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INTRODUCTION

Commonly suggested hedging strategies in the academic and practitioner litera-
ture tend to focus on risk reduction, often ignoring expected return.' This

concentration on reducing risk neglects two crucial factors in the ex-ante hedging
strategy selection process: price expectation (i.e., forecast price change) and its
relation to hedging objectives. Working (1962) stresses the critical role of price
expectations for both selective and anticipatory hedging strategy selection.
Goodman (1979) considers the potential benefit of forecast price change in evaluat-
ing the predictive accuracy of ten exchange-rate forecasting services. He concludes
that the performances of technically oriented services may help in managing short-
term exchange-rate risk exposure, but he does not provide a linkage between the
forecast and the strategy selection process.

This article develops and evaluates ex-ante hedging decision models. Simple
foreign-exchange-rate forecasts serve as proxies for investor expectations. Hedge
ratios are then selected in accordance with the forecast and the hedging objective,
i.e., whether the hedge is to protect against rising or falling currency prices. Hedge
ratio magnitudes are selected according to the hedging objective, and by represen-
tative levels of hedging aggressiveness or the level of confidence a hedger places in
a forecast. The results indicate that decision models similar to those examined in
this study provide hedging performances that many hedgers may consider superior
to more traditional, commonly recommended strategies.

'Howard and D'Antonio (1984) attempt to incorporate mean return into a hedging strategy in order
to develop a risk-return measure of hedging effectiveness. This strategy, however, is appropriate
only for investors who wish to maximize a return-to-standard deviation ratio. It also requires ex-ante
estimation of five hedge ratio parameters if it is to be used in practice.
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THE HEDGING STRATEGY SELECTION PROBLEM
The most common hedging strategy in the academic literature is the variance-
minimizing hedge suggested by Johnson (1960). Ederington (1979) and Franckle
(1980) use it for ex-post evaluations of the T-bill futures market; Hill and Schneeweis
(1982) and Dale (1981) use it for ex-post evaluations of currency futures. Lasser (1987)
evaluates potential benefits of this strategy in an ex-ante setting by estimating the
edge ratio in one period and applying it in a later period for T-bills and T-bonds. His
results suggest that such ex-ante estimates are not significantly superior to the naive
equal-and-opposite hedge. In a study of Canadian dollar futures, Marmer (1986)
arrives at a similar conclusion.

In focusing on one or a few hedging strategies, the hedge ratio selection problem
is often reduced to one of choosing among a few possible alternatives. Issues of how
to go about ex-ante estimation of sometimes complex analytic hedge ratios is usu-
ally left to the reader. In most empirical studies, historical data serve as inputs to
the estimation process. Few writers, however, provide viable methodologies for esti-
mating future hedge ratio parameters. Further, most studies take the perspective of
either long or short hedgers, but usually not both. In examining bounded sets of
hedging strategies, however. Hammer (1988) draws a clear distinction between the
objectives of short and long hedgers. He suggests that these objectives might best be
met by selecting strategies skewed about the naive hedge, with long hedges on one
side and short hedges on the other.

Figure 1 illustrates the strategy selection problem which this article addresses.
Figure lA shows a spot-futures opportunity locus drawn from the perspective of a
short hedger who sells futures to protect a long position in a commodity against
falling prices. This hedger expects spot prices to rise, providing positive returns to
the unhedged position. Since the hedger anticipates favorable price movement,
hedging in futures is undertaken strictly to reduce risk in the event expectations
prove incorrect ex post. The variance-minimizing hedge and a hypothetical naive
hedge are identified in the figure; both strategies reduce perceived risk, but also re-
duce expected return.^ To the extent this hedger acts on price expectations, a hedge
position somewhere between the variance-minimizing hedge and the unhedged po-
sition is desirable. If the hedger has a high degree of confidence in these expecta-
tions, then a small position in futures is desirable because it permits the hedger to
participate in the expected price increase; the lower the confidence level, the
greater will be the desired hedge ratio up to the minimum-variance or naive hedge.

Figure IB shows the same opportunity locus from the perspective of a long
hedger who buys futures to protect against rising spot prices, and who has the same
price expectations as the short hedger. The opportunity locus is rotated about the
horizontal axis because a long hedger having these expectations faces unfavorable
expected price movement. To the extent that this hedger acts on price expectations,
the minimum-variance and naive hedges are far superior to remaining unhedged,
even though they provide negative expected returns. If confidence in these expec-
tations is high, however, this long hedger may prefer a hedge ratio in excess of these
positions, i.e., a position in futures that is in excess of the short spot position being
hedged. This may require a hedge ratio greater than unity.

variance-minimizing and naive hedge positions are shown in close proximity in the figure
because this occurs when spot and futures returns are highly correlated; statistically, these hedge
ratios are frequently indistinguishable.
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Figure 1
Illustrative spot-futures opportunity locus, z = same variance hedge as u;

m = minimum-variance hedge; u = unhedged (spot) position; n = naive hedge. (A) A
short hedger's perspective. (B) A long hedger's perspective.

Figure 1 shows that short and long hedgers who act on price expectations prefer,
ex ante, hedge ratio selections that tend to fall on opposite sides of the naive and/or
minimum-variance hedge. This is the strategy selection problem that the present
study examines. Rather than estimating hedge ratio parameters, however, simple
forecasts are used as proxies for investor expectations about future price movement.
These proxies are then used to select long hedge ratios and short hedge ratios
skewed to opposite sides of the naive hedge.

SIMPLE EXCHANGE-RATE FORECASTS
One simple forecast is to assume that prices are equally likely to rise or to fall.
Where risk reduction is a primary concern, the naive hedge is often a suitable selec-
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tion for this forecast. A second simple forecast is based on the assumption that spot
prices follow a martingale process:

E{ST) = S, (1)

i.e., the expected spot price at time T is today's price, 5,. Since no change in price
is expected, the hedger may choose to take no position in futures. These two fore-
casts and corresponding strategies represent two extremes: a pure risk avoidance
strategy, the naive hedge, and a high-risk strategy, remaining unhedged.' They
provide contrasts to the performances of active hedging strategy decisions.

Giddy and Dufey (1975) evaluate a variety of exchange-rate forecasts. They con-
clude that models based on martingale and submartingale processes tend to outper-
form most others. A submartingale process assumes that prices change:

E(ST) 0 5, (2)

One approach for developing a forecast for this process is to assume that recent
price movements will persist, on average, over the hedge period, i.e., set

A5, = 5, - 5,-i (3)

where A5s is a projected price change, / establishes the differencing interval, and
the 5 subscript denotes this process."* To some extent, the differencing period used
to compute eq. (3) is arbitrary. This point is considered in more detail in the empiri-
cal analysis section.

Cornell and Reinganum (1982) compare futures and forward prices to evaluate
whether they are significantly different. They report only negligible differences.
Thus, both are candidates for use as simple exchange-rate forecasts. Some suggest
that futures and/or forward prices are unbiased estimates of future spot rates.
Fama (1976), Jacobs (1982), and Wolff (1987), however, provide evidence of time-
varying risk premiums in the pricing of forward foreign-exchange contracts. This
suggests one approach for modeling the spot-futures/forward price relationship:

FT., = 5, -t- RPTJ (4)

where Fr.t is the price of a futures or forward contract that matures at time T, S, is
today's spot price, and RPT,, is today's risk premium for a contract maturing at time
T. Risk premiums may provide a "measure" of investor expectations. A positive
premium may indicate that sellers of futures/forward contracts who are long the
spot currency, expect spot prices to fall and demand a positive premium as com-
pensation for holding the currency; having similar expectations, buyers who are
short the spot currency, are willing to pay the premium because they expect to gain
on their short spot position. A negative risk premium may indicate opposite expec-
tations: sellers who are long the spot currency expect spot prices to rise and are dis-
counting the futures/forward contract because they expect to gain on a spot price
increase; buyers require a discount because they expect a loss to accrue to their
short spot position. This logic is just the opposite of suggestions that futures/
forward prices are unbiased estimates of future spot prices. The question of
whether to use futures/forward prices as estimates of future spot prices, or to use

•'The unhedged strategy has the highest risk strategy of any considered in this study; examination
of Figure 1 confirms this observation.

*Giddy and Dufey (1975) use a different approach for developing forecasts using a submartingale
process.
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the risk premium as an estimate of future spot price change, is an empirical ques-
tion. The results in this study show that the risk premium computed as

^SF = RPT,, = FT,, - S, (5)

where the F subscript identifies this projected price change, produces superior
hedging results, and is the futures/forward forecast used in the decision models.

Both casual observation and rigorous analysis reveals that trends in foreign cur-
rency prices are often present in time series data. This suggests that moving average
models may be useful in forecasting price movement. Although variations of mov-
ing average models are numerous, this study uses only the simplest: the average
price, SA, of a currency is computed over some period of time prior to hedge initia-
tion and compared to the prevailing spot price, S,, i.e.,

A5M = SA- S, (6)

serves as a forecast in the hedging decision models, where the M subscript desig-
nates this projected price change. The time period used to compute SA is consid-
ered in the empirical analysis section.

Cornell (1977) uses an autoregressive process to evaluate changes in foreign cur-
rency prices. Although his results show only marginal statistical significance, an au-
toregressive model may be useful in making ex-ante hedging decisions. The simple
autoregressive process is used and specified by:

A5^ = S,- s,-i = flo + ai{S,-i - 5,-2,) (7)

as a forecast for the decision models, where the A subscript denotes this process.
The differencing interval, i, and estimates for the coefficients for eq. (7), are dis-
cussed in the empirical analysis section.

DATA AND METHODOLOGY
This study uses spot, futures, and forward prices taken from The Wall Street Journal
on the first trading day of each week between January 1981 and December 1988.
Prices are for British pounds, Canadian dollars, Japanese yen, Swiss francs, and
West German marks. Spot and forward prices are quotes by Bankers Trust Com-
pany as of 3 PM eastern standard time (EST). Futures prices are closing price quota-
tions by the International Monetary Market, which stops trading in these contracts
between 2:15 and 2:30 PM EST. While the timing of these quotations differ slightly,
three factors tend to mitigate any nonsynchronous problem. First, overall trends in
the direction of price change remain the same since time differences are small.
Second, weekly sampling emphasizes price trends and attenuates noise that may be
present in daily samples. Third, any minor differences due to the timing of price
quotations appear small in light of the eight-year sample period.

Eqs. (3) and (5)-(7) provide forecasts for the direction of expected spot price
change, ASj. The hedging decision then requires one of three courses of action:

1. Select |SHR| < 1.0 and |LHR| > 1.0, if

(A5,/S,) > a (8)

where a is a decision threshold, SHR is a short hedge ratio, and LHR is a long
hedge ratio. In words, if spot prices are forecast to rise, select a SHR less than unity
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to allow the long spot position to participate in the price rise, and select a LHR
greater than unity to better protect against the expected price rise.'

2. Select |SHR| > 1.0 and |LHR| < 1.0 if

{^S,/S,) < -a (9)

If spot prices are forecast to fall, select a SHR greater than unity to protect the long
spot position against expected spot price declines, and select a LHR less than unity
to permit the short spot position to benefit from the expected price decline.

3. If the decision threshold is not broken, adopt the naive hedge as a neutral
strategy for reducing risk over the hedge period.*

The first two decisions follow directly from a previons section on hedging strategy.
The last reduces risk and suggests that prices are equally likely to move in either
direction. Two decision thresholds are used for each model. The first sets a = 0%,
which forces an active hedge decision at the beginning of each hedge period. The
second is empirically determined by varying the threshold and rerunning the analy-
sis until an active hedge decision occurs for approximately 30-70% of all hedges
undertaken. This provides representative results for hedging decisions that fall be-
tween 100% active and 100% inactive. The impact and the motivation for using
positive threshold values is shown in the empirical analysis.

SHRs and LHRs are set for three mangitudes, which represent increasing levels
of hedging aggressiveness or increasing levels of confidence in a forecast:

1. If spot prices are forecast to increase, then set
SHR = -0.9 and LHR = -1.1, for slightly aggressive/confident hedges;
SHR = -0.7 and LHR = -1.3, for mildly aggressive/confident hedges; and
SHR = -0.5 and LHR = -1.5, for highly aggressive/confident hedges.

2. If spot prices are forecast to decrease, then set
SHR = -1.1 and LHR = -0.9, for slightly aggressive/confident hedges;
SHR = -1.3 and LHR = -0.7, for mildly aggressive/confident hedges; and
SHR = -1.5 and LHR = -0.5, for highly aggressive/confident hedges.

The magnitudes for each aggressive/confidence level assure risk reduction vis-a-vis
an unhedged position, because spot and futures returns for the currencies in this
study are highly correlated. The logic underlying this observation is shown in
Figure 1. The spot-futures portfolio that gives the same variance as the unhedged
position is labeled "z." It is shown in the Appendix that the hedge ratio which de-
termines this position is twice the variance-minimizing hedge. Numerous studies
show that variance-minimizing hedges for these currencies are "near" unity. Thus,
the magnitudes of the ex-ante hedge ratios used in this study insure that variance is
reduced,' i.e., correspond to hedge positions between u and z in Figure 1. In some

'Hedge ratios in excess of unity usually violate what the Commodity Futures Trading Commission
calls "bona fide" hedges, and are frequently treated as speculative strategies. As Figure 1 shows,
however, many hedge ratios that exceed unity provide risk reduction relative to the unhedged posi-
tion. Further, the Statement of Financial Accounting Standards No. 80 (August, 1984), which covers ac-
counting procedures for most futures trading, stresses high correlation and risk reduction as hedge
criteria. It does not appear to necessarily preclude hedge ratios that exceed unity by small amounts.

'The naive equal-and-opposite hedge is neutral in the sense that it reduces variance and requires
no estimates by a hedger.

'That hedge ratios between -1.0 and -1.5 guarantee risk reduction in this study is confirmed in
the empirical analysis.
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ways, the naive hedge might be considered a pure risk-avoidance strategy, and
hedges deviating from unity might be considered speculative. As Working (1962)
long ago argued, however, "pure risk-avoidance hedging," is "unimportant and
virtually nonexistent in modern business practice..." (1962,p. 442).

To assess the viability of the hedging decision models for managing short-term
exchange-rate risk exposure, hedge lengths of four, eight, and 12 weeks are used.
This permits computation of realized returns and variances within each hedge pe-
riod. It also permits an examination of these characteristics over time. Finally,
these hedge lengths correspond to hedge lengths which are common to exchange-
rate risk-management activities.

EMPIRICAL ANALYSIS
Since four-, eight-, and 12-week hedging periods are evaluated in this study, corre-
sponding differencing intervals are initially used to project price change for the
submartingale forecast, eq. (3). Although the results are generally acceptable, they
appear to deteriorate with increasing hedge length. For this reason, differencing in-
tervals of one, two, and three weeks are then used for all hedge lengths. Overall,
the results for the one-week differencing interval (computed at hedge initiation) ap-
pear to be as good as, and often better than, those for all other differencing inter-
vals. As a consequence, only the results for a one-week differencing period are
reported for the submartingale process.

A similar approach is used to evaluate price change projections for the moving
average process, eq. (6). In this instance, results for different averaging periods are
far more mixed than for the submartingale process. The use of a constant 12-week
averaging period, computed just prior to hedge initiation, is generally representative
of all averaging periods considered, including hedge-length matching averaging pe-
riods. These results are the only reported.

The differencing interval used for the autoregressive process, eq. (7), presents a
unique problem. The number of samples used to estimate the regression coeffi-
cients, ao and oi, must first be determined. To err on the conservative side,
30 samples of weekly observations just prior to hedge initiation are used. If hedge-
length matching differencing intervals are used, 12-week differencing intervals re-
quire exchange-rate data going back to 1974 in order to begin the analysis in 1981.
As a consequence, a one-week differencing interval is used for two reasons. First,
the results for the submartingale and moving average processes suggest that hedge-
length matching intervals appear unnecessary. Second, the forecasts per se are not
the central focus of this study. They are proxies for investor price expectations; pre-
sumably, experienced and knowledgable hedgers form expectations that are, on av-
erage, at least as accurate as the simple forecasts used in the present study.

Table I provides an overview of the efficacy of the forecasts. Fourteen of 75 fore-
casts result in projecting price movement in the wrong direction. This causes the
decision rules in the above section to assign hedge ratios skewed in the wrong di-
rection about unity, i.e., it produces hedging results that make the investor worse
off than the naive hedge. Table I reports the threshold levels for each incorrect
forecast; these results hold for both short and long hedges. In all cases, the incorrect
forecast is only for one threshold value, either 0% or some positive level. The fore-
casts for British pounds, Swiss francs, and West German marks are correct in all
but two cases, where the moving average forecasts for eight-week hedges and posi-
tive thresholds fail. Canadian dollars and Japanese yen account for 12 of the incor-
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Table I
FORECAST MODEL PERFORMANCE: INCORRECT FORECASTS**"

British
Pounds

Canadian
Dollars

Japanese
Yen

Swiss
Francs

West German
Marks

Number of
Incorrect
Forecasts

Submartingale
4-week hedges _ _ _ _ _ Q
8-week hedges _ _ _ _ _ o
12-week hedges _ — _ _ _ o

Futures
4-week hedges _ _ _ _ _ o
8-week hedges — — a = 0 % — — 1
12-week hedges — — a = 0 % — — 1

Forward
4-week hedges — a == \% a = 0% — — 2
8-week hedges — — a = 0% — — 1
12-week hedges — — a = 0% — — 1

Moving average
4-week hedges — a = 2% — — — 1
8-week hedges a = 2% — — — a = 2% 2
12-week hedges — a = 2 % — — — 1

Autoregressive
4-week hedges — a = \% — — — 1
8-week hedges — a = \% a = 0% — — 2
12-week hedges — — a = 0% — — 1

Number of
incorrect 1 5 7 0 1
forecasts

'An "incorrect forecast" is a forecast that results in reducing average hedge return below the naive
hedge return, which makes the hedger worse off in terms of return and standard deviation than the
naive hedge.

"The a-value is the decision threshold level that produces an incorrect forecast for both long and
short hedging strategies. a-Values are specified for all forecasts that are incorrect; all other forecasts
improve return performance, but usually at the expense of higher standard deviation.

rect forecasts. These failures occur only for positive thresholds for Canadian dol-
lars and 0% thresholds for Japanese yen. Notice that use of the risk-premium ap-
proach for futures and forward forecasts provides correct results in all cases except
Japanese yen and, in one instance, Canadian dollars. The submartingale forecast is
correct for all currencies and all hedge lengths. While forecasts for Canadian dol-
lars and Japanese yen are somewhat disappointing, they should not overshadow the
fact that these simple models are correct, on average, 81.3% of the time for all
currency/hedge-length combinations.

Although all forecasts and hedging decisions are strictly ex ante, the evaluation
of the mean-variance performances are average realized results for each currency/
hedge-length group. Figures 2 and 3 help clarify this approach to evaluation.
Figure 2A plots realized highly aggressive four-week short hedge returns, where
a = 0%, for each of the 102 hedges executed over the sample period. The plot
shows the results for British pounds using the submartingale forecast, generally the
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Figure 2A
Highly aggressive four-week short hedge return per hedge period: British pounds using the

submartingale forecast. Means: naive return = -0.01, hedge return = 18.6, unhedged
return = —7.8.
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Figure 2B
Highly aggressive four-week hedge standard deviations: British pounds using the

submartingale forecast. Note: Each standard deviation is computed for a four-week hedge
using observed (ex-post) weekly returns over the hedge period. Standard deviations are

reported for 102 four-week hedges.

best forecast for all currencies. As with all forecasts, the results are sometimes fa-
vorable, sometimes unfavorable. On average, however, this ex-ante hedging strategy
provides significantly higher realized returns than either the naive hedge or the un-
hedged position, as reported in the graph. Figure 2B provides an indication of the
period-by-period "cost" of the strategy. It plots realized standard deviations in each
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Highly aggressive eight-week short hedge return per hedge period: British pounds using
the submartingale forecast. Means: naive return = -1 .1 , hedge return = 16.6, unhedged

return = -7 .8 .
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Figure 3B
Highly aggressive eight-week hedge standard deviations: British pounds using the

submartingale forecast. Note: Each standard deviation is computed for a eight-week hedge
using observed (ex-post) weekly returns. Standard deviations are reported for fifty-one

eight-week hedges.

of the 102 hedge periods. It shows that variations differ greatly from one period to
the next. Mean standard deviations for the 102 hedge periods for the naive hedge,
the highly aggressive hedge, and the unhedged position are given in the Figure 2,
and reflect what one might expect a priori: the naive hedge is least risky, the un-
hedged position is most risky, and the highly aggressive strategy falls approximately
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in the middle. Whether the increased riskiness of the aggressive strategy over the
naive strategy is merited depends on an investor's aversion to risk. Figure 3 shows
similar results for eight-week hedges. These figures are generally representative of
hedging strategies across all currencies and hedge lengths.

Figures 2 and 3 also provide support for the hedging decision models from an-
other perspective. From the beginning of the sample period to approximately June
1985, the value of the U.S. dollar rises, on average, vis-a-vis the other currencies.
From approximately June 1985 to the end of the sample period, the value of the
U.S. dollar falls, on average. This approximate transition date is identified in the
figures. Notice that hedge returns and variances appear roughly comparable over
both the rising trend and the falling trend. Thus, decision model performance is not
much affected by market trends, and the results concerning the hedging decision
models presented in this study are not sample (or time period) dependent.

The performances of the hedging decision models are evaluated in two ways for
each currency/hedge-length combination or group. First, each combination that re-
sults in mean-variance stochastic dominance over all others for that group is se-
lected as the best performing decision model. While this criteria identifies a large
number of superior decision models, stochastic dominance is too strong a criteria to
successfully apply to the 150 currency/hedge-length groups for short and long
hedges evaluated in this study. A second criteria used to identify superior perfor-
mances is the highest positive return-to-variance ratio for each group. Under a nor-
mality assumption, this ratio is directly proportional to Pratt's (1964) approximation
for absolute risk aversion*; it may be interpreted as a measure of the return-
variance tradeoff provided by a decision model. Where stochastic dominance
occurs, the return-to-variance ratio is necessarily the highest in that currency/
hedge-length group. Where the return-to-variance ratio is used for model evalua-
tion, the hedging performance always dominates along one dimension (i.e., return
or variance) and provides only marginally inferior performance along the other
dimension.

The performances of the decision models are dependent on the accuracy and
quality of investor price expectations. Since simple forecasts are serving as proxies
for price expectations in this study, it is assumed that the performances of pro-
fessional hedgers using the decision models will at least equal (if not surpass) the
performances of the best forecasts. As a consequence, as well as to conserve space.
Table II presents the results for the best performing long hedge ratio selections.'
Mean-variance performances that stochastically dominate a currency/hedge-length
group are underlined to facilitate interpretation. The standard deviations used for
this evaluation are those of the hedge return series over the sample period, e.g.,
standard deviations such as those for the return series shown in Figures 2A and 3A,
and not averages of the standard deviation series such as those shown in Figures 2B
and 3B. Positive return-to-variance ratios that dominate a group are underlined
also. These two performance criteria identify superior decision models for British
pounds and Canadian dollars in every case. Notice that significant increases in re-
turn relative to the naive hedge are often attained for only modest increases in vari-
ance for these two currencies. The mildly and highly aggressive strategies
frequently yield higher return than the unhedged strategy while simultaneously re-

*See Hammer (1988) for a discussion of this point.
'Complete results are available from the author on request.
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ducing variance. A moment's reflection reveals that this observation provides ex-
traordinarily strong support for the decision models.

Long hedge ratio selections for Japanese yen, Swiss francs, and West German
marks present a somewhat different but equally impressive picture. All three cur-
rencies have naive and unhedged returns that are negative in all cases. In spite of
this, the decision models produce hedge returns that are often significantly higher
and, in fact, returns that are often positive at higher levels of aggressiveness.
Where returns are negative, the return-to-variance ratio cannot be used for perfor-
mance evaluation. Where returns are positive, however, it clearly identifies supe-
rior return performance, but shows that the cost is higher variance. For West
German marks, 14 of 18 decision model selections using the submartingale forecast
stochastically dominate all others.

Table III presents the results for the best-performing short hedge ratio selections.
The signs of the returns for the naive hedge and the unhedged positions reverse
from those in Table II. They are negative for British pounds and Canadian dollars,
and positive for the other three currencies. In spite of this, the decision models for
British pounds provide positive hedge returns in all instances and permit identifi-
cation of the best-performing models by the performance criteria. The results are
not as strong for Canadian dollars, but are generally good relative to the naive
hedge and the unhedged position. For Japanese yen, the decision models produce
stochastically dominant results in 16 of 18 cases, all using the submartingale fore-
casts. Although not quite as strongly, the results for Swiss francs and West German
marks appear impressive. Tables II and III show that the submartingale forecast
tends to dominate all others; since this forecast relies only on the price change
occurring in the week just prior to hedge initiation, it provides strong support for
the previous contention that professional hedgers should perform at least as well. A
comparison of Tables II and III reveals that the best-performing decision models do
not always use the same forecast for long and short hedges.

Finally, Tables II and III show the general impact of using positive decision
thresholds, i.e., a > 0%. With few exceptions, results for positive thresholds are
lower return and lower risk than for a = 0%. The higher the decision threshold, in
general, the lower the risk and return; at sufficiently high levels, of course, it al-
ways leads to the naive hedge. Threshold levels, therefore, are directly related to a
hedger's aversion to risk. In practice, thresholds might be established on the basis of
the quality (direction and magnitude) of price expectations. Where quantitative
forecasts are used, historical data can establish the probability of correctly forecast-
ing the direction of price change and the magnitude of price change; the greater
the probability of correct forecasts, the lower the desired threshold. This is a com-
plex issue, however, and is beyond the scope of this study. Where price expecta-
tions are subjectively formed, the hedger must provide subjective probabilities and
set thresholds accordingly.

CONCLUDING REMARKS
This study provides a linkage between foreign currency price expectations and the
hedging strategy selection process. In practice, price expectations are formed in
many ways, from intuitive judgment to sophisticated quantitative models. Five
simple forecasts are used in this study as proxies for price expectations. Hedging
strategy selections are based on these forecasts and the specific objectives of short
and long hedgers. An empirical evaluation of the hedging decision models uses
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weekly prices for five major foreign currencies over an eight-year sample period.
The results show that the decision models provide viable hedging performances for
hedgers who are not pure risk avoiders. Working (1962) suggests that pure risk
avoidance hedging, in fact, is virtually nonexistent in modern business practice.
The models often produce return performances that are superior to naive hedges
for only small increases in variance, and return performances that are often
superior to the unhedged position but at a lower variance.

The submartingale forecasts with the assumption of a short but persistent price
change trend produce the best overall hedging performances for shorter hedge
lengths. This suggests that professional hedgers might produce performances far su-
perior to those found in this study. Since the evaluation covers an eight-year period
which contains both rising and falling currency price trends, it provides strong sup-
port for the use of these and similar decision models in the ex-ante hedging deci-
sion process. In practice, quantitative models may be evaluated using historical
data before they are used in the decision process. The high quality judgment of ex-
perienced hedgers, however, may prove even more beneficial. The results suggest
that future efforts need to focus on developing and evaluating forecasts, and on for-
malizing the relation between ex-ante forecast accuracy and hedge ratio magni-
tudes. Similar forecasts may prove useful also for hedging decisions involving other
commodities, e.g., interest rate futures. Such efforts may improve decision making
in practical hedging environments.

Appendix

PROOFS CONCERNING THE HEDGE RATIO THAT YIELDS THE SAME
VARIANCE AS THE UNHEDGED (SPOT-ONLY) POSITION
To identify the hedge ratio that produces the spot-futures portfolio having the same
variance as the spot-only (or unhedged) position, consider the variance of a two-
asset spot-futures portfolio:

= Xl(<T^ + Cjaj + ICpa.afp)

where the subscripts denote the spot and futures markets, respectively; the A'.'s are
the proportions of the portfolio represented by each market; the cr/'s are return
variances in each market; p is the correlation between spot and futures returns; and
Cp = Xf/Xs is the hedge ratio for this two-asset portfolio. Setting X^ to plus or mi-
nus unity implies that 100% of the spot position is hedged; this is done for conve-
nience. Next, the spot variance is set equal to the spot-futures portfolio variance
and solved for the resulting hedge ratio:

(TJ = O-j + Cp(Tf + 2Cp(Ts(T;p

Cp{Cp(TJ + 2a,<Tip) = 0

Cp = 0, or, Cp = -2p(o-,/oy)

Since 0 is the unhedged position, the hedge ratio that produces the spot-futures
portfolio with the same variance as the spot-only position must be

C = -2p{as/o-f)
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which is the hedge ratio that identifies "2" in Figure 1. Finally, the variance-
minimizing hedge ratio is well known and may be written by inspection as

Thus, Cz = 2Cm which is obvious in Figure 1, since the opportunity locus is sym-
metrical about the variance-minimizing position.
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