[image: image1.wmf]C

min

7th Global Conference on Business & Economics
ISBN : 978-0-9742114-9-4

Portfolio Selection and Hedge Funds: 

The Effects of Autocorrelation and Tail Risk
Robert J. Bianchi(, Adam E. Clements and Michael E. Drew 

School of Economics and Finance

Queensland University of Technology (QUT)

Abstract

This paper examines the sensitivities in portfolio selection due to the effects of serial correlation in asset returns.  Traditional mean-variance analysis (MVA) and mean-Conditional Value at Risk (M-CVaR) portfolio frameworks are employed on an investment universe of global stocks, world bonds and global hedge funds.  The findings reveal that autocorrelation in asset returns tends to induce a downward bias in the second sample moment making hedge funds artificially desirable.  This effect is found in both MVA and M-CVaR frameworks.  The MVA results show that hedge funds are an attractive asset class for mean-variance investors as they lower portfolio volatility at the cost of undesirable third and fourth portfolio moments. Conversely, M-CVaR investors who prefer to minimise the left tail of portfolio returns tend to allocate little to hedge fund investments. Furthermore, M-CVaR investors with a heightened aversion to tail-risk will hold a zero portfolio weighting to hedge funds.  These findings are consistent with the notion that the inherent risk in hedge funds is located in the tail of their distribution of returns.
Portfolio Selection and Hedge Funds: 

The Effects of Tail Risk and Autocorrelation
1. Introduction

The seminal contribution of Markowitz (1952) and the development of modern portfolio theory (MPT) has become one of the foundations of financial economics. The Markowitz (1952, 1959) mean variance analysis (MVA) remains the dominant portfolio selection model employed in the global funds management industry which operates under the assumptions that (a) investors exhibit quadratic utility or (b) returns are multivariate normal.  Despite the popularity of the MVA, empirical research has shown that the return behaviour of traditional asset classes and hedge funds may not be multivariate normal in the strictest sense.  
Studies such as Fama (1965), Officer (1972), Jansen and de Vries (1991) and Poon, Rockinger and Tawn (2004) have demonstrated that traditional asset returns exhibit heavier tails relative to the normal distribution. In the hedge fund literature, Agarwal and Naik (2004) and Brown and Spitzer (2006) have reported tail behaviour in hedge fund returns which does not adhere to normally distributed returns.
  In other studies, scholars have found empirical evidence to suggest that asset returns exhibit serial correlation.  For example, Fama and French (1989) and Ilmanen (1995) report serial correlation in bond returns.  In alternative assets, Asness, Krail and Liew (2001) and Getmansky, Lo and Makarov (2004) show that serial correlation in hedge fund returns exist due to illiquidity factors and smoothed returns.  These empirical features of fat tails and serial correlation in returns have important implications for investors operating in an asset allocation framework.

The first implication for portfolio selection is that rare financial events (eg. the August 1998 Russian bond default or the October 1987 stockmarket crash) may induce investors to have a heightened aversion towards tail risk. That is, investors may prefer a portfolio framework which constrains the left tail of the distribution of portfolio returns rather than minimising portfolio variance. This provides the economic motivation to examine the shifts in portfolio selection when an investor re-defines risk from the traditional standard deviation measure to a tail risk metric.

The second implication for portfolio selection is the biases caused by autocorrelation in asset returns.  Dimson (1979), Roll (1981) and Blume, Keim and Patel (1991) warn us that autocorrelation in returns causes the standard deviation estimate to be downward biased. Whilst these researchers have acknowledge that serial correlation may bias sample moments, there is surprising little research attention that considers this problem in the portfolio selection context.  In this study we examine the effects of tail risk and the biases of serial correlation in the portfolio selection framework.

The first objective of this study is to examine the shifts in portfolio composition between MVA investors and mean-Conditional Value at Risk (M-CVaR) investors.  This study employs the Rockafellar and Uryasev (2000, 2002) M-CVaR asset allocation framework whereby risk is defined as the size of the left tail of the distribution of portfolio returns. To the best of the author’s knowledge, this is the first study which examines the differences in portfolio composition between MVA and M-CVaR investors in an investment universe of global stocks, world bonds and global hedge funds.

The findings show that hedge funds are a dominant asset class in an MVA due to their relatively low standard deviation.  In contrast, the M-CVaR investor with an aversion to tail risk allocates less to hedge funds. In fact, the results show that a M-CVaR investor with increasing aversion to tail risk will reduce their hedge fund allocation to zero as they constrain the size of the left tail of the distribution of portfolio returns.  Furthermore, as M-CVaR investors become more averse to tail risk, they substitute their hedge fund allocations with bonds. We also find that M-CVaR investors with low return expectations will allocate a proportion of their wealth to hedge funds in order to mitigate tail risk exposure from a concentration of bonds. 

The second purpose of this study is to examine unconditional portfolio selection and the effects of serial correlation.  For the MVA investor, we employ a method which adjusts the autocorrelation bias in the standard deviation estimate.  For both MVA and M-CVaR investors, we employ a second method from the real estate literature which transforms autocorrelated returns into an adjusted return series which is independent and identically distributed (IID).  The adjusted dataset is then employed in the MVA and M-CVaR frameworks.  To the best of the author’s knowledge, this is the first study which examines the biases of serial correlation in asset returns and its impact on unconditional MVA and M-CVaR portfolio frameworks.

This study finds that serial correlation of returns has pronounced effects on optimal portfolio choice and the portfolio weightings to hedge funds.  The findings reveal that MVA and M-CVaR frameworks over-allocate to asset classes with autocorrelated returns due to the downward bias in the second sample moment.  The findings reveal that the standard deviation from hedge funds returns increases proportionately more than the adjusted standard deviations of other asset classes when the effects of serial correlation are controlled.  As a result, the MVA re-estimates portfolios with lower allocations to hedge funds and a higher composition to bonds.  In the M-CVaR framework, the findings show that an investor’s aversion to hedge funds becomes even more pronounced when autocorrelation bias is removed.
This study makes two important contributions to the literature. The first contribution shows that M-CVaR investors have a lower demand for hedge fund investments than MVA investors.  This study demonstrates that the inherent risk in hedge funds is located in their tail behaviour.  Investors with portfolio variance risk preferences have an increased demand for hedge funds. Investors with tail risk preferences will significantly reduce their hedge fund holdings.
The second contribution of this study is the identification of biases in unconditional portfolio selection from the serial correlation in asset returns. Investors performing optimal portfolio choice from serially correlated returns ex post will inherently overweight their portfolio towards these assets. Investors estimating optimal portfolio choice ex ante must ensure that their portfolio inputs are not biased downwards due to serial correlation effects. In particular, this has ramifications for portfolios with bonds and hedge funds as both exhibit severe autocorrelation in returns.

The rest of the study is organised as follows. In Section 2 we provide a brief review of the related literature. Section 3 documents the methods employed to examine the assumption of linearity in the mean. Section 4 describes the data in this study. Section 5 examines the results while Section 6 offers concluding remarks.

2. Related Literature

Since Markowitz (1952), the development of the portfolio selection literature has been long and rich as a variety of utility-based and risk-based portfolio frameworks has been proposed. The rationale and development of risk-based portfolio frameworks have been driven by two economic motivations.  First, portfolio selection in a risk-based framework provides investors with individualised risk preferences rather than relying on more generalised utility functions.  Second, risk-based portfolio models impose less restrictive assumptions in regards to the distributional characteristics of asset returns and of model specificity.  In the search for more effective portfolio frameworks, Ortobelli, Rachev, Stoyanov, Fabozzi and Biglova (2005) acknowledge that it is virtually impossible to determine whether a specific portfolio model is better than another as no single risk metric exists which is complete as each risk measure has its unique features and shortcomings.

To incorporate individualised risk preferences, empirical distributional characteristics of asset returns and tail risk into a portfolio framework, a number of models have been developed in the literature. One of the earliest forms comes from Roy (1952), Baumol (1963) and Arzac and Bawa (1977) who were the one of the first to employ a tail or quantile based metric which today has been made popular with the development of the J.P.Morgan (1995) Value at Risk (VaR). More recently, Basak and Shapiro (2001), Campbell, Huisman and Koedijk (2001) and Alexander and Baptista (2002) have examined VaR in a variety of portfolio frameworks.  These studies show that VaR is consistent with expected utility maximisation and provides the same portfolio weightings as MVA when the strict normality assumption holds.  Under less restrictive assumptions, mean-VaR efficient portfolios have been found to be mean-variance inefficient. 
In another strand of literature, Artzner, Delbaen, Eber and Heath (1997) reveal statistical deficiencies which make VaR problematic as an effective risk measure. VaR measures a quantile in the distribution of portfolio returns, however, it cannot control extreme tail losses beyond the VaR estimate. Furthermore, VaR lacks sub-additivity which contradicts one of the basic tenets of modern portfolio theory.
 As an alternative to VaR, 

Artzner et. al.,(1997, 1999) argue that valid or ‘coherent’ measures of risk require the four mathematical properties of sub-additivity, homogeneity, monotonicity and transitional invariance. 
The shortcoming of VaR has led to the development of the Conditional Value at Risk (CVaR) from Artzner et. al.,(1997), Acerbi (2002), Acerbi and Tasche (2002) and Tasche (2002). The CVaR measurement calculates the expected loss when the specified VaR for a given level of confidence is exceeded.  This new risk measure has led to the M-CVaR portfolio selection framework of Rockafellar and Uryasev (2000, 2002) which allows investors to control the size of the left tail of the distribution of portfolio returns for a given level of confidence. CVaR possesses the mathematical properties of coherence and has convexity features which make it appealing in portfolio choice problems.  Studies which have employed the M-CVaR portfolio frameworks include Rockafellar and Uryasev (2000, 2002), Topaloglou, Vladimirou and Zenios (2002), Krokhmal, Palmquist and Uryasev (2002) and Krokhmal, Uryasev and Zrazhevsky (2002). Overall, these studies have found that CVaR is a better risk management tool in comparison to VaR, drawdown and mean absolute deviation. To examine tail risk in portfolio selection, this study adopts the M-CVaR framework to represent investors with tail risk preferences.

Whilst considerable research has considered optimal portfolio choice in the presence of rare left tail events, little or no research attention has considered the effects of serial correlation on unconditional portfolio choice.
 Dimson (1979), Roll (1981) and Blume, Keim and Patel (1991) document the downward bias in the standard deviation of returns caused by serial correlation, however, very few methods have been proposed to account for it.  Investors performing optimal portfolio choice ex ante will employ future expected mean returns, variances and covariances. Therefore, an investor operating in a MVA ex ante must employ a set of inputs which are free from serial correlation biases. Conversely, an investor who seeks to evaluate their MVA decisions ex post require historical sample moments that are not biased.  Two methods have been developed to account for this bias.  The first solution comes from the finance literature where Blume, Keim and Patel (1991) propose an adjustment to the biased second sample moment which transforms it into an unbiased standard deviation estimate.  The second solution comes from the real estate literature where Geltner (1991, 1993) proposes an adjustment method which removes the autocorrelation effect from each data observation. A number of hedge fund studies including Kat and Lu (2002), Brooks and Kat (2002), Bacmann and Gowran (2005) and Loudon, Okunev and White (2006) have employed Geltner (1991, 1993) to remove severe autocorrelation in returns. To address the autocorrelation biases in portfolio selection, this study considers both Blume, Keim and Patel (1991) and Geltner (1991, 1993) methods. We proceed to detail the methodological specifications of this study.
3. Method
The motivation of this study is to examine the shifts in portfolio composition between the systematic returns of the three risky assets of global stocks, world bonds and global hedge funds. To understand these shifts in portfolio selection, we  examine excess returns under the conditions of (i) no riskless lending and borrowing and (ii) short sales are not allowed as investors cannot readily short hedge fund investments at this time. Portfolio selection studies which have employed similar conditions include Amin and Kat (2003), Black (1972) and Elton and Gruber (1995).  As this study concentrates on the shifts in asset allocation due to tail risk preferences and autocorrelation biases, the issues of estimation risk are not addressed in this study. 
The methodology section of this study is presented in four parts. First, a detailed specification of the traditional Markowitz (1952) MVA framework is provided. Second, we specify the Rockafellar and Uryasev (2000, 2002) M-CVaR portfolio framework which is the model employed to capture investor tail risk preferences. Third, we outline the method proposed by Blume, Keim and Patel (1991) to adjust the second sample moment for biases from autocorrelated returns. Finally, we specify the Geltner (1991, 1993) method as the second technique employed in this study to adjust for the serial correlation in returns.

3.1 Mean Variance Analysis (MVA) Framework

The Markowitz (1952) MVA portfolio selection framework can be expressed as:
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3.2 Mean-CVaR (M-CVaR) Framework
The mean-CVaR portfolio optimisation model employed in this study follows the convex programming formulation of Rockafellar and Uryasev (2000, 2002). The portfolio framework can be mathematically expressed as 
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3.3 Bayes-Stein Mean Shrinkage Estimation

The work of Brown (1976, 1979) and Jobson, Korkie and Ratti (1979) explain that ex post mean return estimates are not admissible in a portfolio selection framework. The sensitivity of portfolio selection to changes in mean returns has been documented in Best and Grauer (1991) and Chopra and Ziemba (1993).  The literature shows that a Bayes-Stein estimate of future expected returns assists in the calculation of realistic portfolio weightings from mean-variance analysis.  To obtain better estimates of expected returns, we follow Eun and Resnick (1988), Jorion (1985, 1991) and Topaloglou et. al., (2002) and calculate the Bayes-Stein mean estimate as
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where 
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is the length of the sample observations,  
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[image: image35.wmf]S

 is the sample covariance matrix estimation from the historical observations.

3.4 Autocorrelation Biased Second Sample Moment Adjustment
To account for biased second moments, this study employs the adjustment procedure proposed in Blume, Keim and Patel (1991).  This can be mathematically expressed in the form
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where 
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 is the first-order autocorrelation adjusted monthly standard deviation, 
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 is the original monthly standard deviation.  Informally, the Blume, Keim and Patel (1991) two-step procedure is calculated by converting the original monthly standard deviation into an annualised measure which takes into account the first-order autocorrelation. The second step of the procedure is to divide the adjusted annualised standard deviation by 
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3.5 Transforming Autocorrelated Returns to IID Returns

As an alternative method to address the bias from autocoreleated returns, we employ the Geltner (1991, 1993) procedure to construct IID returns.  The work of Geltner (1991, 1993) from the real estate literature proposes a transformation of the original data to an unsmoothed time series based on the level of autocorrelation. This method has been previously employed in hedge fund studies including Brooks and Kat (2002), Kat and Lu (2002), Bacmann and Gawron (2005) and Loudon, Okunev and White (2006). We follow the work of Geltner (1991, 1993) and mathematically state the adjustment procedure as 
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where 
[image: image44.wmf],

ut

r

 is the adjusted return, 
[image: image45.wmf]t

r

 is the original return and 
[image: image46.wmf]1

r

 is the first-order autocorrelation coefficient.  Loudon, Okunev and White (2006) demonstrate that this adjustment method permits the first moment of the distribution of returns to be unchanged whilst modifying the second sample moment.

4. Data
The data employed in this study are proxies for global stocks, world bonds and global hedge fund returns.  This study therefore considers the asset allocation decisions based on the systematic returns of these three broad asset classes.  We employ the Morgan Stanley Capital International (MSCI) All Country World Equity Index as the proxy for global stocks, Lehman Brothers Global Aggregate Index as the proxy for global bonds and the Hedge Fund Research (HFR) Fund of Funds Index as the proxy for global hedge funds. The returns on each index portfolio are computed as monthly US dollar returns in 
	Table 1

	Summary Statistics

	This table shows the summary statistics of the monthly excess returns of the three risky asset classes employed in this study. The global stock proxy is the MSCI All Country World Equity index. The global bond proxy is the Lehman Brothers Global Aggregate Index. The global hedge fund proxy is the HFR Fund of Funds Index.  Panel A shows the descriptive statistics of the monthly excess returns of the three risky asset classes. Panel B reports the autocorrelation  of returns.  Panel C shows the autocorrelation of squared returns. Panel D reports the normalised z-scores of the minimum, 1st, 2.5th, 5th, 95th, 97.5th , 99th and maximum percentiles. The 1%, 2.5%, 5%, 95%, 97.5% and 99% percentiles for a normal distribution are -2.3263, -1.9600, -1.6449, 1.6449, 1.9600 and 2.3263.  The data is sampled monthly from January 1994 to December 2005 consisting of 144 observations.  ^ denotes calculations estimated from the Blume, Keim and Patel (1991) two-step procedure.  *, ** and denote statistical significance at the 5% and 1% levels, respectively.

	
	
	
	
	
	
	
	

	
	Original Returns
	
	(Geltner) Adjusted Returns

	
	
	
	
	
	
	
	

	Variables
	 Global 

 Stocks
	Global 

Bonds
	  Global 

Hedge Funds
	
	 Global

 Stocks
	Global 

Bonds
	  Global 

Hedge Funds

	
	
	
	
	
	
	
	

	Panel A: Descriptive Statistics

	Mean
	   0.360
	 0.219
	    0.287
	
	   0.360
	0.219
	    0.287

	Standard Deviation
	   4.028
	 0.884
	    1.671
	
	   4.028
	1.068
	    2.372

	Adj. Standard Deviation^
	   4.028
	 1.022
	    2.122
	
	----
	      ----
	       ----

	Skewness
	  -0.754
	-0.348
	   -0.524
	
	  -0.754
	-0.397
	   -0.683

	Kurtosis
	   4.002
	 3.412
	    7.729
	
	   4.002
	3.305
	    7.528

	Median
	   0.796
	 0.317
	    0.433
	
	   0.796
	0.320
	    0.204

	Maximum
	   8.455
	 2.986
	    6.187
	
	   8.455
	3.432
	    7.065

	Minimum
	-14.696
	-2.184
	  -8.193
	
	-14.696
	-2.781
	 -11.994

	Jarque-Bera Statistic
	 18.751
	 3.646
	134.655
	
	 18.751
	4.076
	127.462

	Jarque-Bera p-value
	   0.000**
	 0.162
	    0.000**
	
	   0.000**
	0.130
	    0.000**

	Sharpe Ratio (monthly)
	   0.089
	 0.247
	    0.171
	
	   0.089
	0.203
	    0.120

	Adj. Sharpe Ratio (monthly)^
	   0.089
	 0.214
	    0.135
	
	     ----
	----
	       ----

	
	
	
	
	
	
	
	

	Panel B: Autocorrelation (First Moment)

	AC1
	   0.016
	 0.184*
	     0.334**
	
	   0.016
	0.012
	    0.013

	AC2
	 -0.035
	 0.002
	     0.096
	
	 -0.035
	-0.053
	    0.010

	AC3
	   0.055
	 0.126
	   -0.026
	
	   0.055
	0.135
	   -0.036

	AC6
	   0.111
	 0.006
	   -0.018
	
	   0.111
	0.014
	    0.005

	AC12
	   0.086
	-0.174*
	   -0.056
	
	   0.086
	-0.138
	   -0.008

	
	
	
	
	
	
	
	

	Panel C: Autocorrelation (Second Moment)

	AC1
	    0.035
	 0.035
	     0.123
	
	    0.035
	0.053
	    0.024

	AC2
	    0.201**
	-0.038
	     0.143
	
	    0.201**
	-0.061
	    0.097

	AC3
	    0.059
	-0.002
	     0.006
	
	    0.059
	-0.003
	    0.067

	AC6
	    0.089
	-0.064
	     0.048
	
	    0.089
	-0.047
	    0.056

	AC12
	    0.131
	-0.049
	   -0.040
	
	    0.131
	-0.083
	    0.018

	
	
	
	
	
	
	
	

	Panel D: Standardised Tail Z-Scores

	Minimum
	  -3.738
	-2.719
	   -5.073
	
	  -3.738
	-2.806
	   -5.176

	1st Percentile 
	  -3.054
	-2.716
	   -2.652
	
	  -3.054
	-2.635
	   -2.715

	2.5th Percentile
	  -2.402
	-2.400
	   -1.725
	
	  -2.402
	-2.226
	   -1.775

	5th Percentile
	  -1.806
	-1.677
	   -1.460
	
	  -1.806
	-1.737
	   -1.460

	95th Percentile
	   1.436
	 1.465
	    1.421
	
	   1.436
	1.477
	    1.585

	97.5th Percentile
	   1.641
	 1.643
	    2.252
	
	   1.641
	1.608
	    2.020

	99th Percentile
	   1.953
	 1.889
	    2.666
	
	   1.953
	1.835
	    2.606

	Maximum
	   2.010
	 3.131
	    3.530
	
	   2.010
	3.010
	    2.859


excess of the return of the one-month US Treasury bill. As this study involves the estimation of multi-asset portfolios, we follow Campbell, Lo and MacKinlay (1997) and employ arithmetic excess returns rather than the conventional continuous compounded excess returns when estimating MVA and M-CVaR portfolio choice.  As a proxy for global hedge fund returns we follow Fung and Hsieh (2004) and employ the Hedge Fund Research Fund of Fund Index (HFRFOFI).  Fung and Hsieh (2000, 2004) have shown that hedge fund of fund indices have minimal survivorship and backfilling bias in comparison to other sources of hedge fund returns. Although the HFRFOFI commences in January 1990, Fung and Hsieh (2004) report less than 100 funds in the index until January 1994.  The small composition of funds which make up the index prior to January 1994 is a concern as it may not be representative of the systematic returns of global hedge funds. To address this problem, we follow Fung and Hsieh (2004) by employing the index data from January 1994 onwards.
The summary statistics of the original returns in Table 1 reflect the salient features of financial market returns with negative third moments, excessive fourth moments, extreme left tail behaviour and autocorrelation in the returns and variance.  The Blume, Keim and Patel (1991) adjusted standard deviation of the original returns shows that hedge fund volatility has increased proportionately more than bonds.  Panel D examines the tail behaviour of each asset class and shows that standardised z-scores at and below the 2.5th percentile are more severe than that expected from a normal distribution.  Panel D also reports that the worst monthly return reported for hedge funds possesses the lowest standardised z-score for all asset classes. We can observe that the extreme left tail of hedge fund returns is more severe than stocks and bonds.

In contrast, the Geltner (1991, 1993) adjusted returns in Table 1 report no statistically significant autocorrelation due to the serial correlation adjustment procedure. The adjusted returns report a higher standard deviation for hedge funds and bonds than the adjusted standard deviations estimated under the Blume, Keim and Patel (1991) procedure. This informs us that the Geltner (1991, 1993) procedure penalises hedge funds more than the Blume, Keim and Patel (1991) adjustment.
	Table 2

	Mean-Variance Analysis  (Original Sample)

	This table presents the mean-variance analysis where the investment universe consists of risky assets only. This asset allocation estimates the portfolio weights with a non-negativity constraint. The mean-variance analysis is performed by minimising portfolio variance for a given level of expected return.  The three asset class proxies of global stocks, bonds and hedge funds are the MSCI World Equity Index, the Lehman Brothers Treasury Index and Global Aggregate Index and the HFR Fund of Funds Index.  Excess monthly returns were employed for the period January 1994 to December 2005.  The heading M1 denotes mean monthly excess return, M2 denotes portfolio standard deviation, M3 denotes skewness and M4 denotes kurtosis of the respective portfolio returns. The range of the required rates of return in the mean-variance analysis are divided into ten decile portfolios to form the efficient set which allows a direct comparison with other investment universes with the same required rate of return.  The headings Eq. CVaR denote the equivalent Conditional Value at Risk calculation of each mean-variance portfolio.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2 Asset Universe – Stocks and Bonds
	
	3 Asset Universe – Stocks, Bonds and Hedge Funds

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%
	
	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	HF

(%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel A: Minimum Variance Portfolio
	
	Panel B: Minimum Variance Portfolio

	0.227
	0.856
	-0.354
	3.600
	5.3
	94.7
	-1.83
	-2.04
	-2.23
	
	0.227
	0.850
	-0.448
	3.669
	0.0
	79.9
	20.1
	-1.72
	-1.97
	-2.24

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel C: Tangent Portfolio
	
	Panel D: Tangent Portfolio

	0.231
	0.864
	-0.334
	3.531
	8.0
	92.0
	-1.84
	-2.01
	-2.30
	
	0.231
	0.859
	-0.421
	3.590
	1.0
	75.5
	24.5
	-1.70
	-1.94
	-2.25

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel E: Efficient set
	
	Panel F: Efficient set

	0.227
	0.856
	-0.354
	3.600
	5.3
	94.7
	-1.83
	-2.04
	-2.23
	
	0.227
	0.850
	-0.448
	3.669
	0.0
	79.9
	20.1
	-1.72
	-1.97
	-2.24

	0.242
	0.965
	-0.310
	2.928
	16.0
	84.0
	-1.88
	-2.08
	-2.49
	
	0.242
	0.915
	-0.392
	3.529
	2.5
	68.5
	29.0
	-1.77
	-2.00
	-2.30

	0.258
	1.229
	-0.417
	2.647
	26.5
	73.5
	-2.43
	-2.62
	-2.92
	
	0.258
	1.020
	-0.458
	4.283
	7.0
	51.2
	41.8
	-2.12
	-2.67
	-3.77

	0.273
	1.571
	-0.538
	2.924
	37.0
	63.0
	-3.37
	-3.67
	-4.59
	
	0.273
	1.290
	-0.617
	5.553
	11.5
	33.8
	54.7
	-2.67
	-3.36
	-5.71

	0.289
	1.951
	-0.618
	3.247
	47.5
	52.5
	-4.39
	-4.92
	-6.26
	
	0.289
	1.606
	-0.739
	6.421
	16.0
	16.4
	67.6
	-3.36
	-4.16
	-7.64

	0.304
	2.350
	-0.668
	3.497
	58.0
	42.0
	-5.46
	-6.19
	-7.93
	
	0.304
	1.945
	-0.822
	6.808
	21.3
	0.0
	78.7
	-4.17
	-5.04
	-9.54

	0.320
	2.761
	-0.699
	3.676
	68.5
	31.5
	-6.54
	-7.46
	-9.60
	
	0.320
	2.366
	-0.894
	5.485
	41.0
	0.0
	59.0
	-5.46
	-6.37
	-10.80

	0.335
	3.178
	-0.719
	3.805
	79.0
	21.0
	-7.62
	-8.74
	-11.27
	
	0.335
	2.875
	-0.861
	4.643
	60.6
	0.0
	39.4
	-6.80
	-8.00
	-12.07

	0.351
	3.599
	-0.733
	3.900
	89.5
	10.5
	-8.70
	-10.01
	-12.94
	
	0.351
	3.435
	-0.801
	4.198
	80.3
	0.0
	19.7
	-8.27
	-9.64
	-13.34

	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	-9.78
	-11.28
	-14.61
	
	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	0.0
	-9.78
	-11.28
	-14.61


5. Results
The results section of this study is presented in three parts.  The first section compares and contrasts the portfolio weightings of a MVA investor with a M-CVaR investor.  The second section examines the serial correlation effects of asset returns on the MVA and M-CVaR frameworks.  The third section provides a rationale to explain the results reported in this study. For brevity, a portfolio which minimises 95 per cent CVaR subject to a target mean return is denoted as ‘M-CVaR95’ while CVaR at the 95 per cent confidence level is denoted as ‘CVaR95’.

5.1 MVA Results
Table 2 reports the portfolio compositions of the MVA from the original returns. Panel A shows the importance of bonds in the minimum variance portfolio in a 2-asset universe of stocks and bonds.  An unexpected finding in Panel C reports a small weighting to stocks in the tangent portfolio.  This unusual result reflects the small global equity premium of 4.3 per cent per year reported over the 1994-2005 sample period.
  The introduction of hedge funds into the opportunity set in Panels B, D and F shows that they are an integral component of the minimum variance portfolio, the tangent portfolio and in almost all portfolios across the MVA efficient set.  Overall, the introduction of hedge funds results in a reduction in portfolio volatility but it comes at the cost of decreased skewness and increased kurtosis.  This result is consistent with the findings from Amin and Kat (2003).  A striking finding which contributes to the literature shows that whilst hedge funds decrease the equivalent CVaR95 and CVaR97.5 estimates, they also increase CVaR99. The extreme standardised z-score in hedge fund returns in Table 1 explains the deterioration of CVaR99 when hedge funds are introduced into the portfolio mix.

	Table 3

	Mean-Variance Analysis  (Bayes-Stein Mean Estimates)

	This table presents the mean-variance analysis where the investment universe consists of risky assets only. This asset allocation estimates the portfolio weights with a non-negativity constraint. The mean-variance analysis is performed by minimising portfolio variance for a given level of expected return.  The three asset class proxies of global stocks, bonds and hedge funds are the MSCI World Equity Index, the Lehman Brothers Treasury Index and Global Aggregate Index and the HFR Fund of Funds Index.  Excess monthly returns were employed for the period January 1994 to December 2005.  The heading M1 denotes mean monthly excess return, M2 denotes portfolio standard deviation, M3 denotes skewness and M4 denotes kurtosis of the respective portfolio returns. The range of the required rates of return in the mean-variance analysis are divided into ten decile portfolios to form the efficient set which allows a direct comparison with other investment universes with the same required rate of return.  The headings Eq. CVaR denote the equivalent Conditional Value at Risk calculation of each mean-variance portfolio.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2 Asset Universe – Stocks and Bonds
	
	3 Asset Universe – Stocks, Bonds and Hedge Funds

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%
	
	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	HF

(%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel A: Minimum Variance Portfolio
	
	Panel B: Minimum Variance Portfolio

	0.227
	0.856
	-0.354
	3.600
	5.3
	94.7
	-1.83
	-2.04
	-2.23
	
	0.232
	0.804
	-0.448
	3.669
	0.0
	79.9
	20.1
	-1.72
	-1.97
	-2.24

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel C: Tangent Portfolio
	
	Panel D: Tangent Portfolio

	0.227
	0.856
	-0.353
	3.600
	5.4
	94.6
	-1.83
	-2.04
	-2.23
	
	0.232
	0.804
	-0.450
	3.667
	0.0
	79.6
	20.4
	-1.72
	-1.97
	-2.25

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel E: Efficient set
	
	Panel F: Efficient set

	0.227
	0.856
	-0.345
	3.600
	5.3
	94.7
	-1.83
	-2.04
	-2.23
	
	0.233
	0.804
	-0.448
	3.669
	0.0
	80.0
	20.0
	-1.72
	-1.97
	-2.24

	0.227
	0.890
	-0.313
	3.324
	11.1
	88.9
	-1.85
	-1.99
	-2.37
	
	0.233
	0.885
	-0.390
	3.619
	4.0
	62.9
	33.2
	-1.87
	-2.20
	-2.47

	0.228
	1.109
	-0.363
	3.653
	22.2
	77.8
	-2.12
	-2.31
	-2.65
	
	0.234
	1.090
	-0.503
	4.660
	8.3
	46.2
	45.5
	-2.24
	-2.87
	-4.32

	0.228
	1.446
	-0.500
	2.807
	33.3
	66.7
	-3.04
	-3.27
	-4.00
	
	0.235
	1.364
	-0.652
	5.809
	12.6
	29.5
	57.9
	-2.83
	-3.53
	-6.18

	0.229
	1.838
	-0.599
	3.160
	44.4
	55.6
	-4.09
	-4.55
	-5.77
	
	0.235
	1.674
	-0.758
	6.545
	16.9
	12.9
	70.2
	-3.51
	-4.33
	-8.03

	0.230
	2.256
	-0.659
	3.446
	55.6
	44.4
	-5.21
	-5.90
	-7.54
	
	0.236
	2.005
	-0.846
	6.576
	24.5
	0.0
	75.5
	-4.37
	-5.22
	-9.74

	0.231
	2.689
	-0.695
	3.649
	66.7
	33.3
	-6.35
	-7.24
	-9.30
	
	0.237
	2.424
	-0.893
	5.354
	43.4
	0.0
	56.6
	-5.62
	-6.56
	-10.96

	0.231
	3.129
	-0.717
	3.792
	77.8
	22.2
	-7.49
	-8.59
	-11.07
	
	0.237
	2.920
	-0.856
	4.594
	62.3
	0.0
	37.7
	-6.92
	-8.13
	-12.17

	0.232
	3.575
	-0.732
	3.895
	88.9
	11.1
	-8.64
	-9.93
	-12.84
	
	0.238
	3.459
	-0.798
	4.186
	81.1
	0.0
	18.9
	-8.34
	-9.71
	-13.39

	0.233
	4.024
	-0.742
	3.971
	100.0
	0.0
	-9.78
	-11.28
	-14.61
	
	0.239
	4.024
	-0.742
	3.971
	100.0
	0.0
	0.0
	-9.78
	-11.28
	-14.61


	Table 4

	Mean-CVaR Portfolio Optimisation (Original Sample)

	This table presents the mean-CVaR portfolio optimisations in a two and three asset universe. The portfolio weights were constrained to be positive with no short sales allowed.  The headings m1 to  m4 denote the first four moments of the distribution of the associated portfolio returns.  The range of the required rates of return in the mean-variance analysis are divided into ten decile portfolios to form the efficient set which allows a direct comparison with other investment universes with the same required rate of return.  Rows with a * denote that these portfolios cannot be directly compared as their required rates of return differ due to the varying assets in the opportunity set. 

	2 Asset Universe – Stocks and Bonds
	
	3 Asset Universe – Stocks, Bonds and Hedge Funds

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	CVaR (%)
	
	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	HF (%)
	CVaR (%)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel A: CVaR 95%
	
	Panel B: CVaR 95%

	*0.229
	0.859
	-0.343
	3.575
	6.9
	93.1
	-1.83
	
	*0.234
	0.814
	-0.417
	3.590
	0.0
	72.9
	27.1
	-1.69

	0.235
	0.891
	-0.313
	3.319
	11.2
	88.8
	-1.85
	
	0.235
	0.816
	-0.421
	3.612
	0.0
	72.5
	27.5
	-1.73

	0.252
	1.110
	-0.364
	2.652
	22.3
	77.7
	-2.13
	
	0.252
	0.945
	-0.432
	3.424
	9.3
	62.9
	27.7
	-1.95

	0.268
	1.448
	-0.500
	2.808
	33.4
	66.6
	-3.05
	
	0.268
	1.190
	-0.572
	5.027
	10.7
	40.7
	48.6
	-2.46

	0.285
	1.839
	-0.599
	3.161
	44.5
	55.5
	-4.09
	
	0.285
	1.512
	-0.708
	6.237
	14.5
	21.3
	64.2
	-3.15

	0.301
	2.257
	-0.659
	3.446
	55.6
	44.4
	-5.21
	
	0.301
	1.868
	-0.777
	7.122
	16.8
	0.0
	83.2
	-3.94

	0.317
	2.689
	-0.695
	3.649
	66.7
	33.3
	-6.35
	
	0.317
	2.285
	-0.892
	5.684
	37.6
	0.0
	62.4
	-5.23

	0.334
	3.130
	-0.717
	3.792
	77.8
	22.2
	-7.49
	
	0.334
	2.814
	-0.867
	4.715
	58.4
	0.0
	41.6
	-6.63

	0.350
	3.575
	-0.732
	3.895
	88.9
	11.1
	-8.64
	
	0.350
	3.402
	-0.804
	4.217
	79.2
	0.0
	20.8
	-8.19

	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	-9.78
	
	0.366
	4.024
	-0.742
	3.972
	100.0
	0.0
	0.0
	-9.78

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel C: CVaR 97.5%
	
	Panel D: CVaR 97.5%

	*0.232
	0.882
	-0.317
	3.383
	10.4
	89.6
	-1.99
	
	*0.234
	0.823
	-0.403
	3.515
	3.0
	73.3
	23.7
	-1.92

	0.235
	0.891
	-0.313
	3.319
	11.2
	88.8
	-1.99
	
	0.235
	0.828
	-0.402
	3.504
	4.1
	71.7
	24.2
	-1.92

	0.252
	1.110
	-0.364
	2.652
	22.3
	77.7
	-2.32
	
	0.252
	1.047
	-0.398
	2.769
	18.7
	73.6
	7.8
	-2.29

	0.268
	1.448
	-0.500
	2.808
	33.4
	66.6
	-3.27
	
	0.268
	1.252
	-0.606
	3.614
	21.0
	52.5
	26.5
	-2.94

	0.285
	1.839
	-0.599
	3.161
	44.5
	55.5
	-4.56
	
	0.285
	1.556
	-0.754
	4.723
	25.2
	33.4
	41.4
	-3.87

	0.301
	2.257
	-0.659
	3.446
	55.6
	44.4
	-5.90
	
	0.301
	1.870
	-0.825
	6.386
	22.9
	7.1
	70.0
	-4.82

	0.317
	2.689
	-0.695
	3.649
	66.7
	33.3
	-7.25
	
	0.317
	2.285
	-0.892
	5.684
	37.6
	0.0
	62.4
	-6.09

	0.334
	3.130
	-0.717
	3.792
	77.8
	22.2
	-8.59
	
	0.334
	2.814
	-0.867
	4.715
	58.4
	0.0
	41.6
	-7.81

	0.350
	3.575
	-0.732
	3.895
	88.9
	11.1
	-9.93
	
	0.350
	3.402
	-0.804
	4.217
	79.2
	0.0
	20.8
	-9.54

	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	-11.28
	
	0.366
	4.024
	-0.742
	3.972
	100.0
	0.0
	0.0
	-11.28

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel E: CVaR 99%
	
	Panel F: CVaR 99%

	0.221
	0.872
	-0.356
	3.487
	1.3
	98.7
	-2.17
	
	0.221
	0.872
	-0.356
	3.487
	1.3
	98.7
	0.0
	-2.17

	0.235
	0.891
	-0.313
	3.319
	11.2
	88.8
	-2.37
	
	0.235
	0.808
	-0.429
	3.620
	1.4
	77.7
	20.9
	-2.24

	0.252
	1.110
	-0.364
	2.652
	22.3
	77.7
	-2.65
	
	0.252
	1.096
	-0.372
	2.670
	21.5
	76.9
	1.6
	-2.64

	0.268
	1.448
	-0.500
	2.808
	33.4
	66.6
	-4.01
	
	0.268
	1.448
	-0.500
	2.808
	33.4
	66.6
	0.0
	-4.01

	0.285
	1.839
	-0.599
	3.161
	44.5
	55.5
	-5.78
	
	0.285
	1.839
	-0.599
	3.161
	44.5
	55.5
	0.0
	-5.78

	0.301
	2.257
	-0.659
	3.446
	55.6
	44.4
	-7.54
	
	0.301
	2.257
	-0.659
	3.446
	55.6
	44.4
	0.0
	-7.54

	0.317
	2.689
	-0.695
	3.649
	66.7
	33.3
	-9.31
	
	0.317
	2.689
	-0.695
	3.649
	66.7
	33.3
	0.0
	-9.31

	0.334
	3.130
	-0.717
	3.792
	77.8
	22.2
	-11.07
	
	0.334
	3.130
	-0.717
	3.792
	77.8
	22.2
	0.0
	-11.07

	0.350
	3.575
	-0.732
	3.895
	88.9
	11.1
	-12.84
	
	0.350
	3.575
	-0.732
	3.895
	88.9
	11.1
	0.0
	-12.84

	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	-14.61
	
	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	0.0
	-14.61


5.2 MVA Bayes-Stein Results
The MVA based on the Bayes-Stein mean shrinkage estimators in Table 3 reports a narrower range in the returns of the efficient set and shows a marginal decrease in the allocation to hedge fund allocations of approximately 3 to 4 per cent. The results affirm the notion that the historical mean returns of the three asset classes are not overly excessive or conservative given the underlying covariance structure of each asset class.
5.3 M-CVaR Results
The M-CVaR portfolio optimisation results are presented in Table 4.  Panels A to D show that when hedge funds are introduced to the portfolio mix, there is a systematic reduction of CVAR95 and CVaR97.5. Consistent with Table 2, the M-CVaR constrained portfolios report lower second and third moments with increasing fourth moments.  However, a striking finding can be seen in Panel F which shows that an M-CVaR investor constraining CVaR99 will exhibit little or no demand for hedge fund investments. Again, this is consistent with the tail behaviour of hedge funds revealed in Table 1.  The second striking feature of Panel F shows that investors who seek conservative rates of excess returns will allocate a proportion of their portfolio to hedge funds.  This reflects the desire of M-CVaR investors to reduce their portfolio tail risk from a concentration of bonds.

Overall, the conclusions drawn from Table 4 suggest that M-CVaR investors have a lower demand for hedge funds as their tail risk aversion increases. Also, as M-CVaR investors require more conservative rates of excess return, they are exposed to tail risk in global bond returns. To reduce the probability of extreme tail risk from a concentration of bonds, a M-CVaR investor will allocate a proportion of their portfolio to hedge funds.  We shall now proceed to consider the biases of serial correlation of returns on MVA and M-CVaR portfolio selection.

	

Table 5

	Mean-Variance Analysis  (Blume, Keim and Patel (1991) Adjusted Second Sample Moments)

	This table presents the mean-variance analysis where the investment universe consists of risky assets only. This asset allocation estimates the portfolio weights with a non-negativity constraint. The mean-variance analysis is performed by minimising portfolio variance for a given level of expected return.  The three asset class proxies of global stocks, bonds and hedge funds are the MSCI World Equity Index, the Lehman Brothers Treasury Index and Global Aggregate Index and the HFR Fund of Funds Index.  Excess monthly returns were employed for the period January 1994 to December 2005.  The heading M1 denotes mean monthly excess return, M2 denotes portfolio standard deviation, M3 denotes skewness and M4 denotes kurtosis of the respective portfolio returns. The range of the required rates of return in the mean-variance analysis are divided into ten decile portfolios to form the efficient set which allows a direct comparison with other investment universes with the same required rate of return.  The headings Eq. CVaR denote the equivalent Conditional Value at Risk calculation of each mean-variance portfolio.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2 Asset Universe – Stocks and Bonds
	
	3 Asset Universe – Stocks, Bonds and Hedge Funds

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%
	
	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	HF

(%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel A: Minimum Variance Portfolio
	
	Panel B: Minimum Variance Portfolio

	0.227
	0.856
	-0.349
	3.593
	6.0
	94.0
	-1.83
	-2.03
	-2.25
	
	0.227
	0.852
	-0.400
	3.487
	5.0
	77.2
	17.8
	-1.73
	-1.93
	-2.31

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel C: Tangent Portfolio
	
	Panel D: Tangent Portfolio

	0.231
	0.864
	-0.322
	3.429
	9.7
	90.3
	-1.84
	-2.00
	-2.34
	
	0.231
	0.862
	-0.395
	3.302
	7.6
	70.8
	21.6
	-1.80
	-2.03
	-2.40

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel E: Efficient set
	
	Panel F: Efficient set

	0.227
	0.856
	-0.349
	3.593
	6.0
	94.0
	-1.83
	-2.03
	-2.25
	
	0.227
	0.852
	-0.400
	3.487
	5.0
	77.2
	17.8
	-1.73
	-1.93
	-2.31

	0.242
	0.965
	-0.310
	2.928
	16.0
	84.0
	-1.88
	-2.08
	-2.49
	
	0.242
	0.915
	-0.392
	3.356
	8.8
	69.0
	22.2
	-1.73
	-1.92
	-2.36

	0.258
	1.229
	-0.417
	2.647
	26.5
	73.5
	-2.43
	-2.62
	-2.92
	
	0.258
	1.041
	-0.497
	3.549
	13.0
	58.0
	29.0
	-2.13
	-2.56
	-3.51

	0.273
	1.571
	-0.538
	2.924
	37.0
	63.0
	-3.37
	-3.67
	-4.59
	
	0.273
	1.319
	-0.665
	4.387
	19.4
	42.8
	37.8
	-2.77
	-3.25
	-5.36

	0.289
	1.951
	-0.618
	3.247
	47.5
	52.5
	-4.39
	-4.92
	-6.26
	
	0.289
	1.642
	-0.784
	5.063
	22.7
	27.6
	46.7
	-3.58
	-4.13
	-7.21

	0.304
	2.350
	-0.668
	3.497
	58.0
	42.0
	-5.46
	-6.19
	-7.93
	
	0.304
	1.988
	-0.856
	5.485
	32.1
	12.4
	55.5
	-4.44
	-5.19
	-9.06

	0.320
	2.761
	-0.699
	3.676
	68.5
	31.5
	-6.54
	-7.46
	-9.60
	
	0.320
	2.366
	-0.894
	5.485
	41.0
	0.0
	59.0
	-5.46
	-6.37
	-10.80

	0.335
	3.178
	-0.719
	3.805
	79.0
	21.0
	-7.62
	-8.74
	-11.27
	
	0.335
	2.875
	-0.861
	4.643
	60.6
	0.0
	39.4
	-6.80
	-8.00
	-12.07

	0.351
	3.599
	-0.733
	3.900
	89.5
	10.5
	-8.70
	-10.01
	-12.94
	
	0.351
	3.435
	-0.801
	4.198
	80.3
	0.0
	19.7
	-8.27
	-9.64
	-13.34

	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	-9.78
	-11.28
	-14.61
	
	0.366
	4.024
	-0.742
	3.971
	100.0
	0.0
	0.0
	-9.78
	-11.28
	-14.61


	

Table 6

	Mean-Variance Analysis  (Geltner (1991, 1993) Adjusted Returns)

	This table presents the mean-variance analysis where the investment universe consists of risky assets only. This asset allocation estimates the portfolio weights with a non-negativity constraint. The mean-variance analysis is performed by minimising portfolio variance for a given level of expected return.  The three asset class proxies of global stocks, bonds and hedge funds are the MSCI World Equity Index, the Lehman Brothers Treasury Index and Global Aggregate Index and the HFR Fund of Funds Index.  Excess monthly returns were employed for the period January 1994 to December 2005.  The heading M1 denotes mean monthly excess return, M2 denotes portfolio standard deviation, M3 denotes skewness and M4 denotes kurtosis of the respective portfolio returns. The range of the required rates of return in the mean-variance analysis are divided into ten decile portfolios to form the efficient set which allows a direct comparison with other investment universes with the same required rate of return.  The headings Eq. CVaR denote the equivalent Conditional Value at Risk calculation of each mean-variance portfolio.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2 Asset Universe – Stocks and Bonds
	
	3 Asset Universe – Stocks, Bonds and Hedge Funds

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%
	
	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	HF

(%)
	Eq. CVaR

95%
	Eq. CVaR

97.5%
	Eq. CVaR

99%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel A: Minimum Variance Portfolio
	
	Panel B: Minimum Variance Portfolio

	0.225
	1.023
	-0.368
	3.424
	7.4
	92.6
	-2.25
	-2.37
	-2.69
	
	0.225
	1.023
	-0.442
	3.461
	4.1
	87.7
	8.2
	-2.24
	-2.41
	-2.85

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel C: Tangent Portfolio
	
	Panel D: Tangent Portfolio

	0.228
	1.030
	-0.345
	3.344
	10.3
	89.7
	-2.25
	-2.36
	-2.65
	
	0.228
	1.028
	-0.437
	3.357
	5.4
	82.8
	11.8
	-2.25
	-2.41
	-2.88

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel E: Efficient set
	
	Panel F: Efficient set

	0.225
	1.023
	-0.368
	3.424
	7.4
	92.6
	-2.25
	-2.37
	-2.69
	
	0.225
	1.023
	-0.442
	3.461
	4.1
	87.7
	6.4
	-2.24
	-2.42
	-2.85

	0.237
	1.110
	-0.326
	2.935
	17.7
	82.3
	-2.26
	-2.48
	-2.56
	
	0.237
	1.068
	-0.436
	3.184
	7.3
	76.3
	16.4
	-2.25
	-2.45
	-2.93

	0.248
	1.337
	-0.423
	2.679
	28.0
	72.0
	-2.66
	-2.83
	-3.13
	
	0.248
	1.223
	-0.512
	3.339
	11.2
	62.3
	26.5
	-2.67
	-2.99
	-3.82

	0.259
	1.648
	-0.544
	2.892
	38.3
	61.7
	-3.54
	-3.89
	-4.63
	
	0.259
	1.470
	-0.643
	4.187
	15.1
	48.4
	36.5
	-3.16
	-3.76
	-5.81

	0.270
	2.004
	-0.628
	3.205
	48.6
	51.4
	-4.53
	-5.04
	-6.29
	
	0.270
	1.764
	-0.757
	5.085
	19.0
	34.4
	46.6
	-3.82
	-4.55
	-7.80

	0.281
	2.384
	-0.680
	3.468
	58.9
	41.1
	-5.58
	-6.29
	-7.96
	
	0.281
	2.085
	-0.837
	5.773
	22.9
	20.4
	56.6
	-4.56
	-5.41
	-9.79

	0.292
	2.779
	-0.711
	3.666
	69.1
	30.9
	-6.63
	-7.54
	-9.62
	
	0.292
	2.423
	-0.890
	6.255
	26.8
	6.5
	66.7
	-5.34
	-6.35
	-11.78

	0.303
	3.183
	-0.729
	3.811
	79.4
	20.6
	-7.68
	-8.78
	-11.28
	
	0.303
	2.802
	-0.933
	5.595
	43.7
	0.0
	56.3
	-6.43
	-7.47
	-13.10

	0.315
	3.594
	-0.741
	3.919
	89.7
	10.3
	-8.73
	-10.03
	-12.94
	
	0.315
	3.348
	-0.863
	4.487
	71.9
	0.0
	28.1
	-8.01
	-9.37
	-13.85

	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	-9.78
	-11.28
	-14.61
	
	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	0.0
	-9.78
	-11.28
	-14.61


	Table 7

	Mean-CVaR Portfolio Optimisation (Geltner (1991, 1993) Adjusted Returns)

	This table presents the mean-CVaR portfolio where the investment universe consists of risky assets only. This asset allocation constrains portfolio weights to be positive with no short sales allowed.  The asset class proxies for global stocks, bonds and hedge funds were the MSCI World Equity Index, Lehman Brothers Global Aggregate Index and the HFR Fund of Funds Index for the period January 1994 to December 2005.  The headings M1 to M4 denote the first four moments of the distribution of the respective portfolio returns. The range of the required rates of return in the mean-variance analysis are divided into ten decile portfolios to form the efficient set which allows a direct comparison with other investment universes with the same required rate of return.  Rows with a * denote that these portfolios cannot be directly compared as their required rates of return differ due to the varying assets in the opportunity set.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2 Asset Universe – Stocks and Bonds
	
	3 Asset Universe – Stocks, Bonds and Hedge Funds

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	CVaR (%)
	
	M1
	M2
	M3
	M4
	Stocks (%)
	Bonds (%)
	HF (%)
	CVaR (%)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel A: CVaR 95%
	
	Panel B: CVaR 95%

	0.236
	1.103
	-0.325
	2.957
	17.3
	82.7
	-2.26
	
	0.236
	1.054
	-0.440
	3.212
	6.3
	76.3
	17.4
	-2.25

	0.246
	1.298
	-0.405
	2.678
	26.5
	73.5
	-2.56
	
	0.246
	1.235
	-0.460
	2.810
	20.5
	70.1
	9.4
	-2.50

	0.256
	1.564
	-0.516
	2.818
	35.7
	64.3
	-3.30
	
	0.256
	1.403
	-0.615
	3.815
	15.7
	52.8
	31.4
	-3.00

	0.266
	1.872
	-0.602
	3.094
	44.9
	55.4
	-4.17
	
	0.266
	1.654
	-0.715
	4.862
	16.7
	38.9
	44.4
	-3.58

	0.276
	2.204
	-0.659
	3.354
	54.0
	46.0
	-5.09
	
	0.276
	1.942
	-0.767
	6.005
	15.0
	23.5
	61.5
	-4.21

	0.286
	2.551
	-0.695
	3.560
	63.2
	36.8
	-6.02
	
	0.286
	2.238
	-0.828
	6.540
	18.0
	10.7
	71.4
	-4.87

	0.296
	2.908
	-0.718
	3.717
	72.4
	27.6
	-6.96
	
	0.296
	2.536
	-0.889
	6.646
	24.6
	0.0
	75.4
	-5.58

	0.306
	3.270
	-0.732
	3.837
	81.6
	18.4
	-7.90
	
	0.306
	2.906
	-0.928
	5.299
	49.7
	0.0
	50.3
	-6.75

	0.316
	3.638
	-0.741
	3.929
	90.8
	9.2
	-8.84
	
	0.316
	3.414
	-0.851
	4.411
	74.9
	0.0
	25.1
	-8.19

	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	-9.78
	
	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	0.0
	-9.78

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel C: CVaR 97.5%
	
	Panel D: CVaR 97.5%

	0.236
	1.103
	-0.325
	2.957
	17.3
	82.7
	-2.47
	
	0.236
	1.062
	-0.402
	3.110
	11.1
	79.2
	9.7
	-2.42

	0.246
	1.298
	-0.405
	2.678
	26.5
	73.5
	-2.74
	
	0.246
	1.298
	-0.405
	2.678
	26.5
	73.5
	0.0
	-2.74

	0.256
	1.564
	-0.516
	2.818
	35.7
	64.3
	-3.60
	
	0.256
	1.455
	-0.596
	3.108
	26.2
	58.9
	14.9
	-3.36

	0.266
	1.872
	-0.602
	3.094
	44.9
	55.4
	-4.62
	
	0.266
	1.686
	-0.728
	3.898
	27.8
	45.3
	26.9
	-4.11

	0.276
	2.204
	-0.659
	3.354
	54.0
	46.0
	-5.70
	
	0.276
	1.957
	-0.816
	4.606
	30.8
	32.6
	36.6
	-4.95

	0.286
	2.551
	-0.695
	3.560
	63.2
	36.8
	-6.82
	
	0.286
	2.251
	-0.875
	5.129
	34.6
	20.3
	45.1
	-5.79

	0.296
	2.908
	-0.718
	3.717
	72.4
	27.6
	-7.93
	
	0.296
	2.547
	-0.915
	5.713
	36.2
	6.7
	57.1
	-6.68

	0.306
	3.270
	-0.732
	3.837
	81.6
	18.4
	-9.05
	
	0.306
	2.906
	-0.928
	5.299
	49.7
	0.0
	50.3
	-7.88

	0.316
	3.638
	-0.741
	3.929
	90.8
	9.2
	-10.16
	
	0.316
	3.414
	-0.851
	4.411
	74.9
	0.0
	25.1
	-9.58

	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	-11.28
	
	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	0.0
	-11.28

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Panel E: CVaR 99%
	
	Panel F: CVaR 99%

	0.236
	1.103
	-0.325
	2.957
	17.3
	82.7
	-2.56
	
	0.236
	1.103
	-0.325
	2.957
	17.3
	82.7
	0.0
	-2.56

	0.246
	1.298
	-0.405
	2.678
	26.5
	73.5
	-3.04
	
	0.246
	1.254
	-0.442
	2.750
	22.6
	71.3
	6.1
	-2.92

	0.256
	1.564
	-0.516
	2.818
	35.7
	64.3
	-4.21
	
	0.256
	1.564
	-0.516
	2.818
	35.7
	64.3
	0.0
	-4.21

	0.266
	1.872
	-0.602
	3.094
	44.9
	55.4
	-5.69
	
	0.266
	1.872
	-0.602
	3.094
	44.9
	55.4
	0.0
	-5.69

	0.276
	2.204
	-0.659
	3.354
	54.0
	46.0
	-7.18
	
	0.276
	2.204
	-0.659
	3.354
	54.0
	46.0
	0.0
	-7.18

	0.286
	2.551
	-0.695
	3.560
	63.2
	36.8
	-8.66
	
	0.286
	2.551
	-0.695
	3.560
	63.2
	36.8
	0.0
	-8.67

	0.296
	2.908
	-0.718
	3.717
	72.4
	27.6
	-10.15
	
	0.296
	2.908
	-0.718
	3.717
	72.4
	27.6
	0.0
	-10.15

	0.306
	3.270
	-0.732
	3.837
	81.6
	18.4
	-11.64
	
	0.306
	3.270
	-0.732
	3.837
	81.6
	18.4
	0.0
	-11.64

	0.316
	3.638
	-0.741
	3.929
	90.8
	9.2
	-13.12
	
	0.316
	3.638
	-0.741
	3.929
	90.8
	9.2
	0.0
	-13.12

	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	-14.61
	
	0.326
	4.008
	-0.747
	4.000
	100.0
	0.0
	0.0
	-14.61


5.4 MVA with the Blume, Keim and Patel Adjustment
Table 5 presents the MVA results based on the Blume, Keim and Patel (1991) adjustment to the second sample moment. A comparison of the portfolio compositions between Tables 2 and 5 reveal that the Blume, Keim and Patel (2001) adjustment of the second sample moment causes the minimum variance and tangent portfolios to report a marginally lower return and higher volatility than the original estimates.  Furthermore, the Blume, Keim and Patel (2001) adjustment induces a marginal decrease in demand for hedge funds and bonds of approximately 1 to 3 per cent with a 5 per cent increase in demand for stocks in the minimum variance and tangent portfolios. However, the allocations to hedge funds decrease by approximately 2 to over 20 per cent across the efficient set.  Overall, the results from the Blume, Keim and Patel (1991) adjustment shows that significant bias from serial correlation exists in MVA portfolio weightings.

5.5 MVA with the Geltner Adjustment
The MVA results with the Geltner (1991, 1993) adjusted returns are presented in Table 6. A comparison of these results with the original MVA estimates in Table 2 reveals some striking findings.  Across all portfolios, Table 6 reports a systematic decrease in expected portfolio returns with an associated deterioration of all risk metrics.  Panels B and D of Table 6 report significant decreases in the demand for hedge funds in both minimum variance and tangent portfolios. The conclusion to be drawn from the Geltner (1991, 1993) procedure is that MVA portfolios estimatd ex post significantly over-estimate their allocation to hedge funds due to the biases caused by autocorrelation of returns.

5.6 M-CVaR with the Geltner Adjustment
The M-CVaR portfolio optimisations with the Geltner (1991, 1993) adjusted returns are presented in Table 7 and can be compared with the original estimates in Table 4. The difference in results between Tables 4 and 7 shows a pronounced increase in the allocation to bonds in both 2-asset and 3-asset universes in Table 7.  Panels B, D and F of Table 7 reveals a decrease in the allocation of hedge funds at the extreme low and high decile portfolios and marginal increases in hedge fund allocations in the middle decile portfolios. Panels B, D and F in both Tables 4 and 7 consistently show that as M-CVaR investors become more tail-risk averse, the demand for hedge funds falls to virtually zero.  The conclusion to be drawn from the M-CVaR results with the Geltner (1991, 1993) procedure suggest that investors who exhibit tail risk aversion may have over-allocation to hedge funds if serial correlation biases are not accounted for.

5.7 Extreme Dependence Effects on Mean-CVaR Portfolio Selection
The MVA and M-CVaR results in this study reveal two puzzling findings. First, the results show that global hedge funds provide some benefits when portfolio CVaR is constrained at the 95 and 97.5 per cent confidence levels, however, hedge funds are undesirable for investors with heightened tail risk aversion in the CVaR99 region.  Why is this so? The second puzzling finding is the desirability of hedge funds for investors who wish to generate conservative portfolio returns.  This section provides a simple and logical rationale to explain these results.
The M-CVaR99 portfolio selection effectively determines optimal portfolio choice by selecting assets which meet the required rate of returns and by constraining portfolio losses at the CVaR 99 per cent confidence interval. Given that this dataset consists of 144 monthly observations, the data employed to constrain portfolio risk is effectively determined by the single worst observation of each asset class.
  We find that global stocks and global hedge fund returns possess extremal dependence structure in the extreme left tail of the joint distribution. This dependence between stocks and hedge funds is captured in the mean-CVaR (99 per cent) portfolio framework which results in a pronounced reduction in the allocation to hedge funds. Figures A to C are presented which illustrate the bivariate relationships between the three asset classes considered in this study.
Figure A: HFR Fund of Funds Index vs. MSCI World Equity Index
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Figure B: HFR Fund of Funds Index vs. Lehman Global Aggregate Index
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Figure C: Lehman Global Aggregate Index vs. MSCI World Equity index
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Figures A to C present the scatterplots of the 144 monthly excess returns between global stocks, bond and hedge funds. As the mean-CVaR portfolio selection process selects asset classes based on required rates of portfolio returns and the minimisation of the extreme left tail of portfolio returns (as defined by CVaR), the reader should carefully observe the location of negative outlier returns in these graphs.
The scatterplot in Figure A shows that the dependence for global stocks and hedge fund returns is persistent for both positive and negative extreme returns. The bottom left quadrant of Figure A shows that when stocks suffered their worst monthly excess return of -14.70 per cent, hedge funds also generated their worst monthly excess return of -8.19 per cent.  Based on the work of Poon, Rockinger and Tawn (2004), this extreme observation suggests that stocks and hedge fund returns possess asymptotic dependence during rare events.
In contrast, Figure C reports the excess returns between stocks and bonds. A striking feature of Figure C is the lack of dependency in the returns between these two asset classes.  Of more economic importance, Figure C shows that when stocks reported their worst monthly return, bonds generated a positive excess return for that month. 

The point of emphasis from the scatterplots is that the tail dependency at the 99 per cent confidence level is based on a single observation between these three asset classes.  These rare observations in Figures A and C explain the mean-CVaR portfolio selection results which suggest that investors who constrain portfolio CVaR at the 99 per cent confidence level prefer a portfolio combination of stocks and bonds rather than a portfolio of stocks and hedge funds.

To explain the desirability of hedge funds for investors who require conservative rates of return, we focus our attention to Figure B. The scatterplot between bonds and hedge fund returns in Figure B reveals a close and compact relationship between these two asset classes.  Figure B also shows that when hedge funds recorded their worst monthly returns, bonds reported consistent positive returns. Furthermore, when bonds reported their worst monthly excess return of -2.18 per cent in July 2003, hedge funds returned +0.16 per cent.  Given this inverse relationship during extreme negative months, M-CVaR investors prefer bond-hedge fund combinations rather than bond-stock portfolio compositions.

6. Conclusion
This study examines the effects of tail risk and the biases of serial correlation in portfolio selection. We compare the portfolio selection decisions of a MVA and a M-CVaR investor in an investment universe of global stocks, world bonds and global hedge funds. We find that MVA investors who wish to minimise portfolio volatility have a high demand for hedge funds, however, it comes at the cost of lower third moments, higher fourth moments. In contrast, a M-CVaR investor has a demand for hedge funds when constraining large areas of the left tail of the distribution of portfolio returns. However, the M-CVaR investor exhibits a decreasing demand for hedge funds as their tail risk aversion rises. The findings reveal that this effect is due to the tail dependence between stock and hedge fund returns.  This study also considers the shifts in portfolio composition caused by biases in the second sample moment from autocorrelation in returns. We employ two methods to account for serial correlation effects and we reveal an upward bias in the allocation of hedge funds for both MVA and M-CVaR investors. We discover that both MVA and M-CVaR investors may over-allocate to hedge fund investments in the order of up to 20 per cent.
In closing, this study informs the literature to the shifts in portfolio composition when tail risk preferences are considered and the impacts of biases in autocorrelation of returns.  The findings provide a number of avenues for future research. Whilst this study reveals a decrease in the demand for hedge funds in unconditional MVA and M-CVaR portfolio choice, it is worthwhile to consider the same question in a conditional portfolio choice setting. Second, the methodologies to measure autocorrelation biases can easily amended to examine these effects on other types of portfolio selection frameworks. Third, the examination of estimation risk in conjunction with these tail preferences and autocorrelation effects would be a worthwhile research question for future research.
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� In the hedge fund literature, Lo (2001), Geman and Kharoubi (2003) and Malkiel and Saha (2005) also document that hedge fund returns are non-normally distributed.


� The non sub-additive characteristic of VaR means that, at times, the risk of two positions combined can lead to a higher VaR metric than the sum of the two positions separately.  To be consistent with modern portfolio theory, two positions with a maximum correlation of 1.0 would result in the total VaR being the sum of the two VaR positions.





� There is a long and rich strand of literature which considers the predictability of asset returns from exogenous macroeconomic variables such as the dividend yield, term structure and others. For example, Campbell (1991), Campbell and Shiller (1988), Fama (1990), Fama and French (1988, 1989) and Keim and Stambaugh (1986) provide empirical evidence to suggest that the dividend-price ratio, short-term interest rate, term spread and credit spread can predict stock returns.  Fama and French (1989) demonstrate that the short-term interest rate, term spread and credit spread can predict bond returns.  It is important to acknowledge the subtle difference in the literature between (i) the predictability of returns literature versus (ii) the biases in the second sample moment caused by autocorrelation in returns. As an example, you may have an asset (such as US stocks) which does not possess serial correlation, however, it may be predictable by regressing it with an exogenous variables such as the dividend yield. In contrast, this study considers how the time series feature of serial correlation biases the second sample moment (ie. the variance) which is employed as an input to a MVA. 


� The literature reports difficulties in estimating the long-term mean excess returns for global stocks due to the inaccuracy of the available data. Campbell and Viceria (2006) report a mean excess return of 6.31 per year for US stocks from 1952-2002.  In another study, Jorion and Goetzmann (1999) estimate the long-term real return of 4.3 per cent for US stocks in comparison to 0.8 per cent for the real returns of global stocks.  It is also important to acknowledge that long term studies such as these are also susceptible to structural changes to the return generation process due to the effects of World Wars I and II, the Great Depression and Bretton Woods.


� An entire field of study known as Extreme Value Theory (EVT) exists which is interested in the modelling and estimation of the tails of both univariate and bivariate distributions. Refer to Embrechts, McNeil and Straumann (1999), Jansen, Koedijk and de Vries (2000) and Poon, Rockinger and Tawn (2004) for seminal works in this area of research in the financial risk management literature.  EVT is not employed in this study for a number of reasons.  First, this study consists of a finite sample of only 144 monthly observations.  Studies such as Diebold, Schuermann and Stroughair (1998) and Poon, Rockinger and Tawn (2004) acknowledge that EVT requires large datasets for accurate estimation.  Second, researchers including Diebold, Schuermann and Stroughair (1998) argue that EVT is valid only if returns are IID. The descriptive statistics in this study clearly illustrate that the asset classes in this study do not meet the IID condition.  Third, ambiguity exists in EVT in terms of the parameters to be estimated to determine accurate tail index measures. Given the reasons mentioned above, we do not proceed with the field of EVT, however, it does seem to be a promising area for future research when hedge fund data becomes more prevalent.
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Data

		

		MONTH		HFRFOFIDX		MSCIWEI		LHMNGLOBALAGGIDX

		31-Jan-94		0.010024		0.061727		0.004713

		28-Feb-94		-0.02506		-0.015362		-0.021811

		31-Mar-94		-0.026067		-0.045993		-0.020972

		30-Apr-94		-0.013858		0.027915		-0.009886

		31-May-94		0.000996		4.10E-05		-0.007804

		30-Jun-94		0.004576		-0.005804		-0.008481

		31-Jul-94		-0.001097		0.015907		0.011974

		31-Aug-94		0.009125		0.027039		-0.005854

		30-Sep-94		0.004077		-0.030147		-0.012431

		31-Oct-94		-0.013338		0.024526		-0.002464

		30-Nov-94		-0.013844		-0.047955		0.000311

		31-Dec-94		-0.009302		0.006123		-5.70E-05

		31-Jan-95		-0.016871		-0.019339		0.011502

		28-Feb-95		-0.004892		0.010465		0.014532

		31-Mar-95		0.00961		0.043268		0.006622

		30-Apr-95		0.010302		0.029848		0.010102

		31-May-95		0.003575		0.004307		0.029857

		30-Jun-95		0.000995		-0.005514		-0.002517

		31-Jul-95		0.01276		0.04431		-0.000438

		31-Aug-95		0.017855		-0.026846		0.006385

		30-Sep-95		0.003181		0.0242		0.006429

		31-Oct-95		-0.010003		-0.019981		0.00772

		30-Nov-95		0.007243		0.029616		0.012774

		31-Dec-95		0.017069		0.024799		0.008508

		31-Jan-96		0.022643		0.013203		0.004217

		29-Feb-96		-0.010111		0.001954		-0.019315

		31-Mar-96		0.005959		0.012784		-0.004997

		30-Apr-96		0.025843		0.019519		-0.00172

		31-May-96		0.011092		-0.003557		-0.003376

		30-Jun-96		-0.000199		0.001022		0.0072

		31-Jul-96		-0.023367		-0.039792		0.000717

		31-Aug-96		0.011092		0.007118		-0.000779

		30-Sep-96		0.008033		0.034484		0.015088

		31-Oct-96		0.011584		0.002736		0.014915

		30-Nov-96		0.019038		0.050493		0.014061

		31-Dec-96		0.002188		-0.020072		-0.008755

		31-Jan-97		0.030394		0.007549		0.001909

		28-Feb-97		0.012768		0.007105		-0.000505

		31-Mar-97		-0.012525		-0.023703		-0.012671

		30-Apr-97		-0.000598		0.028033		0.00888

		31-May-97		0.013148		0.055761		0.00392

		30-Jun-97		0.021		0.043926		0.008807

		31-Jul-97		0.041065		0.041472		0.017808

		29-Aug-97		-0.007297		-0.073382		-0.009014

		30-Sep-97		0.023031		0.048954		0.011807

		31-Oct-97		-0.018696		-0.058306		0.006255
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		2/27/04		0.01034		0.016258		0.009303
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Data

		

		MONTH		HFRFOFIDX		MSCIWEI		LHMNGLOBALAGGIDX

		31-Jan-94		0.010024		0.061727		0.004713

		28-Feb-94		-0.02506		-0.015362		-0.021811

		31-Mar-94		-0.026067		-0.045993		-0.020972

		30-Apr-94		-0.013858		0.027915		-0.009886

		31-May-94		0.000996		4.10E-05		-0.007804

		30-Jun-94		0.004576		-0.005804		-0.008481

		31-Jul-94		-0.001097		0.015907		0.011974

		31-Aug-94		0.009125		0.027039		-0.005854

		30-Sep-94		0.004077		-0.030147		-0.012431

		31-Oct-94		-0.013338		0.024526		-0.002464

		30-Nov-94		-0.013844		-0.047955		0.000311

		31-Dec-94		-0.009302		0.006123		-5.70E-05

		31-Jan-95		-0.016871		-0.019339		0.011502

		28-Feb-95		-0.004892		0.010465		0.014532

		31-Mar-95		0.00961		0.043268		0.006622

		30-Apr-95		0.010302		0.029848		0.010102

		31-May-95		0.003575		0.004307		0.029857

		30-Jun-95		0.000995		-0.005514		-0.002517

		31-Jul-95		0.01276		0.04431		-0.000438

		31-Aug-95		0.017855		-0.026846		0.006385

		30-Sep-95		0.003181		0.0242		0.006429

		31-Oct-95		-0.010003		-0.019981		0.00772

		30-Nov-95		0.007243		0.029616		0.012774

		31-Dec-95		0.017069		0.024799		0.008508

		31-Jan-96		0.022643		0.013203		0.004217

		29-Feb-96		-0.010111		0.001954		-0.019315

		31-Mar-96		0.005959		0.012784		-0.004997

		30-Apr-96		0.025843		0.019519		-0.00172

		31-May-96		0.011092		-0.003557		-0.003376

		30-Jun-96		-0.000199		0.001022		0.0072

		31-Jul-96		-0.023367		-0.039792		0.000717

		31-Aug-96		0.011092		0.007118		-0.000779

		30-Sep-96		0.008033		0.034484		0.015088

		31-Oct-96		0.011584		0.002736		0.014915

		30-Nov-96		0.019038		0.050493		0.014061

		31-Dec-96		0.002188		-0.020072		-0.008755

		31-Jan-97		0.030394		0.007549		0.001909

		28-Feb-97		0.012768		0.007105		-0.000505

		31-Mar-97		-0.012525		-0.023703		-0.012671

		30-Apr-97		-0.000598		0.028033		0.00888

		31-May-97		0.013148		0.055761		0.00392

		30-Jun-97		0.021		0.043926		0.008807

		31-Jul-97		0.041065		0.041472		0.017808

		29-Aug-97		-0.007297		-0.073382		-0.009014

		30-Sep-97		0.023031		0.048954		0.011807

		31-Oct-97		-0.018696		-0.058306		0.006255

		28-Nov-97		-0.009005		0.013497		0.001704

		31-Dec-97		0.005656		0.008368		0.006822

		30-Jan-98		-0.013937		0.022841		0.008438

		27-Feb-98		0.01493		0.061305		-0.001205

		31-Mar-98		0.035425		0.037605		0.0017

		30-Apr-98		0.004768		0.005972		0.000853

		29-May-98		-0.013336		-0.016763		0.006616

		30-Jun-98		-0.009607		0.019597		0.002847

		31-Jul-98		-0.006094		-0.005561		0.00158

		31-Aug-98		-0.081928		-0.14696		0.012974

		30-Sep-98		-0.03042		0.013401		0.018183

		30-Oct-98		-0.02299		0.082104		-0.007383

		30-Nov-98		0.011202		0.054716		0.00507

		31-Dec-98		0.01208		0.044742		-0.004952

		31-Jan-99		0.010508		0.017996		0.008465

		28-Feb-99		-0.005696		-0.030319		-0.016101

		31-Mar-99		0.016296		0.037434		0.004368

		30-Apr-99		0.028387		0.034498		0.003298

		31-May-99		0.004971		-0.040786		-0.009479

		30-Jun-99		0.024012		0.042321		-0.012619

		31-Jul-99		0.00348		-0.006866		-0.008166

		31-Aug-99		-0.002793		-0.005437		-0.003053

		30-Sep-99		-0.005093		-0.013508		0.002102

		31-Oct-99		0.008728		0.046905		-0.001256

		30-Nov-99		0.044339		0.023971		-0.000341

		31-Dec-99		0.061866		0.074349		-0.004689

		31-Jan-00		0.011191		-0.063251		-0.006216

		29-Feb-00		0.046497		-0.001282		0.005365

		31-Mar-00		-0.002392		0.062651		0.008941

		30-Apr-00		-0.03887		-0.047783		-0.003823

		31-May-00		-0.020914		-0.030117		-0.001974

		30-Jun-00		0.023818		0.028251		0.007358

		31-Jul-00		-0.006991		-0.032429		0.003773

		31-Aug-00		0.014815		0.027333		0.002512

		30-Sep-00		-0.016755		-0.059514		0.003096

		31-Oct-00		-0.015735		-0.02187		0.00236

		30-Nov-00		-0.020607		-0.068097		0.011087

		31-Dec-00		0.008718		0.011087		0.009203

		31-Jan-01		0.013731		0.014236		0.008616

		28-Feb-01		-0.01132		-0.093576		0.003363

		31-Mar-01		-0.0088		-0.071636		0.002668

		30-Apr-01		0.002984		0.067144		-0.009217

		31-May-01		0.005765		-0.016398		0.002037

		30-Jun-01		-0.003396		-0.034886		0.001791

		31-Jul-01		-0.007305		-0.016056		0.011886

		31-Aug-01		-0.001297		-0.051985		0.006275

		30-Sep-01		-0.018722		-0.095197		0.004907

		31-Oct-01		0.007059		0.016273		0.015228

		30-Nov-01		0.001895		0.055418		-0.010588

		31-Dec-01		0.009144		0.004688		-0.008454

		31-Jan-02		0.003091		-0.032152		0.003198

		28-Feb-02		-0.003902		-0.009935		0.003902

		31-Mar-02		0.006471		0.042159		-0.011936

		30-Apr-02		0.004881		-0.035471		0.012068

		31-May-02		0.002991		0.000815		0.00319

		30-Jun-02		-0.010138		-0.063775		0.008949

		31-Jul-02		-0.01499		-0.08922		0.009107

		31-Aug-02		0.001896		0.000577		0.012739

		30-Sep-02		-0.005909		-0.11766		0.011932

		31-Oct-02		-0.003401		0.069978		-0.003953

		30-Nov-02		0.007166		0.051325		-0.000197

		31-Dec-02		0.005678		-0.050669		0.015562

		31-Jan-03		0.007365		-0.031781		0.003489

		28-Feb-03		0.002494		-0.018271		0.008973

		31-Mar-03		-0.0013		-0.003651		-0.001759

		30-Apr-03		0.011126		0.084545		0.00442

		31-May-03		0.019687		0.05504		0.016104

		30-Jun-03		0.005678		0.016624		-0.004126

		31-Jul-03		0.001597		0.019288		-0.021843

		31-Aug-03		0.007566		0.020909		-0.001163

		30-Sep-03		0.010931		0.005623		0.01677

		31-Oct-03		0.014484		0.057037		-0.010266

		30-Nov-03		0.005481		0.014648		0.000719

		31-Dec-03		0.014581		0.060378		0.008806

		1/30/04		0.015075		0.015336		0.005009

		2/27/04		0.01034		0.016258		0.009303

		3/31/04		0.00359		-0.006864		0.004408

		4/30/04		-0.009639		-0.021027		-0.016366

		5/31/04		-0.009338		0.008954		-0.003553

		6/30/04		0.001597		0.020144		0.001178

		7/30/04		-0.006817		-0.033721		0.006059

		8/31/04		-0.001199		0.003783		0.014849

		9/30/04		0.007762		0.017955		0.003142

		10/29/04		0.006671		0.023313		0.00625

		11/30/04		0.023681		0.050517		0.000975

		12/31/04		0.012895		0.036256		0.00553

		1/31/05		-0.001599		-0.02418		0.00594

		2/28/05		0.011909		0.030026		-0.005798

		3/31/05		-0.007613		-0.02078		-4.30E-05

		4/29/05		-0.016298		-0.023416		0.010238

		5/31/05		0		0.016264		0.0076

		6/30/05		0.011211		0.006653		0.006081

		7/29/05		0.014853		0.032251		-0.007804

		8/31/05		0.005369		0.00557		0.007516

		9/30/05		0.012485		0.022924		-0.007775

		10/31/05		-0.017302		-0.027257		-0.009206

		11/30/05		0.013565		0.030603		0.002045

		12/31/05		0.016412		0.019062		0.005315
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