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Abstract

Hedge funds have traditionally served wealthy individuals and institutional investors

Systems Engineering, Missouri with the promise of delivering protection of capital and uncorrelated positive returns
?mpemlty Of;C:‘e”C&Oa%d 000370 irespective of market direction, allowing them to better manage portfolio risk.
UESCA rology, Fote PA050370, However, the financial crisis of 2008 has heightened investor sensitivity to the high

fees, illiquidity, lack of transparency, and lockup periods typically associated with
hedge funds. Hedge fund replication products, or clones, seek to answer these
challenges by providing daily liquidity, transparency, and immediate exposure to a
desired hedge fund strategy. Nonetheless, although lowering cost and adding
simplicity by using a common set of factors, traditional replication products might
offer lower risk-reward performance compared to hedge funds. This research
explores hedge fund replication further by examining the importance of
constructing clones with specific factors relevant to each hedge fund strategy, and
then compares the strategy specific clone risk and reward performance against both
actual hedge fund performance and hedge fund clones constructed using a more
general set of common factors. Testing shows that using strategy specific factors to
replicate common hedge fund strategies can offer superior risk-reward performance
compared to previous general model clones.

Keywords: Hedge funds, Hedge fund replication, Regression, Trading strategies,
Strategy specific factors

Introduction

Hedge fund replication products have received increased attention as an alternative to
investing in hedge funds. Hedge funds have been pessimistic to regulation and disclos-
ure as they fear that regulation can constraint their money making abilities and that
full disclosure would lead to others copying their trades. Investors were happy with the
elusive and non-transparent structure of hedge funds when they delivered double digit
returns and low market correlation, however, the 2008—2009 economic crisis and re-
covery has shown that hedge funds are not entirely immune to market events (Sourd
2009).

Hedge funds engage in techniques such as shorting to protect against adverse market
returns and to maintain a lower correlation to the overall market. However, studies
have shown that although they exhibit low correlation and superior returns during
market uptrends, they tend to be severely affected during market downturns (Agarwal
and Naik 2004). Investors are beginning to question the value they receive in exchange
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for paying the high fees charged by hedge funds, which have typically charged a man-
agement fee of 1-2% of assets and an incentive-based performance fee of 15-20%
(Fung and Hsieh 1999). Growing investor concerns are beginning to encourage inves-
tors to look for alternatives that offer complete transparency along with daily liquidity,
helping to avoid lock-up periods often associated with hedge funds (Suarez 2011).
Agarwal and Naik (2000) found that performance persistence decreases as the return
measurement period increases, and that persistence in losers is higher than among win-
ners, making hedge fund selection important. Malkiel and Saha (2005) also showed a
lack of persistence in the performance of hedge funds.

There is also evidence that the allure of hedge funds might be overstated. Hedge fund
indexes showing stellar performance include funds that are closed to new investments,
with the performance of investable funds having been found to be significantly inferior
to the performance of the non-investable indexes (Feldman et al. 2009). Choosing a
hedge fund that is available to new investors in another challenge that needs extensive
and expensive due diligence. This is somewhat addressed by investing in fund-of-funds
hedge funds, which handle the due diligence and diversification process effectively, but
this comes at the cost of an additional layer of fees. Research found that the average
fund-of-funds hedge fund does not offer statistically significant alpha (Fung et al. 2008),
with any alpha delivered often consumed by fees (Fung and Hsieh 2007). A lack of
consistency among hedge fund index providers also casts doubts over their usefulness;
the heterogeneity across providers makes performance measurement of hedge fund cat-
egories difficult to analyze, and research has found convertible arbitrage to be the only
truly homogenous category of hedge funds across hedge fund index providers (Kugler
et al. 2010). The effects of missing returns in hedge fund databases are often debated.
However, Edelman et al. (2012) showed that this is not a serious concern as missing
returns of liquidated funds are offset by successful funds that choose to stop reporting.

After Sharpe (1992) used an asset class factor model to decompose the performance
of mutual funds, the focus shifted to hedge funds and substantial research has estab-
lished that a significant component of hedge fund returns are made up of systemic ex-
posures that can be expressed in terms of liquid tradable instruments. Fung and Hsieh
(2004) used a seven-factor model showing that up to 80% of the variance of returns of
some broad hedge fund indexes can be explained by using a combination of equity and
options based factors. Fung and Hsieh (2001) used look-back straddles to replicate the
returns of trend followers. Jaeger and Wagner (2005) used a multi-linear asset factor
model that showed good results for strategies such as long/short and short bias, but
performed poorly for complex strategies such as managed futures and equity market
neutral. Li et al. (2013) used factor models to highlight potential applications in hedging
market exposure for estimating daily VaR and the daily performance of hedge funds.

Within the last few years, researchers have also been replicating hedge fund returns
(Hasanhodzic and Lo 2007; Kat and Palaro 2005), with hedge fund replication products,
or clones, being a viable alternative to hedge funds for investors who are unable to
meet the accreditation requirements needed to invest in hedge funds, as well as those
investors challenged by the high minimum investments that hedge funds typically re-
quire. Institutional and sophisticated investors could consider hedge fund clones as
they provide a significant cost advantage over hedge funds, offer daily liquidity, and are
scalable to the capacity of investments that institutional investors can make. The clones
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also have an advantage in terms of transparency and ease of monitoring. The difficulty
associated with selecting a hedge fund make clones an accessible choice that an in-
vestor can use to gain immediate exposure to the desired hedge fund strategy.

Hedge fund replication can be broadly classified into three categories: distribution
replication, rules-based replication, and factor modeling. Distribution replication fo-
cuses the replication on the statistical properties of the hedge fund returns rather than
tracking the monthly returns of the funds (Kat and Palaro 2005). This strategy is com-
plex and can be difficult to implement, sometimes becoming more complicated than
the underlying hedge fund trading strategies. Rules-based replication uses a set of de-
fined trading rules to capture the core processes of specific hedge fund styles; a
sub-category of this type of replication often used is mechanical replication. Mechanical
replication seeks to mimic the holding of hedge funds, however, limitations in disclo-
sures by hedge funds make this an ineffective strategy that suffers from lag even when
copying the holdings revealed in the 13F filing of top managers. Factor modeling offers
a simple and easy to implement model that can be used to effectively replicate or clone
various sub-styles of hedge funds. Hasanhodzic and Lo (2007) showed that by using a
simple factor model made up of easily tradable factors, replication of funds could be
achieved to a great extent. Although using a common set of factors can result in a low
cost approach for replicating hedge fund returns, there should be some benefit for im-
proving clone risk-reward performance from using strategy specific factors. Therefore,
this work extends the traditional hedge fund replication analysis to cover individual
hedge fund strategies that now focus on the importance of selecting the factor expo-
sures that are economically relevant to each fund strategy.

After discussing the modeling building methodology and approach used for this
research, the selection of strategy specific factors are discussed in detail. A results
comparison of the strategy specific clone risk and reward performance against both
actual hedge fund performance and hedge fund clones constructed using a more
general set of common factors are then presented; testing shows that using strategy
specific factors to replicate common hedge fund strategies can offer superior
risk-reward performance compared to previous general model clones. Finally, con-
cluding remarks are provided.

Methodology

Initial motivation

Hasanhodzic and Lo (2007) showed that it is possible to construct clone portfolios that
offer comparable performance to a number of hedge fund categories by using a basket
of common and diverse risk factors that are easily tradable through liquid financial in-
struments. The hedge fund clones were constructed by regressing the individual hedge
fund returns against five factors: 1) U.S. Dollar Index Return; 2) S&P 500 Total Return;
3) Spread between the Lehman Corporate Bond Index and the Lehman Treasury Index;
4) Lehman Corporate AA Intermediate Bond Index; and 5) Goldman Sachs Commodity
Index Total Return. Each clone is a portfolio of the factors that are used to run a con-
strained regression on hedge funds in each fund category in order to obtain portfolio
weights of the risk factors in the clones. Two models are presented in the form of a
fixed weight model (where the portfolio weights of the factors remain constant) and a
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rolling window model (where portfolio weights are rebalanced monthly). Hasanhodzic
and Lo (2007) found that while the fixed weight clones performed well for a number of
hedge fund strategies, the performance of the rolling window model was not quite as
good. The fixed weight and rolling window models are outlined below.

Fixed weight model
The fixed weight model is constructed using an ordinary least squares algorithm with
the regression coefficients constrained to sum to one. Dropping the intercept forces the
least square algorithm to use the factors to fit the means returns of the fund, thereby
giving an optimized portfolio where the beta coefficients are interpreted as the factor
weights in the clone for each respective fund.
Ry = B F1t + By For + ... + By, Frs + €it,
t=1,2..T (1)
subject tofs;; + ...+, =1

The estimated regression coefficients are used as the portfolio weights to give the
portfolio returns {R';}. {R';} is then renormalized to obtain the clone portfolio return,

{Ritclone}‘
Rey = Bxp F1p + prinFor + oo 4 BrinF g (2)
R;clore — y Rxie, withy, = og/og* (3)

The portfolio weights and renormalization factors of the fixed-weight clones stay
constant over time for each clone.

Rolling window model
The rolling window model uses a 24-month rolling window regression to estimate the
portfolio weights of the risk factors. This is a more dynamic model compared to the
fixed weight model and can be seen as suitable for investors who want to actively rebal-
ance their portfolios to capture the non-stationary nature in the hedge fund return
series (Hasanhodzic and Lo 2007).
Rit-k = Byq Fiek + Bigo Fack + -vv =+ Bign Frek + €iek
k=1,2..24 (4)
subject tof,; + ... + B, =1

Rebalancing is now done each month for every clone.

Rxjy = Prin F1p + Pria For + ... + Prign F ot (5)

21311 (Rit-« ‘l’ikit)z
R Clone — YieR#ie, withy,, = \/ (6)
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Modeling approach

Fixed-weight and rolling-window models similar to the ones used by Hasanhodzic and
Lo (2007) are used to analyze a sample of 1495 hedge funds with monthly returns from
August 1996 to September 2008. Data was obtained from the Hedge Fund Research
Database. The rolling window model requires the calibration of the 24-month rolling
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window regression and renormalization factor, and hence has the first 47 months ex-
cluded from the performance comparison of the funds and clones. However, all 145
months are used for analyzing the fixed-weight model. The sample includes funds be-
longing to various categories, such as convertible arbitrage, dedicated short bias, emer-
ging markets, equity market neutral, event driven, fixed income arbitrage, long/short
equity, global macro, managed futures, multi-strategy, and fund-of-funds. For each
strategy, the factors used in the model are selected based on the characteristics of the
underlying hedge fund category. The performance of the clones developed using these
factors are compared to the funds and the clones constructed from the factors listed in
Section 2.1.

Three data selection procedures are used in the construction of the hedge fund
clones that will give investors a more customizable clone model that offers the choice
between the clones constructed using all funds, funds with higher Sharpe ratios, and
funds with higher average returns. The performance of the clones constructed from
factors specific to each hedge fund are again compared against those of the top per-
forming funds to analyze if these clones continue to deliver better performance against
a higher benchmark. Throughout the remainder of the paper, clone2 stands for the
clones constructed from the factors considered specifically for each individual hedge
fund category, while clonel represents the clones that used the general set of factors
listed in Section 2.1, and previously used by Hasanhodzic and Lo (2007).

Strategy overview

This section provides an overview of each hedge fund strategy and lists the factors used
to construct clone2 under each category. The factors used to model clone2 are selected
specifically for each hedge fund strategy.

Convertible arbitrage

The convertible arbitrage category of hedge funds is a relative value strategy focused
on capturing inefficiencies in the convertible bond market. Around $40 billion was
under management in convertible arbitrage funds as of 2010, returning an average of
9.3% annualized with a volatility of 7.7% between 1994 and 2010 (Credit Suisse 2011a).
A strategy utilized by these funds involves going long a convertible bond and taking a
short position in the underlying stock. The hedge can also be in the form of credit de-
fault swaps, as well as interest rate and volatility derivatives. However, hedging only
equity risk is more characteristic of convertible arbitrage hedge funds (Agarwal et al.
2011).

The convertible bond market is very illiquid and the majority of the positions are
held by convertible arbitrage funds. Although this illiquidity is often the source of their
returns, it can quickly squeeze the funds into liquidating the bonds at losses during a
credit crunch. The factors used to form the clones are selected with the goal of main-
taining an overall consistency with the investment objectives of the respective hedge
funds. The factors selected to form the convertible arbitrage clone include Large Cap
US Stocks: S&P 500 Total Return, Bond: Lehman Corporate AA Intermediate Bond
Index, and High Yield Bond: Merrill Lynch High Yield Master 2 Index.
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Dedicated short Bias

Dedicated short bias funds take both long and short exposures to equities while main-
taining a net short position. This category performs well when the markets are in a
downtrend, but suffers in bull markets. Managers change their net short exposure ac-
cording to their outlook on the overall market. The factors used to replicate this strat-
egy include Large Cap US Stocks: S&P 500 Total Return, Small Cap US Stocks: Russell
2000 Small-Cap Index, and Treasury Rates: Lehman Treasury Index.

Emerging market

Emerging market hedge funds seek to exploit opportunities developed by political, cur-
rency, credit, and interest rate uncertainties that occur in emerging markets, while also
investing in their corresponding equity markets. These opportunities are also used by
global macro and event driven hedge funds. The factors used to develop emerging mar-
ket clones include Emerging Market: MSCI Emerging Market Index, High Yield Bond:
Merrill Lynch High Yield Master 2 Index, Bond: Lehman Corporate AA Intermediate
Bond Index, Currency: U.S. Dollar Index Return, and Credit Spreads: The spread be-
tween the Lehman Corporate Bond Index and the Lehman Treasury Index.

Equity market neutral

Equity market neutral hedge funds aim to exploit certain opportunities presented by a
specific group of stocks while staying neutral to the broad market. This strategy some-
times overlaps with relative value and long/short equity. It performed relatively well,
losing fewer than 3% on average in 2008 and had the lowest volatility in a ten-year win-
dow between July 1999 and June 2009 (Low 2009). Equity market neutral managers
perform frequent to moderate rebalancing of their portfolio to maintain market
neutrality.

Although they are broadly market-neutral, equity market neutral hedge funds have
exposures to a wide range of equity classes. Value and momentum factors perform well
in different market environments and hence offer a balance to the portfolio. Equity
market neutral funds also have exposures to the U.S. and emerging market equities,
and high yield bonds (Feldman et al. 2009). The factors used to construct the equity
market neutral clone include Market Momentum: MSCI USA Momentum Index, Large
Cap US Stocks: S&P 500 Total Return; Value Stocks: MSCI USA Value Index, Emerging
Market: MSCI Emerging Market Index, High Yield Bond: Merrill Lynch High Yield
Master 2 Index, and Bond: Lehman Corporate AA Intermediate Bond Index.

Event driven

The event driven category of hedge funds capitalizes on opportunities that develop in
the short-term, causing mispricing in equities, bonds, and global markets. Key events
can include mergers, acquisitions, and corporate restructuring. Event driven hedge
funds perform poorly during down trending markets, as deals are more likely to fall
through during those times (Agarwal and Naik 2004). The factors used to replicate the
event driven strategy include High Yield Bond: Merrill Lynch High Yield Master 2
Index, Emerging Market: MSCI Emerging Market Index, Value Stocks: MSCI USA Value
Index, and Small Cap US Stocks: Russell 2000 Small-Cap Index.
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Fixed income arbitrage

Fixed Income arbitrage is another relative value strategy used to exploit bond market
inefficiencies. As of 2010, these funds have about $120 billion worth of assets under
management and have delivered an average of 5.3% annualized return with 6% volatility
between 1994 and 2010 (Credit Suisse 2011b). This strategy performs well in a low
volatility environment. However, it is particularly susceptible to crowed trades and
needs to take on very high leverage to deliver substantial returns. The strategy typically
profits by holding long positions in higher yielding bonds and short positions in lower
yielding bonds. This strategy is known to have exposure to fixed income spreads, and
though a number of spread combinations can be chosen as a factor, the credit spread is
the best option because of its’ long history and how widening credit spreads usually re-
sult in other spreads also widening (Fung and Hsieh 2002).

The Long-Term Capital Management story stands out to underscoring the risks
prevalent with fixed income arbitrage trades as crowding out the yield spread trade can
cause the spreads to narrow, thereby limiting the possible return, causing the funds to
take on more risk with higher leverage and potential margin calls (Jorion 2000). The
factors selected to form the fixed income arbitrage clone include Credit Spreads: the
spread between the Lehman Corporate Bond Index and the Lehman Treasury Index,
Large Cap US Stocks: S&P 500 Total Return, Bond: Lehman Corporate AA Intermedi-
ate Bond Index, and High Yield Bond: Merrill Lynch High Yield Master 2 Index.

Global macro

The global macro hedge fund is a category that especially appeals to institutional inves-
tors due to its liquidity. Global macro is one of the few hedge fund strategies that lost
less than 5% in 2008 when most hedge fund strategies had double-digit percentage
losses (Low 2009). Its robustness can be seen in its performance between 2000 and
2010 where it returned an average of near 12% annualized return with a volatility of
5.5%, illustrating how the strategies of global macro funds perform well in volatile mar-
ket environments, with about $290 billion under management (Casano 2010). The glo-
bal macro strategy invests in a very broad range of asset classes and geographies. The
factors used to construct the clones of global macro include Bond: Lehman Corporate
AA Intermediate Bond Index, Large Cap US Stocks: S&P 500 Total Return, Emerging
Market: MSCI Emerging Market Index, and the Currency: U.S. Dollar Index Return,
and Commodity: Goldman Sachs Commodity Index Total Return.

Long/short equity
Long/short hedge funds take both long and short positions in a broad range of equity
classes spread across different size, style, and regions. These funds benefit from a posi-
tive equity environment and delivered an annualized return of 9.5% and volatility of
10.6% between January 1998 and October 2009. This strategy will underperform
long-only strategies during a strong bull market, however, the long/short strategy will
outperform over a full market cycle (Bruce and Reynolds 2010).

The long/short strategy has become the most established hedge fund strategy with
over 30% of all the assets under management in hedge funds invested in long/short
funds, comprising over 43% of all hedge funds (Feldman et al. 2009). Although these



Subhash and Enke Financial Innovation (2019) 5:11 Page 8 of 19

funds are typically long biased, their strategies sometimes overlap those of equity mar-
ket neutral funds in times of market downturns. The factors used to construct the
clones for long/short equity hedge funds include a wide range of equity factors to
which the funds usually have exposures. The factors used to construct long/short
clones include Large Cap US Stocks: S&P 500 Total Return, Small Cap US Stocks: Rus-
sell 2000 Small Cap Index, Developed International Markets: MSCI EAFE Index, Mar-
ket Momentum: MSCI USA Momentum Index, and Bond: Lehman Corporate AA
Intermediate Bond Index.

Managed futures

Managed futures hedge funds seek to capture returns by capitalizing on trends across a
range of asset classes, including equities, commodities, fixed income, and currencies.
Managed futures was the best performing hedge fund strategy in 2008, returning over
16% when most of the other strategies ended the year in negative territory and had over
$330 billion in assets under management by the end of 2012 (Drachman 2013). The
strategy also has a very low correlation to broad market indices and has returned over
8.6% annualized with 12.2% volatility between September 2000 and September 2010
(Casano 2010).

The flexibility of this strategy also results in high variation in the performance be-
tween different managers. The best performing managed futures fund in 2012 returned
over 13%, while the worst performer lost over 27%, yet these funds have the ability to
capture both uptrends and downtrends and have a history performing well in either
type of trending market (Till and Eagleeye 2011). The managed futures strategy
returned over 35% during the technology downturn between September 2000 and De-
cember 2002, and over 31% in the following market bull-run ending in October 2007
(Drachman 2013). The factors used to replicate the managed futures funds include
Currency: U.S. Dollar Index Return, Treasury Rates: Lehman Treasury Index, Commod-
ity: Goldman Sachs Commodity Index Total Return, Large Cap US Stocks: S&P 500
Total Return, and Market Volatility: CBOE Volatility Index.

Multi-strategy

Multi-strategy hedge funds often develop from successful single strategy funds that ex-
tend their services to accommodate incoming capital when it reaches a capacity that
managers see as the optimum threshold beyond that which they believe they will be in-
efficient in using fresh capital towards a single strategy. This category can be expected
to offer diversification, higher capacity, and consistency in the long term. The factors
used to construct multi-strategy clones include Credit Spreads: The spread between the
Lehman Corporate Bond Index and the Lehman Treasury Index, Large Cap US Stocks:
S&P 500 Total Return, High Yield Bond: Merrill Lynch High Yield Master 2 Index,
Emerging Market: MSCI Emerging Market Index, and Bond: Lehman Corporate AA
Intermediate Bond Index.

Fund-of-funds
Investors who want to construct a portfolio of hedge funds in order to increase diversi-
fication, while also decreasing correlation to the overall markets, will often consider
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using a fund-of-funds hedge fund category. Constructing a portfolio of hedge funds re-
quires extensive due diligence and access to performance information that is not easily
available. Fund-of-funds hedge funds take care of the due diligence, manager selection,
and risk monitoring in exchange for an additional layer of fees, typically in the range of
10% asset management fees and 1% performance fees. Fund-of-funds hedge funds can
vary from one another in terms of the weighting to different managers, liquidity, strat-
egy exposures, and extent of rebalancing between the managers (Suppal and Garza
2012). The factors selected to clone the fund-of-funds include Credit Spreads: The
spread between the Lehman Corporate Bond Index and the Lehman Treasury Index,
Large Cap US Stocks: S&P 500 Total Return, High Yield Bond: Merrill Lynch High Yield
Master 2 Index, Emerging Market: MSCI Emerging Market Index, and Bond: Lehman
Corporate AA Intermediate Bond Index.

Results
This section discusses the results of the replication process using the fixed weight and
rolling window clone models discussed in Section 2, and then compares the benefits of
selecting factors specific to the underlying hedge fund strategy versus simply using a
broad set of factors covering basic sources of risk associated with stocks, bonds, cur-
rency, credit, and commodities. While the fixed weight model is suitable for investors
wanting a more passive approach to using their hedge fund clones, the rolling window
model is for investors who prefer active monthly rebalancing. For this work, and to
compare against both the performance of the actual hedge funds being modeled and
the replication clones themselves, we have used a dataset covering the period from Au-
gust 1996 to September 2008, as used in related work (Hasanhodzic and Lo 2007).
Please note that while statistical out of sample tests were not performed due the limita-
tions of the hedge fund data set (i.e., with only 145 months available and 47 months
needed to calibrate the rolling window clones, out of sample tests could not be per-
formed without severely affecting the replication), the commonly used descriptive sta-
tistics of mean return and Sharpe ratios were used to compare the replication models.
Also covered in this section are the results of the clones constructed from the funds
with the highest Sharpe ratios and the funds with the best average returns. The selec-
tion bias inherent in the cloning process is used to the benefit of the investors to allow
for more customization of the clones and the ability to model them according to their
preferences for risk and return. Investors prioritizing a more balanced risk-reward ratio
can choose the clones constructed from the top Sharpe ratio funds, while investors
seeking higher returns can use the clones constructed from the top returning funds.

All funds

Table 1 shows the performance comparison for the clones created using all funds for
the fixed weight model. The results for clone2 (strategy specific factors) are impressive
across several categories and are significantly better than that of clonel (common/gen-
eral set of factors) for all hedge fund strategies, with the exceptions of dedicated short
bias and managed futures. Please note that one of the goals in selecting factors specific
to the hedge fund strategy is to obtain clones with mean returns closer to that of the
hedge funds. Therefore, in the case of managed futures, although clonel has higher
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Table 1 Performance comparison for fixed weight model for all funds and their clones
Fixed Weight Model - All Funds

Categories Sample Annual Mean Return % Annual SD % Annual Sharpe
Size Mean SD Mean SD Mean SD
Funds Convertible Arbitrage 53 8.64 372 6.30 4.79 233 324
Clone1 Convertible Arbitrage 53 4.70 322 6.30 4.79 1.03 046
Clone2 Convertible Arbitrage 53 8.17 3.06 6.30 4.79 1.55 038
Funds Dedicated Short Bias 13 4.82 546 23.18 8.69 0.18 0.26
Clonetl Dedicated Short Bias 13 8.05 923 23.18 8.69 037 037
Clone2 Dedicated Short Bias 13 11.82 6.33 23.18 8.69 057 0.28
Funds Emerging Markets 67 16.80 7.99 18.78 11.89 1.23 0.99
Clone1 Emerging Markets 67 9.37 490 18.78 11.89 067 042
Clone2 Emerging Markets 67 17.04 8.14 18.78 11.89 1.09 043
Funds Equity Market Neutral 76 7.65 432 9.15 9.60 145 140
Clonel Equity Market Neutral 76 944 1041 9.15 9.60 1.12 039
Clone2 Equity Market Neutral 76 1048 532 9.15 9.60 143 039
Funds Event Driven 59 10.68 542 8.56 4.23 1.44 0.76
Clonetl Event Driven 59 6.40 3.08 8.56 4.23 0.84 0.36
Clone2 Event Driven 59 7.79 4.69 8.56 4.23 0.90 0.21
Funds Fixed Income Arbitrage 42 8.52 279 6.69 413 2.14 255
Clone1 Fixed Income Arbitrage 42 6.62 348 6.69 413 117 045
Clone2 Fixed Income Arbitrage 42 7.88 4.14 6.69 413 1.31 036
Funds Global Macro 62 1339 6.82 15.00 778 0.99 046
Clone1 Global Macro 62 13.86 10.15 15.00 7.78 1.00 048
Clone2 Global Macro 62 16.88 8.02 15.00 7.78 124 043
Funds Long/Short Equity Hedge 498 12.35 6.69 1441 795 097 044
Clonetl Long/Short Equity Hedge 498 8.15 6.80 1441 7.95 065 041
Clone2 Long/Short Equity Hedge 498 11.73 520 1441 7.95 0.94 0.38
Funds Managed Futures 211 13.57 7.60 18.85 10.26 0.79 038
Clone1 Managed Futures 211 2212 1245 18.85 10.26 1.24 040
Clone2 Managed Futures 211 15.37 898 18.85 10.26 0.84 0.26
Funds Multi Strategy 91 935 5.75 942 7.34 1.35 0.85
Clonetl Multi Strategy 91 6.81 792 942 7.34 093 053
Clone2 Multi Strategy 91 1042 899 942 7.34 1.25 0.55
Funds Fund of Funds 323 9.13 3.00 765 4.84 147 0.65
Clone1 Fund of Funds 323 6.76 329 765 4.84 1.05 041
Clone2 Fund of Funds 323 946 4.26 765 4.84 137 033

average mean return (22.12% clonel vs. 15.37% clone2 vs. 13.57% funds), the perform-
ance of clone2 is preferable given that its return is closer to the actual funds and its
standard deviation among mean returns is lower than clonel. In the case of dedicated
short bias, although clonel appears to have an average mean return closer to that of
the fund, the higher standard deviation among mean returns, combined with the lower
Sharpe ratio, makes clone2 the preferred choice. Equity market neutral provides for an
interesting observation with clone2 providing much higher mean returns, but with
comparable variance in mean returns. They also have very close Sharpe ratios (1.43
clone2 vs. 1.45 clonel).

The average mean return of clone2 is strikingly close to the average mean return of
the funds in the case of convertible arbitrage (8.17% clone2 vs. 8.64% funds), emerging



Subhash and Enke Financial Innovation (2019) 5:11 Page 11 of 19

markets (17.04% clone2 vs. 16.80 funds), fixed income arbitrage (7.88% clone2 vs.
8.52% funds), long/short equity hedge (11.73% clone2 vs. 12.35% funds), and
fund-of-funds (9.46% clone2 vs. 9.13% funds). The standard deviation among mean
returns is also close in these cases. Multi-strategy also offers clones with comparable
mean returns and Sharpe ratio. The average Sharpe ratio of clone2 is higher than that
of clonel in all cases except managed futures, and is close to the mean Sharpe ratio of
the funds for several categories. As illustrated by the results in Table 1, clone2 is pre-
ferred over clonel for all hedge fund strategies when constructed using all funds, and
provides notably close performance to the funds in most cases.

The rolling window comparison of the performance of both the clones and that of
the corresponding funds for all the funds is provided in Table 2. These results show
that clone2 remains the preferred choice among all hedge fund strategies. Clone2 con-
tinues to offer highly comparable performance to the funds with the rolling window
model having a few exceptions coming in the categories of event driven, fixed income
arbitrage, and multi-strategy. Convertible arbitrage (10.11% clone2 vs. 8.91% funds) and
global macro (14.83% clone2 vs. 13.05% funds) have higher average mean returns for
the clone2 models, although the variance in mean returns is much higher for global
macro clones2 (11.88% clone2 vs. 6.37% funds). However, the comparable Sharpe ratios
(1.16 clone2 and 1.1 funds) make it a clone worth considering. Emerging markets and
fund-of-funds categories have their clones2 perform close to the funds in terms of
mean returns, while having slightly higher variance in mean returns. Long/short equity
hedge and equity market neutral strategies have the clone2 models perform remarkably
well, both in terms of their average mean returns and the variance in mean returns.

The results for rolling window and fixed weight clone2 models for all funds show that
selecting the factors relevant to the underlying hedge fund strategy will offer significant
benefits, both in terms of replication quality and overall performance of the clones.

Top 50% Sharpe ratios

Next we look at the performance of clones constructed from the top 50% of the funds
having the highest Sharpe ratios. The clones generated from these funds will benefit
from the balanced risk reward properties of its corresponding funds. Although match-
ing this higher benchmark is more difficult, using the relevant factors significantly im-
proves the performance of the clones. Clone2 continues to outperform clonel in terms
of replication quality across all hedge fund strategies.

Table 3 offers the comparison of the fixed weight clones and the funds selected under
this strategy. It can be seen that despite the challenges of a higher benchmark, clones2
still offers significantly comparable performance across many categories, including
emerging markets (15.81% clone2 and 17.98% funds), equity market neutral (7.68%
clone2 and 8.89% funds), long/short equity (11.54% clone2 and 13.85% funds),
fund-of-funds (7.52% clone2 and 9.12% funds), multi-strategy (8.38% clone2 and
10.76% funds), managed futures (13.35% clone2 and 15.11% funds) and global macro
(14.98% clone2 and 15.51% funds). There is also a similar variance in mean returns for
clone2 and their corresponding funds for these strategies. Fixed income arbitrage, event
driven, and convertible arbitrage categories have the clones underperform their corre-
sponding funds. These strategies largely gain from illiquidity risk and have significant
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Table 2 Performance comparison for rolling window model for all funds and their clones
Rolling Window Model - All Funds

Categories Sample Annual Mean Return % Annual SD % Annual Sharpe
Size Mean SD Mean SD Mean SD
Funds Convertible Arbitrage 53 891 4.62 554 4.56 3.02 5.09
Clone1 Convertible Arbitrage 53 245 424 5.66 4.54 0.59 0.58
Clone2 Convertible Arbitrage 53 10.11 495 6.17 451 1.88 047
Funds Dedicated Short Bias 13 337 4.84 1898 831 0.17 039
Clonetl Dedicated Short Bias 13 -1.05 599 1593 641 -0.16 047
Clone2 Dedicated Short Bias 13 7.58 357 1492 577 0.58 030
Funds Emerging Markets 67 2150 10.60 1543 9.80 1.77 1.15
Clone1 Emerging Markets 67 953 9.20 14.64 881 073 040
Clone2 Emerging Markets 67 19.69 13.36 14.56 897 140 035
Funds Equity Market Neutral 76 7.6 520 7.66 7.4 1.75 246
Clonel Equity Market Neutral 76 415 524 720 6.53 0.65 055
Clone2 Equity Market Neutral 76 7.69 555 741 7.30 1.18 047
Funds Event Driven 59 1148 572 7.1 341 1.81 0.90
Clonetl Event Driven 59 5.86 458 775 4.30 0.86 0.52
Clone2 Event Driven 59 7.63 5.80 759 448 1.10 046
Funds Fixed Income Arbitrage 42 8.83 313 4.64 272 313 4.25
Clone1 Fixed Income Arbitrage 42 3.04 349 5.03 345 0.79 049
Clone2 Fixed Income Arbitrage 42 4.14 254 497 354 1.03 046
Funds Global Macro 62 13.05 6.37 1338 6.18 1.10 0.54
Clone1 Global Macro 62 9.05 1092 1355 7.54 0.69 0.65
Clone2 Global Macro 62 14.83 11.88 1334 7.32 1.16 0.64
Funds Long/Short Equity Hedge 498 12.90 763 12.24 6.74 1.19 0.54
Clone1 Long/Short Equity Hedge 498 9.94 840 1247 6.75 0.83 047
Clone2 Long/Short Equity Hedge 498 11.21 6.72 11.92 6.71 1.05 048
Funds Managed Futures 211 12.21 7.08 1743 9.75 081 049
Clone1 Managed Futures 211 16.01 13.39 17.78 10.74 092 049
Clone2 Managed Futures 211 14.38 12.72 17.23 10.68 087 0.51
Funds Multi Strategy 91 9.96 536 745 540 175 .11
Clonetl Multi Strategy 91 4.02 851 832 633 0.77 0.67
Clone2 Multi Strategy 91 6.61 1063 831 6.23 1.06 0.79
Funds Fund of Funds 323 932 349 6.20 4.25 1.88 0.84
Clone1 Fund of Funds 323 5.16 339 583 4.19 0.96 029
Clone2 Fund of Funds 323 838 647 582 411 145 029

left tail exposure; the top Sharpe ratio criterion is therefore likely to select the funds
with the most illiquid exposures, making them more challenging to replicate.

The rolling window results of the clones and the selected hedge funds are provided
in Table 4. As seen in the table, clone2 outperforms clonel in all hedge fund categories
with the exception of managed futures, where clone2 still offers comparable perform-
ance to the funds. The most notable clone performances are for convertible arbitrage
(8.26% clone2 vs. 9.71% funds), dedicated short bias (8.88% clone2 vs. 7.13% funds),
and global macro (15.79% clone2 vs. 15.26% funds). While the standard deviation in
mean returns is also close for convertible arbitrage and dedicated short bias, the standard de-
viation in mean returns for global macro clone2 is significantly higher than that for the funds.
The comparable Sharpe ratios indicate that clone2 offers some benefits. Clone2 for the rest
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Table 3 Performance comparison for fixed weight model for top 50% Sharpe ratio funds and their
clones

Fixed Weight Model - Top 50% Sharpe Ratios Funds

Categories Sample Annual Mean Return % Annual SD % Annual Sharpe
Size Mean SD Mean SD Mean SD
Funds Convertible Arbitrage 26 9.56 3.60 413 213 368 424
Clone1 Convertible Arbitrage 26 468 2.05 413 213 1.25 031
Clone2 Convertible Arbitrage 26 6.50 270 413 213 1.69 0.26
Funds Dedicated Short Bias 6 9.50 390 24.26 8.16 041 0.15
Clone1 Dedicated Short Bias 6 1334 11.65 24.26 8.16 060 046
Clone2 Dedicated Short Bias 6 13.82 845 24.26 8.16 062 033
Funds Emerging Markets 33 17.98 6.99 13.09 8.57 1.82 112
Clone1 Emerging Markets 33 10.00 4.68 13.09 857 0.95 041
Clone2 Emerging Markets 33 15.81 800 13.09 8.57 1.38 037
Funds Equity Market Neutral 38 8.89 375 492 241 231 1.54
Clone1 Equity Market Neutral 38 6.00 330 492 241 1.26 032
Clone2 Equity Market Neutral 38 768 349 492 241 1.63 0.28
Funds Event Driven 29 1148 559 6.51 358 1.95 0.73
Clonetl Event Driven 29 6.09 263 6.51 358 1.04 0.34
Clone2 Event Driven 29 7.78 326 6.51 3.58 131 0.30
Funds Fixed Income Arbitrage 21 893 266 379 1.73 337 317
Clone1 Fixed Income Arbitrage 21 5.65 3.00 379 1.73 147 0.28
Clone2 Fixed Income Arbitrage 21 5.85 2.88 379 1.73 1.53 0.20
Funds Global Macro 31 1551 6.88 12.16 6.50 135 037
Clonel Global Macro 31 11.78 6.30 12.16 6.50 1.02 037
Clone2 Global Macro 31 14.98 7.33 12.16 6.50 131 037
Funds Long/Short Equity Hedge 249 13.85 6.85 11.13 5.70 1.30 035
Clone1 Long/Short Equity Hedge 249 9.26 6.99 11.13 5.70 0.85 0.36
Clone2 Long/Short Equity Hedge 249 11.54 4.94 11.13 570 1.13 031
Funds Managed Futures 105 15.11 746 15.60 829 1.04 037
Clone1 Managed Futures 105 18.66 1135 15.60 829 1.27 043
Clone2 Managed Futures 105 13.35 7.81 15.60 8.29 0.87 0.24
Funds Multi Strategy 45 10.77 4.73 5.60 2.80 203 0.58
Clonel Multi Strategy 45 649 4.18 5.60 2.80 1.18 031
ClLone2 Multi Strategy 45 838 551 5.60 2.80 147 028
Funds Fund of Funds 161 9.12 266 4.86 1.85 1.98 050
Clone1 Fund of Funds 161 6.20 294 4.86 1.85 128 0.26
Clone2 Fund of Funds 161 752 330 4.86 1.85 1.54 0.20

of the categories perform poorly in terms of mean returns, but the benefit of choosing the
factors with consideration to the hedge fund strategy is clearly evident in the significantly
higher average Sharpe ratios relative to clonel across every strategy, except managed futures.

Top 50% returns

In this section we see the performance of clones constructed from the top 50% of funds
with the best average returns. These clones are for investors who prioritize seeking
higher returns and benefit from this focus in constructing the clones. Clone2 again out-
performs clonel in terms of replication quality for all strategies and in terms of average
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Table 4 Performance comparison for rolling window model for top 50% Sharpe ratio funds and
their clones

Rolling Window Model - Top 50% Sharpe Ratios Funds

Categories Sample  Annual Mean Return % Annual SD % Annual Sharpe
Size Mean SD Mean  SD Mean SD

Funds Convertible Arbitrage 26 9.71 408 367 193 485 6.84
Clonel  Convertible Arbitrage 26 339 2.76 349 194 096 0.34
Clone2  Convertible Arbitrage 26 8.26 501 391 221 208 0.20
Funds Dedicated Short Bias 6 7.13 401 18.93 865 045 039
Clonel  Dedicated Short Bias 6 0.59 587 1599 616 000 043
Clone2  Dedicated Short Bias 6 8.88 453 1520 546 068 040
Funds Emerging Markets 33 20.38 9.20 11.01 813 240 134
Clonel  Emerging Markets 33 9.66 11.77 10.94 898 091 043
Clone2  Emerging Markets 33 17.68 15.98 11.11 932 159 0.36
Funds Equity Market Neutral 38 861 3.86 433 219 287 3.08
Clonel  Equity Market Neutral 38 442 372 4.84 314 091 0.34
Clone2  Equity Market Neutral 38 558 387 4.77 308 122 042
Funds Event Driven 29 11.90 569 549 288 237 0.90
Clone1 Event Driven 29 560 347 6.01 3.88 1.00 0.39
Clone2  Event Driven 29 6.64 408 573 361 1.22 041
Funds Fixed Income Arbitrage 21 8.69 298 298 152 475 5.60
Clonel  Fixed Income Arbitrage 21 317 251 3.68 287 092 0.39
Clone2  Fixed Income Arbitrage 21 362 237 350 263 1.8 046
Funds Global Macro 31 15.26 6.16 10.89 5.54 1.51 043
Clone1  Global Macro 31 1092 13.00 1184 741 090 0.66
Clone2  Global Macro 31 15.79 1446 11.53 711 1.35 0.72
Funds Long/Short Equity Hedge 249 14.03 7.53 947 478 154 044
Clonel  Long/Short Equity Hedge 249 932 5.94 1025 534 095 041
Clone2  Long/Short Equity Hedge 249 10.11 503 9.77 528 1.5 047
Funds Managed Futures 105 1349 6.36 1408 763  1.09 0.53
Clonel  Managed Futures 105 14.62 1044 14.05 813 105 0.53
Clone2  Managed Futures 105 11.67 8.75 13.59 8.21 0.92 0.51
Funds Multi Strategy 45 10.90 442 4.54 226 262 0.90
Clonel  Multi Strategy 45 463 3.04 444 2.1 1.05 041
Clone2  Multi Strategy 45 6.12 408 4.50 214 132 049
Funds Fund of Funds 161 9.10 247 3.94 167 250 0.69
Clonel  Fund of Funds 161 422 2.08 391 1.81 1.09 0.20
Clone2  Fund of Funds 161 6.08 346 3.90 182 152 020

returns and Sharpe ratio for all categories except managed futures, but clone2 remains
the preferred clone model. The top 50% Sharpe ratio funds and top 50% return funds
are the same for dedicated short bias category.

The fixed weight model performance for the clones and funds that are selected using
the higher returns strategy are provided in Table 5. Extremely good clones are obtained
for emerging markets (21.41% clone2 vs. 22.55% funds) and equity market neutral
(11.11% clone2 vs.10.53% funds) given their close variation in mean returns. Global

macro and managed futures categories give performance very close to their respective
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Table 5 Performance comparison for fixed weight model for top 50% return funds and their
clones

Fixed Weight Model - Top 50% Return Funds

Categories Sample Annual Mean Return % Annual SD % Annual Sharpe
Size Mean SD Mean SD Mean SD
Funds Convertible Arbitrage 26 11.32 332 791 6.20 2.80 3.83
Clone1 Convertible Arbitrage 26 4.70 437 791 6.20 0.96 0.57
Clone2 Convertible Arbitrage 26 849 327 791 6.20 1.39 047
Funds Dedicated Short Bias 6 9.50 390 24.26 8.16 041 0.15
Clone1 Dedicated Short Bias 6 13.34 11.65 24.26 8.16 060 046
Clone2 Dedicated Short Bias 6 13.82 845 24.26 8.16 062 033
Funds Emerging Markets 33 22.55 7.29 2294 14.20 143 112
Clone1 Emerging Markets 33 12.24 4.78 2294 14.20 073 041
Clone2 Emerging Markets 33 2141 896 2294 14.20 1.14 042
Funds Equity Market Neutral 38 10.53 4.19 1040 11.77 1.69 117
Clone1 Equity Market Neutral 38 12.09 1346 1040 11.77 127 036
Clone2 Equity Market Neutral 38 1.1 579 1040 11.77 1.39 044
Funds Event Driven 29 14.92 430 1044 4.20 1.57 051
Clonetl Event Driven 29 7.78 349 1044 4.20 0.83 039
Clone2 Event Driven 29 9.66 444 1044 4.20 093 0.23
Funds Fixed Income Arbitrage 21 10.67 227 7.04 4.75 265 302
Clone1 Fixed Income Arbitrage 21 7.79 400 7.04 4.75 127 041
Clone2 Fixed Income Arbitrage 21 9.04 4.89 7.04 4.75 1.39 0.27
Funds Global Macro 31 1824 6.27 1857 8.65 1.12 047
Clonel Global Macro 31 15.72 1252 1857 8.65 091 049
Clone2 Global Macro 31 18.85 8.80 1857 8.65 113 042
Funds Long/Short Equity Hedge 249 17.00 6.26 17.36 877 1.10 039
Clone1 Long/Short Equity Hedge 249 10.83 7.88 17.36 877 072 043
Clone2 Long/Short Equity Hedge 249 13.67 582 17.36 877 0.88 035
Funds Managed Futures 105 19.18 6.78 2426 1097 0.89 039
Clone1 Managed Futures 105 27.01 13.84 2426 1097 117 042
Clone2 Managed Futures 105 1991 949 24.26 1097 0.86 0.25
Funds Multi Strategy 45 13.51 452 10.99 885 1.59 0.71
Clonel Multi Strategy 45 9.35 1015 10.99 885 1.07 0.50
ClLone2 Multi Strategy 45 14.67 9.58 10.99 885 144 038
Funds Fund of Funds 161 11.26 269 9.10 5.19 1.52 0.68
Clone1 Fund of Funds 161 8.04 384 9.10 5.19 1.06 047
Clone2 Fund of Funds 161 11.31 4.56 9.10 5.19 138 038

funds for clone2 in terms of both average mean returns and Sharpe ratios. Fixed in-
come arbitrage (9.04% clone2 vs. 10.67% funds), multi-strategy (14.67% clone2 vs.
13.51% funds), and fund-of-funds (11.31% clone2 vs. 11.26% funds) also exhibit good
replication results. Long/short equity, event driven, convertible arbitrage, and dedicate
short bias had poor replication performance, but the value of using the strategy specific
factors can clearly be seen both in terms of average mean returns and Sharpe ratios
relative to clonel.

Table 6 presents the performance results for the rolling window model for the clones
and funds selected for the higher return strategy. Clone2 again provides a better repli-
cation performance relative to clonel across all hedge fund categories and has better

Page 15 of 19



Subhash and Enke Financial Innovation (2019) 5:11 Page 16 of 19

overall performance in terms of average returns and Sharpe ratio for all fund strategies,
except managed futures. As before with managed futures, clone2 is still preferred to
clonel. Event driven is the worst performing clone2 in terms of difference in average
mean returns (9.39% clone2 vs. 15.98% funds). This is the only category that performed
poorly on all clone2 models. Fixed income arbitrage clone2 also performed poorly
(4.5% clone2 vs. 10.72% funds). In general, this category also performed poorly for the
other rolling window data selection strategies tested. Fung and Hsieh (2002) demon-
strated that fixed income arbitrage funds have primarily static exposures and the nature
of fixed income arbitrage funds may cause it to perform poorly when used to model
rolling window clones where the portfolio weights in a clone are rebalanced each
month.

Good clone performance can be seen for convertible arbitrage (10.51% clone2 vs.
12.1% funds) and dedicated short bias (8.88% clone2 vs. 7.13% funds) where the stand-
ard deviation in mean returns is also comparable. Global macro (16.7% clone2 vs.
17.05% funds), managed futures (18.51% clone2 vs. 17.15% funds), and fund-of-funds
(10.29% clone2 vs. 11.28% funds) have comparable performance in terms of average
mean returns, but have much larger variation in mean returns compared to their re-
spective funds. The other strategies offered fairly comparable performance, with the
benefits of selecting the factors based on the underlying hedge fund strategy once again
clearly evident across all hedge fund strategies.

Conclusion

Selecting factors specific to the underlying hedge fund strategy has been demonstrated
to offer advantages over those constructed using a general broad set of factors for each
strategy. Clone2, which used strategy-specific factors, outperformed clonel in almost
every case, and usually by a significant margin in terms of replication performance and
risk-reward ratio. Using different fund selection strategies provides investors with add-
itional options for their hedge fund replication products.

The clones constructed using all the funds exhibited excellent replication for both
the fixed and rolling window models with only a few exceptions. The benefits of select-
ing the factors in accordance to the hedge fund strategy were also visibly evident across
all strategies. The top 50% Sharpe ratio funds selection strategy resulted in strong repli-
cation performance for most categories, barring fixed income arbitrage, event driven,
and dedicated short bias for the fixed weight model. The rolling window model offered
good replication for dedicated short bias, convertible arbitrage, managed futures, and
global macro strategies. While the clone performed poorly for the other categories,
there was a good performance over the general clonel model. The top 50% return
funds selection strategy yielded clones that offered attractive replication performance
for several strategies except in the cases of long/short equity hedge, convertible arbi-
trage, event driven, and dedicate short bias for the fixed model. The rolling window
model offered good clones for convertible arbitrage, dedicated short bias, global macro,
managed futures, and fund-of-funds strategies. The difference in performance of hedge
funds over the three fund selection procedures highlights the difficulty and importance
of selecting hedge funds suitable to an investor’s preference. While there is also a differ-
ence in the performance of the clones constructed by the three clone procedures, the
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Table 6 Performance comparison for rolling window model for top 50% return funds and their
clones

Rolling Window Model - Top 50% Return Funds

Categories Sample  Annual Mean Return % Annual SD % Annual Sharpe
Size Mean SD Mean  SD Mean SD

Funds Convertible Arbitrage 26 12.10 447 7.14 5.96 371 591
Clonel  Convertible Arbitrage 26 331 553 6.87 590 0.75 063
Clone2  Convertible Arbitrage 26 10.51 5.65 732 5.69 1.77 0.60
Funds Dedicated Short Bias 6 7.13 401 1893 865 045 039
Clonel  Dedicated Short Bias 6 0.59 587 1599  6.16 0.00 043
Clone2  Dedicated Short Bias 6 8.88 453 1520 546 0.68 040
Funds Emerging Markets 33 27.85 10.74 1873 1168 201 127
Clonel  Emerging Markets 33 11.25 11.83 1710 989 0.72 048
Clone2  Emerging Markets 33 2431 1591 1716 1025 145 0.38
Funds Equity Market Neutral 38 1013 532 8.26 737 1.81 1.15
Clonel  Equity Market Neutral 38 5.04 491 6.83 383 0.79 052
Clone2  Equity Market Neutral 38 7.29 511 6.91 399 1.09 042
Funds Event Driven 29 15.98 4.59 8.65 3.18 1.98 0.56
Clone1 Event Driven 29 7.76 541 8.56 376 0.96 0.58
Clone2  Event Driven 29 9.39 408 8.53 383 1.18 0.38
Funds Fixed Income Arbitrage 21 10.72 3.07 533 336 349 444
Clonel  Fixed Income Arbitrage 21 336 431 573 372 0.81 0.53
Clone2  Fixed Income Arbitrage 21 4.51 229 563 3.96 1.03 045
Funds Global Macro 31 17.05 6.36 16.15 645 1.19 0.54
Clonel  Global Macro 31 991 1362 1597 881 0.64 067
Clone2  Global Macro 31 16.70 15.13 1575 850 1.08 0.67
Funds Long/Short Equity Hedge 249 16.91 837 1457 748 1.30 0.52
Clonel  Long/Short Equity Hedge 249 11.71 931 1401 749 0.88 042
Clone2  Long/Short Equity Hedge 249 12.36 6.98 1364 735 1.02 044
Funds Managed Futures 105 17.15 6.61 2220 1057 091 051
Clonel  Managed Futures 105 21.55 15.51 2278 1180 1.00 0.51
Clone2  Managed Futures 105 18.51 14.89 2232 1186 087 049
Funds Multi Strategy 45 13.58 4.60 8.94 6.30 1.97 0.97
Clonel  Multi Strategy 45 7.1 6.26 837 6.04 0.95 046
Clone2  Multi Strategy 45 10.59 6.80 837 6.05 1.37 045
Funds Fund of Funds 161 11.28 361 7.51 4.55 1.85 0.83
Clonel  Fund of Funds 161 6.21 4.00 6.88 4.20 097 0.29
Clone2  Fund of Funds 161 10.29 7.03 6.92 414 149 031

expense and complexity in choosing and investing in a normal hedge fund makes the
clones a more favorable choice.

It is also important to recognize that costs associated with rebalancing, leveraging,
and transaction costs must be considered before choosing and implementing the
clones. Another point to note is that hedge funds are capable of deviating from their
stated styles, and more complicated models may be needed to account for these style
drifts. This is not visible when a large number of funds are averaged together, as seen
in the excellent performance of clones constructed from using all funds. However, by
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reducing the number of funds considered in forming the clones, the style drift may be-
come more apparent and difficult to capture for certain hedge fund strategies.

It is encouraging to see that using factors relevant to the hedge fund replication strat-
egy resulted in clones that offered similar performance to the average hedge fund. The
results also show that setting a higher benchmark for the clones by selecting the top
performing funds continues to produce good replication performance for the clones
across many strategies. The added benefits of lower fees, daily liquidity, and complete
transparency make the clones appear as an attractive choice even when they slightly
underperform their fund counterparts. With the view of the clones as investable prod-
ucts or alternatives to hedge funds, the choice in the clone construction technique de-
pends on the desires of the investor, including clone replication performance, clone
return, or clone risk-reward performance.
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