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I. INTRODUCTION

The growing significance of financial futures and options can be seen by the prolif-
eration of the types of instruments on various organized exchanges and by the in-
creasing trading volume of each instrument since the first futures contracts on foreign
currencies were introduced by the Chicago Mercantile Exchange in 1972 and the estab-
lishment of the Chicago Board Options Exchange in 1973. The usual economic rationale
for futures and options is that they facilitate hedging. In other words, these instruments
enable investors who hold the underlying assets to transfer the risk of price change to
individuals who are more willing to bear such risk.

In the case of financial futures, their hedging effectiveness has been extensively
studied by various researchers. Following the mean-variance portfolio approach,
researchers usually examine the change in risk as futures are introduced into a portfolio
containing the underlying assets. Examples are Ederington’s (1979) study of futures
written on two debt instruments (GNMA’s and T-bills), Figlewski's (1984 and 1985)
studies of futures written on stock indices, and Hill and Schneeweis’ (1981 and 1982)
studies of futures written on currencies, among others. In the case of options, Chang
and Shanker (1986) have examined the hedging effectiveness of currency options.
Paralleling these and other empirical studies are the theoretical developments of hedg-
ing performance by Howard and D’Antonio (1984) and Bell and Krasker (1986),
among others.
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One common assumption underlying most empirical and theoretical studies of hedg-
ing performance is the validity of the mean-variance framework. In the case of futures,
Helms and Martell (1985), and Cornew, Crowson, and Town (1984) have presented evi-
dence suggesting that the normality assumption is not appropriate. In the case of op-
tions, a convincing case has been made by Bookstaber and Clarke (1985) against the
normality assumption.' These empirical and theoretical arguments point to the need for
an alternative framework for the examination of hedging effectiveness. Such an alterna-
tive presumably has to be unencumbered by the requirement of either normality of return
distributions or quadratic utility as implied in the mean-variance framework.

The major purpose of this article is to evaluate the appropriateness of the mean-
variance framework used in the existing literature. Two questions will be examined.
First, is it proper to focus on the minimum variance portfolio alone and ignore all other
points on the efficient frontier when assessing hedging effectiveness of an instrument?
Many existing empirical studies, such as those by Ederington (1979), Figlewski (1984
and 1985), and Hill and Schneeweis (1981 and 1982), define hedging effectiveness as
the ratio of the variance of a hedged portfolio with minimum variance to the variance of
the underlying asset or minor variations thereof. It will be demonstrated that such measures
can be misleading. Second, is the mean-variance framework itself appropriate for financial
futures and options? In other words, how valid is the normality assumption of return dis-
tributions for assessing hedging effectiveness of these instruments? As discussed earlier,
there are theoretical and empirical arguments pointing to the inappropriateness of the
mean-variance framework in general.

The approach used in this study is the mean-Gini framework which is consistent with
stochastic dominance rules. As such, the mean-Gini approach will produce consistent
evaluations of risky prospects independent of the normality of return distributions or
quadratic utility functions.

II. THE METHODOLOGY

Gini’s mean difference is a statistic extensively used in the evaluation of income in-
equality in the economic literature. It was introduced recently into the finance profession
as a measure of the variability of a random variable by Yitzhaki (1982 and 1983), Lerman and
Yitzhaki (1984), and Shalit and Yitzhaki (1984). Following Shalit and Yitzhaki (1984),
Gini’s mean difference is given as

=
= 2] R[G(R) — %]S(R}dR = 2 cov[R, G(R)] (1)

where g(R) and G (R) are, respectively, the probability density function and the cumula-
tive probability density function of prospect R. It is assumed that there existsa = —
and b = = such that G(a) = 0 and G(b) = 1.

Yitzhaki (1982 and 1983) has shown that the conditions R, = R, and R, — ', =
R, — T}, are necessary for prospect R, to dominate prospect R, according to the first and
second degree stochastic dominance rules, where R, and R, are the means of the two
respective prospects. The mean-Gini approach therefore is similar to the mean-variance
framework in that it uses two summary statistics to characterize the distribution of a
risky prospect. Unlike the mean-variance framework, the mean-Gini framework would
not lead to a situation in which an investor chooses a portfolio that is considered inferior

"This may explain why the empirical evaluation of the hedging effectiveness of options in the mean-variance
framework has not been as common as that of futures.
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by individuals. With Gini as a measure of risk, the framework provides a necessary con-
dition for stochastic dominance regardless of the probability distribution of returns. As a
measure of variability, Gini has the simplicity of variance but it does not require the re-
strictive assumptions underlying the mean-variance framework.

The empirical implementation of the mean-Gini is relatively easy. The only complica-
tion involved in implementing eq. (1) is the empirical representation of G(R). As Ler-
man and Yitzhaki (1984) have shown, one can first rank the n observations of return R
in ascending order according to their values as r = 1, 2,..., n, where r denotes the
rank of each observation. The ratio r/n, which increases monotonically to its maximum
value of one and satisfies all properties of a cumulative distribution, can be used as an
estimate of G(R). Then, I' can be otained by calculating the covariance of R and r/n.

To judge whether the mean-variance framework will lead to the same conclusions as
the mean-Gini framework regarding the hedging effectiveness of both options and fu-
tures, efficient frontiers including the minimum risk portfolios involving the two deriva-
tive assets and the underlying asset are constructed for each framework. If the efficient
frontier of the hedged portfolios involving option contracts dominates the efficient fron-
tier involving futures based on the mean-variance framework, one also would expect op-
tions to be a better hedging instrument based on the mean-Gini framework. Since the
mean-Gini framework implies first and second degree stochastic dominance, which
makes no assumption about any quadratic utility function or normal distribution of the
return process, the lack of consistency between the two frameworks, if any, would sug-
gest that the mean-variance framework is inappropriate. This in turn would lead one to
question the existing theoretical and empirical works on the hedging performance of fi-
nancial derivatives.’

Futures and options written on five currencies trading from September 1983 to De-
cember 1984 were used in this study.’ Daily data for currency options and spot exchange
rates for the British Pound, the Canadian Dollar, the German Mark, the Japanese Yen,
and the Swiss Franc, all relative to the U.S. Dollar, were obtained from the PHLX-OSU
Currency Option Data Base and the corresponding daily futures data were obtained from
Statistical Yearbooks published by the Chicago Mercantile Exchange.

In this study spot (s) and call option (o) returns on day ¢ are defined as

R:.I = (PJ,.I =T P,_,,J/Ps‘,_. (2)
and Rn.r = (PD.J e Po.l*l)/Po.rﬁl ] (3)

respectively, where P represents the exchange rate. The return of the spot-option (so)
portfolio on day ¢ is given by

Ro: = xR, + xR, ,, (4)

where x, and x, (=1 — x,) are the portfolio weights. The hedge ratio, the magnitude of
x,/x,, is the value of call options used to hedge against the long position of one unit of
the underlying currency.

*Although few empirical studies compare the hedging effectiveness of futures and options as is done here,
the issue of the appropriateness of the mean-variance fremework is still relevant for almost all empirical stud-
ies on the topic. One may want to compare how well several stock portfolios such as NYSE Composite Index,
Dow Jones 30, etc. are hedged by one or more futures contracts as Figlewski (1984 and 1985) has done. The
inappropriateness of the mean-variance framework can lead to erroneous conclusions whenever a comparison
is made. Even if one is not interested in making any comparison, the absolute magnitude of hedging effective-
ness can still be biased by the use of the mean-variance approach.

*One reason for choosing currencies as the underlying assets is to avoid complications arising from cash dis-
tributions such as dividends often associated with stocks.
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Following Figlewski (1984 and 1985), futures (f) return and the spot-futures (sf) port-
folio return on day ¢ are defined as

Rf.r = (Pf..l = Ps.rfl)/Pf.rﬁl (5
and R, =R,, + xR,,, (6)

respectively. Here the magnitude of x; is the hedge ratio.

When a contract became available for trading, a hedged position was set up with a po-
sition in a currency and an opposite position in (i) the underlying option and (ii) the un-
derlying futures. The above hedged position was then maintained until the maturity of
the underlying option and futures with no additional trading or re-balancing in between.
To facilitate comparison, futures and option contracts were chosen that had the same ex-
piration date. The efficient frontiers in the mean-variance framework were then traced
out for the hedged portfolio involving option and the hedged position involving futures.
The efficient frontiers in the mean-Gini framework were traced out in a similar fashion.
As mentioned ealier, if the hedged position involving one type of derivative asset domi-
nates the other hedged position involving the other derivative asset in the mean-variance
framework, one would not expect the dominance to be reversed in the mean-Gini frame-
work. As indicated earlier, the inconsistency in the dominance of hedged positions, if
any, would imply the inappropriateness of the mean-variance framework.

III. EMPIRICAL RESULTS

Some sample results taken from Japanese Yen contracts are given in Table I. Table I il-
lustrates a case in which mean-variance and mean-Gini approaches lead to conflicting
conclusions. Column 1 in Table I gives the mean returns of the two hedged portfolios
involving options and futures. To obtain mean returns using eq. (4) or (6), sample
means over the contract life for individual currencies, options, and futures were used.
With the individual mean returns, portfolio mean returns for the hedged portfolio involv-
ing options given in column 1 can be obtained by varying the hedge ratio in eq. (4). Since
the objective here is to trace out the efficient frontiers each involving two assets, the
portfolio weights or the hedge ratio in each case can theoretically be selected over an ar-
bitrary range. In this study the range was chosen so that any intersection of the efficient
frontiers would be detected. Column 2 reports the various values of x,. The portfolio’s
standard deviations of returns associated with various hedge ratios are provided in
Column 3. For each value of the hedge ratios, the daily return series of the hedged port-
folio were used to compute the mean return and the standard deviation of returns. The
corresponding Gini was computed using eq. (1). Specifically, as described in Section II,
with r representing the rank of each of the n observations of the daily return series, the
ratio r/n was used to provide an estimate of G(R) in eq. (1). The covariance given in
eq. (1) is nothing more than the covariance between r/n and the value of each observa-
tion, and the resulting portfolio Gini for each hedge ratio is reported in column 4 of
Table I. To construct the efficient frontier for hedged portfolios involving futures on the
same frontier map, each hedge ratio was adjusted to produce the same range of mean
returns as the optioned portfolio. The values of x, for hedged portfolios involving futures
are reported in column 5. This portfolio’s standard deviation and Gini were calculated
using the procedures previously described and are given in Columns 6 and 7. Column 8 is
the difference between the optioned portfolio’s standard deviation (Column 3) and the stan-
dard deviation of the hedged portfolio involving futures (Column 6) on the efficient
frontier map. Positive differences for all values of the standard deviations will imply the
dominance of futures over options in providing hedging effectiveness to the underlying
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currency in the mean-variance framework over the sample period. Likewise, Column 9
is the difference between Column 4 and Column 7 and can be interpreted accordingly as
a measure of dominance in the mean-Gini framework. The signs of the values in the two
columns should be the same for the two approaches to be consistent. In the case of the
results reported in Table I, mean-variance favors the use of futures as a hedging instru-
ment, whereas the mean-Gini approach supports the use of options. This is a clear ex-
ample of how the use of mean-variance in the evaluation of hedging effectiveness can
lead to erroneous conclusions.

Table II examines the issue of hedging effectiveness for the same contracts from a
slightly different perspective. The focus here is the hedged portfolio with minimum risk.
The last column denotes the ratio of the minimum standard deviation/Gini of a hedged
portfolio to the standard deviation/Gini of the underlying currency. This ratio is a mea-
sure of maximum risk reduction as a result of using options or futures in the two frame-
works. It is this type of measure that is used in many empirical studies. Results shown
in Table II conclusively point to the effectiveness of futures over options as a hedging
instrument in both mean-variance and mean-Gini frameworks. In both frameworks,
the futures contract reduces the risk by more than 55 percent, whereas the option con-
tract lowers the risk level by about 45 percent. This conclusion contradicts results given
in Table I and demonstrates the pitfall in focusing on the minimum standard deviation/
Gini portfolio.

A close examination of Tables I and II reveals how the seemingly contradictory re-
sults can be resolved. By focusing on the minimum risk portfolio, the futures contract
emerges as a clear winner in both frameworks. The options contract, however, domi-
nates futures at higher levels of return due to the crossing of the two efficient frontiers in
the mean-Gini framework. In fact it can be generalized that basing decisions on the
minimum risk portfolio will be erroneous whenever the two efficient frontiers cross in
the mean-Gini framework. The use of the ratio of excess return to standard deviation/Gini,
therefore, would seem to be a more appropriate measure of hedging effectiveness.*

‘Specifically, the excess return is defined as the difference between the return and the riskfree rate. The
excess-return-to-risk ratio is the measure that Elton, Gruber, and Padberg (1976) used in formulating the
objective function of their mean-variance portfolio problem.

Table 11
HEDGING PERFORMANCE OF OPTION AND FUTURES USING THE
MINIMUM STANDARD DEVIATION/GINI AS THE BENCHMARK

Portfolio Weights Mean Return of the Gini

(s) (0,f) Hedged Portfolio Reduction Ratio*
Spot & Option 1.033803 —0.033802 0.000144 0.547261
Spot & Futures  1.000000 —0.830122 0.000148 0.447440

Portfolio Weights Mean Return of the Standard-Deviation

(s) (0,/) Hedged Portfolio Reduction” Ratio
Spot & Option 1.027418 —0.027418 0.000277 0.533724
Spot & Futures  1.000000 —0.832858 0.000146 0.416119

*Gini Reduction Ratio = Ratio of the Gini of the hedged portfolio with minimum risk to that of the un-
hedged position.

*Standard-Deviation Reduction Ratio = Ratio of the standard deviation of the hedged portfolio with mini-
mum risk to that of the unhedged position.
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The above case is only one of the eight possible scenarios listed in Figure 1. The risk
reduction approach relies solely on the risk characteristics of the minimum standard
deviation/Gini portfolio. The conclusion as to which derivative asset is a more effective
hedging instrument using this approach depends on whether the mean-variance or mean-
Gini framework is used. As mentioned earlier, the conclusion reached using the mean-
Gini framework should be adopted whenever there is inconsistency as to which derivative
asset is a better hedging instrument. Even if the two frameworks offer consistent conclu-
sions based on the risk reduction approach, there is always the possibility that the effi-
cient frontiers of the hedged portfolios using the two derivative assets cross over in at
least one framework. The crossing over of the efficient frontiers in the mean-Gini frame-
work, in particular, may render the conclusion based on the risk reduction approach
erroneous, as demonstrated in the above example. By examining the entire efficient
frontiers in the right panel of Figure 1, the pitfalls of the risk reduction approach can be
delineated clearly.

The right panel of Figure 1 exhausts possible outcomes when mean-variance and
mean-Gini frameworks are consistent (labelled C) and when they are inconsistent
(labelled I). Consistency in conclusions regarding the superiority of a particular deriva-
tive asset using the risk reduction approach can be contradicted by the type of measure
given in Column 8 (mean-variance efficient map) and Column 9 (mean-Gini efficient
map). The consistency can be confirmed also by the mean-variance efficient map but rejected
by the mean-Gini efficient map. The third possibility is the confirmation of the consis-
tency in the mean-Gini efficient map and the rejection in the mean-variance efficient map.
The fourth possibility is the confirmation of the consistency by the efficient frontiers in
both frameworks. The above four possibilities are labelled C1 to C4, respectively.

The possibility of crossing over is just as important when consistency cannot be
achieved using the risk reduction approach. Here, the examination of efficient frontiers
may reveal the same four possible outcomes described above. In other words, the con-
clusion reached in the mean-variance framework based on the risk reduction approach
can be contradicted by the types of measures given by Columns 8 and 9. The conclusion

Risk Reduction Efficient Frontier
Approach Approach
Contradicted by Both Frontiers cl
Confirmed by Mean-Variance Frontier
but not Mean-Gini Frontier c2
Minimum Variance Consistent
G Confirmed by Mean-Gini Frontier
but not Mean-Variance Frontier C3
I~ Confirmed by Both Frontiers ca
Contradicted by Both Frontiers Il
Confirmed by Mean-Variance Frontier
but not Mean-Gini Frontier 12
Minimum Oini Inconsisten
Confirmed by Mean-Gini Frontier
but not Mean-Variance Frontier 13
Confirmed by Both Frontiers 14
Figure 1

All Possible Hedging Outcomes
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can be confirmed also by the mean-variance frontiers but rejected by the mean-Gini
frontiers. The third possibility is the confirmation of the conclusion by the mean-Gini
frontiers but rejection by the mean-variance frontiers. The fourth possible outcome is the
confirmation of the conclusion by both frameworks. These four possible outcomes are
labelled 11 to 14, respectively.

An example for each outcome is selected from the samples for presentation in
Table 1II. Each case in Panel A of Table III is an abbreviated version of Table I with
everything deleted except the mean returns, the difference in standard deviations
(Column 8 in Table I), and the difference in Gini (Column 9 in Table I). As explained
earlier, these last two measures capture the difference between the risk of the optioned
portfolio and the risk of the portfolio involving futures at each level of mean return. A
positive difference implies the dominance of futures over options. Panel B is an abbrevi-
ated version of Table II showing the hedging effectiveness from the perspective of the
minimum risk portfolio. Presented in Panel B are the kinds of measures for hedging ef-
fectiveness used in most empirical studies for both instruments in both frameworks and
their respective mean returns.

Case C1 is a case for Canadian dollar in which the efficient frontiers cross over in
both frameworks. In other words, the efficient frontiers in both mean-variance and
mean-Gini contradict the conclusion based on the minimum risk portfolio. Since the fu-
tures contract reduces risk by about 50 percent in both frameworks according to the
minimum risk portfolio in Panel B, it is clearly a better hedging instrument. Panel A
shows the dominance of the option and thus reverses the above conclusion. Case C2 also
favors futures in both frameworks according to Panel B of Table III. The above conclu-
sion can still be maintained if one focuses on the mean variance results in Panel A. The
problem here is that there is a crossing over in the mean-Gini framework and thus re-
verses the above conclusion. Note that just as in the example in Tables I and II, this is
another case in which the general mean-variance framework is inappropriate. The situa-
tion for C3 is similar to the one given by Tables I and II, although different futures and
option contracts are involved. The measure of dominance based on the mean-Gini
framework given in Panel A confirms the conclusion reached on the basis of minimum
risk portfolio presented in panel B. However, the results based on the efficient frontiers
in the mean-variance framework fail to support the above conclusion. Finally, case C4 is
the ideal situation for researchers who rely on the minimum risk portfolio as the bench-
mark. The conclusion based on the results in Panel B is confirmed by the results in
Panel A.

As for the situation where the minimum variance framework and the minimum Gini
framework cannot agree on the superiority of a particular derivative asset, the sample of
127 cases detects no trace of 12 and I3. Case Il is a case for the German Mark in which
the conclusion based on the minimum variance portfolio is contradicted by the results
based on efficient frontiers in both frameworks. On the other hand, Case 14 is a situation
for German Mark where the conclusion based on the minimum variance portfolio is sup-
ported by the results based on Panel A.

Table IV summarizes all the 127 cases under consideration, with each case represent-
ing both an option contract and a futures contract written on a currency involving identi-
cal expiration dates. The outcome of each case is classified according to the scheme set
out in Figure 1. With Table IV, the shortcoming of the particular risk reduction approach
used in various empirical studies and of the mean-variance framework in general can be
assessed quantitatively.

The case against risk reduction can be made rather easily using mean-Gini frontiers as
the benchmark. This amounts to the sum of cases C1, C2, 11, and I2 for various curren-
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Table IV
SUMMARY OF VARIOUS HEDGING OUTCOMES BASED ON
MEAN-VARIANCE AND MEAN-GINI FRAMEWORKS

British Canadian German Japanese  Swiss

Pound Dollar Mark Yen Franc Total
Cl 13 4 16 10 15 58
C2 0 0 1 2 0 3
23 0 0 0 2 0 2
C4 8 6 18 10 16 58
I1 0 0 1 0 0 1
12 0 0 0 0 0 0
I3 0 0 0 0 0 0
14 1 | 0 0 3 5
Total Cases 22 10 37 24 34 127

@5 M S e O3 N S

Total Cases
C2+C3+12+13

Total Cases

59.1% 40.0% 48.6% 50.0% 44.1%  48.8%

0.0% 0.0% 2.7% 16.7% 0.0% 3.9%

cies. Of all currencies under consideration, 48.8 percent of the cases involve a situation
in which the risk reduction approach favors a particular derivative asset, whereas effi-
cient frontiers on the mean-Gini suggest otherwise. Moreover, this figure appears to be
quite uniform across all currencies.

The case against the mean-variance approach in general is far from convincing. This
can be seen from cases C2, C3, 12, and I3 in which the conclusion reached based on the
efficient frontiers in the mean-variance framework is reversed based on the efficient
frontiers in the mean-Gini framework. Of all currencies under consideration, a mere 3.9
percent gives rise to a reversal in the conclusions reached.

IV. CONCLUDING REMARKS

A new framework has been suggested in this study for the examination of the hedging
effectiveness of futures and options. The new framework, mean-Gini, is unencumbered
by the normality assumption of return distributions or quadratic utility funtion. A few
observations emerge from this study regarding the usual approach of most empirical
studies. Focusing on the minimum variance portfolio can lead to erroneous conclusions
regarding the hedging effectiveness of financial derivatives. The likely reason is due to
the crossing over of efficient frontiers at higher levels of returns. This should come as
no surprise because the construction of the minimum variance portfolio does not require
any expected return estimates. The positively sloped efficient frontier, on the other
hand, relies on both expected returns and the variance-covariance structure.’ The erro-
neous conclusion arises from discarding the useful information on the return characteris-
tics of the assets under consideration. However, the mean-variance approach in general
appears to be quite robust with respect to distributional requirements. The approach is
inappropriate in only a few cases out of the 127 cases considered.

*See Merton (1972) for a proof.

72y CHEUNG, KWAN, AND YIP



Bibliography

Bell D., and Krasker, W. (1986, Summer): “Estimating Hedge Ratios,” Financial Management,
15:34-39.

Bookstaber, R., and Clarke, R. (1985, January/February): “Problems in Evaluating the Perfor-
mance of Portfolios with Options,” Financial Analysts Journal, 41:48-62.

Chang, J., and Shanker, L. (1986, Summer): “Hedging Effectiveness of Currency Options and
Currency Futures,” Journal of Futures Markets, 6:289-305.

Cornew, R., Crowson, L., and Town, D. (1984, Winter): “Stable Distributions and Commodity
Price and Performance Measurements,” Journal of Futures Markets, 4:531-557.

Ederington, L. (1979, March): “The Hedging Performance of the New Futures Markets,” Journal
of Finance, 34:157-170.

Elton, E., Gruber, M., and Padberg, M. (1976, December): “Simple Criteria for Portfolio Selec-
tion,” Journal of Finance, 31:1341-1357.

Figlewski, S. (1984, July): “Hedging Performance and Basis Risk in Stock Index Futures,” Jour-
nal of Finance, 39:657-669.

Figlewski, S. (1985, Summer): “Hedging with Stock Index Futures: Theory and Application in a
New Market,” Journal of Futures Markets, 5:183-200.

Helms, B., and Martell, T. (1985, Summer): “An Examination of the Distribution of Commodity
Price Changes,” Journal of Futures Markets, 5:259-272.

Hill, J., and Schneeweis, T. (1981, Winter): “A Note in the Hedging Effectivenss of Foreign Cur-
rency Futures,” Journal of Futures Markets, 1:659-684.

Hill, J., and Schreeweis, T. (1982, Spring): “The Hedging Effectiveness of Foreign Currency Fu-
tures,” Journal of Financial Research, 5:95-104.

Howard, C., and D'Antonio, L. (1984, March): “A Risk-Return Measure of Hedging Effective-
ness,” Journal of Financial and Quantitative Analysis, 19:101-112.

Lerman, R., and Yizhaki, S. (1984): “A Note on the Calculation and Interpretation of The Gini
Index,” Economic Letters, 15:363-368.

Merton, R.C., (1972, September): “An Analytical Derivation of the Efficient Portfolio Frontier,”
Journal of Financial and Quantitative Analysis, 7:1851-1872.

Shalit, H., and Yitzhaki, S. (1984, December): “Mean-Gini Portfolio Theory, and the Pricing of
Risky Assets,” Journal of Finance, 39:1449-1468.

Yitzhaki, S. (1982, March): “Stochastic Dominance, Mean Variance and Gini's Mean Differ-
ence,” American Economic Review, 72:178-185.

Yitzhaki, S. (1983, October): “On an Extension of the Gini Inequality Index,” International Eco-
nomic Review, 24:617-628.

A MEAN-GINI APPROACH e



Copyright of Journal of Futures Markets is the property of John Wiley & Sons, Inc. /
Business and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



