
HEDGING

IN IHE P R E S E N C E

OE CONPrriONAE
HETEROSKEDASTICny

DONALD LIEN
XIANGDONG LUO

IMHODLCIION

I h e c o n v e n t i o n a l a p p r o a c h t o e s t i m a t i n g t h e ( o n e - p e r i o d ) o p t i m a l h e d g e

r a t i o is t o u s e t h e s l o p e t o e f i i c i e n t I r o m a s i m j t i e r e g r e s s i o n of s p o t

p r i c e s o n l u t i i r e s p r i c e s . C r i t i c i s m s o l t h i s m e t h o d t o e u s o n a n a l y t i c a l

i^tnd s t a t i s t i c a ! p r o p e r t i e s o f t h e e s t i m a t e . W h e r e a s t h e s l o p e ( o e l i i c i e i U

r e O e c l s t h e r a t i o o f t h e u i i e u n d i l i t i iu i l e o v a r i a i u t . ' t o i h c u i u o n d i t i o n a l

v a r i a n c e i i ) l l i i i t i r e s p r i c e s ) , t h e o p t i m a l h e d ^ i n t ; r i i l e r e < j u i i " e s t - o n d i -

i i o n a l m o n u M i t s t h . i l ( . U - p r i u ! o n t h e i n h ) r n u i t i o n a x a i l a h l e a l t h e i i n i f

th<.' h e d t i i n i i d e c i s i o n is n i a t l c - , \ i \ e r s a n d I h o n i p s o n i I ' 'S ' - )S s i i ^ m ' s i ( h a t

l l i e t e n r e e l r a t i o ! n a \ h e i l e r i x e d o i u c i h c r c l c v a i K i n h > r n K i t i ( H i \ a r i a h l e s

a r i ' i n c u r i ^ o r a t c t i i n l u ih*.' r r i ^ i r c s s i o n m n d c l . \ i s \ \ a n a E h i l ' ^ M i ) a d o p t s

t h i s a p p r o a c h a n d l i n d s I I K ' c ' l i r r e i i t h a s i s ! o \)c a r c l r x a n l i n l o r m a t i i i n

v a r i a b l e i n < l c t e r m i n i i i ^ t h e h e d ^ ^ c r a t i o . I h c r c s u l t i i i j ^ r e g r e s s i o n m o t k - l

is s i t n i l a r t o l a m a a n d I r c n c h i ' - ' S " } . i l u - s c a r t i c l e s e s s c n t i a l K a r y u e

I I K - i i - s i M i " ! l l h i - n r t i i N h " u i i ! l u ' l p l i i i i l i s i i » s - . j u ) i s ' . M i h C H I I I , K k i c t , m i i D i A S i n \ \ n I v ' , ! ' . n m

i c l f C ^ ' r . | i r n x ( . i c d L l - . r l l l l i, u l n i l l r t i l ^ \ { A \ ( ( i n n p i m u l . - i l i i M I i p i i i r r j ) ! i J i j , ( M n ; . i s M v l . t n i < ( * l

'.'".• j f t , ' ^ ( ' ^ | l l ( l l ^ t l > l l • | i ! f . l i n r r i n . H M i n ^ i I T M I - -

• Dniiiihl I icu IS ll I'lofi'ssDr nj I cowjiiiic-^ ill ihc I uiit'isit^ i>j i\ini'^<f>

• \iiiii'^diiiii; I Kc* (s ll Ki'.itniu, . \ , sM^/iJH( / 'M)/i".- ,(fr at t h r i i i i \ t ' i \ i l ) of k u
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[lt:it l i l r !iUcrcx'|>[ i l l \\K- s imple [(.•^rcssion niodt^l shmi ld he ,t l i i i u t i n n

nl Lo iu l i l i i i n i n i i i n lo rnK i t inn \ . i r ia l ) l f s .

lU'H ;nicl l\r<is!;cr i I ' 'S^? show a!K i ! \ t i r . i l ] \ lh; i l not on ! \ the [nl iTrc-pt

hui the siopc r o c i l i i it-iit is .s h i t u t ion ot t o i u i i t i o n n t i ; i n io r ina i ion

\ ,n inhk's. \hv i i u ' l hod is . i i l i iptet i in (, i l . i atid I i r n t I *-)*-'2 ;, I Jcn imd I no

( I^ '^M), . iml Lit.'Ti i | * *^Mhi , \s iUv s lopr Lne l l i c i cn i r e l l c t i s ihv o j i t im^i l

Iu'(lt4r r.tt io. this ap["!roa*h dir t 'c tK niodcl's ihc r.i i io as n fuTut ion ol

(.nndil ionin).; \ a r i j h k ' s , S i a i i s l k a l K sprakinLj. the . iho\c f t iUcisi i is per! u in

to ihc m issp t ' cd i ra l i on nl ihe I nnc i ion .d f onn or und I he o i i i i t tc iu t . ' oi (.'\^

p ianalor \ \ ar'iahlcs in (he JX'j^rcssion equal ion. Park and Hera i I ' IS~ i and

Park i I^*'M '• ar^iiic lha[ a !>o\ ( o \ I rans lo rn ia l i on shonid he appl ied lo

hoth sj)i)i and InUirs's priees m lhe s imple regression. \vt li is a d i l f i t u l l

tn i n ! c rp i \ ' i fhe res i iU in i ; sk>pe es l in ia i i ' as ihe op i i in id hedm' rat io. I he

lo rmcr a r i i ck ' also . ir^ncs i ha l ihe error i e rm in lhe Hnear re<jression

mot lc l ni i t \ he i.oTidil ionalK (]r n i u o iu i i l i ona iK hcterosl^etlashL'. and .i

more e l i ie ien l es i jma lo r ma\ he deri \e<i. Nooe lhc less . this approach

assumes a cons lan l oplirnLtl [letlLic ra l io .

Inslead ol appKi t i ;^ ihe ret;i i-ssion mi. ihoi. i . i h i ' op t ima l iictlj^e

la i i o l a n he es l ima led I rom lhe se io iu l mon i cn l s oi ihi^ jo in l proeess

ol sp{)i and Intnres priees, I ra t l i l i ona lK . ihc seeond iisotneoE m a i n \

is assumed So he eonshml o\er t ime. Anderson i I'!SS) and i . K k l e r

' I "-'iSd! preseni e\ tdcnt e t l iat e o m j i K u h u pric e \ o L i n h t \ ei ian^es as

markels mo \e ihronjj^h i . \des oi h i ^h aiui k)\\ tnu e r i . i i i iU ahoul f i i l i i r e

e<.'onomie eondiEioii '-, h i <i<!ieral, he ierosked. is t ic iU is e\peetcd in lhe

priec pii>eess, W h ik ' nneund i t i nna l hc ic roskedas i ie iu is i omu] in s(.'\<_'ta[

markels ;see ! ackler- M'-^Sd'. \ k i t h i ' v \ s jud l a i k l e r 1, i'^'SOi:, research

inter<'si ei.'nicrs moslK on enml i l i ona l he ierosk i 'das i ie i tx ; sn par l ieu lar ,

ai i loregressixe i o iu l i t ion,d heleroskedasl i t i t \ ( \ I 'U 11) ;ni(! iis acncraH/ed

version, (. \RC i l | ior a iCLt'itt snr \ i . ' \ , se*.' l iol ler sk ' \ , C hon . ,nu] Kronei '

U '^'''2 i!. 1 he a than ia^e ol she ( . \ H ( I f spec i l i e j t i o n is d u i ! eonven i io i ia i

ei»ndi l ional dcnsl iv assnmpt io i is .[.v.. iha i is normal or s lnden l -P allow

ior l ime de[>cni.leni i. <in(hi ional \ar ianLes and lep lokur ios is in the un -

eondi t ion.d (. l is ir ihi i i i* in. I he Lit ler l u o propert ies h;i\e strossg emp i r i -

e.i! sii[)po|-|.

L si 11!̂  a mean si juaretl error i r he r i on , i'a^^an and S( ln"-erl i I '•*'^0)

antl XkiiiiaN ' l ' ' S9 i l i nd < . \ I U I I models domina te scxeral (.•lunjicutixe

mo(k' ls inel i id in;^ A R M \ , nonpa r . ime t r i i \ and \ l a r k o \ s^\itehin^J. oiies

in \a r ions ( i na i n i a l markeis , Xdopl in i ; a (|t!iulrat ii_' t i l i l i u ( u i u t i o r ) ,

W esi, 1 i l i son . and C ho ! ! '^9 ^ i sinfw that ( l A l U I I nio(]e!s prfuJuci.'

lhe hij^hesi u ! i i i l \ . o!\ a\i 'ra;^e. in forejo i i exei ian^e niar!>.els, \ inean

si juarei ! erroi" c r i te r ion also ia \ors ( i \ R ( I k h n ! not as sharp ! \ . 1 mpi i ' icai
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r;iiins \\ il i i in i h f i) i \ . i r i ; i ! f CiAHC I !

ir,tmr\M>rk is lU'scrihfd in C r L t l i c i i i. C'limbx. .nul l i^ i lcwski il '-tSS);

Uifillit' . I IKI \\\vr^ i I"* ' ' ! 1; Kr in i r r HIKI Stih.m i I'i'J i ); Mxcrs \ 1'i*-'1 ): .iiul

Scphloi ! ( l ' ) ' ) i l , r i i t ' i r rcstills iruli i ,Uc lh; i l l l ic sfnmliird assii inplinn of

i! ! im f - i i na r i ;m l npi imal hcil^c raho is i iup i i ropr ia l r . Nmu' l l i f lcss, ihc

i x iUT slalisl i t .ll p r r i n r i i i iHu r ol (. ARC I I inuilcls o\ ri" l i i i rar nunicis dnrs

nni warraii i hct t r r hr(l;;iiii i: piTlorniansc. In t. icl. none oi thr . i l)o\r work

li iuis si j^ni l i ianl i inproxi-incnl nj ( > \ I U I I ht'ii*j,in^ n\i 'r i.(in\(.-iUinna!

\ l l ol iht ' iihovc works coiisitk-r oiiK onr-pt-riocl hrdj i in i j dcf lsions.

Wi th ilaiK si i i l t ' i iu-nt in l i t l t i ics DKirkcls, il is nalut.t! lu scl the

period 1 i .e. unit i o( l inn- t-qiial lo nwv da\ , 1 Seal ism sn^(;csls ihal

the rcprcscntalivc hcd>ifr*s pla!inin<i hori /or i cfucrs (nultiplc periods,

I hfis, to liiore l t i l i \ consider hnih lhe usual hed^ in^ praeiiee and lhe

l i i l lucni 'e ol ckiih iesct l lenienl , a innl t ipcr iod arrait^cincnl si'ciits moi'e

.tpproprialc. I lou art! iincM )'An!onio ( I M<) | i j u n K / e niti l l iperiod hcdoit i^

decisions \\ hen spoi prii. es arc anioeorrelaled, Mal hew s and I lo i lhoi iscn

{ I'**-'! ' pro\ i t le a siniilai" anaUsis lor ,i i.icnrral hninnske<iasiie price

process. I icn ( PI 'Ha I and I i(.'n and I no t ! '-'"-M i dc!-i\c iiui hi period hed^c

iMlios uiicis spol and inuires prices are coinU')^raled. In ihcsc setups,

lhe single period lu'iU^c iMliu is i onstaii l o\ ei" i inic- ! he nuiin purpose

oi this arliele is lo in iorpora le (he Iwo i inpor lani (actors, ni t ihipcr iod

|-)kiiinino hor i /on .\n<.\ corul i i iona! hr icroskedasi ic ih ol piaet's and hediie

ratios, into the hed^inij; decision iraniework. I ii 'u i l ' ^ ' M h i .idopts ihc

reurcssion nuihoi: ! oi' lU-ll .irid kraskcr (I '- 'Sf)' to procccik Ih is .iriiele

liscs hi\ . i r ialc ( r \ I U I I ini)del in^ lor estiniales oi intiJtiperiod hed^c

raSios. 1 he nni Iti period C, \1!C I I hed^inu pcrfornianee js (hen e\ai i i . i led.

Ih is article ut i l i /es a hasie imi l l iper iod nioik' l u h i i h is similar

to Howard antl D'.Anlonio U 4 9 | | . lhe optinj.t! mult iper iod hedtie

ralio is tlcrixed and then condit ional hetcroskedasticiU i-s inlrodnecd

inu I t i ie jo in l priee [process. ! he mean process is dest riheil h\ an

error cor rc t t ion iiHuk-l whik ' the ( • M K ' H sjie*. il it al ion is applied ti i

mud el I he < imt l i l ional heteroskedasi ii i l \ . i hese Iwo properties help

charaelen/e nuih ipcr iod hedue ratios in detail. \ UMi-periot! inodt'l is

ev. imnifd to i l l t islrale the innnencc ol eoruHt iojial heteroskedasticity.

\ iK i l \ t i i alK. lhe i i rst-pcriod hcdi^e r.iiio nia\ he deiomposed nito lonr

componcnis rc i le i t inn (he tisual one period ralio, lhe elTcets of spot

price ,int(K oi-rclaSioii, ol iutures pi"itc antoc orrclat ion, and ol t ondit ional

hcteroskedaslii. i t \ , Ihese results are applied lo major hirei^n exchange

markels ior empirieal determinat ion ot hcd<^i- ratios, i o r eath case,

helter statistieal perioritianee lor (..MK 11 modelini i is estai)lishcd. ! ime-
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i f u . t r i j n t hviluv r a t i o s ;tri ' in . ipprupru i t i . - , ! i i l l o w i n o l iu i i l i c a n d M \ c r s

(i ' -MM), h o t h t ' \ - . i n ( r ,UK1 f \ - p o s t c v i i l i M n o i i m i ' t h o t l s a r r a p j i l i c d t o

t* \ , imi iu ' h e d ^ i n o p c r l o r n u i n r o . W h i l e ( , A H ( I I h o d ^ r n i l i o s p t T f o r m a

l i u l f b e f t c r i h c n i h i c r a l k T i i a i l v c lu 'dgi - s l r . i l c u i f s ( n o hr(l):j;e, r o n s l a n !

h f t i ^ f . a n d o r n i r c o n - c i i i d n hedg(.- ' in cN-a i i l c c M i l i i a l i o n , t h e f \ - p o s t

p c r h ) r m a t u c c i r a r k f a \ o r s i h c c o n s t a n t o r t - r ro r - fo r re* . t i o n i i ed t i c . \ h r s e

r e s n h s (^xteiid c o n c h i s i o n s r c a e h e d in t h e o n e - p e r i o d I r a n i c u o r k s t u d i e s

e .g . , \ l \ e r s ( h f ) I i; k r o n e r a m i S i i l i a i i ( 1'>^M t; S e p h t o n ( I'MJ.^ij t o i h e

nu iE l ine r Jod e a s e .

BASH MODI I

C o n s i d e r a h e d g e r w l x ! h a s a p l a n n i r i ^ h o r i / o n oT / p e r i o d s . \ i l i n i e

'• ' ' ^ I ' • i h c h e d g e r h o l d s a spo t p o s i i i o n S, o n a s p e e i l i e

e o n i i ) i o ( l i i \ . I h e s e c p i e n i c ^S . , , ,S , S , } is a s s n i n e d i o b e ^ e n e r a l c d

h\ a n <>\ooenoi i s , s l o e h a s t i i p r o e e s s . ' I h n s , af i i n i e ( all r i i l n r e s p o t

p o s i h o n s S, . j , S, , , jTit) S , a r e t r e a i e d a s e x o g e n o u s r a n t l o n i

\ a r i a h l e s . I l ie e \ p e ( l a t io j i <>l a L!,i\en i n t t i r e s[!ot p o s i f i o n rna\ ' t . h a n ^ e

o v e r i i i n e . I huS is, i! / , ( S , ) t l e n o l e s t h e expee l . i t ioTi of S, al t i m e !.

^•'ii^'i"'' '" ' t- t h e n il is p o s s i b l e t h a t 1., M S ; , , ) - i,{S,.^) l o r s o m e

; - f). l l ( n \ e \ e r . t h e e h a n g i n ^ p r o e e s s is a s s u m e d (o b e i n d e p e n d e n t

111 l h e p n e e h i s to rx a m i p r e \ i o n s hed^ifi);! d e c i s i o n s , Ai a u i \ e n i i i n e / .

t o r e i l m e r i sk e x p o s u r e , t h e h e d g e r mav e h o o s e t o p a r t i c i p a t e in fhe

I n t u r e s m a r k e t In h o l d i n i i t h e f u t u r e s p o s i t i o n / , / ' , . S , , u h e r e /), is

i h e hediis- r a t i o , I h e h e d i i i n g d e e l s i o n s a r e m a d e s e i | i i e i U i a l i \ , i h a t is .

a! t imi - !. h,^ is d e t e i m i n e d hv n s i n g all t h e i n i o r m a t i o j i a v a i l a b l e . ! eS p,

a n d I, d e n o t e t h e spo t Awd h i t n r e s p r i e e s at ^ r e s p e e t i v e l v , l l n - n ( h e

p r i e e l u s l o r v u p lo t n ! i e t. {/'„. / '„, ; - , . / i ;?, ; . / , ,] is p a r ! of t b e

i n i o r m a t i o n a v a i i a h l e l o t h e hed t^er ,

I h e in i t i a l w e a h h oi t h e h e d g e r is g i \ e n h \ W ,,, IgTKiring i n i e n ' s i

r a l e s .\\u\ h a n s a t ' t i o n e o s l s . m a r k e l o p e r a t i o n s leail l o t h e

e l i d - o i - p e r i o d \ \ e a l t h :

X
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wiuTi.' A t i t 'nolt 's the t l i i l t ' r t ' iH ' f operator."" i l i a ! is, A p ; - ] /' i • i " Pt

ant! A /1 . j / , - i - / , . A pure hctlgcr \\ hose priniarv o l ) jcc l i \c is

U) Mi i i i in i i /e llw \A\'v.invc ol the fnt l -ol-per i fx. ! wfL i l lh h\ s(.'qLietUially

cho()sin|4 op t ima! hetiuc ratios is cmisicleri ' t l next, I l i c pr()i>lt'ni m;i\ lu"

soKetl hackwartls i is inu the t iynani i t p ro^ ran im in i ; tec-hnitjut',

Sj)eciiic a i ! \ . at l ime / I , i l u ' eonciit ion.i l \ar iunee ol \\ i

i s \ a r ( I ( \ \ ' / I • \ a r A p / - /'/ | A minimi/i'

\a r / \i\\ I I, the i ip t ima l hed^e ratio is

III ; c o v , , ( A / i i . A / ; ) / v a r , i ( A / , ) (2)

the e o i u l i i i f t n a ! Loxar iance b e t w c i ' i i p r iee e lu inut 's in propor t ioT i l o

the e imt l i t idP ia l \ ar i a nee n l e i u n u f in i u t n r e s pr iees. In I ac t . K/ i

I cirrcsj joncjs io t he une -pe r i o t l \ a r i a n i e n i i n i n i i / a t ion so i i iE ion, w h i e l i

is a lso ea l l cd t he nsxnpje o p t i n u i l iiei.io;e ra t io (see alst i l i ea i i ev and

Poi t ras ( i V 'H ) l o r mo re t ienera l cases). In the . tbsenee d l eonc l i t i ona l

lu ' le roskec las t ie i tw b o t h eo\ ; i ( A / ' / , A / ; ) a i u l \ a r i ] i A / / ) are i i u ie -

p i ' i u l en t o l the in lo i -n i . i t i on sel a n d . e o i i s e ( | i t e i u l \ . Hi \ is a eor is tan t

l e r m . i n t r i u i m i ng e o n i l i t i o i i i i l heteroskeclast ic i tv imp l i es that ll; \ is a

Innet ioT i ot the pr iee h is tory {p,,, / , , , ^ i ] . / | , , , , , p/ i . / j \\-

P r o p o s i t i o n I . .\,s.snpt;<' tlw spat p(j\itiiiii saini'iicc {S,\ is i^encrulcd h\ lUi

('.\o^eii(iii\ p r c e t v s s . ior ii \ -period iicih^iii'^ horizon, ilw ofUiniul hcilj^c nitio

nt time liH) "" k "-'- I - I 1, III- s i i / i s / i t ' s the j(iiloui!i<^ rcciii'^iie rchiiioir.

I III (iiliTi-sC i,iU- Lu In i i i i , ! \ h i ' nil. o r p i i r . i i r i i i-.ivik n i l i . I h i ' li ',iMii-\M)!k. 1 el i , dt-riDU- I h r i l i ^ i nnr i l

l.n in i I rn t i i i i n u ' H in n inv ,' I ti.tl i'-, ,i dolLtr i i- i n i u ' I \-, u o r i h •; ,ii u t n i ' 0, I h.'is \\ ; Ix i, on i r s \\ , -

j_! , I: i S; I A f j , I • / i , A / . . I ' Oi 'HuK' I . , ^ S. h\ S,, i lit . i i u i vx i s nt d u ' l r \ t IS (l i i i 'L l l \ .q iphi ' . ib t i

t i i S, ( h f HK nr[i( II .lUi 111 ol lr, i i is, i i . I Inn i ii-.l -< is r i inj i Houi i ! i 'M inic i\ I l ie hcd j i i ' i i-yi-i i. ii.inj^cs i ^nni

sho i i UJ IriMi; I I ! \ ll !• i,i-rs,i O i l u riMM,', k'l f , i l i ' i i o l r i h i ' ir.iH'-.u [IE)!! (11^1 I III I i n r i u i lira's [H l ^ l l l u^ .sl

n n u ' i I l ie .•ml ol p m o i i W ^ M I I I I IS (hen \\ j \\ • _̂_, . / S . i . i f . i • li.\l,.>, h,(,> I j inn

ir^sLn Hii ; A I : I \i\ y I , . I ( ,•, l l i c r^s l lh^ m i !u ' U \ l , i ! r ,qi[>!ii . ihlc

In : ! u - n(U' p r i i o i i h . inu'Wiirk, i i !•, I M ' I I k n t m n ih . i i v .m. i iu c n i t imn i / . i i i u i ) is im i >;r[K'i. i lK i o i i s (s t i 'm

Mt lh (••ijiri I r i l i i [ i l t [ \ i i i . ivn i i t / iUHin \ i . ' \ i ' r H i r l i ' s s . \ , I M , I I K I ' n i u i i i i t i / ,U io i i (s \ M - 1 I ,L( I . ' I- [>II ' I I ,is i h f

oh|ci. n \ i ' I l i i u iii>it o l ,i i>i>n,i /i((<' I K - < I ^ I T \v !i(i ,iiU/iii|>Ls In t i i i n i i n i / r 1 isk Sun iL i r l v , h i r i h i ' in i ih i [> iT i ' ) i l

if , im('\^n( k, I h i ' i iKisI ^ I ' luT. i l ,i| i[ it i i, iv h IS 1(1 .ip(>K .in i iU iT l i ' [n j> i i i , i l LII L I I I \ h in t l i u i i , s i i r i i ,ES \ I I I I - (

. i i i f l I ) i ' l t ' r i i | i l i - M ^ISS • and I I r . n i . ' i , H H I I ' H I U M S I ' I ' ! 1 I. I ! U ' l i i i l i ' t d i k i io \ \ Icdycd l l i f j iossih i i

(hlf it ul l lc- i i\ lu ' i l < I \ l i ( I i j i ro i i'S-,i:'v . i r i ' c ru nL|iih'i"t'(t 11 is J I S I M H H l l ,il Jinw I l u ' . I IMH c \vo[ k <||1()IK-S

In i hc I,IS!- nf <i I'iniii | / i / r h r d j i r r . i n r t 's i iKi- i l u ' p n i l i l f i i L l l o \ \ ; i ! i i .md 1) A n l u n i n ' 1 ^ ' ' ' h .mi l

M . i l l u u s ,Hi(l i h i l l h.insi'Fi O ' ' ' ' ! ' j i r oM i l f .i ••Hiiplc i ii,fr.!< [ r n y . d i n n ol tin- h'liui fnii' in ' t lg iT fn

•.ii|>|>l.innnsi n i i n i n i i / , i i i o n ut i h i - \ . in . in i i nf •. lu l -u l [),'i toil \ M d l l h ,!s i hc obi i ' i . U\ c. I his , t [ i ] i i ( i ,« h is

,1 i h t r i I c 1,1 ens inn nf l l u - o j u ' [icr soil j r a im \M't L \ \ i i i l t- i cs t i u [ i \ r , IL K i i s r h i l m [ l ie i. 'Uisutcr.tt iuis

o l l l iniiHi lull' i'wd'fivr.
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\ \ l u - R ' u s i h c i i b n v c r i | i i , i n n n i s ( I c r i w i l i n u d i s c r f t c - l i i n e ( r a n i r \ \ f > r k

u i l h \ a r i a n c f n u i i i n i i / . i t i n r ! h c i n ^ l i i c o h j t H i K e l u n c l i i m , f h f r o s t i l t i s

s i T i i i l . t r t o . t n c i ;! s p n i l i c « ' \ [ ) ; i i i s l i ) n o ! i h j t o l l l f < n K ' \ . i i u ! P u i l i ' ^ r s i I ' ' 9 ! i

i d u h i r h .1 u c n c r a l ( • \ | ! ( ' t ' ! i . ' ( i u t i l i l x i t n u i i i m i s t o n s i d c r t ' t l w i l h i i i t h e

t ( ) i U i i u i o i r s - ! i n u ' I r a n u ' w u i k . \ t > { v ilvM. i n c q . (-i \ l l i s c h o s e n a i ' l c r

A / i , , I i s k n o u n s . ^ i x c n ( - /,; + h , s o t h a i a l t i m e k i t i s [ ) ( i s s j l ) i ( > i h . i i

/ i , a f u ! A / ; , , I a r c r o r r r l a i e d , i h i s i s j ) a r ( i c i i l v i r K t r u e il l i , i s a h j t u t i o r s

(ll A / ? , | , ! n i h c a b s c n i r n l c n i i d i i i o n a l h c t e r o s k f d a s t i t i t \ . ii i s s h d w n

t h . i i }l, i s i n d e p c i u l e n i o i 1 j i;. i t l i r o n ^ h r c e u r s i \ c c x a n i i n a t i o n i l i t - n

t \ ' ) ' n - \ . l l c r c i i i .

c o \ i , ( A fi:. - [ . A / ^ , , i ' / I A /•, . I ) c o \ / , ( A / / , . I. ^ p , . i )

( o i u l i n o i i a l i i e t c r o s k c i l a s i i c i u j ^ c T i c r a t c s c o r r e l . i l i n i i l i c t w e c j i !'>, a i i c i

A /;,, , 1 ( ( i n s e < | i ! c n s K , t h e a i ) i j \ c ( - ( i i i a t i o n d t n " - rii>t h o l d , i u r t h c r c o n -

s i d e r a t i o n r e i j u l r e s s p e v i l i e a l J o n o l l h e e o n d i s i o n a l h e l e r o s k c d a s l i e i t \ .

s u c h a s ! h ( ^ ( . \ 1 H I I s p e e i l i e a i t o n . I n ^ e n e r a k li/,. i s e a l l e d t h e o p E i n i . i l

i n i d l i p e r i o d h c d i i c r a i i o , C l e a r K . ( h e ( h n e r e n e c i R U u c e i i t h e n n o p i t a n d

m i i i l i p e i ' i o d h e d M c r a t i o i s i i i e a s t i r e i l I n l h e s e c o n d l e r n i i n e i j . M ) , l i

d e p e n d s o n s p o l p o s i t i o n s o \ e r l i t n c { S ^ [ a n d ; m l o c o \ a r i , H i c e s o f l h e

\ e c t o r i i n i e s e r i e s { p , , / , ) ,

fJIVAHIAil I.AIK H PlUm SStS

\ t o s l r e s c i i r e l u ' r s a ^ r e e i h a l h o t h s p o t a n d I s i t i i r c s p r i c e s c o n i a i n a u n i t

r o o t , ht i t i h e r c is a d e h a i c COTU e r i i in t " du* e o i n i e o r a t i o n h e t \ \ e e n t h e t w o

p r i t e s . I sen a n d 1 n o ii'-)'-)3i a n d ( J u a n ( l ' ' ' > 2 5 s t i p p o r i c o i n t e g r a t i o n ;

l)t!i Ba i l l i e a n d M v e r s ( I ')'•) I j a n d S c h r o d e r a n d ( a x i d u i n ( I '>') I i a r i i n e

a ^ a i n s i i i . i h i s s i n d v a l l o w s l o r t l i e p o s s i h i H u of eoh i t f ' y ; ra t i i )n a n t !
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i h c I O I I D W i n ; i h i v a r i . t U - < . A i ' C 1 h ! , I >

+ y i A / '

(4h

VM A , ,

i 4 ! i ) ( k ' s c r i l x ' c'hai"i<i('s i n n u \ i i i s w h i l e vi.\. i S ) s p t - r i l i c

o l c o n c l i l i o n . t l s r r o i u l Mii»Tiu-Tits, ( K - n c r . i l K . I K ] , . f : j j 1 is a ' ^su i i i cc ] I n

l)c c i i s l r i h i i U ' t l as l ) i \ a r i c t r K n o r n i a l K o r s l i i t h ' i i i - / , r i i c n o r m ; t l i t \

a s s i n n p l i o n is a t i o p l c t t i n l i u ' c n i p i r i c a l c s l i i n a l i o n p o r t i o n ( i f t h i s

a i t i r l c . O n i h r o t h r r h a n d , f h r a r i a K l i t a l r c s u l i s ri.-(|Liir(.- onh t h r

j o i i i i d c n s i t s i u n c t i o n t o he s \ m r n f l r K , I h f ( . A l U l l i l , I ) s p r t i l k a

is l o i i n d l o he t i s e l u l l o r asse t p r i e e s l l n g l e a n d l i o l k T s l e \

c o m m o t l i t \ sj)ot ,\ni\ I tit u res p r i i e s Baiihe and \Uers

, 1 lo\\e\er. the nia\Kroner and Stiltan I h^U ), \ | \ e r s . 1 h)

he ()\erparanietri/ed iis the seeniul moment e t j iu l ion itself contains 21

p.ir.nnelers, I oilow in^; Boik 'rs le\. In^i le, anil W ookh*id(ie ( I " '̂SH), ,1 more

p<irsini()nious represenli it ion e.tn he ohtained h\ <issnniinji thai hoth \

and /> are dia^ionnl malriees, 1 his is a natur.d siniphfication ht'emise

it imphfs ihal eaeh \ari; inee initl einarlanee ik-pends oriK on its own

past values and predict ion errors, (he numher ol' puraniettrs in eq, {^)

is i-etlticc'd to ^). Gains in estnniif ion a<,enrat\ are esp<.'tled.

d f i n n l i ' [ n r , t l i - . . i i T ip l i - , . ( r t i h < ' t l ! , ( u m ! j \ , . i i u l I i j : l r \ v> .k i • P i S S ) j v o i i l i h c p r o b U ' i i i l i \ . i s s u r n i n s i

Ivvu i n v a r i . i i i l (1 \ I U I I ! i ] i n i i ' K l u r • .pu l . m i l l i i t d i i " , p r i i c s i ,M[h ,i i U I I S L K I I i i i i r i l . i l i n n i n i ' f l i i k T t t

N i i t i r l l i i - l f - s , i h c I Mvl <i\ i m p o s t 11^ i h c r i > n - . i . i ! K ^ . i s M i n i p l m r i • .c i -n is l o i i u u v r i i ; h tlw U: i i c l I ts . l l a i i l i c

• H i l l \ h i T s ' \'•>'•' I ! l u i n f t . i r i ' l l i r I i i f r r ? i l , i p p M , . i i ! i w i t h ,111 d l U ' r n . i D v t i n , ( l n > . i l i ' i a t n | > n \ i l M i n , i | > p n i . n - ! i

i l i . i l r t i s i i H ' s p n M t m - J f l i m t < nr ' - ' - , \\M\ t u n L l m l r d ( . H i h r M i r i c i i l . t p [ i i n , t ( h h,i'> I s r I I r r • . l . i i i sU i . i i l

j ) f i l o n n , H i i r I I I ! t l u ' i r s . i n i p l i d . i l . i
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\ i w u - p c r i o d i n I H I d i i . e . . / 2'' i s t - n i p l n v c d t i i t ' \ , i n i i i U H l i h c

e l I ( . ' f t s o l u H n l i h ( ) | - | , i l i u ' k . ' r ( i s k i . ' < : l . i s k i t \ o n m i ( l l i | H ' r i ( j < l h c d ^ ^ i c

I w o l i l t i n s n e e d I o h e ( I c k - r n i i i u ' d : l l \ . m d / ) , , , i r o n i i h c p r c v i o u s s f t

P r o p o s i t i o n 2 : S i i j j p o s c t h e j o i n t ilL'iiMt\ j u m t i o } t of i r i , . r ^ , ) i s s

i i i i J i i n il l \ i o - p c r i o J f r u i i i i ' n o r k . l l w o j U i i s m l h e i i - ^ c r t i l i o a t I - 0 . / > ,

i i into four

I., - n.,..

1 I n s , i i t K I r t r i f . i . l l ! l . ! ^ ^ • ^ < N i l ^ ^ i . P C ! ' . I t ! f i C ( i ; J J i i i ; l i f u h i f i i i ' , h c i ' i i i - ( r u m . H L f l i t K , i i p i i . [ i c i t K

• o . i J . i h l i , W i l l - ! ! I h i h i - i J | ^ H i j i I h P t l / H i - i ' \ t f , ( ! • , U M j p r r l u t k , ^ i h l u i . t U D n i i u - l h f u l s n i i i i l s i I n I n - , i | >

1 1 1 ( ! < • [ i \ r f - i i m . d n l l u ( l i ; i I . i h o - . 1 i i ! f \ H i i | > l ' ! ' i , < i h r ; c [ s c i ( ( n l h e J v ; i i i ^ I r . n i U ' u o : i , . i 1 1 - i [ i r i i

; , '^ I < n v . , . A ( ; , A ; - ^ j r A p ,:

I " ( ! i n v t t - . U ! ) i . i ! c s ' . i i h c h r d j i t r . s U i ^ - . , n i i r i i t n ^ I [ ^ M " , t f ' I \ \ n \ ; > ^ l H i i . i l I t > i ; . i l l t h r i i > \ , H ' . m t

r d - i v \ M [ , i l l . . ! ^ , , ^ i A ( ' A ; . , - ; i ; A / , i , , n < l v i n . i A h . A ) ' • I ' . - . M - : . , u M I I H I . H ' 1 M v . u

m i l l ! • i \ i l l i , ! ( ! f . n i ' p . l u n l h > ^ ' I h e [ . ( H i r i s . i n . i k / f < l i n s l i t , l i \ : I h e n n h U ' r n i h . l . i ; i K l - - i d i ' l t

-. < < ' \ . . l J \ ! . I f . - / i - A / , ! M u - [ o n n v v m t : i - ' . n i ; i , i U i ) i i p m . r i h i H ' ! v r r i . i i i i j i i , i i , k ' < | ' M i j i j i n . . i h

! i ' < l | ! i n < ; i m r i / L X i I ' - I I C I H ! - . I m n i C i r i c f m i n i ; ! ' f • i . i i t t | i ! i ] r . i l ! t - . i ) i l ' . M } ( , \ H ( I ! . • s i t i ! i , i i ! i >

p t n M i l r \ . i n , i ! n I i o v . i r i . M i i ! n i . i i i K ( s M J I ; , , i ^ , ) . i i i t l i r i , . i ^ • . '.. \ o \ \ . . • ^ i - n n . i l f 1 O U I I i M r u l t i m

a i n p l r * - I i n i i i u - 1 , j - _ , r , , / , , , ' : S i i r i r s * . m ' . q i p h i , . l U i J D S O ! CK^. S i c j d i n I U O O r . i n d n n

, i i i ! | > [ r s f . j i . h . • h . • . . - h . , . 1 . I r u i u u h u h I O U U r . t n < l < i n - i ^ . l l l l p K • • > n t ' f { . a r . n h . n u i I h

I f \ . i n , I H i t . ' U T i n V < n , 1 A / . A | ' , - f i A t , ^ c i h . n t - s l i i n . i L c d i n ^!^ y , n u | i | r . U I . I I O V ^ I K , « l i < ! I M S H I O

. ! n * i a n 5 - . . l i i i p i i ' - - n [ A / j . A i ! , , . i f i ( ! A / - i H - A v t w v i l I r o i n . ' i i - ' - J . i . \ \ n \ ' 4 \ y n - i n ; j , l i u - . n n p l r -

> ! n - 1 ; f • , i I , . , J - ' , , 1 1 h i ' . i b i i v r , i p | i r n , K I s ( i i n h v c M n u t c d ^ ' . i - i i k l i t . i n \ i m n i l f i ' n i u i h i ' i l v j i i j
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In vi\. (S). f l,, | corresponds to ihc sinolc-jH-ritx! opl i inai hedge ralio

0; whereas. />, , j , / i , , ; , antl I!,,.) arise Iroin nuil l i j)eri(Kl ciinsidera-

. ! o he speeil ir. /^,,i is prodnectl h\ the i in ic series depeiul f i iee

|)ropert\ oi changes in spot prices. H spot priees Ioiiow a rantloin

walk, then <f | />| y \ — i) ,md, eoi isespicnlk, H,,j • (). Sini i larK.

fi,,\ niiniies the elScds ol i lnic scries dependence ol chanj^cs in l i i -

lurcs prices. In atidit ion lo the t ime series dependctu'e [HiiperU ol

Inti ires j)ricc-s. /̂ ,,4 is luinnt 'ui l jble onK when the opl i inai lied^e ratio

P>i is t ime dependent, I luis, /I,,.4 measures fhe elleets oi condit ional

hcteroskedastit i t \ , "

\ \ I MPIRIC Al S

[ he- o p t n n a l n i n l t i j ) e r i o d h e d g i i i ) ^ p o l i e \ is e x a m i n e d i n t i \ e m a j o r

exchange maikels: l l r l l i sh pound iBI ' f . (Canadian dollar iC 'Dl . dernKin

nuirk ( ( . \ h . la|»anese \en (!\ I, anti Sw iss irane i S|-) using weekK spot

priees antl inlures prices on the nearin tonlraet- I nesda\ c iosing prices

are useti. Montiav or \ \ etinesdav closing prices are snhsi i tuled wi ien da I a

' l i i | iM \ i . i i i s v l i i t h f v . I I I ( 1 \ ! { C I I l i c i l i ! ! M l h i - I m l l i s]>a! , i i u i ' n l n r . - y j i m (•-• t n I L i \ \ .i r . i n d n i n vv .d l .

\ i II . / i . > , n . 1 I , _* ! \ s ,1 1 r i n s i i | i h ' i K r l i • li,, i l u - i i | t l n n , i l ( n n l l j | ' ' - r M U ! h ' - i i i i i ' M i i n

(•<|Li,ii< y itp 1 I I I - i n \ i j|>K u p U n L i l h i - i l i j . i - i . i U i i . M l j v v , u i i . i t iv l I ) X n l i ' i u n • h ' * ' i • , i i l < " \ - j i i i o i f M R ' i . i l H J i i

sn ^[11.1 | i i K . - - . cn i - - . \v l^ i l< ' < n , i n i l , L i n i n g l i u - i n . i i I t n i i i i l c . f . > i i n ! H l i u n H D J L I U H C - . ] > n i c ^ . I n U n ~ i , I M -

i l k ' n t i i l l i | H - [ i m j !" , iUi i l i i l l i - f . I r i M i i i h i ' i i u n f U R u n n l i \ i l i r I . K U i r H •

i h c i n n i l . ' l IS . ! r \ i l u p i - d Its I'-i f n s o l j>j !( f i h , i [ ! ;^ i 'v l l u , i j>|>H!,u h l^ i ( . n s i s t c d l u !l h i i . i i l l t c , i n i l

^ k l • l ^ I ' ^ 'M \ i [ i I n , i U i i l \ •nn- l o u h l u s i ( c i n r n s j v t l i i ' ( i j > r i , i ! i \ i ' \ . i [ i . i h k ' v , i - , n t I U M H I L - V a n d

( ' i ) i l r , ) ' - . I ' i ' M , M ( n > , i r i l , m i l 1) \ i i i i >(!!(. I ' ' ' M •. , i i n l k n i h . m d ( ^ i - u lK • ^ • 1 • » ' ' t W M l . S . l:r.>r<i<-i . n i i i

I [ . i \ ( ' i i l . ;< i = I ' " s " " ! I o n i | i a M ' N i m p l i H ' i ; i " r > M i i n h i . - i ! ; ^ ' ' i,Lti<i>. i s s i n ^ l r \ i ' K , i h l l f r r t u i ' « , . m d j i i ' i i I ' l i L i ^ i i ' - .

n i , i ; . ; r i i i i l i U K i l ( n i u m i K i i l l i ' - . i hi 'S i i i [ i t l i i d i - l l i , i l l l i i - | i i n v i c v i I r i i i n i c l ss t l u - u i . - l K , i l K -.0111 i d . n i J u s i -

i h r | i i H • . h . r n y f n u n l r l h> i . i i i l i i i | i , ! l o i " \ h f i k ' , ' ' - ' . i i u l h M h i j ^ h k i i sL . u r r ' M ' hi 'd>;<' ! h r ' i r i - i u , i !K . I I H '

j i M i (• i l i i l i - n ' H . f i i u . d i I v w i i i l d i n j i i r i r i i T i i u ( ( c n i l r , i h n ^ ; u i l i i .1 < . n r v u s ; ; < l i , i ( j ; i - h i>i . l i ; f l n ( ,t - - h i c i m '

r i i n i t l l i i d l l N , l i ! h r i . i s l l . i t l d l l l i l l M ' \ [>!!( r i I t . i n i ^ r s Al V 1'ijj.-11 j i r . i l . l l n T l t i n \H'\\< i l l . i i i c r h , m ^ r n i i i d l ' l

v n i u i d ! » • i i r ( I c i ' r r d
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arc n i i s s i n o , l h e s a m p l e p e r i o d e x t e n d s t r o n ; M a r c h 4 . I^-JSO t h r o u g h

D e e e m h e r 2 7 , I 9 S S l o r a l o t a l o l 4SS o h s c r \ a t i f ) n s . ^

l h e l i r s l t ask is So l i t l h e p r i c e d a t a i n t o l > i \ , i r i a t c ( . A l U ' l l M . l j

m o d e l s | i , e . , e( |s. ( 4 ) a n d i S j i . i t is a s s i n n e d t h a t K h< - i nd r.^, a r c j d i n t l y

n o r n i a l K d i s i r i l m t c d . \ n i . i x i r i i n n t I i k c l i h o o d I s l i n i a t i o i ^ ( \ 1 ! I ! r n c l h o d

is a t l o p l c d . A n . i K l i c a ! t i c i a i l s a r c p r o \ i d c t l i n B o i l e r s i c \ ( l 9 S ( ) i , l h e es-

n i n a t i o i i is c a r r i e d o i i t ns in i j , t h e M d A R t ' l l p r o g r a m , l ' s t i n i . i t i o n r c s n i l s

a r c d i s [ ) l a \ c d n i l a h l c s I sn \ . l o r e a c h m a r k e t , t h e s ; n n p l e d a t a CK-

i i i h i i s t r o n g ( . A I U I I c ITcc ts . The a s \ n i p l o l i e / - s t a t i s t i c s Wn p a r . m u ' t c r s

i i i t h e var ianc t . ' e i | L ia t i o i ) u . c A [ ; , , \ » j . A ^ ; ; / i | | , IU>- /J ; 0 a r c s i ^ n i i i c a n -

{i\\ t h e i ' . ! e \ e l i i i e \ c r \ i n a r k e t e x c e p t l h e ( a n a d i a n d o l l a r . ' ' A l s o , l h e

c o e t l i u c i i t s o l la^i^^cd pr"icc t e r m s ( A / ) ; | a n d A / , | ) a re s i ^ n i f l e a n t i n

TABLE i

if'l I s i i i iK i l i nn I h f l i r i i i s i i P d n m i M a i k i ' t

(.Mlill I ! \Sndci

0487^1?: . 0 0b 171/

0 T^CM". • • O

i 3 4 0 ' I 10 49) f 12 Ob'

G3/3 • 0 ( ) 9 1 0 r . . .,-_,• • • 0 7339/7•:„ •
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l a s i ' o l t l i e { ^ t n . K l i a i i t l o l l . n .

i a h l e \ I I p r o \ i t l e s s i i m t i i a r \ s J a t i s h e s l o r e a t h e l e i n e n l o i t l i e l i r s t -

p e r i o d h e t l ' _ ^ e r a t i o . \ s s t a t c i l a h o \ e , / > , , j i s a p p r n x i n i a t e k e ( | u a l l o l'>\

i n h o t ! i n i e a n . u i d s s a i u l a r t i c ! e \ i a l i o i i . I h e t i m e d e p e i u i e i u t . ' p r o p e r t \ i i l

s p o t p i it. e s p r o d I K e s i o n i l i r < i n t e i i e c t s O T I i h e l i e d ^ e r a l i o l i . e . . s i o n i l i e a n i

/•)„_>! i n l i r i t i s h p n i i n c i a i u ! S w i s s I r a n c f i t a r k e t s . w h e r e s i i i i i i l i i . a i i e e i s

d e t e r n i i r i e t i h \ t h e r a t i o o l l h e a \ i ' r . i ^ e t o t h e s t a n d a r d d e \ i a t ! o n . I n

t h e h i r i i K ' r m ; n " k e l , t i n i e - i l e p e n d e i u e n - i i u e e s l h e n e e d t o s e l l i i i t t n x ' s

e o n l i ' . K t s \\ h e r e , I S i t p r o m o t e s I n t u r e s s a l e s i n t h e l a t l e i m a r k e l . I o r e a i . h

i n . M ' k e l , t h e l i m e - d e p e n d i ' i i t o l l u t n r e s p r i c e s l e s s e n s t h e ] ] v v i \ t n h e t l ^ e

( i . e . . />,,_> - O l h u i t h e e l l e e t i s s j o n i l i e a i i t o i i K i n t l u t - e m a r k e t s ; l i r i t i s h

p o i n u l . ( . e r i n a n m a r k , a n d S w i s s h a i i e . W i t h t h e e x t c p i i o n o i t h e B r i t i s h

p o u i u l m a r k e t s , l u l u r e s p r i e e s a r e m u r e i n l l u e n l i a l t h a n s p o l p r i e * . ' s i n

t e r m s o l t h e e l i e t l s o l t h e t l i n i . * ( l e p e T i i l e n e e p r o p e r t s o n h e d ^ ^ c r a i i o s .

I i i i a l K , a l t h o n u h t h e m a ^ n i l i i d t . ' i l s e i l i s r a t h e r s i i u t l l . t h e i m p a t t s f i l

( o n d i U o n a l l u i e r o s k e t h t s t i e i l x a r e s i u n i l i e a n l i n i h e S w i s s I r a n c . C . e r m a n
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f iiillj'tiitr'il!

Average
Std

e,.

fviimmuni
Average
Std

Mnxsniuirs

Stri

TABLE VII

In r t h e I ) < ' r n r n | ) i ) s i l i o n o l H r s f I ' t ' r iui,!

Std

nr

0 1408
1 3858
9 8904

0 nr;o

0 ' 793

vl O6':>0

0 110;-)

0 0126

0 '6/6
0 213/

i) 0859

0 03 /4

0 0321

'} 0062

0 0159

0 U08-.

( 1)

•y 820?

2 U)99

C!8/30

0 2-89

1 0094

0 3249
0 0346
0 '.561 1

4 8918

1 299 7

0 3256
0 2:! 7'}

0 9384
uO28O

;: 1008

(; :i287

0 4999

1 2b3'1

0 90b 1

0 1027

0 0663

0 0614

6 0073

0 01 74

0 164 8

0 0(313

0 ' 19b
9 92/4

0 0989

0 0005

0 003;'

•::O613

.n

0 3585
• 1704

0 8466

0 1239

0 2686

0 3667

0 01 b3

0 0970

0 1407

0 1693

0 0504

0 0688

0 0 /01

0 0023

0 0284

(j 0 1 • 4

S/

9b161
! 2579
0 881b
0 cm 1

9 0079
0 1050
0 0494
0 0151

0 1/91
0 0220
0 1227
0 0217

0 0366
0 0003
0 0197
0 0055

m a r k , J , i [ i a i H ' S t ' \ c n . . i r u i ( . t n a c i i a n d o l l a r i t o a l e s s e r J r ^ r c c . 1 \\c

r c s i i h sl!|•)^•^ort^ i l u ' wvvi.] !(i c o n s i J i T l i M u l M i o n a l l u ' l f r o s k c d a s i i r i t i , i n

( I c l t ' r m i n h i L ; o j M i i D a l h c d t i r r a l i o s .

l < i r t i ) r n | i a r i s ( ! n , I , ) i ) [ c \ l i ! p r n x u l r s o p J i n u ! ! I w o - p c r i c i t l h t ' i l m ' \';\-

i i u s u i f n n i r d l ) \ IV'^ a n d /̂  | . ! V s | H - ( i t\ r k i \\\wu c o n d i I i o n a l l u i c r - o s k r d a s -

l i i i l \ i s i^^nor-ct l i n m o d i - 1 s p e c i I ii a l i o n s i . t ' . . s i i n p l f c r r o r - c o r r c i ' l i o n

i i i o d c i s s . \ o U ' i h a t i i o d i />, ' a n d />! r e m a i n t i x i s i a n l o v e r t i m e u n d e r i l i e

a l t e r n a t i \ e s p e i i H e a l i o n . I n ^ e n e r . t i . i J ) i s s i m i l a r i o / i j irj t h e B r i t i s h

| > o n n d . ( a n a d i a n d o l l a r , a n t l ( . e r m a n m a r k m a r k e t s . 1 h e twn r a l i o s d i l ' l e r

l a r y e h i n J a p a n e s e \ e n a n t i S w i s s i r a n e n i a r k e [ ^ . O n i i i e o t h e r i u n i d . i n

e \ e r \ e \ e h a ! i < 4 e m a r k e t , l h e H ^ s i - p e r i o d i i e d ^ i e r a t i o s d i i ' l e r t l r a s [ i e , i l i \

I \u> ' l ' iT in ( i i

TABLE VIII
dye l^.ilius: Snnplr C o r r r i . t i o n S n f c H i e a t i n n

S/

0 -1922

0 9635
(!951h
0 9bO3

:) 9633
0 9680
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l)ot\\t-cii iUv ( p \ I K I I i i iul ihc simple crnir-i. urrt-t t ion sp f c i l ka t i on . ( (ir

t'XiiinpIt'. l i l t ' .i\c'iii;j,*,' II,, in l l ic C^iiiacii.m tlolli ir i iuirki't is -().4()7'H whi le

}V equals - O.SftO!--. Ihc cli l lerciu'c is ahont O.S sinntlarcl tlc\ iat iDi i o! / i , .

In (he Japanese \en niarkei, the a\cra<;e ot />,̂  / i , is 0.1'->iS6, inorc

ihan l i \ c linies ihc slaiulartl cle\ial inn. ( ) \e ta ! l . di l lcrenci 's beiwi 'cn B,,

and H['^ are si<4nilleanl in Crcrinan mark, Japanese \ en , Swiss Irane, and

Canadian dollar Uu .1 lesser cie^rcei markets. Ihese sigfi l l icant di l ler-

(.'nees arise nnl onl \ i rnm line elli;els ol condit ional lu^croskctlaslicity

(HI hecltio ralio dcterminal iot i , Imi also troni lhe etieets ol coiul i t ional

heteroskedasi it i l \ on paranieler esi imai ion lor the slot liaslii, pi'oeess ol

price (.h.iniics. When lhe ir i ic niotle! is e'onditiotialK heterosketlastie,

the simple error eor reel ion model pro\ ities eonsistent hnt inel l i t ieni

parameter estimates. In lacL lahles I \ show lhe two speeilieations

leatl lo rather di i lerent estinudes.

IM lUOKMANt t

Whi le it h.is beei! shown that (. \ I K I I niodclins.; has better stal is l i ta!

j jeriormanee in deternnnin<j; hed^ie ralios, tlie hedger Is, iioTielheless.

more tontcrs iet l v\ith ihc hedgiri^ perlorniant e ol these ralios. In ihis

s(*etion, lonr al ternat i \c hedgino, stralcfiics are eompared.

I. \ o hctluc. Herein the hetl^e ratio is set to zero in hoth periods.

I I . C onsiant hedge. A eonstant hed<j,e ratio is applicti in hoth periods.

l he eonstant lat io is tlelcianiried h\ rc^^ircssing the change in sptiE

priees on the change in Ititures priees.

I I I . i rror-( orreel ion lieclge. Ih is hedging siraleg\ adopts hedge ratios

tletermined ihrough simple error eorrcction models. Ls ing i iola-

l ion Irom the pre\ ioi is sc t t io i i , lhe hctlge ralios are /^ j , and Hi-

respet i iu 'K ,

i \ . ( .AH( I I hedge. Ihe two-j ieriod hedge ratios iire ll,. and F>i respee-

t i \eK.

Both w ithin-sanipk' and posl-.samj»le periormaiice are eomparetl aiul

e\-ante Ltntl e\-jiost evaluation methods are applicti to generate ihe

periormance le\cls.

Ibe sampU' is s|)lil into two stihsaniples. Ihe lirsl suhs.mijilc

contains -iSS ol)scr\al ions. It is nsed to estimate the joinl pr i te processes

' ""Lsini; t l i f u i i h in '•.iinpic l i a i j • uv . !ir-.l ''^^ ^>(l^l•|•^,ltl(^El'•:, lonsi.iisi ht'(is;c raiiiix drc I 'sitni.i lfd

.i\ IKSS^S, O,H!1S6, n.'Ui^":, U.'i-lJO, ,irul UMuI.'. loi tlu- tinli--i i puLnui, I ,u),idt,ui doll,.!,

(K-nii. in rii.irk, i.ip.UK'M' \ f ( i . .tml Svvj^s Irani uvirkr is, rcs] icfn\ i 'K
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n i u l 1(1 c k - t r r t n i i i c i h c r i H | u i r f c l h c d ' m ' r . i l i o s , \ i i \ t o n i p . i r i s i i n h u s t ' t l ( i n

( I l l s s i i b s j n i p l c i s ,t "xs i l l i i n s a n i p l i ' " l o i u j n i i i s o i i . l l i t ' r c n i i t l i i i i i ' j , 1 0 0

n l ) s c r \ ; i l i o n s t o i i s i i i n l r i h r s e c f u u l s i i l ) s . i n i [ > k ' . I l u - \ a r t ' ( . ( H i s i d e r c d i n

p o s t " s n Ml p i c f d i i i j i a r i s o i i s . I n c x - p o s t c x n l i i i i l i n n , H C E U . I I r i u l - o f - p c r i o i l

w f a i i h k ' \ o i s ; ! r i ' t a U u h i l c - d I i n c m h s l r a U - ^ ) , I h e h ( H l j j , i n u p ( . ' i " i ( ( r m a n c c

i s i n c a s n r . ; i . i h \ u l i f n i r . s n u n d ' i h i . ' x a r i a i u t ' ^ o r s l a i i d a r d d c x i a l i o n ) o l '

i h f w c i h l i k - \ f l s o v c i ' r i ' l < . ' \ a n i s n i n p i f p t - r i o t i s .

I h i ' r \ a n i o c x a h t a t i o n i i u i h o d a s s d m c s i h c U t i c p r i c e p r n i , e s s i s d e -

s c r i b e d h \ ( . \ H ( l i t I , I ') i n < ) d < - i s a n d c a k ' u i a t e s I l i e i ' i r s i l u n c o n d i i i o n a i

i n D i i i e i i l s ( l l [ h e e n d i i i j U T J o d w e a l l h a l t 0 a n d / 1 , r c s p e t -

n \ e K . 1 h e \ . i r v ( k - n i i i e d h \ I , , ( \ \ , , [ , \ a r , , l W . I . / ' l i \\ . 1 , i t n d \ a r i ! \ \ _.!.

XiathcniaticalK,

x a r , , ( A / < , S , , )

\ ( i ! c i h a l i h c l a s i i e r i n K a i ^ i s i u ' s w h e n / ' | i s a ( . ( i n s l . t n l n r a r a

\ a r i . i h l c I d N o u irst i i h e ( . . \ l ! ( i I d e e i s i o n r u k ' w . v , . l>\ 11] K M S O ,

c o n d i i i i i n a l e x p c c i a t i o n ( i p c c t l n r s . nn< . ' o b

\ a r 4 ^ / ' A | • A / J / M ^ I ) / , . l v ; i r j l A / ) , ! S | - A / j / ' i S , ) )

• M i l , i l ' i ( A / ^ . S | - A f J ) ^ S i ) ) i I n

b u s \ ; ! r , , l \ \ j ) n ! , i \ b e e x p i e s s e d a s l o l l o w s .

varJU 0 /r\an,{A/|Sj

F o r ( l i e e a s e s nl. n o b e d ^ e ((>,, />^ ( ) ) a n d c o n s t a n t b e c l ^ e i w i l h

( ' ' , , / ' i - e l . e ( | . i \ 2 ' i i s c l i r e e l K ' a p p l K a b l e , \ \ h e n a p p K u i ^ t h e e r r o r -

e<>rr<.-i. l i o n h e d ) j , c , l h e e ( ] i i a l i o n i n a \ b e s i r i i p l i i i e d b e e a n s c / ; „ s a l i s -

l l c s i b e I n l k i w i n i i e u L i a E i o n : h ' - \ ; u \ , i l / ' i S , ) / ' , , e n \ , , i A h S ,, A P i S
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l f > h ] ^ 1 ). I h u s .

I i r K i i [ \ , ( . A R C I I l u ' t l ^ c f i i o o s t - s />] t o m i T i i n i l / c s \ i i r | ( A / ' j S | f

A I j / ' i S I }, r t ' s u l t i n ^ i n :

• \s il i ( ) n s c < | i K ' i u t \ ( i n c o h l . i i n s .

v . i r , , ( \ \ j l • / ; , - ; \ : n - , , ( A / | S , , ) l\,(h\\ari{M'2S\)) - x a r , , ( A ; > | S , )

-'- / " , , ( \ . i r | ( A / ' A | ) ) i \ a r , , ( / ' i ( A / ' j S i ^- A j ' _ , / ' i S i ) ) i I i h ' i

I n l l i j s l o r n u f l ; ) t i < H i , t l i t ' h c t i g i T . U k M i i p l s l o i i i i n i i i i i / r l l u ' t o i u i i -

t i d i i . t l \ . i r i n ! n c o l t h e LMKl-oi - jH-r iocI w c i i l l h I n s ( . ' < | i i t ' iH ia !K u[>i . !a t in ; j ,

i n l o r i D . t t i o i i i i i u i c h o o s i n « ; i h r h c t l ^ f r a t i o t h r r r l r o m . I h t ' o i ) j ( . ' c n \ c

f u n c l i o n , i n s p i t e o f , i l ! \Uv s i n i i l a r i U . is d i l T i T r n l f r o m \ a r , , l V \ 2 )

h c c a i i s i ' t h e l a t t e r is r o r u f r n o d w i t h t l u ' \ a r i a h i l i l \ o l f x p e c i c c l s e c o n d -

p e r i o d p r o l i l s i n a d d i I i o n l o o t h e r h i e t o r s . I o s e e t h i s , e i j . t I 2 ) is

e N i f t i i i n e d . IU t h e s e c j L i e n i i a l d e e i s i o n r i i k - . I ' j is e h o s e i t l o n u n i n i l / e

\ ; i r | i A ? ' j S | -*- A / j / ^ i S | ) . h,, Is e h o s e n l o n i i n i n i i / c / ' ^7 \a r , , ( A / i S , J -

2 / ' , , t ' o \ , , | A / I S , , . A ; 7 | S,, * A p _ . N | • A / " j / ' i S ; I j ; i \ e j i l h e o p l i n i a l / ' | . I h e

s i - ( ] i i e n t i a l o p t i j i i a l h e t l g e r a l i o s ( /?„, / ;] 1 d o n o t i n i i i i i i i i / e \ a r , , ( \ \ ) l

b e e . I u s e i h e i a s l t e r m \ a r , , ( i | ( A / ' A | - A /__>/'] S | ) is n o ! e o n s i d e r e d . < ) n

t h e o i h e r l i a i n K o n e e l e a r K e x p e c t s t h e ( . A R C M h e d g e t o d o m i n a t e l h e

t h e r s t r a t e g i e s i n t e r m s o l \ a r i ! V \ j ) . w h i e h i s s i n i p K t h e o n e - p e r i o d

h e d n j n * ^ p e r l o r m a n c e .

1 h e h e c l ^ i n j j , p e r i o r m a n t e is t a r r i e d o u l h \ . i s s t m i i n u i h a l t h e h e i l ^ c r

h o l d s H K ) u n i t s ( H ) , ( ) ( ) ( ) u n i t s i n t J i e J a p . i n e s e \ e i i m a r k e t ) o f s p o t

e \ e h a n ^ e i n t h e h e , i i i n n l n o ( S , , S | S_» H i O i . I h u s . [ h e a e t u u l

n u m h e r n l l u t u r e s e o n l r a e t s p u r e h a s e t i is ^ i \ e n I n t h e h e d ^ e r a l i o

i i m e s I O O ( I ( ) , 0 ( ) ( ) iii J a p a n e s e \ e n m a r k e l ) , l h e i n i t i a l u e a l l h is s e l

a t \\ ., 1 0 0 ^ ? , , . I a h i e s l \ M i l p r i ' s e n t e \ - a n t e h e d g i n g p e r i o r i i i a m e

c \ a l i i a t i t > n r e s u l l s f o r l ' i \ e m a j o r f o r e i g n e x e h a n g e m a r k e l s . T h e y a r e

r a i l i e r s i m i l a r a c r o s s a l l m a r k e t s t j u a l i l a t i x e U . W h e n c o m p a r i n g t h e

e o n d i t i o n a l s t a n d a r t ! d e \ i a t i o i i o l \ l . a t / "̂ I ( i . e . . o n e - n e r i o d h e d ' ^ ' i n u

p e r f o r m a n e e ) . t h e C A R C l l h e d ^ e d o m i n a t e s t h e o t h e r t h r e e h c d ^ i n ^

s t r a t e g i e s l o r a i l s a m p l e s e l e t . t i u i i , I h e n o h e c l g i n g s c e n a r i o is t h e w o r s l

o
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TABLE IX

\nlv Mi'iJi ' ifill P i r i o n i u i i K x ' C n i n p j r i s u n s , Mr i l t sh P n i n u l

15 43 ::..:5G ,̂ 1o5/
I5 -J6 Ib2 li? :?1-i(ib

21568
21562

2 995
' 2.ra

• 250
' 19B

215 66
21b 70

216 71

215G9
4 '31
1 361
'. 34b
2 ?34

•.:' b D /

2 967

5 230

2' 5 5'1
2' ;> 71

y 5 71
2 • ••> ( I B

4 120
' 537
• 325

1
1
1

1

5̂2

3

•

52
32
b2
52
4

1

I

Vo

OMl

;"i2f.

1 4
".1

'/

'74
451

43b

TABLE X

83 65
83 77
83 ''7
63 79
0 5:-|i
{1281
0 2/9
0 2G0

83 62
143 78
83 78
83 66
0 768
0 387
0 384 0 420
0 546 0 58(i

7 b
; •

0
t\

• ! '

75
/5
0
0

U8
'3
589
336
337
3! 8

08
08
Of)
817

4?3

63
S3
83
83
0
0
(j

0
83
83
83

68
77

78
80
560
294
298
278
61
78
79

83 68
f)
0
778
395

0,391
0 555
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TABLE XI
! .,\ \i!!i. ' MctiLi^inii Pfriorniancc (. (niip.irisoTis; (.I'miiin Mar

{ rtlcrui iicit^^iii^ Stiuti-'^} hi

!l)

(H

(111
(III)
fJV)

<T,.iW_.i (I)

HI)

(Illi
(IV)

. i lV,

TABLE XII
\-\ntc ilrtlj^iiig ['(.Tinrnianrc ( ornparison

Ill SiDiipl,' l't>-.i

51 17
51 09
51 09
51 09
0 830
0 247
0 24 7
O2'i1

51 20
5' 05
51 05
51 07
1 168
0 269
0 259
0 371

52 32
52 25
52 25
52.26
0 864

0419
0 421
0,376

52 30
52 16
52 16
52 19
1 215
0 429
0 430
0 569

51 18
51 09
51 09
51 09
0 841

0 286
0 267
0 272

51 21
51 04
51 04
51 07
1 184
0 297
0 297
0 415

t = (W:.i (1) 400 58 661 82 400 84
(II) 399 08 658.28 398 90
(Ml) 399 09 658 30 398 91
(!V| 399 31 658 71 399 19

<r-[W_,'\ (I) 10 667 !(),r41 !2 140
(ID 5 312 6 347 5 540
(Ml) 5 313 6 348 5,540
(IV) 5 602 6 K)9 5 286

£",.1W-! (I) 399 68 659 50 399 63
(II) 398 08 656 32 397 66
(Ilh 398 09 656 33 397,67
(IV) 39B31 656 78 397 94

'.r^AW;.' (h 13 888 22 360 15.952
(II) 5868 70U:. 6 124
(III) 5,882 7 04.-1 6 141
llV) 6,872 10 232 7 701

i! iW.] Mii' i,oriditionLii sI;-ird<iKi (lt'vi,i[K)n ol l-V <il .' 1
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T A B t E XIII

V - \ n t ( - H r i i j ^ i i i ^ I ' c r l i i r n i . i i i r c ( (> iu | ) ( ! i i sn i i s . S w i s s I r . u u
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i n k ' n i i e d l a l e r e s u l t i i u i i e a l e s i h a t is s e e m s i i n n e e t - s s a r v t o i n c l u d e e r r o r -
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( i n s t e a d ol a t o P i s t a n t K i h e c n t e r i o i i , t h e r e i o r c . is h i a s e d i n i a \ ( i r n l t h e
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t l uTc ln im. l l u ' tinu--(k-jKMulf!Kt' ol ' I ' l i iurcs prices, i l u '

ol spot pr icfs iiful coiul i l ioiKi l h^•U•|•o^l^cthlsli^iI\ arc all in ipor l i in l lor

i h f Rri l isi i poLiiul ,i\\(.\ Swiss IVaiK cases and parlialK important lor

ihc ( .crnuin MKII'L, japaiu-sc \ on . antl ( anadian dollar f.tsos. \ o t \ \ i t h -

staiul ini ; du- ht'ttcr siatistica! p<.'rlorniaiu t \ lUv lu'tl^Jn^ perlornunHC

ol l i u ' CiAlU I I hcdi^r is not hc-lier t luni thai ol th r constan! nr f r ror-

c orrccitnn hotliics. In sLiin. these I indln^s are eonsisteni w i lh Kroner .md

Snilan ( I ' ^ ' l l and M\ers ( 1 4') j i cxcepi when tlie hetl^er is extrenu'K

risk ,!\tTse. l \ post ciite?-i<i .ire noi lavorahie lo (.AP.C'i! lunKĵ es at all.

APFIM)IX

PmoJ (if Pi-«}p(isili<)n ]: L sin;^ haekward i n d i i t t i o n , eons i i i e r the hed^ in j ^

p r o b l e m al t i m e ( - k whe re o p t i m a l hedge ra l ios l o r I n t n r e per iods

Ih • I -/•>/,- J '^ / 1 ai'C a l l de r i ved . 1 h r r isk l o r ! he he t i ^er is

\ a r ; . . ( \ \ , I \.u-i,iSiAlpi.. , | ~ /)/, A /"/, , | )

-• 2/';;e-o\;.( A / /; . i . S/;A|'/, . |

f ;
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( k •

\ \here /*/, is the residua! ierm. i iulepeiident ol h\.. L sing Bcthrnsiedl ami

1. ihe lii l low i l l ' ' ohtams:

w h e r e I'lA-} is t he eon( ! i i i ( )na l eKpeeta t ion ope ra to r w i l h t he e o n d l t i o n i i i g

set be ing the i n r o r m a t i o n ava i lab le at t i m e k; a lso l o r a g iven raru ion t

var iab le X.Si^i.X) \ l'.j,.{\). \]\ a s s i n i i p t i o n . S, is genera te t l I n an

exogenous proeess an t l h e n c e l o r l b eo\j,( A /(<• i , S , ) - - { ) . \ l o r e o \ e r .
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sa l is i ic^s ( h r l o l l o w i n g r e e n r s i \ e r e l a t i o n :

eo\/ ,{Api, . | , A /•;, j)

( A A )

of P r o p i i s i i u n i 2 . i r o m c ' < | s . i 4 5 H i u i I S i , i t c a n h e s h o w n :

/ I , A p _ > ) I ; O \ , , ( K J i , r t ^ ? ' ] " / 5 1 A | ' ] • y i A / ^ ' r i j )

M s o , l>\ r . o h r n s h - t l t anil ( . o l d b e r g e r

e o v , , ( A / i . H | A / ' , ) I J / ^ | ) e o v , ( A h . A / " : ) - / . , ( A / " > ) e o \ , , ( A / i . / J , )

• I , , (<^,(A/ , ) rS, , ( fS, l r^ , (A /"_>)) ! V . )

H e r e i n f^i,.! \ f \ / ,,l \ I i n r a n \ g i \ e n r a n d o m \a r i ab i e \ , M o r e

spee i l i ea lK .

< i , ( A / " | l F j i : i A 7 )
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S i n e e K_>J a n d /-:

v \ r i l t e n as :

a r e u n e o r r e l a t e d w i t h K_>J. t b e las t l e r m i n ec^. ( A ( ) ) m a v he

72)1

On tbe cither hantl. eo\,,( A / | . ' > i

and (6),

/ • • , , ( r _ > | / J ] ) . I rom etj.

A l O l
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