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Estimating the Value of Employee Stock Option Portfolios and Their Sensitivities
to Price and Volatility

Abstract

The costs associated with compiling data on employee stock option portfolios is a substantial obstacle in
investigating the impact of stock options on managerial incentives, accounting choice, financing
decisions, and the valuation of equity. We present an accurate method of estimating option portfolio
value and the sensitivities of option portfolio value to stock price and stock-return volatility that is easily
implemented using data from only the current year's proxy statement or annual report. This method can
be applied to either executive stock option portfolios or to firm-wide option plans. In broad samples of
actual and simulated CEO option portfolios, we show that these proxies capture more than 99% of the
variation in option portfolio value and sensitivities. Sensitivity analysis indicates that the degree of bias in
these proxies varies with option portfolio characteristics, and is most severe in samples of CEOs with a
large proportion of out-of-the-money options. However, the proxies’ explanatory power remains above
95% in all subsamples.
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ESTIMATING THE VALUE OF EMPLOYEE STOCK OPTION PORTFOLIOS
AND THEIR SENSITIVITIES TO PRICE AND VOLATILITY

ABSTRACT

The costs associated with compiling data on employee stock option portfolios is a substantial obstacle in
mvestigating the impact of stock options on managerial mcentives, accounting choice, financing
decisions, and the valuation of equity. We present an accurate method of estimating option portfolio
value and the sensitivities of option portfolio value to stock price and stock-retun volatility that is easily
implemented using data from only the current year’s proxy statement or annual report. This method can
be applied to either executive stock option portfolios or to firm-wide option plans. In broad samples of
actual and simulated CEO option portfolios, we show that these proxies capture more than 99% of the
variation in option portfolio value and sensitivities. Sensitivity analysis indicates that the degree of bias in
these proxies varies with option portfolio characteristics, and 1s most severe in samples of CEOs with a
large proportion of out-of-the-money options. However, the proxies' explanatory power remains above

95% 1n all subsamples.



1. Introduction

A hrge body of research examines the role of stock options in executive compensation and
incentives. In addition, because company-wide option plans have become a substantial component of
many firms” equity capital, a growing body of research on options addresses the valuation, corporate
finance, and incentive implications of firm-level option plans (e.g., Aboody [1996]; Core and Guay
[2001a]). To study these issues, researchers need accurate and easily-computed proxies for option
portfolio value and the sensitivity of option portfolio value to changes m stock price and to changes in
stock-return volatility (Abowd and Kaplan [1999]). A few prior researchers estimate the value and
sensitivities of option portfolios by gathering details on each of the annual option grants that comprise the
portfolio (e.g.. Jensen and Murphy [1990]). To estimate a "full information” measure for a single
executive's option portfolio, the researcher must examine as many as ten years of proxy statements for a
company that grants options with ten-ycar maturities. These data collection costs motivate most
researchers to use readily available measures (e.g., the number of options held or the characteristics of
the most recent option grant) as proxies for the value and sensitivities of option portfolios.

We provide and validate an easy-to-implement alternative method to compute proxies for
option portfolio value and sensifivities to stock price and volatility. To estimate the value or sensitivity of
an executive’s option portfolio, we require data from a single corporate proxy statement. We refer to
this technique as the “one-year approximation” (OA) method. The OA method can also be applied to
firm-wide option plans to estimate value or sensitivities using data in a single corporate annual report.

The OA method uses the precise characteristics of newly granted options and the average
characteristics of previously granted unexercisable and exercisable options to value an option portfolio

as the combination of three separate grants. We also we this method to compute the sensitivities of



portfolio value to stock price and stock-retum volatility. Using Guay's [ 1999] hand-collected sample of
CEO option portfolios and a sample of simulated option portfolios, we document that for the typical
option portfolio, the OA proxies exhibit liftle bias and are highly correlated with the measures one would
obtain with full information about the option portfolios (explained variation exceeds 99% in most cases).

Although the OA proxies are on average unbiased in a broad sample of firms, we document
predictable biases in subsamples where the stock price is low relative to the average exercise price of
the options in the portfolio. For example, in subsamples where a large fraction of options are out-of-the-
money, the percentage error in estimates of portfolio value and sensitivity to stock price can exceed
20%. However, the cross-sectional vanation explamed by the OA proxies remains above 96% 1n all
subsamples we examine. These biases are important to researchers examining samples of CEOs with a
large proportion of underwater options. We expand on these points further in Section 3.3, and discuss
an approach to extending our method to mcorporate information from past stock returns and past proxy
statements.

We also show that compared to OA proxies, measurement error in proxies used by prior
studies is more highly correlated with option portfolio characteristics (e.g., stock-retumn volatility, price,
dividend vield, and the average price-to-strike ratio of the options m the portfolio). Because these
parameters are likely to be correlated with firm characteristics such as past performance, size, leverage
and growth, tests that use the OA proxies are less susceptible to inference problems.

In the next section, we describe the OA method for computing option portfolio value and

sensitivities to stock price and volatility. In Section 3, we describe our data and compare the OA

proxies to option portfolio value and sensitivities computed using full information about executives’



option portfolios. We also examme the robustness of OA proxies in subsamples of the data. We
conclude with Section 4.

2. A One-Year Approximation Method for Estimating Option Portfolio Value and
Sensitivities to Stock Price and Stock-Return Volatility

Consistent with most prior research, we value employee stock options using the Black-Scholes
[1973] model, as modified by Merton [1973] to account for dividend payouts." We define the "option
portfolio value" as the aggregate value of the options held in the portfolio. The "sensifivity to stock price"
is the change in option portfolio value for a 1% change in the stock price, and the "sensitivity to stock-
return volatility” 1s the change in option portfolio value for a 0.01 change in the annuahzed standard
deviation of stock retumns. Appendix A describes the option valuation model and sensitivities in greater
detail.

Figure 1 illustrates the mmportance of incorporating variation in option characteristics into
estimates of the sensitivity to stock price and the sensitivity to stock-retumn volatility. For a typical
executive stock option, we plot the two sensitivities for price-to-strike ratios ranging from 0.5 to 2.0.
The price-to-strike ratio is the stock price divided by the exercise price and measures the extent to
which the option is “in the money.”” The plots demonstrate that both sensitivities vary considerably with
the price-to-strike ratio. Options that are deep in the money are very sensitive to changes in stock price
and very msensitive to changes in stock-return volatility. In contrast, as options move out of the money,

the sensitivity to stock price drops steadily while the sensitivity to volatility rises and peaks at a price-to-

! Employee stock options are likely to be exercised earlier than their maturity date (e.g., Huddart [1994], Cuny and
Jorion [1995]). In addition, employees lower in the organization tend to exercise options earlier than executive-level
employees (Huddart and Lang [1996]). While we do not have a direct estimate of expected time-to-maturity, all of our
results are robust to reducing the remaining time-to-maturity of all options by a constant percentage, such as 40% or
60%. For arguments that Black-Scholes is inappropriate for pricing employee options, see Lambert, Larcker, and
Verrecchia [1991]; for a counterargument, see Core and Guay [2001b].



strike ratio of about 0.6 for the option parameters chosen here. Thus, proxies that fail to capture
variation in options’ characteristics are likely to measure portfolio sensitivities with considerable error.

If the details of each grant in the option portfolio are known, the above sensitivities can be easily
estimated as the partial dervatives of the option portfolio’s value with respect to stock price and stock-
return volatility. All of the necessary information for new option grants 1s disclosed in the firm’s annual
proxy statement for a firm’s five highest paid executives.” Unfortunately for the researcher, the proxy
statement does not disclose complete data on previously granted options. Thus, extensive data
collection from past proxy statements is required. The researcher must carefully determine which of the
previously granted options have been exercised by the optionholders, and which options remam in the
portfolio. Recent studies by Hall and Liecbman [1998], Mechran, Nogler, and Schwartz [1998], and
Guay [1999] use extensive hand-collected data to construct a sample of CEOs” option portfolios for
the purpose of estimatmg "full mformation" (FI) sensitivities to stock price and stock-retum volatility.
Using these methods to construct a single CEO’s option portfolio requires as many as ten years of
proxy statements for a firm that grants options with ten- year maturities.

In contrast to the FI method, the OA method requires information from only the most recent
proxy statement and 1s summarized as follows: New option grant values and sensitivities are computed
directly because the proxy statement discloses all the inputs necessary for the Black-Scholes model.
The proxy statement discloses separate information on unexercisable and exercisable previously-granted

options, and we treat these two types of options as two single grants. The exercise price of each "grant”

? In the following discussion, we discuss the OA method in the context of executive option portfolio valuation. We
describe its application to firm-wide option plans at the end of this Section.



is derived from the average realizable value of the options, and we assume that unexercisable options
have a time-to-maturity that is three years greater than that of the exercisable options.

The OA method requires a current-year proxy statement and estimates of the six inputs mnto the
Black-Scholes model. Three of the inputs (stock price. expected stock-retumn volatility, and expected
dividend yield) are readily available. The firm’s stock price s a common mput for all outstanding
employee stock options. Further, as a first approximation, the expected stock-retumn volatility and
expected dividend yield over an option’s life are likely to be roughly the same across an executive’s
options, and can be estimated using Compustat and CRSP data.

For new grants, two of the remaining three mputs (exercise price and time-to-maturity) are
casily identified from data disclosed in the proxy statement. The final input, an estimate of the risk-frec
rate corresponding to the time-to-maturity of new options, is readily available from an electronic source
such as CRSP. This mformation 1s sufficient to compute the value and sensitrvities of the new option
grant using Black-Scholes.

For previously granted options, we must estimate the exercise prices and times-to-maturity. To
estimate the exercise prices, we use the realizable values (excess of stock price over exercise price)
disclosed in the proxy statement for each top-five executive's unexercisable and exercisable options.
Because the value and sensitivitics of newly granted options are computed separately as described
above, the number and fiscal year-end realizable value of new options must be deducted from the
number and realizable value of unexercisable options.” Dividing the unexercisable (excluding new grants)

and exercisable realizable values by the number of unexercisable and exercisable options held by the

* In those few cases when the number of new options granted exceeds the number of unexercisable options (due to
immediate vesting of some or all new options), the excess realizable value and excess number of options is deducted



executive, respectively, vields estimates of, on average, how far each of these groups of options are “in
the money.”™ Subtracting these average “profits” per option from the firm’s stock price generates
estimates of the average exercise price of the executives’ unexercisable and exercisable options.

We note that the estimated average exercise prices wil understate the true average exercise
prices when the portfolio contains out-of-the-money options. The proxy statement does not report the
number of options that are out-of-the-money, and therefore it is not possible to determine the extent to
which the exercise price exceeds the stock price for the out-of-the-money options. As a result, we
assume out-of-the-money options have exercise prices equal to the stock price. We examine the
sensitivity of the OA method to this measurement issue m Section 3.3.

To capture variation in the remaining time-to-maturity of previously granted options, we again
discriminate between executives” unexercisable and exercisable options. Because nearly all firms set a
vesting period on option grants, options that are exercisable are expected to have fewer years remaining
to maturity than options that are unexercisable. If a firm grants options in the most recent fiscal year, we
set the time-to-maturity of previously granted unexercisable options equal to the time-to-maturity of the
recent option grant minus one vear. Previously granted exercisable options for these firms are

designated a remaining time-to-maturity of three years less than that of the unexercisable options.” If no

from the respective realizable value and number of exercisable options.

* This method extends and validates the method described in Murphy [1999], which computes the sensitivity of the
total option portfolio value to stock price using the mean price-to-strike ratio and assuming a five-year maturity for all
options.

® We assume the remaining to time-to-maturity for unexercisable options is one year less than the maturity of the new
grant, based on the assumption that option vesting periods are about 2 years, on average (Kole [1997]). Evidence in
Kole [1997] suggests that while vesting practices for option plans do differ across firms, the variation remains within
fairly tight bounds (e.g., the average vesting restriction varies from approximately 20 to 28 months across
subsamples). Our assumption that exercisable options have an average maturity of only three years less than the
maturity of unexercisable options is based on our expectation that some older grants have been exercised early
(Hemmer, Matsunaga, and Shevlin [1996]). Our results are robust to alternative assumptions that exercisable options



grant is made in the most recent fiscal year, we set the times-to-maturity of unexercisable and
exercisable options to nine and six years, respectively, since most firms grant new options with ten years
to maturity. Finally, we estimate risk-free interest rates to correspond to each option’s assumed time-to-
maturity using Treasury yields at the end of the fiscal year m which the portfolio sensitivities are
computed. The estimated value and sensitivities of an option portfolio are equal to the sums of the value
and sensitivities of newly granted options, unexercisable options, and exercisable options.

The OA method is easily modified to estimate the value and sensitivities of fim-wide option
plans using data from the current year’s annual report. Beginning in December, 1996, required annual
report disclosures include the total number of options outstanding at the end of the fiscal year, the
number and weighted average exercise price of options granted in the current year, the total number of
options exercisable, the weighted average exercise prices of both total options outstanding and
exercisable options, and the weighted average remaining times-to-maturity for both total options
outstanding and exercisable options. This data is sufficient to use the OA method to compute option
plan value and sensitivities to stock price and volatility.

3. Testing the Validity and Robustness of the One-Year Approximation Method
3.1. THE DATA

To assess how well the OA proxies perform, we use two samples of option portfolios with
sufficient data to compute both FI sensitivities and OA sensitivities. The first sample contains the option
portfolios of 228 CEOs hand collected by Guay [1999] for the December, 1993 fiscal year. The

sample consists of 228 CEOs selected uniformly from the 1,000 largest firms on COMPUSTAT

have average remaining maturities of two or four vears less than that of unexercisable options. Because the expected
times-to-exercise are likely to be lower than the sfafed remaining times-to-maturity, the researcher may wish to make

%



(ranked by market value of equity) as of December 31, 1988. For each CEO's option portfolio, this
dataset contains all of the inputs necessary to compute the FI value and sensitivities. The typical
portfolio in this sample consists of options that are in-the-money (median portfolio price-to-strike ratio
of 1.27), and have several years remammg until expiration (median portfolio time-to-maturity of 7.23).
The second sample contains 10,000 simulated option portfolios. This sample allows us to more
powerfully test the robustness of the OA proxies in subsamples where potential measurement error is
greatest, such as portfolios that contain a substantial number of out-of-the-money options. We generate
the simulated portfolios using a bootstrap procedure based on the empirical distribution of option grants
within Guay’s [1999] hand-collected sample.” A comparison with the Guay [1999] sample indicates
that the bootstrap procedure successfully constructs 10,000 simulated option portfolios with

characteristics similar to the hand-collected sample.

3.2. COMPARISON OF "ONE-YEAR APPROXIMATION" PROXIES AND “FULL-
INFORMATION” MEASURES

For both the hand-collected and simulated sample, we compute FI and OA method values and
sensitivities to stock price and stock-return volatility following the procedures described in Section 2.
We use the FI values and sensitivities as the benchmark to assess how well the OA proxies explain

variation in option portfolio values and sensitivities.

an adjustment to the remaining time -to-maturity.

® The 228 option portfolios in Guay's sample contain between one and eleven individual option grants, and the total
number of individual options grants is 1,078, The first step in the simulation procedure randomly assigns betwesn
one and eleven option grants to each of the 10,000 option portfolios based on the empirical distribution from the
hand-collected sample. The number of options in each simulated grant is then randomly drawn from the empirical
distribution of all 1,078 individual option grants. Finally, we randomly assign Black-Scholes parameters to the
simulated option grants using the empirical distribution of parameters from the hand-collected sample. Stock price,
stock return volatility and dividend vield, are portfolio-specific and all options in a given simulated portfolio are
assigned the same randomly drawn parameter value. The price-to-strike tatio and remaining time-to-maturity are
grant-specific, and each simulated option grant is randomly assigned a parameter value from the 1.078 option grants
in the hand-collected sample. Risk-free rates are based on the yield curve used in Guay's hand-collected data.



Implementation of the OA method requires proxy statement information. Because proxy
statement data does not exist for the simulated portfolios, we construct pro-forma proxy statements that
reflect the data in the simulated portfolios as they would appear in a proxy statement. For simplicity, we
assume all options have a three-year vesting period, and all options with greater than 9 years to maturity
are newly granted options (i.e., they were granted in the current year). Given these assumptions, options
with greater than 7 years to maturity are considered unexercisable, and options with 7 or less years to
maturity are considered exercisable.

We also construct pro-forma proxy statements for the hand-collected sample. Although proxy
statements do exist for the firms in this sample, the data in these statements do not reconcile perfectly
with the hand-collected data from the option portfolios. This is because the hand-collection process
requires assumptions about the nature of grants and option exercise policy over time (see Hall and
Liebman [1998] and Guay [1999]), and as a result, compiles the executives’ “true™ option portfolios
with error. To 1solate measurement error m the OA method from measurement error in the data
collection procedures used by Guay [1999], we construct pro-forma proxy statements that reflect the
realizable values mherent mn the hand-collected data. In all other respects, the pro-forma proxy
statements are identical to the actual proxy statements.

Table 1 illustrates that, in a broad sample, the OA proxies provide estimates of option portfolio
value and sensitivities that are unbiased and highly correlated with the FI value and sensitrvities. For both
the hand-collected sample (Columns 1 and 2) and the simulated sample (Columns 4 and 5), the means
and medians of the OA proxies for portfolio sensitivities to stock price and volatility are within 2.9% of

the FI mean and median sensitivities. The deviations in sample means and medians are slightly larger for



option portfolio value, but are not larger than 6.0% m either sample.” None of the deviations are
statistically significant n the hand-collected sample. In the simulated sample, the number of observations
is substantially greater than in the hand-collected sample and the deviations for option portfolio value are
statistically significant.

Columns 3 and 6 in Table 1 report that the OA proxies are nearly perfectly positively correlated
with the FI values in both the hand-collected and simulated samples. The OA proxies explain more than
99.5% of the varation in option portfolio value and sensitivity to stock price. The explanatory power of
the proxy for the sensitivity to stock-retumn volatility is slightly weaker, but the Rsquared is at least
98.7% for both samples.

Reasonably accurate proxies can be obtained with less data. In untabulated tests, we explore
the loss in explanatory power when the researcher does not partition previously granted options into
unexercisable and exercisable portfolios and also does not partition total options outstanding into newly
granted and previously granted options. Instead, all outstanding options are valued as a single grant with
an assumed remaining time-to-matunty of 7.5 years. In this case, we find that the explanatory power of
the proxies for option portfolio value and sensitivity to stock price remain high, with explained vanation
above 98.7% in both samples. The proxy for sensitivity to stock-retum volatility drops slightly with
explained variation of 96.0% (98.1%) for the hand-collected (simulated) sample. However, in
subsamples described below where measurement error 1s expected to be present, this limited-
information method has more severe measurement error problems.

3.3. SENSITIVITY ANALYSIS IN SUBSAMPLES

" Because the value of executives” stock options decreases when dividends are paid, some researchers examine
executive stock options as a partial explanation for variation in dividend payout policies (e.g., Lambert, Lanen, and
Larcker [1989]). Our method can be used to estimate the sensitivity of option portfolio value to dividend vield as the
partial derivative of the Black-Scholes value with respect to dividend yield. The results for sensiivity to dividend
yield are similar to the results reported for sensitivity to stock price and stock-return volatility (not tabulated).

10



In this section, we explore how measurement error in the OA method varies with sample-
specific characteristics, and whether the magnitude of the error is economically large in subsamples of
the data. While the results in Table 1 suggest that, on average, the OA method generates accurate
proxies for the FI measures in a broad sample of CEOs, the measurement error in the proxies is not
completely random. Below we discuss three sources of measurement error, one of which is a first-order
cffect, and the second two of which are second-order in nature.

The potential for first-order measurement error in the proxies stems from lack of proxy
statement disclosure about the exercise prices of previously granted options that are out-of-the-money.
Because out-of-the-money options have zero realizable value, the OA method assigns these options a
price-to-strike ratio of one, which is systematically too high. When the price-to-strike ratio is
overstated, the estimated value of an option and the estimated sensitivity to stock price will be
overstated, the estimated sensitivity to stock-retum volatility will be understated (Appendix A and
Figure 1). This measurement issuc 1s most applicable to researchers examining samples of option
portfolios that contan a substantial fraction of out-of-the-money options (e.g., firms that have
experienced recent poor stock price performance).

In Table 2, we explore variation in measurement error across subsamples of the simulated
portfolios partitioned by the observed mean price-to-strike ratio of previously granted options. We
emphasize previously granted options because the value and sensitivities of newly granted options can

be precisely estimated (see Section 2).° The observed price-to-strike ratio is the average price-to-strike

¥ In Table 2, we exclude the 289 simulated portfolios that contain only newly granted options.

11



ratio that the researcher computes using the OA method. The observed price-to-strike ratio differs from
the actual price-to-strike ratio when the portfolio contains options that are out-of-the-money.

The results in Table 2 indicate that the OA method performs worse in the simulated option
portfolios with low observed price-to-strike ratios. Option portfolios with an observed price-to-strike
ratio of one, the lowest possible observed price-to-strike ratio for previously granted options, exhibit
the greatest deviations from the FI measures and the lowest explanatory power. For example, the
percentage deviation in mean sensitivity to stock price rises from 1.2% in the subsample of portfolios
with observed price-to-strike ratios between 1.2 and 1.5, to 14.7% in the subsample of portfolios with
observed price-to-strike ratios of 1.00. The explanatory power of the OA method across these two
subsamples decreases from 99.8% to 96.8%.

This analysis suggests that researchers should use caution when using the OA proxies i samples
of executives with large proportions of underwater options, particularly in settings where the researcher
is concered with bias in the estimates as opposed to the ability of the proxies to capture cross-sectional
variation. An example where bias is likely to be important is when the researcher wishes to estimate an
executive’s total equity incentives by adding the estimated incentives provided by options to the
estimated incentives provided by stock. An example where bias is less important 1s when the researcher
wishes to examine cross-sectional variation in the use of fiim-wide option plans.

The prevalence of underwater options in executive option portfolios is likely to be greatest in
periods following sharp stock price declines. In these settings, researchers can improve the OA proxics
using a modified OA method that requires information from one or two past proxy statements m
addition to the most recent proxy statement. To implement this modified method, the researcher first

identifies the most recent proxy statement that pre-dates the recent stock price decline (e.g., use 1999

12



proxy statements that pre-date large price declines in 2000). Option portfolio data in this proxy
statement can be used to estimate the average exercise price of options held by the executive as of this
date. Option grant and exercise data from the more recent proxy statement to infer an estimate of the
average exercise price of the option portfolio at the researchers desired date (e.g., estimate the average
exercise price at 1999 and subtract option exercises during 2000 to obtain the average exercise price of
previously granted options at 2000). A second potential approach is to use the observed price-to-
strike ratio as a proxy for the measurement error in the OA estimate.”

A source of second-order measurement error in the OA method stems from the nonlinear
relation between the price-to-strike ratio and option value and sensitivities (see Figure 1). The OA
method uses the two cxercise price estimates derived from previously granted exercisable and
unexercisable options to "interpolate this nonlinear relation. The magnitude of the "interpolation" error is
an mcreasmg function of the standard deviation of the true price-to-strike ratios across the options in the
portfolio.” The measurement error problem is more severe in the regions where the underlying function
is most non-linear. Figure 1 illustrates that the departures from lnearity are greatest for sensitivity to
price when options are out-of-the-money. Option value also exhibits the greatest departure from
linearity when options are out-of-the-money. Consistent with this observation, we find that this source of

measurement error 1s greatest for OA measures of portfolio value and the sensitivity to price when the

* For example, if a regression used the OA estimate of option incentives as an explanatory variable, including the
observed price-to-strike ratio in the regression would lessen the bias in the estimated coefficient on the incentive
variable due to measurement error, provided that the price-to-strike ratio is uncorrelated with the dependent variable
(e.g., Brown, Hagerman, Griffin, and Zmijewski, p. 186).

1” Although the standard deviation of price-to-strike ratios in a portfolio is not observed, the researcher could proxy

for it using the standard deviation of recent stock returns (e.g.. over a five-year period) or could estimate it by
gathering data on varation in exercise prices of past grants.

13



observed price-strike-ratio is less than 1.1 (untabulated)." This measurement error exacerbates the
fist-order biases described above for low price-to-strike ratio portfolios. There 1s little increase in
measurement error in subsamples where the observed price-to-strike ratio 1s greater than 1.1. With
respect to the sensitivity fo volatility, Figure 1 indicates that nonlinearity 1s generally greater for in-the-
money options. However, the magnitude of the bias due to this non-linearity is minor in all subsamples
we examine.

Another source of second-order measurement error derives from the fact that the proxy
statement does not provide complete information about the remaining times-to-maturity of previously
granted options. While the assumptions that previously granted unexercisable (exercisable) options have
times-to-maturity of one (four) years less than the time-to-maturity of newly granted options seem
reasonable on average, these assumptions result in some degree of measurement error for any given
firm. For example, m firms with strong performance, a greater proportion of older, in-the-money options
are likely to have been exercised because employees forfeit less time value of the options by exercising
carly.

When options are substantially out-of-the-money, over-estimating the time-to-maturity imparts
an upward bias on measures of sensitivity to stock price. This 1s because a short-maturity, out-of-the-
money option has little chance of generating a positive payoff, and so has an actual sensitivity to stock
price that 1s close fo zero. The reverse argument is true for options that are substantially in-the-money.

In the computation of sensitivity to volatility, the time-to-maturity is a multiplicative term (sec Appendix

' To examine this source of measurement error, we compute the standard deviation of the actual price-to-strike ratios
for the previously granted options in each simulated portfolio and examine measurement error in the OA proxies for
firms in the top quartile of price-to-strike standard deviation.
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A), and so an over-estimate of the time-to-maturity results in upwardly biased estimates for all price-to-
strike ratios.
34 SYSTEMATIC MEASUREMENT ERROR AND COMPARISON OF ALTERNATIVE PROXIES

In Tables 1 and 2, we provide evidence that, on average, measurement error in the OA proxies
is small. If the estimation error in a proxy is simply noise, the power of a researcher’s tests is reduced
and there 1s a risk of making a Type II error, i.e., the null hypothesis is not rejected when it 1s false.
However, if the measurement error is correlated with other important explanatory variables, a Type [
error can be made, 1.e., the null hypothesis 1s rejected when it 1s true. To emphasize the usefulness of the
OA proxies and to provide a basis for evaluating the results of past research, we now address the
extent to which these proxies improve upon other proxies used mn the literature.

Many prior studies examine the incentives that stock option portfolios provide executives to
increase stock price and stock-retumn volatility. Although some studies use a vanant of the FI sensitivity,
many rescarchers use more easily computed proxies to capture these incentive effects that include: 1)
the number of options held by the executive; 2) the number of options held by the executive multiplied
by the stock price; 3) the sensitivities of only newly granted options. Although all of these alternative
proxies are likely to be comrelated with vanation in option portfolio sensitivities, they are expected to
suffer from predictable measurement error. For example, the total number of options captures the extent
of option use, but fails to incorporate cross-sectional variation in the characteristics of the options, such
as time-to-maturity, volatility, and exercise price. The sensitivities of newly granted options ignores
incentives provided by previously granted options, and the comrelation between the sensitivities of newly
granted options and previously granted options is quite small (e.g., for the sensitivity to stock price, the

correlation is 0.2 in our sample).
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To assess the degree of systematic variation in measurement error, we regress the full-
information value and sensitivities to stock price and stock-retum volatility on the proxies for these
measures, and the Black-Scholes parameters underlying the CEOs’ option portfolios.™ If a proxy fully
reflects the nformation m the underlying Black-Scholes parameters, then the addition of these
parameters to the regression should not add explanatory power. To ease the comparison of coeflicients
across regressions, all variables are standardized to have a mean of zero and a standard deviation of
one.

The results in Table 3 indicate that the OA proxy for the sensitivity to stock price has little
systematic error, and substantially less systematic error than the alternative proxies. Column (1) reports
results for the OA proxy. With the exception of the mean price-to-strike ratio, none of the regression
coefficients on the Black-Scholes parameters are distinguishable from zero. The positive and significant
coefficient on the mean price-to-strike ratio is not surprising given the results in Table 2 that show the
OA estimate is larger than the FI estimate when the price-to-strike ratio is low, and that this bias
becomes smaller as the price-to-strike ratio increases. Although not tabulated, the regression results for

option portfolio value and the sensitivity to stock-return volatility are similar to those reported in Table

The results in Columns (2) through (4) of Table 3 suggest that the degree of systematic error in
the alternatrve proxies is substantially greater than that in the OA proxy. Measurement error n each of
the alterative proxies is significantly related to no fewer than two, and as many as four, of the option

portfolio characteristics. By comparison, the systematic error in the OA proxy is related to only one

2 We do not include the risk-free rate in the regression analysis because, except for non-linearities in the yield curve,
it is perfectly correlated with mean time-to-maturity in cross-section and, as such, creates a severe multi-collinearity
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characteristic. Further, and even more importantly, the magnitude of the systematic error tends to be
several times larger for the altemative proxies compared to the OA proxy. Since all variables are
standardized, the coefficients can be interpreted as partial correlations and compared across
regressions. For example, the partial correlation on the mean price-to-strike ratio for the OA proxy is
0.01 compared to correlations ranging from 0.07 to 0.20 for the other proxies.”
4. Summary and Conclusion

We present and validate a one-year approximation method (the OA method) for estimating the
value of an executive’s stock option portfolio and the sensitivities of option portfolio value to stock price
and stock-retum volatility. The OA method uses readily accessible data from the current year’s proxy
statement and can be easily modified to estimate firm-wide option plan value and sensitivities using data
from the current year’s annual report. In a broad sample of hand-collected and simulated CEO option
portfolios, we show that the OA proxies are unbiased and capture more than 99% of the cross-
sectional variation in option portfolio value and sensitivities. Based on the assumptions that underlie the
OA method, we describe potential sources of measurement error, and document the magnitude of this
error in subsamples of our data. We also highlight research settings where this measurement error is
likely to be especially problematic (e.g., portfolios with a large proportion of options with low price-to-

strike ratios), and suggest approaches for either reducing the emror and/or mitigating the effect of the

problem.

Y Our tests focus on the level of option portfolio sensitivities (as defined in Section 2). However, some other
researchers use deflated proxies for CEO incentives. For example, both Jensen and Murphy [1990] and Yermack [1995]
measure equity incentives as the change in CEQO wealth per $1,000 change in shareholder value. This measure is equal
to the sensitivity to stock price, as defined in Section 2, deflated by the market value of equity and multiplied by
$100,000. We re-estmate the results in Table 3 after deflating the full-information sensitivity and the alternative
proxies by the market value of equity. The deflated results (not reported but available upon request) are qualitatively
similar to those reported in Table 3, with the only exception being that the OA proxy provides a smaller improvement
over the alternative proxy reported in Column 2 {the number of options times stock price).
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error on regression estimates. Finally, we present evidence that the OA proxies exhibit greater power
and less bias than alternative proxies used in the literature.

The OA proxies presented and validated in this paper should mprove the power, reduce
potential bias, and lower the costs of empirical tests that require estimates of stock option portfolio
value and sensitivities. For example, because the OA proxies estimate the actual value and sensitivities
of option portfolios, they have a direct cconomic interpretation and can be combined with the
sensitivities from stockholdings and/or bonuses to generate aggregate sensitivities for managers. Further,
altemative proxies for option portfolio sensitivitics to stock price and volatility, such as the number of
options held, do not provide an empirically distinct measure of either sensitivity. This drawback is
problematic in many research areas, such as risk management, where the rescarcher’s tests often
require simultaneous separate estimates of sensitivities to stock price and volatility (e.g., Tufano [1996]).
By contrast, because the OA proxies provide direct estimates for each of the two sensitivities (depicted

in Figure 1), they are empirically distinct.
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APPENDIX A
Calculating Black-Scholes Value and Sensitivities of Individual Stock Options

Estimates of a stock option’s value or sensitivity to stock price or stock-retum volatility are

calculated based on the Black-Scholes [1973] formula for valuing European call options, as modified to

account for dividend payouts by Merton [1973].

Option value = [ S ¢ N(Z) - X e'N(Z - 6 TV) ],

[I(S/X)+T(r-d+c*2)] / ¢ TV,

cumulative probability function for the normal distribution

price of the underlying stock

exercise price of the option

expected stock-retum volatility over the life of the option

natural logarithm of risk-free interest rate

time to maturity of the option in years

natural logarithm of expected dividend yield over the life of the option

The sens itivity with respect to a 1% change in stock price is defined as:

[@(option value) / H(price)] * (price/100) = "N (Z) * (price/100)

The sensitivity with respect to a 0.01 change in stock-return volatility is defined as:

[&(option value) / d(stock volatility)] * 0.01 = T N'(Z) S T¥** (0.01),

where N’ = normal density function
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Figure 1. The sensitivity of option value to stock price and stock-return volatility
as a function of the price-to-strike ratio

The sensitrvities are based on an underlying option with a maturity of 7 years on a stock with a price of $100.
The exercise price of the option is determined by the price-to-strike ratio. The stock's dividend yield is 3%,
the annualized standard deviation of stock returns is 0.30, and the risk-free rate is 7%. The sensitivity to stock
price 1s the change i option value for a 1% change ($1) mn stock price, and the sensitivity to volatility 1s the
change m option value for a 0.01 change in stock-retum volatility.
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TABLE 1
Performance of One-Year Approximation Proxies: Comparison with Full-Information measures

228 hand-collected CEQ option portfolios 10,000 simulated CEO option portfolios
%Error in %Error in R2 with full %Error in %Error in RZ with full

One-year approximation proxy  sample mean  sample median  information measure sample mean  sample median  information measure

(1 2) (3) 4 &) (6)
Value of option portfolio 0.1% 4.0% 99.7% 560 %k 6,00k 99.5%
Sensitivity of option portfolio 1.1% 2.9% 99.7% 1.7% 1.0% 99.6%
value to stock price
Sensitivity of option portfolio -0.6% 1.1% 99.4% -0.9% -1.3% 98.7%

value to stock-return volatility

*** Indicates that the means (medians) of the two samples are significantly different at the 0.01 level.

The hand-collected sample consists of the option portfolios of 228 CEQs constructed by Guay [1999] for the December, 1993 fiscal year. The simulated sample contains
10,000 simulated option portfolios generated using a bootstrap procedure that incorporates the empirical distribution of option grants within Guay’s [1999] hand-collected
sample.

%Error in sample mean (median) is the difference between the mean (median) one-year approximation proxy and the mean (median) full information measure as a percentage of
the mean (median) full information measure. R-sqr. with full information measure is the variation explained by the one-year approximation proxy as a percentage of the total
variation in the full information measure.

Sensitivity of option portfolio value to stock price is the change in the Black-Scholes value of a CEQ’s stock option portfolio for a 1% change in the firm’s stock price (See
Appendix A). Sensitivity of option portfolio value to stock-return volatility is the change in the Black-Scholes value of a CEO’s stock option portfolio for a 0.01 change in the
annualized standard deviation of the firm’s stock returns. The one-year approximation proxies for option portfolio value and sensitivities to stock price and stock-return
volatility are computed in two parts. New option grant value and sensitivities are computed directly using proxy statement disclosures as inputs in the Black-Scholes model.
Previously granted unexercisable and exercisable options are treated as two single grants with exercise prices derived from the average realizable value of the executive's
options, and times-to-maturity based upon the whether the options are exercisable and unexercisable (see Section 2). The full information value and sensitivities are the
measures the researcher would compute if complete data were available about the option portfolios.



TABLE 2
Measurement Error in One-Year Approximation Proxies: Subsample Analysis
(Smmulated sample of portfolios partitioned by observed price-to-strike ratio of previously granted options)

Sensitivity to stock price Sensitivity to stockreturn Option portfolio value
volatility
Observed PTS ratio of  Median actual PTS # of %Error in R* with full %Error in R? with full %Error in R with full
previously granted ratio of previously obs. sample info. measure sample info. measure sample info. measure
options granted options mean mean mean
PTS =1.0 0.89 422 14.7% 96.8% -1.5% 96.6% 21.2% 97.0%
1.0<PTS =1.1 1.01 1,159 7.9% 99.0% 0.5% 99.1% 15.5% 98.5%
1.1<PTS 1.2 1.11 1,668 4.2% 99.5% 2.9% 98.9% 9.5% 99.4%
12<PT8 <1.5 1.29 3,955 1.2% 99 8% 3.8% 99.1% 4.5% 99.7%
1.5<PTS 1.70 2,507 -0.7% 99 8% 2.7% 98.2% 0.6% 99 8%
Full sample = 1.30 1.27 9,711 2.0% 99.6% 2.8% 98.7% 5.2% 99.5%

The simulated sample contains 10,000 simulated option portfolios generated using a bootstrap procedure that incorporates the empirical distribution of option grants within
Guay’s [1999] hand-collected sample. We exclude the 289 simulated portfolios that contain only newly granted options (i.e., no previously granted options).

Sensitivity of option portfolio value to stock price is the change in the Black-Scholes value of a CEQ’s stock option portfolio for a 1% change in the firm’s stock price (See
Appendix A). Sensitivity of option portfolio value to stock-return volatility is the change in the Black-Scholes value of a CEO’s stock option portfolio for a 0.01 change in the
annualized standard deviation of the firm’s stock returns. The one-year approximation proxies for option portfolio value and sensitivities to stock price and stock-return
volatility are computed in two parts. New option grant value and sensitivities are computed directly using proxy statement disclosures as inputs in the Black-Scholes model.
Previously granted unexercisable and exercisable options are treated as two single grants with exercise prices derived from the average realizable value of the executive's
options, and times-to-maturity based upon the whether the options are exercisable and unexercisable (see Section 2). The full information value and sensitivities are the
measures the researcher would compute if complete data were available about the option portfolios.

%-Error in sample mean is the difference between the one-year approximation proxy and the full information measure as a percentage of the full information measure. R-sqr.
with full information measure is the variation explained by the one-year approximation proxy as a percentage of the total variation in the full information measure. The
observed PTS ratio of previously granted options is the average portfolio price-to-strike ratio for previously granted exercisable and unexercisable options that the researcher
computes using the one-year approximation method. The actual PTS ratio of previously granted options is the average portfolio price-to-strike ratio of previously granted
exercisable and unexercisable options. The observed PTS ratio differs from the actual PTS ratio when the portfolio contains previously granted options that are out-of-the-
mongy.



TABLE 3

Systematic Measurement Error in Alternative Proxies for Sensitivity to Stock Price
{Regressions of full-information sensitivity to stock price on altemative proxies and option characteristics)

Dependent variable: Full-information sensitivity to stock price

) 2) 3) “)
Proxy:
Sensitivity to stock price: One-year 0.99%*
approximation method (235.84)
Total number of options held * 0.94 4%
Stock price (59.75)
Total number of options held 0.72%%
(22.53)
Sensitivity to stock price: New 0.45%%*
option grant only (8.84)
Option portfolio characteristics:
Mean price-to-strike ratio 0.01%* 0.07#% 0.09%* 0.20%*
(2.55) (4.72) (2.69) (3.93)
Mean time-to-maturity -0.00 -0.02 -0.06% -0, 16%%
(-0.23) (-1.53) (-1.83) (-3.22)
Stock price 0.00 -0.02 0.46%% 0.36%%
{0.51) {-0.84) (12.49) (5.88)
Std. dev. of stock returns -0.00 -0.03 -0.00 0.08
(-0.90) (-1.59) (-0.05) (1.17)
Dividend yield -0.00 -0.11%* -0.08%* -0.13%#
(-0.65) (-6.77) (-2.11) (-2.21)
Adjusted R 99.7% 95.9% 78.7% 48.3%
Incremental adjusted R* from 0.0% 1.8% 24.0% 22.3%
option portfolio characteristics
P-value for incremental R* 0.095 0.001 0.001 0.001

The sample consists of the option portfolios of 228 CEOs hand-collected by Guay [1999] for the December, 1993 fiscal year.

t-statistics in parentheses. * denotes significance at the 0.10 level. ** denotes significance at the 0.05 level.

All variables are standardized to have a mean of zero and a standard deviation of one. Sensitivity to stock price is the
change in the Black-Scholes value of a CEO’s stock option portfolio for a 1% change in the firm’s stock price. Sensitivity to
stock price estimated using the one-year approximation method is described in Section 2. Sensitivity to stock price: New
option grant only excludes previously granted options. Mean price-to-strike ratio and mean time -to-maturity are computed

using full information data.
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