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Abstract

This paper examines how an option plan that rewards managers for firm performance
relaive to some market or industry benchmark should be structured, and gauges the
deadweight costs of such aplan. Relative- performance-based compensation advocates
contend that conventiona stock options do not adequately discriminate between strong
and wesk managers, typicaly suggesting “indexed options,” that is, options with an
exercise price linked to amarket or industry index, as aremedy. A close examination of
indexed options, however, reveds afundamenta problem: indexed options do not
function asintended. Instead, their payoff remains highly sensitive to market or industry
price movements. This paper proposes an aternative option design that does remove the
effects of the desired benchmark. This structure uses an option with afixed exercise
price, where the underlying asset is a portfolio comprised of the firm’s stock hedged
againg market and industry price movements. The paper then compares the deadweight
cost of this performance-benchmarked option to that of a conventiona stock option.
Deadweight costs inevitably accompany any equity-based compensation program,
because the firm’s managers must be exposed to firm-specific risks to properly dign
incentives, and this forced concentrated exposure prevents managers from optima
portfolio diversfication. Undiversfied managers are exposed to the firm’stota volatility,
rather than the smaler systematic portion faced by the wdl-diversfied investor, meaning
that they will dways vadue ther sock- and option-based compensation at lessthan its
market value. | estimate the cost of this lost diversfication, and find that, perhaps
surprisingly, the gap between the firm’'s cost (the market value) and the manager’s priveate
vaue of an option is 57% greater for rdative-performance-based options than for
conventiond options. The relative- performance based options have larger deadweight
costs because, by design, they strip away the manager’ s exposure to al systematic risk,
leaving her with a portfolio with an expected return no better than the risk-free rate. The
paper discusses the practical implications of this analyss for firms adopting relative-
performance-based option plans.



|. Introduction

One unintended consequence of stock and option-based compensation isthat in a strong
stock market, it has the potentia to indiscriminately reward both strong and weak
managers dike. In such a market, stock prices tend to increase, even for firms
underperforming their competitors. The sense that managers with less-than-stellar
performances are regping enormous payoffs has led reformers to suggest “indexed
options,” that is, options whose payoff is linked to some sort of market or industry-based
index. * This paper investigates the interrelated issues of how, and indeed whether, to use

indexed options.

Executive sock options that explicitly tie managers pay to the firm' s performance
relaive to amarket or industry benchmark are just beginning to be used in practice, and
much work remains on how to practicaly implement such a system.? The paper begins 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, this prototypica
design does not remove the effect of the benchmark index from compensation: asthe
market increases, the vaue of the variable-exercise-price option will, too.* This paper
presents an dternative design that achieves the desired effect of rewarding managers only
for performance that is not due to overal gainsin the market or industry. Instead of using
the firm’s stock as an underlying asst, this aternative design employs a performance-
benchmarked portfolio. This performance-benchmarked portfolio conssts of the firm's
stock, hedged against market and industry movements. Under this proposed structure, the
vaue of the portfolio changes to reflect the firm’s performance, net of market and
indudtry effects, while the exercise price remains fixed.

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

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

2 Level 3 Communications, for example, is one of the few firms to 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 absolute performance, butin a
more stable or bear market, you want to be paid for relative performance.”

3 See sources listed in footnote 1.



The paper then proceeds to examine the costs associated with these options on the
performance-benchmarked (i.e. indexed) portfolio. While the incentive-dignment
benefits of indexed options have been widely-discussed, the costs have not. Equity-based
compensation inevitably imposes deadweight costs on the firm because it drives awedge
between the firm’s cost of awarding compensation (i.e. its market value), and the vaue
placed on that compensation by managers. To aign incentives, managers must be
exposed to firm-specific risk. This exposure to firm-specific risk reduces managers
ability to divergfy their portfolios. Loss of diversfication is codly; it leaves managers
exposed to the firm’ s full risk, when expected returns “compensate’ them only for the
systemdtic portion of that risk. Managers will therefore dways value their equity-linked
compensation at less than its market vaue. The greater the amount of the manger’s
wedth invested in the firm, the grester the lost-diversification cost imposed on that

manager.

In practice, the costs associated with the manager’ s loss of diversification can be large
and substantid. In earlier work, Meulbroek (20014), | have estimated that the private
vaue that managers place on conventiona executive sock optionsis roughly haf of ther
market vaue in rapidly-growing entrepreneurialy-based firms, such as Internet-based
firms. Even for less-volatile NY SE firms, the deadweight |oss associated with stock
options is 30% of their market vaue. In this paper, | explore whether the logt-
diversfication costs associated with a performance-benchmarked portfolio (i.e.
“indexed”) option plan are greater or less than the logt- diversification costs associated

with a conventiona option plan.

Perhaps surprisingly, | find that the deadweight costs associated with an option on the
performance-benchmarked portfolio exceed those associated with a conventiona option
plan. For the sat of firmstracked by Vaue Line, the “efficiency” of the option on the
market and industry-adjusted performance- benchmarked portfolio is 21% lower than the

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



efficency levd of aconventiona option. Efficiency drops because benchmarking, by
design, isolates firm-specific performance, removing some or dl of the systemdtic
component of firm returns from a manager’ s compensation. As a consequence,
performance-benchmarked portfolio options remove the component of firm returns
correlated with the market, that is, the exact component that provides some degree of
“diverdfication” to the manager. | usethisingght to investigate the best way to
implement a performance-benchmarked “indexed option” compensation plan, ultimately
concluding that the performance-benchmarked option compensation plan should be
supplemented with a cash grant, rather than by an increase in the number of options
awarded relative to a conventional option plan, as many indexed option advocates

recommend.®

The paper proceeds as follows. Section |1 further describes the motivation behind relative
performance compensation, the extent to which it is used in practice, and the need for
restructuring the type of indexed option plan typicaly proposed by relative- performance
compensation advocates. Section |11 proposes an dternative 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 IV
outlines introduces a method to measure the deadweight costs associated with a
performance-benchmarked option, and Section V estimates those costs for NY SE, Amex,
and Nasdag firms, comparing them to the costs associated with conventiona options.

Section VI concludes.

® See, for example, Rappaport (1999) or Reingold (2000) for argumentsin favor of an indexed option
adopter awarding a greater number of indexed options than would be awarded under a conventional plan.



Paying Managersfor their Relative Performance

A. The conceptual basis for performance indexing

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 retain the manager. 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 aignment would be very unlikely to use
stock or stock options to compensate its managers, for better ways exist. Cash
compensation, for example, is one form of compensation that afirm could use when
incentive dignment is deemed relatively unimportant. Cash avoids the deadweight costs
that accompany any equity-based compensation plan, deadweight costs that arise because
the same exposure to firm-specific risk that digns incentives aso compes managersto
hold a less-than-fully-diversfied portfolio. Thisloss of divergfication is costly for
managers, who now must bear both systematic and non-systematic risk. By using cash, a
firm avoids such costs. While stock options can surdly can be used as aform of payment
to compensate managers, and, when combined with vesting requirements, stock options
can aso hep with retention, stock options are not the mogt efficient form of

compensation to achieve these gods: their comparative advantage liesin their ability to
dign incentives

At times, however, conventiona stock options are not an effective way to dign
incentives. Effective incentive dignment requires that the value of the options increase
with managerid effort and ability. When managers efforts have little affect on firm
performance, managers have little incentive to work hard. Critics of options assert that
strong stock market performance has weakened the hoped-for link between manegerid
pay and firm performance. Contributing to this weeker pay- performance relationship are
higher levels of market volatility, which have aso increased the cost of exposing
managers to firm-specific risk, an exposure that is not particularly helpful incentive-



aignment tool when managers have limited influence over the volatility. Critics of

traditional stock option plans question their effectiveness, noting 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 aso 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 options] are wildly capriciousin ther
digtribution of rewards, inefficient as motivators, and inordinately expensve for
shareholders.” ® 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. Rdative- 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
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 dso impeded their acceptance of a compensation plan based on relative
performance. Managers are reluctant to give up the potentially huge rewards conferred by
the bull market, especidly when they perceive the probability of a downturn in the stock
market as being low.® To be sure, relative- performance- based compensation does have
the advantage that it protects managers during market downswings. Under traditiona

® Cairncross (1999)
" Gibbons and Murphy (1990) p. 31-S



stock option plans, adverse market performance results in vastly reduced compensation
for managers. Relative-performance based compensation protects managers against such
market downturns, even if the market declines, managers can gill be wdl-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 thet, at least until recently, seemed to be the prevailing manageria

outl ook.

While manageria support for compensation based upon relative performance has been
sparse, the theoretical underpinnings for this type of compensation are compelling.
Murphy (1998) presents the framework supporting performance-based compensation
generdly, and rddive- performance-based compensation more specificdly. The
judtification for relative-performance-based compensation rests upon the observation that
the incentive induced by a compensation scheme depends upon how “informative’ the
messure 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.

B. The extent of relative-performance-based compensation

Relative performance based compensation can take many forms, implicit or explicit, in
the manager’ s compensation contract. A substantia 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

8 The current drop in the prices of technology stocks may alter that perception.
° Even under conventional plans, managers have some degree of protection against falling markets. When
options movetoo far out-of-the-money, firms sometimes either re-strike the options, or issue new options



related to firm performance, but negatively and sgnificantly related to market and
industry performance. Antle and Smith (1986) provide limited evidence thet firms
compensate managers based upon relative performance, and Himmeberg and Hubbard
(2000) observe reative performance eva uation compensation among smaller firmswith
“less-highly skilled” CEOs. In contrast, Bertrand and Mullainathan (1999) report that
CEQOs 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 aso supports the hypothesis that firms base CEO compensation, at
least in part, on earnings, as way to hdlp 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 et d. (1992).

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 teecommunications company, is currently
the only U.S. firm that has implemented an indexed option program. *° Contributing to
their rarity istheir accounting trestment (i.e. the vaue of the options are deducted from

the firm’s earnings) and managers' reluctance to consent to such plans.™* Nonetheless, the

with lower strike prices. See Carter and Lynch (2001), Jin and Meulbroek (2001), Gilson and V etsuypens
(1993), Chance et al. (2000), Brenner et al. (2000), and Saly (1994)

10 See Meulbroek (2001b).

11 Hall and Liebman (1998) comments 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)
points to the tax consequences of indexed options Rappaport (1999) discusses the unfavorable accounting
treatment of indexed options, suggesting that such treatment is a misplaced concern: “bad accounting
policy should not be allowed to dictate compensation.” Referring mostly to compensation based upon
performance rel ative to co-workers, Gibbons and Murphy (1990) suggest potential costsassociated 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 lessimportant for top managers, such as CEOs, who “...tend to have limited interaction with
CEOsinrival 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



magnitude of recent conventiond option grants has intendfied the cal for some form of
performance indexing.

C. Sructural limitations: indexed options with variable exercise prices are sensitive to
market and industry price movements
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 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, is rewarded only if his or her
company outperforms the index.”

To price the indexed option described above, one can use the Margrabe- Fischer- Stulz
approach recently outlined by Johnson and Tian (2000). 12 The Margrabe- Fischer- Stulz

formula values a European option to give up an asset worth S, and receivein return an
asset worth S, (for our purposes S represents the firm'’sinitial stock price adjusted for
market and/or industry movements, that is, the strike price of the option; S, represents
the firm’s stock price without any such adjustments). They assumethat S and S, both
follow geometric Brownian mation with voldilities s ; and S ,,, and that the
instantaneous correlation between S and S, is I, and theyieldsprovided by S and

S, are ¢, and (,. N (- ) represents the standard normal cumulative distribution

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

option at time zero is then:

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

market return proxies for the manager’ s outside opportunities, and one therefore would expect to find the
manager’ s wages correlated with the market return. See also Murphy (1998) for a detailed discussion of the
paucity of indexed option or relative performance plans more generally.

12 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).



where

4 In(s,/8)+ (g - g, +s/2)T
1 S'\/T

d,=d, - s~T

s = si+s?- 2rss,

Thevaiddle 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 thisingtance, the manager has not outperformed the

benchmark, so the value 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 value of the option increases by 10%,
just the effect the proponents of indexed options hoped to diminate. 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 value of the
option after the price movements outlined aboveis:

1.1° [S,e * N(d,)- Sie " 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.



This proportionate response of the option price to like changesin the exercise and stock
price defeats the intended outcome. Recall that the proponents of indexed options seek an
ingtrument 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
an index isnot an effective way to implement a rdative performance compensation
system.’® Below | 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 value of this portfolio is hedged
againg changes in the designated index.

. Designing a Relative Performance Compensation System

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

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

firm’'s stock price a the time the option is awarded.

Notation:
If o

Let e (1+ Ry ) where Ry represents the 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)

13|t is possible to alter the terms of an indexed option with avariable exercise price to mitigate this
unintended conseguence. 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

10



( - ) ° market risk premium (continuoudy-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 betareative to the market

r ... © correlation between firm j returns and market returns

jm

rim

° 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

rj:rf+bj(rm-rf) 1)

ri:rf"'bi(rm‘rf) ()

A. Designing a Portfolio Hedged Against Market Movements™
Let the vaue of a portfolio of the firm's equity return hedged againgt market movements
be denoted:

value of the indexed option is multiplied by a number that depends on the degree of outperformance. This
construction effectively increases the leverage of the option.

14 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-ligbility, 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 expressedin
“instantaneous’ expected-rates-of-return (i.e. exponential, continuous-compounding). Usethe CAPM in
thisderivation is not essential. Any asset-pricing model could be substituted.

5 \While we do not show the derivation here, one could, in asimilar fashion, one construct a portfolio
hedged solely against industry -wide movements.

11



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

where “ex-market” means that the portfolio is hedged against market movements.
Consder adrategy that islong the stock and short the market, and is constructed to have

azero-beta. Specificaly, the portfolio, P, islong fraction 1.01in stock j, short fractionb

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

Establishing the M arket-Adjusted Portfolio at timet=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 vV,

Figure 1: Initial market-adjusted portfolio

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

dP
— =r¢dt +s ;g;de; 3
P

where g, ° (1- r2 )

jm

The standard deviation of this portfoliois s | (1- r fm) , the cost of establishing this

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

istherisk-freerate, r; .

12



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
expressed as T} - b, (T, - r, ), that is, the firm return net of the appropriate market risk

premium, where the bar above thereturns T; and T, represents the actud return from time
0 through 1.

Doesthis portfolio hedged against market movements increase in vdue only if thefirm's
performance exceeds its market benchmark? Consider our earlier test using the varigble
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 exerciseincrease of
10%), the value 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 assat (the portfolio hedged againgt market movements) remains
unchanged.*® Specifically, the long position in the stock increasesin value by 10%, and
the short pogition in the market exactly offsats thisincrease with its own 10% value
decrease. Hence, the value of managers  options remains unchanged because the vaue of
the option on this performance- benchmarked portfolio does not change unlessthe firm's
performance exceeds its market benchmark.

13



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 vaue therefore depends soldy upon firm |’ 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).
Specificaly, the market- and industry-adjusted portfolio has fraction 1 in stock | , fraction

s .h.
b, short in the market portfalio, fraction I ghort in the industry (ex-market)
gs;

portfolio, and eggS_SJh“ +b g mthenskl&esasset where g, © \/1- 1, and
e 1 1 U

9 % 1- i -

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
industry-adjusted portfolio contains fraction 1.0 in stock |,

e Oz ;6 |1- r2 u S h.
b, &- oD / ™ 0 short in the market, fraction 95 1 ortinthe
8 gbjges.ra' 1- H giS
industry portfolio, and 8915 M , | Uin the riskless asset.
g9s, 0

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

16 To maintain symmetry with the variable exercise option example, the market-adjusted portfolio is
structured as if the beta of the stock equals one.

14



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

Asset L ong Position Short Position
Stock vV,
(Market [T bV,

Industry (ex-market) gs h; v

gs;
Riskless Asset égs h, +b,uuV,

e Us; a
Cost of Long or Short Position v L8sh; +bjg\/j bV - gjs.]hII
e g a 1l S, J
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 volatility are denoted:

dP’
?j =r, dt +s ¢dq,

j

(4)

where dq; is uncorrelated with the industry and the market portfolios and

s¢°(gd,) s

d;, °

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

portfolio istherefore:

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

15




The cost of egtablishing the portfoliois V; (t) (the stock price of firm j) and the expected
return isthe risk-free rate.

Value of the M arket- and Industry-Adjusted Portfolio at timet=1

r; © realized return for firm |

. ° realized return of the market

T ° realized return on the industry ex-

market portfolio

Asset L ong Position Short Position
Stock V, (1+7))
(Maket | [.bv @) ]
Industry (e | "1 gsh. ]
Vi %My a4
market) gsS;
Riskless Asset égs h, ‘b uV (1+1.)
é Us;
Vdueof Long égs h. U gs
V. (1+1)+ a2+ Db gV (Q+r -b,V,(1+T, ""V 1+T
or Short )T g g ) ()= =g )
Position
. V. al+ B r -rf) L0 (T-rf)+iu
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Figure 4: Realized value of the market- and industry-adjusted portfolio after one
period

Thus, asillugrated in Figure 4, the one-period redized return on the market- and industry-
s h. 0
r ) JBEN (r_i- r )_ which is the firm return net of
e US; 7]
the market risk premium and net of the return that is correlated with the industry. One can
again confirm that the value of the performance-benchmarked portfolio increases only if

the firm’s stock price movement exceeds itsindustry and market benchmarks. The

adjusted portfoliois 7; - b, (T, -

gppendix details 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 form from an indexed option with a variable exercise price, both

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

[11.  TheEfficiency of Optionson the Performance-Benchmarked Portfolio

We have seen that the options on the performance- benchmarked, or indexed, portfolios
outlined above have the properties desired by advocates of relative- performance- based
options, thet is, they reward managers only for increases in the firm's stock pricesthat are
not explained by industry or market movements. But, one important concern remains.
Are these performance- benchmarked indexed options an “efficient” way to pay
managers? Put differently, how large is the difference between the firmi s cost to provide
the options (the market vaue of those options), and the private vaue that managers place
on those options? The gap between the firm's cost of options and the manager’ s private
vaue for those options is a deadweight loss to the firm: al other things equd (i.e. the
incentive and retention effects produced by the compensation system), the firm should

minimize this gap.!’

1 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. 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 a
cost isthe additional agency costs that may arise when managers alter the firm’ sinvestment profilein non-
value creating waysin order to lower their total level of risk. Carpenter (2000) formally models this

problem.
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Whileit can certainly be minimized, this ggp between firm's cost of equity-based
compensation and the private value that managers place on that compensation cannot be
eiminated, asit isinherent in any compensation system that seeks to more closely dign
the interests of managers with shareholders. Properly aigning incentives requires thet the
firm's managers be exposad to firm-specific risks, and this forced concentrated exposure
compels managers to hold less-than-fully-diversified investment portfolios. *® Because
undiversified managers are exposed to the firm’' s tota risk, but rewarded (through
expected returns) for only the systematic portion of that risk, managers will vaue stock
or option-based compensation at less than its market vaue. The firm, then, dwaysfacesa
tradeoff between the benefits attained through incentive aignment and the deadweight
cost of paying managersin acurrency that is worth less to them than its cost to the firm.°
The cost is* deadweight” in the sense that firms could issue equity or optionsin the
market, regping their full value to adiversfied investor, but the firm instead issuesthe
equity and options to its managers, who place alower vaue on it. The deadweight costs
increase with both firm volatility and with the percentage of amanager’s persona wedth
tied up in the firm.

This cost dueto lost diversfication cannot be eiminated without destroying incentive
dignment, meaning thet it isa structural cost associated with incentive-based
compensation. Individua preferences can aso cause managers to vaue their equity-based
compensation at less than its market value. For example, the level of overdl risk faced (as
opposed to its composition) by the manager may be higher or lower than the manager
would choose if not compelled to hold the firm’s stock or options. If the manager’s
preferences were known (i.e. the manager’ s specific utility function and the parameters

for that function were known), we could measure thisindividua preference-based cost

18 One might even argue that managers' wealth is not fully-diversified even before considering the
composition of their securities portfolios as at |east some of their human capital may be specific to their
employer.

19| call this gap between managers’ private value and the firm’s cost a“deadweight cost” to distinguish it
from the market value of the firm’s compensation, which is the usual definition of “cost” in the executive
compensation literature.
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using the “certainty-equivalent” approach adopted in the prior compensation literature, %°
But, identifying individud utility functionsis difficult. Moreover, financiad engineering

has the potential to reduce or diminate the costs that arise from individua preferences. 2
Therefore the approach adopted in this paper isto focus on the cost generated solely by
the manager’ slossin diversfication, acog that is both shared by al managers and
cannot be diminated or reduced ether through financia engineering or employee salf-
selection into jobs with compensation packages best tailored to their preferences. %2

Meulbroek (2001a) presents a technique to measure the lost diversification cost
associated with stock and conventiond options. In that paper, | find that the wedge
between firm cost and employee benefit of both stock and conventional option awards
can be quite large. Undiversified managers of the average NY SE firm, for example, vaue
their (conventiond) options at 70% of the cost of these optionsto the firm. Thegap is
larger for Internet-based firms, where the vaue placed on the conventiona options by an
undiversfied manager represents an average of 53% of the cost of these options to the
Internet-based firm. The large magnitude of this deadweight cost for conventiona options
warrants an examination of the deadweight cogts of the performance- benchmarked option
portfolios described above. The efficiency method developed here for these indexed
portfolios follows a methodology smilar to Meulbroek (20018).

20 For examples of thisindividual utility-based technique, see Hall and Murphy (2000a), Hall and Murphy
(2000b), Huddart (1994), or Lambert et a. (1991). If one wanted to explicitly incorporate costs of lost
diversification, the models used in these papers would have to be modified to incorporate more than one
risky asset, along the lines of Jin (2000). Even then, using a specific functional form of amanager’s utility
function to calculate a certainty-equivalent val ue conflates the effect of managerial preferences about the
functional form of the compensation plan with the effect dueto lost diversification. For example, a
manager holding a stock perfectly correlated with the market will effectively be fully-diversified. The
Sharpe ratio method used in this paper tells us that the efficiency of such equity-based compensation is
100%, that is, the manager will value the perfectly-correlated stock at its full market value. Y et, the utility-
function approach tells us that the manager values this stock at less than its market value, simply because
the risk exposure created by holding that stock is unlikely to be the optimal risk exposure for that particular
manager.

21 |ndeed, indexed options themselves are an example of afinancial instrument designed to lower the
manager’ stotal risk exposure while maintaining an equivalent degree of incentive alignment

%2 To measure the full cost to managersimposed by any given compensation system, the Sharpe ratio
method presented here could be combined with the certainty-equivalent method used in prior research, such
as the multi-asset model from Jin (2000), or a modification of the technique used in Carpenter (1998) or

Hall and Murphy (2000a).
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A. Atechnigue to estimate the loss-of-diver sification cost for stock- and option-based
compensation indexed for market and/or industry movements
To edimate this loss-of- diversfication cost, we cdculate the expected return a manager
would requirein order to be indifferent between holding the market- or market- and
industry-adjusted performance- benchmarked portfolios, and holding an efficiently-
diversfied portfolio levered to a voldility level that equas that of the performance-
benchmarked indexed portfolios. Of course, this method produces a lower-bound
estimate of the actua cost from the manager’ s concentrated exposure because it does not
account for that manager’ sindividua preferences regarding the level or pattern of risk
exposure she faces. 2 The risk-return profile required by a manager to make him or her
indifferent between holding the market and holding the performance- benchmarked
indexed portfolio isimbedded in the market’ s Sharpe ratio. Therefore, the performance-
benchmarked indexed portfolio’ s voldility level, dong with the market’s Sharperatio
alows one to extract the minimum return an undiversified manager would requirein
compensation for accepting the diversification congtraint. The analysis below shows how
to trandate this required return premium demanded by the undiversified manager into the
private value that such a manager places on the performance-benchmarked indexed stock
portfolio that conditutes his or her investment portfolio.

The srength of the Sharpe rétio technique used here is that it measures the common cost
imposed on dl managers by firm-specific risk, and by so doing isolates the one type of
risk thet is essentia to properly digning incentives. The Sharpe ratio method, however,

23 The description of this method as an upper-bound abstracts from the possibility of “re-pricing” the option
in an executive' sfavor (in an effort to re-align manageria incentive levels, firmswill sometimeslower the
exercise price of out-of-the-money options). The method does, however, explicitly incorporate the notion
of avesting schedule, which is sometimes referred to as feature which reduces the firm’ s cost of issuing
executive stock options. One additional caveat to the “ upper bound” characterization: it assumes that the
manager has limited opportunity to take risk reduction actions without the help of the firm. Such measures
might include limiting their exposure to market risk by shorting S& P 500 futures, thereby offsetting the
systematic risk inherent in their positionsin company stock. While atheoretical possibility, in practice, few
managers appear 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 daily, and post
additional margin in case of amarket increase, but they would not be able to use their holdings in company
stock or options to meet the margin call. Managers might also be able to reduce risk through equity swaps
(see Bolster et al. (1986)), but changes in the tax code have made such swaps considerably |ess attractive,
or through zero-cost collars, although this appearsto be relatively rare (see Bettis et a. (1999)). Schizer
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does not incorporate the additiona cost associated with individual managers preference,
and therefore our estimate of the manager’s private vaue is likely to be an upper-bound
edimate of the vaue of the specific compensation plan to each individua manager. An
exact esimate of the manager’ s private vaue of hisher compensation would subtract an
additiona manager-specific discount to account for the lack of acompensation plan

customt+tailored to the manager’s.?*

Our previous assumption that CAPM holds ingtantaneoudy in a continuous-time modd
yields mean-variance behavior.?® Interpreted in the context of this paper, mean-variance
behavior implies that even people with high risk tolerances, such as entrepreneurs, prefer
the higher expected return produced by aleveraged fully-diversified portfolio to the
lower expected-return from an equaly risky less-than-fully-diversified indexed option
portfalio.

Additional Notation:

r -
e indexed port j o (1 + yearly expected rate-of-return of a performance-

benchmarked portfolio of security j under CAPM pricing)

ru .
e indexed port j o (1 + yearly expected rate of return on the performance-

benchmarked indexed portfolio based upon stock j required
by an undiversified mean-variance optimizing investor to

make that invegtor indifferent between holding only the

(2000) notes that hedging of stock option positions can be difficult for managers as many firms prevent
executive stock options from being pledged as collateral.

24 1f one wanted to evaluate thisadditional cost of the sub-optimality of the option as the contingent-claim
used to create firm-specific exposure, one could use the multi-asset model from Jin (2000), or a

maodification of the technigque used in Carpenter (1998) or Hall and Murphy (2000a).

25 This assumption is not critical in the sense that the same method presented here could be adapted to
incorporate any asset-pricing model (of course, the numerical estimateswill change, but the technique will
not).

21



indexed portfolio, and holding a market portfolio with a

volatility equd to that of the indexed portfolio)

0o u .
S, I dexed portj” r. © theinstantaneous spread between the expected return,

required by an undiversfied investor holding the
performance-benchmarked indexed portfolio conssting of

stock j (and short the market o industry), I §f io.eport;

relative to the CAPM-based expected return for those
indexed portfalios, r, .

What kind of return would the undiversified investor require as compensation for hisher
exposure to the total risk of these performance-benchmarked indexed portfolios? If an
undiversfied investor had the market portfolio as an dternative investment opportunity,
and were a mean-variance efficient investor, he/she would expect an excess return/risk
ratio as good as the market’ s risk-return ratio in order to be indifferent between holding
the market portfolio and the performance-benchmarked “stock j” indexed portfolio. To
cd culate the excess return commensurate with the risk level of this“stock j indexed
portfolio”, usng the market’ srisk-return ratio as a benchmark, we equate Sharpe ratios

and solvefor 1 Y

indexed port j :
u _ 2 N
= T — rindexed port | Fe b ru —r + 93 indexed port j U (r ot ) 5)
S T g indexed port j— 't T €& S Uil T
m indexed port j e m g

Soss; , the return premium, must then equal

_ aisindexedportjl;”._j
S = ge—uz (1)
e Sm Ug

where s depends upon the type of performance-benchmarked indexing used

indexed port |
to form the portfolio.

22



Specificaly,

— 2
S market- adjustedportj ~ S (1' I’jm)

2 2
S marketandindustryadjustedportj S j\/(l' r jm) (1' hji)

Figure 5 digplays the estimation of the required rate of return graphicaly.
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Compensating the Manager for Total Risk of the Indexed Portfolio

Hold sigma (risk) fixed: What return does manager need to make him/her indifferent between
holding the indexed portfolio (with stock j) and holding the market portfolio?

Expected '
Return Capital Market Li
apital Market Line
u _ , .
ri ndexed port | /-’ (Slope=market’s Sharpe Ratio)
rm
“Wedge” ©s;
r CAPM return for stock j indexed
f portfolio is the risk-free rate
: ’
¢ m S indexed port | > -
Volatility

Figure5: Return Required to Compensate for Manager’s L oss of Diversification
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To transform this s; into the value of performance-benchmarked indexed portfolio j to an

undivergfied investor, we use the following additiona notation:
V,(t) °©  thevaueof perfformance benchmarked indexed portfolioj timet
(the market price), which equals P, (t) or P’ (t) depending upon
whether the portfolio is hedged againgt the market and/or the
indudtry.
d ° firm ]’ s proportiona payout rate, continuoudy-paid.
T o date a which the undiversified investor is free to sdll the stock
(typicaly the vesting dete)
Vi@ ° 6(v,()t 4 s ), theprivate value placed on the performance-
benchmarked indexed portfolio of sock | by investor forced to
hold that undiversified portfolio until date T, whereT © T - t.
In the anaysis below, we assume for analytica smplicity thet d; =0, that is, thefirm
doesnot pay dividendsfordl t£T .

By definition, we know that the discounted expected future vaue of the stock j indexed
portfolioisfirmj a time T equalstoday’s stock price (recal that the performance-
benchmarked indexed portfolios are constructed to have betas of zero, so the CAPM
required-rate-of-return on these portfolios hedged againgt the market and/or the industry
isthe rik-freerate).

ret

vi(t) = € E{v(n} ©6)
where E, isthe conditional expectation of the value of the sharesof | at T, conditional
on theinformation available a timet. And smilarly, by definition of r;*ndexedportj,we

know that the expected future value of the performance- benchmarked indexed portfolio

to the undiversified investor discounted by r i“ndexedp ort] isthe vaue of the firm today to
that investor.
r .Ud edporti
Vi) = € "EPTE{vi(r)] (7)
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But, a date T, the undiversfied investor isfree to sall hisher shares in the open market,
so therefore, at date T for every outcome, the value of the stock to the undiversified
investor will equa the market vaue of the firm:

Vil(T) = v;(T)
and hence this statement must hold expectationdly as well:

E{VI(T)} = E{vi(T)} ®

Subdtituting (8) into (6) and (7), we have

Vju (t) - e rilrJ1de><edp0rtj Et { Vj (T)}

eri%dexedportj >e rft xvj (t) (9)
- St
= €7V
v i(t) -s t
— J — ]
indexed port j vV, (t) = € (10)

The “efficiency” of stock j indexed performance-benchmarked portfolio compensation to

an undiversfied investor, € . istheratio of the performance-benchmarked

indexed port |’
indexed portfolio’s value to an undiversfied employee relaive to the cost of that
compensation to thefirm, V, . See Figure 6.

To sum up, the explicit expressons for the efficiency of the performance-benchmarked
indexed portfolios are:

e_ égs_:ng‘“lr sz)gl’m'l’fgt

emarket— adjusted portj

NI

e &S mQ

emarket— andindustry- adjusted portj
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Calculating the Private Value an Undiversified Manager
Places on the Indexed Portfolio for Stock j

Value of Indexed
Stock PortfolioA

E (V)= (erft Nt) ————————————————————

market value

v, (t)
< 2-/\/ ( )(1 e §; )o “wedge” between firm’s cost

u s y .
V j (t) and manager’s private value

o ' ' - > Time
undiversified 0 1 2 3 T
manager’

private value Manager freeto sell stock at time T
(i.e. stock vests at time T)

Figure 6: The Manager’s Private Value for the Indexed Portfolio
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Equeation (10) shows that the return premium required by the undiversified investor, s, ,

isafunctionof r ,, h;, s, and T (time period over which the stock vests), aswell as

jm 2hji

S 1, and the market expected return. The return premium s; isbiggest (i.e. the efficiency

isthelowest) when s ; islagereaivetos ,,andwhen r , and h; arelow.

The derivation of the lack-of-diversfication discount for the option on the performance-
benchmarked indexed portfolio pardlelsthat of the lack-of-divergfication discount for
the performance-benchmarked indexed portfolio, presented above, but is more complex
because both the expected return and the standard deviation of the option on the indexed
portfolio change a every point in time. To find the lack- of-diversfication discount for

the performance- benchmarked indexed option, we assume that the employee will be
indifferent between concentrated- versus- efficiently-diversified exposuresif he or sheis
presented with the same (ingtantaneous) Sharpe ratio in elther case (just aswe did for the
derivation for the discount on the indexed portfolio). More specificdly, we equate the
instantaneous Sharpe ratio of the market to the instantaneous Sharpe ratio of the option to
solve for the instantaneous expected return required to compensate the undiversified
manager. Theforma derivation, found in Meulbroek (2001a), shows that the pricing of
an option that a every point in time provides an ingantaneous Sharpe-ratio equd to the
ingtantaneous Sharpe ratio on the market portfolio is exactly the Black- Scholes-Merton

option-pricing formula on anon-dividend paying stock where we replace the market price

of the performance-benchmarked indexed portfolio,V, , by its discounted private value,
V,', asindicated below, where F represents the efficiency of the option and f ()

represents the Black- Scholes-Merton option-pricing formula. Applying this technique to
indexed optionsyidds:
fV',T-1t,5s
f(V,T-ts

re, X=V,)
e, X=V,)

indexedportfolioj ?

F © Efficiency of Option Compensation =

indexedportfolioj ?

This method again produces alower-bound on the undiversfied investor’ s discount. This

lower-bound results from the willingness of some employeesto give up an additiond
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amount in expected return terms to change their total level of risk or to pursue a dynamic
risk strategy thet differs from that of an option.

Note that the efficiency of an option (F ) will dways be less than the efficiency of the
underlying stock (e) as

_FVAX) _eTFVLX)

TFVLX) | FW,LX) -°

The dynamics of option efficiency, however, are Smilar to those for stock efficiency. As
the expected rate of return premium increases, option efficiency decreases, and as vesting
periods increase, option efficiency decreases. Changes in the required expected rate of
return premium have alarger effect on the option efficiency than do changesin the
vesting period. And, as the time until option maturity incresses, efficiency increases, but
only dightly.

B. Theloss-of-diversification cost of market- and industry-adjusted performance-
benchmarked portfolio options versus conventional options

The overdl voldtility of the performance-benchmarked indexed portfolios will be less

than the volatility of the firm’'s equity done, because the indexed portfolios remove ether

market voldility or market and indudtry voldility. Therefore, the manager compensated

with performance-benchmarked indexed stock or options bears lesstotd risk than a

manager compensated with the firm's stock or conventiona options. Y et somewhat

surprisingly, the loss-of- diversification cost for indexed options need not be less than the

loss-of-diversfication cost associated with conventional options. To see this, note that the

premium required to compensate an undiversfied investor for holding the firm j’s stock

(s,)is *®

_ ., ér -r.u
s =(1- 1) 8 e -
e °m U

26 5ee Meulbroek (20014).
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and the premium required to compensate an undiversified investor for holding a portfolio

of firm j's stock indexed to the market, (/™ 9=, is

market- adjusted _ 2 A4 N érm B rf l;'
s ‘\ll'rj,m§jHees g
and the premium required to compensate an undiversified investor for holding a portfolio
of firm j’ s stock indexed to both the market and industry (/™" sadusedy fig

_ _ ér -r.u
marketandindustryadjusted __ 2 2\ A Nom f
S ‘\/(1' Irjm) (1' hji) &g —u
e °m U

If the correlation between the firm returns and the market returnsis positive (0< r ; <1),

then
’1_ rjz’m > (1_ rj‘m) b S*]rr‘arket—adjusted > Sj

and

2 2 mar ketandindustryadjusted
J@rz)@-n:) > (@) pos > s

Theintuition behind this result is thet the loss-in-diverdfication cost arises from the
amount of non-divergfiable (firm-specific) risk that the manager is required to hold.
Because the market-adjusted portfolio removes (by definition) the systematic risk
associated with the firm' s stock, the only type of risk that remainsis the firm-specific

risk, which is exactly the type of risk that is cogtly for the manager to bear. Moreover, the
expected return from the market-adjusted portfolio is the risk-free rate. Figure 7
illugtrates this process.
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Figure 7: The Cost of Lost Diversification with Indexed
Portfolio (Hedged Against Market)
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So, aslong as the correlation between firm returns and market returns is positive (as one
would generdly expect), the efficiency of a performance-benchmarked, or indexed,
option isless than the efficiency of a conventiond option. In other words, managers will
place a higher discount from market vaue for performance-benchmarked options than
they would for conventiond options. While this gap between managers private vaue and
the market value islarger for performance-benchmarked options, it may till be optimal
for the firm to compensate managers with such options. After dl, the cost estimates
derived above do not reflect the benefits associated with equity-based compensation. And
of course, one important benefit associated with equity-based compensation isincentive
aignment. Because performance-benchmarked portfolio options expose the manager to a
“purer” risk, that is, arisk over which the manager has control, they may indeed generate
greater incentive aignment benefits. But, the costs derived above do suggest that the
incentive dignment benefits of performance-benchmarked portfolio options must be
higher than those associated with conventiona options, or their useis not judtified.

C. The additional benefit created by removing industry effects from equity-based
compensation
The andysis above shows how the removd of systemdtic risk from the manager’ s equity-
based compensation has the somewhat unsettling effect of decreasing compensation
efficiency. The sameis not true when the margind influence of industry risk is removed.
That is, by ridding the manager’s portfolio of industry ex-market effects, the firm can
unambiguoudy increase efficiency rdative to the market-adjusted portfolio. To seethis,
consider that the market-adjusted portfolio has no systematic risk, and therefore has a
market equilibrium expected return of the risk-free rate. Removing the margind effect of
industry movements from the market- adjusted portfolio reduces the voltility of the
portfolio without reducing its expected return, which remains at the risk-free rate
(assuming, once again, that the correlation between the firm returns and the market

returnsis podtive (0<r ;, <1). Figure 8 illustrates this concept.
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Figure 8: The Cost of Lost Diversification with Indexed
Portfolios (Hedged Against Market and Industry)
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D. Theloss-of-diversification cost of indexed options for the partially-diversified
manager
Of course, the efficiency measures outlined above assume that the manager is compelled
to hold all of her wedlth in equity or options of the firm and is therefore completely
undiversified. In redity, managers may hold some (or indeed most) of their wedlth
outsde of the company. How does this ahility of the manager to partidly-diversfy affect
efficiency levels? Under partid diversfication, the volatility faced by the manager will
be amix of the indexed portfolio’ s volatility and the volatility of the manager’ s other
holdings. Applying the efficiency metric for a partidly-diversfied investor from
Meulbroek (2001a) to the case a hand shows that an investor having weight w invested
in the stock j indexed portfolio and (1-w) in the market portfolio, where s , equals the
standard deviation of the combined market plus stock j indexed portfalio,

— 2 2o 2
S p _\/ \st indexedportfolio + (1' W) Sm + 2W(1' W)S indexedportfolio, m

2
_ > indexed portfolio 0 2
_sm\/mfgs—+ +(1- w)
e m (%]

The stock efficiency under partid diversfication, e* S

e =\\2—Ett; = e_(rj- i) , Wherer; - 1, = é%zsé—ps-ms m §§ (rm rf)

with the corresponding option efficiency pardlding the earlier derivation. Figure 9
disolays the efficiency levels for a hypothetica firm with a volatility and market
correlation equd to the average of dl Vdue Linefirms spedificdly illugtrating the
efficiencies of a market- adjusted indexed portfolio and an option on that portfolio for
managers with various degrees of portfolio divergfication. The caculations use athree-
year vesting period, meaning that the manager will be free to sell the stock or option in
three years.?’ We can see that the ability to partialy diversify improves efficiency. For
example, the efficiency of a market-adjusted equity portfolio for this hypothetica firmis



70% for amanager who has no wedlth outside the firm, increasing to 82% for a manager
with 50% of her wedth outsde the firm. The efficiency of the market-adjusted indexed
option is 61% for a completely undiversfed manager, improving to 76% for a manager
with 50% of her wedth outsde the firm.

In Section IV, below, we will gpply the technique developed here for estimating the
efficiency of options on the performance-benchmarked portfolios in a somewhat different
context. In that section we will estimate the combined efficiency of an option on the
performance-benchmarked portfolio supplemented by a cash grant. The cash grantisa
supplement with a magnitude equa to the difference between the market vaue of a
conventiona option to the market value of the option on the performance-benchmarked

portfalio.

27 gpecifically, the 1998 year-end volatility averages 52% for Value Line firms, the market volatility is
27%, and the average firm-market correlation is 48%. As a consequence, the average volatility of a market-
indexed portfolio is 45%.
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Figure 9: Sensitivity of Indexed (Market-Adjusted) Equity-Based Compensation Efficiency to
Managerial Portfolio Diversification for Hypothetical Firm

Calculations assume volatility level equal to Value Line firm average, market is the
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E. Implications for structuring indexed portfolio option compensation plans
Indexed options, that is, options on performance-benchmarked portfolios, will, of course,
have alower market vaue than conventiona options, smply because they have alower
overdl voldility level. As aconsequence, many proponents of indexed options have
suggested that the number of options granted to a manager will therefore have to be
adjusted upwards if an indexed option compensation plan is adopted, in order to equate
the manager’s pay under each system.?® While this argument is intuitively appedling, our
anaysis above suggests that a better structure exigts. Instead of equating compensation
levels across the two types of plans by issuing additional options on the indexed
portfolios, amore efficient structure is to supplement the indexed portfolio option grant
with a* market-vaue-equivalent” amount of cash compensation, that is, the amount
required to bring the manager’ stotal compensation level up to the market vaue of a
conventiond option. Cash is perfectly efficient: it leaves the manager freeto invest in the
market portfolio (or anything else). The market-vaue-equivaent cash supplement
therefore increases the efficiency of the option on the indexed portfolio because it alows
the manager to diversfy her holdings a bit, boosting efficiency. As a consequence, the
cash supplement plus indexed portfolio option package strictly dominates, in an
efficiency sense, the policy of boosting the number of indexed portfolio options to equate
the market value of the indexed portfolio options with that of a conventiona option

Indeed, the firm may want to increase the proportion of cash even beyond the market-
vaue-equivaent level needed to equate the value of the indexed portfolio option (plus
cash) with the vaue of a conventiond option. In any compensation plan, thefirmis
forced to balance the incentive dignment benefits of equity-linked compensation with the
loss-of-diverdfication costs associated with that compensation. An indexed portfolio
option plan alows the firm to shift that balance towards cash without sacrificing
incentive-adignment. To seethis, assume for the moment that the firm has currently found
the optima balance between awarding conventional options and other, non-equity based

28 After all, the goal of an indexed option compensation is to create better incentive alignment, restoring the
link between pay and performance by rewarding managers only for that portion of performance under
managers control. If sole goal were to decrease managers' compensation, firms could simply decrease the
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compensation. Performance-benchmarked portfolio options (indexed portfolio options)
are designed to limit managers' risk exposures to those the managers can control. If we
think that this selected exposure provides better incentive-dignment than the
conventiond option, then the number of indexed portfolio options can actudly be
reduced rdative to the firm’s current conventiona option grants. With the superior
incentive-aignment attributed to indexed portfolio options, the firm could afford to shift
its cash-option mix more towards cash. The gains fromthis strategy, if any, will depend
upon the relative efficiency of indexed portfolio options and conventiona options,

explored in the next section.

IV.  An Empirical Analysisof Conventional and Indexed Portfolio Option
Efficiency

To better understand how economicaly sgnificant the efficiency loss created by
performance-benchmarking (indexing) is, we investigate the efficiency of indexed
portfolio and conventiona options (both with and without the cash supplement described
above). This andyss should provide some guidance on how to best implement arelative-
performance-based compensation plan

Our empiricd invedtigation begins by caculating stock and option efficiency metrics for

al firmsliged in Vdue Ling s Investment Survey as of December 31, 1998. We dso
examine separately the results for a sample of Internet-based firms defined by the
Hambrecht & Quist (H& Q) Internet Index.?® The H& Q Internet Index is used because
Vaue Lin€ s coverage of internet-based firmsislimited to six firms during the period

over which we conduct our examination. Internet-based firms are perhaps of particular
interest because much of managers compensation in these firmsiis equity-based, and
such managers are likely to have a substantia fraction of their wedlth invested in these
companies. As a consequence, compensation plans that reduce volatility, such asthe

indexed portfolio plans discussed here, might be especialy vauable to these managers.

number of conventional options granted to managers, rather than go through the trouble of switching to an
indexed option system.

29 The H& Q Internet I ndex comprises a sub-sample of Internet-based firms, and is not confined to H& Q
clients. The Internet Index iswidely-cited and viewed as areliable reflection of Internet-based activity.
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Vdue Ling sindustry classifications are widdy-held to be more accurate than industries
formed using SIC codes. The database of firms and their industry classifications used in
this paper are described in Stafford (2001); we have updated that database through year-
end 1998.%° The Stafford-Andrade Vaue Line data lists dl firms and industry
assgnments collected from fourth quarter editions of Vaue Line, excluding foreign
indudtries (e.g. “ Japanese Diverdfied” or “Canadian Energy”), ADR’'s, REIT'S,
investment funds, and firms with industry classfications of “unassgned” or “recent
additions’ that are not subsequently assigned to an industry by Vaue Line. The database
uses Vaue Ling sindudtry classifications, with afew exceptions. For example, industries
that differ merdly by geographic classifications (e.g., “ Utilities (East)” and “ Utilities
(West)") are merged into one classification; industries where the product lines seem
particularly smilar (eg., “Auto Parts (OEM)” ad “Auto Parts (Replacement)”) are also
combined into one category. In total, our sample consists of 1496 Vaue Line firms
classfied into 56 indudtries.

To cdculate efficiency levels, we need esimates of b and s for each firm asinputs. To
esimate afirm’'sb, we use the market model, incorporating the last 150 trading days of
returns data prior to December 31, 1998, and using CRSP s vaue-weighted market
composite index. We use these same 150 trading days of returns data to estimate each
individud firm’s voldtility, s;  aswell as the market’s voldtility, S , caculated from
CRSP s vaue-weighted market composite index. 3! We assume a risk-premium of 7.5%
(7.2% continuoudy-compounded), the historical average amount by which the value-
weighted market index exceeds the long-term government bond rate (beginning in 1926).
Continuoudy-compounded daily excess returns (net of daily risklessrates) are used in dl
cdculatiions. The Vaue Lineindustry components over the six month period ending
December 31, 1998 are used to create both val ue-weighted and equa-weighted daily
industry returns.

30 The author thanks Gregor Andrade and Erik Stafford for use of this database.
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Table 1 digplays the characteristics of firmsin our sample. Panel A shows that the mean
betafor Vdue Line firmsis 0.90, with an annud volatility leve of 52%, and the mean
firm size (market equity vaue) is $7.5 billion. Pand B shows that the mean betaand
volatility for H& Q Internet based firms is higher than the average VVaue Line firm (beta
= 2.00 and annud volatility = 117%). As a consequence, for athree-year vesting period,
the meen efficiency of stock compensation for Vaue Line firmsis 81% (higher than the
63% of H& Q firms), and the efficiency of conventiona stock optionsis 76% (versus
61% for H& Q firms). Table 2 further details some of the informationfrom Table 1 by
showing the indugtry-level figures corresponding to Table 1's summary datistics. We can
see from Table 2 that industry-level volatility (volaility caculated using the return of the
Vdue Lineindustry index) ranges from alow of 16% for the Utility indusiry, to ahigh of
57% for Oil Fidld Services and Equipment,3? and averaging 32% across al industries.
Notice too that the correlation between firm returns and market returns averages 0.438
over dl Vdue Linefirms with amaximum vaue of 0.70 firm Bank and Thrifts, and a
minimum of 0.31 for Utilities

The corrdations give us a prdiminary sense of how effective performance-benchmarking
(indexing) to the market and or industry might be. The square of the corrdation numbers
is the R? from the CAPM regression mode, which indicates how much of the firm's
volatility is explained by market movements. From Table 2, the mean R across
industries is 23% (the mean R acrossindividud firmsis aso 23%). The mgority of
voldility in returnsis therefore non-systematic. Smilarly, one can look to the last column
of Table 2 to see how industry-leve indexing might affect volatility. This column

displays the correlation coefficient between the firm ex-market returns and the ex-market
industry returns. These correlation coefficients caculations remove the effect of market
movements, and show us how much correlaion remains between the firm and its industry
after such an adjustment. The larger the correlation coefficient, the greater the margina
decrease in voldtility that can be achieved from removing industry effects from the

31 |n cases where 150 days of data are not available, we require aminimum of 64 observations (3 months)
of daily returnsfor volatility estimation.

32 value Linesinchoate Internet industry index has a higher volatility of 79%, but Value Line includes only
six firmsin thisindustry, prompting our use of the H& Q Internet Index.
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manager’ s portfolio. Table 2 illustrates that the average firm returns have a correlaion of
0.28 with itsindustry, meaning that the R? from aregression of ex-market firm returns
and ex-market indugtry returnsis 0.08. Therefore, 8% of the voldtility remaining after
gripping out market effects from firm returnsis due to industry movements. Together,
these numbers suggest that much of astock’ s voldility is not industry or market related,
meaning that the manager will dill bear Sgnificant firm-specific risk even if options are
performance-benchmarked, that is, indexed.

Table 3 turnsto the efficiency of stock and option compensation using the indexed
portfolios outlined above — a portfolio hedged againgt market movements, a portfolio
hedged againgt industry movements, and a portfolio hedged againgt both industry and
market movements. Hedging out market movements drops the manager’ s stock portfolio
from a52% annud voldility to 45% annua volatility. Taking out non-market industry
effects drops the volatility to 42%. The column labeled “ Efficiency of Stock or Indexed
Portfolio) displays the efficiency that results from the combined voltility decrease and
shift in the compodtion (systematic versusidiosyncratic) of that volatility. The efficiency

of a stock-based portfolio drops from the 81% associated with a grant of the firm's stock,
to 72% for the market- and industry-adjusted stock portfolio. In other words, the private
vaue that a manager places on her sock compensation is 81% of its market value when
the firm’s stock is used. When the manager is compensated using the market- and
industry-adjusted portfolio, the private vaue that a manager places on that portfolio is
72% of its market value. The drop is somewhat greeter for optionbased compensation,
which moves from an efficiency level of 76% for a conventiona option, versus 63% for

an option on amarket- and industry-adjusted portfolio.

If we stopped the analysis here, the conventiona option, with its higher efficiency levd,
would seem to dominate the indexed portfolio option. Of course, this conclusion ignores
severd advantages of indexed portfolio options not consdered in the efficiency-based
cost cdculations. Fird, the indexed portfolio option may better motivate the manager
smply because more of the volatility of her sock and option holdings is now under her

control. Second, an indexed portfolio option costs less (meaning it has alower market
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vaue) than a conventiona option. This means that a firm could supplement its indexed
portfolio option grant with a cash grant, in order to bring the combined vaue of the
indexed portfolio option and the cash up to the level of a conventiona option. Because
cash is 100% efficient from the manager’ s standpoint (i.e. she can invest cash as she sees
fit), this combination will have ahigher efficiency than that of the indexed portfolio

option adone. Indeed, it is conceivable that this extra cash could boost the efficiency of
the indexed portfolio option cash combination higher than the efficiency leve of the
conventionda option.

To better understand the efficiency of this market-vaue-equivaent portfolio of indexed
portfolio option plus cash, one first needs to know how large the cash grant will be. Of
course, the larger the cash grant, the larger the efficiency gains. The last columnin Table
3 shows how large a cash grant is needed to equate compensation vaue across the two
different types of option programs. conventiona and performance-benchmarked
(indexed) portfolio. The mean ratio of the market-indexed portfolio option market value
to the market vaue of the conventiond option is 93%, and the mean ratio of the market-
and industry-adjusted option is 91%. Thus, the firm gives the manager cash equivaent to
7% of the conventiona option’s value, combined with an option on a market- adjusted
portfolio, or cash equivadent to 9% of the conventiond option’s vaue, combined with an
option on a market- and industry-adjusted portfolio, to form the market- vaue-equivaent
portfolios.

Table 4 digplays efficiency levels for conventiona and indexed portfolio options (Smilar
to those in Table 3), but on an industry-by-industry basis. The table reved's that industries
such as Utilities, Naturd Gas, Bank and Thrifts have efficiency levels for market-

adjusted options on the high end of the spectrum, while Internet-based firms, Educationa
Services, Medica Services and Qilfied Services and Equipment have efficiencies on the
lower end. Examining the efficiency leves of the market- and industry- adjusted option
portfolio yields much the same story. The market- and industry-adjusted indexed option
could be supplemented by an amount of cash ranging from 6% of the conventiona option
for H& Q Internet-based firms, to 29% of the conventiond option’s vaue (Cod and
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Alternate Energy), averaging 11% across dl industries. So, even after considering the
margina contribution of indudiry indexing, the mgority of the value from the market-
vaue-equivaent market- and industry-adjusted option plus cash package comes from the
indexed portfolio option, not from cash.

Isthe rlatively smdl cash grant in the market-vaue-equivaent indexed portfolio option
combination enough to boost its efficiency level above that of the conventiond option?
Table 5 addresses this question. It displays the efficiency level of conventiond options,
the efficiency leve of the indexed portfolio option, and, using the market vaue ratios
from Table 4, the efficiency leve the indexed portfolio option plus cash grant. In Table 5,
Pand A, can see that the efficiency leve of the conventiond option for Vaue Line firms
averages 76% versus 63% for the market- and industry-indexed option, before
congdering the added cash. Mixing in cash averaging 9% of the conventiona option’s
va ue boosts the efficiency of the indexed portfolio option itself to 65%, and the indexed
portfolio option plus cash combination to 68%. The numbers for the other indexed
portfolios (market- adjusted or industry-adjusted) are smilar. The conclusions for the set
of Internet-based firms paradld those of the Vaue Line firms: the conventiona option
efficiency has amean vaue of 59%, and the market- and industry-adjusted indexed
option efficiency moves from its value of 43% to an efficiency leve of 48% when the
cash supplement is added. Even with the addition of cash, market and/or industry
indexing isless efficient (managers place alower private vdue on it relative to its market
value) than conventiona option grants. Note that these efficiency levels would be lower
dill if the vaue difference between an indexed portfolio option and a conventiona option
were paid to the manager in the form of more indexed options, rather than in cash (i.e.
that 9% va ue difference would consist of indexed portfolio options, not cash), as advised
by many of the proponents of indexed options.

V. Conclusons

Recent market volatility has strengthened the cdl for indexed options, thet is, options
whose payoff is linked to some sort of market or industry-based index. Such options hold
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the potentia to propitiate critics of conventiona stock options, critics who view the
Brobdingnagian fortunes amassed by many managers during the bull-market as the result
of luck, not ability or effort. Indexed options compensation, assert its proponents, tightens
the link between managerid efforts and compensation by removing overdl stock market
gains (or losses), or perhaps industry-level gains (or losses) from managers
compensation. While managers have seemed reluctant to adopt compensation indexed to
market or industry benchmarks (only one U.S. firm, Level 3 Communications, currently
has an indexed option plan), the newly-discovered ability of the market to decrease as

well asincrease may draw more managerid support for indexing in the future.

In this paper, | examine how an indexed option plan should be structured, and gauge the
costs associated with such plans. | show that that when an indexed option plan hasa
variable exercise price, astructure typicaly suggested by its advocates, its vaue still
reflects market and industry movements. To remedy this unintended outcome, | propose
an dternative option structure that has asits underlying asset uses a zero-beta portfolio
hedged againgt those price movements, such as market or industry movements, thought to
be outside of managers control. | then show that this “ performance- benchmarked
portfolio” performs as intended, effectively removing the effects of market or industry

performance from the vaue of the option.

| lso compare the deadweight costs of the proposed performance-benchmarked (or
indexed) portfolio option plan to the costs of conventional stock options. Deadweight
cogs arisein any equity-linked compensation plan: equity-linked compensation exposes
managers to firm-specific risk, inevitably cregting some loss in the managers  ability to
hold diversfied portfolios. Condrained in their ability to diversify, managers are exposed
to the firm’stotd volatility, rather than the smdler sysematic portion faced by the well-
diversfied investor. As a consequence, the stock’ s expected returns are too low to fully
compensate managers for the risk they must bear, leading them to value their stock and
options at less than their market value. This gap between the cost of equity-linked
compensation to the firm (its market value) and the value placed on that compensation to
undiversfied managers, is a deadweight cost to the firm. To determine the optimal



proportion of equity-based compensation, the firm must balance the deadweight loss- of-
diversfication cogs againg the incentive-alignment benefits produced by that

compenstion.

Perhaps surprisingly, the deadweight cost of an option on a performance- benchmarked
portfolio isgreater than the deadweight cost of a conventiona option. When the option
on the performance-benchmarked portfolio factors out the effect of systematic risk, it
eliminates the very type of risk that provides the holder of a conventiona option with a
type of “implicit” diversfication. A manager holding a conventiona option will beer

both systematic and non-systematic risk, and will be compensated through the stock’s
expected return for the systematic portion of that risk. A manager holding an option on a
performance-benchmarked portfolio bears “only” non-systematic risk, and istherefore
not “compensated” for any of that risk exposure, leaving the manager with an expected
return of risk-free rate on the underlying asst.

To explore whether the theoretica deadweight costs of options on performance-
benchmarked portfolios are economicaly sgnificant, | use amethod developed in this
paper to empiricaly estimate their magnitude. | find that the firmstracked by Vau Line
have amean efficiency leve of 72% for the conventiona stock option, meaning that an
undiversfied Vaue Line manager values that option at 72% of its market vaue on
average. Indexing to the market and industry reduces the manager’ s private vaue of that
option from 72% of market vaue to 63%. If thisindexed (performance-benchmarked)
plan is supplemented by a market-vaue-equivaent cash grant (i.e. the amount necessary
S0 that together the cash plus the indexed option has a market value equal to that of a
conventiona option), the efficiency leve increases to 68%, alevd that is il twelve
percent lower than the efficiency of the conventiona option. And for more volatile

I nternet-based firms, the contrast is even more sriking: the efficiency of a conventiond
option is 59%, and that of the market- and industry-adjusted indexed plan (supplemented
by cash) is 48%, an average twenty-four percent lower than the conventiona option.
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This deadweight cost andysis has three practica implications, al essentid to afirm
adopting an indexed option plan. Thefirg isthat removing industry-leve voldtility
unambiguoudy “increases’ efficiency of the market-indexed portfolio. This efficiency
increase occurs because the market-indexed portfolio isfree of sysemétic risk (by
congruction), and the margind effect of removing ex-market industry movements (“ex-
market” means the portion industry return unrdated to market movements) from the
market-indexed portfolio decreases idiosyncratic volatility without further sacrifice of
expected returns. The better the match between the firm’s benchmark portfolio and the
factors under the managers control, the more that the manager’ s exposure to
unproductive (and costly) idiosyncratic volatility will decrease.

The second practica implication of the greater deadweight costs associated with a
compensation plan structured around options on performance-benchmarked portfoliosis
that firms implementing the performance- benchmarked portfolios plan should award
fewer indexed portfolio options than the number that they would have otherwise awarded
in a conventiona option plan. This practice contradicts the traditiona recommendation
that managers receiving performance-benchmarked options be granted a greater number
of options than they would otherwise receive under a conventiona option plan.

Increasing the number of options on a performance-benchmarked portfolio, however,
would only exacerbate the deadweight cost problem. Instead, to increase efficiency while
bringing the vaue of the option on the performance-benchmarked portfolio grant up to
the vaue of the conventiond option, the firm can supplement the option on the
performance-benchmarked portfolio with enough cash to equate the dollar vaue of the
two types of option plans. The efficiency leve of this market-market-vaue-equivadent
indexed option portfolio is greeter than the efficiency of the performance-benchmarked
option aone. Nevertheless, as an empirical matter, the cash required to equate the two
market vauesistoo smal to dter efficiency much. That is, a leest for Vaue Line firms,
the combined efficiency of the market-market-vaue-equivaent indexed option planis
still lessthat the efficiency of a conventiond option plan.
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Finaly, the deedweight cost anadlys's suggest that firms who adopt an indexed option plan
should consider increasing the cash component above the minima market-market-vaue-
equivaent amount suggested above. Why the increase to the cash component? 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 optima mix
between cash and equity-based compensation may shift towards cash. If the incentive
adignment gains from moving to a performance-benchmarked plan are large enough, the
firm can produce the same degree of incentive dignment using fewer options. With this
decrease in the codt to creete a given degree of incentive dignment, the firm can increase
the proportion of cash in the compensation package, an increase that will raise the vaue
that managers place on their compensation, without increasing the firm's cost by alike
amount. In fact, any time that a firm can decrease the equity component of compensation,
while maintaining the desired degree of incentive dignment, it has an opportunity to

increase shareholder value.

In sum, compensation committees need to carefully consider the benefits offered by
indexing, contrasting the benefits with the deadweight costs described in this paper. If a
firm does move forward with an indexing scheme, it should avoid a structure thet links
the exer cise price with the benchmark index, instead relying upon an option on an
appropriate performance-benchmarked portfolio with afixed exercise price as outlined
above. The best performance-benchmarked portfolio will remove not only market
(systemtic) risk, but so as much idiosyncratic risk as possible, aslong asthat risk is not
under managers control. After determining the best performance-benchmarked portfolio,
firms adopting such a plan need to re-evauate the gppropriate mix of cash and optionsin
the compensation plan, consdering whether they can increase the cash component while
maintaining the desired degree of incentive aignment.
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Appendix

This gppendix details the derivation of the market- and industry-adjusted portfolio for
stock j. The derivation has two steps. Firgt we create a portfolio for industry that is
hedged against the market (referred to in the text as the industry ex-market portfolio).>
Then we 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 a timet
V,,(t) denote the value of amarket portfalio (with al dividends reinvested)

V;(t) denotethe 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, dzZ_ )
%zndﬁsidzi ©)

CAPM (continuous-time) obtains so,
rj:rf+bj(rm_rf) (49)
cov(dZJ., dZm) S,

S

m

where b; = , T ;m=correlation betweenfirmj’s

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

ri:rf+bi(rm—rf) (4b)

33 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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where b, = cov(dz, dz,) s, and r ., = correlation between industry and
s

m

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

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

We can decompose dZ; into acomponent correlated with the market and a component
uncorrelated with the market:
dzi © r.imdzm-i-gi CE (5)

where de; is defined by (5), where g, © (1- r |2m) and where cov(de, dz,)=0

From (3) and (5),
ﬂ = rdt+s,r dZ +s,0de (6)

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

iii) fraction w; long in the riskless asst.

If B =vaue of the portfolio, then

P md, O
il W oS
P V, é Vi o

()

I
—_
=
1

w (T, - rf))dt + (s, rn-Wws,)dzZ, + s, g de
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Ifwesdtw, =b, = s;r M. then from (7) and (4b), the return on the (ex-market)

m
industry portfoliois

a7 = r.dt +s,gde (8)

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

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

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

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

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

component orthogond to the market, we get

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

: : - / 2 0 -
where de; isdefinedby (9), g; = ? rij, and cov(dej,dZm)—O

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

orthogona component, then we get
de; =h;de; +d;dq; (10)

where dg; isdefined by (10), d | = /? h jizg ,and cov(dq; , de; )= 0,

cov(dqj , dZm) =0
From (1), (9), (10)
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av,
J

de; +g;d;dg;

ji

=rjdt+sr;,dZ, +g;s h;

de; +g;s ;d; dg;
By the proposed strategy, we have that

dP, dv. aslV. 0 . o
PV Vi @ gF? P

:(rj ) bj(rm - rf»dt +(dezj - bjS mdZ, - stigide)

(11)

(12)

(from (1), (2), (8))

(42))

9;s jhji
9iS

Now, if we sdect X = , then

?:rfdt+s ; dq;

i

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

sj(° (gjdj)sj 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 industry returns (purdly idiosyncratic

risk) with the features that:
dP,

i _ ¢
?j =rydt +s ;dg;
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where the porfolio hasfraction Linstock |, fraction b short in the market portfolio,
. gjsjhji . . . &s h. U
fraction ————— short in the industry (ex-market) portfolio, and Zi” i" i 4 |y ~inthe
9 ggs, 0

riskless assat.

Equivaently, this can also be expressed as a portfolio with fraction 1 in stock j , fraction

é
S .h. e 9 j O
9% i short inindustry portfalio, fraction b ; & - gj&:?
9iS i ¢ &0 0es
e

in the market, and ;s h, +b. U in the riskless ascet
§9s,  d

Theindugtry- and market-adjusted portfolio can therefore be expressed as.
dP

i -
F—rfdt+l ;s ;dg;

J

- - 20 20
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TABLE 1
Characteristics of Sample Firms
Value Line Industry Survey Firms and H&Q Internet-Based Firms: December 31, 1998

The Panel A dataset consists of 1496 Value Line firms classified into 56 industry classifications as of 12/31/98. Foreign firms and industries are not included in the analysis. The
Panel B dataset consists of 53 H&Q Internet firms as of 12/31/98. Continuously-compounded daily excess returns (net of daily riskless rates) are used in all calculations. The
market return is the continuously-compounded value-weighted daily NYSE/AMEX/NASDAQ Composite returns (net of daily riskless rates). A minimum of 64 observations (3
months) of daily returns are required for beta and volatility estimation. "Equity Value of the Firm" is measured as of 12/31/98. "Return Premium (sj)" is the return premium on a stock
required by an undiversified manager to compensate for the higher level of risk. "Equity Efficiency" is the ratio of the value of the stock to the undiversified manager to the value of
the stock to the diversified investor. "Option Efficiency" is the ratio of the value of the option on the stock to the undiversified manager to the value of the option on the stock to the
diversified investor. The vesting period of the stock is 3 years and the time to expiration of options are 3 and 10 years labeled respectively. "n" represents the number of firms.

Panel A: Value Line Firms

Equity Value of Firm Sharpe

Beta (b)) Volatility (S;) ($mm) Ratio ((r;-r¢)/S;)
mean 0.90 0.52 7,509 0.127
median 0.87 0.48 1,517 0.127
std dev 0.40 0.20 22,919 0.039
n 1,496 1,496 1,496 1,496

Return Equity Option Efficiency

Premium (s;) Efficiency (V'NV) 3 Year Maturity 10 Year Maturity
mean 0.073 0.81 0.67 0.76
median 0.064 0.83 0.67 0.77
std dev 0.041 0.09 0.09 0.08
n 1,496 1,496 1,496 1,496
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TABLE 1 (cont.)
Characteristics of Sample Firms
Value Line Industry Survey Firms and H&Q Internet-Based Firms: December 31, 1998

The Panel A dataset consists of 1496 Value Line firms classified into 56 industry classifications as of 12/31/98. Foreign firms and industries are not included in the analysis. The
Panel B dataset consists of 53 H&Q Internet firms as of 12/31/98. Continuously-compounded daily excess returns (net of daily riskless rates) are used in all calculations. The
market return is the continuously-compounded value-weighted daily NYSE/AMEX/NASDAQ Composite returns (net of daily riskless rates). A minimum of 64 observations (3
months) of daily returns are required for beta and volatility estimation. "Equity Value of the Firm"is measured as of 12/31/98. "Return Premium (sj)" is the return premium on a
stock required by an undiversified manager to compensate for the higher level of risk. "Equity Efficiency" is the ratio of the value of the stock to the undiversified manager to the
value of the stock to the diversified investor. "Option Efficiency" is the ratio of the value of the option on the stock to the undiversified manager to the value of the option on the stock
to the diversified investor. The vesting period of the stock is 3 years and the time to expiration of options are 3 and 10 years labeled respectively. "n" represents the number of firms

Panel B: Hambrecht & Quist Internet-Based Firms

Equity Value of Firm Sharpe
Beta ( bj) Volatility (S;) ($mm) Ratio ((r;-r)/s;)
mean 2.00 1.17 14,128 0.130
median 2.06 1.19 1,216 0.128
std dev 0.47 0.33 51,129 0.033
n 53 53 53 53
Return Equity Option Efficiency
Premium (s;) Efficiency (V'NV) 3 Year Maturity 10 Year Maturity
mean 0.166 0.62 0.56 0.61
median 0.159 0.62 0.56 0.61
std dev 0.074 0.13 0.12 0.13
n 53 53 53 53
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TABLE 2
Industry Characteristics

Value Line Industries and Hambrecht & Quist Internet-Based Industries: December 31, 1998

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) over the six month period ending 12/31/98. If six months of data is not available, we use the 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" industry return (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) (by) (Sj) (si) ( rjm) (hij)
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 0.56 0.56 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 1.26 1.25 0.20 0.58 0.57 0.09 0.43 0.59 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 0.38 056 054 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 113 il,ilyy 0.14 0.53 0158 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 0.50 0.50 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 0.24 043 041 012 0.31 0.51 052 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 0.20 044 042 011 0.21 0.44 043 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 0.53 012 0.30 0.46 047 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 0.95 0.84 0.40 0.57 0.56 0.20 0.31 0.45 0.45 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 0.45 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 2 (cont.)
Industry Characteristics
Value Line Industries and Hambrecht & Quist Internet-Based Industries: December 31, 1998

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) over the six month period ending 12/31/98. If six months of data is not available, we use the 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" industry return (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) (bj) (sj) (si) (rim) (hij)
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 0.62 0.50 0.28 0.29 0.32 0.31 0.09 0.39 0.40 0.31
Medical Services 23 3537 1196 4029 1.05 1.04 0.24 0.77 0.71 0.28 0.34 0.41 0.40 0.14 0.31 0.31 0.17
Medical Supplies 45 7965 1450 20230 0.82 0.79 0.27 0.53 0.48 0.21 0.25 0.44 043 0.13 0.13 0.07 0.20
Metal Fabricating 12 1746 442 4055 0.71 0.69 0.30 0.48 0.46 0.13 0.30 0.42 0.42 0.15 0.19 0.14 0.25
Metals and Mining 19 2513 982 3395 0.60 0.69 0.42 0.59 0.54 0.19 0.35 0.34 0.36 0.25 0.55 0.55 0.22
Natural Gas 43 2141 984 3553 0.56 0.52 0.27 0.35 0.32 0.14 0.21 0.44 0.46 0.11 0.27 0.24 0.19
Office Equip. & Supplies 21 4336 959 9177 0.95 0.93 0.46 0.65 0.62 0.31 0.32 0.42 0.39 0.17 0.14 0.11 0.20
Oilfield Services & Equipment 20 3296 1382 5913 1.28 1.23 0.21 0.77 0.76 0.14 0.57 0.46 0.46 0.07 0.78 0.82 0.14
Packaging & Container 10 1990 1698 1536 0.76 0.80 0.16 0.50 0.48 0.16 0.28 0.43 0.43 0.11 0.34 0.27 0.24
Paper & Forest Products 25 3028 1990 3357 0.75 0.74 0.18 0.42 0.40 0.08 0.29 0.49 0.50 0.10 0.49 0.60 0.25
Petroleum 41 13515 3373 30972 0.77 0.75 0.21 0.47 0.43 0.13 0.25 0.46 0.44 0.09 0.41 0.45 0.24
Precision Instrument 23 1917 476 4827 1.00 0.90 0.39 0.66 0.64 0.18 0.30 0.42 0.44 0.10 0.16 0.11 0.20
Railroad 7 8694 9059 4988 0.95 0.81 0.47 0.46 0.38 0.17 0.25 0.54 0.54 0.10 0.47 0.55 0.16
Recreation 30 8626 2242 16790 1.11 1.07 041 060 054 022 0.33 0.52 057 0.15 0.19 0.16  0.15
REIT's 15 1839 1190 1483 0.61 0.53 0.23 0.33 0.29 0.12 0.20 0.50 0.48 0.07 0.49 0.50 0.18
Restaurant 27 3134 590 9904 0.84 0.80 0.29 0.53 0.51 0.15 0.31 0.44 0.46 0.10 0.13 0.13 0.19
Retail (Special Lines) 55 2177 1001 4536 117 1.24 0.38 0.70 0.67 0.21 0.38 0.46 0.50 0.13 0.19 0.19 0.16
Retail Store 20 15845 4941 39412 1.18 1.23 0.27 0.58 0.58 0.14 0.38 0.57 0.60 0.15 0.33 0.30 0.21
Steel 17 716 449 882 0.70 0.69 0.26 0.51 0.50 0.19 0.27 0.39 034 0.12 0.34 0.37 0.20
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 0.62 0.65 0.13 0.34 0.36 0.36 0.11 0.36 0.34 0.18
Tire & Rubber 5 2297 1549 3179 0.85 0.78 0.24 0.42 0.36 0.15 0.29 0.56 0.53 0.08 0.45 0.32 0.31
Tobacco 6 25059 4487 51655 0.62 0.59 0.11 0.36 0:35; 0.07 0.25 0.46 0.46 0.06 0.40 0.39 0.34
Toiletries & Cosmetics 5 14286 5236 22115 0.94 0.96 0.05 0.45 0.41 0.07 0.43 0.57 0.57 0.08 0.40 0.32 0.35
Trucking & Transportation Leasing 15 765 636 507 0.87 0.93 0.21 0.59 0.60 0.11 0.30 0.40 0.41 0.09 0.38 0.37 0.15
Utilities 88 3961 2626 4221 0.28 0.26 0.11 0.25 0.23 0.06 0.16 0.31 0.31 0.09 0.57 0.61 0.22
H&Q INTERNET INDEX FIRMS** 53 14128 1216 51129 2.00 2.06 0.47 117 1.19 0.33 0.47 0.49 0.48 0.12 0.29 0.27 0.15

**Not Included in Summary Statistics
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TABLE 2 (cont.)
Industry Characteristics
Value Line Industries and Hambrecht & Quist Internet-Based Industries: December 31, 1998

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) over the six month period ending 12/31/98. If six months of data is not available, we use the 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" industry return (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 ($mm) (b) (si) (si) (rjm) (hij)
mean  26.7 7274 0.92 0.54 0.32 0.48 0.32
Industry median  22.0 3987 0.86 0.52 0.30 0.46 0.30
Summary Stats stddev 195 7060 0.28 0.13 0.10 0.08 0.16
(Industries are max  88.0 25760 217 1.06 0.79 0.70 0.78
equally-weighted) min 2.0 448 0.28 0.25 0.16 0.31 0.04
Industry Firm-Ind. Corr. (after
# of Equity Value on Beta Firm Volatility Volatility Firm-Mkt Corr. taking out the mkt)
Firms 12/31/98 ($mm) (b) (s)) (si) (rim) (hij)
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 253 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) (bi) (si) (si) (Tim) (hij)
MEAN MED STDEV ~ MEAN MED STDEV ~ MEAN MED STDEV MEAN MED STDEV MEAN MED STDEV
Commerce 18 3098 576 5474 2.39 2.09 1.20 151 1.34 0.61 0.74 0.43 0.42 0.10 0.36 0.36 0.16
Communications 12 15142 1444 41426 195 203 035 107 1.07 034 0.56 0.53 051 012 0.29 0.27 025
Content 13 8574 1556 19756 244 231 075 131 122 048 0.77 0.53 055 013 0.46 050 032
Security 4 2904 954 4031 172 165 0.36 091 0.92 020 0.62 0.52 054 0.9 0.46 0.32 034
Software 11 35371 1080 102334 191 214 049 123 123 051 0.44 0.47 046 015 0.25 0.20 029
All H&Q INTERNET INDEX FIRMS 58 14128 1216 51129 2,00 2.06 0.47 117 1.19 033 0.47 0.49 048 0.12 0.29 0.27 0.15
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TABLE 3
Stock and Option-Based Compensation Efficiency for the Firm's Stock and the Three Performance-Benchmarked Market- and/or Industry-Adjusted

"Efficiency" is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year vesting period.
"Volatility" is the annualized volatility of the firm's stock or the appropriate performance-benchmarked portfolio calculated from daily return. Option values are priced with the
Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns. "Conv. Option" is a conventional 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.

Panel A: Portfolios Hedged Against Value-Weighted Market Returns and Value-Weighted Industry Returns

Efficiency
Ratio of Market Value of
Stock of Firm or Performance- Option on Stock or Performance- Performance-Benchmarked
Portfolio Composition Volatility Benchmarked Portfolio Benchmarked Portfolio Option to Conv. Option
Stock Only mean 0.519 0.809 0.762 -
median 0.480 0.826 0.773 -
std dev 0.205 0.090 0.084 -
n 1,496 1,496 1,496 -
Portfolio Hedged mean 0.452 0.707 0.617 0.932
Against Market median 0.414 0.720 0.624 0.940
Returns std dev 0.196 0.100 0.073 0.045
n 1,496 1,496 1,496 1,496
Portfolio Hedged mean 0.417 0.725 0.631 0.900
Against Industry median 0.381 0.737 0.636 0.915
Returns std dev 0.182 0.105 0.079 0.071
n 1,496 1,496 1,496 1,496
Portfolio Hedged mean 0.420 0.720 0.627 0.909
Against Market and median 0.385 0.731 0.632 0.927
Industry Returns std dev 0.199 0.106 0.079 0.072
n 1,496 1,496 1,496 1,496
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TABLE 4
Industry-Level Summary Statistics for Efficiency of Compensation for Conventional Stock Option, and Option on Indexed Portfolio (Hedged Against Market Movements, Industry Movements, or
Both)

“Efficiency" is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year vesting period. “Volatility" is the annualized volatility of the firm's
stock or the appropriate performance-benchmarked portfolio calculated from daily return. Option values are priced with the Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns.
"Conventional Option" is a conventional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market, industry, or marketand 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 returnis 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

Efficiency of Option on Conventional Option
Firm's Stock Only Market-Hedged Industry-Hedged Market & Industry Market-Hedged Industry-Hedged Market & Industry
Industry (Conv. Option) Portfolio Portfolio Hedged Port. Portfolio Portfolio Hedged Port.
Advertising, Publishing & Newspaper 0.81 0.66 0.66 0.67 0.92 0.90 0.89
(0.06) (0.05) (0.05) (0.05) (0.03) (0.04) (0.04)
Aerospace & Defense 0.76 0.63 0.64 0.64 0.95 0.93 0.91
(0.04) (0.04) (0.04) (0.04) (0.02) (0.07) (0.06)
Air Transport 0.79 0.60 0.64 0.64 0.90 0.81 0.81
(0.03) (0.03) (0.06) (0.05) (0.02) (0.10) (0.09)
Apparel & Shoe 0.71 0.57 0.58 0.58 0.96 0.94 0.93
(0.07) (0.05) (0.06) (0.06) (0.02) (0.04) (0.04)
Auto & Truck 0.79 0.61 0.62 0.63 0.91 0.88 0.87
(0.05) (0.04) (0.06) (0.06) (0.04) (0.10) (0.10)
Auto Parts 0.76 0.63 0.63 0.64 0.94 0.92 0.92
(0.08) (0.06) (0.06) (0.07) (0.04) (0.05) (0.05)
Bank & Thrift 0.87 0.67 0.67 0.68 0.85 0.83 0.82
(0.04) (0.03) (0.04) (0.04) (0.04) (0.06) (0.06)
Beverage 0.77 0.64 0.64 0.65 0.94 0.93 0.91
(0.07) (0.04) (0.06) (0.06) (0.04) (0.09) (0.08)
Broadcasting & Cable TV 0.80 0.62 0.65 0.66 0.90 0.84 0.82
(0.04) (0.03) (0.10) (0.10) (0.02) (0.13) (0.12)
Brokerage, Leasing & Financial Services 0.80 0.60 0.62 0.62 0.89 0.85 0.84
(0.06) (0.05) (0.05) (0.05) (0.04) (0.07) (0.07)
Building Materials, Cement, Furniture & Homebuilding 0.77 0.61 0.61 0.62 0.93 0.93 0.92
(0.08) (0.06) (0.06) (0.06) (0.05) (0.06) (0.06)
Chemical 0.76 0.62 0.62 0.63 0.94 0.94 0.93
(0.07) (0.05) (0.06) (0.06) (0.03) (0.05) (0.05)
Coal & Alternate Energy 0.77 0.61 0.75 0.75 0.93 0.72 0.71
(0.06) (0.07) (0.12) (0.12) (0.01) (0.29) (0.27)
Computer 0.73 0.56 0.56 0.57 0.92 0.92 0.91
(0.09) 0.07) 0.07) 0.07) (0.05) (0.07) (0.07)
Diversified 0.78 0.63 0.63 0.63 0.93 0.93 0.92
(0.06) (0.04) (0.04) (0.04) (0.04) (0.05) (0.05)
Drug 0.76 0.60 0.60 0.61 0.92 0.92 0.91
(0.09) (0.08) (0.08) (0.08) (0.04) (0.07) (0.06)
Drugstore 0.79 0.63 0.65 0.66 0.90 0.84 0.83
(0.10) (0.06) (0.09) (0.09) (0.07) (0.16) (0.15)
Educational Services 0.67 0.52 0.55 0.55 0.95 0.88 0.88
(0.16) (0.14) (0.15) (0.15) (0.03) (0.09) (0.09)
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TABLE 4 (cont.)
Industry-Level Summary Statistics for Efficiency of Compensation for Conventional Stock Option, and Option on Indexed Portfolio (Hedged Against Market Movements, Industry Movements, or
Both)

“Efficiency" is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year vesting period. “Volatility" is the annualized volatility of the firm's
stock or the appropriate performance-benchmarked portfolio calculated from daily return. Option values are priced with the Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns.
"Conventional Option" is a conventional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market, industry, or marketand 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 returnis 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

Efficiency of Option on Conventional Option
Firm's Stock Only Market-Hedged Industry-Hedged Market & Industry Market-Hedged Industry-Hedged Market & Industry
Industry (Conv. Option) Portfolio Portfolio Hedged Port. Portfolio Portfolio Hedged Port.
Electrical Equipment & Home Appliance 0.79 0.64 0.65 0.65 0.93 0.94 0.92
0.07) (0.05) (0.07) (0.07) (0.05) (0.06) (0.06)
Electronics & Semiconductor 0.73 0.57 0.58 0.58 0.93 0.91 0.91
(0.07) (0.06) (0.06) (0.06) (0.04) (0.07) (0.07)
Food Processing 0.76 0.63 0.64 0.64 0.95 0.94 0.93
(0.06) (0.05) (0.05) (0.05) (0.03) (0.05) (0.05)
Food Wholesalers & Grocery Stores 0.77 0.64 0.65 0.65 0.95 0.93 0.92
(0.07) (0.05) (0.06) (0.06) (0.03) (0.06) (0.06)
Hotel & Gaming 0.75 0.60 0.62 0.62 0.94 0.90 0.89
(0.05) (0.04) (0.05) (0.05) (0.03) (0.06) (0.05)
Household Products 0.74 0.61 0.61 0.62 0.94 0.93 0.92
(0.12) (0.09) (0.10) (0.10) (0.04) (0.08) (0.09)
Industrial Services (Including Environmental) 0.74 0.59 0.60 0.60 0.95 0.94 0.93
(0.06) (0.06) (0.06) (0.06) (0.03) (0.04) (0.05)
Insurance 0.81 0.65 0.65 0.65 0.91 0.89 0.89
(0.07) (0.05) (0.05) (0.05) (0.04) (0.06) (0.06)
Internet 0.68 0.47 0.55 0.55 0.93 0.79 0.79
0.07) (0.06) (0.10) (0.10) (0.04) (0.14) (0.14)
Investment 0.85 0.69 0.70 0.70 0.90 0.88 0.87
(0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.06)
Machinery 0.75 0.61 0.62 0.62 0.95 0.93 0.93
(0.06) (0.06) (0.06) (0.06) (0.03) (0.05) (0.05)
Manufactured Housing & Recreational Vehicles 0.76 0.63 0.65 0.65 0.95 0.89 0.89
(0.04) (0.04) (0.04) (0.04) (0.03) (0.08) (0.08)
Maritime 0.67 0.56 0.59 0.59 0.97 0.91 0.91
(0.11) (0.09) (0.11) (0.11) (0.02) (0.08) (0.08)
Medical Services 0.66 0.52 0.54 0.54 0.95 0.93 0.92
(0.13) (0.10) (0.10) (0.10) (0.04) (0.05) (0.05)
Medical Supplies 0.74 0.60 0.60 0.61 0.95 0.94 0.93
(0.09) 0.07) (0.08) (0.08) (0.04) (0.05) (0.05)
Metal Fabricating 0.74 0.62 0.63 0.63 0.95 0.94 0.93
(0.08) (0.05) (0.08) (0.08) (0.03) (0.09) (0.09)
Metals and Mining 0.68 0.58 0.61 0.63 0.95 0.88 0.85
(0.15) (0.08) (0.06) (0.06) (0.05) (0.06) (0.07)
Natural Gas 0.79 0.67 0.68 0.68 0.95 0.94 0.93
(0.05) (0.06) (0.05) (0.05) (0.02) (0.04) (0.04)




TABLE 4 (cont.)
Industry-Level Summary Statistics for Efficiency of Compensation for Conventional Stock Option, and Option on Indexed Portfolio (Hedged Against Market Movements, Industry Movements, or
Both)

“Efficiency" is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year vesting period. “Volatility" is the annualized volatility of the firm's
stock or the appropriate performance-benchmarked portfolio calculated from daily return. Option values are priced with the Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns.
"Conventional Option" is a conventional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market, industry, or marketand 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 returnis 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

Efficiency of Option on Conventional Option
Firm's Stock Only Market-Hedged Industry-Hedged Market & Industry Market-Hedged Industry-Hedged Market & Industry
Industry (Conv. Option) Portfolio Portfolio Hedged Port. Portfolio Portfolio Hedged Port.
Office Equip. & Supplies 0.70 0.57 0.57 0.57 0.95 0.94 0.93
(0.12) (0.10) (0.10) (0.10) (0.05) (0.07) (0.07)
Oilfield Services & Equipment 0.69 0.53 0.62 0.63 0.95 0.75 0.74
(0.06) (0.05) (0.05) (0.05) (0.02) (0.08) (0.08)
Packaging & Container 0.74 0.61 0.62 0.63 0.95 0.91 0.90
(0.08) (0.06) (0.06) (0.06) (0.03) (0.06) (0.07)
Paper & Forest Products 0.79 0.65 0.67 0.68 0.93 0.87 0.86
(0.05) (0.03) (0.04) (0.04) (0.03) (0.08) (0.07)
Petroleum 0.77 0.63 0.64 0.65 0.94 0.90 0.89
(0.06) (0.05) (0.06) (0.06) (0.02) (0.06) (0.06)
Precision Instrument 0.70 0.56 0.56 0.57 0.96 0.95 0.94
(0.06) (0.06) (0.07) (0.07) (0.02) (0.06) (0.06)
Railroad 0.80 0.64 0.66 0.66 0.92 0.87 0.86
(0.04) (0.05) (0.06) (0.06) (0.04) (0.04) (0.04)
Recreation 0.76 0.59 0.59 0.60 0.92 0.91 0.91
(0.10) (0.08) (0.08) (0.08) (0.04) (0.05) (0.05)
REIT's 0.82 0.68 0.70 0.71 0.94 0.89 0.89
(0.04) (0.05) (0.05) (0.05) (0.02) (0.05) (0.05)
Restaurant 0.74 0.60 0.60 0.61 0.95 0.95 0.93
(0.06) (0.05) (0.06) (0.07) (0.02) (0.06) (0.06)
Retail (Special Lines) 0.71 0.55 0.56 0.56 0.94 0.93 0.92
(0.09) (0.07) (0.07) (0.07) (0.04) (0.05) (0.05)
Retail Store 0.78 0.60 0.62 0.62 0.90 0.87 0.87
(0.09) (0.06) (0.07) (0.07) (0.05) (0.09) (0.09)
Steel 0.73 0.61 0.62 0.62 0.96 0.93 0.92
(0.08) (0.07) (0.07) (0.07) (0.03) (0.06) (0.06)
Telecommunications 0.74 0.58 0.58 0.59 0.93 0.94 0.91
(0.09) (0.08) (0.09) (0.09) (0.05) (0.05) (0.05)
Textile 0.68 0.56 0.58 0.58 0.97 0.93 0.92
(0.06) (0.05) (0.05) (0.05) (0.02) (0.05) (0.05)
Tire & Rubber 0.81 0.65 0.69 0.70 0.92 0.87 0.85
(0.06) (0.06) (0.11) (0.11) (0.03) (0.10) (0.10)
Tobacco 0.79 0.66 0.70 0.71 0.95 0.91 0.90
(0.03) (0.03) 0.12) (0.12) (0.01) (0.08) (0.07)
Toiletries & Cosmetics 0.81 0.64 0.68 0.70 0.91 0.86 0.82
(0.05) (0.03) (0.09) (0.09) (0.03) (0.16) (0.14)
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TABLE 4 (cont.)
Industry-Level Summary Statistics for Efficiency of Compensation for Conventional Stock Option, and Option on Indexed Portfolio (Hedged Against Market Movements, Industry Movements, or
Both)

“Efficiency" is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year vesting period. “Volatility" is the annualized volatility of the firm's
stock or the appropriate performance-benchmarked portfolio calculated from daily return. Option values are priced with the Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns.
"Conventional Option" is a conventional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market, industry, or marketand 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 returnis 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

Efficiency of Option on Conventional Option
Firm's Stock Only Market-Hedged Industry-Hedged Market & Industry Market-Hedged Industry-Hedged Market & Industry

Industry (Conv. Option) Portfolio Portfolio Hedged Port. Portfolio Portfolio Hedged Port.
Trucking & Transportation Leasing 0.71 0.58 0.59 0.59 0.96 0.92 0.91
(0.05) (0.04) (0.04) (0.04) (0.02) (0.04) (0.05)
Utilities 0.79 0.71 0.74 0.74 0.98 0.92 0.92
(0.03) (0.03) (0.05) (0.05) (0.01) (0.04) (0.03)
H&Q INTERNET INDEX FIRMS** 0.61 0.43 0.44 0.44 0.95 0.94 0.94
**Not Included in Summary Stats Below (0.13) (0.10) (0.10) (0.10) (0.05) (0.07) (0.07)

Ratio of Market Value of Performance-Benchmarked Option to
Industry-Level Efficiency of Option on Conventional Option
Summary Statistics

Firm's Stock Only Market-Hedged Industry-Hedged Market & Industry Market-Hedged Industry-Hedged Market & Industry
(Equally-weighting each industry) (Conv. Option) Portfolio Portfolio Hedged Port, Portfolio Portfolio Hedged Port.
mean 0.76 0.61 0.63 0.63 0.93 0.90 0.89
median 0.76 0.61 0.62 0.63 0.94 0.92 0.91
std dev 0.05 0.04 0.05 0.05 0.02 0.05 0.05
max 0.87 0.71 0.75 0.75 0.98 0.95 0.94
min 0.66 0.47 0.54 0.54 0.85 0.72 0.71
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TABLES
The Efficiency Effect of Supplementing the Options on the Performance-Benchmarked Indexed Portfolio with Cash Amounting to the
Difference in Market Value Between a Conventional Option and the Performance-Benchmarked Indexed Portfolio

"Efficiency” is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year
vesting period. Option values are priced with the Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns. "Conv. Option" is a
conventional option on the firm's stock. "Performance-Benchmarked Option" is an option on the market, industry, or market and industry adjusted portfolios. "Market-
Value-Equivalent Cash Supplement" is the difference between the market value of a conventional option and an option on one of these performance-benchmarked
indexed 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.

Panel A: Value Line Firms

Firm's Stock Only  Market-Hedged Industry-Hedged  Market and Industry

Portfolio Compaosition (Conv. Option) Portfolio Portfolio Hedged Portfolio
Stock or mean 0.809 0.707 0.725 0.720
Benchmarked Portfolio median 0.826 0.720 0.737 0.731
Alone stddev 0.090 0.100 0.105 0.106
Option on Stock mean 0.762 0.617 0.631 0.627
or Benchmarked Portfolio median 0.773 0.624 0.636 0.632
Alone stddev 0.084 0.073 0.079 0.079
Market Value of Performance-Benchmarked mean 1.000 0.932 0.900 0.909
Option Relative to Conventional Option median 1.000 0.940 0.915 0.927
(=w) stddev 0.000 0.045 0.071 0.072
Efficiency of Option Portion of Portfolio mean 0.762 0.632 0.658 0.651
When Market-Value-Equivalent Cash median 0.773 0.641 0.657 0.651
Supplement of (1 - w) Paid stddev 0.084 0.080 0.096 0.096
Combined Efficiency of Performance- mean 0.762 0.656 0.688 0.679
Benchmarked Option Plus Market-Value- median 0.773 0.665 0.689 0.681
Equivalent Cash Supplement of (1 - W) stddev 0.084 0.084 0.101 0.102
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TABLE 5 (cont.)
The Efficiency Effect of Supplementing the Options on the Performance-Benchmarked Indexed Portfolio with Cash Amounting to the

Difference in Market Value Between a Conventional Option and the Performance-Benchmarked Indexed Portfolio

"Efficiency” is the undiversified manager's private value for equity-linked compensation divided by the market value of that compensation, assuming a three-year
vesting period. Option values are priced with the Black-Scholes formula assuming a ten-year maturity; CAPM is used for expected returns. "Conv. Option" is a
conventional option on the firm's stock. "Performance-Benchmarked Option"is an option on the market, industry, or market and industry adjusted portfolios. "Market-
Value-Equivalent Cash Supplement" is the difference between the market value of a conventional option and an option on one of these performance-benchmarked
indexed 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 InternetIndex, 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.

Panel B: Hambrecht & Quist Internet-Based Firms

Firm's Stock Only  Market-Hedged Industry-Hedged Market and Industry

Portfolio Composition (Conv. Option) Portfolio Portfolio Hedged Portfolio
Stock or mean 0.600 0.435 0.475 0.466
Benchmarked Portfolio median 0.619 0.439 0.448 0.441
Alone stddev 0.155 0.145 0.181 0.184
Option on Stock mean 0.590 0.408 0.443 0.435
or Benchmarked Portfolio median 0.609 0.420 0.427 0.421
Alone stddev 0.148 0.120 0.154 0.156
Market Value of Performance-Benchmarked mean 1.000 0.957 0.913 0.919
Option Relative to Conventional Option median 1.000 0.971 0.956 0.961
(=w) stddev 0.000 0.047 0.116 0.116
Efficiency of Option Portion of Portfolio mean 0.590 0.415 0.461 0.452
When Market-Value-Equivalent Cash median 0.609 0.423 0.431 0.424
Supplement of (1 - w) Paid stddev 0.148 0.128 0.182 0.184
Combined Efficiency of Performance- mean 0.590 0.435 0.488 0.477
Benchmarked Option Plus Market-Value- median 0.609 0.441 0.457 0.450
Equivalent Cash Supplement of (1 - W) stddev 0.148 0.143 0.195 0.198
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