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Abstract

Conventional stock options, say their critics, do not adequately discriminate between
strong and weak managers because their value fluctuates with the performance of the
overall market. Such critics propose replacing conventional stock options with options
whose payoff depends on firm performance relative to some market or industry
benchmark. While these relative-performance-benchmarked options (also referred to as
“indexed” options) offer the benefits that accrue from a tighter link between managers’
pay and their performance, they also have costs. This paper compares the “deadweight
costs” of relative-performance-benchmarked options to those of conventional options. By
“deadweight cost,” I mean the gap between the firm’s cost of granting the option and the
value of that option to less-than-fully-diversified managers. This gap arises because
managers compelled to hold stock or options to align incentives cannot fully diversify
their portfolios, and must therefore bear more risk than would well-diversified investors.
The less-than-fully-diversified managers will therefore always value their stock and
option-based compensation at less than its market value. I estimate the cost of this lost
diversification, and find that, perhaps surprisingly, the gap between the firm’s cost (the
market value) and the manager’s private value of an option is 57% greater for relative-
performance-based options than for conventional options. The relative-performance
based options have larger deadweight costs because, by design, they strip away the
manager’s exposure to all systematic risk, leaving her with a portfolio with an expected
return no better than the risk-free rate. One practical implication of this insight is that
firms implementing a relative-performance-based compensation system should not boost
the number of options awarded over the number that they would have otherwise awarded
in a conventional stock option plan, even though indexed options have a lower market
value than conventional options. Instead, firms should increase the cash component of
managers’ pay, which has the effect of decreasing the deadweight losses of the
compensation plan while maintaining or even improving its power to align incentives.
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I. Introduction

One unintended consequence of stock and option-based compensation is that in a strong

stock market, it has the potential to indiscriminately reward both strong and weak

managers alike. 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 reaping enormous payoffs has led reformers to suggest options whose

payoff is linked to some sort of market or industry-based index (also called “indexed

options”). 1 This paper investigates the true costs of relative-performance-benchmarked

options. While their incentive-alignment benefits have been widely-discussed, their

deadweight costs have not, a gap this paper attempts to address.

Deadweight costs arise in any stock or option-based compensation plan because equity-

based compensation drives a wedge between the firm’s cost of awarding compensation

(i.e. its market value), and the value placed on that compensation by managers. To align

incentives, managers must be exposed to firm-specific risk. This exposure to firm-

specific risk reduces managers’ ability to diversify their portfolios. Loss of diversification

is costly; it leaves managers exposed to the firm’s full risk, when expected returns

“compensate” them only for the systematic portion of that risk. Managers will therefore

always value their equity-linked compensation at less than its market value. The greater

the amount of the manger’s wealth invested in the firm, the greater the lost-diversification

cost imposed on that manager.

In practice, the costs associated with the manager’s loss of diversification can be large

and substantial. In earlier work, Meulbroek (2001b), I have estimated that the private

value that managers place on conventional executive stock options is roughly half of their

market value in rapidly-growing entrepreneurially-based firms, such as Internet-based

firms. Even for less-volatile NYSE firms, the deadweight loss associated with stock

options is 30% of their market value. In this paper, I explore whether the lost-

1 See, for example Akhigbe and Madura (1996), Barr (1999), Garvey and Milbourn (2001), Johnson
(1999), Johnson and Tian (2000), Kay (1999), Nalbantian (1993), Oyer (2000), Rappaport (1999), Reingold
(2000), Schizer (2001b).
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diversification costs associated with a relative-performance-benchmarked portfolio (i.e.

“indexed”) option plan are greater or less than the lost-diversification costs associated

with a conventional option plan.

Perhaps surprisingly, I find that the deadweight costs associated with a relative-

performance-benchmarked option exceed those associated with a conventional option

plan. For the set of firms tracked by Value Line, the “efficiency” of the option on the

market and industry-adjusted performance-benchmarked portfolio is 21% lower than the

efficiency level of a conventional option. Efficiency drops because benchmarking, by

design, isolates firm-specific performance, removing some or all of the systematic

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

“diversification” to the manager. I use this insight 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.2

The paper proceeds as follows. Section II further describes the motivation behind relative

performance compensation, the extent to which it is used in practice. Section III

Section IV outlines a method to measure the deadweight costs associated with a

performance-benchmarked option, and then estimates those costs for NYSE, Amex, and

Nasdaq firms, comparing them to the costs associated with conventional options. Section

V concludes.

2 See, for example, Rappaport (1999) or Reingold (2000) for arguments in favor of an indexed option
adopter awarding a greater number of indexed options than would be awarded under a conventional plan.
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II. Paying Managers for their Relative Performance

Relative-performance-based compensation rewards managers only for that portion of

performance under their control. By filtering out performance that derives from factors

outside managers control, such as industry-wide or market-wide gains or losses, relative-

performance-based compensations tightens the link between managerial efforts and

compensation. The strength of that connection is critical, for if the value of managers’

compensation is unrelated to their efforts and abilities, they have little incentive to work

hard. The problem with conventional stock options is that the link between managerial

effort and ability and firm performance can be a weak one. If managers perform poorly,

the value of their options can still increase if the overall market increases, and if

managers perform well, the value of their options can still decrease if the market declines.

In other words, conventional options reward the manager not only for firm-specific

performance, but also for market-related and industry-related gains.

The seldom-retiring Warren Buffet plangently condemns conventional stock options,

noting that “… [stock options] are wildly capricious in their distribution of rewards,

inefficient as motivators, and inordinately expensive for shareholders.” 3 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.”4 Holmstrom

(1982) argues that relative-performance-based compensation provides a stronger link

between managers’ effort and productivity to observable firm performance by allowing

principals to extract better information about managerial effort and performance.5 Such

observations have renewed the call for compensation based upon relative performance.6

3 Cairncross (1999)
4 Gibbons and Murphy (1990) p. 31-S
5 See Murphy (1998) for a description of the framework supporting performance-based compensation
generally, and relative-performance-based compensation more specifically.
6 Note that relative-performance-based compensation is not the same as “competitive benchmarking,”
which involves the use of peer groups to determine compensation. Relative-performance-based
compensation compares the performance of a company to the performance of its peers, and then
compensates managers based upon that relative performance. Competitive benchmarking compares the
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Compensation based upon relative performance can be either an explicit part of a

manager’s compensation contract, or implicit in the sense that the relation of a manager’s

compensation to her relative performance is not contractually-specified, but the

manager’s realized compensation is related to her actual performance relative to the

market and/or industry. Murphy (1998) describes and analyzes much of the literature

exploring whether companies’ compensation schemes reflect implicit relative

performance compensation. He reports that such implicit compensation schemes exist,

but probably do not predominate. Gibbons and Murphy (1990), for example, report that

firms do implicitly compensate their CEO’s based upon relative performance. They find

that the salary and bonus of CEOs appeared to be positively and significantly related to

firm performance, but negatively and significantly related to market and industry

performance.7 Antle and Smith (1986) provide limited evidence that firms compensate

managers based upon relative performance, and Himmelberg and Hubbard (2000)

observe relative performance evaluation compensation among smaller firms with “less-

highly skilled” CEOs. Bertrand and Mullainathan (1999) report that CEOs are paid for

market-wide and industry movements (what they term “luck”), but the better-governed

firms compensate their CEOs less for such movements than other firms. Garvey and

Milbourn (2001) find that younger and less wealthy managers are the ones that receive

compensation based upon relative performance. Sloan (1993)’s work also supports the

hypothesis that firms base CEO compensation, at least in part, on earnings, as way to help

filter market-wide movements from compensation. Other researchers, however, find less

evidence of implicit relative performance-based compensation. For instance, Aggarwal

and Samwick (1999), investigating pay-performance sensitivities, uncover little evidence

compensation of the firm’s managers to the compensation of managers in peer firms and then bases
themangers compensation on its relation to the compensation of managers in those peer firms. Competitive
benchmarking can have perverse effects on incentives, as Bizjak, Lemmon and Naveen (2000) note. They
report that CEOs who are paid below the median of their peers receive raises that average twice the raises
awarded to CEOs who fall below the median of their peers (both in dollars and in percentage terms).
7 Gibbons and Murphy (1990) suggest that relative performance-based compensation (implicit or explicit)
should be limited to top managers, such as CEOs, because “basing pay on relative performance generates
incentives to sabotage the measured performance of co-workers (or any other reference group), to collude
with co-workers and shirk, and to apply for jobs with inept co-workers.” Continuing on, however, they also
state that these reasons are less important for CEOs who “…tend to have limited interaction with CEOs in
rival firms, [so] sabotage and collusive searching seem unlikely.”
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that compensation contracts reward relative performance, as do Janakiraman, Lambert

and Larcker (1992).

Even if some amount of implicit relative-performance-based compensation exists,

contracts which explicitly base compensation on relative performance, such as options

indexed to a pre-specified industry or market benchmark, are rare. Level 3

Communications, a telecommunications company, is currently the only U.S. firm that has

implemented an indexed option program. 8 This scarcity is puzzling, because indexed

options have received support from both practitioners and academics (see, for example,

Akhigbe and Madura (1996), Barr (1999), Garvey and Milbourn (2001), Johnson (1999),

Johnson and Tian (2000), Kay (1999), Nalbantian (1993), Rappaport (1999), Reingold

(2000)).

One possible explanation for the rarity of indexed options programs is that managers do

not need the firm to do what they can do themselves, namely hedge market risk.

Managers could limit their exposure to market risk, for example, by shorting S&P 500

futures, thereby offsetting the systematic risk inherent in their positions in company

stock. While a theoretical 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 a market increase, but they would not be able to use their

holdings in company stock or options to meet the margin call. Other ways that managers

might hedge their risk are through equity swaps (see Bolster, Chance and Rich (1986)),

but changes in the tax code have made such swaps considerably less attractive, or through

zero-cost collars (sell a call, buy a put – see Bettis, Bizjak and Lemmon (1999)),

although both of these strategies eliminate the managers’ exposure to all risk, including

the exposure to firm-specific risk, the very exposure needed to create the incentive-

alignment in the first place.9 Schizer (2000) notes that hedging of stock option positions

8 See Meulbroek (2001c). See also Murphy (1998) for a detailed discussion of the paucity of indexed
option or relative performance plans more generally.
9 Bettis, Bizjak and Lemmon (1999) report that zero-cost collars do exist, but appear to be relatively rare,
at least among senior managers (officers and directors) who report their transactions in company stock (and
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can be difficult for managers as many firms prevent executive stock options from being

pledged as collateral. Because such practical considerations will curtail managerial

hedging of conventional options, or at least increase its cost, it may be more efficient for

the firm to simply issue options that already have the market component removed.

Oyer (2000) offers another explanation for the scarcity of indexed options. He reasons

that when firms use conventional stock options not for their ability to align incentives,

but for their power to retain managers, conventional, rather than market-adjusted, stock

options may be particularly effective. Specifically, if managers’ outside employment

opportunities are positively correlated with the market, then conventional stock options

are a managerial retention device that automatically adjusts to the company’s changing

needs for retention. When the market is high, managers’ outside opportunities are also

great, and therefore their deferred compensation needs to be correspondingly large in

order for adequate retention. Conversely, in a bear market, managers have fewer outside

opportunities, so the amount of deferred compensation required to retain them decreases

just as the value of the conventional options does. Under this scenario, indexed options

are rare because conventional options better fulfill the retention function.

Schizer (2001a) provides a tax-based explanation for the rarity of indexed options. He

points out that a managers’ compensation is tax deductible only if under $1 million unless

that compensation is performance-based. Because the IRS treats conventional options as

performance-based compensation, when in fact their value depends upon market and

industry factors that have nothing to do with their performance, conventional options

enable the firm to deduct more than $1 million worth of non-performance-based

compensation. Of course, this explanation implies that managers are content to have at

least some portion of their compensation vary along with the market; managers’

individual preferences toward market risk will determine whether the tax advantage to the

firm outweighs the cost to the firm of exposing managers to market risk.

by extension, derivates of company stock) to the SEC. However, as Bettis, Bizjak and Lemmon (2000)
suggest, financial intermediaries might be writing zero-cost collars to managers who are not required to
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Managers themselves point to the inferior accounting treatment of indexed options (the

value of the options are deducted from the firm’s earnings, whereas conventional options

are not) as a hurdle impeding widespread adoption, but acknowledge that this explanation

is at best incomplete since the tax treatment of the two options is identical and their value

must be disclosed in the footnotes to the proxy statement in any case. 10 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.”

Another source of managerial reluctance, and perhaps a more compelling one, has been

the long-running bull market. Managers who perceived the probability of a market

downturn as low, or at least as not imminent, were probably eager to capture the

potentially huge rewards conferred by the bull market, especially when they perceived

the probability of a downturn in the stock market as being low. Of course, one would

suspect that recent market performance might have dampened their demand for

conventional options, and perhaps increased their interest in indexed options. Relative-

performance-based compensation does have the advantage that it protects managers

during market downswings. Under traditional 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 still be well-compensated if they outperform their market

or industry benchmark.11 Whether managers will be satisfied with the reduced exposure

to market risk associated with indexed options is unclear, although it is unlikely that

firms would be willing to entirely give up the incentive-alignment benefits produced by

report their transactions to the SEC.
10 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.”
11 Even under conventional plans, managers have some degree of protection against falling markets. When
options move too far out-of-the-money, firms sometimes either re-strike the options, or issue new options
with lower strike prices. See, for example, Acharya, John and Sundaram (2000), Saly (1994), Brenner,
Sundaram and Yermack (2000), Carter and Lynch (2001), Chance, Kumar and Todd (2000), and
Callaghan, Saly and Subramaniam (2000).
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equity-linked compensation. That being the case, indexed options might be a good

compromise that maintain proper incentive-alignment while reducing managers’

exposure to market risk.

Shareholders have called for some form of performance indexing, a demand that has

intensified in the wake of recent stock performance. As prices have declined, managers’

existing options have moved out-of-the-money. Many firms have responded to the

underwater options by repricing the options (lowering the exercise price of the managers’

existing options), accelerating the grant date of the next round of options, giving

employees the opportunity to exchange their old options for new at-the-money options

(the exchange ratio need not be one-to-one), or issuing a supplemental grant of options,

either canceling the underwater options, or leaving them outstanding. By using relative-

performanced-based options, firms could avoid the appearance of self-dealing that

accompanies these actions.12

This paper explores the implications of adopting a relative-performance-based option

plan, specifically focusing on its costs. As we will see below, this analysis provides some

guidance on how to implement such a plan, should a firm choose to do so.

III. The Efficiency of a Relative-Performance-Based Compensation System

A. The structure of the relative-performance-benchmarked option

This paper adopts the indexed option structure proposed in Meulbroek (2001a), where the

underlying asset is a portfolio consisting of the firm’s stock hedged against market or

industry movements. The value of this portfolio is initially set to the firm’s stock price,

but then either 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 (I refer to the portfolio as a Performance-Benchmarked

Portfolio). The indexed option is therefore an option on this portfolio benchmarked to the
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firm’s relative performance. The exercise price of this option remains fixed and,

following standard practice, equals the firm’s stock price at the time the option is

awarded. 13

The market-adjusted performance-benchmarked portfolio is long the stock and short the

market, constructed to have a zero-beta (i.e. it removes all systematic risk). Specifically,

the portfolio for stock j, jP , is long fraction 1.0 in stock j, short fraction jβ in the market

(where jβ represents firm j’s systematic risk), and is long fraction jβ in the riskless

asset, as displayed in Figure 1.

Establishing the Market-Adjusted Portfolio at time t=0

Asset Long Position Short Position

Stock
jV

Market
j jVβ−

Riskless Asset
j jVβ

Cost of Long or Short Position
j j jV Vβ+ j jVβ−

Total Portfolio Value jV

Figure 1: Initial market-adjusted portfolio

This construction creates a portfolio hedged against market movements, with an expected

return of the risk-free rate ( fr ), a volatility of ( )21j jmσ ρ− ( where ≡jσ firm j’s

12 There are, of course, valid reasons for repricing out-of-the-money options, one of which is that
underwater options provide managers with poor incentives. Jin and Meulbroek (2001) show that in many
instances out-of-the-money options can still provide strong incentives for managers to increase firm value.
13 We use an indexed option structured along these lines because the indexed option design that has an
exercise price tied to a market or industry index remains highly sensitive to market and/or industry
movements, and therefore does not remove the effect of the benchmark index from the option’s value.
Meulbroek (2001a) shows why the variable exercise structure does not work, and proposes an alternative
structure that does achieve the desired effect of rewarding managers only for performance that is not due to
overall gains in the market or industry. Consequently, we use the alternative design proposed in that paper
as a basis for the analysis presented in this paper.
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volatility and ≡jmρ correlation between firm j returns and market returns), and an initial

cost of jV (firm j’s stock price).

I also construct a second relative-performance benchmarked portfolio which removes

both industry and market risk, implementing this benchmarking by going long the stock,

and short both the market, and the industry “ex-market” (that is, the industry after the

market component has been removed). Specifically, the market- and industry-adjusted

portfolio has fraction 1 in stock j , fraction jβ short in the market portfolio, fraction

j j ji

i i

γ σ η
γ σ

short in the industry (ex-market) portfolio, and 







+ j

ii

jijj β
σγ
ησγ in the riskless

asset, where 21j jmγ ρ≡ − and 21i imγ ρ≡ − , ≡iσ industry i’s volatility, ≡imρ

correlation between industry i returns and market returns, and ≡jiη correlation between

industry i’s returns and firm j’s “ex-market” returns.

Figure 2 displays the market- and industry-adjusted performance-benchmarked portfolio

strategy.
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Establishing the Market-and Industry-Adjusted Portfolio at time t=0

Asset Long Position Short Position

Stock
jV

Market
j jVβ−

Industry (ex-market)
j j ji

j
i i

V
γ σ η

γ σ
−

Riskless Asset j j ji
j j

i i

V
γ σ η

β
γ σ

 
+ 

 

Cost of Long or Short Position j j ji
j j j

i i

V V
γ σ η

β
γ σ

 
+ + 
 

j j ji
j j j

i i

V V
γ σ η

β
γ σ

− −

Total Portfolio Value jV

Figure 2: Initial market- and industry-adjusted portfolio

Again, the expected return on the market- and industry-adjusted performance-

benchmarked portfolio is the risk-free rate; its standard deviation is ( )( )2 21 1j jm jiσ ρ η− − ,

and its cost is jV (the stock price of firm j). For the remainder of the paper, I will use the

terms “option on the performance-benchmarked portfolio” and “indexed option”

interchangeably.

B. The efficiency of options on the performance-benchmarked portfolio

Are performance-benchmarked indexed options an “efficient” way to pay managers? Put

differently, how large is the difference between the firm’s cost to provide the options (the

market value of those options), and the private value that managers place on those

options? The gap between the firm’s cost of options and the manager’s private value for

those options is a deadweight loss to the firm: all other things equal (i.e. the incentive and
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retention effects produced by the compensation system), the firm should minimize this

gap.14

While it can certainly be minimized, this gap between firm’s cost of equity-based

compensation and the private value that managers place on that compensation cannot be

eliminated, as it is inherent in any compensation system that seeks to more closely align

the interests of managers with shareholders. Properly aligning incentives requires that the

firm’s managers be exposed to firm-specific risks, and this forced concentrated exposure

compels managers to hold less-than-fully-diversified investment portfolios. 15 Because

undiversified managers are exposed to the firm’s total risk, but rewarded (through

expected returns) for only the systematic portion of that risk, managers will value stock

or option-based compensation at less than its market value. The firm, then, always faces a

tradeoff between the benefits attained through incentive alignment and the deadweight

cost of paying managers in a currency that is worth less to them than its cost to the firm.16

The cost is “deadweight” in the sense that firms could issue equity or options in the

market, reaping their full value to a diversified investor, but the firm instead issues the

equity and options to its managers, who place a lower value on it. The deadweight costs

increase with both firm volatility and with the percentage of a manager’s personal wealth

tied up in the firm.

This cost due to lost diversification cannot be eliminated without destroying incentive

alignment, meaning that it is a structural cost associated with incentive-based

14 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 (2001b) explores how different types of risk (i.e. systematic versus idiosyncratic) 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 is the additional agency costs that may arise when managers alter the firm’s investment profile in non-
value creating ways in order to lower their total level of risk. Carpenter (2000) formally models this
problem.
15 One might even argue that managers’ wealth is not fully-diversified even before considering the
composition of their securities portfolios as at least some of their human capital may be specific to their
employer.
16 I 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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compensation. Individual preferences can also cause managers to value their equity-based

compensation at less than its market value. For example, the level of overall 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 this individual preference-based cost

using the “certainty-equivalent” approach adopted in the prior compensation literature. 17

But, identifying individual utility functions is difficult and certainly impractical when

constructing a broad-based compensation plan that covers many employees. Moreover,

financial engineering has the potential to reduce or eliminate the costs that arise from

individual preferences. 18 Therefore the approach adopted in this paper is to focus on the

cost generated solely by the manager’s loss in diversification, a cost that is both shared by

all managers and cannot be eliminated or reduced either through financial engineering or

employee self-selection into jobs with compensation packages best tailored to their

preferences. 19

Meulbroek (2001b) presents a technique to measure the lost diversification cost

associated with stock and conventional options. In that paper, I 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 NYSE firm, for example, value

17 For examples of this individual utility-based technique, see Hall and Murphy (2000a), Hall and Murphy
(2000b), Huddart (1994), or Lambert, Larcker and Verrecchia (1991). If one wanted to explicitly
incorporate costs of lost diversification, the models used in those 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 a manager’s utility function to calculate a certainty-equivalent value conflates the effect of
managerial preferences about the functional form of the compensation plan with the effect due to 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. Yet, 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.
18 Indeed, indexed options themselves are an example of a financial instrument designed to lower the
manager’s total risk exposure while maintaining an equivalent degree of incentive alignment
19 To measure the full cost to managers imposed 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).



14

their (conventional) options at 70% of the cost of these options to the firm. The gap is

larger for Internet-based firms, where the value placed on the conventional options by an

undiversified 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 conventional options

warrants an examination of the deadweight costs of the performance-benchmarked option

portfolios described above. The efficiency method developed here for these indexed

portfolios follows a methodology similar to Meulbroek (2001b).

C. A technique to estimate the loss-of-diversification cost for stock- and option-based
compensation indexed for market and/or industry movements

To estimate this loss-of-diversification cost, we calculate the expected return a manager

would require in order to be indifferent between holding the market- (or market- and

industry-adjusted) performance-benchmarked portfolios, and holding an efficiently-

diversified portfolio levered to a volatility level that equals that of the performance-

benchmarked indexed portfolios. Of course, this method produces a lower-bound

estimate of the actual cost from the manager’s concentrated exposure because it does not

account for that manager’s individual preferences regarding the level or pattern of risk

exposure she faces. 20 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 is imbedded in the market’s Sharpe ratio. Therefore, the performance-

benchmarked portfolio’s volatility level, along with the market’s Sharpe ratio allows one

to extract the minimum return an undiversified manager would require in compensation

for accepting the diversification constraint. The analysis below shows how to translate

this required return premium demanded by the undiversified manager into the private

value that such a manager places on the performance-benchmarked indexed stock

20 The description of this method as an upper-bound abstracts from the possibility of “re-pricing” the option
in an executive’s favor (in an effort to re-align managerial incentive levels, firms will sometimes lower the
exercise price of out-of-the-money options). The method does, however, explicitly incorporate the notion
of a vesting 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 positions in company stock. As mentioned earlier, few managers appear to
engage in such transactions, perhaps because of the liquidity risk induced by this strategy.
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portfolio that constitutes his or her investment portfolio.

The strength of the Sharpe ratio technique used here is that it measures the common cost

imposed on all managers by firm-specific risk, and by so doing isolates the one type of

risk that is essential to properly aligning incentives. The Sharpe ratio method, however,

does not incorporate the additional cost associated with individual managers’ preference,

and therefore our estimate of the manager’s private value is likely to be an upper-bound

estimate of the value of the specific compensation plan to each individual manager. An

exact estimate of the manager’s private value of his/her compensation would subtract an

additional manager-specific discount to account for the lack of a compensation plan

custom-tailored to the manager’s.21

The assumption that CAPM holds instantaneously in a continuous-time model yields

mean-variance behavior.22 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 a leveraged fully-diversified portfolio to the

lower expected-return from an equally risky but less-than-fully-diversified portfolio.

Notation:

Let ≡fr
e ( )fR+1 where fR represents the riskless arithmetic return, and fr is

therefore its continuously-compounded equivalent.

≡jr
e (1 + yearly expected rate-of-return of security j under CAPM pricing)

ire ≡ (1+ yearly expected rate-of-return for industry i under CAPM pricing)

( )m fr r− ≡ market risk premium (continuously-compounded)

≡mr expected market return (continuously-compounded)

≡mσ market volatility

21 If one wanted to evaluate this additional 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
modification of the technique used in Carpenter (1998) or Hall and Murphy (2000a).
22 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 estimates will change, but the technique will
not).
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≡jβ firm j’s beta from CAPM

≡jσ firm j’s volatility

≡iσ industry i’s volatility

≡iβ industry i’s beta relative to the market

≡jmρ correlation between firm j returns and market returns

≡imρ correlation between industry i returns and market returns

≡jiη correlation between industry i’s returns and firm j’s “ex-market”

returns

indexed port jr
e ≡ (1 + yearly expected rate-of-return of a performance-

benchmarked portfolio of security j under CAPM pricing)
u
indexed port jr

e ≡ (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 investor indifferent between holding only the
indexed portfolio, and holding a market portfolio with a
volatility equal to that of the indexed portfolio)

f
u

j indexed port js r r ≡≡ − the instantaneous spread between the expected return,

required by an undiversified investor holding the
performance-benchmarked indexed portfolio consisting of
stock j (and short the market or industry), u

indexed port jr ,

relative to the CAPM-based expected return for those
indexed portfolios, fr .

We assume that CAPM in continuous-time obtains23, so

( )fmjfj rrrr −+= β (1)

23 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 its implied mean-
variance optimizing behavior is consistent with limited-liability, lognormally-distributed asset prices, and
concave expected utility functions. See Merton (1992) and Black and Scholes (1973). In the Black-
Scholes model, and in continuous-time portfolio theory, the security market line relation is expressed in
“instantaneous” expected-rates-of-return (i.e. exponential, continuous-compounding). Use of the CAPM in
this derivation is not essential. Any asset-pricing model could be substituted.
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( )fmifi rrrr −+= β (2)

What kind of return would the undiversified investor require as compensation for his/her

exposure to the total risk of these performance-benchmarked indexed portfolios? If an

undiversified investor had the market portfolio as an alternative 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

calculate the excess return commensurate with the risk level of this “stock j indexed

portfolio”, using the market’s risk-return ratio as a benchmark, we equate Sharpe ratios

and solve for u
indexed port jr :

( )f m f

ff

m

u
m indexed port j indexed port ju

indexed port j
m indexed port j

r r r
rr r

r
r σ

σσ σ
 

⇒ = + − 
  

−−
= (3)

So js , the return premium, must then equal

( )j m f
indexed port j

m

s r r
σ

σ
  

= −      

where indexed port jσ depends upon the type of performance-benchmarked indexing used

to form the portfolio. For the two portfolios presented above:

( )
( ) ( )

2

2 2

1

1 1

j jm

j jm ji

market adjusted port j

market and industry adjusted port j

σ ρ

σ ρ η

σ

σ

− = −

= − −

Figure 3 displays the estimation of the required rate of return graphically.
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To transform this js into the value of performance-benchmarked indexed portfolio j to an

undiversified investor, we use the following additional notation:

( )jV t ≡ the value of performance-benchmarked indexed portfolio j time t

(the market price), which equals (((( ))))tPj or (((( ))))tPj
* depending upon

whether the portfolio is hedged against the market and/or the

industry.

jd ≡ firm j’s proportional payout rate, continuously-paid.

T ≡ date at which the undiversified investor is free to sell the stock

(typically the vesting date)

( ) ( )( ), , ,jj jt
u
j V t d sGV τ≡ , the private value placed on the performance-

benchmarked indexed portfolio of stock j by investor forced to

hold that undiversified portfolio until date T, where .tT −≡τ
In the analysis below, we assume for analytical simplicity that 0=jd , that is, the firm

does not pay dividends for all Tt ≤ .

By definition, we know that the discounted expected future value of the stock j indexed

portfolio is firm j at time T equals today’s stock price (recall that the performance-

benchmarked indexed portfolios are constructed to have betas of zero, so the CAPM

required-rate-of-return on these portfolios hedged against the market and/or the industry

is the risk-free rate).

( ) ( ){ }f
j t j T

r
VV t Ee τ−= (4)

where tE is the conditional expectation of the value of the shares of j at T, conditional

on the information available at time t. And similarly, by definition of u
indexed port jr , we

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

to the undiversified investor discounted by u
indexed port jr is the value of the firm today to

that investor.

( ) ( ){ }u u
j t j

u
indexed port j

V TtV E
r

e= (5)
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But, at date T, the undiversified investor is free to sell his/her shares in the open market,

so therefore, at date T for every outcome, the value of the stock to the undiversified

investor will equal the market value of the firm:

( ) ( )u
j jV T V T=

and hence this statement must hold expectationally as well:

( ){ } ( ){ }u
t tj jT TE V E V= (6)

Substituting (6) into (4) and (5), we have

( ) ( ){ }
( )

( )

f
j

j

u
indexed port j

u
indexed port j

j

j
u

tj
r

r

s

T

r

V

t

t

V t E

V

Ve

e

e e τ

τ

−

−

=

= ⋅ ⋅

=

(7)

⇒
( )
( )j

j
u
j

indexed port j

V t

V t

se τε −
= = (8)

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

an undiversified investor, indexed port jε , is the ratio of the performance-benchmarked

indexed portfolio’s value to an undiversified employee relative to the cost of that

compensation to the firm, jV . See Figure 4.

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

( )

( ) ( )

2

2 2

1

1 1

j
jm m f

m

j
jm ji m f

m

market adjusted port j

market and industry adjusted port j

r r

r r

e

e

σ
ρ

σ

σ
ρ η

σ

τ

τ

ε

ε

   − − −     −

   − − − −     − −

=

=
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These equations show that the return premium required by the undiversified investor, js ,

is a function of jmρ , jiη , jσ , τand (time period over which the stock vests), as well as

mσ and the market expected return. The return premium js is biggest (i.e. the efficiency

is the lowest) when jσ is large relative to mσ , and when jmρ and jiη are low.

The derivation of the lack-of-diversification discount for the option on the performance-

benchmarked portfolio parallels that of the lack-of-diversification discount for the

performance-benchmarked portfolio presented above, but is more complex because both

the expected return and the standard deviation of the option on the indexed portfolio

change at every point in time. To find the lack-of-diversification discount for the

performance-benchmarked indexed option, we assume that the employee will be

indifferent between concentrated-versus-efficiently-diversified exposures if he or she is

presented with the same (instantaneous) Sharpe ratio in either case (just as we did for the

derivation for the discount on the indexed portfolio). More specifically, 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. The formal derivation, found in Meulbroek (2001b), shows that the pricing of

an option that at every point in time provides an instantaneous Sharpe-ratio equal to the

instantaneous Sharpe ratio on the market portfolio is exactly the Black-Scholes-Merton

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

of the performance-benchmarked indexed portfolio, jV , by its discounted private value,

u
jV , as indicated below, where F represents the efficiency of the option and ( )f i

represents the Black-Scholes-Merton option-pricing formula. Applying this technique to

indexed options yields:

( , , , , )

( , , , , )

u
j indexed portfolio j f j

j indexed portfolio j f j

f V T t r X V
Efficiency of Option Compensation

f V T t r X V

σ
σ

− =
Φ ≡ =

− =
(9)

This method again produces a lower-bound on the undiversified investor’s discount. This

lower-bound results from the willingness of some employees to give up an additional
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amount in expected return terms to change their total level of risk or to pursue a dynamic

risk strategy that differs from that of an option.

Note that the efficiency of an option (F) will always be less than the efficiency of the

underlying stock (ε ) as

( , ) ( , )

( , ) ( , )

u s
j j s

j j

F V X e F V X
e

F V X F V X

τ
τ ε

−
−Φ = < = =

The dynamics of option efficiency, however, are similar 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 a larger effect on the option efficiency than do changes in the

vesting period. And, as the time until option maturity increases, efficiency increases, but

only slightly.

D. The loss-of-diversification cost of market- and industry-adjusted performance-

benchmarked portfolio options versus conventional options

The overall volatility of the performance-benchmarked indexed portfolios will be less

than the volatility of the firm’s equity alone, because the indexed portfolios remove either

market volatility or market and industry volatility. Therefore, the manager compensated

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

manager compensated with the firm’s stock or conventional options. Yet somewhat

surprisingly, the loss-of-diversification cost for indexed options exceeds that of the loss-

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

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

( js ) is: 24

( ),1 m f
j j m j

m

r r
s ρ σ

σ
− 

 = −   
 

24 See Meulbroek (2001b).
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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, (
market adjusted
js −

), is:

2
,1 m fmarket adjusted

j j m j
m

r r
s ρ σ

σ
− − 

 = −   
 

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 ( market and industry adjusted
js ), is:

( ) ( )2 21 1 m fmarket and industry adjusted
j jm ji j

m

r r
s ρ η σ

σ
− 

 = − −   
 

If the correlation between the firm returns and the market returns is positive ( 0 1jmρ< < ),

then

( )

( ) ( ) ( )

2
, ,

2 2
,

1 1

and

1 1 1

market adjusted
j m j m j j

market and industry adjusted
jm ji j m j j

s s

s s

ρ ρ

ρ η ρ

−− > − ⇒ >

− − > − ⇒ >

The intuition behind this result is that the loss-in-diversification cost arises from the

amount of non-diversifiable (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 remains is the firm-specific

risk, which is exactly the type of risk that is costly for the manager to bear. Moreover, the

expected return from the market-adjusted portfolio is the risk-free rate. Figure 5

illustrates this process.
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So, as long as the correlation between firm returns and market returns is positive (as one

would generally expect), the efficiency of a performance-benchmarked, or indexed,

option is less than the efficiency of a conventional option. In other words, managers will

place a higher discount from market value for performance-benchmarked options than

they would for conventional options. While this gap between managers private value and

the market value is larger for performance-benchmarked options, it may still be optimal

for the firm to compensate managers with such options. After all, 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 is incentive

alignment. Because performance-benchmarked portfolio options expose the manager to a

“purer” risk, that is, a risk over which the manager has control, they may indeed generate

greater incentive alignment benefits. But, the costs derived above do suggest that the

incentive alignment benefits of performance-benchmarked portfolio options must be

higher than those associated with conventional options, or their use is not justified.

E. The additional benefit created by removing industry effects from equity-based

compensation

The analysis above shows how the removal of systematic risk from the manager’s equity-

based compensation has the somewhat unsettling effect of decreasing compensation

efficiency. The same is not true when the marginal influence of industry risk is removed.

That is, by ridding the manager’s portfolio of industry ex-market effects, the firm can

unambiguously increase efficiency relative to the market-adjusted portfolio. To see this,

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 marginal effect of

industry movements from the market-adjusted portfolio reduces the volatility 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

returns is positive ( 0 1jmρ< < ). Figure 6 illustrates this concept.
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F. The loss-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 wealth in equity or options of the firm and is therefore completely

undiversified. In reality, managers may hold some (or indeed most) of their wealth

outside of the company. How does this ability of the manager to partially-diversify affect

efficiency levels? Under partial diversification, the volatility faced by the manager will

be a mix of the performance-benchmarked portfolio’s volatility and the volatility of the

manager’s other holdings. Applying the efficiency metric for a partially-diversified

investor from Meulbroek (2001b) to the case at hand shows that an investor having

weight w invested in the stock j performance-benchmarked portfolio and (1-w) in the

market portfolio faces a volatility level of σp (the standard deviation of the combined

market plus stock j performance-benchmarked portfolio) where

( )

2 2 2 2
,

2
22

(1 ) 2 (1 )

1

p indexed portfolio m indexed portfolio m

indexed portfolio
m

m

w w w w

w w

σ σ σ σ

σ
σ

σ

= + − + −

 
= + − 

 

Therefore the stock efficiency under partial diversification,
*ε , is:

( )
( )

( ) ( )
*

* *
* 1

, wherej p m
j j m f

j m

j jr rV t
e r r r r

V t w

τ σ σ
σε − −  − 

= = − = −  
  

with the corresponding option efficiency paralleling the earlier derivation. Figure 7

displays the efficiency levels for a hypothetical firm with a volatility and market

correlation equal to the average of all Value Line firms, specifically illustrating the

efficiencies of a market-adjusted indexed portfolio and an option on that portfolio for

managers with various degrees of portfolio diversification. The calculations use a three-

year vesting period, meaning that the manager will be free to sell the stock or option in
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three years.25 We can see that, as expected, the ability to partially diversify improves

efficiency, but perhaps not as much as one might initially suspect. For example, the

efficiency of a market-adjusted equity portfolio for this hypothetical firm is 70% for a

manager who has no wealth outside the firm, increasing to 82% for a manager with 50%

of her wealth outside the firm. The efficiency of the market-adjusted indexed option is

61% for a completely undiversifed manager, improving to 76% for a manager with 50%

of her wealth outside the firm.

In Section IV, below, we will apply the technique developed here for estimating the

efficiency of options on the performance-benchmarked portfolios for a partially-

diversified investor 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 grant is a supplement with a magnitude equal to

the difference between the market value of a conventional option to the market value of

the option on the performance-benchmarked portfolio. In that context, an cash paid the

manager is interpreted as an increase in the manager’s ability to diversify, just as wealth

held outside the firm allows a manager to diversify.

25 Specifically, 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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G. Implications of the relative efficiency analysis for structuring indexed portfolio option

compensation plans

Indexed options, that is, options on performance-benchmarked portfolios, will, of course,

have a lower market value than conventional options, simply because they have a lower

overall volatility level. As a consequence, 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.26 While this argument is intuitively appealing, our

analysis above suggests that a better structure exists. Instead of equating compensation

levels across the two types of plans by issuing additional options on the indexed

portfolios, a more efficient structure is to supplement the indexed portfolio option grant

with a “market-value-equivalent” amount of cash compensation, that is, the amount

required to bring the manager’s total compensation level up to the market value of a

conventional option. Cash is perfectly efficient: it leaves the manager free to invest in the

market portfolio (or anything else). The market-value-equivalent cash supplement

therefore increases the efficiency of the option on the indexed portfolio because it allows

the manager to diversify 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 conventional option

Indeed, the firm may want to increase the proportion of cash even beyond the market-

value-equivalent level needed to equate the value of the option on the performance-

benchmarked portfolio (plus cash) to the value of a conventional option. In any

compensation plan, the firm is forced to balance the incentive alignment benefits of

equity-linked compensation with the loss-of-diversification costs associated with that

compensation. A performance-benchmarked portfolio option plan allows the firm to shift

that balance towards cash without sacrificing incentive-alignment. To see this, assume for

26 Recall that 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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the moment that the firm has currently found the optimal balance between awarding

conventional options and other, non-equity based 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-alignment than the conventional option, then the

number of indexed portfolio options can actually be reduced relative to the firm’s current

conventional option grants. With the superior incentive-alignment attributed to indexed

portfolio options, the firm could afford to shift its cash-option mix more towards cash.

The gains from this strategy relative to a option compensation plan that relies solely on

relative-performance-benchmarked options, if any, will depend upon the relative

efficiency of the options on the performance-benchmarked options and conventional

options, explored in the next section.

IV. An Empirical Analysis of Conventional and Indexed Portfolio Option
Efficiency

To better understand how economically significant the efficiency loss created by

performance-benchmarking (indexing) is, we investigate the efficiency of indexed

portfolio and conventional options (both with and without the cash supplement described

above). This analysis should provide some guidance on how to best implement a relative-

performance-based compensation plan

Our empirical investigation begins by calculating stock and option efficiency metrics for

all firms listed in Value Line’s Investment Survey as of December 31, 1998. We also

examine separately the results for a sample of Internet-based firms defined by the

Hambrecht & Quist (H&Q) Internet Index.27 The H&Q Internet Index is used because

Value Line’s coverage of internet-based firms is limited 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 firms is equity-based, and

number of conventional options granted to managers, rather than go through the trouble of switching to an
indexed option system.
27 The H&Q Internet Index comprises a sub-sample of Internet-based firms, and is not confined to H&Q
clients. The Internet Index is widely-cited and viewed as a reliable reflection of Internet-based activity.
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such managers are likely to have a substantial fraction of their wealth invested in these

companies. As a consequence, compensation plans that reduce volatility, such as the

indexed portfolio plans discussed here, might be especially valuable to these managers.

Value Line’s industry classifications are widely-held to be more accurate than industries

formed using SIC codes. The database of firms and their industry classifications used in

this paper are described in Stafford (2001); we have updated that database through year-

end 1998.28 The Stafford-Andrade Value Line data lists all firms and industry

assignments collected from fourth quarter editions of Value Line, excluding foreign

industries (e.g. “Japanese Diversified” or “Canadian Energy”), ADR’s, REIT’s,

investment funds, and firms with industry classifications of “unassigned” or “recent

additions” that are not subsequently assigned to an industry by Value Line. The database

uses Value Line’s industry classifications, with a few exceptions. For example, industries

that differ merely by geographic classifications (e.g., “Utilities (East)” and “Utilities

(West)”) are merged into one classification; industries where the product lines seem

particularly similar (e.g., “Auto Parts (OEM)” and “Auto Parts (Replacement)”) are also

combined into one category. In total, our sample consists of 1496 Value Line firms

classified into 56 industries.

To calculate efficiency levels as described in III(C), we need estimates of β and σ for

each firm as inputs. To estimate a firm’s β, we use the market model, incorporating the

last 150 trading days of returns data prior to December 31, 1998, and using CRSP’s

value-weighted market composite index. We use these same 150 trading days of returns

data to estimate each individual firm’s volatility, σj , as well as the market’s volatility, σm

, calculated from CRSP’s value-weighted market composite index. 29 We assume a risk-

premium of 7.5% (7.2% continuously-compounded), the historical average amount by

which the value-weighted market index exceeds the long-term government bond rate

(beginning in 1926). Continuously-compounded daily excess returns (net of daily riskless

rates) are used in all calculations. The Value Line industry components over the six

28 The author thanks Gregor Andrade and Erik Stafford for use of this database.
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month period ending December 31, 1998 are used to create both value-weighted and

equal-weighted daily industry returns.

Table 1 displays the characteristics of firms in our sample. Panel A shows that the mean

beta for Value Line firms is 0.90, with an annual volatility level of 52%, and the mean

firm size (market equity value) is $7.5 billion. Panel B shows that the mean beta and

volatility for H&Q Internet based firms is higher than the average Value Line firm (beta

= 2.00 and annual volatility = 117%). As a consequence, for a three-year vesting period,

the mean efficiency of stock compensation for Value Line firms is 81% (higher than the

63% of H&Q firms), and the efficiency of conventional stock options is 76% (versus

61% for H&Q firms). Table 2 further details some of the information from Table 1 by

showing the industry-level figures corresponding to Table 1’s summary statistics. We can

see from Table 2 that industry-level volatility (volatility calculated using the return of the

Value Line industry index) ranges from a low of 16% for the Utility industry, to a high of

57% for Oil Field Services and Equipment,30 and averaging 32% across all industries.

Notice too that the correlation between firm returns and market returns averages 0.48

over all Value Line firms, with a maximum value of 0.70 firm Bank and Thrifts, and a

minimum of 0.31 for Utilities.

The correlations give us a preliminary sense of how effective performance-benchmarking

(indexing) to the market and or industry might be. The square of the correlation is the R2

from the CAPM regression model, which indicates how much of the firm’s volatility is

explained by market movements. From Table 2, the mean R2 across industries is 23%

(the mean R2 across individual firms is also 23%). The majority of volatility in returns is

therefore non-systematic. Similarly, one can look to the last column of Table 2 to see

how industry-level indexing might affect volatility. This column displays the correlation

coefficient between the firm’s ex-market returns and its ex-market industry returns. These

correlation coefficients calculations remove the effect of market movements, and show us

29 In cases where 150 days of data are not available, we require a minimum of 64 observations (3 months)
of daily returns for volatility estimation.
30 Value Lines inchoate Internet industry index has a higher volatility of 79%, but Value Line includes only
six firms in this industry, prompting our use of the H&Q Internet Index.
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how much correlation remains between the firm and its industry after such an adjustment.

The larger the correlation coefficient, the greater the marginal decrease in volatility that

can be achieved from removing industry effects from the manager’s portfolio. Table 2

illustrates that the average firm returns have a correlation of 0.28 with its industry,

meaning that the R2 from a regression of ex-market firm returns and ex-market industry

returns is 0.08. Therefore, 8% of the volatility remaining after stripping out market

effects from firm returns is due to industry movements. Together, these numbers suggest

that much of a stock’s volatility is not industry or market related, meaning that the

manager will still bear significant firm-specific risk even if options are performance-

benchmarked, that is, indexed.

Table 3 turns to the efficiency of stock and option compensation using three types of

relative-performance-benchmarked portfolios – a portfolio hedged against market

movements, a portfolio hedged against industry movements, and a portfolio hedged

against both industry and market movements. Hedging out market movements drops the

manager’s stock portfolio from a 52% annual volatility to 45% annual 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 volatility decrease and shift in the composition (systematic versus

idiosyncratic) of that volatility. The efficiency of a stock-based portfolio declines 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 value that a manager places on her

stock 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

value that a manager places on that portfolio is 72% of its market value. The decline in

efficiency is somewhat greater for option-based compensation, which moves from an

efficiency level of 76% for a conventional option, versus 63% for an option on a market-

and industry-adjusted performance-benchmarked portfolio.

If we stopped the analysis here, the conventional option, with its higher efficiency level,

would seem to dominate the option on the performance-benchmarked (indexed) portfolio.
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Of course, this conclusion ignores several advantages of indexed options not considered

in the efficiency-based cost calculations. First, the indexed option may better motivate the

manager simply because more of the volatility of her stock and option holdings is now

under her control. Second, an indexed option costs less (meaning it has a lower market

value) than a conventional option. This lower cost means that a firm could supplement its

indexed option grant with a cash grant, in order to bring the combined value of the

indexed option and the cash up to the level of a conventional 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 a higher efficiency than that of the indexed option alone.

Indeed, it is conceivable that this extra cash could boost the efficiency of the indexed

option-cash combination higher than the efficiency level of the conventional option.

To better understand the efficiency of this market-value-equivalent portfolio of indexed

portfolio option plus cash, one first needs to know how large the cash grant will be. The

larger the cash grant, the larger the efficiency gains. The last column in Table 3 shows

how large a cash grant is needed to equate compensation value across the two different

types of option programs: conventional and performance-benchmarked (indexed)

portfolios. The mean ratio of the market value of the option on the market-adjusted

portfolio to the market value of the conventional option is 93%, and the mean ratio of the

market- and industry-adjusted option to the conventional option is 91%. Thus, in the case

of the market-adjusted option, the firm gives the manager cash equivalent to 7% of the

conventional option’s value, combined with that option on the market-adjusted portfolio,

or in the case of the option on the market- and industry-adjusted portfolio, cash

equivalent to 9% of the conventional option’s value, combined with that option on the

market- and industry-adjusted portfolio, to form the market-value-equivalent portfolios.

Table 4 displays efficiency levels for conventional and indexed portfolio options (similar

to those in Table 3), but on an industry-by-industry basis. The table reveals that industries

such as Utilities, Natural Gas, Bank and Thrifts have efficiency levels for market-

adjusted options on the high end of the spectrum, while Internet-based firms, Educational

Services, Medical Services and Oilfield Services and Equipment have efficiencies on the
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lower end. Examining the efficiency levels of the market- and industry-adjusted option

portfolio yields much the same story. Holding cost of compensation constant between the

performance-benchmarked option plus cash and the conventional option, the market- and

industry-adjusted indexed option could be supplemented by an amount of cash ranging

from 6% of the conventional option for H&Q Internet-based firms, to 29% of the

conventional option’s value (Coal and Alternate Energy), averaging 11% across all

industries. So, even after considering the marginal contribution of removing industry

effects, the majority of the value from the market-value-equivalent market- and industry-

adjusted option plus cash package comes from the indexed portfolio option, not from

cash.

Tables 3 and 4 tell us that the amount of the cash grant required to bring the cost of the

performance-benchmarked option up to the value of the conventional option will be

small. Is this relatively small cash grant enough to boost the combined cash plus

performance-benchmarked option efficiency level above that of the conventional option?

Table 5 addresses this question. It displays the efficiency level of conventional options,

the efficiency level of the indexed option, and, using the market value ratios from Table

4, the efficiency level the indexed option plus cash grant. In Table 5, Panel A, can see

that the mean efficiency level of the conventional option for Value Line firms is 76%

versus 63% for the market- and industry-adjusted option, before considering the added

cash. Mixing in cash averaging 9% of the conventional option’s value 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 similar. The conclusions for the set of Internet-based

firms parallel those of the Value Line firms: the conventional option efficiency has a

mean value of 59%, and the market- and industry-adjusted indexed option efficiency

moves from its value of 43% to an efficiency level of 48% when the cash supplement is

added. Even with the addition of the market-value-equivalent cash, market and/or

industry indexing is less efficient (managers place a lower private value on it relative to

its market value) than conventional option grants. Note that these efficiency levels would

be lower still if the value difference between an indexed option and a conventional option
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were paid to the manager in the form of more indexed options, rather than in cash (i.e.

that 9% value difference would consist of indexed options, rather than cash), as advised

by many of the proponents of indexed options.

V. Conclusions

Recent market volatility has strengthened the call for indexed options, that is, options

whose payoff is linked to some sort of market or industry-based index. Such options hold

the potential to propitiate critics of conventional 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 managerial efforts and compensation by removing overall 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 recent derailment of the long-running bull market may

draw more managerial support for indexing in the future.

In this paper, I compare the deadweight costs of the options on the performance-

benchmarked (or indexed) portfolio to the costs of conventional stock options.

Deadweight costs arise in any equity-linked compensation plan: equity-linked

compensation exposes managers to firm-specific risk, inevitably creating some loss in the

managers’ ability to hold diversified portfolios. Constrained in their ability to diversify,

managers are exposed to the firm’s total volatility, rather than the smaller systematic

portion faced by the well-diversified 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 undiversified 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-diversification costs against the incentive-alignment benefits

produced by that compensation.
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Perhaps surprisingly, the deadweight cost of an option on a performance-benchmarked

portfolio is greater than the deadweight cost of a conventional 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 conventional option with a

type of “implicit” diversification. A manager holding a conventional option will bear

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 is therefore

not “compensated” for any of that risk exposure, leaving the manager with an expected

return of risk-free rate on the underlying asset.

To explore whether the theoretical deadweight costs of options on performance-

benchmarked portfolios are economically significant, I use a method developed in this

paper to empirically estimate their magnitude. I find that the firms tracked by Value Line

have a mean efficiency level of 72% for the conventional stock option, meaning that an

undiversified Value Line manager values that option at 72% of its market value on

average. Indexing to the market and industry reduces the manager’s private value of that

option from 72% of market value to 63%. If this indexed (performance-benchmarked)

plan is supplemented by a market-value-equivalent cash grant (i.e. the amount necessary

so that together the cash plus the indexed option has a market value equal to that of a

conventional option), the efficiency level increases to 68%, a level that is still twelve

percent lower than the efficiency of the conventional option. And for more volatile

Internet-based firms, the contrast is even more striking: the efficiency of a conventional

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 conventional option.

This deadweight cost analysis has three practical implications, all essential to a firm

adopting an indexed option plan. The first is that removing industry-level volatility

unambiguously “increases” efficiency of the market-indexed portfolio. This efficiency

increase occurs because the market-indexed portfolio is free of systematic risk (by
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construction), and the marginal effect of removing ex-market industry movements (“ex-

market” means the portion industry return unrelated 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 practical implication of the greater deadweight costs associated with a

compensation plan structured around options on performance-benchmarked portfolios is

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 conventional option plan. This practice contradicts the traditional recommendation

that managers receiving performance-benchmarked options be granted a greater number

of options than they would otherwise receive under a conventional 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 value of the option on the performance-benchmarked portfolio grant up to

the value of the conventional option, the firm can supplement the option on the

performance-benchmarked portfolio with enough cash to equate the dollar value of the

two types of option plans. The efficiency level of this market-market-value-equivalent

indexed option portfolio is greater than the efficiency of the performance-benchmarked

option alone. Nevertheless, as an empirical matter, the cash required to equate the two

market values is too small to alter efficiency much. That is, at least for Value Line firms,

the combined efficiency of the market-market-value-equivalent indexed option plan is

still less that the efficiency of a conventional option plan.

Finally, the deadweight cost analysis suggest that firms who adopt an indexed option plan

should consider increasing the cash component above the minimal market-market-value-

equivalent amount suggested above. Why the increase to the cash component? An

indexed option plan, if successfully designed, tightens the link between managerial pay

and performance. With this greater degree of incentive alignment, the firm’s optimal mix
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between cash and equity-based compensation may shift towards cash. If the incentive

alignment gains from moving to a performance-benchmarked plan are large enough, the

firm can produce the same degree of incentive alignment using fewer options. With this

decrease in the cost to create a given degree of incentive alignment, the firm can increase

the proportion of cash in the compensation package, an increase that will raise the value

that managers’ place on their compensation, without increasing the firm’s cost by a like

amount. In fact, any time that a firm can decrease the equity component of compensation,

while maintaining the desired degree of incentive alignment, 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, the best performance-benchmarked

portfolio will remove not only market (systematic) risk, but also as much idiosyncratic

risk as possible, as long as that risk is not under managers’ control. After determining the

best performance-benchmarked portfolio, firms adopting such a plan need to re-evaluate

the appropriate mix of cash and options in the compensation plan, considering whether

they can increase the cash component while maintaining the desired degree of incentive

alignment.
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