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T
raditional approaches to risk management
seek to control the volatility of absolute
returns (Markowitz [1952]), while other
approaches focus on the variability of net

returns (which is called tracking error); that is, a
portfolio’s returns relative to a benchmark’s returns
(Roll [1992]). There are many possible reasons, how-

ever, why a money manager may care concurrently
about absolute and relative performance.1

First, there may be economic considerations
dr iven by consumption and competition. An
endowment fund manager, for example, faces the
dual objectives of funding the university’s spending
plan and maintaining the university’s financial com-

There are many financial situations in which
investors care about joint occurrences, such as when: 1) a
manager is evaluated against both an absolute target and a
relative target; 2) an investor seeks protection from currency
losses only when they coincide with unfavorable returns from
the underlying portfolio; and 3) an investor wishes to struc-
ture an incentive fee that is conditioned on the simultaneous
attainment of two objectives.

Conventional approaches to r isk containment
assume implicitly that investor utility depends on a single
random variable, and that risk is defined as the variability of

this random variable. Investor behavior suggests, however,
that investors care about multiple dimensions of risk.

This article develops a risk containment model in
which investor utility is explicitly contingent on more than one
random variable. The framework offers option-based hedging
strategies that protect investors from the joint occurrence of neg-
ative outcomes. The model is also applied to incentive fees
that are conditioned on more than one measure of perfor-
mance. Finally, we combine these notions in order to engineer
a hybrid collar that sacrifices concurrent favorable outcomes to
finance protection from concurrent negative outcomes.
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petitiveness. In order to fund the university’s spend-
ing plan, the manager must achieve a particular abso-
lute return. Preserving the university’s financial com-
petitiveness, however, depends on the endowment
fund’s performance relative to the performance of
institutions that compete for the same pool of faculty,
students, and grants; hence relative returns are rele-
vant as well.2

Second, the dual focus on absolute and relative
performance may be motivated by agency issues. An
investment advisor’s compensation or job security
may depend on relative performance, even if it has
no direct economic consequence for the portfolio’s
constituents.3

Third, even in the absence of a formal evalua-
tion criterion, natural competitiveness, self-esteem, or
regret may lead investors to care about relative perfor-
mance, even when economic consequences depend
only on absolute performance (Clarke, Krase, and
Statman [1994]).

Finally, separate measures of performance may
signal investment skill. Consider an investment advi-
sor who invests in foreign markets. Although the
financial performance of the fund depends on the
combined performance of the local assets and the
embedded currency exposure, a combined return of
–5% representing a 15% local asset return and a 20%
currency loss would probably be perceived more
favorably than a –5% combined return representing a
0% local asset return and a –5% currency deprecia-
tion. In the latter case, there is no evidence of skill,
while in the former the investment advisor has
demonstrated skill in at least one decision.4 Rather
than terminate the investment advisor, the client
might simply retain the advisor and require that the
currency exposure be hedged.

There are four possible outcomes for investors
who care about two dimensions of risk. Exhibit 1
shows the four possibilities for investors who care
about absolute and relative performance.

Obviously, it would be great for an investment
advisor and its clients to achieve both a favorable abso-
lute return and relative return (quadrant I). And
although it would be disappointing to fall short of one
of the targets, if the other target is met, this outcome
may be viewed as at least tolerable (quadrant II or III).

The fourth possibility (quadrant IV), however,

is potentially intolerable. If an investment advisor fails
to attain an absolute target and, at the same time,
underperforms competing funds or a designated
benchmark, it could be intolerable to the clients and
potentially disastrous to the investment advisor. In
short, we posit that managers are particularly averse to
being wrong and alone.

Managers who display aversion to both abso-
lute and relative risk can manage their exposure either
through diversification or hedging. Chow [1995] has
previously shown how to augment the Markowitz
mean-variance paradigm to incorporate the two defi-
nitions of risk in the portfolio construction process.
Chow argues that the bivar iate diversification
approach is supported by anecdotal evidence that
investors commonly constrain the mean-variance
solution so that it does not depart significantly from
industry norms. For example, one might constrain the
solution so that no more than 15% of total wealth is
allocated to international equities and no more than
10% to real estate. We view this as evidence of
investors’ aversion to being wrong and alone.

Our purpose is to extend this multivariate
description of utility to an option-based risk contain-
ment model.5 To do this, we first determine the equi-
librium value of each quadrant of Exhibit 1. We
develop a r isk containment hedging model for
investors with concave utility functions who are con-
cerned with concurrent but distinct measures of risk.6

The formal model has a simple solution that can be
used to guide portfolio protection strategies whether
implemented using over-the-counter options or
dynamic replication.7

We illustrate application of the general model
to two specific protection strategies: 1) protection
from the joint occurrence of a negative absolute
return and a negative relative return, and 2) protec-
tion from currency losses that coincide with unfavor-
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EXHIBIT 1
MULTIPLE CONTINGENCY MATRIX

ABSOLUTE RELATIVE RETURNS

RETURNS UNFAVORABLE FAVORABLE

Favorable III. Tolerable I. Great
Unfavorable IV. Disaster II. Tolerable



able local returns from the underlying foreign portfo-
lio. The model reveals that protection from concur-
rent negative events is never more expensive and is
almost always less expensive than protection from
each negative event independently because of the
diminished likelihood of concurrent negative events.
The proposed risk containment strategies, therefore,
should be particularly appealing to investors who can
tolerate a negative event that occurs simultaneously
with a positive event.

We also apply the multivariate model to incen-
tive fees that are conditioned on more than one mea-
sure of performance. This duality is then shown to
have important implications for the moral hazard risk
that arises from univariate incentive fee arrangements.

Finally, traditional portfolio protection is com-
monly financed by an offsetting short option position.
Financing the protection in this way is called a collar.
We engineer a hybrid collar that finances protection
from concurrent failures by relinquishing relative
gains when the absolute return exceeds a particular
threshold. We also show the sensitivity of this thresh-
old to changes in the key variables.

I. VALUATION OF 
MULTIPLE-CONTINGENCY OPTIONS

We first present the general model, and then
demonstrate how it is adapted to address the multi-
ple contingencies represented by the quadrants in
Exhibit 1.

The General Model

Exhibit 1 illustrates the general theme of the
article, but the development of a formal model
requires additional structure. Exhibit 2 presents an
interpretation of the information in Exhibit 1. For
expositional purposes, a zero absolute return demar-
cates favorable outcomes from unfavorable outcomes.
A zero relative return is also used to distinguish favor-
able relative outcomes from unfavorable outcomes.8

The corresponding quadrant labels in Exhibit 1 are
mapped in Exhibit 2.

The quadrant labels can also be defined more
precisely. To do this, let the current time be defined as
time zero and T be the end of the evaluation period.
Let SB(t) and SP(t) denote, respectively, the value of the
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benchmark portfolio and the value of the managed
portfolio at time t, t∈[0, T], where SP(0) ≡ SP and
SB(0) ≡ SB. The initial portfolio values are assumed
equal (i.e., SB = SP). Given this notation, it should be
obvious, for example, that a favorable absolute holding-
period return and favorable relative return (quadrant I)
are characterized by SP(T)/SP – 1 ≥ SB(T)/SB – 1 and
SP(T)/SP – 1 ≥ 0, which can be rewritten as SP(T) ≥
SB(T) and SP(T) ≥ SP as noted in Exhibit 2.

The next step to adding structure to the for-
mulation is to determine the economic value of each
quadrant. To do this, we assume (given the applica-
tions that follow) that investors desire the payoff from
an option to exchange one asset for another if a par-
ticular state is realized. In other words, the economic
value of quadrant IV is the current value of a Euro-
pean-style option that pays off: Max(SB(T) – SP(T), 0)
if SP(T) ≤ SP. The option payoff for each of the quad-
rants is listed in Exhibit 2.

EXHIBIT 2
GRAPHICAL REPRESENTATION OF THE

MULTIPLE-CONTINGENCY MATRIX

Absolute Returns

Relative Returns0

III. Tolerable
SP(T) ≤ SB(T)

SP(T) ≥ SP

Option Payoff:
Max(SB(T) – SP(T), 0) if

SP(T) ≥ SP

IV. Disaster
SP(T) ≤ SB(T)

SP(T) ≤ SP

Option Payoff:
Max(SB(T) – SP(T), 0) if

SP(T) ≤ SP

II. Tolerable
SP(T) ≥ SB(T)

SP(T) ≤ SP

Option Payoff:
Max(SP(T) – SB(T), 0) if

SP(T) ≤ SP

I. Great
SP(T) ≥ SB(T)

SP(T) ≥ SP

Option Payoff:
Max(SP(T) – SB(T), 0) if

SP(T) ≥ SP
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Exhibit 2 shows that determination of the eco-
nomic value of each quadrant requires valuing four dif-
ferent options. To do this, we introduce general nota-
tion so that one model is applicable to all circumstances.

We want to value a default-free European
exchange option, similar to Margrabe [1978] and Fis-
cher [1978].9 Its payoff is contingent on satisfying two
initial boundary conditions: one representing a
restriction on relative returns –– as in Margrabe and
Fischer –– and the other restricting absolute returns.

Let W(Sj, Si, Sk; φ, H, T) represent the current
value of a multiple-contingency option that pays off:

(1)

where Sx(0) ≡ Sx for x∈{j, i, k}; φ is a binary variable
that can be specified as 1 or –1 as desired; H is a con-
stant denoting the hurdle level; the current time is
defined to be time zero; and T is the expiration date
of the option. It is, of course, possible that some of
the delivery assets Si, Sj, and Sk are identical assets.
The option in Equation (1) can be viewed as a multi-
ple-contingency call option on Sj struck at Si or a put
option on Si struck at Sj.

We can simplify the distribution-free analysis
of multiple-contingency options by identifying their
relation to other options. As special cases, the multi-
ple-contingency option in (1) can be seen to be iso-
morphic to 1) a Margrabe-Fischer exchange option
when φ = 1 and H = 0, and 2) an ordinary Black-
Scholes call option when φ = 1, H = 0, and Sj(t) is a
constant exercise price for all t∈[0, T].

Consider engineering an asset with a current
value of Ej(t) that pays off Sj(T) if φ Sk(T) ≥ φ H at T
≥ t. It should be clear that the multiple-contingency
option described in (1) can be viewed as an ordinary
exchange option that pays off Max(Ej(T) – Ei(T), 0).
This implies that Margrabe’s generalization to put-call
parity also applies.

A multiple-contingency call option written on
Sj and struck at Si combined with an otherwise iden-
tical short put multiple-contingency option is equiva-

W(S (T), S (T), S (T); , H, 0) 
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Our next objective is to determine the exact
partial equilibrium value for W(Sj, Si, Sk; φ, H, T),
which requires some distributional assumptions. It is
assumed that Sj(t), Si(t), and Sk(t) denote the time t
price of each traded asset whose return dynamics are
described by the Itô process:

(3)

where µx[t, Sx(t)] is the instantaneous expected return
from holding asset x, and σx is the time-homoge-
neous local standard deviation rate of the logarithmic
return for asset x. Moreover, {Zx(t), x ≡ j, i, k} is a
standard Brownian motion with the trivariate distri-
bution of Zj(t), Zi(t), and Zk(t) being normal with
correlations ρi,j, ρi,k, and ρj,k.

10

In economic terms, the stochastic differential
(3) says that price changes are assumed to follow a sta-
tionary random walk in continuous time. Under typi-
cal Black-Scholes assumptions, the equilibrium value
of the option in (1) can be written as:

(4)
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and where (r – 1) is the discrete riskless rate of inter-
est on an investment maturing T years in the future,
(dx – 1) is the payout rate of asset x (x = j, i, k), and
N2(c1, c2; ρ) is the bivariate standard cumulative nor-
mal distribution function with upper limits of inte-
gration c1 and c2 and a correlation coefficient of ρ.
Further, σ2, which is commonly referred to as the
tracking error squared, is defined as the variance of
the relative returns

and

is the correlation of absolute and relative returns. A
more detailed derivation of (4) is given in Appendix A.

Valuation of the 
Multiple-Contingency Quadrants

The general formula presented in (4) can easily
be adapted to determine the value of the multiple
contingencies represented by each of the four quad-
rants shown in Exhibit 1. Quadrant I represents the
case in which the managed portfolio generates a posi-
tive absolute return and simultaneously exceeds the
performance of the benchmark. This result is shown
in the first row of Exhibit 3.

Quadrant II represents the case in which the
managed portfolio generates a negative absolute
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k j j k return but nonetheless exceeds the performance of
the benchmark. Quadrant III represents the converse;
that is, the managed portfolio produces a positive
absolute return, but fails to exceed the benchmark’s
return. Finally, quadrant IV represents the scenario
that we characterize as disastrous to the investment
advisor: one in which both the absolute and relative
performance are negative. These results appear in the
second, third, and fourth rows of Exhibit 3.

II. APPLICATIONS OF THE 
MULTIPLE-CONTINGENCY OPTION

We adapt the general framework described in
Exhibit 2 to address three specific portfolio manage-
ment problems. First, we show how to protect a man-
aged portfolio from underperforming a benchmark
portfolio when the managed portfolio generates nega-
tive absolute returns. Second, we show how to pro-
tect an international portfolio from currency losses
when the underlying foreign portfolio simultaneously
generates negative local returns. Finally, to demon-
strate that applications are not limited to risk contain-
ment issues, we apply our framework to value invest-
ment advisor incentive fees that are tied to relative
and absolute measures of performance.

Contingent Exchange Options

Suppose an institutional investor wishes to
protect a portfolio from underperforming a bench-
mark portfolio. Margrabe [1978] demonstrates that
this type of portfolio protection is equivalent to an
option to exchange one risky asset (the benchmark
portfolio) for another (the managed portfolio). To see
this result, notice that at the end of the holding peri-
od the combined value of the managed portfolio and
European exchange option is SP(T) + Max(SB(T) –
SP(T), 0) where SP(t)(t∈[0, T]) is the value of the
managed portfolio, T is the end of the measurement
period, and SB(t) is the benchmark portfolio value.
Clearly, the investor receives the performance from
the better-performing portfolio, thereby attaining the
desired hedge.

As a cost savings alternative to this protection,
suppose the investor decides that underperformance
of the managed portfolio is tolerable as long as the
portfolio does not depreciate in value. The investor’s



concern is underperforming the benchmark and gen-
erating a negative absolute return. The investor desires
disaster insurance.

If both por tfolios have the same initial
notional value, the investor desires disaster protec-
tion in the form of an option that pays off
Max(SB(T) – SP(T), 0) if SP(T) ≤ H, which can be
restated in terms of holding-per iod returns as:
Max(RB(T) – RP(T), 0) if RP(T) ≤ 0 where RB(T)
= SB(T)/SB – 1, RP(T) = SP(T)/SP – 1, and H = SP.
Thus, by combining this option with the managed
portfolio (i.e., SP(T) + Max(SB(T) – SP(T), 0) if
SP(T) ≤ SP), the investor receives the return on the
benchmark portfolio if the active portfolio under-
performs the benchmark and the absolute return is
negative; otherwise the investor receives the return
on the managed portfolio.

The fair market value of this disaster protection
exchange option can be determined from Exhibit 3
(Scenario IV) or from Equation (4) as:11

where:

the squared tracking error is σ2 = + –σB
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EXHIBIT 3
VALUATION OF MULTIPLE-CONTINGENCY QUADRANTS

SCENARIO∗∗ EUROPEAN OPTION PAYOFF OPTION PRICING FORMULA∗∗∗∗

I Max(SP(T) – SB(T), 0)
if SP(T) ≥ H

II Max(SP(T) – SB(T), 0)
if SP(T) ≤ H

III Max(SB(T) – SP(T), 0)
if SP(T) ≥ H

IV Max(SB(T) – SP(T), 0)
if SP(T) ≤ H

∗Scenario I: Actively managed portfolio generates a positive return and outperforms the benchmark portfolio. Scenario II: Both portfolios
generate negative returns, but the benchmark return is more negative. Scenario III: Both portfolios generate positive returns, but the bench-
mark portfolio generates a higher return. Scenario IV: Active portfolio generates a negative return and is outperformed by the benchmark.
∗∗Where z1 ≡ (ln(SP/SB) + [ln(dB/dP) + 1/2 σ2]T)/ , z2 ≡ (ln(SP/H) + [ln(r/dP) + 1/2 ]T)/ , z3 ≡ (ln(SP/H) + [ln(r/dP) – 

1/2 + σPσBρP,B]T)/ , ≡ (σP – σBρP,B)/σ, and σ2 ≡ + – 2σPσBρP,B. N2(c1, c2; ρ) is the bivariate standard cumula-
tive normal distribution function with upper limits of integration c1 and c2 and a correlation coefficient of ρ. These results can be derived
by making adjustments to Equation (4). For Scenario I, let Sj ≡ SP, Si ≡ SB, φ ≡ 1, Sk ≡ SP, σj ≡ σP, σi ≡ σB, ρi,j ≡ ρP,B, ρi,k ≡ ρP,B, and ρj,k
≡ 1. The notation for Scenario II is identical to Scenario I with the one exception that φ ≡ –1. For Scenario III, let Sj ≡ SB, Si ≡ SP, φ ≡ 1,
Sk ≡ SP, σj ≡ σB, σi ≡ σP, ρi,j ≡ ρP,B, ρi,k ≡ 1, and ρj,k ≡ ρP,B. The terms for Scenario IV are identical to Scenario III with the exception
that φ ≡ –1.
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2σBσPρB,P, and the correlation of the absolute and
relative returns is =(σP – σBρP,B)/σ.

To illustrate this application, let us assume that
the portfolio value, the benchmark value, and the
hurdle value are 100 on the valuation date; the riskless
rate of interest is 6.0%; the portfolio’s standard devia-
tion is 15%; its tracking error with the benchmark is
3.0%; the correlation of the portfolio’s absolute
returns and the relative returns is 10.0%; and the time
to expiration is one year.12

From Panel A of Exhibit 4 we see that with
these assumptions the option value equals $0.44. This
value compares to a premium for an exchange option
with no hurdle (i.e., H = ∞) of $1.20. When the hur-
dle price is specified as an arbitrarily large value, in
which case the contingency is always satisfied, the
contingent exchange option collapses to the familiar
Margrabe exchange option.13

It is also interesting to note the option
value’s sensitivity to the correlation between the
portfolio’s absolute and relative returns. The option
value decreases with decreases in this correlation,
because a low correlation reduces the likelihood
that the portfolio will underperform its benchmark
at the same time it experiences negative absolute
returns. Holding constant the or iginal inputs,
Exhibit 4 shows that the option value falls from
$0.44 to $0.33 as the correlation is reduced from
10% to –10%.

Finally (not shown in Exhibit 4), the effect of
time to maturity on price is ambiguous. As time to
maturity increases, the chance that the option will
expire in the money rises, but time to maturity also
increases the chance that the absolute hurdle will not
be satisfied.

This contingent exchange option allows the
investor to avoid the lower left quadrant of (quadrant
IV) of Exhibit 2 by guaranteeing the benchmark per-
formance when the portfolio experiences negative
absolute returns. Its value is thus quantitatively depen-
dent on the portfolio’s relative return and qualitatively
dependent on its absolute return.14

The option can also be modified to ensure that
an investor avoids the lower left quadrant by guaran-
teeing an absolute return when the portfolio experi-
ences negative relative returns. The value of this
option would depend on the extent of the negative

ρ
return but not the extent of underperformance rela-
tive to the benchmark.

Contingent Currency Options

Investors who allocate a fraction of their port-
folio to foreign assets simultaneously incur market risk
and currency risk because the return from the foreign
assets must be converted into the domestic currency.
It is possible to develop risk containment strategies
that simultaneously address market and currency risk
of foreign investments.

Suppose an investor believes that a particular
foreign equity market is undervalued but is uncertain
about the direction of the country’s currency. One
way to act on this conviction would be to invest in
the country’s equity market and at the same time to
purchase a European put option on the country’s cur-
rency. This approach is attractive because it can be
implemented with a simple buy-and-hold strategy. It
will not necessarily eliminate currency risk complete-
ly, however, because if the portfolio goes up in for-
eign currency terms, its value may increase beyond
the notional amount of the currency protection.

At the other extreme, an investor could elimi-
nate currency risk completely by constantly adjusting
the number of put options to coincide with the opti-
mal hedge ratio. A third approach for gaining exposure
to a foreign equity market without accepting the con-
comitant currency risk is to purchase a so-called quanto
option, which is a fixed exchange rate foreign equity
option in which the notional amount of the currency
coverage expands or contracts to cover changes in the
foreign currency value of the underlying portfolio.

A fourth and slightly different strategy is for
the investor to seek protection from currency losses
only when the underlying portfolio simultaneously
generates negative local returns. This strategy implies
that the investor is willing to accept currency losses as
long as the underlying portfolio performs favorably.
We refer to this strategy as a contingent currency option.

To formalize this particular notion, let X(t)
denote the exchange rate at time t∈[0, T] (i.e., the
price in dollars of one unit of the foreign currency).
Let us also suppose that the investor wants currency
protection below a constant critical level; call it C.
Define S(t) as the value of the managed portfolio and
H as its hurdle price demarcating positive and nega-
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tive returns. To hedge against a disaster scenario, the
investor needs a European put option that pays off:
Max(C – X(T), 0) if S(T) ≤ H, and zero otherwise.

The foreign currency version of Equation (4)
can be written as:15

Cr N y y

Xr N y T y

d
T

2 1 2 S,X

f
T

2 1 X 3 S,X

−

−

− −

− −

( , ; )  

(   , ; )

ρ

σ ρ

EXHIBIT 4
A COMPARISON OF RESTRICTED AND UNRESTRICTED OPTION VALUES

PANEL A

σP σ CONTINGENT EXCHANGE MARGRABE-FISCHER

(PER ANNUM) (PER ANNUM) (PER ANNUM) OPTION VALUEa EXCHANGE OPTION VALUEa

0.15 0.10 0.03 $0.44 $1.20
0.15 –0.10 0.03 $0.33 $1.20
0.15 0.10 0.02 $0.29 $0.80
0.15 0.10 0.04 $0.59 $1.60

PANEL B

σS ρS,X σ = σX CONTINGENT CURRENCY GARMAN-KOHLHAGEN

(PER ANNUM) (PER ANNUM) (PER ANNUM) OPTION VALUEb CURRENCY OPTION VALUEb

0.15 0.1 0.12 $1.58 $3.71
0.15 –0.1 0.12 $1.22 $3.71
0.15 0.1 0.10 $1.27 $2.96
0.15 0.1 0.14 $1.90 $4.46

PANEL C

σP σ MULTICONDITIONAL UNRESTRICTED

(PER ANNUM) (PER ANNUM) (PER ANNUM) INCENTIVE FEEc INCENTIVE FEEc

0.15 0.10 0.03 $0.76 × 0.15 = $0.11 $1.20 × 0.15 = $0.18
0.15 –0.10 0.03 $0.87 × 0.15 = $0.13 $1.20 × 0.15 = $0.18
0.15 0.10 0.02 $0.51 × 0.15 = $0.08 $0.80 × 0.15 = $0.12
0.15 0.10 0.04 $1.02 × 0.15 = $0.15 $1.60 × 0.15 = $0.24

aThe contingent exchange option value is determined from section IIA, where σ2 = + – 2σPσBρP,B and = (σP –
σBρB,P)/σ, and the unrestricted option value is calculated from the Margrabe [1978] and Fischer [1978] formula to exchange the man-
aged portfolio value for the benchmark. The parameter values for each option, unless otherwise specified, are SB = SP = H = 100, r =
1.06, and dB = dP = T = 1.
bThe contingent currency option value is determined from section IIB, and the unrestricted option value is calculated from the Garman
and Kohlhagen [1983] foreign currency option formula. The parameter values for each option, unless otherwise specified, are X = S = C
= H = 100, rd = 1.06, rf = 1.04, ds = 1, and T = 1.
cThe multiconditional incentive fee value is determined from section IIC, where σ2 = + – 2σPσBρP,B and = (σP – σBρB,P)/σ, and
the unrestricted incentive fee value is calculated from the Margrabe [1978] formula to exchange the benchmark portfolio value for the man-
aged portfolio. The parameter values for each option, unless otherwise specified, are SB = SP = H = 100, r = 1.06, dB = dP = 1, and T = 1.
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where

Here, rf represents the foreign riskless rate, rd
denotes the domestic interest rate, and dS is the divi-
dend yield on portfolio S.

By setting the currency value, the currency
strike price, the portfolio value, and the portfolio
hurdle value all equal to 100 (X = S = C = H =
100), we protect the portfolio from currency losses
whenever the underlying foreign assets generate nega-
tive returns in the local currency. The value at expira-
tion of this contingent currency option does not
depend on the magnitude of losses generated by the
foreign assets in their local currency, but rather on the
occurrence of the losses. Its value is determined by
the extent of the currency losses along with the fact
that the portfolio value denominated in the local cur-
rency is above or below the hurdle value.

Continuing with the example, we assume that
the portfolio standard deviation is σS = 15.0%, the
currency standard deviation is σX = 12.0%, the corre-
lation between the portfolio returns and currency
returns equals ρS,X = – 10.0%, the foreign and domes-
tic interest rates equal 4.0% and 6.0% (rf = 1.04, rd =
1.06), and the time to expiration is one year. The
value of the contingent currency option is $1.22 as
seen in Panel B of Exhibit 4. By contrast, the value of
a currency option that pays off irrespective of the per-
formance of the underlying foreign assets equals
$3.71, given the same inputs. Clearly, an investor who
is concerned about currency losses only when the
underlying assets perform poorly could achieve this
protection much less expensively, at less than one-
third the cost, than by purchase of an unconditional
currency option.
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The difference in value between the condi-
tional and unconditional currency option values
approaches zero as: 1) the hurdle on absolute returns
goes to infinity, or 2) the managed portfolio and the
exchange rate have the same cost of carry (dS = rf),
their correlation goes to one, and the strike price
equals the hurdle price (C = H). Another important
difference between the conditional and unconditional
currency option is that the conditional option value
can decrease as a function of time to maturity. For
example, the one year contingent currency option
discussed above is worth $1.22, while an otherwise
identical five year contingent currency option is
worth $1.04.

Multiconditional Incentive Fees

Economic theory posits that manager ial
reward should correspond, at least in part, to the
marginal product of management. In fact, many
investment management fee arrangements are con-
structed with a base fee that is fixed and a contin-
gent fee that is tied to the incremental return gener-
ated from a managed portfolio relative to a bench-
mark.16 If performance is valued appropriately, a
manager should be indifferent between the “typical”
flat management fee and the certainty equivalent of
the combined value of the base fee and contingent
fee. This conclusion, however, depends on the
assumption that both parties are in agreement about
the fair value of the incentive component.

Incentive fees that are based on the incremen-
tal return generated from a managed portfolio relative
to a benchmark are effectively options to exchange
one asset (the managed portfolio) for another (the
benchmark portfolio). This characterization con-
ceived by Margrabe [1978] as an application of his
exchange option formula is explored in depth by
Kritzman [1987]. While variations of the Margrabe
model have been widely adopted by CTAs (commod-
ity trading advisors), institutional investors have been
considerably less enthusiastic about incentive fees.

CTAs are typically measured against an absolute
return of 0% or the riskless rate of interest. In either
case, they will not collect an incentive fee unless they
generate profits for their customers. Managers of insti-
tutional funds, by contrast, are typically evaluated in
terms of indexes, which may generate negative
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returns. Thus, under an incentive fee arrangement,
institutional fund managers could collect an incentive
fee even if they produce losses for their clients. This
fact may help to explain why most institutional
investors lack enthusiasm for incentive fees.

The reluctance to embrace incentive fees on
the part of some institutional investors might be over-
come if incentive fees were tied to both relative and
absolute measures of performance.17 We propose, for
example, that the asymmetric portion of the incentive
fee be set equal to the incremental return from the
managed portfolio relative to the benchmark portfo-
lio; that is, the contingent fee is α times Max(SP(T) –
SB(T), 0), where α(0 ≤ α ≤ 1) is the manager’s per-
centage of excess performance, SP(t) (t∈[0, T]) is the
value of the managed portfolio, T is the end of the
measurement period, and SB(t) is the value of the tar-
get portfolio.

The approach so far is equivalent to Margrabe’s
approach. Unlike Margrabe, however, we append the
condition that absolute returns also be positive;
specifically, that SP(T) ≥ H. The payoff from the
incentive component part of the contract can then be
stated formally as α times Max(SP(T) – SB(T), 0) if
SP(T) ≥ H and zero otherwise.

The current value of this incentive fee is deter-
mined from Exhibit 1 (scenario I) or Equation (4) as:18
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σ2 depicts the variance in relative returns σ2 ≡ +

– 2σBσPρP,B, and takes the form ≡ (σP –
σBρB,P/σ.

To illustrate how this formula is used to value
an incentive fee contract, assume the same inputs that
are used in the contingent exchange option example
and that the manager’s incentive participation is 15%
of positive excess performance.19 These values, as
shown in Panel C of Exhibit 4, imply that the incen-
tive component of the fee is worth 11 basis points to
the manager. Thus, if the manager would otherwise
charge a flat fee of 100 basis points to manage the
portfolio, the base component of the incentive fee
should be set equal to 89 basis points. This difference
compensates for the value of the option provided to
the manager by the incentive arrangement.

If the base component were set higher than 89
basis points, the manager would receive an unfair
advantage by forgoing less of the alternative flat fee
than the incentive component is worth. Conversely,
the manager would be disadvantaged if the base com-
ponent were set below 89 basis points.

The value to the manager of the incentive
component is less than it would be were the incentive
component not conditioned on the joint occurrence
of outperforming the benchmark and producing a
positive absolute return. For example, if we remove
the contingency on absolute returns but leave the
other assumptions unchanged, the value to the man-
ager of the incentive component rises to 18 basis
points, implying that the fair value of the base com-
ponent declines to 82 basis points. The obvious intu-
ition behind these changes is that the manager is more
likely to collect the incentive component when the
absolute hurdle is removed.

The multiconditional approach to incentive
fees helps to mitigate another limitation of the stan-
dard incentive fee arrangement. A moral hazard arises
with standard incentive fees because the manager can
increase the value of the incentive component by
changing the managed portfolio’s risk relative to the
benchmark.20 To discourage this type of behavior
many incentive arrangements limit the maximum
payoff the manager may receive.21

The imposition of a cap, however, introduces
yet another problem. When a manager reaches the
cap, it is in the manager’s best interest to lock in the

ρρσB
2

σP
2

SPRING 1998 THE JOURNAL OF DERIVATIVES 37



incentive component by pursuing a passive strategy
for the remainder of the evaluation period.

By conditioning the incentive component on
the joint performance of absolute and relative returns,
the relation between portfolio volatility and the value
of the incentive component is ambiguous. While
under the standard incentive fee arrangement, the
manager can increase tracking error (and therefore the
value of the fee) simply by moving the portfolio’s
volatility away from the benchmark’s volatility, under
the multiconditional incentive fee arrangement, a
change in portfolio volatility affects the value of the
incentive component in several ways.

First of all, portfolio volatility directly affects
the value of the incentive component, because it
influences the probability that the portfolio will
exceed the hurdle value. The direction of this effect,
however, can be positive or negative. Moreover, port-
folio volatility affects the value of the incentive com-
ponent indirectly through its impact on tracking error
and the correlation of absolute and relative returns.
These indirect effects sometimes offset the direct
effect and sometimes amplify the direct effect.

The important point, though, is that the net
effect of a change in portfolio volatility on the value
of the incentive component is obscured by the duality
of the multiconditional incentive fee. Thus, any
attempt by a manager to game the incentive fee could
easily backfire. This issue is addressed more thorough-
ly in Appendix B.

III. A HYBRID COLLAR TO 
FINANCE DISASTER PROTECTION

We have shown how to value options that pro-
tect investors from concurrent negative outcomes and
how to structure an incentive fee whose payoff is con-
tingent on the joint attainment of an absolute and rel-
ative target. Now we combine these two notions to
demonstrate how protection from concurrent nega-
tive events can be financed by forgoing relative gains
that occur when the absolute gain simultaneously
exceeds a given threshold.

Many investors face an asymmetric reward sys-
tem in that success is rewarded less than failure of an
equal magnitude is reproved. These investors are
therefore willing to sacrifice upside participation for

downside protection by investing in hedging strategies
known as collars. A zero-cost collar combines the sale
of a call option with the purchase of a put option.
The premium received from the call option, which
limits upside participation in the underlying asset,
exactly finances the premium for the put option,
which establishes the floor.

We wish to apply this notion to the disaster
option; that is, we wish to finance protection from
the joint occurrence of an absolute and relative failure
by sacrificing relative gains that occur when the abso-
lute performance exceeds a particular hurdle. A zero-
cost collar is found by solving for an absolute hurdle
value associated with a call option on joint favorable
performance (quadrant I, Exhibit 1) so that its premi-
um equals the premium for the disaster option (quad-
rant IV, Exhibit 1).22 Specifically, we wish to solve for
H so that the current value of a European option that
pays off Max(SP(T) – SB(T), 0) if SP(T) ≥ H equals
the cur rent value of an option that pays off
Max(SB(T) – SP(T), 0) if SP(T) ≤ SP.

The appeal of such a strategy, of course,
depends on the level of the hurdle above which rela-
tive gains are relinquished. Exhibit 5A shows that, for
a reasonably wide range of assumptions, the cushion
on favorable absolute performance that must be
exceeded before the investor is required to relinquish
relative gains is close to 15%, as long as the riskless
return is 6% and the holding period is one year. This
result is apparently surprising, according to the infor-
mal surveys we have conducted and remarkably
robust to all the inputs except the riskless return and
time to maturity.

Our analysis also reveals that the trade-off
between the cushion and the deductible is not sym-
metric. Exhibit 5B shows the results for a hybrid col-
lar in which the joint downside protection is guaran-
teed only when the absolute return falls below –5%.
(In this case, the disaster option pays off Max(SB(T) –
SP(T), 0) if SP(T) ≤ 0.95SP). Clearly, the cushion on
favorable absolute performance is higher because the
collar finances less protection, but it is interesting to
note that the increase in the cushion is nearly three
times the magnitude of the increase in the deductible.

It is possible to engineer other collars that inte-
grate the other quadrants of the multiple-contingency
matrix in Exhibit 1. Moreover, it is possible to struc-
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ture still other hybrid collars so that only relative gains
above a specified level are relinquished to finance the
protection. In this case, the investment advisor would
still experience some relative outperformance while
achieving protection from concurrent failures.

IV. SUMMARY

We have derived an option-based framework
to protect investors from the simultaneous occurrence
of negative events. This framework implies that
investor utility depends on the joint behavior of more
than one random variable. We also extend the frame-
work to value incentive fees that are linked to the

attainment of two or more distinct but potentially
correlated goals. This framework obscures the relation
between the managed portfolio’s volatility and the
value of the incentive component, thereby diminish-
ing the likelihood that the fee will be gamed. Finally,
we combine these valuations to engineer a hybrid
collar that provides protection from joint negative
events in exchange for relinquishing relative gains that
occur above an absolute threshold.

Our analysis demonstrates that the value of the
contingent options and the value of the multicondi-
tional incentive fees depend importantly on the cor-
relation of the random variables. As the correlation
falls, investors who can tolerate an unfavorable out-

EXHIBIT 5A
HYBRID COLLAR WITH 0% ABSOLUTE TARGET

σP σ T r H CUSHION = (H/100) – 1 OPTION VALUE

0.15 0.05 0.1 1.0 1.06 114.83 14.83% $0.734
0.10 0.05 0.1 1.0 1.06 113.43 13.43% $0.611
0.20 0.05 0.1 1.0 1.06 116.83 16.83% $0.789
0.15 0.02 0.1 1.0 1.06 114.88 14.88% $0.293
0.15 0.10 0.1 1.0 1.06 114.74 14.74% $1.472
0.15 0.05 0.0 1.0 1.06 114.92 14.92% $0.641
0.15 0.05 -0.1 1.0 1.06 115.00 15.00% $0.552
0.15 0.05 0.1 0.5 1.06 107.16 7.16% $0.593
0.15 0.05 0.1 5.0 1.06 199.66 99.66% $0.811
0.15 0.05 0.1 1.0 1.04 110.54 10.54% $0.832
0.15 0.05 0.1 1.0 1.08 119.21 19.21% $0.643

EXHIBIT 5B
HYBRID COLLAR WITH –5% ABSOLUTE TARGET

σP σ T r H CUSHION = (H/95) – 1 OPTION VALUE

0.15 0.05 0.1 1.0 1.06 120.88 27.24% $0.495
0.10 0.05 0.1 1.0 1.06 119.40 25.68% $0.307
0.20 0.05 0.1 1.0 1.06 122.98 29.45% $0.600
0.15 0.02 0.1 1.0 1.06 120.93 27.29% $0.198
0.15 0.10 0.1 1.0 1.06 120.78 27.14% $0.994
0.15 0.05 0.0 1.0 1.06 120.96 27.33% $0.419
0.15 0.05 -0.1 1.0 1.06 121.06 27.43% $0.348
0.15 0.05 0.1 0.5 1.06 112.80 18.74% $0.347
0.15 0.05 0.1 5.0 1.06 210.16 121.22% $0.643
0.15 0.05 0.1 1.0 1.04 116.36 22.48% $0.579
0.15 0.05 0.1 1.0 1.08 125.48 32.08% $0.420

ρ

ρ



come that is accompanied by a favorable outcome
should find this type of protection more and more
attractive. Moreover, investment clients who pay
incentive fees based on the concurrent attainment of
multiple targets should be increasingly willing to pay a
higher base fee than they would otherwise pay under
an unconditional incentive fee arrangement.

APPENDIX A
CONFIRMATION OF EQUATION (4)

Observe that the function W(Sj, Si, Sk; φ, H, T) is
linear homogeneous of degree one with respect to Sj and
Si; therefore, let W(Sj, Si, Sk; φ, H, T) ≡ Siw(S, Sk; 1, φ, H,
T) where S(t) ≡ Sj(t)/Si(t) ∀ t ∈ [0, T] and w(.) is a Euro-
pean option that pays off Max(S(T) – 1, 0) if φSk(T) ≥ φH
and zero otherwise.

If markets are assumed complete, a change of the
probability measure from Girsanov’s theorem allows us to
rewrite the stochastic differential in (3) as:

where (r – 1) is the discrete riskless rate of interest on an
investment maturing T years in the future, and (dx – 1) is
the payout rate of asset x (x = j, i, k).

Under the assumptions noted, if the capital markets
are also frictionless, standard hedging arguments can be
used to show that W(Sj, Si, Sk; φ, H, T) is the solution to
the second-order partial differential equation subject to the
boundary conditions noted above in (1):

where the subscripts denote partial derivatives.
Further, it is easy to show that the value of w(.) is

the solution to the second-order differential equation
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This result follows by substitution (i.e., Wj = ws,
Wk = Siwk, Wi = w – Sws, Wjj = wss/Si, Wkk = wkkSi,
Wii = S2wss/Si, WT = SiwT, Wjk = wsk, Wji = –Swss/Si,
and Wik = wk – Swsk). If the risk-adjusted drift rate of asset
k is set equal to ln(r/dk) + σkσiρi,k, the discount rate
(under the equivalent martingale measure) of the relative
asset S is di whose proportional variance is = + 
– 2σiσjρi,j and payout rate is dj. Further, observe that the
correlation coefficient of the relative asset and asset k is 
= (σjρj,k – σiρi,k)/σs. Thus, the solution to this new partial
differential equation is immediately determined from Rich
and Leipus [1997, theorem 5] as

where

Equation (4) is then confirmed by multiplying through by
Si and substituting in σkσs = σkσjρj,k – σkσiρi,k.

The next step is to analyze the hedging properties
of the option by determining the comparative statics. The
comparative statics for the option pricing function can, of
course, also be substituted into the partial differential
equation above to confirm that it is the unique equilibri-
um solution.

To conserve space, let
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Further, let N(x) denote the standard cumulative
normal distribution function and n(x) denote the standard
normal density function. Note that the partial derivatives
below are defined only when Sj(T) > Si(T) and φSk(T) >
φH. The partial derivatives confirm that the partial differ-
ential equation is satisfied by noting: .
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APPENDIX B
ANALYSIS OF MORAL HAZARD RISK

WITH MULTICONDITIONAL INCENTIVE FEES

The value of the multiconditional incentive fee
changes in a complex manner with respect to changes in
the risk of the managed portfolio. A change in σP affects
the incentive fee value directly and, in two ways, indirect-
ly. The incentive fee is 1) a function of σP (direct effect),
2) a function of the tracking error, σ, which is a function
of σP (indirect effect), and 3) a function of the correlation
of absolute and relative returns, , which is a function of
σ and σP (indirect effect). Therefore, a rate of change anal-
ysis requires the examination of the total derivative. To do
this, we write

Because changes in with respect to changes in
σP come from σP and σ, we must state the last term on the
right-hand side as another total derivative: 

This result is interpreted as follows. Changes in σP
change the value of the incentive fee through its indirect
effect on . The indirect effect of a change in the incen-

tive fee value from a change in comes directly from the 

fact that is a function of σP (the indirect-direct effect) 

and indirectly from the fact that is a function of σ that is
a function of σP (the indirect-indirect effect). 

Incorporating this total derivative into the previous
equation renders:
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Because

we can rewrite the total derivative as:

We conclude from this result that the total change
in the value of the multiconditional incentive fee that arises
from a change in the risk of the managed portfolio is virtu-
ally impossible to anticipate. Depending on the other
parameters, the change σP that is directly transmitted to the
incentive fee can increase or decrease its value. Moreover,
the indirect effect of a change in σP that changes σ that
alters the value of the incentive fee is positive (negative) if

is positive (negative). Finally, the indirect effect of a
change in σP on , may also increase or decrease the
incentive fee value depending on the other inputs. This
recondite relation between volatility and the value of the
incentive fee component should significantly diminish
moral hazard risk.
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absolute returns or tracking error, it follows that the
investor’s utility is conditioned on a single random variabil-
ity — wealth in the case of absolute returns, and net wealth
in the case of tracking error.

2Degeorge, Patel, and Zeckhauser [1997] also find
strong evidence that corporations actively manage their
absolute and relative earnings performance, where relativity
is defined by previous performance. 

3Related to this, Tufano [1996] finds evidence
that the amount of corporate risk management is related to
the form of managerial compensation.

4DeMarzo and Duffie [1995] also argue that the
extent of risk management activity can serve as a signal of
corporate managerial skill.

5It is simple to show that our description of
investor behavior is still consistent with the utility axioms
of Von Neumann and Morgenstern [1947].

6It is important to note the difference between
multiple dimensions of risk and multiple sources of uncer-
tainty that underlie a single volatility measure.

7State Street Bank & Trust Company has recently
started offering customized options similar to the disaster
currency option discussed here.

8It should be noted that there is nothing unique
about our zero demarcation lines. In fact, the critical
boundaries between half-spaces can be specified as desired,
as illustrated in Equation (4).

9At the expense of additional complexity, it is
possible to extend our analysis to incorporate intertemporal
default risk in the spirit of Rich [1996].

10The Wiener random variables are defined on
the complete probability space (Ω, f, Pr). The correlations
of the unanticipated portion of the returns are defined as
ρi,j(t) ≡ corr[dZi(t), dZj(t)]dt, ρi,k(t) ≡ corr[dZi(t), dZk(t)]dt,
and ρj,k(t) ≡ corr[dZj(t), dZk(t)]dt, where corr denotes the
local correlation coefficient. The correlation coefficients
are assumed constant during the life of the option (i.e.,
ρi,j(t) ≡ ρi,j, ρi,k(t) ≡ ρi,k, and ρj,k(t) ≡ ρj,k). As stated, it is
also assumed that {Zj(t), Zi(t), Zk(t)} is a three-dimensional
Brownian motion.

11To derive this formula from Equation (4), let Sj
≡ SB, Si ≡ SP, φ ≡ –1, Sk ≡ SP, σj ≡ σB, σi ≡ σP, ρi,j ≡ ρP,B,
ρi,k ≡ 1, and ρj,k ≡ ρP,B. Further note that

12That is, SP = SB = H = 100, r = 1.06, σP =
0.15, σ = 0.03, = 0.10, and dP = dB = T = 1. This
problem may also be stated in terms of the volatility of
benchmark and the correlation of the portfolio and the
benchmark rather than the tracking error and the correla-
tion of the absolute and relative returns. It is easy to show

ρ

1 2 1 22 2/     /   ,σ σ σρ σ σ σ ρP P P P B P B− = − +

from σ2 = + – 2σPσPσBρP,B and = (σP –
σBρP,B)/σ that if σP = σB = 0.15 and ρP,B = 0.98, then σ
= 0.03 and = 0.10.

13Observe that as H → ∞, y2 and y3 → –∞, and
(4) converges to the Margrabe [1978] model. 

14We recognize that the contingency may intro-
duce a moral hazard to the writer because a manager who
purchases the option would have an incentive to trip the
option by penetrating the hurdle if absolute performance
were close to the hurdle value and the relative performance
was in the money. This problem, of course, will not apply
to managers who replicate the contingent exchange option
through dynamic trading.

15This formula can be derived from (4) by letting Sj ≡
C, Si ≡ X, φ ≡ –1, Sk ≡ S, σj ≡ 0, σi ≡ σX, ρi,j ≡ 0, ρi,k ≡ ρS,X,
ρj,k ≡ 0, di = rf, dj = rd, and dk = dS; noting that the tracking
error collapses to the foreign currency volatility, σ = σX; and
the correlation of absolute and relative returns is equal to the
negative of the simple correlation, = –σXρS,X/σX = –ρS,X.

16Bailey [1990] suggests the base fee should be
viewed as a maintenance fee that “keeps the manager ‘in
the game’ financially during periods of poor performance.”
Grinold and Rudd [1987] discuss alternative forms of per-
formance-based incentive fees.

17Record and Tynan [1987] first proposed com-
bining absolute and relative measures of performance in the
absence of a direct relative benchmark. We are aware of at
least one institutional investment advisor whose incentive
compensation is tied to more than one measure of return.

18This formula can be derived from (4) by specify-
ing φ ≡ 1, Sj ≡ Sk ≡ SP, Si ≡ SB, σj = σk = σP, σi = σB, dj =
dk = dP, di = dB, ρi,j = ρP,B, ρj,k = ρ1, and ρi,k = ρP,B.

19That is, SP = SB = H = 100, σP = 0.15, =
0.10, σ = 0.03, r = 1.06, and dB = dP = T = 1.

20Specifically, the rate of change of the standard
incentive fee with respect to a change in σP equals

21The threat of termination and damage to one’s
reputation also serve as a control mechanism.

22A zero-cost collar is possible with traditional
portfolio insurance because after the put is purchased one
degree of freedom remains, the strike price of the short call
option. The exercise price, however, is stochastic in the
contingent exchange option. Therefore, we use the hurdle
value as our degree of freedom.
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