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ABSTRACT 

During the last few years, security prices experienced significant declines and 

international and by sector diversification was hard to achieve, due to the high 

correlation among markets. As a result, the interest in alternative assets that could 

provide diversification benefits when markets drop has increased.  

This study attempts to provide methods of protection from losses of wealth due to 

falling prices. These methods are presented as an optimal portfolio of stocks, bonds and 

hedge funds. In order to form that portfolio, we firstly construct an optimal portfolio of 

traditional assets and then an optimal portfolio of hedge funds. Eventually, we blend 

them together.    

We use the Mean-Variance framework for the optimization of the stocks and bonds 

portfolio, because these assets are normally distributed. However, the construction of 

the other two portfolios requires a framework that could take into account the abnormal 

properties of hedge fund universe. Thus, the study uses the Mean-Modified-VaR 

analysis, which takes into account expected return, volatility, skewness and kurtosis.  

This study finds that an allocation of 25% to hedge funds reduces drastically the 

value-at-risk of a traditional portfolio. In addition, a greater allocation to hedge funds 

reduces further the risk of extreme losses and improves the performance of the stocks 

and bonds portfolio. However, the exposure of hedge funds to a wide range of risks 

could result in significant losses during market crashes. Hence, it is prudent to limit the 

allocation to hedge funds to approximately the above proportion and in order to reduce 

further the risk to combine the optimal risky portfolio with a risk-free asset. 
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Chapter I 

Overview of the Study 
1.1 Introduction 

Hedge funds are pooled investment vehicles, characterized by the exclusion from 

many regulations, the implementation of dynamic trading strategies, use of a broad 

range of financial instruments and strong incentives for the managers (Lhabitant, 2001). 

Although, the concept was introduced in 1949 by Alfred Winslow Jones, who 

successfully combined a portfolio of long and short positions in stocks and used 

leverage to enhance its returns, the industry remained on the sidelines of the investment 

community until the early ’90s (Gabelli, n.d.). However, during the last few years, the 

industry has experienced significant growth.  

Moreover, over the years, the industry has evolved considerably and nowadays it 

includes a wide range of strategies. However, the structure and target of each hedge 

fund remained similar; limited liabilities partnerships that aim to post absolute positive 

returns under any market conditions and simultaneously attempt to minimize the 

downside risk (Nicholas, 1999). 

1.2 Traditional and Alternative Assets 

Hence, the key element of hedge funds is their structure which allows them to use 

any financial instrument and leverage without supervision from the authorities and 

implement complex trading strategies. These dynamic investment strategies and the 

objective of positive returns categorize hedge funds to the alternative asset class and 

distinguish them from traditional assets1 (Alford, n.d.). 

                                                           
1 Although the definition of alternative assets includes Hedge Funds, Real Estate, Private Equity and other 
forms of investing, the study uses the term to refer only to hedge funds. 
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1.3 Motivation of the Study  

During the last years, the world stock markets suffered significant losses. Moreover, 

international and by sector diversification could not achieved due to the high correlation 

among assets in that period. In answer to that, many investors allocate assets to hedge 

funds, which are weakly correlated with traditional assets and therefore could diversify 

away the systematic risk (Amenc et al., 2002a).   

1.4 Objectives 

This study investigates methods of protection from extreme losses due to falling 

security prices. These methods are presented as an optimal portfolio of traditional and 

alternative assets. Evidence is presented which suggests hedge funds to be a solution, 

because they offer diversification benefits due to their weak correlation with traditional 

assets. The inclusion of hedge funds to a portfolio of traditional assets can minimize the 

risk of extreme losses. 

Hence, the objective of the study is to construct an optimal portfolio of traditional 

and alternative assets that could protect investors’ wealth from extreme losses when the 

markets fall. In other words, we aim to provide evidence that hedge funds offer 

diversification benefits due to their low exposure to market risk and that the inclusion of 

hedge funds to a portfolio of stocks and bonds can reduce drastically the risk of extreme 

negative returns. In addition, the study attempts to provide guidelines about the optimal 

allocation to each individual group of asset class.  

1.5 Methodology   

In order to construct the optimal portfolio of stocks, bonds and hedge funds, three 

steps are needed: firstly, the study creates the optimal portfolio of traditional assets and 

then it forms the optimal portfolio of hedge funds. Eventually, assuming a maximum 

allocation of 25% to hedge funds, these two portfolios are mixed together. Moreover, 
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we use three-month holding period returns, because very often hedge funds do not allow 

immediate liquidation (Nicholas, 1999). 

The traditional framework to optimize portfolios is the Mean-Variance analysis 

(Markowitz, 1959). Though, this framework assumes normally distributed returns, a 

hypothesis that does not hold for hedge funds (Fung and Hsieh, 1999). 

Thus, the Mean-Variance analysis could be used only for the optimization of the 

traditional assets portfolio, because they are normally distributed. For the other two 

portfolios, the study uses the Mean-Modified-Value-at-Risk method (Favre and Galeano 

2002; Signer and Favre 2002), which we believe that evaluates the risk of hedge funds 

more precisely because it takes into account the higher moments of the distribution.  

1.6 Examination of the Findings 

Furthermore, in order to examine the findings of the Mean-Modified-VaR analysis, 

we run two types of historical simulation tests. The first type is programmed to simulate 

1000 times the performance of the portfolio by choosing randomly from the sample a 

three-month holding period return. The second type simulates the returns of the 

portfolio by selecting at random three monthly returns from the past.   

1.7 Outline of the Study 

The rest of the study is organized as follows. Chapter II presents the concept of 

hedge funds and their structure, describes the general strategies and examines the 

risk/reward characteristics of the industry. Chapter III reviews the literature on portfolio 

construction and explains new applications that incorporate hedge funds distribution 

characteristics. Chapter IV presents the data and methodology of the analysis. Chapter 

V presents and analyzes the findings. Finally, Chapter VI summarizes and concludes the 

study.          
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Chapter II 

Hedge Funds: Structure and Performance 
2.1 Introduction 

The concept of hedge funds introduced in the late ’40s. Since then, the industry has 

changed dramatically. However, hedge funds have a similar structure that allows them 

to act as private investment vehicles and distinguishes them from mutual funds, the 

other commonly held type of investment vehicles.  

Moreover, hedge funds universe includes a broad range of strategies, due to the 

unregulated nature of the industry. Nevertheless, databases and academics find general 

similarities in the investment approach and subsequently group the alternative universe 

to specific strategies. This categorization is essential, because each group is exposed to 

different risk factors and therefore has different risk/reward characteristics (De 

Brouwer, 2001).  

2.2 History 

The hedge fund history starts in 1949 when Alfred Winslow Jones established a 

general investment partnership with an “incentive” fee structure (Gabelli, n.d.). His fund 

was “hedging” by buying stocks that were considered undervalued and selling short 

stocks that were considered overvalued. Furthermore, the use of leverage in many of his 

positions enabled him to enhance the returns of the portfolio. 

The fund was relatively unknown until mid-60s. During 1966, an article published by 

Fortune Magazine highlighted his fund’s performance and made his investment 

philosophy widely known (Nicholas, 1999).  Consequently, investors’ interest in hedge 

funds increased and many managers established new funds (Gabelli, n.d). 

However, the bear market of the early ’70s halted the industry’s growth. Over that 

period, many managers believed in the maintenance of the bull market and reduced their 
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“hedging” positions in order to post better returns. These decisions made them suffer 

significant losses and dissolve their hedge funds. 

In the ’80s, the industry continued its expansion, but the breakthrough occurred in 

the ’90s. The main reasons of this tremendous growth are the creation of new 

opportunities offered by financial innovation and emergence of new markets, the boom 

market of the ’90s and information technology (Nicholas, 1999).  

2.3 Description and Structure of Hedge Funds. 

A comprehensive description of hedge funds could be found on the President’s 

Working Group on Financial Markets (1999:1) as “any pooled investment vehicle that 

is privately organized, administered by professional investment managers and not 

widely available to the public”.  

Moreover, the aim of minimizing their risk exposure by “hedging” their positions is a 

key-concept of the industry. Other main characteristics of hedge funds are the exclusion 

from many regulations, implementation of complex trading strategies and use of any 

financial instrument. Moreover, managers’ payment depends on their performance 

(Lhabitant, 2001). 

Usually, hedge funds take the form of limited liabilities partnerships with the 

manager being the general partner, i.e. he invests some of his wealth in the fund. 

Moreover, the industry pools assets from wealthy individuals, institutional investors and 

recently university endowments and foundations (Nicholas, 1999).  

Hedge funds are divided into onshore and offshore funds, according to their domicile 

(Brown et. al., 1998). Usually, the first are limited partnerships located in United States 

with a maximum limit of 500 investors. The latter are usually located in tax havens and 

take the form of limited liabilities corporations or partnerships. Moreover, the number 
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of investors in offshore funds is unlimited. Thus, they are considered more flexible 

vehicles than onshore funds (Liang, 1998). 

In addition, their legal entity exempts them from many regulations and disclosure 

requirements. As a result, they could use any financial instrument to achieve the target 

of positive returns and simultaneously eliminate the exposure to market risk (Nicholas, 

1999). 

Another crucial element of their structure is charges. On average they charge 14% of 

the annual profits as “incentive” fees and 1% annual management fees (Ackermann et 

al., 1999). Most funds have also “watermark provisions”, i.e. a manager does not 

receive his payment until the fund recovers losses of previous years. In addition, 

immediate withdrawals are not allowed because most hedge funds determine a “lock-

up” period for new investors and the “the time period for which investors may redeem 

their investment” (Nicholas, 1999:53). 

2.4 Hedge Funds vs. Mutual Funds 

Although hedge funds and mutual funds are pooled investment vehicles, there are 

great differences between them. Hedge funds operate in a highly unregulated 

environment, implement dynamic trading strategies and can use any financial product. 

Moreover, the manager’s income depends on his performance (Lhabitant, 2001). 

In contrast, the operations of mutual funds are regulated from laws and supervised by 

authorities. Hence, the use of strategies and instruments is very often restricted 

(Ackermann et. al., 1999). Moreover, the objectives are different. Hedge funds target 

absolute returns under any market conditions. On the other hand, mutual funds aim to 

outperform a relative benchmark (Liang, 1998). 
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2.5 Hedge Funds Strategies 

Although hedge funds’ aim to post positive returns under any market environment, 

the implementation of various investment strategies results in a highly heterogeneous 

universe (Nicholas, 1999). Though, similarities on the investment approach, use of 

instruments and focus in specific markets allow the categorization of hedge funds into 

strategies. 

 However, the grouping of strategies varies among researchers. Brooks and Kat 

(2001) for example, define three main groups of hedge funds: global, event-driven and 

market neutral. They argue that global funds follow a “top-down” approach by focusing 

on global macroeconomic trends and then analyzing their impact on regional markets. 

Event-Driven funds seek to exploit price inefficiencies from special situations like 

mergers, restructuring and reorganization of companies. Finally, Market Neutral Funds 

aim neutral exposure to market risk by holding simultaneously long and short positions. 

On the other hand, De Brouwer (2001) defines two main groups of hedge funds: 

Macro, which description is similar to Brooks and Kat (2001), and Arbitrage-Type 

funds. The latter are hedge funds that seek to profit from discrepancies of prices 

between related assets. However, these transactions are not based in observed 

“inefficiencies” but on the managers’ expectation and therefore involve risk. Hence, De 

Brouwer (2001) argues that in reality, these funds speculate.   

Furthermore, CSFB/Tremont2 categorizes the industry in more detail. Subsequently, 

we describe briefly the eight strategies that are used in the analysis. Moreover, we 

present a special type of hedge funds.  

Convertible  Arbitrage  Strategies  seek  to  profit  from  price inefficiencies between  

                                                           
2 The definitions and categorization of the strategies could be different among data providers. However, 
the study uses data from the CSFB/Tremont Hedge Indices (www.hedgeindex.com), and therefore we 
present the descriptions of the aforementioned provider.   
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convertible bonds and underlying stocks. Usually, the managers buy the convertible 

bond and sell short the equity, anticipating a greater decline for the price of stock than 

the bond’s price when the markets drop and a highly correlated movement between the 

prices of the two assets when the markets rise. 

Emerging Markets Strategies include funds that invest in those markets. Very often, 

these markets do not provide derivatives instruments, restrict short selling and are 

characterized by illiquidity, political turmoil and information barriers (Nicholas, 1999).  

Event-Driven Strategies attempt to anticipate and profit from the outcomes of 

significant events like mergers, reorganizations and liquidations. Moreover, 

CSFB/Tremont divides this group into three subcategories: risk (merger) arbitrage, 

distressed/high yield securities and Regulation D.  

Managers that implement Fixed Income Arbitrage Strategies invest in interest rate 

securities and aim to profit from price anomalies between related assets. Furthermore, 

their main objective is to post stable returns over time.   

Global Macro is the most flexible strategy. Macro managers use a top-down global 

macroeconomic approach and subsequently take long and short positions globally in 

capital and derivatives markets, aiming to profit from price anomalies and to exploit any 

momentum in markets. 

Market Equity Neutral Strategies attempt to neutralize the exposure to market risk by 

constructing portfolios of equally balanced short and long positions. In more detail, they 

buy stocks that expect to outperform the market and sell short those that expect to 

under-perform the market. 

Long/Short Strategies are very similar to Market Equity Neutral. Long/Short 

managers buy and sell short sectors according to their predictions. However, their 
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positions are unbalanced and thus, they do not aim a neutral risk exposure (Brooks and 

Kat, 2001). 

Managed Futures practitioners’ or Commodity Trade Advisors (CTA) invest in 

derivatives of commodities, securities or currencies. Moreover, CSFB/Tremont divides 

them to systematic and discretionary traders.  

 Eventually, Fund of Funds is a special type of hedge funds. These funds invest in 

other hedge funds and have the great advantage that provide to investors diversification 

benefits by investing only the minimum required amount. Thus, they could be 

characterized as mutual funds of the alternative industry (Nicholas, 1999).  

2.6 Risk/Reward Characteristics 

Over the nine year period, most of the hedge funds indices outperformed the S&P-

5003 and the two bond indices (see Table 1). Analytically, with the exception of 

Emerging Markets, Fixed Income Arbitrage and Managed Futures, all indices 

outperformed the S&P-500. The best three-month holding period return4 is for Global 

Macro Strategies, followed by Long/Short Strategies and the lowest is for Emerging 

Markets and Fixed Income Arbitrage. The low average return of Emerging Markets is 

explained by the inclusion in the sample of the Asian Crisis. On the other hand, Fixed 

Income Arbitrageurs focus in interest rate securities results in low expected return. 

However, their mean is higher than the bond indices.  

Furthermore, the volatility of all the strategies, excluding Emerging Markets, is much 

lower than the S&P-500 over a three-month holding period (see Table 1). In more 

detail, the  strategy  with the lowest standard deviation  is Equity Market Neutral, due to  

                                                           
3 In line with the practice, we consider the S&P-500 as the benchmark for stocks. However, we do not use 
a benchmark for bonds, because it varies among studies. 
4 The analysis for the portfolio construction assumes a lock-up period of three months and quarterly 
redemption of hedge fund investments. Therefore, in order to be consistent with the subsequent analysis, 
we present three-month statistics at this section.  



Chapter II  Hedge Funds: Structure and Performance 

10 

the neutral exposure to market risk. Moreover, the aim of Fixed Income Arbitrageurs for 

stable returns, results in very low volatility. In strong contrast, Emerging Markets’ 

standard deviation is much higher than the S&P 500, due to the aforementioned 

characteristics of Emerging Markets. Moreover, the volatility of four strategies is very 

close to that of the Salomon Bond Index. 

Table 1 

Expected Return, Standard Deviation and Sharpe Ratios 
of Traditional & Alternative Assets over a three-month 

holding period 
The table presents the mean (µ), standard deviation (SD) and Sharpe 
ratios of three-month holding period returns for the period January 

1994 to December 2002. Sharpe Ratios are computed using the 
average 90 days US T-Bill yield over that period. 

Index µ SD Sharpe Ratio 
Dow Jones 2.596 % 7.792 % 0.178 
NASDAQ 2.840 % 15.694 % 0.104 
S&P 500 2.181 % 7.888 % 0.123 

MSCI World 0.761 % 8.033 % -0.056 
Salomon Bros 1.480 % 3.531 % 0.076 
Lehman A+ 0.043 % 2.193 % -0.532 
Conv. Arb. 2.514 % 3.520 % 0.370 

Emerg. Mkt. 1.657 % 11.054 % 0.040 
Mtk. Neutral 2.716 % 2.000 % 0.753 
Event-Driven 2.538 % 3.931 % 0.338 

Fixed Inc. Arb. 1.669 % 2.613 % 0.176 
Global Macro 3.669 % 6.743 % 0.365 

Long/Short 3.028 % 6.739 % 0.270 
Managed Ftrs. 1.910 % 5.855 % 0.120 

    
As a result of the low volatility, the Sharpe ratios5 of most hedge fund strategies is 

better than the S&P-500 (see table 1). Although, this measure assumes normally 

distributed returns and therefore it is not appropriate to evaluate the performance of the 

industry, we believe that it could provide some indications about the benefits of the 

industry.  Thus, on a risk-adjusted basis, the Market Neutral Strategies reward-to-

volatility is the best, followed by Convertible Arbitrage. In contrast, the ratio for the 

Emerging Markets is very low, due to the high volatility of those markets.  

Another benefit of the industry is the low correlation with traditional assets. In more 

detail, most of hedge funds correlations with the S&P-500 is smaller than 0.500 (see 

Table 2). In contrast, Event-Driven strategies tend to have a strong positive relationship 

                                                           
5 Sharpe Ratio, [(E(rp)-E(rf)]/σp, measures the reward to total volatility of an asset or portfolio. Usually, 
this measure is used when a portfolio represents the risky investment of a portfolio.  
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with equities, due to their concentration on mergers and restructure of companies which 

rose significantly during the boom market of the ’90s. Moreover, Long/Short’s high 

correlation with the NASDAQ, indicates that these managers focused on hi-tech stocks 

over the examined period. In contrast, Managed Futures exhibit “hedging” properties 

due to their negative correlation with stocks. Moreover, most of hedge funds 

correlations with bond indices are close to zero or negative. Analytically, only one 

coefficient (Managed Futures) indicates a weak positive relationship with bonds. Thus, 

it can be argued that hedge funds have diversification properties.   

Table 2 

Correlation Matrix 
The table presents the correlation matrix of the stocks, bonds and hedge funds indices for the period January 1994 

to December 2002. The correlation coefficients are calculated using three-month holding period returns. 
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Dow Jones 1              
NASDAQ 0.62 1             
S&P 500 0.92 0.79 1            

MSCI World 0.77 0.73 0.81 1           
Salomon 

Bros -0.29 -0.28 -0.27 -0.46 1          
Lehman A+ -0.08 -0.21 -0.07 -0.31 0.45 1         
Conv. Arb. 0.23 0.16 0.23 0.39 -0.35 0.13 1        

Emerg. Mkt. 0.41 0.45 0.35 0.55 -0.49 -0.28 0.40 1       
Mtk. Neutral 0.43 0.28 0.42 0.37 -0.10 0.14 0.50 0.17 1      

Event-
Driven 0.62 0.48 0.58 0.69 -0.44 -0.13 0.70 0.62 0.47 1     

Fixed Inc. 
Arb. 0.17 0.04 0.07 0.26 -0.25 0.03 0.61 0.44 0.26 0.58 1    

Global 
Macro 0.20 0.11 0.16 0.28 -0.18 0.27 0.43 0.36 0.16 0.46 0.56 1   
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In addition, in order to find which strategies could provide diversification in negative 

market movements, the study examined the conditional correlations with the S&P-500 

and found that the correlations coefficients for most strategies tend to change when the 

market conditions change6 (see table 3). The only strategy that has a stable correlation is  

                                                           
6 In addition, we examined the conditional correlations of stocks and bonds indices with the S&P 500 and 
found that the correlation coefficient of the MSCI with the S&P 500 increases significantly when the 
returns of the S&P 500 are below -2%. This indicates that international diversification could not be 
achieved when it is most needed (Longin and Solnik, 1995). These results are presented in the 
Addendum. 
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Global Macro. On the other hand, Market Neutral, Managed Futures and Long/Short 

could provide diversification benefits, because their correlation coefficients decrease 

when the securities prices fall and vice versa. Eventually, the remaining strategies do 

not provide diversification benefits when the markets decline. 

Table 3 
3-Months Holding Period Conditional Correlations 

The conditional correlations of hedge funds strategies with the stock market (S&P 500) are calculated for three 
market environments; negative (market return < -2%), neutral (-2%< market return < 2%) and positive (market 
return > 2%). The correlation is favourable when (1) – (3) < -0.10, neutral when -0.10 < (1) – (3) < 0.10, and 

unfavourable when (1) - (3) > 0.10  
Strategies  Negative (1) Neutral (2) Positive (3) (1) – (3) Kind of Correlation 
Conv. Arb. 0.27 -0.01 -0.29 0.56 

Unfavourable Emerg. Mkt. 0.44 0.19 -0.04 0.47 
Event-Driven 0.47 0.00 0.31 0.16 

Fixed Inc. Arb. -0.01 0.03 -0.16 0.16 
Global Macro -0.10 0.00 -0.05 -0.05 Stable 
Long/Short 0.29 -0.23 0.40 -0.11 

Favourable Mtk. Neutral 0.06 -0.29 0.44 -0.38 
Managed Ftrs. -0.63 0.07 0.26 -0.89 

 

2.7 Summary 

Hedge funds exist for more than fifty years. Although the industry evolved 

dramatically, the legal entity of hedge funds remained unchanged. Hence, in these days 

the term refers mostly to their structure, which allows them to operate as private 

investment vehicles. 

Moreover, their structure permits them to employ dynamic trading strategies and to 

use extensively derivatives and leverage. These and other features distinguish them 

from mutual funds which are the other commonly held class of investment vehicles. 

In addition, the implementation of complex trading strategies results in low 

correlations with traditional assets. Hence, hedge funds could provide diversification 

benefits to portfolios of stocks and bonds. Furthermore, some strategies provide 

diversification properties to falling markets and enhancing properties to rising markets. 
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CHAPTER III 

Portfolio Theories and Applications for Hedge Funds 
3.1 Introduction 

Portfolio theory is one of the most researched and fascinated areas in finance. 

Nowadays, the most commonly used frameworks to optimize portfolios are based on the 

Mean-Variance analysis and its assumptions.  

However, the hypothesis of normally distributed returns does not hold for many 

hedge funds strategies and therefore these frameworks ignore the tendency of the 

industry to post extreme returns. In response to these limitations, researchers develop 

new methods that are able to capture the abnormal distributions of hedge funds. 

3.2 Mean Variance Analysis 

The pioneering studies of Harry Markowitz (1959) established the fundamentals of 

the Mean-Variance analysis. This study emphasized the benefits of diversification by 

blending many assets in a portfolio. The key-idea is that as the number of assets in a 

portfolio increases, the total weight of their covariances increases in the portfolio and 

the weight of the variance of individual assets decreases. Therefore, diversification 

could be achieved by mixing different assets in a portfolio and eventually the portfolio 

would be exposed only to systematic risk. In the above framework the formulas for the 

expected return, ),( prE and risk as measured by the variance, ),(PVar  of a portfolio 

with weights in each security, ,iw  are: 
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The great advantage of the Mean-Variance analysis is that maximizes investors’ 

expected return for each level of risk, or alternatively, it minimizes the risk for each 

level of expected return. Hence, the process constructs an efficient frontier of risky 

portfolios, from which rational investors would choose according to their degree of risk 

aversion.  

However, this framework concerns only about the expected return, variance and 

covariance of the assets due to the assumption of normally distributed returns. Hence, 

the ignorance of the higher moments of the distribution could result in incorrect 

estimation of the risk, because an asset with negative skewness is more likely to post 

negative returns. Moreover, an asset with excess kurtosis is more likely to have extreme 

returns (Venkataraman, 1997). Hence, the probability of posting extreme negative 

returns is greater for a security with negative skewness and excess kurtosis. Although 

these limitations, Samuelson (1970) argues that the use of Mean-Variance analysis is 

appropriate for traditional assets, because usually investors do not take into account the 

higher moments of the distribution.  

After some years, Sharpe (1964) and Lintner (1965) developed the Capital Asset 

Pricing Model7 and introduced the “beta” term. The importance of “beta” is great, 

because it estimates the risk contribution of each asset to the market portfolio. In other 

words, the CAPM indicates the risk of an asset that can be diversified. Subsequently, 

based on these frameworks, measures that evaluate on a risk-adjusted basis the 

performance of an asset or portfolio have been emerged. Some of them are the Sharpe 

Ratio, Jensen’s “alpha”, Treynor’s measure and the appraisal ratio (Bodie et. al, 2002).  

                                                           
7 According to Ross et al. (2002), these two authors originally introduced the CAPM. However, a number 
of studies contributed to the development of the CAPM. 
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3.3 Hedge Fund Return Distributions 

The implementation of dynamic trading strategies by managers exposes the industry 

to a wide range of risks and results in non-normal distributions for the industry, which 

are essential to be taken into consideration when estimating the risk of the industry 

(Lhabitant, 2001; Till, 2002).    

In his study, Anson (2002) examines the histograms of many strategies and classifies 

them according to their risk exposure into three groups; strategies with exposure to 

market risk, those with exposure to credit risk and those with neutral exposure to market 

and credit risk. 

Anson (2002) reports that the histograms of strategies with neutral exposure to risk 

show positive skewness and excess kurtosis. On the other hand, strategies exposed to 

market risk show negative skewness and positive kurtosis. Finally, the strategies with 

high credit risk have distributions with fat left-side tails, similar to those of high-yield 

bonds.  

Thus, it could be concluded that strategies with limited exposure to market and credit 

risk should be favourable in the portfolio allocation. In strong contrast, strategies with 

high exposure to credit risk could be tremendously hazardous in extreme negative 

movements of the market, because they have distributions similar to selling put options 

(Anson, 2002; Agarwal and Naik, 2002). 

3.4 M-V Analysis and Hedge Funds  

In the past, many studies used the Mean-Variance framework to evaluate the 

performance of hedge funds and exhibit the diversification benefits of the industry 

(Schneeweis et al., 2002; Nicholas, 1999). As a result, the focus of this framework on 

the first two moments of the distribution favours hedge funds, which have low standard 

deviations and correlations with traditional assets (Brooks and Kat, 2001).   
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However, the returns of the industry are not distributed normally. In contrast with 

traditional assets, the distributions of many strategies show negative skewness and 

excess kurtosis (see table 4). Analytically, the values for skewness and kurtosis of 

traditional assets are close to those of a normal distribution8. On the other hand, many 

hedge funds have significant negative values for skewness and exhibit high kurtosis. 

Thus, the use of the Mean-Variance framework could misestimate the probability of 

returns close to the left tails of the distribution and consequently, over-allocate assets to 

the industry (Brooks and Kat, 2001). 

Table 4 

Skewness and Kurtosis of Traditional and Alternative Assets 
The table reports the Skewness and Excess Kurtosis of traditional and alternative assets using three-month 
holding period returns for the period January 1994 to December 2002. Skewness is the third moment of the 

distribution and kurtosis is the fourth moment of the distribution. A normal distribution has a skewness of 0 and a 
kurtosis of 3. Therefore, Excess Kurtosis equals to: Kurtosis -3.  

Index Skewness Excess Kurtosis 
Dow Jones -0.246855 0.000843 
NASDAQ 0.197347 0.827455 
S&P 500 -0.249491 0.510913 

MSCI World -0.473173 0.428877 
Salomon Bros 0.812502 0.765514 
Lehman A+ -0.385199 0.009695 
Conv. Arb. -1.101569 2.458283 

Emerg. Mkt. -0.154121 0.757661 
Mtk. Neutral -0.254546 -0.08055 
Event-Driven -2.078066 6.374403 

Fixed Inc. Arb. -2.343552 8.213612 
Global Macro -0.535922 1.547518 

Long/Short 0.9757542 2.442354 
Managed Ftrs. 1.0431884 1.260571 

 

These flaws of the Markowitz analysis are documented in previous studies. For 

example, Fung and Hsieh (1999) argue that although the Mean-Variance framework 

ranks hedge funds fairly accurate, it underestimates the probability of large negative 

losses and therefore, its risk assessment is not appropriate.  

In addition, Agarwal and Naik (2002) report that the use of the mean-variance 

analysis could result in underestimation of tail risk by 12 to 50%.  Furthermore, Brooks 

                                                           
8 The study assumes that values of skewness and kurtosis between the range  -0.5<Skew/Kurt<0.5 do not 
indicate probability of extreme returns. Hence, only the Salomon Bros. Index could be argued that is 
abnormally distributed. However, the positive skewness and excess kurtosis of this index indicates large 
probability of extreme positive returns. Therefore, we believe that the use of the Mean-Variance analysis 
for traditional assets would not underestimate the risk of the formed portfolio.  



Chapter III Portfolio Theories and Applications for Hedge Funds 

17 

and Kat (2001) report that autocorrelation might lead to misestimating the true 

correlations and suggest that the Mean-Variance analysis is inappropriate for portfolios 

that include hedge funds. 

3.5 Value-at-Risk framework 

Recently, a new concept of portfolio optimization emerged. IBIS and a number of 

researchers propose Value-at-Risk as the appropriate measure for managing risk and 

optimizing portfolios (Jorion, 2001; Lhabitant, 2001). Analytically, VaR is a risk 

measure that expresses the worst loss of a portfolio expected over a specified holding 

period at a given confidence level (Jorion, 2001).  

However, the VaR framework assumes normally distributed returns and thus its risk 

assessment is inappropriate for hedge funds. In more detail, Arzac and Bawa (1977) 

argue that the VaR measure is calculated by multiplying the standard deviation with the 

critical value at the confidence interval and therefore, it estimates the risk similar to the 

Mean-Variance framework.  

3.6 Variations of VaR 

In order to evaluate risk correctly, researchers have developed alternative techniques. 

Analytically, Chow et al. (1999) and Venkataraman (1997) split the sample into sub-

samples of extreme negative and normal market conditions and construct separate 

distributions and covariance matrixes for each regime. Consequently, they blend the 

distributions according to an estimation of the probability of each regime to occur in the 

future and eventually use the VaR methodology to optimize the portfolio holdings. This 

technique results in an active management of the portfolio, because it reflects the 

expectations of investors for each market condition, which change continuously.   

On the other hand, Agarwal and Naik (2002) recommend the use of the Conditional-

VaR measure as the appropriate method to optimize portfolios of hedge funds. The 
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authors define C-VaR as a measure that calculates “the expected loss conditional on the 

losses being greater than or equal to VaR” (Agarwal and Naik, 2002:24). Conditional 

VaR offers the advantage that it incorporates into the analysis the fat-left tails of the 

distribution and thus it could minimize the possibility of extreme losses of wealth. 

Moreover, Uryasev and Rockafellar (1999) conclude that C-VaR is more flexible than 

VaR, because it can be applied to both linear and non-linear models. 

A third approach is proposed by Favre and Galeano (2002) and Signer and Favre 

(2002), who suggest the use of Modified-VaR9 as the appropriate risk measure for 

including hedge funds in portfolios of traditional assets. The authors show that the 

Mean-Modified-VaR technique takes into account all the moments of the distribution 

and conclude that the optimization process returns portfolios which have the lowest 

probability of losing more than the Modified-VaR at a given confidence level. Thus, it 

is able to protect portfolios from extreme losses. Moreover, Huisman et. al. (1999) 

advocate the flexibility of this measure, because it does not make any assumptions 

about the distribution and therefore, “it is able to incorporate non-normalities into the 

asset allocation process” (Huisman et.al., 1999:19).  

3.7 Optimization based on Brownian Motion  

Recently, Cvitanic et al. (2003) suggested a model for optimization built on a 

Brownian motion. The study supports that hedge funds could provide abnormal returns 

and in order to benefit from their “alphas” develops a technique. Their model allocates 

funds among three assets; a risk-free security, a passive portfolio which is assumed that 

tracks exactly the returns of S&P 500, and an active portfolio which is assumed to be a 

hedge fund.  

                                                           
9 This measure is based on the methodology developed by Huisman et.al (1999). 
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Consequently, the study uses the CAPM terminology and concludes that there is 

evidence of abnormal returns for hedge funds. Furthermore, the paper suggests that in a 

number of circumstances, hedge funds with low sensitivity to market risk could 

substitute the risk-free asset in the portfolio holdings. 

3.7 Summary 

The traditional optimization models are based on the pioneering work of Harry 

Markowitz (1959). Moreover, another commonly used framework is the Value-at-Risk 

analysis. However, these frameworks assume normally distributed returns and thus 

could misestimate the risks of hedge funds. As a consequence, researchers developed 

alternative techniques that take into account the risk of extreme negative losses.  

One method is to calculate separate distributions for normal and extreme market 

conditions and subsequently blend them together. Moreover, a number of researchers 

adjust the Value-at-Risk concept in order to become more flexible and capture the risks 

of abnormally distributed assets. Eventually, a third approach is a model based on a 

Brownian motion that allows investors to benefit from the abnormal returns of hedge 

funds. 
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Chapter IV  

Data and Methodology 
     4.1 Introduction 

The study attempts to form an optimal portfolio of stocks, bonds and hedge funds. In 

order to construct that portfolio we use monthly hedge funds returns obtained with the 

permission of CSFB/Tremont Indices. Moreover, we use monthly returns of stocks and 

bonds indices downloaded from Datastream. 

The method to optimize the portfolio holdings for traditional assets is based on the 

Mean-Variance analysis. In addition, when hedge funds are included in the portfolios, 

the study uses the Mean-Modified-VaR framework (Favre and Galeano, 2002; Signer 

and Favre, 2002). In more detail, we use the HF Optimizer Software, which was 

provided by Alternative Software Development. 

4.2 Rationale of the analysis   

Hedge funds are considered by many investors and academics as “risk diversifiers” 

and “value enhancers” (Amenc et. al., 2002a). Hence, the inclusion of hedge funds to a 

portfolio of stocks and bonds could provide a safe haven to investors when securities 

markets crash and improve its return when markets rise.  However, it is considered 

essential to apply an analysis that could assess the risk of extreme negative returns 

precisely. 

In order to construct the optimal portfolio of traditional and alternative assets we 

need three steps. Firstly, we form portfolios of stocks and bonds. At this stage, we use 

the Mean-Variance analysis, because it is the most commonly used when the returns of 

the assets are normally distributed. 

 Eventually, assuming an annual risk-free rate of 1%, which is approximately the 

current yield of US 1 year T-Bills, we select the portfolio with the highest reward-to-
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variability ratio as the optimal. We believe that this portfolio could offer a general 

guideline of the optimum allocation to stocks, bonds and risk-free assets. 

The second step, forms portfolios of hedge funds by using the Mean-Modified-VaR 

optimization technique (Favre and Galeano, 2002; Signer and Favre, 2002). Knowing 

that many hedge funds could post negative returns close to the tails of the distribution, 

we select to use the Mean-Modified-VaR framework, because it assesses risk more 

accurately.  

At this stage, the study selects as optimal the portfolio which provides the greater 

diversification, i.e. it has the minimum Modified-VaR. The study believes that this stage 

could be useful to Funds of Funds, by providing them with proxies of what strategies to 

include in their portfolios.   

At the final stage, the two optimal portfolios are blended into one by using the Mean-

Modified-VaR analysis. Moreover, the study limits the maximum allocation to hedge 

funds at 25%. This restriction is applied because liquidity risk and other limitations of 

the optimization technique could result in extreme losses during market crises. These 

limitations of the model are explained at the end of this part. In addition, we believe that 

institutional investors invest approximately that proportion to hedge funds, and thus the 

study becomes in line with the practice.   

 Eventually, from the range of the opportunity set, the portfolio with the minimum 

Modified-Value-at-Risk at the 99% confidence level is selected as the optimal. In other 

words, in 99 of 100 cases, this portfolio would not lose more than the Modified-VaR 

and therefore it is appropriate for an investor with a safety-first approach.    

4.3 Data  

The study uses nine years monthly returns, from January 1993 to December 2002, 

obtained from CSFB/ Tremont Hedge Funds Indexes and Datastream. The first source 
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used for hedge funds returns and the second for returns of bonds and stocks indices. 

Subsequently, we construct three-month holding period returns, because we assume that 

hedge funds impose a three-month “lock-up” period for new investors. Thus, we have 

106 observations. 

CSFB/Tremont Hedge Funds construction of indices is based on a database of over 

3000 funds, while its primary source is TASS database. Moreover, the construction of 

these indices is based on the asset-weighted approach, which is re-balanced every 

month.  

The selection of the specific data-provider offers great advantages. Firstly, the 

indices are calculated and composed in a transparent way, because in order to be 

included in the database hedge funds should have $10 million or more under 

management and to provide audited financial statements. 

Moreover, CSFB/Tremont claims that the indices represent at least 85% of the 

industry’s assets under management and therefore the indices gives a fairly complete 

picture of the industry. In addition, the indices are almost free from survivorship bias, 

because the funds are included in the database until they dissolve or fail to present the 

financial statement requirements.   

 For the examined time period, CSFB/Tremont provides returns of eight hedge funds 

strategies; Convertible Arbitrage, Emerging Markets, Equity Market Neutral, Event-

Driven, Fixed Income Arbitrage, Global Macro, Long/Short and Managed Futures. 

Moreover, the study uses six indices of stocks and bonds which were downloaded 

from Datastream. These indices are the S&P 500, Dow Jones Industrial, NASDAQ 
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Composite, MSCI World ex USA, Salomon Brothers G7 Composite Government and 

other Companies Bond Index and, Lehman Aggregate A+10.  

In more detail, the S&P 500 represents the performance of the 500 largest and most 

liquid US stocks. The Dow Jones measures the performance of 30 US “industrials”. The 

NASDAQ Index represents the performance of equities traded over the counter. 

Usually, these are equities of companies associated with new technologies. The MSCI 

World ex USA is a world index that measures the performance of 48 countries. Thus, 

we use it as a proxy for international diversification. The Salomon Bros index 

represents high rated government and corporate bonds from the G7 group with a 

remaining maturity of longer than a year. Eventually, the Lehman Aggregate A+ 

includes debt securities issued or guaranteed by the US Treasury. 

4.4 Methodology  

In this section, we present the optimization techniques that have been used to 

construct the portfolios. The study uses the traditional Mean-Variance framework for 

the optimization of stocks and bonds portfolios and the Mean-Modified-VaR 

framework11 for the optimization of portfolios that include hedge funds.  

Thus, at the first step, equations (3.1) and (3.2) are used to estimate the expected 

return and variance of the formed portfolios of stocks and bonds. Subsequently, 

assuming an annual risk-free rate of 1%, ,fr  the reward-to-variability ratio of each 

portfolio, ,pS  is calculated from the formula: 

)1.4(     
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p

rRE
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−
=  

                                                           
10 The study assumes that there are available mutual funds that track exactly the performance of those 
indices. From now on, the names S&P 500, Dow Jones, Nasdaq, MSCI, Salomon Bros and Lehman Bros 
refer to those funds.   
11 The analysis of this framework is based on the technical document of HF Optimizer and on the studies 
of Favre and Galeano (2002), Signer and Favre (2002) and Huisman et. al. (1999). In addition, Jaschke 
(2001) provides a theoretical background of the Cornish-Fisher expansion and examines its properties.  
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Eventually, we select as optimal the portfolio with the maximum objective 

function, .pS   

Subsequently, the study uses the HF Optimizer Software, which was provided by 

Alternative Software Development. This software is based on the Mean-Modified-VaR 

methodology (Favre and Galeano, 2002; Signer and Favre, 2002). This analysis 

“initially consists of calculating a VaR using a normal distribution formula and then a 

Cornish-Fisher (1937) expansion to take the skewness and kurtosis into account” 

Amenc et.al., 2002a:15)  

In more detail, Value-at-Risk is a risk measure that expresses in a single number the 

maximum amount of loss that can occur over a given time-period, given some 

confidence interval (Jorion, 2001). In cases where the returns are normally distributed, 

the calculation of VaR is given by the formula: 
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However, many hedge funds distributions show negative skewness and excess 

kurtosis. Therefore, equation (4.3) needs some extra modifications. Signer and Favre 

argue that “the Cornish Fisher (1937) expansion can adjust the VaR in terms of 

skewness and kurtosis” (Signer and Favre, 2002:35) and define it as:  
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S= skewness, which is equal to (4.5)      1
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T = number of return for the portfolio 

Eventually, they derive the modified-VaR measure, which is equal to:  

(4.7)     )( σµ CFzWVaR −=  

measure VaRModified

return of rate 
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The HF Software assumes that investors are risk averse and prefer to hold assets with 

positive skewness and low probabilities of extreme negative returns. Hence, the 

objective of the optimization process is to minimize the modified Value-at-Risk, i.e. to 

minimize volatility and kurtosis and to maximize the skewness of the portfolio for a 

given expected return (HF Optimizer, Technical Document). Therefore, the efficient 

frontier is constructed by minimizing the following algorithm: 
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Moreover, the study uses two types of historical simulation tests to examine the 

findings of the analysis. These tests simulate the performance of the portfolio by 

selecting randomly returns from the past. Each test delivers 1000 possible returns for 
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the portfolio over a three-month holding period. The great advantage of this method is 

that it does not make any assumption of the distribution and takes into account extreme 

returns of the past (Jorion, 2001). In other words, it uses historical returns and therefore 

it incorporates into the analysis the risks of the industry. However, the main assumption 

of the historical simulation tests is that the range of future returns will not exceed that of 

the past. 

The first type of simulation is programmed to create 1000 returns of the portfolio by 

choosing randomly historical three-month returns of the portfolio. Therefore it assumes 

that over a three-month holding period, the managers would react in significant events 

as well as in the past.   

However, the exposure of the industry to liquidity risk could affect the future 

performance of hedge funds and thus, hedge funds could post different patterns of 

returns over a three-month period. Thus, we program another simulation that selects 

from the sample, three historical monthly returns at random.   

Finally, we ran each type of simulation test fifty times to get a sufficient picture of 

the portfolio return, standard deviation, maximum gain and loss and returns below 

specific levels.  

4.5 Limitations 

The used optimization technique could have some limitations, which are essential to 

be explained. These limitations are very important for investors who allocate assets in 

hedge funds and it is crucial to understand and keep them in mind.  

As it is explained in Chapter III, academics and practitioners apply various 

optimization models that take into account the abnormal characteristics of hedge funds. 

Thus, the use of another model could return dissimilar allocations to each strategy, due 

to its different considerations. 
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Moreover, Mina and Ulmer (1999) report that the Cornish-Fischer expansion (1937) 

“may give unacceptable results in extreme circumstances” (Mina and Ulmer, 1999:10). 

Another limitation derives from the assumption that the future would resemble the past. 

However, the future returns could be different due to the use of flexible trading 

strategies. 

Moreover, Brooks and Kat (2001) argue that many hedge funds trade in over the 

counter derivatives products and other illiquid instruments. Thus, it is difficult to 

evaluate frequently their positions and the returns they report could be smoothed. In 

addition, these instruments become hard to trade during market crises. Thus, hedge 

funds are exposed to liquidity risk, which it is not incorporated into the Mean-Modified-

VaR framework (HF Optimizer, technical document).  Moreover, hedge funds are 

exposed to credit risk, which is difficult to be estimated (Amenc et.al., 2002a). 

In Addition, Fung and Hsieh (2000) report that hedge funds indices could be affected 

by survivorship and instant history biases. Moreover, although the above authors argue 

that the selection bias is insignificant in hedge funds databases, Agarwal and Naik 

(2002) and Brooks and Kat (2001) report that it could affect the results of the 

optimization process. Thus, we believe that our results could be biased.  

Moreover, the CSFB/Tremont database provides monthly returns from 1994. 

However, the appropriate calculation of VAR needs a large amount of data which 

incorporate a great sample of events. Amenc et al. argue that “this problem is 

exacerbated in the alternative universe by the frequency of data, which is often 

monthly” (Amenc et al. 2002a:15). 

Eventually, Artzner et al. suggest that the Value-at-Risk framework does not 

encourage diversification in a number of circumstances because the “Value-at-Risk 



Chapter IV   Data and Methodology 

28 

concept doesn’t take into account the economic consequences of the events the 

probabilities of which it controls” (Artzner et al., 1998:15).    

4.6 Summary 

The objective of the study is to construct a portfolio of traditional assets and 

alternative assets that could provide greater protection from downside risk. This 

portfolio is formed by blending an optimal portfolio of stocks and bonds with an 

optimal portfolio of hedge funds.  

In more detail, the study uses the Mean-Variance analysis to construct the optimal 

portfolio of traditional assets, because the returns of those assets are normally 

distributed.  

Subsequently, the study selects to use the Mean-Modified-VaR framework in order 

to take into account the skewness and kurtosis of hedge funds. However, this framework 

does not take into account liquidity risk and it could be subject to limitations. Therefore, 

we advise a prudent allocation to the industry. 
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Chapter V 

Portfolio Construction 
5.1 Introduction 

The study uses three steps to find the optimal portfolio of traditional and alternative 

assets. Firstly, it constructs the efficient frontier of portfolios that include securities and 

selects as optimal, the portfolio with the highest reward-to-variability. 

Subsequently, it forms portfolios of hedge funds and then selects as optimal, the 

portfolio with the minimum Modified-VaR at the 99% confidence level, assuming that 

the investors are interested in protecting their wealth from extreme losses. Finally, after 

imposing a restriction to the hedge funds allocation, we combine the two selected 

portfolios and select the optimal portfolio of both asset classes according to the safety-

first criterion.  

At the last two stages, the study uses the Mean-Modified-VaR framework, because it 

is able to capture the abnormal characteristics of hedge funds. However, the study 

selects to use the traditional Mean-Variance analysis at the first step, because it is the 

most commonly used when the distributions are normal. 

5.2 Portfolio of Traditional Assets 

At this step, the study uses the traditional Mean-Variance framework, because the 

formed portfolios include only normally distributed securities. An examination of the 

constructed portfolios shows that portfolios with low risk and expected return include 

high stakes of bonds and small stakes of stocks (see table 5).  

In more detail, the portfolio with the minimum standard deviation (1.75%) holds 

approximately 85% in bonds and 15% in international stocks, and its three-month 

expected return is 0.50%.  This mix was expected, because it is known from the 

financial theory that high-rated bonds have lower volatility and expected return than 
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equities (Malkiel, 1996). Moreover, the inclusion in the sample of market crashes, as the 

Asian Crisis of 1997 and the burst of the hi-tech bubble, resulted in even higher 

standard deviation for stock indices and thus smaller allocation to equities.   

Table 5 
Portfolios of Traditional Assets 

The table presents the optimal portfolio for each level of expected return (µ) and standard deviation (SD) and the 
reward to variability ratio (R/V) for each portfolio assuming a three-month holding period and an annual risk-free 
rate of 1%. Moreover, it presents the allocation of each portfolio to Dow Jones, NASDAQ, S&P 500, MSCI 
World ex USA (MSCI), Salomon Brothers and Lehman Aggregate A+ funds.  

Portfolio µ SD R/V 
Allocation 

Dow 
Jones 

NASDA
Q S&P 500 MSCI Salomon 

Bros 
Lehman 

A+ 
1 0.25% 1.80% 0 0% 0% 0% 12.55% 8.13% 79.32% 

2. Minimum 
Variance 
portfolio 

0.50% 1.75% 14.30 0% 0% 0% 14.79% 24.41% 60.80% 

3 1.00% 2.00% 37.50 8.50% 0% 0% 11.36% 45.83% 34.31% 
4 1.50% 2.48% 50.47 18.88% 0.47% 0% 5.46% 64.21% 10.97% 
5 1.80% 2.83% 54.80 27.03% 1.36% 0% 0% 71.61% 0% 

6. Optimal 
Portfolio 1.81% 2.85% 54.81 27.94% 1.35% 0% 0% 70.71% 0% 

7 1.82% 2.87% 54.78 28.86% 1.33% 0% 0% 69.81% 0% 
8 2.00% 3.56% 49.10 45.33% 1.06% 0% 0% 53.61% 0% 
9 2.50% 7.04% 31.96 91.07% 0.29% 0% 0% 8.63% 0% 

 

However, it is more rational for an investor to choose a portfolio according to the 

reward-to-variability criterion, because for the same level of risk the expected return 

could be improved significantly. Thus, the portfolio that is tangent to the capital 

allocation line and the efficient set is selected as the optimal (see figure 1).  

Figure 1
Efficient Frontier of Stocks & Bonds and Capital Market Line
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The above procedure selects as optimal a portfolio with three-month expected return 

of 1.81% and standard deviation of 2.846% (see table 5). This portfolio holds 

approximately 70% of Salomon, 28% of Dow Jones and 2 % of NASDAQ funds. 

Moreover, the appropriateness of the above criterion is confirmed by the fact that an 

investor who allocates 60% of his funds to the optimal portfolio of traditional assets and 
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40% in the risk-free asset forms a new portfolio with standard deviation lower than that 

of Minimum-Variance Portfolio (1.708%), but much higher expected return (1.18%). 

Moreover, the benefits of diversification are exhibited by the fact that the optimal 

portfolio’s risk/reward characteristics are significantly better than the Salomon’s fund, 

which dominates the portfolio’s stake. 

Eventually, it should be mentioned that the S&P 500 and MSCI World are not 

included to the optimal portfolio, due to the high correlation among stock markets and 

their worst risk/reward characteristics. Moreover, the Lehman A+ is also excluded from 

the optimal portfolio, because this fund has low expected return relatively to its risk and 

high correlation with the Salomon fund. Hence, it could be argued that international and 

by sector diversification is difficult to achieve and there is a need for the inclusion of 

alternative assets that could diversify away the systematic risk. (Amenc et. al, 2002a. 

2002b). In line with this opinion, this study suggests that diversification can be achieved 

by allocating assets to hedge funds. 

5.3 Portfolio of Hedge Funds 

Subsequently, we construct the efficient frontier of hedge funds portfolios by finding 

for each level of expected return the portfolio with the Minimum Modified-VaR at the 

99% confidence level (see figure 2). Eventually, the portfolio that provides the greater 

protection from extreme losses is selected as the optimal.  

After completing the above procedure, the portfolio with the minimum Modified-

VaR allocates approximately half of the assets in Equity Market Neutral Strategies and 

significant stakes in Managed Futures and Fixed Income Strategies. Furthermore, it 

includes Emerging Markets, Event Driven and Global Macro Strategies, but with 

proportions below 10% (see table 6). 
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Table 6 
Portfolios of Hedge Funds constructed with the Mean-Modified-VaR framework 

The table presents the optimal portfolio for each level of three-month expected return (µ) and Modified-VaR at 
the 99% confidence level (M-VaR). Moreover, it presents the allocation of each portfolio to the eight hedge fund 
strategies. 

Portfolio µ M-
VaR 

Allocation 

Conv. 
Arb. 

Emerg. 
Mkt. 

Mtk. 
Neutral 

Event 
Driven 

Fixed 
Inc. 
Arb. 

Global 
Macro 

Long/ 
Short 

Managed 
Ftrs. 

1 1.70% 6.247% 0% 0% 0% 0% 87.13% 0% 0% 12.87% 
2 2.00% 1.122% 3.61% 2.87% 21.28% 0% 39.82% 0% 0% 32.43% 
3 2.20% 0.674% 1.39% 2.73% 37.72% 3.13% 26.72% 1.66% 0% 26.65% 
4 2.30% 0.580% 0% 2.80% 43.68% 3.35% 20.77% 4.21% 0% 25.18% 

5 Optimal 
Portfolio Of 

Hedge Funds 
2.40% 0.555% 0% 2.84% 48.65% 3.39% 14.34% 6.73% 0% 24.05% 

6 2.50% 0.593% 0% 2.88% 53.52% 3.64% 7.76% 9.24% 0% 22.96% 
7 2.80% 1.310% 0% 0% 63.03% 0% 0% 21.71% 0% 15.26% 
8 2.90% 2.119% 0% 0% 64.13% 0% 0% 26.90% 0% 8.98% 

 
This combination of assets results in insignificant probability of extreme negative 

returns. In more detail, the Modified-VaR of the optimal portfolio is only 0.555%, while 

its three-month expected return is 2.4%. In other words, only in 1 of 100 cases, the 

portfolio would lose more that 0.555% of its value.  

Figure 2 
Opportunity Set of Hedge Funds Portfolios
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The main reason for the low Modified-VaR of the portfolio is the high proportion of 

holdings in Equity Market Neutral Strategies, which have low standard deviation, and 

their skewness and kurtosis is close to the normal. Hence, these strategies are more 

likely to post returns around the mean of the distribution and not at the tails of the 

distribution. Moreover, these strategies have favourable for investors conditional 

correlations (see chapter II). 

In addition, the inclusion of Managed Futures and Fixed Income Strategies 

diversifies the risk of the portfolio due to their weak correlation with the Market Neutral 
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Strategy. In addition, the histogram of Managed Futures shows positive skewness and 

excess kurtosis and thus, it could be concluded, that the optimization model favours 

strategies that do not exhibit unfavourable for the investors higher moments of the 

distribution. Therefore, it protects investors from the risk of extreme negative returns. 

Eventually, it is remarkable that Long/Short Strategies are not included in any of the 

formed portfolios. A possible explanation could be their high standard deviation relative 

to their return. Furthermore, many of the formed portfolios exclude from their holdings 

the Convertible Arbitrage and Event-Driven Strategies due to their negative skewness 

and excess kurtosis, which increase significantly the probability of extreme losses.  

The study also compared the Mean-Variance to the Mean-Modified-VaR framework 

(see figure 3). In order to select the optimal portfolio of the Mean-Variance analysis, we 

applied again the safety-first criterion, i.e. we selected the minimum-variance portfolio 

as optimal. In strong contrast to the Modified-VaR framework, the optimal portfolio of 

the Markowitz analysis includes only three strategies; Equity Market Neutral, Fixed 

Income Arbitrage and Managed Futures (see table 7). These strategies are also the major 

holdings of the Mean-Modified-VaR portfolio and therefore, it could be argued that the 

Mean-Variance framework ranks hedge funds fairly (Fung and Hsieh, 1999).  

Table 7 
Portfolios of Hedge Funds constructed with the Mean-Variance framework 

The table presents the optimal portfolio for each level of three-month expected return (µ) and standard deviation 
(SD). Moreover, it presents the allocation of each portfolio to the eight hedge fund strategies. 

Portfolio µ SD 

Allocation 

Conv. 
Arb. 

Emerg. 
Mkt. 

Mtk. 
Neutral 

Event 
Driven 

Fixed 
Inc. 
Arb. 

Global 
Macro 

Long/ 
Short 

Man. 
Ftrs. 

1 1.80% 1.992% 0% 0% 8.19% 0% 72.89% 0% 0% 18.92% 
2 2.00% 1.749% 0% 0% 28.02% 0% 56.22% 0% 0% 15.76% 

3 Optimal 
Portfolio of 

Hedge Funds 
2.26% 1.620% 0% 0% 53.79% 0% 34.56% 0% 0% 11.65% 

4 2.40% 1.656% 0.14% 0% 67.54% 0% 22.85% 0% 0% 9.47% 
5 2.80% 1.995% 0% 0% 86.54% 0% 0% 10.95% 0% 2.51% 
6 3.00% 2.630% 0% 0% 70.19% 0% 0% 29.81% 0% 0% 

 
However, after comparing the volatility of the constructed portfolios of each 

framework for the same level of expected return, we found that the Mean-Variance 

portfolios have lower standard deviation than the Modified-VaR portfolios (see table 8). 
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Thus, it can be argued that the ignorance of the skewness and kurtosis of the distribution 

results in misestimating of risk (Fung and Hsieh, 1999).  

Figure 3
Mean-Variance vs. Modified-VaR framework
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Table 8 

The table presents the Standard deviation 
(SD) of the constructed portfolios with the 

use of the Mean-Variance (M-V) and 
Modified-VaR analysis (M-VaR) for each 

level of expected return (µ). 

µ 
SD 

D
ifference 
(M

-V
) -

(M
-V

aR
) M-V  M-VaR  

1.80% 1.99% 2.44% -0.45% 

2.00% 1.75% 2.05% -0.30% 

2.20% 1.63% 1.88% -0.25% 

2.40% 1.66% 1.96% -0.30% 

2.60% 1.79% 2.09% -0.30% 

2.80% 2.00% 2.28% -0.28% 
 

Moreover, it could be concluded that the focus of the Mean-Variance analysis to the 

first two moments of the distribution over-allocates funds to strategies with favourable 

mean and covariance and therefore does not provide real diversification (Brooks and 

Kat, 2001).  Furthermore, the ignorance of the higher moments of the distribution 

results in an underestimation of risk of approximately 0.3% and therefore, the formed 

portfolios could experience higher losses than what the standard deviation implies 

during market crashes.    

Finally, the study tested the optimal Modified-VaR portfolio by running two types of 

historical simulation tests, each one for fifty times. The first type of test assumes that 

the hedge funds would have the same pattern of returns as in the past over a three-month 

holding period. Therefore, it was programmed to run 1000 simulations of future returns 

by selecting randomly a three-month historical return of the Modified-VaR portfolio. In 

those tests, the results for the expected return and standard deviation of the optimal fund 

of funds portfolio were very close to those obtained by the Modified-VaR framework 

(see table 9). Moreover, the probability of returns below -1% is insignificant. 
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Table 9 

Simulation Tests of the Fund of Funds Portfolio 

The table presents the results of the historical simulation tests assuming a three-month holding period return. 
Analytically, it present the expected return (µ), standard deviation (SD), maximum loss, maximum gain, and the 
probabilities or returns below specific levels for the optimal portfolio of hedge funds. 

 µ S.D. 
Max. 
Loss 

Max. 
Gain 

Probability 
of Negative 

Returns 

Probability 
of returns 
below -1% 

Probability 
of returns 
below -2% 

Probability 
of returns 
below -3% 

Probability of 
returns 

below -5% 

Type 1 2.427% 1.952% -0.63% 7.48% 5.23% 0% 0% 0% 0% 

Type 2 2.367% 1.987% -3.80% 9.43% 10.78% 3.41% 0.91% 0.20% 0% 

 

 This type of test assumes that over a three-month period, the managers would 

respond as well as in the past to the change of markets conditions. However, this 

assumption could not be feasible due to exposure of the industry to liquidity and other 

risks. 

For this reason, we examined again the portfolio by programming the simulations to 

select randomly three monthly returns of the Modified-VaR portfolio. Again, the 

simulation tests found a three-month expected return and standard deviation close to 

those obtained of the Mean-Modified-VaR analysis. However, at this type of test, the 

probability of negative returns is approximately 11%. Moreover, in less than 35 of the 

1000 cases, the portfolio would lose more than -1% of its value (see table 9). Thus, it 

could be concluded that the formed portfolio of hedge funds protects the investor from 

extreme losses. 

5.4 Optimal Portfolio of Traditional and Alternative Assets 

Consequently, the selected optimal portfolios of traditional and alternative assets 

were mixed together to find the optimal portfolio of both asset classes (see figure 4). At 

this step, we used the Mean-Modified-VaR analysis, because the distribution of the 

hedge funds portfolio could be abnormal. 

Moreover, the study assumed that the maximum allocation of funds to the alternative 

asset portfolio is restricted to 25%. The main reason for this restriction is that hedge 
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funds could suffer extreme losses in extreme negative situations due to their exposure to 

a wide range of risk. 

Figure 4 
Opportunity Set of Traditional & Alternative Assets

Capital Allocation Line of Optimal Restricted Portfolio
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Table 10 
Optimal Portfolios of Traditional & 

Alternative Assets 
The table presents the optimal allocation to 

traditional (1) and alternative portfolios (2) for 
each level of 3-months expected return and M-

VaR at the 99% confidence level. 

 µ M-
VaR 

Allocation 
1 2 

25
%

 
lim

it 1.84% 3.10% 95.0% 5.0% 
1.91% 2.39% 83.3% 16.7% 
1.96% 1.94% 75.0% 25.0% 

U
nr

es
tr

ic
te

d 2.05% 1.27% 60.0% 40.0% 
2.12% 0.88% 48.2% 51.8% 
2.19% 0.61% 36.5% 63.5% 
2.25% 0.44% 24.9% 75.1% 
2.32% 0.40% 13.2% 86.8% 
2.39% 0.53% 1.5% 98.5% 

 
The optimization process shows that although the 25% constraint, the inclusion of 

the fund of funds portfolio in the traditional portfolio decreases considerably the risk 

(see table 10). On the other hand, the above restriction results in insignificant 

improvement of the expected return. Hence, there is a small range of expected returns, 

and from that set of portfolios, the optimal was selected according to the safety-first 

criterion.  

The above criterion selects as optimal a portfolio which would not lose more than 

1.94% of his value in 99 of 100 cases, while its three-month expected return is 1.96% 

(see table 10). This portfolio allocates 75% to traditional assets and 25% to alternative 

assets. Moreover, the above allocation indicates that a proportion of Fund of Funds 

above the 25% restriction could reduce further the risk of extreme losses.  

Thus, a new analysis without restrictions on the allocation of funds was conducted to 

examine the aforementioned hypothesis. In most of the cases, the shifting of the 

constraint reduces drastically the probability of extreme negative returns and 

simultaneously increases the expected return (see figure 4). 

In more detail, an allocation of approximately 85% to the hedge funds portfolio 

could decrease the modified-VaR to 0.40% at the 99% confidence interval and increase 
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the performance to 2.32% (see table 10). However, we consider more sensible to limit 

the holdings of hedge funds to approximately 25%, due to their exposure to the 

aforementioned risk factors. Hence, we suggest to those investors that are interested in 

reducing further the risk of extreme losses, to combine the 25% restricted portfolio with 

the risk-free asset (see figure 4).  

Table 11  
Results of Simulation Tests 

The table presents the results of the historical simulation tests assuming a three-month holding period return. 
Analytically, it present the expected return (µ), standard deviation (SD), maximum loss, maximum gain, and the 
probabilities or returns below specific levels for the optimal portfolio of traditional and alternative assets with the 
25% maximum allocation to hedge funds restriction and for the optimal portfolio of stocks and bonds. 

Optimal Portfolio of  Traditional and alternative Assets 

 µ S.D. 
Max. 
Loss 

Max. 
Gain 

Probability 
of Negative 

Returns 

Probability 
of returns 
below -1% 

Probability 
of returns 
below -2% 

Probability 
of returns 
below -3% 

Probability of 
returns 

below -5% 

Type 1 1.962% 2.216% -2.82% 10.06% 15.78% 5.08% 1.87% 0% 0% 

Type 2 1.964% 2.273% -5.07% 9.26% 19.62% 9.66% 3.98% 1.40% 0.06% 

Optimal Portfolio of stocks and bonds 

 µ S.D. 
Max. 
Loss 

Max. 
Gain 

Probability 
of Negative 

Returns 

Probability 
of returns 
below -1% 

Probability 
of returns 
below -2% 

Probability 
of returns 
below -3% 

Probability of 
returns 

below -5% 

Type 1 1.802% 2.822% -5.07% 11.49% 24.28% 11.40% 7.05% 2.33% 0.91% 

Type 2 1.822% 2.877% -6.94% 11.60% 26.66% 16.40% 9.07% 4.53% 0.77% 

 

Eventually, we examined the performance of optimal portfolio with the 25% 

allocation limit and compared it with the optimal portfolio of traditional assets. In those 

tests the performance of the optimal restricted portfolio was satisfactory. In more detail, 

the simulations returned values of expected return and standard deviation close to those 

estimated by the analysis. In addition, the test that were programmed to select randomly 

three monthly returns, reported that only in 40 of 1000 cases the portfolio would have 

returns below -2% (see table 11). Moreover, we found that the risk/reward 

characteristics of the optimal portfolio of both asset classes are better than those of the 

traditional portfolio (see table 11). Hence, we believe that the inclusion of hedge funds 

to a traditional portfolio could reduce significantly the risk of extreme losses.        
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5.5 Summary 

The study constructed three optimal portfolios; one of stocks and bonds, one of 

hedge funds and one of both asset classes. Regarding the portfolios of traditional assets, 

we found that portfolios with high stakes of bonds have low volatility and expected 

return. On the other hand, increasing proportions of stocks improve the expected return 

of the portfolio but simultaneously increase the standard deviation. 

Consequently, the study constructed the efficient set of hedge funds portfolios and 

selected the optimal portfolio according to the safety-first criterion. At this stage, we 

found that portfolios of hedge funds that include strategies with low correlation and 

standard deviation provide diversification. Furthermore, neutral or favourable for 

investors higher moments of the distribution could reduce the risk of extreme negative 

returns.  

 Eventually, the study blended together the optimal portfolios of traditional and 

alternative assets. Moreover, the allocation to the fund of funds portfolio was restricted 

to a maximum of 25%. At this stage, we found that the inclusion of hedge funds in a 

portfolio of traditional assets could decrease significantly the risk of extreme losses. In 

addition, the simulation tests found that the risk/reward characteristics of the optimal 

portfolio of hedge funds are much better than those of the optimal portfolio of stocks 

and bonds. Hence, we believe that hedge funds could provide diversification benefits to 

traditional portfolios.   

Although a higher allocation than 25% to hedge funds could improve the expected 

return and reduce further the risk of extreme losses, we do not recommended it due to 

the exposure of hedge funds to a wide range of risks.  
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Chapter VI 

Conclusion 
6.1 Introduction 

In these days, many investors allocate assets to hedge funds in order to benefit from 

their favorable risk-reward characteristics and their diversification properties due to 

their low correlation with traditional assets.  

However, hedge fund universe includes various types of strategies that are exposed 

to a wide range of risk factors. This exposure results to abnormally distributed returns 

for the industry. Hence, in order to include hedge funds in a portfolio of traditional 

assets, it is essential to use a framework that it is able to capture the non-normal 

characteristics of the industry.  

6.2 Optimal Allocations 

6.2.1 Traditional Assets 

At the first step of our analysis, we formed portfolios of stocks and bonds. The 

construction process shows that the portfolio with the highest reward-to-variability ratio 

allocates approximately 70% in bonds and 30% in stocks. Moreover, consistent with the 

financial theory, this study found that high allocations to bonds decrease the volatility of 

the portfolio but at the cost of expected return. On the other hand, increasing 

proportions of equities improve the expected return of the portfolio, but simultaneously 

increase the volatility. However, an investor that selects a combination from the capital 

allocation line of the optimal portfolio with the risk-free asset could form a new 

portfolio with standard deviation close to the minimum variance portfolio due to the 

investment in the risk-free asset, but higher expected return than the minimum variance 

portfolio, due to the allocation to the optimal portfolio.  
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6.2.2 Alternative Assets 

Subsequently, the study formed portfolios of hedge funds and selected as optimal the 

portfolio with the Minimum Modified-VaR at the 99% confidence level. The above 

process selected as optimal, a portfolio with 2.4% expected return and which would not 

lose more than 0.555% of its value in 99 of 100 cases. This portfolio allocates a high 

proportion to Equity Market Neutral Strategies and significant stakes to Managed 

Futures and Fixed Income Arbitrage Strategies.  

The very low Modifed-VaR of the optimal portfolio is resulted from the weak 

correlation of those strategies and their neutral or preferable from investors higher 

moments of the distribution. Hence, it could be concluded that assets with these 

characteristics could decrease the risk of extreme losses. In contrast, when the formed 

portfolios included strategies with unfavorable higher moments of the distribution, the 

risk of extreme negative returns increased.  

In addition, the study examined the performance of the optimal portfolio of hedge 

funds by running two types of historical simulation tests. In those tests the optimal 

portfolio performed very well with three-month expected return and standard deviation 

close to those obtained by the analysis. Moreover, the possibility of extreme losses was 

insignificant in both types of test.  

6.2.3. Traditional and Alternative Assets 

Eventually, the two formed portfolios were mixed together. At this stage, the study 

limited the maximum allocation to hedge funds at 25%, because the industry is exposed 

to a broad range of risks. Although the above restriction, we found that the inclusion of 

hedge funds to a portfolio of stocks and bonds could reduce drastically the risk of 

negative returns, which it was measured by the modified-VaR at the 99% confidence 

interval. 
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Moreover, the study found that an allocation to hedge funds that exceeds the 25% 

limit could improve the expected return and decrease even further the risk. However, it 

is more prudent to restrict the allocation to hedge funds to approximately that 

proportion, because the analysis does not incorporate liquidity risk and other risk factors 

that the industry is exposed.  

Finally, the optimal portfolio of traditional and alternative assets tested successfully 

in the same types of simulation tests. In those tests the optimal portfolio of traditional 

and alternative assets performed satisfactory. Moreover, we compared the risk/reward 

characteristics of the above portfolio with those of the optimal portfolios of stocks and 

bonds and found that the inclusion of hedge funds to a traditional portfolio can reduce 

the frequency of negative returns and enhance the performance.  

6.3 Summary 

Hedge funds exhibit diversification properties that could “hedge” the performance of 

a traditional portfolio during market crashes. However, investors should be cautious 

about the industry’s exposure to a wide range of risk and therefore, it is advisable to 

prudently allocate assets to hedge funds. Moreover, in order to reduce further the risk, 

we suggest as a solution to combine the optimal portfolio of traditional and alternative 

assets with risk-free assets.  
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ADDENDUM 
 

Table12 
3-Months Holding Period Conditional Correlations of Traditional Assets 

The conditional correlations of stocks and bonds indices with the S&P 500 are calculated for three market 
environments; negative (market return < -2%), neutral (-2%< market return < 2%) and positive (market return > 

2%). The correlation is favourable when (1) – (3) < -0.10, neutral when -0.10 < (1) – (3) < 0.10, and unfavourable 
when (1) - (3) > 0.10  

Strategies  Negative (1) Neutral (2) Positive (3) (1) – (3) Kind of Correlation 
MSCI World ex 

USA 0.82 0.02 0.50 0.32 Unfavourable 
Nasdaq 0.67 -0.07 0.54 0.13 

Dow Jones 0.84 0.53 0.79 0.05 Stable 
Salomon 

Brothers Bond 
Index 

-0.42 -0.10 0.08 -0.50 
Favourable 

Lehman Aggregate 
A+ -0.42 0.27 0.31 -0.74 

 

 

The conditional correlations of the stock indices with the S&P 500 indicate that when 

diversification is needed most, it could not be achieved. Analytically, we see that when 

the S&P 500 drops sharply, the correlation coefficients of all the stock indices are 

increasing and that by sector or international diversification is hard to achieve. During 

the examined period, only the relationship of the Dow Jones Industrial Index with the 

S&P 500 remained stable. However, this stable relationship was expected, because both 

indices contain firms with similar characteristics, i.e. well-established and mature 

companies.  

On the other hand, our results indicate that bonds could provide diversification 

during hard times. However, it is known that in market crashes, there is a demand for 

less risky assets. Hence, during crises it is expected that the demand for treasury bills, 

safe bonds, hard currencies and gold would increase due to the protection they offer, i.e. 

there is a flight to quality. However, this protection is at the cost of the expected return.  

Thus, we propose as a better solution a portfolio of stocks, bonds and hedge funds. 

We believe that bonds can reduce the risk of the portfolio, stocks can improve the 

expected return and hedge funds could protect investors from the high volatility of 
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stocks. In other words, we believe that an optimum mix of traditional and alternative 

assets could provide greater diversification due to the weak correlation of hedge funds 

with traditional assets. Moreover, the inclusion of hedge funds to a portfolio of 

traditional assets could enhance its expected return. However, we advise a prudent 

allocation to hedge funds due to their wide exposure to risk factors.    

 


