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Abstract

We investigate the determinants and effectiveness of methods
that hedge funds use to manage portfolio risk. We find that levered
funds are more likely to use formal models to evaluate portfolio risk
and funds with higher levels of proprietary capital are more likely
to have a dedicated risk officer who has no trading authority. Funds
in our sample that use formal models performed better in the ex-
treme down months of 2008 and, in general, had lower exposures to
systematic risk. Moreover, funds employing value at risk and stress
testing had more accurate expectations of how they would perform
in a short-term equity bear market. Overall, our results suggest that
models of portfolio risk increase the accuracy of managers’ expecta-
tions and assist managers in reducing exposures to both systematic
and downside risk.
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1 Introduction

We investigate the determinants and effectiveness of methods that hedge
funds use to manage portfolio risk. Although there is well developed normative
academic literature on how hedge fund should manage risk (for example, see Lo
(2001), Jorion (2007), and Jorion (2008)), there are no broad empirical investi-
gations of how hedge funds actually manage portfolio risk and the effectiveness
of such practices. To investigate hedge fund risk management practices, we use a
proprietary database of due diligence reports prepared by The Hedge Fund Due
Diligence Group at Analytical Research (HedgeFundDueDiligence.com), a hedge
fund investigation firm. Institutional investors commissioned these reports to
better understand fund operations and risks when evaluating potential hedge
fund investments. The reports provide extensive detail on fund characteristics,
internal operations, and risk management practices. This data set addresses a
major impediment to the examination of risk management practices—a lack of
cross-sectional data on internal organizational practices (for a discussion, see
Tufano (1996)).

Specifically, the reports identify whether the fund employs formal models of
portfolio risk (value at risk, stress testing, and scenario analysis), whether the
fund’s risk officer is dedicated solely to risk management, whether the risk officer
has trading authority, and whether the fund employs limits on the concentration
of investment positions. In addition, for a subset of funds in our sample, the
reports provide managers’ expectations of how their fund would perform under
extreme financial events such as a short-term equity bear market. These ex-
pectations were elicited prior to 2008. We therefore compare expectations with
actual fund performance during the equity bear market of September through
November 2008.

We find significant heterogeneity in methods that funds use to manage port-



folio risk. Namely, risk management practices are more extensive for funds that
use leverage, hold positions for shorter durations, and hold more investment
positions. Specifically, levered funds are more likely to use formal models of
portfolio risk, funds that hold large numbers of positions are more likely to have
dedicated risk officers with no trading authority, and funds that hold positions
for longer durations are less likely to have position limits. Moreover, we find
that the likelihood that a fund has either a dedicated head of risk management
or a risk officer with no trading authority increases in the fund’s proprietary
capital, implying that fund managers increase risk oversight when they have
more personal wealth invested in their fund.

We posit that risk management practices improve the fund managers’ under-
standing of how changes in the financial environment would affect their fund’s
performance. Examining performance during the equity bear market that oc-
curred from September through November 2008, we find that managers of funds
that use value at risk and stress testing to evaluate portfolio risk appear to have
more accurate expectations about how their fund would perform during a short
term equity bear market. In contrast, we find no association between the accu-
racy of expectations and the other risk management practices.

Furthermore, if risk management practices improve managers’ understand-
ing of risk exposures, then funds with more extensive risk management should
perform better during extreme financial events. Consistent with our thesis, we
find that models of portfolio risk are associated with differences in exposures
to downside risk. Namely, funds that use formal models of portfolio risk did
relatively better in the extreme down months of 2008 than those that do not.
The magnitude of these effects are economically significant. For example, in
October 2008, funds in our sample that use at least one model of portfolio risk

had returns six percent higher than funds that did not use any type of model.



Consistent with risk models assisting only in extreme periods, we find no differ-
ences in performance between funds that do and do not use risk models in 2007
or the first six months of 2009. We also find that risk models are associated
with exposures to systematic risk. With respect to systematic risk exposures,
using returns reported over the 30 month period between January 2007 and
June 2009, we find that funds using models had significantly lower exposures
to systematic risk. Overall, our results suggest that models of portfolio risk in-
crease the accuracy of managers’ expectations and assist managers in reducing
exposures to both downside and portfolio risk.

An alternative explanation for our findings is that they are driven by self-
selection. Namely, funds select risk management practices based on their risk
exposures. However, the weight of our evidence points toward risk management
practices allowing managers to better understand and monitor portfolio risk for
several reasons. First, if self-selection drives our results, then funds investing in
riskier and more volatile assets presumably employ stronger risk management
practices. In contrast, we find that the monthly returns of funds that use models
have significantly lower volatilities. Second, examining the skewness of returns,
we find that the October 2008 returns of funds that do not use models are more
negatively skewed than the returns of funds that employ models of portfolio risk,
suggesting that funds that do not use models face greater left tail risk and that
differences in performance are not driven by a mean shift in returns. Third,
while we find funds that use formal models perform better during the short-
term equity bear markets, we find no significant differences in the performance
of hedge funds with different risk management practices during 2007 and the
first six months of 2009. Fourth, the associations between performance and
risk management practices are robust to the inclusion of the determinants of

risk management and investment style in the multivariate tests. Moreover, the



magnitude of the point estimates on the risk management measures are similar
in the univariate and multivariate tests, further suggesting that our results are
not driven by unobservable heterogeneity.

This study contributes to both the risk management literature and to the
growing literature on the internal operations of hedge funds. With respect
to the risk management literature, we examine the voluntary adoption of risk
management practices in an unregulated setting. Prior research focuses on a
limited set of choices such as the choice of hiring a chief risk officer or the hedging
of commodity prices and/or interest rates made by bank holding companies,
regulated utilities, and other SEC registrants (for example, see Liebenberg and
Hoyt (2003), Geczy et al. (1997), and Geczy et al. (2007)). In contrast, our
proprietary data set and empirical setting enable us to investigate a broader set
of risk management practices in a domain for which there is minimal academic
research on how organizations manage risk. Moreover, we contribute to the risk
management literature by examining outcomes from risk management.

We also contribute to the risk management literature by examining the ac-
curacy of fund managers’ expectations of future performance, and the extent
to which risk management practices improve the accuracy of such expectations.
Outside of the management earnings forecast literature, there is minimal em-
pirical evidence that compares manager’s expectations of performance with ex
post realizations, and none on either hedge funds or organizational performance
given changes in the economy (for a discussion, see Cassar and Gibson (2008)).
In doing so, we provide evidence of a specific benefit of better risk management
practices—namely, increasing the accuracy of expectations.

With respect to the literature on hedge funds, we extend the literature on
the internal operations of hedge funds. Due to a lack of data, there is minimal

academic research on the internal structures and operations of hedge funds,



especially on how they manage portfolio risk. Nevertheless, Jorion (2000) and
Lo (2001) conjecture that the risk management practices used in other financial
services firms are not applicable to hedge funds given their atypical nature.
Furthermore, Lo (2001) conjectures that investors and managers of hedge funds
historically devoted little attention to active risk management practices. Despite
these conjectures, we find that find that many funds implement portfolio risk
management practices and that these practices are associated with differences
in exposures to downside and systemic risk, and the accuracy of expectations.
Finally, regulators of financial markets have an interest in the extent that
fund managers understand their exposures to financial risks. As discussed by
Chan et al. (2007), the Senior Supervisors Senior Supervisors Group (2008),
and Ellul and Yerramilli (2010), in light of the recent crisis, a primary concern
of regulators is the extent that inadequate risk management practices affect
the stability of financial markets. Although there has been substantial growth
in the hedge fund industry, both in the number of funds and in assets under
management (for a discussion, see Lo (2007)), there is limited research on how
hedge funds manage portfolio risk and the extent that such practices prevented
or exacerbated investment choices that contributed to the recent the financial
crisis. Our results suggest that models of portfolio risk reduced investment

choices that could have contributed to the crisis.
2 Sample

Hedge funds are managed investment vehicles. Some stylistic features of
hedge funds include: they are often privately held, generally comprised of
wealthy individuals and institutional investors, and typically organized in the
U.S. as limited partnerships and offshore as corporations (Fung and Hsieh

(1999)). Hedge funds are structured to be exempt from the Securities Exchange



Acts of 1933 and 1934, and the registration requirements of the Investment
Company and Advisor Acts of 1940 (Oesterle (2006))." This minimal regu-
latory environment provides hedge funds with substantially greater discretion
in their operations compared to regulated investment vehicles, such as mutual
funds (McVea (2008)).

To investigate the risk management practices of hedge funds, we use a
database of proprietary due diligence reports from HedgeFundDueDiligence.com.?
Institutional investors commissioned these due diligence investigations to better
understand fund operations and risks when evaluating potential hedge fund in-
vestments. Consequently, this sample represents a set of hedge funds that were
actively seeking to capital. The vendor obtains the information contained in
these reports from several sources, including on-site visits and interviews with
key staff, discussions with service providers, and review of offering memoran-
dums. These reports provide an extensive array of detail regarding fund and
manager characteristics, portfolio characteristics, contract terms, risk beliefs,
and risk management practices. This database of due diligence reports provides
a comprehensive resource of hedge fund managerial practices and is similar to
recent research that uses survey-based data sets to examine managerial practices
in publicly traded corporations (for examples, see Graham and Harvey (2001),
Brav et al. (2005), and Graham et al. (2005)).

Our sample consists of 427 funds run by 358 unique managers investigated
from 2003 to 2007. Table 1 provides descriptive statistics for our sample funds.
The mean (median) fund has $305 million ($107 million) in assets under man-
agement and is, on average, less than three years old (1,020 days) at the time

of due diligence.

IThe ability of managers to structure funds so that they are exempt from registration may
end in the near future given that the Dodd-Frank Act requires large hedge fund advisors to
register with the SEC. The specifics of such registrations have yet to finalized by the relevant
regulatory bodies.

2Brown et al. (2009) and Cassar and Gerakos (2010a) also use this database.



To examine the effectiveness of the various hedge fund risk management
practices, we merge these funds with monthly returns reported on the three
major hedge fund returns commercial databases: Lipper TASS, Hedge Fund
Research, and CISDM (for a discussion of these databases, see Agarwal et al.
(2007)). Where funds report to multiple databases, we obtain returns first from
the Lipper TASS database, then Hedge Fund Research, and finally CISDM. Of
our sample funds, 114 have a full set of monthly reported returns over the period
January 2007 through December 2008 on at least one of these three databases.
Although compared to prior research on hedge funds this is a small sample,
these 114 funds held over $48 billion in assets under management at the time

of due diligence.
3 Risk management practices

We define portfolio risk management practices as those procedures and mech-
anisms that monitor or manage an organization’s exposure to portfolio risk.?
We examine three sets of risk management practices: 1) the use of models to
quantify and evaluate portfolio risk; 2) the presence of a dedicated head of risk
management and the extent that the head of risk management has trading au-
thority; 3) the use of limits on the concentration of investment positions. Table
2 reports the descriptive statistics for these risk management practices. The
scope of investigation by the due diligence firm expanded during our sample
period. Consequently, the number of non-missing responses varies across the
risk management practices, with some responses only available for later obser-
vations. We report both the full sample used to estimate the determinants of
various risk management practices and the subset of funds that have reported
monthly returns from January 2007 to December 2008. Univariate t-tests reveal

no significant differences in the risk management practices between reporting

3For research on hedge fund operational risk, see Brown et al. (2008).



and non-reporting funds.

3.1 Models

The vendor queried sample funds about their use of three types of models
to evaluate portfolio risk: value at risk, stress testing, and scenario analysis. As
discussed by Jorion (2000), value at risk measures the maximum expected loss
that can occur over a specified period at a specified quantile. Jorion (2010),
however, points out that value at risk has several limitations that are prob-
lematic for hedge fund portfolios. First, value at risk assumes that the fund’s
portfolio is static, while funds typically follow dynamic trading strategies. Sec-
ond, value at risk assumes that the fund is a price taker. But, if the fund is
forced to liquidate a large position, prices could move adversely thereby leading
to a larger loss than indicated by value at risk. Therefore, funds often use two
additional types of models that allow managers to examine potential extreme
events. Stress testing identifies how the portfolio would respond to large shifts in
relevant economic variables or risk parameters. Scenario analysis assesses how
the portfolio would respond to severe but plausible scenarios, such as significant
changes in interest rates or liquidity. Given the similarities among the three
types of models, for our empirical tests we also create a measure of whether the
fund uses at least one model. We find that 43.7 percent of funds employ value
at risk, 52.1 percent use stress testing, and 46.4 percent use scenario analysis.
Over half the sample (58.3 percent) employ at least one modeling approach and

36.4 percent of all funds employ all three modeling approaches.

3.2 Head of risk management

Funds were asked to identify who was their head of risk management. They
were further asked whether this person was dedicated to risk management or
part of the primary management team. In our sample, 34.0 percent of funds have

an executive dedicated to risk management. In the remaining 66.0 percent of



funds, individuals were only partly dedicated to risk management and undertook
other investing or administrative functions. With respect to the extent of their
trading authority, for 70.1 percent of the funds the head of risk management
had full trading authority, while 4.2 percent had authority to invest only for

hedging purposes. The remaining 25.8 percent had no trading authority.

3.3 Position limits

The due diligence reports also provide substantial detail regarding the use of
investment position limits. For this practice, we ignore all zero limits, (e.g., the
fund is does not undertake investments in a particular asset class) and focus on
the use of non-zero limits in which the fund is actively investing. We find that
16.6 percent of our hedge funds have hard limits on the dollar amount or pro-
portion of their portfolio that they are allowed to hold in a specific position. We
also find 26.9 percent of funds, while not having hard limits, employ investment
guidelines on the amount or proportion that can be invested in a given position.
The remaining 56.4 percent of funds have neither hard limits or guidelines for

their investments.

3.4 Measures of risk management practices

For our empirical tests, we code all dichotomous responses to yes/no ques-
tions as 1 for “yes” and 0 for “no.” We further rank order variables (0, 1, 2)
where there is a natural ordering of risk management practices. For example,
we code the trading authority of the head of risk management as follows: 0 for
full trading authority; 1 for hedging authority; 2 for no trading authority. And,
we code positions limits as follows: 0 for no limits; 1 for guidelines; 2 for hard

limits.
4 Determinants of risk management practices
We argue that risk management practices provide a hedge fund manager
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with better monitoring and a more precise understanding of the fund’s risk ex-
posures. While hedge funds are mandated to take financial risks, funds typically
attempt to limit their exposure to the specific risks outlined in their offering doc-
uments. For example, some funds follow a market-neutral investment strategy,
whereby managers attempt to limit the fund’s exposure to systematic risk. We
posit that risk management practices assist managers in both monitoring and
reducing their funds’ exposures to risks that are not included in their mandate.
Furthermore, as discussed by Cassar and Gibson (2008), formalized approaches
to forecasting can increase accuracy of managers’ expectations of their firms’
performance. We therefore posit that risk management practices increase the
accuracy of fund manager’s expectations of how the fund’s performance would
be affected by changes in the fund’s operating environment.

Given these posited benefits, we predict that the demand for risk manage-
ment practices is a function of fund characteristics including: leverage, fund
size, the manager’s wealth invested in the fund, and reputation. First, leverage
increases the fund’s exposure to changes in asset values. Moreover, large losses
can lead to margin calls from lenders and investor redemptions, both of which
can force the manager to quickly liquidate the portfolio at “fire sale” prices.
Therefore, all else equal, levered funds receive greater benefits from investments
in risk management. We therefore predict a positive association between risk
management investments and leverage. To measure leverage, we include an in-
dicator for whether the fund uses explicit leverage as opposed implicit leverage
derived from derivatives.

Second, the greater the amount of assets at risk, the greater the benefit from
understanding and monitoring portfolio risk. Furthermore, the marginal cost
of implementing and operating risk management practices likely decreases in

fund scale. Therefore, we predict that risk management practices increase with
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fund size. Furthermore, size also captures quality, because better performing
funds generally receive higher capital flows. For measure size, we use the natural
logarithm of investor assets.

Third, fund managers often invest a substantial proportion of their personal
wealth in their fund. Given managerial risk aversion, when managers have sub-
stantial wealth invested in their funds they have incentives to implement more
extensive risk management practices to better understand and monitor risk ex-
posures. Consequently, we predict a positive association between proprietary
capital and risk management practices. To measure proprietary capital, we use
the natural logarithm of proprietary assets, which represent personal invest-
ments in the fund made by the managers and employees.

Fourth, managers of established funds possess valuable reputations. There-
fore, managers of more reputable funds have more to lose, such as their ability to
charge higher fees, start new funds, or keep existing investors, should substan-
tial changes in the value of the funds invested assets occur to due to unexpected
risk exposures. Consequently, we posit that older funds have better risk man-
agement practices. Furthermore, fund age and risk management practices can
be positively correlated if risk management increases the likelihood of fund sur-
vival. To proxy for reputation, we use the natural logarithm of fund age as of
the date of the report from the due diligence investigation.

In our empirical tests, we include several variables to proxy for portfolio
characteristics. We take these variables directly from the due diligence reports.
First, we include indicator variables for whether the portfolio is long or short bi-
ased. Second, we include indicator variables that capture the number of typical
positions that the fund holds (1-39 Positions, 40-99 Positions, 100-199 Posi-
tions, 200-999 Positions, and 1000+ Positions) and the typical duration that

the fund holds a position (Days, Weeks, Months, Quarters, and Years). These
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variable allow us to control for trading strategies that are likely correlated with
risk management practices. For example, quantitative hedge funds typically
hold thousands of positions for short periods.

Table 3 reports the Pearson correlation between the risk management prac-
tices and the fund and portfolio characteristics. Many of the risk management
practices are positively correlated with each other. For example, the correla-
tions among three types of models are all greater than 0.70, their correlation
with the head of risk management measures are all greater than 0.20. There are
also significant univariate correlations between the risk management practices
and the independent variables. The active use of leverage is positively and sig-
nificantly correlated with models, limits on the trading authority of the head of
risk management, and position limits.

Table 4 presents marginal effects from estimates of probit regressions that
model the determinants of the use of models of portfolio risk. For all approaches
examined, models are more likely to be employed in funds that use leverage,
engage in a long bias investment strategy, and make investments over shorter
duration. These effects are economically significant. For example, funds that
use leverage are 17 percent more likely to use at least one model and funds whose
portfolios are long biased are 21 percent more likely to use at least one model.
We do not, however, find a similar association between short bias and formal
models. Consistent with prior research on the risk management practices of non-
financial firms (for example, see Liebenberg and Hoyt (2003)), the coefficient on
leverage is positive and significant.

Table 5 presents estimates from a probit model and an ordered probit model
that examine the determinants of whether the fund’s risk officer is dedicated to
risk management and whether the head of risk management has trading author-

ity. Holding the amount of capital provided by outside investors constant, we
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find that funds with greater proprietary assets are more likely to dedicate a team
to risk management and less likely to give the head of risk management trading
authority. Both findings are consistent with fund managers implementing more
extensive risk management practices when they have greater personal wealth
invested in their fund. In contrast, we find no such associations between risk
officer characteristics and the capital provided by outside investors. In addition,
younger funds and levered funds are less likely to give the trading authority to
the head of risk management.

Finally, as shown in Table 6, funds that have more investor assets, older
funds, and off-shore funds are more likely to have position limits in place. In
addition, funds that hold many positions and funds that hold their positions for
typically more than a week are less likely to implement position limits. Overall,
we find substantial heterogeneity in the extent that hedge funds implement

portfolio risk management practices.
5 Accuracy of expectations

In this section, we examine the extent that risk management practices are
associated with the accuracy of manager expectations of how their fund will per-
form during periods of extreme financial events. Effective risk management can
facilitate both understanding the implications from changes in the external envi-
ronment (financial markets) and preventing unforeseen changes in performance
from changes in the external environment. We posit that better risk manage-
ment practices improve the fund managers’ understanding of how their fund’s
performance is affected by changes in the financial environment. Consequently,
we predict that funds employing better or more appropriate risk management
practices have more accurate expectations about their fund performance.

The vendor queried managers about their expectation of their fund’s perfor-
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mance during a short-term (one month) equity bear market, which as classified
into five categories: -2 = “Down”; -1 = “Down (a little)”; 0 = “No effect”; 1 = “Up
(a little)”; 2 = “Up.”* The last due diligence reports was completed in August,
2007. Table 7 presents the distribution of managers’ expectations and classifies
the funds by their risk management practices. As shown in the table, there do
not appear to be systematic relations among the risk management practices and
expectations. Moreover, Chi-square tests confirm that there are no significant
differences.

We observe two interesting features of the manager expectations. First, we
observe substantial heterogeneity in the manager’s expectations to how their
fund would perform in a short-term equity bear market. For example, 27.5
percent (44.5 percent) of fund managers expect their fund performance to im-
prove (worsen) during a one-month equity panic. Second, many (28 percent)
hedge fund managers believe that their fund returns are neutral or not exposed
to a sharp decline in financial equity markets. This finding reflects the speci-
ficity of the investments made by hedge funds, or a miscalibration of manager
expectations.

To measure the accuracy of managers’ expectations, we use short-term equity
bear market that occurred during the the months of September, October, and
November 2008. Over these months, the S&P 500 lost 9, 17, and 7 percent.
We aggregate performance over these three months for two reasons. First, it is
not clear that each month represents a separate short-term equity bear market.
Second, prior research finds that hedge fund managers appear to spread negative
returns over several months to smooth reported performance (for examples, see
Bollen and Pool (2008) and Cassar and Gerakos (2010b)).

Figure 1 plots mean and median performance over this period grouped by

4Later in the sample period, HedgeFundDueDiligence.com increased the categories to in-
clude -3 “Down a lot” and +3 “Up a lot.” We coded such responses as -2 and +2.
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expected fund performance. If fund managers are accurate in the expecta-
tions of their fund’s performance during a short-term equity bear market we
would observe the mean and median fund performance increasing in expected
performance. In general, there is a minimal, at best, association between the
manager’s expectation and actual performance for the full sample.

We next examine whether models are associated with the accuracy of ex-
pectations. In Figures 2 through 4, we split the sample by funds that use the
different types of models and those that do not. For each type of model, we
compare both the mean and median performances conditional on the manager’s
expectation. Figure 2 shows that, in general, expectations are more accurate
for funds that use value at risk to model portfolio risk. Figure 3 shows a slight
relationship for stress testing. In contrast, as shown in Figure 4, there appears
to be no relationship for funds that use scenario analysis. These findings suggest
that value at risk, and to a lesser extent stress testing, appear to result in more
accurate manager expectations.

Next, we examine the association between the manager’s expectation and
actual performance by the characteristics and responsibilities of the head of risk
management and by whether the fund had limits on their investment positions.
In unreported analyses, we find no association between manager accuracy and
these risk practices. Overall, we conclude that the accuracy benefits obtained

from risk management practices are driven by the use of models.
6 Downside risk and systematic risk

In this section, we examine two potential benefits of models. First, we
examine whether funds using models have lower downside risk. Namely, do
they perform relatively better when the equity market experiences significant

drops? Second, we examine whether funds using models have lower systematic
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risk.

6.1 Downside risk

Our first set of tests examines whether there are differences in monthly rela-
tive performance over 2008 between funds that use and do not use formal models
of portfolio risk. Table 8 presents univariate comparisons for 2008 and Table 9
presents multivariate comparisons. In the multivariate tests, we include all of
the independent variables used to model the determinants of risk management
practices (as presented in Tables 4 through 6) along with indicator variables for
the fund’s investment style, which are based on the Lipper TASS and HFR style
designations. At the top of each table we present the month’s return for the
S&P 500 Index and the HFR Composite Index of hedge fund returns.

Consistent with models reducing downside risk, for each months in which the
S&P 500 Index had a return of less than negative five percent, in Table 9 all of
the coefficients on models are significantly positive. In addition, the coefficients
on models are significantly positive for July and August, even though S&P 500
performance was slightly positive and slightly negative for these two months.
Note, however, that the HFR Composite Index was negative for both July and
August.

The lower downside risk of hedge funds using formal models could indicate
overall differences in performance that are driven unobserved manager ability,
which is correlated with risk management practices. To investigate this issue, in
in Table 10, we examine whether there are similar associations with performance
during 2007 and the first six months of 2009. As shown in Table 10, for these
periods, we find no associations between models and performance for these pe-
riods, suggesting that models do not represent mean differences in performance
but instead represent differences in exposures to downside risk. Furthermore,

in untabulated tests we find that the other risk management practices are not
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associated with performance suggesting that our results are specific to models
and do not reflect funds’ general risk cultures.

Finally, to further control for investment style, we limit our sample to the
style that did the worst in the S&P 500 down months of 2008, namely long-short
equity funds. As shown in Tables 11 and 12, for this subset of funds we find
similar results in terms of sign and significance as those presented in Tables 8

and 9.

6.2 Systematic risk

In our final set of tests, we examine whether models are associated with
exposures to systematic risk. As discussed by Asness et al. (2001), a major
concern for investors is that a hedge fund has significant exposures to systematic
risk. Namely, the fee structures of most hedge funds (2 percent management
fee and 20 percent performance fee) likely do not justify significant exposures
to systematic risk, which investors can obtain relatively cheaply in the futures
or ETF markets.

Figure 5 compares the distributions of beta for funds that do and do not
use formal models of portfolio risk. For each of the 112 funds with sufficient
returns, we estimated its beta over the 30 month period starting January 2007
and ending June 2009 using the monthly return on the S&P500 Index to proxy
for the market return. For all three types of models, the mass of the distribution
is shifted to the right for funds that do not use models. These differences are
statistically significant at the mean and median. Table 13 presents estimates
of ordinary least squares estimates of the differences in betas that control for
investment style and portfolio characteristics. In these multivariate tests, the
mean differences in betas remain statistically significant and similar in magni-
tude to the univariate estimates. Overall, these results show that funds using

formal models have lower exposures to systematic risk.
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6.3 Alternative explanations

There are several alternative explanations for the results presented in the
section. One potential explanation is that models proxy for a fund’s overall
investment in risk management. For example, the underlying risk culture at an
institution could determine both the risk of the investments and the strength of
the institution’s risk management practices. As discussed by Ellul and Yerramilli
(2010), if general risk culture drives our results, then there should be correlations
between all of the risk management practices and performance. We find no such
relationships. It therefore appears unlikely that these results are driven by such
an omitted correlated variable.

A potential explanation for our performance results is that riskier funds
choose models. Several factors point against this selection-based explanation.
First, as shown in Figure 6, the returns for funds that do not use models are
more negatively skewed for October 2008, suggesting that riskier funds do not
select models. In addition, as shown in Figure 7, the monthly return volatility
over the period January 2007 through June 2009 is greater for funds that do
not use models. These differences in volatility are statistically significant at
the mean and median, and when we control for investment style and portfolio
characteristics, further suggesting that this form of selection does not drive our
results.

Selection, however, could be in the opposite direction. Namely, our results
could be explained by less risky funds choosing models. But, models require
investments of both managerial effort and financial resources. These non-trivial
costs raise the question of why less risky funds would be more likely to make such
investments, given that the marginal benefit of such investments is presumably
lower for less risky funds. We cannot, however, rule out the possibility that the

use of models is negatively correlated with the extent that a fund writes out-
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of-the-money put options (or, euphemistically, provides “liquidity”). The large
negative returns in the down months of 2008 for funds that do not use models
are consistent with the performance of such strategies. To the extent that this
explanation is descriptive of our results, we provide evidence on the incidence

of such strategies.
7 Conclusion

We investigate the determinants and effectiveness of several methods that
hedge funds use to manage portfolio risk. By doing so, we report the first broad
empirical investigation of how hedge funds manage portfolio risk and overcome
a major impediment to the examination of risk management practices, namely
the lack of cross-sectional data on internal organizational practices.

We find that use of various risk management practices are a function of
the fund characteristics, such as leverage, number of positions, and the capital
invested by the fund managers. Moreover, we document that funds employ-
ing formal models to evaluate portfolio risk have more accurate expectations.
Therefore, we provide evidence of a novel benefit of better risk management
practices—namely, assisting managers in monitoring and better understanding
the risks faced by their portfolio. We also find that funds using formal models
have less volatile monthly returns, less skewness in monthly returns, significantly
better performance during periods of distress, and significantly lower exposures
to systematic risk. Overall, our results suggest that models of portfolio risk,
but not the other risk management practices, increase the accuracy of man-
agers’ expectations and assist managers in reducing exposures to systematic

and downside risks.
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Figure 1: Accuracy of expectations of fund performance during a short-term
equity bear market

This Figure plots mean and median fund cumulative performance for September
through November 2008 (y-axis) against the manager’s expected performance in
a short-term equity bear market (x-axis) for the 90 funds with sufficient returns
and expectations data. The scale for expected performance in a short-term
equity bear market is as follows: -2 = “Down”; -1 = “Down (a little)”; 0 = “No
effect”; 1 = “Up (a little)”; 2 = “Up.”

Performance in September-November 2008

T —— Mean
--— Median

Return (%)

Expected performance in a shortterm equity bear market
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Figure 6: Distributions of returns for October 2008

This Figure compares the monthly distributions of returns for October 2008 for
funds that use and do not use formal models of portfolio risk.
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Table 2: Portfolio risk management practices

This table presents descriptive statistics for the portfolio risk management prac-
tices used by the funds in our sample.

Full sample With returns & controls

% N % N
Portfolio risk models
Value at risk 43.7 387 41.8 110
Stress testing 52.1 380 52.7 112
Scenario analysis 46.4 364 45.2 104
At least one type 58.3 393 56.3 112
No models and testing 47.0 349 48.0 102
One type 7.7 349 6.9 102
Two types 8.9 349 9.8 102
All three types 36.4 349 35.3 102
Head of risk management
Dedicated to risk management 34.0 262 33.8 7
No trading authority 25.8 361 21.1 95
Hedging authority only 4.2 361 2.1 95
Full trading authority 70.1 361 76.8 95
Position limits
Hard limits 16.6 427 19.3 114
Guidelines 26.9 427 28.1 114
No limits 56.4 427 52.6 114
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Table 4: Models of portfolio risk

This table presents results from tests of the determinants of portfolio risk mod-
els. The columns present marginal effects from probit regressions in which the
dependent variable is coded as 1 if the fund uses the model type, and 0 otherwise.
Standard errors are in parentheses.

Value at risk  Stress testing Scenario analysis

At least one

Ln(Investor assets)
Ln(Proprietary assets)
Ln(Fund age)
Leverage

Long bias

Short bias

Fund offshore
Years

Quarters

Months

Weeks

1000+ Positions
200-999 Positions
100-199 Positions
40-99 Positions
Year fixed effects
Observations

p Value
Log likelihood

0.001
(0.004)
0.010
(0.010)
0.008
(0.023)
0.184***
(0.057)
0.137**
(0.062)
-0.012
(0.073)
0.233%**
(0.068)
-0.221%*
(0.091)
-0.186**
(0.090)
0.017
(0.110)
0.070
(0.126)
0.147
(0.202)
0.172
(0.109)
0.237%**
(0.089)
0.165**
(0.064)
Included
369
0.000
-216.513

0.003
(0.004)
0.008
(0.010)
-0.017
(0.023)
0.142%**
(0.059)
0.231***
(0.061)
0.027
(0.075)
0.129
(0.079)
-0.151
(0.097)
-0.086
(0.096)
0.112
(0.111)
0.062
(0.133)
0.256
(0.187)
0.140
(0.111)
0.189**
(0.093)
0.108
(0.065)
Included
350
0.000
-212.639

-0.000
(0.004)
0.008
(0.010)
-0.011
(0.023)
0.152***
(0.057)
0.194***
(0.059)
0.052
(0.071)
0.158%**
(0.078)
-0.149
(0.098)
-0.041
(0.097)
0.082
(0.107)
0.113
(0.128)
0.102
(0.190)
0.297%%*
(0.087)
0.205**
(0.083)
0.096
(0.063)
Included
364
0.000
-221.037

0.002
(0.004)
0.012
(0.010)
-0.007
(0.022)
0.170%**
(0.055)
0.210***
(0.056)
0.050
(0.068)
0.162**
(0.077)
-0.214%*
(0.098)
-0.120
(0.098)
0.018
(0.108)
0.074
(0.120)
0.134
(0.183)
0.224***
(0.086)
0.172%*
(0.077)
0.113*
(0.060)
Included
376
0.000
-220.190

* p<.1, ¥* p<.05, ¥*** p<.01, two-sided test
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Table 5: Head of risk management characteristics and responsibilities

This table presents results from tests of the determinants of characteristics and
responsibilities of the head of risk management. The first column presents
marginal effects from a probit regression in which the dependent variable is
coded as 1 if the head of risk management is dedicated to risk management,
and 0 otherwise. The second column presents coefficients from an ordered pro-
bit regression in which the dependent variable is coded as 2 if the head of risk
management has no trading authority, 1 if he has hedging authority, and 0 if he
has full trading authority. Standard errors are in parentheses.

Dedicated Trading

Ln(Investor assets) 0.007 0.013
(0.006)  (0.011)

Ln(Proprietary assets) — 0.056***  (.113%**
(0.020)  (0.038)

Ln(Fund age) 0.005 -0.137%*
(0.031) (0.069)
Leverage 0.085 0.283*
(0.068)  (0.164)
Long bias -0.022 0.008
(0.071) (0.164)
Short bias -0.085 -0.177
(0.077) (0.201)
Fund offshore 0.035 0.124
(0.092)  (0.228)
Years 0.068 0.209
(0.124) (0.266)
Quarters 0.295%* 0.353
(0.124)  (0.257)
Months 0.347%* 0.535*
(0.145)  (0.294)
Weeks 0.385%* 0.074
(0.152) (0.351)
1000+ Positions 0.514%** 0.658*
(0.156)  (0.390)
200-999 Positions 0.239* 0.541*
(0.142) (0.280)
100—199 Positions 0.031 0.104
(0.106) (0.245)
40-99 Positions 0.060 0.338*
(0.078)  (0.179)
Year fixed effects Included Included
Observations 256 344
p Value 0.000 0.001
Log likelihood -131.978 -231.738

* p<.l, ¥* p<.05, ¥** p<.01, two-sided test
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Table 6: Limits on investment positions

This table presents results from tests of the determinants of position limits. It
presents coefficients from an ordered probit regression in which the dependent
variable is coded as 0 if the fund has no position limits, 1 if it has position
guidelines, and 2 if it has hard limits. Standard errors are in parentheses.

Limits
Ln(Investor assets) 0.022%*
(0.009)
Ln(Proprietary assets) -0.002
(0.023)
Ln(Fund age) 0.135**
(0.055)
Leverage 0.028
(0.128)
Long bias 0.186
(0.135)
Short bias -0.013
(0.158)
Fund offshore 0.566***
(0.180)
Years -0.457**
(0.214)
Quarters -0.319
(0.210)
Months -0.781%%*
(0.247)
Weeks -0.331
(0.274)
1000+ Positions -1.327F%*
(0.467)
200-999 Positions -0.254
(0.246)
100-199 Positions -0.007
(0.201)
40-99 Positions 0.178
(0.140)
Year fixed effects Included
Observations 407
p Value 0.000
Log likelihood -372.333

* p<.1, ¥* p<.05, ¥*** p<.01, two-sided test

36



€€9°0 VeI Ve 1T v €€ ¥e s3I ON

q9 0T 1T 91 91 4\ SOUI[EPIILY

LE g ¥ 8 01 0T SHwIf prefy SHWI[ uonisod
cIg 0 IS IT L 1T 6 €1 ON  £yoyyne Surpery

L91 9¢ 81 0¢ v 6¢ SOA 19010 ST
¢1eo 6V €¢ a1 9¥ oy Gc ON pojestpap

69 4 6 a1 Vi L1 SOA 1990 ST
€€L°0 98 LT 0T 144 0¢ o ! ON

Vet 1¢ 4} 43 9¢ 6¢ SOA  [Ppou JuO 189 1y
9¢¢'0 66 €¢ 1T 9¢ 1¢ 8T ON

16 4 T Lz (44 61 soX  sisd[eue oreuddg
6290 V6 61 1T Gc Ve ¢l ON

80T LT €1 6C €e 9g sox Surysay sso1g
0¥9°0 c0T a1 ¢l 1€ 1¢ €¢ ON

G0t 1¢ ¢l 9¢ yXé 61 N J[SHL e on[eA

9€¢ 6€ 9¢ 99 6¢ 9 Spunj v

oneA d (ejo, joredn  oppedn 1000 ON O[] © UMO(] 0] € UMO(]
¢t T+ 0 1I- (%

‘seo1joeld juowraSeurw YSII pUE SUOIPR)IddXe UsaM)aq UOIJR[eI © ST 9IoY)
IaYjoyMm JO $1809 arenbs-1y)) woj senfea d sjuaseid pue seo1jorid jusmwoSeuewl JSI Spunj oy} Aq souemiojiod pajoadxe soljIsserd
Ioypanj 9] “jeyIew Ieaq A3nbe mIe)-110ys ' Sulmp ooueuiojrod pejoodxe sioSeuew o) JO UOHINGLIISIP o) sjusseld o[qe) SIYJ,

joxIew IR9( A3Nbd 110ys € Junnp soueuriofrod pojdadxy :) d[qe],

37



[4n! [4n! CIT (481 4N 48 [488 [48! 48! 4N 48 488 SUOIYRAISqQ
29170 870°0 900°0 9000 09¢°0 6€0°0 810°0 0L€°0 66¢°0 18¢€°0 9770 S01°0 anfeA d
180°G- 6LCY- 81¢°6- L€8°9- V.61 20L70 Y11 €781 96¢°T VET'C 08¢€'1 1281 asn jou o(q
699°0- ¢60°¢- GTe'e- ¢00°¢- 8V.°0- €9€°0 618°0 €9¢'1 8¢9°0 7eq1- €90°¢ 8€¢°0- 98]

19pouL U0 1513] 1Y

01 70T 701 701 01 01 70T 701 701 ¥01 01 70T SUOIyeAIDSqQ)
990°0 680°0 c00°0 9¢0°0 ceY0 w10 ¥¢0°0 L2V°0 G0¢'0 €990 0L7°0 ¢I1'0 anreA d
1.6°1- 9ET V- Ve 6- ¢61°9- €qv°1- 6V.¢C- 0¢6°0- G181 0L€°1 ¢10°¢- 8G¢'1 G8L'T- asn jou o(q
¥0€°0- €EC'C- 108°¢C- LT6°C 008°0- 0€9°1- 8€8°0 €0v'1T 7€9°0 T19°1- 991°¢ 0€€0- a8

sisfpun 014DUIG

(48! [4n! CIT [4n! GIT [4qn 4N 48! GIT GIT 4 48 SUuOIyeAISqQ
8120 0TT°0 0T0°0 8000 09€°0 8¢0°0 910°0 8¥2¢°0 Ggce o €92°0 (44N LST°0 anfep d
G06°1- 696°€- L2T°6- 978'9- 16G°1- [ I [45 0 886" 7811 08¢'¢- ove'1T L69°1- asn jou oq
099°0- iraa veL€- ¢60°¢- g8.L°0- 097 1- 9.8°0 LVE'T 69470 867 1- 0T1°¢ ¥ev0- e

bu1ys9 sso438

01T 01T 01T 01T OTT 01T 01T OTT OTT OTT 01T 01T SUOIIRAISAQ)
L€0°0 ¥60°0 €00°0 izl 8G€E°0 661°0 ¢80°0 659°0 G99°0 c6€°0 cee 0 Gqce o anfep d
6G8° 1~ €CL ¢ 7€€'8- 061°G- €Ty 1- 6€9°¢- 199°0- Y19'1 708°0 AL 61G°1 Vee T asn jou o(q
0€0°0- 9061~ 98¢C'¢- 169°¢- 8T.°0- 609°'T- ¢e9°0 06¢°T 6.0'T ¢16°1- Gee'e €LC°0- 98
YSi4 1D ONJDA

G1o L9°C- ¥8'9- €1°9- vvI- 6C°C €e'T- L8°T €91 s 09T 69°C- oysodwo) YAH

8.0 8V L~ 76°91- 80°6- [4a) 66°0- 09°8- 10°T QLY 10°0- 8¥'¢- cr9- 00¢ d7&8S

29(1 AON 120 1dag sny mr unrp AR dy IR\ qad uer

"S9S99) 1 POPIS-OM) SUISN PaIsa)

9Ie SEJULISPI(] ‘S[EPOw SL orjojiiod 9sn jou pue op jey) spuny 10y g00g Ul doururiojad uesw A[yjuowr sareduwrod I[qes Sy,

800¢ Ul ourmIojIod pue s[epow SLI offoj110d UsaM)a( UOT)RIOSSE JO $1599 9)RIIBATU() :Q 9[(RT,

38



1801 PapIS-0M} ‘TO > 4y ‘GO > 4y ‘T>d 4

0€0°0- ¢IT'0 L6T°0 0220 670°0 941°0 z81'0 8€T°0 0£0°0- 170°0 zL0'0 0€2°0 M PV
0990 090°0 S00°0 2000 122°0 8T0°0 800°0 0£0°0 059°0 192°0 8¥T'0 2000 anfep d
an an ZIT AN an an an an an an! AN an STUOIIRAIISA ()
SoA SO EE) N SO SO S SoX SO S9N SO SO SO S9[gRLIBA [OI3UO0)

(021°71) (ev11)  (1€T°%) L1y (o16'0)  (S8L°0) (26L°0) (v%5°0) (072°0) (25L°0) (¥$6°0) (066°0)

0.£°0 #LVCT  wxxB66'C  ssxCLVT 46091  xanISVT  4sxxCEYT  0T8°0- €56°0- PIT'T 8210 #+L€C'C  opOW BUO ISR 1Y
£20°0 ¥0T°0 982°0 L0€'0 ¥90°0 T1T°0 091°0 651°0 Z00°0- 660°0 ¢20°0- 81270 M Py
99€°0 880°0 100°0 100°0 16T°0 120°0 £20°0 ¥20°0 g8t'0 860°0 T19°0 100°0 onrep d
¥0T y0T $0T $0T $0T o ¥0T ¥0T ¥0T $0T $0T $0T STUOTIRAISG ()
SOA SO EE) SO SO SOx SOA SO SO SO SO SO SO[qRLIRA [01JUO))

(zvo'1) (812°1)  (060°2) (98¢'T)  (¥96'0)  (8¥8°0) (¥g8°0) (955°0) (geL0) (£52°0) (886°0) (168°0)

009'T xS T wwx989°L 412G GET'T +0GL T +44698C  TF90- AVST- eTT'T 0%9°0 #xxCV8'T sis[eue OLIRUaDg
020°0 61T°0 002°0 €220 2900 8F1°0 9.1°0 Z€1'0 £50°0- ¥90°0 $90°0 LET°0 M PV
89€°0 050°0 S00°0 2000 8L1°0 £20°0 010°0 9€0°0 61270 vL1°0 AN 100°0 onfep d
an an Z1T AN an an an an an ans AN an SUOIIRAISA ()
SoXA SO EE) N SO SO S EEN SoX S9N S9N SO So X S9[qRLIBA [O0I3UO0)

(z10°71) (Lor1)  (921°%) (cov'1)  (g988'0)  (26L0) (82L°0) (855°0) (€12°0) (17.2°0) (£%6°0) (L98°0)

eeh'T #806'T  wxxIP0'9  4sx€0FT  TOV'T  4xxxQ0F' T #s2x88€°C  x086°0- 878°0- 9057 82€°0 #xT6L°T Surjse) ssexg
020°0 680°0 1%2°0 L8T°0 £€90°0 €11°0 T%T°0 ¥ET'0 €50°0- 180°0 0L0°0 11270 M Py
89€°0 L0T°0 100°0 800°0 18T°0 190°0 0£0°0 9€0°0 92270 102°0 L8T°0 ¥00°0 onfep d
0TT 0TT 01T 01T 01T 0TT 0TT 0TT 0TT 01T 01T 0TT STUOTIRAIISG ()
SO SO SO SO SOA S SO SoX SOX SO SO SN wwﬁﬂrwmw.ﬁm\/ ~O.EQOQ

(z10'1) (v611)  (801°2) (19%'1)  (8z6'0)  (ST8°0) (0v8°0) (655°0) (172°0) (092°0) (Lg6°0) (616°0)

eeh'l 69T wxxlIP'0  4TLOT 448961  44998'T  44920°C 809°0- 651°0- QLT0 ¥6€°0 +012°T NSIT 1% enfe)
¢T'0 19°¢- $8°9- €1°9- ¥I- 620 £eT- 187 €9°T vag- 08'T 69°G- oysodwo)) Y AH
8.0 8F" - $6°9T- 80°6- cT1 660~ 09'8- 10T QLY 10°0- 8- zr9- 00¢ 73S
20(1 AON 190 deg sny mr unp AeN dy TN o uer

‘sasoyjjuared ur aI1e
SIOLIS pIepue)g ‘suoryeuldisep o[4S M AH pue SSVI, 1oddiT oyj uo poseq ore YOTYMm ‘O[A)S JUSUIISOAUL S,pUN oY) IOJ SO[qRLIBA
I0ye0IpUl Y)Im SUOole § puR ¢ So[qe], Ul pojussald so[qeLIeA juapuadopul oY) oPN[OUL So[eLIeA [0IJU0D 9], '800¢ Ul 9oueuLIo}od
A[auour pue s[epoul YsLI orjoj)1od UsaM)aq UOIIRIIOSSE 9} 1599 JRI) SUOISSEIZal sarenbs jses] Areurpio sjusserd oqel sIyJ,

8007 ur soueurioyiad pue SEpoU Si1 orj0y310d UGOMID( UOIIRIIOSSE JO $1S9) JRLIRATY[NIA 6 O[JR],

39



1591 PapIS-0m) ‘10" >d gy ‘G0 >d 4y ‘T >d

1%0°0- 0£0°0~ 4 ry
G89°0 679°0 ontep d
10T CIT SUOI)BAIDS] ()
pepnpouy pepnpouy So[qeLIRA [01JUO))
(L¥8°0) (€1€°0)
989°0- ¥01°0- [epoW U0 158 1Y
0200~ ¥0°0- Iy
€970 L0270 anreA d
€6 70T SUOIJeAIDSq ()
pepnpuf pepnpour so[qeLIRA [011U0))
(9¢8°0) (veg0)
01¥%°0- 6,070 SISATRUR OLIRUIIS
$60°0- €£0°0- 4 py
1680 199°0 ontep d
10T CIT SUOI}BAIISC )
pepnpouyr pepnpouy So[qeLIRA [01JUO))
(,88°0) (vog0)
GE6'0- 200°0- Surysey sso1)g
$0°0- €€0°0- A ey
PL0 €99°0 anreA d
00T 01T SUOIJeAISSq ()
papnpuf pepnpour sa[qeLrIeA [011U0))
(1€8°0) (67€°0)
260°0 44 NSII 9e aNeA

600g ‘unf—uefr - L00¢ e uer

‘sosorjuated
Ul IR SIOLI® PIRPUR)S -SUO)RUBISOp o[4S Y IH Pue SSVI, Ioddr] oy) uo poseq oIe yoIgm ‘o[A)s JUSUI)SOAUT S, puny o) IoJ
S9[qRLIRA I0IRIIPUL IIM JUO[R § PUR ¢ SO[R], Ul pojussard so[qrrIeA juopusdopul oY) 9PN[OUL SO[RLIRA [0IIU0D 9y ], "ported oY)
I0A0 UINJRI AIUOW doFeIdA® 91} SI d[qelres juapuadep oY, "punj oY} Aq posn s[epow su oljojrrod o) pue OO Jo SyIuow
XIS 18I 93 Ul pue L0(g Ul 9oueuriojiod punj usomioq UOIIRIDOSSE 1) JO SUOIIRMIISO solenbs jseo] Areurpio sjuosaid o[qes SIYT,

6002 23 200g Ul 9oueuLiofod pue SPPOUI SLI 01[0j310d UMD UOIIRIOOSSR JO §3597 9IRLIRATI[NIN 0T ORI,

40



6¢C 6C 62 6¢C 6C 6C 6C 62 62 6¢ 6C 6C SUOIIRAIISAO
€80 £€6£°0 670°0 L1070 G61°0 600°0 1100 €¢9°0 ¢€6°0 €¢0°0 0290 89170 anfeA d
1€1°0- 189°¢- GE9°9T- £69°C1- 0L6°G- 196 L- 160°9- ¥9¢°¢ g80°¢C ¥76°9- 669°C 19¢°9- osn jou o
8470 1€¢°1- €8T ¥~ £88°¢- 98¢°1- 008°0- 686°0 610°¢C 116°1 ovL1- ¥eq1 ¥¢0°¢- 98]
[epouI U0 }Sed[ 1y
9¢ 9¢ 92 9¢ 9¢ 9¢ 9¢ 9¢ 9¢ 9¢ 9¢ 9¢ SUOI1RAISS(Q
09¢°0 ¢LT 0 910°0 ¢.0°0 TGT0 6000 170°0 €170 Ga8'0 ¢c0'0 80710 161°0 anreA d
796°0- 6G9°¢- L88°91- 7¥e01- cv9°g- 9049~ ¥vev- 69¢°¢ 126°T ¥y 9- 18¢C°¢ 61¢°9- 9sn 10U o(J
7780 006°0- 929°C- 006°¢- 99T T- 716°0- 788°0 P81 65C°C ¥16°1- 7921 cLE € 8N
SISATeU® OLIRUdIG
6¢ 6¢ 62 63 6¢ 6C 6¢ 6¢ 6¢ 66 6¢ 6¢ SUOI1RAIRSq O
8060 TL7°0 €¥0°0 LT0°0 98T°0 700°0 ST10°0 €ET°0 L29°0 810°0 09¢°0 cLY0 anfep d
292°0 6S9T1°¢- V1891~ [4éaan €099~ ¥V L- qe8 V- 169°¢ 660°T 699°9- 2s0'¢ G9T°G- osn jou o
€740 00%°1- 289~ c0¢° e [44Aa% 98.°0- avo'1 LLT'C L70°C 0€8°'T- 6€9°T £499°¢- 98]
Surysey ssI1g
1C LC pxé LC LT LT LT LT LC LT LT LT SUOIIRAISAQ)
89670 9,170 600°0 120°0 ¢I1'0 000 9¢0°0 60¢°0 996°0 600°0 7€€°0 8¢0°0 anfep d
G9¢°0- 900°%- 98G 8T~ 8Y9°11- 00¢°9- LYG L 116°¥- €891 260°C 910°L- 010°T L16°9- osn jou o
616°0 €L€°0- YIT G- 9¢L°¢- 8.8°0- 66¥%°0- 202470 989°¢ S10°C 67 1- 8.9°¢ 160°¢G- 98]
NSILI Je an[eA
t4al] LL°€- 97°6- 18- JANS 8¢~ ¥ve- 8€'¢C ¥v'e 78°¢- T€T LV (resoL) o8peH Aymby YAIH
8.0 8V L- 76°91- 80°6- o'l 66°0- 09°8- T0°T QLY 10°0- V¢ ¢y 00¢ d7&8S
29(] AON 120 1dag Sny mr unr AeN dy IRy qoq uer

'§9899) ) POPIS-OM) SUISN PI)SA) I8 SIOUIIIPI(] “S[OPOT
s[sut orpojyiod 9sn jou pue op Jey) spuny a8pay £3mba 110Yys-uoy 10j 00 Ul doururiojad wesw A[yjuowr soreduwrod J[qes Sy,

spunj

a8pey Aymbae 1101s-3uo] 10] OOZ Ul eourMLIOjIod pue S[epow sl o1j0j110d UeaM)d( UOIIRIIOSS® JO S1S9) 9JRIIBATU() :TT 9[qE],

41



1891 PapPIS-0M} ‘TO > 4y ‘GO > 4y ‘T>d 4

6£C°0- ¥70°0- 060°0 g1g0 610°0 8220 82€°0 g0T'0 L5070 ¥92°0 1L€°0- z10°0 M PV
1L6°0 ¥2g0 ¥8€°0 220°0 0810 ¥20°0 iZaN) 79€°0 1370 081°0 £06°0 88770 onfep d
62 62 62 62 62 62 62 62 62 62 62 62 STUOIIRAISSA ()
_uwﬁﬂﬁoﬁq @@@SMUEH —UOmuH——UEH GQUSMUEH _uwﬁﬂﬁoﬁq GQUSMUEH @@USMUEH @®U5~UEH @@@SMUEH UwUSMUEH _Uwﬁﬂﬁoﬁq @@@DMUEH mwﬁﬂdﬁd\/ MO.HHEOO
(z80°¢) (€69°2) (L71°9) (988°2) (g62°¢) (812T) (£22°2) (¥¥8'1) (g¥6°1) (126°1) (¢26°C) (L9v'2)
676°0 94°0 #x88G°CT  44x896'CT TIE'T  wxxb6LL  wsx0ET'L  6TET- TEE0- +x698°F ¥8¢°0- 910°¢ [OPOW BUO I58A] 1Y
Z67°0- z12°0 1€2°0 L¥9°0 Z0T'0- ¥09'0 6710 0600 122°0 €22°0 z€€0- 680°0 M Py
126°0 0820 292°0 ¢T0'0 129°0 ¢20°0 L80°0 e1v'0 zLZ0 692°0 1€8°0 ¥IV°0 onrep d
9z 92 9z 9% 9z 92 9% 9% 92 9% 9z 9z STUOTIRAIISG ()
UQ@SMUQH @w@‘DﬁvQH Pepndur @Q—U‘DMOQH UQ@SMUQH @w—uﬂ:uﬁw @Q—U‘DMOQH @w—u‘DﬁvQH @w@ﬁﬁuﬁw @Q—U‘DMOQH —umﬁSMUQH @w@ﬂ:oCH wmﬁﬂﬁmwpwm\/ MO.EQOQ
(g8g°€) (0g9°2) (ev29) (¢29°%) (v98°¢) (689'1) (c62°c) (£90°2) (996°1) (¢80°2) (1€2°¢) (vsvg)
£26°C L8L°T wx0FE 9T 4441086 6191 ++488L°0  4xx6L7°G L1Z°0- 88.°0- «8L8°Y 860°'T- L0€°€ SISA[etre O11RUa0g
75e°0- TOT'0 L20°0- 9120 820°0- 0870 2920 €17°0- 9€0°0 zT10 1670~ L¥0°0- M PV
126°0 69€°0 809°0 220°0 ¥reo 6€0°0 1870 $59°0 gqh'0 T7€°0 ¢F6°0 6920 onrep d
62 62 62 62 62 62 62 62 62 62 62 62 SUOTIRAISSA ()
_uwmi:oﬁq @@@SMUEH —UOmuH——UEH GQUSMUEH _uwmi:oﬁq @@USMUEH @wUSMUEH @®U5~UEH @@@SMUEH @wUSMUEH _Uwﬁﬂﬁoﬁq @@@DMUQH mwﬁn—dﬁd\/ MO.HHEOO
(L10°€¢) (zeve) (108°9) (068°%) (zgze) (Fes'T) (¢62°%) (F11°%) (950°2) (g80°2) (gv0¢) (12872)
£60°0 £99°0 #x988°FT  4xnbLlCTT 00€'C  4#4xCCV'8  4E1F'9 1822 €0T°0 #xLT6'F 9611~ 760°C Surjse) ssexg
909°0- 0€2°0 €8€'0 859'0 290°0- 079°0 8740 620°0 012°0 16€°0 gLT'0- 887°0 M Py
1L6°0 e¥z0 €IT'0 6000 g8¢°0 Z10°0 z€0'0 9.%°0 99Z°0 L01°0 112°0 68T°0 onrep d
LT 1z LT 1z LT 1z 1z 1z 1 1z LT 1T STUOTIRAIISG Q)
UQ@SMUQH @w@‘n:uﬁw Popndur @Q—U‘Dﬁvﬁw —um@SMUQH @w—uﬂ:uﬁw @Q—U‘DMOQH @w—uﬁﬁuﬁw @w@ﬁﬁoﬁw @Q—U‘DMOQH UQ@SMUQH @w@ﬂ:oQH wmﬁn—wmwpwm\/ MOH-QOQ
(Le€7€) (0o9v°2) (622°%) (9€5°g) (€29°¢) (0g5'1) (296°1) (920°3) (g88°1) (€28°1) (z1672) (961°2)
1272 €60°C  xxx0TT'6T 44492 TT 68L°T  44x868°L  4+4L€0°9 870 T- €50°0- £4%889°G z8e'1- +8T8'Y NSIT 1% onfe)
zT0 L6 9%°6- ¥T'8- LT'e- ¥8°¢- e 8€°C e ¥8°¢- €T LV (Tes01) e8peH A3mbi M IH
80 8¥"L- $6°9T- 80°6- cT1 66°0- 09°8- T0'T eL¥ 10°0- 8¢~ z19- 00¢ d7S
pETq) AON 190 dag sny mr unp AN dy IR qog uep

‘sosotjyuored UT oIe SIOLI® PIRPUR)S "SUOTIRUIISOP O[A)S
MAH pue SSV.I, Ioddry oyj uo peseq aIe UoIYM ‘O[A)S JUSUIISOAUT S,pUN oY} IO] So[qelIeA I0YedIpul Yjm Suofe § pue ¢ so[qe],
ul pojuesald so[qelre juapuodopul o) OPN[OUT SO[eLIeA [0IYU0D 9YJ, 'Spunj a8pey Aymbe 1I10Ys-8U0] 10] OO Ul eouruLIOfIad
A[yuour pue s[epoul YSLI orjoj)iod Usam)aq UOIIRIIOSSE 9} 1S9} JRY) SUOISSAIZal sarenbs jses] Areurpio sjusserd oqey sIyJ,

spunjy
a8poay £ymbe 1101s-3uo] 10] OO Ul sourULIOJIed pue S[EpOW YSiI 01[0J310d UMD UOIIRIDOSSE JO SIS0} 9YeLIRAIYNIN :ZT °[qe],

42



159) papIs-0M) ‘10 >d 44y ‘€O >d 4y ‘T >d

1620 60T°0 9¢¢°0 7010 91¢°0 61T°0 SST°0 €G60°0 el ‘Tpy
€000 00070 700°0 10070 100°0 000°0 L10°0 11070 onfep d
10T 201 10T 10T €6 6 00T 20T SUOTYRATS( ()
SOx ON sox ON Sox ON SOx ON SO[qRIIRA [OI}UO))
(280°0) (820°0)
x#xx0G€°0"  %xx¥8C 0~ [opow Suo 1889 1y
(280°0) (820°0)
xxx08€°0~  xxx[8C0- SIsATeue OLIeUaDg
(80°0) (280°0)
#xxC098°0"  5xx66C 0 Surysey sso1yg
(e80°0) (6200
#x%x69C°0-  4x%0C°0- 3[SHL 3B on[eA
sejog

‘sosoyjuared Ul 9I€ SIOIId PIEPUR)S
‘suoryeudisop o[£1s Y JH pue SSVI, ToddrT o) uo paseq oIe YOIYM ‘B1£)S JUSUISOAUT S, PUIL 81} 10J SO[RLIBA I0}edIpUl )M Suofe
¥ pue ¢ se[qe], Ul pejussald so[qelres juopuadopul o1} opN[OUl SO[(eRLIBA [OIJU0D S, "UINISI JoxIeW o1} Se Xopu] 00CJZ3S oY}
UO UWINJDI YY) 9SN A\ "G00 dUN[ Ul SUIpUS pue 20 Arenuep ur Surrels porod YIUOW ()¢ 9} ISA0 $8ID( 9} 9IRUIIISD 9N\ "8I9q
S, punj oY) pue s[EpPoUI YsLI O1j0j110d USOMID( UOTIRIIOSSE OY) 1597 ey} SUOISsaI3al sorenbs jses] Areurpio sjuesord o[qe) SI],

se1aq pue S[PPOW YSII o1[0j310d USMII( UOIPRIDOSSE JO SIS SJRIIRATIMIN €T 9[qR],

43



