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INTRODUCTION

Since 1973 the exchange rates of major correncies hine been permitted
to Hoat Treely against one another. This, along with mereases in the
volume ol world trade. have escalated the foreign currency risk. To
eifectively manage the currencey risk, o variety ol approaches have been
emploved, such as currency swaps, multi-currency diversification, and
hedging via forwards, fatures, and options. The question now arises
whether these hedging instruments provide different degrees of risk
reduction and profit/loss potential. This empirical study [ocuses on the

hedging benelits ol the curreney Tutures market versus those ol the

Phis research s parth supported by the Research Foundation of CUNY oGt N 63387
Vhe authors wish to thanh two anomvmons H0A relerees, whose commients fed to substantial

faprosements in this article Al renaining corors are the anthors vesponsialing,

w Chin-Wen Hein is an Assistant Professor of Floasce at Baraceh College, CLNY

(o Kuo s with CitiBask. Taipen, Taiwan,

m (Cheng-bew Lee iy a Professer of Pinasece at Roigers Universing and Cliinese
Universitn of Hong kg,

Frie Jon

COTg9Y by Jdohn Wiey & Bonsg

ol Fotures Mae

Vil 14 No B OBES FGT 10%h
e COC 0270 TI1A-BA0606R5 23



686

Hsin, Kuo, and Lee

curreney options market. For the purpose of comparison, a standardized
measure s required to ovaluate the effectiveness ol different hedging
instruments.

Provicus studies on heduing with futures have provided several
alternatives. Those stndies were guided by the work of Bderington
1979 who considered only risk reduction in the hedging strategies,
Hedeing effoctiveness was measured by the square of the correlation
coctlicient between price changes ol the spot and that ol the Tutures.!
Pure risk-avoidance hedging ignores potential trudeofls between risk
and return and is apparently inconsistent with empirical practices.
More recenth varions studies have developed measures of hedging
clfectiveness considering both risk and return. Ymong these studies,
Heoward and D'Antonio (1954 proposed optimal hedee ratios and
effectiveness measures bived on the Sharpe index, Chang and Shanker
9861 compared the hedging offectiveness between carreney futures
and option synthetic futures using o modificd measure. Hlowever, these
optimal hedge ratios devsed from optimizing the Sharpe mdex are olien
fornd inapplicable and the associited measures often vield conthic-
ting, results,

This study derives o measure of hedging eifectiveness based on
the rule of expected-utilis mavimization. A similar approach has been
used by Anderson and Danthine (19807 Gierde (1958710 and Ceccheti.
Cumbye and Figlowski c1ussy o find optimal hedging sirateaies with
Nutures contracts. Such an u;)pe'n;:uiz dassumes that the |u..'d},1{'f’ determines
the hedoe ratos by nundmizing histher expected atline that is completely
ardered by a portlolios meanand varianee, Diseretionan hedges are thus
altowed according to the hedger's rish atitmde. The hedging effectiveness
is then measured by the dilference of the cortinty cquavalent retarms
hetween the hedged position and the spot position. This approach
considers both visk and return i hedging and wvoids the problems
incurred with those measures based on the Shavpe indes,

Fhe same optimal bedeing criterion shoald be applicd 1o both
cirreney lotares and corrency options Tor comparing their hedeing
ctfectiveness. This studv therefore ases an option svathetic futures
tr evaliate the hedaing effectiveness of currency options, such that

the mean-variance optimisation can b émpii'nn‘nlnf for the aptions
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as well? The risk-minimizing delta‘gamma hedges are retained in the
testing, hecause liw} are unnnmnh used huEging strategics. These two
approaches ol hedging with options, as well as hedging with futures
contriacts, are all evaluated by a new rish-return measure. This study

evaluates the ex-ante hedaing cffectiveness, which i ditlerent from

the assumption ol perfect Toresight by some carlier studies [ep see
Fderington (89791 and Figlewski 0 19541 Only the information available
on the hedging duy are used w calealate the hedge ratios. Tmpirical
results of the new risk-return measore indicate tha the curreney Tutures
contract s o better hedging instrement than the curreney option,
regardliess of whether the latter is tested in the form of ssathetic futures
or in deleeamma hedges,

[he next section explains the weakness of asing the Sharpe indes to
determine hedge ratios and 1o evaluare the heduing elfectiveness. The
optinut hedging schemes for correney futures and curreney options,
respectively, are then discussed and a new hedging effectiveness measure
is presented as well, The dita required tor testing the hedges and the
methods Tor execating optimal hedging are described. and the hedging
pertormance of two securities, curreney {utares and currency options.
are compared based on different hedging schemes over various lengths

ol hedge periods, The final section summarizes the article.

A CRITIQUE OF THE APPLICATION OF THL
SHARPE INDLEX 1O OPTIMAL HEDGING

Several studies hine applicd the Sharpe index 1o ind optimal hedge
ritios and measures of hedging effcctneness Tor Tutures contracts
le.e. Howard and D'Antenio 1954 Chang and Shanker tiusad].
Phis section discusses the problems wssociated with thelr empirieal
applications. In their study, Hoeward and D Antenio 119540 assumed
that only mean and variance are relevant in choosing o portlolio and
that there is no margin requirement for futures contracts. It tollows that

the hedeed portfolio has an expected return and o stndard devintion as

hetow:
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where the subscript s denotes the spot currency, f the currenay Tutures,
w; the holdings in currenes spot or Tutures, PP, the currency rate per
dollar on the spot or the futures, st the expected one-period rate
of return. oy the standard deviation of retarn, and g the correlation
between the returns of the spot and the Totures. With an existing position
ina spot asset, an investor's one-period optimization problem is then to
nundiize the Sharpe ndes of the hedged portfolio 0 1e

Max By = Htrpd — i eryy 033

i

where §is the domestic risk-free rate. The optimal hedge ratio for the
Ptures contracts (o, gt can thus be derived from the first order
condition of 1350 According to their optimal hedamge strategios. they
suggested o measure of hedaing effectiveness, equal to the ratio of the
Sharpe indes of the hedeed position over that of the unhedged <pot
position. Lo HE s o 900 where O is the Sharpe index Tor the
spot position. Chang and Shanker 1195860 Later noted thin this measure
FH i i e aembiguous one when B4 is nevatinve. Since a negative excess
return on the spot [Horgr = i which implies o negative O often occurs
in practice, lh()}. des clﬂpm% anadternative measure based also on the basis
ol Sharpe indew Their measure is THE ¢ = 0y O which the
cliimed (o correat the inconsisteney of HiEpp. For the same purpose,
Howard and D™ Antonio (19871 proposed another similar measure, fe.,
YT EE & FIR © P

Fhese studies, however, failed 10 note than the inconsistency of
g actually originates from the use of the Sharpe index © and
camnot boe corrected by either (T cq or [0 Birst the Sharpe index
s o proper measure of portlolio perdormance onhy when [T ird) = il and
[t i) are positive, and should not be ased ws an optimization
ceiterien or an cffectivenese measare J0 excess returns are npegative.
Nonctholesss negative evcess retirs toxsante and es-posts are common
in foreign curreney trading and snavoidable in the sitaations of currenes

hedaine. Second. cmpirical corrency data often viokite the second order
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condition (SOCY of the munimization of € in eq. 031, regardless of the
sign ol [Firy) — i) Although Chang and Shanker correcthy indicated
that o positive [ E0rs) ] 1s not required to satisly the SOUL o positive
[Dire) = i) does not guarantee the SOC 1o hold cither. One can easily
find exaomiples showing that the SOC could be violated cither when hoth
[Firg) - i]and P'or ) are positive or when both are negative.® In fact,

violations of the SOC are found frequently in the sampled currency data.

OPTIMAL HEDGING SCHEMES AND A NEW
HEDGING ETFECTIVENESS MEASURLE

Hedging with Futures

Phis study assumes that the hedger has @ negative exponential otilin
fimction with constant absolute rish aversion [ARY: Praw (19e4y and
determines optimal hedging strategios by minimizing histher expected
atifitv. Under the assumption of normaliy distributed eeturns of in-
vestment, the expected utilin Tunction is continuous, stricth concave,
increasing in expected return and decreasing in orish Inparticodar, all
portlolios can be ordered moterms of their mean and sariance ol returns.
A monotone increasing function, ViE e oo Vol the eapected utilin
then exists and can be used o determme optimal hedge ratios for
currency futures.” That is. the assumptions of an exponential utilitg
Function and normal returns reduce the approach of expeated utiliny
maximization to mears variance analysis with o lincar, additive function,
VielGroors AL Assuming @ sero muargin requirement Tor the Tutares
contracts and a fixed positive position in the curreney spot, the hedged
portfolio has an expected return and o standard deviation as specilied in
Cand 20 respectivel . The optimal hedging is then achioved

+

Max Vb ors - et = 05 4 oy (4

"o toastrare this point the SOC For o 03 of Howard and D monio CF98T s rewntwn as
r i oire sk Tere T vquad ta b erd o ol and car e reasanabb assned posiing
Forgr o b bras Pk Here d ik Tl f | i bt fy

e can now cast Tind evanples shoavng that 1he SOC could be vinbaed euier when baoth

e gl e positne oe whien both are negatie. Bt SOC dues mot hold the
optiaal Tateres position i indinite ander the assumption of o zert margin regquirenont.

Hor g negative espontenidal aniling tunction o A eapt 4 e the eorresposnsding espected
pnhts fancnon o Fronien 3y o Ut e o b ey 4 - 4 whiere b s the AR coethoren
Phe dunetion Vo oo Vowhich s vl w1000 005 < 4 - rf e s mumntone ihe rensig

funetion of the expected wtiling. Mosnmizong the evpected noling Tuncdan U s eygniabent
menanizng the Tencton b Babifferenc e corves e e obtamed aboe by sething Vel i oor
el 1o canstant. The miersection of o shen iddberence cure amd the s of the evpeered
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where Vs the AR coetticient, and all other notations are according
to the specifications in the preceding section, The decision variable w,
in cq. b can be rewritten as (e - b where Iris the hedge ratio. The
optimal hedge ratio 57 can then be derived from the first order condition
ol {41 and one obtains:

LYo PP WA oy o fery 5]
Fhat s the optimal hedge portiolio should include units of Tutares
contracts u‘? = we - b in onder o hedge oo given position in the spot
curreney s Note that Fied) does not enter the optimal hedging
decision. This optimal hedge allows aninvestor's subjective marginal
rate of substitution hetween risk ond return t't;uai to the inul'gi;l;t% rate
ol transformation of the hedaed portfohios The second order condition
ISOC tor the maximization in G4 s
\ - §I’_f-,--‘!’§ - 4r‘;E 0 "
It s obvious that the SOC is satistied s long as the constant ARA
coctlicient (v is positive, which is the case Tor any rish averse imvestor,
\s shown in e 6500 the optimal hedue ratio b7 changes with
the ARA cocllicient cvn For o extremely rish averse investor with an
ARA approaching inlinin. the optimal hedge ratio b7 then reduces 1o
------ (bl %rm_x’:rf o Fhis i exacth the same optimal hedue ratio when
the riskereduction s the enb objective [see Fderington 119793, Taking

the dervivatine of L7 relative to AL one obains:

APy )_,«’tf;_] i

which has the oppostte sion of e 00 This fmplies that it the carrenay
fatures price is expected o mercase fdecreasel, the less risk-averse
investors widl vse Feser omorey Putures contriacts (o hedge o given spat

position than will the more risk-inerse imvestors,

b dedlona g (‘Li;!i{)!a' iu-ipa r\g:i.m: Hhe conerns regarding the EEEHHUHIT thot the Btisres price
i inbuecd predictor of the ovpected tutare spot rates Sappase that the current fatares prive
represents o anbieaed prodictr of the especied spot sate upoen she sdelivery o the Tutares and tha
the Btvres contracts e bedd annlihe deliven dute . Thend the espected revien of the Tatares price
eepaths sere, e Far f Esedey i comditon. the aptimal bedae vatio 27 om 030 seduces 1o

bl

the cvpected hodue retirn r-a;!u;E\ the ovpeated rerurs for 1l st with Fir 0 Pl s oh

verecery bowhic b actval v the sptmad ragie when rish s the anl convern. Maoreover

eypected sene o the hedee o mdependen oF the hedee conn dor the futures conrrace Hhis

stindy oo e e Db s vl ta cero Bo the Bollosing ceasons i Uisder the

cemdition that oo eqginds vors dhe evaluaton of the hedae b Bonted o0ty risk reduction and
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i cannel consader Hs cHecis s the capected return s bl stads v am esmpacal testing of
Beduing effeoraencss Whother the Fotares pree soan unbiased predicis of the Tuture spot prae
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Hedging with Options

Fhis study uses two approaches to evaluate the hedging effectiveness
ol the curreney options market. The first approach combines curreney
oplions info s_\'nihulic futures, and these s_\nlht'téf; Putures are then used
to hedee o curreney spot position. The second approach eaamines the
cffectiveness of delta hedgine and delta + vamma hedging with curreney

Dptions,

Hedging withh Option Svathetic Fadnres

An option ssnthetic futures i be fonmed by having o long position v an
Faropean callla short position i an Furopean put, and an imvestment in
arish-free asset. The option synthetic futures vields the same contingemt
cash Hows as does o traded futares contract [see Gidds 119535 Con and
Bobinstein (19831, (‘h;mg and Shanker (19861]. Tnan option synlln‘lic'
futures, the call and the put should have the same exercise price K.
and the same time to expiration . The expiration date of the options
also becomes the delivery dine of the synthetic futures. With no initial
nnvestinent rcquirvcl for hui(!in;{ a futures contract, the price ol the

svnthetic Tutures, Pois

P; . Pooespie - ) o A {81

The optimal bedee vatio for the synthetic futores is then determined
from ¢q. 151 by replacing the futares price Py with P

It serves taa purposes to use option svithetic futures for eviduating
the heduing effectiveness of curreney options. First. option svnthetic
Pateres allows ane 1o implement the optimal ask-retarn hedging ori-
terion i o (4 for the options. Tt follows that the options and the
Putures contracts are compared swith cach other in terms of the same
optimal hedging eriterion. By contrast, the deltaieamma hedges consider
rish- minimization onlv, as will he discussed below. Second, now that
a combination of options fas formed into synthetic futaresy is able 1o

simulate the cash Hows of o futures contrict, an mupiriua] é.'UE“HPEiE'iS()H

Phvever, there are coapancad Tintaioss diat dosne bl the farmation of an option ssithetic
Putires than penerates exact, cantingent castidlows of aogiven. existing livares conraets nameh o
the e of Mmertcan options. instead of Faropean options. to tarm an optien ssothete Totures:
i the data Tor the call and the por combined in one santhede Tutures are not svchronieed: nd
tube the specilications of the deliveny tenns and delvery dates are not the same Tor the options
trarhet theredore, the option suathete Putores . and o the Tidures marckes. Other Tacters, soch as
the ditference in the maryin n‘(!ilin’im‘a\{\ s these two marketss alse canse the lh\('!\m'uu' of

coshiflones of the exvistmg Tutores contracts from those of the optien «onthene Botares inochis stady
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ol hedging effectiveness between these two will then mdicate whether
the existing Tutures contracts can be replaced by the options for the
purpose of foreign curreney hedeing. Since this study uses American
options o form syvnthetic Tutures, one has to assume an insignificant
carlvexercise presvnm for the aptions for the svathetic futures 1o be

C(]thl substitutes Yor the teaded Tutares contracts.

Hedging Based on Continnons Pricing
Maodels - Delta Ganrmea Hedges

Pricing maodels Tor Furopean curreney options haive been derived by
Biger and Toll (195350 Garman and Kohlhagen (1983, and Grabbe
1983 under the assumption of o geometric brownian motion Tor the
underhving Torcign curreney exehange rates.™ For American options. the
carlv exercise premium should be considered in estimating the hedge
ratios. Various munmerical methods and approvmations can be used to
caleulute the prices for American curreney options fe.a. see Coy, Ross,
and Bubinstein c1979% Courtadon 119820 Geshe and Johnson 1195844,

Barone-Adesi and Whaley ¢1987 10 Shastrn and Tandon €198731] This

study vses the solutions for Puropean options by Biger and Hull (1983
and then implements the analvtic approsimation by Barone-Adesi and
Whidev (19870 1o find the American currency option prices and their
derivatives relative 1o the curreney rates,

Both dele and delta » giomma hedging with currencey options are

examined here [see Hulb and White 198

First, delia hedging s
designed to muke the chunges in the hedge value independent of the
changes in the spet coarrency rates. Anidead deltr hedge can onh
be uchieved o the assumptions tor the oplion pricing model prevail
cmpiricalby and the hedee ratios can be adjusted continuously.” Denote
S as the spot curreney rate, aad € and P othe prices of American call
and put options, respectivelv. Given a haolding inoa foreign currencey,
o, a delta hedee then iscludes o holding i o call option, wy

[ e aC2asy] o a halding inoa put option, wp = | —wo PGSk

Newt, ginma heduing tahes o account the chunges of the hedge

FHeger e Phedb e Pus s and Carpan and Rohilhage s cbas e eanmed constan dosestic and forelen

mtereat pates Grabbe i cvrended the malvsis tovaloe Faropean options when both dosneatis

‘iﬂl‘ gi’f('i‘ﬁ‘\i“ Bdre i!i‘ﬂi!ﬁi!ﬂ !!(!FE\E i‘i'l:f‘\ i\!EEll“ bt E)!‘H\\\}E.ii\ (IR IRIS] i!!‘-\ Li(!\l'{_! h‘f!ﬂ HH;I}HHH\ ikt

sipehr to these oblained by the ather two stadios, However Ooeabbe dgnored the Tacr that the
avsined o e process for bond prices o incensistent with the et that dhe proe of the pure
disconns Bond approaches par vabue as o approachos maturiny,

Che aeeptons nchades te spor sorrency ol s peametric Brownian moton, the inlerest

vates are o stodhastio el the st ineons vobinling i canstam
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ratios in the delta hedging. The delta + gamma hedge then requires
holdinus in two different options (o hedue o fised spot position. If
one denotes wy and wp oas the holdings in these two options: then.
in the delta + gamma hedge, wy = [a/tea/gy e — )] and wy =
[we/Ce/es - ex = o] Hereo e and e¢r denote the first derivatives of
the two option prices relative o the spot curreney, amd gy and go the
second derivatives. These dersvatives can be caleulated casiby Trom the
cquations provided in Biger and Hull and the procedures deseribed in

Barone-Adesi and \\‘hal(*_\'.“’

A New Measure of Hedging Eftectiveness

Fdermgton (19791 proposed a rish-ondy hedging effectiveness measure,
which has been upplicd frequentls in studies on hedeing withy futares.
This measure is

iy - 1 Erf;')!,-"(r;‘-s 199

L measures the proportion of risk that bas been hedged avway and
iwnores the impacts on portlolio returns due to hedging, Alternatively,
Gierde 119878 derived a measure of hedging effectiveness, T Owith the
optimal hedge determimed by masimizing an oxpected utility function,
{lowever, HE o sullers inconsistencies when the return on the intial
spot position Firy) s negative. This problem can be corrected by the
following etfectiveness measare 7

As deseribed earlier in this section, the hedgers are assumed 1o
make therr optimal hedging decisions by masimizing their mean-variance
dependent expected atilities. The hedging effectivencess is therefore
measured by the change of the certamty equivalent returns relatine to

the spatl position. That is, for investors with an ARA coctlicient (‘qunf

B qriitions of these derivatives are avadahle tpon request from the anthor
" . .

Iy the sty b Gierde. for cach ui)[mm[ hedgs position, d i‘il'E(‘E{‘i“\‘-\‘iilii\i}E(HI position i
can be fonnd swith the same rskoas the Dnitad cash position o5 Then, the Bedping effeciiveness,

Pih o is mcasured by the vtio o the eapected pasol s of the preference equinadent posiiion of

the ot hoedge and the il spar position, neoely, HH H'!!'gw’f troin I the retam
an the mutad spot position Tirgr i negatives o hodped position: givng greater atilities taras
ot 1o e lower value o the mceasire. In o vontrast e HE 0 HE D s actuall cyubaient o
the difference Betseen the expecred panolt of the prelerence equuadent position and that of
the mitiad spot position. ok, HF " Firgt Firoi Follinnine the delinition of "pn‘!‘rrrs:e‘r'
viguivadent position” Trom Gerde one obiains b 00 i e 4 Vildeg s Yoy e
thos |oirg Firgi s oy srr;,f sr;,:_i Sivice b fononon wnh constant AR Y CoelTioent
ivoasstnied. samphe aluehra Gane show 1 FHE foirgi Piven HHET aecommodates cither

posative o negative Lirgn ared corrects the mecnaasterwies of T
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to AL the measure s delfined as
HET VG v Vi ira e )

LI FE O R O SN § O W

o

where i and v denote the cortaints equivalent returs of the hedged
position 1 and the spot position S, respectively The advantages of this
measure are that it considers hoth risk and expected returns and that it
oo consistent measure regardless of the cpirical espected changes
i spot exchange ratess unlike those measures based on the Sharpe
index. A positive vatue of 17 means the hedging is effective. while
d negative value indicates o reduction i certainty cquivalent returns
and anonellective hedging steatewy Both HE L and FHET are cmploved
to cvaduate hedging elfectiveness in this study, Note that those hedges
scoring higher in H1F, mas not seore as well in HET, because Hi,

considers risk-reduction (mi_\.

DATA AND ESTIMATION OF 1HE
OPTIMAL HEDGES

Fhe tesis are hased on the marhet data of four carrencies: British Pound,
deatsehe marks Japanese Yenand Swiss Pranc. The data consist of daily
prices for currency fatares traded on the Chicago Mercantile Pachange
COMEB Y and for American curreney options traded on the Philadelphia
Stack Eachange (PHENG Fhis sample covers the period from Janian
POSG - Diecember TUs9. Vhe curreney latures date are obtained rom
the Yearbook of the Tnternational Monetary Market of the CNEL The
curreney options data are from the PHEXC AT quotes are closing prices.
Onby data with less than 200 davs to maturitn are used for hoth the
optivns and the Tutures. Those aptions being too deep-in-the-money or
out-of-the - money ure excluded from this sample, ™

The tests also require daily mterest rates and spot carrency rates.
Daily interest rates on one month F-hills are collected fram the Wall
Street Jorrnal. Foreign currency interest rites are derived from spot

('lil’}‘{‘ﬂ('f\ rates JH(! €H}(‘"iﬂ()l'lth “)f'\\;il‘l% rafes. (IS\U!‘ﬂiH}l interest rale

COptiens sath the ntie of wersnae price over spot price wreater than FU3 or Jews thoan 0085 e

eaciucded
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parityv. Both the spot cirrencey rates and the forward rates are obtained

from the Yearbook of the TMML

Estimation of the Optimal Hedges

This study tests the bedees held over various length of periods. 14,
30, 60, 90, and 120 calendar davs. Hedges ol different durations are
inittated onceach trading dav. Upon the initiation o a hedge, the hedoer
chooses the futures contract tor the optionst with the time to delivery
texpiration) closest to the target hedge duration.' Table | lists the
numbers of sample hedges for hedging with Tutures. hedging with option
svnthetic futures, and delta/saomma hedging. The optimal hedge ratios
for futures contracts are caleulated by eq. 051, which requires estimates
for {htrpbh g oy pl. Some carlier studies e Bderington (1979),
Howard and D'Antonio (195841 Chang and Shanker (19867] assumed
perfect foresight on spot prices and futires prices and formed ex-post
optiml hedges. By contrast, this study uses ex-ante estimates to find the
optimal hedge ratios. Assuming that daily returns on the spot and the
Futures are mdependently and identically distributed over time, the ex-
ante estimates lor (f".[r_, boergery phare calcubated from the prices over
the 30 trading days preceding the hedging dav for cach time a hedge
is placed ™ For hedging with options, two dilTerent types of hedges are
tested. First, o call and a put are selected, combined with a rish-free
T-Bills, to form an option syathetic futures. The price of the option
synthetic futures is determined according (o eq. (81 Its hedge ratio is
calculated ;act'nrding to cq. (51 i)_\ rcp|;;cing the ev-ante estimates for
futures contracts with those for the synthetic futures. Nest, for the defta
and delta + gamma hedges. calculations of these hedge ratios require
estimates for the standard deviations ol spol currency retarns. I)ail_\'
weighted implied standard deviations AVISDY are computed for this
purpose. The daily implied standard deviations (1S are first calealated
tor cach option by setting its market price equal to the model price.
The ISTYs are then weighted averuged over different options, with the

wreatest v\(_*ighs ahsigm'd to ;n-lh(:*-n]r)llt‘) oplions.

A mew hedge s pliced on cach trading Jdaveand Gilferent portolios are oserbapped over the entire
samiple period. This approach does ot resiricr the hedgers o cosing thelr posinons exacth on dhe
BEUSIEY I date of the ug)isnns'f‘innn'\ anad e reases the number of \.EEilglgt‘ |u'!i§_’<'x

e sanaple sizes 300rading dosss o conpramise inan etfors to avend the lighth traded dats
and buving an adequate sample siees For oxvamples m order 1o obean the cvante ostimates for
120 i hedpe, one bas to ose the aptioss-Tatures data swith more than B s toomatorin, Those
trading davs with viaturines longer than 196 dins asuiddy bhine very soadl trading volumes, Aler

sonwe experimentation. SO naling diuvs e doterined to be effoonse
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TABLE |
Numbers of Observed Hedged Portfolion of Dhitlerent Hedpe Perjods

P4 HIBt N Okl TEN Pk

A Hrsh pounda

Futures! eling 076G 2 jedes v

Opt-gyne-ful” 573 EON 123G 54

Dialta-hedge 7740 4 476 291
B Deutsche mark

Futires GHY G957 a6 838

Oty b Bz 343 349 ol

Delta hedge B9 542 v 473
O Japanese yern

Futures Y90 G958 ai7 843

Optosyn-ful THG 346 168 73

Delta bedge Hins o0 G114 335
D Swess trang

Fulures 9304

Opton syn 117

Della-hwdge GG U6

AN EV

WITH

Phis test uses two strategios 1o determine the dailyv hedge ratios tar
alb the hedaes: o the it sorategy. eaeh hedued portfolio is rebabinced
dathv. That is. the optinal hedge ratios are recaleulated aecording to
the clanging security prices and estimates of expectations. AL the end
of cach din. the porttolio s hquidated and anv capital sainvdloss s then
reinvested inthe nenly rebaliinced portfolios Second. in the buv-and-
hold stritegy, the iu'dg{* ratic s determined on the lirst day ol the

hedaimy period and the hedgers do not adjust the ratio therealter,

ALUATION OF THE HIDGLS
FUTURES AND OPTIONS

This section compares the empirical hedging benelits between the
currency futures marketaad the currency options market. Also discussed
are the impacts on the hedees From Trctors such as rebabincing of the
hedgos and imvestorns rish attitade. A ARN cocflicient of 2,0 s selected
t determine the optimal hedee ratios for the Tutares contracts and

the option swnthetie latores, ™ This ARA coeflicient, however, does not

s bl et plave the voelluen of

DTN arinte s, Bakiieg bt e N
LRI Y R R AW

VN for the representainge dseestor i Caen brnerad e Bl

Vil .
SINTS L Grosmanan and Shilley s tast
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affect the compositions of delta and delta + ganuma hedges. Average
hedge ratios for these hedges are presented in Table T 1t shows that
the hedge ratios Tor the futures contracts and for the option synthetic
futures range from -~ 0,89 to 096, which are less than the ratio of w full
hedge Grratio equal to = 1 Such less-than-unity hedge ratios have heen

reparted in previous studies on hedging with futures contracts

Clsee
.

ooz s Sicgel (19871 Cecchetti, Cumby. and Frglewski (1988

Fable 1 reports the summary statistios for the rates of returms on

the spots and on the hedges. The means and standard deviations of

returns are annualized, and represcent the average results over the entire
sample period. They indicate that, on average, hedging has signilicanth
reduced the curreney risk shile vielding lower mean retarns for all four
currencies. This decrease inmean returns can be considered as i cost
ol currency hedging, At the same time, this study also finds that during
some sub-sample periods, hedging increases the mean returns while

reducing the risk of the positions (e.g the hedges Tor deutsehe mark

TABLE Il

Average Hedge Ratos for Fatures. Option Svnthetic Fatures. and Delt Hedging

FH-diny NI fi0-duny it 1260y
A Briisn pound
Futurest 09076 0900

18057 0 9014 {3 B35

Opteayn-fut” (3 133669 08365 309 09267 .0291
Delta (cam™ 32090 JOTAG 28900 2 BT60 30800
Ot (fuly 2.84730) R svesiy 25620 BB 26850
B, Deutsche mark
Futures [ARCRIEE 049158 059153 Uttty 04a11ig
Syt-fulures 09450 SRR 09480 C {9400 (.9558
Delta {cali 2.9620 2.B3LD 27890 26270 25510
Deslta gty 38860 34330 3av20 32130 30850
C dapanese yen
Futures {49068 09047 04010 G B950 0 B924
Syr-futures {49421 09345 09452 (3.09588 09545
Dredtar foall 323480 2.9530 27400 C 2BV 2 5000
Desttar (fut; 3.65HE0 3AG0 37380 4 (GOBO 37750
D Swiss franc
Futures Qw2 39200 AR 39138 03160
Syn-futires 00535 (9519 L9449 09332 0a1a0
Delta (calh 33540 3.2610 30110 2 8340 26870
Delta {u 30100 2.8820 306046 28700 27470

Avarage op!
Ao bt

ChAverace Bedge ratos n
1 )

ratices wath i i annt dulrenry Feoante eabmates are ased The

SERN 1% Chse
for At

L G

Hay hescdggingy fan pid ot

PV e

SOIVE OrG
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in FOSs1 Table T also shows that with the exception ol the hedges
for British Pound. all the hedging strategics have significanthy increased
the percentages of positions with positive returns, In particular, hedging
with futures and with option ssnthetic futures improves the percentages
from less than 6077 of the sample spot positions 1o more than 90% of
the hedged positions for all the hedges held over 60 davs,

A standardized measure is required (o compare the diverse pat-
terns of hedging effects shown in Fable HEL Two measares of hedging
effectiveness are caleulsted here for this purpose. The traditional mea
sure, Hi o assesses the degree of nish-reduction only. HIEY 4 more
comprehensive measure. considers the hedging effects on both rish and
return. Fable IV reports the exaunte measures for the hedges with daily
rebadancing, and Table Voreports those with the bov-and-hold strategy.

Fisted are the average values caleulated over the entire sample period.

Exaluation of the Hedges with HE,, and HE®

The 1, results Tor hedging with daily rebalancing tas reported in
Fable INT wre discussed first, These values indicate that option syn-
thetic futures offer similar risk reduction as do the traded Tutures
contracts Tor all currencies. Both hedges provide significant risk re-
duction, weth 111, ranging from 0.97 to 099 (ar 979 -997%.'° On
the other hand. the HE, values Tor delta hedges vare between 0,74
and 095 and those fTor the delta + gamma hedges are worse and
more erratic, with values ranging from —0.31 1o .65, These results
for delie and delta + gamma hedges are inconsistent with the Tollow-
ing suppositions. First, since delta v gamnu hedwing Tarther considers
the dvnamics of the delta value. it is expected o olfer more risk-
reduction than delta hedging alone. Second. the defevgamma hedges
are designed o minimize risk, while the hedues with option snthetic
futures are derived to compromise between risk and return. Therelore,
the deltaviganmmu hedges are expected to reduce more risk than the
hedges with synthetic Tutares, The unespected empirical results may
he explained by the Tollowing: 115 The continvous time option prie-
ing model may be misspecificd. As o result, the derived hedge ratios
cannot achieve the objective of risk-minimization. Previous stadies on
American currency options Tound that the constant volatiliy pricing

mudel does not perform well Tee see Bodurtha and Courtaden ¢ 19875

e e eptivn coeurs sl the Swiss §rae. where the perlannance of aption svathene futures
deddines sighihs wiwn the bedge periad is Tong Tos may be Guased v an insalbicient pamber of

hedges Tar Swiss ranes For his prop
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Shastri and Tandon 1198710 Furthermore, Flidl and AWhite (1987
indicated that when the option does not have o tairly constamt volatiliey
and has along time to maturity, the delta = gamnu hedge could perform
Far worse than the delea hedee alone. This sugaeas that o stochastic
volatility pricing medet man improve the estimation of the hedge ratios
and thas the performmnee of delta and delta + gamma hedges. b
the WISDYs may be biased estimates for the standard deviations of
curreney returns. Lhe biss could be caused by misspecification of the
aption pricing model or by nonsanchrontzation of the data for carrency
spot rates and carreney option prices. i The prices quoted for the
pair of options o a delti + gamma hedae are nos synchronized. This
would resolt in binsed estimates of the hedge ratios and therefore poor
performance of delta « gamma hedging.

Phe riche bl of Lable IV demonstrates the 17 values tor the
same hedges that are ovaduated by 10 Althouah the vesults of FIE,
show that currency options. while being combined into synthetic fatares,
can be as elfective as futores contracts in reducing risk, the empirical
results of the rish-retarn measure T demonstrate a different persped
tive. When both rish and return e considered, the option svnthetic
fatures are less effective dhan the futures contrrets aceording to HE7
[his situation prevails Tor all currencies weross various hedging period
lengths t A shossn in Table VI all the hedees with curreney futores

have positive T mmging from 0.0145 10 040920 However, the hedges

with option ssnthetic Tutares vield consistenthy fower vadues of HLT,
ranging from — G.0455 o 0.2267, where the negative values are present
for seme of the fonger hedges and they indicate ineffective hedging '™
Now, since the results of T demonstrate that the option synthetic

Mutares do pot perform as well as the existing futures contracts, the

Nt that this soperies performance of hedemge with Tatares s vonpared 1o aption svathetic
i i

lviares, also prevais Tor shmet sl the sub sample peeods. These resubin e aailabde vpon regues

T aedetivion. althoueh Clivng and Shonker Do s Tounsd that the option ssothene fotures do
st perboren seelb s furures Conracts o cnrrenes hedaing, then results re affected boothe problems
with the Sharpe pdoss T Bt meost of their bedging eitectiveness measares for both fitares drud
spitan sy ithenie Tatares are negativ

P Peenons studies Tonnd that longer bedees e mone effectne than the Bedaes Beld over o shuries
vt pereed Hhowever the Biterature Toes ol affered v campolling coonomic sationsde 1o eaplam
thin rebationship To Dable IV e Bedping results Do the fotures contraets show o similur bt
ssigmdfoant, cbaioaship bevseen durations aod the B vidues whercas an apposite relanionship

casts between daratons o the HE D walies, Withoot Derther imestigation, the phenomenes s

atteibited to the statisticnsh estimasion procedure aeed ot west This stody nados e ob tee same
fepipth o done 30 dass s o the o ate estimsion regarndloss of the bedpmy doratons Thorelare,
the wattical L‘\E)EJU:!EH}U\ afferod By Bonet 19920 4o not apphy o oddioen, sore thon HE -
e the sheobore s of rk roshiedian while HPL b Bomod o the reliine eishoredin tion

Bregy . ere!
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corrency futures are thus not replaceable by e currency options as
@ hedging instroment even though the Tatter are able o simulaie the
cashilows ol the Tormer. As to delta and delta + gamma hedges, the
risk-return measure T again shows that their hedging performance
is inferior to that ol the hedges with futures contracts. In fact, some
Ed

ol these deluremmma hedues vield negative 14

while having positive
Lo This suggests that these hedges, even though they help reduce
curreney risk, sacrifice too much return such that they actaalle reduce
the mvestar's L\\;)c‘(‘lvd l.sli]il},

A comparison of the results between HE L and (T indicates tha
currency futures contracts have the advantage in preserving tmproving)
hedee returns onver the option svnthetie futures, though both are simi-
Lirlbv offective i rish reduction. In other words. the risk-return measure
HET instead of T is able o revead that the currency futures marhet
consistenth provides more cffcetive hedging than does the currenc
optiens market. regardless of whether the options are compared in
the form of svnthetic Totures or o deltazgamne hedges. This superior
hedeinye performunee of Tutures contracts suggests that the curreney
futures market can better predict the curreney rate movements than
the correney options nurket. There ares however, some reservations
resarding the conclusion that curreney futures contracts senve as a
hetter hedaing instroment. 61 Fhis test does not exhiust all the possible
Ledaing strategios with these twoe securitios. For instance, one could
include more aptions i o hedged position. 1y This test does not
consider the difterence of muargin requirements in these two markets,
i The hedges are evaluated according to their returns and variances
onlv. Consideration o the skewness in the hedge returns might ofter a

different resnle

Effects of the Hedge Rebalancing

Lable v suonparizes the hedging performunce when the hinv-and-hold
strategy is useds In comparison with Table IVD one can see that daily
rebalancing has Hittle effect in terms of both FHEY and 1 on the
hedges with futures and the hedges with option svnthetic futures. This
resuly sttzuests that il transaction cost is considered. hllj\»;xnd-huld s
hetier Ewdging slrateey for these iu*d}_{t'\.. s !nng as the llt‘(]ging grurinti
ix not over 120 dves One the other hand, the dailv rebalancing does
alfect the performance of delta and delta + gamme hedging. Table \
shows that these hedges have become even less effective without daily

rebalancing. For instimce. the wverage HE of the 60-day delta hedges
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for Japanese Yen drops from 0.0172 1o =0.063 1, and the average HI,
drops from 0.9026 to 01003 The loss in the hedging effectiveness
for these hedges is more pronounced with longer hedging periods. This
relationship is expected because, as the hedging period gets longer, the
ratio determined at the initiation of the hedge becomes maore outdited

and cannot react to the upcoming dynamics.

Effects of the Hedger's Risk Attitude

The test is repeated Tor these investors with an ARA cocelficient of

6.0 which represents highly rish-overse investors with risk reduetion
as their primany concern. The results of hedging with daily rebalancing
are presented in Table VE Because more risk-mverse investors allow o
Lirger marginal rate of substitution of rish reduction for returns, their
choices of hedge ratios are expected 1o reduce more proportional risk,
Indeed, the resulting HEL values are larger than those from investors
with o smaller ARV 0 = 2007 In general, the comparisens hetween
the Tutures ind the options, in terms of both T and 1L parallel
those found with an ARN equal 10 200 The delta and delt + wamima
hedging are still the least effective strategies among those tested here,
e results of HHET again indicate that the currency futares market

I)m\id(.'s hetter |n‘t|gil;;_r, benelits than does the currency aptions market.

SUMMARY

This empirical study examines the exaante hedging effectiveness provided
by the futores market and by the options market in Toreign currenc
hedging. The hedge ratio Tor the Tutures contract is determined In
niaxiniizing the hedger's expeeted utiling. For the purpose of comparison,
currency options are tested with two approaches. Inoone approach.
the options are combined into svonthetio futures, and the hedge ra-
tios for these svathetic Tutures are determined from expected ailite
maninization. Another approach cvaluates the hedging effectiveness of
curreney options using dete and defee = ganyma hedoes, \pess micasure
of hedging offectiveness THE™ i emploved to evaluate all the hedges.
Fhis mcasure considers hoth rish and return. and avoids the cmpirical

problems conlronted by some risk-return measures from carlier studies.

TN ahat AHE T sepresents the evadistion of Baedges Bused o e snestons persornal ik b
sned Shoald not e oinpared mong ddleronn soestore Phe athors Booe adsa esamined the resubes
for ABRN Cot witds the B and bold siratees . Sinee the conrinarisons pasatel those dor the ess

richoavetse mvestoes YR 2o b table ot o hdded b weriele
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1 he empirical results indicte that curreney futures contracts serve
as o better hedging instrument than curreney options. This resule holds
regardless ol whoether the options are compared in the form of synthetic
futures or in delirgamma hodges. In particalar, the traded futures
controcts are found more elfective in improving treservingt the hedge
returns than the option svnthetic Tutares, whereas both provide a similar
degree of risk reduction. A the same time, botly effectiveness measures,
FEE and T indicate that the beduees with Tutures contracts are more
effective than the delta and delta « gonma hedges 1o g greater extent.
Phe significance of the risk-return measarve T s supported by the
reselt that this measare, instead of the risk-onlv measare JHE L can
distinguish the hedaing performance of the taded tutures from that of
the option ssothetic tutures, Tmalles these conclusions hold Tor both

corservative CARA 0 6.0 and aggressive TARA = 200 imvestars,
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