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Abstract 
 
Hedge funds are a debated subject in today’s financial industry. During 2008, despite 
hedge funds absolute return target, the global hedge fund industry showed a negative 
performance whilst the Swedish hedge fund market performed relatively well in 
comparison. Many studies have been made investigating the effect on incorporating 
hedge funds in a traditional portfolio though none focused separately on the Swedish 
market. In a global perspective it is quite easy to invest in hedge fund portfolios due 
to the existence of investable indices. To invest on the Swedish market is a more 
complex matter. SIX Harcourt HFXS Index is a Swedish hedge fund index 
representing the Swedish hedge fund market though it is not investable. Hence it 
would be interesting to see if it is possible to create an investable version of SIX 
Harcourt HFXS. When creating an investable index, several administrative costs will 
arise and in order to cover these costs it would be interesting to see whether or not it 
possible to optimize SIX Harcourt HFXS Index in purpose of achieving a 
outperformance which could cover any administrative costs for setting up the 
investable version. Also, since the optimized version must replicate the standard SIX 
Harcourt HFXS Index it must maintain a certain level of correlation. 
 
This thesis, which is based on a positivistic epistemology, is built upon a quantitative 
case study where SIX Harcourt HFXS Index is optimized in purpose of achieving an 
outperformance in terms of the risk-adjusted return. The optimization uses an adjusted 
mean-variance methodology and is limited to a maintained correlation above 0,9 
towards the standard SIX Harcourt HFXS Index. The optimization is created through 
the use of an Excel application created by Harcourt Investment Consulting.  
 
Also, based on the outperformance by Swedish hedge funds compared to global hedge 
funds, this study aims to show the effect of incorporating Swedish hedge funds in a 
traditional portfolio consisting of equities and bonds. This effect is analyzed by the 
use of several performance- and risk measures. 
 
The study shows that it is possible to optimize SIX Harcourt HFXS Index and 
produce an outperformance of approximately 1,5% per annum with a maintained 
correlation above 0,9. It also shows that the effect of incorporating Swedish hedge 
funds to a traditional portfolio is positive in regards to both risk and return. 
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1. Introduction 

1.1 Background  
Even though hedge funds have been around since the 1960´s, they are still a relatively 
unknown concept, which partly can be explained by the low levels of regulation and 
transparency signifying the hedge fund industry. The hedge fund market has grown 
largely in recent years and in 1996 the hedge fund industry managed around $135 
billion, spread over approximately 2000 hedge funds. This can be held in contrast to 
the 10 000 hedge funds existing in 2007 which together managed around $2000 
billion. (Strömqvist (2009)). In recent years, hedge funds have become very 
periphrastical, probably due to the low level of regulation and transparency. In the 
reigning financial crisis hedge funds have been heavily criticized both in terms of 
their strategies, the two features previously mentioned but also due to the fact that 
they, during 2008, have had a hard time fulfilling their absolute return targets.  
 
However, the criticism towards hedge funds is not unique for this particular crisis. 
Strömqvist (2009) writes that ever since the evolvement and growth of the hedge fund 
industry there has been a recurring discussion regarding the role of hedge funds in a 
financial crisis. The criticism has mainly been focused on the highly leveraged hedge 
funds and that they may (as a group) have a large impact on price stability on both 
currencies and equities. 
 
Several articles has been written and discussions have been made whether or not 
hedge funds and their strategies can be seen as one of the contributing sources of the 
financial crisis, or at least as an increasing factor which widened the span and 
increased the speed of the crash in financial markets. (Hedge funds and linked 
concepts will be more rigorously explained in Chapter 2.) What is interesting to look 
at is that we have not seen a widespread collapse of hedge funds, even though many 
have been forced to shut down due to excessively large redemptions. In an article 
written in The Times, Dillow (2008) observes that even though the average returns of 
hedge funds during 2008 have been poor, “… they have not been a serious source of 
instability in the wider financial system.” 
 
Dillow (2008) also observe that, based on the previous statement, hedge funds 
themselves may become sufferers of the crisis if their access to financing becomes 
more inhibited, but they haven’t caused it. This is also something that Strömqvist 
(2009) observe and writes that:  
 
“… we can say that the hedge funds have been affected more by the present financial 
crisis than they have affected it. The main argument for this is that hedge fund have 
experienced more problems in handling this crisis than previous financial crises.” 
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Strömqvist (2009) continues by explaining that what differentiates this crisis from 
previous financial crises is mostly linked to changes in regulations. One of these 
regulations is the one concerning short-selling, which was prohibited in several 
countries. This has had a large impact on hedge funds since most hedge funds employ 
short-selling as an important strategy. Strömqvist (2009) concludes her article by 
presenting the factors which she believes has undermined the hedge funds earnings: 
 

“… a ban on short-selling, a wide-ranging downturn in asset values on many 
markets, a substantial decline in the willingness to take risks on the part of banks and 

investors and extreme volatility in the prices of shares and commodities.” 
  
Observing the actual effect of the crisis on hedge fund returns, one can see that the 
global hedge fund market fell 18,9 % (HFRI Fund Weighted Composite Index) during 
2008, which is the worst annual decrease in the history of hedge funds. Even though 
this return is unacceptable in relation to the hedge funds absolute return targets, one 
cannot keep from comparing this return with the one shown by the equity market 
during the same period. During 2008, the global equity market dropped 42,1 % 
(MSCI World Index). If we compare these returns we see that even if hedge funds 
showed their worst development in the history of the industry, they still outperformed 
the equity market by as much as 23,2 %. 
 
So far I have only presented the global markets but what about the Swedish hedge 
fund industry? First of all, the Swedish hedge fund market is in large development. It 
has grown rapidly since the first hedge fund in 1996 to around 89 hedge funds in 2008 
managing 5,5% of the Swedish fund capital. (The Swedish Investment Fund 
Association (2009-05-07)). What is interesting, especially in a global perspective, is 
that during 2008, the Swedish hedge fund industry dropped 3,64 % (SIX Harcourt 
HFXSaw) compared to the Swedish equity market that dropped 44,66 % (SIXRX), 
which represents an outperformance by hedge funds relative to equities of 41 %. This 
shows that hedge funds partly has prevailed their goal of capital preservation and that 
the Swedish hedge fund market should be attractive in the eyes of an investor.  
 
But even though -3,64 % seems like an acceptable number in comparison to the 
equity market in general and to the global hedge fund market in particular, there are 
still funds that underperform vastly and even funds that are forced to close down. As 
such, and to protect (or minimize) his/her exposure towards underperforming hedge 
funds when adding hedge funds to a traditional portfolio, an investor should avoid 
investing in single hedge funds and instead focus on a portfolio of hedge funds. In 
short, an investor should employ diversification as an important aspect not only in 
purpose of diversifying between asset classes but also when investing in hedge funds 
alone. Given that this reasoning holds true, an investor can be seen as having two 
alternative solutions to the problem. First, the investor can invest in what is referred to 
as “fund-of-hedge funds” and secondly, the investor can invest in hedge funds 
through what is called “investable indices”. (See Chapter 2, sections 2.2-3).  
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1.2 Problem Discussion 
When observing the performance data presented above we can conclude that hedge 
funds would have been a good investment during 2008 compared to equities. The 
question arises how an investor would be able to make the correct investment decision 
in the hedge fund universe. From a global perspective, this question is less 
complicated due to the abundance of alternative investment solutions such as 
investable indices. Though when observing the Swedish hedge fund market we can 
conclude that there is a lack of investable hedge fund solutions, such as investable 
hedge fund indices, and based on the large outperformance by Swedish hedge funds 
elucidated in section 1.1 it clearly should exist a demand for such solutions. 
 
SIX Harcourt HFXS (below referred to as HFXS) is the only index that tracks the 
Swedish hedge fund market and will therefore be in focus throughout this thesis. A 
more in-depth description of HFXS will be presented in Chapter 2, section 2.4. HFXS 
is a non-investable index, which means that there is no investable solution based on 
HFXS. The importance of diversification has been mentioned above and in order to 
replicate the return of HFXS and in return minimize the risk of being affected by bad 
single hedge funds, an investor would have to invest in approximately 40 hedge 
funds. This would demand an enormous capital base as well as being extremely 
costly. Based on this discussion it would be interesting to see the possibilities of 
constructing a form of investable index solution based on HFXS. When constructing 
and managing an investable index, several administrative expenses arise which may 
lead to the need of a high yearly management fee. A solution for the ability of 
lowering the management fee is to see whether or not it is possible to create an 
optimized, replicated portfolio of HFXS with the purpose of achieving a higher return 
than the standard HFXS. This higher return would give the possibilities of either 
lowering the fees or increasing the return for the market maker. The optimization has 
the purpose of increasing the risk-adjusted return with the constraint of a maintained 
high correlation with the standard HFXS. Let us pose the question that we have 
created an investable version of HFXS, would this investable version be attractive for 
investors? 
 
Several researches have investigated the effect of including hedge funds in a 
traditional portfolio consisting of equities and a risk-free asset. A study made by 
Hood and Nofsinger (2007) showed that including hedge funds give a positive effect 
on the investors utility, especially for the risk averse investor since the inclusion of 
hedge funds produce a increased expected return at a constant risk level. 
Lubochinsky, Fitzgerald and McGinty (2002) also conclude that the inclusion of 
hedge funds will increase the return at a given level of risk and that even a small 
allocation to hedge funds will generate positive effects on return at all levels of risk. 
Finally they conclude that hedge funds have an obvious benefit in a traditional 
portfolio. Amenc and Martellini (2002) conclude that the inclusion of hedge funds 
potentially can generate a dramatic decrease in the portfolio volatility.  
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The studies described above seem to generate similar results. What is interesting to 
observe is that they all use either global or us-based hedge funds and benchmarks. 
Based on the discussion held in section 1.1 about global vs. Swedish hedge fund 
performance during 2008 it would be very interesting to try and show whether or not 
an optimized replication of HFXS is a good complement to an investor’s portfolio 
comprised of equities and a risk-free asset, and if the inclusion of Swedish hedge 
funds produce similar results as the studies described above. 
 

1.3 Research Questions 
I will, by creating a quantitative case study, try to answer the following questions: 
 

• How does one optimize a replication of a hedge fund index? 
 

• Is it possible to optimize a replication of a hedge fund index? 
 

“Optimize” is defined as the process in which a portfolio is optimized using an 
adjusted mean-variance approach. The goal with the optimization is to achieve a 
higher risk-adjusted return. “Replication” is defined as an optimized portfolio that has 
a high correlation with HFXS, on which the optimization is made. In our case, high 
correlation is defined as 0,9.  
 
Thirdly, given that an optimized version of HFXS is created; 
 

• Is an optimized version of HFXS a good complement to an investor’s 
portfolio? 

 
“A good complement” is defined as something that increases the risk-adjusted return 
of the portfolio as well as has a positive impact on the diversification effect. Finally, 
an “investor’s portfolio” is seen, as a portfolio comprised of equity and a risk-free 
asset. The term investor incorporates both private and institutional investors. 
 

1.4 Purpose 
There are several purposes with this thesis. First is the one of describing hedge funds 
as an investment vehicle. This is done by giving a short historical overview as well as 
presenting the characteristics of a hedge fund and other linked concepts. The second 
purpose is to describe the process of portfolio optimization by presenting several 
theories as well as a created case study based on Swedish hedge funds, where a 
practical application of the optimization theories is made. The third purpose is linked 
to the evaluation of the case study where several performance measures are used in 
order to evaluate the optimization made. The fourth and last purpose is to evaluate the 
effect of adding the optimization of HFXS made in the case study into a traditional 
portfolio and how this affects the portfolio’s risk and performance. 

4 



Sundqvist (2009) 

1.5 Contribution 
This thesis contributes to the research field in several ways. First, the case study that 
has been made and which this thesis is based upon is unique in its kind. The way the 
case study is unique can be explained by two factors. First, HFXS is a world-unique 
index in terms of purity and the lack of several biases that will be explained in 
Chapter 2, section 2.4. Second, the investigation made whether or not an optimized 
version of HFXS would be a good complement to an investor’s portfolio has never 
been made before and hence is unique in its kind. These both factors contributes to 
the research field since most studies previously made has been based on the US- or 
global hedge fund market and therefore this study widens the research field by 
incorporating the Swedish hedge fund market. The optimization process of HFXS 
makes another contribution since no one has ever tried to optimize a Swedish hedge 
fund index. 
 

1.6 Limitations 
When selecting a subject in purpose of conducting a study, one of the most important 
steps is to see to that the subject is well limited and doesn’t span over too large areas/ 
research fields. (Ejvegård (2003, p.28)). This study is limited in several ways and the 
largest limitation is that the study only focuses on the Swedish hedge fund market and 
only uses Swedish benchmarks for the equity and the risk-free rate. Also, the 
historical data period must be seen as quite limited, though this is mainly due to the 
fact that Swedish hedge funds in general and HFXS in particular have a somewhat 
short history.  
 
The limitations made may affect the ability of generalizing the results on a global 
level although this is not the purpose of this thesis, which rather produces an ability to 
generalize the results of other similar studies on the Swedish hedge fund market.  
 

1.7 Outline 
Chapter 2 provides the reader with a more in-depth knowledge of the subject and has 
the purpose of preparing the reader for the upcoming theories in chapter 4. In 
Chapter 3, the theoretical methodology employed in the creation of this study is 
stated for. It has the purpose of clarifying to the reader why the particular practical 
methods are used. Chapter 4 presents the theoretical background in which this thesis 
is based upon. The theories presented will later be used when analyzing the empirical 
data and in the evaluation of the results as well as in the creation of the optimization.  
 
The practical method is presented in Chapter 5. In this chapter I present the practical 
decisions made and the work process when optimizing HFXS. I also present an 
assessment of the secondary sources used and their credibility. In Chapter 6 the 
results of the optimization is presented with the use of several statistics and measures.  
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In Chapter 7 I evaluate the effect of including hedge funds in a traditional portfolio. 
This is made using the same structure as in chapter 6. Chapter 6 and 7 are summarized 
in the conclusions, which are stated for in Chapter 8. In this chapter the main results 
and analysis made are presented and the research questions stated in chapter 1 are 
answered. I also analyze the scientificity of the thesis as well as provide suggestions 
for further research. 
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2. Hedge Funds and Investable Indices 

2.1 The History of Hedge Funds 
The term hedge fund can be seen as somewhat misleading. This since all hedge funds 
doesn’t make use of the actual hedging in its true sense. Hedging can be defined as: 
“A conservative strategy used to limit investment loss by effecting a transaction that 
offsets an existing position.” (Chicago Board Options Exchange, (No Date)).  
 
Alfred W. Jones is often seen as the founder of hedge funds and who first introduced 
the basic principles characterizing a hedge fund. The idea behind his construction was 
to eliminate market risk trough the use of short-selling i.e. the traditional form of 
hedge fund. Howells and Bain (2005, p.66) describe a few features that differentiate 
hedge funds from conventional mutual funds. Among these is the use of gearing (or 
leverage), which means that it borrows funds in order to be able to invest a larger 
amount than the money received by investor subscriptions. Another feature is that 
hedge funds seldom have a yearly management fee but instead receive a certain 
percentage of the hedge funds realized profits. Also, the low degree of regulation 
results in the hedge funds being able to trade in derivative instruments that in turn 
increase their possibilities of gearing. In order to get a better understanding of the 
differences between hedge funds and traditional mutual funds, see Table 2.1 below. 
 
Table 2.11  – Traditional Mutual Funds vs. Hedge Funds 

 Traditional Hedge funds 
Performance objectives Relative returns Absolute returns 
Investment vehicles Stocks, bonds, cash All asset classes/vehicles 
Investment strategies Limited Wide range 
Regulation structure Regulated Largely unregulated 
Performance drivers Asset class and market 

correlation 
Fund manager skill 

Fees Management fee only, 
rarely performance 
incentive 

Management fee plus 
performance incentive fee 

Liquidity Unrestricted, often daily Restricted 
 
Hedge funds often earn returns by speculating on the relative difference in values 
between assets and by the same time hedging against the market risk (or systematic 
risk). For example, if a hedge fund manager believes that the yield on Treasury bonds 
seems abnormally high in comparison to the yield of mortgage-backed securities, the 
manager would go long (i.e. buy) Treasury bonds and go short (i.e. sell) mortgage-
backed securities. By making this combination of trades the manager “hedges” the 
funds interest rate exposure while at the same time betting on the relative value 
between these two assets. In effect, as the values of these assets converge the hedge 
                                                 
1 Author’s construction – modelled from Hedges (2005, p.3) 
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fund will earn money. In this sense, according to Hedges (2005, p.4) one can look at 
hedge funds as an investments vehicle where the preponderance of the return is 
achieved by the manager’s skill rather than the market return. 
 
However, even though the trade itself seems waterproof and well protected against the 
systematic risk, Bodie, Kane and Marcus (2008, p.99-100) and Edwards (1999) 
observe that even though hedge funds often are seen as market neutral, it does not 
mean that the risk is always low. The hedge fund is speculating on valuation 
differences between sectors and/or individual assets with large positions and since 
they only speculate, the risk of wrong positioning is eminent and the use of leverage 
increases the risk even further. This means that one must be aware that hedge funds 
are also exposed to other risk factors. One of these risk factors is the liquidity risk.  
Bodie, Kane and Marcus (2008, p.317) describe liquidity in the following way:  
 

“The liquidity of an asset is the ease and speed with which it can be sold at fair 
market value in a timely fashion.” 

 
So, liquidity risk can then be described as the risk of not being able to sell an asset 
with ease and speed at fair market value in a timely fashion. Dierick and 
Garbaravicius (2005) argue that leveraged market risk and the liquidity risk arising 
from asset illiquidity and funding risks should be evaluated associatively. The authors 
also claim that large and older funds tend to have a higher degree of leverage than 
smaller and newer funds. This would imply that the overall leverage in the hedge fund 
industry is declining. 
 
One single definition of what a hedge fund is doesn’t exist. In the U.S, based on the 
Investment Company Act of 1940, hedge funds were previously defined by their low 
degree of regulatory controls. In comparison to mutual funds, hedge funds were seen 
to employ a higher degree of risk. This led to the so-called 100-investor limit as well 
as requirements on the wealth of their investors (Getmansky (2004)). Fung and Hsieh 
(1999) claim that another reason for the 100-investor limit is the use of leverage and 
short selling present in hedge funds. The 100-investor limit was later abandoned and 
the regulations concerning the wealth of their investors were lowered. Today, many 
different definitions are present. Most of them in which are based on a summary of 
several characteristics rather than clear statements: 
 

“A mutual fund that employs leverage and uses various techniques of hedging.” 
- Soros (1987, p.13) 

 
“Investment companies that by their charter can buy on margin, sell short, hold 

warrants, convertible securities, and commodities, and otherwise engage in 
aggressive trading tactics in order to profit from forecasting market swings.” 

- Pohlman, Ang and Hollinger (1978, p.69) 
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The last definition presented and also the one that will serve throughout this thesis is: 
 
“… hedge funds are vehicles that allow private investors to pool assets to be invested 

by a fund manager. Unlike mutual funds, however, hedge funds are commonly 
structured as private partnerships and thus subject to only minimal SEC regulation. 

… Moreover, because hedge funds are only lightly regulated, their managers can 
pursue investment strategies involving, for example, heavy use of derivatives, short 

sales, and leverage.”  - Bodie, Kane and Marcus (2008, p.99) 
 
Murguía and Umemoto (2004) claims that the reason to why there is no clear 
definition of hedge funds is because they are not classified by their different asset 
classes, as are mutual funds, instead the type of trading strategy employed by the 
manager often classifies them. The strategy can range from very aggressive to very 
conservative, hence the difficulties in defining a clear and single definition.  
 
One of the most well known hedge funds is Long Term Capital Management 
(LTCM), which was formed in 1994 with a starting equity of $1.3 billion. LTCM 
showed impressive consistent returns and at the start of 1998 LTCM´s equity had 
grown to $4.8 billion, even more impressive considered that they in 1997 returned 
$2.7 billion to their investors. LTCM was mostly using a strategy called “market-
neutral arbitrage” and was mainly active on the global bond markets. One of the most 
famous bets made by LTCM was that on the spread between high- and low risk bonds 
in the aftermath of the crisis throughout the Asian countries in the summer of 1997. 
The managers believed that the spread was going to converge and with the extremely 
high leverage employed, even small convergence would result in huge profits. Based 
on the $5 billion in equity at the beginning of 1998, LTCM was borrowing more than 
a staggering $125 billion from several banks and securities firms. LTCM also held 
several derivative contracts with a notional value of over $1 trillion, which increased 
the leverage effect even further. These factors resulted in LTCM being able to make 
astronomic profits if the yield spreads converged, while at the same time being 
exposed to the risk of wiping out their equity if the yield spreads diverge even further. 
(Edwards (1999)). 
 
LTCM´s management was very confident in their belief of convergence, though 
during the spring of 1998, the unthinkable started to happen. The Asian crisis 
worsened and concerns arose whether or not similar problems could spread to other 
emerging markets. This fear spread to the bond markets where investors tried to get 
rid of their risky assets and which soon resulted in virtually no market for high yield- 
or junk bonds. Last but not least came the crisis in Russia in August of 1998 when 
they devalued the rouble. All of these factors resulted in an extreme widening of the 
spreads and was the opposite of what LTCM had predicted. In September, LTCM´s 
equity had dropped to approximately $600 million, which equals a loss of more than 
$4 billion. This created fears, and had a large effect on several financial markets 
around the world. This finally resulted in the New York Federal Reserve Bank to 
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summon a number of top executives in order to inform them about the systematic risk 
faced by a crash of LTCM. This finally resulted in several support actions that in the 
end hindered LTCM to disappear. (Edwards (1999)). 
 
In the wake of Long Term Capital Management’s fall in 1998, many investors 
became sceptical about the low level of regulation and transparency that characterize 
the hedge fund industry. Edwards (1999) conclude that the collapse of LTCM showed 
that the risk management in banks and other financial institutions are of inferior 
quality. The regulations held by banks have fallen vastly behind market 
developments, especially with respect to hedge funds and OTC derivative markets. 
What is interesting here is that Edwards (1999) observed what might be one of the 
greatest causes of today’s crisis and that if increased action had been taken after 
LTCM´s fall, for example in regards to regulations, today’s crisis could maybe have 
been foreseen and protected against. Another interesting fact is that in recent years, 
due to the increased popularity, hedge funds have attracted more attention from 
regulators. This attention should maybe instead have been focused on banks. And 
now, with the Maddoff scandal exposed during 2008, the hedge fund industry is 
probably in for another session of increased transparency and regulation demands. We 
can just hope for that the banks face similar demands. 
 

2.2 Fund of Hedge Funds 
First of all, FOHF is simply funds that invest in other hedge funds. During the large 
increase in capital allocated to hedge funds and the growing interest for hedge fund 
investments, fund of hedge funds has received less attention and have often been seen 
as a sub-strategy to hedge funds. Denvir and Hutson (2006), on the other hand, claims 
that FOHF is quite different from ordinary hedge funds and should therefore be 
analyzed separately. First, the authors believe that FOHF managers have a lot in 
common with managers of mutual funds, since they both are trying to “pick winners”. 
Second, FOHFs are available to a larger amount of potential investors. The authors 
say that one of the claimed benefits with FOHFs is that small and moderately wealthy 
investors are able to invest in hedge funds, without limiting to just one or two hedge 
funds.  
 
When investing in FOHF, the investor faces both advantages as well as disadvantages 
compared with investing in single hedge funds. Gregoriou, Hübner, Papageorgiou and 
Rouah (2007) observe that investing in FOHF is one of the simplest and safest ways 
of investing in hedge funds, mainly due to the fact that the FOHFs manager performs 
regular monitoring, due diligence and the performance evaluation of the funds 
included in the FOHF portfolio. The authors also conclude that the return on FOHF 
usually is less volatile than the volatility of the individual hedge funds. The 
disadvantages the authors observe are mostly linked to the increased fees charged by 
the FOHFs. 
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2.3 Hedge Fund Indices and Investable Hedge Fund Indices 
In the hedge fund industry there are several existing index providers whose indexes 
differ regarding selection criteria’s and method of construction and also, each index 
provider base their data on individual databases covering a variety of hedge funds. 
Gortz, Martellini and Vaissié (2007) describe indices by having two separate 
purposes. First, an index can be used as a benchmark for investments in specific 
instruments or locations, and second, it can be used as an investment vehicle. The 
authors’ claim that indices that act as benchmarks have to be unambiguous, verifiable, 
accountable and representative. Concerning investable indices, they have to involve 
the same features but also be investable.  
 
“So if an investable index doesn’t meet these requirements it should not be classified 

as an investable index but merely instead as a fund of hedge funds.” - Gortz, 
Martellini and Vaissié (2007) 

 
The cited authors observe two potential problems with hedge fund indices. First is the 
problem concerning performance biases in the hedge fund index returns extracted 
from the index provider’s database. In this sense, the index inherits the problems that 
already exist in the database. Performance biases is often related to bad performing 
funds which may stop reporting in their monthly performance to the database, which 
in turn results in a misleading performance history of those funds. This can partly be 
solved by the index providers actively require reporting from the hedge funds. The 
second problem is that the existing indices (particularly investable) are not 
representative of the total hedge fund universe. The authors also discuss existing 
biases that can pose a problem concerning the reliability and validity of the index. The 
first problem observed is that the reporting given by each fund to the index provider is 
voluntary. Since funds can have several different reasons for not reporting, it is hard 
to determine whether or not this “reporting bias” have a positive or negative effect on 
the index performance. Also, the general problem throughout the hedge fund industry, 
transparency, is a problem affecting reliability as well as another problem called 
“style drift”, defined by Lhabitant (2001) as the risk of a change in a funds manager’s 
style. 
 
The third bias is defined as “survivorship bias”. It concerns the quality of the 
historical information and to what extent funds that ceased their activity before the 
index initial date is included in the index performance. The impact of this bias can 
differ largely between indices. A bias that makes it hard to compare the performance 
between indices is the “selection bias”. Selection bias is based on the indices different 
selection criteria’s, which can result in a skew representation between different 
management styles. These several biases make it questionable whether or not hedge 
fund indices are a good measure of the performance in the hedge fund industry. 
(Gortz, Martellini and Vaissié (2007)) 
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Amenc and Goltz (2008) claims that other indices including equity indices, may 
suffer the same types of problems and so rejecting only hedge fund indices would be 
an act of inconsistency. The authors also conclude, and which is important in the 
essence of this thesis, that although they observe several problems with hedge fund 
indices they also find several solutions that make it possible to construct a truly 
representative investable hedge fund index. The solutions include the following: 
 

• Transparency of the method 
• A methodology that guarantees a high degree of representativeness as well as 

precise classification of components (such as factor analysis) 
• Minimum liquidity of the indices 
• Investability of the index components 
• Prohibition of practices such as backfilling 
• Information on risk factor exposure. 

 

2.4 SIX Harcourt HFXS Index 
HFXS is an all-Swedish hedge fund index created by Harcourt and SIX. It exist in 
two forms, equally weighted (HFXSew) and asset weighted (HFXSaw) in which both 
contains data from 2001 and onwards and where HFXSaw were the one used in this 
case study. During the creation of HFXS, a large emphasis was given to provide a 
high level of reliability and validity. This has been generated through high demands 
on the hedge funds in order to get included in HFXS. Harcourt has also, since the 
inception of the index, had a complete overview of the entire Swedish hedge fund 
population and hence also funds that has been closed. This eliminates the risk of the 
so-called survivor-ship bias presented earlier.  
 
The data of the hedge funds included in the index are collected manually; hence 
HFXS eliminate the risk of performance biases as well as selection bias. Also, 
Harcourt has stated a few criteria’s to be fulfilled by the hedge funds in order to be 
included in HFXS. Amongst these criteria’s are: 
 

• At least six month track record 
• Minimum asset under management (AUM) of 50 MSEK. 
• The hedge fund must be registered in Sweden and hence act under the 

Swedish Financial Supervisory Authority 
 
In relation to the biases held by international indices, HFXS can be seen as a good 
representation of the Swedish hedge fund industry.  
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3. Theoretical Method 

3.1 Choice of Subject 
Based on the discussion made in the first two sections of this thesis it became clear 
that hedge funds are a present subject in the financial industry today. My interest in 
hedge funds has grown larger and larger, starting about one year ago when I wrote my 
bachelor thesis on the subject. This study is based on my internship at Harcourt 
Investment Consulting where I worked with the optimization process of HFXS. Based 
on the work I made at Harcourt I decided to elaborate on the subject in order to 
generate a more complete research. Since I also have a large interest in investment 
theory and portfolio theory, it became quite natural to analyse the optimized HFXS in 
a portfolio context.  
 
Also, since the knowledge about hedge funds is quite limited this study may increase 
the investor’s awareness of the effect of using hedge funds as an investment vehicle. 
The lack of previous studies made on the Swedish hedge fund market also increased 
my curiosity and the relevance of the subject.  
  

3.2 Author Background and Prior Knowledge 
I have been studying finance at both intermediate and advanced level at Umeå School 
of Business (USBE). I have also studied basic economics and other courses that aren’t 
as relevant in regard to the subject. Throughout my studies I have vastly increased my 
interest for financial markets and products. I have for example been active in USBE’s 
student association’s “Finance Group” where we employed simplistic portfolio theory 
when administrating a fund portfolio. My interest for the subject resulted in an 
internship at Harcourt Investment Consulting in Stockholm, which also became the 
incubator of this thesis.  
 
According to Johannessen and Tufte (2003, p.26), one’s preconceptions are based on 
experience and research-based knowledge. Johansson-Lindfors (1993, p.76) divide 
preconception into two parts, theoretical and practical. My theoretical prior 
knowledge and preconceptions has mainly been obtained through studies in the area 
of business and economics at USBE where several courses have dealt with portfolio 
theory and portfolio optimization. I also have basic knowledge in statistics, which has 
helped in the understanding of some of the more complex theories.  
 
The practical knowledge has mainly been obtained through the internship at Harcourt 
and the case study made where I received a more in-depth knowledge of the research 
field. The prior knowledge has naturally affected the choice of theories and 
performance measures, although with the extensive research made, it is not likely that 
the prior knowledge has negatively biased the collection of theories in a major way. 
The part of the thesis consisting of results and analysis has been even less affected by 
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my preconceptions since these are made with quantitative data using mathematical 
formulas and are therefore not affected by subjective factors. 
 

3.3 Research Philosophy and Scientific Approach 
In order to further increase the reader’s understanding of the thesis, this section has 
been added in purpose of explaining my view of knowledge and to explain the 
scientific approach employed throughout the study. Epistemology, which is described 
as the way reality should be studied can often be separated into two forms; positivistic 
and heuristic. (Bryman and Bell (2005, p.27-34)) 
 
Since one of the aims of this thesis is to analyze and investigate the effect of including 
a replicated hedge fund index into a portfolio consisting of equity and a risk-free asset 
using several mathematical performance measures, the study can be classified as 
mainly positivistic. Much since the use of mathematical formulas limits the author’s 
ability of subjective analysis and interpretation. Also, based on the hard data used and 
the concreteness in the analyzed factors, the study can easily be described as 
quantitative as well as objective in its nature, which both are characteristics of a 
positivistic epistemology.  
 
The positivistic approach is often based on quantitative data and observation with the 
purpose of testing theories (Bryman and Bell, (2005, p.26-28)). Johansson-Lindfors 
(1993, p.45)) claims that a study based on a positivistic approach doesn’t leave much 
room for the author’s own interpretations and opinions and is therefore more 
objective. 
 
It is quite hard to give a clear explanation of the approach used regarding the relation 
between theory and practice (data/empirie). The relationship can either be explained 
as deductive or inductive, where a deductive approach often is characterized as using 
existing theories in order to test empirical research. In an inductive approach, 
empirical research is used for generating new theories. (Bryman and Bell (2005, p.23-
26)). This study is based on a two-step process, where the optimization process is one 
part and the analysis of the effect of including the optimized hedge fund index in an 
investor’s portfolio is the second part. Both parts are based on existing theories, which 
are used in order to investigate these two areas. Figure 3.1 illustrates the relationship 
between theory and practice and is presented in purpose of increasing the reader’s 
ability to grasp the surrounding discussion. The theories are the base of the study, 
upon which both the risk-adjusted performance evaluation and the case-study/ 
optimization is based. These two lay the foundation for the analysis and conclusion, 
where I connect the results from the risk-adjusted performance evaluation and the 
case-study/ optimization with the existing theories. 
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A description of the approach could be that it mainly has the characteristics of the 
deductive approach since the analysis of the data is based on already existing theories 
and knowledge about portfolio optimization and portfolio evaluation and hence aims 
to complete the theoretical area of portfolio theory in regard to hedge funds. Also, the 
optimization that has been made is based upon existing theories of portfolio 
optimization, which mainly adds knowledge to the existing theories. 
 
Figure 3.12 – Relationship between Theory and Practice 

 
 
The aim of this paper can therefore be described as providing objective results in 
combination with describing the optimization process in regard to Swedish hedge 
funds and hence add research to the existing theories that will help develop the 
research field even further. Therefore I have chosen to describe the approach as 
mostly deductive.  
 

3.4 Research Design 
Based on this study’s relatively deductive approach and its positivistic orientation, 
one can observe several objectives that this thesis aims to fulfil. First of all, this study 
has a descriptive part providing background information about hedge funds, portfolio 
theory and such. Secondly it takes the form of a case study based on the actual 
optimization made, which is unique in its kind. Thirdly, and which is based on the 
previous two objectives, it has a normative objective. This can be explained by the 
fact that the analysis is based on the descriptive part combined with the results of the 
case study that in turn provides information whether or not a replicated index based 
on Swedish hedge funds should be included in an investor’s portfolio. 
 
 
 

                                                 
2 Author’s construction 
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3.5 Perspective 
According to Johannessen and Tufte (2003, p.32-33), when conducting a study one 
can often choose between several different perspectives. The choice will be of large 
importance in terms of the discoveries made throughout the study. The choice can be 
based on the researcher’s background as well as the interests in focus when making 
the study. This study can be characterized as having a micro perspective, which the 
authors describe as a study focused on a limited area in a larger research field. Based 
on the earlier explained research design, one can divide the micro perspective of this 
thesis into two parts. First is the descriptive part explaining the optimization process, 
which is most relevant for people and researchers active in the area of portfolio 
optimization and may be too complex for the regular investor. The second perspective 
is based on the analysis made through the use of traditional portfolio theory in order 
to conclude whether or not an optimized replicated portfolio based on Swedish hedge 
funds is a good complement to an investor’s portfolio. The analysis is most useful for 
investor’s and hence can be described as an “investor perspective”. 
 

3.6 Research Method  
When conducting a study in social science two separate methods can be used. These 
two are qualitative and quantitative and where the choice of method should be based 
on the research questions and the purpose of the study. (Holme and Solvang (1997, 
p.13-14)). Based on the absence of both interviews and surveys as well as the sole use 
of mathematical formulas and hard data, this study can be classified as quantitative. 
The authors characterize a quantitative study as the researcher being selective, formal 
and structured. These characteristics have been fulfilled throughout the making of the 
study, which strengthens the view of this study using a quantitative method.  
 
Also, the somewhat deductive approach combined with a positivistic epistemology 
used throughout the study further strengthens the statement that this study uses a 
quantitative approach. This since deductivism and objectivism often characterize a 
quantitative methodology (Bryman and Bell (2005, p.85)).  
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4. Theoretical Framework  
 
I will in this chapter present the standard theories as well as several completing 
concepts for making portfolio choices and I will start by describing the restrictions 
meet by an investor. I will continue by presenting the investors preferences and 
finally combine them in order to find the most optimized solution. One of the 
problems faced by an investor is how to make the optimal portfolio choice. The 
problem can be divided into several steps, using different theories and starting with 
what is often referred to as, “the feasible set”. This is the total set of points that 
corresponds to different portfolios. Though, not all of these portfolios are efficient 
which results in the need for some sort of optimization of the total feasible set. This 
optimization is often constructed with the use of Markowitz mean-variance approach 
in order to find, what is called, “the efficient set”. The efficient set is the collection of 
efficient portfolios in the feasible set that provides the best mean-variance 
combinations for most investors. I will also describe the effect of an investors risk 
aversion and different utility functions.  
 
Figure 4.13 – Compilation of Concepts 

The Feasible Set 

The Mean‐
variance Set and 
Efficient Frontier 

The Markowitz 
Model 

 

Risk aversion and 
Utility 

Diversification 

The efficient 
”optimized” portfolio

 
 
The theories mentioned above are crucial in order to understand the optimization 
process as well as the effect of including a hedge fund as an available investment 
vehicle. Figure 4.1 above illustrates the development of the efficient portfolio using 
several concepts, which all will be explained throughout this chapter. By 
incorporating the theories and concepts mentioned above we will be able to show how 
the addition of hedge funds will alter the portfolio set but we will not be able to 
evaluate the effect on risk and performance. In order to do this we have to use several 
performance measures. These measures will be presented in the later sections of this 
chapter.  

                                                 
3 Author’s construction 
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4.1 Definitions 
In Chapters 4, 6 and 7, I will use the following definitions:  
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where n is the number of assets in a portfolio, i=1…n, wi represent the weight of asset 
i and E(ri) represent the expected return of asset i. 
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where wi represent the weight of asset i, i=1…n, j=1…n, wj represent the weight of 
asset j and Cov(ri,rj) is the covariance between asset i and asset j. 
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where p(s) is the probability of a scenario, ri(s) is the return asset i under scenario (s), 
E(ri) is the expected return of asset i. Describes the covariance between asset i and 
asset j. 
 
 
Skewness7         (4.4) 3

iSkew
σ

3)]([

i

irErE −
=

 
where E(ri) and σi are the mean and standard deviation of asset i. 
 
 
 
Kurtosis8         (4.5) 4
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where E(ri) and σi are the mean and standard deviation of asset i. 3 is subtracted in 
order to generate a normal kurtosis of 0. 

                                                 
4 Bodie, Kane and Marcus (2008, p.224)  
5 Bodie, Kane and Marcus (2008, p.225)  
6 Bodie, Kane and Marcus (2008, Appendix) “Useful formulas”  
7 Bodie, Kane and Marcus (2008, p.142)  
8 Bodie, Kane and Marcus (2008, p.143) 
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4.2 The Feasible Set 
In order to understand the feasible set, one have to know that the feasible set are built 
upon the relationship between mean and variance and are therefore plotted in the 
mean-variance diagram.  
 
Figure 4.29 – The Feasible Set in the Mean-variance Diagram 

 
 
Suppose that we have n basic assets and all of these assets can be combined into 
portfolios using every possible weight combination between these assets and that the 
total sum of all weights must sum up to 1, then we have created the feasible set shown 
above. What we can observe in Figure 4.2 is that the feasible set is convex to the left. 
In other words, given any two points in the region or any combination of two assets, 
the line connecting them never cross the left boundary of the total feasible set based 
on the fact that all portfolios of two assets lie on or to the left of the line connecting 
them. In the case when short selling is allowed, as with hedge funds, the feasible set 
will be expanded as shown in Figure 4.3 below. (Luenberger (1998, p.155-156)). 
 
Figure 4.310 – The Feasible Set in the Mean-variance Diagram with Short-selling 
Allowed 

 
 

                                                 
9 Author’s construction – modelled from Luenberger (1998, p.156) 
10 Author’s construction – modelled from Luenberger (1998, p.156) 
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When the feasible set is illustrated as in Figure 4.2, the question arises which 
portfolios in the feasible set an investor should prefer. Naturally, it would be the 
portfolios with the most favourable relationship between risk and return. These 
portfolios correspond to the left boundary of the feasible set and are often referred to 
as the minimum-variance set or the minimum-variance frontier. 
 

4.3 The Minimumvariance Set and the Efficient Frontier 
The minimum-variance set is a well-known term in finance. Suppose that an investor 
has the possibility of combining a certain amount of risky assets into a portfolio, 
which combination of assets would he choose? Bodie, Kane and Marcus (2008, 
p.222-228) divide the problem in several steps. The first step is to determine the risk-
return opportunities available for the investor based on the combination of assets 
available. These combinations are then summarized in, what is called, the minimum-
variance set (see Figure 4.4). It represents “the lowest possible variance that can be 
attained for a given portfolio expected return.” – (Bodie, Kane and Marcus (2008, 
p.222-228)). 
 
Figure 4.411 – Minimum-variance Set 

 
Once we have calculated the expected return, variance and covariance we are able to 
calculate the minimum-variance portfolio for any targeted expected return. When an 
investor has two portfolio choices with the same amount of risk (measured as standard 
deviation) but with different levels of return, the rational investor will choose the 
portfolio that generates the highest return all else equal. Hence, if we observe Figure 
4.4, an investor will only be interested in the portfolios that lie on the minimum-
variance set above the minimum-variance point since these portfolios provides the 
most favorable risk-return relationship. This part of the minimum-variance set is 
therefore referred to as the efficient frontier or the efficient set and is illustrated in 
Figure 4.5. (Luenberger (1998, p.156-157)) 
 
The efficient frontier also shows the ability to minimize the standard deviation while 
at the same time receiving the same, or higher, expected return when diversifying 
between several assets. This is shown by the convexity of the minimum-variance set.  
                                                 
11 Author’s construction – modelled from Luenberger (1998, p.157) 
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Figure 4.512 – Efficient Frontier 

 
At this point we have shown which portfolios in the feasible set a rational investor 
will choose. The problem that we now face is how to calculate and derive these 
efficient portfolios. The method that we will use is the well-known Markowitz model. 
 

4.4 The Markowitz Model 
The Markowitz model or the Markowitz mean-variance approach was first presented 
in 1952 as a rational tool to help direct conclusions concerning portfolio allocation. 
Luenberger (1998, p.6) describe the mean-variance approach as the foundation for the 
most well known method of quantitative portfolio analysis, namely the Markowitz 
model, which is often seen as the basis for modern portfolio theory. One of its 
rudimentary assumptions is that the investor's target is delimited to the trade-off 
between average return and risk assessed by variance of return. Regardless of the 
criticism pointed at Markowitz mean-variance approach, which is presented in section 
4.9, I have still chosen to incorporate it in this thesis. Mainly because of the shortage 
of other optimization theories and since it is the most frequently used theory. Also, 
since many of the performance measures are based upon the mean-variance approach 
it increases its reliability even more. 
 
Since Markowitz’s (1952) article is relatively complex and detailed I have chosen to 
use Stoyanov, Rachev and Fabozzi´s (2007) article “Optimal Financial Portfolios” 
when describing Markowitz mean-variance model. The authors explain the model in 
the following way: Suppose that at time t0 an investor can choose to invest among a 
universe of n assets. He keeps the allocation until time t1 when he is able to revise his 
investment decision based on new available information. The investment decision 
results in a portfolio with composition w = (wi,…,wn)T where wi is the portfolio weight 
corresponding to the ith item.  
 
The total weights of all the assets included in the portfolio sum to one: 

          (4.6) 1
1

=∑
=

n

i
iw

                                                 
12 Author’s construction – modelled from Luenberger (1998, p.157) 
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The formulas used in the Markowitz model are (4.1), (4.2) and (4.3), which are 
combined in purpose of deriving the most efficient portfolio, in regards to the mean 
and variance. Stoyanov, Rachev and Fabozzi´s (2007) summarize the main principles 
behind the Markowitz model in two parts that together define the efficient frontier: 
 

1. “From all feasible portfolios with a given upper bound on σp, find the ones 
that have maximum expected return µp; 

2. From all feasible portfolios with a given lower bound on µp, find the ones that 
have minimum risk σp. 

 
If we again look at Figure 4.4 we can see that when moving upwards on the mean-
variance set, from the minimum-variance point, we will generate a higher return but 
also a higher standard deviation. If we were to move downwards on the mean-
variance set we will generate a lower return but at the same time a higher standard 
deviation. This can be illustrated in Figure 4.6 below.  
 
Suppose that an investor has an upper bound on σp of 20. If the investor is rational and 
therefore choose portfolios on the mean-variance set, the investor got two choices: A 
or B. As shown in figure 4.6, investing in portfolio B will result in an expected return 
of 5 % at a given standard deviation of 20. Investing in portfolio B will, at the same 
given standard deviation (2) yield a return of 15 %. Therefore, in order to fulfill the 
first principle the investor will choose portfolio A.  
 
Figure 4.613 – Example of Principle 1 

 

0

 
Regarding principle two, in order to find the portfolios with the lowest σp for a given 
expected return, then the investor simply draw a straight horizontal line from the 
vertical axel at the point corresponding to the given expected return. When the line 
crosses the minimum-variance set, the most efficient portfolio is found, given that 
particular expected return. 
 

                                                 
13 Author’s construction – based on Figure 4.4. 
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So far we have assumed that all assets available for the investors are risky assets, i.e. 
all assets have a σ > 0. When looking at a risk-free asset, since σ = 0, the return is 
known for certain. If we include a risk-free asset in a portfolio it results in the 
possibility of lending or borrowing at the risk-free rate where lending corresponds to 
the risk-free assets as having a positive weight and vice versa for borrowing 
(Luenberger (1988, p.165-166)). In order to further understand the effect of the 
inclusion of the risk-free asset we can turn to Figure 4.7 below. In this figure both 
borrowing and lending at the risk-free rate is allowed which also is the case with 
hedge funds.  
 
Figure 4.714 – The Efficient Set with a Risk-free Asset 

 
The line originating at the risk-free rate and passing through the feasible set of risky 
assets is often called capital allocation line (CAL). The CAL represents all risk-return 
combinations available for an investor. What we strive for is to find the CAL with the 
steepest slope, i.e. the highest reward-to-variability-ratio. This relationship is found 
when the CAL tangents the mean-variance set. The CAL, as shown in Figure 4.7, now 
replaces the efficient set illustrated in Figure 4.5. The point where the CAL tangent 
the mean-variance set is called tangent portfolio (T-portfolio) and is the optimal risky 
portfolio. This optimal risky portfolio can often be defined as the market portfolio and 
which often is characterized by a major index (for example S&P 500). (Bodie, Kane 
and Marcus (2008, p.187, 216-223))  
 
The slope of the CAL represents the increase in the expected return per unit of added 
risk measured as standard deviation. The slope is often called the Sharpe ratio, which 
we will return to later on in section 4.7.1. We have now illustrated that the investor 
should choose portfolios on a straight line between the T-portfolio and the risk-free 
asset but one question still remains: which portfolio on the line, i.e. which 
combination of the risk-free asset and the T-portfolio, should an investor chose? In 
order to answer this question we have to look at the individual investor’s level of risk-
aversion. 

                                                 
14 Author’s construction – modelled from Luenberger (1998, p.166). 
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4.5 Risk Aversion 
The mean-variance methodology has been used to work out what “the market” often 
refers to as the baseline asset allocation: 60% equities and 40% bonds. Thus, if the 
investor's objective is to maximize the return per unit of risk, the investor is able use 
the mean-variance approach for portfolio allocation. This approach is less useful, 
though, if the investor's preference is different from the mean-variance benchmark or 
if the return sequence is not normally distributed, as in the case of hedge funds. (I. 
Popova, Morton, E. Popova and Yau (2007)) 
 
What we will focus on in this section is the investors’ preferences in regards to their 
level of risk aversion. Bodie, Kane and Marcus (2008, p.167) define risk aversion as:  
 
“… a risk-averse investor “penalizes” the expected rate of return of a risky portfolio 

by a certain percentage (or penalizes the expected profit by a dollar amount) to 
account for the risk involved. The greater the risk, the larger the penalty.” 

 
According to Luenberger (1998, p.5), one way that the principle of risk aversion is 
formalized is through the mean-variance analysis. As described above, the uncertainty 
of the return is characterized by two quantities: the mean return and variance of the 
return.  
 
Based on this, the risk aversion principle suggests that if an investor has several 
investment opportunities with the same mean but with different variances, the rational 
(i.e. risk-averse) investor will chose the one with the lowest variance. Another way to 
formalize the risk aversion principle is by the usage of individual utility functions. 
Luenberger (1998, p.228-245) describe a utility function as a function U, defined on 
real numbers that represents possible wealth levels and producing a real value. A 
utility function provides a procedure for ranking random wealth levels and the 
specific utility function used varies among individuals, depending on their level of 
risk aversion. According to Bodie, Kane and Marcus (2008, p.168-172), portfolios 
with a more attractive risk-return profile are characterized by higher utility values. A 
portfolio receives higher utility score for higher expected return and lower utility 
score for higher volatility. This is illustrated by function (4.7) below. 
 
There are many different ways of “scoring”, or determining, the utility level. Bodie 
Kane and Marcus (2008, p.168)) assign a portfolio with an expected return of E(r) and 
a variance of σ 2 the following utility score: 
 

Utility15    2

2
1)( σArEU −=    (4.7) 

 
where U is the utility value, A is an index of the investor’s level of risk aversion and 
                                                 
15 Bodie, Kane and Marcus (2008, p.168) 
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1/2 is only a scaling convention. A risk averse investor has a positive value on the risk 
aversion coefficient (A). The higher the level of risk aversion, the higher is the value 
of A. In contrary, a “risk lover” has a negative A and a risk-neutral investor who only 
judge risky investments by their expected rate of return, has an A=0. (Bodie, Kane 
and Marcus (2008, p.168-169)). 
 
So how does an investor measure the level of risk aversion, (A)? Since the level of 
risk aversion depends mostly on the individual investor’s feelings about risk, and 
hence subjective factors, the measurement is often made by the usage of 
questionnaires, which later are interpreted in order to derive a value of A. The level of 
risk aversion can then be a measure, or guideline, as to which portfolio on the 
efficient set (see Figure 4.7) an investor will invest in. (Bodie, Kane and Marcus 
(2008, p.166-174)) 
 
We have now described the process of choosing an efficient portfolio and how this 
process may differ in terms of individual preferences between investors. Throughout 
the discussion above we have only observed the effect on the feasible set when using 
risky assets (stocks) and a risk-free rate as investable assets. What now remains is to 
show the effect of incorporating hedge funds in a portfolio. But first I will introduce 
you to another very important concept, namely diversification. 

 
4.6 Diversification 
Markowitz (1991) stresses the importance of diversification, which can be seen as a 
way of handling the risk in a portfolio, and for a definition we turn to McWhinney 
(2005). He describes diversification as the process of creating a portfolio that includes 
multiple assets in order to minimize the total portfolio risk. There are several ways of 
diversifying a portfolio. In its simplest form an investor can, instead of investing in 
one stock, split his assets between two stocks or more. Also, the investor can include 
other asset classes, like bonds or cash, in order to increase the diversification effect 
even further. Hedge funds is often seen as a good complement to an investor’s 
portfolio in search of an increased diversification effect, this since hedge funds return 
patterns often are uncorrelated with traditional asset classes (i.e. stocks or mutual 
funds). (Kat (2005)). 
 
As mentioned before, Markowitz portfolio theory uses standard deviation as the 
appropriate risk measure and one is only able to create a diversification effect as long 
as the securities doesn’t have a correlation equal to 1. On the contrary, if the securities 
show a perfectly negative correlation, i.e. a correlation of -1, the portfolio risk can be 
eliminated completely. Based on this, one can draw the conclusion that a lower 
correlation between the assets yields a higher diversification benefit. (Bodie, Kane 
and Marcus (2008, p.229-230)). 
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When observing the formulas (4.1), (4.2) and (4.3) in section 4.1, we can conclude 
that the diversification benefit arises from the covariance between the assets in the 
portfolio. The covariance is a measure of how the prices of one or several assets move 
in relation to each other. If we are to elaborate on the risk-subject we can conclude 
that the risk that we are able diversify away is called the nonsystematic risk (can also 
be called unique or firm-specific risk). In contrast, the market risk or systematic risk 
cannot be diversified away since this type of risk affects all companies equally. 
(Bodie, Kane and Marcus (2008, p.206)).  
 
The importance of this theory is based on the analysis that will be made later on in 
this thesis. It is also important for the reader in order to fully understand the effect of 
incorporating several assets into a portfolio.   
 

4.7 Performance Measures 
Since one of the aims of this thesis is to answer the question whether or not a 
replicated investable index based on Swedish hedge funds is a good complement to an 
investor’s portfolio, different performance measures have to be used. I have chosen to 
use one of the most well known measures in order to make the comparison easy to 
interpret. I will also use several alternative performance measures described in section 
4.10. 

 
4.7.1 Sharpe Ratio 
The Sharpe ratio can also be referred to as the “reward-to-variability”-ratio (R/V-
ratio) and is a measure of the risk-adjusted performance. Sharpe (1966) first presented 
the measure in his article “Mutual Fund Performance” where he evaluated the 
performance of 34 mutual funds between 1954-1963. In his article he concludes that 
the R/V-ratio is a: 
 

“… simple yet theoretically meaningful measure that considers both average return 
and risk.” 

 
The Sharpe ratio measures the return in relationship to the risk defined as the standard 
deviation of the portfolio returns. The numerator of the R/V-ratio, namely the reward, 
shows the difference between the evaluated asset’s annual return and the “pure” 
interest rate and can therefore be defined as the reward given to the investor for taking 
on risk. The nominator shows the risk faced by the investor measured as standard 
deviation. In short, the ratio presents the reward given for an additional unit of risk. 
(Sharpe (1966)). The relationship can be shown in Figure 4.8 above, where the Sharpe 
ratio is illustrated by the slope of the “New efficient set”.  
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The Sharpe ratio of a portfolio can be calculated as follows: 
 

Sharpe ratio16   
p

fp
p

rrE
S

σ
−

=
)(

   (4.9) 

 
where E(rp) is the return of the portfolio, rf the risk-free rate and σp is the risk of the 
portfolio measured as standard deviation (Bodie, Kane & Marcus (2008, p.219)).  
 
The portfolio that generates the highest Sharpe ratio, hence the steepest slope on the 
CAL, is the portfolio with the most favourable relationship between risk and return 
and should therefore be preferred by the investor.  
 

4.8 Skewness and Kurtosis 
I have previously touched upon these terms and as they are crucial in the 
understanding of several performance measures and how they are applicable to hedge 
funds I will now give a more thorough presentation. I. Popova, Morton, E. Popova 
and Yau (2007) claims that return distributions of ordinary asset classes, for example, 
equities and bonds, have been studied rigorously. Previous studies suggest that 
traditional asset return sequences are close to normal, and can therefore be well 
characterized simply by their mean and standard deviation.  
 
According to Amin and Kat (2003) and Lo (2001), in contrast to normal asset classes, 
hedge funds in general have abnormal return distributions characterized by significant 
negative skewness and excess kurtosis and since the mean-variance method does not 
take in to consideration these higher moments of the return distribution, it fails to 
provide comfort to risk-averse investors who are worried about these large 
movements. In short, mean-variance models penalize funds that occasionally have 
shocks on the upside while underestimating the risk of the capital that have 
asymmetric downside risk. Even though it is well known that hedge fund returns are 
not normally distributed, many investors still use the mean-variance optimization 
approach. Also, Cremers, Kritzman and Page (2005) conclude that: “the mean-
variance optimization performs extremely well for investors with log wealth utility.17” 
They obtain this result despite the non-normal returns linked to hedge funds. 
 
What is interesting is the report given by Amenc, Giraud, Martellini and Vaissie 
(2004) where they conclude that 84 % of European multimanager funds consider 
volatility, measured as standard deviation, to be of great concern of their clients. They 
also conclude that 82 % consider the Sharpe ratio as an important measure whilst only 

                                                 
16 Bodie, Kane & Marcus (2008, p.219) 
17 A log wealth utility function assumes that an investor prefer to expose the same proportion of their                  
wealth to risk, indifferent to the level of wealth. It can also be described as having a “constant relative 
risk aversion.” 

27 



Sundqvist (2009) 

2 % of the managers pay notice to skewness and kurtosis. I. Popova, Morton, E. 
Popova and Yau (2007) concludes that it is the combination of higher observed return 
and lower observed standard deviation that is the main driver concerning the 
allocation to hedge funds in the mean-variance approach since this combination 
results in a higher Sharpe ratio. This can result in, if ignoring the skewness and 
kurtosis that mean-variance models tend to over-allocate to hedge funds.  
 
As we now know, hedge funds are often characterized by non-normal performance 
distributions. According to Eling (2006, p.36), this phenomenon can mostly be 
explained by the hedge funds trading instruments and in particular derivatives, which 
produces an asymmetric return distribution that can be described as having “fat tails”. 
As a result, the return distributions can more correctly be described by looking at 
what is called the third and fourth moment or skewness and kurtosis. Scott and 
Horvath (1980) showed that under weak assumptions with respect to investors utility 
functions, an investor prefer high mean and skewness (first and third moment) and 
low standard deviation and kurtosis (second and fourth moment).  
 
Figure 4.818 – Normal, Positive and Negative Skewness 

 
 
Malkiel and Saha (2005) describe high skewness as an implication of the return-
distribution being asymmetrical, where the mean return is greater than the median 
return. They describe kurtosis as measuring the size of the tails of the return 
distribution. High kurtosis is an indication of that the distribution has fat tails. Bodie, 
Kane and Marcus (2008, p.143) describe fat tails as a larger probability of returns 
ending up in the tails compared to a normal distribution and conversely less 
probability that the returns end up in the center of the distribution curve.  
 
The authors also describe the effect of both positive and negative skewness and 
kurtosis. Positive skewness indicates that the standard deviation will overestimate 
risk, because positive deviations from the expected return also increase the estimate of 
volatility. A negatively skewed distribution has a larger importance since it results in 
the standard deviation underestimating the risk.  
 
 
 
 
                                                 
18 Author’s construction – modelled from Holme and Solvang (1997, p.217) 
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Figure 4.919 – Normal, Positive and Negative Kurtosis 

 
The effect of a positive kurtosis is an underestimation of extreme events (both losses 
and gains). See Figures 4.8 and 4.9 for illustrations. When calculating skewness and 
kurtosis, it can be held in relation to a normal distribution that holds a skewness of 0 
and a kurtosis of 3. To make the value of the kurtosis easier to interpret, we can 
subtract 3, as shown in the kurtosis formula (4.5). 
 
As described before, hedge funds often suffer non-normal return distributions and 
since most of the performance measures assume a normal distribution and also mostly 
focus on the first two moments they often underestimate the risk linked to hedge 
funds.  

 
4.9 Portfolio Theory Applied to Hedge Funds 
Several researches have shown the effect of adding hedge funds into a traditional 
portfolio consisting of stocks and bonds. Amin and Kat (2003) perform a traditional 
mean-variance optimization. The traditional mean-variance optimization is made in 
two versions: one with stocks and bonds and one with stocks, bonds and hedge funds 
as investable asset classes. The authors conclude that, using a traditional mean-
variance optimization, replacing bonds with hedge funds substantially increases the 
expected return without adding additional standard deviation. An investor can also 
invest increase his/her allocation to hedge funds in order to decrease the standard 
deviation for a given expected return. 
 
The authors also describe the change in allocation between stocks and bonds when 
moving along the efficient frontier. An upward movement on the efficient frontier 
creates an exchange of bonds for stocks since stocks have both higher return as well 
as higher standard deviation. The authors also look at the effect on skewness and 
kurtosis where they observe that the skewness of the return distribution drops in an 
almost linear manner. This is because the return pattern on stocks is more skewed 
than that on bonds. The kurtosis remains fairly unchanged.  
 
Next, the authors add hedge funds to the portfolio, starting with an allocation of 50% 
in bonds and 50% in hedge funds. When making an upward movement along the 
efficient frontier, bonds are exchanged for stock whilst the allocation towards hedge 
funds remains more or less unchanged. An interesting effect is that the skewness no 
                                                 
19 Author’s construction – modelled from Bodie, Kane and Marcus (2008, p.144) 
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longer drops in a linear fashion. The lowest skewness level is created when 0% is 
allocated to bonds and with 45% allocated to stocks and 55% towards hedge funds. 
When exchanging hedge funds for stock, the level of skewness rises again. Also, the 
authors observe the same effect regarding kurtosis.  
 
Concerning the traditional mean-variance optimization the authors conclude that 
introducing hedge funds in a portfolio consisting of bonds and stocks allows for a 
desirable effect in the risk-return relationship as described above. Second, and more 
important, the level of skewness drops which emphasize that the improvement in the 
risk-return relationship is created through the acceptance of a larger probability of a 
relatively large loss. The authors also concludes that when incorporating hedge funds 
to a portfolio set, the investor is able to modify the risk-return characteristics of the 
portfolio but if the result is more attractive or not is for the individual investor to 
decide. 
 
So far, the theories described have mainly focused on the optimization process and its 
importance. In the following section I will focus more on how to measure the effect of 
adding hedge funds into a portfolio with the use of several alternative performance 
measures  

 
4.10 Alternative Performance Measures 
Ever since Markowitz (1952) introduced his mean-variance approach (portfolio 
theory), standard deviation has been seen as the main risk measure. The model was 
mainly devised for long-only portfolios and is therefore based on the assumptions that 
an investor’s utility is a function of expected return and standard deviation. This 
results in a model unaffected by higher moments, as skewness and kurtosis. As 
mentioned earlier, this is one of the reasons to why measures using standard deviation 
as risk measure are not valid when evaluating hedge funds.  
 
Since the demise of LTCM in August 1998, risk management in the hedge fund 
industry has focused more on downside risk as well as risk-adjusted performance 
measures. Edwards (1999) address the problem with using traditional risk-adjusted 
performance measures, especially the Sharpe ratio, and stresses that the risk might not 
be correctly incorporated when using this measure.  
 
I have in section 4.8 presented an in-depth description concerning hedge fund returns 
skewness and kurtosis and how these characteristics make traditional measures less 
useful. This is a well-known problem when evaluating hedge funds and Kat (2003), 
among others, address the problem and claim that modern portfolio theory is too 
simplistic to handle hedge funds. He also mentions that the Sharpe ratio and other 
traditional measures using standard deviation as risk-measure might give misleading 
results when analyzing hedge fund investments.  
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The previous discussion calls for other risk- and performance measures. The most 
well-known, and also the ones I will use in my analysis, is presented below. 
 

4.10.1 Downside Deviation 
Suppose that there exists a minimum rate of return in order to accomplish some sort 
of goal. Let’s say that the minimum return is 0, since most investors are averse against 
losses. The minimum return is often defined as minimal acceptable return (MAR). If 
MAR=0, then any return below 0 will produce unfavorable outcomes and vice versa. 
If we assume that most investors define risk as a change in an unfavorable direction, 
then returns below MAR are associated with risk. (Sortino and Price (1994))  
 
As we know by now, standard deviation measures risk as the movements on both side 
of the mean and can therefore not separate “good volatility” from “bad volatility”. If 
we connect this description to the MAR, the standard deviation considers two 
investments equally risky, even if one of the investments only has volatility above 
MAR whilst the other has volatility below MAR. Sortino and Price (1994) refer to the 
risk being below MAR as the downside deviation (DD). Downside deviation is the 
square root of the downside variance, which is defined by Mukherji (2003) in the 
following way: 
 
Downside variance  DV =V <TV (TV −Vh )2 /(H −1)∑   (4.14) 

 
where Vh is the real value of the investment at the end of holding period h, and H is 
the total number of holding periods used to calculate the DV. TV is the minimum 
target value or MAR. We can simply interpret the DD as the measure of the risk of 
not achieving a MAR 
 
Sortino and Price (1994) state the following:  
 
“Performance is not just a matter of who got the highest return, or who took the least 

risk, but a question of who provides the best risk-adjusted return.” 
 
The most well known reward-to-variability ratio is the Sharpe ratio described earlier. 
As we now know, the Sharpe ratio uses the difference between the portfolio return 
and the risk-free rate as the numerator and standard deviation as the denominator. A 
similar reward-to-variability ratio was presented by Sortino and Price (1994) and has 
come to be called the Sortino ratio  
 

4.10.2 Sortino Ratio 
As mentioned before, the traditional performance measures do not take skewness and 
kurtosis into account and hence could be less useful when evaluating hedge fund 
performance. In this case, the Sortino ratio is preferred as it measures risk as the 
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underperformance in relation to a predefined benchmark and compensates those 
managers who have a positively skewed distribution of alpha (α) with an increased 
performance measure (Chaudhry and Johnson (2008)).  
 
The Sortino ratio, first presented by Sortino and Price (1994), has a lot in common 
with the previously described Sharpe ratio but with one major difference, namely that 
the Sortino ratio acknowledge that not all deviations from the mean is unacceptable 
but instead one should focus on the negative deviations. The numerator of the Sortino 
ratio is the difference between the return on the portfolio and the MAR and the 
denominator for the Sortino ratio is the downside deviation described in section 
4.10.1 above. The Sortino ratio can be defined as: 
 

Sortino Ratio    
DD
α

=      (4.15)  

  
where α  is the average return over the designated benchmark and DD is the 
downside deviation evaluated for Minimum Acceptable Return (MAR) =0. The 
Sortino ratio simply indicates how much excess return above the MAR that is 
received for taking on the risk of not achieving the MAR. 

 
4.10.3 Omega Ratio 
In an article written by Shadwick and Keating (2002), they present a new measure of 
performance that they refer to as Omega. According to the authors, the Omega 
measure was developed in order to master the unsuitability of several traditional 
performance measures based on the problem with non-normal return distributions 
presented earlier. Omega has the capability of taking the entire return distribution into 
account. The authors define Omega as: 
 

Omega   Ω(L) =
∫
L

b
1− F(r)[ ]dr

∫
a

L
F(r)dr

    (4.16) 

 
where r is the random one-period rate of return on an investment, F(y)=Pr{x < y} is 
the cumulative distribution of the one-period return, L is a threshold selected by the 
investor and (a,b) represent the upper and lower bounds of the return distribution 
respectively. Simply put, the Omega ratio is the weighted “gain-to-loss” ratio in 
relation to a targeted return level, which can also be defined as MAR. 
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5. Practical Method 

5.1 Collection of Secondary Sources 
Since Chapters 2 and 4 can be characterized as having a descriptive nature, the main 
method for describing the subject and the several theories involves the collection of 
information from both books and articles. Secondary sources, such as articles and 
other research are seen as trustable sources since they often are reviewed several 
times before publishing. (Ejvegård (2003, p.18). The secondary sources used have 
created the theoretical foundation that this thesis is based upon. When searching for 
literature in form of books I used the online library (ALBUM) at Umeå University 
and used the search terms described in table 6.1 below.  
 
When searching for articles I mainly used the databases Business Source Premier 
(EBSCO) and Emerald, with the delimitations of “full text” and “peer reviewed”. The 
search terms used are accounted for in table 6.1 below. My supervisor also provided 
me with some literature. I made a first weeding by sorting the articles by relevance 
and I then read the first 50-100 titles/headlines.  
 
Table 5.120 – Search Terms and Number of Hits 

Database 
Business Source Premier 
(EBSCO)21 Emerald22 

Search term  Number of hits  Number of hits 
Hedge funds 978 579 
Investable indices 9 16 
Fund of hedge funds 978 336 
Portfolio optimization 580 489 
Portfolio theory 2477 4942 
Mean-variance 2763 515 
Markowitz model 177 177 
Performance measures 5353 29462 
Risk measures 2811 17256 
Hedge fund performance 192 257 
Portfolio diversification 993 1396 
Optimal portfolios 1250 610 
Sharpe ratio 163 291 
Sortino ratio 10 7 
Skewness 509 635 
Kurtosis 236 395 

 

                                                 
20 Author’s construction 
21 The number of hits is presented after the limitations “Full text” and “Peer reviewed” had been used. 
22 The number of hits presented is limited to journals. 
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The next step was to read the abstract of the most relevant ones, which in turn resulted 
in my final choice of articles that were used in the making of this thesis. I also used 
several search terms integrated with each other in order to narrow down the number 
of hits to the most relevant ones. Beyond the use of the databases mentioned above, I 
also searched for the similar search terms at Google.com. This in order to understand 
the scope of the subject and to be able to find articles which could support the 
topicality and the relevance of the subject. 
 
Since the area of portfolio theory and portfolio optimization is quite large, I have had 
no major issues in the process of finding articles or other literature on the subject. In 
summary, I believe that with the immense number of sources used in this thesis I have 
been able to receive a good enough picture of the research field. 
 

5.2 Critics to Secondary Sources 
The articles used are mainly scientific articles that have been obtained from well-
known databases. I also used the limitation that all articles would have to be peer 
reviewed. I have tried to use as new articles and research as possible, though most of 
the theories are quite old but since these theories still are applied in practice and have 
not changed in any major way I find them most relevant in this thesis. In order to try 
and stay as objective as possible in the making of this thesis I have collected material 
that both support as well as discard different theories in order to give the reader as 
complete picture as possible. This is important in order to minimize the skewness in 
the material (Patel and Davidson (1994, p.56)). Also, since the subject investigated 
can be seen as reasonably objective in its nature, I see no major issue concerning the 
objectiveness in the previous research.  
 
I have a strong belief that the credibility of the secondary sources can be seen as high. 
This since most of the articles is written by well known, recognized 
researchers/authors in their separate fields. Several authors are also founders of many 
of the theories used throughout this thesis and hence hold a large knowledge of the 
research field. Jacobsen (2002, p.210) stress the importance of evaluating the quality 
of the sources and writes that the evaluation can be made by judging the knowledge 
and competence of the information’s author. Based on the discussion above, I am in 
strong belief that the sources used in this thesis are of high quality. 
 
The internet sources used, mainly in the first chapter, are mostly in purpose of 
showing on the actuality as well as engage the reader in the subject. I am fully aware 
of that internet sources must be looked at with a critical eye since the insecurity of the 
accuracy is larger due to the smaller degree of control. This is one of the reasons to 
why I haven’t used internet sources in my theoretical framework and I therefore 
believe that I have largely limited the negative influence internet sources may have on 
the credibility of this thesis. 
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5.3 The Empirical Part 
The empirical section of this study (mainly Chapters 6 and 7), where the results and 
an analysis of the hedge funds role in an investor’s portfolio are presented is to a large 
extent based on quantitative data. The historical performance of the Swedish hedge 
funds has been extracted from Harcourt’s Nordic Database. I collected data on all 
hedge funds included in HFXS in order to be able to develop the replicated portfolio.  
 
The creation of portfolios, the optimization procedure as well as the portfolio analysis 
was made with Microsoft® Excel, where the first two was made solely with 
Harcourt’s internal Excel-based applications (Portfolio Proposal Machine and several 
statistics sheets). The portfolio analysis was a combination of Harcourt’s Excel-
applications as well as self-made Excel analysis. (For a complete review of the steps 
in the optimization process, see Appendix). When calculating a few of the measures, 
for example the Sharpe ratio, I receive slightly different results from my manual 
calculation compared to the calculation made by Excel. I have controlled the formulas 
used by Excel and concluded that they are correct. Therefore, I have drawn the 
conclusion that the difference is due to rounding errors. 
 
The presentation of the results as well as the analysis is made largely with the use of 
tables and figures in order to simplify the ability of understanding the measurements 
and comparison between the several portfolios. According to Backman (1998, p.82), 
the use of tables often produces a lucid picture of a larger amount of data. Backman 
(1998, p.89) also stress, that the use of figures gives the ability of presenting a clear 
picture of the data. The author also mentions that figures may easily give a misleading 
result and hence I have been very thorough when creating all figures as well as tables. 

 
5.3.1 The Portfolio Proposal Machine 
The Portfolio Proposal Machine (PPM) is built on the Markowitz model presented in 
section 4.4 and the actual optimization is based on the Goldfarb-Idnani method. 
Goldfarb and Idnani (1983) developed an efficient and numerically stable dual 
algorithm for positive definite quadratic programming. Their method is very complex 
and for further information I refer to their article “A numerically stable dual method 
for solving strictly convex quadratic programs” where their method is derived.  
 
Incorporated in the PPM is also a form of diversification factor in order for the 
optimization to allocate more evenly between the hedge funds. This factor is similar 
to what is called “the Hirschman Herfindahl Index” (HHI) which is a form of 
concentration index (Tabner (2007)). 
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If we modify Tabner’s (2007) description of the HHI, we explain it from a hedge fund 
perspective as follows: 
 

HHI         (5.1) ∑
=

=
N

i
iwHHI

1

2

 
where  is hedge fund i:s part of the index and N is the number of hedge funds in the 
index. Hence if there are two hedge funds in the index, both which make up 50% 
each, then the HHI equals 0.502 + 0.502 = ½. HHI makes it possible for PPM to create 
a more evenly spread optimization.  

iw

 
With the purpose of analyzing the effect of the HHI-factor on both return and 
correlation I created several optimizations excluding the HHI-factor. These 
optimizations produced inferior results in terms of return as well as correlation 
compared to when the HHI-factor was activated, which validates the use of HHI in 
PPM.  
 
Finally, I have chosen to present PPM’s objective function as well as its constraints: 
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Another constraint used is that the correlation must be equal to or lower than 0.9, but 
since this constraint is manually applied and not a part of PPM I have chosen to 
present is separately. 
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5.3.2 Benchmarks 
In order to analyse the effect of adding hedge funds to a traditional portfolio we have 
to use some sort of benchmarks that represents the equity part of the portfolio as well 
as the risk-free part. Regarding the equity part, I have chosen to use the Swedish 
equity index SIXRX. SIXRX is created so as to represent the development of 
companies listed on the Stockholm Stock Exchange. It also takes into account the 
dividends paid out to the shareholders. (SIX.se, retrieved 2009-05-05). Regarding the 
risk-free part I have chosen to use a Swedish “statsskuldväxel” (T-bill) called SSVX 
90-days, since I only analyze Swedish hedge funds. The reason why SSVX 90-days 
were chosen is because most of the Swedish hedge funds use this as a benchmark 
when calculating fees. The benchmarks used are presented in Table 5.2 below. 
 
Table 5.2 – Benchmark Presentation 

Benchmark Representation 
SSVX 90-days The performance of Swedish T-bills with a maturity of 90 days. 
SIXRX The performance of Stockholm Stock Exchange 
HFXS The performance of Swedish hedge funds 
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6. Results 
6.1 Results from the Case Study 

6.1.1 Theoretical Complications 
As mentioned before, one of the aims of this thesis was to describe how one can 
optimize an index. During my weeks at Harcourt Investment Consulting I tried to 
tackle this problem and I will in this section present my results. One have to be aware 
that there are several problems faced by “the optimizer” and one of the problems 
unique for this optimization is the demand for maintained correlation with the original 
portfolio. In a normal optimization, we can simply let a computer program optimize 
the portfolio until it reaches the highest Sharpe ratio, lowest standard deviation or a 
parameter of choice. One of the large differences with this optimization is that it is 
made with the intention of replicating an index, and in order to replicate an index we 
have to maintain a high level of correlation, otherwise it would not be a replication in 
its true sense. As mentioned in Chapter 1, section 1.3, I have chosen to define high 
correlation as when the correlation coefficient is . A correlation of 0,9 is also 
used by Bhattacharya and Kanjilal (2000) as a definition of very high correlation, 
which validates my choice of this level. The demand for high correlation limits the 
optimization, which may result in a lower optimization effect if compared to a 
traditional optimization without any constraints on correlation.  

9,0≥

 
Furthermore, and in order to show the truthfulness of this study, we have to carry out 
a large number of optimizations in purpose of validating the results. Also, the 
limitations on the amount of data may create difficulties in the validation process. The 
Nordic database reaches back to December 2000, which may well be enough data for 
statistic significance though one problem is that during the period December 2000 and 
December 2002, there are only around 10 hedge funds in the total index. Therefore I 
chose to start the optimization at the end February 2003, due to the fact that an 
acceptable number of hedge funds (in this case 15) were contributing to the index. 
Also, based on the “out-of-sample” discussion held below, since we implement the 
data with 1-month delay and we need one year’s historical data, our true initial date 
which will be presented in the results, is 30/04-2004. 
 
Finally is the problem of “out-of-sample optimization”. By this I mean that since the 
data used in the optimization is historical data, the optimization (i.e. the allocation to 
the different hedge funds) will be made based on historical data but historical 
performance is no guarantee for future performance and hence may be very 
misleading. To simplify the explanation we can say that “in-sample” optimization is 
created when we optimize a portfolio with historical performance and implement this 
optimized allocation on the same period as the historical performance is withdrawn.  
 
An “out-of-sample” optimization is created when we optimize a portfolio with 
historical performance and implement this optimized allocation in the period after the 
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period in which the historical performance is withdrawn. An illustration of this is 
shown in Figure 6.1 below where we can observe that in-sample is equal to the period 
of the historical data and out-of-sample is represented by the forthcoming period. 
 
Figure 6.123 – In-sample and Out-of-sample Illustration 

Time

Optimization Date

Historical data/

Optimized data

In-sample Out-of-sample
 

 

6.1.2 Practical Complications 
The practical complications are more related to the implementation of the optimized 
portfolio/index as an investable solution. One of the problems, and probably the 
largest, is the low liquidity. By low liquidity I mean that most Swedish hedge funds 
are traded monthly and some even quarterly. This creates a problem since the 
replicated index has to be traded monthly in order to be attractive to the investors. 
There are several ways of solving this liquidity problem, though they are not in 
relevance for this thesis. Another problem is the large amount of capital needed to 
invest in hedge funds, a few Swedish hedge funds demand up to 1 000 000 SEK. This 
creates issues regarding the capital base of the replicated index, namely how much 
capital that is needed to create this replicated portfolio.  
 

6.1.3 The Parameters Used 
In the process of creating as an effective optimization as possible, I have chosen to 
use several parameters which all are presented below. In order to maintain a high 
correlation we have to use several methods of constraining the optimization in order 
to keep the correlation above 0,9. This has to be done manually since PPM does not 
have the function of making this restriction and due to the time horizon of this study it 
was not possible to incorporate this function in PPM.  
 
The parameters described below have different purposes. Some parameters are used 
solely for practical reasons in order to decrease the number of hedge funds in the 
optimized HFXS, hence decreasing the size of the critical mass (i.e. the lowest 
possible capital base in order to set up the investable index) or to limit the influence 
of hedge funds that are traded quarterly in order to increase the liquidity of the 
investable index. A complete review of the parameters is provided below: 

                                                 
23 Author’s construction 
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• Freedom in the level of re-weightning 
This means that one hedge fund’s allocation in the optimized portfolio maximally 
may consist of the value ))*(( xww + , where w represents the hedge fund’s 
weight in HFXS. Example: If a hedge fund’s weight represent 10% of HFXS and 
we allow a maximum overweight of 40% (as the first optimization below), then the 
formula would look like this: ))4,0*1,0(1,0( + . This would result in that the hedge 
fund’s maximum weight in the optimized portfolio would be 14%. These tests were 
also made with a similar constraint for underweighting. All the following tests 
below are based on this principle. This parameter was used in order to see if a 
greater/smaller overweight/underweight results in a better performance. It was 
also interesting to see the effect on the correlation between HFXS and the 
replicated portfolio.  

 Optimizations made: 
• 0,4 under/over 
• 0,5 under/over 
• 0,6 under/over 

The optimizations showed that 0,6 under/over resulted in the best 
performance. The correlation was kept above 0,9 through all optimizations. 

 
• Quarterly and Monthly optimization 

The optimizations were made both on a quarterly as well as on a monthly basis. 
However, most of the optimizations were made on a quarterly basis since it gave 
the best result. The two optimizations presented below are the ones made on a 
monthly basis; all other optimizations were made on a quarterly basis. The 
purpose of making monthly optimizations was to see if it would have a positive 
effect on performance and/or correlation compared to quarterly optimization. 

 The monthly optimizations made were: 
• 0 under, 0,9 over 
• 0 under, 1,2 over 

1,2 gave the best result between correlation and return. However the result 
was inferior compared to quarterly optimization.  

 
• Different length on historical data 

This means the length of the historical performance of the hedge funds. This 
parameter was used in order to determine the effect of the data’s length on 
correlation and performance.  

 Optimizations made: 
• 3 Month 
• 12 Month 
• 18 Month 

The optimizations showed that 12-month historical data worked best and that 
the correlation didn’t pose any problem. 
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• Signal strength  
By this I mean that different length on historical data receive different impact. For 
example that 3-month data give a larger impact than 12-month data. I refer to this 
as differential period weighting (DPW). These optimizations were made in order 
to see if it was possible to increase performance as well as the correlation in times 
of large trend changes in the performance curve. 

 Optimizations made: 
• 0 under, 0,5 over (DPW 1 (12 month have larger impact)) 
• 0 under, 0,5 over (DPW 2 (3 month have larger impact)) 
• 0 under, 0,5 over (DPW 3 (12 month have extremely large impact)) 

During these optimizations it became clear that DPW 3 (i.e. 12 month have 
extremely large impact) resulted in the best relationship between performance 
and correlation. This result is in-line with earlier optimizations.  

 
• A minimum weight of 1 % 

This parameter implies that each hedge fund given a weight of < 1% in the 
optimized portfolio was automatically given 0 in weight. The optimization was 
then re-made in order to update the weight on the remaining hedge funds. The 
questioning here was which effect this limitation would have on performance and 
correlation. It was also a very important parameter in terms of liquidity and the 
critical mass.  

 The parameter was applied on: 
• 0 under, 0,5 over 
• 0 under, 0,8 over 
• 0 under, 0,9 over 
• 0 under, 1 over 
• 0 under, 1,2 over 
• 0 under, 1,3 over 
• 0 under, 1,4 over 

The parameter resulted in a consistent positive effect on the relationship 
between correlation and performance. 

 
• Allow the optimization to underweight down to zero 

This parameter was developed in order to ease a possible application of the 
optimized portfolio. This since a too large amount of hedge funds in the 
optimization would increase the demand of a large capital base at a possible 
introduction of an investable solution. A big question here was to what extent this 
would affect performance but even more interesting the correlation towards 
HFXS. 

 Optimizations made: 
• 0 under, 0,5 over 
• 0 under, 0,7 over 
• 0 under, 0,8 over 
• 0 under, 0,9 over 
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• 0 under, 1 over 
• 0 under, 1,2 over 
• 0 under, 1,3 over 
• 0 under, 1,4 over 

These optimizations revealed that the span between 0,9-1,3 overweight and 0 
underweight gave the best result. Looking at the relationship between 
correlation and performance, 1,2 gave the best result.  

 
• Random limitations depending on original index weight 

These optimizations were made solely based on the hedge fund’s original weight 
in HFXS. The optimizations were made in order to increase the correlation in the 
optimization since larger hedge funds receive a more limited scope.  

Optimizations made: 
• 0 under, given that the weight in HFXS were < 3. The hedge fund was 

not allowed to overweight with more than ))2,0*( w(w + if the weight 
in HFXS exceed 8%. In other case the optimization was able to move 
in the span 0,5 under/over. 

• 0 under, given that the weight in HFXS were < 3. The hedge fund was 
not allowed to overweight with more than ))5,0*w((w + if the weight 
in HFXS exceed 8%. In other case the optimization was able to move 
in the span 0,9 under/over. 

None of the optimizations gave a noticeable improvement on correlation or 
performance. 

 
• Moving weights due to performance  

This means that in the comparison between the optimized portfolio and HFXS, the 
optimized weights will be updated every month based on the performance of each 
hedge fund previous month. This parameter was used mostly in order to see what 
the performance would look like in a practical implementation. 

This parameter was used on: 
• 0 under, 0,8 over 
• 0 under, 0,9 over 
• 0 under, 1 over 
• 0 under, 1,2 over 
• 0 under, 1,3 over 

This parameter gave a consistent positive result with the greatest effect on 
performance. 

 
• 1-month delay  

This parameter results in that the optimized portfolio is implemented and 
compared with HFXS with 1 month delay. This parameter has a purely practical 
meaning since the implementation, mainly due to the low level of liquidity in 
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hedge funds as well as the administrative delay , only makes it possible to apply 
the optimized allocations earliest one month after the time of the optimization. 

 This parameter was used on: 
• 0 under, 0,5 over 
• 0 under, 0,8 over 
• 0 under, 0,9 over 
• 0 under, 1 over 
• 0 under, 1,2 over 
• 0 under, 1,3 over 
• 0 under, 1,4 over 

This parameter had a large negative effect on both performance and 
correlation. Yet, this parameter is necessary when investigating a potential 
implementation of the optimized portfolio. Also here gave 1,2 the best result 
when observing the relationship between performance and correlation.  

 
• 2-month delay 

Same as the parameter tested above but with an additional month delay. It was 
only used in order to see the effect of an even larger “out-of-sample period”. 

 This parameter was used on: 
• 0 under, 0,8 over 
• 0 under, 0,9 over 
• 0 under, 1 over 
• 0 under, 1,2 over 
• 0 under, 1,4 over 

Generated an even worsened performance and correlation, which is in-line 
with the previous parameter used. 

 
• Quarterly traded funds may have a maximum weight corresponding to that 

in HFXS 
This parameter was tested in order to punish quarterly traded funds since they 
create practical liquidity problems at an implementation. The main purpose was 
to limit the trade in quarterly traded funds.   

 This parameter was used on: 
• 0 under, 0,9 over 
• 0 under, 1,2 over 
• 0 under, 1,3 over 
• 0 under, 1,4 over 

This parameter generated a strong improvement on both correlation and 
especially performance. This can probably be derived from the fact that many 
of the quarterly traded funds performed under average during 2008. Also here 
gave 1,2 the best result. 
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6.2 Results of the optimization 
In this section I will present the results of the four best optimizations made, based on 
the parameters presented in section 6.1.3. I will present the result in comparison to 
HFXS and with the use of several different measures in order to see the effect of the 
optimization. The risk-free rate used in the measurements below is SSVX 90-days. 
The MAR used in the calculations made below is the risk-free rate for the time period. 
The statistics presented below will later be analyzed in Chapter 7. First of all I will 
present the historical performance of HFXS, which will be used as benchmark. This is 
shown in Table 6.1 below. 
 
Table 6.1 – Historical Performance of HFXS 

 
 
We can clearly see that the performance during 2008 was relatively good in 
comparison to other asset classes as well as global hedge funds as discussed in 
Chapter 1, Section 1.1. What we also can observe in Table 6.1 is that the monthly 
return is fairly stable which could indicate a low standard deviation. 
 
The four best optimizations created, that will be presented and compared, are: 
 

1. An optimization implemented 1 month out-of-sample with the parameters 
minimum 1% in allocation and that the weight are adjusted based on 
performance. The optimization is made with the lower limit= 0 and the upper 
limit is defined as= W+(W*0,9). We refer to this optimization as Nr. 1. 

 
2. An optimization implemented 1 month out-of-sample with the parameters 

minimum 1% in allocation, the weight are adjusted based on performance and 
that quarterly traded funds has a maximum weight of the weight held in 
HFXS. The optimization is made with the lower limit= 0 and the upper limit is 
defined as= W+(W*0,9). We refer to this optimization as Nr. 2. 
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3. An optimization implemented 1 month out-of-sample with the parameters 
minimum 1% in allocation and that the weight are adjusted based on 
performance. The optimization is made with the lower limit= 0 and the upper 
limit is defined as= W+(W*1,2). We refer to this optimization as Nr. 3. 

 
4. An optimization implemented 1 month out-of-sample with the parameters 

minimum 1% in allocation, the weight are adjusted based on performance and 
that quarterly traded funds has a maximum weight of the weight held in 
HFXS. The optimization is made with the lower limit= 0 and the upper limit is 
defined as= W+(W*1,2). We refer to this optimization as Nr. 4. 

 
In Table 6.2 below are several measures presented for the separate optimizations as 
well as for the standard index HFXS.  
 
Table 6.2 – Statistics for the Four Best Optimizations 
 
 
 

 
 
In Table 6.2 above we can observe that optimization Nr. 4 clearly outperforms the 
standard HFXS but also the other three optimizations in almost all statistics. Another 
interesting observation is that “best month” and “worst month” shows impaired values 
on almost all optimizations compared to standard HFXS whilst the maximum 
drawdown improves. This would indicate that the optimizations have a lower 
volatility than the standard HFXS. This indication is strengthened by the lower 
standard deviation characterizing optimization Nr. 4. Also, the percentage of positive 
months is increased by almost 10%, which correlates with the decrease in maximum 
drawdown. What also becomes clear is that when using maximum index weight as a 
limit on quarterly traded funds, the return and Sharpe ratio increases dramatically 
which may be due to the factors presented in section 6.1.3.  
 
If we illustrate the performance in a diagram (see Figure 6.2) we can observe that all 
of the optimizations hold a very high correlation towards the standard HFXS. 
Optimization Nr. 4 is illustrated by the dotted curve. The correlation between these 
portfolios is also shown in Table 6.4 below. 
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Figure 6.2 – Cumulative Return Shown as Diagram  

 
 
If we observe Table 6.1 we see that HFXS had a performance of 10,2% during 2005. 
An interesting question here is: what will happen if we exclude 2005 from our 
analysis made in Table 6.2? This is presented in Table 6.3 below. 
 
Table 6.3 – Statistics for the Four Best Optimizations (Last Three Years) 
 
 
 

 
 
Return over SSVX 90-days is negative for all four optimizations, though they still 
outperform the standard HFXS with almost 2% p.a. Also here is optimization Nr. 4 
clearly the best optimization, which is shown mainly by the Sharpe ratio and the 
cumulative return. The positive effect of the optimization, even during times of 
negative performance shows that even when excluding large positive trends, the 
optimizations still outperforms the standard HFXS and hence are useful in most 
market conditions. 
 
In the beginning of section 6.1.1 I mentioned the importance of a maintained high 
correlation. I also set the limit of high correlation to≥ . In Table 6.4 below I 
present the correlation between these several optimized portfolios as well as with 
HFXS. 

9,0
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Table 6.4 – The Correlation Between the Four Optimized Portfolios and HFXS 
 

                 

 
 
We clearly see that the optimizations maintain a high correlation clearly above the 
stated limit of 0,9, which indicates that they all are useful for constructing a replicated 
portfolio based on HFXS.  
 
At this point, given the comparisons made above, we can conclude that optimization 
Nr. 4 has given us the best result in terms of the risk-return relationship in conjunction 
with the correlation. Hence I will from now on only focus my presentation of the 
results as well as the forthcoming analysis based on optimization Nr. 4 and I will refer 
to this portfolio as “the optimized portfolio”, “Nr. 4” or “optimized HFXS”.  
 
Below I will make a more thorough comparison between the standard HFXS and the 
optimized HFXS. If we observe Table 6.5 below we see that although the average 
monthly loss and average monthly gain stays relatively unchanged between the 
optimized HFXS and standard HFXS we clearly see a large improvement in the 
Sortino ratio and to some extent also the downside deviation which both indicates that 
our optimized HFXS has a much improved risk-return relationship and hence should 
be preferred. The downside deviation shows that the risk of our optimized HFXS not 
reaching our MAR is smaller than that of the standard HFXS. This result correlates 
with the decreased maximum drawdown presented in Table 6.3. 
 
Table 6.5 – Comparison Between Standard and Optimized HFXS  

 
 
As I described in Chapter 4, section 4.8 an investor prefer high skewness and low 
kurtosis. If we observe Table 6.6 we can see that the skewness has decreased which 
could indicate that our optimized HFXS may underestimate the risk exposure.  
 
Table 6.6 – A Skewness and Kurtosis Comparison 
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But since the decrease is only -0.21, it can probably be compensated by the larger 
decrease in kurtosis. Positive kurtosis indicates that the tails of the return distribution 
are “fat” and that the return distribution to a larger extent is characterized by extreme 
events/returns. Since our optimized HFXS has a decreased kurtosis, it is more stable 
in its return distribution since the tails are smaller/thinner. The decrease in kurtosis is 
-0.71, which is much larger than the decrease in skewness of -0.21. 
 
In Figure 6.3 we can see the return distribution illustrated in a diagram where we can 
in a more simple way grasp the discussion around skewness and kurtosis. This figure 
can be compared to Figures 4.10-11. The orange (dark) pile represents Nr. 4 and the 
blue (light) pile represents HFXS. 
 
Figure 6.3 – Return Distribution 

 
 
When observing the 12 Month rolling Sharpe ratio illustrated in Figure 6.4 we see a 
dramatic decrease starting in mid 2007. This can most definitely be explained by the 
financial crisis discussed in Chapter 1.  
 
Figure 6.4 – 12-month Rolling Sharpe Ratio 
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What is more interesting is that our optimized HFXS almost constantly holds a higher 
Sharpe ratio over time, even when market trends are shifting rapidly. This shows on 
the large usefulness of the optimized portfolio since it can then be incorporated in all 
market conditions. 
 
If we ought to summarize the optimization results we clearly see that optimization Nr. 
4 vastly outperform HFXS and to some extent also the other three optimizations. 
Optimization Nr. 4 outperform HFXS with approximately 1,5% p.a. which is a very 
positive result. We have also shown that the correlation is maintained at a very high 
level throughout the optimization period and that the Sharpe ratio p.a. as well as the 
Omega ratio p.a. is increased vastly. 
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7. Analysis 

Based on the results presented in Chapter 6 we can conclude that it is possible to 
optimize HFXS and to receive an outperformance of approximately 1,5% p.a. The 
next step is to analyze the effect of integrating this optimized version of HFXS into a 
traditional portfolio consisting of equities and a risk-free asset. 

SIX Return Index (SIXRX) will represent the equity part and the risk-free part will be 
represented by SSVX 90-days. I will base the test on the same period used as 
historical data in the optimization made above in order to be able to analyze the effect 
of adding the optimized hedge fund portfolio (Nr. 4) to the traditional portfolio using 
a full data period for all assets. In order to make the comparison we first have to 
construct some sort of “standard” portfolio for the investor willing to take on 
“normal” risk and for the investor willing to take on “high” risk. Based on the 
baseline allocation described earlier I have decided to use the following allocation in 
the two portfolios: 
 

Low Risk Standard   High Risk Standard 
70% SSVX 90-days   30% SSVX 90-days 
30% SIXRX    70% SIXRX 
0% Optimized HFXS   0% Optimized HFXS 

 
In Table 7.1 below we see the difference between the low-risk standard portfolio and 
the high-risk standard portfolio. Before analyzing the results, one has to be aware that 
the length of the historical data combined with the financial crisis and its effect on 
equities return and volatility may cause problems when calculating different measures 
such as Sharpe ratio. As we see in Table 7.1, the low-risk portfolio has both a higher 
return combined with a lower standard deviation when compared to the high-risk 
portfolio. At a first glance, this would indicate that the low-risk portfolio would have 
a much higher Sharpe ratio, although this is not the case. 
 
Figure 7.124 – Sharpe Ratio Illustration 

 
                                                 
24 Author’s construction 
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This can be explained by observing Figure 7.1 above, which illustrates the location of 
both the Low-risk portfolio and the High-risk portfolio in the mean-variance diagram. 
Since both portfolios have a negative return, they will end up below the horizontal 
line illustrating a return of 0%. The fact that both portfolios end up below this line has 
a large effect on the Sharpe ratio. Returning to Chapter 4, section 4.7.1, we see that 
the Sharpe ratio represents the CAL with the steepest slope. Hence, if we look closer 
at the Sharpe ratio with the help of Figure 7.1, we can observe that the reason to why 
it may give such a “misleading” result is because the slope of the CAL moving from 
the risk-free rate (rf) to the High-risk portfolio is higher/steeper than that moving from 
the risk-free rate to the Low-risk portfolio even though the Low-risk portfolio 
provides both a higher return and a lower standard deviation.  

Based on this analysis of the Sharpe ratio it shows that it is not as misleading when 
analyzed more closely. Still I have, to a large extent, chosen to use other measures 
when analyzing these different asset portfolios in order to increase the ability of 
interpreting the results. 
 
Table 7.1 – Statistics for Low- and High-risk Standard Portfolios 

 

In Table 7.1 we can observe the extreme difference in standard deviation as well as 
the maximum drawdown. Both these measures, in combination with the higher rate of 
return indicate that the low-risk portfolio has been the superior choice during this time 
period. The effect on cumulative return can also be illustrated in Figure 7.2 where we 
can observe the radical trend change in mid 2007.  
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Figure 7.2 – Cumulative Return 1 

 

Observing Table 7.2 we can see the misleading result given by the Sortino ratio as 
with the Sharpe ratio above. What is more interesting here is the downside deviation, 
which has more than doubled in the high risk standard portfolio compared to the low 
risk standard portfolio. This indicates that the low-risk portfolio has a smaller risk of 
not reaching our designated MAR. 
 
Table 7.2 – Comparison Between Low- and High-risk Standard Portfolios 

 
 
I have now presented a short description of the difference between the low- and high-
risk portfolios. When adding the optimized replicated HFXS to these portfolios I have 
chosen to insert it in lumps of 10% at a time, up to a maximum allocation in the 
optimized replicated HFXS of 40%. During the addition I will keep the 70/30 
allocation to SSVX 90-days/SIXRX in low risk and 30/70 respectively for high risk. I 
will also make an optimized portfolio in order to see how much that should be 
allocated to the optimized replicated HFXS in order to create the most efficient 
portfolio.  
 
When presenting these portfolios, I will name them after their respective allocation to 
the different assets in the following order: SSVX 90-days/SIXRX/Optimized HFXS. I 
will first present the effect of adding the optimized replicated HFXS to the “Low Risk 
Standard” portfolio and will later present a similar analysis for the “High Risk 
Standard” portfolio. 
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7.1 Lowrisk Portfolio Analysis 
Following the same structure as above I will start by presenting some general 
statistics that can be found in Table 7.3 below. When observing these statistics we can 
see a clear improvement in almost all measures, especially in the cumulative return 
but also in the Sharpe ratio and the Omega ratio. This, in combination with the 
lowered standard deviation shows that we create an increased risk-adjusted return 
when adding the optimized replicated HFXS to the portfolio. What we also can 
observe is that these statistics improve in line with an increased amount of the 
optimized replicated HFXS allocated in the portfolio, which indicate that the portfolio 
should exist of a certain degree of hedge funds.  

Another interesting observation is that the optimized portfolio has a zero allocation to 
equity, 75,84% to the optimized replicated HFXS and 24,16% to SSVX 90-days. The 
zero allocation in equity can be explained by the comparison between the low- and 
high-risk portfolios presented above. 
 
Table 7.3 – Effect of Including the Optimized Replicated HFXS in the Low-risk 
Portfolio 

 

In Table 7.4 we can observe the effect on the correlation between the portfolios. We 
can see that the optimized portfolio differs a lot from the other portfolios, which 
probably depends on the exclusion of the equity part. The correlations between the 
portfolios with 10-40% allocated to the optimized replicated HFXS are maintained 
above 0.98 even though the performance statistics in Table 7.3 are improved 
drastically. 
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Table 7.4 – Correlation between the Portfolios 
 
 
 
 
 
 

 

In Figure 7.3 we can observe the cumulative return presented in a diagram. Here we 
can see the effect of the decreased correlation and also an illustration of the low 
standard deviation. What is interesting to observe is that the optimized portfolio (dark 
line) underperforms up to August/September 2008, where it overperforms probably 
due to the resistance towards drawdowns. The stability of the curve shown by the 
optimized portfolio is mainly due to the low standard deviation. 

Another interesting fact that we can see is that the optimized portfolio shows a much 
smaller potential of providing large returns to the investor, though it produces a much 
more stable return distribution. These characteristics will probably attract more risk 
averse investors. 
 
Figure 7.3 – Cumulative Return 2 
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7.2 Highrisk Portfolio Analysis 
 
Table 7.5 – Effect of Including Hedge Funds in the High-risk Portfolio 

 

When looking at the effect of including the optimized replicated HFXS into the high 
risk portfolio we can observe a similar effect as in the low-risk portfolio, namely that 
when the allocation to the optimized replicated HFXS becomes larger, the statistics 
improve. What differs from the low-risk portfolio is that the largest effect now can be 
seen on the cumulative return and the standard deviation whilst the increase on the 
Sharpe ratio isn’t as large as on the low-risk portfolio.  

The same effect can be seen on the Omega ratio. This could indicate that the high-risk 
portfolio incorporates a higher risk-adjusted return, but then again we have to be 
aware of the possibility of the Sharpe ratio providing misleading results when the 
returns are negative. 

Another very large improvement can be seen on maximum drawdown that improves 
more than 30%. In Table 7.6 below we can observe the effect on the correlation, 
which can be compared to that in Table 7.4. 
 
Table 7.6 – Correlation Between Portfolios 
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We can see that the correlation towards the optimized portfolio and the other 4 
portfolios is smaller when analysing the high-risk portfolio compared to the low-risk 
portfolio. This may has to do with the return distribution of hedge funds and that they 
often are characterized by a lower standard deviation and hence more similar to the 
return distribution of the low-risk portfolio. 

In Figure 7.4 we can observe the cumulative return of these several portfolios. We 
have to be aware of, that when comparing this figure with Figure 7.3; the scaling is 
different between these two diagrams. 
 
Figure 7.4 – Cumulative Return 3 

 

What we can observe in Figure 7.4 is the very low standard deviation of the optimized 
portfolio; of course much due to the large allocation to the optimized replicated 
HFXS. Similar to that in Figure 7.3 we can observe a large underperformance of the 
optimized portfolio up until August/September 2008. When observing the high-risk 
portfolio, this underperformance is larger than that of the low-risk portfolio. This 
probably has to do with the increased equity part in the high-risk portfolio and that 
equity during up-trends seem to have a larger upside potential. 

We have now presented the results of adding the optimized replicated HFXS to both 
the low-risk and high-risk portfolio, which can be compared to the standard low- and 
high-risk portfolios presented in Table 7.1-2 and Figure 7.2. 
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7.3 Lowrisk, Highrisk and Optimized Portfolio Comparison 
Analysis 
In order to clarify the results I will now present a comparison between the standard 
low-risk portfolio, the standard high-risk portfolio and the optimized portfolio (which 
includes the optimized replicated HFXS). In Table 7.7 we can observe the large 
improvements in all measures in the optimized portfolio compared to the low- and 
high-risk portfolios. The percentage of positive months is increased by over 10% 
compared to both the low- and high-risk portfolios. The span between best- and worst 
month are decreased vastly which correlates with the lowered standard deviation and 
the extremely lowered maximum drawdown. 
 
Table 7.7 – Optimized Portfolio Compared to the Low- and High-risk Portfolios 

 

We can observe a much more stable return characteristic for the optimized portfolio 
(orange dotted line), especially compared to the high-risk portfolio. The Sharpe ratio 
and the Omega ratio is larger for the optimized portfolio, which indicates that the risk-
adjusted return is increased when adding the optimized replicated HFXS to the 
portfolio. 
 
Figure 7.5 – Cumulative Return 4 
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Figure 7.5 confirms that the optimized portfolio vastly outperform the low- and high-
risk portfolios when it comes to standard deviation, though when observing the 
possibility of receiving a higher return, the last two portfolios seems to have a larger 
potential. This can be illustrated by excluding the data from mid 2007 and onwards, 
where the low- and especially the high-risk portfolio vastly outperform the optimized 
portfolio. As we can see when comparing the low-risk portfolio with the high-risk 
portfolio, equities has a large positive effect on portfolio performance, given that the 
market is in an up-trend. 
 
Table 7.8 – Additional Measures 

 
 
In Table 7.8 we clearly see the positive effect on both downside deviation and the 
Sortino ratio of adding the optimized replicated HFXS to the portfolio. The effect on 
DD is largest when compared to the high-risk portfolio and the effect on the Sortino 
ratio is largest when compared to the low-risk portfolio. We can see that the span 
between average monthly gain and average monthly loss have decreased vastly which 
correlates with both the lowered standard deviation as well as the lowered maximum 
drawdown presented in Table 7.7. What we have shown is that the inclusion of hedge 
funds consistently produces a lowered standard deviation for an increased or constant 
return. This correlates with the studies made by Hood and Nofsinger (2007), 
Lubochinsky, Fitzgerald and McGinty (2002) and Amenc and Martellini (2002) 
described in Chapter 1, section 1.2.  

This effect can also be shown by illustrating the efficient set of these three portfolios 
and analyze where the respective portfolio places in regard to the efficient set. In the 
figures below, the (green) line represents the efficient set, the (orange) dot represents 
the portfolio and the numbers 1, 2 and 3 represents each asset where 1= SSVX 90-
days, 2= RIXRX and 3= Optimized HFXS. Figure 7.6 represents the low risk 
combination. What has to be mentioned is why these efficient sets mostly represents a 
straight line is because there are only 2-3 assets making up the efficient set, and with 
two assets the efficient set becomes a straight line between these two assets. What 
also has to be mentioned is that the figures below illustrates the “efficient” set which 
means that if the line does not stretches all the way to the different assets, it is simply 
because the “efficient” set does not exist in those areas.  
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The low-risk portfolio places in the middle of the efficient set. Since the efficient set 
is an almost horizontal line, a movement to the left on the efficient set will rapidly 
decrease the portfolio variance while at the same time resulting in a smaller effect on 
the portfolio return. Hence a risk-averse investor should strive for investing as much 
as possible in asset 1, SSVX 90-days, since this will minimize the portfolio variance. 
What also is interesting is that the risk-neutral investor should also invest everything 
in asset 1, since this will result in the highest possible return given a combination 
between these two assets and that no short-selling is allowed. 
 
Figure 7.6 – Low-risk Portfolio Efficient Set 

 

In Figure 7.7 we can see the efficient set of the high-risk portfolio. What is interesting 
here is that the high-risk portfolio position outside the efficient set and are therefore 
not efficient. This can be explained by the fairly large allocation to equity, which is 
characterized by a lower return combined with a higher standard deviation. The ideal 
portfolio based on these two assets has been presented above. 
 
Figure 7.7 – High-risk Portfolio Efficient Set 
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The most efficient portfolio, as described above, is that which includes the optimized 
replicated HFXS. This efficient set is presented in Figure 7.8 and we clearly see a 
large improvement in the risk-return relationship, especially compared to the high-risk 
portfolio. Instead of the efficient frontier being a straight horizontal line, it becomes 
an almost vertical line, which is a very attractive relationship since we can increase 
our return while keeping the risk at an almost constant level. 
 
Figure 7.8 – Optimized Portfolio Efficient Set 

 

We have now with the use of the efficient frontier shown that the portfolio with an 
allocation to the optimized replicated HFXS is more efficient than both the low-risk 
and the high-risk portfolio. The optimized portfolio outperforms in almost all 
statistics and produces a vastly improved risk-return relationship, measured both with 
Sharpe ratio, Omega ratio as well as the downside deviation. The difference between 
the efficient sets also shows on the diversification effect created by adding hedge 
funds to the portfolio.  

A more statistical analysis of these three portfolios with the use of more performance- 
and risk measures as well as benchmarks can be found in the Appendix.   
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8. Conclusions 

8.1 Conclusion of the Study 
The first purpose of this thesis was to describe hedge funds as an investment vehicle. 
This has been made in Chapter 2, where several terms and areas of the hedge fund 
industry in presented. The other purposes are fulfilled through the answering of the 
research questions. My first research question dealt with the optimization of HFXS 
that was made during my time at Harcourt Investment Consulting. The question was:  
 
“How does one optimize a replication of a hedge fund index?” 
 
In order to answer this question we can divide the optimization process into several 
steps. The first step is to retrieve data in order to calculate historical performance. 
Second, we have to use some sort of portfolio optimization theory. As mentioned 
before, this optimization is based on the Markowitz mean-variance model using 
adjustments as the Goldfrab-Idnani method and the diversification factor. Using the 
two steps described we should be able to create an optimized portfolio. Though in 
order to retrieve further over-performance and to be able to keep the correlation above 
0,9 we have to use several parameters. The parameters tested are described in Chapter 
6 and below is a summary and conclusion of these tests: 
 
• 12-month data resulted in the best relationship between performance and 

correlation. 
 

• Overweighting the index weight with )2,1*(w resulted in the best relationship 
between performance and correlation. 

 
• Quarterly optimization seems to give the best result, especially if we consider the 

convenience in combination with the performance-correlation relationship. 
 
• Limiting the minimum weight to 1% gave a good result. This is also a reasonable 

limit if you consider the critical mass based on a initial capital on the investable 
index solution of between 50-100 000 000 SEK. 

  
• It worked well to use the parameter “max index weight” on hedge funds traded 

quarterly. Though one must be aware that this particular result may be the result 
of a coincidence since a few of these funds performed extremely poor during 
2007-2008 which makes stress testing of this parameter particularly relevant. 
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We have now described the process of optimizing an index and hence answered the 
first research question. The second research question has to do with the result of the 
optimization and read: 
 
“Is it possible to optimize a replication of a hedge fund index?” 
 
In order to investigate whether or not an outperformance have been created we have 
to compare our optimized portfolio with its benchmark, HFXS. This is made in the 
final section of Chapter 6 where we clearly see that an outperformance has been 
created. We are also able to narrow the optimizations down to one particular 
optimization that we call “Nr. 4”. We can see that Nr. 4 outperform the standard 
HFXS on almost all points, especially on the several measures described in Chapter 4 
such as Sharpe ratio, Sortino ratio and Omega ratio. These measures are all risk-
adjusted, but we have also shown that it is possible to generate an over-performance 
of approximately 1,5% p.a.  
 
Hence we can conclude that it is possible to create an optimization of HFXS using 
Markowitz mean-variance model in conjunction with the Goldfrab-Idnani method, a 
diversification factor and the several parameters described in Chapter 6. 
 
The third and last research question is more analytical and is based on the result of the 
second question: 
 
“Is an optimized version of HFXS a good complement to an investor’s portfolio?” 
 
In order to answer this question we have to look at the analysis made in Chapter 7. 
Based on the result of the first question I chose to use optimization Nr. 4 as the 
“optimized version of HFXS”. If we first compare the low-risk portfolio and the high-
risk portfolio we can observe that the high-risk portfolio clearly outperforms the low-
risk portfolio when the market can be characterized as a bull market (i.e. being in an 
up-trend). A similar, though not as striking effect can be seen in the low-risk portfolio 
that indicates that both these portfolios have a relatively high beta in relation to the 
market (i.e. high correlation).  
 
Hence we can conclude that these portfolios underperform in markets characterized 
by large trend changes. Can the inclusion of an optimized replicated HFXS in these 
portfolios change this pattern? As we can observe in Figure 7.5, the portfolio 
including an optimized replicated HFXS outperforms the two portfolios without, 
especially when the market enters a down-trend (bear market). What we also can 
observe is that hedge funds are able to fulfil one of their goals presented earlier, 
namely capital preservation.  
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In Table 7.5 we can observe that when increasing the percentage of capital allocated 
to the optimized replicated HFXS, we improve the Sharpe ratio and the Omega ratio 
as well as other measures indicating that the relationship between risk and return are 
being improved. Here we can conclude that in order to increase the risk-adjusted 
return, an investor should allocate some part of their capital to the optimized 
replicated HFXS. This can also be shown in Figure 7.8, which illustrates the efficient 
set when the investor is able to allocate capital to the optimized replicated HFXS. It is 
very interesting to see that the highest risk-adjusted return, given all three assets, 
represented by the orange dot in Figure 7.8, has 0% allocated to equity, 75,84% to the 
optimized replicated HFXS and 24,16% to SSVX 90-days. Hence we can show that 
the most efficient portfolio allocates more than half of the investor’s capital to the 
optimized replicated HFXS  
 
Given the positive effect on the portfolio performance, both in regard to return and 
risk, we can conclude that an optimized replicated HFXS appear as an excellent 
complement to an investor’s portfolio and that the investor should allocate a 
substantial part of his/hers capital to this investment vehicle. Since this study is based 
during some very volatile years on the global financial markets we can conclude, 
which also have been showed by the maximum drawdown presented in Table 7.7 as 
well as the downside deviation presented in Table 7.8, that hedge funds is a very good 
complement for the risk averse investor since hedge funds seems to limit the risk of 
losses, even during down-trends in the global financial markets. Therefore I draw the 
conclusion that risk-averse investors will increase their utility more than less risk-
averse investors since they are more concerned with lowering their risk.  
 
What can be discussed is how the inclusion of an optimized replicated HFXS would 
affect the investor’s portfolio when the market is in an up-trend. What we can see 
from Figure 7.5 is that the portfolio allocating 70% to equity outperforms the other 
two portfolios during up-trends. This may indicate that a larger part should be 
allocated to equity given a longer time horizon, and hence the allocation towards an 
optimized replicated HFXS should decrease. Though as we all know, markets are 
shifting environments and as long as they have the characteristics of both bull- and 
bear markets, hedge funds in general and an optimized replicated HFXS in particular 
should be a natural part of the rational investor’s capital allocation. 
 

8.2 The Scientificity of the Thesis 
The quantitative method used often has the ability of producing an objective study. In 
order to analyze the scientificity of this thesis and to understand the objectiveness of 
my results I have chosen to evaluate my results and method by the use of two 
measurements. These measurements are validity and reliability. Another 
measurement, generalizeabilty, has been briefly discussed in Chapter 1, section 1.6. 
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8.2.1 Validity 
Validity can be described as the study measuring what it is intended measure. (Patel 
and Davidson (1994, p. 85)). This study is based solely on quantitative data and hence 
lacks subjective interpretations. What may affect the validity in a negative way is if 
some of the performance and risk measures have been calculated in an incorrect way. 
Making recalculations of the results in order to correct any eventual miscalculations 
has controlled this. Also, since I have used several risk and performance measures I 
have had the ability of comparing the results between these measurements. Often the 
results of these measurements have been correlated and hence they validate each 
other. 
 
8.2.2 Reliability 
The reliability describes if the way that the research has been made is trustworthy. 
(Patel and Davidson (1994, p. 85)). It is given by the way the research is being 
conducted and how thorough the researcher is when treating the information. (Holme 
and Solvang (1997, p. 163). The study has been made based on a theoretical 
framework consisting of well-known, trusted theories. Also, the data used in the case 
study has been thoroughly controlled by both me as well as external “controllers”. 
Hence I have been able to constantly, throughout the making of this study, consider 
the level of correctness of the data, which I believe strengthens this study’s reliability. 
What also increases the reliability of this study is the fact that many other studies (see 
Chapter 1, section 1.2) have come up with similar results. 
 

8.3 Suggestions for Further Research 
Due to the somewhat unusual market conditions during the time of this study it would 
be very interesting to conduct a similar study over a longer time horizon in purpose of 
minimizing the effects of negative market developments. It would also be interesting 
to make a comparison of the effects of incorporating hedge funds in a traditional 
portfolio and incorporating “traditional” mutual funds in order to further determine 
the positive diversification effect produced by hedge funds. 
 
Another interesting approach that could act as a complement to this study would be to 
incorporate a larger amount of risk- and performance measures to validate the 
consistency of these results. 
 
In the beginning of this thesis I conducted a discussion concerning the performance of 
Swedish hedge funds compared to global hedge funds. This comparison was only 
based on data from 2008 and it would therefore be very interesting to investigate the 
performance on Swedish hedge funds compared to global hedge funds during a longer 
time horizon to see if there exists a consistency in the outperformance. 
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Appendix 
 
A Description of the Optimization Process 
 

1. Collection of Data 
a. The data used are collected from Harcourt’s Nordic Database, which 

include all hedge funds registered in Sweden. The data consist of the 
total asset under management (AUM) as well as AUM for each single 
hedge fund. The data also consist of historical performance of each 
fund, with history ranging back to 2001. The performance are updated 
monthly whilst AUM are updated quarterly. 
 

2. Calculating Weights 
a. The calculation of weights is made in order to create a fictive asset-

weighted index. The first step is to calculate the weight of each hedge 
fund on a quarterly basis. The formula used is: 

 

wx =
aum
AUM  

 
where wx  is the weight of hedge fund x at time t,  is the asset 
under management for fund x at time t and 

aum
AUM  is the total asset 

under management for all hedge funds in the index at time t. The sum 
of all wx  is equal to 1. 
 

3. Multiplying Weights and Performance 
a. When the weight for each hedge fund has been calculated and the 

performance for each hedge fund has been collected we are able to 
develop a replicated asset-weighted index. To do this we simply 
multiply each hedge fund’s weight with its performance. The 
calculation is made each month in order to present the development of 
the replicated index through time. The formula used is presented 
below: 

PI = wx * px
x=1

n

∑  

 
where PI represents the performance of the index (in %) at time t, wx  
the weight of hedge fund x at time t and px the performance of hedge 
fund x (in %) at time t. In order to be able to present the performance 
of the index trough time, i.e. be able to see the development of the 
index, we have to add a base value. I chose 100 as base value, hence 
the formula (in order to see the development between time ) is: t0 − t1
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P1 =100 * (1+ (PI

t1 − PI
t0 ))  

 
where P1 is the new index value at time t1, 100 is the replicated index 
base value at time t0. 
 

4. Applying the Data into the Optimization Program 
a. The data developed in step 1-3 above in then incorporated in the 

Portfolio Proposal Machine, which constraints are described in Chapter 
5, section 5.3. 
 

5. Optimizing with Several Parameters 
a. This step is made in order to try and find the most optimal 

optimization. The parameters tested are described and explained in 
Chapter 6, section 6.1.3. The next step is to analyze the results, which 
is made in Chapter 6 and 7. 
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Statistics sheet and benchmark analysis for the low-risk portfolio 
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Statistics sheet and benchmark analysis for the high-risk portfolio 
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Statistics sheet and benchmark analysis for the optimized portfolio 
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