. The volatility asymmetry parameter 0 is set at 0.6. All
remaining parameters take their base values. (2) Delta’s and vega’s are approximated by perturbations.
For delta’s, the stock price is perturbated by 0.1% (or $0.1 for a stock price of $100); for vega’s the vol-
atility is perturbated by 0.005 (or 0.5%).

3.3. Risk incentive analysis of indexed stock options

Johnson and Tian (2000) argued that the exercise price of a stock option should
be indexed, since part of the stock price movements is affected by the overall market
which is beyond the CEO’s control. CEOs should be rewarded only for idiosyncratic
stock price appreciations, and should not be penalized for stock price declines caused
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by the overall market downturn. Indexing not only aligns incentives with perfor-
mance, but also saves compensating cost for the company.

Assuming constant returns and volatilities for the stock and the market index,
Johnson and Tian (2000) proposed the following indexed exercise price (with a zero
dividend yield):

H[ — SO (1[/Io)ﬁe[r(l—[)’)+0,5pasa'1(l—ﬁ)]t, (3 1)

where Sy, I are the stock price and the market index at time O (the option granting
time), /, is the market index at time ¢, o; and o; are the stock and market index
volatilities, p is the correlation between the stock and the market index returns, 7 is
the risk-free rate, and § = po,/a1. Clearly, at the time of granting, the exercise price
is equal to the prevailing stock price. As shown by Johnson and Tian (2000), one can
easily re-scale the exercise price to make it in-the-money or out-of-the-money at the
time of granting. With the above setup, the option’s value can be expressed as

Cindexed — S,N(dl) _HtN(d2)7 (32)
where
In(S,/H,) 4+ 0.50%(T — ¢ V—
dy = 1’1( t/ I)+T Gﬂ( )’ db=d —o,VvT —t, Ga:O-SM7
0, -1

T —t is the option’s time to maturity, and N(e) is the cumulative probability func-
tion for a standard normal distribution.

To study the value and risk incentive effects of indexed CEO stock options within
the GARCH framework, we must make some further assumptions for the simula-
tions. Specifically, (1) we index the exercise price according to (3.1), (2) we use the
long run or stationary volatilities in place of ¢; and oy, (3) the current stock and
index prices are assumed to be the same as those at the time of granting, and (4)
the overall exercise price is scaled to make the option in-the-money or out-of-the-
money at the time of granting. The Black—Scholes value will be given in (3.2), and
is used as the control variate in the simulations. Similar to non-indexed stock
options, the difference between the Black—Scholes and GARCH option values stems
from time varying volatilities. Within the Black—Scholes framework, the systematic
risk exerts its impacts through indexing; within the GARCH framework, the system-
atic risk exerts its impacts through both indexing and the return dynamics.

Similar to the study of non-indexed stock options, we calculate option values
under different systematic risk levels by varying the correlation coefficient, p. For
brevity, we only report in Table 4 the numerical results for the base case where
the initial volatility is set at 0.4, the long run volatility, and the volatility asymmetry
parameter is set at 0.6. Several observations are in order.

First, unlike the non-indexed options whose value is totally independent of the
systematic risk in the Black—Scholes environment, the Black—Scholes value for an in-
dexed option is negatively affected by the systematic risk. As already established by
Johnson and Tian (2000), a higher systematic risk means a smaller contribution of
the idiosyncratic risk; most of the stock movements is attributable to the market



1202 J.-C. Duan, J. Wei | Journal of Banking & Finance 29 (2005) 11851211

Table 4
Impact of systematic risk on indexed CEO stock option prices — Initial volatility equal to stationary vol-
atility

Black—Scholes price ($), GARCH price ($), and % difference

Maturity Money- Panel A, p = 0.00 Panel B, p =0.35 Panel C, p =0.70
(years) ness

B-S GARCH % B-S GARCH % B-S GARCH %

0.5 DITM 21.31 21.60 1.35 20.81 21.28 228 1921 19.63 2.16
0.5 I™ 15.01 15.07 0.39 1436 14.67 212 12,11 1253 3.39
0.5 ATM 11.23  11.07 -1.47 10.52 10.64 .12 803 837 4.13
0.5 OT™M 832 795 -4.42  7.61 7.56 -0.65 516 539 4.44
0.5 DOTM 541 486 -10.24 477 455 -4.54 266 277 4.29
1 DITM 24.86 25.07 0.83 24.07 24.70 2,60 2140 22.08 3.16
1 I™ 19.33 19.25 -0.40 1839 18.82 231 1513 1578 4.26
1 ATM 1585 15.54 -1.99 1486 15.11 1.64 11.36 11.92 4.95
1 OT™M 12.99 1247 -3.99 11.98 12.03 046 844 891 5.56
1 DOTM 9.87 9.13 -7.53 889 872 -1.94 553 586 5.93
2 DITM 30.23  30.24 0.04 29.05 29.82 2,65 2499 2594 3.80
2 I™ 2541 25.16 -0.97 24.10 24.69 246 1947 2042 4.87
2 ATM 2227 21.83 -1.96 2090 21.35 2.18 16.01 1691 5.66
2 OT™M 19.56 18.92 =325 18.15 18.47 1.79  13.15 13.99 6.41
2 DOTM 1643 15.56 =534 1501 15.15 092 10.03 10.77 7.43
5 DITM 40.95 40.62 -0.80 39.13  40.09 245 32,63 3399 4.19
5 IT™ 37.12 36.57 -1.46 3515 36.02 249 28.06 29.51 5.17
5 ATM 34.53 33.83 -2.03 32.47 3329 251 25.06 26.54 5.93
5 OT™M 32.19 31.34 -2.64 30.07 30.82 248 2242 2392 6.69
5 DOTM  29.38 28.34 -3.54 27.19 2782 232 19.34 2085 7.77
10 DITM 52.35 51.72 -1.20 4997 51.27 2.60 41.23 4295 4.15
10 IT™ 49.35 48.54 —-1.65 46.81 48.06 2,67 3742 39.19 4.73
10 ATM 4729 46.34 -2.01 44.65 45.86 272 3485 36.64 5.13
10 OT™M 4539 4433 -2.34 42.65 43.81 272 3252 3434 5.59
10 DOTM  43.05 41.84 -2.80 40.21 41.28 268 29.72  31.59 6.30

Notes: (1) The initial volatility is set equal to the stationary volatility for all cases. (2) The columns under
different p values contain the Black—Scholes price in dollars, the GARCH option price in dollars, and the
percentage difference between the two. (3) DITM: deep in-the-money, ITM: in-the-money, ATM: at-the-
money, OTM: out-of-the-money, DOTM: deep out-of-the-money. (4) The indexing is according to the
scheme in Johnson and Tian (2000).

movements, and the CEO is rewarded much less than if the exercise price is not in-
dexed. Incidentally, comparing Panel A of Table 4 with Panel B of Table 2, we notice
that the indexed and non-indexed options have the same value when the correlation
is zero. This is expected since the indexed exercise price in (3.1) reduces to Sye’ "~ at
maturity, which is identical to the present-value-adjusted exercise price for the non-
indexing case.

Second, in sharp contrast with the non-indexed options, the indexed option values
appear to be negatively affected by the systematic risk. Increasing systematic risk is
no longer in the CEO’s interest. This finding has profound implications for optimal
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risk incentives, as will be discussed in the next section. It should be noted, however,
that the table has only presented the results for three values of p. Once we consider
the whole spectrum of possible values, the GARCH option value for the indexed
contract actually increases with the systematic risk for a small range of p and then
starts to decline, as reflected in Fig. 4. This result is due to the interplay between
the increasing force from the GARCH dynamic and the dampening effect of indexing
the contract. Once the systematic risk reaches to a certain level, the dampening effect
becomes the dominant force.

Third, as long as the systematic risk is not close to zero, GARCH option prices
are higher than their Black—Scholes counterparts. Thus, for indexed options, using
Black—Scholes model to estimate the compensation cost can lead to under-estima-
tion. The higher the systematic risk, the bigger the under-estimation. When the re-
turn correlation is zero, the Black—Scholes model tends to over-estimate the true
option value, similar to the non-indexed options.

Fourth, comparing option values across panels (both Black—Scholes and GARCH
values), we notice that, systematic risk exerts a bigger impact (in percentage terms)
on out-of-the-money options than on in-the-money options. Intuitively, out-of-the-
money options have less cushion against exercise price fluctuations than in-the-
money options.

Again, the above analysis is on a per option basis. For completeness, we also cal-
culate the indexed option’s delta and vega on a per dollar basis. Fig. 3 is an indexed
counterpart of Fig. 2. It is seen that the indexed option’s vega behaves in a similar
fashion as the non-indexed option’s vega; however, the delta’s of the two options be-
have quite differently. For indexed options, a higher correlation or systematic risk
leads to a higher delta on a per dollar basis. The same is observed within the
Black—Scholes framework. Interestingly, for both types of options, the CEO’s and
firm’s desired levels of risk are opposite to each other. Take the indexed option as
an example. The CEO prefers a lower systematic risk since it leads to a higher option
value, while the firm prefers a higher systematic risk since it brings about a higher
value incentive on a per dollar basis. No matter which type of option is being used,
as soon as the option is granted, the CEO will have an incentive to alter the stock’s
systematic risk. It is therefore imperative that the firm uses an option package that
will induce the CEO to adhere to the systematic risk level. We show in the following
section how this can be achieved.

3.4. Optimal risk incentives

We have shown that, the CEO has an incentive to increase the systematic risk for
non-indexed options, and decrease the systematic risk for indexed options. Neither
of the two alone can induce the CEO to opt for a level of systematic risk desirable
to the firm. However, a basket of the two has the potential of inducing the CEO
to choose a level of systematic risk deemed desirable for the company. In other
words, an “optimal” compensation scheme can be devised by partially indexing
the stock options. “Partial” can be implemented in many ways. For instance, for
each option grant, the company can index only a fraction of the total number of
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Panel A: Stock Option Delta per $1 Cost
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Fig. 3. Indexed stock option’s delta and vega per $1 cost.

Notes: (1) The plots are for at-the-money options with a time to maturity of five years. The initial volatility
for the stock is set equal to the stationary volatility. The volatility asymmetry parameter 0 is set at 0.6. All
remaining parameters take their base values. (2) Delta’s and vega’s are approximated by perturbations.
For delta’s, the stock price is perturbated by 0.1% (or $0.1 for a stock price of $100); for vega’s the vol-
atility is perturbated by 0.005 (or 0.5%).

options. Alternatively, the company can grant indexed and non-indexed options in
alternate years.

To illustrate the above idea, for the correlation range of [0.0,0.80], we calculate
values for the indexed and non-indexed at-the-money options using the base para-
meter values and a maturity of 10 years. We then form a basket of the two options
at each level of correlation or systematic risk. For simplicity but without loss of
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Note: Basket I contains 0.25 units of indexed and 0.75 units of non-indexed options; Basket II contains 0.5
units of indexed and 0.5 units of non-indexed options. We plot the values for 1.2 units of Basket I and 1.1

units of Basket II in order to separate the curves for better visual effects.

generality, we form the basket using fractional units which add up to unity. For in-
stance, if we have 0.25 units of the non-indexed option in the basket, then we will
have 0.75 units of the indexed option. In Fig. 4, we plot the basket values for two
particular combinations along with individual contracts. With a combination of
(0.25,0.75), the basket value peaks when the correlation is 0.4; with a combination
of (0.5,0.5), the basket value peaks when the correlation is 0.2. Once a company has
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decided on its suitable systematic risk level, it can choose the basket to ensure that
the CEO will be motivated by his/her own interest to pursue it. For instance, if
the desired level of correlation is 0.4, then the CEO should be granted 0.25 units
of non-indexed and 0.75 units of indexed options. The unit values of the two options
are $48.15 and $45.19 respectively. If the total grant value is set at $1,000,000, then
the total number of baskets to be granted will be 1,000,000/[0.25%x48.15+
0.75x45.19]1=21,772. In other words, the CEO should be granted with 5,443 units
of the non-index option and 16,329 units of the indexed option.

Admittedly, this scheme works perfectly only at the time of grant. Over time, due
to changes in the stock price and volatility, the option value’s sensitivity to the sys-
tematic risk will also change. But this is the same challenge faced by any board of
directors when they design stock option compensation packages. A simple practical
remedy would be to re-evaluate the CEO’s entire stock option portfolio at each
granting date, and decide on a mixture that is risk-incentive compatible for the whole
portfolio.

Before concluding the paper, we would like to discuss the applicability of our
results when the CEOs face trading restrictions. As mentioned before, we do not
distinguish private value from market value in this paper. When trading restrictions
are introduced, CEOs’ private valuation will be different from the market’s. The
natural concern is whether our qualitative conclusions on risk incentives would re-
main valid under private valuations. Careful thought experiments seem to suggest a
positive answer. When CEOs face trading restrictions, they are forced to bear non-
systematic risk and, as a result, will under-value their stock or option holdings.
Had we modeled the trading restrictions directly, we would have introduced a
wedge between the private and market values. However, the nature of systematic
risk’s impact will remain the same for private values. Specifically, a higher system-
atic risk would still lead to a higher value for non-indexed options and a lower
value for indexed options. For non-indexed options, the additional non-systematic
risk borne by the CEO due to trading restrictions will make him/her prefer system-
atic risk even more. In other words, the risk incentive effects are intensified under
private valuations. For indexed options, the two effects compete against each other.
On the one hand, a higher systematic risk still causes a lower option value due to
indexing; on the other hand, a higher systematic risk offsets some of the additional
non-systematic risk from constrained holdings, narrowing the gap between the pri-
vate and market values. It is reasonable to predict that the former effect dominates
the latter since it is a direct valuation effect. This prediction is even more reason-
able when trading restrictions are less stringent. Therefore, in a whole, we would
expect the conclusions concerning risk incentives to remain valid under private val-
uations.

4. Summary and conclusions

There is a large body of literature on CEO stock options that addresses such key
issues as valuation, repricing, and risk incentives. It is generally recognized that, due
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to CEOs’ risk-aversion and trading restrictions, the value of a stock option to the
CEO can be different from the cost to the company. It is accepted that the cost of
a stock option can be estimated by applying the Black-Scholes formula because
the company itself does not face trading restrictions. Within this framework, the
study of risk incentives will necessarily be confined to total risk only. Given that
the Black—Scholes value of an option is positively related to the volatility input,
CEOs will have an incentive to increase the total risk in order to enhance their
own wealth. This in itself is a useful insight for designing stock option packages
and monitoring the CEOs.

However, standard asset pricing theory stipulates that the breakdown of total risk
into systematic and non-systematic risks is quite relevant in determining the value of
an asset. CEOs do have the ability to influence the composition of the total risk.
Therefore, an important question is, “Will the granting of stock options create
any incentive for the CEO to alter the total risk breakdown?” If the answer is yes,
then how do we design stock option packages that are risk-incentive compatible?

We use the GARCH option valuation framework to address the above questions.
We first establish theoretically that the option’s value does depend on the amount of
systematic risk. We then carry out a numerical analysis of risk incentives induced by
stock options. For non-indexed stock options, CEOs always have an incentive to in-
crease the systematic risk. This incentive becomes stronger when the total risk level is
lower. In addition, when the systematic risk is high, the Black—Scholes formula tends
to under-estimate the true option value because of its inability to incorporate the sys-
tematic risk into pricing. When the systematic risk is close to zero, the Black—Scholes
model tends to over-estimate the true option value.

For indexed options, CEOs usually have an incentive to reduce systematic risk.
The opposite risk incentives induced by the two types of options suggest an optimal
compensation scheme to control the systematic risk level. It involves granting a mix-
ture of indexed and non-indexed stock options such that the CEO is induced to pur-
sue the systematic risk level deemed appropriate by the board of directors.

The main implication of our analysis is that, the board of directors should not
simply focus on the total risk when designing the stock option and monitoring their
CEO:s. Systematic risk should also be a key factor of consideration. Even if the board
restricts the total risk to be within a certain range, the CEO could still alter the com-
position of the total risk in order to enhance his/her own wealth. Moreover, granting
non-indexed or indexed options alone will induce the CEO to target at a system-
atic risk level that is not appropriate for the company. A mixture of the two options
offers a promising possibility for risk control.
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Appendix A. Examples of stock option grants for CEOs

Granting Number  Original Adjusted Maturity  Vesting
year of call exercise exercise time period (year)
options price price
Panel A: Stock options for CEO of Hewlett Packard
1997 37,500 52.5 25.77 November 1
2006
37,500 2
37,500 3
37,500 4
1988 125,000  61.75 30.31 November 1
2007
125,000 2
125,000 3
125,000 4
1999 75,000  59.19 59.19 November 1
2008
75,000 2
75,000 3
75,000 4
Panel B: Stock options for CEO of Philip Morris
1998 400,000  39.72 33.20 June 2008 1
1999 500,000  40.00 34.44 June 2009 1
250,000  40.00 34.44 June 2009 3
198,188  35.81 30.84 June 2003 0.5
80,497  35.81 30.84 June 2004 0.5
2000 1,171,400 21.34 21.34 January 1
2010
267,567  33.09 33.09 June 2004 0.5

Notes: (1) Panel A is for Lewis E. Platt, CEO of Hewlett Packard; Panel B is for Geoffrey C. Bible, CEO of
Philip Morris.
(2) Source: DEF14A Form from the EDGAR data base of the Securities Exchange Commission. Note that
the exercise price is equal to the stock price at the time of grant, as all stock options are granted at-the-
money. The “adjusted exercise price” is the original exercise price adjusted for all the stock splits since the
granting date.
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Appendix B. Characterization of the risk premium parameter, 4,

Our starting point is the theoretical setup of Duan (1995). In this setup, the fun-
damental asset pricing equation in the representative agent exchange equilibrium is
U (Cz+1)
V :EP e ’
t { U ( C) Vit |9,
where V] is the asset price, U(C,) is the utility function of time-¢ consumption C,, « is
the impatience parameter reflecting a discount over time, and E”(-) is an expectation
operator with respect to measure P. We assume that the negative of the logarithmic
stochastic discount factor (i.e., Y. =« —InY C’“ ) and the continuously com-
pounded asset return follow a bivariate normal dlstrlbutlon conditional on the
information set at time #, denoted by ¢,.
When the fundamental pricing equation is applied to the one-period risk-free
bond, we obtain
e Tl EP (Ct+1) qs
U/(C[) t]

= E° |:eyr+1 |¢)t:| ,

52
= e M1 +%bzﬂ

where p,,, = E”[Y,,1|¢,], and &7

t+1

= Var”[¥,,1|¢,]. The above equation then implies

1
Pt — T —55,2 =0. (A1)
Now we project lnS’S—*Il on Y, (conditional on ¢,) to yield
S
In gl = Wit +Wo 1 Y + Ziy, (A2)
t

where w;,;; and w,,, are ¢, measurable, Y., and Z,,, are independent by the
bivariate normality assumption, and E”[Z,,|¢,] = 0. Equating the first two moments
of lnS’Tf‘ from (A.2) and the EGARCH(1, 1) process in (2.1), we obtain

1
Tl + /1t+lo-t+1 *50',2“ = Wil T Wo iy, (A~3)
2
‘7;2+1 W2t+1‘3 +Dz+l7 (A4)
where v}, = E”[Z2 | |$,].

Flnally, applying the fundamental pricing equation to the stock, we obtain

U'(Cit1) S 4’;]7

1= EP e/
U’(Ct) St
= EP I:eWLH]+(W2.I+I*I)YI+1+ZI+1 |¢t]7

r S,
_ P | YL
=E"|e " K ¢l )

[ 252
— EP eWI.r+l+(W2.f+l_l)l‘t+l+%(w2.t+l_l) O/+1+%U,2+]:| ,
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which in turn implies that

1 1
Wit + (Wan — Dty +§(W2,t+l - 1)2512+1 +§Utz+l =0. (A.5)
Conditions in (A.1), (A.3), (A.4) and (A.5) together give rise to the following re-

sult:

Wa 107
dpyy = L (A.6)
Ol
Now, defining ¢,,; = Corr(lnS&—tl, Yoo, = 2r410e41 Eq. (A.6) can be rewritten as

(7S

Air1 = qrr10.11-
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