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INTRODUCTION

Hedging theory in futures markets is developed in Working (1953, 1962), John-
son (1960). Stein (1961), and more recently, Rutledge (1972). Ederington

(1979). and Franckle (1980). According to the portfolio theory approach to hedging,
the hedge ratio and the measure of hedging effectiveness correspond to the regres-
sion coefficient, B, and the coefficient of determination, /?^ obtained from regress-
ing the spot price changes on futures price changes. The coefficients B and R^ are
extensively examined.' However, previous studies of hedging performance of fu-
tures markets are subject to criticism because they are based on the assumption that
the regression coefficient, which corresponds to the hedge ratio, is stable over the
whole sample period. Indeed, Grammatikos and Saunders (1983). find that the
hedge ratios for five major foreign currency futures are unstable over time. This ar-
ticle further explores the nonstationarity of the hedge ratio and the measure of the
hedging effectiveness.
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The random walk hypothesis is tested with two models. One is based on the tra-
ditional methodology of Dickey and Fuller (1979, 1981) and the other follows the
approach of Lo and MacKinlay (1988), known as the variance-ratio test. The empir-
ical results confirm the random walk hypothesis for two stock index futures: Stan-
dard and Poor's 500 and New York Stock Exchange; and for four foreign currency
futures: British Pound, German Mark. Japanese Yen, and Swiss Franc. The find-
ings imply that hedgers cannot consistently place optimal hedges and that dynamic
hedging techniques must be considered.

HYPOTHESIS OF RANDOM WALK

The main purpose of the article is to detect patterns in the instability of the coeffi-
cients 5 and /^-squared, postulating that they vary randomly over time. Specifically,
it is claimed that the hedge ratio and the measure of hedging effectiveness follow a
random walk process.

The concept of a random walk is much more precise in financial analysis than the
notion of instability. Authors such as Grammatikos and Saunders (1983) use the
term "unstable hedge ratios" to mean that these ratios are not constant over time.
In mathematical economic analysis the notion of instability is given a more precise
meaning. Numerous definitions, theorems and applications of stability and instabil-
ity are presented in Brock and Malliaris (1989). Intuitively, one can say that the se-
quence of hedge ratios Bo, B,, Bi, B^,... is unstable if the absolute deviations of
these hedge ratios from the equilibrium hedge ratio become large after a certain
time period. Clearly, it is difficult to test this notion of instability for at least two
reasons: First, one needs a very long sequence and secondly, a precise meaning of
"equilibrium hedge ratio" needs to be established.

Attention is devoted here to the nonconstant behavior of hedge ratios and coeffi-
cients of hedging effectiveness in terms of random walk, a notion familiar to finan-
cial analysts. Random walk may eventually lead to instability but that instability
need not necessarily imply random walk. One reason for studying the random walk
behavior is the methodological clarification it provides of the time series behavior
of the hedge ratio and coefficient of hedging effectiveness.

There are additional reasons for interest in random walk. First, in an efficient
market, changes of spot prices over time are random and reflect the arrival of new
information. In other words, price changes on any particular day are uncorrelated
with past historical price changes. Empirical research in futures markets suggests
that futures price changes also follow a random walk, reflecting efficiency in fu-
tures markets as well.̂  The hedge ratio is the ratio of dollar amounts invested in a
spot asset and a futures contract. It is reasonable to assume that the behavior of this
ratio reflects the behavior of these prices. Therefore, given that prices follow a ran-
dom walk process, one can also expect the hedge ratio to vary randomly over time.

Second, the random walk behavior of the hedge ratio may be explained by the
theories of speculation and the effects of such speculation on price changes on both
cash and futures markets. There are, in general, two theories about the effects of
speculation on price variability. One theory claims that speculation increases price
variability because speculators tend to buy as prices are rising and tend to sell as

^Empirical evidence of (he random walk hypothesis for security prices is reported, among others,
by Fama (1965), and Fama and Blume (1966); and, for futures markets by Fama (1976), Cornell
(1977). and others.
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prices are falling, generating a bandwagon effect which contributes to larger swings
in price volatility. The opposing theory argues that speculation reduces price vari-
ability and has been defended by Milton Friedman (1953) who argues that only un-
profitable speculation can have a destabilizing effect on prices. These theories are
reviewed extensively by Tirole (1989). Simply put, this article assumes that the sta-
bility or instability of speculation, with similar or dissimilar intensity in cash and
futures markets, may cause hedge ratios and coefficients of hedging effectiveness to
follow random walks.

Third, the random walk behavior of the hedge ratio may be caused by differences
in the microstructure of cash and futures markets. In this article, spot prices are
determined in dealership markets with futures prices formulated in open outcry
auction markets. There is an increasing literature that emphasizes the role of differ-
ent trading mechanisms with special emphasis given to the role of "noise" and
"feedback" traders on price formulation and the time series properties of such
prices. A representative article in this literature is Cutler, Poterba, and Summers
(1990). It seems reasonable to postulate that such differences in the microstructure
of cash and futures markets and dissimilarities in trading mechanisms and types of
traders may cause hedge ratios to vary over time.

DATA

The data correspond to weekly spot prices and futures prices for the nearby con-
tracts (0-3 months) for the following instruments: (i) Stock Indexes: Standard and
Poor's 5(X) Index, and New York Stock Exchange Index; (ii) Foreign Currencies:
British Pound, German Mark, Japanese Yen, and Swiss Franc.

The time periods under study extend from March 4, 1980 through December 27,
1988 for the foreign currency instruments and, from January 1, 1984 through De-
cember 27, 1988 for the stock index instruments. The futures prices are Tuesday
closing prices (Monday or Wednesday closing prices are used when a Tuesday clos-
ing price is missing) obtained from the Wall Street Journal.

METHODOLOGY AND EMPIRICAL RESULTS

First, hedge ratios and measures of hedging effectiveness are generated by means of
a moving window regression procedure. Second, the hypothesis that the hedge ratio
and the measure of hedging effectiveness follow a random walk process is tested by
means of two models. The models are based on the Dickey and Fuller methodology
and the variance-ratio approach of Lo and MacKinlay.

Moving Window Regression Procedure

Estimates of the hedge ratio and the measure of hedging effectiveness are obtained
by running OLS regressions of the change of the spot price on the change of the
corresponding futures price; that is:

5, - 5,,* = A-^• B{F, - F,.,) + €, (1)

where:

S,, S,-k = spot prices at time t and / - k, respectively.
F,, F,-k = futures prices at time / and t - k, respectively.

k = the length of hedging horizon measured in weeks.
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In Eq, (1), the regression coefficient, B, and the coefficient of determination, R\
correspond to the hedge ratio and the measure of hedging effectiveness, respec-
tively. Since the behavior of the hedge ratio, over time, is of interest, it is assumed
that for each contract the hedging horizon, k, is two-weeks,' The regressions are
run using changes in cash and futures prices.*

B's and R^'s are generated using an overlapping or moving window regression pro-
cedure^ in two steps. First, the hedge ratios and measures of hedging effectiveness
are initially estimated for a one-year period: March 1980-February 1981, for foreign
currencies, and January 1984-E)ecember 1984 for stock indexes. They are, subse-
quently, reestimated every quarter by adding a new quarter of spot and futures data
and deleting the initial quarter's data and keeping a one-year estimation period. In
this way, by regressing the change of the spot price on the change of the futures
price, (for a two-week hedging horizon) moving B's and R^'s are estimated for each
quarter.*

RANDOM WALK TESTS

The data used in testing for random walk correspond to the hedge ratios and mea-
sures of hedging effectiveness obtained from the moving window regressions.

Dickey and Fuller Tests of Random Walk

To test for random walk using the Dickey and Fuller methodology the following re-
gressions are run:

Reduced: Y, - Y,-, = btT + e, (2)

where:

Y,, Y,-\ = hedge ratio or measure of hedging effectiveness.
T = time trend.
€, = residual term at time t.

The null hypothesis that the hedge ratio and the measure of hedging effectiveness
follow random walks, corresponds to HQ: (do, b\) = (0,1) and is tested with an f-test
based on a distribution suggested by Dickey and Fuller (1981), The results, pre-
sented in Table I for the hedge ratios and in Table II for the measures of hedging
effectiveness, show that one cannot reject the null hypothesis at the 1% or 5% lev-
els of significance. That is, the results of the Dickey and Fuller tests presented in

T'he two-week hedging horizon is the most commonly found assumption in the futures hedging
literature. See, I.e., Graramatikos and Saunders (1983).

*Price changes are used, among others, by Ederington (1979), Franckle (1980), Dale (1981), and
Grammatikos and Saunders (1983). Other researchers, such as McCabe and Franckle (1983). Ham-
mer (1988), use percentage changes or natural logarithm of prices. Some tests using percentage price
changes were conducted (not reported here) which do not change the results.

'The same procedure is used by Grammatikos and Saunders (1983),
*The hedge ratios and measures of hedging effectiveness obtained from this procedure exhibit ma-

jor deviations from the average long-term S's and W '̂s. The average long-term hedge ratios and mea-
sure of hedging effectiveness are estimated by running the OLS regression (1) for the full time
periods. These results indicate that the hedge ratio and the measure of hedging effectiveness are un-
stable over time, which confirms earlier results found in the literature. The average long-term fl's
and R "s and the fl's and R 's estimated from the moving window regression procedure are not re-
ported here for the sake of space but they are available from the authors upon request.
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these two tables indicate that the hedge ratios and the measures of hedging effec-
tiveness follow random walk processes.

Variance Ratio Testa of Random Walk

The regression models postulated in Eq. (2) assume that the disturbances e, are in-
dependent and identically distributed gaussian random variables. However, there is
mounting evidence that financial time series posses time-varying volatilities and de-
viate from normality. Lo and MacKinlay (1988) have developed a test-statistic for
random walk which is sensitive to correlated price changes but which is otherwise
robust with respect to many forms of heteroskedasticity and nonnormality of the
random disturbances. This new test of random walk is known as the variance-ratio
test. This article adopts the Lo and MacKinlay approach to reinforce the results
of the Dickey and Fuller test and to provide further empirical evidence that the
hedge ratios and the measures of hedging effectiveness are governed by a random
walk behavior.

The intuition behind the variance ratio test is the following: If the natural loga-
rithm of a time series denoted Y,, is a pure random walk of the form

then, the variance of its ^-differences grows linearly with the difference k. For ex-
ample, the variance of monthly sampled series must be four times as large as the
variance of a weekly sampled series. That is, if the series follows a random walk, it
must be the case that the variance of the A:-differences is k times the variance of the
first-difference:

VAR{Y, - Y,-,) = kVAR{Y, - Y,.,).

Therefore, under the random walk hypothesis, the ratio of (I/A:) times the vari-
ance of the Jk-differences over the variance of the first-differences is expected to be
equal to one. In other words, a test of random walk is equivalent to testing the null
hypothesis:

Ho:{l/k)VAR(Y. - Y,.,)/VAR{Y, - 7,-,) = 1.

The results of the variance ratio tests shown in Table III and IV indicate that one
cannot reject the null hypothesis. In fact, the variance ratios are not statistically
different from one at the 5% level of significance. Thus, the results of the variance
ratio tests reinforce those reported by the Dickey and Fuller methodology and indi-
cate the robustness of the random walk hypothesis for the hedge ratios and the
measures of hedging effectiveness.

A slightly different interpretation of the variance ratio test is given by Cochrane
(1988) who argues that a series can be decomposed into fluctuations that are partly
temporary and partly permanent. The random walk carries the permanent compo-
nent of a change and the stationary series carries the temporary part of a change. In
this case, the {yk)lAR{Y, - Y,-k) should settle down to the variance of the shock of
the random walk or permanent component. Therefore, the variance ratio corre-
sponds to an estimate of the measure of the random component of the series. Fol-
lowing Cochrane's argument, the large variance ratios reported in Table III and IV
seem to indicate that hedge ratios and measures of hedging effectiveness contain a
large permanent or random walk component and a small temporary component.
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DISCUSSION OF RESULTS

The empirical tests confirm the hypothesis that the hedge ratios and the measures
of hedging effectiveness follow a random walk. One way of interpreting these re-
sults is to think in terms of market efficiency. In this sense, the findings reinforce
previous research confirming market efficiency in both spot and futures markets.
The major implication of this random walk hypothesis is that hedgers cannot con-
sistently place perfect hedges and need to continuously readjust their hedges. This
can be done by using appropriate computational methods that take into account the
variable nature of the hedge ratio and the measure of hedging effectiveness. A few
of these methods are briefly summarized below.

Cechetti, Cumby, and Figlewski (1986) apply the Autoregressive Conditional
Heteroskedasticity (ARCH) method to hedging in futures markets. Their approach
maximizes the expected logarithmic utility of an investor and gives estimates of op-
timal hedges. Another methodology which measures hedging effectiveness and
which avoids many of the estimation problems caused by nonstationarity in ex-
pected returns, is developed in McCabe and Solberg (forthcoming). This technique
is based on conditional probability distributions, and the results reported by the au-
thors indicate that varying assumptions about conditional expectations can greatly
alter the effectiveness measures. Anderson and Danthine (1982) propose a multi-
period model of hedging which allows for the futures position to be revised within
the cash market holding period. Finally, Herbst, Kare, and Copies (1989) estimate
optimal hedge ratios by using the ARIMA methodology of Box and Jenkins. Their
approach successfully solves the problem of autoregressive disturbances.

The findings of this research imply that the already complex relationships among
hedge ratios, measures of hedging effectiveness, volume of trade and open interest
require further empirical research. Individual investors, institutional investors, and
corporations seeking to reduce or eliminate risk are aware that the hedging process
is complicated. It is possible that dynamic hedging is more costly than traditional
hedging because the continuous readjustment of the hedge might increase transac-
tion costs. However, the opposite effect is also possible. Herbst, Kare, and Copies
(1989) report that their hedge ratios are tower than those rendered by the tradi-
tional OLS regression technique which implies a reduction in the required margin
deposit and in commissions incurred by hedgers.
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