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I. INTRODUCTION

The problem of hedging foreign exchange risk using currency futures contracts has
been thoroughly examined and the general results and performance of "direct"

hedging strategies (i.e., covering a major currency such as the yen with a yen futures
contract) are well known (see Dale (1981), Grammatikos, and Saunders (1983), Hill and
Schneeweis (1981,1982)). Recent changes in the volume and nature of third world trade
and capital flows, however, raise a new question: how does a trader or investor cover
foreign exchange risk when the expected future cash flow is denominated in a minor
currency? Forward and futures markets do not yet exist for these currencies. Histori-
cally, some LDC nations have coped with this problem by pegging. Today, many minor
currency nations allow their exchange rates to compete directly in the system of the
"dirty float." A means of reducing foreign exchange risk for these currencies is not
straightforward.

This study investigates one approach by which this "cross hedging" problem may be
addressed. A variety of commodity futures contracts are employed to reduce minor cur-
rency foreign exchange exposure. Results are compared to an all-inclusive currency fu-
tures benchmark hedging strategy. Unlike earlier currency futures hedging and cross
hedging studies, a hedging hypothesis forms the basis for the construction of tested
strategies. Ex ante performance is emphasized, using a relatively large sample size.

II. LITERATURE REVIEW
Several studies have examined the hedging performance of commodity futures for both
direct and cross hedging strategies (e.g., see Chen, Sears, and Tzang (1987), Eaker and
Grant (1987). Miller and Luke (1982), Senchak and Easterwood (1983), and Sheales and
Tomek (1987)). Other researchers have applied currency futures to the problem of reduc-
ing major currency foreign exchange exposure. Dale (1981), Grammatikos and Saunders
(1983), and Hill and Schneeweis (1981, 1982) have estimated ex post measures
of "optimal" hedge ratios and hedging effectiveness, using the Ederington (1979)'

'Although the minimum-variance methodology, as applied to futures hedging, is often attributed to Edering-

lon; earlier work in futures portfolio theory by Johnson (1960) and Stein (1961), as well as the original

Markowitz (1952) study, should be credited also.
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minimum-variance methodology, for strategies designed to reduce foreign exchange
risk. Although results of these currency futures studies suggest direct hedging strategies
to be effective, their approach is somewhat simplistic because it ignores the need for ac-
tual hedgers to implement optimal hedge ratio estimates ex ante, thereby lowering hedg-
ing performance.

Hedging effectiveness is more likely to be eroded ex ante in the presence of intertem-
poral hedge ratio instability. Grammatikos and Saunders (1983) and Manner (1986)
tested for instability in direct strategy hedge ratios involving yen, deutschmark, pound,
and Canadian dollar futures. Instability was not determined to be a large problem for
these major currencies. Eaker and Grant (1987), although not testing directly for insta-
bility, obtained empirical results for ex ante currency cross hedging strategies which
suggest hedge ratio variability.

111. CROSS HEDGING FOREIGN EXCHANGE RISK
This study emphasizes ex ante hedging strategies, although ex post performance is esti-
mated for comparison purposes. Commodity futures cross hedging strategies of minor
currency foreign exchange risk are examined. These strategies address the growing need
for additional hedging instruments among LDC and other third world participants in
world trade and money markets. The focus of this study upon ex ante hedging strategies
allows close study of the hedge ratio instability problem, which appears to be significant
for minor currencies.

Because the choice of an appropriate hedging instrument is not obvious for minor cur-
rencies (i.e.. there are no direct hedging alternatives, only numerous cross hedging pos-
sibilities), an empirical test of commodity futures strategies is performed, with results
compared to a currency futures benchmark portfolio.

The success of any hedging instrument must be related to the strength (and stability)
of the correlation between movements in the spot price and the futures (hedge) price.
Traditional "flow" theories of exchange rate determination argue that exchange rates re-
flect underiying supply and demand characteristics for currencies. Changes in exchange
rates should be generated by changes in the demand (supply) for goods and services ex-
ported (imported). Demand changes are influenced by export price changes.^ So a posi-
tive correlation^ should exist between exchange rate movements and export commodity
(and commodity futures) price changes.

This correlation is the basis for the cross hedging strategies tested in this study. A
"primary export commodity" hypothesis is proposed, where futures contracts of com-
modities representing a major proportion of a nation's total exports are implemented as
hedges against minor currency movements. In its most general form, this hypothesis
should be supported if export commodity futures cross hedges are successful in reducing
foreign exchange risk. A "strict" version of this hypothesis proposes that a positive rela-
tionship should exist between "export rank" (i.e., relative intra-country ranking, in
terms of percentage of total country exports, of various export commodities) and hedg-
ing effectiveness. For example, soybean futures should be a more successful cross hedge
of the Brazilian cruziero than coffee futures because soybeans represent a larger propor-
tion of Brazil's exports in the sample period. Thus conunodity futures, corresponding to
the several leading export commodities of minor currency nations, are included in the study.

is simply a roundabout way to describe Ihe purchasing power parity theorem which is widely accepted
to deienninc exchange rates, at least in the long run.

"The nature of the correlation depends upon how one defines an exchange rate. An exchange rate is defined
herein as "indirect" quotes, i.e., the price of the home currency in terms of some foreign currency numeraire.
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The "strict" form of the primary export commodity hypothesis also would suggest that
the greater the world market share for a commodity held by a country, the stronger the
size of the exchatige rate/futures price correlation, and the more successful the hedge.
Therefore, petroleum futures should be a more effective cross hedge of the Mexican
peso, which held roughly 5% of world market share in petroleum during the sample pe-
riod, than for the Norwegian krone (1%). Therefore, various countries holding large
world market shares in the same (futures) commodity markets are included in the study.
This permits full testing of the hypothesis, and its expected positive relationship (intra-
commodity) between market share and cross hedging effectiveness.

IV. DATA

Country selection was the first step in assembling the data. An adequate number of mi-
nor currency nations which export a commodity traded on world futures exchanges were
first identified. Country exports of the commodity also needed to represent a large pro-
portion of world market share. In addition, the minor currency itself could not be
pegged to any major currency at any time during the sample period, and also must be
relatively free of trade or capital flow restrictions. The Commodity Research Bureau
Commodity Yearbook, the International Monetary Kund International Financial Statis-
tics, and the IMF Exchange Arrangements and Exchange Restrictions provided the nec-
essary information conceming export percentage and rank, proportion of world market
share and rank, and restrictions.

Monthly* spot prices were collected for each of the 13 minor currencies from the IMF
IFS tape. Corresponding settlement' prices were obtained for 15 "primary export com-
modity" futures contracts from the CRB Commodity Yearbook, the Wall Street Journal.
and the London Financial Times. Gold futures, and the 5 currency futures prices used in
the benchmark strategy, came from the Chicago Mercantile Exchange's IMM Yearbook.

A summary of contract type, listed exchange, contract units, and trading dates for
each futures Is presented in Appendix I. Due to various and differing trading histories,
the futures contracts included in the study represent a sample which ranges in size from
149 monthly observations (August 1973 to December 1985) for the "oldest" contracts, to
34 monthly observations for the most recently-created contract (petroleum).

V, EMPIRICAL TESTS AND RESULTS

A. Empirically-Testable Hedging Model

The general cross hedging model is based upon the mean-variance objective function:

Min Var(C«,) = Var(C,,) + S/3? Var(C ,̂) + 2 E A cov(C,,,C,,)

C/,,) (I)

*Only a few of the selected minor currencies had spot rates reported on • daily basis over the entire sample
period. Because of the availability of monthly data on ihe IFS tape, a larger cross-sectional dataset was con-
strucied. rather than one with 1-5 countries and a larger number of observations for each one.

Scttlemcnl prices are determined by futures exchanges after trading has ended each day. They are meant lo
be rtpresenlative of a closing pnce. and arc determined by evalualmg futures prices during sonie "closing pe-
riod." SeRlemcnt prices are treated as closing prices in this study.
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subject to:

CoH, = E{C,,) + ^mCr.,) (2)

where

Cay Cf,, = the price change during period t of the spot and Z*̂  futures contracts,
respectively;

Cow, = 'he target expected change in value during period / of a portfolio invested in a
fixed level of spot currency and n futures contracts, each in proportion jŜ .

/3, = the proportion of integer number of contracts. Thus ^, would equal the hedge
ratio with /3, < 0 representing a short position and p, > 0 representing a long
futures position.

Ederington (1979) and Anderson and Danthine (1981), among others, have demon-
strated that this problem may be restated as one of determining the minimum risk hedge
ratio, 0*, equal to the value of {3, for which the unconstrained objective function (1)
reaches a minimum. Empirically, these hedge ratios may be determined by a multivari-
ate OLS regression of the single spot position on the multiple futures contracts (see Ap-
pendix 2 for proof). The empirical hedging regression equation is of the general form.

C, = fl + ^,Cf,, + 0,Cf^, + . . . + /3,C^, -f u, (3)

The measure of hedging effectiveness, e, for the minimum risk hedges (/3*,
i = 1. 2 , . . . n) reduces to the coefficient of determination (r') for the above regression
(see Appendix 2).

The model in its empirically-testable form (eq. 3) is used to examine performance of
the "primary export commodity" strategies. Emphasis is placed upon ex ante (out-of-
sample) results. This type of across-holding period performance is examined by parti-
tioning the sample data into three subperiods.*^ A "naive" out-of-sample strategy is used,
where prior subperiod hedge ratio estitnates are implemented into the subsequent hold-
ing period. The specific model form adopted for this study is logarithmic (log-log)
which generates hedge ratio estimates interpretable as elasticity measures. This model
form is essentially a "unitless" percentage change model, employed because of unit
problems associated with cross hedging several minor currencies while using a US dollar
numeraire.^

B. Empiriral Results

An examination of in-sample performance of commodity futures hedging strategies is a
test of the "primary export commodity" hypothesis. Table I reports ex post estimates of
variance-minimizing OLS hedge ratios and hedging effectiveness for thirteen minor cur-
rencies. Sixteen commodity futures contracts are used as single and portfolio hedges
against foreign exchange risk. Table I is organized as follows: column one describes the
particular spot currency being hedged. The second column reports the futures hedge
used. "Export rank" is a relative ranking of the commodity among all the minor cur-

The choice of subperiod partitions was guided by ihe need for adequate sample size using monthly data.
For the oldest contracts. Ihe subperiods were approximately 51 monlhs each.

A noniterativc Cochrane-Orcutt aulocorrelaiion-correctcd model also was estimated ex post and ex ante.
Because the log-log (elasticity) model is used, these GLS estimates arc still variance-minimi zing. The GL^
hedge ratio estimates are unbiased and more efficienl than Ihc OLS hedge ralios. Cochrane-Orcun results were
similar lo OLS effectiveness measures presented
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rency nation's exported commodities. This rank is obtained from an average of (US
dollar-denominated) export figures reported in the IMF International Financial Stalistics
book, calculated during the 1973-1985 sample period. Column four describes "worid
export" and provides market share ranking and percentages. The number reported out-
side the parenthesis is country ranking of commodity (US dollar-denominated) exports
relative to other countries exporting the same commodity. The percentage number inside
the parenthesis is the average proportion of world market share held by the exporting
country during the overall sample period. Market share ranking and percentage averages
were determined from export figures in the CRB Commodity Yearbook. The next four
"beta" columns present estimates of variance-minimizing hedge ratios for single and
portfolio commodity hedging strategies. Size of the estimates is reported above, with
^statistics shown below in parenthesis. Two measures of hedging effectiveness are pre-
sented in ninth column. The top measure is the standard OLS measure. The number
reported directly below in parenthesis this estimate is the "adjusted" r-squared which
has been corrected for degrees of freedom.* An F-statistic of overall model significance
and number of observations in the sample (limited in some cases by commodity futures
trading history) are presented in the final two columns of Table 1. Mean hedging effec-
tiveness and performance variability (standard deviation) are found at the end of the table.

Although commodity hedging performance is variable across countries, in-sample
hedging effectiveness results support the "primary commodity export" hypothesis. For
the single commodity strategies, statistical significance of hedge ratios, hedging effec-
tiveness measures, and F-statistics are moderate. Hedging performance ranged from
-I-.0146(-.0096) for a coffee futures cross hedge of the Mexican peso, to
+ .7304(.7271) for an aluminum futures cross hedge of the Norwegian krone. Mean
hedging effectiveness for the single futures strategies is -i-.2497. Commodity futures
portfolio hedging strategies are more successful in reducing risk. Of the four strategies
examined, performance ranged from +.3343(.3087) for a 3-commodity futures hedge of
the Australian dollar, to +.9275(.9252) for a 4-commodity hedge of the peso. Mean
perfonnance for portfolio hedges is +.5378 (i.e.. a 53.78% foreign exchange risk re-
duction, relative to an unhedged position).

In its general form, the "primary export commodity" hypothesis proposed in section
three cannot be rejected. Primary export commodity futures hedges provide significant
risk reductions. Although results are variable across contracts, many commodity cross
hedging approaches (particularly commodity portfolios strategies) greatly reduce minor
currency foreign exchange exposure. Results from Table I. however, suggest that the
"strict" form of the hypothesis is rejected. Expected positive relationships between hedg-
ing effectiveness and commodity export rank (intra-country), and effectiveness and
world market share (intra-commodity) are not observed consistently in the results.

In-sample hedging effectiveness measures (Table 1) are useful for examining the de-
gree of empirical support ofthe hedging hypothesis proposed in section three. However,
out-of-sample effectiveness measures are more useful and more realistic estimates of
performance available to actual hedgers. Hedge ratio and (in-sample and out-of-sample)
hedging effectiveness estimates for three subperiods are repotied in Table II. Fifteen
single and four portfolio commodity cross hedging strategies are tested using a "naive"
out-of-sample approach, where hedge ratios estimated in the prior subperiod are imple-

"The adjusted effectiveness measure is more appropriate for comparisons of strategics with-differing portfo-
lio sizes. Several commixliiy futures poiifolios. as well as the "benchmark" currency futures ptrnfolio, can be
compared to the single commodity hedging strategies using this adjusted r-squared measure.
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menled into the subsequent holding subperiod. For comparison purposes, a "benchmark"
currency futures portfolio strategy is tested for subperiods identical to the commodity
strategies. The benchmark strategy includes all currency futures contracts which have
traded uninterrupted on the IMM since 1973.' Table III presents results of these corre-
sponding currency hedges.

The first column of Table II reports the spot minor currency hedged by each strategy.
Column two identifies the futures contract(s) used to hedge the spot. The third column
reports in-sample hedge ratio and hedging effectiveness results for the first subperiod.
Directly across from the commodity futures listed in column two is Ihe "optimal" (OLS)
hedge ratio for that futures contract in subperiod one. Underneath all futures hedge ra-
tios in column three is the hedging effectiveness measure (e). Column four of Table II
reports the same in-sample hedge ratio and hedging effectiveness estimates as column
three, this time for the second data subperiod. The fifth column. "I into 2," shows re-
sults of a naive out-of-sampie strategy. Optimal (in-sample) hedge ratios estimated from
subperiod one are implemented into the second subf>eriod. An out-of-sample hedging ef-
fectiveness measure, "e",'" is presented in column five, Note that with out-of-sample
strategies, It is possible to actually increase foreign exchange exposure with the hedge
relative to an unhedged position. Such performance is indicated by an e" measure with a
negative sign. Column six reports optimal in-sample hedge ratios and hedging effective-
ness measures for the third subperiod. The seventh column shows OLS out-of-sample
performance for the naive strategy in subperiod three. The eighth column reports the
number of observations in each subperiod. which is variable across contracts, due to the
differing trading histories of various futures (see Appendix 1).

Table III is constructed similarly to Table II, since results of the currency futures
benchmark portfolios are to be compared to the performance of the commodity strate-
gies. OLS hedge ratios for the British pound, Canadian dollar. Japanese yen. Swiss
franc, and West German deutschmark are presented for each subperiod. Subperiods cor-
respond to the commodity strategies. In-sample hedging effectiveness (e). and naive
out-of-sample performance (e') are reported in Table III across subperiods. The thirteen
minor currencies examined in Table II are hedged with the benchmark currency futures
portfolio strategy (Table III).

Commodity cross hedging strategies are equally as successful as the benchmark cur-
rency portfolio strategy, when ex ante performance is measured. This is not true for the
ex post measures where the currency strategy clearly dominates. OLS in-sample mean
effectiveness for currencies is e = .8903 while commodity mean e = .5207 across con-
tracts and countries. For a case-by-case comparison of in-sample strategies for each minor
currency, the benchmark portfolio strategy outperforms the corresponding commodity
strategy for 49 of 56 trials. However, out-of-sample results for the naive strategies are
quite different. It is clear from both Tables II and HI that a substantial "drop" or discrep-
ancy in performance is encountered from in-sample to out-of-sample. Mean ex ante
hedging effectiveness for currency strategies drops to e' = —.0403, and commodity
strategy average performance falls to tf" = —.0487. Tbe negative sign on both these
means indicates that cross hedging actually increases foreign exchange exposure relative
to an unhedged spot position.

The cause of this discrepancy between in-sample and out-of-sample cross hedging
performance appears to be intertemporal instability of hedge ratios. The instability is

five currency futures are the British pound, Canadian dollar. West German deutschmark, Japanese
yen, and Swiss franc.

COMMODITY FUTURES CROSS HEDGING / 297



U

It

i

OO
Ov

f S

\O
fN
•<r
o

r-

O

O

(N
OS

m
r-m mOv

Ov
OS
OO
O

OO
tN
ON

00s
00

O —

— fN O O - ^

I
— Q

rO r-- (N O - " O

d d d d o 6
I I

or - i
r-

II

^\
(N

1

^^
0 0
0 0

II

o

q
1

r-f N

II

o

r-

II

o
m
0 0

II

o
w-1

\O I— \c
r- <s m — 00 — 00 \D r- *r, m —

( N O r r ^ O
— r - f N \ O — 0 0

(N

1 I

00

O O O O
II I

O O — O O O O O

I I I

00

II

r - OO

r- —

m 00rs o

O — O O O O i O O f N - O O O O O O — O O O O O O O O

I I r ^ I I I I II

s
c
u

298/ BENET



is I
W G

O

CA
CA

O
u

S Q
-< O
CA • •

Si
O PH

U CA

P «
o ̂
= 2

Si
pa O
' X
ti >r
a: d

06
X

^ a.

;| J
0. O

1.1
a
O

en

oo
ooON

OO

r—oo
m

CS

00
oc

oo

oo

o
O

QO

ON

s oo
o
oo
oo

00 —
a ^ ^ o o
r-f<irJ
OO —

— O — O O —
I I

— O
I

O O

NO
fS

ooo
o
p

OS
IT)

oo

TT

oo
ro

s -
O

o o o o o o o o o o o o o o o o o o o
I I I t I

t— rs o ""• O
d d d o o

I I

— OS

rs ro

oo
O Q

00

%1

(N OS r--

S i/~i oo to

»n <N (No o o o

II

oo rO
(N O

ON —

r-
^ CTs rO ^
^ ^ 1 ^^ C^

-O r - u-i V-) fS
oo ro ro O fN

^

O 00 (N —
— O fO r s

O O O O O O O O O O
I III

o — o o o o o o o o o o
I I I

I 9

COMMODITY FUTURES CROSS HEDGING / 299



2

L. a.

CA

ro
(O

NO

rs fS O\
— oo

o
o

OS — in rO fO
Vi fN 00 \ ^ fTj
so fN o rs O
o o d d d

O O O f N n f O
rO — r o O — r-

— — o m o o o

oo
Os

O 00
NO Os

^
— r-
«n 00

o

O O o O ' O r O ' O f O t N o o — r O N O

O O i / ^ t - ^ r ^ - i A i - — 0 0 0 < N O
O O O O O

I

.8
7

II

.0
51

.0
47
3

.9
5

II

.5
68
3

.0
55
6

.0
98
3

.7
55
5

.3
53

.3
3

.0
36
8

II
%>

.2
48
5

.5
65
2

.4
71
8

.2
77
1

.6
59
9

.1
89
3

o o o o — — o — o o o o o o —
II I I I II

< _

1 ̂
,5 X

300/ BENET



evident in both Tables II and III via comparison of optimal hedge ratios fOr the same fu-
tures contracts across subperiods. These changes in risk-minimizing hedge ratios under-
mine the naive (prior period) out-of-sample strategies, and causes variable ex ante cross
hedging performance (e.g., Brazil in Table II and Norway in Table III). One measure of
the swings in out-of-sample hedging effectiveness is the standard deviation of e" across
strategies. Commodity cross hedging effectiveness standard deviation is .5924, which is
lower than currency benchmark effectiveness deviation at 1.0409. Further evidence of
relative commodity cross hedging effectiveness stability Is trial-by-trial comparison of
performance when out-of-sample effectiveness is negative for either strategy. Of these
fifteen occurrences, ten were worse (more negative) for the currency portfolio strategies.
For example, cross hedging Mexican peso risk in subperiod two (1 into 2) resulted in
e' = -.(X)ll for the commodity (silver) approach, while causing an e' = -3.8764
(i.e.. a 387.64% increase in foreign exchange exposure) for the benchmark currency
portfolio.

Mean hedging effectiveness is roughly equal ex ante for both the commodity and cur-
rency strategies. Single commodity cross hedges equal the currency portfolios in perfor-
mance. However, commodity ponfolio strategies outperform currency benchmarks.
Using OLS measures of out-of-sample hedging effectiveness, the commodity strategies
are more effective in reducing minor currency foreign exchange risk than the benchmark
currency portfolio in nineteen of thirty-eight trials. As discussed above, some of this
higher relative effectiveness is due to greater instability of currency performance. Com-
modity portfolio strategies have greater hedging effectiveness than the currency portfolio
benchmarks in six of eight trials. Mean out-of-sampie effectiveness for the four com-
modity portfolio strategies examined was e' = - .0689, while mean performance for
the same four currency benchmarks is e' = —.8681.

VI. SUMMARY AND CONCLUSIONS
This study investigates one potential method of reducing minor currency foreign ex-
change risk. By using a "primary export commodity" hypothesis as a basis of cross
hedge construction, commodity futures contracts are implemented against unanticipated
movements of thirteen minor currencies over a 1973-1985 sample period. The generally-
accepted Ederington (1979) methodology is employed, with an emphasis upon ex ante
hedging effectiveness. These types of out-of-sample tests are more realistic and more in-
dicative of the performance available to actual hedgers. First, the "primary export com-
modity" hypothesis is empirically tested using ex post strategies. Results support this
hedging hypothesis in its most general form, since commodity cross hedging strategies
are successful in reducing minor currency foreign exchange risk. A "strict" form of the
hypothesis, which predicts a positive relationship between commodity export rank and
hedging effectiveness (intra-country) and a similar positive relationship between hedging
performance and country world market share (intra-commodity) was not supported con-
sistently by empirical results.

Commodity cross hedging performance is estimated ex ante, with results compared to
a simple currency futures benchmark portfolio, A "naive" out-of-sample strategy is em-
ployed for both commodities and currencies for corresponding subperiods. One result
obtained is a large "drop" or discrepancy between in-sample and out-of-sample perfor-
mance. Although mean hedging effectiveness had been higher ex post for the currency
futures benchmarks, commodity and currency strategies mean ex ante effectiveness mea-
sures are identieal in size and both are negative. The negative sign indicates that foreign
exchange risk is actually increased by the commodity and currency cross hedges, rela-
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tive to an unhedged position. These results suggest that generally-accepted in-sample
measures may overstate the "real worid" hedging performance.

The cause of this "drop" seems to be intertemporal instability of hedge ratios. Exami-
nation of hedge ratios across subperiods and calculation of currency and commodity ef-
fectiveness variability (standard deviation) suggest that the currency futures cross
hedging strategies are somewhat more susceptible to large swings in performance. A trial-
by-trial comparison of ex ante effectiveness shows single commodity cross hedges equal
to the currency futures portfolios while commodity portfolio hedges outperform the
benchmark. These results suggest export commodity futures to be an equally effective,
and perhaps more stable, altemative to currency contracts for hedging minor currency
exposure. For example, a hedger should consider soybean futures just as seriously as
pound or deutschmark futures when constructing a cross hedge ex ante against move-
ments in the Brazilian cruziero.
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^ Appendix 2

The assumed objective of the individual hedger is to receive the maximum possible de-
gree of risk (variance) reduction through an appropriate choice of a futures hedge posi-
tion. This follows directly from the objective function:

Min WaiiC^,) = Var(C,,)

suhject to:

Since the system (A-1 and A-2) is homogeneous of degree zero, the problem may
therefore be stated as one of determining the minimum risk hedge ratios (/3*'s) equal to
the value of y3, (for all /) for which the unconstrained objective function (A-1) reaches a
minimum. Minimum risk hedge ratios may be determined by setting the partial deriva-
tive of the portfolio variance with respect to fi^ equal to zero and solving for ^,.

+ 2 cov(C,,,C^,) = 0 (A-3)

assuming all "cross-covariances" between futures are zero (i.e., no multicollinearity).
Solving for )3,:

Hedge Ratio = A* = " T ^ f ^ ' f i ^ ^ i i = l , 2 , . . . n ) (A-4)
\ai\Cf,,}

Which is consistent with the findings of Ederington (1979) and others for the single fu-
tures case. /3, is numerically equivalent to the negative of the slope coefficient of a re-
gression of the spot currency position on the multiple futures contracts (see Anderson
and Danthine (1981)).

The measure of hedging effectiveness ie) for the minimum risk hedge position (^f,
i = 1,2, . . . rt) is determined to be the reduction in variance as a proportion of tota!
variance which results from adopting a hedged (/3̂  = 0 for some i) as opposed to an un-
hedged (/3, = 0 for all /) position. This reduces to the coefficient of determination for a
multiple regression ofthe spot position on the futures contracts positions.

Var(CJ - Var(C^.) _ Var(CH.) ,. ,.
Var(CJ ^ Var(CJ * ' ' • ' '

by substitution of (A-1) and (A-4) into (A-5) above (again assuming crossproducts be-
tween futures are equal to zero):

' Var(CJ Var(C,,) ' ^^^^

Note from (A-6) that the higher the correlation between spot and futures price changes
(first differences or percentages), the more effective are futures contracts as cross hedges
of a fixed spot position. Total risk reduction (i.e., a perfect hedge) would be observed
fore = r^ = 1.0.
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