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The Exercise and Valuation of

Executive Stock Options -

Abstract

In theory, hedging restrictions faced by'managers make executive stock options more dif-
ficult to value than ordinary options, because they imply that exercise policies of managers
depend on their preferences and endowments. Using data on option exercises from 40 firms
from 1979 to 1994, this paper shows that a simple extension of the ordinary American option
model which introduces random, exogenous exercise and forfeiture predicts actual exercise
times and payoffs just as well as an elaborate utility-maximizing model that explicitly ac-
counts for options’ nontransferability. The simpler model could therefore be more useful than
the preference-based model for valuing executive options in practice.






1 Introduction

With the explosive growth in the use of stock options as executive compensation,
investors, economists, and accountants have become increasingly concerned about the
cost of these options to shareholders. Any researcher or practitioner trying to value
a firm must assess the value of the claim on equity that executive options represent.
Executive option valuation is also important to corporate boards and compensatlon
consultants, and is even becoming an issue outside the U.S., in countries such as the
U.K., Japan, and India. i

In principle, the nontransferability of these options makes them more difficult to
value than ordinary options. This problem has thwarted the efforts of Financial Ac-
counting Standards Board (FASB) over the last decade to develop a standard requiring
firms to deduct option cost from earnings. This paper shows that a simple model com-
bining the ordinary American option exercise policy with random, exogenous early
exercise and forfeiture describes exercise patterns in a sample of 40 firms just as well as
an elaborate utility-maximizing model that explicitly accounts for options’ nontrans-
ferability. Because the exercise policies of executives are a crucial determinant of the
cost of these options to shareholders, this result implies that the simpler model is just
as good for valuing options. Thus, while opponents of the FASB’s proposed standard
have argued that the need to account for nontransferability makes option valuation too
complex, the results here suggest that option valuation is indeed implementable.

The cost to shareholders of granting an executive a stock option is the amount
that an unrestricted outside investor would pay for such an option. This value is like
the value of an ordinary American option with one important difference: the exercise
decision is not made by the outside investor, but rather by the executive, who cannot
trade or hedge the option and therefore might not make the same exercise decisions as
an unconstrained option holder. For example, he might exercise earlier than usual for
the purpose of diversification or liquidity. He might also be forced to exercise early or

forfeit the option upon separation from the firm. Other factors such as taxes or inside



information might lead to late exercise.

In order to value an executive stock option, that is, in order to estimate the com-
pany’s opportunity cost, we need an understanding of the executive’s exercise decisions.
While the effects of hedging restrictions on the exercise policy of a risk averse executive
may be complex in theory, their pré,ctica,l impact on exercise patterns represents an
empirical question. To address this question, I compare two models of the exercise
policy. The first, a simple extension of the ordinary American option mfodel, intro-
duces an exogenous “stopping state,” in which the executive automatically exercises or
forfeits the option. This state arrives with some fixed probability, the “stopping rate,”
each period. It proxies for anything that causes the executive to stop the option early,
including the desire for liquidity, voluntary or involuntary employment termination,
or any other event relevant to executives but not to unrestricted option holders. The
model is essentially a binomial version of the continuous time model of Jennergren
and Naslund (1993). The second model assumes the executive exercises the option
according to a policy that maximizes expected utility subject to hedging restrictions,
as in Huddart (1994) and Marcus and Kulatilaka (1994). This “rational” model not
only includes a stopping state, but also includes other unobservable factors such as
the executive’s risk aversion, his outside wealth, and his potential gain from voluntary
separation.

If factors underlying the two models were observable, we could simply compute
exercise patterns under both models and compare these patterns with actual exercises
from a sample of options. The factors are not observable, so instead, I start by cali-
brating the models, choosing f;,ctor values that make modeled exercise payoffs, times,
and cancellation rates best match sample averages. Next, I examine the performance
of the calibrated models in predicting actual exercise patterns for a sample of 40 firms
from 1979 to 1994.

I expect the rational model to perform better than the extended American option

model because it has more flexibility and allows for richer forms of interaction between



early exercises or forfeitures and the level of the stock price. Surprisingly, the two
calibrated models perform almost identically. To be sure that the rational model can
do no better, I also examine its performance under a variety of other parametrizations.
In no case does the rational model outperform the extended American option model.

One conclusion is that the stopping rate is essentially a sufficient statistic for the
utility parameters. More broadly, the results suggest that exercise patt;erns can be
approximately replicated merely by imposing a suitable stopping rate, without the
need to make assumptions about executive risk aversion, diversification, and the value
of new employment. This implies that 2 simple extension of the usual binomial model
can be adequate for valuing executive stock options.

For the purpose of comparison, I also compute option values according to the
method that the FASB recommends, an extension of the Black-Scholes (1973) model
which replaces the stated expiration date with the option’s expected life. For each of
the exercise policies examined, the option value under the FASB’s method is less than
the correct option value.

The remaining sections are organized as follows. Section 2 reviews the existing
literature on executive stock options. Section 3 develops a theoretical framework for
option valuation, establishes the link between option valuation and the executive’s
exercise policy, and presents the two alternative models. Section 4 compares the ability
of the models to explain actual exercise behavior in a sample of N YSE and AMEX firms.

Section 5 discusses the choice of a suitable stopping rate, and section 6 concludes.

.

2 Previous research

Because of the difficulty in obtaining adequate data on option grants and exercises from

public sources, little empirical research exists on employee stock exercise patterns.!

1Qnly since the expansion of SEC disclosure requirements in 1992 have firms consistently provided

disaggregated information about option grants in proxy statements. Before then, proxy statements



Huddart and Lang (1995) study exercise behavior in a sample of eight firms that
volunteered internal records on option grants and exercises from 1982 to 1994. They
find a pervasive pattern of option exercises well before expiratidn. They also examine
the ability of different variables to predict months with intense exercise activity. For
example, they find a positive relation between option exercise activity and recent stock
price appreciation. ‘

A number of other empirical papers use data on option grants to estimate the value
of executive stock options using the Black-Scholes (1973) formula, as adjusted for
dividends by Merton (1973). These include Antle and Smith (1985), Foster, Koogler,
and Vickrey (1991), and Yermack (1995). For example, Yermack (1995) reports that
options represented about one-third of the average compensation of chief executive
officers in 1990 and 1991, based on their Black-Scholes value.

The importance of executive stock options and the heat of the FASB valuation
controversy have inspired a variety of theoretical papers about option valuation. As
‘mentioned above, Huddart (1994) and Marcus and Kulatilaka (1994) develop binomial
models of the exercise policy that maximizes the expected utility of the option holder
when he is unable to sell or hedge the option. Other papers, such as Cuny and Jorion
(1993) and Jennergren and Naslund (1993), focus instead on the impact on option value
of the possibility that the executive may leave the firm, thereby forfeiting or exercising
the option. Examples of this effect also appear in Rubinstein (1995). Finally, while
these papers all consider the value of the option from the viewpoint of the option writer,
Lambert, Larcker, and Verrechia (1991) use certainty equivalents to value ‘the option

in a utility-based framework from the holder’s point of view.

typically disclosed just the average strike price and a range of expiration dates of newly granted

options.



3 Executive stock option valuation

Standard American option pricing theory assumes that the option holder can trade
freely. This assumption implies that the option holder will exercise the option according
to a strategy that maximizes its market value. Therefore, the value of the ordinary
optlon does not depend on the risk preferences of either the option holder or the writer.

Executive stock options are nontransfera.ble and section 16-c of the Securities Ex-
change Act prohibits insiders from selling their firm’s stock short. These ’restnctlons
mean that an executive holding such an option can neither sell nor hedge his position.
Consequently, he might exercise options. that would have more market value alive, for
the purpose of portfolio diversification, consumption, or employment termination.

Hedging restriction.s imply that the executive’s personal valuation of the option
depends on his risk preferences and endowments, as section 3.1 describes below. Hedg-
ing restrictions also imply that the option’s cost to shareholders can depend on the
executive’s personal characteristics, even though the shareholders, the option writers,
face no restrictions in trading or hedging their short position. To see why, think of the
cost of the option to shareholders as the amount an unconstrained investor would pay
for the option, with the understanding that the executive makes the exercise decision.
Equivalently, this is the amount shareholders would have to pay to an unconstrained
outside institution or investor to assume their short position. Call this amount the op-
tion’s market value—the value of the option payoff to any market participant who can
freely trade or hedge his position. The option’s market value can still depend on the
characteristics of the executive because he controls the timing of the option exercise,
and thus controls the option payoff.

To examine the practical effects of the option’s nontransferability on the executive’s
exercise policy, the paper compares a model in which early exercises and forfeitures
arise exogenously to a model in which such early option terminations result from a
full-blown utility maximization problem. This section develops the two models in

detail. To prevent confusion, the section begins by drawing a distinction between the
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value of the option to the executive and the cost to shareholders. Section 3.2 sketches
a theoretical framework for pricing the risks associated with executive stock options,
which explains why valuing the option from the writer’s viewpoint becomes a matter of
determining the option holder’s exercise policy. Sections 3.3 and 3.4 develop alternative
models of the executive’s exercise policy. The exercise policy of a given model not only
determines the option’s value, as illustrated in section 3.5, but also prov{des average
values of observable variables such as the times and payoffs of option exercises. On the

basis of these forecasts, I compa.fe in section 4 the two models’ ability to fit the data.

3.1 Distinction between the value to the executive and the

value to the shareholder

Because he cannot sell or hedge the option, an executive’s personal option valuation is
subjective and is not necessarily measurable in dollars. One might measure this value
as the increase in expected utility it afforded him. Alternatively, one might define the
option’s value to the executive as the dollar amount of a cash bonus that would make
him equally happy. In any case, as Lambert, Larcker, and Verrechia (1991) show, the
value would depend on the executive’s risk preferences, endowments, constraints on his
portfolio or mobility, and other details of his personal life.

The following special cases illustrate the distinction between the value of the option
to the executive and the market value or cost to shareholders. First, suppose the option
is European and there is no possil?ility that the executive can forfeit the option by
leaving the firm. Then, the market value of the executive option is that of an ordinary
European option, because its payoff is exactly the same. Yet the value to the executive

is less than that of the ordinary option because he cannot sell or hedge it.2 If the

2This discrepancy between the executive’s valuation and the cost to shareholders might suggest
that the option is an inefficient form of compensation. For example, no such discrepancy would exist
with a cash payment. Of course, the reason for using an option instead is that it might yield superior

managerial performance. The problem of how best to compensate the executive given the benefits



option is American, but the stock pays no dividends, then the option is worth more
to the executive than if it were European, but costs shareholders less, in the absence
of asymmetric information, because any early exercise by the executive will reduce its
market value. If the option is American and the stock pays dividends, the option is
still worth more to the executive than if it were European, but the difference in cost
to shareholders depends how the executive uses the right:; exercise ea.rl.y. The fact
that the executive must forfeit the option if he leaves the firm when the option is

unvested or out of the money reduces the option value from both the executive’s and

the shareholders’ viewpoint. .

3.2 Pricing nonmarket risks in the option payoff

The standard approach to option pricing argues that if the stochastic option payoff can
be replicated with a trading strategy in the stock, then the value of the option must be
the cost of setting up that trading strategy. This cost, in turn, can be represented using
a mathematical construct known as the stock’s “risk neutral” probability measure. In
particular, the cost of the replicating stock portfolio is the expected value, under the
risk-neutral measure, of the option payoff discounted at the riskless rate.?

This contingent claim approach may not be appropriate for valuing the executive
option payoff, because it may not be possible to replicate that payoff with the underly-
ing stock. Unlike the exercise decision for an ordinary tradeable option, which depends
only on the stock price path, the time at which the executive exercises or cancels an

+

option might also depend on nonmarket risks, such as whether the executive suffers a

of improved incentives and the costs of inefficient risk-sharing is the subject of a vast principal-
agent literature. According to the survey Holmstrom and Hart (1987), option-like sharing rules
are not necessarily best; the optimal shape of the sharing rule can be arbitrary. Nevertheless, the
widespread use of options as compensation suggests that firms find their benefits outweigh their costs.
Brickley, Bhagat, and Lease (1985) report evidence that a firm’s stock price responds favorably to an
announcement of the adoption of an option compensation plan.

3Gee, for example, Cox and Ross (1976) or Harrison and Kreps (1979).



liquidity shock or leaves the firm.

I assume that any risks in the option payoff that the option writer cannot hedge
with the stock are idiosyncratic across different option holders. It is feasible to hold a
diversified portfolio of short positions in executive stock options by holding a portfolio of
stocks, and in a diversified portfolio, these idiosyncratic risks become trivial. Therefore,
in equilibrium, the option writer will value the option at ’its ordinary ex;;ected value
with respect to idiosyncratic risks.'On the other hand, a diversified portfolib of options
remains subject to stock market 1;isks and therefore is not worth its expected value, but
instead has the same value as a replicating portfolio of other assets. Therefore, even
though the option is not strictly a contingent claim on traded assets, the equilibrium
option value is still E(¢,(S; — So)*1{r>t,}), where S is the stock price, 7 is the random
time at which the executive “stops” the option through exercise or cancellation, ¢, is the
. vesting date, and ( is the pricing kernel appropriate for valuing ordinary options. The
random time 7 is essentially a plan that specifies when the executive will stop the option
for every possible sequence of future events. With this approach, valuing executive

stock options becomes a matter of determining the exercise policies of executives.

3.3 The executive’s exercise policy in the extended American
option model

This section presents a binomial model of the executive’s exercise rule which extends
standard theory simply by introducing random, exogenous early exercises and forfei-
tures. Each period there is some probability, ¢, that a “stopping state” will occur. The
occurrence of this state is independent of the path of stock prices. In a stopping state,
the executive exercises the option if it is in the money and vested, or else forfeits the
option. Otherwise, the executive acts according to standard American option theory:
he exercises the option or leaves it alive, depending on which action gives the option
greater market value.

This extended American option model, based on the continuous time model of



Jennergren and Naslund (1993), requires only one parameter more than the standard
model, the “stopping rate” ¢. The idea of the model is to capture as simply as possible
the fact that executives may exercise options earlier than standard theory predicts, and
that option forfeitures can take place. The stopping event proxies for anything that
might cause the executive to deviate from the usual exercise policy by stopplng the
option early, such as a liquidity shock, a desire to d1vers1fy, employment termma.tlon,
or any forced exercise or forfeiture. 1

The remainder of this sectionlprovides details of the construction of the executive’s
exercise policy. The stock price process in the model is a standard binomial, multi-
plicative random walk, and the interest rate r is constant. The option is granted at the
money, so without loss of generality, I set the strike price and the stock price at the
option grant date equal to one. Each period, the stock price can move up by a factor
. u or down by a factor d with equal probability. To construct a stock price process
with mean return g, volatility o, and dividend rate §, let u = e(i=8)h-log(coshoVR)+oVh
and d = e(A-9)h- 1°5(°°Sh"\/—)'”‘/_ where ji = log(1 + p), n is the number of periods per
year, and h = 1/n is the length of each period in years. The probability that the stock
moves up under the risk-neutral measure is p = (elr=9k — d)/(u — d).

The exercise policy of the executive is the solution to a market value maximization
problem, just as in the ordinary America.n'option model. The policy is essentially a list
of the optimal exercise decisions at every possible decision state. A decision state for
the executive is represented by a time, a stock price, and an indication of whether the
executive is in a stopping state. Let T be the option expiration date and let (4,7, k)
represent the state in which z p"eriods have elapsed, i = 1,2, ...,nT, the stock price has
made j moves up, j = 0,1,...,1, and the stopping state indicator is k. In a stopping
state, k = 1, otherwise k = 0.

When he is not in an automatic stopping state, the executive decides to exercise
or continue according to which action maximizes the option market value. The mar-

ket value of the option, if left alive, depends on future exercise decisions. Therefore,



determining the exercise policy requires working backward from the expiration date,
recording the exercise decision and the resulting maximized option market value at
each possible state. In a stopping state, the executive a,utomat‘;ica.lly either exercises
the option if it is vested and in-the-money, or else forfeits the option. The option value
in that state is either its exercise value or zero. Otherwise, the executive only exer-
cises the option if its exercise value exceeds the market vg.lue the option ‘would have
if not exercised. The unexercised option can end up in one of four possible states the
following date, because the stock price can move up or down, and the stopping event
can arrive or not. The market value of ‘the unexercised option is thus the discounted
probability-weighted average of the four possible option values at the next date, using
the true probability of a stopping state, and the risk-neutral probability of a given
stock price move. This valuation method is consistent with the theoretical framework
outlined in subsection 3.2.

Formally, the exercise policy is a decision function D(i,j, k), which indicates the
exercise decision at each possible state. Let D = 1 if the executive leaves the option
alive and 0 if his action extinguishes the option. The maximized option market value
at each state, V (3, j, k), is the so-called value function for this dynamic program. The

value function V and the exercise policy D are defined recursivély as follows.

V(nT,j,k) = (@ITd7T9-1)* (1)
D(nT,j,k) = 0 (2)
V(5,5,0) = max(Ve(i,j),w'd ™ —1) : (3)

D(i,5,0) = Livgauid-1-1) (4)

vV(@,j,1) = (@Wd-1)* (5)

D(i,5,1) = 0 (6)

for i =nT —1,nT —2,...,nt, (7)

V(z,5,0) = Ve(4,5) (8)

D(i,j,0) = 1 ' (9)
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V(,j,1) = 0 (10)
D(i,j5,1) = 0 : (11)

for i = nt, — 1,nt, — 2,...,0
where

Vig) = (= QY+ 17+ 1,00+ (- VG +1,5,0) +
(GVE+1,i+L) + A -HVE+1,51) . (12)

3.4 Rational model of the executive’s exercise policy

This section describes a model of an exercise rule that maximizes the executive’s ex-
pected utility of terminal wealth. It builds on prior work by Huddart (1994) and Marcus
and Kulatilaka (1994). 1In the extended American option model, deviations from the
standard option policy arise exogenously. In this rational model, such deviations are
the outcome of an optimization problem that explicitly accounts for restrictions on the
manager’s ability to hedge the option.

The executive holds options and outside wealth z. He invests the outside wealth
as well as the proceeds of any early option exercise to the option expiration date. The
executive has constant relative risk aversion, with coefficient A. He chooses an exercise
policy that maximizes the expected utility of his wealth at the option expiration date.

To accommodate the possibility of option forfeitﬁre or an early exercise caused by
a nonmarket event, I introduce a stopping state in this model as well. Hawever, the
executive does not automatically stop in the stopping state. Instead, I endogenize the
decision to stop by supposing that each period, there is some probability ¢ that the
executive is offered a monetary payoff y to leave the firm. Leaving means stopping the
option, either through exercise or forfeiture. Depending on the size of the payoff, the
vesting status of the option, and the level of the stock price, the executive may decline
the payoff in order to keep his option alive. Introducing this payoff parameter allows

for various forms of dependence between the stock price and the risk of forfeiture or
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early exercise. When y is high, the executive always accepts the offer, but when y is
low, he tends to decline when the option is not vested or when it is near the money.

The utility value of continuing in any state depends on future decisions to stop
or continue, so the exercise rule must be determined by working backward from the
expiration date. This backward recursion is possible as long as the executive’s decision
depends only on the prevailing level of the stock price and whether or m;t he is in a
stopping state, not on the past stock price path. Therefore, I assume that the executive
exercises the options all at once,'if at all.

The executive invests his initial outside wealth and the proceeds of any early option
exercise in the constant proportion portfolio of the stock and bond that would be
optimal without the option and the noisy income, y. The value of this portfolio is
path-independent: in any state the portfolio value is only a function of the time and
the prevailing stock price. This portfolio is a binomial version of the continuous time
portfolio developed in Merton (1969) and (1971). By contrast, the models of Huddart
(1994) and Marcus and Kulatilaka (1994) invest nonoption wealth in the riskless asset.
Their assumption places an artificial constraint on the portfolio choice of the executive
after the option is exercised, which distorts the exercise decision. Investing nonoption
wealth in the Merton portfolio is more appealing although not fully optimal in the
presence of the option and the noisy income. Full optimality would allow the executive
to choose investment and exercise strategies simultaneously. This is intractable because
the nonnegativity constraint on the stock holdings would become binding along some
stock price paths, but not others. Then the optimal portfolio value would ‘be a path-
dependent function of the stock price, and backward recursion would be impossible.

Because of the shape of the utility function, rescaling all payoffs does not change
the executive’s optimal policy. Therefore, without loss of generality, the number of
options is one and the initial stock price is one. Initial outside wealth, =, represents
dollar wealth divided by the initial value of shares under option. Similarly, y represents

the payoff for leaving divided by the initial value of shares under option. The details
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of the construction of the optimal exercise policy appear in the appendix.

The rational model abstracts from a number of aspects of the executive’s situation
that complicate the optimization problem. First, the option holder has some con-
trol over the underlying stock price process. Indéed, Agrawal and Mandelker (1987),
Lambert, Lanen, and Larcker (1989), and DeFusco, Johnson, and Zorn (1990) find
evidence that option-compensated managers incre;s_e—asset variance and léverage and
reduce dividends. My valuation approach essentially treats the underlying stock price
process as the one that already incorpora.tes any changes in managerial strategy due
to the option’s incentive effects, ignoring the potential interaction between managerial
policy and exercise policy. Thus, I do not try to quantify the incentive effects of the
option.

In addition, the model does not account for the fact that the firm’s decisions about
the executive’s future compensation mix may depend on the state of existing options,
and knowledge of this dependence may affect the executive’s exercise policy, or the fact
that option holders may have private information about the future path of the stock
price. There is no published evidence that option exercises by insiders are followed
by significant abnormal returns,? but before 1991, the SEC’s restriction on the resale
of shares acquired through exercise may have made option exercise an ineffective way
for insiders to act on private information. Now that the restriction has been lifted, it
may be easier for insiders to incorporate private information in their exercise policies.

Finally, the rational model ignores the presence of taxes.

*

3.5 Market valuation of the option given an exercise policy

The exercise policy D, generated by either model, determines the future payoff of
the option in all possible states. This random future payoff in turn determines the
market value of the option. This market value, or no arbitrage price, C(D), is the

expected discounted value of the option’s random future payoff, using true probabilities

4See Seyhun (1992, footnote 20).
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to measure the risk of a stopping state, and risk-neutral probabilities to measure stock
price risk. When D comes from the extended American option model, C(D) coincides
with V(0,0,0), the value function for that model. More generally, C(D) = ¢(0,0,0; D)

where the function (3, j, k; D) is defined recursively as follows:

i, k= (widi=i —1)* if D(i,5,k) =0andi>nt,  (13)
0 if D(,j,k) =0 and i < nt, (14)
ce(iy 7, k) if D(i,5,k) =1 (15)

fori =nT,nT —1,...,0
where

co(s,7,k) = e ™((1—q)(pe(i + 1,7 + 1,0) + (1 — p)e(z +1,5,0)) +
q(pe(i+1,5 +1,1) + (1 = p)e(i +1,5,1))) - (16)

4 Empirical study of option exercises

Because the rational model provides a richer description of the executive’s situation,
it may have more theoretical appeal than the extended American option model. An
important question, though, is whether it is better for valuing options in practice. The
question cannot be answered directly, because executive stock option values are not
observable. Instead, I address the question of whether the rational model can better
explain actual exercise patterns. This question bears directly on the issue of valuation.

Section 4.1 describes my sample of option exercises from 40 firms. Section 4.2
explains how I use the exercise policy from a given model to calculate forecasts of
observable variables: the times and payoffs of option exercises and the annual rate at
which options are canceled. Section 4.3 selects base case parameters for each of the
two models that best fit a representative firm constructed from the sample. Here I also
list a variety of other parametrizations and examine the option value and forecasted

exercise variables implied by each parametrization. Section 4.4 tests and rejects the null
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hypothesis that the more flexible rational model can explain cross-sectional variation

in exercise times and payoffs better than the extended American option model.

4.1 Sample of option exercises and cancellations

The sample consists of average times to exercise, stock prices at the time of exercise,
and vesting periods of ten-year nqnqua.liﬁed or incentive stock options for 40 firms on
the NYSE or AMEX. I begin with a collection of 70 firms for which I ila.ve option
grant information that includes specific grant dates and exercise prices. Nearly half of
these come from a proprietary da.ta.ba.se. of large firms constructed by Mark Vargus at
Wharton, described in Vargus (1994). The database uses information from a variety
of corporate filings, including proxies, Forms 10-K and Forms S-8. I augment this
database to include smaller firms.

Form S-8, the option plan prospectus, is one of the only public documents to give
disaggregated information about grant dates and strike prices of outstanding options.
This information is essential for determining the age of an exercised option. Prior to
May 1991, filings of option exercises by insiders contain the strike price and exercise
date, from which one may determine the prevailing level of the stock price at the time
of exercise, but they do not contain the grant date of the option.

Starting with firms in the smallest size decile on the Center for Research in Security
Prices (CRSP) database, I search option plan prospectuses for explicit information
about grant dates, strike prices, and vesting periods of ten-year options. For each firm
I select one option with a strike price that is distinct from all other options granted
by that firm in the database and equal to the stock’s market price on the grant date.
If more than one option is available, I select the last one expiring before the end of
1992. 1 then search all option exercises filed with the SEC by insiders at that firm for

exercises with a matching strike price, adjusted for stock splits and stock dividends.®

5 Although this procedure leaves open the possibility of selecting option exercises from grants that

are not in the database, this is very unlikely. For only two of the 70 firms do I find exercises with
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If there are no exercises reported from that grant, then I select the next earlier grant.
If no grants before 1982 are available with corresponding exercises filed with the SEC,
I consider grants from 1983 to September 1984.° I find at-the;money option grants
followed by at least one exercise for N = 40 firms. One reason I am unable to find
matching exercises for some of the grants may be that the options had taﬁ,gglem stock
appreciation rights, allowing for cash settlement of the options. I also eliminate four
firms that merged. !

Firms in the sample tend to be large manufacturing firms. Based on their market
capitalization at the option grant date,'63% are in size deciles 8 through 10 and 25%
are in deciles 5 through 7. 85% of the sample firms were in the Manufacturing Division
of the Standard Industry Classification at their grant date, while this division containé
only about half the firms in the CRSP database that existed in 1982.

For each of the 40 options in the sample, I compute the average time of exercise and
ratio of the stock price at exercise to the strike price across exercises from that option.
I weight the average by the split-adjusted number of shares in the transaction. The
options generally vest according to a schedule, such as a quarter of the grant per year
over the first four years. I approximate a single average vesting date for each grant.

I estimate stock return volatilities and dividend rates for each firm with monthly
data from CRSP. Volatilities are estimated over the five years prior the grant date;
dividend rates are estimated over the ten years from the grant date to the expiration
date. I also record the stock price at the expiration date, normalized by the stock price
at the grant date, to get a measure of the overall performance of the stock over the

potential life of the option.

strikes that match a selected option’s split-adjusted strike price, but are not in the time range when -
the option’s price was in effect. I eliminate these option grants.

6] prefer options that expired before the end of 1992, to avoid early exercises triggered by anticipa-
tion of the 1993 tax increase. Tax cuts in 1981 and 1986 would seem to alter option exercise strategies
only by delaying exercise from the time the cut is anticipated until it is enacted, whereas a tax hike

might cause an exercise to occur several years before it would otherwise have taken place.
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Table 1 presents cross-sectional summary statistics for these data. For example, the
options were exercised after an average of 5.8 years and the stock price at the time of
exercise was 2.75 times the strike price at the time of exercise. The average volatility
of firms in the sample was 31% and the average dividend rate was 3.0%. By contrast,
among the five firms in Huddart and Lang (1995) that granted ten year gptions, the
average time of exercise is 3.4 years, the average volatility is 34%, and the average
dividend rate is 5.4%. Across all exercises in their sample, the average tatio of the
price of the stock at the time of exercise to the strike price is 2.22. Exercises at firms
in their sample tend to be earlier and less deep in the money, which is consistent with
the high average dividend rate. The earlier exercises could also stem from the fact that
the option holders in their sample represent employees at all levels of the firm, not just
top executives. They might be less affluent than executives, more risk averse, and less
inclined to hold options for strategic reasons.

Table 1 also provides cross-correlations between the different firm variables. Not
surprisingly, options with longer vesting periods tend to be exercised later and deeper
in the money; the correlation of the vesting period, t, with the time to exercise, T,
is 49% and that with the level of the stock price at exercise, s, is 43%. Also, as
expected, at firms with strong overall stock price performance, options are exercised
deeper in the money; the correlation between s, and s is 60%. Recalling results
from standard American option theory such as Kim (1990), the exercise policy for
an option on a stock with a proportional dividend calls for exercising once the stock
price reaches a critical boundary. That critical point is higher the longer the time left
to expiration, the higher the v:ola,tility of the stock, and the lower the dividend rate.
These relationships are not apparent in my sample. The correlation between the stock -
price at the time of exercise, s, and the dividend rate, 8, is negligible. The correlation
between s, and volatility o, -19%, has the wrong sign. However, I believe this is due to
an irregularity in the data. The small, higher volatility firms in the sample tend to have

poorer stock price performance during the time period of this study, which includes
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the crash of 1987. Indeed, the correlation between volatility and terminal stock price
is -31%. Thus, it may not be ex ante volatility, but rather ex post poor performance,
that explains why exercises at these smaller firms are not very déep in the money. The
correlation between s, and 7 of 14% is only slight and also has the wrong sign.

Given the underlying question of option valuation, I attempt to gain information
about options that result in a zero payoff as well as those thﬁa.t result in an e)‘cercise. The
event of zero payoff, cancellation, occurs if an option is forfeited or if it expires. The
SEC does not require insiders to.ﬁle information about canceled options. However, in
their annual reports, firms often give arr inventory of their options, listing the number
of options outstanding at the beginning of the year, options granted, options exercised,
and options canceled. I construct a sample of cancellation rates for.52 of the original
70 firms. I define the cancellation rate as the average fraction of outstanding options
forfeited or expired per year. To measure the cancellation rate for a given firm, I take
up to ten years of option inventories from annual reports and compute the average ratio

~of the number of options canceled to the sum of the number of options outstanding and
half the number of options granted. In some cases, annual reports combine ten-year
options and options with terms other than ten years in the same inventory, or they
indicate that tandem stock appreciation rights are outstanding but do not make clear
whether their exercise counts as an option exercise or cancellation. I include the firm in
the sample if I find at least three years of data that do not suffer from these problems.
I use up to ten years of data for each firm, from 1984 to 1993. Four of the firms reduced
the strike prices on their options; I treat this as a cancellation of the original option
and a grant of a new option. The cancellation rates of the 52 firms range from 0.7%

to 34.3% with a mean of 7.3%, a median of 4.5%, and a standard deviation of 7.1%.

4.2 Model forecasts of exercise and cancellation variables

The exercise policy prescribed by a given model implies mean values of the two exercise

variables-the level of the normalized stock price at the time of exercise, s,, and the
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time of exercise, 7. These forecasts are

~

3, = E(s,| option is exercised, tu, Ty b, 0, 6, 810, 0) (17)

# = E(r| option is exercised, 1y, 7, 4,0, 6,310,‘0) , (18)

where t, is the vesting date, y and o are the mean and volatility of the stock return,

§ is the dividend rate, and 8 is the set of unknown parameters. For the extended
American option model, § = ¢. For the rational model, § = {A,z,y,q}s Note that
these predictions condition on the fact that the option is exercised and condition on
the terminal level of the stock price. They are the average of the outcomes of these
variables across all stock price paths that result in an exercise at all and terminate
at the level sy, weighted by their conditional probability. In other. words, Sy and T
are predictions of the moneyness and exercise times of exercised options, conditional
on overall stock price performance, assuming the model is true. By conditioning on
the overall performance of the stock over the ten years from grant to expiration, the
predictions account for the effects of a bull or bear stock market.

| A given model also implies an average value for the cancellation rate, cr, at the
firm under the assumption that the firm grants an equal number of options to identical

executives every year, each following the prescribed exercise policy:
ér = E(crlty,r, 1, 0,6,8) . (19)

Thus, & is the average ratio of the number of options canceled during a year, through
forfeiture or expiration, to the number of options outstanding at the beginning of that
year. The computation takes into account the unconditional distribution of the ages
of the options still outstanding in any year, and the likelihood of a cancellation given
that age.

For any given model, ¢ is the unconditional mean of the cancellation rate at a
given firm, assuming the model is true. Because the data combines forfeitures and
expirations in counting cancellations, the modeled cancellation rate combines them as

well. The mean cancellation rate, ér, may be interpreted as the probability that an
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option that is outstanding at the beginning of the year gets canceled during that year.
Note that this is much lower than the probability that the option is ever canceled
throughout its ten-year life. |

Finally, to distinguish between the stopping rate g and the cancellation rate, cr, note
that, whereas the stopping rate is a model parameter or an input to constructing an
exercise policy, the cancellation rate is a byproduct of an exercise policy. The stopping
rate governs the frequency with which both nonmarket-driven exercises and forfeitures
occur prior to expiration. The cancellation rate is the annual rate at which options
are canceled, through forfeiture or expiration. The cancellation rate at an actual firm
depends on the exercise policies of its executives. Similarly, the cancellation rate of a
given model depends on the exercise policy implied the model, and therefore depends
on the stopping rate as well as other model parameters underlying the construction of

that policy.

4.3 Parameter selection

In section 4.4, I test whether the rational model can forecast the payoffs and times
of option exercises at the 40 firms better than the extended American option model.
To do so, I must choose values of the unknown parameters, 6, for each model. As a
starting point, I select “base case” parametrizations for each model that match model
predictions of the observable variables for a representative firm to sample averages
of those variables. It turns out that the base case parametrizations of the two mod-
els generate almost identical forecasts. To provide further evidence that the rational
model cannot outperform the simpler model, without relying on the validity of the base
case parametrizations, | examine the performance of the ratioﬁal model in all other
regions of the parameter space. This section describes the various parametrizations,
and illustrates their implications for option value and characteristics of the exercise

policy.
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4.3.1 Base case parametrizations

If executive stock option values were directly observable, I would choose values of
the unknown parameters to make model option values best match observed prices.
In the absence of observable option prices, I instead calibrate the model to match
observable features of the exercise policy: the level of the stock price at exercise, time
of exercise, and cancellation rate. Fortunately, these variables relate directly to the
size and timing of nonzero option payoffs, as well as the frequency of zéro’ payoffs, so
they are fundamental to option value.

To speed computation time, I const;‘uct a representative firm whose vesting date,
stock price return volatility, dividend rate, and terminal stock price are equal to the
sample average values. I set the riskless rate equal to 7%, roughly the average Treasury
Bill rate over the time the options were alive. I set the mean annual stock return equal
to 15.5%, the sum of the average riskless rate over the time the options were alive and
the average equity premium from 1926 to 1975. For the rational model, I fix A = 2,
because the model is relatively insensitive to the risk aversion coefficient with outside
wealth in the Merton portfolio. I then choose values for ¢ in the extended American
option model, and for z,y, and ¢ in the rational model, to minimize

(5 —3-0)? , (F— 70)? (& — éro)? (20)

$7(5,)/40 T SE(m)/40 T S(er)/52

where §;,7, and & are, respectively, the sample averages of the normalized stock price

at exercise, time of exercise, and cancellation rate, S%(s,),$%(r) and S*(cr) are their
. . ~ ~ A . - .
respective sample variances, and $.0, 70, and éro are their respective mean values for

the representative firm a.ccordihg to the model:

3.0 = E(s,|exercise,t, = ty,r = .07, p = .1585,0 = &,5 = 6,810 = S10) (21)
7 = E(r]| exercise,t, = t,,r = .07,p = .135,0 =7, §=28510=>510) (22)
éro = E(cr|ty=ty,r=.07,u=.1585,0=5,6= 5) (23)

All forecasts are generated assuming a monthly stock price tree and annual decision

dates.
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Table 2 contains the parameter values resulting from this procedure as well as model
forecasts of the exercise and cancellation variables for the representative firm. Table 2
also lists option values under the different models. The column labeled ESO value gives
the theoretically correct option market value, based on the framework of section 3. The
column labeled FASB value gives option values using the method required by FASB
(1995), which I discuss below.

For reference, the upper panel of table 2 contains the sample average values of the
observable variables. The lower panel contains forecasts of the observable variables
and option values for the representative'firm generated by various parametrizations of
the two models. For the sake of comparison, the first model presented in the lower
panel of table 2 is the ordinary American option model with no exercise prior to the
vesting date. This is just the extended model with the probability of a stopping state
- set to zero. Note that under this standard exercise policy, options would be exercised
much deeper in-the-money and much later and would have much lower cancellation
rates than is typical in our sample. Under this model, the option would be worth $0.39
per dollar of initial stock price.

The second row in the lower panel of table 2 illustrates that simply introducing
a stopping rate of 11% in the value-maximizing model brings the fitted values of the
observable variables much closer to the average actual values. It also substantially
reduces option value. Under this base case calibration of the extended American option
model, option value is only $0.29 per dollar of initial stock price.

The third row in the lower panel of table 2 presents the base case rational model.
The best fitting values of « aind y must be quite high to make both the exercise
variables and cancellation rate high enough to match the sample average values. The
payoff for leaving is so high that the executive always takes it, so the departure decision
is independent of the stock price. This base case rational model is almost identical to
the base case extended American option model.

One may argue that the high stopping rates introduce noise that masks the nu-
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ances of difference between the two models. Yet, this is essentially a result of the
paper. Simply adding random, nonmarket-driven exercise and forfeiture to the stan-
dard American option model goes surprisingly far toward bringing the implied exercise
patterns in line with the data. As the remainder of this paper will show, the additional
effects of hedging restrictions on the executive’s exercise policy are too subtle to make
an incremental contribution to the description of actual option exercises. ’

Again, when the rational model is parametrized to match actual exercise patterns,
the typical option is worth only. three quarters of its fully tradeable, American call
option model value. It is also worth about three quarters of the dividend-adjusted
Black Scholes value of $0.37. Thus, while Yermack (1995) reports that options rep-
resented about a third of the value of the average compensation of chief executive
officers in 1990 and 1991 based on their Black-Scholes value, the base case models here
. suggest adjusting this fraction to one quarter—still a substantial component of total

compensation.

4.3.2 The representative option under other parametrizations

The base case parametrizations serve as a natural starting point for comparing the two
models. However, the calibration incorporates some simplifications. In particular, the °
calibration matches each model’s mean ca,.ncellation rate, across all stock price paths,
to the sample average cancellation rate at 52 firms over the period 1984 to 1993. If the
stock price performance at those firms over the period is atypical, the sample average
cancellation rate may be a biased estimate of the unconditional mean cancellation
rate. To the extent that this léads to incorrect parametrizations, it may not be fair to
compare the models under the base case parametrization alone.

Firm-specific forecasts of the exercise variables in subsection 4.4 reveal that the
base case parametrizations of the rational and extended American option models are
almost indistinguishable. To be sure that the rational model cannot generate superior

forecasts under another parametrization, I pit a variety of other parametrizations of the

23



rational model against the base case extended American option model to try to detect
the potential for improvement. To demonstrate how these other parametrizations alter
the predictions of the rational model, I present the characteristics of the representative
option with these alternative choices of § in the remaining rows of table 2.

The first three of these alternative parametrizations, in rows 4 through 6 of the
lower panel, force z to take ever smaller values with y fixed at 10 and q chosen to
minimize (20). This tends to make exercises earlier and less deep in the money. The
next alternative parametrization; in the seventh row of the lower panel, fixes y = 0.15,
small enough to introduce a dependency in the departure decision, and optimizes over
z and ¢. This reduces the option cancellation rate.

The second to last row of table 2 forces y = ¢ = 0 and optimizes over z, so
that deviations from the standard option exercise policy res1‘11t solely from the hedging
restrictions, with no risk of departure. Note that while z = 3.00 makes the forecasts
of the exercise variables close to the sample averages, the cancellation rate, 0.034, is
much lower than the sample average of 0.073. The last row of table 2 optimizes over
z and y holding ¢ fixed at a high value of 0.2, which slightly reduces exercise times,

payoffs, and cancellation rates.

4.3.3 The FASB valuation method

In addition to generating option values and forecasts of observable variables, the models
also provide the inputs necessary to implement the option valuation method required
in footnotes to financial statements by FASB (1995). Because this method has come
under attack, I take the opportflxnity now to interpret the method in the context of the
theoretical framework sketched in section 3 and demonstrate that it need not overstate
option value, as some researchers and practitioners have argued.

According to the new accounting standard, firms must disclose an estimate of the
value of outstanding options in financial statements. Firms should measure option value

using the Black-Scholes model adjusted for proportional dividends, with the expiration
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date of the option set equal to its expected life. This value should then be multiplied
by the fraction of granted options expected to vest. “Expected option life” appears to
mean the expected option life, conditional on the option vesting,

Suppose the option stopping time 7 is independent of the stock price path in the
sense that the distribution of S, given that 7 =1 is just the conditional Flistribution
of S;. Let c(t) be the value of an ordinary European call on the same stock with
expiration date t; ¢(t) = E(((S: — So)*). Then the executive option value; E(¢(Sr —
So)*t1{r>t,}), reduces to E(c(r)|r 2 t,)P(r 2 t,). By contrast, the FASB value is
¢(E(r|r > ,))P(r > t,), which switches the order of the expectation and the call
function operators, so it only differs from the correct value because the function c is
nonlinear in ¢. Thus, up to nonlinearity in the call price as a function of time to
expiration, the FASB’s method is correct if the stopping time is independent of the
stock price path.

There is no reason to believe that an executive’s optimal stopping time should be
independent of the stock price path, but it is also not clear that this value is biased.
Marcus and Kulatilaka (1994) claim that the tendency for earlier exercises to take
place at higher stock prices causes the FASB value to overstate true option value.
Clearly this is potentially false for a dividend-paying stock. Fbr example, in the case
of constant volatility, dividend rate, and interest rate, the standard, value-maximizing
exercise policy for an American option prescribes exercising the option if the stock
price rises above a critical stock price, and that critical level decreases as expiration
approaches. Thus, earlier exercises will be at higher stock prices under fhis policy,
and, since it is the value—maxix;lizing policy, the correct option value under this policy
exceeds the option value with any deterministic stopping date. In the standard case,
therefore, the FASB value would understate true option value. Even if the stock pays
no dividends, it is easy to construct examples in which the correct option value exceeds
the FASB value and the option is exercised according to a decreasing, time-dependent

boundary of critical stock prices.
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To show how the FASB value compares to the theoretically correct option value
under the exercise policies prescribed by the rational and extended American option
models, I use each model in turn to determine the option’s expected life given vesting,
and the probability that the option vests. Because these two inputs vary with the
exercise poliﬁcg, the FASB option value varies with the exercise policy as well. The
FASB option values under the different exercise policies appear in the las‘t column of
table 2. Note that in general, the FASB value is quite close to the correct aption value
under either model. The FASB \}alues are slightly less, suggesting that exercise times
under both models are not independent of the stock price, but rather, depend on the

stock price in a way that increases the option value.

4.4 Comparison of rational and extended American option
model forecasts

In this section, I compare each of the parametrizations of the rational model from
the last section and the base case parametrization of the extended American option
model. Given a model parametrization 8, I generate forecasts for each of the 40 firms
that incorporate specific information about each firm: volatility, dividend rate, vesting
date, and terminal stock price. To be precise, the forecasted level of the stock price at

exercise and the time of exercise for firm ¢, are

3:i = E(s,|exercise,t, =t,;r=.07,u =.185,0 = 0;,0 = §;,510 = S10,i,0) (24)

7 = E(7| exercise, t, = ty,r = .07, 4 = .155,0 = 03,6 = 6;,810 = 31;,;,0) -(25)

Figure 1 plots time-stock price pairs for the data and the calibrated models.

4.4.1 Hypotheses

The rational model explicitly takes into account the risk preferences and endowments
of the executive and hedging restrictions he faces in determining his optimal policy for

exercising the option. In addition, the rational model has more parameters than the
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extended American option model to accommodate patterns in the data. Therefore, it is
natural to expect that at least some parametrizations of the rational model will explain
more of the variation in the actual exercise variables than the extended model. I use
the following criteria to assess the ability of a given model to explain cross-sectional
variation in the exercise variables:

(a) Root mean squared error in the model prediction of the level of the; stock price

at exercise and the time of exercise: ot

N

(3 (8rs = 300 /N)* (26)

=1

N
(= #:)?IN)M? (27)

=1
(b) R? in the following regressions of the actual exercise variable on the model

forecast:

Sri=0+f5;+& (28)
n=a+phi+e (29)

I hypothesize that the rational model will outperform the extended American option
model in two ways. First, the rational model should be capable of producing sig-
nificantly lower mean squared prediction errors than the extended American option
model. Second, in a regression of ‘the actual exercise variable on the model forecast,

the rational model should be capable of producing significantly higher R%’s.

.

4.4.2 Results

Tables 3 and 4 contain these measures of performance for the different models. The
first panel presents the ordinary American option model, the second panel presents the
extended American option model with the base case parametrization, and the third

panel presents the various parametrizations of the rational model listed in table 2. The

tables also present measures of model bias and results of regressions (28) and (29). In
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particular, column 2 of table 3 gives the mean error and percentage error in the model

forecast of the market price at exercise:

N
Z(ST,; - §T,;)/N (30)
=1
N
> ((sri — 8r3)/3:3)IN - (31)
t=1 .
Column 3 gives the mean absolute error and percentage error: B

N
> lsri — 3-4l/N (32)

=1

N

> (Isri = 3-3l/3:5)/N (33)

=1

Column 4 gives the square root of the mean squared error defined by (26) as well as

the square root of the mean squared percentage error:
N
(3o ((5rs — 32)/3:3)* IN)/* (34)
i=1
Columns 2 through 4 of table 4 give the same summary statistics of the forecast errors
for the time of option exercise.

Contradicting the first hypothesis, the root mean squared errors of the extended
American option model in tables 3 and 4 are actually among the smallest of any of the
parametrizations of the models considered. For the stock price at exercise in table 3,
the root mean squared error under the extended American option model in panel 2 is
1.19, about the same as that of 1.17 under the base case parametrization of the rational
model in the first row of panel 3, and lower than that under any other parametrization.
Although the significance of the difference between 1.19 and 1.17 is not formally tested,
it is clear that this difference is not meaningful. The root mean squared errors for the
time of exercise in table 4 tell the same story: none of the calibrations of the rational
model give forecast errors that are markedly smaller than those of the extended model.

Columns 5 through 7 of tables 3 and 4 contain results of the cross-sectional regres-

sions (28) and (29) for the different calibrations of the rational and extended American
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option models. The standard errors of the coefficients in the tables are estimated from
the cross-sectional regression and do not take into account uncertainty in the estimates
of the option holder and stock return parameters. '

The results of the regressions fail to support the second hypothesis. For the stock
price at exercise in table 3, the R? of the extended American option model is.38%,
among the highest of all models. The regression for the extended Amer‘ican option
model is also closest to a 45° line with a near zero and B near one. In terms of the
regression coefficients and the Rz’s, none of the regressions with the rational model
in panel 3 look better. For the time of exercise in table 4, the regression lines are
too flat and the R?’s are low under all models. In terms of the regression, the rational
model with outside wealth equal to 0.1 looks better than the extended model-the line is
steeper and the R? is 16%, compared with only 10% for the extended model. However,
the forecast errors under this calibration of the rational model are larger than those
under the extended model, and the bias is a full two years greater.

In summary, tables 3 and 4 demonstrate that the rational models show virtually
no improvement over the extended American option model in terms of either the re-
gression or the size of the forecast errors. Based on these results, I conclude that the
rational model performs no better than the extended American option model. Despite
the additional parameters and flexibility incorporated into the model, the extended
American option model fits the data at least as well, and sometimes better. Based
on comparisons of the ordinary and extended American option models in the first two
panels of tables 3 and 4, the extended model appears to offer a clear improvement over

the ordinary American option model with no stopping state.

5 Choosing the stopping rate

The main contribution of this paper is to dispel the misconception that a preference-

based model is necessary for valuing executive stock options. In making this point, the
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paper reveals that a simple extension of the ordinary American option model might be
adequate.

Implementing the extended American option model involves 'selecting an appropri-
ate stopping rate. The base case parametrization of section 4.3.1 illustrates one method
for choosing this rate. The purpose of this method is to calibrate the model to data
on the outcomes of both exercised and canceled options. One limitation of calibrating
the model to annual cancellation rates is that it involves adding cancellations across
overlapping option grants and thus an assumption about the rate at which firms is-
sue options. My calibration makes the assumption that firms grant equal numbers of
options each year.

A variable that does not involve adding cancellations across overlapping option
grants is the fraction of options from a particular grant that end up canceled sometime
in their lives. The mean value of this random variable is the probability that the option
is ever canceled. That probability is straightforward to compute from the model, even
conditional on realized stock price performance.

Unfortunately, data on the fraction of options that are canceled from a given grant
are not publicly available. Nevertheless, most firms possess data on the outcomes of all
option grants whose expiration date has already passed. For each grant, an accountant
or consultant provided with this data could measure the size and timing of the payoffs
of exercised options, and the fraction of options canceled. He could also compute the
mean values of these variables according the model, conditioning on the stock price
path that occurred over the ten years after the grant date. The researcher could then

choose the stopping rate that minimized the average prediction error across grants.

6 Conclusion

While a great deal of study of executive stock options has concentrated on the incentive

effects of this form of compensation, only a nascent literature considers the valuation of
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these options. This paper focuses instead on the cost of these options to the shareholder
who can freely trade or hedge his position. This cost, or market value of the options, is
important not only for its implications about the optimal contract between the manager
and the firm, but also for anyone trying to value a company such as stock analyst,
merger specialist, or potential _slia.reholder. Although the FASB has backed away from
its proposal to require firms to recognize option compensation cost in earninés, investors
and economists in general still face the problem of how to assess the value df this claim
on the equity of the firm. |

The market value of the option depends on its payoff, and this payoff is controlled by
the executive who decides when to exercise. Therefore, a theoretical understanding of
option value points to the need for an empirical study of option payoffs, or, equivalently,
of option exercise patterns.

Existing models of the optimal exercise policy for an executive who cannot sell or
hedge his option demonstrate that with sufficiently high risk aversion and low wealth,
the executive will exercise the option almost as soon as it gets in the money, mak-
ing its value arbitrarily small. I show that such extreme behavior is not consistent
with exercise patterns observed in the data. Executives hold options long enough and
deep enough into the money before exercising to capture a significant amount of their
potential value.

The main contribution of this paper is its evidence that a simple model can describe
actual option exercises just as well as a complex preference-based model. I compare two
models of the exercise policy of an executive who holds a nontransferable option on his
firm’s stock: a rational utility&naximizing model in which the executive cannot hedge
the option, and a naive extension of standard option exercise theory that introduces -
random, exogenous exercise and forfeiture. Under calibrations of the two models that
best match observed exercise patterns, the exercise policies are remarkably similar.

I explore a variety of calibrations of the models and demonstrate that the rational

model shows no improvement over the more parsimonious extension of the standard
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American model in explaining the cross-sectional variations in the times and payoffs of
exercises in a sample of options from 40 firms. This demonstrates that once we extend
standard option pricing theory with an exogenous stopping rate, we gain little more
by incorporating a preference-based decision process.

_One reason for this finding could be that executives have much more ability to hedge
the option position than the rational model allows. For example, an exec;ltive can in
reality short stocks that are highly correlated with his company’s stock or sell stock
that he holds and would otherwiée retain, and he can take short futures positions on a
stock index to eliminate market risk. In addition, tax advantages from delaying exercise
may offset the benefits of diversification. Finally, the executive may be more willing

to hold the option, despite hedging restrictions, when he knows he has some control of

the underlying asset process and inside information about the firm’s prospects.

Appendix

.Solving for the executive’s optimal exercise policy is a dynamic programming problem
which involves construction of a value function. In the rational model, the value func-
tion gives the executive’s optimized expected utility at every state. Once the exercise
policy is generated, this utility value function has no further relevance for determining
the market value of the option.

At each time ¢ and state 7, the value of the Merton portfolio is

oz Pyil=Pyisjv-1/a
Wi, i) = (P D) (35)
where
~ 13 -1 ~ l—ﬁ -1 ’
z2=5() “+1-PEG) . (36)

This would be the optimal wealth process for the executive in the absence of the option
and the random payoff for leaving. It involves holding the stock and bond in a constant

proportion determined by the mean excess return and volatility of the stock, and the
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risk aversion of the executive. If, at any date ¢, the executive has exercised or forfeited
the option, left the firm, and has total wealth w to be invested in this fund until the
expiration date, his expected utility is

' werh(nT—i) 1-A T
g(w,i) = ( T A) ZACT=) (37)

The exercise policy of the executive, D(3, 7, k), and the u‘tility value function v(z, 7, k)

are defined recursively as follows:. R

o(nT,j k) = (W(nT,j)+ @77 —1)")74/(1 - 4) (38)

D(nT,j,k) = 0 . (39)

vy k) = max(veli,j, k),veir, k) | (40)

D(i,j, k) = Liue(iik)>veinik)} (41)

fori=nT —1,nT —2,...,nt, (42)

v(s,j, k) = max(ve(, ], k), vs(2,7,%)) (43)

D(i,5,k) = Liu(iik)>os(iik)} (44)

for i = nt, — 1,nt, — 2,...,0

where
i) = S at-am 3 (7)o
g(W(i+m,j+in1+ @~ =1)/W(i,j)) +y,e +m)
+(1 = q)"Tg(W(i,5) + (Wd™ ~1),i) ‘ (45)
veir 1) = g(W(i,5) + (W d™ 1) +9,9) (46)
veli, g, k) = (1—q)(pv(i+1,5+1,0)+(1—pp(i+1,5,0) +
q(pv(i+1,j+1,1)+(1—p)v(i+l,j,1)) , (47)
vi(i,5,k) = g(W(ij)+ky,7) - (48)

The functions v., vs, and v, represent the utility value of exercising the option, forfeiting

the option, and continuing with the option, respectively. The utility value to the
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executive of exercising in states with no departure payoff, v.(t,7,0), incorporates the

possibility of receiving that payoff in the future.
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Table 1

Summary statistics of firms with option exercises

Descnptlve statistics for a sample of option exercises at 40 firms from 1979 to 1994.
For each firm, the variable s, is the average of the ratio of stock price at the time of
option exercise to the option strike price, the variable 7 is the average time to option
exercise in years, and the variable t, is the average vesting date of the options in years.
The variables o and & are the estimated annualized stock return volatility and dividend
rate for each firm, respectively. The variable sy is the ratio of the stock price at the

option expiration date to the strike price.

Sy T ty o ) S10
Minimum 1.147 1.148 0.00 0.190 0.0000 0.067
Maximum 8.319 9.483 4.41 0.565 0.0712 9.116
Average 2.754 5.828 1.96 0.314 0.0298 3.270
Median 2.465 6.084 2.00 0.308 0.0296 2.751

Standard Deviation | 1.415 2.245 1.03 0.099 0.0173 2.252

Correlations
T 0.14
ty 0.43 0.42 )
c -0.19 -0.02 -0.01
6 -0.05 -0.08 -0.18 -0.33
310 0.60 0.04 022 -031 0.12
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Table 2
* Sample average exercise variables and cancellation rate and model

forecasts for a representative firm
H

Average values of the stock price at the time -of option exercise divided by the strike price, 57, and the time of exercise
in years, ¥, in a sample of option exercises at 40 firms from 1979 to 1994, the average annual rate at which outstanding
options are canceled through forfeiture or expiration, c'r; in a sample of 52 firms from 1984 to 1993, and model forecasts of
these and other variables for a representative firm. The American option model assumes the executive follows a market
value-maximizing exercise policy. The extended American option model assumes the executive follows a market value-
maximizing exercise policy subject to the possibility that he exercises or forfeits the option with an annual probability
g- The rational model assumes the executive maximizes constant relative risk averse utility with coefficient 2. The
initial level of his nonoption weﬁth is z and each period he is offered a payoff y to leave the firm with annualized
probability g, where z and y are multiples of the initial value of shares under option. ESO value is the market value of
the option for the representative firm. FASB value is the probability that the option vests times the option value under
the Black-Scholes model adjusted for proportional dividends with the expiration date set equal to the option’s expected

life, given that it vests. Both of these option values normalize the initial stock price to one.

Sample averages
Sr 7 cér
2.754 5.828 0.073
Model Parametrization Model forecasts and implied option values

z v q 3r0 fo éro ESO value FASB value

American 0 3.329 7.569 0.031 0.394 0.360

Extended American 0.113 | 2.647 5.770 0.070 0.292 0.287

Rational 342 132 0.122 | 2.670 5.873 0.073 0.285 0.283

5 10 0.110 | 2.532 5.545 0.070 0.294 0.286'

1 10 0.052 | 2.122 4.507 0.054 0.325 0.299

0.1 iO 0.062 | 1.681 3.094 0.063 0.270 0.260

4.67 0.15 0.114 | 2.652 5.933 0.041 0.377 0.337

3.00 0 0 2.543 5.753 0.034 0.389 0.347

8.18 0.30 0.2 2.486 5.386 0.056 0.345 0.316
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Mean, mean absolute, and root mean squared values errors for alternative models in forecasting the ratio of the stock
price at exercise to the strike price, and results of a regression-of the actual normalized stock price at exercise on the
model forecast. The forecast error for firm ¢ is sr,i — 8r,; and the regression equationis s-; = a+ B3s;+e;, where s, ; is
the actual average normalized stock price at exercise for firm i and §r,; is the model forecast given ﬁrm,i's stock return
volatility, dividend rate, vesting date, and terminal stock price. The American option model assumes the executive
follows a market value-maximizing exercise policy. The extended American option model assumes the executive follows
a market value-maximizing exercise policy subject to the possibility that he exercises or forfeits the option with an
annual probability g. The rational model assumes th; executive maximizes constant relative risk averse utility with

coefficient 2. The initial level of his nonoption wealth is z and each period he is offered a payoff y to leave the firm with

Table 3

Model forecasts of the stock price at exercise

annualized probability ¢, where z and y are multiples of the initial value of shares under option.

Parameter Forecast errors (percentage errors) Regression coefficients (standard errors)
setting Mean Mean absolute Root mean squared o ] R?
Panel 1: American option model
g=0 -0.26 1.16 1.71 2.04 0.24 0.04
(0.00) (0.36) (0.47) (0.58) (0.18)
Panel 2: Extended American option model
g =0.113 0.42 0.76 1.19 0.02 1.18 0.38
(0.19) (0.34) (0.50) (0.59) (0.24)
Panel 3: Rational model
z =342,y =132 0.42 0.75 117 -0.04 1.20 0.40
g=0.122 (0.19) (0.33) (0.49) (0.58) (0.24)
z=5y=10 0.40 0.76 1.20 -0.20 1.26 0.36
¢ =0.110 (0.17) (0.33) (0.50) (0.66) (0.27)
z=1,y=10 0.57 0.87 1.34 0.33 1.11 0.25
= 0.052 (0.27) (0.40) (0.60) (0.711)  (0.31)
z=0.1,y=10 0.99 1.12 1.56 -1.18 2.23 0..';7
g = 0.062 (0.54) (0.61) (0.81) (0.85) (0.47)
z = 4.67,y=0.15 0.20 0.84 1.27 0.27 0.97 0.22
g =0.113 (0.09) (0.32) (0.46) (0.80)  (0.30)
z=3.00,y =0 0.13 0.88 1.30 0.62 0.81 0.18
q=0 (0.06) (0.32) (0.45) (0.78)  (0.29)
z = 8.18,y = 0.30 0.33 0.83 1.26 -0.12 1.18 0.26
g=0.2 (0.13) (0.33) (0.48) (0.82) (0.33)
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Table 4

Model forecasts of the time of exercise

Mean, mean absolute, and root mean squared values errors for alternative models in forecasting the time of exercise,
and results of a regression of the actual time of exercise on the model forecast. The forecast error for firm 1 is 7; — +; and
the regression equation isTi=a+pfite, where 7; is the actual average time of exercise for firm { and #; is the model
forecast given firm i's stock return volatility, dividend rate, vesting date, and terminal stock price. The American option
model assumu-the executive follows a market value-maximizing exercise policy. The extended American option model
assumes the executive follows a market value-maximizing exercise policy subject to the possibility that he exercises or
forfeits the option with an annual probability g. The rational model assumes the executive maximizes constant relative
risk averse utility with coefficient 2. The initial level of his nonoption wealth is z and each period he is offered a payoff
y to leave the firm with annualized probability g, where z and y are multiples of the initial value of shares under option.

Parameter Forecast errors (percentage errors) Regression coefficients (standard errors)
setting Mean Mean absolute Root mean squared o B R?
Panel 1: American option model

g=0 -1.23 2.37 2.97 4.28 0.22 0.04

(-0.12) (0.34) (0.40) (1.29) (0.18)
Panel 2: Extended American option model

g =0.113 0.23 1.95 2.29 3.33 0.45 0.10

(0.11) (0.40) (0.54) (1.26) (0.22)
Panel 3: Rational model

z =342,y =132 0.23 1.92 2.26 3.19 0.47 0.10
g =0.122 (0.11) (0.39) (0.53) (1.30) (0.22)

z=35,y=10 0.46 1.91 2.22 2.85 0.56 0.12
¢ =0.110 (0.14) (0.41) (0.54) (1.37)  (0.25)

r=1,y=10 0.89 2.01 2.39 3.39 0.9 0.11
q = 0.052 (0.25) (0.46) (0.61) (1.19) (0.23)

z=01y=10 2.25 2.57 3.04 3.03 0.78 0.16
q = 0.062 (0.71) (0.80) (0.99) (1.08) (0.29)

r =4.67,y=0.15 -0.07 2.09 2.41 3.79 0.35 0.07
g =0.113 (0.04) (0.37) (0.43) (1.32) (0.21)

z =3.00,y =0 -0.20 2.12 2.42 3.74 0.35 0.07
g=0 (0.02) (0.37) (0.43) (1.33) (0.21)

r = 8.18,y = 0.30 0.39 2.05 2.34 3.51 0.43 0.08
g=0.2 (0.12) (0.41) (0.48) (1.32) (0.23)
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Figure 1
Stock price at exercise vs. time of exercise:

Data and base case model forecasts

Scatter plots of pairs (7, s,), where ‘r_is the time of option exercise and s, is the stock price at
exercise. The circles represent actual values of the variables for options from ea.ch of 40 firms.

The black disks represent forecasts of the va.na.bles for each firm from the extended American
option model. The gray disks represent forecasts of the variables from the rational model.
The extended American option model assumes the executive follows an exercise policy that
maximizes the option’s market value subject to the possibility that he automatically exercises
or forfeits the option with some fixed probability. The rational model assumes the executive
follows an exercise policy that maximizes his expected utility. The executive has constant
relative risk aversion. He invests his nonoption wealth in a constant proportion pertfolio of
the stock and riskless asset. Each period, with some fixed probability, he is offered a payoff to

leave the firm. The parameters for each model are chosen according to a calibration described

in the text.
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