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Gert Elaut, Michael Frömmel, and John Sjödin 

The authors investigated the impact on fee load of variations in the frequency with which commodity trading 
advisers update their high-water mark. They documented crystallization frequencies used in practice, analyzed 
the effect on fee load, and found that the crystallization frequency set by the manager significantly affects fee 
load and should thus be a relevant consideration for investors. 

The impact on hedge fund behavior of the two 
components of the fee structure of hedge funds 
and commodity trading advisers (CTAs)—the 

incentive fee and the high-water-mark clause—has 
been discussed extensively in the academic litera-
ture, especially their effect on fund managers’ risk-
taking behavior.1 However, the fee structure also 
has more-direct consequences for investors, apart 
from changing the risk profile of the investment. 
More and more investors are beginning to realize 
that fees affect long-term wealth, not least because 
of the current low-yield environment. Consequently, 
hedge fund fees are now subject to closer scrutiny 
and are negotiated more often than in the past.

Table 1 illustrates the downward pressure on 
hedge funds’ headline fee levels by showing both 
the management fee and the incentive fee of newly 
launched CTAs that report to BarclayHedge. Table 
1 shows that although there has been no significant 
change in incentive fee levels, average management 
fee levels have been decreasing steadily over time.

The 2/20 fee structure (i.e., a management fee 
of 2% of assets under management combined with 
an incentive fee of 20% of gains) has long been the 
standard cost for allocations in the hedge fund indus-
try. It is generally supplemented with a high-water 
mark so that investors pay the incentive fee only after 
any previous underperformance has been recouped.

Headline fee levels, however, are only one aspect 
of the fee structure that should be considered. An ele-
ment usually not taken into account when discussing 
hedge fund fees is the frequency with which a fund 
charges the incentive fee and updates its high-water 
mark. This feature is commonly referred to as the crys-
tallization frequency or the incentive fee payment schedule.

The crystallization frequency differs from the 
accrual schedule, which is the schedule used to cal-
culate and charge the incentive fee to the fund’s 
profit and loss account. Although the process of fee 
accrual does not affect investor returns, the same 
is not true for fee crystallization. As the incentive 
fee crystallization frequency increases, so too does 
the expected total fee load charged by the hedge 
fund manager.

Table 2 illustrates these concepts with a brief 
numerical example. For simplicity, we used a fee 
structure consisting of a 20% performance fee but 
no management fee. This example shows how the 
same gross performance can lead to widely different 
performance fee loads under different crystalliza-
tion frequencies. From the example, one can easily 
infer the source of this difference in fee load. Under 
quarterly crystallization, some of the fund’s interim 
highs are allowed to materialize into performance 
fees; in the case of annual crystallization, however, 
only the asset value at the end of the year matters.

 ■ Discussion of findings. Our study contributes 
to the understanding of hedge funds’ fee structure by 
highlighting and analyzing the impact of the crystal-
lization frequency on hedge funds’ fee loads. To our 
knowledge, no previous study has investigated this 
aspect of hedge funds’ fee structure. Our finding 
is compelling: the crystallization frequency forms 
the basis for the incentive fee calculation and the 
way hedge funds update their high-water mark. 
Consequently, it has a material effect on the fees 
investors pay and could also influence hedge funds’ 
risk-taking behavior.

Our findings have several implications, for both 
researchers and practitioners. First, we found that 
the choice of the crystallization frequency has both 
a statistically and an economically significant impact 
on fees paid by investors. In the case of CTAs and 
assuming a 2/20 fee structure, shifting from annual 
to quarterly crystallization leads to a 49 bp increase 
in the annual fee load (as a percentage of assets 
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under management). In addition, an incentive fee 
of 15% under monthly crystallization leads to the 
same total fee load as an incentive fee of 20% under 
annual crystallization. Both results imply that the 
effect of the crystallization frequency is important 
for allocators evaluating and comparing various 
fund investments. Although we focused on only 
one hedge fund category (CTAs) in our study, the 
crystallization frequency is an important consider-
ation in any investment vehicle whose fee structure 
depends on a high-water-mark provision. Moreover, 
in an environment where hedge funds’ management 
fee levels are especially under pressure, the relative 
importance of the incentive fee—and thus crystal-
lization in the total fee load—increases.

Second, our study also has implications for aca-
demic research that estimates hedge funds’ gross 
returns and fee loads as well as research on hedge 
funds’ risk-taking behavior. To construct gross 
returns, most previous studies have assumed that 
incentive fees are paid at year-end (e.g., Brooks, 
Clare, and Motson 2007; French 2008; Agarwal, 
Daniel, and Naik 2009); some studies have assumed 
quarterly payments (see Bollen and Whaley 2009; 

Jorion and Schwarz 2014). Some researchers have 
also calculated hedge funds’ historical fee loads 
in their analyses. French (2008) estimated that the 
typical investor in US equity-related hedge funds 
paid an annual combined fee, or total expense 
ratio, of 3.69% over 2000–2007. Brooks et al. (2007) 
found that between 1994 and 2006, hedge fund fees 
averaged 5.15% annually. Ibbotson, Chen, and Zhu 
(2011) suggested a lower annual estimate of 3.43% for 
1995–2009. Similarly, Feng, Getmansky, and Kapadia 
(2011) reported that total fees over 1994–2010 were, 
on average, 3.36% of gross asset value. However, 
these studies did not consider the impact of crys-
tallization frequency on these reported numbers. 
With regard to hedge funds’ risk-taking behavior, 
our analysis has implications for the time frame over 
which previous results on hedge funds’ risk-taking 
behavior might apply. If fund managers update their 
high-water mark more than once a year, their trading 
horizon is shortened accordingly.

Finally, crystallization frequencies of hedge 
funds had not been documented before our study. To 
shed light on crystallization practices, we conducted 
a survey among the constituents of the Newedge 

Table 2.   Effects of Crystallization 

Annual Crystallization Quarterly Crystallization

Month
Gross 

Return HWM
Incentive 

Fee Accrued
Incentive 
Fee Paid NAV HWM

Incentive 
Fee Accrued

Incentive 
Fee Paid NAV

Jan 1.3% 100 0.26 101.30 100 0.26 101.30

Feb 0.3 100 0.32 101.60 100 0.32 101.60

Mar 3.2 100 0.97 104.86 100 0.97 0.97 103.88

Apr 3.6 100 1.73 108.63 103.88 0.75 107.62

May –0.9 100 1.53 107.65 103.88 0.55 106.66

Jun 3.0 100 2.18 110.88 103.88 1.19 1.19 108.66

Jul –2.2 100 1.69 108.44 108.66 0.00 106.27

Aug –1.5 100 1.36 106.82 108.66 0.00 104.68

Sep 0.0 100 1.36 106.82 108.66 0.00 0.00 104.68

Oct –0.9 100 1.17 105.85 108.66 0.00 103.73

Nov –2.3 100 0.68 103.42 108.66 0.00 101.35
Dec 1.8 100 1.06 1.06 104.23 108.66 0.00 0.00 103.17

Note: The initial HWM (high-water mark) and NAV (net asset value) equal 100. 

Table 1.   Evolution of CTA Headline Fee Levels 

No. of 
Funds Management Fee

Bootstrapped
(95% CI) Incentive Fee

Bootstrapped
(95% CI)

Prior to 1994 387 2.25% [2.14%, 2.36%] 20.38% [20.09%, 20.66%]
1994–1998 295 1.97 [1.88%, 2.06%] 20.63 [20.29%, 20.97%]
1999–2004 394 1.71 [1.65%, 1.78%] 20.51 [20.24%, 20.81%]
2005–2008 377 1.67 [1.6%, 1.73%] 20.71 [20.3%, 21.16%]
2009–2012 163 1.62 [1.51%, 1.72%] 20.64 [19.9%, 21.43%]

 Total/average 1,616 1.87% [1.83%, 1.91%] 20.56% [20.39%, 20.74%]

CI = confidence interval. 
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CTA Index as well as an analysis of the fee notes of 
CTAs in the Tremont Advisory Shareholder Services 
(TASS) database. We found that—at least in the case 
of CTAs—high-water marks are most often updated 
quarterly, not annually. This finding with respect 
to the CTA hedge fund category contrasts with the 
commonly held view in the literature that hedge 
funds’ high-water marks are usually set at the end 
of the year.

For completeness, we focused on the impact 
of crystallization frequency on the incentive fee 
and did not consider the payment frequency of 
the management fee—mainly because payment of 
the management fee does not depend on a fund’s 
high-water mark.2

Data
We analyzed the impact of crystallization frequency 
on fees paid by investors by using monthly net-of-fee 
returns of both live and dead funds labeled “CTA” 
in the BarclayHedge database. We used a sample 
covering January 1994–December 2012 to mitigate a 
potential survivorship bias, because most databases 
started collecting information on defunct programs 
in 1994.3 Because BarclayHedge does not provide a 
first reporting date, we could not eliminate the back-
fill bias entirely. Therefore, we opted for an alterna-
tive approach and removed the first 12 observations 
of a fund’s return history, following Teo (2009).4

We included only funds whose monthly 
returns were denominated in US dollars (USD) or 
euros (EUR) and further required at least 12 return 
observations for a fund to be included.5 Using 
the end-of-month spot USD/EUR exchange rate, 
we converted the EUR-denominated returns into 
USD-denominated returns. Because our analysis also 
required information on funds’ management fee and 
incentive fee, we removed cases in which at least one 
of the two variables was unreported.6

We then filtered the resulting sample of funds 
by looking at their self-declared strategy descrip-
tions and removing funds whose description was 
inconsistent with the standard definition of CTA. 
In the process, we also determined whether the 
program under consideration was the fund’s flag-
ship program and discarded duplicates. To ensure 

that our results would apply to funds that could be 
considered part of the investable universe for most 
CTA investors, we removed funds whose net-of-fee 
returns exhibited unusually low or high levels of 
variation. To that end, we discarded funds whose 
annual standard deviation of observed net-of-fee 
returns was below 2% or above 60%. After applying 
these restrictions, we obtained our sample of 1,616 
unique CTA programs, for which Table 3 reports 
summary statistics.

In our study, we focused on one hedge fund cat-
egory, CTAs, because industry standards on crystalli-
zation for different hedge fund categories might differ. 
The crystallization frequency of hedge funds may, to 
some extent, be related to differences in the ability 
of funds to value their underlying positions. Unlike 
some other hedge fund categories, CTAs trade almost 
exclusively highly liquid instruments and thus have 
no practical limitations regarding the calculation of 
net asset value (NAV). Therefore, CTAs provide fruit-
ful ground for analyzing the impact of crystallization.

Crystallization and Industry 
Practices
Because public hedge fund databases do not keep 
track of funds’ incentive fee crystallization fre-
quency,7 we conducted a survey among the constitu-
ents of the Newedge CTA Index (as of May 2013). The 
Newedge CTA Index is designed to track the largest 
CTAs and aims to be representative of the managed 
futures space. The index comprises the 20 largest 
managers (based on assets under management) that 
are open to new investment and that report daily 
performance to Newedge. Where possible, we com-
pleted the results of the survey with information 
available on the website of the US Securities and 
Exchange Commission (SEC).8

The results of the survey are reported in Figure 1, 
which shows that in the case of CTAs, the most com-
monly used crystallization frequency is quarterly. In 
those instances where the crystallization frequency is 
not quarterly, we found that the frequency generally 
tends to be higher, not lower. In unreported results, 
we weighted the crystallization frequency by the 
assets under management (AUM) of every manager. 
Although quarterly crystallization remained the most 

Table 3.   Summary Statistics for CTAs

Mean Minimum P25 P50 P75 Maximum
Monthly net-of-fee return 0.57% –6.47% 0.06% 0.50% 0.99% 9.52%
Monthly standard deviation 5.08% 0.61% 2.75% 4.27% 6.59% 17.17%
Age (years) 5.4 1.0 2.1 3.8 7.0 19.0
Management fee 1.87% 0% 2% 2% 2% 5%
Incentive fee 20.56% 5% 20% 20% 20% 50%

Note: P25, P50, and P75 = 25th percentile, 50th percentile, and 75th percentile, respectively. 
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commonly applied crystallization frequency (55% of 
AUM covered by the survey), monthly crystallization 
increased in importance (28.3% of AUM). Finally, to 
gauge the scope of our survey vis-à-vis total AUM of 
the CTA industry, we determined that the results of 
our survey cover 57% of assets managed in the CTA 
space that reports to BarclayHedge.

As mentioned earlier, public databases do not 
keep track of crystallization frequencies in a sys-
tematic way. However, the fee notes in the TASS 
database often provide enough information to pin-
point the crystallization frequency. So, in addition 
to examining the survey, we also examined the fee 
notes of both defunct and live CTAs in the TASS 
database. Those results are also reported in Figure 1. 
Comparing the “TASS” results with those of our own 
survey suggests that the sample of funds from TASS 
is characterized by higher crystallization frequencies. 
These differences could be due to survivorship bias 
as well as differences in fund size. Nevertheless, the 
results for the TASS sample corroborate our earlier 

finding that quarterly is the most common crystal-
lization frequency. When funds use a crystallization 
frequency other than quarterly, the frequency tends 
to be higher rather than lower.

For completeness, we also looked at the rela-
tionship between the funds’ reported fee levels and 
crystallization frequency. Funds with lower crystal-
lization frequencies may have higher incentive fee 
levels, making the total fee load comparable. To ver-
ify that this was not the case, we grouped the TASS 
sample funds on the basis of their reported crystal-
lization frequency and analyzed the average incen-
tive and management fees of the various groups. 
The results, reported in Table 4, indicate that funds 
with a higher crystallization frequency tend to have 
higher headline incentive fee levels. For example, the 
average incentive fee level for funds with monthly 
crystallization (22.38%) is significantly higher than 
that of funds using a quarterly crystallization fre-
quency (21.05%), with a p-value of 0.0775. We also 
found that the headline management fee level tends 

Figure 1.   Distribution of the Crystallization Frequencies of the Incentive Fee
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Notes: This figure is based on a survey that we conducted in May 2013 and on a 2012 TASS questionnaire. 
For the Newedge CTA Index, four funds did not disclose their payment frequency. In the case of TASS, 
the fee notes of 185 funds (out of a sample of 408 fee notes) contained enough information to determine 
the payment frequency of the incentive fee. 

Table 4.   Relationship between Crystallization Frequency and Fee Levels

Crystallization 
Frequency

Incentive 
Fee

Bootstrapped
(95% CI)

Management 
Fee

Bootstrapped
(95% CI)

Monthly 22.38% [20.72%, 24.23%] 1.63% [1.36%, 1.91%]
Quarterly 21.05 [20.35%, 21.8%] 1.64 [1.48%, 1.79%]
Semiannual 20.00 [20%, 20%] 1.93 [1.79%, 2%]
Annual 19.62 [17.69%, 21.15%] 1.47 [1.17%, 1.81%]

CI = confidence interval. 
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to increase as the crystallization frequency increases. 
These results suggest that, on average, funds that 
have a higher crystallization frequency also have 
higher headline fee levels.

Incentive Fee Crystallization and 
Fee Load
We next examined the impact of incentive fee crystal-
lization on the average fee load in the case of CTAs. 
For purposes of our analysis, we first constructed 
gross returns. Next, we evaluated the historical effect 
to gauge its impact on net-of-fee returns over the 
sample period. Finally, using a block bootstrap anal-
ysis, we analyzed the impact of the crystallization 
frequency on fees over longer investment horizons 
as well as the trade-off between the incentive fee and 
payment frequency. 

Construction of Gross Returns. As mentioned 
earlier, analyzing the impact of crystallization fre-
quency on hedge funds’ fee loads requires calcu-
lating hedge funds’ gross returns as well as fees 
charged to investors under various crystallization 
frequencies. To that end, we developed an algorithm 
that achieves this objective (see Appendix A for a 
thorough description of the algorithm).

To calculate gross returns for our sample of 
CTAs, we assumed that CTAs apply quarterly crys-
tallization when charging incentive fees. Our survey 
results and the results from TASS’s fee notes suggest 
that quarterly is the most commonly used crystal-
lization frequency. In addition, when CTAs apply a 
different frequency, they generally tend to use higher 
frequencies. Thus, the assumption of quarterly fee 
crystallization should lead to fairly conservative 
estimates of the funds’ gross returns.

Table 5 compares the observed net-of-fee CTA 
returns with the calculated gross CTA returns. 
Funds appear to earn significantly higher risk-
adjusted returns—measured by the annualized 
Sharpe ratio—with respect to gross returns as 
opposed to net-of-fee returns. Also, both skewness 

and kurtosis are significantly higher for the gross 
returns. Consequently, we found a higher proportion 
of cases in which the Jarque–Bera test for normality 
rejects the null hypothesis of normality. Finally, we 
found that both net-of-fee returns and gross returns 
of CTAs exhibit negative first-order serial correlation.

Analysis of the Historical Effect. We first 
estimated the crystallization frequency’s potential 
historical effect on investor wealth. By so doing, we 
could get a feel for the economic significance of the 
effect of crystallization. Using the dataset of gross 
returns obtained earlier, we reapplied the funds’ 
reported headline fee levels under various crystal-
lization frequencies. We thus obtained net-of-fee 
returns under different crystallization frequencies 
as well as the corresponding fee loads.

Table 6 reports the average gross returns, aver-
age net-of-fee returns, and average fee loads under 
the various fee crystallization schemes for the set of 
1,616 CTAs. The reported average net-of-fee returns 
are all statistically significantly different from each 
other at the 1% level (p-values unreported for concise-
ness). Furthermore, the results suggest that investors 
whose investment is subject to quarterly (monthly) 
crystallization will earn net-of-fee returns that are, on 
average, 25 (42) bps a year lower than in the case of 
annual crystallization. To put these numbers into per-
spective, an annual difference of 42 bps over 10 years 
will compound to a difference of 9.32% in the expected 
capital gain. For a USD1 million initial investment, 
this difference equals USD63,303.

Even more important than these absolute num-
bers is the impact on risk-adjusted performance. 
Our results suggest that when investors move from 
annual to monthly crystallization, the Sharpe ratio 
deteriorates from 0.4 to 0.34, a 15.00% decrease.

We can also observe from Table 6 that annual 
management fees are slightly lower than 2%, despite 
the positive drift in CTAs’ returns. This observation 
is consistent with our finding that management fees, 
at least for newly launched funds, tend to be below 
2%, on average (see Table 1).

Table 5.   Comparison of Net-of-Fee Returns and Gross Returns

Net-of-Fee Return Gross Return p-value
Average return 0.57% 0.77% 0
Standard deviation of monthly returns 5.08% 4.68% 0
Annualized Sharpe ratio 0.48 0.69 0
Skewness 0.31 0.45 0
Kurtosis 4.82 5.13 0.013
First-order serial correlation –0.011 –0.004 0.138

Jarque–Bera statistic (rejections) 47.22% 52.23%

Notes: This table compares net-of-fee returns with the estimated gross returns based on our algo-
rithm for the set of 1,616 CTAs. The reported p-values test the difference in means using the 
empirical t-distribution (bootstrap).
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Block Bootstrap Analysis. To study the effect 
of crystallization frequency on the level of fees that 
investors pay, we analyzed the effect of crystalli-
zation by applying a block bootstrap. In particular, 
we randomly sampled gross return histories and 
calculated the fee load under different crystallization 
regimes. The advantage of this approach was that we 
did not have to make any distribution assumptions 
with regard to the return-generating process. A block 
bootstrap allowed us to account for higher moments 
in monthly returns (e.g., CTAs’ returns exhibit posi-
tive skewness) and to preserve any autocorrelation 
present in the gross return data. These properties of 
the return-generating process can have a material 
impact on the results of the analysis and investors’ 
total fee load.

In performing the block bootstrap, we consid-
ered all the potential 12-, 36-, and 60-month samples 
in the dataset of gross returns and picked 10,000 12-, 
36-, and 60-month samples. To avoid a potential 
look-ahead bias, we allowed the sampling procedure 
to select incomplete samples occurring at the end of 
a fund’s track record. In those cases where a fund 
terminated before the end of the sample period, we 
assumed that investors redeem.9 We also assumed 
that every draw starts at the beginning of a calendar 
year (i.e., from January onward). Having selected a 
random sample path of gross returns, we applied a 
standard 2/20 fee structure under different crystal-
lization frequencies. This framework allowed us to 
examine the impact of crystallization frequency on 
investors’ total fee load.

Table 7 reports the results for one-year, three-
year, and five-year investment horizons (five years is 
the average age of the CTAs in the sample, as shown 
in Table 3). Thus, our analysis covers the relevant 
horizon over which the effect of crystallization 
applies for the majority of hedge fund investors. To 
gauge the significance of the results, we determined 
whether the observed fee level differs significantly 
from the fee load under annual crystallization. We 
set annual crystallization as the benchmark because 
most previous research has assumed that the incen-
tive fee is paid at the end of the year.

Our results illustrate that a higher crystalliza-
tion frequency always leads to a higher average fee 
load.10 Management fees are slightly higher than 
2% and are increasing because of the positive drift 
in CTAs’ returns. We found significantly higher fee 
loads as the crystallization frequency increases. The 
effect is also economically significant. For the one-
year investment horizon, the total fee load is 49 (82) 
bps a year higher in the case of quarterly (monthly) 
crystallization compared with annual crystallization. 
This finding suggests that under a 2/20 fee structure, 
the fee load is expected to be 12.2% (20.5%) higher 
if the manager charges the incentive fee quarterly 
(monthly) rather than annually; if the investment 
horizon is extended to five years, the difference 
decreases by 22 (39) bps a year, a difference of 6.5% 
(11.4%). For ease of comparison, Figure 2 provides 

Table 6.   Summary Statistics for Historical Fee Loads

Average
Standard 
Deviation Sharpe Ratio

Gross return 8.65% 16.22% 0.61

Crystallization 
Frequency

Net-of-Fee 
Return

Standard 
Deviation

Sharpe  
Ratio

Management 
Fee

Incentive  
Fee

Monthly 4.90% 16.75% 0.34 1.93% 2.41%
Quarterly 5.07 16.33 0.37 1.93 2.26
Semiannual 5.20 16.05 0.38 1.93 2.16
Annual 5.32 15.75 0.40 1.94 2.14

Table 7.   Impact of Crystallization on Fee Load

Crystallization 
Frequency

Incentive 
Fee

Management 
Fee

Total Fee 
Load

One-year horizon
Monthly 2.76%* 2.07%* 4.84%*
Quarterly 2.42* 2.07 4.50*
Semiannual 2.19* 2.08 4.27*
Annual 1.93 2.08 4.01

Three-year horizon
Monthly 2.06%* 2.06% 4.13%*
Quarterly 1.86* 2.06 3.93*
Semiannual 1.73* 2.06 3.79*
Annual 1.61 2.06 3.67

Five-year horizon
Monthly 1.84%* 2.05% 3.89%*
Quarterly 1.67* 2.05 3.72*
Semiannual 1.55* 2.05 3.61*
Annual 1.44 2.05 3.50

Notes: Fee load equals the average annual fee load over the 
investment horizon, as a percentage of initial NAV/NAV at the 
end of the previous year. Based on the empirical t-distribution 
(bootstrap), the significance test measures the statistical sig-
nificance of the difference between the obtained fee levels and 
the benchmark category (annual crystallization). 

*Significant at the 1% level. 
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a graphical depiction of the difference in fee loads, 
with annual crystallization as the baseline.

In addition to the increase in fee load as the 
crystallization frequency is increased, several other 
observations are evident from the results in Table 7. 
First, increasing the investment horizon dampens 
the impact on fee load of a higher crystallization 
frequency. This finding can be explained by the fact 
that the fee loads reported for the three- and five-
year investment horizons are an average across the 
individual years. In years when a fund is unable 
to charge incentive fees, the total fee is the same 
under different crystallization frequencies. Despite 
this downward drag on the total fee load caused by 
years in which only a management fee is paid, the 
difference in fee loads for the various crystallization 
frequencies remains significant.

Second, for the one-year investment horizon, 
the management fee in the case of monthly crystal-
lization is significantly lower than that under annual 
crystallization. This finding illustrates the fact that a 
higher crystallization frequency lowers the NAV on 
which funds can charge a management fee, because 
an incentive fee payment lowers the investor’s NAV. 
However, the effect is small in economic terms and 
is more than offset by the higher fee load resulting 
from the higher incentive fees paid.

Next, we looked at the distribution of the dif-
ferences in fee load. From our analysis, we collected 
the set of differences in incentive fee under annual 

and quarterly crystallization. The results, shown in 
Figure 3, illustrate how the distribution of differ-
ences is highly skewed to the right.11 Figure 3 also 
shows that in approximately 41.77% of the cases, 
the two crystallization frequencies do not show any 
difference in fee load. This is the case when (1) a 
fund does not exceed its initial high-water mark, (2) 
new highs are reached but not crystallized, and (3) 
a fund sets new high-water marks at every crystal-
lization date.

In the first two instances, investors pay only the 
management fee, which is the same for both crystal-
lization frequencies. Of course, investors invest with 
a positive view on the investment’s future perfor-
mance. Thus, an unintended consequence of a higher 
crystallization frequency is that investors will pay 
more (i.e., there will be a positive difference in the 
fee load) during times when they are generally less 
satisfied with a fund’s performance.

To understand this point, consider the follow-
ing case. When a fund manager performs very well 
and continuously sets new highs until the end of the 
calendar year, it does not matter what crystalliza-
tion frequency is applied. However, in cases where 
the fund’s year-end NAV drops below a high-water 
mark set during the year, the difference in fee load 
under various crystallization frequencies will be 
positive. In those cases, investors will pay higher 
fees and the fund’s newly crystallized high-water 
mark will be above NAV at the end of the year (i.e., 

Figure 2.   Comparison of Total Fee Loads with Annual Crystallization as the 
Baseline
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a drop in NAV will occur). This finding makes it 
clear that a higher crystallization frequency will 
tend to decrease the fund manager’s investment 
horizon and lower the incentive to perform after 
the crystallization.

When we conditioned on those bootstrapped 
cases in which an incentive fee is payable, we found 
that the incentive fee load was 78 bps higher under 
quarterly crystallization than under annual crystal-
lization. Comparing this result with the uncondi-
tional average—a 49 bp difference—suggests that 
in those cases where investors pay an incentive fee, 
the fee load will be higher than our main results 
would suggest.

Trade-Off between Incentive Fee and Payment 
Frequency. Up to this point in our analysis, we have 
assumed a standard 2/20 fee structure to analyze the 
impact of different payment frequencies. Our analy-
sis has shown that when investors want to compare 
the (expected) fee loads of different funds, such a 
comparison will be inaccurate if the funds differ in 
terms of the incentive fee payment frequency.

We then quantified the trade-off between the 
incentive fee and the crystallization frequency, keep-
ing fixed the level and payment frequency of the 
management fee. This trade-off might be relevant if 
the crystallization frequency and incentive fee level 
are considered negotiable factors. To ensure that our 
calculated estimates of the fee load would be close to 
what an investor can expect in reality, we based our 
numbers on the block bootstrap outlined earlier in 
the article. In particular, we calculated the fee load 
for 10,000 randomly drawn three-year sample paths 
of gross returns and varied both the crystallization 
frequency and the incentive fee level.

Table 8 reports the size of the effect for different 
combinations of both negotiable factors. Contrary 
to what incentive fee headline levels might suggest, 
Table 8 illustrates that changes in the crystallization 
frequency lead to considerable differences in total 
fee load. For example, the results suggest that a 
15% incentive fee under monthly crystallization 
leads to a total fee load similar to that of a 20% 
incentive fee under annual crystallization (not sig-
nificantly different).

Table 8.   Trade-Off between Crystallization Frequency and Incentive Fee

Crystallization 
Frequency

Incentive Fee
5% 10% 15% 20% 25% 30%

Monthly 2.57% 3.07% 3.60% 4.08% 4.61% 5.24%
Quarterly 2.53 2.97 3.46 3.88 4.36 4.94
Semiannual 2.50 2.91 3.36 3.75 4.20 4.73
Annual 2.46 2.84 3.26 3.62 4.03 4.53

Figure 3.   Distribution of Differences in Incentive Fee Load
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Robustness Checks
We then performed a number of robustness checks 
with regard to the level of the effect. Imposing or 
relaxing additional restrictions on the dataset used in 
our analysis did not change our finding that higher 
crystallization frequencies increase investors’ fee 
load; however, it might affect fee load level and the 
economic significance of the effect of crystallization.

Impact of Backfill Bias. In our baseline analysis, 
we accounted for backfill bias by discarding the first 
12 observations of a fund’s track record. We inves-
tigated the importance of this assumption for our 
baseline results.

To that end, we performed the following analy-
sis. We redid our bootstrap analysis 100 times, for 
both the baseline gross return dataset and the newly 
obtained gross return data that did not correct for 
backfill bias. We then tested whether the outcomes in 
the two cases differ significantly. Panel A of Table 9 
reports the results. In line with our expectations, we 
found that a potential backfill bias tends to upwardly 
bias the calculated incentive fee loads. Nevertheless, 
the size of the difference in fee loads remains similar 
in the two cases, in terms of both magnitude and 
statistical significance.

Impact of Fund Size. Another possible con-
cern, raised by Kosowski, Naik, and Teo (2007), is 
that funds with assets under management below 
USD20 million might be too small for many insti-
tutional investors. To ensure that the magnitude of 
fee load differences was representative and did not 

deviate too much from the fee load that institutional 
investors can expect, we performed the following 
robustness check.

Similar to the previous robustness check, we 
redid the bootstrap analysis 100 times but imposed 
an additional restriction when selecting a sample 
path. In particular, we selected a sample path only 
if—at the start—the corresponding fund’s assets 
under management were above USD20 million. To 
avoid look-ahead bias, the fund’s size was allowed 
to drop below USD20 million in subsequent months. 
Results are reported in Panel B of Table 9. Consistent 
with the finding that small funds tend to outperform 
more mature funds, we found that the fee load is 
lower when smaller funds are omitted.

Impact of Risk-Taking Behavior. To perform 
the bootstrap in the baseline case, we assumed that 
every sample path drawn from the gross return 
dataset started in January; however, Aragon and 
Nanda (2012) showed that hedge funds take part 
in tournament behavior. Hedge funds tend to 
increase their risk profile in the second half of the 
year when they are underperforming relative to their 
peers. Therefore, the funds’ risk profiles could dif-
fer throughout the calendar year and thus have an 
impact on our reported fee loads. To check whether 
that was the case, we redid the bootstrap and selected 
sample paths corresponding to calendar years.

The results are reported in Panel C of Table 9. 
The p-values in Panel C indicate that in most cases, 
the total fee load is somewhat higher if we use cal-
endar years. We interpret this finding as being in line 
with the results of Aragon and Nanda (2012) on risk-
taking behavior among hedge funds. As our results 
indicate, taking into account intra-year patterns in 
the funds’ returns, we found higher total fee loads. 
This finding suggests that funds actively change 
their exposure to safeguard accrued incentive fees, 
causing our results to exhibit slightly higher fee loads 
if these intra-year patterns are taken into account.

Conclusion
We have attempted to shed light on the impact of 
crystallization frequency on the level of fees paid by 
investors. The crystallization frequency, inextrica-
bly linked to the use of high-water-mark provisions, 
stipulates the frequency with which fund managers 
update their high-water mark. Because updating the 
high-water mark coincides with the point in time 
when the fund charges the performance fee, the par-
ticular frequency used should be expected to have a 
material impact on fees paid by investors.

Before analyzing the impact of crystallization fre-
quency on fee load, we first needed to determine the 
actual practices of funds that use high-water-mark 

Table 9.   Results of Robustness Checks

Robustness 
Check

Baseline 
Result

Result under 
Robustness Check p-Value

A. Backfill bias
Monthly 4.11% 4.38% 0
Quarterly 3.91 4.17 0
Semiannual 3.78 4.03 0
Annual 3.66 3.89 0

B. Fund size

Monthly 3.65% 0

Quarterly 3.49 0

Semiannual 3.37 0

Annual 3.26 0

C. Risk-taking behavior 

Monthly 4.11% 0.48

Quarterly 3.92 0.07

Semiannual 3.79 0.04

Annual 3.71 0

Note: The reported p-values test the difference in means using 
the empirical t-distribution (bootstrap). 
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provisions. We documented the frequency com-
monly applied by managed futures or CTAs, a hedge 
fund category active in futures markets. We found 
that the majority of hedge funds in this category 
update their high-water mark quarterly. This find-
ing contrasts with prior research that assumed that 
performance fees are commonly paid only once a 
year, at the end of the calendar year.

This observation motivated us to quantify the 
importance of this particular aspect of performance-
based fee structure with respect to fee load. Using 
data on managed futures from BarclayHedge for 
1994–2012, we evaluated the impact of crystalliza-
tion frequency on the average annual fee load. We 
observed that under a standard 2/20 fee structure, 
quarterly crystallization leads to a total fee load that 
is, on average, 49 bps a year higher than in the case 
of annual crystallization. This difference in fee load 
is statistically and economically large and should 
be a relevant consideration in any discussion of per-
formance fees. Our results are relevant for investors 
who want to assess the fee load resulting from fee 
schemes that differ in terms of the crystallization 
frequency used. Moreover, our results illustrate how 
investment vehicles with different headline fee levels 
can lead to similar total fee loads, once the crystal-
lization frequency is taken into consideration.

Our study focuses on highlighting and quantify-
ing the impact of crystallization frequency on the 
level of fees investors can expect to pay. Given our 
strict focus on the precise impact on fee load, we had 
to leave several potentially interesting questions to 
further research. In particular, we did not analyze 
drivers of the observed distribution of crystallization 
frequencies. Thus, we did not address what might 
be driving fund managers’ choice to offer a particu-
lar crystallization frequency. Similarly, we did not 
investigate why investors accept higher fee loads 
resulting from higher fee levels and higher crystal-
lization frequencies. The decision might be caused 
by unawareness of crystallization’s impact or by a 
trade-off that has yet to be uncovered.
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Appendix A. Description of 
Algorithm for Gross Returns
Here, we describe the algorithm that we used to 
compute monthly gross returns from reported 
monthly net-of-fee returns. Our approach allows 
for a monthly estimation of gross returns under 
different crystallization regimes (monthly or lower 
frequency).

The algorithm is based on the following set of 
assumptions:

1. The gross asset value at the fund’s inception 
(GAV0) is equal to 100.

2. The algorithm is based on a single-investor 
assumption.

3. The management fee is paid monthly.12

We start by defining the unobserved gross return 
at the end of month t (GrossRett):

GrossRet
GAV
GAVt

t

t
= −

−1
1,  (A1)

where GAVt and GAVt–1 are the unobserved 
gross asset values at the end of month t and t – 1, 
respectively.

The amount of management fee paid in month 
t (MgtFeet) is given by

MgtFee NAV GrossRet MF
t t t= +( )−1 1 12

% ,  (A2)

where MF% is the annual management fee. 
The total management fee paid up to month t 
(TotalMgtFeePaidt) is then

TotalMgtFeePaid MgtFeet i
i

t
= ∑

=1
.  (A3)

In addition to the management fee, we also cal-
culate the amount of interest earned (InterestEarnedt) 
by the fund manager on excess cash and cash depos-
ited in the margin account:

InterestEarned NAVt t tRf= −1 ,  (A4)

where Rft is the risk-free rate in month t. We take 
interest earned into account because CTAs typically 
hold up to 80% of the money in a cash account 
and earn interest on that cash. In the case of most 
other hedge fund strategies, this adjustment for 
interest earned is not required and can easily be 
omitted. Total interest earned on cash deposited 
(TotalInterestEarnedt) is the sum of all interest 
earned up to month t:

TotalInterestEarned InterestEarnedt i
i

t
= ∑

=1
.  (A5)

Using these definitions, we define the prelimi-
nary net asset value at time t (PrelNAVt) as
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PrelNAV NAV GrossRet
TotalMgtFeePaid
TotalInteres

t t t

t

= +( )
−

−

−1 1

ttEarnedt .

 (A6)

We then subtract the management fee and the 
interest earned from the gross increase in NAVt–1. 
Using PrelNAVt for the calculation of the incentive 
fee ensures that the manager charges an incentive 
fee only on performance in excess of any manage-
ment fee charged and any risk-free return earned on 
cash. For the next set of equations, we introduce an 
indicator (Crystt) that takes a value of 1 in months 
when crystallization occurs and 0 otherwise.

The accrued incentive fee (AccrIncFeet) is a frac-
tion of the manager’s performance—the incentive 
fee IF%—in excess of the current high-water mark 
(HWMt–1):

max
,

%

.

0
0

0 1
1

PrelNAV
HWM

IF Cryst

Cryst

t

t
t

t

−








 =

=









−
if 

if
 (A7)

Thus, when no crystallization occurs, we accrue 
only the incentive fee; however, when crystalliza-
tion does take place, the accrued incentive fee is 
paid to the fund manager. In that case, we add any 
incentive fee accrued over the period since the last 

crystallization to the incentive fee paid variable 
(IncFeePaidt):

IncFeePaid Cryst
IncFeePaid

PrelNAV
HWM

t t

t

t

t

−

−

−

=

+
−

1

1

1

0

0

if 

max
,









=









 IF

Cryst
%

.if t 1  (A8)

At this point, the high-water mark (HWMt) is 
also updated to the current preliminary net asset 
value if it exceeds the previous high-water mark:

HWM Cryst
PrelNAV HWM Cryst
t t

t t t

−

−

=

( ) =




1

1

0
1

if 
ifmax , .

 (A9)

The net asset value at time t (NAVt) is given by

NAV PrelNAV TotalInterestEarned
IncFeePaid

t t t

t

= +

− .
 (A10)

Because no closed-form solution is available, 
we solve for the unobserved GAVt numerically. 
In particular, we determine the value of GAVt that 
equates the NAVt computed in Equation A10—based 
on GAVt—to the observed NAV at time t. We then 
store the obtained value of GAVt and move to the 
next month, solving for GAVt in an iterative way. 
When we charge fees in the main analysis, we also 
use these equations to go from GAVt to NAVt.

Notes
1. See Goetzmann, Ingersoll, and Ross (2003); Hodder and 

Jackwerth (2007); Kouwenberg and Ziemba (2007); Panageas 
and Westerfield (2009); Agarwal, Daniel, and Naik (2009).

2. In addition, the vast majority of the funds charge the manage-
ment fee monthly. We found that in the TASS database, 78% 
of the CTAs charge the management fee monthly, 13% charge 
the fee quarterly, and 8% charge it annually.

3. We first calculated gross returns by using the fund’s entire 
return history, after which we dropped the pre-1994 period.

4. We calculated gross returns (discussed later in the article) by 
first using the fund’s entire track record and then dropping 
the first 12 observations of the fund’s net-of-fee and gross 
returns. By noting the number of months that were back-
filled when a fund was first included in the BarclayHedge 
database, we tracked backfill bias for 2005–2010. For that 
sample period, the median (average) backfill bias was 12 
(14) months.

5. Programs denominated in currencies other than USD and 
EUR were, in most instances, duplicate share classes of larger 
programs and would thus have been dropped in any case.

6. In addition, we also excluded cases in which (1) both types 
of fee were zero or (2) the fee levels were deemed unreason-
ably low or high (annual management fee above 5%; annual 
incentive fee below 5% or above 50%).

7. TASS’s questionnaire inquires about only the management 
fee’s payment frequency; the questionnaires and manuals of 
the other widely used databases (Hedge Fund Research [HFR], 

CISDM, and BarclayHedge) indicate that these databases do 
not keep track of fee payment frequencies.

8. In particular, we used the SEC’s Investment Adviser Public 
Disclosure (IAPD) and EDGAR (Electronic Data Gathering, 
Analysis, and Retrieval) databases.

9. Although most of these occurrences corresponded to fund 
terminations because of bad performance, we nevertheless 
treated the fund’s exit as a full redemption. If there was a 
positive accrued interest fee at the time of the last observation, 
it was charged to the investor’s account.

10. An alternative way to illustrate this finding is by using option 
pricing. Indeed, the performance fee earned by the manager 
over any subperiod is a fraction (20%) of the value of a 
European call option with a strike price equal to the investor’s 
high-water mark (HWM). Using Monte Carlo simulation, one 
can easily show that an exotic option—consisting of a sequence 
of European call options with path-dependent strike prices 
equal to the relevant HWM—is more valuable than a single 
European call option over the same period.

11. This particular distribution is also the reason why we used an 
empirical t-distribution (bootstrap) for all our tests of statistical 
significance.

12. This assumption can easily be changed to a different payment 
frequency by handling the payment of the management fee in 
the same way as the payment of the incentive fee. We neverthe-
less set the payment frequency to monthly because an examina-
tion of the management fee is not the thrust of our analysis.
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