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INTRODUCTION

Minimum variance hedge ratios and their accompanying hedging effective-
ness measures have become common statistics in hedging articles since
Ederington (1979) popularized their use.! Hill and Schneeweis (1981, 1982),
Figlewski (1984, 1985) and others have shown empirically that many ex-post mini-
mum variance hedge ratios are superior to the classic or naive hedge ratio in risk—
return space. But other studies have tested the ex-ante usefulness of the minimum
variance hedge ratio (hereafter, HR*) and the results are mixed. In out-of-sample
tests, for example, both Marmer (1986) and Lasser (1987) find that hedging,
according to HR* does not yield significantly superior results compared to the
naive hedging strategy. The stability of HR* is thus in question.

This study examines the stability of HR* for MMI and S&P 500 stock index fu-
tures contracts with respect to hedge duration and time to contract expiration.
Hedge durations of one, two, and four weeks are compared, and these groups are
further broken down by the number of weeks remaining until contract expiration.
The HR*s are analyzed to see if they exhibit predictable trends, and statistical com-
parisons are made with the beta (or naive or classic) hedge ratio.

Previous research has addressed the duration effect. For example, Ederington
(1979); Hill and Schneeweis (1982); Marmer (1986); and Chen, Sears, and Tzang
(1987) find that HR*s increase with increasing hedge duration. However, the results
for stock index futures is mixed. Figlewski (1984, 1985) finds that HR*s for S&P 500
stock index futures decreases for three- and four-week durations compared to daily
and weekly durations. Previous research does not identify an expiration effect, nor
does it consider duration and time to expiration together. Thus, this article adds to
the growing body of empirical research relating to the risk-minimizing hedge ratio.

'See, for example, Franckle (1980); Cicchetti, Dale, and Vignola (1981); Maness (1981); Hill and
Schneeweis (1981, 1982); Wilson (1983); Junkus and Lee (1985); Marmer (1986); Figlewski (1984, 1985),;
Peters (1986); Lasser (1987); Chen, Sears, and Tzang (1987); Lypny (1988); and Lindahl (1989).
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The next section provides some background on stock index futures hedging, de-
fines the minimum variance and beta hedge ratios, and develops the theory of the
expiration effect.

HEDGING WITH STOCK INDEX FUTURES

Hedging with stock index futures allows portfolio managers to reduce exposure to
market risk without altering the composition of their portfolio. In equilibrium, full
hedge coverage completely eliminates risk, and the combined cash/futures portfolio
earns the risk-free rate of return. The equilibrium relationship is:

F=C+CR;—- D) (1)
where:
F = stock index futures price;
C = cash index price;

R; = risk-free interest rate;
D = dividend yield on the cash index.

Eqg. (1) shows that the futures price in equilibrium is equal to the cash price plus
the cost of carrying the cash portfolio. Because futures can be bought with virtually
zero margin,” whereas cash must be paid for stock, the interest rate multiplied by
the cash price represents part of the cost of carrying the cash portfolio. However,
since holders of the cash portfolio receive dividends, whereas owners of futures
contracts do not, the dividend yield is subtracted from the interest rate to determine
the final cost of carry. The yields are time-related, therefore, the yield differential
becomes less important as contract expiration approaches and the futures price
converges toward the cash index price. At expiration the futures price equals the
cash price by definition.

The fact that futures prices converge toward cash prices as expiration approaches
gives theoretical merit to analyzing the expiration effect. If futures prices are also
less volatile as expiration approaches, the minimum variance hedge ratio can be ex-
pected to converge toward the beta hedge ratio. This is explained in greater detail
after the ratios are defined.

Minimum Variance Hedge Ratio

The application of modern portfolio theory to hedging by Johnson (1960) and Stein
(1961) has resulted in a decision rule commonly known as the minimum variance
hedge ratio. They define the portfolio in terms of two assets—a futures position
and a spot (or cash) position. Minimizing the variance formula for the two-asset
portfolio with respect to the number of futures contracts held yields the optimal
hedge ratio as measured by risk reduction. In equation form:

m}fn: o(Ap) = x,’0(As,) + x.°0%(Af) + 2x,x;cov(As,, Af) ()
where:

As,, Af,, Ap, = the price change during period ¢ of the spot, futures, and a port-
folio of spot and futures, respectively;

‘Under current rules, margin is very low or nonexistent since T-bills can often be put up as margin
for institutional investors.
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x; = the proportion of the portfolio held in futures contracts;

x, = the proportion of the portfolio held in the spot commodity which
equals 1, by assumption;

o® = variance of price changes.

The solution yields the minimum-risk hedge ratio, HR*:
x/* = HR* = cov(As,, Af,)/o*(Af) 3)

In words, HR* is the proportion of futures contracts needed to hedge an estab-
lished cash position when the hedger’s goal is to maximize risk reduction. Often
called the portfolio model’s optimal hedge ratio, HR* equals the covariance be-
tween spot and futures price changes divided by the variance of futures price
changes. Equivalently, HR* can be defined as the coefficient of the independent
variable in a regression of futures price changes (the independent variable) on spot
price changes (the dependent variable). When hedging an existing long cash posi-
tion, futures contracts are sold short; and, for an anticipatory hedge, futures con-
tracts are bought. The degree of hedging effectiveness associated with this strategy
is given by the coefficient of determination of the regression equation, and is com-
monly referred to as R,

The fact that HR* is based on an established cash position should be emphasized.
This study assumes the cash position is predetermined and stable, i.e., when hedg-
ing a preexisting portfolio or a portfolio which will be acquired but whose size is
previously determined. A retirement fund is a good example; the size of the current
portfolio is known and the periodic increases can also be estimated closely. HR*
does not apply to an index arbitrage situation, i.e., where the size of the cash and
futures positions are yet to be determined.

Beta Hedge Ratio

Beta hedge ratio simply refers to the portfolio’s beta. The classic 1:1 hedge ratio
calls for a futures position that is equal in magnitude but opposite in sign to the
cash position. At first glance, this might be interpreted as matching the cash and
futures positions dollar for dollar. However, when the cash position is a stock port-
folio, the number of futures contracts for full hedge coverage needs to be adjusted
by the portfolio’s beta—a statistic that describes the portfolio’s tendency to rise or
fall in value compared to the market.

Beta is the coefficient of the independent variable in a regression of market re-
turns (the independent variable) on cash portfolio returns (the dependent variable).
It is equal to the covariance between the portfolio’s return and the market’s return
divided by the variance of the market’s return. In equation form:

beta = cov(R,, Ry)/o*(Ry) (4)
where:

R, = return on the spot portfolio;
Ry = return on the market, where the index underlying the futures contract is
used as a proxy for the market.

A beta of 1 refers to a portfolio of average volatility. A beta of 1.18 means the port-
folio’s return will rise or fall 1.18 times as fast as the average market return, and
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1.18 then becomes the appropriate hedge ratio. Portfolios with betas greater than 1
thus call for larger futures positions, and portfolios with betas less than 1 can be
fully hedged with smaller futures positions.

Theory of an Expiration Effect

Note the similarity between the definitions of the risk-minimizing hedge ratio,
[HR* in eq. (3)] and beta [eq. (4)]. Figlewski (1985) identifies the conditions when
HR* is also the cash portfolio’s beta. Basically, these conditions involve nonrandom
cash dividends and an equilibrium relationship between cash and futures prices.
While dividends tend to be stable over time, cash and futures prices can vary sig-
nificantly from equilibrium. At contract expiration, however, an equilibrium rela-
tionship must exist because futures prices are equal to cash prices by definition.
Thus, it follows that the minimum variance hedge ratio might approach the beta
hedge ratio as equilibrium prices are approached at expiration. This logic assumes
that futures prices become less volatile as expiration is approached. Samuelson
(1965), however, theorizes that futures become more volatile as expiration is ap-
proached. The evidence, so far, is mixed.’

Figure 1 illustrates the typical relationship found by previous studies when an ex-
post minimum variance hedge ratio is compared to the beta hedge ratio. The
straight line between h = 0 and R, represents the equilibrium relationship (if fu-
tures price changes are exactly what they should be in a perfect hedge). In equi-
librium, HR* would equal the beta hedge ratio and they would both yield the
risk-free return. Futures prices frequently vary from equilibrium, however, and

|- unhedged
h=0 market
return

mean return

Risk-free
interest Ry¢
rate

h=.95 minimum variance hedge ratio (HR*)

h=1 beta hedge ratio

0%

T
1

0%
standard deviation

Figure 1
Typical risk-return profile for stock index futures hedges.

'See Castelino and Francis (1982).
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they usually exhibit more volatility than cash prices. Thus, the minimum variance
hedge ratio is usually less than the naive or beta hedge ratio. The curve represents
the risk-return tradeoff profile as the hedge ratio is increased from 0 (the unhedged
market return) to 1.5. When futures are priced closer to equilibrium, the closer the
curved hedged risk-return profile is to the straight line, and the closer HR* is to
the beta hedge ratio.

DATA AND METHODOLOGY

To test for the stability of the minimum variance hedge ratio, nonoverlapping one-,
two-, and four-week hedge durations on the MMI and S&P 500 stock index futures
contracts are defined for hedges lifted between 0 and 12 weeks before contract ex-
piration. The respective cash indexes represent the cash portfolios, so the beta
hedge ratios equal 1 for each portfolio. Minimum variance hedge ratios are calcu-
lated by regressing cash price changes against futures price changes.

Weeks are defined using Friday-to-Friday closing prices, and the futures price
is represented by the nearest futures contract in the March-June-September—
December series for both the MMI and S&P 500 contracts. S&P 500 futures trade
only in this March quarterly cycle, while MMI futures trade in this cycle plus the
first three consecutive months at any point in time.

An examination of the open interest and volume information on the MMI con-
tracts shows that about 99% of the trading activity occurs during the last two
months of contract life. A large surge in volume is evident when each of the two
preceding contracts expire, and volume statistics prior to nine weeks before expira-
tion are quite low. For this reason, MMI hedges are limited to those that are lifted
within the last nine weeks of contract life, while the last 12 weeks are examined for
the S&P 500 contract.

The study uses MMI data from August 1985-1989 and uses S&P 500 data from
1983-1989.* Cash and futures data on the MMI are from the Chicago Board of
Trade through 1988. MMI data from 1989 is collected from The Wall Street Journal.
Futures data on the S&P 500 index are from the Chicago Mercantile Exchange for
19831988, while cash S&P 500 data and 1989 futures data are from The Wall Street
Journal.

To analyze the stability of HR* with respect to hedge duration, ordinary least
squares (OLS) simple regressions are run for the two respective time periods as a
whole (August 1985-1989 for MMI and 1983-1989 for S&P 500) for nonoverlapping
one-, two-, and four-week hedge durations that are lifted from zero to nine weeks
of contract expiration for MMI and from zero to 12 weeks for S&P 500. This results
in, for example, 364 observations for the one-week duration S&P 500 hedges
(7 years of data = 4 quarterly expiration dates * 13 weeks per quarter).” The OLS
simple regression can be expressed as follows:

As, = Bo + B\Af + e (5)

*The inception of the MMI contract was in August 1985. The S&P 500 contract began in 1982, but
data points from that year were not included, since previous studies have reported unusual behavior
during the first months that the contract traded. Deleting observations from 1983 to August 1985
were found to have no significant effect on the S&P 500 results.

*Similar computations result in 168 observations for the two-week S&P hedges (7 yrs + 4 qtrs = 6 per
qtr); 84 observations for the four-week S&P hedges (7 yrs + 4 qtrs » 3 per qtr); 176 observations for one-
week MMI hedges (4.4 yrs =4 qtrs = 10 per qgtr); 88 observations for two-week MMI hedges (4.4 yrs
4 qtrs * 5 per qtr); and 35 observations for four-week MMI hedges (4.4 yrs =4 qtrs * 2 per qtr).
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where:

As,, Af,

Il

s, — 5, and f; — f,, for one-week hedges, s, — 5,-; and f, — f,-, for
two-week hedges, and s, — 5,5 and f; — f,_, for four-week hedges;
Bo, B = regression parameters where HR* = §,;

¢, = residual term.

To analyze the stability of HR* with respect to contract expiration date, separate
OLS simple regressions [eq. (5)] are run for each of the subperiods. One-week dura-
tion hedges are separated into those that occur zero, one, two, . .. etc. weeks before
expiration; two-week duration hedges are subdivided into those that occur zero,
two, four, ... etc. weeks before expiration; and four-week duration hedges are sub-
divided into those that occur zero, four, and eight weeks before expiration.® With
four contract expiration dates per year, the 4.4 years of MMI data result in either 17
or 18 data points per subset, and the seven years of S&P 500 data result in 28 data
points per subset.

To further analyze the expiration effect, HR*s are also estimated using multiple
regression. The OLS multiple regression makes use of dummy variables to represent
the different subsets of data (based on weeks to expiration), and is expressed as fol-
lows:

As, = Bo + B\AfDy + BAfiD: + B3AfiDy + ... + BuniAfiDnir + e 6)
where:
Bo, Bi1s Bz, ..., Basr = regression parameters where 8,, B2,..., Bas1 are HR* es-

timates for hedges with zero, one, two, ..., n weeks to
expiration respectively;

D, = 1 for hedges with 0 weeks to expiration, 0 otherwise;
D, = 1 for hedges with 1 week to expiration, 0 otherwise;
Ds...D,,, = 1 for hedges with 2. .. n weeks to expiration, 0 otherwise;

n

9 weeks for MMI hedges and 12 weeks for S& P 500 hedges;

All other variables are as defined in eq. (5). The multiple regression is statistically
more powerful since only one constant is estimated, rather than one per subset as
in the simple regressions.

A restricted least squares (RLS) multiple regression model is also used to analyze
the data. In the RLS model, the coefficient for 0 weeks to expiration is restricted to
equal 1, and this is referred to as the “base case.” The coefficients of the dummy
variables then represent differences from the base case. This restriction is justified
both theoretically (since cash and futures prices must be at equilibrium at expira-
tion) and empirically (since the results from the previous simple regressions show
that hedges with zero weeks to expiration have HR*s that are not significantly dif-
ferent from 1). The RLS regression is expressed as:

As, = Bi(As, Dy + AfM,\) + BAfDy + B3AfiDy + ... + ButiAfiDpr + €, (7)

where:

B = 1, by definition, for the base case (0 weeks to expiration);

Bz, ..., Bas1 = regression coefficients representing the differences from the base
case;
M, = 0 for hedges with 0 weeks to expiration, 1 otherwise;

"Since only the last ten weeks before expiration were examined for the MMI contract, the four-
week duration subsets were divided into hedges that were lifted at zero weeks and at six weeks.
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All other variables are as defined earlier in egs. (5) and (6). When the regression
coefficients representing the differences are added to the base case of 1, RLS esti-
mates of HR* are obtained.

RESULTS

Tables I-VII summarize the duration and expiration effects for the MMI and S&P
500 stock index futures hedges. Table I provides information on the duration effect,
Tables 11-V provide information on the expiration effect, and the information in
Tables IV and V is used to perform a linear trend analysis which is summarized
in Tables VI and VIL.’

The Duration Effect

Table I reports hedge ratio information for one-, two-, and four-week hedge dura-
tions for all hedges that are lifted within nine weeks of contract expiration for MMI
futures and within 12 weeks for S&P 500 futures. The data indicates that:

1. Table I shows that the HR*s are significantly less than the beta hedge ratio, and
that they increase as hedge duration increases from one to four weeks. The HR"s
are 0.908, 0.95, and 0.971 for one-, two-, and four-week MMI hedges and 0.929,
0.965, and 0.97 for one-, two-, and four-week S&P 500 hedges. The four-week
MMI HR* is significantly greater than the one-week HR* at the 95% confidence
level, and the two-week MMI HR* is significantly greater than the one-week
HR* at the 80% confidence level. The four-week S&P 500 HR* is significantly
greater than the one-week HR* at the 99% confidence level, and the two-week
S&P 500 HR* is significantly greater than the one-week HR* at the 95% con-
fidence level. Earlier studies [Ederington (1979); Hill and Schneeweis (1982);
Marmer (1986); and Chen, Sears, and Tzang (1987)] find similar increasing trends
in HR*s; however, the evidence is mixed for stock index futures. Figlewski (1984,
1985) finds that HR*s for the S&P 500 stock index futures contract are 0.65
(daily), 0.85 (weekly), and 0.81 (three weeks) over seven months of data, and 0.67
(daily), 0.85 (weekly), and 0.83 (four weeks) over 16 months of data. Figlewski
speculates that the drop in the HR*s of his three- and four-week durations are
due to his small sample size. This is confirmed by the results reported in Table I.
The fact that, on average, longer duration hedges are also lifted closer to contract
expiration, influences the results in Table I; this is analyzed later.

2. The R? values in Table I also show an increase as hedge duration increases, as
found in Ederington (1979); Hill, Liro, and Schneeweis (1983); Marmer (1986);
and Chen, Sears, and Tzang (1987). Figlewski (1984, 1985) and Graham and
Jennings (1987) find mixed results with stock index futures, and again, they specu-
late that the lower R? values for the three- and four-week durations are due to
sampling error, as confirmed by this study.”

"Three outliers from the one-week MMI and one-week S&P 500 data sets that occurred during the
October 1987 and October 1989 market crashes were deleted from the RLS multiple regressions and
the resulting linear trend regressions that calculated the rates of convergence. The simple OLS re-
gression results in Tables II and III are not adjusted for these outliers, and the multiple OLS regres-
sion results in Tables IV and V include both the adjusted and unadjusted figures.

“Even when patterns are found, however, summary statements must be made very carefully as the
R? values are not directly comparable when the data sets of the dependent variable are different. In
other words, when the length of the hedge duration and/or the proximity to contract expirfnion is
changed, the data sets of the independent and dependent variables are also changed and R values
are no longer directly comparable. When this happens, larger R?values are not necessarily indicative

of greater hedging effectiveness, since R is a relative measure rather than an absolute measure of
risk [see Lindahl (1989)].
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The Expiration Effect

Tables II and III report hedge ratio information for MMI and S&P 500 futures, re-
spectively, when the data are segregated by number of weeks remaining until con-
tract expiration. Separate simple OLS regressions are run for each of the
subperiods. Data from the regressions reported in Tabie 1 are also included in
Tables IT and III for comparison purposes. Tables IV and V present the results from
the OLS and RLS multiple regressions, which basically verify the trends shown in
the simple OLS regression results of Tables II and III. The following conclusions
are drawn from the data:

1.

3]

Tables IT and II1 show that the HR* values increase toward 1, the beta hedge
ratio, as hedges are lifted closer to contract expiration. The MMI results are
quite consistent. For the one-, two-, and four-week hedge durations, all hedges
that are lifted more than five weeks before contract expiration have HR* values
that are significantly less than the beta hedge ratio. And all hedges that are lifted
five weeks or closer to contract expiration have HR* values that are not signifi-
cantly less than the beta hedge ratio. The 90% confidence level is used as the
cutoff point for all “Yes and No” decisions. The S&P 500 results show the same
trend. Only the results for week two and week eight of the one-week hedge dura-
tions are inconsistent with the pattern. All other results support the hypothesis
that the minimum variance hedge ratio increases toward 1, the beta hedge ratio,
as hedges are lifted closer to contract expiration.

. The R* values in Tables I1 and III show no pattern of increasing as expiration

nears, unlike previous studies. Chen, Sears, and Tzang (1987), for example, re-
ported that the contracts closer to expiration have higher R* values, and thus are
more effective in hedging energy price risk. Again, any summary statement in-
volving R* values must be made very carefully, because R’ is a relative measure.

- The multiple regression results in Tables IV and V confirm the pattern exhibited

by the simple regressions in Tables II and III. First, consider the OLS HR*
columns for one- and two-week hedge durations for both MMI and S&P 500 fu-
tures. In general, the farther away the hedge is from expiration, the lower the
minimum variance hedge ratio. No clear pattern exists for the four-week hedge
durations, and the results are too sample sensitive to draw any conclusions.

. The RLS results lend more insight to the significance of the numbers. The co-

efficient for the base case (zero weeks to expiration) is set equal to 1. The dummy
variables are defined so that their coefficients represent the differences from the
base case. As expected, larger negative differences are associated with the weeks
farther from expiration. The corresponding t-statistics indicate the significance
of the difference coefficients, and the largest r-statistics are usually found
farthest from expiration. For example, consider the two-week hedge duration for
MMI stock index futures. The t-statistics for the two-, four-, six-, and eight-week
difference coefficients are —0.264, —0.658, —1.368, and —1.876, respectively.
The six- and eight-week coefficients are significantly less than zero at the 82.5%
and 93.6% confidence levels’ respectively.

Linear Trend Analysis

The RLS “difference” data exhibited in Tables IV and V are further analyzed to
determine a rate of convergence as the difference coefficients approach 0 and, as

"The confidence level is found by taking 1 minus the probability given in the £ > { column.
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the minimum variance estimates approach 1, the beta hedge ratio. To do this, the
difference coefficients are added to the base case of 1, resulting in the RLS mini-
mum variance hedge ratio (HR*) columns of Tables IV and V (last columns). These
HR's represent the dependent variable in the linear-trend analysis,"” where the in-
dependent variable is represented by the number of weeks remaining until contract
expiration. In equation form, the linear trend regression is expressed as:

HR* = By + B1 X + ¢; (8)
where:

X; = weeks 0, 1, 2, 3,...n to expiration for one-week durations, and weeks
0,2, 4,...n to expiration for two-week durations:

n = 9 and 8 for MMI one- and two-week durations, respectively, and 12 and
10 for S&P 500 one- and two-week durations, respectively;

regression parameters where B, indicates the rate of convergence per
week of HR* toward the beta hedge ratio;

ith observation. The number of observations are 10, 5, 13, and 6 for
one- and two-week MMI and one- and two-week S&P 500, respectively;

B(lq Bl

.
Il

Other variables are as defined earlier.

Table VI presents the linear trend regression results for one- and two-week MMI
hedges and one- and two-week S&P 500 hedges. Four-week hedge durations do not
contain enough data points to perform the linear trend analysis. Figure 2 illustrates
the linear trend regression result for the MMI two-week hedges. The rate of conver-
gence equals the slope of the regression line which is —0.01 per week. In other
words, MMI two-week hedges exhibit ex-post HR*s that increase, on average, by
0.02 for every two weeks closer to expiration. At expiration, the ex-post HR* is not
significantly different from 1, the beta hedge ratio.

The results for the MMI one-week and S&P 500 one- and two-week durations are
similar. The rate of convergence is —0.012 for MMI one week compared to —0.01
for MMI two-week, and —0.009 for the S&P 500 one-week compared to —0.008 for
the S&P 500 two-week. All rates of convergence are significantly different from 0
at the 95% confidence level or greater, and all regression constants are not signifi-
cantly different from 1, the beta hedge ratio. The rates of convergence for the two-
week durations for each of the contracts are less than for the one-week durations,
but not significantly so. And the HR* values for the two-week durations are larger
than the corresponding HR* values for the one-week durations, but not signifi-
cantly larger. The significant “duration effect” observed in Table I is really a joint
duration—expiration result, since longer duration hedges are also lifted closer to
contract expiration.

The average of the four rates convergence is —0.01, meaning that the minimum
variance hedge ratio changes by about 1% per week during the last ten weeks of
contract life. The results imply that hedging, according to the minimum variance
strategy, is a dynamic process that should be monitored as hedge duration increases
and as expiration is approached. To remain fully hedged, additional contracts need
to be added to the original position. The rates of convergence are used to predict
the minimum variance hedge ratios for the associated weeks to expiration and are
given in Table VII.

“Linear trend regressions were also performed where the HR* values were weighted according to
their standard errors, but no significant difference was found in the resulting rates of convergence.
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Hedge Ratio

&
Weeks to Expiration

®m  Ex post RLS minimum variance hedge ratios (HR*) for MMI, 2 week hedges

— Predicted minimum variance hedge ratios

Figure 2
Linear trend regression MMI two-week hedges.

For example, consider a $15 million stock portfolio that has a goal of matching
the performance of the MMI index (beta equals 1). The date is October 9, and the
manager of the fund is nervous because stocks are overvalued, and major market
crashes have occurred in previous Octobers. The manager chooses to fully hedge
the portfolio for two weeks to reduce all exposure to market risk. The MMI index
is at 600, so one contract is worth 600 = 250 = $150,000. The nearest MMI futures

Table V1I
PREDICTED MINIMUM VARIANCE HEDGE RATIOS
Contract
Hedge Duration MMI MMI S&P 500 S&P 500
(Weeks to Expiration) (1 Week) (2 Weeks) (1 Week) (2 Weeks)
0? 1 1 1 1
1 0.988 0.991
2 0.976 0.98 0.982 0.984
3 0.964 0.973
4 0.952 0.96 0.964 0.968
5 0.94 0.955
6 0.928 0.94 0.946 0.952
7 0.916 0.937
8 0.904 0.92 0.928 0.936
9 0.892 0.919
10 0.91 0.92
11 0.901
12 0.892
Rate of convergence” -0.012 -0.01 ~0.009 -0.008

“The base case (0 weeks) is set equal to 1, since the linear trend regression constants are not sig-
nificantly different from 1.
"From the linear trend regression coefficients in Table VI.
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contract expires in ten weeks, so the planned two-week hedge will be lifted when
the contract is eight weeks from expiration. From Table VII, the appropriate mini-
mum variance hedge ratio for a two-week MMI hedge that will be lifted at eight
weeks is 0.92. The manager thus sells short $15 million/150,000 * 92 = 92 contracts.
Two weeks later, the hedge ratio should be increased to 0.94 to maintain full hedge
coverage, and the manager should sell two additional contracts short. This biweekly
increase continues until the hedge ratio is 1 (100 contracts) at expiration or until the
hedge is lifted, whichever comes first.

Thus, hedging with futures should be viewed as a dynamic process, much like
hedging with options. Just as the option delta is monitored, and contracts are added
or subtracted based on changes in the option delta, so should contracts be added as
futures hedges increase in duration and approach expiration.

CONCLUSIONS

The results of this study show that the minimum variance hedge ratios for MMI
and S&P 500 stock index futures contracts increase significantly as hedge duration
increases from one to four weeks. However, the duration effect is influenced by the
fact that longer hedge durations are lifted closer to contract expiration. When the
sample is subdivided by weeks to expiration, both simple OLS and multiple OLS
and RLS regressions confirm that the minimum variance hedge ratio increases as
hedges approach the contract expiration date.

Minimum variance hedge ratios are found to approach the beta hedge ratio at
contract expiration and the expiration effect is further analyzed by estimating rates
of convergence toward the beta hedge ratio. On average, the minimum variance
hedge ratios for one- and two-week MMI and S&P 500 hedges increase by about 1%
per week during the last ten weeks of contract life. The study concludes that when
hedging an established cash position, hedging with futures should be viewed as a
dynamic process—much like hedging with options. Just as the option delta is moni-
tored, and contracts are added or subtracted based on changes in the option delta,
so should contracts be added as futures hedges increase in duration and approach
the contract expiration date.

Future research should test for the stability of the minimum variance hedge ratio
in other commodities. Perhaps the trend toward the classic hedge ratio as contract
expiration nears exists in other commodities as well. Also, perhaps this trend is a
factor in why out-of-sample comparisons of the minimum variance hedge ratio with
the classic strategy are inconclusive. The ex-ante usefulness of the portfolio model
should be tested again, allowing for the rate of convergence toward the beta hedge
ratio as expiration nears.
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