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INTRODUCTION

‘The conventional approach to estimating the (one-period) optimal hedge
ratio is Lo use the slope coelficient from a simple regression of spot
prives on futures prices. Criticisms ol this method focus on analvtical
and statistical properties of the estimate. Whercas the slope cocelficient
reflects the ratio of the unconditional covariance to the unconditional
vartance (ol Tetures prices), the optimal hedging rule requires condi-
tional moments that depend on the information maitable at the time
the hedging dectsion is made. Myers and Thompson (198971 suggest that
the correct ratio may be dernved once the relevant information variables
are incorporated into the regression model. Viswanath €1993) adopts
this approach and finds the current basis to be o relevant information
variahle by determining the hedee vation The resulting regression model

is similar to Fama and French 119870 These articles essentially argue
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that the imercept in the simple regression model should e o function
of conditioning infermation varizbles.

Belland Keasker 119860 show analvticallh that not ondy the mtercept
but the slope cocfficient is o function of conditioning information
vartibles. The method s adopred in Cite and ien 119920 Fien and 1 ua
t1993% and Lien 01993010 A the slope cocficient rellects the optimal
hedee ratio, this approach divecth models the ratio as o function of
conditioning variables. Statisticatly speaking, the above criticisins pertain
to the lnisxp(*tii'i(‘;t{ima of the Tonctional form orand the omittence of ov
planaton variables in the regression equation. Park and Bers 1198771 and
Park o199 drgue that w Bov=Cox translormation should he applied o
both spot and Tatures prices i the simple regression. Yet it is a difficult
1o tmiterpret the resulting slope estimate as the optimal hedwee ratio, The
former article also aroues that the error term in the linear rewression
maodel man be conditionally or unconditionally hoteroshedastico, and a
more etficient estimator may e derived. Nonetheless, this approach
assuntes o constint optima! hedee satio.

Instead of apphung the regression method. the optimal hedge
ratio can he estintated fron the second moments of the joint process
of spot and futares prices. Traditionally, the second moment matrs
s asstned o he constant over time. Anderson 119830 and Fackler
cluser present evidence that commaoding price volauline changes as
mirhels move l!n‘nu;:,il cveles of hi;_!h and low uncertainny about future
ceonomic cenditions. In general, bereroshedasticity is expected in the
price process, While unconditional heteroskedasticiny is found in several
markets feee Fackler 119800 Vhathews and Fackler 119591 rescarch
interest centers mosth on conditional heteroskedasticity: o parocabar,
autoregressive conditional heteroshedasticity CARCEHD and 1ts generalized
version, GARCH THor o recent sunveyv, see Bollerslev, Choul and Kroner
c1992i] The advantage of the GARCH specilication is that conventional
conditional (lt*;'lsii_\ assumptions e that is nonmad or student-t allow
for time dependent condnional variances and leptokurtosis in the un-
conditional distribution. Fhe Litter tao propertios hinve strong empiri-
cal support.

Lsing o mean squared error oriterion, Pagan and Schwert 1 1990)
and Ahgics (19591 Hind GARCH models dominate several competitive
madels imcluding ABMA nonparametric, and Markov switching ones
tn sarious financid nsrhers Adopting o quadratic utlin fanction,
West, Bdison. and Cho 019930 show that GARCHD moedels produce
the hichest oudite. on overage, i forciun exchange markets. A mean

squiaved error eriterion also favors GARCHL but not as sharply . Fmpirical
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determination of optimad hedgee ratios within the bivariate GARCH
framework s deseribed in Cecchetin Comby. and Figlowshi c1958);
Baillic and Myers 019915 Kroner and Sultan €199 10 Nyvers (1997 1 and

Sephton (19930, Their results indicate that the standard assumption of

a time-invariant optinal hedge riatio is mappropriate. Nonetheless, the
better statestical performance of GARCH models over lincar maodels does
net warrant better hedging performance, In fuct. none of the above work
finds significant improvement of GARCH hedging over comventional
simple hedging.

Al of the above works consider onlyv one-period hedging decisions.
With dush serdement in futores markets, i s natural o set the
period tien unitt of time equal 1o one dave Bealism suggests that
the representative hedger’s phoining horizon cosers muhiple periods.
Thas, 1o more fully consider bath the asual hedaing practice and the
mlloence of duily resettlement oo mualtiperiod arrangement scems more
appropriate. Howard and D' Antonio 019911 analvze multiperiod hedging
decisions when spot prices are autocorrelated. Mathews and Hlolthousen
99 provide o simibar analvsis Tor a0 general homoshedastic price
process. bien 19930 and Deenand Tuo c1993y devive muoltiperiod hedge
ratios when spot and futures prices are cointegrated. In these setups,
the single period bedge ratio is constant over time. The main PUrpose
of this article is to incorporae the two important factors, multiperiod
planning horizon and conditional heteroskedisticity ol prices and hedpe
ratios, into the hedeing decision framewark, Tien 019930 adopts the
rearession mcthod of Bell and Krasher (19860 ta proceed. This article
uses bivariate GARCH inadelig Tor estimates of multiperiod hedge
ratios, The multiperiod GARCH hedging performance is then evatuated.

Phis article utilizes a basic multiperiod model which i similar
to Howard and D'Antonio 11991 The optimal multiperiod  hedge
rutio is derived and then conditional heteroskedasticity s introduced
into the Joint price process. The mean process is deseribed by an
crror correction model white the GARCH specilication is upplied to
model the conditional heternskedasticitn. These twao propertios help
charnctenze multiperiod hedge ratios inodetail. N ovo-period madel s
cxamined 1o illostrace the influence of conditional heteroshedasticity.
Anabvtically, the first-perind hedge vatio may be decomposed into Toar
components reflecting the usual one period ratios the ellects of spot
pricvantocorrelation, of futures price autocorrelation, and of conditional
heteroshedasticin. These results are applicd to major forcign exchange
markets Tor empirical determnation of hedee ratios. Tor cach case,

better statistical perfornimee for GARCH modeling is established. Time-
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invariant hedge ritios are inappropriate. Following Baillic and Myers
(199D, both excante and ex-post evaluation methods are applied 1o
examine hedging performance. While GARCI hedge ratios perform a
litde better then three alternative hedge strategios tno hedwe, constant
hedge, and error-correction hedged in ex-ante evaluation. the ex-post
perfornince clearly favors the constant or error-correction hedge, These
results extend conclusions reached inthe one-period framework stadics
feages Mayors (19910 Kroner and Seltan (19911 Sephton (19931] 1o the

ntull{;wrmd Citse,

THE BASIC MODFL

Consider o hedger whe has o plinning harizon of 1 periods. AU time
fote 0o b the hedger holds aspot position S, ona - specitic
commuoditv, The sequence 15,0800 S s assumed o be generated
by an exogenous. stochastic pf{:{‘v\;x.i Thas, at tme ¢ all Tuture spot
positions S, 0008, 50 L and Sy oare wreated as evogenous random
variables. The {\pumtznn ol ”I\tn future st ])l)stilun may vl Hige
over tme. That o0 it 1S denotes the l\pa'yldlinﬂ of S, at time 1,
where v b0 then it is possible that 1, 08,1 = s, 0 for some
im0 Haowevers the changing process s assumed o be independent
ol the price history and previous hedging decisions. AU a given time 1.
to reduce visk exposure, the hedger mav choose to participate in the
lutures market by holding the futures position F, beS o where by s
the hedge ratio. The hedging decisions are made sequentialiv, That s
at time 4 by ds determined by using Gl the information availuble. 1 et i
and f, denote the spat and futares prices at 1, respectively. Then the
price history up to tine & Lp, f FEA I A et oag s part ol the
informuation wailable 1o the hedger.

Phe initial wealth of the hedger is given by W Tgnoring interest
rates and ransaction costs, market operations lead (o the following

end-of-period wealth:

W Z‘ \f[if?r‘i ° bf‘—‘"j‘!*;‘! il

[

Fhas seviesn generadizes tie sesalie of Dan o 19925 by Sifoning Dsture spot postizans 1o be random

MI[!J]dI ~
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P y .
where A denotes the difference operator. That iss Ap, o Poot P

and A, oo o oo A pure hedger whose primary objective s

to minimize the varance of the end-of-period wealth by sequentially

choosing optimal hedge ratios is considered next.® The problem may be

sohved backwards using the dvnamic programming technique.
Specificath, at time 1 10 the conditional variance of Wy

is o ovarp (W = vary ISy QApy b A To mimimise

vary (W)L the optimal hedge ratio i

By oy LoV !(A}U‘A‘f.[)f’\‘ill'[ 1(.\!;) {21

the conditional covariunce between price changes in proportion (o
the conditional variance ol change in futures prices. In face, By
corresponds 1o the one-period variance minimization solution, which
is also culled the wvopic optinal hedge ratio see also Heaney and
Poitras (19910 For more general casest In the absence of conditional
heteroskedasticity, both covy ((Apy AT and vary 30A ) are inde-
pendent ol the information set and, consequently, By s @ constant
term. Introducing conditional heteroskedasticity implies that B | is a
function of the price histonv {p,  foop Dccoopr o ok

Proposition |, Assuwome the spot position sequence 1S is generated by an
exogenots process, Fora F-period hedging horizon. the optimal hedge ratio

at timee kOO = o= T = 10 By satisfies the following recirsive relation:

he mterest rote bactor m e mu:l'pu!xils.‘(! ol e the framework, |t ry denote the discotm
Facton Prom time Grovime o That i o dallae s time s sworth e, at tme 00 Then A1 becomes W
i

‘ reoeS i Apeo BT Denate rpL s, by SLOPhe anadvars i the tent s doecth applicable
to S, Fhe incorporation of mransaction costs s omare troshlesome o the bedper cver vhanges From
short to Tomg or vice versus Otherwise, Jor © denate the rransaction cost Tor one futures position at
time 1 Fhe end of persod wealth s then Wy W \,f SNEAP o B bCo dopon
rephacing X F 0w A7, Oy the resule o the et are applicoble.

Unahe oae period ramewark, it welf ko that sacanee numimization s oot gencradly consistent
with eapected nobng mavamization. Nevertheless, sarfonee munmization s wetl wecepred s the
objective fune o o a opra fide hedger who wteompes to noimize visk Sinedarh For the mnliiperiod
trameswork, the most general dpproach oo ta apph oo meertempeoat utiing function, such s Adler
amnd Detemple 1955 wnd Heaney and Poitees 0199100 The datter achnowledged the possible
difficuttios when CARCH processes are enconnteeed, [0 ol ancleir Bos the above work applics
te the case b o bona fide hedpees o resolve the probless Howard and D' Amanio 5991 wd
Vathews and Holthinsen <1997 provide o ample characterization ob the bona fide hedger by
sapplanting minimiznion of the viriane e ot cied-of-peried wealth as the obiective. This approach is
adirect extenmen of the soepenod fremow b, Whitke vesteictive, i s usebul i the consideration

of i Do _th' hedger,
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conid A A )
var A )

jzi Pptsg condS a0 dpey + BAT )
S v (A )

tok o

Whereas the above cquation s derived in g discrete-time framework
with variance minimization heing the objective function, the result is
simifar to and a specilic expansion ol that o Heaney and Paitras 119915
it which o general expected otilite Tunction s considered within the
continuous-time framenorks Note that, in ey 030 B, is chosen alter
Afp s known taiven £ kv T sothat at tinse kot s possible that
Boand S are correlated. This is particalariy true i 8, s g Tunction
ol Af oy Inthe absence of conditional heteroskedasticity, it is shown
that B, s independent of A £ oy thronsh recursive exannination [Lien

(19920 Terein,

cor N o Ao E A ) e (A Ap )

Breovg A0 M)

Conditional hetevoshedasticits generates correlation between By and
Afe Consequentl the above cquation doces not hold. Forther con-
sideration requires specification ol the conditional heteroskedasticity,
stich as the GARCTHE cpecificaiton. In general. By s calied the optimal
multiperiod bedge vatio. Clearly, the difference between the mvapic and
muoltiperiod hedge ratio is measored by the second term in eq. 631 T
depends on spot positions over time 15,0 and aatocovarionees of the

vector dme series (;u_f;).

BIVARIATE GARCH PROCESSES

Most rescarchers aaree that hoth spot and fatares prices contain o unit
root, but there is a deluate concerning the comniegration hetween the two
prices. Lien and Tao (19930 and Quan (19921 sapport cointegration:
but Baillic and Myers 019911 and Schroder and Goodwin (1991 areue

aganst i This study dlosws for the possibility of cointegration and
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propose the following bivariate GARCHUL | model?

Ape = ity = Bildp oy AL ey 4a)
Af, aatly o+ ,B.J-lf’t o AAS ey {4h)
hiy O Voo Yoo Ay E1
FRTETIN I B G N I R SIS W Eieo 18
hsg ¢, Vi Vo A E3
”il “i.‘ H;; !t[;, |
+ “jal HJJ ”_l{ l’?]_s; | (31
“H “\‘_g Hgg i!Ijj, |
where - eovchyy ovar e b s = cony ey e,
Doy = vary g tea), and Ly (e = 1 ey 0. Dyuations ¢4 and

thy deseribe changes in means while eq. 031 specifies time variations
ol conditional sccond moments. Generally, (e, 220 s asstmed o
he distributed as bnvanctely normallyv or student-r0 The normalin
assumption s adopted in the empirical estimation portion ol this
article. On the other hand. the analstical results require only the
jvint density function to be svimmetric. The GARCHCL Ty specification
is Tound to he useful for asset prices [Engle and Bollersley 119561
and commodity spot and Tutures prices | Baillic and Myers (1991,
Kroner and Sultan (199E0 Nhvers, (8991010 However, the model min
he overparametriced as the second moment cquation itsell containg 21
parameters. Following Bollerslev, Fogle, and Wooldridge (19881, a4 more
parsimonious representation can be obtained by assuming that both A
and B oare diagonal matrices. This is o natural simplification hecause
it tmplies that cach variance and covariance depends onlv on its own
past values and prediction errors. The number of parameters inooqg. (33

is reduced to 90 Gais in estimation accuracy are espected.

A drascback of this approach is that the estimated varzn e conarmnece matrs nun ot be positive
detimte for all sampless Cecclieris Comdnand Piglewaki 1988 wvond the problem by assamimg
teamvarbant GARCH models Tor apor and tutores prices with o constann carrelation coeflicient
Nonetheless, the cont ol mmposing the constaney assumption <eems to outweigh the benelinn, Bailic
and Myers o199 b compare the correntappraach witdoan alternatve matrin decomposition approach
thaat cosares positive delnnteness, They conclude tha the corrent approach s beter sttistical
perlonmance lor ther sumplhe doata
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v\ twoeperiod miodel te, o 23 is emploved to examined the
clfects of conditional heteroshedasteine on maltiperiod hedee ratios.”

wo ratios need to be deternmined: By and B From the previous section:
; . |

L'tnt(jf’vg.»&f:)

vargdl A f )

Ln\w(mkﬁw-ﬁsvf‘i) I};i%;) (K‘IJ\H(AJKE‘APE ' Hij-f‘-j)
nll},(lfa) S, var (A )

——
[

i{s}

Proposition 2o Suppose the joint density fonction of Gey e s ssmmetric,
withiv o two-period frumework The optimal hedee vatio at © = 0, B can by
zf{'c‘mn;}me’d 1t Mf‘um‘ COupeHens:

B+ B with (8

feeda

ANty = wyhar feay 1 4 (‘b’\ o beov le e

o var, teoy )

This witile comvententos o) tvao ISR F't‘ii;{\;!g 5VTEJ§!E£‘\H‘w Bervantese mesre by tical PHIGPOT TR
cvnilable Whien the hedpmgp Berison cwceals tan perinede sidintion retheods voght G Le appdied
o derne eatnnstod hedue ratios Tar cvamnple. g theee pernad hodaing framework e priedes

‘J;Hiii“uﬂ ;M'({;{o; viition s bl

v A f o A

I8 -
war PN
. [REE I S 1N I B S T B T I ST O
' CarsiAE b varr A
i e d A Ay Poasptbven i3 hpy - BoAg
' varei N 4 5 sal AT
Porssi e A A - BaA o

A carpt Y §od

Per devanve estinutes of the Bedpo mtoss, s sost procecd witls ostiiting ofb the Covaranee
e Narc e e f s e 0 BT and con A Ay 0 A are similar to cich

sther et cne povbes] Bagon Tl Boter is aalvsed i the tosr The sy teens b be consisdered

(NIRRT S AT T N Fhe tollowing esdunation Prin cdure i revommended: suppase Hie
Boedping horizor extends Brom time 1o time + 0 20 Bpivical resolte of COMRUHT entimating
provide e covarlme e matices o ey e o aned ey e 0 Now s penerate TOB0 random
samphes Bros fey e e e b Sueeessy applicatinns of ea S5 dead o FOOG rnddom
samphes of tlepe R i T which HOOB randaom sartphes of B e e ol The
covarranon lerim von A ‘:\jk RN Hic estunated by e mmpfr .EEML);M, whicreas TOGD

random saophes of A foode o and Afs e derned rom e aned cdh oy tu samples
eleey wneri e ob The above appraach Can be entended vasil vo any madiperiod hedgmg

problem
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fi!lﬁ
LSy fevs v yvohar, (oo (3 = as)eov (e, e8)
SR T 1l 2By e el g0
S. var, ey )
I%u--l
8 e y_df},(f«:ép‘i,,(“;)) s b e ey a8
(9

S, vir tes }

where, for amy randony variable X0 0,080 = N = 1IN,

In eq. 155 B,y corresponds to the single-perind optimal hedge ratio
at 0. whereas, BBy, and By arise from multiperiod considera-
ttons, To be specitic, By is produced v the time series dependence
property of chimges in spot prices. IF spot prices Tollow o random

wille, then g 5y vi — O and. consequently, B, = 00 Sumilarly,

;

B.: mimics the effects of time series dependence ol changes in Tu-

tures prices. In addition te the time series dependence property of
Fatures prices. Bos iy nonnegilible onlv when the optimal hedge ratio
3is time dependent Thus, Bog micasures the elfects of conditional

heterosheduasticity

AN EMPIRICAL STUDY

Fhe optimal multiperiod hedging policy s examined in five major forcign
exchange markets: Brisish pound (BP0 Canadian dollar (€D, German
murk (GATL Japanese ven (Y1 and Swiss franc (50 using sweekly spot
prices and futures prices on the nearin contract. Tuesday closing prices

are used. Monday or Wednesday closing prices are substituted when data

Lo presons studies onc GARC T hedge ranios, bothe spot and Patares prces tollow oorandom walh
b Ay Ui 2 S consequence, By Bethe aptimal mnhaperiod Bodge raoe
Cojliates o th LEARSTLTIN u[mmﬂ Iu-(ﬁiv ratio, Howard snd D7 A ntorns 10951 gHows autocorrelation
i spot prive series whide mntaming the martingabe assamption on Totares prices. I diis case
the naltiperiod ratio difers from the anaptic ratio by the Lactar B

Phe wedel s developed m rerms of price changes, Phe approach b consistent with Baihe and
Mvers 1w Arernativel o vould vse returps s the epoeraive saeiabies as i Heaney and
Hoitras 1990 Howard o D Aoomio 8ot and Balle and Oriomes 19004 Wi Scchroeder. and
Fhovenga s LONT 0 compare stinple regression hedpe vatios usng lovels s dilferences, and porcentages
of dprncndioral comrodities. They conelude thar the preee Tese modebis thearetically sonnd and ase
[hl‘ !)Fl(l Lh«llTL’J' ”U'(Ei‘] ;“[ anin I|3.i{lzl'\ hl»‘i]ij‘t'\ \HH{ len lﬂ},"l!i\ T}‘NL AR MANA !)1'(";."(‘ I}“'”il‘lll wl!i\, I;?l'
‘“I! [ Eil”‘("l!’!h T ”l[!(il I \‘\”lii(i i]( Pll'f(’]’i'i‘il b %‘zl’” ({(‘diil}},’\ \\”h NI i.l!r\l”): © thL’l' h(“.ﬁ:f‘ E”[ i1 \E“l--fg(‘
vommaditg . H the cashand Botores price Changes are Tog-linear, then the percentage change mudel

wotthl be pre (erred
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are missing. The sanmple period extends from March 4, 1980 through
December 270 1988 Yor o total of 435 obsernvations.®

The first task s to it the price data into bivariate GARCHL, 1)
models Tien egs. 8 and 5531 e s assumed that e, and &), are jointl
normally distributed. A mavimoam Lielibood Estimation (ML method
is adopted. Analvdcal details wre provided in Bollersley (19861 The es-
timation is carried out using the MGARCH program. Fstimation results
are displaved i Tables Tee Vo bor cach market. the sample data ex-
hibit strong GARCH effecis. The asvmptotic t-statistics for parameters
i the variance equation ties VoA A By B, Bag)are significan-
tat the o devel o every market except the Canadian dollar.” Also. the

coctlicients of Lagged price terms (Ap, | and AJ 0y are significant in

TARBLE 1
Model Pstimation: The British Pound Sirket

fivariae GARCH P NMaodel

Mo UOACSe, o D04873p, + D.0A17AZ
Qe LA 0G5,

A, GEa04s - 0293450, - - 0BOR0AL
A [RRLREE=S tot2 s
B GROTE L 012630, 4+ O BORTH. .,

TR 1480 7367

B TESEPR DU 0r v - (73898,

127761 12036, 2007

Ao GEATE 0012500 . 0 80830

8 OE {10 60 [RE RN
Stmple Froor Correction Mol
AP, 02030DM - DOBT2Ap. 0 249047
COTe ©2 A RIS
A S AL CYRICYI I Q0097050 « - GUBTTAL
iR CoG B 1348

CThe mumiber e g

Bl om0 L ontatiahes

The et e provded By A GO N o Tosods Diversing af Chieaso, In Dicn and Foo o P00
it sk vhat cacto of the tan price series contains evacth ane onst et Moreover, the fun
prices e vomiegrated. Dot propertios are nesessary for applving the anabtes] resales

e estimaten of e GARCTE E L model generatos o segative siamber tar fs . the cocttivent
bordry, e the capnation of Jr L A here s g sieedan wase i Bl cod Mo i 00 S aaisteal
st irsddicates that the cortliownt is nac sgnitec ol dilferent from cevon Hherelore, the candition
i O s amnposed s Ehat e the spot rae of the Canadien dollar s descnbed Dy oan ARCTR D

pW}i Lt
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TABLE
Model Tetimation: The Canadian Dollar Market

Bivariate GARCH T Aadel

Ap, 032840, . - 006405n 0151057
¢ B am! i1 08 327

Af 0 438940, U3230Mz 0452100
F D P13 2 P10 7

frere Q2208 0 044780,
1B T8 017 80

Beo QATT72 5 OBIB2eer e 0 014080

19 32 [REZRERN t7 51
Pen 01385 - 04027, - 030520
12 A4 110 L 17 Bt
Stmple freor Cerrection Model
A P H367H, - 201280 0 012000
61 ¢ A i1 AR
A 014731, 0025840, - [HRERE= 1SS
T2 1A e 03

The aumbier e the parenthass s the cormesponcadug Seympto

CVOrY price series with 1he exceplion ol the spol rite of the Canadin

dollar. Overalll one concludes that bivariate GARCHULL 1) specifications

provide better performance than finear maodels for the sample data?

To investigate the effects of conditional heteroshedasticity, an error
correction maodel without GARCTE error terms is estimated. 1n this case,
the estimators are expected o he consistent hut imeflicient, provided
the GARCTHCL, Y model is the true model, The resubts mdicate that the
estinuitors tend to bave larger t-statistics in the GARCT models. This
i~ consistent with the inclficienoy argument. For example, while both
specifications conclude with significant error correction terms (8, 1 in

futures price equations, lagged price terms are insignilicant in every

NG Attempl s e 1o Hveshigate the !NI\‘-EF'E]H_\ of ather nonbinear models Tor spot al futires
prives Tor u recent sunes of nonfmean time serees models, see Goodjer and Rumar 2194200 $his
st does not siggest that other endinesr models oo ot b weseind, Indecd, tlank 1w
and Pecoster, Tabus, and Mo hell 219920 find evidenve of chaos iy several commiadine Futures
prices. drager and bhagler 19930 suggest selbooscitmg aatvrcgressis e threshold models Tor several

daily eschange raress Flowesers l those woorks deab with aanariate time series whercas any hedging

decision requures the consideration of bBivaraie time serics, O the other hund, as second order

woments are expdicith specibied. GARCH models sevi seey nidoral in thedr applications to hedging

[’f'll!?l('in\
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TABLE I
Maodel Estimation: Phe German Mark Market

Drvariate GARCH 11 Aloded

Ap GUREA - DP8TTAD . - 0 2343A
LR [y [ ¥y
Ak Gaddin o - 0308140 - 0 3B4RAL
[N Y 12T ¢4
Peo 01913 - D0AIZAL L OBEEIN.,
R THD 21 06 09 7
Beao 01288 0020000 - U 7R
eI REN G 20 [RESISEEY
B 04N - GUIEFS. L - Q92TRR.
PRECU R RN I L iZas 1

‘\HHI‘F}E‘ |' rrar Coarrectiolt \i“g{!'[

YR N Y T R T I AN Y ST (1 ZHBOAL
RRCT Co1 2B i1 h
AL (SRR T G830 DOSREAL
188 (RIS b 3 360
ST spmber an M pareninegg 8 R Lotratgs RS S SR H TN

Tutures priu' cyguation when conditional l;v!c‘rmlwdua(i(‘it_\ is not taken
into account, The cocllicient of ¢, in the Tutares price cquation is
negative for both specifications, indicating that the futures price s
responsive 10 the market condition by continvoush adiusting itsell to
climinate arbitrage opportunities. On the other hund, the spot price does
not respond toany deviation fromy the long-run equilibrium refationship.
[hat i according 1o Garbade and Sithor 119530 the futares market s
mure Hkely o be o satellite. This conclusion is ot reliable, however,
becavse simple error correction model s subject o misspecifications.
When correcting for the conditional heteroskedasticity, it is Tound that
the spot price does respond to the creor correction term: but it acts
to promote the price gap rather than the convergence teacept for the
Japunese ven markety,

In general, estimation resalts for the two specifications differ sub-
stantially. For comparison purposes, both specifications are examined
when calculuting multiperiod hedge ratios.

To utilize the above estimation results, consider the tollowing sce-
nario. In week Toa shore hedger tlong in spot and short in futures

assumes i futares position on the nearby contract of a specific foreign
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TABLE IV
Maodel Estimation: Fhe Japanese Yen Marcket

Povariate GARCHE LT Waded

RYsN 20208, 0580540, « - 0345244
(177 [T 1462

AL 040604, ¢ - O19B2AD. - 0.3011Af
315 (1T P26

P oo 34434 0 016507, . - 0 B2E3IN, .

R V12 760 195 954
Py 25681 0 014830, e o 0 B426H
452 H165 50y 13479
fro: 36524 - 012805, . - 0855300
i3 hdy (13483 194 854
Seniprle L v Correction Vided
Ay 0.26870 027355p. - - 01967 A,
117 1 AT 11 40y
Al Q31700 027055, - O 106741
t19n o0se VR
TEEe b o e pancerthieass on the COneEpmhing asyir

currency. The futares position in adjusted i week 2 o retlect the arrival
of new infopoation and change in ceonomic conditions tsuch as a new
spot positiond. Both spot and Tatures positions are closed in week 3.
Hothe nearby contract expires during the two week period, the Tutures
position i~ rolled over to the nest nearby contract. Within this setap,
cys. (o) and (M are applicable noderiving optimal two-vseck hedue ratios,
There ave 451 overlapping two-week hedee periods for the entire sample.
That is. there are 451 B s and By's.

s oan example, consider the hedging period Torm week € 11
to week € 0 1 where | corresponds 1o the jth observation. lo con-
vert this inta the two period Trameworks time O corresponds 1o week
(] P tme T e week §,and time 2 twooweek €7 6 1L Thus, the see-
ond period optimad bedge ratio By is estimated by the ratio of Tra
to frax o Both numbers are available from the estimiition results of
eep. 191 O the other hand! the estimanion of B preceded by the caleu-
latien ol T80 Foteyes B and o ,_,(.f:‘_zt Brn Sinvalation methods are
tsedd 1o resobe the problem. Fo beging note that teyoea) is bivariately
normallh distributed with zern mean, and | E::‘f; I SRR R CRTRTR

e cbtesyy o hos o Estimates of the second moments are. again,
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TABLE ¥
Model Faomation: The Swiss Frane Market

Bivariote GARCTHEE T Voded

hYER 0 W DARTI A, - - QLAGHANS
D dE 2 TR 307

M. U375 - - O 220000 D869
IR i1 E B 2 B

0749410,

[Py
oo (D TBR6ES

6693
OG-

1900

A SIS G2SRA o - (297 1AL
0o Coram A
TAf oy A2NL
1o, Tt
H LI

available Trom the cstmation results of eq. 91, Vight bundred randam
samples of (o e are goncrated from the joint densitn. For cach
saniples By con be caleulated as sy and Jes o are characterized by
g Ao s o and e el Given the s00 triplets (e, ey, By
Pl Lote e Bo and el B0 are estamated In their sample
avdous, Finallv, o constant spet pamition, S, Sy S0 assumed,
Summany statisties of estimated two-period hedge ratios are presented
iy able VI

With the exception of the Canadian dollar market. hedae ratios
Huctuate bot remanin negative fur the whole period. That is, the hedger
abways sells futares conteacts thut o different amonnts ar different
timest Inothe Canadian dollar market, the eross moment (h,) varies
signilicantiy. resulting in possibie Tesas liedaes Gien @ heduer is tong
in- both spor and fatares positionst. In every market, on average the

second-perod hedge ratio exceeds the first-period hedoe ratio in absoluce

"in .I\Hijm;\{;mis e on ot st LA Note than the dnahvaas assames vy thie sterest

oo cared by othe eae pecod pradies athe cndool period Botho Do ard ared 8 Apnge s fea

ared VEsthens nd Tlolthousen c100 0 conader thes Tt The former article Hicn assianes that

the ~pot posilinn S smdcases saen tinee winh o nate curkad o the e penod intereat e
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TABLE Vi
Summan Statistics of Fstinuated Two-Period Hedse Batios:
Bivariate GARCH Specification

Hedge Batie R [y (M It S

8.

Maximum
Minimm

Averane
S

£y

Maximum
Mirsmum

Averaqe
Sid

0531 11.4780 (.5453 3 BBLT a4
1.2420 0.7534 11215 0 B6LHO 1.2133
(3.6871 04078 07737 0 7530 0 78Y7
01387 00010 0 (ess 00370 0.0767
11408 2 B2 1 4g9ad U 3585 (.51680
1.8490 215099 16100 11704 12574
).84955 1.872¢ 1 3068 08468 0.8808
01551 02184 11096 31243 0.0931

BH Standars devialion

level, That is, the hedger should ~ell more Tutures contructs near the
end of the planning horizon. The difference hetween the two ratios s
seneradly Lirge. While both ratios {fTuctuate over time. with the exception
of the Canadian dollar, the second-period rutio varies more than the
first-period ratio. Note that the first-period ratios consists of” Tour
clements. one ol which is approsimately the second-period ratio tie.,
B By o= Boo + By Boyand By By The facr thad |8 - 1B,
on averase implies that B+ Bos o+ By is generally positive. Suppose
these three elements (‘§1aangt' ;nt'L'ul'dingh with ihe |‘|‘s‘st-pvrim§ ratio, then
one expects vartBr o vartBy b Othenwise, vart B =0 ot B as in the
case of the Canadian dollar,

Lable VI provides sumimiary statistios for cach clement of the first-

poriod hedue ration As stated abovel By ois Jip;ﬂ'n\il]!;!lt‘l} l'(|u;|§ 1o 13

in both mean and standard deviation, The time dependence property of

spol prices produce signilicant elfeets on the hedpe ratio ve. significant
Lo in British pound and Swiss Trane markets. where signiticance is
determined In the ratio ol the avernge 1o the stundard deviation, In
the former market, time-dependence veduces the need to sell Tutares
contracts whereas it promotes futures sales o the latter market. For cach
market, the liim"dcpvﬂ{.lt'nt of Tatures [prices lessens the need 1o h('dg('
then B oo 0 but the ellect is significant onh m three markets: British
pound, German mark, and Swiss frane, With the exception of the British
pound markets, Tatures prices are more influcntial than spot prices in

terms ol the effects of the timedependence property on hedue ratios.

Finally, altbough the magnitude itsedl is rather smalll the impacts of

conditional heteroskedasticity are significant in the Swiss frane, German
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TABLE vl

Surmmary Statistios Tor the Decomposition of First-Period Hedge Batio

Contpinent i1 1 [FR Y I S
Maximiin {3108 2 e202 () 444G 0.35R5 0 A161
Whrmian 1 a853 215949 T.2534 11704 YAt
Average () 840k BH730 [} 401 0.B466 B85
=i (31370 32189 (SR 01239 00991
&,

Maxirimm 01783 1044 0663 (2686 0 G079
Mirum 00650 33245 .06 03667 01050
Average 0105 [AER RS 073 (301563 {3 (0494
St 526 AR OO17d 0.0970 {11151
8

M 0 Te 3 HAB 01407 Ot
Minirrim 02137 2997 01683 OG220
Average 085y 0 3296 6.0504 01227
St 30374 02573 0.0588 00217
B

Maxirmum 408218 5 a4ia 30089 .07 .0360
Mt 20082 {0280 30005 0023 00003
Average 159 08 0037 (.03284 0.0197
St 80085 G GeiT [ER100 361 [SRORRY! 0.0055

ik, Tapanese ven, and Canadian dollar 116w Tesser degreet. The
result supports the need o consider conditional heteroshedasticity in
determining aptomal hedoe ratios.

For comparicon. Fable VI provedes optimal two-period hedge ra-
tios tdenoted by B and 12 respectivelviwhen conditional heteroshedas-
teity isignored inomodel specilication e simple crror-correction
models, Note that hath B and B) remain constant over time ander the
alterative specification. I general, B is similar to B in the British
pound. Canadian dollas. and German mark markets. The two vatios difter
largelv in fapancse ven and Swiss Trane markets. On the other hand, in

every exchunge markets the Tisteperiod hedge ratios ditfer drastically

TABLE vl

Optimal Two Pesiod Tiedue Ratios: Simple Trror Correction Sprecilication

Fedoco Batin iBp [y £ It SF

i,

{3800y {33013 GEs7Y (04516 34613
0804 TR 0035 3 9605 9080
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between the GARCH wnd the simple error-correction specitication. Far
t‘\;nn])h‘. the an crage B3, in the Canadian doliar muarket is —0.4075 while
B equals —0.8008. The difference is about 0.8 standard deviation of B,..
In the Japanese ven market, the average of 85 = B, is = 0.1986, more
than live times the standard deviation, Overall, ditterences berween 3,
andd H:T are significant in German mark, Lipanese ven, Swiss frane, and
Canadian dollar 110 a esser degreer markets, These signilicant differ-
ences arise not only from the cffects of conditional heteroshedasticity
on hedge ratio determination, but also trem the eftects of conditional
heteroshedasticity on parameter estimation for the stochastic process of
price changes. When the true model is cum]itimmll)' heteroshedastic,
the simple error-correction model provides consistent but inelficient
parameter estimates. In facte Lubles TV show the two specitications

fead 1o rather dilTerent estimates.

PERFORMANCE EVALUATION

While it bas been shown that GARCH modeling bas better statistical
performance in determining hedge ratios, the hedger is, nonetheless,
maore concerned with the hedging performance of these ratios. In this

section, four alternutive hedging strategicos are compared,

. No hedge, Hercin the hedge ratio is set to zero in both periods.

H. Constunt hedee. A constant hedge ratio is applicd in both periods.
Ihe constant ratio is determined by regressing the change in spot
prices on the change in futures prices. '

HE Preror-Correction hedge. This hedging strateey adopts hedge ratios
determined through simple crror-correction models. Using nota-
tion from the previous section, the hedge ratios are B and By,
respectively.

V. GARCTH hedee. The two-period hedge ratios are 13, and By respec-

tively.

Both within-sample and post-sample performance are compared and
ex-ante and ex-post evaluation methods are applicd to generate the
performance levels.

Ihe sample s split into two subsamples. The st subsample

contains 355 ohservations. Fois used to estimate the joint price processes

M lsing the wiisin sample duta e fiest 335 ohsernvationst constant hedge ratios wre catimated
db ILRNSS, O DROS6, 086ST 0020, and 9622 or the British pound, Canadian dollar,

Coerman mark. Lapranese ven, el Suose Trane imarkets, r(‘\p(-(*(;\ul\
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and to determine the required hedee ratios, Anv comparison based on
this subsample is o "withinesample” comparison. The rersaining 100
abservations constitute the second subsample. They are considered in
post-sample comparisons. Iy ex-post evaluation, actual end-of-period
wealth Tevels wre calvulated for cach stategy. The hedaing perlarmancee
is mcasured by tthe mean and the variance tor standard deviation of
the wealth fevels over relovant sumple periods.

he excante evataation method sssumes the true price process is de-
seribed by GARCHICL, 1y models and caleulates the lirst two conditional
moments of the endeol-period wealth at ¢~ 0 and @ = 10 respec-
tivelv, They are denoted by PtV o vae 08 0 B0 S and var 14,
Mathematically,

var W v (W A A B S ApaSsy s AL S)

bfv;an,(.lj“;ﬁ‘”) - jfm*m‘,(,}sjg\mA;wg%” P ApLSy R A LDS))
i \;JI];(A;MS“}
oSyt = 2eonv (A S Ap.S) — AT hS)) o

Note that the ast torm vanishes when fr; is a constant or @ random
variable tollowing the GARCH decision rule e by = By Also, using
conditional expectistion operators, one obtains
var AN S A S s Polbar A pe Sy = AL S b
mr*,,“‘;(A]?MNE = A SY D

Thos var, 08 00 mas be expressed as Tollows.

var AW ) e b (A S
Fo2b o AN S A S, Ap S s A B S
var A A S Eolvar (Aps S = A 1060S )

-+ ‘g]!l}({f E(.l}):“; = _\fix}’]‘ﬁ\}) IR
For the cases of no hedee i, Iy, 01 and constant hedee twith
ih, Dy o= eqe o820 s divectdy applicable, When applving the crror-

correction hedge, the cquation may be simplificd becavse b, watis-
fies the following coption: brvar, (A {18 Docov AN S Apy s,
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ApaSy ot A S, Thus,
var, 1M ) IJ{“:\;;r,,(_\_j‘]S“) + var, (ApS,)
ol var (A pS) = ALDS))
+ovan, (5 (A psS) + ATLDiS)) t12a)

Finaflv, GARCH  hedge chooses by 1o minimizes var (Ap) S, +
ABS T resulting in:

var (S po Sy AL S ) = sarApa Sy Bhvan{Aafasy)
As a consequence, one obtains,
var, W0 = b (A F180) - L Evar (A 1,8 ) = vara (A S,)
e (eSO a0 (A S, = AL biS ) 1 2h

In this lormulation, the hedger attempts o minimize the condi
tional varimcee of the end-of-period wealth by sequentialy apdating
information and choosing the hedge ratio therefram. The objective
functon, in spite of all the similarity, is different from var, 4y )
because the latter is concerned with the variabilits of expected second-
period profits in addition o other Tactars. To see this, eq. (120 s
examined. By the sequential decision rule, by is chosen o minimize
vard A Sy o Ay S By is chosen o minimize h;:\zlr”('_\j'].\’;,) -
2hcon AN IS A0S, 2 ApaSy E AL S aiven the optimal by, The
sequential optimal hedge ratios (b byt do net mimimize vae, (30
because the List termvar, (E 1A po S+ A L0 S)) is not considered. On
the other hand, one clearhy expects the GARCH hedge to dominate the
other strategies in terms of vargt )0 which is simph the one-period
hedging performance.

The hedging performance is carried out by assuming that the hedger
holds TOO units (10,000 units in the Fapanese yven market) of spot
oxchange in the beginning (5, = 8, 5 1001, Thas, the actual
number ol futures contracts purchased is given by the hedge ratio
tmes 100 110,000 in Japanese ven marketr, The initial wealth is et
at W, 100p, Tables INCXHT present ex-ante hedging performamee
evaluation results for five major Torcign exchange markets. They are
rather similar across all markets qualitativelv. When comparing the
conditional standard deviation of Woanr = 1 {ie. one-period hedging
performances, the GARCH hedge dominates the other three hedging

strategies for dl sample selection. The no hedging seenario is the worst
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TABLE IX
I'sAnte Hedging Porformance Comparisons: Brivish Paund

{riteria flodunee Snaen {1 \(m{érfr Frmt \.m;;rh' Comlnned \;m(;n’g'

Eooly il

2Yh L7

3 215 66
i 215.68
Vi 21562
ik i 2.aus
il 238
dIIH 1230
vy 11l
vy i1y 215 66
2189 70
21571
21

bl

I the strdared Gt o U
v g | B SV A i
TABLE X
oy Hedaig Performance Comparisons: Canadian Dollin
{riteria Hlodomg Strafen fu \miilpvf(‘ Pt \Lma!:i’(‘ Conthined H[uu;:h-
oo i A6 7 HAHE

i 8377 Th 08 8377
AN SR Th o8 8378
A 53 74 7513 8380

eV i 5% 1589 0560
Bl {1281 (3336 0.294
Ll 4279 G a3y 0293
HAT! (266 Gag 0278
Fro il i 0362 74.88 83.61
i 8378 7508 83 78
{H) 8378 F508 8379
AT 8% 66 505 83 68

it W (h G 768 gty 778
ih 0387 (423 (1395

D {3 384 {32 .39

V) {516 0 LEBR 555

erocb¥oi the conddonal stardard devabon of Wooal ¢ !

aniWor e condihional slancard deviation of W
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TABLE XI
Fa-Apge Hedging Performance Comparisons: German Aark

Criferia Hedwing Strateg in \'r.'m,i!!'(' Pont-Sample { .'mu’u‘uu(fr\iumf)[p
EoWa {l} 5117 82,32 5118
{11} 5109 S 25 5109
{11t} B1 09 65225 51.00
{1V 51.09 52.26 51 09
i (F G830 0 BG4 0841
i 0247 0419 0.286
i 247 {3421 0.287
) 0241 0,376 4.272
EL WV 1] 5120 5230 51 21
(I 2105 52 16 51.04
{1k 5109 57 16 51.04
) 5107 5219 51.07
er UV i 1168 1215 1184
{if) 0 259 0.429 0.247
{ih 0259 {430 0.267
{1V 0371 0 5049 0415
VW e condmonal stardard dewahon Vooatt 1
e W the condiional standang deviabon of W atr . 0
TABLE Xl

Pa-Ante Hedging Performance Comparisons. Japanese Yen

(rileria flodyging Strateg I'H-.\u‘m;’.!r' 2t \'umjrh' { :nHirinmﬂ_ﬁ.nur]y
£ i 400 58 661 .82 400.84
Uil 38908 658.28 398 90
{1 39909 658.30 398 91
) 3893 658 71 39919
oy EY { 10 6E7 G741 12 140
(Hi 5412 6 347 5 540
] 5313 5.348 5.540
A% 5.602 6109 5286
EaW:a It 3949.68 659 60 399 63
{11} 398 08 656 32 397 68
(14 3498 09 656 33 397.67
{1y 398 31 65678 397 94
otV (h 13.888 22 360 15,952
i 5868 7015 6124
ilii) 5882 7.044 6 141
1V 6872 10.232 7701

o WO the condmonal stardard deviabion of Wooatr o 1
oW the condmonal standard dewiation of Wooatf - 0
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TABLE Xill
a-Ante Hedping Performance Comparisons: Swiss Fran

riteria Hredping Stratog Lz Sampde Pest-Sample Conhived-Sauple
£ i} 5404 6560 54,04
Hi} 53 90 65 .46 53 90
{HH} Rt [EIF 18] 5390
(V) 5390 Gh 46 5380
W i} 008 110G 1037
i 0374 0377 GITE
i U 380 {3378 3. 380
itV 135G {1,356 0.356
£ i} RERSE: &5 64 54 08
i 50 B4 [SIRE) H3.84
i 53 83 65 39 §3.81
B 53.87 65 dt 53.87
Y il LY b 589 1.484
hy SRS E 0 404 0.398
[§iEN Oan7 34400 0 394
{1y 477 0.472 G477
WY e Cunitibenal slardird deviibon ol WOt f
oW condihited stacdant devaalon ol Wosty o 8

case generating a standard deviation maore than twice of that which arose
From the GARCH hedge. The constant hedge and the error correction
bedge are comparable to cacly other and 1o the GARCH hedge. These
resubts are simitlar to Kroner and Sultan (1995 and Myers 119910
That is. unless the hedger s extremely visk averse, the constant or
the error-correction hedge perlorms us well as the GARCH hedge. Al
infermuediate result indicates that s seems unaecessary to include error-
correction consideration i determining hedge ratio hecause the residual
Pish remains near the same. From comparisons among b 00 20000 can be
concluded that each of the three hedging strategies reduce the hedger's
risk at fittle or no cost of expected ond-of-period wealth.

Based on the conditional variance of the end-of-period wealtly at
P iben var AW oS0V sy the constant hedge und the error-
correction hedee hoth dominate the GARCH hedge, which in turn
dominaces no hedges As stated above, the conditional variance deviates
from the hedeers objective function by the factor concerning the
variability of second-period prolits, var, (1 (A p, S0 = A 100 S Other
things cquad, the ubove term i larger when byois o random varable
tinstead ol a constantt, The eriterion, therefore, is binsed in finor of the
constant, vrror-correciton, and no hedge against the GARCH hedge,

in sum, using ex-ante cvaluation methods it is found that the GARCEH
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hedge results in little or no improvement in hedging performance over
the alternative constant or error-correction hedging strategy.

Ex-post hedging perlormances tor cach strategy are compared in
Tables NIV XV nevery foreign exchange market. the sumple variance
of actual end-of-period weadth is smallest for the constant or error-
correction hedge, and fargest Tor no bedge, The GARCH hedge lies in
betweens but is clearly dominated by the former two hedging strategics.
These results are again, similar to lroner and Sultan 19911 and Myers
1991 The sample mean of actual end-of-period wealth is about the

SUme :‘t'g;lr(“{'ss of Iu'tl}_{ing strategios.

CONCLUSIONS

This article considers multiperiod hedging decisions when conditional
heteroskedasticinn characterizes the underlving spot and Tutures prices,
A tworperiod model is examined in detail o illustrate the influence
of conditional lu'lcrtmlwdais%iu‘il\, It is shown that the uplimet] first-
period hedge ratio may be decomposed into four components. The Tirst
component corresponds to the usual one-period optimal hedge ratio: the
second and the thisd comporent summarize the impacts of autocorrela-
tion in spot and lutures prices. respectively. The final component arises
From conditional heteroskedasticity. Empirical applications to five major
foreign exchange markets are performed.

Strong GARCH effects are tound o cach muarket. Parameters es-
timated Tor GARCH processes diller much from the corresponding
results of simple crror-correction models and they are more likely 1o

he statisticalls signii'ia‘;mt, For the usu'~;)('|‘it)d lzt'(lgv ratios caleufated

TABLE X1V

I'x-Post Hedging Performance Comparisons: Brish Pound

Criteria Heduing Stradesy D= Sawmiplc Post-Sameple Combined-Saomple
l'Vl; () 21522 152 75 21545

il 21563 15217 215650

Il 215 64 1ha G S5 05

[V} 21548 1H2 29 S5
W i 3.652 392044 3.758

(i 1624 1664 1629

i 1831 L 650 16318

% 1.676 tBO6 1659

W the samplo mean of ractal W

Ve sample standard geviaton of @aotoab W
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TABLE XV

o Post Heduing Porformance Comparisons. Canadian Dollar

{ riteria Hedotee Stratean T Sanple Post- Saomple Conhined- Sanple
W it #3659 G 33 83 74

it B Th 509 B3 76

i 43 7h 7H .08 B2 76

Y 8377 2379
Vo < 0839 G879

(i 0820 : G2

ik ARV B35 0623

i) 060G 678 0624

W Tl ¥
E Paeaabon of ctani W
TABLE XVi
PvPost Hedume Perfornance Comparisons. German Vrk
{ rileria Plodeing Sevafew T \‘mu;ﬂfi‘ Pt \:sm;!f“ Comthied ‘mm;ﬂ'v
w H 52 20 5110
(i 52 e 5115
I 52.28 5115
HATA he 28 B 1d
oW Rl 120 1RY
ol G50 0347
T 0501 (.39
1% [RESTAL5) 0426
W the sampio mear o
crofP D e smampie AtAannE oV G Ly ¥y
TABLE XV#
Pa-Post Tedaing Pevlormance Comparisons: Japanese Yen
Criteriv Hlodaing Strateg b Ssample Post - sample Combed-Sample
W 4 vt 45 B3 .47 407 91
[ RIRSH GOG T G004
il 400 06 BEO G G003
SR A00 07 BEG N 400 23
PR ES] h TH BRI 0 3R3 18 798
§i FRsiaN] £ 314 G 046
i 5 OGB4 65307 6045

vy & Bl 7066 £ TH5




HETEROSKEDASTICITY 951

therelrom. the time-dependence of Tutares prices. the time-dependence
of spot prices and conditiona] heteroskedasticity wre all important Tor
the British pound ind Swiss Trane cases and partially important lor
the German marky Japanese ven, and Canadian dollar cases. Notwith-
standing the better statistical performance, the hedging performance
ol the GARCIHI hedge is not better than that of the constant or error-
correction hedges. T sum, these lindings are consistent with kroner and
Sultan (199 T and Myers (1991 except when the hedger is extremely

risk averse. Ix post eriteria are not Lavorable to GARCH hedges at all,

APPENDIX

Proof of Proposition T: - Using bachward induction, consider the hedging
problem at time + - &k where optimal hedge ratios for futare periods

By Bioaoooo, Byoyare adl derived. The risk for the hedger is

vargUW b vargtS A pe o = AT

P
- Z Sldpoy H!—\‘,;‘i‘E”
Pkt

2hpcovitA 1 S AL
Pt
S oStAp = BAL S, s B AT

ok

where By is the residual termyindependent ol by Using Bohenstedt and
Goldberger 1196091, the Tollowing obtains:
covdA . S',(;\p,. o BA )
FitSocovidA {0 Apy = BAL )
oA S SO Ap o+ BAS)
S L )88 8 A BAS )Y (A

where £70) is the conditional expectation operator with the L’()mliiinning
set being the information available at time k: also for a given random
varinble N, St X)) \ PN By assumption, S, is gencrated by an
exogenous process and hencelorth covgtA fro 08 = 0. Moreover,



a52 LIEN AND LUO

Peldel A f8utsoaap 0+ BAT )
— Prtopd SO e A fr \)(S;\-(A’J;. Lo BAE ) () (A

Ay a consequence, eq.o bV becomes

con (N f ~.\r(_\p‘, Lo H,,_lj‘i. . 1}) FilS))

*JU\‘,&(A‘IKI:AI-—'\P:W f ”f-ﬁ-fri ) U

Note that the above cquations hold for every 12 k< 1 Upon substi-

tuting v A into ey UA DY and then apon taking the partial derivative
with respect to by sitis Tound that the optimal hedge ratio at time kB,
satisfios the (bllowing recursive relation:

{‘u\g\»(),p;; . Af;c 1)

29 )
) \‘!rJ:(Aif\“]}
] f}:f PadSadcovedS o Aps oy + BAT. )
¢ g h ““'f:(_\*,f'fc- )

Proof of Propositions 20 Fronn cqs. G4 and 051 it can be shown:
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Since &)y and £ are uncorrelated with #,5, the Tast term i eq. (A6 may be
written as:

EASAAFSABNISAASL)) = tay + vyl {e3,6,48,)

B antb e ey 8B = lay oy [ Eoder, By) - B harates))]

-+ (ﬁg a (t’_})“',.,,{f*[|(~33g8;} - ’,‘,,(Bﬂ('()\,i[é‘q].HWJE]J (AY)

On the other hand, cov 0A £ By = coviigy By = Fotes By From eq. 13
and (61,

rrrrrr E (A1O)

Since the joint density function of (£, 620 is svinmetric, Fo e By = O
Finally, similar 10 eq. (AL one can show that

t'()\,l(ﬁ‘f-g,.lf_g) lavs + yoadvar,le) + 053 asleon ey, 85y (AT

Upon combining the above results, the prool is completed.
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