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Abstract

One can consider the concept of market neutrality as having “breadth” and “depth”: “breadth”
reflects the number of market risks to which the hedge fund is neutral, while “depth” reflects the
“completeness” of the neutrality of the fund to market risks. We focus on market neutrality depth,
and propose five different neutrality concepts for hedge funds. “Mean neutrality” nests the stan-
dard correlation-based definition of neutrality. “Variance neutrality”, “Value-at-Risk neutrality”
and “tail neutrality” all relate to the neutrality of the risk of the hedge fund to market risks. Fi-
nally, “complete neutrality” corresponds to independence of the fund to market risks. We suggest
statistical tests for each neutrality concept, and apply the tests to a combined database of monthly
“market neutral” hedge fund returns from the HFR and TASS hedge fund databases. We find that

between one-quarter and one-third of these funds exhibit some significant exposure to market risk.

Keywords: hedge funds, market neutrality, dependence, correlation, risk, portfolio decisions, copulas.

J.E.L. Codes: G10, G11, G19, G23.

*Helpful comments and suggestions were received from Ron Anderson, Greg Connor, Oliver Linton, Chester Spatt,
Elliot Williams, and seminar participants at LSE. The author would like to thank TAM for providing the data used in
this study, and for financial support through the IAM Programme in Hedge Fund Research at LSE. Contact address:
London School of Economics, Houghton Street, London WC2A 2AE, United Kingdom. Email: a.patton@Ise.ac.uk.
This paper is available from http://fmg.lse.ac.uk/~patton/research.html.



1 Introduction

The hedge fund industry is one of the fastest-growing sectors of the economy. Assets under the
management of hedge funds has grown from $50 billion in 1990 to around $650 billion in 2003'.
The low correlation between hedge fund returns and market returns is an oft-cited favourable
characteristic of hedge funds, see Brown, et al. (1999), Fung and Hsieh (2001) and Agarwal and
Naik (2002). Indeed, the term ‘hedge fund’ was coined with reference to the goal of the first such
funds, which was to invest in under-valued securities using the proceeds from short-sales of related
securities, thereby creating a “market neutral” strategy, see Caldwell (1995).

Hedge funds are often classified according to their self-described? investment strategies or styles,
and there are roughly seven categories. These categories and their size as a proportion of the
total hedge fund industry are reported by Fung and Hsieh (1999) as being “event driven” (9.6%),
“global” (34.3%), “global/macro” (33.1%), “market neutral” (20.0%), “sectors” (2.0%), “short
sellers” (0.6%) and “long only” (0.4%). “Market neutral” funds thus make up a large fraction of
the total hedge fund industry.

If the moniker “market neutral” could be taken at face value, it would offer investors a very
valuable piece of information about the fund. Most hedge funds have relatively short histories
of returns available, making it hard to determine the risk/return characteristics of the fund, and
similarly making it hard to determine the dependence of the fund on the market, which is required
when determining the optimal amount to invest in a hedge fund. Knowing that a fund is (com-
pletely) market neutral would eliminate the need to study its relationship with the market, though
of course the risk/return characteristics would still remain to be estimated.

We study in detail the market neutrality of funds with the “market neutral” label. The most
commonly used measure of “market neutrality” is based on correlation or beta: a fund is “market
neutral” if it generates returns that are uncorrelated with the returns on some market index,
or a collection of market risk factors. Several studies, see Fung and Hsieh (2001), Mitchell and
Pulvino (2001) and Agarwal and Naik (2002), have observed the nonlinear relation between hedge
fund returns and market returns and proposed more sophisticated methods for studying neutrality:

Fung and Hsieh (2001) suggest using payoffs from “lookback straddle” options on the market to

'Source: The Economist, September 20, 2003.
?Brown and Goetzmann (1997) and Fung and Hsieh (1997) have instead used actual returns on funds to classify

them.



approximate the pay-off structure of hedge funds. Mitchell and Pulvino (2001) and Agarwal and
Naik (2002) suggest using piece-wise linear models for the hedge fund returns as a function of the
market return, which is obviously related to the method proposed by Fung and Hsieh (2001).

We consider the concept of neutrality more generally than that implied by the use of correlations
or betas. One can consider the concept of market neutrality as having “breadth” and “depth”. The
“breadth” of the market neutrality of a hedge fund refers to the number of sources of “market”
risk, such as equity market index risk, exchange rate risks and interest rate risks, etc., to which the
returns on the hedge fund are neutral. The “depth” of the neutrality of a hedge fund refers to the
“completeness” of the neutrality of the fund to market risks. We focus on the market neutrality
“depth” and propose five different neutrality concepts for hedge funds: “mean neutrality”, which
nests the standard correlation- or beta-based definition of neutrality. “Variance neutrality”, “Value-
at-Risk neutrality” and “tail neutrality” all relate to the neutrality of the risk of the hedge fund
returns to market returns. The final concept, “complete neutrality”, corresponds to statistical
independence of the fund and the market returns. We suggest statistical tests for each neutrality
concept, and apply the tests to a combined database of monthly “market neutral” hedge fund
returns from the HFR and TASS hedge fund databases, using the S&P500 or the MSCI World
indices as representing the market. Our focus solely on a single equity market index may be
interpreted as testing a necessary condition for neutrality to a wider set of market variables. The
methods presented in this paper extend naturally when considering a collection of market variables
rather than a single market variable.

Our focus on the class of “market neutral”, or more specifically “equity market neutral”, hedge
funds is motivated by two factors: the first is that “market neutral” hedge funds actually define
themselves by their relation (or lack thereof) with the market, making them a prime target for
an investigation of different neutrality concepts. Further, as the neutrality of a “market neutral”
fund is one of its selling points, we conjecture that, when comparing a collection of such funds,
the risk, reward and the nature of the dependence between each fund and the market is of interest
to investors. By presenting a battery of neutrality concepts and tests we hope to aid investors’
evaluation of these funds, in a similar way to the use of the “Greeks” to evaluate the exposure of
an option position, see Hull (2003). Of course, if the each investor’s utility function was known,
then funds should be ranked by expected utility, however such a case is not common in practise.

The second motivation is that this is class of hedge funds has not received a great deal of



attention in the academic literature, though it represents a significant fraction of the hedge fund
industry and has been growing at a rapid rate: from 2% of the hedge fund market in the early 1990’s
to around 20% of the market in the late 1990’s, see Fung and Hsieh (1999) and Nicholas (2000).
Mitchell and Pulvino (2001) focus on “risk arbitrage” hedge funds, Fung and Hsieh (2001) on “trend
following” hedge funds, and Agarwal and Naik (2002) on “event arbitrage”, “restructuring”, “event
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driven”, “relative value arbitrage”, “convertible arbitrage” and “equity hedge®” funds.

The paper makes two main contributions. First, we propose a number of different neutrality
concepts, and present statistical tests of each neutrality concept against either a general non-
neutral alternative, or against only those non-neutral alternatives that are disliked by risk averse
investors. For example, a risk averse investor prefers zero correlation to positive correlation, but
prefers negative correlation to zero correlation. Thus we may test zero correlation against non-zero
correlation, or only against positive correlation.

The second contribution of the paper is a detailed study of the neutrality of a combined database
of “market neutral” hedge funds from the HFR and TASS hedge fund databases over the period
April 1993 to April 2003. We use monthly data on 194 live and 23 dead “market neutral” hedge
funds to evaluate their neutrality against a market index, the S&P500. We find that between one-
quarter and one-third of the funds exhibit some significant non-neutrality, at the 0.05 level. These
proportions are lower than those found for other categories of hedge funds. Thus our findings
suggest that many “market neutral” hedge funds are in fact mot market neutral, but are more
market neutral than other categories of hedge funds. In a series of robustness checks we verify that
our results are not overly affected by our choice of market index, our use of U.S. dollar returns, or by
the last few observations on funds that died during the sample period. We also check for a relation
between the degree of dependence between a fund and the market and the number of observations
available, and find in general that older funds tend to be more dependent on the market in levels

of returns, but less dependent on the market in terms of risk.

The remainder of the paper is structured as follows. In Section 2 we describe the data used

3 Although similar-sounding in name, the “equity hedge” index in the HFR database is distinct from the “eq-
uity market neutral” index. See https://www.hedgefundresearch.com/pdf/HFR_Strategy Definitions.pdf. Nicholas
(2000) includes some of these categories in the broad category of “market neutral”, and categorises the funds in our

analysis as a subset of “equity market neutral” funds.



in this study. In Section 3 we present definitions of different types of neutrality, tests for each
definition, and the results of these tests when applied to our collection of hedge funds. In Section

4 we present robustness checks of our results. Section 5 concludes.

2 Description of the data and results using correlation

Our data set consists of those funds that categorise themselves as being “market neutral” and an
equity market index, the S&P500. We will focus on the S&P500 as the market index for most of this
paper, and show in Section 4 that our results do not change greatly if we instead use other market
indices. The fund returns are monthly, net of management fees. Summary statistics on the funds
are presented in Table 1, and summary statistics on the number of observations available on each
of the funds are presented in Table 2. The latter of these two tables shows that we have between
59 and 213 “market neutral” funds available for analysis, depending on the data requirements of

the test being considered.
[ INSERT TABLES 1 AND 2 ABOUT HERE |

When computing measures of dependence between the market and a fund we do so using all
data from the period when the fund was in the data base. The database includes both live and
dead funds® and one may question whether the behaviour of some funds in the period leading up
to their dropping out of the database distorts our results. We show in Section 4 that this is not

the case.

Before moving on to consider refinements of the definition of market neutrality, let us firstly
analyse the relationship between the funds and the market index using standard linear correlation.
The average correlation between the 171 hedge funds with 18 or more observations and the market
index was 0.016, and the 5" and 95" sample quantiles of the cross-sectional distribution of corre-
lation coefficients was [-0.64, 0.39] indicating substatial cross-sectional dispersion in the degree of

correlation with the market portfolio.

YAs Agarwal, et al. (2003) point out, these funds are misnomered, as funds may drop out of the database
for numerous reasons: liquidation (death), mergers, or simply a withdrawal from reporting to the database while

continuing to operate.



Using a bootstrap procedure described in detail in the Appendix, which is designed to yield
tests that are robust to serial correlation, volatility clustering and return non-normality, we find
that 29.2% of the funds in our sample exhibit significant correlation with the market portfolio at
the 0.05 level. This is statistic is surprisingly high: these are funds are (self-) described as “market
neutral”, possibly to more factors than our single market index, and yet close to one-third of them
have significant correlations with the market. As we show in Section 4 this proportion does not
change greatly when we consider other market indices.

If we instead focus our test only on deviations from zero correlation to positive correlation with
the market, then we find 28.0% of funds with siginficant positive correlation, ie, over a quarter of
the “market neutral” funds in our sample exhibit significant positive correlation with the market.

Correlation is just one measure of dependence, and thus this type of neutrality is but one of the
many types that may be of interest to a risk averse investor. An investor with quadratic utility, or
one facing returns that are multivariate normally distributed, will only require linear correlation
as the measure of dependence, and so this standard concept of market neutrality would suffice.
However neither quadratic utility nor multivariate normality is a palatable assumption and so we

now consider alternative types of market neutrality.

3 Definitions and tests of versions of ‘market neutrality’

In this section we consider refinements of the concept of market neutrality, with an emphasis on
the preferences of a risk averse investor. We present a variety of different neutrality measures, with
the hope of assisting in investors’ evaluation of “market neutral” hedge funds. Depending on the
preferences of the investor, one or more of the following definitions, or perhaps some “neutrality
index” formed by some combination of these, may be of interest. We will start with the simplest
generalisation of correlation neutrality, and proceed through to the strictest form of neutrality; that

of independence between the fund return and the market return.

3.1 Mean neutral

The simplest neutrality concept, and the one that nests the standard “correlation neutral” concept,

is that of “mean neutrality”. This is defined as the expected return on the fund being independent



of the return on the market:

Erit|rmt] = E [rit] Vroe (1)

and corresponds to the statement that the market return does not Granger-cause the fund return in
mean. Equation (1) is a stricter statement than correlation neutrality, as it rules out any function,
not just a linear function, of the market return being useful for explaining fund returns.

To test mean neutrality we could employ a number of methods. The most general would employ

nonparametric regression to estimate pi; (rimt) = E [Tit|rme]:
Tit = ft; (Tmt) + €it

and then test that p; is equal to some constant. A simple alternative would be to employ a Taylor

series approximation®% to the conditional mean function:

T = 50 + 517’mt + 527"727115 + €5, or (2)
Tie = Bo+ Birmt + BTy + Bariy + BTy + €it
and then test

Hy : p;=0foralli>0,vs (3)
H, : p;#0 for at least one ¢ > 0
via a standard x? test. We estimated the simple second-order polynomial” model on the 150 funds

with at least 24 observations, and found that for 22.0% of funds we could reject the null hypothesis

of mean neutrality at the 0.05 level.

’Numerous authors have, in various contexts, proposed using a polynomial in the market return to explain indi-
vidual asset returns, see Bansal, et al. (1993), Chapman (1997), Harvey and Siddique (2000) and Dittmar (2002),

amongst others.
SMitchell and Pulvino (2001) and Agarwal and Naik (2002) both use piece-wise linear regressions rather than

polynomials in their approximation of the conditional mean function. Under certain conditions on how the models
expand as the sample size increases both methods can be considered nonparametric models for the conditional mean,
see Andrews (1991) or Chen and Shen (1998). The use of a piece-wise linear specification with estimated kink points

may lead to parameter identification problems when testing, however.
"Not surprisingly for financial returns with a limited sample size, the third- and fourth-order terms in the fourth-

order polynomial model were not significant for most of the funds, and so we instead focussed on the second-order

polynomial.



This strict definition above, however, ignores the fact that there are certain types of relations
between the expected return on a fund and the market return that a risk averse investor would
desire, and others that he/she would dislike. For example, a risk averse investor would prefer a
negative relation between the fund and the market when the market return is negative, and a
positive relation when the market return is positive, to zero correlation in both states. Thus it may
not be mean neutrality that investors truly seek, or that “market neutral” hedge funds truly seek
to provide, but rather a restricted type of dependence between the fund and the market. Below we
derive a test of mean neutrality which tests only for violations of mean neutrality that are disliked
by risk averse investors.

Consider a refinement of mean neutrality, which we will call “mean neutrality on the downside”.
This form of neutrality imposes that the expected return on the fund is neutral or negatively related
to the market return when the market return is negative. That is:

Op; (Timt)

o <0 for ry: <0

where p; (rmt) = E [rit|rme]. This version of neutrality ignores the relation between the fund and
the market when the market return is positive, focussing solely on the ability of the fund to provide

diversification benefits when the market return is negative.

If we use the second-order polynomial in equation (2) to approximate the conditional mean

function, then
Ot (Tmt)
8rmt

= B1 + 289

A point-wise confidence interval for the first derivative of the conditional mean function is simple
to construct using the covariance matrix of the estimated parameters from equation (2), and we
can then determine whether the first derivative of the conditional mean function is significantly
greater than zero, for some r,; < 0. However, using point-wise confidence intervals and searching

across all values of 7,,,;; leads to a size distortion in the test, and so we instead conduct a test on

the average value of this derivative across values of r,,; < 0. We test the following hypothesis:

Hy E[M rmtSO} <0, vs (4)
8rmt

H, - E[M rmt§0}>0
8rmt




Using the second-order polynomial model, and plugging in the parameter estimates we can see that

[ Zslrm)

8rmt

Tmt < O:| = Bl + 232E [rmt‘ Tmt < 0]

and so testing that E [Ou; (Tmt) /Ormt| rmt < 0] < 0 reduces to checking the point-wise confidence
interval on the first derivative of the conditional mean function at the point E [Tmt| Tmt < 0]. We
did this, again using the bootstrap distribution of the test statistic rather than the asymptotic
distribution, and found that we were able to reject “mean neutrality on the downside” for 25.3%
of funds at the 0.05 level. Thus over one quarter of all “market neutral” funds exhibit conditional

mean dependence on the market of a form disliked by risk averse investors.

One concern about the above regressions of the fund return on powers of the market return and
the subsequent tests on functions of the estimated parameters is about omitted variables bias. It is
quite likely that other factors affect r;;, and if any of those are also correlated with powers of 7.,
then the parameters will be biased and the test results misleading. A worrying case would be where
rit follows an AR(1) and 7 Granger-causes 7, ++1. In this case we may find evidence against mean
neutrality even though the fund return is truly mean neutral. This is quite an unlikely scenario. If
one were truly concerned about this possibility then including r;;—; in the regression in equation
(2) would solve the problem. We did this and the results did not change significantly. A similar
remedy could be applied using any other variable that one thought might be correlated with both

the fund return and the market return.

3.2 Variance neutrality

Another form of neutrality that one might expect from a “market neutral” fund is that the risk of
the fund is neutral to market risk. In particular, we might expect that the risk of the fund, while
not constant, does not increase at the same time as the risk of the market index. In this section
we consider risk as measured by variance, and in the next section we consider risk as measured by
Value-at-Risk. While “mean neutrality” has been tested and studied previously in various ways, to
our knowledge this paper is the first to consider the market neutrality of the risk of a hedge fund.

Risk averse investors can be shown to have preferences over the dependence between the variance
of the fund and the market return. Non-increasing absolute risk aversion, a property suggested by

Arrow (1971) as being desirable in a utility function, leads to a preference for positive skewness



in the distribution of portfolio returns. Kimball (1993) suggested further that reasonable utility

functions should exhibit decreasing absolute prudence, which can be shown to imply an aversion to

kurtosis in the distribution of portfolio returns®. Together these imply that risk averse investors
prefer
Corr [(mt — ui)2 Tt — um} > 0, and
Corr [(mt — )%, (Pt — um)ﬂ < 0

so that the skewness of a portfolio of the fund and the market is larger and the kurtosis of the
portfolio is smaller.
In a similar manner to the previous section, we could consider approximating the true condi-

tional variance function, 022 (rmt), by a Taylor series polynomial

Tit = (Tmt) + it (5)
eit = 03 (rmt)€it, €it ~ (0,1) (6)
i (rmt) = Bo + B1rmt + BZTgnt
07 (rmt) = Q0+ Q1Tmi + QaToy, O (7)
02 (Pt €3t-1) = Qo+ 1Tt 4+ 012, + azed (8)

where the latter conditional variance specification is designed to control for an ARCH(1) effect in

the fund return. To test complete variance neutrality we would then test

H() . alzaQ:O, VS (9)

H, : a1#0 Uas #0

We did this for the 150 funds with more than 24 observations, with the ARCH(1) term as a
control, and were able to reject the null at the 0.05 level for only 9.3% of funds. Thus, most of

these funds appear to be variance neutral to the market portfolio.

We can also consider “variance neutrality on the downside”, where we use the preferences of
a risk averse investor to determine that the desired sign of the first derivative of the conditional

variance function is positive when the market return is negative. Again, rather than search over

8Related papers on investor preferences over higher-order moments include Kraus and Litzenberger (1976), Harvey

and Siddique (2000) and Dittmar (2002), amongst many others.
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all values of rp,; < 0, we instead focus on the average value of the first derivative. So we seek to

test the hypothesis:

2
Hy : E [M Pt go} >0, vs (10)
8rmt
2
H, : E[M rmtSO} <0
8rmt

Following the same method as for the test of mean neutrality, we can again quite easily obtain
a confidence interval for this first derivative and check that it is non-negative at E [Tmt|Tme < 0].
We did this for the funds in our database and found significant violations of variance neutrality on
the downside for 9.3% when including an ARCH(1) term in the variance specification.

Overall, controlling for violations of mean neutrality, only about one-tenth of the hedge funds

in our sample exhibited some significant conditional variance dependence on the market return.

3.3 Value-at-Risk neutrality

The second risk-related neutrality concept we propose is that of “Value-at-Risk neutrality”, or
“VaR neutrality”. Given that the VaR of an asset is simply a quantile of its distribution of returns,
usually the 0.10, 0.05 or 0.01 percentile, this could also be called “quantile neutrality”. This is a
special case of complete neutrality, discussed below, which implies that all quantiles of the fund
are neutral to the market, but differs from the previous two neutrality concepts in that it focuses
on extreme quantiles rather than moments. A VaR neutral portfolio is one with a VaR that is

unaffected by the market portfolio return. That is:
VCLR (Tit|7'mt) = VCLR (Tit) (11)

Violations of mean neutrality or variance neutrality will generally lead to violations of VaR

neutrality, which leads us to consider “conditional VaR neutrality””:

VaR <% rmt> —VaR (W) (12)

where we consider only the VaR, of the standardised returns and not the returns themselves. Gupta

and Liang (2003) have used VaR to examine the risk in hedge funds from a regulatory perspective.

9Note that we use the term “conditional VaR” to refer to the quantile of a conditional distribution. Other
authors have used this term to describe the expected return conditioning on the VaR being breached, that is,

E[rit|rie < VaR (ri)], a quantity otherwise known as “expected shortfall.”

11



If the market and fund returns are jointly elliptically distributed then the portfolio VaR is an affine
function of the portfolio variance, and VaR neutrality will then follow directly from mean and
variance neutrality. Under normality, conditional VaR neutrality will always hold, even if mean
and variance neutrality do not, but for other elliptical distributions this need not be the case.
Embrechts, et al. (2001) provide further discussion on VaR for portfolios, and see Artzner, et al.

(1999) for a criticism of VaR as a measure of risk.
There are a number of ways that one might test the null hypothesis

Ho : VaR (rit|rme) = VaR (rit) ¥V T, vs (13)

H, : VaR (rit|rme) # VaR (ry) for some rp

or

Hy : VaR (—”t — #i (Tmt) rmt> = VaR (—”t M (rmt)> Y Pt (14)
g; (rmt) g; (Tmt)

H, : VaR (w rmt> #VaR (M) for some 7,
g; (Tmt) g;j (Tmt)

With sufficient data one could use quantile regression, see Koenker and Bassett (1978), to test
for the influence of the market return on a quantile of the fund return distribution in a similar way
to our tests for mean and variance neutrality. However hedge fund return histories are notoriously
short and the quantiles of interest are in the tail, so it is likely that data shortages will be a problem.

A simple alternative way of testing a necessary condition for VaR neutrality is via a test of
Christoffersen (1998). This test examines whether the probability of one variable exceeding its

VaR is affected by another variable exceeding or not exceeding its VaR. Specifically, we test:

H(] . Pr Eit S (6“5)’ Emt < VaR (5mt) =Pr Eit < VaR (6¢t) Emt > @(emt) N
Prles <V (an)‘ emt < VaR (eme) [Eit < m(eit)_ Vs (15)

U

[
[

H, : Pr [5 <V (8115)‘ emt < VaR (emt)
E

where €t = (1t — p; (Ttmt)) /i (tme) and €me = (Pt — fone) /Ome. For the fund we again use a
second-order polynomial for the conditional mean, along with an AR(1) term, and a second-order
polynomial for the conditional variance with an ARCH(1) term. For the market we use a simple

AR(1)-ARCH(1) model. VaR (eit) and VaR (emt) are estimated by the empirical quantiles of &;

12



and e,,;. We ignore the estimation error in the mean and variance models, and in the empirical
quantile estimates.

Due to the data-intensive nature of studies of VaR, we only considered funds that had at least
66 months of observations available, which left us with 59 funds, and we tested the 10% VaR rather
than the more common 1% or 5% VaR. We conducted the conditional VaR neutrality test (which
controls for mean and variance non-neutrality) on these funds and found evidence against VaR
neutrality for only 3.4% of funds at the 0.05 level. Thus we conclude that we have no evidence
against VaR neutrality for these funds, having controlled for mean and variance non-neutrality.

We also consider a “downside” version of this test, which focusses specifically on

Hy : Pr {eit < %72(5“)} et < @(smt)} < Pr {Qt < mw ve (16)

Ha . Pr [&t < @(5”)’ Emt < @(Emt)} > Pr {Qt < m(&zt)}

This version of VaR neutrality uses the fact that a risk averse investor would be averse to a fund
that has a higher probability of a VaR exceedence given that the market has exceeded its VaR, and
would have a preference for the opposite. Conducting this test on the funds we again fund that
only 3.4% of funds are rejected at the 0.05 level, and so again conclude that we have no evidence

against the VaR neutrality of these funds.

3.4 Tail neutrality

Finally, we consider the concept of neutrality during extreme events, or ‘tail neutrality’. Intuitively
this can be thought of as an extension of VaR neutrality: a market neutral fund should be have a
probability of extreme events that is unaffected by the market return. The formal definition of tail

neutrality that we will use is:

L = lim Pr [F; (1) < €| Fp (rm) < €] = lim Pr[F; (ri) <] =0 (17)

E—

where 7|1 ~ F; and 7,,|Q—1 ~ Fy,. In words, our definition imposes that the probability of
an extremely low return on the fund is not affected by conditioning on the fact that an extremely
low return on the market is observed. The variable 77 is known as the coefficient of lower tail
dependence, see Joe (1997) for example. If the fund return and the market return have zero lower
tail dependence then the probability of an extreme negative return on the fund is unaffected by

an extreme negative return on the market portfolio, and limits to zero as we consider more and

13



more extreme returns. The alternative to tail neutrality is tail dependence, when 7 > 0. If the
tail dependence coefficient is positive then there is a non-zero chance that both the fund and the
market will simultaneously experience an extremely low return. It is intuitively clear that risk
averse investors would prefer tail neutrality to positive tail dependence: a higher probability of a
joint crash increases the probability of a large negative return on a portfolio of these two assets.
That is, positive lower tail dependence will generally lead to a fatter left tail.

A number of recent studies have proposed methods for detecting dependence in the tails of
joint distributions. Longin and Solnik (2001) propose specifying a specific copula for the joint tails,
Clayton’s copula in Nelsen (1999), and then testing that the parameter of this copula is such that
no tail dependence is present. Bae, et al. (2003) model the probability of the joint occurrence of
large returns across assets using parametric multinomial logistic regression. We employ the method
of Quintos (2003), who proposes a nonparametric approach using extreme value theory, to derive

10 Due to the heavy data requirements of tail analyses we

a statistic to test for tail dependence
restricted our sample to the 28 funds in our sample with at least 100 observations. Of these, 9 had
enough observations in the joint tail to complete the test, and only one of these 9 funds rejected the
null of no tail dependence at the 0.05 level. Thus we conclude that no evidence of violations of tail
neutrality is present for the funds in our database. This conclusion, however, may be overturned
in the future when more data becomes available and our estimates of tail behaviour become more
precise.

It should be noted that the heavy data requirements of the VaR neutrality and tail neutrality
tests introduce the possibility that survivorship bias affects our results. It may be that the funds
that survive for a minimum of 66 or 100 months are those that live up to the name “market
neutral”. This may be because surviving funds are those that have maintained a “good” return
regardless of the market (which is a definition of market neutrality) or because investors desire
“market neutral” funds that are truly market neutral and so these funds remain alive. In either of
these scenarios, surviving funds would be more likely to pass VaR and tail neutrality tests, and thus
the low proportion of rejections of VaR neutrality and tail neutrality would not be representative

of the VaR and tail neutrality of “market neutral” funds with a shorter histories. We investigate

fund longevity and market neutrality further in Section 4.

'"We used the asymptotic theory provided by Quintos (2003) rather than the bootstrap for this test.
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3.5 Complete neutrality

“Complete neutrality” is the strictest form of neutrality, and requires that the distribution of fund
returns is completely independent of the market return. This is equivalent to the statement that
there is no Granger-causality (in distribution) from the market return to the fund return. The

formal definition is:

rilrm =4 ri (18)

where “ =%” indicates equality in distribution. If we let rj; ~ F; and 7y, ~ Fyy, and (rig, rmt) ~ F,
this implies that

f (Titarmt) = fi (Tit) “fm (Tmt) (19)

whereas in general the joint distribution of the fund return and the market return is written as

f(ritymmt) = fi (Tit) = fn (rmt) - € (i (1it)  Fn (Tmt)) (20)

where c is the “copula density” or “dependence function” of the fund and the market returns.
Under complete neutrality the copula!! of the fund and the market is the “independence copula”,
denoted ¢y, which takes the value 1 everywhere. We can use the preferences of a risk averse investor
to derive a ranking of copulas between the fund and the market using a result of Epstein and Tanny
(1980).

In considering alternatives to complete neutrality we should be more general than simply allow-
ing for non-zero correlation. A general alternative to complete neutrality is a dependence function,
C*, that differs from C7 solely by a “correlation-increasing transformation” (CIT) of Epstein and
Tanny (1980). A CIT is the dependence equivalent of the better-known “mean-preserving spread”
of Rothschild and Stiglitz (1970). A CIT shifts some probability mass towards realisations where
both variables are “large” or “small” and away from realisations where one is “large” and the
other is “small” in such a way that the marginal distributions of the variables are preserved. From

Epstein and Tanny (1980) we know that:

Cr (u,v) < C* (u,v) ¥ (u,v) € [0,1] x [0, 1] (21)

"The copula cdf is denoted with an upper case C while the copula density is denoted with a lower case c. See

Nelsen (1998) for an introduction to copulas.
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and we say that C* is “more concordant'?” than C7, or simply that C; < C*. This ordering has
obvious similarities to first-order stochastic dominance.

Epstein and Tanny (1980) define a utility function involving two random variables to be “cor-
relation averse” if expected utility is reduced by a CIT. This can be checked directly for utility

functions that are twice differentiable by checking whether

0*u (z,y)
—2 <0 22
0x0y (22)
In this paper we consider the case that:
w(rit, rmt) = U (wiTip + WyTme) , where U is some utility function

O*u (Tm Tmt)
1

W = Ll (’lUi?"it"‘me'mt)'wi’wm

it Tmt

< 0if wi,wy, >0

for any concave utility function 4. We rule out short selling either the hedge fund or the market
portfolio, both reasonable restrictions for most investors, and so w;, wy, > 0. The weak inequality
above holds strictly if w;w,, > 0; of course if either portfolio weight is zero then the investor
is “correlation neutral”. Thus a risk averse investor subject to short selling constraints will be
(weakly) “correlation averse”.

We can use the concept of correlation aversion to derive a ranking of dependence functions for
risk averse investors. If F} and F, are two possible joint distribution functions for (7, 7pme) with

common marginal distributions, and if

Ep1 [u(rit,rmt)] < Epa [u(rit, rmt)]

for all correlation averse utility functions u, then Epstein and Tanny (1980) write Fb <, Fi and
say that F} is exhibits greater correlation than F». The main theorem in Epstein and Tanny (1980)
shows that the ranking obtained from the expected utility of risk averse investors is equivalent to

the purely statistical concordance ordering discussed above. That is,

b, he h<KR (23)

2Epstein and Tanny (1980) interpret the condition in equation (21) as saying that C* exhibits “greater correlation”
than C7 but we will refrain from using the term “correlation” unless referring directly to Pearson’s linear correlation

or Spearman’s rank correlation.
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In terms of dependence functions, this implies that
Crx,CresCr <t (24)

and so any dependence function that is a CIT away from independence will be less preferred by
risk averse investors. Epstein and Tanny (1980) thus show theoretically that general risk averse
investors care about the dependence (not just the correlation) between hedge fund returns and

market returns.

We could use the above results to motivate tests for a concordance ordering of hedge funds, using
tests for multivariate first-order stochastic dominance. Instead we propose the more modest task
of examining the ordering of a scalar measure of dependence, namely Spearman’s rank correlation.
Nelsen (1999) shows that Spearman’s rank correlation will reflect the concordance ordering of two

dependence functions. That is,
C1 < C* = ps (C1) < pg (C*) (25)
and so we have
Ol < Cr <0 €7 €™ < 01 < CF = pg (C7) < s (C) < s (C) (20)

Thus we may obtain an approximate ordering of the funds for a general risk averse investor by
categorising the funds as having significant negative rank correlation, non-significant rank corre-
lation or significant positive rank correlation with the market index. Rank correlation can detect
monotonic nonlinear relationships, in addition to the linear relationships that the usual correlation
coefficient may be used to detect.

Average rank correlation across the 171 funds with at least 18 observations was 0.016; a similar
figure to that obtained using linear correlation. From tests for non-zero rank correlation we found
25.7% of funds had significant rank correlation at the 0.05 level, and 24.6% of funds had significantly
positive rank correlation at the 0.05 level. Of course, complete neutrality implies neutrality of any
other type, and so all other tests in this paper may be thought of as tests of necessary conditions

for complete neutrality.

3.6 Summary: are ‘market neutral’ hedge funds really market neutral?

In this section we combine the results of the tests introduced above to draw an overall conclusion

about the market neutrality of funds with the label “market neutral”. Given that so few of the
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funds in our sample had sufficient data for the test of tail neutrality to be applied, we will not
consider this test when drawing overall conclusions.

Declaring a fund to be not market neutral if it fails at least one test for market neutrality
leads to a size distortion. For example, the probability that a truly market neutral fund fails
at least one of five independent tests of market neutrality, each with size 0.05, is 0.23. Further,
we must take into account the fact that the test statistics for each of the five tests considered
here (correlation neutrality, mean neutrality, variance neutrality, VaR neutrality and complete
neutrality) are probably not independent. We deal with these two problems by looking at the
number of tests failed by a set of bootstrapped data series, generated imposing the independence
of the fund and the market returns. If the actual number of tests failed is greater than the 95
percentile of the number of tests failed by the bootstrapped data sets, then we conclude that the
fund fails a joint test of market neutrality. Further details are in the Appendix. A summary of the

results obtained thus far is presented in Table 3.

[ INSERT TABLE 3 ABOUT HERE |

At the 0.05 level, we found that 32.7% of funds failed a joint test of market neutrality against
general non-neutral alternatives, while 24.4% of funds failed a joint test of market neutrality against
alternatives that are disliked by risk averse investors. These figures are roughly consistent with
the figures we presented for the individual tests. Overall, we conclude that between one-quarter
and one-third of “market neutral” funds exhibit significant deviations from market neutrality. Our
sample sizes are not extremely large (the median sample size is just 42 observations) which means
that the power of the tests employed may be low, suggesting that the true proportion of non-
neutral funds may be even higher. Our findings cast some doubt on the label of “market neutral”
for these funds, and suggest that careful analysis of fund returns is required to reap the widely-cited

diversification benefits of hedge funds.

3.7 Are ‘market neutral’ hedge funds more market neutral than other funds?

In this section we apply the tests introduced above to collections of hedge funds with other styles.
We look at four other hedge fund styles from the HFR data base: equity hedge, equity non-hedge,
event driven, and funds of funds. “Equity hedge” funds hold some exposure to the market, with

the degree of exposure ranging from near zero to over 100%, along with some hedge, either through
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short sales of stocks or through stock options. “Equity non-hedge” funds are otherwise known as
“stock pickers”. These funds may also hedge their exposures, though generally not consistently.
“FEvent driven” funds seek returns from mergers, takeovers, bankruptcies, etc. These funds may or
may not hedge their exposures to the market. Funds of hedge funds invest in multiple funds, which
may or may not be in the same category.

Tables 4 to 7 report the results of tests for different versions of neutrality on these four categories
of hedge funds. These tables show that a far higher proportion of funds in the equity hedge, equity
non-hedge, event driven, and funds of hedge funds categories exhibit significant exposure to equity
market risk. Over 70% of equity non-hedge funds, for example, exhibit some significant violation
of market neutrality at the 0.05 level, and over 87% of these funds have a significantly positive
correlation coefficient with the market. The average correlation coefficient across the 77 funds in
this category with at last 18 observations is 0.51. Hedge funds in the funds of funds category
are the most market neutral of these four categories, with about 45% of funds exhibiting some
significant violation of market neutrality. The average correlation coefficient across the 457 funds
in this category with at least 18 observations was 0.25.

Recalling that only 25% of “market neutral” funds exhibited significant violations of market
neutrality, and that the average correlation coefficient across funds was 0.016, we draw the conclus-
tion that while not all “market neutral” funds are truly market neutral, they are, as a category,

substantially more market neutral than other fund categories.

[ INSERT TABLES 4, 5, 6 AND 7 ABOUT HERE ]

4 Robustness checks

In this section we conduct robustness checks of the results reported above. Firstly, we consider an
alternative index for the “market” portfolio, the MSCI World index. We then consider changing
the outlook of our hypothetical investor from one who cares about U.S. dollar returns to one who
cares about British pound returns. We then analyse whether our results change when we drop the
last six months of available data on firms, and finally we look at the relation between the number

of observations available on a fund and its dependence characteristics.

Choice of market portfolio. Obviously the choice of market index is an important input
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to tests of market neutrality. In the paper we considered using the S&P500 index as the market
index, and a summary of results for this case are collected in Table 3. Corresponding results when
the MSCI World index is instead used are presented in Table 8. Comparing these two tables shows
that our results are robust to this choice. We also checked the results (not reported) when the

MSCI Europe index was employed and again no substantial differences were found.
[ INSERT TABLES 8, 9, AND 10 ABOUT HERE |

Choice of currency. To consider the impact of our choice to examine the neutrality of these
hedge funds from the perspective of a U.S. investor, we re-computed all results from the perspective
of a U.K. investor. The results for a U.K. investor using the MSCI World index are presented in

Table 9. There are no major differences in the results.

End-game behaviour. In the months leading up to a fund dropping out of the HFR. or TASS
databases it is conceivable that the behaviour of a fund’s returns changes. If a fund is doing poorly
and is about to be liquidated then the investment decisions of the hedge fund manager may place
greater emphasis on objectives other than maintaining the market neutrality of the fund. For this
reason, we re-computed all the results for the U.S. based investor using the S&P500 index and
MSCI World index (not reported) as the market index, dropping the last six observations on each
fund. The results are presented in Table 10, and are not substantially different from the results in

Table 3.

Age of the fund and its market neutrality. In the paper we reported proportions of
rejections of market neutrality concepts, averaging across all funds with sufficient data to conduct
the test. But an interesting, and possibly important, question is whether the older funds have
different market dependence properties to newer funds. As an example, in Figure 1 we plot the
linear correlation between a fund and the S&P500 market index against the number of observations
available on that fund. This plot indicates a significant positive relation between the correlation
coefficient and the age of the fund!'®. The robust t-statistics associated with each of these correlation

coeflicients also have a positive relation with the number of observations available. Further, a probit

13The observant reader may notice two observations in the upper right-hand corner of this plot, representing two
funds that have the maximum number of observations (121) and correlation coefficient of over 0.9. We re-did the

regression without these observations and the relation was still significantly positive.
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regression (not reported) of the probability of a t-statistic being greater than 1.96 revealed a positive
and significant dependence on the number of observations available. A similar picture emerges when
using rank correlation coefficients. These findings suggest that market neutral hedge funds that
survive for a relatively long time are more positively dependent on the market return than younger

funds.
[ INSERT FIGURE 1 ABOUT HERE ]

When we looked at the test results for mean, variance and VaR neutrality as a function of
the number of observations available, an interesting pattern emerged. Consistent with the results
for linear and rank correlation, the probability that a fund violates mean neutrality significantly
increases with the number of observations available. However, the probability that a fund violates
variance neutrality significantly decreases with the number of observations available. Thus older
funds tend to be less mean neutral but more variance neutral. No significant pattern was found for

VaR neutrality or tail neutrality.

5 Conclusions

“Market neutral” hedge fund manage about 20% of the $650 billion currently under the man-
agement of hedge funds. One of the attractions of a “market neutral” fund is a low degree of
dependence between the fund and the market. We considered generalising the concept of “market
neutrality” to reflect both “breadth” and “depth”. The “breadth” of neutrality of a fund reflects
the number of market-type risks to which the fund is neutral. The “depth” of neutrality of a fund
reflects the completeness of the fund’s neutrality to market risks. We proposed five new neutrality
concepts for hedge funds: “mean neutrality”, which nests the standard correlation-based definition
of neutrality; “variance neutrality”, “Value-at-Risk neutrality”, and “tail neutrality”, which exam-
ine the neutrality of the risk of a fund to market risk; and “complete neutrality” which corresponds
to independence of the fund and the market returns.

We proposed statistical tests of each of these neutrality concepts. These tests take neutrality
as the null hypothesis and compare it against either a general non-neutral alternative hypothesis,
or a non-neutral alternative hypothesis that focusses solely on deviations from neutrality that

would be disliked by a risk averse investor. We apply the tests to a combined database of monthly
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“market neutral” hedge fund returns from the HFR and TASS hedge fund databases over the period
April 1993 to April 2003, using a block bootstrap method to deal with serial correlation, volatility
clustering and non-normality of the returns. We use data on 194 live and 23 dead “market neutral”
hedge funds to evaluate their neutrality against a market index, the S&P500.

Although the average correlation, across funds, between fund returns and market returns is
only 0.016, we found that about one-third of “market neutral” funds are significantly non-neutral
in some way, at the 0.05 level, and about one-quarter of these funds are significantly non-neutral
in a way that is specifically disliked by risk averse investors. In a series of robustness checks we
verified that our results are not overly affected by our choice of market index, our use of U.S. dollar
returns, or by the last few observations on funds that died during the sample period. We compared
these results with those obtained by looking at “equity hedge”, “equity non-hedge”, “event driven”
and “fund of fund” hedge funds, and found strong evidence that “market neutral” funds are more
neutral to market risks than these funds.

Overall, our results suggest that the dependence between hedge fund returns and market returns
is often significant and positive, even for “market neutral” funds. The widely-cited diversification
benefits from investing in hedge funds thus may not be as great as first thought. Some analysis of
a fund’s co-movements with the market is required to determine whether the fund is offering the
degree and type of market neutrality desired by the investor.

The work in this paper leaves unanswered many interesting questions. For example, one could
examine the return-dependence trade-off, according to the different neutrality measures. Having
shown that risk averse investors prefer one particular dependence structure over another, one would
expect that a fund that has a less desirable dependence structure with the market would compensate
its investors with a higher expected return. Ang, et al. (2001) conduct such a study for U.S. equities,
and find evidence that stocks with an undesirable dependence structures with the market command
a premium of up to 6.5% per year.

Another open problem relates to forming portfolios of market neutral hedge funds that attain
some desired degree of neutrality to the market. Funds of hedge funds are a fast-growing sector
of the hedge fund industry and currently account for about 30% of invested funds. Clearly the
problem of combining “market neutral” funds to form a market neutral (no quotation marks) fund

would be of concern to this sector.
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6 Appendix: Details of the bootstrap tests

Concerns about serial correlation, volatility clustering, and non-normality of asset returns prompted
us to use a block bootstrap. We used the stationary bootstrap of Politis and Romano (1994), and
the algorithm of Politis and White (2003) to determine the average block size for each asset.
Specifically, for the fund and the market, we applied the Politis and White algorithm to the return,
squared return, and the product of the fund return and the market return. We then selected the
largest of these three lengths to use as the block length for that asset. The block lengths selected
ranged from 1 to 10, and averaged 2.4. We used 1000 bootstrap replications.

We imposed the condition that the bootstrapped fund returns were independent of the boot-
strapped market returns by re-sampling each of these series separately, rather than re-sampling the
vector of fund and market returns. By using the stationary bootstrap and imposing independence
between the bootstrapped fund and market data we ensure that the the null hypothesis in each of
the tests is satisfied, while not changing the univariate distributions of the fund and market returns,
at least asymptotically. For all but the test of complete neutrality, independence is a sufficient but
not necessary condition for the null hypothesis to hold.

Using five individual tests (correlation neutrality, mean neutrality, variance neutrality, VaR
neutrality and complete neutrality) and obtaining a “joint test” by simply checking whether at
least one test was failed clearly leads to a size distortion. Instead we employed a method related
to that of Westfall and Young (1993): on each bootstrap sample we conduct the five tests. We
then count the number of tests that lead to a rejection of a null hypothesis. If the test statistics
were independent then we would expect 0.05 x 5 = 0.25 tests to be failed for each sample, however
these test statistics are almost certainly not independent, and by using this bootstrap procedure
we capture this dependence. We then compute the 95" percentile of the distribution of the number
of tests failed. Across all funds this quantile ranged from 0 to 2, with a median of 1 and a mean of
0.8, though for each fund the quantile is of course an integer between 0 and 5. (If the tests were
independent then the 95" percentile would be 1: the cdf of a Binomial(5,0.05) evaluated at 1 is
0.9774.) We conclude that a fund failed the joint test of market neutrality if it failed more tests
than the 95" percentile of the distribution of the number of tests failed by the bootstrap data.
This test controls the size of the joint test, and enables us to draw an overall conclusion about the

neutrality of a fund.
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Table 1: Summary statistics of the monthly returns
Median fund S&P500 MSCI Europe MSCI World

Mean* 8.0825 10.1602 8.5604 6.6308

Std dev* 7.9488 15.6600 15.9666 14.7250
Skewness 0.0261 -0.5424 -0.3655 -0.5425
Kurtosis 3.6547 3.2561 3.7360 3.2753

Min -4.4800 -14.4431 -13.1550 -13.3503
Max 5.8800 9.7766 13.4872 9.0228

JB stat 2.5761 5.9932 4.9222 6.0362

p-value 0.2758 0.0500 0.0853 0.0489

Number of obs 42 121 121 121

Notes: This table presents some summary statistics on the monthly fund and market index
returns over the sample period, April 1993 to April 2003. The column headed “median fund”
presents the median of the statistic in the row across the 217 funds with more than 6 observations.
The mean and standard deviation statistics have been annualised to ease interpretation. ‘JB stat’
refers to the Jarque-Bera (1980) test of normality, the p-value for this test is also reported.

Table 2: Summary statistics on the number of observations
Market Equity Equity Event Funds of
Neutral Hedge Non-hedge Driven  Funds

Minimum 1 1 1 6 1

0.25 percentile 19 23 40 28 18
Median 42 44 79 58 40
Mean 49.5 52.9 74.1 61.6 48.6
0.75 percentile 69 77 114 90 73
Maximum 121 121 121 121 121
Number of funds with > 6 obs 213 543 84 110 569
Number of funds with > 18 obs 171 466 77 90 463
Number of funds with > 24 obs 150 422 77 86 414
Number of funds with > 66 obs 59 182 58 47 169

Notes: This table presents some summary statistics on the number of observations available on
each of the categories of hedge funds used in this paper. The bottom three rows present the number
of funds available for analysis in the tests of the various types of market neutrality.
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Table 3: Results for a US-based investor using the S&P500 as the market index

Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.2924 0.2807
Mean neutrality 0.2200 0.2533
Variance neutrality 0.0933 0.0933
VaR neutrality 0.0339 0.0339
Tail neutrality - 0.0392
Rank correlation 0.2573 0.2456
Joint test 0.3272 0.2442

Notes: This table presents a summary of the results of tests of various types of market neutral-
ity. The column “Proportion rejected: Neutral” reports the proportion of funds for which a null
hypothesis of market neutrality (using the various versions of this concept) could be rejected at
the 0.05 level in favour of a general alternative. The column “Proportion rejected: Neutral on the
downside” reports the proportion of funds for which a null hypothesis of market neutrality (using
the various versions of this concept) could be rejected at the 0.05 level in favour of a dependence
structure of a type that is disliked by risk averse investors.

Table 4: Results for “equity hedge” funds
Proportion rejected:  Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.5579 0.5687
Mean neutrality 0.5190 0.5687
Variance neutrality 0.0664 0.1066
VaR neutrality 0.0165 0.0165
Tail neutrality - 0.0053
Rank correlation 0.5879 0.5751
Joint test 0.5201 0.0.5131

Notes: This table presents a summary of the results of tests of various types of market neutrality,
applied to “equity hedge” funds. Returns are in US dollars and the market index used is the
S&P500. The column “Proportion rejected: Neutral” reports the proportion of funds for which a
null hypothesis of market neutrality (using the various versions of this concept) could be rejected at
the 0.05 level in favour of a general alternative. The column “Proportion rejected: Neutral on the
downside” reports the proportion of funds for which a null hypothesis of market neutrality (using
the various versions of this concept) could be rejected at the 0.05 level in favour of a dependence
structure of a type that is disliked by risk averse investors.
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Table 5: Results for “equity non-hedge” funds
Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.8571 0.8701
Mean neutrality 0.7922 0.8052
Variance neutrality 0.1039 0.1688
VaR neutrality 0.0517 0.0517
Tail neutrality - 0.4167
Rank correlation 0.8831 0.8701
Joint test 0.7158 0.7158

Notes: This table presents a summary of the results of tests of various types of market neutrality,
applied to “equity non-hedge” funds. Returns are in US dollars and the market index used is the
S&P500. The column “Proportion rejected: Neutral” reports the proportion of funds for which a
null hypothesis of market neutrality (using the various versions of this concept) could be rejected at
the 0.05 level in favour of a general alternative. The column “Proportion rejected: Neutral on the
downside” reports the proportion of funds for which a null hypothesis of market neutrality (using
the various versions of this concept) could be rejected at the 0.05 level in favour of a dependence
structure of a type that is disliked by risk averse investors.

Table 6: Results for “event driven” hedge funds
Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.6444 0.7000
Mean neutrality 0.7093 0.7442
Variance neutrality 0.1279 0.2442
VaR neutrality 0.0638 0.0638
Tail neutrality - 0.0769
Rank correlation 0.5667 0.6667
Joint test 0.6273 0.6546

Notes: This table presents a summary of the results of tests of various types of market neutrality,
applied to “event driven” hedge funds. Returns are in US dollars and the market index used is the
S&P500. The column “Proportion rejected: Neutral” reports the proportion of funds for which a
null hypothesis of market neutrality (using the various versions of this concept) could be rejected at
the 0.05 level in favour of a general alternative. The column “Proportion rejected: Neutral on the
downside” reports the proportion of funds for which a null hypothesis of market neutrality (using
the various versions of this concept) could be rejected at the 0.05 level in favour of a dependence
structure of a type that is disliked by risk averse investors.
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Table 7: Results for funds of hedge funds
Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.4730 0.5011
Mean neutrality 0.5745 0.6256
Variance neutrality 0.1353 0.1836
VaR neutrality 0.0237 0.0237
Tail neutrality - 0.0294
Rank correlation 0.4773 0.4989
Joint test 0.4535 0.4503

Notes: This table presents a summary of the results of tests of various types of market neutrality,
applied to funds of hedge funds. Returns are in US dollars and the market index used is the
S&P500. The column “Proportion rejected: Neutral” reports the proportion of funds for which a
null hypothesis of market neutrality (using the various versions of this concept) could be rejected at
the 0.05 level in favour of a general alternative. The column “Proportion rejected: Neutral on the
downside” reports the proportion of funds for which a null hypothesis of market neutrality (using
the various versions of this concept) could be rejected at the 0.05 level in favour of a dependence
structure of a type that is disliked by risk averse investors.

Table 8: Results for a US-based investor using the MSCI World index as the market index

Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.2807 0.2749
Mean neutrality 0.2200 0.2600
Variance neutrality 0.0800 0.0867
VaR neutrality 0.0339 0.0339
Tail neutrality - 0.0392
Rank correlation 0.2807 0.2632
Joint test 0.2133 0.2304

Notes: This table presents a summary of the results of tests of various types of market neutrality.
The column “Proportion rejected: Neutral” reports the proportion of “market neutral” funds for
which a null hypothesis of market neutrality (using the various versions of this concept) could be
rejected at the 0.05 level in favour of a general alternative. The column “Proportion rejected:
Neutral on the downside” reports the proportion of funds for which a null hypothesis of market
neutrality (using the various versions of this concept) could be rejected at the 0.05 level in favour
of a dependence structure of a type that is disliked by risk averse investors.
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Table 9: Results for a UK-based investor using the MSCI World index as the market index

Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.2164 0.2749
Mean neutrality 0.3467 0.4533
Variance neutrality 0.0200 0.0533
VaR neutrality 0.0000 0.0000
Tail neutrality - 0.0000
Rank correlation 0.2164 0.2515
Joint test 0.2581 0.2396

Notes: This table presents a summary of the results of tests of various types of market neutrality.
The column “Proportion rejected: Neutral” reports the proportion of “market neutral” funds for
which a null hypothesis of market neutrality (using the various versions of this concept) could be
rejected at the 0.05 level in favour of a general alternative. The column “Proportion rejected:
Neutral on the downside” reports the proportion of funds for which a null hypothesis of market
neutrality (using the various versions of this concept) could be rejected at the 0.05 level in favour
of a dependence structure of a type that is disliked by risk averse investors.

Table 10 Results for a US-based investor using the S&P500 as the market index,
dropping last 6 observations

Proportion rejected: Proportion rejected:

Neutral Neutral on downside
Linear correlation 0.2807 0.2690
Mean neutrality 0.2000 0.2333
Variance neutrality 0.0933 0.1000
VaR neutrality 0.0678 0.0678
Tail neutrality - 0.0392
Rank correlation 0.2632 0.2573
Joint test 0.3134 0.2489

Notes: This table presents a summary of the results of tests of various types of market neutrality.
The column “Proportion rejected: Neutral” reports the proportion of “market neutral” funds for
which a null hypothesis of market neutrality (using the various versions of this concept) could be
rejected at the 0.05 level in favour of a general alternative. The column “Proportion rejected:
Neutral on the downside” reports the proportion of funds for which a null hypothesis of market
neutrality (using the various versions of this concept) could be rejected at the 0.05 level in favour
of a dependence structure of a type that is disliked by risk averse investors.
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Relationship between survival and correlation with market
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Figure 1. The relation between linear correlation and the number of available observations on a
hedge fund.
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