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Since the introduction of stock indes Tutures markets in the carly 1980s,
several studies have investigited the optimal hedae for stock market
portfolios using stock mdex futares, while restricting the hedge ratio o
be constant over time.! However, if the joint distribution of stock index
and tutures prices is changing through time, estimating a constant hedge
ralio may not he appropriate. stimation of ()ptins;ll or minimum rish
§1m§ge.’~. swith futures contracts should use the lism.'~dupc;ult'nl conditional
variance models such as the Generalized Autoregressive Conditional
Heteroscedastic (GARCTH frameworh. Recent studies Tind that the
time-dependent conditional varnmce model improves the hedging per-
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the cconomic vihilinn of the GARCH hedaing method with stock index
futures in the presence ol transactions costs. This study examines two
of the most henvily traded stock index futures contracts in the US.and

Canada: the S&P 500 Indes Fatures and Toronto 35 Indes Tutures.

ESTIMATION OF OPTIMAIL HEDGE BATIOS

Hedging models can be constructed using o two-periad investment
decision huased on utiliny masinization, Assuming that the only hedaing
instrument available 1o the investor s the Tutares contract, @ hedge
portfolio consisting of spotand Tutures is constructed. Tet oy and s,
he the changes in the futores price, £, and the spot price, S, between
time ¢and £+ 1 respectivelys and define Byoas the holdings of futures

at tume 4. Then
N T %

is the pavoll at tme 1+ 1 o purchasing one onit of the spot and going
short in by ounits of the Tutures at time 10 The optimal bedge ratio,
B manimizes the imvesior’s expected utilitn, or minimizes the risk of
the hedee portfolio. under the assumption that futures prices are a
nrartingade.

The GARCH specification requires nl:uivling the Tirst tvo condi-
tional monments of the bivariate distributions of s, and £ Toaecount for
the time-varving variances and covariances, the second moment can he
parameterized with a bivariate constant correlation GARCHOT 1) maodel,
as originally proposed i Bollersley c198a and applicd in Baillie and
Bollersley £19900 and Rroner and Sultan (1991, 19931 This model pa-
ramcterizes the conditional variances of two variables as ARV models
m squared residuals, while assuming constant correlations hetween the
two. Phe bivariate distributions of spot and Tutures are assumed to be

as fotlows,
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Optimal Hedge Ratios

lquuténn i23 represents the ({_\‘n;;mém of spod andl futures price ('h.‘mgvx.
Theternm (S, | = vF, vis the error correction term, which is discussed
helow. The residuads, e Tfallow o bivariste normal distribution with mean
sero and conditionad voriance T, where W, is the information set at
time Lo bquation (31 shows the structure ol the bivariate condition:]
variimce with constant correlation, p. between the two varianees and
cq. (47 i the bivariate GARCHOE Ty model.

Given the bivariate model of spot and futares prices changes. the
time-varving hedge ratio can be oxpressed with the variance estimates

from 037 and 4,

1;):: f?,=g ;;’.jifi‘(, 131
o estimate b7, the parameters in eqs. 120, 030 and 41 are estimated
first. The conditional variances and covariances can be lorecasted at
cach time and provide the optimal hedge ratio as given above. In additon
to the hivariate GARCH estimation, the conventional O1S hedae ratios
can he obtained by setting o, - beoa, = by « oy ) = 00 Also g
variation of the comventional O1S hedge that acconnts for comntegration
between the spot and futares prices can he obtained b setting
ay o by 0.

COMPARISON O DIFFER
TECHNIQULS

UNT HEDGING

Phe spot market data consist of daily closing prices Tor the S&P 3500
indey and the Foronto 23 index. The futares data correspond 1o daily
settlement prices for the three futares contracts. The first step s
to constract series of weekly prices, incloding dividends, from cveny
Wednesday® Lo construct a4 dividend inclusive series tor the U,
indices, the daily dividend vields Tor the New York Stock Fxehange wre
sathered Trom the Center Tor Rescarch in Secarity Prices tapes to com-
pute the nomina amount ol daily dividends. o the Toronto 35 index.
the dividend inclusive index (Total Beturn Indes Valuet is available from
the ISEoand s ased without aony adjustment. The price data begin on
June SO 19SS and end on December 150 1991 (08 the several Tutures

contracts that sve Uuls%;mding al anv given time, the price of the nearest
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contract is used. Tooavoid thin markets and expiration effects, however,
we roll over to the nest pearest contract one week prior to expiration of
the current contract. This provides 185 weekly prices Far the S&P 300
aned 154 prices Tor foronto 357

Several tests on the distributional prripc{'ﬂ{'s o the data are pur-
formed and the results indicate the presence ol one unit oot and
thus nonstationarinn of each of the price series. Purther tests reject
two unit roots, Stationarite of Tirst differences in S, and 1 is con
firmed. In addivion. it the two series, the spot and futures prices. are
cointegrated, then there exists o constant. yoosuch that S = v s
stationany.” The constant, v, is ealled the cointegrating parameter that
links the spot and Tutures prices. I the spot and totares prices <how
a long-run or “equilibrivm” relationships such o cointegration measure
needs o be added Uil (21 to account for the lng_'_—mn behavior of
spot and Tutures price changes. The test results indicate that for the
stock indices considered. the spot and futures prices are cointegraned
al v o b Beeause this ostimate is consistent, vy = 1 is imposed an
vy 120

The hedging elfectiivencess ol lour tvpes of hedging models are
compared. The first one is the naive hedging model where the hedge
ratio is 1 oonver time. The second model is the OLS hedge, and the third
one s the O1S with cointegration tOFS O between spot and Tutures,
The last one = the brnarmte GARCH model. Madmom likelihood
estimation is used 1o ostimate the parameters nocgs. 120 730 andd
(4 for the GARCH model and the parameters in eqo 020 Tor the
OFS andd the OFSs Cmodel” The hedging effectiveness is measured
by comparing the dvnmic hedaing performance of dilferent hedging
methods for the outof-samnple periods. To compare the out-of-sample
hedame performance of the four strategies, the first 93 observations fone
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hall of the samples are used o estimate the parameters. For the GARCH
madel, the estimated parameters are used 1o forecast the conditionsd
vanance and covariance of the following weelk. The forceasted hedae
ratio is the one-period forecast of the covariance divided by the one-
period Torecast ol the viiance. With the O1S and the O1LS - Cmodels,
the variinee and coviriance ol the st 93 ohservations are used 1o
produce the optimal hedae ratios Tor the Tollowing sweek. Such forecasts
are conducted for cach week with the estimates fram the proceding
93 observations up 1o the final weeks totaling 92 91 forecasts for
S&P SO0 for TSE 330

o compare the performances ol cach tvpe of hedge. portfelios
imp]ét‘cl 5)_\ the ('n;npul('d hcdj_{v ratios are constructed Tor cach week.
The variance of the retarns to the constructed portlolios e caleulated

T the

over the sample. Thus, o=, b7 10 s evaluated where B
computed hedge rato for cach hedge method. The portdolio variances
arc reported in Table EAC A our tvpes of hedging reduce the variance of
the spot portlolio signiticandy. The variance reduction is much areater
for the S&P 500 Indey futures, Table 1A also reports the percentage
variance reductions of the GARCH hedge over the other positions. The
percentage viriance reduction of the GARCH over the three alternative
hoedges shows noticeable improvement of hedging effectiveness throug)s
GARCH over the conventional mcthads for both S&P 300 and TSE 35
futures contracts,

Fhe GARCH hedue is even more cconomically useful in improving

the utility Tunction of investors with @ mesn-varianee evpected utilin

TABLE 1A
Out of- Sample Comparisons of Hedge THlectiveness

Y Nomience Heduction of

Preovtiedio Ve CARCH Hedee o
Hedgping Methods SE S FEY B S S I'sk 33
Unbedged posiban 80322 4 3500 EERCAH 77 AT
Namwe hedge b - b 01089 IIRTEREY) 32 15 041
OLS conventional hedge 01150 ERVIREY) a.870 9 343
OLS Gl hedge 01113 fOSaY 530 9,234
GARCH hedge (1.1048 0. 3800
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TABLE IB
Liilinn Compurisons

Heduing Methods S&P S0 LT R
OLS conventonal hedge 45.2402) 48 0512
OLS €1 hedge A3 ETh AT 66912
GARCH hadge 41.8501h 40 210143)
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function. Assume that an imvestor faces the mean-varianee expected
utilisy Fanction FU v = Fovy = A Varl, swhere vois the return from
the spot-Tutures hedue portfolie and A s the degree of rish aversion,
In these simulations, A tihes the value of 4, and the expected return
to the hedged portfolio i sero. Lach week, beginning with the 94¢h
week i the sample, the atilie from hedging is -y -~ 4 Var{a), where
-1 s the reduced returns consed by the transaction costs and Varty)
iv the conditional variance based on the preceding 94 obsenvations. A
typical round trip transuctions cost s around $15 23 with one stock
index futures contract. mplving v = 0.01-0.015% with the level of
indey wround 300 (price of one contract = 300 = 300 = S50, 0001
Assume that an imestor COMPpPUres the Llliiil} function with u)sti}
rebalancing against that without rebalancing and wakes the higher one.
Phus, with this dvnamic hedging strategy, an investor rebalances only
il the potential atilitn gains rom rebalancmg offset the losses due
(o transactions costs. The sum of weeldy uulity functons with the
three hedaing strategies from Nareh 210 1990 December TS, 1997 are
compared m Table 1B With both futures contracts, the utilite increase
is evident with the GARCH micthod. A mean-variance expected utilin-
maximizing investor would prefer the GARCTT hedge 1o the conventional
strategtes. Therelore, the GARCH model gives an mmproved hedaig

strategy even alter accounting for transactions costs.
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