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The ideal fee structure aligns the 
incentives of the investor with 
those of the fund manager. Inves-
tors will normally be looking to 

maximize their risk-adjusted return, while 
fund managers will seek to maximize their 
fees. Mutual funds typically only charge a 
management fee that is a proportion of the 
funds under management. This traditional fee 
structure can only align fund manager and 
investor objectives to a limited degree: If the 
investor is unsatisfied with the performance 
of the manager they can usually withdraw 
their funds, thus reducing the fee to zero. 
Hedge funds, on the other hand, generally 
charge both a management fee and an incen-
tive fee that is a fraction of the fund’s return 
each year in excess of a high-water mark. It 
is clear that this structure aligns the objec-
tives of these two parties more closely since 
they both stand to benefit from incrementally 
better performance.

However, hedge fund incentive fees 
are a contentious issue for two important 
reasons. First, the fees can be very large as a 
proportion of the fund and can therefore be a 
drag on the performance of the fund. Brooks, 
Clare, and Motson [2008] found that for the 
period 1994 to 2006 fees cost on average 5.15% 
per annum, and Goetzmann, Ingersoll, and 
Ross [2003] estimate that, depending upon 
the variance of returns, the performance fee 
effectively costs investors between 10% and 

20% of the portfolio. Clearly investing in a 
hedge fund would only be rational if they 
provide a large, positive risk-adjusted return 
that compensates for these fees.

The second and perhaps more inter-
esting issue is whether the incentive fees pro-
vide the manager with the right incentives 
anyway. Anson [2001], who describes incen-
tive fees as a “free option,” argues that the 
option-like nature of the incentive fee will 
lead the manager to increase the volatility of 
returns to maximize the value of this option. 
This is a view that is partially supported by 
Goetzmann et al. [2003] who state that “the 
manager has the incentive to increase risk 
provided other non-modeled considerations 
are not overriding.” Alternatively, L’Habitant 
[2007] considers the incentive fee as an option 
premium paid to the hedge fund manager by 
the investor. This premium ensures that the 
manager optimizes the size of the fund to 
keep returns high because the incentives for 
superior performance can be greater than for 
asset growth. He argues that the absence of 
incentive fees (for example, in mutual funds) 
leads the manager to maximize funds under 
management, which is not necessarily in the 
interests of the investor who is seeking to 
maximize risk-adjusted returns.

Several academic papers have exam-
ined the effect that incentive fees have upon 
the optimal dynamic investment strate-
gies of fund managers within a theoretical 
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framework. Typically these papers present a framework 
with one risky and one riskless asset and then examine 
the allocation the manager would make to each asset 
under various scenarios. The theoretical results pro-
vide a range of possible behavior depending upon the 
assumptions made about manager preferences, the pos-
sibility of fund liquidation, and the assumed level of 
the management’s stake in the fund. Thus the models 
illustrate the importance of what Goetzmann et al. 
[2003] describe as “non-modeled considerations,” or 
what could also be described as implicit rather than 
explicit contract terms.

The explicit terms of the compensation contract 
are that investors agree to pay the manager a fixed per-
centage of positive returns while accepting all of the 
downside; if the contract was this simple then the man-
ager would, as Anson [2001] suggests, simply possess a 
call option on the future performance of the fund, which 
would provide the manager with an incentive to increase 
risk. However, there are also many implicit terms to the 
contract that are more difficult to model—some of these 
may mitigate this problem while others may exacerbate 
it. For example, investors will expect the hedge fund 
manger to invest a substantial percentage of their own 
net worth in the fund and penalize them for poor per-
formance (or for excessive risk taking) by withdrawing 
their funds ( just as a mutual fund client would). This will 
mitigate some of this risk taking. However, risk taking 
might be exacerbated if, as has been illustrated using 
mutual fund f low data, fund f lows are a convex function 
of past performance, where good performance leads to 
significant fund inf lows but poor performance leads to 
smaller net outf lows. This results in manager compensa-
tion having a call-option-like feature that can induce the 
manager to indulge in excessive risk-taking.

In this article, we present empirical evidence of the 
inf luence of the hedge fund industry’s typical fee struc-
ture on the risk-taking behavior of hedge fund managers. 
Our analysis takes explicit account of the option-like 
features of the compensation structure. We also analyze 
the various hedge fund strategies separately rather than 
assuming that manager behavior is effectively unaffected 
by their strategies, which is often the implicit assump-
tion of other work in this area. Among other things, 
our results enable us to distinguish between and to say 
something about the competing theoretical models that 
seek to identify the relationship between incentives and 
hedge fund manager behavior. To do this we use a large 

database of hedge fund returns and identify each fund’s 
position relative to its peer group and to its high-water 
mark. After identifying the position of each fund in each 
of these two ways, we can examine whether hedge fund 
managers adjust the volatility of their fund in response 
to their performance relative to other hedge funds or the 
“moneyness” of the performance option.

We aim to answer questions of the following kind: 
Do those funds that find that their incentive option is 
out of the money “put it all on black” and increase risk? 
Do they maintain risk levels? Or do they reduce them? 
We then attempt to reconcile these results with the theo-
retical frameworks that have been proposed.

THEORETICAL MODELS OF BEHAVIOR 
IN THE PRESENCE OF INCENTIVE FEES

The conf licting results of theoretical models of 
fund manager behavior in the presence of incentive fees 
and the importance of the implicit terms is clearly illus-
trated by contrasting the findings of Carpenter [2000], 
Goetzmann et al. [2003], Hodder and Jackwerth [2007], 
and Panageas and Westerfield [2009]. Carpenter [2000] 
examined the optimal risk-taking behavior of a risk-
averse mutual fund manager who is paid with a call 
option on the assets they control (similar to hedge fund 
incentive fees). She found that a manager paid with an 
incentive fee increases the risk of the fund’s investment 
strategy if the fund’s return is below the hurdle rate 
and decreases the risk if the fund is above the hurdle 
rate. Carpenter’s analysis is for a single evaluation period 
and does not consider the possibility of the fund being 
liquidated unless the value goes to zero. Goetzmann 
et al. [2003] provide a closed-form solution to the 
cost of hedge fund fee contracts subject to a number 
of assumptions in a continuous time framework. They 
model incentive fees as an option and find that the cost 
of the contract rises as the portfolio’s variance rises and 
hence conclude that the manager has the incentive to 
increase risk “provided other non-modeled consid-
erations are not overriding.” The authors include the 
possibility that the fund can be liquidated if its value 
falls below a specified boundary and show that as the 
fund’s value approaches this boundary, the manager will 
reduce risk. So, whereas Carpenter’s theoretical manager 
would increase (decrease) risk as the fund value falls 
(rises) Goetzmann et al.’s would decrease (increase) risk 
as it falls (rises).
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Hodder and Jackwerth [2007] consider the optimal 
risk-taking behavior of an expected-utility maximizing 
manager of a hedge fund who is compensated by both a 
management fee and an incentive fee. The authors also 
examine the effect of several implicit terms including 
the manager’s own investment in the fund, a liquidation 
barrier where the fund is shut down due to poor per-
formance, and the ability of the manager to voluntarily 
shut down the fund as well as to enhance the fund’s 
Sharpe ratio through additional effort. Using a numerical 
approach, they find that seemingly slight adjustments to 
the compensation structure can have dramatic effects on 
managerial risk-taking behavior. Specifically, they find 
that the existence of a liquidation barrier and an assump-
tion that the managers own a percentage of the fund 
inhibits excessive risk taking as the fund value falls.

Panageas and Westerfield [2009] find that a manager 
compensated with an incentive fee and a high-water mark 
will place a constant fraction in the risky asset if they are 
operating in an infinite horizon setting. The intuition 
behind this is that the manager does not optimize just one 
option but an infinite time series of options, a manager 
who is below the high-water mark could increase the value 
of the current option by taking excessive risk today. How-
ever this will decrease the value of future options because it 
will also increase the probability of negative returns while 
the high-watermark is still fixed.

In Exhibit 1 we present a stylized 
summary of the differences between 
the models of fund manager behavior 
in the presence of incentive fees by 
Carpenter [2000], Goetzmann et al. 
[2003], Hodder and Jackwerth [2007], 
and Panageas and Westerfield [2009]. 
Exhibit 1 clearly illustrates the striking 
difference between the Carpenter and 
Goetzmann et al. models. Carpenter 
assumes that the fund will only be 
liquidated if the fund value goes to 
zero, hence as the value of the fund 
falls, the manager increases risk to 
increase the chance of collecting 
incentive fees without fear ing 
liquidation. On the other hand, 
Goetzmann et al. have a f ixed liq-
uidation boundary, thus as the fund 
value approaches this boundary, the 
manager decreases risk to reduce the 

probability of liquidation. In the model of Panageas and 
Westerfield, the manager holds a constant level of risk. 
Hodder and Jackwerth’s model lies somewhere between 
the other three.

Even in the absence of incentive fees, how-
ever, there are implicit terms to the compensation 
contract that could encourage excessive risk taking. 
Chevalier and Ellison [1997] show that if fund f lows 
are a convex function of past performance, that is to 
say that more money f lows into strong performers 
than out of weak performers, because the manage-
ment fees are a f ixed percentage of assets under man-
agement they will display call-option-like features. 
This, in turn, creates incentives for fund managers 
to increase or decrease the risk of the fund that are 
dependent on the fund’s year-to-date return. Sirri and 
Tufano [1998] and others have confirmed that f lows 
in and out of mutual funds do exhibit this convexity: 
Superior relative performance leads to the growth of 
assets under management, while there is no substantial 
outf low in response to poor relative performance. 
This f low/performance relationship was investigated 
for hedge funds by Agarwal, Daniel, and Naik [2004] 
who f ind that funds in the top quintile of performers 
exhibit an inf low of 63%, while the bottom quintile 
exhibits an outf low of only 3%.

e x h i b i t  1
Comparison of Risk Choices under Various Theoretical Models of 
Behavior

Notes: This exhibit shows how the optimal proportion of assets held in the risky asset varies with fund 
value under four different theoretical models of behavior.
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An empirical investigation of the risk-taking 
behavior of mutual funds for the 16-year period from 
1976 to 1991 was undertaken by Brown, Harlow, and 
Starks [1996]. Using a contingency table approach they 
showed that mutual fund managers undertake what 
they termed as “tournament behavior,” with funds 
whose mid-year returns were below the median (losers) 
increasing volatility in the latter part of the year by more 
than those funds whose mid-year returns were above 
the median (winners). The authors conclude that this 
behavior was a direct consequence of the adverse incen-
tives described above. Managers who have performed 
poorly by mid-year may have incentives to increase their 
risk level to try and improve their ranking by the year-
end; whereas managers with strong mid-year perfor-
mance appeared to reduce risk to maintain their ranking.

Empirical research on the relationship between 
risk taking and incentives in hedge funds is sparse. 
Using a regression approach Ackermann, McEnally, 
and Ravenscraft [1999] find a positive and significant 
relationship between the Sharpe ratio and the level of 
incentive fees but no statistically significant relationship 
between the level of risk (as measured by the standard 
deviation of returns) and the level of incentive fees. The 
authors conclude that this was evidence that the incentive 
structure was effective because it attracted top managers 
while not increasing their propensity to take on risk. 
Brown, Goetzmann, and Park [2001] showed that sur-
vival probability depends on absolute and relative per-
formance, excess volatility, and on fund age. Perhaps not 
surprisingly the authors find that excess risk and poor 
relative performance substantially increased the proba-
bility of termination, which they argue is a cost sufficient 
to offset the adverse incentive of excessive risk taking 
provided by the fee contract. Using a contingency table 
approach similar to Brown, Harlow, and Starks [1996], 
they found that funds tend to increase (decrease) their 
risk in response to poor (strong) relative performance but 
not in response to their absolute performance.

DATA

A major limitation of earlier studies is that they 
implicitly assume that hedge funds are a homogenous 
asset class. In practice however, the term “hedge fund” 
refers to the structure of the investment vehicle rather 
than the investment strategy being followed. Different 
strategies have varying levels of risk and historic return, 

which makes a strategy level comparison essential if the 
results are to be meaningful. The data that we use in this 
study have been extracted from the TASS live and grave-
yard databases from January 1994 through December 
2007. More specifically, we extract monthly net asset 
values (NAVs), strategy details, and inception dates for 
all hedge funds that are denominated in U.S. dollars, 
that report monthly, and that have reported for at least 
one full calendar year over this sample period. These 
criteria result in a total sample of 4,990 funds, of which 
2,449 are currently reporting and 2,541 are no longer 
reporting. The data are summarized in Exhibit 2.

The total number of funds increased rapidly in our 
sample from just over 500 in 1994 to approximately 2,500 
in 2007. The mean and median fund sizes also increased 
over time, the difference between these two statistics indi-
cate that the sample is dominated by smaller funds. There 
is a similar but less pronounced pattern in fund age.

Using the NAVs of each fund as reported in the 
TASS database we calculate the monthly gross returns 
for each hedge fund over time using the algorithm out-
lined in Brooks, Clare, and Motson [2008]. We use gross 
rather than net returns to isolate changes in risk that are 
a result of manager behavior rather than being due to 
the mechanics of the incentive contract because incen-
tive fees can have the effect of lowering the standard 
deviation of observed net returns when a fund is above 
its high-water mark, which could clearly bias the results 
(see Brooks, Clare, and Motson [2008]).

Calculation of the exact delta of the fee option 
is problematic because we do not have an appropriate 
model or a true estimate of the implied volatility, so 
instead we use the “moneyness” of the option as a proxy 
for delta. Moneyness is defined as

 

Moneyness
HighWaterMarkfMy

fMy

fMy

NAV
=

 

(1)

where Moneyness
fMy

 defines fund f’s value after M months 
of year y relative to its previous maximum value as rep-
resented by its high-water mark, HighWaterMark

fMy
.

METHODOLOGY

One has to be extremely careful when interpreting 
the relationship between the risk choices of a fund man-
ager in response to returns because the two are inherently 
linked. Exhibit 3 shows the distribution of hedge fund 
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returns conditional upon the moneyness of the incentive 
option for three subsamples defined as “at the money” 
(ATM), “in the money” (ITM), and “out of the money” 
(OTM) using the data described previously. The standard 
deviation of both the OTM and the ITM samples are 

statistically larger than for the ATM 
sample, which could support the 
hypothesis that hedge funds increase 
their risk when they are significantly 
below or above their high-water mark 
as defined in Expression (1).

However, there is an alternative 
explanation for the above result: funds 
that produce high return volatility are 
more likely to have extremely positive 
(or negative) performance and hence 
are more likely to be classified as in (or 
out) of the money. Whereas funds with 
low return volatility are less likely to 
have had extreme return outcomes and 
hence are more likely to be classified as 
at the money. To investigate, we calcu-
late the annualized standard deviation 
of gross returns for the funds in our 
sample for each calendar year as well as 
the moneyness of the incentive option 
at the end of the year. We then split 
the sample into 12 subsamples based on 

levels of moneyness between 0.70 and 1.30 and calculate 
the median standard deviation for each subsample. The 
results are presented in Exhibit 4.

e x h i b i t  3
The Distribution of Hedge Fund Returns Conditional upon the 
Moneyness of the Incentive Option

Notes: This exhibit presents the distribution of returns at time t + 1 conditional upon the moneyness of 
the incentive option at time t for three subsamples of the data. These subsamples are defined as “at the 
money” (ATM) where moneyness is greater than 95% and less than 105%, “in the money” (ITM) 
where moneyness is greater or equal to 105%, and “out of the money” (OTM) where moneyness is 
less than or equal to 90%.

e x h i b i t  2
Summary Statistics for Hedge Fund Sample, 1994–2007

Notes: This exhibit presents summary information for the sample of hedge funds collected from the TASS database. Only funds that are denominated in U.S. 
dollars, report monthly performance, and that have a return history spanning at least one full calendar year are included. The statistics for fund size are based 
on funds that report this information and thus do not represent every fund in the sample. Fund age is calculated based on the reported inception date of the fund.
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The “V” shape in Exhibit 4 illustrates that the 
alternative explanation of the earlier result is extremely 
possible. Those funds with historically lower stan-
dard deviation are more likely to be closer to “at the 
money,” whereas those with higher standard devia-
tion are more likely to be signif icantly in or out of 
the money.

To examine whether funds adjust the risk of their 
portfolios in response to their performance, we need 
to examine the standard deviation of returns before 
and after a specif ic assessment point in time. Using 
gross monthly hedge fund returns we calculate the 
annualized performance of fund f between January 
and month M. Specif ically, for each fund f in a given 
year y, we calculate the M-month cumulative return 
as follows:

 
Return fMy f y f y fMyr r r= + + + + + ( ) ( ) ( )1 1 11 2

12



MM − 1
 

(2)

where r
f
 is the monthly gross return for hedge fund f. 

In our initial analysis we set M to 6 ( June), but we also 
allow month M to vary between April and August so 
that the return is measured over periods ranging from 
four to eight months. We refer to this period as the 
“assessment period,” that is, the period over which we 
assess the performance of each fund.

To analyze whether hedge funds adjust the risk 
of their portfolios in the post assessment period, that 

is from month M to December, we 
follow Brown et al. [1996] and calcu-
late the risk adjustment ratio (RAR) 
using the following expression:

 

RAR fy

r r

M
fmy f M ym M
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M 2
1

1

 

(3)

where RAR
fy
 represents the RAR 

of fund f in year y. Expression (3) is 
simply the ratio of the standard devia-
tion of returns for the post assessment 
period to the standard deviation of 
returns over the assessment period. In 
our base case the assessment period is 

from January to June (M = 6). This analysis is conducted 
using non-overlapping assessment and post-assessment 
periods.

As well as assessing the performance of the fund 
from January to month M, we also calculate the money-
ness of the incentive fee option at the end of month M. 
The performance of any fund over the assessment period 
might be above the median return for its strategy, but 
still may not be sufficient to lift the fund’s performance 
above its high-water mark and therefore may not be 
enough for the manager to be able to claim a perfor-
mance fee. By using moneyness as a way of categorizing 
the position of the fund and therefore the fund manager’s 
attitude to risk, we can assess not only the inf luence of 
relative performance but also the value of the incentive 
option on manager behavior.

We analyze the post-assessment performance of 
fund f relative to the performance of the hedge fund 
strategy to which it belongs. We therefore ask whether 
the funds adjust their behavior relative to their peer 
group. We normalize the post-assessment return and 
the RAR by using the following expressions:

Normalized Return
fMy

 = Return
fMy

 – Median[Return
sMy

] 

(4)

Normalized RAR
fMy

 = RAR
fMy

 – Median[RAR
sMy

] 

(5)

e x h i b i t  4
Median Annualized Standard Deviation by Moneyness of Incentive 
Option
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where s is one of the 10 individual strategies being 
considered such that Normalized Return and Normalized 
RAR are measures of how fund f either performed 
or changed risk relative to other funds following the 
same strategy for a particular period. A value greater 
(less) than zero for each Expressions (4) and (5) should 
therefore be taken to indicate that the fund in ques-
tion has either outperformed (underperformed) its 
peer group or increased (decreased) its risk by more 
(less) than its peer group for the particular period in 
question.

Using the variables calculated above we construct 
2 × 2 contingency tables in order to test whether hedge 
funds adjust their risk in response to either their relative 
performance or the moneyness of their incentive option. 
Specifically we construct two 2 × 2 tables where we split 
the funds into those with high (Normalized RAR > 0) 
or low (Normalized RAR < 0) risk adjustment ratios 
conditioned upon either past performance or moneyness. 
The null hypothesis in each case is that the percentage 
of the sample population falling into each of the high or 
low RAR categories is independent of either the return 
or the moneyness. The statistical significance of these 
frequencies is tested in two ways:

1. a chi-square test having one degree of freedom 
(though this might be misspecified as it assumes 
the cell counts are independent);

2. the log odds ratio, which is robust to the misspeci-
fication of the chi-square test and also provides 
additional information regarding the direction and 
level of dependence.

Although the contingency table approach will 
identify whether there is any directional relationship 
between the RAR and either past performance or the 
moneyness of the incentive option, this approach assumes 
that the relationship is linear. To examine further this 
relationship we construct tables where normalized RAR 
is conditioned upon either

1. 12 levels of moneyness between 0.70 and 1.30;
2. 10 deciles of relative performance.

For each of these subsamples we then test whether 
the median normalized RAR is significantly different 
from zero using the Wilcoxon signed rank test.

RESULTS

In Panel A of Exhibit 5 we present summary sta-
tistics of the median annualized return for each strategy 
and for all funds on an annual basis using a six-month 
assessment period; in Panel B we present the median 
moneyness for the same break down of funds over the 
assessment period; while in Panel C we present the 
RAR for the assessment period for the same stratifica-
tion. These results clearly illustrate the heterogeneous 
nature of the 10 hedge fund strategies being examined. 
For example consider a global macro hedge fund in 1994 
that produced an annualized return of 1% in the first 
half of the year and had a RAR of 0.80. Treating hedge 
funds as one homogenous group would classify this as 
being below the 1.5% median return and below the 0.85 
median RAR, yet it is considerably above the median 
return of –8.3% and above the median RAR of 0.74 for 
funds following the same strategy, namely global macro. 
Additionally, market conditions at particular points in 
time can affect different strategies in different ways, for 
example the median RAR for fixed income arbitrage 
funds during the 1998 LTCM/Russian debt crisis was 
2.93, but it was only 1.33 for global macro funds and 
1.84 for all hedge funds.

Although we do calculate the performance sta-
tistics described above treating all hedge funds as one 
group, we believe that the results are more meaningful 
when they are considered by strategy.

CONTINGENCY TABLES

Exhibit 6 shows the contingency table results using 
the period from January to the end of June in each full 
year as the assessment period (M = 6) categorized by 
their returns over the assessment period (Panel A) and 
by moneyness at the end of June (Panel B), and therefore 
the period from July to December as the post-assessment 
period. Panel A shows that over the full sample period we 
can reject the null hypothesis of independence between 
the relative return and RAR. More specifically, the Low 
Return/High RAR and High Return/Low RAR cells 
have statistically significantly larger frequencies than the 
other two outcomes. This result is in line with the find-
ings of Brown et al. [1996] for mutual funds: those funds 
that have generated returns that are below the median 
for their strategy over the first six months of the year are 
likely to increase risk more than the median fund possibly 
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to try and improve their whole-of-year ranking; while 
those funds that have achieved above median returns for 
their strategy are more likely to decrease risk, possibly in 
order to protect their returns and relative performance 
rankings. Taking each year individually, relationship is 
in the same direction for 12 out of the 14 years in the 
sample and is statistically significant for 10 of these years.

Panel B shows that for the full 14-year sample period 
we can reject the null hypothesis of independence between 
moneyness and the subsequent RAR, with the Below HW 
Mark/High RAR and Above HW Mark/Low RAR cells 

having statistically significant and larger frequencies than 
the other two outcomes, which implies that those funds 
that find themselves below their high-water marks after six 
months increase risk relative to the median risk during the 
post-assessment period, and those funds above it decrease 
risk. When we look at individual years, the log odds ratio 
shows that the relationship is in the same direction for 11 
out of the 14 years in the sample and is only significant for 
5 of them. In fact in 2005 the relationship is statistically 
significant and in the opposite direction—implying that in 
these years funds that were below their high-water mark 

e x h i b i t  5
Summary Statistics Return, Moneyness and Risk Adjustment Ratio (RAR), 1994–2007

Notes: This exhibit presents median values for various statistics for both individual strategies and for all funds in the sample using a six-month assessment and 
postassessment period. Panel A presents the median annualized return for M = 6 calculated from Equation (2). Panel B presents the median moneyness for 
M = 6 calculated from Equation (4). Panel C presents the median RAR calculated from Equation (3) for M = 6.
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after six months reduced their risk relative to the median 
risk during the post-assessment period.

These results imply that although hedge fund man-
agers adjust their risk in response to both their relative 
returns and according to the moneyness of the incentive 
option the effect is more pronounced in the former 
rather than the latter cases. This is borne out by the 
fact that the log odds ratio of 0.2708 is greater overall 
when performance is benchmarked against the median 

performance (last row, column 7 of Panel A, Exhibit 6) 
compared with a log odds ratio of 0.0997 when perfor-
mance is assessed as a function of the moneyness of the 
fund at the start of the post assessment period (last row, 
column 7 of Panel B, Exhibit 6).

After considering the case of M = 6 we now consider 
other assessment and post assessment periods. Our original 
choice of M = 6 was a relatively arbitrary one. It may 
be that funds change their risk exposures in response to 

e x h i b i t  6
Contingency Tables of Relative Returns, Moneyness, and Risk Adjustment Ratio

Notes: Percentages in the body of the exhibit give the proportion of funds that fall into each classification. Each fund was required to have a complete return 
history for each calendar year. Above and below median measures are defined as normalized return or RAR greater or less than zero. The log odds ratio is the 
log of the ratio of the product of the second and third columns to the product of the first and fourth with standard error and the t-value measures the significance 
of this ratio. The chi-square number represent the statistics from the 2×2 contingency tables with 1 degree of freedom. Values significant at the 5% level are 
denoted with *, and those significant at 1% by **.
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their performance relative to their peers, or because of the 
moneyness of the incentive option earlier, or later in the 
year. In Exhibit 7 we present results analogous to those in 
Exhibit 6 but with M = 4, 5, 6, 7m and 8. Our assessment 
periods are therefore either from January to April (M = 4) 
or from January to May (M = 5) etc; and we calculate the 
moneyness of the fund at the end of April (M = 4) or at 
the end of May (M = 5), etc. The results are all for the full 
14-year sample rather than for individual years.

Panel A in Exhibit 7 shows that for all assessment 
periods the effect of relative return on normalized RAR 
is statistically significant but at a declining rate, as evi-
denced by the declining value of the log odds ratio that 
falls from 0.2401 to 0.1597. This result suggests that 
fund managers are more likely to change their risk-
taking behavior earlier in the year rather than later in 
the year—and most likely halfway through the year. The 
effect of moneyness (presented in Panel B of Exhibit 7) 
appears to be only statistically significant for M = 6 and 
M = 8, with the log odds ratio increasing from –0.0024 
to 0.0931 as we move from M = 4 to M = 8.

These results imply that hedge fund managers care 
more about relative return early in the year but more 

about the value of their incentive option (absolute return) 
later in the year. One possible explanation for this is that as 
the year moves towards its end managers have less chance 
or opportunity to improve their ranking but can attempt 
to maximize the fees they will receive by increasing risk, 
though the data do not support this. The proportion of 
funds that are below their high-water mark that increase 
risk actually falls from 15.81% over the (4,8) assessment 
period to 15.21% over the (8,4) assessment period. In 
contrast, the results appear to be driven by the proportion 
of funds that are above their high-water mark who reduce 
risk which increases from 34.22% to 35.82%.

DISAGGREGATED ANALYSIS

Having ascertained that there appears to be a rela-
tionship between the risk-taking decisions of hedge fund 
managers and both their relative performance and the 
value of their incentive option using 2 × 2 contingency 
tables we now examine the relationship across a broader 
cross-section of relative returns and moneyness.

Exhibit 8 presents the results for the effect of rela-
tive performance on normalized RAR for M = 6, these 

e x h i b i t  7
Contingency Tables of Relative Returns, Moneyness, and Risk Adjustment Ratio Varying the Assessment 
Period

Note: See Notes to Exhibit 6.
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results are shown graphically in Exhibit 9. Although the 
funds in the top four performance deciles reduce risk, 
this reduction is only statistically significant for the first 
and fourth deciles. Meanwhile there is a statistically sig-
nificant increase in risk for the fifth to the ninth perfor-
mance deciles. This confirms our previous results and 
is consistent with the mutual fund literature that shows 
that fund managers react to their implicit incentives to 
increase (decrease) risk in order to improve (maintain) 
their ranking by year end.

Exhibit 10 presents the results for the effect of the 
moneyness of the incentive option (absolute performance) 
on subsequent normalized RAR for M = 6, these results 

are shown graphically in Exhibit 11. Here we see that 
there is evidence of a statistically significant change in 
risk behavior across the moneyness categories. For mon-
eyness above 1.15, that is for funds that are 15% above 
the high-water mark halfway through the year, there 
appears to be a statistically significant risk reduction—
this finding is in line with the theoretical models pre-
sented by Carpenter [2000] and Hodder and Jackwerth 
[2007], who describe this as “locking in” behavior. For 
moneyness between 1.05 and 0.90 (5% above to 10% 
below the high-water mark) after six months, however, 
there is a statistically significant increase in risk. More 
interestingly we can see that for funds that are more than 

Notes: This exhibit presents the normalized risk adjustment ratio by performance decile as well as the test statistics for a Wilcoxon signed rank test of this 
median. Values significant at the 5% level are denoted with *, and those significant at 1% by **.

e x h i b i t  8
Median Normalized Risk Adjustment Ratio by Performance Decile

e x h i b i t  9
Median Normalized Risk Adjustment Ratio by Performance Decile

Note: Statistically significant values are shown in black and others in grey.
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10% below their high-water mark after the first half of 
the year there is a reduction in risk-taking behavior, and 
this reduction in risk is statistically significant for levels 
of moneyness down to 0.80. These results clearly do not 
support Carpenter’s model [2000] but are much closer 
to the model proposed by Hodder and Jackwerth [2007].

VARYING THE ASSESSMENT PERIOD

Exhibit 12 presents the results for the effect of relative 
performance on normalized RAR for a assessment periods 
ranging from (4,8) to (8,4). The results are broadly con-
sistent across all assessment periods with a large negative 
and significant normalized RAR for the top performing 

decile and smaller positive normalized RAR for lower 
deciles.

Exhibit 13 presents the results for the effect of 
moneyness on normalized RAR for a assessment 
periods ranging from (4,8) to (8,4). In contrast to 
the results for the response to relative performance, 
here we f ind signif icant changes in response as we 
vary the assessment period. As the assessment period 
increases from M = 4 to M = 8, although the results 
for above 1.10 moneyness are broadly consistent, with 
a normalized RAR significantly below zero, managers 
that are below their high-water mark appear to change 
their behavior. In the early part of the year normalized 
RAR is below zero for levels of moneyness below 0.85 

e x h i b i t  1 1
Median Normalized Risk Adjustment Ratio by Moneyness

Note: Statistically significant values are shown in black and others in grey.

e x h i b i t  1 0
Median Normalized Risk Adjustment Ratio by Moneyness

Notes: This exhibit presents the normalized risk adjustment ratio by level of moneyness as well as the test statistics for a Wilcoxon signed rank test of this 
median. Values significant at the 5% level are denoted with *, and those significant at 1% by **.
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e x h i b i t  1 3
Median Normalized Risk Adjustment Ratio by Moneyness Varying the Assessment Period

Notes: This exhibit presents the normalized risk adjustment ratio by level of moneyness as well as the test statistics for a Wilcoxon signed rank test of this 
median. Values significant at the 5% level are denoted with *, and those significant at 1% by **.

e x h i b i t  1 2
Median Normalized Risk Adjustment Ratio by Performance Decile Varying the Assessment Period

Notes: This exhibit presents the normalized risk adjustment ratio by performance decile as well as the test statistics for a Wilcoxon signed rank test of this 
median. Values significant at the 5% level are denoted with *, and those significant at 1% by **.
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(in some cases this is statistically signif icantly), how-
ever, as we move towards August (8,4) there is a sig-
nificant increase in risk, in fact for the (8,4) assessment 
period the median normalized RAR is signif icantly 
above zero for all levels of moneyness below 1.15.

The previous analysis shows that managers do 
appear to change their risk-taking behavior according to 
both relative performance and as a function of the value of 
their incentive option, with the former having the largest 
impact. As suggested by the theoretical literature on this 
topic, the implicit terms of the compensation contract do 
appear to inhibit excessive risk taking by fund managers 
who find themselves substantially below their high-water 
mark. Now we examine whether fund characteristics such 
as size and age have any impact on risk-taking behavior.

FUND SIZE

Using a Probit regression, Liang [2000] shows that 
fund size is an important factor in determining fund sur-
vival with smaller funds more likely to liquidate. With 
this in mind we examine whether small and large funds 
differ in their risk-taking behavior in response to relative 
performance and dependent upon the moneyness of their 
incentive option. Using the fund size data reported in 
Exhibit 2, we split the sample by defining large funds 
as those in the top quartile of assets under management 
and small funds as in the bottom quartile.

In Exhibits 14 and 15 we present the results 
for the effect of relative performance on normalized 

RAR for both large and small funds. The pattern of 
risk taking is similar for both the large and small fund 
samples with a normalized RAR of below zero for 
the f irst to third deciles and above zero for the f ifth 
to ninth deciles. It is interesting to note that for the 
f ifth, sixth, and seventh deciles, the median normal-
ized RAR for the small fund sample is more positive, 
which suggests that smaller funds are more likely to 
increase risk. However, the difference is not statisti-
cally signif icant.

In Exhibits 16 and 17 we present the results for 
the effect that the moneyness of the incentive option 
has on normalized RAR for both large and small 
funds. For the funds that are signif icantly above their 
high-water mark (moneyness greater than 1.15), the 
median normalized RAR is more negative for the 
small fund sample suggesting smaller funds are more 
susceptible to “locking in” behavior, although this 
difference is not statistically signif icant. For those 
funds that are at or slightly below their high-water 
marks the median normalized RAR for the small fund 
sample is more positive than for large funds, suggesting 
small funds are more prone to risk-shifting behavior, 
however, for funds that are signif icantly below their 
high-water mark (moneyness of between 0.80 and 
0.90) this pattern is reversed. This result would appear 
to be consistent with the literature because it could be 
the possibility of liquidation that prevents small funds 
from increasing risk once they are signif icantly below 
their high-water mark.

e x h i b i t  1 4
Median Normalized Risk Adjustment Ratio by Performance Decile and Size

Notes: This exhibit presents the normalized risk adjustment ratio by performance decile, the test statistics for a Wilcoxon signed rank test of this median, as 
well as the p-values for the Wilcoxon rank sum test of equal medians between the two samples. Values significant at the 5% level are denoted with *, and 
those significant at 1% by **.
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FUND AGE

Both Liang [2000] and Brown, Goetzmann, 
and Park [2001] identify age as an important factor in 
determining fund survival with younger funds more 
likely to liquidate. With this in mind we now examine 

whether young and old funds differ in their risk-taking 
behavior in response to relative and absolute returns. 
Using the fund age data reported in Exhibit 2, we split the 
sample by defining old funds as those in the top quartile 
of fund age and young funds as in the bottom quartile.

e x h i b i t  1 5
Median Normalized Risk Adjustment Ratio by Performance Decile and Size

Note: Statistically significant values are shown in black and others in grey.

e x h i b i t  1 6
Median Normalized Risk Adjustment Ratio by Moneyness and Size

Notes: This exhibit presents the normalized risk adjustment ratio by level of moneyness, the test statistics for a Wilcoxon signed rank test of this median, as 
well as the p-values for the Wilcoxon rank sum test of equal medians between the two samples. Values significant at the 5% level are denoted with *, and 
those significant at 1% by **.
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Exhibits 18 and 19 present the results for the 
effect of relative performance on normalized RAR 
for both young and old funds. The pattern of risk 
taking is almost identical for both the old and young 

fund samples with a normalized RAR below zero for 
the f irst to third deciles and above zero for the f ifth 
to ninth deciles and no statistical difference between 
the two samples for any decile. It is interesting to 

e x h i b i t  1 8
Median Normalized Risk Adjustment Ratio by Performance Decile and Age

Notes: This exhibit presents the normalized risk adjustment ratio by performance decile, the test statistics for a Wilcoxon signed rank test of this median, as 
well as the p-values for the Wilcoxon rank sum test of equal medians between the two samples. Values significant at the 5% level are denoted with *, and 
those significant at 1% by **.

e x h i b i t  1 7
Median Normalized Risk Adjustment Ratio by Moneyness and Size

Note: Statistically significant values are shown in black and others in grey.
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e x h i b i t  1 9
Median Normalized Risk Adjustment Ratio by Performance Decile and Age

Note: Statistically significant values are shown in black and others in grey.

e x h i b i t  2 0
Median Normalized Risk Adjustment Ratio by Moneyness and Age

Notes: This exhibit presents the normalized risk adjustment ratio by level of moneyness, the test statistics for a Wilcoxon signed rank test of this median, as 
well as the p-values for the Wilcoxon rank sum test of equal medians between the two samples. Values significant at the 5% level are denoted with *, and 
those significant at 1% by **.
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note that for the eighth, ninth, and tenth deciles the 
median normalized RAR for the old fund sample is 
more positive, suggesting that younger funds are less 
likely to increase risk following poor relative perfor-
mance perhaps because they face a higher probability 
of liquidation.

Exhibits 20 and 21 present the results for the 
effect of the moneyness of the incentive option has 
on normalized RAR for both young and old funds. 
Once again there is no statistically signif icant dif-
ference between the two samples for any level of 
moneyness. It is worth noting that for both levels of 
moneyness above 1.20 and below 0.90, however, the 
young fund sample has a more negative normalized 
RAR, implying that younger funds are more prone 
to “locking in” and less prone to increasing risk fol-
lowing poor performance. Once again this result is 
consistent with the literature because if it is the threat 
of liquidation that is preventing excess increasing of 
risk and younger funds have a higher probability of 
liquation, then they are less inclined to increase risk.

CONCLUSIONS

In this article we have found evidence to suggest 
that hedge fund managers adjust the risk profile of their 
funds in response to their performance relative to their 
peers, with managers of relatively poor (strong) per-
forming funds increasing (decreasing) the risk profile of 
their funds. This is in line with the findings of Brown, 
Harlow, and Starks [1996] for mutual funds but some-
what surprising as hedge funds have generally been por-
trayed as pursuing absolute returns. This may well be 
a consequence of the actions of fund of fund managers 
and other investors who make their own investment 
decisions based upon the relative performances of the 
funds in which they seek to invest. It may well be an 
unintended consequence of the way in which investors 
choose to invest in a fund.

Our results with regard to how hedge fund man-
agers adjust the risk profile of their fund given the 
moneyness of their incentive option are more complex. 
Managers whose incentive option is well in the money 

Note: Statistically significant values are shown in black and others in grey.

e x h i b i t  2 1
Median Normalized Risk Adjustment Ratio by Moneyness and Age
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decrease risk. Relatively speaking these managers are 
protecting the value of this option towards the end of 
the year. For investors who wish their managers to take 
risks in a consistent manner regardless of the month of 
the year, this result may come as a disappointment. It 
suggests that there is an element of “locking in” behavior 
particularly towards the end of the calendar year. Perhaps 
of more interest is the risk-taking behavior of those fund 
managers who find their incentive option to be well out 
of the money. We find that these managers do not “put it 
all on black” in order to “win” back earlier losses and to 
increase the value of their incentive option. This should 
be good news for hedge fund investors. This conservative 
behavior may be due to the implicit terms of the man-
ager’s contract. As Hodder and Jackwerth [2007] suggest, 
these implicit terms may include the risk of liquidation 
as investors withdraw funds and may also be due to the 
often substantial management stake in the fund that dis-
courages the fund manager from “swinging the bat.”

Our results are of significance for the design of 
hedge fund manager compensation contracts. It would 
appear that the concern that incentive fees encourage 
excessive risk-taking behavior may be misplaced, how-
ever, there does appear to be an incentive to “lock in” 
previous gains by reducing the risk profile of the fund. It 
is possible that this locking in behavior could be reduced 
by introducing a rising scale of incentive fees.
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