Nikolay Pavlov

Understanding and predicting hedge fund returns

I will try to develop a model that explains hedge fund returns with respect to their exposure different risk factors.  Then I will attempt to develop a predictive model of the fund’s exposure to them over time.  The model will attempt to capture the short-volatility, and other factors typically credited for the hedge fund returns, as well as the style. 

In a day and age when hedge funds investments become increasingly popular, it is disturbing that it is not obvious where hedge fund returns come from.  In this paper, I have attempted to develop a model that explains hedge fund returns and that can be used to make decisions on hedge fund investments.  Hedge funds are not a monolithic asset class, but are differentiated by strategies, approaches, and specialties.  

Since the hedge fund universe is enormous, I narrowed my analysis down to one type of hedge fund – mortgage backed securities.  And, I have picked a particular fund, Elliot Associates L.P., because it had a long track record, and thus many months of data available.  The data represents the monthly percentage returns of the hedge fund and it goes back to February 1977.  It seems that the self-classifications are reasonably descriptive of hedge fund styles and these styles determine to a large extent the risk exposure of the hedge funds
.  The Elliot Associates fund utilizes a mortgage-backed securities arbitrage strategy and therefore investors could easily identify several factors influencing its returns.  That strategy most probably involves buying mortgage-backed securities and their derivatives and hedging with similar mortgage-backed or other securities, such as Treasury notes and their derivatives. 

Hedge funds claim that their returns are uncorrelated to the market and that they are a result of superior trading strategies, knowledge of special asset markets, and superior pricing models.  In other words, whether the market is doing well or not, hedge funds claim to be extracting value from inefficiencies in the capital markets.  As such, the returns of the hedge funds should follow a mean model, or a random walk model, as long as the inefficiencies continue (or as long as the fund managers can continue to successfully identify new inefficiencies).  

If hedge funds were not much better than a passive fund, then our intuition tells us that the returns of the mortgage hedge fund could be explained with the returns of a Mortgage Index, or a AAA-rated bond index plus the returns from selling options.  The reason is that a mortgage investor is buying a AAA-rated bond and at the same time has sold the borrower (i.e. the homeowner who gets the mortgage) an option to call, or prepay the bond.  The selling of options is called short volatility strategy.  The difference between the passive and active strategy then would be just leverage.

The first step was to get a feel for the data.  I plotted the returns of the hedge fund against time to get a feel for the data’s qualitative properties.  There is no upward or downward trend.  There is no seasonal trend either.  
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I do not see any trends, any cyclicality, random walking, or other non-stationary behavior.  I definitely see that the fund’s returns were affected by shocks to the market system as happened in October of 1987, August of 1998, and September 2001.  

Summary Statistics for NetReturn (The hedge fund’s returns)

Count = 314

Average = 1.11437

Median = 1.0

Variance = 1.16321

Standard deviation = 1.07852

Standard error = 0.0608644

Minimum = -4.5

Maximum = 5.5

Range = 10.0

Stnd. skewness = -6.86903

Stnd. kurtosis = 19.2217

Coeff. of variation = 96.7827%

The fund had substantial returns of over 1% per month on average and a very low monthly standard deviation of 1.08%, or less than 4% annualized one.  The average annual risk free rate for the same period was approximately 2.35%, which gives us a Sharpe ratio of 3.19.  The maximum monthly loss of capital was 5.5%.  

The mean, variance, and autocorrelations of the series do not seem to be constant over time, and therefore I looked at the change in the return versus time:
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With that transformation the data looks kind of stationarized, with mean around zero.  However, the variance doesn’t seem constant, but changes around the time when the market volatility changes.  If hedge funds’ performance was uncorrelated to the market and predictable, then the variance wouldn’t depend on the market.  At first glance, it seems that the volatility has been increasing exactly when the volatility of the market was increasing.  

The autocorrelations of the returns (not the changes of the returns) show significant positive autocorrelations at both lags one and two, suggesting that the previous two months’ returns have predictive power for this month’s return. 


[image: image3.wmf]Estimated Autocorrelations for NetReturn

lag

Autocorrelations

0

5

10

15

20

25

-1

-0.6

-0.2

0.2

0.6

1


Interestingly, when we look at the changes in the returns, we have one significant negative autocorrelation around lag one, suggesting that the hedge fund’s returns for next month will be smaller than that of last month.  
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The data seems to have a pretty stable mean, just by eyeballing it.  To get a further understanding of the data, I then did a one variable analysis of the returns over the inflation.  For inflation I used monthly CPI data.  The mean monthly real return was 0.747874, and the standard deviation was 1.08749.  The data had negative skewness, which is consistent with most other hedge fund returns.  I performed the same analysis on the differenced data, and obtained a mean of 0.00199641, and a standard deviation of 1.22815.  The distribution was normal, but it had tails.  Interestingly, the differenced data had positive skewness.

I identified several factors which might explain a mortgage hedge fund’s returns:

Assets under management (AUM).  It seems that for all practical purposes it might be harder for a hedge fund to explore inefficiencies with more money than with less, because then the hedge fund might move the markets and the inefficiencies might disappear.  Also it might be harder to identify enough opportunities to deploy capital the larger the amount of money managed.  

Date.  It is possible that inefficiencies might be disappearing over time and that new inefficiencies are hard to identify.

Lehman Brothers’ Mortgage-backed Index.  The fund’s most likely components of risk and return are the underlying asset class.  The returns of a mortgage-backed hedge fund could be strongly correlated to the returns of a mortgage-backed securities index because these are the instruments that the fund deals in.  

90-day Treasury Bill.  The returns of a hedge fund might be nothing more than levered returns from 90-day Treasury bills.  Note that I do not include inflation, as it already is captured by Lehman’s MBS Index, as well as the T-bills.

ATM option premiums of calls and puts on 30-Year Treasury Bonds futures , and 10-Year Treasury Notes futures.  Among the hedge instruments employed by hedge funds are options on government securities.  The structure of the manager’s portfolio is such that it has substantial fixed income options exposure and is affected by fixed income volatility.

In order to identify the relationship between the factors and the returns, I ploted their crosscorrelations:

AUM: There are consistent negative crosscorrelations.  This confirms the intuition that the more money a fund manages the lower its returns are, as it will find it increasingly challenging to identify profitable opportunities to deploy all its capital.  It is also interesting to note that AUM has both predictive and explanatory roles for the returns of the manager.


[image: image5.wmf]Estimated Crosscorrelations for NetReturn with AUM

lag

Crosscorrelations

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

-1

-0.6

-0.2

0.2

0.6

1


The same seems to hold for Date, although the crosscorrelations seem to be less significant (at around -.13 to -.17).  Here, a plausible explanation is that as time passes, the fund’s strategies become less profitable and it has to identify new mispricings/inefficiencies.  There seems to be a significant correlation of AUM with time (Date).  The two seem to have an almost geometric relationship.  So, when viewing them against the net returns, one might capture the other.  Intuitively, both should be relevant. 

Lehman Brothers MBS Index:
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It seems that the MBS index has a high positive correlation with the returns at lag one.  It is interesting to observe that the correlation of the index at lag zero is lower than the one at lag one.  In other words, the MBS index is better as a predictor than as an explanatory factor.  That might indicate that the hedge fund’s strategies are somehow adjusted based on how the mortgage-backed securities market did the previous month.  While the correlation seems to be smaller than 20%, it intuitively makes a lot of sense.

90-day Treasury Bills:  We have consistent significant and positive crosscorrelations at every lag.  Since some of it might be inflation, as inflation data is reflected in the T-bills, I also looked at the correlation of Inflation with net returns.
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Inflation: The only significant cross correlations that inflation has with the returns seem to be in lags 10, 11, and 12.  And that doesn’t make economic sense.
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The options data:

I had only 39 and 31 months of options data for the option on the Treasury bond futures and the Treasury Note futures contracts respectively.  That’s why I continued my analysis with only those last 31 data points.


Premiums of call options on 30 year Treasury bond futures:

I detected an enormously significant correlation of the net return with the premium on a call option on the Treasury bond at lag zero.  However, beyond that the significance of the correlations is small, with lags 3 and 9 being the strongest.  Since the 3 and 9 months are usually the terms of the options, by virtue of how the data was constructed, the relationship makes sense.  However, while current option premiums might be good at explaining current hedge fund returns, they do not seem to be that strong at predicting the returns.  Interestingly, the strong negative correlation between the hedge fund returns and the bond call premiums are consistent with my understanding of the hedge fund’s strategy as a short volatility one.  In other words, in order to get its returns, the hedge fund continuously sells options to the market.  It is also consistent with the theoretical framework of what a mortgage investment is – a bond less the premium received for a call option (or prepayment option).
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The case was a bit different with the correlation to the change in the returns:


[image: image10.wmf]Estimated Crosscorrelations for adjusted NetReturn with TBONDCALL
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Here, we see significant predictive power in the first lag.

Premiums of put options on 30 year Treasury bond futures:

It seems that the significances of the correlations are quite small.  The put option premiums still have explanatory power, with a positive correlation.  
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When we look at the change in the returns, we see that the correlations have some explanatory power, and quite a bit of predictive power.


[image: image12.wmf]Estimated Crosscorrelations for adjusted NetReturn with TBONDPUT
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Premiums of call options on 10 year Treasury Notes futures:

There is an obvious explanatory component to the premium data.  It also has some predictive power at lags 3 and 6.  
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[image: image14.wmf]Estimated Crosscorrelations for adjusted NetReturn with TNOTECALL
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Premiums of put options on 10 year Treasury Notes futures:

The premiums of the put options on 10 year Treasury Notes seem to have very strong explanatory power, and some predictive power, as the cross correlations seem to be significant at several lags.  It is the opposite when we look at the change in returns – the premiums seem to have very significant predictive correlation at lag one: 
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[image: image16.wmf]Estimated Crosscorrelations for adjusted NetReturn with TNOTEPUT
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Here I had two concerns; first there are not enough data points, and second, the relationships between the net returns and the other factors could be different in the time period for which I had option data.  That is why I looked at the crosscorrelations of the factors during only those 31 months:


[image: image17.wmf]Estimated Crosscorrelations for adjusted NetReturn with AUM

adjusted NetReturn

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

-1

-0.6

-0.2

0.2

0.6

1

 
[image: image18.wmf]Estimated Crosscorrelations for NetReturn with AUM
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[image: image19.wmf]Estimated Crosscorrelations for adjusted NetReturn with Date
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[image: image20.wmf]Estimated Crosscorrelations for NetReturn with Date
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[image: image21.wmf]Estimated Crosscorrelations for adjusted NetReturn with LehmanMBS
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[image: image22.wmf]Estimated Crosscorrelations for NetReturn with LehmanMBS
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[image: image23.wmf]Estimated Crosscorrelations for NetReturn with T_Bill
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[image: image24.wmf]Estimated Crosscorrelations for adjusted NetReturn with T_Bill
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[image: image25.wmf]Estimated Crosscorrelations for NetReturn with Inflation
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[image: image26.wmf]Estimated Crosscorrelations for adjusted NetReturn with Inflation
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It is obvious from the graphs above that when correlated against the changes in the hedge fund’s returns the factors have much more significant predictive power, and when correlated against the untransformed returns, they have much more significant explanatory power.  That is why in designing and running a predictive model, I would look at the changes in returns, and for an explanatory model, I would use the untransformed returns.

With that in mind, I first decided to run a regression:

For my explanatory model, the best regressions I obtained was the following:

Multiple Regression Analysis

-----------------------------------------------------------------------------

Dependent variable: NetReturn

-----------------------------------------------------------------------------

                                       Standard          T

Parameter               Estimate         Error       Statistic        P-Value

-----------------------------------------------------------------------------

CONSTANT                 9521.82        2919.45        3.26152         0.0032

T_Bill                  -388.498         186.46       -2.08355         0.0476

TBONDCALL               -1.36595       0.456033       -2.99529         0.0061

TBONDPUT                 1.26554       0.436978        2.89611         0.0077

AUM                    0.0174073     0.00599898        2.90171         0.0076

Date                    -4.76482        1.46136       -3.26054         0.0032

-----------------------------------------------------------------------------

                           Analysis of Variance

-----------------------------------------------------------------------------

Source             Sum of Squares     Df  Mean Square    F-Ratio      P-Value

-----------------------------------------------------------------------------

Model                      12.468      5      2.49361       5.28       0.0019

Residual                  11.8031     25     0.472124

-----------------------------------------------------------------------------

Total (Corr.)             24.2711     30

R-squared = 51.3699 percent

R-squared (adjusted for d.f.) = 41.6438 percent

Standard Error of Est. = 0.687112

Mean absolute error = 0.46824

Durbin-Watson statistic = 1.26502 (P=0.0043)

Lag 1 residual autocorrelation = 0.318463

For my predictive model, I started with:

Multiple Regression Analysis

-----------------------------------------------------------------------------

Dependent variable: diff(NetReturn)

-----------------------------------------------------------------------------

                                       Standard          T

Parameter               Estimate         Error       Statistic        P-Value

-----------------------------------------------------------------------------

CONSTANT                 -1.0312        0.78542       -1.31293         0.2041

lag(diff(NetRetur      -0.387682       0.180933       -2.14268         0.0446

LAG(LehmanMBS;2)        -22.0825        29.2246      -0.755613         0.4587

LAG(LehmanMBS;3)         52.5568        24.8131        2.11811         0.0469

lag(TBONDPUT;1)        -0.845118         1.1431      -0.739321         0.4683

lag(TNOTECALL;1)        0.173857        1.44289       0.120492         0.9053

lag(tbondcall;1)        0.485114        1.06248       0.456588         0.6529

lag(tnoteput,1)          1.25189         1.0368        1.20745         0.2413

-----------------------------------------------------------------------------

                           Analysis of Variance

-----------------------------------------------------------------------------

Source             Sum of Squares     Df  Mean Square    F-Ratio      P-Value

-----------------------------------------------------------------------------

Model                     17.2436      7      2.46337       3.11       0.0216

Residual                  15.8243     20     0.791215

-----------------------------------------------------------------------------

Total (Corr.)             33.0679     27

R-squared = 52.1461 percent

R-squared (adjusted for d.f.) = 35.3972 percent

Standard Error of Est. = 0.889503

Mean absolute error = 0.619199

Durbin-Watson statistic = 2.28344 (P=0.2603)

Lag 1 residual autocorrelation = -0.206741

After eliminating insignificant factors (i.e. ones with t-statistics lower than 1), I arrived at the following regression model:  

Multiple Regression Analysis

-----------------------------------------------------------------------------

Dependent variable: diff(NetReturn)

-----------------------------------------------------------------------------

                                       Standard          T

Parameter               Estimate         Error       Statistic        P-Value

-----------------------------------------------------------------------------

CONSTANT                 -2.4878       0.811976       -3.06388         0.0055

lag(diff(NetReturn;1)    -0.3833       0.145255       -2.63881         0.0147

LAG(LehmanMBS;3)         69.0124        22.5177        3.06481         0.0055

lag(tnoteput,1)          1.27042       0.686979        1.84928         0.0773

lag(TNOTECALL;3)          1.1974       0.604902        1.97949         0.0599

-----------------------------------------------------------------------------

                           Analysis of Variance

-----------------------------------------------------------------------------

Source             Sum of Squares     Df  Mean Square    F-Ratio      P-Value

-----------------------------------------------------------------------------

Model                     18.1935      4      4.54838       7.03       0.0007

Residual                  14.8744     23     0.646712

-----------------------------------------------------------------------------

Total (Corr.)             33.0679     27

R-squared = 55.0187 percent

R-squared (adjusted for d.f.) = 47.1959 percent

Standard Error of Est. = 0.804184

Mean absolute error = 0.594739

Durbin-Watson statistic = 2.29882 (P=0.2271)

Lag 1 residual autocorrelation = -0.166632

The final equation that predicts next month’s returns is:

diff(NetReturn) = -2.4878 - 0.3833*lag(diff(NetReturn);1) + 69.0124*LAG(LehmanMBS;3) + 1.27042*lag(tnoteput,1) + 1.1974*lag(TNOTECALL;3)

Based on my analysis, Elliot Associates L.P.’s April return should be:

March’s return + predicted change in the return = 0.2% + 0.0996685%, or approx 0.3% return for April.

Brown, Stephen J. and Goetzman, William N., 2001, Hedge funds with style, National Bureau of Economic Research working paper 8173





Abertathy, Jerome D. and Weisman, Andrew B., The dangers of historical hedge-fund data, The Journal of Investment Consulting, vol.4, No. 1, December 2001





Kao, Duen-Li (Tony), Risk Analysis of Hedge Funds versus Long-Only Portfolios, 2001








_1113394577.bin

_1113395884.bin

_1113396177.bin

_1113396255.bin

_1113396478.bin

_1113396556.bin

_1113396397.bin

_1113396442.bin

_1113396336.bin

_1113396223.bin

_1113396102.bin

_1113396137.bin

_1113395945.bin

_1113395716.bin

_1113395773.bin

_1113394722.bin

_1113394987.bin

_1113381786.bin

_1113382302.bin

_1113394434.bin

_1113382065.bin

_1113221219.bin

_1113224295.bin

_1113380770.bin

_1113224113.bin

_1113220886.bin

