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Excess returns to equity market neutral hedge funds

1. INTRODUCTION

Portfolios based on the principle of a long-short equity
hedge appear to have originated with a fund
established in 1949 by Alfred W Jones. The idea is
that superior returns can be obtained by off-setting the
market exposure of a long position in a set of shares
that has a relatively favourable outlook, with a short
position in one that is likely to perform relatively poorly.

Sources of profit are net amounts arising from dividend
accruals, interest earnings on cash held on deposit or
in collateral accounts and, especially, appreciation in
the net value of the equity position, iess the transaction
costs associated with the exercise.

Returns may thus be more dependable than those
provided by long-only equity funds. Whether they
would, at the same time, be higher than those provided
by fixed interest and money market funds is something
that the efficient market hypothesis, or more generally,
the Law of One Price would appear to suggest is not
possible in the long run.

Nevertheless, hedge funds do exist and, undoubtedly,
produce returns that, generally, exceed the rates
available on risk free investments by worthwhile
margins. The problem then is to identify and quantify
the source of excess returns within share markets that
are, or could be, exploited to the benefit of hedge
funds.

Investors in equity markets bear two types of risk: that
which is specific to each individual share; and, that
which is related to general market movements and
which affect all shares to a greater or lesser extent.
Asset specific risk can be reduced and, in the limit
eliminated, at no cost through diversification over a
large number of assets. There ought, therefore, to be
no compensation for this class of risk in the pricing of
financial securities. Market related risk cannot be
limited in this way and the only method by which it
could be controlled involves the incorporation of an
equivalent off-setting risk, or hedge, the cost of which
ought, theoretically, to make the exercise futile.

Risk control through diversification in share markets
has a practical limit, however. If the standard deviation
is taken as a measure of risk, then the reduction in the
risk of a portfolio is proportional to the square root of
the number of shares included in a portfolio. This
means that at least 25 shares would be needed to cut
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the volatility to say 20% of that of the average share.
To reduce this further to 10% would require more than
100. Few investors would contemplate managing a
portfolio of this size, even if enough suitable shares
were actually available.

A hedge, formed from two sets of assets with equal but
opposite exposures to the market, set up to control
market exposure, is also not without some residual risk
since the actual exposures of each component can
only be estimated on an ex anfe basis and are,
therefore, only imperfectly known at the time of
implementation. Again, the operation of the law of
large numbers runs into a practical limit.

Thus, both aspects of the risk involved in investing in
equity markets cannot, in practice, be completely
eliminated, except in the trivial case of one-to-one off-
sets using futures contracts which eliminate both risks
simultaneously.

The hypothesis on which hedge funds are based is,
therefore, that share returns on “zero beta” portfolios,
in a finite economy, yield a premium over short-term
interest rates that compensates for the fact that asset
specific risk cannot completely be eliminated through
diversification and that no perfect hedge is available
that will eliminate market related risk alone.

The next part of this paper briefly sets out the theory
which forms the basis of the design of a long-short
equity market-neutral hedge. Empirical findings
relating to the performance of equity returns that are
relevant to the design problem are highlighted in
Section 3. This includes evidence that suggests that
the risk free rate that is incorporated into asset pricing
theories, in practice, exceeds returns on short-term
government securities by a considerable margin.

Section 4 contains some of the more important
practical design considerations that are involved in the
formation of a hedged equity portfolio. A worked
example which demonstrates that a long-short market-
neutral equity hedge can, in fact, reliably produce
returns substantially in excess of the rate normally
associated with the risk free rate of interest is given in
Section 5. A discussion and some concluding remarks
are contained in Section 6.

2, HEDGED PORTFOLIO DESIGN

The theoretical basis for the design begins with the
observation that one of the properties of any set of M
correlated Normally distributed variables is that each
variable can be decomposed into a weighted sum of M
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independent Normally distributed variates 8y, each of
which has a zero mean and unit variance:

h=a, +b,8, +b,8, +.0b,5,..+ b0, (1)

The & are the Principal Components of the asset
returns, the coefficients by are their factor weights and
a, is the mean value of r;. The terms of the covariance
matrix corresponding to the system can be found from:

M
= Zbikb}k ...(2)
k=1

Contributions made by each of the factors to the total
variance vary in importance. The magnitude of the
eigenvalue associated with each is a measure of its
proportionate contribution.

Some of the Principal Components often represent
phenomena that can be associated with r; in cause-
effect relationships. Most, however, seem to have no
such meaning.

In practice the number of factors that make a
significant contribution is limited, and it is important to
be able to distinguish those that contain information
from those that that are associated with purely random
sources of variability.

Symmetrical random matrices (i.e. those in which each
element a; = a; , and which are formed from time
series that are known to be independent and
identically distributed) have, in the limit of very large
matrices, the feature that the distribution of their
eigenvalues has universal properties. In particular, the
eigenvalues of a random matrix, in the limit N, M — <,
fall in the range:

AT~ 141/Q+2J1/Q .. (3)

min
where:

M is the order of the matrix, or alternatively the number
of time series involved;

N is the length of the time series; and,
Q=N/M=z1.

For finite N, there is some probability of finding
eigenvalues beyond these limits. This tends to zero
when N is large.

Applying these limits to equation (1) produces the
multifactor model of the Arbitrage Pricing Theory,
initially developed by Ross (1976), in which the return
on any share during any period, ri(t), is described by a
linear function in which the number of factors is limited
tom « M:

(1) = a; + byd, (1) + b8, (1) +.by 8, (t).. +

=g+ ibikSK(t)+ &(t)

|m ffl(t)+ 8!

where:

m < M is the number of factors for which the
corresponding eigenvalues exceed A,,,,; and,

€ is @ mean-zero random error term.

The return during any period, t, on an investment in a
share is given by:

n(t) = Af(t)/f.(t) .. (5)
where

f(t) is the price of the share at the beginning of the
period and Af(t) is the change in price, plus any
dividend or other payment made, during that period.
Therefore the gain or loss on holding a single share in
any period is:

AE(D) = af(0)+ 30,5, (O (0)+ (1) . (6)

Now, because the variable §,(t) is random Normal with
mean zero and unit variance and because there are
more securities available than there are determining
factors, portfolios can be formed that have no
exposure to the second term. If g; represents the
number of shares invested in the ith security, then the
value of such a portfolio would be given by:

P=Y gf(t) - (7)

in which the values of g; would be chosen such that:

Zgibikf‘n(t) =0 .- (8)

The return on the portfolio would be:

Zg(a () + (1) . (9)

But, since arbitrage opportunities have been
eliminated, the expected return is equal to the risk free
rate, po; i.e.:

Zg| || :pozg|ﬁ(t) (10)

or
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> gfi(t)a —p,) =0 (1)

Equations (8) and (11) form a system of homogeneous
linear equations in by and can be algebraically
consistent only if there exist px such that:

a; — Py :Zpkbik .. (12)
K

That is, the expected value of a; , and hence the return
on the share is given by:

a, =E[r]=p, + > _p,by, .. (13)
k
And therefore:

n(t)=p, +ipkbik +ibik6k(t)+8i(t) .. (14)

If observable economic variables, 6,, that are random
Normal with mean m(8,) and standard deviation s(6y)
can be identified with each of the unknown factors &,
then each

8, () = (8, (t) —m(6,))/ (6, ) .. (15)

Substitution in equation (14), with some rearrangement
of terms, produces:

n(t)=p, + i(pks(ek )—m(6,))B; +

m

ZB|k6k(t) +g(t)

k=1
where
Bi = bi / s(6y).

As long as the number of securities available exceeds
m, portfolios can be formed in which each contains
one unit of systematic risk on one of the factors, i.e. By
= 1, and none on any of the others. Then for each of
these portfolios the return would be:

(1) =po +(PS(0, ) —m(6,)).1+1.0,(t) + ¢, (t) ..(17)
Taking expectations:
E[rp]:p() +(pks(0k)*m(ek ))+m(6, ) ... (18)

=Pg + pks(ek)

But the expected return on the portfolio would also be
m(8x). Therefore each

p.s(6,) =m(0,)—p,, and the return on a share is given
by:

m m

n(t) = p0(1_ZBik)+ ZBikek(t)+ &(t)

k=1 k=1

... (19)

A market-neutral, or “zero beta”, portfolio is one in
which the value of the second term is made equal to
zero by the selection of investment weights that would
make each Y wB, =0.

3. PRIOR EMPIRICAL FINDINGS

Research on actual securities prices has established a
number of empirical findings that are of importance in
the formation of an equity hedge portfolio.

1. Correlations between share returns are typically
rather low. The confidence limits associated with
estimates for any given length of record are
therefore rather wide, and, in many instances,
empirically estimated correlations between share
returns are not statistically significant.

2. The precision with which estimates of this
parameter can be made depends on the length of
the time series used. On the other hand, as a
result of changes in market conditions through
time, correlations between securities are not
necessarily stationary. Thus, the longer the length
of the data, the more it is affected by the problem
of non-stationarity, and the shorter it is, the wider
the confidence limits on the estimates. The conflict
means that an element of randomness
unavoidably obscures the true correlations
between share returns.

3. Most (= 98%)' of the eigenvalues of a typical
correlation matrix fall within the limits given by
equation (3). The degree of randomness is
therefore considerable and the “real” information
contained correspondingly small.

4. Randomness is the cause of bias in portfolios that
have been optimised on the basis of empirical
matrices. Invariable results are portfolios in which
actual standard deviations exceed expectations,
often by wide margins.

Pafka and Kondor (2002) have shown that the
magnitude of this bias depends on the ratio of the
number of shares included in a portfolio to the
length of the record used to estimate the
covariance matrix. An estimate of the “true” to the
predicted standard deviation of the portfolio,
ignoring the issue of non-stationarity, is given by:

'See Plerou et al. (2001).
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D 1
1-1/Q

... (20)

where Q = N/M , M being the number of shares in
the portfolio and N being the length of the record.

this range of returns are likely to follow an extreme
value distribution. The result is the “fat tails”
phenomenon in which empirical share return
distributions contain large values that occur with
frequencies that are much higher than those that
would have been predicted on the basis of the
Normal distribution.

5. The most important factor (ordered by magnitude
of associated eigenvalues) determining returns on . .
a share is the equally weighted index of all share The width of the Normal region for returns on a
returns: particular share can be approximated bycVN .
Beyond this the Exponential distribution or the
M Student distribution, rather than the Normal
1 : :
n= MZG - (21) distribution, may prevail.
i=1
o e ) _ . . The value assigned to, the risk-free rate, pg in
;rhrgsfiIthaSrii?:iS;aclla(?g;p\:\g:\Z:t T;gré?(f’zr)r?r?go;egr:g equation (10& inhtheoretical discussions is usually
assumed to be the yield on short-term government
to have been first noted by Connor and Korajczyk securities.  often éualified by theg presumed
(1988). It is a feature of shares traded on the JSE absence (’)f transaction costs.
Securities Exchange (see the example below).
, S L Actual observations indicate a higher return. This
Less important, but still significant, associations is illustrated by the case of JSE share returns for
i;':;mbeitr‘%iirt‘ri :fcsencfigg faTCtO;'Z i?dmsdhuasrtfs :2 the period 28/07/1998 to 24/06/2002. Regressions
which this happens are t.hos):apin which a si>rlwg|e gf thef equally weighted mdexl on daily ‘retums,
. 7 o020 X one for a relatively large selection of actively
economic variable has overriding importance in the traded shares over the period, show a correlation
valuation of a company. Examples of sectors in between the values of the slope and the intercept
terzglorgfi‘ct)igog)s;odjcrzﬁon gaorll?j rg;'i':i':g’ anpc?t::w)lc?nuer; o; some 75%. This is predicted by the adaptation
' ' of equation (19) to the case where returns depend
centre banking. These secondary associations are on aqsingle i(derztifiable factor i.e.- P
not stable and rise or fall in importance through T
time. n=a +br, +g =p,(1-b)+br, +¢ . (22)
6. Not all shares have return distributions that can _ ,
reliably be regarded as being random Normal. The values of a;, estimated on the basis of the
regression, are plotted against corresponding
Although the Central Limit Theorem guarantees values for (1-b) on Figure 1. Also plotted, as a
that, as the length of the return record approaches solid line, are estimates of a; on the basis of the
infinity, the distribution of returns will approach that relation a; = po(1-by), assuming that po is thoe risk-
of the Normal distribution, this happens only very free rate of interest and equal to 17,5% per
slowly in practice. For finite N the range of annum.
outcomes that foliow the Normal distribution are
clustered around the mean value. Those outside
0.003
. *
0.002 .o « o
3 »
0.001 o« *T ., M
- a; = py(1-by) ®
& 0 . s "o
* * o .
-0.001 ¢ @ teo o ¢ .
-0.002 'S * .
.
-0.003
0.8 0.6  -04 02 0 0.2 0.4 0.6 0.8
(1-b)
Figure 1: Plot of regression parameters for daily returns on JSE listed shares between 28/07/1998 and
24/06/2002, compared with values of the intercept derived from the relation a; = py(1-b;) assuming p, =
0,07% per day, (17,5% p.a.).
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Clearly there is a considerable difference between
the short-term interest rate and the actual return
offered by the stock market’. It is this difference
that provides the economic opportunity exploited
by hedge funds. If there were, in fact, no significant
difference, then hedge funds would not reliably be
able to produce returns in excess of short-term
interest rates.

8. Transaction costs are a significant factor. These
include not only the obvious direct costs involved
in the purchase and sale of shares®, but also the
costs associated with the identification and
exploitation of specific arbitrage opportunities, as
well as those associated with acceptance of the
inevitable residual risk involved.

4. DESIGN CONSIDERATIONS

The performance of an equity hedge fund is judged on
the basis of both the risk and the return of the fund. It
is usual to carry out this assessment quarterly. Typical
performance benchmarks would be a risk level
comparable to that of a portfolio of government bonds*
and a return that implies a low probability of a loss
being realised over any quarterly investment periods,
after allowing for transaction costs. Of the two criteria,
control of risk is the more important. In practice, a
monthly standard deviation of returns around 2%, or,
equivalently, 0,45% daily6 is acceptable.

If 10%, say, is the tolerable probability of a loss in any
quarter, then the expected quarterly return, given a
monthly standard deviation on returns of 2%, should
be at least 4,5%. This means an annual return target

2A least squares regression produces a value for po equal to
0,3% per day or 75% per annum. This is considerably greater
than any figure consistent with rates on short-term risk free
securities and indicates that the South African limiting minimum
variance portfolio is not well diversified.

%These typically include the bid/ask spread, brokerage,
exchange fees and taxes and may, in the case of a short sale,
also involve scrip lending fees. The total, depending on the size
of the investment and the complication of the transaction, can
amount to between 1,5% and 4% of invested capital through an
investment cycle.

*Firer and Staunton (2002) report that the standard deviations of
nominal annual returns to bills and bonds in South Africa over
the period 1900 — 2001 were 5,8% and 9,5% respectively. The
corresponding monthly values would be 1,7% and 2,7%.

5Hedge fund management fees are usually performance based.
A loss would almost invariably imply having to forfeit the
quarterly fee and even having to suffer the imposition of a
penalty in the next and, possibly, subsequent quarters.

®The daily value is calculated by dividing the square root of the
number of days on which the exchange is open for trade during
the month (assumed to be 21 in this case) into the monthly
value.

of 18%. The corresponding probability of a loss after
one year would then be 0,5%.

The length of the data record required depends on the
number of shares considered for a portfolio, and on the
variability of returns on those shares. If the average
monthly standard deviation of share returns is, say,
8%, then a rough estimate of the minimum number of
shares required to reduce this to 2% through

diversification would be given by VM =8/2 i.e. M=16.

However, estimating bias will result in portfolios having
standard deviations that exceed their design values. If
a bias of, say, 25% is allowed for, then the design
standard deviation would have to be no more than
1,6%. This increases the minimum required number of
shares to 25. The minimum required length of record
can then be found from equation (20), i.e.

1,25 or N =125.

1
~1-1/(N/25)°

Because this represents a somewhat idealised
situation, it is appropriate to allow for a margin of error
by using a somewhat wider selection of shares, and a
longer record. If the number is extended to 50
counters, then a record of no less than 250 days of
daily return data is required.

Portfolio performance is quite sensitive to data quality.
Including shares that have records which contain days
on which no trade takes place, that have had
increases or decreases in the number of shares in
issue and that have had splits or consolidations is
almost invariably problematic. In some cases
appropriate corrections can be made to the record.
This can almost always be done for share splits and
consolidations and is often possible for changes in the
number of shares in issue. Where no satisfactory
correction is possible, the share has to be removed
from the list of possible prospects.

There are also certain classes of share that cause
difficulty. Notable among these are those in companies
that have growth strategies involving a program of
mergers and acquisitions or are undertaking a major
financial re-structuring exercise. Correlations between
the returns of these shares and those of others in the
market are unstable and change relatively rapidly.
They also subject to asset specific risks that may be
unknown or very difficult to quantify.

Other shares that are probably best avoided in a
hedge portfolio are those in which the basis of their
valuation is the possibility that the company involved
will be able to exploit some technical or commercial
innovation, new market, etc., rather than the more
conventional assessments routinely made by analysts
on the current business prospects of a firm. These
include most “technology” companies, pharmaceuticals
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(if significant value is associated with development),
and minerals exploration.

Shares in both of these classes are likely to exhibit the
“fat tails” phenomenon. Including them in a portfolio
can produce extreme movements that are not provided
for in the optimisation procedure.

Given a set of candidate shares to be included in the
portfolio, Principal Components Analysis will produce
eigenvalues and factor loadings (b in equation (4)) as
well as the factor scores ( & in equation (4)) for the
record of share returns over the chosen period. Each
factor wil be ordered in accordance with the
magnitude of its eigenvalue. Only those with
eigenvalues greater than the maximum given by
equation (3) can be regarded as significant, the
remainder are likely to represent random “noise”.

Factor loadings can be compared with each other in a
pair-wise fashion. This may reveal sub-sets of shares,
the returns of which are affected more by one factor
than any of the others. Comparisons may be done
either with the factor loadings as estimated, or under
one of the various schemes of axis rotation. Sets of
shares, belonging to particular industrial sectors, which
are associated primarily with a single secondary factor
only should be noted.

Factor scores for the first factor should be compared
with the equally weighted index of returns of all shares
in the sample to verify the association. (A coefficient of
correlation less than 95% is an indication of a
deficiency somewhere in the data record.) This can be
repeated with factors associated with industrial sub-
sectors. The degree of correlation that should be
expected in these cases is somewhat lower.

Using parameters directly estimated from equation
{19) would mean that the Sharpe portfolio optimisation
procedure (see below} could not be used. The
compromise is to recast the relation between share
returns and market parameters as a series of
equations that refer selected groups of shares to their
corresponding equally weighted indices, thus:

n=p,(1-B)+Br, +¢, - (23)

where each r, is the equally weighted index
corresponding to the share group considered.

There are a number of approaches to the estimation of
the coefficients B; and p;. The most straightforward,
although not necessarily the most efficient, procedure
is to estimate the slope, B, and the (provisional)
intercept, A, of equation (24) using ordinary least
squares regression on a share-by-share basis, i.e.:

=A +Br, +¢, .. (24)

Po is then estimated by finding that value which
minimises the function:

Z= zM:po1 B,) ) .. (25)

The muitiple-index extension to Sharpe’s diagonal
model is a general purpose approach to portfolio
optimisation when assets in classes that are not
correlated with each other are combined. Benefits are
a flexibility which allows measured exposures to be
taken against multiple markets and the ease with
which  constraints can be incorporated. The
development of this model can be found in Francis and
Archer (1979 pp 123-141).

The approach is applicable, however, only when it can
reasonably be assumed that each security is related to
just one index and not to any other.

The objective function to be maximised is:

M+m M+m

z=90D WA - > wis’(e) .. (26)
i=1 i=1

subject to:

- the budget constraint:
M
2W1'1:0 .. (27)
i=1

- constraints that ensure that exposure of the
portfolio to each index is equal to the weighted
average of the individual exposures by each
security:

m(1)
ZWBM 1 7
m(2)
> wB

i=m(1)+1

2~ Wip =0

.. (28)

m{m)
wB

imi T IHY-

=0
i=m(n-1)+1
- policy constraints confining the position that may
be taken in any particular security to within
specified limits:
¢, <w, <c, - (29)
- constraints llmltlng the exposure of the portfolio to
the market’:

7In the case of a market neutral portfolio these would be set to
zero.
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