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Abstract

This paper examines how an option plan that rewards managers for firm performance
relative to some market or industry benchmark should be structured. Relative-
performance-based compensation advocates contend that conventiona stock options do
not adequately discriminate between strong and wesk managers, typically suggesting
“indexed options,” thet is, options with an exercise price linked to a market or industry
index, asaremedy. A close examination of indexed options, however, reveds a
fundamenta problem: indexed options do not function as its proponents intend. Instead,
their payoff remains highly sengtive to market or industry price movements. This paper
proposes an dternative option design, an option on a* performance-benchmarked
portfolio,” that does remove the effects of the specified market or industry benchmark
from the value of the option. This structure uses an option with a fixed exercise price,
where the underlying asset is a portfolio comprised of the firm’s stock hedged against
market and industry price movements.



l. Introduction

One weskness of traditional executive stock option compensation plansisthat they have
the potentid to both reward and punish managers for factors outside of managers

control, such as market movements, compromising the hoped-for link between pay and
performance. To restore thislink, reformers, both from practice and from academia, have
suggested subgtituting “indexed options,” that is, options whose payoff is linked to some
sort of market or industry-based index, in place of the conventiona options in widespread
use today. * Executive stock options that explicitly tie managers pay to the firm's
performance relative to amarket or industry benchmark are just beginning to be used in
practice, and much work remains on how to practically implement such asystem.? This
paper provides a starting point by evauating an indexed option plan structured dong the
lines most frequently proposed by indexed performance advocates, where the option’s
exercise price changes to reflect the performance of the benchmark market or industry

index.

Asit turns out, an option with an exercise price tied to a market or industry index remains
highly sengtive to market and/or industry movements, and does not remove the effect of
the benchmark index from the option’s value. As the market increases, the vaue of the

varigble-exercise-price option will, too, even when the stock has failed to outperform the

! See, for example Akhigbe and Madura (1996), Barr (1999), Johnson (1999), Johnson and Tian (2000),

Kay (1999), Nabantian (1993), Rappaport (1999), Reingold (2000), Schizer (2001).

2 Level 3 Communications, for example, is one of the few firmsto implement an indexed option system

(see Meulbroek (2001b)). Rappaport (as quoted in Barr (1999)) predicts that indexed options“...will be
easier to sell once the market cools. In abull market, you want to be paid for absol ute performance, but in a
more stable or bear market, you want to be paid for relative performance.”

3 The sources listed in footnote 1 describe such an option.



market.* This paper presents an aternative design that achieves the desired effect of
rewarding managers only for performance that is not due to overdl gainsin the market or
industry. Instead of using the firm’'s stock as an underlying as¢t, this dternative design
employs a performance- benchmarked portfolio. This performance-benchmarked portfolio
consgs of the firm’'s stock, hedged againgt market and industry movements. Under this
proposed structure, the value of the portfolio changes to reflect the firm’s performance,

net of market and indudtry effects, while the exercise price remans fixed.

The paper proceeds as follows. Section |1 briefly describes the generd mativation behind
options as a compensation tool, and the more specific mativation behind rdative-
performance- based compensation. It so examines the extent to which rdative-
performance-based compensation is used in practice, and whether managers can affect a
relaive- performance-based compensation for themselves, without the company changing
its compensation system. Section |11 demongtrates the need for restructuring the type of
indexed option plan typically proposed by relative-performance compensation
advocates—an indexed option with a variable exercise price—showing that such an
option remains sengitive to movements in the benchmark index. Section IV proposes a
practica and sraightforward aternative to the indexed option with a variable exercise
price, namely, an option on a performance- benchmarked portfolio. This market- and

industry-adjusted option truly rewards for relative performance. Section V concludes.

* This effect arises because the options are homogeneous of degree one with respect to strike price and
exercise price.



. Paying Managersfor their Relative Performance

A. The conceptual basis for option-based compensation

Compensation systems have three functions. to compensate managers for completed
work, to reduce principal-agent costs by more closely digning managers interests with
those of shareholders, and to recruit or retain the manager. A form of compensation that
performs one of these functions effectively may not be as good a fulfilling the other
functions of a compensation system. Stock options, for example, are used to dign
incentives. However, afirm that has no need to create such incentive dignment would be
very unlikely to use stock or stock options to compensate its managers, for better ways
exist. Cash compensation is one such form of compensation that a firm could use when
incentive dignment is deemed relatively unimportant. Cash compensation is*better” than
stock-optionbased compensation when the incentive aignment effects created by options
are not needed, because cash avoids the deadweight costs that accompany any equity-
based compensation plan. Deadweight costs arise because the same exposure to firm:
specific risk that adigns incentives dso compels managers to hold aless-than-fully-
diversfied portfolio. Thisloss of divergfication is cogtly for managers, who now must

bear both systematic and non-systematic risk.> As a consequence, managers val ue equity-
based compensation at less than its vaue to fully-diversfied investors, that is, managers

vaue ther equity-based compensation at less than its market vaue. By using cash, afirm

> Meulbroek (2001a) describes these costsin greater detail, and proposes a practical way to estimate their
magnitude. In practice, the costs associated with the manager’ s loss of diversification can be large and
substantial. In Meulbroek (2001a), | estimated that the private value that managers place on conventional
executive stock optionsis roughly half of their market value in rapidly-growing entrepreneurially -based
firms, such as Internet-based firms. Even for less-volatile NY SE firms, the deadweight loss associated with
stock optionsis 30% of their market value. For a utility-function-based approach to distinguishing the value



avoids such cogts. the vaue of cash to the manager is exactly its cost to the firm. While
stock options can surely can be used as aform of payment to compensate managers, and,
when combined with vesting requirements, stock options can aso help with retention,
stock options are not the most efficient form of compensation to achieve these gods. ther

compardive advantage liesin their ability to dign incentives.

Of course, options are not unique in this respect: stock-based compensation aso aigns
the incentives of managers with those of shareholders. Options, however, dlow the firm
to create a pecific risk exposure at alower price than stock. Suppose that the desired risk
exposure for amanager is equivaent to 100,000 shares on a $100 stock. The firm would
need to pay the manager $10 million (100,000 x $100) to create this exposure if it used
stock. But suppose further that ten million dollarsis much more than the firm wanted to
pay the manager, so it looks for other ways to expose managers to an amount of risk
equivalent to 100,000 shares. One possihility isto give the manager $10 million in stock
of which $2 million is an outright grant, and $8 million isin the form of aloan from the
company to the manager. The levered grant structure, however, has the potentia to make
managers too risk averse: a 20% drop in the stock price would bankrupt the manager,
who would till be responsible for re-paying the $8 million loan. To reduce the excess
risk aversion that can result from the manager’ s highly-levered position, the loan could be
made non-recourse, that is, secured by the stock and nothing more. This compensation
dructure, alevered stock position with a non-recourse loan is the functiona equivaent of

acdl option. Thus, one judtification for compensating managers with cal optionsis that

of compensation to a manager from the cost of that compensation to the firm, see Lambert, Larcker and
Verrecchia (1991), Huddart (1994), Hall and Murphy (2000a), and Hall and Murphy (2000b).



the company reducesiits cost of exposing managers to a given amount of risk from the
amount that would otherwise be required if the company relied exclusively on a stock
grant. At the same time, the cal option ameliorates the excessive managerid risk

aversion that might result from a stock position coupled with a full-recourse loan.®

Stock grants coupled with non-recourse loans (or equivaently stock options) are not the
only way for the company to expose its managers to the risk that leads to proper incentive
aignment. Just as the firm can use executive stock optionsto lower the cost (rdative to
using stock-based compensation) of exposing managersto risk, so too can a highly-
levered management buyout, by giving managers alarge equity share for asmall amount
of money, lower the cost of exposing managers to a given amount risk.” In so doing, it
gives managers a greater incentive to increase firm vaue, digning ther incentives with
those of other shareholders.® While the equity stake managers acquire in a management
buyout alows them to regp large rewards if successful, one criticd difference between
the management buyout structure and executive stock-option-based compensation is that
the company itsdlf islevered in a management buyout, whereas executive stock options
lever the manager’ srisk exposure without levering the firm. Out-of-the-money executive

stock options affect the manager, but do not force the firm into financia distress. The

® Some observers note that options could have the opposite effect, for the value of an option increases with
itsvolatility, giving a manager an incentive to increase the firm’ s volatility by taking on excessrisk. But
theoretical and empirical work casts doubt on whether options cause excessive managerial risk-taking, and
some work suggests that options might provide managers with an incentive to decrease risk. See Carpenter
(2000), Haugen and Senbet (1981), Detemple and Sundaresan (1999), Cohen, Hall and Viceira (2000), and
Rajgopal and Shevlin (1999).

" Kaplan (1989) reports that top level managers receive on average 37 percent of the newly-reorganized
firm's equity, results similar to those of Schipper and Smith (1991).

8 Kaplan (1989) provides evidence supporting the effectiveness of this management buyouts. Of course,
improved incentive alignment is not the only benefit attributed to LBOs or MBOs. Asoutlined in Jensen



high leverage associated with a management buyout, however, puts more than the
manager’ swedth at risk. Leverage increases the probability of financid distress, which
imposes costs not only on managers, but on creditors, suppliers, customers, aswell as
other employees. Consequently, as Jensen (1986) points out, leveraged management
buyouts are gppropriate for “...firms or divisons of larger companies that have stable
business histories and substantia free cash flow.” Moreover, because aleveraged
management buyout increases the probability of financid didress it is best left for firms
that have low costs if distress were to occur.® In sum, while the company’ s ownership
structure can certainly be used to motivate managers, optionbased compensation can

motivate managers without putting the firm at risk.*

B. The conceptual basis for performance indexing

Even s, conventiond stock options sometimes fail to achieve their intended god of
digning managers incentives with those of shareholders. For conventiond optionsto
effectively dign incentives, the vaue of managers options must increase with their
abilities and efforts. Without this connection between manegerid performance and firm
performance, managers have little incentive to work hard. Just as our recent long-running
bull market de-coupled the link between managers effort and firm performance, the

increased volatility levels we are currently experiencing have dso eroded the relation

(1986), leverage itself, by decreasing the discretionary amount of cash available to managers (free cash
flow), can reduce the likelihood of managers engaging in negative net-present-val ue projects.

9 Such firms are typically characterized as having tangible assets that can be easily liquidated, employees
who can be easily replaced, if need be, suppliers who are not required to deliver inputs to the company that
they have customized at a high cost, customers who do need not invest much to buy the firm’s products,
and relatively low levels of business (as opposed to financial) risk.

10 Some have argued that the ability of managers to use financial instruments to hedge risk on their own
allowsthem to “undo” their equity-based compensation plans, alimitation that would not occur if the firm



between firm vaue and managerid performance. When mangers have limited influence
over that volatility, the risk exposure created by conventional stock optionsis not a
particularly helpful incentive-alignment tool. Questioning their effectiveness, one critic
of conventiona stock option plans notes that

“In the bull market of the past decade, many companies generously compensated
management even when the companies underperformed the market. Significant unearned
compensation not only wastes shareholders money but also sends an inappropriate
motivational message. It increases the skepticism of employees, customers, the press, and
the public at large, giving the impression that compensation systems represent a kind of
lottery rather than a serious way to reward performance. At the other extreme, a poor
overall market or weakness in particular sectors provides few opportunities for
companies to use conventional stock options to reward real performance.” Johnson
(1999)

Or, as Warren Buffet laconicdly putsit, “...[stock optiong] are wildly capriciousin their

digtribution of rewards, inefficient as motivators, and inordinately expengve for

shareholders.” 1 Academic research, too, has noted the problems with traditional stock

options: Gibbons and Murphy (1990), for example, suggest that compensation contracts

based upon firm performance, not adjusting for industry or market performance,

“...subject executives to vagaries of the stock and product markets that are clearly

beyond management control.”*? Such observations have renewed the call for

compensation based upon relative performance. Relative- performance-based

compensation ams to tighten the link between managerid efforts and compensation by

rewarding managers only for that portion of performance under their contral, filtering out

itself were levered (see, for example, Garvey (1997)). Moreover, as discussed below, managers face
practical limitationsin their ability to “undo” the compensation plan by decreasing risk on their own.
1 Cairncross (1999)

12 Gibbons and Murphy (1990) p. 31-S



the effect of performance that derives from factors outside managers control, such as

industry-wide or market-wide gains or losses ™

Options indexed to firm performance are one way to implement a relaive- performance-
based compensation system. Until recently, however, the same strong stock market
performance that has rewarded managers for stock price performance unrelated to their
own efforts has aso impeded their acceptance of a compensation plan based on rlative
performance. Managers were reluctant to give up the potentially huge rewards conferred
by the bull market, especiadly when they perceived the probability of a downturn in the
stock market as being low.** To be sure, rdlative-performance-based compensation does
have the advantage that it protects managers during market downswings. Under
traditiona stock option plans, adverse market performance results in vastly reduced
compensation for managers. In contrast, relative- performance based compensation
protects managers againg such market downturns, even if the market declines, managers
can till be well-compensated if they outperform their market or industry benchmark.*
This protection, of course, is not particularly vauable to managers who view poor stock
market performance as aremote possibility, aview that, at least until recently, seemed to

be the prevailing manageria outlook.

13 Of course, as Gibbons and Murphy (1990) rightly note, the industry and market factors that drive the
firm’ s stock price may not be entirely out of the managers control, meaning that removing such effects
might not be a perfect mechanism for filtering out factors beyond managers’ control. Nonetheless, as
Gibbons and Murphy (1990) do in their paper, in thispaper | use industry and market movements as a
shorthand form for factors outside the control of managers.

4 The current drop in the prices of technology stocks may alter that perception.

15 Even under conventional plans, managers have some degree of protection against falling markets. When
options move too far out-of-the-money, firms sometimes either re-strike the options, or issue new options



While manageria support for compensation based upon relative performance has so far
been sparse, the theoretica underpinnings for this type of compensation are compdlling.
Murphy (1998) presents the framework supporting performance-based compensation
gereraly, and relative-performance-based compensation more specifically.® The
judtification for relaive-performance-based compensation rests upon the observation that
the incentive induced by a compensation scheme depends upon how “informative’ the
measure used to reflect performanceis. In other words, an effective managerid incentive
system requires a strong link connecting managers effort and productivity to observable
firm performance, and, as Holmstrom (1982) argues, relaive- performance- based
compensation providesjust such alink by alowing principasto extract better

information about managerid effort and performance.

C. The extent of relative-performance-based compensation

Reative performance based compensation can take many forms, implicit or explicit, in
the manager’ s compensation contract. A substantid empirica literature explores whether
companies compensation schemes reflect implicit relative performance compensation.
Murphy (1998) describes and analyzes much of this literature, reporting that such implicit
compensation schemes exigt, but may not predominate. Gibbons and Murphy (1990), for
example, report that firms do compensate their CEO’ s based upon relative performance.
They find that the salary and bonus of CEOs gppeared to be postively and significantly
related to firm performance, but negatively and significantly related to market and

industry performance. Antle and Smith (1986) and Hall and Liebman (1998) provide

with lower strike prices. See Carter and Lynch (2001), Jin and Meulbroek (2001),Gilson and V etsuypens
(1993), Chance, Kumar and Todd (2000), Brenner, Sundaram and Y ermack (2000), and Saly (1994)

10



limited evidence that firms compensate managers based upon relative performance, and
Himmelberg and Hubbard (2000) observe relative performance eva uation compensation
among smdler firms with “less-highly skilled” CEOs. In contrast, Bertrand and
Mullainathan (1999) report that CEOs are paid for market-wide and industry movements
(what they term “luck”™), but the better-governed firms compensate their CEOs less for
such movements than other firms. Sloan (1993)’ swork also supports the hypothesis that
firms base CEO compensation, at least in part, on earnings, asway to help filter market-
wide movements from compensation. Other researchers, however, find less evidence of
implicit relative performance-based compensation. For instance, Aggarwa and Samwick
(1999), investigating pay-performance sengtivities, uncover little evidence that
compensation contracts reward relative performance, as do Janakiraman, Lambert and

Larcker (1992) and Jensen and Murphy (1990).

Firms are not limited to implicit relative performance plans. Explicit compensation
contracts, such as options indexed to an industry or market benchmark, can be used to
reward managers for their relative performance. While indexed options are frequently
proposed as a Sraightforward way to measure relative performance, they seem to belittle
used in practice. Level 3 Communications, a telecommunications company, is currently
the only U.S. firm that hasimplemented an indexed option program, dthough other firms
have made a portion of their compensation (which might consst of restricted stock,

conventiond option grants or cash bonuses) contingent on achieving certain target stock

16 See also Baker, Jensen and Murphy (1988) for a discussion of both rel ative-performance-based
compensation and other compensation structures.

11



price levels, taking into account overall stock price movements. 1’ Boeing, for example,
grantswhat it calls“performance shares’ —redtricted stock that vests when the company
performance exceeds the S& P 500. Contributing to the rarity of explicit indexed option
plansis both managers traditiona reluctance to accept this type of compensation and the
accounting treatment of the options (i.e. the vaue of indexed options are deducted from
the firm’ s earnings, whereas conventional stock options are not).'® Rappaport (1999)
discusses this unfavorable accounting treatment of indexed options, suggesting that such
treatment is a misplaced concern: “bad accounting policy should not be dlowed to dictate
compensation.” The perceived outsized magnitude of recent conventiona option grants
has intengfied the call for some form of performance indexing. One aso imagines that

the current poor performance of the stock market has the potentid to diminish the

traditional reluctance of managers to adopt relative- performance-based option plans.

17 |_evel 3 Communications indexed its options to the S& P 500. The Compensation Committee chose the
S& P 500 index because it wanted an index immediately recognizable and familiar to its employees and its
investors, and immune from manipul ation or perceived manipulation by its managers. See Meulbroek
(2001b) for amore detailed description of Level 3'sindexed option plan.

18 Hall and Liebman (1998) comment on the rarity of indexed options, characterizing this scarcity as
puzzling. Levmore (2000) explores how risk might affect the use of indexed options, and Schizer (2001)
pointsto the tax consequences of indexed options. Murphy (1998) has a detailed discussion of the paucity
of indexed options and relative performance plans more generally. Referring mostly to compensation based
upon performance relative to co-workers, Gibbons and Murphy (1990) suggest potential costs associated
with such relative performance evaluation: “basing pay on relative performance generates incentives to
sabotage the measured performance of co-workers (or any other reference group), to collude with co-
workers and shirk, and to apply for jobs with inept co-workers.” Continuing on, however, they also state
that these reasons are less important for top managers, such as CEOs, who “...tend to have limited
interaction with CEOsin rival firms, [so] sabotage and collusive searching seem unlikely.” Oyer (2000)
attributes the lack of observable relative performance evaluation to what he terms the “ participation
constraint,” that is, the market return proxies for the manager’ s outside opportunities, and one therefore
would expect to find the manager’ s wages correl ated with the market return.

12



D. Theability and inclination of managers to use financial instruments to create the
functional-equivalent of relative-performance-based compensation

Will managers gravitate towards a relaive- performance- based compensation system on
their own, without the need for the firm to introduce a forma compensation plan that
rewards relative performance? That is, might not managers want to iminate risk not
under their direct control, thereby reducing their overdl risk exposure and the vagaries of
the market and other factors? We discussed above that a manager might want to retain
market exposure if she has aview about the future direction of the market. Even if she
has no particular opinion on future market movements, the manager may still want to
maintain the market component of her risk exposure. Consider the composition of the
manager’s portfolio. To properly aign incentives, the manager must be exposed to firm:
specific risk, aforced concentrated exposure that prevents the manager from optimal
portfolio diversfication. Undiversfied managers are exposed to the firm’'stota risk, but
rewarded (through expected returns) for only the systematic portion of that risk. If the
manager were able to diminate the systematic portion of that risk exposure, her sole
exposure would be to firm-gpecific risk, an exposure for which the expected return is the
risk-free rate. To the extent that the manager would like to have some exposure to
systematic risk in her portfolio, given that her wedlth is concentrated in the firm’s stock
and options, she may indeed want to keep the exposure to systematic risk that derives
from holding company stock and options without any hedging. More precisdy, the only
type of “divergfication” that she can obtain while her wedth isinvested in company

stock comes from forgoing financid instruments that would strip away that market

13



exposure. 1° Consequently, at lesst some managers will prefer to leave their holdings
unhedged to market risk, meaning that the board of directors cannot assume that
managers will hedge ontheir own accounts; if the board wants to compensate managers

based upon rdative performance, it will need to build such afunction into the firm's

compensation system.

Even managers who do want to lower their overdl risk exposure will find some practical
limitations to doing so. One potentia way managers might seek to limit their exposure to
market risk isto short S& P 500 futures to offset the systematic risk inherent in their long
positionsin company stock. While atheoretical possibility, in practice, few managers
gppear to engage in such transactions, perhaps because of the liquidity risk induced by
this strategy. That is, managers would have to mark-to-market their S& P 500 positions
dally, and post additional margin in case of amarket increase, but they would not be able
to use their holdingsin company stock or options to meet the margin cal, making this
course of action difficult a best.?® Managers might also be able to reduce risk through
equity swaps (see Bolgter, Chance and Rich (1986)), but changes in the tax code have
made such swaps considerably less atractive. Findly, managers might use “zero-cost

collars’ (i.e. sdl acdl, but a put) to offset much of both their systematic and their firm:

19 See Meulbroek (2001c) for further discussion of the effect of relative-performance-based compensation
on managers’ exposure to systematic and non-systematic risk, and how the risk exposure created by
relative-performance-based compensation can cause managers to apply alarger |oss-of-diversification
discount to indexed options as compared to conventional options. Thisloss-of-diversification discount will
in turn affect the full cost of awarding indexed options to managers.

20 | the manager’ s wealth is partially-diversified with weal th both in and outside the company, the manager
might be able to scale back existing diversified holdings (e.g. mutual funds) to offset some of the
systematic risk of company stock and options. See Jin (2000) and Garvey (1997).

14



specific risk exposures®! For the manager, this action is economically equivaent to
sdlling her position in company stock.?? This action would dmost entirely “undo” the
compensation plan by eiminating the risk exposure necessary for incentive dignmernt,
and it isfar from clear that the board of directors would alow that dimination, just as
they impose restrictions on when and how much stock managers can sell.?® Thus,
managers might prefer the risk exposure offered by a conventiona option system, or they
may find themsdves unable to replicate the effect of ardative- performance-based
compensation plan that removes market and/or industry effects. In both instances, afirm
desring to compensate managers with a relative- performance- based system cannot rely
upon managers to hedge out market risk; the firm itsaf must put such a compensation

sysem in place.

21 Zero-cost collars are economically similar to selling the stock, but have different tax implications, and
seem not to attract the same degree of public scrutiny as simple selling of company stock does. Bettis,
Bizjak and Lemmon (2000) describe these contracts, and reports that the number of such transactions
reported to the SEC has, so far, been relatively small. Bettis, Bizjak and Lemmon (2000) also find,

however, that the SEC’ s reporting requirements for these transactions have only recently been clarified, so
that the true incidence of zero-cost collarsis perhaps higher than the historical statistics would suggest.
Boczar (1998) describes several (economically-equival ent) methods for an executive to manage risk, and
the tax implications of such methods. See al so Schizer (2000) on managerial hedging of stock option
positions. Hedging of options can be difficult for managers as many firms prevent executive stock options
from being pledged as collateral.

%2 Thisis not strictly true because in order to receive favorable tax treatment, the manager must retain some
small degree of risk exposure, but this exposureis rather minor.

23 | n addition to company-specific regulations, SEC regulation precludes managers from short-selling
company stock, increases the costs of stock sales by requiring them to be reported directly to the SEC
(which then publicly discloses thisinformation), and, in the case of restricted (unregistered) stock, imposes
astrict (and low) limitation on the volume of stock that the manager can sell. SeeBettis, Coles and Lemmon
(2000) for a description of company-specific policies on insider trading, Meulbroek (1992) for a description
of SEC regulations concerning insider trading, and Murray (1992), Van Vleet and Gerber (2000), and

Silber (1991) on SEC regulations about restricted stock.

15



[11.  Can optionswith variable exer cise prices be used for relative-performance-
based compensation?

Advocates of indexed options generdly propose a structure that ties the option’s exercise

price to a selected index. Rappaport (1999) describes such a plan:

“Let’s assume that the exercise price of a CEO’ s options are reset each year to

reflect changes in a benchmarked index. If the index increases by 15% during the

first year, the exercise price of the option would also increase by that amount.

The option would then be worth exercising only if the company’s shares had

gone up by more than 15%. The CEO, therefore, is rewarded only if his or her

company outperforms the index.”
Table 1 shows how the vaue of aconventiond 10-year European call option respondsto
changes in the exercise price and the underlying stock.2* Theinitia price of the stock in
Table 1is$100, asisthe exercise price. The three panelsin the table correspond to three
possible changes in the exercise price: an increase of 10%, a decrease of 10%, and ano-
change scenario. These changes are intended to represent hypothetical fluctuationsin the
market. Table 1 displays cdl prices (caculated from the Black- Scholes option-pricing
mode) for different levels of stock volatility — 30%, 50%, 75%, and 100%.% We can see
from this table that if the market increases by 10% and the firm’s stock increases by 10%,
the net-of-market return (i.e. the “ outperformance’) is exactly zero, yet the price of the
conventional European option is exactly 10% higher than itsinitid basdine levd,
irrespective of the underlying stock volatility. By examining Panel B, the scenario where
exercise price is held fixed, we can see that when the stock price falls by 10% (producing

a net-of-market return of —10%), the value of the cal option drops by more than 10%: for

%4 This example isintended to motivate how the sensitivity of option value to different exercise prices
might differ from one’sinitial intuition. Below, | employ the Margrabe-Fischer-Stulz (M argrabe (1978),
Fischer (1978), Stulz (1982)) approach to formally value indexed options.

25 Other assumptions used in pricing the options: the risk-free rate is 4.49% continuously -compounded, the
time to expiration isten years, and the stock pays no dividends.

16



the stock with 30% volatility, the cal option priceis 16% lower than itsbasdinelevel; a
stock with 50% volatility has a cal option price 13% lower than its basdine; sockswith
75% or 100% volatility have prices 11% lower than their basdlines. Pand C digplaysthe
scenario with an exercise price 10% below itsinitid leve, representing afdl in the
market index by 10%. We can see that when astock dropsin price by 10% (an amount
exactly matching the market drop), the net-of-market return is zero (suggesting that
managers should be neither rewarded nor punished), but the vaue of the option Hill fals
by 10% for dl voldility levels. Table 1 shows that the net-of-market return, which
measures whether a firm outperforms its benchmark, can be quite different from the
return on the conventional European cal option. This straightforward example suggests
that we need to closely examine the sengtivity of the indexed option with avariable

exercise price, for it may not behave as one might initialy expect it to.

To price the type of indexed option proposed by many relative-performance-based
compensation advocates (i.e. an option with a variable exercise price linked to a
benchmarked index, usudly interpreted as a market or industry index), one can use the

Margrabe- Fischer- Stul z approach recently outlined by Johnson and Tian (2000). 2° The

Margrabe- Fischer- Stulz formula values a European option to give up an asset worth §

and receive in return an asset worth S, (for our purposes S, represents the firm'siinitial

stock price adjusted for market and/or industry movements, that is, the strike price of the

26 Merton (1973)' s option-pricing model incorporates stochastic interest rates, which is functionally -
equivalent to an option-pricing model with a stochastic exercise price. Margrabe (1978) model s the option

to exchange one asset for another where the value of both assetsis stochastic and in contemporaneous work
Fischer (1978) prices an indexed bond. Stulz (1982) uses a similar model to price an option on the

minimum or the maximum of two risky assets. Johnson and Tian (2000) adopt this approach in their paper

on indexed stock options, as do Angel and McCabe (1997).
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option; S, representsthe firm's stock price without any such adjustments). They assume
tha S and S, both follow geometric Brownian motion with voldilities S , and S ,, and
that the instantaneous correlation between S and S, is I' , and theyields provided by

S and S, are g, and g,. N (- ) represents the standard norma cumulative distribution

function, and T represents the time remaining until option maturity. The vaue of the

option at time zero is then:

Se* N(d)-Se*N(d,)

where
dlzln(82/§)+(q1- q, +s */2)T
sT
d,=d -s~T
and

s = sZ+s?- 2rss,

Thevaridble s isthevoldility of S;/S,. Thisoption priceisthe same asthe price of
S, European cdl optionson an asset worth S /'S, when the strike priceis 1, the risk-

freeinterest rateis ¢, , and the dividend yield onthe asset is q, .

Asthe above equation illugtrates, the price of the option increases proportiondly to its
stock price and its exercise, that is, the option is homogeneous in degree one with respect

to the stock price and the exercise price. For example, suppose the stock price increases

by 10% (that is, S, increasesto 1.1S,), and the benchmark index aso increases by 10%

(S increasesto 1.1 ). In thisinstance, the manager has not outperformed the
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benchmark, so the vaue of the option should remain unchanged. However, the vaue of
an option designed with a variable exercise price does not remain unchanged, as intended
by the proponents of indexed options. Instead, the vaue of the option increases by 10%,
just the effect the proponents of indexed options hoped to eiminate. By subgtituting the
new pricesin the equation above, one can clearly see that this unintended outcome indeed
arises. Specificdly, under the newly changed prices, the vaue of the option will be:

(11 S,) e ®"'N(d,)- (1.1 S) e *" N(d,)
where d;, and d, remain unchanged. The 1.1 can be factored out, so that the vaue of the
option after the price movements outlined aboveis.

1.1° [S,e * N(d,)- Se " N(d,)]

or 10% aboveitsinitia vaue. That is, the value of the option has increased by 10% even
though the stock failed to outperform the market index. The vaue of this option with an

exercise price linked to market movementsis il very sengitive to market movements it

will increase or decrease dong with the market.?’

This proportionate response of the option price to like changes in the exercise and stock
price defeats the intended outcome. Recall that the proponents of indexed options seek an
instrument that does not increase in value when the stock price appreciates the same

amount as the designated index. Therefore, an option with a variable stock price linked to

27 Of course, one could generalize the above example. If both the stock and the market increase by a
percent, the value of an option with avariable exercise price will increase by a percent. If the stock
increases by a percent, and the market increases by b percent, the value of an option with an exercise price
linked to the market will not increase by a minusb percent. To achieve this goal of having an option that
increasesin value by a minusb percent, one can use the portfolio approach outlined below. More broadly,
an option with avariable exercise price will not be the best way to “adjust” the value of the option for any
benchmark. So, for example, if one wanted the link the value of the option so that it changed with the EVA

19



an index isnot an effective way to implement ardative performance compensation
system. Managers awarded such an option will find that their compensation remains

highly sensitive to movementsin the underlying index.?®

To give amore complete sense of the sengtivity of the indexed option vaue to changes
in stock price and market levels, Table 2 illudtrates its magnitude for various scenarios.
The scenarios for market performance in Table 2 are Smilar to those in Table 1,
discussed above, but Table 2 specificaly addresses the value of an indexed option with a
variable exercise price linked to a market benchmark, where the Margrabe- Fischer- Stulz
approach is used to calculate indexed option values.?® This approach explicitly
incorporates the variability of the exercise price into the cdculation of option vaue. As
before, the net-of-market stock return is the extent to which the firm has (or has not)
outperformed the market, representing the percentage change in option vaue hoped for
(and expected) by indexed option advocates. Pandl A displays the change in indexed
option value associated with a 10% market increase. Here we see that if the firm’s stock

increases by 10% aswell (implying that the stock has not outperformed the market), the

of the firm, one would need to change the value of the underlying asset, instead of the exercise price. The
agproach outlined below can be modified to reflect any benchmark.

28 |t is possible to alter the terms of an indexed option with a variable exercise price to alter this sensitivity.
Level 3 Communications, for instance, uses a“multiplier” in the construction of its outperform options.
When the firm'’ s stock return and the index’ s stock return increase by the same amount, Level 3 multiplies
the value of the option by zero. If the firm' s stock outperforms the index, the value of the indexed optionis
multiplied by a number that depends on the degree of outperformance. This construction effectively
increases the leverage of the option.

29 The assumptions used in the option-pricing calculations of Table 2 are that the market volatility level
equals 23% (approximate volatility of the S& P500 as well as the market composite index), the firm-market
correlation equals 0.48 (approximately equal to the average for NY SE, Amex, and Nasdag stocks), and the
dividend yield of the stock and of the market is zero. With these assumptions, the individual stock volatility
levels of 30%, 50%, 75%, and 100% are associated with volatility inputs into the Margrabe-Fischer-Stul z
model of 28%, 44%, 67%, and 91%, respectively. The volatility of the indexed option islower than that of
the conventional European option with afixed exercise price (asin Table 1) because the market is
positively correlated with the firm’s stock return.
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vaue of the option increases uniformly by 10%, irrespective of volatility levd. If the

stock price remains a $100 when the market has increased by 10% (indicating that the
stock has underperformed the market), the value of the indexed option fals, but not by
the amount that the stock underperforms the market. That is, for astock with avolatility
level of 30%, amarket increase of 10% combined with a stock return of 0% (a—10% net-
of-market return), produces a decrease in option vaue of 9%. The higher the voldility,
the wider the gap between the stock’ s net- of-market return and return on the options. So,
for the particular scenario of +10% market and 0% stock, the option value for a 50%
volaility-level drops by 5% , haf the expected and hoped-for amount, and stocks with an
even higher volatility level of 100% (roughly equd to the voldility of an average

| nternet- based stock), the value of the option drops by only 1%. In other words, a
manager & a highly-volaile firm who has underperformed the market by 10% will find
that her options drop in value by only 1%. *° Table 2, Pand A, dso indicates that when
the manager has outperformed the market, the change in option value exceeds the
manger’ s outperformance. For example, when the stock price increases by 50% (relative
to an overal market increase of 10%), the manager’ s indexed option vaue increases by
97% for a 30% volatility-level stock, meaning that the manager’ s option holdings will
more than double even though the net outperformance of the stock is +40% (= 50%
stock return-10% market return). As volatility increases, this gap decreases, but is il

ggnificantly more than the manager’ s percent outperformance.

30 tis certainly possible that the board of directors wants a financial instrument that increases more than
the firm’s net-of-market performances when that outperformance is positive, and decreases more than the
firm’s “outperformance” is negative. Perhaps the most disconcerting quality of an indexed option with a
variable exercise priceisthat it increases in value when the firm’ s performance matches that of the market
(presuming both firm and market have increased—if they both have decreased and the firm’s performance
matches that of the market, the manager’ s options will drop in value), that is, when thereis absolutely no
outperformance.
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Pand B of Table 2 illudrates how the vaue of an indexed option fluctuates when the
overdl market remains steady. A firm with astock price that increases by 25%
(trandating into a net- of-market return of 25% since the market has remained congtant) is
associated with achange in indexed option value that exceeds 25%. So, if the stock
volaility equas 30%, the value of the indexed option increases by 53%, again more than
double the manager’ s outperformance of 25% (25% stock return — 0% market return). For
agock with avoldility level of 50%, the 25% increase in stock price leads to a 38%
increase in indexed option vaue, significantly higher than the sought- after level of 25%.

In generd, when the market does not change, a stock price decrease results in a decrease
inindexed option vaue that exceeds what indexed option advocates expect, and a stock
price increase resultsin indexed option value that also exceeds the expected increase. In
short, indexing to market vaue by usng a variable exercise price does not diminate the
manager’ s exposure to market movements, the outcome expected by proponents of

indexing, and can indeed even magnify that exposure.

Findly, Pane C of Table 2 illudtrates the changesin indexed option vaue that occur in a
falling market (specificaly, amarket return of —10%). We see that a manager who neither
over- nor underperforms the market suffers aloss equa to 10% of her indexed option
holdings when the market falls by 10%, exactly the outcome indexing hopesto prevent.
Smilar to the resultsin Pands A and B, Pand Cillustrates that the changesin indexed
option vaue are not equd to the relative performance of the firm. To be sure, the changes

in indexed option value that accompany the firm'’ s relative performance may well be
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those sought after by the firm’s compensation committee, but it ssems important to
understand that the common belief that indexed options with a variable exercise price
eliminate the manager’ s exposure to market and industry conditions that are not under her

control is not true.

Why do option prices with variable exercise prices behave o differently from many
relative- performance- based advocates expect? One reason isthat they are correct if oneis
willing to make some very redrictive assumptions. Specificdly, if the option begins a-
the-money with the strike price (S) equa to the exercise price (X), and both the stock
price and the exercise price increase by the same amount (say 15%), the intrinsic vaue
(vaue redlized upon immediate exercise, equd to S-X) of the option is zero. The option’s
intid intringc vaue is S- X, which equas zero if the option is a-the-money. After the
15% increase in both stock price and exercise price, the new intrindgc vaueis (1.15x (S
X)), which again equds zero if S=X. In any other circumgtances (i.e. S>X), theintringc
vauewill be 15% greater than it was initidly, which is not the effect indexed options
advocates intended. Even so, concentrating on the option’sintringc vaue ignores the
vaue created by the uncertainty about any movements in the stock price and the exercise
price over the option’ s remaining life. In order to fully capture this vaue, we must rey
upon option pricing model such as the Margrabe- Fischer- Stulz model used in Table 2.
When we do so, we find that the value of the indexed option with variable exercise price

amply does not perform asintended, even if the option is at-the-money.
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Another intuitive explanation behind the market sensttivity of the variable-exercise price
option reframes the problem as one of quantity. Suppose one option on a$100 stock with
a$100 exercise price isworth $66.33 (asit isin Table 1 for a stock with avolatility of
50%). Now ask how much one should be willing to pay for an option on a $200 of the
same stock with a $200 exercise price: it must be exactly twice as much asthe first
option, or $132.66, for otherwise an arbitrage opportunity would exist. So, in terms of our
current problem, how much should one be willing to pay for a$115 stock with an
exercise price of $115? Again, it must be 1.15 times the vaue of the origina option,
which is the scenario we started with initialy (a stock price that increases by 15% and an
exercise price that increases by 15%). Hence, the value of an indexed option where the
stock price increases by 15% and the market price increases by 15%, will be 15% higher

thanitsinitid vdue

To remedy this outcome, and restore the link between relative performance and changes
in the value of managers option portfolios, | depart from the standard approach of usng
an option with avariable exercise price. In the work to follow, | use an indexed portfolio-
based approach to solve for an option that is not sengtive to movementsin the index,
referring to this proposed solution as an option on a “ Performance-Benchmarked
Portfolio,” where the vaue of this portfolio is hedged againgt changes in the designated

index.
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V. Designing a Relative Performance Compensation System

One way to devise an option plan that rewards managers only for their relaive
performanceis to base the option on a portfolio whose va ue depends upon relative
performance. The idea underlying the portfolio-based indexed option, which | refer to as
an option on a Performance-Benchmarked Portfolio is sraghtforward. The vaue of this
portfalioisinitialy set to the firm’'s stock price. The vaue of the portfolio then elther
increases by the percentage that the firm outperforms its market- or industry-benchmark

or decreases by the percentage that the firm underperformsits market- or industry-
benchmark. The exercise remains fixed and, following standard practice, equas the

firm’s stock price & the time the option is awarded.

Notation:

I’fo

Let € [L+ R, ) where Ry representsthe riskless arithmetic return, and r is

therefore its continuoudy-compounded equivalent.

el o (1 + yearly expected rate-of-return of security j under CAPM pricing)

€" © (1+ yearly expected rate-of-return for industry i under CAPM pricing)

(rn-1,)© marketrisk premium (continuously-compounded)
r, © expected market return (continuoudy-compounded)
S, © market volatility
b; © fimj’sbetafrom CAPM

s ; © fimj’'svoldility

S; © indudry i’'svoldility

b, © indudry i’s betardative to the market

r ... ° correlaion between firm j returns and market returns

m
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rm © correlation between industry i returns and market returns

h .

ji © correlation between industry i’ sreturnsand firm j's ex-market

returns

We assume that CAPM in continuous-time obtains®!, so

=t b ) ®

r-:rf+bi(rm-rf) 2

A. Designing a Portfolio Hedged Against Market Movements
Let the vdue of aportfalio of the firm’s equity return hedged againg market movements
be denoted: *

P, (t) © vaueof the “ex-market” portfolio for stock |

where “ex-market” means that the portfolio is hedged against market movements.

Congsder adrategy that islong the stock and short the market, and is constructed to have

a zero-beta. Specificaly, the portfolio, P, islong fraction 1.0 in stock j, short fractionb

in the market, and islong fraction b ; in the riskless asset, as displayed in Figure 1.

31 This assumption is consistent with the underlying assumption of the Black-Scholes-Merton option-
pricing model, which we use later to value the executive stock options. Unlike the original single-period
discrete-time version of the CAPM, the continuous-time version of the CAPM and itsimplied mean-
variance optimizing behavior is consistent with limited-liability, lognormally-distributed asset prices, and
concave expected utility functions. See Merton (1992) and Black and Scholes (1973). In the Black-

Scholes model, and in continuous-time portfolio theory, the security market line relation is expressed in
“instantaneous’ expected-rates-of-return (i.e. exponential, continuous-compounding). Use of the CAPM in
this derivation is not essential; any asset-pricing model could be substituted.

32 \While we do not show the derivation here, one could, in asimilar fashion, construct a portfolio hedged

solely against industry -wide movements.
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Establishing the M ar ket-Adjusted Portfolio at time t=0

Asset L ong Position Short Position
Stock vV,
[ Market by,
| RisklessAsst | bv, |
Cost of Long or Short Position V,+b,V, - bV,
Total Portfolio Value V,

Figure 1: Initial market-adjusted portfolio

This congtruction cregates a portfolio hedged against market movements, with the
following expected return and voltility:

dP.
?':rdesjgjdej (3)
j

where g, ° (1- r.z)

jm

The standard deviation of this portfoliois s | (1- 2, , the cost of establishing this

portfolioisV, (t) (firmj’s stock price), and the expected return on this zero-beta portfolio

istherisk-freerate, r; .
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Value of the Market-Adjusted Portfolio at timet=1

r; © redized return for firmj; T © realized return of the market

L ong Position Short Position
Stock V, (1+7))
Market - ijj (1+r_m)
RisklessAst | b, v,(1+r) |

Vaueof Long or Short Position | v, (1+F) + b, V,(1+r,) | - b;V, (1+T,)

Total Portfolio Value \ gl+ ( -6 (Tm - ))H

Figure 2: The market-adjusted portfolio after one period

AsFigure 2 illudrates, the one-period redlized return on this portfolio can therefore be

expressedas T; - b, (‘r -1 ) , that is, the firm return net of the appropriate market risk

premium, where the bar above thereturns T; and T, represents the actual return from time

0 through 1.

Does this portfolio hedged againg market movements increase in vaue only if the firm's
performance exceeds its market benchmark? Consider our earlier test using the varidble
exercise gpproach to designing an indexed option. We found that if the stock price
increased by 10% and the market increased by 10% (leading to an exercise increase of
10%), the vaue of the option would aso increase by 10%. Following this example and
using the market as a benchmark, we find that under the proposed dternative design the

vaue of the underlying asset (the portfolio hedged against market movements) remains
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unchanged.®® Specificaly, the long position in the stock incresses in value by 10%, and
the short position in the market exactly offsets this increase with its own 10% vaue
decrease. Hence, the vaue of managers options remains unchanged, and in generd, the
vaue of the option on this performance-benchmarked portfolio will not change unlessthe

firm’s performance exceeds its market benchmark.

B. Designing a Portfolio Hedged against both Industry and Market Movements
The performance-benchmarked portfolio described above removed only the effect of
market movements on the firm’s stock price. The performance-benchmarked portfolio
presented in this section removes the effect of both industry and market returnson firm j’s
returns, and its value therefore depends soldy upon firm j’ sidiosyncratic risk. To
implement such a portfolio, one goes long the stock, and short both the market, and the
industry “ex-market” (thet is, the industry after the market component has been removed).

Specificdly, the market- and industry-adjusted portfolio has fraction 1 in stock | , fraction

sS.h.
b, short in the market portfolio, fraction I8N gont in the industry (ex-market)

gisi
portfolio, and @gjs JhJi + bjgintherisklessasset, whereg; °© /1- rJ?m and
é gisi u
o1

Equivdently, one can express the portfolio in terms of the unadjusted industry portfolio,

rather than the “industry ex-market” portfolio. So, in these terms, the market- and

33 To maintain symmetry with the variable exercise option example, the market-adjusted portfolio is
structured as if the beta of the stock equals one.
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industry-adjusted portfolio contains fraction 1.0 in stock |,

e Oas 6 [1-r2 U s h.
b, é- aqiig—’ﬂ/ > h,; 0 short in the market, fraction 9° i gt inthe
5 bj €S o 1-rg, H giS;

in the riskless asst.

Fgure 3 displays the market- and industry-adjusted performance-benchmarked portfolio

strategy.

Establishing the M arket-and Industry-Adjusted Portfolio at time t=0

Asset Long Position Short Position
Stock vV,
‘Maket I A ]
Industry (ex-market) gs h; v
gs;
Riskless Asset gshy Ly uuV
e gs; 6
Codt of Long or Short Position v+ Ssih L uuV by . 38 h; 9sihi\,
: é gs; JO : 1) g S. !
Total Portfolio Value V,

Figure 3. Cost of establishing market- and industry-adjusted portfolio

Thus letting P] (t) represent the value of this“stock j - indexed” portfolio, the expected

return and voldility are denoted:

=r, dt +s ¢dg, (4)
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where dq; is uncorrelated with the industry and the market portfolios and

sﬂ:o(gjdj)sj

d ©°,1-h?

The standard deviation of this market- and industry-adjusted performance- benchmarked

portfolio istherefore:

sg=s, (-1 ) (-hi)

The cogt of egtablishing the portfoliois V; (t) (the stock price of firm j) and the expected

return isthe risk-free rate.
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Value of the Market- and Industry-Adjusted Portfolio at timet=1

r; © redized return for firm |

I ° realized return of the market
T ° realized return on the industry ex-market portfolio

L ong Position Short Position
Stock V, (1+7))
(Maket | [.bv@+r) ]
ndustry (e | T gsh.
market) g:S;
Riskless Asset ég;s h, +bjgvj (1+1.)

e US; u
Vdueof Long égs h, U gsh,

V. (1+F) + &L+ b gV (1+r -b,V(1+T,) - LV, (1+7
or Short ]( ]) e 9S;i JH J( ") ( - i ]( )
Position

: V. gl+ 8 r -1, 0 (For, ) o
Portfolio 'S gl ) € 2s ( )ﬂ;zg
Value

Figure 4. Realized value of the market- and industry-adjusted portfolio after one
period

Thus asillugtrated in Figure 4, the one-period redized return on the market- and industry-

s h. o]
-1, ) ém(r_ rf)+, which is the firm return net of

adjusted portfoliois T; - b (T
] ]( e UiS; 2

m

the market risk premium and net of the return that is correlated with the industry. One can
agan confirm that the value of the performance-benchmarked portfolio increases only if
the firm’s stock price movement exceeds its industry and market benchmarks. The

gppendix detalls the derivation of this portfolio.
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In sum, “indexed options’ as popularly envisoned with a variable exercise price reward
managers for performance unrelated to their efforts. Performance-benchmarking the
portfolio using the straightforward modifications to the option structure described above
does have the desired properties of a relative- performance based compensation scheme.
These proposed modifications require an option usng amarket- and/or industry-adjusted
performance-benchmarked portfolio as the underlying asset. For the remainder of the
paper, | refer to this “indexed portfolio” structure as an “ option on a performance-
benchmarked portfolio”, or a*“performance-benchmarked indexed option,” or smply the
“indexed-portfolio option.” Even though the option on the performance-benchmarked
portfolio differsin formfrom an indexed option with a variable exercise price, both

structures have the same conceptua god, thet is, to reward relative performance.

C. Valuing the Option on the Performance-Benchmarked Portfolio
Because the exercise price of an option on the performance-benchmark portfolio isfixed,
the Margrabe- Fischer- Stulz option gpproach outlined above earlier for the indexed option
with a variable exercise price reduces to the familiar Black-Scholes option-pricing formula
typicaly used to price conventiond executive sock options. The gpplication of the Black-
Scholes formulato the option on the performance-benchmarked portfolio differs from the
conventiond application only in that the volaility figure required as an input to the
formulaisthe volatility of the performance-benchmarked portfolio, rather than the
voldility of the sock done. All other inputs into the Black- Scholes option pricing formula
remain identica to the inputs to the Black- Scholes formula as gpplied in the conventiona

case, provided that the option on the performance-benchmarked portfolio is struck at-the-

33



money (asit would typicaly be in the conventiond stock option program), and that the

initia value of the portfolio is set equd to the vaue of stock.

Notice that the volatility of the performance-benchmarked portfolio is lower than that of
the firm’'s stock. Thisinequality arises because the performance-benchmarked portfolios,
by design, remove the portion of volatility that comes from market and/or industry
movements. Mathematicdly, the specific volatility levels of the market and/or industry-

adjusted performance-benchmarked portfolios are:

Vi)

market- adjustedport |

S :sj

—_ 2 2
S mar ketandindustryadjustedportj — S J'\/(l r jm) (1' hji)

where s | isthe volatility of stock j. Since r 2 and h; are both less than one, >* we have

thet:
s, <sj1/(1-rfm) <st(1-rfm)(1-hﬁ) b
S. <S8 <S

j market- adjustedportj marketandindustryadjustedpor tj

The lower volatility level of the performance-benchmarked portfolio has two related
implications. Firdt, the lower voldility level of the performance-benchmarked portfolio
decreases the manager’ srisk exposure, at least on aper option basis. Table 3 provides
some sense of how sizeable the effects of removing market- and/or industry-related
volatility might be for industries defined by Vdue Line s Investment Survey and for

34 Thisignores the case where either jzm and hjzi exactly equal one, but for our purposes, these instances

are not particularly interesting, because if the stocks were perfectly correlated to market and/or industry,
then awarding stock options would be a poor way to create incentive alignment, as they do not expose the
manager to any firm-specific risk (meaning risk under her control).
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I nternet- based firms identified by Hambrecht and Quist’s (H& Q) Internet Index (firms
included are those covered by VVaue Line or in H& Q' sindex as of December 31, 1998).%°

For each industry, the table displays mean and median vauesfor tota firm volatility
(s ;), industry voldtility (s ; , defined as the volatility of the specified vaue-weighted

industry index), the correlation between the firm and the market (1 ), with the market

defined as CRSP s Vdue-Weighted Composite Index), and the correlation between the
firm and the industry after removing market effects (h;, ). For the entire set of Vaue Line

firms, the mean firm voltility is 52%, and the mean correlation between firm and market
returnsis 0.48, suggesting that on average roughly 23% (=(0.48) 2) of volatility in daily
firm returns derives from systematic sources, and the mean corrdation between firm and
ex-market indudry returnsis 0.28, so an additiona 8% of the remaining voldility is due
to industry effects (=(0.28)%).3° Benchmarking therefore has the potentia to reduce the
manager’ s risk exposure by a sgnificant amount, dthough the manager will ill be
exposed to substantid idiosyncratic risk. while the mgority of volatility appears to be
idiosyncrétic, benchmarking the portfolio to market and/or industry should relieve the
manager from bearing at least some risk. Together, these numbers suggest that
benchmarking the portfolio to market and/or industry should relieve the manager from
bearing at least some risk, but much of a stock’ s volatility is not industry or market

% ValueLine' sindustry classifications are widely-held to be more accurate than industries formed using
SIC codes. The database of firms and their industry classifications used in this paper are provided by Erik
Stafford and Gregor Andrade, and is described in Stafford (2001). This paper updates that database through
year-end 1998 The Stafford-Andrade Value Line data lists all firms and industry assignments collected
from fourth quarter editions of Value Line, excluding foreign industries (e.g. “ Japanese Diversified” or
“Canadian Energy”), ADR’s, REIT’s, investment funds, and firms with industry classifications of
“unassigned” or “recent additions’ that are not subsequently assigned to an industry by ValueLine. The
database uses Value Line sindustry classifications, with afew exceptions. For example, industries that
differ merely by geographic classifications (e.g., “Utilities (East)” and “ Utilities (West)”) are merged into
one classification; industries where the product lines seem particularly similar (e.g., “Auto Parts (OEM)”
and “ Auto Parts (Replacement)”) are also combined into one category. In total, the sample consists of 1496
Value Linefirms classified into 56 industries. The beta estimates for each firm use the market model,
incorporating the last 150 trading days of returns data prior to December 31, 1998, and using CRSP's
value-weighted market composite index. The same 150 trading days of returns data are used to estimate
eachindividual firm’'svolatility, s; aswell asthe market’svolatility, sy, calculated from CRSP' s value-
weighted market composite index. Continuously -compounded daily excess returns (net of daily riskless
rates) are used in al calculations. The Value Lineindustry components over the six -month period ending
December 31, 1998 are used to create both value-weighted and equal-weighted daily industry returns.
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related, meaning that the manager will ill bear Sgnificant firm-specific risk even if
options are performance-benchmarked, that is, indexed. 3’

The second effect of the lower volatility level of the performance-benchmarked portfolio
relative to a conventional executive stock option isthat the market value of the
performance-benchmarked option will be lower than that of the conventiond option on
the firm’s stock. Many proponents of indexed options have therefore advocated that the
number of indexed options awarded to the manager be increased relative to the number of
options that would otherwise be awarded in a traditiona executive stock option program,
an increase designed to equate the manager’ s dollar amount of option-based
compensation. 3 Underlying this equation of the dollar amount of compensation awarded
by the two systems is the notion that the proposed re-design of option-based
compensation system should not be a back-door way to lower the manager’s
compensation, but is instead intended to change the type of incentive given managers.

There are other ways, however, to hold congtant the dollar amount of compensation given
the managers, and good reason to explore these other choices. More specificaly,
whenever the firm can decrease the amount of equity-based compensation (which would
include, of course, indexed options or options on the performance- benchmarked
portfolio) without impairing the degree of incentive-alignment, it has an opportunity to
increase shareholder value. This opportunity results from the gap between the firm’s cost
to produce executive stock options (i.e. their market vaue), and the vaue that managers
place on those options. 3° Managers will dways vaue their stock and option+based

38 The median correlation between firm and exmarket industry returnsis a bit lower at 0.23, suggesting

that 5% of the remaining volatility is dueto industry effects.

371t is not obvious that removing systematic risk is optimal from the manager’ s perspective, since the
manager gets “compensated” through expected returns for bearing that risk, leaving the manager with a
purely idiosyncratic exposure. See Meulbroek (2001a) for a discussion of the effect of idiosyncratic and
systematic risk and how they affect the private val ue that managers place on stock and options, and Jin
(2000) for an analysis of managers' utility from the two different types of risk. Meulbroek (2000) describes
compares the efficiency of conventional and market and/or industry benchmarked options in terms of these
differential risk exposures.

38 See, for example Akhigbe and Madura (1996), Barr (1999), Johnson (1999), Johnson and Tian (2000),

Kay (1999), Nalbantian (1993), Rappaport (1999), Reingold (2000), Schizer (2001).

39 The wedge between the firm’s cost and the manager’ s private value is widely-recognized in the principal-
agent literature. See, for example, Murphy (1998), Carpenter (1998),and Detemple and Sundaresan (1999).
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compensation at less than its market va ue because the same exposure to firm-specific
risk thet properly digns incentives dso leaves them with less-than-fully-diversfied
investment portfolios. “° Since undiversified managers are exposed to the firm'’ s totdl risk,
but rewarded (through expected returns) for only the systematic portion of that risk,
managers will vaue stock or optionbased compensation at less than its market vaue.
Thefirm, then, dways faces a tradeoff between the benefits attained through incentive
dignment and the deadweight cost of paying managersin a currency that isworth lessto
them than its cost to the firm. Cash compensation, for example, is perfectly efficient in
the sense that its codt to the firm isidentical to the value managers place on it, but it does
not have the benefit of digning managers incentives with those of shareholders.

In related work (Meulbroek (2001c)), | explore in greater detail the possibility of
equating compensation levels across the two types of plans by supplement the grant of
options on the performance-benchmarked portfolios with a“ market-vaue-equivaent”
amount of cash compensation, that is, the amount required to bring the manager’ s tota
compensation level up to the market vaue of a conventiona option. Meulbroek (2001c)
shows that the market-vaue-equivaent cash supplement increases the efficiency of a
market or industry-adjusted option plan by alowing the manager to diversfy her
holdings a bit, boosting efficiency. So, assuming that the option on a performance-
benchmarked portfolio were to maintain or even improve the degree of incentive
adignment per option granted, the firm would be better off by supplementing the award of
options on performance- benchmarked portfolios with the market-vaue- equivaent

Meulbroek (2001a) explores how different types of risk (i.e. systematic versusidiosyncratic) impose
different costs on the manager: the manager is“compensated” through market returns for systematic risk,
but not compensated for holding idiosyncratic risk. Meulbroek (2000) specifically examines the costs of
systematic and idiosyncratic risk in the context of indexed options. Other factors, beyond the scope of this
paper, can contribute to the costs borne by the firm when awarding executive stock options. One example
of such acost isthe additional agency costs that may arise when managers alter the firm’ s investment
profile in non-value creating waysin order to lower their total level of risk. Carpenter (2000) formally
models this problem. Jin (2000) shows that firms appear to recognize this deadweight loss. empirically, the
pay-to-performance sensitivity is decreasing in firm-specific risk, but not in systematic risk.

“0 One might even argue that managers’ wealth is not fully-diversified even before considering the
composition of their securities portfolios as at least some of their human capital may be specific to their
employer.
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amount of cash, ingtead of issuing additiond options to equate the value of the two

compensation plans.**

Table 4 illustrates the cost difference between a conventional executive stock option and
the option on the performance-benchmarked portfolio, providing aggregate satistics for
both VVaue Line industries and H& Q Internet-based firms. The average (across Vaue
Line indudtries) vaue of an option on a portfolio that removes market risk is 93% of the
value of a conventiond stock option. By removing industry effects aswell, thet retio

decreases to 89%.

V. Conclusions
Current market volatility has strengthened the call for indexed options, thet is, options
whose payoff islinked to some sort of market or industry-based index. Indexed options
compensation, assart its proponents, tightens the link between managerid efforts and
compensation by removing overal stock market gains (or losses), or perhaps industry-
level gains (or losses) from managers compensation. With the recent derailment of the
long-running bull stock market has come an incressing effort to both re-dign the
incentives of and retain managers who have been |eft with out- of-the-money, or
“underwater,” options.*? Indexing option payoff to amarket or industry benchmark holds
the promise of awarding managers options that automaticaly adjust to movementsin the
designated benchmark, without the need for the ex-post adjustments to exercise prices or

additional option grants that chafe at shareholders. So far, however, only one U.S.

“1 1t is not obvious how the incentive effects of an indexed or performance-benchmarked option should be
measured. The traditional estimate of the strength of the incentive effect produced by an option isits delta,
that is, the first derivative of option value with respect to stock value. Delta answers the question of how
much the managers' optionswill increase in value when the stock price increases. What delta does not
incorporate is the benefit of getting rid of the “wrong” incentive: theincentive to increase the firm’'s
exposure to market risk in order to boost the stock price.
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company, Level 3 Communications, has put an indexed option plan into place, in part
because the quondam strength of the market made managers reluctant to adopt
compensation plans that would deprive them of the seemingly-unending bounty offered

by the bull market.

Proponents of indexed options typicaly suggest a structure where the option’s exercise
price varies with a benchmark market or industry index.*® Rappaport (1999) describes

such aplan:

“Let’s assume that the exercise price of a CEO’s options are reset each year to reflect
changes in a benchmarked index. If the index increases by 15% during the first year, the
exercise price of the option would aso increase by that amount. The option would then
be worth exercising only if the company’s shares had gone up by more than 15%. The
CEO, therefore, isrewarded only if hisor her company outperforms the index.”

While the intention motivating such an option is clear, the actud result of using an option
with avariable exercise price fdls far short of the mark. In fact, the value of the option
increases by 15%, right in line with the 15% increase in both the stock and the market.**
In this paper, | generdize this example showing that when an indexed option plan has a
variable exercise price, the structure typicaly envisoned by its advocates, itsvaue is still
sengdtive to the very market and industry movements that it was designed to iminate. To
remedy this unintended outcome, | propose an aternative option structure that has as its

underlying asset uses a zero-beta portfolio hedged against those price movements, such

42 See Jin and Meulbroek (2001) for an empirical analysis of how recent market movements have affected
the ability of options to retain and motivate managers.

43 See footnote 1 for avariety of sources that describe just such a structure, that is, an option where the
exercise price varies with a market or industry -based benchmarked index.

4 Theintrinsic value of astock option isthe stock price minus the exercise price. The Black-Scholes
option-pricing model is one way to incorporate the additional val ue that accrues due to the possibility that
the stock price might increase before option maturity.
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as market or industry movements, thought to be outside of managers control. The vaue
of the portfolio variesto reflect the sock’ s performance net of market and/or industry
effects, but the exercise price of the option on the portfolio remains fixed. I then show
that this “ performance- benchmarked portfolio” performs as intended, effectively

removing the effects of market or industry performance from the value of the option.

| dso empiricaly compare the volatility of the performance-benchmarked portfolio
(adjusted for CRSP va ue-weighted market composite and VVaue Line vaue-we ghted
industry movements) to the volatility of the stock aone. Adjusting the option’s payoff for
market and/or industry performance indeed reduces the overal voldtility of the
performance-benchmarked portfolio relative to that of the stock by an average of 30%.
This comparison of manager’ s risk exposure in atraditional stock option program and in
the rel ative- performance- based compensation plan using options on the performance-
benchmarked portfolio, however, isincomplete without considering how other aspects of
afirm’'s compensation plan might change if a reative-performance-based compensation
plan were adopted. For example, advocates of indexed options, seeking to hold the dollar
amount of option grants congtant, frequently recommend that compensation committees
boost the number of performance-benchmarked options over the number they would have
otherwise awarded in a conventiona stock option program. If this recommendation is
implemented, the manager’ stotd risk exposure will aso change, and the voltility per

share comparison described above is no longer appropriate.



The magnitude of the manager’ srisk exposure per seis not the only aspect of the
compensation plan that firms consdering adopting a relative- performance based option
plan must address. An indexed option plan, if successfully designed, tightens the link
between managerid pay and performance. With this greater degree of incentive
aignment, the firm’s optimal mix between cash and equity- based compensation may

shift. Indeed, if the incentive dignment gains from moving to a performance-

benchmarked plan are large enough, the firm can produce the same degree of incentive
dignment using fewer options, making up the difference between the former dollar
amount of compensation awarded and the value of the new options with cash. Cash, of
course, does not align incentives, but it does alow managers more freedom to invest as
they seefit, perhgps investing in the market to at least partialy-diversfy ther holdings

or investing in treasuries (the riskless asst) to lower the overdl levd of risk they must
bear. The more equity-based compensation a manager receives, the lesswell-diversfied a
manager is and the higher the discount from market value the manager appliesto that
compensation. If the new performance-benchmarked options lower the cost to create a
given levd of incentive dignment, by supplementing the options with more cash, the

firm might be able to decrease the gap between the firm’'s cost to produce executive stock
options (i.e. their market value), and the value that less-than-fully-diversified managers

place on those options. *° While a better understanding of the costs and benefits of

“5 The wedge between the firm’s cost and the manager’ s private value is widely-recognized in the principal-
agent literature. See, for example, Murphy (1998), Carpenter (1998),and Detemple and Sundaresan (1999).
Meulbroek (2001a) explores how different types of risk (i.e. systematic versusidiosyncratic) impose
different costs on the manager: the manager is“compensated” through market returns for systematic risk,
but not compensated for holding idiosyncratic risk. Meulbroek (2000) specifically examines the costs of
systematic and idiosyncratic risk in the context of indexed options. Other factors, beyond the scope of this
paper, can contribute to the costs borne by the firm when awarding executive stock options. One example
of such acost isthe additional agency costs that may arise when managers alter the firm’ s investment
profile in non-value creating waysin order to lower their total level of risk. Carpenter (2000) formally
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performance-benchmarked options is needed before a compensation committee can
decide on the optima amount of cash and equity-based compensation, it seems safe to

assume that this mix will not remain a its former levd.

Other important implementation details must aso be considered. One such factor isthe
choicein benchmark index, which we have discussed in the context of a market- and/or
industry-adjusted index in this paper. Theory advises an index that filters out the dements
of performance that are beyond a manager’s control, yet practicdity suggests that the
index must be one that managers and employees recognize, understand, and is beyond the
reach of manipulation or the perception of manipulation by the recipients of the options.
These congderations prompted Level 3 Communications, apioneer in introducing
indexed options, to choose the S& P 500 as its benchmark index when it first introduced
its “ outperformance options.” The precipitous decline in the telecommunications

industry, however, far outweighed the movement in the S& P 500, leaving Leve 3's
managers and employees exposed to enormous risk despite the adoption of an indexed
option plan.*® If relative- performance- based options do become more widely-adopted,
one would imagine that firms will find it eesier to adopt an industry-specific index ether

to supplement or replace a broader-based market index.

In sum, the indexed option, while straightforward in concept, must be carefully structured

S0 asto achieve the god of rewarding reative- performance-based compensation If the

models this problem. Jin (2000) shows that firms appear to recognize this deadweight loss: empirically, the
pay-to-performance sensitivity is decreasing in firm-specific risk, but not in systematic risk.

“8 From March 2000 through August 2001, the S& P 500 lost 18% of its value; over the same time period,
the Nasdag Telecommunications Index fell 80%.

42



compensation committee does move forward with an indexing scheme, it should avoid a
gructure that links the exer cise price with the benchmark index, ingtead relying upon an
option on an appropriate performance-benchmarked portfolio with afixed exercise price
asoutlined above. As a practica matter, benchmarking to the market without consdering
industry effects may not aways result in a plan that removes the mgor sources of

volaility outsde managers control. Findly, asthe compensation plan is restructured to
reflect rdaive- based-performance compensation, other festures, such as the optimal mix
between options and cash, must be re-evauated, for adopting such aplanislikey to

change that balance.




Appendix

Thisgppendix details the derivation of the market- and industry-adjusted portfolio for
stock j. The derivation has two steps. First we create a portfolio for industry that is
hedged against the market (referred to in the text as the industry ex-market portfolio).’
Thenwe use the industry ex-market portfolio to create the stock j portfolio hedged
againgt market and indudtry effects.

Terminology and definitions:
V;(t) denotethe price of stock j & timet
V,,(t) denotethe value of amarket portfolio (with al dividends reinvested)

V; (t) denote the value of an industry portfalio (with al dividends reinvested for
stock | ’'sindudry)

v, =r dt+s  dz (1)
Vj J J J

vy, r,dt+s dZ_ 2
%:ndwsidzi ©)

CAPM (continuous-time) obtains so,
rj:rf+bj(rm-rf) (49

cov(dZ]., dZm) S,
S

m

where b; = , I jm= correlation between firm j’s

returns and the market return, which is equal tocov (d Z,,dZ,) .

ri:rf+bi(rm-rf) (4b)

47 Note that the derivation of the stock j market-adjusted portfolio exactly parallelsthat of the industry ex
market portfolio detailed below (substitute stock j for industry i in the proof).
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i :cov(dZi, dz,) s, and r ,, = correlation between industry and
s

m

where b

market returns = cov(dZ;,d Z,,)

A. Create A Portfolio for Industry (hedged against the market)
Let P (t)= valueof this (ex-market) portfalio for industry

We can decompose dZ; into acomponent correlated with the market and a component
uncorrelated with the market:
dz,°r, dzZ _+gde ®)

where de; is defined by (5), where g, © (1- rizm) and where cov(de, dz,)=0

From (3) and (5),
% = rdt+s;r, dZ +s,g,de ©)

Suppose we create a portfolio with a strategy in which we invest
i) fraction 1.0 (= 100%) long in industry portfolio i
i) fraction w; short in the market portfolio

i) fraction w; long in theriskless asst.

If P =vaue of the portfalio, then

P _ dv,  eedv, 6
@ Bl
P V, é Vi @

(1)

(ri-wi(rm- rf))dt + (s, rp-ws,)dZ, +s,g de
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Ifwesestw;, =b; = S;ﬂ then from (7) and (4b), the return on the (ex-market)

m

industry portfoliois
% = r,dt +s,g de (8

B. Create a portfolio for stock j which is hedged against the market and against

industry returns
Suppose we cregte a portfolio with a strategy in which we invest:
i) fraction 1 (=100%) long in the stock |

ii) shortsfraction b; inthe market portfolio
iii) shorts fraction x; in the industry (ex-market) portfolio

iv) goeslong fraction (xj + bj) in the riskless asset
Let P,(t) = valueof this“stock j -indexed” portfolio

If we decompose dZ ; into a component correlated with the market (dZ,,), and a

component orthogond to the market, we get

dZ; =r;,dZ, +g;de; 9

where de; isdefined by (9), g, :/§ r szﬁ and cov(de;,dz,,)=0

If we decompose de; into acomponent correlated with the industry (de; ) and an

orthogona component, then we get
de; =h ;de; +d;dq; (20

where dq; isdefined by (10), d; = @ hjizg ,and cov(dq; ,de; )= 0,

cov(dqj , dZm) =0
From (2), (9), (10)
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dv; _

V—__rjdt+sj[rjmdzm+gjhjidei+gjdjdqj] (11)
J

:rjdt+sjr J-dem +gjsjhjidei +gjsjdj dqj

By the proposed strategy, we have that

dP _dv; | @V, o &P 0

el b N - rEdt- X Lo rp ot (12)
PV, gy, YT NER TG

=(rj - b(rm - r¢))dt +(s,dZ; - bjs ,dZ,, - x;5,9;de) (from (1), (2), (8))

(4)

- _9;8ih;
Now, if we salect X; =— " " then
giS;
dP,
i _ ¢
?,- =redt +s ; dg;

where dq; isuncorrelated with the industry and the market portfolios, and where

s, % (g,d,)s ; whichis£'s |

We can therefore create a program of options (or other contingent claims) on firm
performance that is not related to either market or indusiry returns (purdly idiosyncratic
risk) with the features that:
dP,

i ¢
?j =rydt +s ;dg;
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where the porfolio has fraction Linstock |, fraction b short in the market portfolio,

g;s hj és h, u.
fraction ————— short in the industry (ex-market) portfolio, and 22i” i 'ii 4 |; ~inthe
gisi e US; JH

riskless asset.

Equivdently, this can aso be expressed as a portfolio with fraction 1 in stock j , fraction

e

g;s h; . Oas | §

—— ghortinindugtry portfalio, fraction b é_ é gf
giS; b

@

inthe market, and 2 €;s h, +b, U'in the riskless asset
e 9, u

Theindustry- and market-adjusted portfolio can therefore be expressed as.

dP,
?—rfdt+l S ;dg;

J

— 20
where| | =g,d; = \/§ ng iE
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TABLE 1
The Sensitivity of Black-Scholes Option Value to Hypothetical Changes in the Stock Price and Exercise Price

Initial stock price equals $100. The baseline option value represents a call option issued at-the-money with a 10-year maturity, with annual volatility
level (s) of 30%, 50%, 75%, or 100%. The riskless interest rate is 4.49% continuously-compounded. New Stock Price represents the hypothetical
stock price movement, ranging from a decrease of $99 to an increase of $200. Stock Return is the return based upon that hypothetical stock price
movement. The Market Return is the return of the market index, which takes on the value specified in each panel (+10%, 0%, -10%). Net of Market
Stock Return is the Stock Return minus the Market Return, which equals the desired percentage change in the manager's stock option value. The
New Call Price is the price of call option using the new stock price, with the exercsie price adjusted upwards or downwards by the hypothesized market
movement. D in Option Value represents the actual percentage change in the value of the call for the specified stock price and market movement. All
call option values calculated using the Black-Scholes Option Pricing Formula, with an assumed dividend rate of 0.

Panel A: Market Increases by 10%

Hypothetical Stock Return for Firm Stock Market Increases by 10% => Exercise Price Increases by 10%

with Initial Stock Price of $100 $=30% $=50% S=75% $=100%
=> Call = 50.95 => Call = $66.33 => Call = $81.37 => Call = $90.97
New Stock Stock Net of Mkt New Call Din Option New Call Din Option New Call Din Option  New Call Din Option

Price (3$) Return  Stock Return  Price (%) Value Price ($) Value Price ($) Value Price ($) Value
1.00 -99% -109% 0.00 -100% 0.01 -100% 0.17 -100% 0.47 -99%
25.00 -75% -85% 2.59 -95% 8.64 -87% 15.65 -81% 20.40 -78%
50.00 -50% -60% 13.09 -74% 24.83 -63% 36.12 -56% 43.28 -52%
75.00 -25% -35% 28.94 -43% 43.87 -34% 57.90 -29% 66.74 -27%
90.00 -10% -20% 40.03 -21% 56.07 -15% 71.33 -12% 80.97 -11%
100.00 0% -10% 47.89 -6% 64.44 -3% 80.38 -1% 90.50 -1%
110.00 10% 0% 56.04 10% 72.96 10% 89.50 10% 100.06 10%
125.00 25% 15% 68.72 35% 85.97 30% 103.30 27% 114.45 26%
150.00 50% 40% 90.74 78% 108.17 63% 126.52 55% 138.54 52%
175.00 75% 65% 113.55 123% 130.83 97% 149.97 84% 162.73 79%
200.00 100% 90% 136.91 169% 153.85 132% 173.60 113% 187.00 106%
300.00 200% 190% 233.26 358% 248.21 274% 269.30 231% 284.61 213%
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TABLE 1 (cont'd): The Sensitivity of Black-Scholes Option Value to Hypothetical Changes in the Stock Price and Exercise Price

Panel B: Market Unchanged

Hypothetical Stock Return for Firm

Stock Market Increases by 10% => Exercise Price Increases by 10%

with Initial Stock Price of $100 s=30% s=50% S=75% s=100%
=> Call = 50.95 => Call = $66.33 => Call = $81.37 => Call = $90.97
New Stock Stock Net of Mkt New Call D in Option New Call Din Option New Call D in Option New Call Din Option
Price ($) Return Stock Return Price (%) Value Price ($) Value Price ($) Value Price ($) Value
1.00 -99% -99% 0.00 -100% 0.01 -100% 0.18 -100% 0.48 -99%
25.00 -75% -75% 3.01 -94% 9.14 -86% 16.00 -80% 20.58 -17%
50.00 -50% -50% 14.48 -72% 25.88 -61% 36.73 -55% 43.58 -52%
75.00 -25% -25% 31.24 -39% 45.37 -32% 58.72 -28% 67.13 -26%
90.00 -10% -10% 42.81 -16% 57.81 -13% 72.25 -11% 81.41 -11%
100.00 0% 0% 50.95 0% 66.33 0% 81.37 0% 90.97 0%
110.00 10% 10% 59.36 17% 74.98 13% 90.55 11% 100.56 11%
125.00 25% 25% 72.37 42% 88.18 33% 104.43 28% 114.98 26%
150.00 50% 50% 94.87 86% 110.65 67% 127.79 57% 139.13 53%
175.00 75% 75% 118.05 132% 133.56 101% 151.36 86% 163.37 80%
200.00 100% 100% 141.70 178% 156.79 136% 175.10 115% 187.69 106%
300.00 200% 200% 238.78 369% 251.80 280% 271.15 233% 285.47 214%
Panel C: Market Decreases by 10%
Hypothetical Stock Return for Firm Stock Market Increases by 10% => Exercise Price Increases by 10%
with Initial Stock Price of $100 s=30% s=50% s=75% s=100%
=> Call = 50.95 => Call = $66.33 => Call = $81.37 => Call = $90.97
New Stock Stock Net of Mkt New Call D in Option New Call Din Option New Call D in Option New Call Din Option
Price ($) Return Stock Return Price ($) Value Price ($) Value Price ($) Value Price ($) Value
1.00 -99% -89% 0.00 -100% 0.02 -100% 0.19 -100% 0.50 -99%
25.00 -75% -65% 3.52 -93% 9.71 -85% 16.38 -80% 20.79 -17%
50.00 -50% -40% 16.07 -68% 27.04 -59% 37.38 -54% 43.90 -52%
75.00 -25% -15% 33.80 -34% 47.01 -29% 59.59 -27% 67.55 -26%
90.00 -10% 0% 45.85 -10% 59.69 -10% 73.23 -10% 81.87 -10%
100.00 0% 10% 54.28 7% 68.35 3% 82.42 1% 91.46 1%
110.00 10% 20% 62.94 24% 77.15 16% 91.67 13% 101.08 11%
125.00 25% 35% 76.29 50% 90.54 37% 105.64 30% 115.55 27%
150.00 50% 60% 99.24 95% 113.29 71% 129.14 59% 139.76 54%
175.00 75% 85% 122.77 141% 136.44 106% 152.83 88% 164.05 80%
200.00 100% 110% 146.70 188% 159.89 141% 176.68 117% 188.42 107%
300.00 200% 210% 244 .44 380% 255.55 285% 273.09 236% 286.37 215%
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TABLE 2

The Sensitivity of Indexed-Option Value (using Exercise Price that Varies with Market Movements and Margrabe-Fischer-Stulz Pricing) to
Hypothetical Changes in Stock Price and Market Index Values

Initial stock price and Initial Market Index value equal $100. Baseline option value is a 10-yr. indexed call option issued at-the-money, with annual
volatility level (8) of the underlying assets (In (Stock Price/Exercise Price)) = 27.7%, 43.9%, 67.1%, or 91.2% (corresponds to individual stock volatility
levels (Ssiock) Of 30%, 50%, 75%, or 100% when market volatility = 23%, firm-market correlation = 0.48). New Stock Price represents the firm's
hypothetical stock price movement, ranging from -$99 to +$200. Stock Return is the return based upon that hypothetical stock price movement. The
Market Return is the return of the market index, which takes on the value specified in each panel (+10%, 0%, -10%). Net of Market Stock Return is the
Stock Return minus the Market Return . The New Call Price is the price of call option using the new stock price, with the exercise price adjusted
upwards or downwards by the hypothesized market movement. D in Option Value represents the actual percentage change in the value of the call for
the specified stock price and market movement. Call option values calculated using Margrabe-Fischer-Stulz method (assumed div. rates = 0).

Panel A: Market Increases by 10%

Hypothetical Stock Return for Firm Stock Market Increases by 10% => Exercise Price Increases by 10%
with Initial Stock Price of $100 Setock=30% ; S=27.7%  Ss100k=50% ; S=43.9%  Sgok=75% ; S=67.1%  Sg0e=100% ; S=91.2%
=> Call = $33.86 => Call = $51.24 => Call = $71.13 => Call = $85.07
New Stock Stock Net of Mkt New Call Din Option New Call Din Option New Call Din Option  New Call Din Option
Price ($) Return  Stock Return  Price ($) Value Price ($) Value Price ($) Value Price ($) Value
1.00 -99% -109% 0.00 -100% 0.00 -100% 0.07 -100% 0.31 -100%
25.00 -75% -85% 0.80 -98% 4.56 -91% 11.72 -84% 17.81 -79%
50.00 -50% -60% 6.15 -82% 16.13 -69% 29.38 -59% 39.19 -54%
75.00 -25% -35% 16.54 -51% 31.40 -39% 49.01 -31% 61.52 -28%
90.00 -10% -20% 24.69 -27% 41.69 -19% 61.34 -14% 75.17 -12%
100.00 0% -10% 30.75 -9% 48.91 -5% 69.74 -2% 84.35 -1%
110.00 10% 0% 37.25 10% 56.36 10% 78.24 10% 93.58 10%
125.00 25% 15% 47.68 41% 67.92 33% 91.18 28% 107.50 26%
150.00 50% 40% 66.55 97% 88.00 72% 113.13 59% 130.89 54%
175.00 75% 65% 86.82 156% 108.88 112% 135.46 90% 154.46 82%
200.00 100% 90% 108.12 219% 130.36 154% 158.09 122% 178.16 109%
300.00 200% 190% 199.36 489% 220.27 330% 250.63 252% 273.91 222%
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TABLE 2 (cont'd): The Sensitivity of Indexed-Option Value (using Exercise Price that Varies with Market Movements and Margrabe-Fischer-
Stulz Pricing) to Hypothetical Changes in Stock Price and Market Index Values

Panel B: Market Unchanged

Hypothetical Stock Return for Firm Stock Market Increases by 10% => Exercise Price Increases by 10%
with Initial Stock Price of $100 Sstock=30% ; S=27.7% Sstock=50% ; S=43.9% Sstock=75% ; S=67.1% Sstock=100% ; S=91.2%
=> Call = $33.86 => Call = $51.24 => Call = $71.13 => Call = $85.07
New Stock Stock Net of Mkt New Call Din Option New Call Din Option New Call Din Option New Call Din Option
Price ($) Return Stock Return Price ($) Value Price ($) Value Price ($) Value Price ($) Value
1.00 -99% -99% 0.00 -100% 0.00 -100% 0.07 -100% 0.32 -100%
25.00 -75% -75% 0.99 -97% 4.98 -90% 12.13 -83% 18.07 -79%
50.00 -50% -50% 7.15 -79% 17.23 -66% 30.17 -58% 39.64 -53%
75.00 -25% -25% 18.60 -45% 33.14 -35% 50.12 -30% 62.11 -27%
90.00 -10% -10% 27.38 -19% 43.80 -15% 62.63 -12% 75.84 -11%
100.00 0% 0% 33.86 0% 51.24 0% 71.13 0% 85.07 0%
110.00 10% 10% 40.75 20% 58.91 15% 79.74 12% 94.35 11%
125.00 25% 25% 51.74 53% 70.77 38% 92.82 30% 108.34 27%
150.00 50% 50% 71.43 111% 91.31 78% 114.99 62% 131.83 55%
175.00 75% 75% 92.40 173% 112.60 120% 137.52 93% 155.49 83%
200.00 100% 100% 114.30 238% 134.45 162% 160.34 125% 179.27 111%
300.00 200% 200% 207.13 512% 225.51 340% 253.49 256% 275.32 224%

Panel C: Market Decreases by 10%

Hypothetical Stock Return for Firm Stock Market Increases by 10% => Exercise Price Increases by 10%
with Initial Stock Price of $100 Sstock=30% ; S=27.7% Sstock=50% ; S=43.9% Sstock=75% ; S=67.1% Sstock=100% ; S=91.2%
=> Call = $33.86 => Call = $51.24 => Call = $71.13 => Call = $85.07
New Stock Stock Net of Mkt New Call Din Option New Call Din Option New Call Din Option New Call Din Option
Price ($) Return Stock Return Price ($) Value Price ($) Value Price ($) Value Price ($) Value
1.00 -99% -89% 0.00 -100% 0.00 -100% 0.08 -100% 0.33 -100%
25.00 -75% -65% 1.24 -96% 5.47 -89% 12.59 -82% 18.35 -78%
50.00 -50% -40% 8.36 -75% 18.47 -64% 31.03 -56% 40.12 -53%
75.00 -25% -15% 21.00 -38% 35.08 -32% 51.33 -28% 62.75 -26%
90.00 -10% 0% 30.47 -10% 46.12 -10% 64.02 -10% 76.56 -10%
100.00 0% 10% 37.38 10% 53.80 5% 72.63 2% 85.84 1%
110.00 10% 20% 44.69 32% 61.69 20% 81.34 14% 95.17 12%
125.00 25% 35% 56.25 66% 73.87 44% 94.58 33% 109.23 28%
150.00 50% 60% 76.77 127% 94.89 85% 116.98 64% 132.83 56%
175.00 75% 85% 98.43 191% 116.60 128% 139.72 96% 156.58 84%
200.00 100% 110% 120.89 257% 138.83 171% 162.72 129% 180.46 112%
300.00 200% 210% 215.22 536% 231.05 351% 256.51 261% 276.80 225%
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TABLE3
Volatility Levels and Firm-Market and Firm-Industry Correlations for Value Line Industries and for Hambrecht & Quist Internet-Based Firms

The dataset consists of 1496 firms tracked by Value Line and 53 firms in Hambrecht & Quist Internet-Based Index as of 12/31/98. The calculations use daily continuously-compounded excess return (net of risk-
free rate) overthe six month period ending 12/31/98. If six months of data is not available, we usethe available data, as long as that datacovers at least three months. CRSP's Value-Weighted Composite Index
is used for the market return. "Equity Value" is measured as of 12/31/98. "Beta"is a firm-level beta calculated using the market model with excess returns. "Firm Volatility" is the annualized volatility of daily
returns. "Industry Volatility" is the annualized volatility of daily returns for a value-weighted industry index comprised of all firms within the specified Value Line Industry. "Firm-Mkt Corr." is the correlation between
the firm's excess return and the industry's excess return calculated from daily data. "Firm-Ind. Corr." is the correlation between the firm's return and the "ex-market" industryreturn (where ex-market means that
the market component of the industry return has been removed).

Panel A: Value Line Industries

Industry Firm-Ind. Corr. (after
Equity Value on Beta Firm Volatility Volatility Firm-Mkt Corr. taking out the mkt)
Industry Firms 12/31/98 ($mm) (b)) (si) (si) (fim) (hi)
MEAN MED STDDEV MEAN MED STDDEV MEAN MED STDDEV MEAN MED STDDEV MEAN MED STDDEV

Advertising, Publishing & Newspaper 33 3716 2378 3983 0.83 0.83 0.21 0.41 0.41 0.11 0.23 056 056 0.11 0.29 0.27 0.15
Aerospace & Defense 17 5186 1369 8498 0.74 0.67 0.27 0.46 0.43 0.12 0.30 0.43 0.45 0.09 0.29 0.30 0.22
Air Transport 14 4014 2071 4146 126 1.25 0.20 0.58 0.57 0.09 0.43 059  0.59 0.06 0.54 0.57 0.24
Apparel & Shoe 24 1259 552 1798 0.88 0.85 0.24 0.61 0.63 0.15 0.29 0.40 0.41 0.10 0.26 0.22 0.17
Auto & Truck 8 14982 1140 26408 1.08 1.08 0.19 0.54 0.51 0.09 0.38 056  0.54 0.10 0.29 0.17 0.28
Auto Parts 24 2106 1046 2187 0.74 0.70 0.25 0.47 0.44 0.15 0.21 0.45 0.44 0.15 0.27 0.26 0.16
Bank & Thrift 57 14942 6336 21215 1.16 1.16 0.24 0.45 0.43 0.09 0.36 0.70 0.71 0.08 0.33 0.33 0.20
Beverage 13 22632 2022 46221 0.77 0.85 0.30 0.45 0.47 0.11 0.32 0.47 0.49 0.16 0.17 0.07 0.30
Broadcasting & Cable TV 4 9204 4400 11418 1.13 1.17 0.14 0.53 0.53 0.09 0.36 0.59 0.60 0.05 0.42 0.34 0.37
Brokerage, Leasing & Financial Services 36 12328 5072 20528 1.37 1.42 0.35 0.61 0.58 0.16 0.47 0.62 0.63 0.09 0.38 0.41 0.22
Building Materials, Cement, Furniture & Homebuilding 53 3382 835 13218 0.93 0.93 0.35 0.52 0.51 0.16 0.37 0.49 0.50 0.14 0.11 0.09 0.17
Chemical 62 3621 1285 8562 0.75 0.76 0.22 0.47 0.43 0.14 0.25 0.45 0.45 0.12 0.18 0.16 0.19
Coal & Alternate Energy 2 5304 5304 4580 0.94 0.94 0.27 0.52 0.52 0.19 0.54 050 050 0.04 0.66 0.66 0.47
Computer 77 17190 3468 47556 1.26 1.22 0.35 0.70 0.68 0.18 0.38 0.51 0.50 0.14 0.18 0.14 0.20
Diversified 44 5963 1381 14750 0.85 0.85 0.25 0.47 0.43 0.10 0.26 0.50 0.52 0.13 0.10 0.08 0.17
Drug 37 25760 4052 46763 1.05 0.97 0.30 0.57 0.55 0.21 0.29 0.52 0.50 0.12 0.14 0.06 0.24
Drugstore 6 10876 7160 12416 1.02  0.99 0.29 0.51 0.47 0.14 0.41 0.56  0.58 0.17 0.36 0.34 0.45
Educational Services 5 1160 1158 738 1.35 1.23 0.49 0.85 0.64 0.51 0.44 0.47 0.49 0.08 0.47 0.41 0.21
Electrical Equipment & Home Appliance 25 17080 1240 66319 0.78 0.79 0.24 0.43 0.41 0.12 0.31 0.51 0.52 0.15 0.04 0.00 0.21
Electronics & Semiconductor 52 7692 1137 27801 1.17 1.24 0.39 0.65 0.67 0.17 0.37 0.49 0.50 0.13 0.23 0.21 0.21
Food Processing 43 6006 1895 9926 0.68 0.66 0.20 0.44 0.42 0.11 0.21 0.44 0.43 0.11 0.20 0.15 0.22
Food Wholesalers & Grocery Stores 20 5696 2279 7497 0.68 0.67 0.23 0.43 0.43 0.13 0.23 0.44 0.44 0.12 0.27 0.18 0.22
Hotel & Gaming 14 1445 1064 1397 0.89 0.94 0.20 0.53 0.53 0.12 0.30 0.46 0.47 0.09 0.39 0.48 0.21
Household Products 18 12255 1441 28612 0.75 0.76 0.21 0.53 0.43 0.23 0.31 0.44 0.48 0.17 0.18 0.14 0.27
Industrial Services (Including Environmental) 30 2999 1359 5002 095 0.84 0.40 0.57 0.56 0.20 0.31 0.45 045 0.11 0.20 0.16 0.18
Insurance 52 7843 4282 14550 0.91 0.93 0.29 0.45 0.43 0.13 0.30 0.57 0.58 0.13 0.24 0.24 0.18
Internet 6 20387 11498 26229 217 212 0.26 1.06 1.14 0.18 0.79 0.57  0.56 0.07 0.69 0.70 0.20
Investment 41 499 202 679 0.85 0.94 0.44 0.38 0.37 0.17 0.16 0.60 0.64 0.20 0.36 0.37 0.10
Machinery 42 1654 642 3048 0.82 0.84 0.29 0.51 0.47 0.16 0.27 0.44 045 0.11 0.21 0.20 0.18
Manufactured Housing & Recreational Vehicles 8 828 575 625 0.75 0.75 0.29 0.46 0.45 0.11 0.30 0.44 0.46 0.11 0.44 0.45 0.21
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TABLE 3 (cont.)
Volatility Levels and Firm-Market and Firm-Industry Correlations for Value Line Industries and for Hambrecht & Quist Internet-Based Firms

The dataset consists of 1496 firms tracked by Value Line and 53 firms in Hambrecht & Quist Internet-Based Index as of 12/31/98. The calculations use daily continuously-compoundedexcess return (net of risk-
free rate) overthe six month period ending 12/31/98. If six months of data is not available, we usethe available data, as long as that datacovers at least three months. CRSP's Value-Weighted Composite Index
is used for the market return. "Equity Value" is measured as of 12/31/98. "Beta"is a firm-level beta calculated using the market model with excess returns. "Firm Volatility" is the annualized volatility of daily
returns. "Industry Volatility" is the annualized volatility of daily returns for a value-weighted industry index comprised of all firms within the specified Value Line Industry. "Firm-Mkt Corr." is the correlation between
the firm's excess return and the industry's excess return calculated from daily data. "Firm-Ind. Corr." is the correlation between the firm's return and the "ex-market" industryreturn (where ex-market means that
the market component of the industry return has been removed).

Panel A (cont.): Value Line Industries

Industry Firm-Ind. Corr. (after
Equity Value on Beta Firm Volatility Volatility Firm-Mkt Corr. taking out the mkt)
Industry Firms 12/31/98 ($mm) (b) (sp) (s) (rjm) (hi)
MEAN  MED STDDEV MEAN MED STDDEV ~ MEAN MED STDDEV MEAN MED STDDEV ~ MEAN MED STDDEV

Maritime 5 448 340 390 0.65 0.66  0.08 062 050 0.28 0.29 032 031 0.09 0.39 040 031
Medical Services 23 3537 1196 4029 1.05 1.04 0.24 077 071 0.28 0.34 041 040 0.14 0.31 0.31 017
Medical Supplies 45 7965 1450 20230 0.82 0.79 0.27 053 048 021 0.25 044 043 0.3 0.13 0.07 020
Metal Fabricating 12 1746 442 4055 071 0.69  0.30 048 046  0.13 0.30 042 042 0.15 0.19 0.14 025
Metals and Mining 19 2513 982 3395 0.60 0.69 0.42 059 054 0.19 0.35 034 036 0.25 0.55 0.55 022
Natural Gas 43 2141 984 3553 056 052 0.27 035 032 014 0.21 044 046  0.11 0.27 0.24 019
Office Equip. & Supplies 21 4336 959 9177 095 0.93 0.46 065 062 031 0.32 042 039 0.17 0.14 0.11 020
Oilfield Services & Equipment 20 3296 1382 5913 128 123 0.21 077 076 014 0.57 046 046  0.07 0.78 0.82 014
Packaging & Container 10 1990 1698 1536 0.76 0.80 0.16 050 048 0.6 0.28 043 043 0.1 0.34 0.27 024
Paper & Forest Products 25 3028 1990 3357 0.75 0.74 0.18 042 040 0.08 0.29 049 050  0.10 0.49 0.60 025
Petroleum 41 13515 3373 30972 077 075 0.21 047 043 013 0.25 046 044  0.09 0.41 0.45 024
Precision Instrument 23 1917 476 4827 1.00 090 0.39 066 064 0.18 0.30 042 044  0.10 0.16 0.11 020
Railroad 7 8694 9059 4988 0.95 0.81 047 046 038 017 0.25 054 054  0.10 047 0.55 016
Recreation 30 8626 2242 16790 111 1.07 0.41 060 054 0.22 0.33 052 057 0.15 0.19 0.16 015
REIT's 15 1839 1190 1483 0.61 0.53 0.23 033 029 012 0.20 050 048  0.07 0.49 0.50 018
Restaurant 27 3134 590 9904 0.84 0.80 0.29 053 051 0.15 0.31 044 046  0.10 0.13 0.13 019
Retail (Special Lines) 55 2177 1001 4536 117 124 0.38 070 067 021 0.38 046 050 0.13 0.19 0.19 016
Retail Store 20 15845 4941 39412 1.18 1.23  0.27 058 058 0.14 0.38 0.57 060 0.15 0.33 0.30 021
Steel 17 716 449 882 0.70 0.69 0.26 051 050 0.19 0.27 039 034 0.12 0.34 0.37 020
Telecommunications 41 24984 4153 42081 1.10 1.05 0.48 0.62 0.57 0.25 0.26 0.49 0.49 0.14 0.11 0.02 0.27
Textile 11 517 386 529 0.80 0.82 0.27 062 065 013 0.34 036 036 0.11 0.36 0.34 018
Tire & Rubber 5 2297 1549 3179 0.85 0.78 0.24 042 036 0.5 0.29 056 053  0.08 0.45 0.32 031
Tobacco 6 25059 4487 51655 0.62 059 0.11 036 035 007 0.25 046 046  0.06 0.40 039 034
Toiletries & Cosmetics 5 14286 5236 22115 094 0.96 0.05 045 041  0.07 0.43 057 057  0.08 0.40 0.32 035
Trucking & Transportation Leasing 15 765 636 507 0.87 0.93 0.21 059 060 011 0.30 040 041  0.09 0.38 0.37 015
Utilities 88 3961 2626 4221 0.28 0.26 0.11 025 023 0.6 0.16 031 031 0.09 057 0.61 022
H&Q INTERNET INDEX FIRMS** 53 14128 1216 51129 2.00 2.06 047 117 119 033 0.47 049 048 0.12 0.29 0.27 0.15

**Not Included in Summary Statistics
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TABLE 3 (cont.)
Volatility Levels and Firm-Market and Firm-Industry Correlations for Value Line Industries and for Hambrecht & Quist Internet-Based Firms

The dataset consists of 1496 firms tracked by Value Line and 53 firms in Hambrecht & Quist Internet-Based Index as of 12/31/98. The calculations use daily continuously-compounded excess return (net of risk-
free rate) overthe six month period ending 12/31/98. If six months of data is not available, we usethe available data, as long as that datacovers at least three months. CRSP's Value-Weighted Composite Index
is used for the market return. "Equity Value" is measured as of 12/31/98. "Beta"is a firm-level beta calculated using the market model with excess returns. "Firm Volatility" is the annualized volatility of daily
returns. “Industry Volatility" is the annualized volatility of daily returns for a value-weighted industry index comprised of all firms within the specified Value Line Industry. "Firm-Mkt Corr." is the correlation between
the firm's excess return and the industry's excess return calculated from daily data. "Firm-Ind. Corr." is the correlation between the firm's return and the "ex-market" industryreturn (where ex-market means that
the market component of the industry return has been removed).

Panel A (cont.): Value Line Industries

Summary Statistics Across Industries and Across Firms

Industry Firm-Ind. Corr. (after
#of Equity Value on Beta Firm Volatility Volatility Firm-Mkt Corr. taking out the mkt)
Firms 12/31/98 ($mm) (b) (s)) (s1) (rim) (hij)
mean  26.7 7274 0.92 0.54 0.32 0.48 0.32
Industry median  22.0 3987 0.86 0.52 0.30 0.46 0.30
Summary Stats std dev 195 7060 0.28 0.13 0.10 0.08 0.16
(Industries are max  88.0 25760 2.17 1.06 0.79 0.70 0.78
equally-weighted) min 20 448 0.28 0.25 0.16 0.31 0.04
Industry Firm-Ind. Corr. (after
# of Equity Value on Beta Firm Volatility Volatility Firm-Mkt Corr. taking out the mkt)
Firms 12/31/98 ($mm) (b)) (s)) (s) (Tim) (hyj)
mean - 7509 0.90 0.52 - 0.48 0.28
Firm median - 1517 0.87 0.48 - 0.48 0.23
Summary Stats std dev - 22919 0.40 0.20 - 0.15 0.25
(Firms are max - 342558 2.53 1.74 - 0.92 0.99
equally-weighted) min - 13 -0.48 0.12 - -0.17 -0.25
Panel B: Hambrecht & Quist's Internet-Based Firms
Industry Firm-Ind. Corr. (after
Equity Value on Beta Firm Volatility Volatility Firm-Mkt Corr. taking out the mkt)
Industry Sub-Category Firms 12/31/98 ($mm) (b) (s)) (s) ") (hy)
MEAN MED STDEV ~ MEAN MED STDEV MEAN MED STDEV MEAN MED STDEV MEAN MED STDEV
Commerce 18 3098 576 5474 239 209 1.20 151  1.34 061 0.74 043 042 0.10 0.36 0.36 016
Communications 12 15142 1444 41426 1.95 2.03 0.35 107 1.07 0.34 0.56 053 051 0.12 0.29 0.27 0.25
Content 13 8574 1556 19756 244 231 0.5 131 122 048 0.77 053 055 0.3 0.46 0.50 032
Security 4 2904 954 4031 172 165 0.36 091 092 020 0.62 052 054  0.09 0.46 032 034
Software 11 35371 1080 102334 1.01 2.14 0.49 123 1.23 0.51 0.44 0.47 0.46 0.15 0.25 0.20 0.29
All H&Q INTERNET INDEX FIRMS 53 14128 1216 51129 2.00 2.06 047 117 119 033 0.47 049 048 0.12 0.29 0.27 015

61



TABLE 4

Cost of Options on Markets and/or Industry-Adjusted Performance-Benchmarked Portfolio
Relative to Traditional Stock Options by Industry

Option values are priced with the Black-Scholes formula assuming a ten-year maturity. "Conventional Option"
is a traditional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market,
industry, or market and industry adjusted portfolios. Panel A data consists of 1496 firms tracked by Value Line
(VL) Industry Survey (excluding foreign firms and industries), and Panel B is firms in H&Q's Internet Index, both
as of 12/31/98. Calculations use daily continously-compounded excess returns (net of the risk-free rate) over
the six month period ending 12/31/98. Firms with less than three months of data during this period are
excluded. The market return is CRSP's Value-Weighted Composite Index. The industry return is the value-
weighted average of all firms in the specified VL or H&Q industry.

Ratio of Market Value of Performance-Benchmarked
Option to Conventional Option

Market-Hedged  Industry-Hedged  Market & Industry

Industry Portfolio Portfolio Hedged Port.
Advertising, Publishing & Newspaper 0.92 0.90 0.89
(0.03) (0.04) (0.04)
Aerospace & Defense 0.95 0.93 0.91
(0.02) (0.07) (0.06)
Air Transport 0.90 0.81 0.81
(0.02) (0.10) (0.09)
Apparel & Shoe 0.96 0.94 0.93
(0.02) (0.04) (0.04)
Auto & Truck 0.91 0.88 0.87
(0.04) (0.10) (0.10)
Auto Parts 0.94 0.92 0.92
(0.04) (0.05) (0.05)
Bank & Thrift 0.85 0.83 0.82
(0.04) (0.06) (0.06)
Beverage 0.94 0.93 0.91
(0.04) (0.09) (0.08)
Broadcasting & Cable TV 0.90 0.84 0.82
(0.02) (0.13) (0.12)
Brokerage, Leasing & Financial Services 0.89 0.85 0.84
(0.04) (0.07) (0.07)
Building Materials, Cement, Furn. & Homebuilding 0.93 0.93 0.92
(0.05) (0.06) (0.06)
Chemical 0.94 0.94 0.93
(0.03) (0.05) (0.05)
Coal & Alternate Energy 0.93 0.72 0.71
(0.01) (0.29) (0.27)
Computer 0.92 0.92 0.91
(0.05) (0.07) (0.07)
Diversified 0.93 0.93 0.92
(0.04) (0.05) (0.05)
Drug 0.92 0.92 0.91
(0.04) (0.07) (0.06)
Drugstore 0.90 0.84 0.83
(0.07) (0.16) (0.15)
Educational Services 0.95 0.88 0.88
(0.03) (0.09) (0.09)
Electrical Equipment & Home Appliance 0.93 0.94 0.92
(0.05) (0.06) (0.06)
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TABLE 4 (cont.)

Cost of Options on Markets and/or Industry-Adjusted Performance-Benchmarked Portfolio
Relative to Traditional Stock Options by Industry

Option values are priced with the Black-Scholes formula assuming a ten-year maturity. "Conventional Option"
is a traditional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market,
industry, or market and industry adjusted portfolios. Panel A data consists of 1496 firms tracked by Value Line
(VL) Industry Survey (excluding foreign firms and industries), and Panel B is firms in H&Q's Internet Index, both
as of 12/31/98. Calculations use daily continously-compounded excess returns (net of the risk-free rate) over
the six month period ending 12/31/98. Firms with less than three months of data during this period are
excluded. The market return is CRSP's Value-Weighted Composite Index. The industry return is the value-
weighted average of all firms in the specified VL or H&Q industry.

Ratio of Market Value of Performance-Benchmarked
Option to Conventional Option

Market-Hedged  Industry-Hedged  Market & Industry

Industry Portfolio Portfolio Hedged Port.
Electronics & Semiconductor 0.93 0.91 0.91
(0.04) (0.07) (0.07)
Food Processing 0.95 0.94 0.93
(0.03) (0.05) (0.05)
Food Wholesalers & Grocery Stores 0.95 0.93 0.92
(0.03) (0.06) (0.06)
Hotel & Gaming 0.94 0.90 0.89
(0.03) (0.06) (0.05)
Household Products 0.94 0.93 0.92
(0.04) (0.08) (0.09)
Industrial Services (Including Environmental) 0.95 0.94 0.93
(0.03) (0.04) (0.05)
Insurance 0.91 0.89 0.89
(0.04) (0.06) (0.06)
Internet 0.93 0.79 0.79
(0.04) (0.14) (0.14)
Investment 0.90 0.88 0.87
(0.07) (0.07) (0.06)
Machinery 0.95 0.93 0.93
(0.03) (0.05) (0.05)
Manufactured Housing & Recreational Vehicles 0.95 0.89 0.89
(0.03) (0.08) (0.08)
Maritime 0.97 0.91 0.91
(0.02) (0.08) (0.08)
Medical Services 0.95 0.93 0.92
(0.04) (0.05) (0.05)
Medical Supplies 0.95 0.94 0.93
(0.04) (0.05) (0.05)
Metal Fabricating 0.95 0.94 0.93
(0.03) (0.09) (0.09)
Metals and Mining 0.95 0.88 0.85
(0.05) (0.06) (0.07)
Natural Gas 0.95 0.94 0.93
(0.02) (0.04) (0.04)
Office Equip. & Supplies 0.95 0.94 0.93
(0.05) (0.07) (0.07)
Qilfield Services & Equipment 0.95 0.75 0.74
(0.02) (0.08) (0.08)
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TABLE 4 (cont.)

Cost of Options on Markets and/or Industry-Adjusted Performance-Benchmarked Portfolio
Relative to Traditional Stock Options by Industry

Option values are priced with the Black-Scholes formula assuming a ten-year maturity. "Conventional Option"
is a traditional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market,
industry, or market and industry adjusted portfolios. Panel A data consists of 1496 firms tracked by Value Line
(VL) Industry Survey (excluding foreign firms and industries), and Panel B is firms in H&Q's Internet Index, both
as of 12/31/98. Calculations use daily continously-compounded excess returns (net of the risk-free rate) over
the six month period ending 12/31/98. Firms with less than three months of data during this period are
excluded. The market return is CRSP's Value-Weighted Composite Index. The industry return is the value-
weighted average of all firms in the specified VL or H&Q industry.

Ratio of Market Value of Performance-Benchmarked
Option to Conventional Option

Market-Hedged

Industry-Hedged

Market & Industry

Industry Portfolio Portfolio Hedged Port.
Packaging & Container 0.95 0.91 0.90
(0.03) (0.06) (0.07)
Paper & Forest Products 0.93 0.87 0.86
(0.03) (0.08) (0.07)
Petroleum 0.94 0.90 0.89
(0.02) (0.06) (0.06)
Precision Instrument 0.96 0.95 0.94
(0.02) (0.06) (0.06)
Railroad 0.92 0.87 0.86
(0.04) (0.04) (0.04)
Recreation 0.92 0.91 0.91
(0.04) (0.05) (0.05)
REIT's 0.94 0.89 0.89
(0.02) (0.05) (0.05)
Restaurant 0.95 0.95 0.93
(0.02) (0.06) (0.06)
Retail (Special Lines) 0.94 0.93 0.92
(0.04) (0.05) (0.05)
Retail Store 0.90 0.87 0.87
(0.05) (0.09) (0.09)
Steel 0.96 0.93 0.92
(0.03) (0.06) (0.06)
Telecommunications 0.93 0.94 0.91
(0.05) (0.05) (0.05)
Textile 0.97 0.93 0.92
(0.02) (0.05) (0.05)
Tire & Rubber 0.92 0.87 0.85
(0.03) (0.10) (0.10)
Tobacco 0.95 0.91 0.90
(0.02) (0.08) (0.07)
Toiletries & Cosmetics 0.91 0.86 0.82
(0.03) (0.16) (0.14)
Trucking & Transportation Leasing 0.96 0.92 0.91
(0.02) (0.04) (0.05)
Utilities 0.98 0.92 0.92
(0.01) (0.04) (0.03)
H&Q INTERNET INDEX FIRMS** 0.95 0.94 0.94
**Not Included in Summary Stats Below (0.05) (0.07) (0.07)




TABLE 4 (cont.)

Cost of Options on Markets and/or Industry-Adjusted Performance-Benchmarked Portfolio
Relative to Traditional Stock Options by Industry

Option values are priced with the Black-Scholes formula assuming a ten-year maturity. "Conventional Option"
is a traditional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market,
industry, or market and industry adjusted portfolios. Panel A data consists of 1496 firms tracked by Value Line
(VL) Industry Survey (excluding foreign firms and industries), and Panel B is firms in H&Q's Internet Index, both
as of 12/31/98. Calculations use daily continously-compounded excess returns (net of the risk-free rate) over
the six month period ending 12/31/98. Firms with less than three months of data during this period are
excluded. The market return is CRSP's Value-Weighted Composite Index. The industry return is the value-
weighted average of all firms in the specified VL or H&Q industry.

Ratio of Market Value of Performance-Benchmarked

Industry-Level Option to Conventional Option
Summary Statistics Market-Hedged  Industry-Hedged  Market & Industry
(Equally-weighting each industry) Portfolio Portfolio Hedged Port.

mean 0.93 0.90 0.89

median 0.94 0.92 0.91

std dev 0.02 0.05 0.05

max 0.98 0.95 0.94

min 0.85 0.72 0.71
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