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d i r e t l i o n ; i b a l is, it p ro l i t s on the lon^; posi l i * )n aeer i ie at a lasEer ra le

(ban on the short p o s i t i o n , or I bat I he net p ro l i t on I he c o m h i r u ' d

p o s i t i o n is pos i t i ve .

! h is a r t i c l e ex j i e r i n ien ts \\ i th i h r e e a l t e rna t i ve de l i n i l ions ol

i h e go id s i lver s j i read . In t he t i rs f . a l i i s i o r i f a l l i m e scr ies ol I he

spread is gene ra ted I r o m a Unj, log reoressi t in i i l 540k] on s i K c r

pr ices , and is re l e r red to as the " n n e o n s t r a i i u ' d " ^rold s i k e r spread.

In the s c e o n d . t he s i m p l e l a t i o o l h i s to r i ca l ^ o k l - t o - s i l \ c r price's

is uset l as t l ie spread scr ies, a m i is ixHcrrcd to in th is a r t i c le as

the "const ra incc i * ' ^ o l d s ih cr spread, i h is ra t io h.is i racHt iona lK

hec i i t i a m e d the ,uokl s i k c r p.iritN | M a ( I '•'SS H, ant i is n n l i k e h

to he the best me. isure ol the " I r i i c " pric-e re kit ion be tween i b c

t w o p r e i i u n s rne ia ls , i i rdess one is \ \ i l l i fu4 to ass i ime , a [pr ior i , i b a l

t l u ' {wo meta ls are p c r l c e t K s u h s t i f n t . i h k ' aeeordinc; to a fac to r of

p rop i i r t i o n ; d i t \ . In I 'sscnci ' , d e i i n e d as s u c h , i b e par i t y , w h i c h is

taken to be a j>r( i \ \ n ie i i s i i re oi the s|>!\-ad, w o n k ! b a \ e a hasie

propel" ! \ . t h a i ol ec iu i - p ropo t t i ona l i t x l i d w e e n t^okl ant ! s i lver prk ' i -s

i t ha t is, t ha i tht.- lono r n n s lope in a \(>'^ low reurcss ion is u n i t ) ,

and the I n t e r t c p t is ze ro ' , l ieeause siaEisi i t a l i n le renees ab(!ut these

pa rame t i ' r s are p r o h l e m a t i t il t l ie k ' \e!s r e p r e s e n i a t i o n ol the pa r i t \

eon ta ins a n in t root - it is e v t r e i n e k i l i l l i c u l t to \ e r i ! \ w l i i i h c r those

pa rame te r restr i i . t io i \s are , i i u k ' e d , \ . i l i ( l - M o r e spec if it. a l k , a s taru lard

/ !esi is i i iap j>ropr i i i t c lu 'eause the u i K o n d i t i o n a i \ a r i a f H e n i the

pa r i ! \ is in l i n i t c ( inder i b e n u i l o l j un i t root- I b e r e l n r c , it is

readiK apparen t that Uie i m c n i i s t r a i n e d ,!J,old s i k e r spread and tbe

( t ' ons t ra ined^ uok ! s i k e r pa r i t \ d iMer in t in t ! tbe la t le i ' is .i speeia l

ease ol i b e lo rnu- r , i lecaisse ol skep t i c i sm aho i i l the \ a h i c ol i n i p o s i i i g

sucb a s s u m p t i o n s , a l t i ' r n a l i \ c d e f i n i t i o n s ol sbc spre.Kl aw e m p l o \ c d .

I b i i ' d , beei iuse a uok l s i k e r spread series o b t a i n e d I rorn b is to r i i .a l

Ing log re j i rcss inns ol go ld n n s i h e r pr ices vu i i i l d r io l nceessa r i k

he idenSii al to th<' r e e i p r i n a l ol a s iher ' gok l spreat l series ohtal lUHl

I r o m a reversf,' log lo i i regress ion o! silver on go ld p r ices , a t h i r d

spread s<'ries is e o n s i r n e t e d ant I is r c h ' r r e d to as (he " i rn t o n s t r a i n c i l

sd \e r g o k i spren ik

\ t issue in th is . i r t i i l c is w l u i b e r ' an eeotHnneh' i t mnde i t b a l is

i .of is is tent w i t h the e i r i j ) i r i t a l r c g u k n i t i c s in the d,!ta i;an hv s inui latet. !

l o r w a r d on a p i - r io t l ie basis to gent ra(e p r i ' d i t t i o r i s u p o n wl i i f^h .( i r a d i n g

p o s i t i o n in i h e pi ee ions me ia l s spi-ead can he es tab l i shed lo seen re

an arhiJrage p r o f i i . In p r i n c i p l e , a test fo r a r ln t rage p ro l i t s s b o n i d

be t a r r i e d out c \ an te . I h e reason is t l ia t w l ia t appears f \ post as

arb i t rage p r o l i t o p p o r t u n i t i e s is not neeessar i k a gnaranteei. ] e \ - , m l c
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e x p l o i t a b l e p r o l i t o p p o i t r i n i t \ , l o r p r i e t ^ s a l l l u ^ n ( ^ \ i a v a i l a b l e t r a n s i K t i o i i

m . i v r n o \ e u n h u i t r a l i K t o i h c w o n k l h e ar b i t r a g e t i r , " l i i M a r b i t r a g e

i n x o l \ i i } i 4 i b c <^(ik! s d v e r s p r e a d m a v i n v o l v e l e s s r i s k t i t a n s p e e t i k r t i n u

' r i s k , n " h i t r a g i n g ! o n t h e I n t u r " e j->r i e e o l e a c h r i i e t . i l I a k e n s c p a r a l e l v . 1 h i s

\ \ o n f ( . i h > i i o v \ I r o m i h e f a c t t h a t i b e v a r i a n c e n i p r i c e t . h a n g e s o j a l i i i e a r

( o r i i h m a ! i o r i nl l o n g a n d s h o r t p o s i t i o n s \i\ t i n - p r e t i o u s m e t a K w o i r l d

b e r e d u c c t i a s a r e s n i i o i p o s i t i v e e n r r e l a t i o i i b e t w e e n t b e p r i c e o i g o k i

a n d t b e p r i e c o l s i h e r , I h c s t r o n u c r t h e p o s i t i v e c o r r c k i l i o n , t h e l o w e r

t h e v a r ' i , i n ' . e o | d i e e o i n h i ! i c < i p o s i t i o n , '

h i t h i s a r t i i i i ; , , i n o - , i r b i ! r , ! g e m o d e l o l t h < ' i a i r t l u ' o r e t i c . i l v a i n c

e s t i m a t e o l d i e g o k l s j k e r I n t i i r e s s p r e a d is p r e s e n t e d , ( h i s m o t i c l is

,! s i i i i p f e c v t e n s r o n o f t b e b a s i i n o a r b i t r a g e e o s t - o ! - t a r ! ' \ i i i o d e ! l o r

p r i c i n g i n t u r c s i f o i \ \ a r d s v o n l r a s t s o n s t o r a b l e c o m n i o i f i U c s w i d i i n a

p a r t i a l c i j u i l i b r i u m i r a i n c w o r k . I h c i n o t l c l c o u r i e c t s t h e l u t n r < ' ^ l e v e l

o f t b e s p r e a t ! ! o r e l i a n g i ' s d i e r e i n ' ' \v i t h ! b e c a s h n u n k e ! l e v e l i OT-

e b a r i g c s t l i e r e i r i L 11 i n s p l i e s t l i a L i n p i ' r i c c t l v f i i n c l i o n m g ( n a r k e l s , t h e r e

s b o n l d \>v e u r n p k - U ' s i i n n h a n e i t v b e t w e e n t h e i n l n r c s a i u ! v a s h s j n t a t i s

s o t h a t n e w [ n l n r i i i a l i o n d i s s e m i n a t i n g i n t < i t h e m a r " k c t p l a c e v \ i l l i>e

i i n i n e d i a f c i v r i ' i l e c i e d i n t h e c a s h a n d l u l u r ( s p i " i i , c s o j e a c l i n u i a l > a n d

a e e o r d i n g l v i n t o d i e i a s f i a n d I n t u r f s s p r e . t t i s :. I l o w e v e r , o v \ i n g I o l o w e r

e o s t s o l ( i M n s a t t i n g is ! f i r U f r e s r n a r i s e t s ( b a r s e a s h m a r k e t s , i n c r e a s e d

i i n a n c i a l l e v e r a g e o p p o r i u n r h s - s , .MM} e a s e o l s b o r t s e l l i r s g , f u l u r e s m a r k e t

p a r M s i [ i a n i s m a v h e s i t i i a t e d i n r i . ' s p o n d t n n e w s a l i e c t i f l g p r c t i o u s

m e t a Is p r i i e s i n a m o r e dv n a m i e i a s h i o n . l i e * a u s e i i i t h i s i m j i c r l c c t

s n l s s h t n L i f i i ! i ! \ o i ( a s f i a r u ! f U U U H - S m a r k e t s . t r , i d i r ! g bv i n i o r m a t i o n i a r s d

n o i s e ' -.wn f )e u n d e r t a k e n m o r e I r c i j i i e n l i v m t b e h ) t n ! ' c s i n a r k t ^ t t l i a n

is p o s s i b k ' i n t h e c a s h r n a r • i ^ e ! . h i t u r n , i n t u r e s p r i e e s m a v m o v e l i r " s ! .

i n l l o v M ' d hv c a s l i n r a r k e t p f i i . e s , l i u l e e d , t h e s e >ivv s o m e o f t l u - a r ' g n i n c n t s

p r o v i d e d ! o [ u s l i K ( h i ' i m p o r U n u ' e o i t i i e p r i c e d i s c o v e r v r o l e s e i - v < ' d l )v

l i i t u r e s n s a r k e l s I l i i s ( i i f S c r e n t n d spe i . ' < l o l r x ' s p o n s e o i s i i c t w o ( i i a r k e t s

w o n i d n i 1 u n i u i v e r i s e i o a k ' . u l ! a ^ s( r n c U n ' c t h . H i s ] i r f d ( m n r i i a n i iv

i n l I n e n i ^ i l bv I f i e d i f f e r e n t i n s U t u t f o n n i e l u i r . f i . ~ l e r i s t ic s o ! h o t b m a r l v i ' t s ;

O f , a h e n i i i i i \ e [ \ , l ) \ t i i c e x t e - n l o | d i f f e r e n t i a l m a r k e t i m p e r h ' c h n n s i n

i > o t i i t h e t a s [ i a n d l u l n i e s n s a r k c t s , \ s t r o u g e r ' l e a d i r o j i i c a s h - t o d U! n r ' e s

is n o L i i n w e v e r , i n c o m e i \ a l i k ' , ! o i - t a s ! i p r i c e s '• ,i\n\ 1 l i e i r ' res c n l c i i a n g e s ̂

r e p r e s e n t p a n o | t h e i n b i r n i a U o n s e l fs--cil hv f n u n e s l r ' a i i i . ' r s . C f s a n i i ^ e s
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in ca^ll prii-es ina\ sLihsfqik'nl ly induce chiin^es in iu lurcs prices, i lu is

^ i \ i ng rise to a lciu!enc\ ol i i i l i i res price changes So la^ price chanj^es

in ihe eash iiiarkeS. I hcsc t iming issues are l i i i idamenialK em[)irical.

\ eenlr.i l I c t tu re ol this stii(!\'s attempt to model t lu ' goltl siK'cr

cash .int! liitLiri's spreads is a presi i i i i j t t inn thai i\\v condi t ioning in-

h)rniat ioi i set used h\ ec onomicalK rational iradcrs (o lorni optinul l

condit ional loreeasls nl the a l ternat i \e i \ t lel lned ^;old siKer cash anci

hi lures spreads inclutles not on!\ historical clianji;es in the iulnres spread

hut also hislorieal ch;niges in ihe lash market spread. I urtherniore, if

tiie precious metals eash and !ntin"es markets dvv inter-hnkc'tl h\ the

lorccs ol arhilrage. as the\ should he in a reasonahK ei l icient ni i i rkei,

an\ t l i \ergenee hetween the actual ant! the l l ieoretiealK lair \alue ol

the spread shoukl e\hihi t i i iean-re\er! ing heh.i\ ior. which is addit ional

in iormal ion that is uselu! hir hirei 'asting purposes, I his stucU should

iherelori.' pro\ ide resuiis thai extend t lu ' previonsh reported e\i(k'nce

on the potential ior daih prni i iahle arbitrage in ihe precious metals

markels,

1 his sli itK uses relati\eK new statistical k'ehnit|ues to in\estii;ate

ihe intertempora! heha\ lor and precHclahilitv o! the gold siher eash and

liHtires sjireatls. Several methotloloj^ieal issues are addressetl. Ihe l irsi

issue concerns the i i i tegration [iroperlies ol ihe <.lata, Xhirc spcci l icalK.

stationarit} tests are condueteti lor each o! (he ihrec spreati series.

Statioriaritv tests .ire ol partu ukir importance lor at leasl two reasons:

(i ! ihe statistical theorv undeTivIng modiMii tinie serii's analysis relies i»n

the assumption ol t oNariani'e slal ionarity, an assumption that is, more

f)lt<'n than nol , haind io be \ iokUetl in man\ l inaneial aTid ecoTiomie t ime

series; and (ii) stal ionari t \ is a rei|tiireTnent wi th important motlel ing ITU-

plieations when sohiiij;i lor e\[)ei.ie(.i \alues untler ratifHial exjiectations.

\ laikire to aceoimt lor stochastic trends in t lu ' data risks inisspeciK ing

!h<- niodei, eaii serioiisk aliect fhe esiiniatetl dyTianiies, and has eritical

implications lor lorecastingJ

A seeomi issue, which is closeU related to the first, is whetl ier

the gold siher cash and lui i i res spreads are (oi iUegraled, w hich is

atldressed using !eehiiii.ji!<.'s thai are now laini i iar Irom (he theor\ ot

cointegraled j)roeessi's ol l.ngle and dranger i l ' ' S " ! . I his is important

hetause, il the tv\o spreads ai"e cointegraled, tlu'i'e is a stalisiical

payof! I rom (.•mj>!o\ i i ig a hro.ider infornuit ion set th.it ini. hides noi

s M l , ( 1 l i l t s f c n i i " - . l i n l l u i S i l ! l l C ' . C - i i : l : \ j < i . A l i \ V i . i ' . H l J J , ! ! . I f u l \ r \ v i s i ) l l l s I ••* - 1

s p i n i n i i s r r i ; i i • • . > , ) i s j ! p l u ' K i i t U i ! n M i i s n i i d n i U ' i i
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in r c . i l i / a ! i o n s D I i h c l a s h a m i h i i u r c s s p r o a t K h u l ; !K< i .

p u t t ' i i t i a l K , ( h i ; h i s i o r i c a l n u ' a n r s . ' \ c r i i n t i t f r n l t ' i i c i t ' s c r t M t C f ! I n t h e

i o r i H ' s (s! j r h i f r a i ^ c sn t\ic p i x n i u E i s n i o l a U t . i s h a i u i l i i l u r o s n s a f k c l s .

M t h o u ^ h e a c h s tTJ rs t a k e r ! i r u l K i d i i a l K n i j \ I K - a n ia run tJ iH l

a i u p a i r o l c o i n k ' g r a t c d s c r i f s ( ! ia \ be so r r l a t c i l t h a t l l u '

s c r i e s w i l l i n i ! t l r i l t u i l i n i t e K a p a r t ( i \ e r l i n i e . a f u i a l i n e a r

r n a \ p r n \ e I n h e h i r c e a s i a l t l e . ( i ) n s c i . | i K ' ! U K , a l i i u l i n i i o l

amon ; : ^ t h e i a s h a n d t i i t u r e s s p t e a d s w o u l d h a \ i ' i n i | i o r ! a n l i o n s e t j u e n e e s

l o r l\]v p r o p t ' r s p c c i i i c a i i o n And s l a l i s t l t a l t e s l i i i g p r i ) e e ( h i r e s U) < ' !np i ( ! \

w h e n ^ l o d ^ . ' l i i i ^ i h e t a s h <ind I l i t i i r es s p r e a d s e r i e s . \ \ h e n a i o r e e a s t in^ i

m o d e l is u s e i i t o p n i j e e t sue h t i m e s e r i e s , a \ f » t o r a u t o r e j ^ r e s s i v v

i i i cu le i i n d i l l e r t a i e e s is i n a p p r o p r i . i t e h e e a u s c t h i s n i n d c l w i l l snHi.M"

i n i s s p e * i l i i , a t i o n , .in\ p o f e n l i a l K i n i p o r i . i n t l o n i i r u n r e l a l i o n he t \ ^ .«Tn

! h e \ a r i a h [ e s w i l l h e o h s L i i r c d , a n d I n r e e a s t s i i l t h e c o m p o n e n t s e r i e s

w i l l l i i v e r u e . I I ( . u i n t i ' i s r a f i u n is a d i n i t t e t l , ( h i ' s o - t a i l e i l \ ' t ' t t o r e r r o r

i.nr["ei. t i o n l o i n u i l a t i n n e a n ise e s h n i a t e d l o r t h e t a s h a n t l l u U i r e s s j i r e a t l

.\»i\ i t e r a t e d l o r \ \ a r i l o n <i p e r i n t i i ( - has i s t u g e n e r a t e n u i l l i s t e p io re t . - ; i s is

o l she t h a n i ^ e ^ i n [ h e s p r e a d s , u s i n g a l l pas t t i a t a p r i o r f u e a c h l o r e -

e a s! o r i g i n .

\ t h i r d i s s u e p r r t . i i r ^ s [o th< ' t e m p o r a l h e h a \ i o r o i t h e l o r e e a s t f i i ' j ,

i i i o t l e l s p a r a i i U ' U M s . S i f u - e h u e i a s t s a r c n i a d e l a i i u l i t i o n a l o n t h e r s t i -

r n . i l e J p a r a m e t e r s , l l i e p r e c i s i o n o l t h e l o r i . ' c a s t s w i l l he g o \ e r i i e d i n

p a r l \i\ l i u - e v t e l U t o v U u i ' h i h e p o v U i l . n e i ! l > e h a \ i o r i>\ t h e l o r e e a s t i n g

inndi . - l s p a r a n i e l e r s ( o n K i c l e s w i t h i h e o h s e r M ' t l r i i o v e m e n i s i n t i i e s e

p a r a n u i e r s - S i n e e d i t re is n o i h e n r e l i e a i r a t i o n a l e t o p i - e s i i m e t h a t m a r -

ke t pa r t i i i p a i i t s [ e a e i i o n ! u n i t i u i ! s a r e t e m p o r a l K h s e c l . a hnxH'ast in<4

n i i u l e l \M\\\ t i m e \ a r \ i n > z p a r a n i e l e r s i | \ P i is a l s o e s l i n i a t e d , a n d t h e

a e e i i r a e v ot i ts i o r e c a s t s is I ' o m p a i e d w i l i i shat o l i o r e e a s t s g e n e r ' a U ' d 1 A

a i i x i ' d f o e l i i e i e n t 11 ( ! i o r e e . i s i m o d e l , I h e p e r l o r m a n e e o l i h e a r h i l r a g e

s t r a t e i ; \ is t i u ' t i i ; sH ! !pa red tor' [>o[h n !od i , ' i s ,

h IS t o r n u l i h a f ! i a d i n ; i r e s u l t s ari.^ l i k e K i n he s e n s i t ! \ e !o t h e

p a r i i i . itiar- d e l i n i t i o r s o i H i e s p r e a d - M e s u i t s I r o i n a \ . t r i e t \ o i s t a l i s t i t a l

t es t s s i t g g e s i i r e a i i r ^ g t h e l o u a r i t h m o l i ; aeh s j n e a t i s e r i e s as t h e s u m

ot a p e r r n a n t a i t t o n i p o r i e i K . m i l a s ! , inonar"N m e a n r e \ e i 1 i n g t r a n s i t o r \

p r e d i e t a h k ' e o n i p o n e n i w i t h i r i ,\n i.'rr'or e o r r e c t i o n I r . s i n e w o r k , I rat l in i ; ; ;

[ ) r n l i t s t h a t ar"e p o s i t i v t / o n a [ > r e - ! r \ n t s , K ' l i o n s f o s l Isasis h<;t. 'orni ' l osses

o n a p n s l - t r ' a n s a e t K i l l s eosf has i s H i h e a s s n i n s ' d \v\v\ i>l U ' a n s a i U ( ! n s

i. 'osis in t h e e a s h a r i d f u t u r e s i n j r k e l s s u r p a s s e s a h r e a k e \ ! ' n l e \ e i nl

a[>oi i t "̂  o n H ie e o m h i n e d g i f i d ani, l s s K e r pos j? i (H is U ' o r i ' e s p i i n d i n g t o

a n a v e r a g e p e r e e n t a g e kn-~i o( . s r o u u i l iKO.^ '^ o i t h e i n san i j> ie m e a n

s i ] \ e i - p i i e e s ; , i r a d i n ; ^ r e s u l t s arx' o i ) ! a i n e d i r i i i n i t e r a i i v e K
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reestinial ing approj ir ialek' speeilied error-eorreelion models (ner a hold-

oil I Irat,lins4 sample ol ahoul lour \(.'ars in length. ! o lat i l i tale reasonable

eomparahil i t) wi t l i earlier stutiies, u \ar ie t \ ol simple mo\ ing axx-i-aMj.-

i rading rules are also introducett. \ ! ( ) \ i ng axera^^e tradisi;^ results iiulieate

thai if the moving average rules are predicaled on ihe "levels" oi the

spreati series (eoristrained ami i iru onstrained. and wi th and wi lhouf a

neutral hand), extreme losses are reali/etl o\'er the hold-oul sample,

a l in i l ing ihal is harclK surprising givefi ihe non-siai ionar) t ha ra i t e r

ol the enij j i r ical distr ihutions oi the le\els <»l th i ' spn-ad. A<iditionalK,

j | the ino\ ing average rules are applied to the llrst di l lereneed series

(ll the eonstrained spread, and regardless ol ihe width ol ihe i iei i i ral

hand, extreme losses are sii l i real i /ei l . a result which reiieets on the

repercussions ol imposing poientlalK spurious eoellieierU reslrietlons on

iho i>i\ariate <iislrihution ol gold aiui siKer Uash and luiures) pri tes. On

ihe otiuM" hand, en ip lo \h ig the mo\ ing average rule on the diliereisectl

series ol l l ie unconstrained spread \ \v\i\s prol i is lor the w ider- hut

not the narrouer-baiul ahernal i \es ol the trading rule. ! ur thermore,

these prol i is appe.ir to he "excess" prol i ts In ihe sense that lhe\ cio not

ineri'K i"epresent compensation lor s\stematie risk inherent in the sj)read

position. In lact. any risk si'cins to he totalK divfrs i l lahie w i lh in a stock

index port io l io eontexl. I lowever. transactions costs shouki he carelulK

considcrei-i bi' iore sucli strategies t an be implemcnlet l .

l l i e riMii.iiniler ol the article is organized as iollows. I irs!. a briei

re\ iew ol relaied rescMrch is presenied. lol lowed In a riioilel l ink ing

the iutures Ami e.ish gold silver spreads under the assumptions oi no

transaeiioris eosts and no iaxes. then the .irticle hriellv revievvs the

integration and eolntegration tests used in the s tud\ , aiui pursues the

lor inulal ior i ol an ajiprojir iate lorct . is t ing motiek and then deserihes the

data, the lorecasiing strategv. and tlie simulated trading slrategv. I inalK .

the results are presented, and a sumniarv o! ihe- inaior l i iui ings.

RF\ II vv or piu VIOLS sruori s

Several ear l ie r s tm l ies i iave e x a m i n e d tbe pro l i ta l t i l i l v ol a rb i l r agc t r a i l i n g

i n v o l v i n g the pret . ions me ia l s . M a i! '-)SS) examine t l the po te iU ia ! l o r

arb i t i 'age p ro i i t s i i o f n sp rea t l i ug h e i w c e n gok ! a m i si lver t a s b pr ices

betwet.*!! h*~2 a n d 1984 , L s i n g d . i i l \ 1 o i u l o n a l l e r n o o n l l v i i i g p r i ce

i j u o l e s h)i" gok ! and s ihx ' r . the .ml hor assun i cd a s ta t ionarv autoregressiv e

process ol o ix ler ijii) In r the gok l s iKe r eash p a r i l \ i o r (ons i i -a tned

spread) w b i e h was inve r ted (o i ls moA ing average r e p r e s e n t a t i o n . L s ing

al ternat i \ i_ ' lag spec i l i c a t i o n s ol a m o v i n g average iDodel , an ex-ante
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cq tMl i l ) r in f i i p; t r i t \ u; is g c i u ' r a l f t l And c n m p a r e d Io t he i i i r r i ' i i i a c l i i n !

p a r l i \ \c\c\. As ionij , as } l u ' ac tua l pa r i t \ i c i l w i i l i i i i sonu ' posSulatot l

c o i i l i d o r K t ' ho i i ru ls aro iMul the ()rt. ' t l icti ' t l p . i r i U . no I r a d i n ^ a<t i ( in \ \ ; is

t t j u u f r r d . i l i h c c u r r e n t p a ( i t \ pc net ra ted e i t h e r t l i c uppe r or i h e

lower h o u n d , an a p p r o p r i a l e t r a d i n g i i c t i o n that i i i v o K e d l n i \ i n j i Ehe

u( i ( ie rp r icc ( i i i i c t a ! . m d se l l i ng i h e i n e r j i r i c e t l n ieUi l was ir lg|^erccl. \h

per tur l f in< i the u i d i h ol i h c c n i i l i d t ' u c e i n ( e r \ a l M n i n i b c r nl s i auda r t i

( lev ia l ions i i n i u n d the ex -an ic p a r i i y l and t he n i o x i n ^ a\eraij,e o rde r .

M a t i e tec fcd e\-LnUt' . irhilra^^c p ro ! is n p p o r U n i i i i e s . \\ h ieh \ \ e re d i e t i

JutLTpreteci as evKlencc ol \ \ < \ i k - ! n r m ine f i i ( acuc \ . M a a m l Soenen

U'-)8S) r ep l i ca l ed (he ear l ie r s t inK u s i n j ; t la iK C O M I X fu tu res pr ices

l i)r ^ o k l amf s iKe i I r o i n l * )~6- l ' ) 8 6 . S i g n i t i c a i i t a rb i t rage p r o l i i s were

l o u r u i I ro i t i spreac l in j ; the oo ld s iKe r l i i t n r e s j ia r i t ) ' on a daiK hasis.

M o n r o e af id C o h n i|'-)S{!> evamineci i h e p r i e i n ^ e l f ic ie i ieN i>\ i h e

gnk l I u tn res n ia rke i ceLi i ixc Io 1 he i reasnr \ h i i l l uU i r i ' s n ia rke t h\

h ) r i n u l a t i n ^ an i n i r a e o i i i n s o d i n sp iead in s^olJ Infui -es c n u p k ' d w i l h a

pDsJlinn in 1 - h i i ! l u t u r e s , I o t he e M e n ! t h a i pr ices h>r d i l Ie rent dehu* r \

dates 1)11 the ,uokl c o i i i r a c i s h u u k l r e l k ' t l some in te res i rate i ha l is

ck)se[\ re la ted t n i h e I h i l l i.tii.' 'as a measu re oi she oppu rU in i t x eosl ol

s to r i ng ^ n k l ) . go ld i u l i i r e s pr ices s h n n k ! e \h i i ) ! t a we l l -de l in i , ' d r e k i t i n n

w i l h i h i l l t u l u r e s pr ices in ( H j u i l i l i r i u i n . 1 he a u l h o r s c l e m o n s t r a l r d tha i

p o t c n t i a i a rh t l rage p r o l i i s e o u k i he ina i le h\ us i ng ( r a d i n g ruk 's itsal

e \ p k i i l o h s e r u ' t ! t l i s e q u i l i l x i a ni i h e guk i ,ti-n\ \-\n\\ lLitiir<>s rnarke ls ,

A re la te i l s t tn lv , alf I m u g h it does i i n l <.li ieell\ address i h i ' gnJti s iUer

s[)rea(l i r a d i n g issue, is i j i a l oi ( i i .n i And M m i n t a i n i l O s S s . ! he a u -

l ho rs exan i i ned ihe I'elal io i i sh i p h e l w e t n t he go ld and s i h e r tMsh

marke ts us ing \ \ e e k l \ p r i i e s h)r gok l aTid s i h e r ( j no ied in I n r i i n l o

I r o m I'-JSO h ' S s , \ s s t n i i l n g an a d a p t i \ e expec la l i o i i s l i \ )mo \M) rk , i h c \

es t i i na ied an une i i ns i ra i s ied \ e i tor au toregress ive nio(.k'l Ui i de f i t iK

eansa l iU and p red i ch ih i l i t x ol j^okl And s i h i . T v a s h pr ices . I h<-ir resul ts

i i u l i ea le nut o n ! \ a s i m u l l a n c o u s re la t i on h e i w e e n p r i ce *. i ian^es in i h e

go ld arui s i ! \ e r eash rnarke ls hut also tha i a h'edhaeiv causal r e l a h o n s h i p

r td iahK ex is ted , i n i ph i r sg s o n i r l o r e t . a s l a h i l i u nf suhse( |nen i p i e t i t i u s

inc ia ls prK es.

A sUuK tha i e x a m i n e d ih i * I c i n p u r a l h c h a \ i o r ol p n c e i n o \ c m e i U s

in I he spo? arid ! u! ures m a r k r t s icjr gok l au<l s iKer , as ^U'll as o! her

s lo rah l c (.•oniinndtt ies, is [ha i ol (.af bade a n d S i lher i l ' - ' S ^ i . I he\

p roposed a s n j i n h a n e o u s (!\ na t i i i c n iode i in the spir-t! oj a h i \ a r ia te

vec to r auSoregri 'ssive n!o(k' l in w h i c h (he i n t e r i ' c l a l i o i t s h i p h c t w c e n sj io!

a iu l 1 i i i u res p r i i r s de [sends on the ehis l icHv o f suppK ot" a rb i t raue

c a p i l a k I h e SU[) | ) IN e i . i s i u ' i u n'l a!'hi[|-age c j p i l a l \ \as ni I n r n p r c s n i n e d
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tn IK- constraincti b\ nuirkt't ins|>('rlf(.Tii)ns. VV'lifn ti it ' . i t i lhors

( O M I A iuUires opei i in^ pr icts loi" t;okl aiicl siKtT wi th ihci r cash

n ia rk f l countcrparls. ihe cash markets appeared In he ihe loctis of

prlee diseo\ery. On tl ie other haiuL when C O M I \ t l os in^ prices were

compared wi th eash market prices tlie reverse v\as ohserved,

I H t iMODliL

The rhoorelical price UeUition

In the ahsence ol transaelions costs and la\es, a no-arhitrage rekilion

hnkinu liilLires Io cash prices ol storahie commodities is the lainiiiar

eosi ol earr\ model.^ I his nioilel. wlien e'listoini/ed Io price lutures

eontraefs ()n ^^old ami silver, yiekls;

where / ,̂ j and (.',., arc, respci. i ivelw the l i i lures and eash prices lor

uold 11 noted at (, and h., , and ( \ , are. sini i larK, I nf tires and eash

priees lor slKer qi iolet l at /. Ihe exponents i; and s are, rcspecl i \e! \ .

eonl ini io i isK e'ompoundcd net marf^inal carrsing costs ol siorin^j; ĵ̂ old

am! silver i rom l lu ' present, /, to some It i ture deliver) date, / , so tliat

I / is EJie i jnie reinainiii<i to expiration ol caeh lutLires contract.

IIK' net niar|;iinai costs ol carry. <j, .nui s. t onsis l ol the lollovv ino

tonipoiK'nIs l i i idcr I IK ' assumpiioti thai each compotienl is paid out

.i\ .1 known and constant coutinuouslv comjx iundct l rale: M! a marginal

oui la\ lor storage and insurance, iii'i a mar)i,inai inierest eost rellectin^i

the opporiunitv cost ol owning a non - interest-hearing stock ol 5;old or

siher raihcr than altern.itivc interesi hearin^^, assets, and t i i i i a marginal

eonveniencc vield represi-nl ing (IK- inonelarv value ac t i i i i ng I rom. lor

evampic, axoitl i i ig eosik ehanges in protluction sclu-dules and piitensial

loss ol sales arising i rom possihte slH)rlages oi the precious nu ia l on

IKHUI. ' ' In suL'h Iricl ionless markels. ari>ilrage proiits arist' wltencvi'r

\ s < i r i ; l i r i ! \i\ '• • A l i ' t A t h . H i l l S i l l i M I ' l ' ^ J , L h r i i j s l n l L . i l i v i l l i t d f . ' l n l f ' i ^ i i i h h r n d l i n n i i l i i l i . i m '

I ! ! l U t i ' N | M i ( l ' ^ ] • - J l l U i 11 t t l u t C J | l [ H n j M t . t i C I M i |! [ !. i l U i 1 i ' I *"' ! f l ^ l u l u r c - i ( i n l : , i l 1 •.. . I l l p r i \ i r . i i S M i l t . i l s .

i n I o n ! | > , i i ! • ! ! [ ! I ' j i s i h i ( s t i i r . i i i i i ' I n n i n n H l i I i ' s h . r .1 i ir,i't\ n l I L M M I H ' - I ( ! . . ! , ! r , i r ! - , . i ( I i n n - , , i ! i i l - . ( i M . i i ^ f

I n . t ' - 11 I f j i t r ' l N i l ! - . 111! L i l v . ] ! r ' H ' i l i ! \ f U k n \ v i h e l l < ( J U i j i . i ' c i i ! i 1 n ! h . f 1 i i i n i m j d i t 11 > S < ^ 1 n y i p f ! M n u . ^

n i i ' L i i v I i n l i i . i M s t i \ M i l d S I I M H , M u i d I l u H I N f s u i i h U s - , [ t s ' l r r n ' ^ i - ; n ' h \ s n i h c J f l i v f . i h l f i j r . u i i

) h , i ! t - . i n I n i i M ' i i L u s . i L l s t ' , .1 . , h n l ! h l l u t r ^ [ ^ ' l ^ l ^ • j n .

h !•. n < - i h ' r . ( i K . i - M i t n c d ! ( • ! j i m i ' l u s n u ' l . i K i l u l i h c n i j r t i t i s . J i n - . : n ' . s i n r . i y t . t n d n i s ' j i . i i K r , ! i n l I ! K

m a . ' f i i t i . i l I n [ ) v i ' ( H i - i i i '• v i c l i i . l U u i l M ' l t t n i ^ ^ M i h j l ! h i u ; n - l ! m | > , K 1 \ M I U U 1 i n n i ' i ; h i ; ) l i i i i i > f P | > , ! M d t n

I h r t n , H j . ; n i , i l i n l i 1 f s [ 1 n v [ 1 n r l i i i - n n n u - . | i s H ' ^ ' i r t i i ' ) l u " i •• l • i i ~ | s n d 1 i n - i i n U . d n s . i i f ' f n d f | ' f i - , i i 151,1'.

l i e , f ^ > - i i i i i i - ( i n i j j h ^ i i i l i ' l n ' i , l ^ ^ ( i i n U . d i i i . H ^ ^ n "!.\\ I n j m s i r i l n i l ! i t \ ' > i i y i 1 >[ l T i ' , ! S i m l i i l k n i o i i n ' f

l i ' i i l i i.:i . i d r i n , H ; ; ! 1 1 , ( h i t ^ r , i s r i l i r ' . t n s t i , ! d n j , . t s h , i i I i n - v j h i r n i I ' u . J i ' | i ( j - i l f d s c s i T i l t r - . ' A s t f i i s , j
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ac iua i i i i t u r e s pr iees d iverge i r o m t h e i r i h e o r c U c a l h i i r va lue es t ima fes ,

I h u s , the re is a lende iUA l o r t l u ' Iwo p r i t e s to s la \ c lose toge the r .

W i t h t rans j t e i i uns costs . i!ovve\<.-r-. i u t u r e s [ i r iees w i l i f l u c t u a t e vv i i i i in

a han i l a r o u n i i the ( h c o r e t i c a l va lue vv i thou i r e p r e s e u t i u g a p o t e n t i a i

p ro i i t oppor l c i rn tx .

l a k i u g i h e na t u ra l i ( !gar i (h in oi i h e i -andon! var ia l i les ui i h e ahove

e( jua i i ons \ i e l t l s :

In / ., ; ' l u ( _, I • i;( / n i 1 i

and

In l\, : • hi ( \ . • s( / !) I il

D e i i n e a ni,-v\ v . i r i a h i c /*,- , I n / , ,, 0,^ I)] I n I ,, , v \ h c r c /*;• ,

m i g h i he S e r n i e d i h e g o l t l s i h e r l i i t u r ( . ' s s p r e a d l o r I n t L i r c s p a r i t v K V\ h e i e

(hi r e p r e s e n t s t h e l o n g r y i i a v e r a g e \ j l u e o l g o l d i u l u r e s p r i c e s , a i u i Oi

is s o m e p r o p o r t i o n a l i i x c o e l l i c i c n i i i i . i i is n o t net. ess^ i r i i v i ' o n s t r a i n c d [ o

e s p i a l u n i i y I S D t i i a t i h e i w o m e t a l s Dccd nol h e r e g a r d e d as | i ( . ' r i e c i h

s u i ) s t r u i t a h ! e ! . I h e s p r e a d v a r i a h i c , w h i t i i is w r i M e n as a n u i K o n s i r a i n e t l

i i n e a r e o n i h i i K i t i o n o i i h e t w o l u t u i ' c s p r i c e s , is o i j t a u i c d hv s u h i r a i t i n g

fhi ' '. ' i I n / , ! i r "om h o i l i s i d e s o i ec], i i ' so i i i a t .

P , i I n I , . \tir, • 'l-i i l l I „ , ; ) -' h i ( _ ; ilh. ^ i>] I n i , , )

S u i > s i i t u i i n g c i j . ; i J i n t o i i u ' l i l i S o l c i j . -, i ) . o n e o i M a i n s :

/ ' , . ; - I n f •_; : \ i l . , • O , i \ n ( . , , - s ! I ! ) ) • <j_{ I I ] }

- i n ( • , ,. U ^ n ' ' ^ i n ( .. , , i • i ! j •-- I' • , ) { t n ' 4 ' !

r , . •• P , - ! - l^^n I n . .4a>

s o i i ) , U l ' ; i I ' , , ; ill (fis){j n '-' 0 m i i s i h o l d i ( j p r c v e r H a r i > i -

U a g e . i s ) . ' 4 A ' ' u i a v b r r e g a r d e d a s ,t s i i i i p l e n o - a r ' i > i l r a g e m o d e i i i n k i n g

i h e i n i u r e s g o l d s i l \ f ( s p r e a d <• P; ,) t o i l u ' e . i s l i s p r e a d I P , / ) , I i v a l u e ' s

H i e h i t u r c s s p r e a d a s j i n r w a r ' d s p r e a d , i h e r e h v i g n o r i n u [\\c p o s s i i i l e
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pricing consci|i ieiHes ol' daiU settlement risk on ihe iutures price UT

a stochaslic inierest rale setting. I he l ink in etj, i4a* v\it! be enloreeil

In the actions oi arhilrageurs. 1 or. if ihe aetual i'ulures spreaii deviates

iVoni the theoretieal futures spread h\ an amount e\t eeduig transaetions

cosis (i l l ihe absence o! anv risk premiuni) , arlii lr.tge wil i o r t u r ,

Ihe IhtMirt tkal C hanj;e-in-tlie-Spread Itclatioii

, \ e i e a r i n ! p l i c < i t i < H i i^i t h e t h e o r e t i c a I r e i a l i o n i n e ( | . i 4 a i is l i i a t c a u s a t i o n

is n o l i n d i c a t e d , a n d t h a i o i i K c o n t e m p o r a n e o u s pr ie (^ a d j i i s i m c n t s i n

i ) o i i i m a r k e t s a r e [ K t s s i h l e , I n o t h e r vv ( t rds , e o i i d i t i o n a i o n e ( | . i 4 a ) i ) e i n g

( o r r e t t . I ' x t i u s i o n r e s t r i e l i o n s < H ! ieaci a n i l l a g g e d \ a i u e s o i t h e c a s h

a n d i u i u r e s s p r e a c i s s l i o u l i i i i o l d , i l s i r i i i g e n t s ign iS ic anc e l e v e l s w h e n a n

e m p i r i c a l v e r s i o n i^l e t | , i 4 . i i is c s t i m a l e t l ,

I h e i i i e o r e l i c a i t i i a n g e i n t h e s p r e a d eais i )e s i n n i a r l v d c ' r i v t u l hv

l a g g i n g e q . i 4 a i o i i i ^ p e r i o d t o v i e l d e ( | , ( ^ L t h e n s i i h t r a c t i n g c i j . t S i

I r o m c t [ . M a K t ( i \ i e l d ecj , U i ) :

p, , I / * , , . j • f g - / ^ i s ] ( r t • \) i ^s

asul

v \ i i e r e A r e l e r s t o t h e l i r s i d i i ' l e r e i n c : Pj^< a n d / ' . . , a r e . r e s p e e t i v r i v ,

i i u - i u t i ) r e s a m i e a s h g o l d s i l v e r s p r e a d s : a n d i h c las t t e r m d e n o t e s i h e

( . i H i c r e n t i a l c o s t o i t a r r v ' w e i g i i t e d i)v l i i e p r o p o r t i o n a i i i v s t a l a i - (I. S o n u -

o i ' t h e i i n p h c . M i o n s oC c t j . ' '> • . i i e : •: i ' i i i c c h a n g e i n i i i e l u t u r e s s p r e a c i

is c o n l c n i p o r a n e o u s i v p c i l e c i i c p o s i t i v e K t o r r e i a t e d \\\l\^ t l i e c h a n g e \n

d i e c a s h s p r c - a d : h i ' t l u - e x p e c t e d r a t e o i c h a n g e i n t h e c a s h s p r e a d

is e t p i a l t o t h e e \ p e ( l e d r a t e o i c l i a n g e i n i h e ( u i u i e s sp i 'eac i p i u s i i i e

v M ' i g h i e t i d i l l e r e n i i. i l e o s t o i ' c a r r \ ; And ( i i i ' i h e s i a i u i a r d t l e v i a l i o n o l

d i e c i i a n g e i n l i l e i u t u r e s s p r e a d c i j u a l s l i i a t o ! l i i e c l i a n g e i n l i i e c a s i i

s p r e a d ( u i u l e r a c o n s t a n t d i l T e r e n i i a l e o s t o f c a r r x a s s u n i p l i o i s ' • . ( H V C U

m a r k e t i m p c - r i e e f i o n s , h i > v \ r v e r , l l i c o i i s c r v e d s p i c a d - c h a n g e r e l a t i o n v \ i l !

h e n o i s \ , 1 u r t i i e r m o r e . i l i i i e r e ar"e c o s t i n c e n t i v e s i o r e c o n o i i t i c a g e n t s

i o p r e i e r i r ^ m s a c l i i i g i n o n e m a r k e t o v e r t h e o t h e r , a l e a t i l a g r e l a t i o n

h e U v e e n t i s a n g c s i n i h e i u t u r e s - c a s h s p r e a d s is i i k e K ,

I M l ( . H V I I O \ A M ) ( O I M I G R VIION i l S I S

I t is i 'air iv w e i l e s t a b l i s l u - d t h a t i h e p r c s e i K ' e o l a u n i t r o o t i n t ! ) e

l e v e l s i e p l e s e n i a i i o n o i . i o r e x a m p l e , i i i c g o l d s i l v r r c a s i i ( o r l u i i i r e s ;
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spread scries cons t i i u ies a necessarv (hut no i sui' i ' icietn i eon ti it ion

lor t i ic unpred ie tah i l i tv oi ei t iu-r sj) iead series. I f l i ie add i t iona i

eonci i t ion that inerements ot ihe sj)reac! are serialK uncor re la ted

w i l h zero mean and constant var iance is vcril ic^ti. the ciiangc- in l i ie

spreaci is unlorec asiahie, so i i iat e i iher spread series is a mar l i nga ic

se(]Ueuce (or a suh-mar t inga le in ilse presence oi ' .1 p i is l l ive cirii 't).

( ) n t i ie o l i i c r ha iu i . seriaiiv corre la ted var iat ions in the spreaci niav

im|)iv p red ic iah i l i t v . and this pred ic lah ie var ia t ion ma\ he modeled b\

inanv c andidate stoei iast ie processes, lo r evampic. l i ie i>o\ Jenkins

univar ia te A I U M X ciass oi rnodcis. or t l ie more t onip iex nu i l l i va r i a ie

t rans ic r l u n c i i o n models, S u r h nuKieis do i a i r l \ we l l in a short-

rashcr than a long te rm loreeast ing eon teM. I herel 'ore. iong anci

shor f - le r in iorecasis wou ld be accommoda ted i isualK i)v cons t r uc t i ng

ci i i lercnt models t ou ' c i ng d i l k - ren t loreeasi i i o r i / ons . \ i t h o u g l i there

wou ld l>e a sifigie data genera iu ig proeess. the long- anci sho r t - te rm

models V an i>c' t bough i o! as app rox ima t i ng d i l i e r c n l parts ol d i is

genera i inu process.

An ait<'rnativc i iHule l ing p!"ocedure is [o resort to ihe i i ieorv oi

cointegi-aled proeessrs: em j i i ov ing an error eo r rec l i on f ramework that

comhines the shor l - anci iong- te rm modcis b\ i nco rpo ra t i ng , s imu l l anc -

ousK. short- a ju l Iong- tc rn i t lvnamics. I ' l ierc iorc, iorceasts ihat impose

(he c o in ieg ra t i ng resiric t ion sh i tu ld o t i t p e r l i i n n loi"eeasts th . i i ignore

ih is i i i l o r m a t i o n . Since a isecessarv i b n l not su l l ie ient ' ' c o j u i i l i o n lor

two series Io be co iu legra ied is t l iat tlu-v be in legrated ol t i ie same

order, co in leg ra f ion tests proceed a i le r lesis h)r a c o m m o n order ol '

i i i t eg ra i i on . I ur l iser i i io re , l ieeause a natura l eo in t cg ra l i ng par tner to

t i ie casli 11ult ires; ^o jd s jKer spreac! is l l ie f u lu res U ash! spreaci,

p redk tabd i t v ol ihe casii and i u l u r cs spreads iiiav i)c en i i .UKet i i)v en-

c iogeni / ing bo ih scric's w i i h i n ,in e r ro r -eor rec t ing svsiei i i i f t o i n l cg ra t i o i i

is . i dm i l l ed ,

! ro i l ! a purc^K e i n p i r K a l \ it v\, ohserv(.'d i i igh eor re la l ions a i i i o i i g I he-

lev i'Is ni SinaiH iai or econo i i i i r l ime scries are e iiarae terist ie (il cklta that

potc i i t ia l lv cou ld be e o m k graieel, c \en i f eac li o f i i i c scries is in tegrated

oi oi"(i!,'r I , <lrnotc( i |s I K ! i i is ilisc ussion is i iascd on I ngle .11 id drati i jca"

i \')S~> and ( . ranger 1 i'),SSi.

I \M> stHpicnces Iii r i i fu ion i variabies are said io i)e coiniegrate 'd i i .

n,' eaeb K non-stat ionar \ nt the le \e ! re[)resentat ion {\.v.. caci i con ta ins a

uni t loot or a Shu has i i i ( rend \ Mi • eacl i is stat ionarv in i i rst di lTcrcnces

so t i ta i each series is l i l ' , .nui d i i i tiie-re' exiis a l inear i ' o m b i n a l i o n

oi ihe iv\o variables iha l is stai io i iarv or i n le^ ra ied oi oi-de^r zero. l i i e

ee'onoii i ic i n ie r j i r e ia t i on oi sueb a reSationsbip K tha i ibe Iwo \ar ia i ) les
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lend lo wander over t ime wi thout returning ID a constant mean, hul

economic lorees do not allov\ the series to vvmider ajiarl pcrmanenl ix.

Lsuai tesls ior eointegratiou proceed in Iwct sti-ps. Tirs l , l i ic indi--

vidual series are tested ior a common ordc'r oi intcgral ion. l i l i ic series

are integrated oi ibe same order, pairvvisc linear eonibirial ions are then

tested ior stat ionar iu (eoiniegral ion).

Lnivariatf IVsts ("or Unit Roofs

1 his sec t ion is eoncernecl vv i t i i the- presenee ol a u n i l roo l in the

logar i thmic levels rep resen ta t i on o! cac l i oi the goi<l s i iver t asi i and I n -

tures s])reacls. I his d iscuss ion is mot ivuteei hv cons i t l e r i ng the i o i l o v \ i n g

antoregress lve mode l oi i he go ld si lver cash ( I t i l u r cs ) spreaci:

w i t h i l i e n o l i n g i he cas i i spread, and 2 d e n o t i n g tbe (u l t i res sprc'ad.

Hotb sf i rcads are expressed in n. i tu ra l log . i r i i i i r i i s a! t i m e /; /.i is tbe

l o n g - r m i value oi t i i e spread. And c, • \ 10. ir-) is t i i e e r ro r t e r m and is

independen t o l past vabies ol P^. h i ih is m o d e i , i l i c l o n g - r u n be i iav io r

of l l i e spreat] is er i t ieai lv d e p e i u l e n i on i be value oi l i i e autoiegrc-ssive

c o e l i i c i e n l / ) . II 0 •• /) < ! . i he spreaci is s l . ih ie so that anv dev ia t i on

I /*,' / i ) I r o m l i i e Io t i g - run \ a i u e vsoul(i s i i r i n k over sui)se(|uent per iods.

( ) n l i i c o tbe r banel. in tbe pre'senee oi a un i t root in ibe i oga r i i l nn i e

icvci rep resen ta t i on o i the spread, tbe autoregress ive coe ' l i ie ic i i t /> c t |na is

un i t v , anci dev ia t ions i be re i u re i i a \ e no lendenev to s i i r in i ' , so tha t , in

e l l ee t , a slai) ie goi t l - s i iver sj>re-a<i does not exist.""

I o avoid i m p o s i n g a j i r i o r i spu r ious c o e l l i e i e n t res t r i c t i ons w b e n

e s l i i i i a t i i i g l i i e ievel oi l i i e s|">read, l i i e l o l i o w i n g iog log regressions arc

e s t i n i a l e d : '

I n l o t - (v ^ li i n / \ , '^ Pf I anc i

In f •.,, <>' ' / i ' in < \ . , - / ' , , , (S)

so lisat P, I in / • „ . , id 1 /J in / .,.,) anci / ' , , , in (',_, < - itr' -

(3' In (.\',) wliere / ' , , and / \ , denote, respeetivelv, tii<' bisloriccd

iulLii-es and easb ievels oi (iie unconstraineci gtjid siiver spread, and

\ K n ! ! < h H ' l l l . i l , i l i t U ' i ' l ! l l l [ i l k . d l i i f l I I ! A u r u l i r m l 111 i h i ' U M - l t i ' j i K s c n L i l K i i i n ! H l f s p i - . u ) ! s

' I I i; r c K l s K s i ' i I t l l i d i t h e \ v \ u [ r i j u a l i o n s ( j i ' S J p r i u i d r - . \ \ i v l u j ^ . i n U ' t i i i i I v v i ' K o i [ n l u r r s



722 Wahab, Cohn, and Lashgari

o t i i e r v a r i a h i e s . i re ,is e i e i i n e d c ' u r l i e r . I l i i s d e i i n i t i o n o i l i i c s p r e a d is t o

i)e' e ' l in t raste 'e l w i l i i l i ie- a i l e ' r n a t i v e " p a r i l v " c i c i i n i t i o n . v v i i i c h t o n s t i a i n s

the ' in t ta"( c'pt a n d p r o p o r t i o n a l i ts c o c i i l e ie-nt h c l w c c - n t b e t w o m e i a l s

p r i c e s , l i n a i i v . i x ' c a u s e uoi<i anei s i l v e r c a s h u i n c i t u t t i r e s ) p i - jees a r e

t r e a l e i l as i ) e i n g i o i i u K e n c i o g e n o u s , anc i i ) c ' i a i ! s e a leas t s t j u a r e s i i i o i a

r e v e r s e I ' eg ress i on w i l l n o l s i m p l v g i v e d i e r e t i p r o e a ! o i i b e e o e i l i c i e n t

i n a l o r v \ a r d r e g r e s s i o n , t h e i i n c o n s i r a i n c d t a s i i a n d i u i u r e s s c r i e s o l l i i e '

s i i v e r g o l d spreLu i a i e e s l i n i a t e d bv r e v e r s i n g t h e I I I S R M S v a r i . i h l e s

c l e s i g r i a t i o n s . i n d i " e e s t i n i a t i n g t h e se l o l e'(js. i S I i n l o g - i o g l o r n i .

A n o l i i e r v\av t o p u l it is t l i . i t i i g o l d a n t l s i l v e r e . i sh f o r ( u l u r e s ) p r i e e s

d o n o t c s h i h i t s i m i l a r u n c o i u i i l i o n a l v o i a l i l i t i e s , tbe- s l o p e c o e ' l l i i . i c n t s i n

t h e l o r w a r d a n d re've^rsc r c g r e ' s s i o n s w i l l n o t e i | u . i l i / t \

. • \ l l l i i > u g h i h c i n t e g r a t i o i i a n d c < i i n t e ' g r a l i o n p r o p e i l i c s o i t h e

l o r w a r d anel rev CTSC d e ' l i n i l i o n s o l i i i c c a s h u u i d i t i t n r e s ) s p r e a d s

s i i o n i i l r e m a i n u n c h a n g e d , o u k o n i e s o i l i i e t r a d i n g s i r < ! l c g \ n iav n o t .

B e c a u s < ' a p u h i i s l i e d se-rics o i t h e sp reac i is n o t r e a d i l v a v a i l a h l c t o

m . i r i \ e i p a r l i i i p a i i ! s . a g o i d s i i v e r s p r e m i is n o t n u i c j i i e l v d e i m c c i , '

I u r t b e r n i o r e . e n n s t r a i n i n g l i u * l o n g - i t i n p r o p o r l i o n a l i t v e o e i t i e i e n l o n

r e l a t i v e p r i c e s t o o j u ' . v t i i c n t\\v ( r \ i e v a l t i e is n o i o n e , is a e l a s s i c a l

p r o h i e i n o i i i i c - a s u r e T n e n t e r r o r t h a t i e o p i t r d i / e s io re-east e p i a l i t v . i n th i . '

s e n s e o i e o n c i i l i o n a i u n b i a s e d n e s s a n d e i i i c i e n c v . i b e r e t o i ' e , a n o i i i e r

wav l o v i e w t b e n n c o n s t r a i n e d d e i i n i t i o n o l tlie~ g o k i s i l v e r c a s i i

^anel i u t u r e s ' s p r e a d s g i v e n i n l i i e set o i e ( | s . ' S i is t b a t leas t se jua rcs

e s t i i n a l i o n . as .1 c ia la ( r a n s l o r n ^ a l i o n p r o e e e i u r e \ is a p p i i e ' d in l i i c g o i d .ind

s i h e r e a s i i l anc i i u t n r c s i p r i c e s e r i e s . D e i i n e d as s u c h , t i i a n g e s i n t b e

v a l u e o ! l i u ' g o i d s i l v e r spre-ad a r e i i o i i i i i i g b u ! e b a n g e s i n t h e p i " iee o l

g o i d n e t o i sealec i e h a n g c s i n i h c ptie'C n i si lve-r. S i n c e i h e t r a d i n g s t r a t e g v

I. I J T S U I M : n i ( v , r r u | ! | i ' I h . ^ i M i f . M I ^ i i i ) g f ' i i ' ' . t ^ l i ' •<! I t j l n r i - | i i K i ' I - . ,11 • - ! - * ) ( J i v ' .» I n i f

d u 1 i t n c n i ^ ( K ^ ' ! | t [ k > l ^ , i l s n d / H o i i t ' J c i M i h ' - . ( h t i n t i - . i r j u k - d S J M S , k ! , < ^ U u \ . i l u i n t i h *

t ; o l i i - n i K i T - . [ i i c n ! i i T i i i i ' ! i h i i h t . s ! i i - n l ! . M i i ( I I I I | S ' • - ( • ( ' I I I I ( I ' c m h ' u I ' p l . ( l u l I ' l ' - p n i | > n i l ! ' i n , ! h n

i n c M i i U ' i i l VI s l i t ' - . r l I I I I ' . ; - . ' S . i v i g H i ' i h i ' i i i k n n v t t j y u ' d ^ | i r c , u i h . l i c i i u l s ' J j s \ h - : - i . i l u t o f i i i s '

s | i i i , 1 J i n 1 ' u - . i l i s i ' i u (• l i l M k 11 d I < • (> • . ! I i U n L i i u ' n , f o i i ' \ , i i n [ > i f , H i ' ' l o l l o v v i n j i ( u o [ i > ; ^ , ( i i l h i s m i u U i U " .

s | ( u , ; ( i - , i K p i i s - . i l i l c 1 . i f i ' . . r r a i M i d I < i . / j : • ! ! , I : I' \u S . ' u • / J [ n / , . i f > 0 ^ . u u !

l i . N i k ' i r * ' ' l l . n r s i d > i ; . ; • • ' ' i J" '^ ! • i' h i / • - r • ii ! h } i 4 n ' . S ) i ' ) ( | i ^ , i i i l ] l ! ! , i l l S I T

! h . n i ,1 p r i i j ( ^ I. M i i s i r j i l u d y i^.i-n-. \:-\ > . i l i i r - I , i k i M ^ ; a i H l i u t - s , I h i H ' - . ) k ' i h v i i . d . K - ' . l o : i l k ' < i i r . s U . L L H i ' d

, i n d I M U ! l l l ^ U " . l J I ) ^ • d ^ p r ' - . M k , n i i U ' ' , - j n \ - > i i " ! l i t . - i> [ i n i p u n i . ! r , , i l i U i s i i - j h i l : ' M l i p i H i l ' ( . r - i 'A!,i\

I k ' u ' l f I ' t i ' t i ! . f , i s .1 I i ••>••'. l i t il'^v < ! , i > . M U\ i i i i - l ' i k s c l U ^ l i ^ ^ , . i s s ' i r n i " i h . M ' U ' \ ; [ H ' F M " l . i ^ u k l [ " - K C ! s

S d M • o / . , v \ i i t i r r , ( ' \ : t k r u n K - . i l ' . • • [ p t i i i i s S d U ) - , ; / . , l i ' H f ' i l y ; ! . ' , . i p t ' C i c i j l . i i i r a n p r i x h U M . n Ui\ noUi

o l U . S i ' , , , , : s d . i i > j p p r i ' i i J U i i n t . ^ U Im - . i l i r F n l I . d " ' . , .nnl k r > f i v \ s n ^ i h . H t h i i , ! h n l p i u i i f i . i n i ^ i

i t ) ! s i K ! r V: ( j M i . i l k n s M i f M i l ( h h - i h j r ! h i l U.t j . ' . M ' d I I i h c -..n^u J I . H . i n i i ' h ' f - . j u i n i p i ^ ^ ( ' d , i t i K i u - I

^^ t h i ' s c j{ u n x - 0 , i h c i ! i H o \ - . n i s : i ^ ' = i n c v , \ i h k - s l u t i l i s •. n i s s i r . n n c d , ! i i i l U M i i > n ^ i ! i i i k ' i l s p t c k l -

. H i ' i j h l . i i n t t l I , o n s i 1,11 n e t I ' s p r c i l l j n i i l ' i ^ ; • I ' l ' ' * ' I s , j u t , i p i ^ c n l . i L ' . f •, l i i i n i j i lA ii ^2' , . i i u l s i '

n i l ! n n s l M l l k ' d ' . p : t ' . r d ' , » n h i , J i ; . I ' l T " " M > l u i a p t C^ f i l l , i ) . ; c c j i . i n ^ c n l I s S I ' B c i . l i i s c 1 h k U M i t l l i ;

' 1 [ . i l ( u v §•. p u d i i , ! i i ( I ( M l p u d h L i b k i h , ^ f ! ^ ( • ^ I S ! l i i c • . [ ( < ! . i d l l u ; n j h v ( d i I [ i i i l i i i n s o i 1 h ( ' - p r c i d

I u u l d p i ) l r n [ l . i , , \ \! ; ; 4 ! 4 i ' i ^ i l ^ c t c l l l h u * . S I ! M - ^ n . i K h i ! i h f p ( ; ' ( ' n i l s i l i c l j l s
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uclopit'd i l l ihis article is hiiscd f iK i rcK on " i i c l " preclktahlc chiinocs in

ihc sprc^ul, i i iul hi'c.iiisc ihcrc is no iissiirancc ih i i l ihc ;iUcrnati\c

tk ' l i i i i t io i is (il the <i()kl--siKcr sprccitl would \ i c i i l itlcnUcal bus-se l l

siiinais on a (la\-[o-diU h.isis. ihcrc is a need l<i exjni ine the polenl i . i l

ior arbilragi" proiits j iredicatcd on c i t h ot the three s|irea<-l series.

l l u ' nul l hvpothesis iestetl in Ci\. I") is that /? i . wl i ieh is nut

testahle i isini i co ine i i l iona l slatistica! inference ie(hni( |ucs. Ihus,

un i ! rool iests hasct.! upon tl ie inethods ol I i i i ler ll*-)?**) and l) ickc\

and 1 ul lcr ( I *)7'*i are coni l tn icd, Ihe An^niei i ied l) icke\ ' i ullcr ( \ l ) l t

icst is nscd on ihc (oi lov\ in^ regression;'""'

uhere A/',' - P; - /*,' t and IPl | - Pi , - Pi , ;. ni is the
n u m h e r ol ia^s o! A / ' , ' v \h ieh is a r h l i r . i r i K se! io a n i a x i n u n n o rde r ol

4 . a n d / is a l i nea r t i m e ( r e n d . 1 he e n i p i r i e a ! pe rcen t i l es o! t he s ta t is t ic

l o r i c s i i n g N n : / j 0 arc t a h i i l a t e d in 1 u l le r it l '^'~6), l a h l e S.S.2.

p. ^4.- i j , a m i arc in ipro\e( . l u p o n h\ M a c K i n n o n i | ' ) ' - M ! to s i ck i mo re

prec ise c r i t i ca l \ a ! u c s h i r a n \ i i n i ! c sanipk- s i / c . \ k i c k i n n o n s c r i t i ca l

\ a k i c s are used in l l i i s s iL id \ ,

Icsts (or C'oinle^ralioii

i i ) test lor cointcj.iration ol the cash am! luiures j^okl siKer or sil-

ver -iiokl sj)reacls, the so-ealk'd ( ointcgr. i l ing rcgressi<ni l inking ihe lt~\els

ol the spreads Is estimated as:

/ ' , , , a • bP,_: - ; , , , ( 1 0 '

P, , a' ' h ' P , , • -' . ( ! ( ) a )

' ' l l IS u r i l LnovMi that I h<' i tsi i . i l : li-sl i\ i r i , , j i | i ropr ia t r h r r c [)i~i . i t isr i i n d r i I lu- n t i l l 1 U | ) O | I K S I S or

,1 m i l l i n o l , i h i - ^.^1.^IK^• ol i h i ' s p i c i i l is j n h i n l r

• I h r A i is in i i 'n icd P i t k i ' \ I t i l l iT s i \ | >l les! iv used to <it t o i i n l h i r possible ti'n!j>nr<iliv dcp i - ru ien l

.Hid h i ' l e r n ^ e n ' nnsk d i s i r i i a i t i ' i l c r rnrs . I hi-- |irn<. C I I H R IS as\ ( n p t o i u alK f i | iHi . i lei i l lo Hie [ 'ht l l ip- .

. i i id I ' c r rnn • h ' S S ' lc - . l , u l i i i h : iK(i , K i u t n i ! s l i)r l l i e non HidepeiKlei i t . ind K l e ! i ! k a l l \ i h s l r i h i i l e d

. t i i id • p i n n sses I u i t l u - r n u i r i ' , ,i I rend i i r:i> ss SIR h ide i l m l l i e ssxidel In . i l l im i he . l i l e r i i . t l ne

l!V[jn1 !ii'si>. to I I f i r end s t . i l i on . i r i u . \ n i e tha i il n: i la j : order • is i ot i sir,u l ied ti> / e t n i h i s i^ s i t i i [ iK

the 1 )jt ke\ I n l le i iesl

ssr i i i i l . i l ions . i t id I hrv .ire [ ivoMded h ii .1 hn i i t i i l n m n i i e i ol fnu te s.itt i f ik s i /es. O n t l ie n i h c r

l i .Hid, M.n k u i M u n s .-r i i i i ,A v.ihu's . i ie li.ised on J^.fJOO U'pht . i lsons i isini^ . lUern i i l iM ' s. i r i ip l f si/ t 's.

\sv rTiplnlte 1 rsMral v.i l t i i- ' . t o r r e s p o i u i i n ^ tn .I'.n hriJIe s.i inple s i /e ( .ni hv i oni[>ule(i easih tisinj:: l lu -

t.Lliul. iteil t ue l l Ji lenis nl the r s ! i i na leJ les j ionse surtaee rej^tes«ion,s al t h i I ' ; . ">'' and I I ' ' - k-M'K.

I he t'sliFi!,iI(.'({ I n l Jeal x. ihi i 's . IR- ^ n ets h v / i *" * / ( i / " - /!_• i ' ^̂  here fy d i 'notes es l in ia ted

.isMisploiH I ' r i lu ;il 1,1 h ie , .Hid fi: and / i , .ire i oe l l i i lents in the lespons i s i i r h i i e segression v\ ha l i

,(d|i isl Irjr s,nii[ i !e size
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a n d t i i e r e s i d u a l s zi t ' i iu! z[ , a r e r c e o \ e r e t i a n d a r e s n h j e c t e d t o i h e

n s t i a ! u n i t roo t t e s t s u s i n u t h e A D I - t e s i i n ^ e t | n a t i o n a s s h o w ii in ec| . !*•)).

C o in1cp , r i i ! in^ r e j ^ r c s s i o n s r e p r e s e n t t h e i o n ^ - t e r n i e ( |n i l i}»r i inn r e l a t i o n -

sfi ip h e i u e e i i i h e \ a r i a b l e s in i h e r e g r e s s i o j i s \ \ h i l e t h e cointe<4rat in^i

e r r o r t e r m s ^^ , .iiid z.[ , a r i ' n i c a s n r e s ol d i s e< . | n i l i h r i nn i . I ^ c i e e t i n ^ t h e

lui i l h \ p o t h e s i s oi a n n i t roo i in t h e s e r e s i d u a l s n n p l i e s ( h a t t h e v a r i . i h l e s

in t h e r e g r e s s i o n ai"e t o i n l c ^ i r a l c d , fl t h e r e s i d u a l s in e q s . ( H)) a n d

f l O a i a r c s t a i i o i ) i i r \ , t h e i i h \ d r a n ^ c r s r e p r e s e n t a t i o n ( h e o r e n i l l . n ^ l e

a n d ( - r a n k e r ( 1 9 S ~ i j ih<- {uilow iiî ji, e r r o r c o r r e c t i o n r e p r e s e n t a t i o n s a r e

cst i i i i a l e d ; v\ i ih a c o n s t a nl i t u ' k i t k ' d t o t a p t n r e A \ \ \ s c f i d a r th ' i l t in e i i h e r

s e r i e s :

IP I , , -'- i\ I ( I I a )

where

K., ,

where z , /', , i u • h ' P ,

1 h e n e e d t ^ e s n n i . i t i t x w s i o i r . U i , ; i a t i i i i ; l e i ^ t i s s N s n - i n s i e a d r , | u i i e s i t m s ^ r t i i n t h e n n n u n t q t i e

t i n p a r i n i e t e f s I s s e n l i . i l k , i ! < . : s ) s f j i i a r i s [ i l n l ,! t r i < r s e ( n i n l e g i a t 1 1 i g r e j ; ! e s - l o t i \ M U H i ) 1 s i

e i h c ' f . t p r o i a l o l l l i e i m I I K ! < i s ( u t i l o r u . i r d i o i n l e i j r a l n i i ; n i ; r f s s s < i i i I h i s ; s - i j e v e n i h o

k - M s [ > . , | u a H ' s I s ! [ i r o u d e - . ,i l o i i s i s i c m i - . t l l l t a l i n \ [ h e v i , i n h j ; l a t n i j ; p . i i a i l i e t e f j s i e I t i ^ i t -
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I he error <*orrection Eiieehanisni ini|">lies a lon^-run linear relai ion-

siiip hetween the hitures and ihc lash sj)read le\cls. Past deviations

Irom the lon^-run e i ju i l ihr in in \akies oi ihe respective spreads k'ail

to eurreiU partial eorrections, v\hich are uselul in generating ex-ante

predicted chanjj^es in the sjireatls. i-Lirtherniore. hecaiise hisiorica! \alncs

of the' cash (and Ininres) spreads appear in the error eorrecl ion niodeis

to^eihei- v\i ih pasi ccjsiilihriuin error leri i is. (lie prediet in^ error corree-

i ion niodels employ a broattcr inlorrnation set that encompasses not onK

historieai eash prices ot hoth nietals. hut also historical iu lnres prii'es.

I heretore, ini|5i-o\ed h)recasl perlorrnanee in the lorm nl lower mean

sqnare predict ion errors oi the depeiuk' i i l \ariahle is i ikeK. I inalK. the

inieonslrainetl de i in i t ion ol l i ic sprc.td imposes ti ie asyrnptolicaiK " t rue'

proport lonai iU coel i ic icnt on I lie predict ing t.Tror eorreetion etjualion so

l i ia l i i ie (inai error eorreetin^ models ,\rc i)asetl on eonsisteiit estimates

o! this c oei i i t ' ient.

DAI A, rOHFCASl SI KVIEGV, AND
SliVIULAILD IRADINC SIRAII GY

Ihe tIata an- l i l dai l \ jj,old .nui silver eash priees eo\erino i i ie [lerioti

i)etween jiuinarv h ' S i , anti j i i i \ I 'J'Ji, as snp[)lie(i h\ \ latidy antl 1 k irnuni

in New York; antl (ii) ilaiiv gititi and siiver lutures sell iement jiriees

oi nearin -exji iration jj,oi<l antl silver futures contracts Iratieti on t i ic

C' ( )M! . . \ . as rcportei.! in the Wnil Strrt't }(>ttnui! over t i ie same j ieriod.

To examine the poieni ial lor j-)roiitahle e\-aiUe arl)iira;^c opportu-

nities in the easii and Ii itures ^okt silver spreads, condit ional lorecasts

oi the spreads are rct|uiret! whic i i raises several issues ol coticern. Ihe

first is t lu ' t ic termi i iat ion ol a suiiahic iorecast hor i /on . vvhith is taken

to Ix' one week lon^. A decision neetis to he made about iiov\ o l ie i i l i ie

foreeasling inock'l si iouit l be reesiiriiatec! io upciaii' i i ie parameters. \

tiaiiv iOreeasl hor i /on seems undulv res l rk i ivc , compulat ioni i iK hurtien-

some. and too expeiisive to ivp i i \ the practice oi a trader who is IikeK to

i-sliriiatc a lo re tas t in^ model onK once over a suitai)K eieiined toreeast

period. On the oiher haritl, a longer Joreeasl hor i /on , such as one month ,

ma\ he too itpiiniistk- aiiout ihc slahilitv oi a Irack'rs reaction i(!ncti(»n

to changes in the \ariahlcs vieuct l as in l iuenein j ; the spreaci.

Second, one must decide wlic-ther to use ni idt istcp- or one steji-

ahead ioreeasis. Ih is article uses a one week [liuitistcp-aiieLKl lore-

east bc-cause it is sinij i ler and iess comput.iiion<tlK (k-mandJTijj,, as

' ' • ( i i i k l h t l n r e s , o n n . i t Is s l . i f l e i l i r . i i l i n i ; " ! i i h e ( ( ! \ l l \ lu I " ~ s , « l i i k S I I V . T l i j i u i e s i o i i t r . i e t s

\\,<\v hvcn l l a d f i i o i l t h e s a u t e e \ i h a n y e s n u e I ' ' d i
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well as i io i h c i n ^ n m s s a r i K mli-Tior Id D I U ' slt-p-ii luMcl iorcL. isls S I T

Swanu , I !K1 Schinasi U'JS'-Vi!. H u T r l i i r o , ihc forecast ing s t ra l i 'g \ i n -

\ o K c s rs t i i i ia l i i i ^^ ihv para i i i rk - rs nj <Klc(|iiatc]\' s p r c i i i c d error correc-

t ion models l i . r ( lu ' gold s iKer cash And i u t u r f s sprs'ads o i i h once

Ironi ( ) hs fna t i ons in the i.'slii na t ion per iod , \\ h ieh .ire i hen used to

io r in one \u 'ek-ahe,u i i n i i h i s lep lorecasts i i s i n ^ . ictu. i l real izat ions o!

all e\plariatot"\ \ ai iaitles in ihe Iorecast per iod, I he niot lc! is Tces-

t in ia ied e\er \ l i \ e ohservat ions h\ append ing t i ie latest ! i \ e ohser-

\ it ho I IS io the es t imat ion [U'riod so ihat ihe i n lo rn i . i t i on set used

II ! t o recas i i i i ^ is hascd on an inere. is ln^ setj i ienee ol h is lor iea l re-

. i l i / , t l i (His (il till,' spread series. I h i s pruce i l i i re is ut i l ized rcpe.HedK

i i n i i i the en t i i e dala se! is exi iaustet l . i h c Iirst est in i i t t ion per iod is

taken to !)e ian i iar \ I'-iSl t h rongh Jn i ie \^>HH. ,md iht^ l lrst lore-

east ho r i / on spans (he l irst week in Ji iK I '•'8S, ; ind so on . Bo th

l i \ ed and i i n u ' \ . i r \ i i i i i , paiasneter \ers lons o! ihe io reeas l in j i models

arc t r ied ,

B i xa i i s i ; est imated error co( - re i t ing nuKk' ls .ire used to venerate

ex-ante \aU!es ol the ii,i>ld sshcr spi-ciid Uash arul l i iU i r cs i , it is impor-

laru to l o i i s i d c r a leu i^Mjes sh.i! ina\ jeopardize ioreeast (.piaht\. I he

lirst p roh lem arises he ia i i se the error cor ree f ion motlels ,(re spe t i i i e t l

to inelucie i. on iempoTaneons \a ! i ics oi ihe endogenous \ar iah les w h i c h

in l rodih-es s im i i i l ane i l v Into the est i rnat i i in j iroeess, mak in i i parameter

est imates hiaseil and i neons ist t'nt and potent la IK ine i l ie ien t in the

preseru'e ol c ross ecjuation error t o r re la t ion , l o o \e rcon ie this p roh lem.

pairs ol error t o i r e t t i o n e i juat ions are est in ia t ix ! us in i i t l i ree-sta^e least

SfjHares insErnnient id \ , i r ia l ) les es tmh i t i on . w i t h Ins t r i imen ls taken as

l i t te t l values ^encraU'd I rom ;i<!etjMatcK speci f ied A I ! ! . M , \ models o l ' l h e

endogenous \ai"i,thk>s. l l o \ \ e \ e r , heeaiise the i m p l k a l i o n s i i o reeas t in^ ,

tra!.ii[V4. and arhitraj^e^ drawr i Iront esl lTiuit int j er ror co r rec t io i i models

usino the Ins t runK'n ta l wn iah le nietiH>dolo>i\ are cond i t i oned l)\ the

elioit. t ' i>l t he parh i .n lar ins t ru meri t , the mo i lei s arc rcspcei l ic t l to

ine l i i d i ' d i l l e rcn t i ns i r i rmen is . Mo re spet i l i ca lK . e\peetet l ehanij,es in

the eash And l u tu res spreads :\vr generated Irons l i i ree i t he rna t i \ c n io\ i n ^

a\erai ies: a two-week mox i i i u avera^^^e. a one m o n t h n jov i i i ^ . i \er . igc. And

it two -nm iu i ) m o \ i n u axtrai^e leor responthng to the i \ j ) i i ,al exp i ra t ion

c\e le (if '^()\i\ (u turcs cont rac ts) . W h i l e n i imc rous var ia t ions ol the

n u n i n t i a\er. i^c rule are possihie. o n l \ a lew s in ipk ' ones .ire nsed. \

m o \ i n i i axcra^e ru le was used in p re \ ious studies ol ' t l u ' ^ok ! s iKer

paritv h\ M a i i ' tSS;, ^nid Ma And Soenen ( 1 ^>SH>. A m o \ i n g average ol '

h i s to r i t a l rea l i /a t ions is used as a prox\ lor expeclat i tn is [o. i i ) capture

i n i o r m a t i o n ahout t rends o iAan in^ j ; lent:;ths in the expected eh. inyc series
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and (ii) simphK esl imat ion. therchv avoi t l i i i^ the ncvd to ai i^inent l l ic

system ol error correction models wi th auxiliarx ctjuations descrihing

expectations formation as par! ol the svsleiii. .\ presumption, needetl to

JListih ihe use of the nio\iii;;i axerage leprcsenlat ion in price changes,

is that the stalionariiv reipi irement is more than likcK satisficti in lirst

tf l l lercnces (rather than ievelsi. 1 o evaluate' the forecasting^ p«.'rformanee

ol each allei' i iaiive Instrumenl . the mean scpiarcd forecast error ( M M )

cri ter ion is employed, and is eom puled as lolhtws, g i \cn n-pa Irs ol

forec<ists ( / ( I and eorrespontlinij, actnal \alues [ \ , l of *.han).î es in the

(ash and lutures spreads:

i o esUif)flsfi the tfomlnance ol one moxinu a\t'ra^c ins l rumi 'n l o\cr the

hasic ins l rumeni (generated Irom an M' lM.X nio(k' l i under the mean

stjiiured error t r i ter ion. tfie difference. / ) ; . in the sipiared loretast errors

generated w hen cmploving the basic insirunu-nl \ersiis a mo\ idg average

instrnnu'nt. is comfui tcd !or each of the eash and lutures spreads as;

where I), is t he (. l i l ferenee for the i l f i s j i read {i 1,2); } ,\ an i l / ,2,

respee t i veK , re ter to fo recas te i l va lues l o r t he i t h spreat i us i ng the f)asie

i n s t r u m e n t i l l and a m o v i n g average i t i s l r u m e i U H). I n s t r u m e n t I is

judged lo ou l j )e r lo i -n i i n s t r n m c r i t 2 il t he mean o! these t i i f f e rences is

neg. i t iv t ' and s ta l i s t i t allv s i g i i i f i t a n t al t f ie ^'> level , l l i e a p p r o p r i a t e

test is a t w o - t a i l e d ( test .

l o r f u r t i i e r ins ight i n t o the f o recas t i ng pc ' r f o rmance of caeh in -

s t r u m e n l , i f i c .MSi ' c o r r e s p o n d i n g to each i n s t r u m e n t is deeon iposed

in to t h ree c o m p o n e t U s , eaef i o! w h i t h represetHs .1 p . i r t i i u f a r l \ p i ' o l

lo reeas i e r ro r ( l l i e i l ( f - ' y i ) ] :

M S ! ' . , - i f , A , ! +- ( ( r j , r y ) ' - 2 ( 1 - p)<r! a \

v\hcrc { / -( .A,) and i(r , . ij \ ) are, respeetivfK. the means and stantlard

deviations of the forecast and actual series, aiul ip) is the correlation

coefl icient i)et\veen [he forceasted aiu! aciuaf eluinges in ihe i th sjireads.

Ihe l i rsi term is ealletf the hias eomponent. the second is ,\ measure

of inel l i t ienev, and the thir<i measures the error due !o inijierfec t

correlation (random noise).
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l v a n \)v i i < ) r n u t ! i / i , ' ( l I n r VASV o l ( . • o i i ! p i i r i ! t i i l i l \ b \

u 4 t h r o u g h l ) \ i h c M S I ' .

B i a s p r o p o r t i o n : f. ' ' • \f

h u ' l l i c i c r u v p r n p o r l i o r i : I

i.(>\AV\.\nii' p ropor t ion : i

I h r s r c o i u l d i l i i r i i l i \ c o i i r c r i i s p o t c i u i i i l i u ' U T o s k c d . i s i i c i U i n t h e

e r i o r < .~orT ' f t i ion r n n t U ' l s r c s i d u i i l s , \ ^ l l i c h n i i i \ I f s s c n i l u* i n o t k ' i ' s l o r e -

(.'iisiMi;^ a h i l i t s . * * ' C o i u l i i i o i i a l s f r i , i l - l H ' ( c r o s k ( ' ( L i s l i f i t \ i s c h c t k c t i u s -

in<i i h c I i u n ^ l><i\ c t i i - s t j i n i r c i c s t o n ( h e a n t o c o r r s ' l . i i i o n l i n u i i o i i o !

s c | i ! a r c ( l i f s i i l n a K .

I h e i l i i n l p r o l s l c t n j X T i j i n s u> p o f c u l i a l , i i i l o c o r r c ! a [ i o n i n t lu~ e r r o r

i c n i i s , \ I j u r i i i - l>( t \ t c s ! is a p p l i e d o n i h c a n i o i o r r t - l a l i o n I n n c i i o j i o !

i h c r e s i d u a l s h c e a i i s c i h c ! ) n i " l ) i n W a l s o f s k ' s i e a n n n l h e t i s e d ( o I c s i

io i - s e i ' i a l K e o r r e l a f e t l e r r o r s d u e t o t h e p i x - s e n e e o i l a i i ^ e d e i u i o u c n o i i s

\ a r i a i i i c s o r i i h e I M I S o l e a c h e < : | u a t i o n . i h e D u r h i n /( l e s ! l a e k s p o w e r :

a n d il is a t e s t o n i \ l o r i i r s l i ) r< l e r s e r i i d e o r r e l a t i < i n .

I h e r e n i a i i i i n ^ p r o h l e m ( o n e e r n s p o s s i i ) l e \ a r i a l i o n o x e i ' l i m e

i n t h e e r r o r i. o r r e e l i o n ( n o d e ! p a r a i n c l e r s , B e c a u s e l o r e e a s l s a r e

t f K i d e c o m l i l i o n a l o n t l x ' i ' s ! J n i a t e < l p a i \ i i n e l e i s . i a i l u r e h i i i i e o r p o r a l e

i n i o n i i a l i o n c o n t a i n e d i n l i i e t e m p o r a l h e h a \ i o r of [ h e p a r a m e t e r s

r n a \ i i u r e a s e i o r e t a s t (.r^ror x a r i . n u t . ' Jt\(} j e o p a r d i / c f o r e < a s l i j i i a l -

i t \ , I h e r c h ) ! - e , a s a I i r s t s t e p , a I a r l e \ ! l i n i t h t e s t o l p a T i t n u ' I e r

s t a h i l U v is t o n d n ^ i e d , It is p o s i n l a i e s l t l u i t t h o s e p a r a m e t e r s i h a l

, i r e s u s p e e l e d o l t e m p o r a l u i s t a h i l i l \ h i l l o w a s i m p k ' i l e t e r m i n -

i s t i e I n i e a r ' t i m e I r e n d p r o t e s s . 11 i h e n u l l l u p o t h e s i s o l e n e l l i-

e i c n l s i a h i l i t v i s r t ' i e c t c d , t h i s i i i l o r m a l i o n is n u o r p o i a t e d i n t o t h e

Ii t h e l o r e e a s t i i u j , m o d e l i n d i c a t e s a p o s i t i v e p r e i H e i e d e l i a n i ^ e i n t h e

'j,oli.l s i K c r s p r e a t i , a l o n i ; p o s i t i o n i n i^o id is t s t . i h h s h c d c o u p l e d w i t l i a

' \ , ! n i i i i i ! f v - T i l l h e - - I M ' . 1 i i ' i . n > l I h , ! i n u i s v M n i r u i i l i M i i ' ' • i r i t '• t \ l u n i ; i , n n s i s i i n n . i l l ! . ' t ( " o ^ k i ' i l . j s

h u l \ i i i i s K l i l i r n i M i i s p u U i l h i h i A h ; f i l l i M f n H i ! i n i i . s i p i n i c s - . o i ! i i " , \ - . i i l m i i i ' \ l i i l ) i K

h ! n i | i i n i ' - N , l ^ t h i i l u i ; r n ! i i , i l H ; , H L i i ! ^ ' ^ p ^ n ' ^ l I t ) i k ' v \ V . S i , i ! i , l l l i i l ( i • i ; ( ( • ^ • . | ' '• ^ M i i i l u i i i n i ^ l ) c !

r r o s k c i L i s ) U l l \ I - T [ , ( ! ' . , h f > \ ( ^ - v , - r , | , l i K , V I n | i , n i o d P ^ M T ^ I ^ u n i f s i ^̂  h e n i l ^ ^ M ^ h i i ^ ' i c ? I r i ' i | i i f ( U ^

i l i r . I l n o l l i i c i p i l ! i i ' t y p i v i ! i ^ I . 1 h [, [ r . ' W i f . V H !, n c . i j I s i i i r 1 1 1 ' i i i i i c . i ; ! n i i . ( \ > i ) i !'. \ \ ' i : u n k [ n > • > • - i l i l i '

l < - | U | > n i , ! l i j i h . i v i i j f i i . l t l u I t h i - ' ) t \,,!\ , t i | I - , j > i j - , [ ! l l , t t l l i I t i ' i , H l ^ ( i t \: i l l ' ' - . n ! t p l r > . | U ' l i i ' l l i f l M i l I l i d t i M '

l i c i t I r ! > ! ] ! • • ( I s I M - - l i n h s s U f l i t ! " ! ' . s i A ' M . i i i c ( ! ( r n i , L ' . ( • i v i r . i k ^ l . i n . l ^ M [ I I K s i < t i , \ n
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shorl position in siKer.'^ likewise, il the loreeastetl than^e in the spread

is negali\e. a re\tTse slrategv is t'stahlishcd in eaeh nsetal; that is. gold is

shorled anti siKtT is purefiasec!. Onee a position is ojien, ii the loreeasi

lor (he sul)se<|tient ehange in the spread is non-nei^alivf, an open long

posilioi! is riiaintairu'd. hi the east' ol a negali\e predicted ehange. an

open shorl position woiik! he niainlainei.1 also. These posiiions are elosc-d

oul one {.la\ hefore expiralion and a shill oeetu's in the ne\t nearhy

(ontrat t on the evpiralion day ol ihe prc'vious contrai.!.

I MPIRKAL RtSULIS

Cross-Corrflalioiis Between AUeriialive
Measures oT the Spread

I o ge l a Ice l i o r h o w e h i s c i h e a l l c r n . t l i x i ' d e l i n i t i o n s ol t h e j ^ r e e i o n s

m e t a l s s p r e a d s a r e t o e a c h o l h c r . ( h e i r i n - s a t n p l c c r o s s - e o i " r e i a l i o n s

a r e e i>mpnte( , l . f h e s e r e s u l t s a r c p r e s e n t e d in I a h l e 1. ( I r s ! , n o t e t h a t

t h e c o n s t r a i n e d g o i d - s i K e r e a s h a i u ! I u l t i r e s s p r e . n l s ( p a r i t i e s ) a r e

h i g h h c r c t s s - e o r r c l a l e d v\j(h a p a i r w i s e e o r r e l a t i o T i e o e i l i c i e n t ol ().9*-)S.

S i n i l l a r K , i h e i m t o n s t r a i n e d g o l d s i K e r e a s h a n d I t i t i i r e s s p r c a t i s a r c

l i ighK e r o s s - e o r ("elated w i l h .1 e o r r e l a t i o n eoef i i c i c n t ol ().'•*'' i. l l o t h

resLilis s u g g e s t t h a t i h e e a s i i a n d l u t m ' e s m a r k e t s a i e wel l l i t iket! In

a r h i t r a g e i i r s w h o t r a d e pixH i o n s n i e t a l s in h o t h n i . i r k e l s . S e e o n d . i h e

e o n s l r a i n e t l a n d u i u o n s i r a i n e t l g o l d s i K c r e a s h s p r e . R l s a r e r n o d e s l K

e r o s s - e o r r c l a l e d w i l h a e o e l l i e i e n t ot ^).^7<^. I h i s s n g g e s i s t h a t a t r a d i n g

s t r ; i i c g \ h a s e t i o n t h e g o l d s i K e r t a s h s j ) rea i l \ \ o i i k l \ i c k i r e s u l t s t h a t a r e

s e n s l l i \ e t o tin.' w a \ t h e s p r e a d is d e i i n e d . \ s i m i l a r o h s e r \ a i i o n h o l d s

i o r t r a d i n g s t r a t e g i e s p r e d i e . i l e d o n t h e g o l d s i K e r I tit u r e s s p r e a d . W i t h

a e r o s s - e o r r e l a l i o n e o e l i l e l i - n l ol (l.->"fi h e t w e e n t h e c o n s t i - a i n c d a n t l

u n c o n s l r a i n e t l itJttii"es s p r e a d s , t l i e p e r i o r i i u i i u e ol t h e t r a t l i n g s t r a t e g y

is a l s o IikeK lo h e a i i e L i e d l)\ i h e p a r t i e u l a r ( . o n s l r a i n l s i m p o s e d o n i h e

joni t d i s t r i h u l i o n oi g o l d a n d s i K e r i u t u r e s p r i e e s . 1 h i r t i , t h e e i n p i r i e a l

e r o s s - c o r r e l . i l i o n h e l v \ e i ' n i h e u n c o n s l r a i n e d g o l d - s i K e r l u i u r e s s p r e a d

' ' \ ' i i \ M u r s m r i . i k i . i n ! • ( • - . u l i l ^ l i o t ! i n l l i r - . i ' . l i i i i , u i . i - l . t n d f r d . 1 l u ' i f . • \ i s ! ' . A i . i s h , n i . i i k c l i n \ ( ' ^ ^

' l u r k I n r i h r b n r r n v u s m i<\ ^ u l i l . m i l s i K r i I n ; d r l i \ r ( - \ . i i i . n n s t s l i n r l ^ . ^ l ^ ' ^ j s i r ( i . i i l t . i J r , n i , l S i l l i r i

I ' l s j i . I \ , ' ! i j | M I U ' I I S l . t i r l ^ t i r u s u k r | i ! i i ( i ! r r l . i l ! \ i ' i n i l s i . i i ; ' ' • t p t i h i i c i i m ! ' i j l i k \ , i s f ) o i ! • - i K r i

[ • D s i L u . n \ i f i l l I i i s i i l l h r r i - i ( ) i n m i - n i i i > < l . I h i ^ j s - u h v i . H S M - I I i l k ' i - \ p i - i ! . • ( { j i . i n i s f \ i I ' l - i K i l k ' i u i r c n t

| > , i M i \ , i h i ' i i I 1 1 1 r \ i c n i 1 1 1 i i n i k T - | i r k m t ; n l ; 4 ( i : i ! i ' - p d i f h s i i K s l i i i n i ; i ' i i h . i d I h i ' d i ' g d ' f i > l i n u k i p r i i i n j ;

I M - . i K r i s n 1 1 M l s p c i i d . H i M r i s k M [ ) . ( i l | i i s U - J | J | I J I I I S 1 1 1 , n • . i i H h i ' l o i k t - d m . | i K l ,!•. , n i , i i f > i i r . i i ; r i i i ' v , i i o

s | > c i i i k i l i ' s f i j i s u l i s . ' f j u r t i l n K n . ' i i i c n i s n t i l i r ^ ^ o l d ' - i K r r ^ J I U M I I I S i n n r r i d i K i ' t i l e d u i l i i I l i e i h . i m ; i '

ivi t l u > ; i ) l i l s j K r r t i i H c r i ' n l i . i l i h . i n n i i h I I K - i h . i i i t i c i i i i h t p m r n i i ' < i i h M U ' I . I I , T . K h ( n n s i c k ' t c t !

s i - | j , i i a l i ' K , i h c t s M i c n l i h i ' l A U ' M l 1 1 1 m i ' ^ p i k i f i y m < , K h p r i - i m i t s m f i . d i . i k i ' i i s i p . i t . i U ' K s i n M I I d I 5 n i

I K ' F > i p i i m . H V i M t u I T t i t t i t h i s 1 i i r ! U ' \ i
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TABLE I
a i H j ' K ' t r i ' s s - { D r r r l . i t i i i n s i u i w r c r j I i > j i , i i t l h i i i U ' I c v i ' l ' . n f t o n s i r a i i u ' i l < ! i u l

L i K ' u i i s l r . i i i u x i C a s h . i i u i I u U i r < ' s ( . o l d S i K t r . i m I S i K t T ( . o l d S p r r . t t l s

r' 1 0000
iOOOOO)

/-', n 9980 1 0000

p

p.

p '

p ' "

Suhs-f.pis

MHS van,-!

0 '.i '>•] 1

lOOOOli
0 3 ^ 4

50-0001]
0 9964

(0.00011
0 99b I

.:0 000';,

' ''" ''^ ' '

0 3743
K)0001:.
0 3 7Hft

!0 00(^1}
0 994.1

(0000! )
0 9970

(OOOOli

: 0000
:0 0000:

0 993b
sOO!K)li
0 'Vb2b

K)i}OOii
{) 443B

iOOOOD

! 0000
.•0 0000;
0 4522

:0 0 0 0 ^
0 4466

(0 0001 >

..Ms

1 0000
DOOOOi
0 9979

iOOOOli

1 0000
lO 0000

is O.4'-'2, w h i l e t b e e o r r e i a t i o n h e t w e e n tlu* u n c o n s t i a i n e t ! ^n ld s ihe i"

t Li l u r e s s p r e a d a n d t b e u i u ' u n s t r a i n e d si lver ĵ̂ nld l u t u r e s spr*\ id is

- 0 . 4 4 6 , ( ) ! c o u r s e , ir! ( h e c o n s t r a i n e d v e r s i o n ul ( h e s p r e a d , t h e c r o s s -

c o r r e l a t i o n b e t w e e n i h e ^o ld s i lver s p r e a d a m i (In- s i lver j^inld sprea<!

( c a s h or l u l u r e s ' s h o u l d he n e g a t i v e u n i t v . h c e a u s e o n e s c r i e s is s in ipK

t h e r e c i p r o c a l oi' ( h e o l h e r . I h e s e r e s u l t s a r c ^^eneralK s u p j i o r i i v e ol t h e

nvvil li) exaiiiiinc a l t e i n a t l v e d e f i n i t i o n s of i h e p r e e i o u s n i e i a l s s p r e a d

w h e n sca re t i i i i i ; i o r e \ a n t e p r o l i t a h l e arhitra^^e n p p o r U i r i i t i c s .

lime Series Properties oi'the AUernalive Spreads

I a b l e II p rcs ( . ' n l s t b e e n i p i r i e a i a u t n c o r r e l a t inn e s t i m a t e s l o r ( b e a l t c r -

i i a l i ve s p r e a d s \<)\- l ay s i ( h r o u g h 6 , u s i n ^ b o t h t h e l o g a r i t h m i c level

as we l l a s ( h e ! o o a r i l h n ! i c first d i l i e r e n c e ol e a c h s p r e a d , I h e l eve l s

ol t h i ' a l t e r n a t i v e s e r i e s a r e h i g h k a L i t o e o r r e l a t c d , I lie s m a l l e s t ni t h e

s i \ a u t o t n r r e l a t l o n c o e l t i ( i c n t s iii . in \ o n e s e r i e s is 0 . 9 7 0 . N a t u r a l K ,

t h e ( | u e s l i n n n\^ v v h e t h e r e a c h s c r i e s f o l l o w s ;i s ta t ionar-v s l o e b a s t i e

pr-ocess d e p e n d s o n t h e r a l e oi d c e a v ol t b e a u t o c o r r e l a t i o n i n n d i n n ,

I x ' c a u s e it is t h e f l a l n e s s (il ( b e a u i o e o r r e l a t i o n s , n o t ius t t l i c i r l eve l , i h a t
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p'f

p.',

Pi: Py

P.''; P

TABLE II
Safiiple \ut(KnrrcI,itinri td i ' l l i i . icnis ol Loj^aruhiiiic le\cls antl

I oiiarilliniic I irst DiHcreiucs ol C unshaiiiei! .ind L ni.oiistrainci
( a s h and l u tu res ( ro ld SiKcr and SiKt-r (.<ik! Spreads

Sample PiTidtl: |an l ' *S i |u l . \'-)'->l

\ii!t>i iirft'LiiiiDi ( ocfth i'.'ul-- Ihiih

——— •"""" - » — — j j,,,i(, j.',t)^ Stiillihll'il Sll If I pic

'^ rl rJ r-i i4 r S r(. Shili^Hi Ih-ihitinu Size

0 998 0 996 0 994 0 993 0 991 0.986 9999 9'' 0 8561 2596

0 078 0 029 0 038 0 021 0 Ol 5 0 032 25 72' 0,0139 2595

0 99 r 0 995 0.903 0 991 0 990 0 988 9999 9'' 1 1880 2h9fi

0 263 0X)52 0.013 0 002 0 012 0 032 215 03" 0.0204 2595

0 995 0 991 0 987 0 983 0 979 0 975 9999 9" 0.1035 2596

0 109 0 024 0 028 0 039 0 018 0 006 39 15' 0 0102 2595

0 990 0 986 0 982 0 978 0 974 0 970 9999 9" 0 1041 2596

0 231 0 066 0 028 0 023 0 001 0 032 155 80'' 0 0140 2595

0 995 0 991 0 98/ 0 983 0 979 0 975 9999 9'̂  0 1038 2596

0 095 0 025 0 029 0 034 0 019 0 027 33 04-' 0 0138 2595

0 990 0 985 0 982 0 977 0 974 0 970 9999 9" 0 1045 2596

0 282 0 062 0 020 0 008 0 00/ 0 008 244 72' 0 0211 2595

Noses

Sf.'O (C'">tno!oh I'' Fabk' I iO' ,iltt"!"i,i!iv(' -:li'!iri.1u)r>s i-,', liif- ••,:•,!i-,,/:lh

! lunq Bex Sl.itistH- [(".A;iiQ thfi null nvprj^nes^s ina! .-vl ',e'!di •;orre!,-iii(,(;:; !,,kft^ ..intly ,;p 'o Ihc 61'! 'd;i an- ••iMgnitiCJnliv

iliffiirenl ttom / i ; ro Mtc tes.t <.Li!!;;iic ŝ distnliulofl R". ,i j junari: wish iJ'i(;roos a! •rei/tiom fVum'- 'o me nmune' o! laqs

Asyfrr[)iotic sUi'Khac. i!';or^ ',0' tin"' ("mtocoirei.iiii'.!' i"t,i«'f*K ifj;:t^; takon |̂ sa1>.H]y:|l̂ ,' can '.'ir: rippK</;irnalor! as t i t ' •sfiuatf roo!

cJ V.H-- !t'crpioc:,-!i of rhe r'umbei oi obSGrvatlO^!^J le q • 0 :J19fi for ?b9fi uiisprvdhnr'-) una^.T I'lo riuil iv/pnShesf^, of zero
;;ct<;i! i;nrN,'!aiii)n ,i^ 'ag A Ono ohs''(v,i;ir.ri 'S !-;-;l ^n'-.i"- !;ikirio [ . f j rlifJ^M.-riLf.-.

si^nil it 's i h r prcsenct' oS ^in ,tul()t-c^rrssi\c ronl i-lose to or LXjiKii lo LHIU\ .

\!so pt'fstMitecl in Table II .in- ihc \''\\-^\ s i \ iiLitocorrchitioiis ot the first

di l lcrenccs ol rach series. As ohsened. the firs) clilTerenees .ire nnich

less aulntt jr i 'clated ihan the le\els. .ind the\ exhihit rapid decay. All f irsi-

(.liiferenee series tieriiosistrate ne^ati \e i irst-ordt'r serial I'orrelations that

are rellahk d i l lereni Iroin zero al eonvfrUioriai siiitiifieanee le\'els.

Wl i i ie (he antocorrclal ions in lahle ! l snores! that most of the se-

ries eon tain a unit root, the aiitoc orrelatlons do nol |>ro\ itle a lorrnal Iesl.

Ihereiore. (al)lc I I ! presents the l ) icke\ l i i i l e r (1)1 i and Augnienled

!) icke\ iLi l ler (.VDI ) tesi results ol the nt i l l h\j)othesis of a siiij i lc unit

root in the levels re[>reseiUiition of each spre<id series, Ihe speciiicatiotis

ol ihc 1)1' and AI.)I -tests are f4i\cn according lo eq. (9 l . Rceause a t ime

trend term is ineluded in the model, ihe al tcrnat i \e inpoihesis is that

ihese \arlal)les loil()v\ a s[ationar\ process (around a detcrniit i ist ie t ime
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TABLE III
I c s l s ( o r \ L n i l Roof ITI i h r I os^ii ir i t lnnic I C M ' K ol ( o n s f r a i n r t i ;ni i i

L, n r o i i s J r . n n i ' d ( a s h a i u i I u U i r r s < iolcj S i K c r a r u i S i K i T d o l c i S | i roac!s
S i u n p l e P c r i o i l . j , i n . l* )82 J u l .

/..„

p, ,

P':,
P'!.

P'/.

p;v

;!r'd AUt ,1'

3 9670 IV

;,. ,.

2 712

3 369

3 324

3 -i 06

3 346

3 341̂

2 A 1 4

3 228

3 108

2 94B

3 072

3 124

M>! 2

2 448

3 043

3 1 70

2 561

3 114

3 06b

\l)i , I,

2 521

2 946

3 091

2 633

3 054

C'w Uy both l.e$f.h

2 452

2 905

3 019

2 454

2 952

2 876

K' ii; l.)l ,vv: -\Df-

t r c n t h . \ s s h o w n , ;tll t c s l s la t is t i t , ' s a r c wel l h c i o w t h f \"<. a i u ! cxc i i iSu'

^'"', c r i t i i a l \ a h u ' s s o t h a i t l i c nti l l h y j x n i u ' s i s of a sii!jj,if u n i ! roo t is no t

lo r i in\ oli t h e scr i fs . '** i h i s siig*;t 's!s t h a t I irsl d i i S c r t ' i u i n ^ is

atie(|ii,]ti. ' l o r e n d e r t -ach s c r i r s s l a l i o n a r \ .

( o i n t e g r a l i o n tosf rcMil is a r t ' p r t ' s n i U ' d in I a h k ' I \ t o r alt(.M'n;iti\t'

h n c a r ( . •on ih ina l ions ol i h c c a s l i arul I u H i r e s s p r e a d s . I h e mi l l h \ p o t l u ' s i s

ol n o n e o i n l o g r a t i u n is ; i ! u a \ s r c l i a b K r c j e c k ' i l at h e t t c r t h , i n t h e T '

s ign i l i c . incc- l c \ e l , s u ^ g c s i i n ^ fhai l i n e a r c o n i b i n a i i o n s ol t h e c a s h a ru l

l i i t u r c s s p r c a t l s e x a m i n e d a r c JTuleed eoinlc j^ i ra te t i .

I h c e o i i U e ^ r a i i r i u r ey , r e s s ion p a r a m e t e r s a r e a l s o p r e s e n t e d , i h e

O l . S c s i i m a l e s ((^.fJ) a r e ; j ;eneralK vt-rv c l o s e to (,(). I i. L n l o r t i m a t e K ,

t h e u s u a l / Ies l t h a t i h e s l o p e is i i n i t \ is n o l a p p i i e a i ) l e h e c a u s e ol

n o n - s t a t i o n a r i i \ ' in t h e i e \ e l s oi e a c h s e r i e s , w h i t h b i a s e s anci r e n t i e r s

i n c o n s i s t e n t t l u ' cs t i r i ia le<i s t a i u l a r d e r r o r s ot ( h e p a r a m e t e r s . ( i i \ e n t h a t

p a i r s ol c a s h a n d h u u r e s s p r e a d s a p p e a r t o l o r n i a c o i n t e ^ r a t e t i s \ s l e m ,

o p i i m a l K s p e e i l i e d e r r o r c o r r c t t i o n moc ie l s ( IX \ i s a r c e s t i m a l e d . I h e

ojJ l in ia i sp t - ' i a l i ca t ion ol l Iu ' I X ! \ 1 i ' n i a i l s a t l c e i s i o n a i )ou t i h e a p p r o -

' ' \ s ,s | i i c i . i L H i n S i . , r \ s h - p , i > k k ^ ' i . f i j

< K < i I o t u i i K t ' - i i 1)V i ' i ' j , ; r i ' - - - . n i i ; H i r - . i \ m i

l(v up In 1 l l u -

i n r n t . - i I i ) ! i k i ' \ I l l l u T i i r s l > l o i I w u i l H l l t o o l s

) n i - d i h - f t k - - . , i j : , i m s i I l i e l , i | 4 U f ' i i i r s ! s l H U - f r n i t ' ^

i l i l i H ( r i ' l i i c s • I f i r [ ( " . 1 [ r s t i l i - . s u i . ^ > ; r s l ( i ' j ' ' ( i M i n

f I I t i l l l i \ i K J i h i - ' i v u i ' , \ : ; i u t i i i i ' o u i - - ! i > r h i i i h I h i - i i i t i s l r . i i n c i ! j i i d H I K ( l E s s i r d i n f i ) i , i - . i i , i ! u i h

i J ' . \ t i l h , < l t i i i i - [ i d o t j i l r h I n n l i d ( i K s ' . S i i i i i i . i i K , I ) K k c v i ' . n i i o l a . h * S ' ! \ [ > c U ' s i s t u t

l \ i . u . l i i r n o i i i ' i i i H ! ' i " i i , ( ! ! ' i n n . . i i u l i l u - r t - - t i l l s , i r c , i i s n s u p i i i i H H ! ' I J [ ( m e i i i n l i " n < i !

- [ U u \ i f k k ' . v \ : l i t ( ' , k ! i s r n i " - ! h r s r ; ' ' v i i h - , i r i . ' r s o i r c [ M ) r 1 f i l ! i u l i i r c , i \ , u l , t b l i i r n i n I h e , l U
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TABLE IV

Ies l Hcsii i is !or ( ' ( ins t ramecl ami

slr . i incd I 'airs nj C ash aiul

S a m p l e \\-rnn\. Ja i i . I <>Si

1)1

&P'.: 37b81' 2G 741 • ?1 93T' 19 240̂ ' 18 349'̂

8. P; , 3? 649" 2G803'"' 21 984'= 19 290" 18 402"

0 027 • 0 93,3 P: . • z] , p;, 0 011 • 1 003 P; , - z],

0,996 D W 1 411 p. 0294 /•-?-' 0 996 DVV 1.414 ,,•• 0 293

& P:\ 40 803" 28 509" 2 ' 309" 19 545=' 1 7 726"

S P;'; 4! 030" 28 ?38'' 21 1.12" 19 746" 17 918"

F';, 42E 16 - 0,987 P;-, • z/, P] . 4 16E 16 • i)999P;', • zl',

R- 0 987 D W 1566,- 02!7 R-' 0 987 U W 1 575 ,M 0212

P/', S p:-; 38 662" 27 534' 22 043" 19 361" 18 310-

P,'? & P/; 38 754-' 27 619' 22 M8" 19 434'' 18 386'

P'y. 9056 16 • 0992 (P/;i • z:'. P'/: 90411 16 1003^'P'\;! •
R- 0 996DW 1464/,: 0 268 fl''' 0 996 D W 1 467 y,, 0 26

Ch ar id A D F hrp ' esp f j c t i v f j i v Dic(<py PijNe,- a n a A u g m c r i t e d D'Ckt-y FLji'or tes ts 'o( Unit H o o t s Cr^;ica! vdhfi '" ' . a re ub ta in^ id

io l iuwi fH) tht; ' i i e t h o d r. MiicK"]n.Oi] n y 9 i Table ( H I f-ns th-: full sa: ! i [ ) !n p(>rK;cl i ? b 9 7 ot . iservat^onsi ( i i i i ca i vMine^ an^

3 9 f i / 0 ( 1 ' \ - ! J 4 l - n i i j ' . ! a n d ,3 1,?88 |1O",. I T c e s c r t . ' i ca i v a n i c s app^v 'or t>o;i\ tivsH,

oq (9)
D W IS Di.i'"t)ir^ W i i t s o i ! Statif i tsr

Pa i rs ot Sps i ' a i l s a f i p c i r s i i q u(i(.k>f thfc pa ; i i y cr' i iuriKi O M ! acars^^tK) •, ! , ; , ' ! ir^at !bp i^r;,: rorsn is I f - r l .HS varsabsc w n i k ' m e

sncoi i i . l : t ' n n ,s t()e B H S va r iab le n. a c o i n s p g r t i i f i q rf.;gtf; ',; ', io'! ^nvoU^'ng Iho tw t i s i ! feai i '>

pr ia l f lau orders of tht- M I S variables, whic l i are dt ' teni i inet l using

Akaikf 's l i n a i Prcdicl ion Ivrror (T! ' ! . ) c r i t t ' r ion. - " I h c lag distriluiEioii

- ' ' I l ie I !(i,il Cn ' l i l t l i o n I r ro i • I I'l ' is d r t i i u ' i l ,is l l i . ' • .^si rii|MulK i iu .m S I ^ M I C I p r r i i u i MHI iT rnr

• A I U ' I . \ , is i [ j( ' ix i ' .ht 'Ei i i ol ) ,. \ k . ( i k r ' I')(.**' drCin.-s l hr i - . l i i i i , i ! f ul l l i v I i ' l \<s

I III >i I f—

\ \ I K ' 1 C 'II a! 1(1 '! d i - k -nn i i ) f i\ii- i i | i i i [n , i l i.ii! n idcss in .i U\n •..iri.ihii r q i i a U i m svsu-in, I h f f i rsi U'nn

ni l l i i c i i i i S nj l i i i - r q i i ah i v is ,i n i c i s i n r nf csi im . ih i x i f i n n , ani l i l ic si ' i.n[i{i [c r i i j is ,i [ lu ' . isnrc

nl i i in i l i ' lJn i ; or spi'i. i t i . , i ! in i i I'zrni , f I'l rrf[.-( Is ,i [r,K[i o i l l i r l u i ' i - n bi.is, vvh.-ii ,t I IAV. r l.i i; order

1 nol le! IS s f l i ' i leiL ,111(1 i i u ' l l i i i i ' iH V, v\ l ict i ,i hii,;[)ci u n l f t is . h.iseii , l i \ i hodsini) t i n siri. i l lesi MM
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i'l t r u r u a i c t l ini t i i i lK In l (u i r b i^s h f c a i i s c l lRTf is l i n k ' r e a s o n t o h c l i r \ t '

[ h a t l o n g e r l a^s w o n k l hv w a r r a i i k ' d w l i f i i us in ;^ iliiiiy dnla.""

Error Correction Model Tstnuales

f o u r o p i i i n i i l K s p t ' c i l k ' d s ' r r n r t ' o r i - c f - t i n i ) f f g i - i ' s s l o n s ar t* p c r t o r n u ' t l h i r

c a c l i p a i r u l t a s h a n d l i i l u r t ' s s p r t M c l s c f i c s . I l u - s c a i t e r n a t i M ' s p i ' t a t i -

t a l i o n ' . ui'v h a s r d o n i o r w a r J a i u l i f x c r s o [ • ( . •p r ( . ' s fn ia t i< ins o i I n^jjv a r u l

( H ' a n ^ c r * ' - i I ' ' S ~ i cn i iUt ' ; ; . ! ra l in( i^ i "c^ r (^ss ! (>ns . ! a i i i p a s r o l c r r o r - i ' o r r e c t i i i ^

r ( | i i , i U o n s t h a t u s e ( i i r ^ a n i c i. o i f i k ' i ^ r a l i n ^ i c ^ ^ r t - s s i o n e r r o r s c r i e s is

j o i i i t K e s t i i n a l t ' t l i i s in^4 t l i r e t ' s i a g e l i - a s t s ( | u a r e s . ! o s ; i \ c s p a e c . o i i K t h e

!"( 'sf i i ls j o r I I K - v o i s s i i a n i e d And i i n c o n s i r , l i n e d j ^ o k l s i h e r s p i e a d s a r e

p r e s e n i e d i n l a l ) k ' \ [ o r i l i e n i i i n m i i n i 1 V\ e r r o r c o r r e e H o n n i o t k ' l s .

TABLE V

I h i v v S t a i ^ i ' I ( , ' j s l S ^ j u a n s I s i i i i i . i U ' s o l i h e 1 r r n r C o r r i ' i l i n n X U x k ' K = I C M l i i i r

C o n s l r a i i U H l , i n { \ L l u n n s i r . t i i u H l ( a s h . l i u i i i i t u r e s ( M S I J S i U r r S p r e a d s

l',i>u I \ I rfif'iiuiiiril < .nij. Sihi.'! I uliru-^ ii)i<t ( a-h

FCMl

ECM

0 OOOS (i 4B6 L. 202 0 Uld 0 '' 73 0 • ;);i 0
:() 9 h B ! : 1 /' C B - i y • / 8 0 = , : ' i 4 9 1 1 ! ' 131 - i ^ ^ i ' ^5 1 8 6 / K)

0 OOOi! 0 ;58(i 0 1 ;2 0 OOn O 389 0 095 0 0^2
j1 1 9 0 : : 21 S ' f i , " > ' . i v ' - i r - 0 5. ia i ( 3 2 ; i 4 i r (b b 9 8 : . ' {3 2 3 0 } '

2 Laggori Casn Pncsnc, Shcck:̂  '\9- \ r-or Correclsfiy Mechanisfn

r C M 3 .\h':. .,.. - •.••/••". . • }^^ » . A P , , • 1 , ^ . A P ^ , • t ? ; ,

(s fJOd' (i S98 0 ,?3 5 0 \2C, C: 0 / 9 ! ??-'- 0 ?0r) 0 0 3 3
H)24/i . 20 0831 • , ti 44'.,•'• ( b 294i^' ( i 79) j iS6 D^Hr |G 5^3; ' H 363)

LCM4 A/-" . ,< • > , / ' \ ^ • ^ ' - - ^ A P . } ! ' • ' . ^ P ' - • '--' •

W h ^ r e / , . P . . i,i • ( V P : , .1

0 000? 0 434 0 127 C 00! 0 5G2 0^27 0 058
(0 7f>3; : ?4 ?70}'' : 6 6 0 ' r ' (0 077i (56 4G2/' i7 D U ) ' ^ (4 b35:''

Sv^le^n W^3<jh>>.! R 0 7090 Syslcfs^VVo.CililoJ MSL 0 r79

I ' s r i i , i ! v t i ' . i i 1 . H I , J i l t s i i ! s : ; " ! > H I I S n l ( , i ( . h < ( r i ) i ^ " f ^ ^ • ^ U ( K l I ' l ^ u j i i s ! ' ! , i h c n ,!!^ ->

i i H 1 " . i n s r K h i - ( | i i , i n n [ i I I n ( r d ' r r , l i > r r . h u :• 1 l i f v ( i n s i > u l . i l i o n . < i t m n i i i ! , i U i i i o •• I ' ' S !

. " - l i m a n n r ! p ? O i t , ' i ( s i r i - ] ^ l n i l , i \ \ r t i \ s . - i k - v n i n w ; i l L l m ^ I l s • s ! ^ , i t i ' . l U u i n n v l u a i J h

A k . ; n n i i . n i c i t i l . i i \
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TABLE V (Continued)

( ( ' / II i i i c i i u - - l u i i } n ' i l ( . i i L l S i l t e i I j i ! n r i ' % i U i i S ( i i \ i j

1 Lagged Futures Pricing Shocks as Erroi Coi.'eclsriQ Mecham.sni

ECM5 AP;' , V, >'..','•, , • / i . -AP;\ ; - 1^/V, AP . ^ - (->;•,

0 00001 0 f.32 0 09-1 0 776 0 079
1 0/J071 ( 24 214)'' i 4 357}'"' f 3 i b 1 3 3 ' (3 234) '

Wfiere /.r, , P;\, , ui • UP!:. . >

0 0000 0 461 0 101 O.b77 0 078

CO 0000) { 26 236) ( 6 129)" i32 282T' if) 367}"

Syslent-Weighted R- 0 785 Sysiein Weighted MSf- 0 707

2 Lagged Ca:sh F r̂̂ cmg Shocks as Error Correcting M;.'ChiiniSiri

i:CM7 AP , , n,. - y:y'- , • '^ .^.,^P:\ • v ,., j ^ p , , , e ; .

0 0000 0 871 0 276 0 216 0.076 0 780 0 270 0 211
(OOOOl! [ 34.476)" i 9 049)'' ( 8 057 | ' ( 3 774)" (32181) ' [8 073}'' i7 216)

ECM8 AP^,^ ..,, • > v C ; i ' '̂ - -^P^'• • ' l . ' " - - -^^ ' - - " <-?,':

W h e r e / , ' - . P'\. . m' - b'P'.', . •<

0 0000 0 430 0 128 0 660 0,108 0 039
(OOOOl) ( 21 6011' f 6 468)= i31 82]; (5 901)'̂  s2 /B3i'

SuljSCfiptK C ,ti'L: ,' Kfpnlsly ri]i,|>i:^(;lgvP7 Irii-' i sis'"! .'I'u! ' l i l . j i f ' i -i^^'Piids

Panel A c-oiUaiiis ihc restills IDT ihc c-onslraincci ^oUI siKcr ca^li

ami l i i i i i rcs S[>I"C;KIS (jKiri l ics). ! he MKHICIS 1 , C ' \ 1 ! ami I,C \\1 iirc

csUnijitcd jo intK. i is in^ l;i^m.'(l Iulurcs c i j t i i l ih r imi ! pr icing errors us error

correction terms, whi le I (.\\^ <UKI 1 ( ~ \ 1 4 , also JoinlU estimated, use

the tash cq i i i l ih r i i im )iriein<; errors <is ihe error correction ntcclumisni.

Ihe ei"ri>r cor r tu i ion eoel l i t ien is ser\c two purposes: lo i i lenl i ! \ the

t l i r i 'c l inn ol (he cansal relal ion between ch>inj.;es in the sjioi am! Iulnres

spreads and to indicate the speed v\it!i whieh diseijuMihria are corrcetetl

In short run adinstmcnts in the I I IS wirlahles. I or example, f C M l has

the interpretat ion that ehangi's i i ! the constrained luUires spreati, A/**^ j ,

arc due to both shorl-rui i el lecls Irom la^jictl \alt ics ol \P\ , ant! A/'^' ,.

antl to last periotl's (i i lnres coirUe^ratin^ errors i j rom the eohitei i rat in^

rej^ressioti'l that represent atljnstmeiUs to l(Ui|i-r(m ec)tii l i l)rinm. II the

error correction eoel l i t ient is small or statisiiealK insiuni l icanl . ihen

IP'l I has hlt le tendcncx lo atijiist to correct a disc(| i i ihhritni i s i lnal ion;



736 Wahab, Cohn, and Lashgari

t hns mos i ol i h c a t l jns tn ic rUs may be aeeoni j>hsl ic t l t h r o u i ; h snhse<jt icnt

a t l j i i s l n i cn t s in the cash spread \P' , in I ( M 2 ,

\ n c x a m i n a l i o i i ol the est i r i ia tes ol e r ro r t o r r e i i i o n tiUKlels I C M I

t h r o u g h r . ( ' M 4 r-e\eals scx"er.il n i t c r e s l i n g resn i l s , l i r s t , d e \ i ; i t i o n s ol

i jo l t l a i u l s i lver cash pr i t cs I ro tn then* c t | t n h h r i t i m \ a l t i c s t r i ^ ^ c r strt jnj^cr

sul>se(|ncnt a d j u s t m e n t s in l u t u r e s pr ices t h a n do de\ ' ia t i (ms of t t i t u rcs

[ i r iccs w i l h rcspce l to cash pr ices . M o r e spcc i i i t a l K . the c o e l l i c i c n l yu

in ! ' ( \ M o! •0,^^ 'S is a lmost tw i ce i he maj , i ! i i tu t lc o! the c o e l l i c i c n t

y\ oi ().-iS6 in I ( M 2 , I h i s sui im'sts that a h o u l iiiV* ol the ^iap or

t i c \ i a t i o n I r o m the c f p i i l i b r i u n i \ a l u e ol i h c c o n s t r a i n e d go l t l s i k e r

cash sprcat l is a m c i u k x l each t la \ ih roL i j ih a t l j n s l m c n l s in i^oltl s i lver

i u i n r c s marke ts . ( ) n the o t h e r h . ind . a l tont 4(i 'c ol the d i ' \ i i i t i ons I r o m

the c t ju i l ih r inrT! c o n s t f a i n c t i t4old s iKe r t u l u r e s spreat i arc co r rec ted

w i l h i n a i\..i\ t h r o n ^ h snhsecjncnt a t l i u s l m e n l s in i h c ^ o k l s i K c r cash

spread, i hese resul ts arc c o n s i s l c n l w i l h i h c i r a n s a c l i o n s cos l ad \ an l . i ^c

ol l u i u r e s over i he t a s h market and arc also suj,i<>esli\c ol a p o i e n i i a l

causal < i rder in^ he tween Utc lv\'o n i i i r ke l s . Pi-jcinj^ shocks in i h c t a s h

marke l appear to he r e l a l i \ t d \ mo re i n l l n e n t i a l t h a n p r i t i n ^ shocks in

the i i i t u r e s marke ts .

S e t o m k i he t a s h a n d l u l u r e s sprci i t is c \ h i l ) i ! suhse t juen i at l jnst -

nuMUs in r(^spoiise to (he i r t>wn p r i c i n g d i s e q u i l i b i i . i , I h c c o c l i i c i c n i

y\ in I ( / M i is - 0 . 4 H ^ , and i h c coe lT ic ien l y'r, in I .CA14 is 0 , 4 ^ 4 .

w h i c h can also he intc i -preU' t l as ev i t lenee ol mean revers ion in t he

i u l n r e s n ia r kc i t ha i is more j i r o n o n i i e c d t h a n in the cash m a r k e t .

I h i r d , the c o u i e m p o r a n e o u s ( . 'oc l l ic ienls in ! ( M i ( ( \ 14 are elosc

lo ! l ) i i l s t . i l i s i i ca lK d i l l e r e n i I r o m } n n i l v , i nd ie . i i i n j ^ t h a t , a l i i i o i i ^ h

i he cash , ind i n t u r e s marke l s are i n l e r r c l a l e t i on a p re t l om i r i an i l v

i ns ta iK i i neons hasis, sosne de laved a t l i n s i m e n i s also re I i al l I v prevLtil.

l i u k ' t ' t l , l l i c c o c l l i c i c i i l s on d i e one-dav la^^^ctl than i^es in t he cash

and I n tn res spreat!s ,[t ross i h c l o u r mot le ls are always s la l i shca l l v

s i ^ n i i i c a n i al i h c \'' k 'vek In some cases i h c e o e l l i t i e n l s on the iwr j -

t lay la^^et l chant ies in i h c t a s h ant i I n i n r e s spreat ls are also s la t is i i ca l iv

s i ^ n i i i c a n l . L a ^ ^ e d l u U i r e s - i o eash a n d e a s h - i o - l n t n r e s i n t e r a t i i o n s are

^icncralK ol s im i la r mat in i i i id i 'S. , sn^^^jieslino that lectl l>ack exists h i / tween

the I w o in . i rkets , I u r i h e r m o r r , l i i i ear resl i ' i t t i ons U i s i n ^ an / tesl ) on

one and ! \ \ i ) - t l a \ Iaj4^ed c o e l i i c i c n t s are r c j c t l e d v \ i t h a lmos i t o n i p l c t c

c c r t a i i i l v , p r t n i d i i i i i suppor i in j . ' cv i t l cnce ol i he s ia l i s l i ca l sif j^nil ieancc

ol lag^et l i i i l e r a d i o n s , I h e in sample l i t ol i h c mot le ls is impress ive ,

w i t h a i ioodness o i - l i t / I " meast i re ol a h o m O,"? i . Panel V> prest^ i ts

t i i c [ j a ra inc le r <*stimal(s oi t in* l o n r e r ro r c n r r e c i i o n mot le ls l o r da lK

changes in the m i t ons i r a i ne t i go ld si lver cash and InU i rcs spreat ls. I he
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resnils imply conelusions ver\ similar to those ohunned from panel \ ,

I he error eorreetion models I ( , \H ihon^h I'C MS lor ihe imeonstrained

^olt l - siher eash antl I'ntnres sprcatU demonstrate hetter in-sample l i t ,

wi th an P,2 stalistie or(),T'S lor IC M S ,uu\ I,C'\1(). antl O.SOl lor I C'M7

aiul l,( MS. I () ensttre proper spcci l icul ion of the crror-correcl ion

niotlcls. a varicU ol stantlard diagnostic lesls are a|>plied to the resitltials

anti iheir s(]uared valties (results not reported). Ihe ev itience is hroatlK

eonsisleni v\i(h inotlel adetpiatv.

I o invesiiu.ite ihc exleni to w hieh the inslrninent choice alTeets the

hirceasl pcrlormanec ol ihe estimaletl error correction models, lahlc \ I

reports (orecast perlornianee results, together w i lh a deeomposil i i)n <>\'

ihe MSI st.itislics assoeiated wi th using three movin^i average instrti-

menlal variables. Resnils are shown lor error to r rec l ion nmtlels IC \ ! i

thronuj i IC:.\hS, eorresponding to the constrainctl and tmeonstraincti

eash antl luiures uokl-, siiver spre.nJs, Several interesting lintl ings are

revealed, hirst, an A I^ IMA instrument apjiears to have eonsislently pro-

duced l(jv\cr MSI across all I.C Ms when compared lo other moving

average insirumenls. kv idente ahout the statistieai signiiieancc of ihis

i l i l lcrent ia l Iorecast perlormanee is shown in panel C. IndectI, littcc!

V ill lies i rom an . \ R I M \( i . i , I i model lor each of the cash and ftitnrcs

conslraincd and nnconstraincti sprcatK ou ipcr io rm a Iwo-moi i th moving

average rnle. Ih is superior pcrlorniancc is stal ist ic i i iv significant al ihc

(),() i '^ level. On the other harul. Irom a slalisiieal signif ieantt ' v iew pom i,

an AHIMA mstrt inu'r i l ai)pears in produce lorecasts ol ihc same (|ualitv

as those protluet-d hv a iwo-wcck or a onc-niooth moving avi-rage rnle,

, \one ol ihe tli i lerenees in s(|uared residuals are slalistieailv sigisifieant

al anv reasonahle level, save one tase,

l o shed more light on the performance of eaeh insi rnment,

Panels \ antl B present evidejiee ahotil l l ie tleeonsposilion of the

M S ! statistics into iheir three eomponents. Ihe hias propor i ion,

f- . is an ind it at ion ol sv stem a lie error: il is hopcti thai C ^' is

close to zero. I he v aria nee i iucHicicncv i proport ion, L '^. indi i ales

the ahililv ol the inslrtnnenl lo repliealc ihe tiegree of \ariahil i lv in

ihe variahle ol interesi, il is hopetl thai (. '' is close lo zero also,

l i na l l v . ihe c<ivariaiicc proport ion, (. * , nic<isiires ihe rantlom <ir

unsvstcmalic error componcni of the total ioreeasi i'rror. I dc i lK . this

propori ion wonid he close to I. Oucc inorc. tht- rcstjits suggest thai an

A i U M \ ins l rumeni does just as wel l , if nol hetier ihai i ihe alternative

moving average inslrnmenls. C.iven iliese l i i i t l ings. all reporlct! resuiis

are hasetl on estimating anil s inui ia l ing iorward IC \ i s v\ith AHIM \

insirumenls. Ihe t|nes!ion lUcn naiurallv arises: C an ineorporai ing an
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t ion mechanism together w i ih the ohserved laj^^ec] inl<'rac-

tions \n- explnifcd to ijcneratc e\-ante arbitrage j)ro!itsr

Iesl o( Parameter Stul>ilit\

l l i e puipose i>l tbis sEud\ is to see wlu' tber a statisUcai model tbat is

consistent w i lh ihc empirical regularities in l l ie data could proli tahlv

cxploii tbe serial and t ross-tlependcnt ies in tbe series. Ibe study does

not seek io i i lcn i iK an "o|)[iTnal" lore*, astiiijj; model or tradiii^i straieu\

that is capable ol niaximi/ ing pri i l i ts al an\ risk level. .\n adtl i i ional

v()niple\i t \ is inirot luccd into the analysis, ibat is, reeotiti it ion ol possible

mo\ements in ihe error eorre<iion nKHJeis' nnderkir i^ ; paiaii ieters.

I here are sewral rt'asons w h\ tbe (oeff ieients ma\ th. inge o\er

t ime, 1 irst, s'\en ii the e\])laiiaior\ \ariahies ca[>ture all inhi rmat ion

used h\ trailers, ihcie is no reason lo helie\e thai in iormat ion is

used i l ! tbe same wa\ oM-r aH i i i i ic p(M*io(!s, SeeoniJ. hecaiise there is

w itIc di \ersi t \ ol participants in ihc precioiis metals markeis ^individual

tra<!ers. as id pubhe AIM} private inst i tu i ions i . ii is di l i i i , u l l lo aruiie

that eacb parlicipanS would react to d<'\elo]tmeJits ihai a i l e t i gokl and

sihei" prites accoi'duig !o a lemjioi-alK stahle lixed coet(i( ient reaction

l u i n i i o n . e\en ii oiie is wi l l ing to assume thai parl icipanls' reaciion

luiu ' i ions A\'v cross sceuonalK ideuheal al an\ point in i iu ie. I hird,

hecause loreeasls ol ctnangcs in ihe spread are madi' ei)ndi l ional on

ihe esii!H<iled paraiucurs, Inretast <jualit\ nia\ he improved In relaxing

ih(^ assumption ol Mxed coclHcicnis.

Iberelore, lor example, ihe iirsl etroi' Uirrcet iou model I C M l is

cxtcTidcii as tollows to allow ior lineailx and delerni inist i i 'alK trerul ing

naraiiieters.

i

I I V j is s n i t i s t K a l K s i o i n h w n i t K d i i l e r c n i I r c i n / ( M - O . i h e e r i ' o r c o r r c c -

Sinn c o e i t i t i e n l is d e c l a r e d l i r n i * \ a r \ i r i i j , , I i^^c\s isc, it ( h e c o c H i c i c n i s

/ i I , . / i . I >/••'L, . / ^ ' , i i ' * ' s l a l i s t i c a l K s i u f n l i c a i i l , i l K ' n e a c h e x h i b i t s u

d e l e r m i n i s t i i ' l i n e a r ' ! r c i i t j .
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lest resti l ts arc pri-senlt ' t i in l ab l c \ 11 when" o i i lv the esl inui tes

ot (he lU'w !\ c r ca t f t ! coei l ic i t ' i iKs ( lor c\unipli.N in IX M i , t l iese are

y ] , / ^ ' , , \ and f3^,\} and ihe i r / -s la l is i ics arc reported,"^"^ Panel A

presenls resit l fs tor ihe i-onstrainet i gol(t s iKer spread ( j ) a r i l \ i w l i i l e

panet B [iresents l l ie results tor t t ie uneons l ra inet t uoJd s iKer spreai i .

Hesiitts tor the i ineoi istrainect s i t \er j.iotci spread are not reportett in

l l i e in teres i ot b r e \ i t \ , hut rel ieet ( | t ia l i ta l i \ t ' l \ the same eon i l t i s io r is .

As is appa rcn l . a lmos i al l nKtdels exhihi t i rendin^ i behaxior tn the error

eor ree l ion coc-l l ieiet i ts. albeit w i t l i d i t te rent signs. Some eoelTiciet i is are

t rend ing i tpwar i ls o \er t ime v\hi le sotne cii"e Ereiuiini i dov\ tu \ards. An

Li|ivvard t rend shows lha( eorreet ion responses ol a p a r l i t n i a r market

U ash or In l t t res) are strengtheti inv^ o\ei- l i m e , whereas a dow nward I rend

ret lecis .1 weaken ing response. Sonie of ihe eoelTieieisLs represent ing

lagget! inEeraelions in "ov \n " ntarket as wel l as across the two markets

(cash arul In iu res) exhibi t s i t i i ik i r t i n ie - t re ru l ing tendeneics. l l a \ i n g

i l c iec tcd eoef t i c ien l ins labi i i tv o \ c r l ime , th is add i l i ona l i i i l o r t na l i d i i is

ineo f j io ra lcd int<i tbe lorecasl inL; models.

TABLE VII
I arir\ I tinieh I esi I or i',ir,imrk-r Sl.i

r
T

J
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J
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1

T •
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AP. . ,
AP , .
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SP/- ,

i'.uu'l \ ( niistruuic,
i < \} !
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0 OOOOl 0 167')

0OOOOl 1 112)

1 ( \ l ^

0 00094(4 004)-'

0O0067{ 3 080V'
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(S OOOO-K) 242)

,/ ( ash iiiiJ i ui

1 ( \12

0 00043i 2

U 0003B(2 t>
0 00001*0 4

0 00017.' 1
0 00003., 0

/ ( \lh

QU0006( 4

0 00005(3 r;

0 OOOO HO 7

0 000021 ;

0 00001 {[12

nr.s (,nU

3b r
2:̂ 1

012i
613:

j ,

263) •

/6 i •

0 1 !
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39)

Sihrr Sjiccfi/s I'li

I ( \n

0 000/'j( 3 3is1;
0 00044( 1 92'J(

0 00001: !) !38i
0 00001 (0 434s
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<.nU Siho Sp, .v
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OOOOlOi -1 { ! 3 7 } '
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OOOOOH 3 013)

0 000041 2 292r
0 00001(0 224|
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Ci

0

/ ( \N
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00038!2 439t"

OOO'lsO 3981

00002[ 0 976.

OOOOli 0 •")D9!

/ ( \ls

00007,4 231) '

0()005i3r>20. '

00001 iO644i

000021 ' 341)

OOOOli 0 71 ,'•)

i t < . j i i i l t h i - M S U l i s . K ) d 1 . ' H i l l S - l t l J i ' . t l i i f , ! v^.[l>,U.iV.IV:l, i, ! ! < 1 J < < > ! ! ( ' 1 f l i i n H i n d i K \ s I l l t n i l t

( U I I O L : ' i H - H u ! . ^ l ^ • I . t l i l . - \ < r i l • ^ s t ( i h . i l K I N H I " ! . . ! ! ; . ' . ! ' ! ! u l h ' n ,ippK n d ) ( i L : i u i u - u n u i U T I U V i n

i . f i n i t n u i x u o n - . i n d 1 o M i c i n | > u r , m c i ! i ) \ . i m l l . i - ^ i i i ! i i i K I . K l l ( l l | ^ . a t i i M K i ' i n c i ! <<!\i\
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Out-of-Sainpk- I it and I orecast I valuation

urlitT, i\\c inroi.tsi slrak-)^\s n

niuhfsk'p

pt'iiotls.

fonstanl

<.-\tcm]i.'(.l

oi.tsi slrak-)^) c;ills lor ^ifiuTatiiii; cm/ \M'('k

a s K o l i l i o s p r t - a d . i h i s r e s u i i s i n 2 0 ~ vNcckK S o r c c a s l

o u i i l t o r i h c i a c i ( h a t s n i n t ' o l [ h v p a r a n i t i c ' i . s a r t ' i u i l

l i i n t ' , i h c n i i n i i i i n n i I I T o i ' r u r c o r r e c t i o n n i o t l c i s a r c

' i i K k ' [\iuv \ r v i \ d k ' r m s , a s p r c \ i ( i i i s l \ ( . l c n i o n s E r i i l c i . 1 i i i

t h e i . i r l c x M i n i i h i c s t . I ' r e s n n i a h l y , i h c p r * . ' i . ! i e t a h k ' p a r a n u i c r h e h a \ i i ) r

| ) i - o \ i i . ! c s u s < H u i i i i h ) r T n a l i o i i i o r l l j K i a l i ^ ^ i h e h i r e e a s t s .

I n j i u l g i n g i h c a i , ' e n r ; ( e \ o i h i r e c a s l s t i c u c r a t e t l h \ l i x e d \ c r s i i s

t i n i c - \ a r \ i n ; ^ p a r . i i m ^ k - r v e r s i o n s l i l i h e c o i n p e i i n i i i n i i i h m i n i I IM e r r o r

1 o r r c t t i o i s n ^ o t l e l s . t h r e e i r r o r s t a i i s l i e s . t r e i i s e i h m e a n i o r e c . i s t e r r o r

i M I I, m e a i ^ a h s o h i k ' h i r e c a s i e r r o r i M \ t K a r u l r o o t i i i c a n s i : | i ! a r e e r i o r

. as h)ihms:

\1

\ i \ i A/' : ,

J . .' • !H •

\\ l i e r e A / ' j I . ,„ is t h e d a i K I u/ \. 2 11 h i r e e a s k ' d c l

s p i ' c a d 1 f 1.2, V \̂  i! Il ! d e n o t i n g t h e i. o n s d ' a i n e c i i^old

2 d e n o t i n g t h e t i i u o n s t r a i r n ' t l ^Ljokl s l K e r s p i ' c a d , A\H\ .

[int. o n s i i j i i u ' d s i K e r izoki s p r e a d ' ! loi- t h e i i h m a r k c l ii

'.i\-^v in l l i c / t h

siKcr spread,

ck'noting the

1.2, wilh 1
l i e n o i i n i j ; i h e i a s l i n i a r k e i . a n d 2 ( I c n o t i n j ^ i t h e l u t u i ' e s n i a r k c i l , \ i s t h e

m i i n h e r o i w c e k K l o r e e a s i j H ' r i o d s , a n d t h u s S \ j s t h e i H i ! n i " > e r o l d a i K

I o r c e a s t s . I o i - s p j c c e o n s i d c r a t i o n s . f a h l t ^ \ I I I c n n i a i n s t h e i o r c e a s f

e r r o r s i a t i s i i e s l a v o n h i h e l o n s l r a i n e i l a n ( ! u n c o n s l r a i n e d ) . i o l d s i K c r

s p r e a t l s .

S c \ c r \ i l o b s c r v . i i i o n s AW \̂  a r r a n l e i . 1 . ! i r s i , t i s e r i ' i s a t e i i d i ' n e v l u r J

t i i n e - \ a r \ i n * ^ p a r . i i i u ' l c r \ c r s i o n t o o u f p e r l o r i i i a i j \ t . ' t i t o e i l i e i i ' n t \ e r s i i i n

o l i h e l o r ' c e a s t i n i ^ r i i o t i c k I h i s i s h a r c l K s u r p r i s i n g s i n e e l e w l i m e \ a r \ i n g

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

i n t o i h e i o r i ' t a s i i n ' ^ p i ' o i c d u r c . " ^ S e e o n d . a p r c c l i e l i v c < ' r r o r l o n ' c t t i o n

m o d e l o ! . l o | - i ' \ a n ! p l c , i h e i h a n u < ' i n i h e e o n s t r a i n e d ^ o k l s i K c r I u l i n e s

.s-i :<AA\
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iii'l .\ (

I ( \l!

TABLE VIII
Oul-ol Sainiiit' IdrotMst ! vr

I ( M / ( \ M

i> i i u : < i n \ t n i } } i f . A ( . ( > / < , n h l ! i i l i i ' i " - I . u l j S i h I'

\ M

MF-
MAF
RMSE

O.Ob/
0.800
! 280

; \ !'

0 0b3
0 730
I 060

/ (

0 036
U GOO
a 900

; \ / '

0 031
0 520
0 800

; (

0 030
0 aoo
1 ?80

1 \ 1'

0 036
0 684
0 960

( (

0 0?4
OhOO
0 903

M P

0 030
0 600
0 90'"j

MF

MAE
F1MSE

Notes

A': nufiibt-'s
F (; -mci [V i *

ML (h-niJev

OObO
0 b39
0 901

1 \ ('

0.050
0 530
0 894

ny U'lO

•i MAF 'S '

M

0 024
0 414

0 629

1),- >'̂ .-Hr- . T i ' !

/ \ ) •

0 022
0 4 10
0 f>01

i i

0 023
0 531
0 900

'.• VrKy^.--) l.,ir,-i

; \

0 0
0 'S:

0 8!

' • le 'e'
" 1- ! ' •

r

19

"i9

15

n i !

/ ( •

0 019
0 404
0 628

\ r

0 017
0 402
0 b94

spix'aci t h . i l iisf.s Lij^gcil (M|i i i l i l )r iLirn pri i . i i i ^ f r r i i r s in the cash spread as

i h c e r ro r cor 'ret t i n g m e e h a n i s i i i t [ .C .\1 ^ • t lot 's bel tei" in prx^d i t i ions i h a i !

one t h a i nses "ow n " iaii^ied e ( | u i h l ) r i i [ i n p r i e i n ^ e r n n s ! i.e-, in the f i i ! t i res

s p r e a d ' as t he f r r o r e( )rrec t iTi j ; niec ha i i i sn i M C M I i it pa ramete rs arc a l -

lowed lo \ a r \ . l>\ the same t o k e n , a p r e d i e t i \ e mode l ol ehar iMfs m she

eash spre. id (hat e o n d i l i i i n s s n t h prc-ilic ti(ir^ on l;tj.i^etl e t j u i l i h r i i i m pr ie-

i nu error-s in the l i i tLtres spread ( I ( \]2' w i l l o u t p e r l o r m one that uses

" o w n lagi^ed p i i i t i i ^ e i r o r s as (he e r ro r enrr<'t. t i i ' i i me( han i sn i ( I C \ I 4 '

w h e n p . t r i tme le is are. s i m i i a r k , a l l o w e d to \ , i r \ . i h i s is a elear m a n i -

l e s t a i i o n o ! ; l i ' the i m p o r t a n c e nl c or is ider in<i t he iH 'ha \ i o r . i l linkaij^es

he(\\ec-n the vash . i iu l l u t u r e s marke ts io r p ree ious me ta l s : a n d ' i i i t he

h e i i e l i l o i i neo rpo ra l i n j . ; a d d i t i o n a l i n i o r m a t i o n ahout i h e i n t e r t e m p o r a l

i ic luix ior ol i h e pa ia ine te rs i n to a lo reeas i i n ^ m i n i e l . S i m i l a r o h s e n at ions

t a n he made l iased on the resu l ts in pane l !>-

Simiilatod TViiding

l a h i e 1 \ re j io r ts t r a d i n g p r o l i i s gene ra ted h\ a t t m ^ n i i o u t - o l - s a m p l e

pre the le t i i haiu^es in i h e d a i k pret ions me ta l s p i r a d h i r a lew selected

caaor e o r r e e t i o n mode l s e \h ih i t i n ;a i he hes! i n - samp le l i l . 1 r a d i n y p ro f i l s

ar<' r epo r ted In dol la i " t e rms l o r unK the e o n s t r a i n e d an t l une(snst ra i i ie i l
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TABLE IX
Doll. ir 1 r.KJiii^ K<.'Miits B.tscJ on Sclct t f d I n o r ( ocri' i l id i i Mo ik 'U

C oTisir.ii iu'ii itnti I ni i inslrj iTU'ii ( .ish (HHI I l i tuu 's < .oki S ihcr SprtsKi'-

I r .Kl in i i I'VVUHI: I M K I, I')-SS luK ^ i , \'>'I2

August

October

Decen^be^
February
Aprsi

June

Aucjubt
October

Decembei
FeDniary

Apr̂ i

June

August

October

Derernbt"

Febiua^y
Apr.!

Juiu?

August
Odcber
DecemUOT
February
Ap[^i

jLine

To!a
Std Dev̂

StJ Uc/ -> •
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go id s i K r r c i s h , H K I i t i l i i r f

i u5 i rb \ l i i tur(^s conU.icE tor

r r s u i i s i o r (he unc oi i '^ l ra i r tc

s hasod ( in ( rnd in j^ . J K N J \ S , i i i the

coi is i<.k ' r , i l io! is. D i ' i i i l K ol i r a d i n i i

yo id r a s h a d d i i i f u r i ' s sjsrcads art '

no l r c p o i U ' d bi i f i i i r av. t i iahU' u p o n r c q i i c ^ I .

U t ' io rc l i -por l in ' .^ ! hesc r t ' sn i l ' - , t \ \ o a t k l i l i o j i a l ohscr \ a l u m s art- w o r t h

i i o i i n i ; . 1 i rs t , a l thon^ i i i ^ u k l l iU inx 's c o n i r a c t s t r a t k ' d on i h r t O M I \ cx-

[)iro I't'j^nlarK on a h i r n o n l h U basis. s i K i T l u l n r c s t ' o n t r i K l s t r aded o!i

ilw sanu ' r \ fhan;^f. ' r\hii">it ..m I r r c ^ tda r r x p i r a i i o n t A r k ' . i o r o \ a m p k \

i K ' t w c r n | u l \ i ' 'SS .md d i f c u d l i i j i i K h ' ^ ' i . 24 nt ' i i i "h\ i^oltl iL i t i i rcs

t o n t t a U s \ \s4 \ ' t r a d t d . ^^ ink ' onK 20 i icarbx iu tu i x ' s <.()i"i!racts on si lver
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I r u t l f d <i\or t h e s a n u ' l o r c c a s l J U T K K I . DLinn^i i h i s f i i iu ' pi-riocl t h t '

c \ t l f ot s i l ve r I u l u r c s v .n i t ' t i b c U v f c n ( | t i j i r t f r l \ . intl b j i n i ) i u h l y

lrt.H|L!Ciicit's. I h c r c i o r t ' . s i iRi. ' *>ol(l l u t i n c s i.'\[)irt' nmri . ' f re-

t j tR' i i l ly i 'i. ' lati\t ' t o s i K i T J u t i i r e s , a n d s i r i c c iioUi a n d s i l ve r p o s i i i o n s h a s t '

t o h f t ' s t a b h s h t ' c l s inu j l t a iuMi i i s iy , t h e t r a d i n g slrate^^) is a i s e h o r e d i o i h e

^ o l d i i i t u r e s e \ [ ) i ra t i ( ) i i l U ' l e . S e c o n d , h e c a u s e t h e p r o l i t a h i l i t \ ol t ru t i -

in>i t h e j> rec ious i n c t a ! s j i reacl in l l i c c a s l i i i i a r k e t is a l s o i n v e s l i j J a t o d ,

t h e s e r e s u k s a r e a ! so r e p o r t e d o n a h i i i i o i i t h K b a s i s c o r r e s p o n d i n g t o

t b e <ioKI l u t u r e s e x p i r a t i o n c v c l e s o a s Eo m a k e t b e ( r a t l i n g r e s u l t s la i rK

f o n i p a r a b l e . B e c a u s e a C O M I X l u i u r e s e o n E r a e t o n jiolt! c a l l s l o r d e l i \ -

e r \ ol 1 0{) t r o \ o t i n e e s ol g o l d w h i l e a s i l ve r I n t u r e s t o n t r a e t I r a t l e d o n

i b e s a m e c v c b a n g e c a l l s l o r d e l i v e r y ol T O O O o u i u ' e s ol s i K c r . d a i K t lo l -

hir p r o i i t s for l o s s e s ) o n i b c t o n i b i n e c ! j i o s i l i o n . l o r i h e c a s e o! p o s i l i v t '

p r e d i t t e t l c h a n g e s in t h e s p r e a d , a r e c o m p u l e t i a s i o l l o w s ;

S P r o f i i - i lOf) \ (f,, ( , , i) • SOOOlS, | - ,S,j[

w h e r e ( . , a n d S^ r e l e r t o gi)ld . m d s i l ve r p r i c e s at l i n i c f. r e s p c e t i \ e i \ .

O n t h e o d i t ' r l i a u t L l o r a n e g a t i v e p r e t l i e l e d c b a n g e In ( b e s p r e a d , t b e

d a l K c h a n g e in v \ c a i l h ov'er pe r i o t l ( is t o m p u t e t i a s j o l l o w s :

S[>rol'it - I 1 0 0 X ( ( , ; I - {,,) - SOOOiS, - S, ; l}

1 h e r e s u l t s a r e j i r c s e i U e d in I ablt^ l \ o n a t o n t r a c t - h v - c o n t r a e l b a s i s l o r

se l e d i o n e r r o r c o r r e e l ion n i o t i e l s h a s e d o n ( h e I ixetl e o e l l i t i e n i (I ( i a n d

[ i n i e - \ a r \ i n g p a r a m e t e r f, l \ l ' i \ e r s i o n s ol i h e s e m o d e l s . A t k l i t i o n a l K ,

( l o w s a r e p r e s e n t c t i o n a p r e t a \ a n t i p r c - l r a n s a e t i o n s t o s t h a s i s . As

s h o w n in l a h l c ! \ , g r o s s p r o i i t s a n d l o s s e s o e c u r I r o n ! o n e e o n l r a c t t o

t h e n e \ l , a n d va r \ d e p e n d i n g o n t i i e s p r e a t ! t h a i is b e i n g t r a t l e d a m i

t h e t i n t l e r U i n g a s s u m p l i o i i s J ihou t t h e i n t e r t e m p o r a l h e h a v i o r iil Uu '

p a r a m e l e r s . I h e s e H g n r e s a s s u m e o i i k o j i e c o n l r a e i o! e a t h m a l u r i t v

is t i a i l e d in eai."h I r a n s a t t i o n l o r r i l b e r g o k ! o r silvei".

T r a d i n g b a s c t i o n i b e c o n s i r , j i n e d g o l d s i l ve r s p r e a d g e n e i ' a l e t l t b e

lovvest g r o s s p r o i i t s , a l b e i t w i i b t b e iov \es l r i sk . ,ts m e a s u r e d In l l i e

s l a n d a r d dev ia t i o n ol d a i K £-b<uiges in w e a l t h , l o r e x a m p l e , t r a t l i n g

h a s e d o n e r r o r e o r r e e t i o n m o t l t l f ( A 1 2 . w i i i c h g e n e r a t e s p r e t l i t t e t i

t h a n g c s in t h e c o n s t r a i n e d g o k l silvsT c a s h s p r e a d , r e s u l t e t l iii a g r o s s

p roi it a c r o s s i h e e r i i i r e t o u r - v e a i p e r i o t i ol S 6 2 I o n t h e e o n i b i n e t !

g o l d a n d s i l ve r p o s i i i o n s . It is a l s o reat l i ly a p p a r e n t t l i a t a l l o w i n g i o r

e o e l l i t i e n i s t o varv o v e r i i i i ie t l oe s i m p r o v e l o r e c a s i i n g p e r l o r m a n e e ;

p r o i i t s t l o u b l e t i v \ i tb n o i n c r e m e n ! t o t h e d a l K s t a n d a r d c!cviaEion ol

c b a i i ' . ' e s in t l i e t r a t l e r s w e a h b . O n t b e n i h c r ba iu f . i b c e r r o r c o r r e c t i o n



7 4 6 W a h a b , C o h n , a n d L a s h g a r i

m o d e l I C \ ! T . vv i i i eb g e n e r a t e s p r e d i e l e d c b a i i g e s \u t h e c o n s l r a i n e d

g o l d s i l v e r l u i u r e s s p r e a d , i n d i c a t e s g i o s s t r a d i n g p r o l i l s o v e r t h e e n l i r e

per iotS o( S i 2 ' * 6 o n ! be l o r n b i n e d p o s i S i o n . i h e l i \ e i ! c i i c l l i c i e n i v e r s i o n

ol t h e m o d e l s u g g e s t s b i g h e r h"ati i n g p r o l i ts t a n be m a t i e . h i c o m p a r i s o n

t o i b e l i n u ' - v a r v i n g p a i a n K ' I e i v e r s i o n , a l b e i f w i i b a h i g l i c r l e v e l o l r i s k

i n d a i K v a r i a t i o n m a r g i n M o w s . - '

\ n t ' x a i i u f s a t i o n o i t b e i c s u l t s g e n e r a t e d I r o m a t r a i l i n g s t ra tegy

p r e t l i e a t c d n n e r r o r r o r r e c t i o n m o d e l s i C ' M f i a n i l I t M 7 {used i n

p r e d i e t i n g t i i a n g e N i n t i i e u n c o n s i r a i n e d g o k ! s i l v e r c a s h a n d l u i u r e s

s p r e a d s . r e s p e c t i \ c K .' r e v e a l s a m o r e e i i e o u r a g i n g s c e i u n i o . I h r e e t o i i i -

m e n l s a re i n o r d e r , t i r s [ , ! be n i o d e i s d o b e t t e r i n i o r e t a s t i n g [ b e

n n t o n s i r a i n e t l g o i d s i K e r c a s h a n t l f u t u r e s s p r e a d s , r a l h e r t h a n t b e i r

e t n i s t r a i n c d i. o n n t e r [ > a r t s , i n . i n ( i u l n i s a m p l e c o r U e x t . ( . r o s s i r a t l i r s g

p r o l i t ^ b a \ e n i o r e t h a n d o u b l e d , v v i t b o n t d o u l i l i n g i b c r i s k k ' ve l i n v o l v t ' t l

i n t r a d i n g i b e u n e o n s ! r a m e < i s p r e a d . S e t o n d . a s i m p l e a l l o v v a n e e l o r

l e m p o r a ! v a r i a t i o n m t h e j i a r a m e l e r s i u r t h e r i i n j i r o v e s i h e I r a t l m g pe r -

l o r m a n t e o ! t h e m o d e l s . I h i r t i , I r a t l i n g t h e m u o n s l r a i n e t l g o l t l s i lv<'r

s p r e a d i n t i u ' ( ash m a r k e t i | ( M d ' \ i c l t l s s i m i l a r r e s u l t s l o t r a t b n g

t h e s p r e a d i n t ise i u i u r e s m a r k e t i i ( M 7 : , e s p e c i a i i v w h e t i i i *a t ! i ng is

based o n l i u * h n u ' va rv in i j ; p a r . u n e t e r v e r s i o n s «il t l i e m o t l e l s . d i v e n ( b e

t r , in sat ( i o n s cos [ a d v . m i a u c o l I u t n r e s n i a r k e l s . a n t l i h e eas<.> w i i b w h i t h

s b o r l sa les t a n be < 's tah l i s [ ie ( l i n l u t n r e s m a r k e t s , [ I i i s e v i d ( / n t e is i n d e e d

r n c c u i r a g i n g . I l u M b e r n i o r e . i b i s r e s u l t dot -s n o l c o m e as a s u r p r i s e g i v e n

i b e C f o s s - e o r r c l a t i o n r e s u i i s r e p o r t e d e a r h e r I u i a l l y , t b e r e s u l t s i r o m

t r a d i n g t i i e n n c o n s t r a m e i l s i l v e r g o l d s p r e a t i i n u l r e [ ) o r t e t l i sugges t t h a t

bigbtM" p r o t i l s c a n be n u n l t bv t r a d i n g she t a s h s p r e a d i | ( M i O i r a t h e i "

t b a n i n t r a d i n g t b e i u i u r e s s p u ' a t l : I i M l I >. X t l t l i t i o n a l K , i r a t l i n g r i s ks

i u l l u ' i o r n i o l l u u e r l a i u U a b o t i t t I a iK v a r i a t i o n m a r g i n i l o w s a re a l s o

i b e l i i g b e s ! a m o n g a l ! t b r e e a l i e r n a t i v e d e l i n * U o i ! s o l i h e s j>reaik

I n sised m o r e l i g b t o n i l i e e c n i i o m i e s i g n i l i c v m c e o i t b e s e i'e-

S U I K , l a b i e \ p r c s e n i s h ' e ( | nencv d i s t r i i u U i o n s o l t i i e a l t e r n a t i v e t r a t i i n g

s i g n a l s i s s u e d i ) \ t h e sek 'C te t l e r ro i - t o n ' c v i i o n n u u l e l s i o i ' ( be i b r c e

s p r e a d s r n e ^ . I o u r ( r a d i n g s i gn , i l s a re p o s s i i ) l e v\ b r l i s i i n n l l a n e o u s K

e n n s i i i r r i i i g t b e n n p i it a! i o n s o ! f be i o r e e a s i s! ra l i ' gv l o g e t l u ' r \v i l b ( be

I rad i t i L i s i r a l f u i . \ b c s e a r c : ' i ^ bux g o l d ansi s b n r ! ^ i K e r u l t b e p r r i l i t i c t l

1 h a n g e i n i he g o l d ssK e i s p r e a i l is pos i t i\ e i; us < e o n S i n u r t o h o l d a

i g p n s j i i o n i n g o l d a m i a s b o r i p o s s u o n i n s i l v e r u l i b e s u b s e i j u c n l
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j ) r f t i i c tc ( t clntnui. ' in l l u - ^ i i k i s iKcr sprc i id is pos i t ive, or i i lu ' ^a t ixc . is

less i h a i ! t i u ' I r ans .K i i ons cnslsJ: l i i i ! st ' l i ^ o k ! ,nui hu) silvi-r, t l u T r b \

r e \ t ' r s i n ^ the in i t i a l pos i t i on ! i l the pix-dietct l ehani^c in the ^iok! s i h e r

sj>reat;l is nega ( i \ e ! ; and l i r ia l ly ( i \ i t o n t i i u i e to ho ld a short posil iors in

j^okl coup led w i l h a long pos i t i on in s i h e r ( i l the [ i r t ' theted i hanoc in the

^o id s iUer spi'eati is ne;j;; i t i \e. or ii pos i t ive , is less than the t ransact ions

eosts i neu r red in revers ing the pr i 'v io t is pos i t ion ) .

M a r g i n a l t ransaet ions eosis in i he i u l n r e s inarJKel art ' es l i i na ted

at S l ^ !or gok ! ant i s iKcr i u tu res eon l rae ts per o n e w a y t r i p , whereas

t ransac t ions eosts in i he eash market are es i ima ted at S •>() per i rans-

ae i i on i i n o k i ng the same a r i i onn i ol gok l and s i hc r . P.eeause ihe

models genera ie percentage p red ic ted ei ianges in the sj)read, the do l -

lar i ransae l ions eosl is t r a n s i o r m e d to ,i percentage I'ost.-"' S ine i ' t l i e re

are two passive sign.i ls and i w o aet ixe t ra t l i ng signals, the eeon i tmie

s ign i i i canee ol the resni ls pres i ' i i ted in i a h l e i \ ean h i ' Lissessed i)\

l i dd ing u|> the irecjueneies o i i he a c t i \ f I r . i d ing signals and n u i l l i p k i n g

the sum In ihe assumed do l la r I ransat (ittns eosf. 1 l ie resu l t i ng !igin-e

ean then he compared t<t the gross t lo l lar p ro i i t s repor ted in l a h l e l \ to

oh ia i n nel p ro i i l s a l te r t ransac t ions eosls.

I he Ireqnenev t l i s t r i hu l ions lor lo t i r pttssihle t r ad ing signals are pre-

s<'ntetl in Utble \ ior i»oth the l i \ e t i coe ihc i e i i t an i i \arJai i le eoe i i i e i en l

vers ions ol the io reeas t ing mode ls . I h e l ou r t i 'a t l ing signals en ta i ! i w o

"a t t i ve " I n n or sell signals >.\ and C i ani.1 two "passive ho ld signals

(U juil I ) ) . I or example , us ing the l ixet! c o e l l i c i e n i vers ion ol i .C 'M2 .

tht- rej jo i ' ted f i-et|Liencies 'stigg<.'st tha i ov (.T the i i n i r - \ e a r loreeast ho r i -

zon , a long gold short si lver ! i .e . . a long spread) t r ad ing signal wot i l t l

have heen issuetl I S4 i imes (signal \ i wh i l e a short gold long s i h e r

ishor t spre. i th s ignal wo t i l d have bi-en issued h\ ihe !no(ie! I !S t imes

l o u l ol the tota l oi '•>'-*^ t imes i. O n ihe o i h c r hand , a " h o k l ' s ignal

oi !<tng gold short si lver vMuikl have heen issurd hv the samt^ model

4 i T l imes wh i l e a "JKjk l" s ignal o i short gok i long s iKer w o u k i have

i ieen giv i 'n :^\{) t imes. l>etause il is the tota l n u m h e r ol ac l ive signals

i X ant i C ) i h a i ck ' termines i ransac t ions cosis . o iu- needs to t o n t p a r e

t i le t lo l ia r cost ol i rac i ing i>asetl on ih t ' to la l numhei - ol these aetive

signals \ \ i t h the p ro l i t f igures rep i ) r ted in I ahk ' l \ . I he eeonomie i m p l i -

ea l ions are elear. I he p ro l i t res i i l is shown in I ahk- I \ stigges! that on a

" ' I ! i c I ! j n s i ' i ( m j i I ' M : I - , K i " ( i i | " ! | i ' - h f i i . ( s l i i l i i p u .

' , r .{-^r H , . • i U i l i , • ^ ^ r • S , - ^ O U H u ;

^ ^ l l l u r I-. n ' . i ( i - , u l h ^ n ^ i o s { . ( . , i s iht- ^ i - l i l p-.n <• \r, |>i r . i \ \ f , M U ! S , I S ( h e - . I I M t | i n ( i ' u s s h i S . I D H '
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])r('-transiicli<)ns cost hasis, a Iratlcr v\ ho uses 1 C M 2 m ils tixt'cl i o -

(.'iiicienl vcrsiofi as the basis ior I rat i in^ tt)(' consirainctl J;(JICI-siKur

spread in ihe eash markei would realize a dollar profit l igurr ol S()2 1.

Now. if one adds up the nuniber of ar i ive triKJing signals (A and

C ) Linderlying the fixed coeiTieitnl version of I C .\12. and nuilt ipl ies

ihe sum l)\ S3() per transaelion ior a f i i tures-e(|ui \a! fnt eash market

position in gokl and si l \er. a lotal eosi of SSKtO is obtained as a

result of ini|) lenieruing the niociels trading reeoniinentlatioi is. On a

post-transactions cost hnsis, the rcporteti gross dollar prol i l ol %bl\

is. therelori-. elearlv insufl'ieient io cover even a small Iracl lon oi the

cost of transaeting for ihe ordinar\ i iu! i \ itlua! Iratler. . \ l te rn .Hi \e l \ , one

can t lelermine a breakeven level oi transactions eost heyontl whieh

aelive trading (hased on ihe riioclers reconiniendalions) vvouk! result

in net losses on a posl-transaetions cost hasis. 1 ssentialK, the tixed

eoefficienl version ol I X ' M i suggests that 272 aeiive trades woukl have

heen issued hy l i ie model to a trader v\ho irades tiie gold silver spread

ii i the easii market on a I'oiistrained basis l l l i c sum oi Irading signals

.A and C ). .At a tolai [ i rof i l ievel ol S*)2I. ihe hreakeven transaetions

cost level on (he eonibi i ied gold -siKer posi i ion shouid nol have e\-

ecedetl S2.2S (or less) per Iransaetiori to vieltl /er-o (or positive) trading

profi ls. On the other hand, tiie variaiile eoeii ieienl version oi I X ' M 2

issLieti ^04 aelive Irading signals (signals A and (. ) \\ hieh enabled

traders lo aecrue gross proiits ol S Mf** )̂ j>er one lutiires-ecjuivaieul

j)osition in eaeh ol gold and siiver. Iherelure, as long as the traders

transat l ions cost on the combined position does nol exeeed S4.S() per

transaelion. the reporled gross prol i ls iiiav indeed \ielci positive tiollar

pr(}lits.

i he i i ioni i of l l ie slor\ is elear. i h<' reporled gross protits are not

neeessarii) net positive proi i ts unless expected Iransactions costs iaeed

In a trader fail In-low some breakeven ievel. Al the .issunied Iransaclions

*.'osl ievels. (he reported gross [)rolits resiiil in nef losses v\ bic h are

ciHKiil ioned bv holh the mode! used lo generate predieted clianges in

the precious nieia! spread. LUUI ibe coTuommilant Irading sign.ils.

A notabir differenee between ibe rcstslts reported uiuier i X M 2

diu\ ibose reporled under I ( . ' \H is liiat the number (and tl ierelore.

ibe percentage) ol " ;Kt ive" Iradlng signals issued iu tlie luiures niarkei

( IX \l.-i) is rnore iban douhle ibat issued in tbe cash market, i iiis eonies

at (be expense o! ibe nunihei" ol passive "bo ld ' signals (11 and 1)1, w bit b

IS nu i t b less when tratl ing tlie eonstrained gold siber spiead in the

luiures market ralber tban in the eash market, Ihereiore, a niotlel b^r

trading the pret iot is metals spreati in ibe tulures niarkei issiu's lar more
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a t t i v e t h a n p a s s i v e I r . u l i n g s i g n a l s , v v b e r e a s a m o d e l f o r t n u l i i i g i b e

s p r e a d i n t h e c j t sb m a r k e t e x i i i b i t s a r e v e r s e s i g n a l i n g p a l l e r n .

I h e e v i d e n c e i n p a n e l s l> a i u l ( ' e o i i l i r m s a s i m i l a r p i c t u r e w i s e n

c o n s i d e r i n g i b c g r o s s d o l l a r p r o l i l s I r o m t r a i l i n g t h e u n e o n s t r a i n e d

g o k l s i l v r r s p r e a d ' [ J a n c I 1!'^ o r i b e u T i e o n s i n i i n e d s i l ve r ^ g o l d s p r e a d

i p a n t d ( K c o u p l e d w i l b s lu- n u m b e r o l a t t i v c I r a d i n g s i g n a l s ( s i g n a l s A

ani] { >. \ e l [)r<*Hts o n a j ^ o s t - t r a n s a e t i o n s e t is t b a s i s .AW \vr\ d i l i i e u l l

! o r e a l i z e . I o r i ' x n n i p i c , c . i sb r n a r k i i t r a d i n g b . i sed o n ( b e c i ' r o r e o r r e c -

l i o n i i i o t l e i - i ( ' M 6 1 o ! ( b i ; u n c o n s t r a i n e d u o k l s i l v e r s j ) r e a d gencMMles

•i()2 a c t i v e s i g n a l s ' i o i - t h e \ i v e r s i o n ! anc i T^ * - ' a e i i v e s i g n a l s i f o r

[ h e I \ i ' v e r s i o n ' ' , i b e r e s p e c t i v e g r o s s d o N a r p r o i i t s i l r o n i i a h l e t \ l

a r e c l e a r l v i f ssuHic i t^ni t o v i e l d p o s i t i v e ne t p r o i ' i t s at i b e a s s i m i e d

i r a n s a e S i o n s cos t k^vel i n i l i e l a s b m a r k c i . i l \ s i m i l a r r e a s o i i i n " . i r a i l i i i "

b a s e d o n t h e u n t o n s ! r a i n e d s p r e a d In i l u - l u t n r e s m a r k e l w o u l d r e s u l i

i n d o i l . i r losses o n a p o s t t r a n s a c t I o n s c o s t b a s i s , c-vcn \ \ i i e n i o n s i d e r i n ^ '

t b e l o w e r < o s t s o l I r a n s a e t i n g i n i b e I n t m - e s m a r k e i s . i l is w o r i b

n o l i n i j , th<it i b e u n c o n s t r a i n e d I ' o l d s l i v e r s p r e a d a l l o v \ s f o r a b i ^ ' i i e r

b r e a k s ' v e n l e v e l o i t i a n s a t t i o n s f o s t ( b a s e d o n t b e r e p o r l e e l y r o s s p r ( i f i t s

a n d r e q u i t i n g " a t l i v r i r a d i n g I rec jUenc i e s ) . w b i c b i n i i i r n i n c r e a s e s l l i e

c l h t n c ' c o i r c a h / i n g p o s i t i \ c - n e t p r o f i t s i n e o i i i p a r i s o n t o i r a c b n g l ) ased

o n p r e d i c t a b l e e i h i n g c s i n t b e c o n s l r a i n c u t g o k ! s i K e r s p r e a d . \ s i m i l a r

i n l e r p i e l a t M x i a p j i l i c s l o u a d u i g t h e u n c o n s t r a i n i ' d s i h e r g o l d s p r e a d ,

< ) \ e r a l i . i b e s i i n u l a t e d t rMc l i ng j - es i i l l s suggc 's t t h a t t b e s b o i t - t e r m

n i e m o r \ ' o b s e r v e d w a l m i a n d . u r o s s t h e I w o p r e e i o l ! ^ n u M a l p r i c e sc-ries

c o L i k i p r o h a b l v be e \ j s l o i ( e t l l o g e i s e r a i e j>i>sihvc- I r a d i n g p r o f i t s o n A

p t e - t a x ,ind. m o r e n i i p o r t a i i i K, o n a pfc i r a u s a e l i o r i s i, os t bas i s ( ) n

a p o s t - t r ' a n s a c t i o n s t ns i b a s i s , h ! i \ \e \c= i ' , p o s i i i \ e I r a i l i i i ' ^ p r ' i i l i t s a r e

n o i p o s s i b l e l o r t b e ! i r d i i K t r \ m a r k i i p a r t ic i [ i a n t , i n l a c t . t b e a v e r a u c

b r e a k e v e n l eve l o l ( i - . m s a c i i o n s eos t t u r n s o u l ! o h e a b o u t S~ p e r

t r a n s i i c i i o n i n t h e e j s b <>r h U i i r e s i i K n l s c t s , \ s h i c ' b i n v o b e s o n e ••'old

i u i u r t - s a n d o:^. ' s i K e i i u t u u ' s c ' n n h a i t i l t r a d i n * : is u ru le r f a k e n i n

t h e l u u i r c s m , i r k c t . o r l i s e i r < '< |u i \ a l eu t i i i r a d i n g is u n d e r t a k e n i n t b e

e a s h m a r k e t , [ o w b a ! e x t e n t ,K~hi , i l I r . m s a e t i o r i s c o s l s l a c e d b\ I r a d e r s

c o n l o r r i ! w i t b l l i i s a \ e r \ i g e f i g u r e m-eds m be m i e r p r e t e d b\ e a e b t r a d e r

e o i i t i i t g e n l o n h i s or- b e r o w n p a r i i e u L i r s i u i a t i o n .

i u r t b e r m u r e , it s b o u l d be n o t e i l i b a t i b e s r a d i i i g r e s n h s a r e j ) rcHi i -

ea tec ! ( i n i l o s i n g p r i i es w b c ! ! . m a c t u a l I.K 1. t h e l o r e c a s t e d ( h . n i g e w o i l Id

b a w t o b e b a s e d u n a p r i c e ( | u o t e t l at least \c\\ n i i n u t t ^ s p r n i r t o e l o s i n L ;

o n i b e d.i\ o[ i b e l o r -ecas l n r - i g i n , i b i s w o u l d h e necessa rA to a l l o w l i m e

l o r u p d a t i n g i b e b ) r e i a s t a n d m i p l i ' m e n n n g i b e < l e s i r e d t ra< le , at k-ast

l o i ' i b e i i r 's i dav o i e a c b t o s e i \ i s i p e r i o d .
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In u d d i l i o n , i h t ' i^ross p r o t i t l i g i i i f s a r t ' n o l Hiijifsictl I n r

r isk (if a i i \ ' of i R i d i n o t h e p r e c i o u s m e t a l s p r e a t i . In e s seT iee , r e p o r t e d

pr(.jil ls m a \ n o t n e e e s s a r i k r e p r e s e n t " e x e e s s ' p r o l i l s il t h e \ a r e s i n i p K

a e o m p e n s a t i o n for p o s s i h i e n o n - t l i v e r s i l i a b l e r i sk a s s o e i a l e d w i l h a

p r e t i o L i s n i e l i i l s p o s i t i o n . ! o i n \ e s t i g a t e i h i s | i o s s i h i i i t \ , t h e lollctwiiig,

a u g m e n t e d s i n g l e in t lex m a r k e t m o d e l s a r e e s t i n i . i t e d l(tr t h e c o n s t r a i n e d

a n d u n e o n s l r a i r i e t l e a s h a n d I n t u r e s s p r e a d s .

w h e r e A / ' , ' , /-J, , Aud H,,,. a r e ( h e l o ^ a r i t h m i e first d l H e r e i i e e s ol t h e

; lh s p r e a d s e r i e s . Rf is t h e r i s k l e s s r e t u r n o n a o n e - m o n t h I -h i l l ,

a n d /^,,, is i h e r e t u r n o n t h e S K I * ^OO i iu lex, fV is a m e a s u r e ol i h e

s \ s t e n i a t ! c r isk oi t h e i t h s p r e a d , (f' is a m e a s u r e oi e x e e s s r e t u r n ,

an t i a l i r s l - o r d e r m o \ i n ^ i a \ e r a ^ e t e rns is i i u l i i t l e t l t o a t e o u n t l o r s h o r t

i i o r i / o n a u t o e o r r e i a l i o n s in t h e s p r e a d s . ! h e r e g r e s s i o n r e s u l t s a r e (w i th

t s t a t i s t i i s in p n r e n t l i e s c s ^ :

M > ) , R f - 0 . 0 0 0 ^ 4 - O A H H ^ l i l l , , , H ; ) ' f)- , - i ) . l H 4 e

A/'

) , R f - 0 . 0 0 0 ^ 4 - O A H H ^ l i l l , , , H ; ) ' f)- , - i ) . l H 4 e \ , ,

{ l .

I h e s t a t i s l i c a l s j i i n i r i e a n e e o f [ l i e e o c l f i t i e i i t s i s i n d i e a l e d l ) \ "' i S ' ' , i

o r ^~ f T ' I . l i i e i n t e r e e p t t e r m s i m p K a n i u i . i l i / e i . 1 ( . ' x e e s s p e r e e n t . i j ^ e

r e t u r n s o f a b o i s t I \ .^'> t o a h o u t \ ()'/ i \ v i t l i d a i ] \ e o m p o u n d i n v ; ' - I h e

fj e o t ^ i l i e i c n l s a r e a l l s t a t i s t i e a l K i n s i u n i i i e a n l a ! a i u r e a s o n a b l e l e \ e k

a n t i a r e (il e x l r e n i e k n e i i l i g i b U ^ i n a ^ n i l u d e . \ i u r i s k a p p e a r s l o b e

t o t . i l K i i i i i ) s \ n e b r a t i e , a i i t i i l u i s e n l i r e K t l i \ e r s i i i a h i e w i t b i n a s t o t k i n d e x

p o f t f o l i o e o i i t e x t . I h i s m a \ n o t b r s u i p r i s i n j i i . ( H i s i d e r i n j 4 i b e l a t i t b a t a

s p r e a t i p o s i t i o n e n t a i l s i o n ^ a n d s b o r t p o s i t i o n s i n t b e p r e e i o u s m e t a l s

s o i b a t e \ ' . ' n ii b o l b m e t a l s l o a d p o s i t i \ e i s ' ' o r n e i i a t i \ e l \ i i i n t o i b e

n i a r k e ! i n d e x , ibt.* n e t s \ s t e m a t i e r i s k o i t h e s p r t - a t l m a v b e n e ^ ^ l i t i i b l e .

1 u r t b e r m o r e . t b e s e p o t e n t i a i e v e e s s r e U i r i i s a r e s c r t a i n b o i a m u t h

s m a l l e r o r d e r o ! m a ; 4 n i l u t l e t o m p a r e t l l o e x c e s s r i i u r n s r e p o r t e i l i n ,
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for ( ' \ ; ini |>lt ' , \\<t i i ' )S -> ) , I - m j g p g ;̂  \

df [H-iKl in i ; oTi i h c [ i u n i i i u . i \ c r ; i ^ c o r d e r , M a r r p o r l f d p o s s i b l e " e x c e s s

r e l i i r n s i x - i w c e i i \Oiy< (o \4~'- p e r \ e a r , o x c c a M - \ e a r p e r i o d c iu l i i i ;

.\ Simple I rading Hule

i h i s s e c t i o n e v a l n a t c s f hc l i i r r e a s t i n ^ p e r l o r n u n e e o f a s i m p l e t r a d i n g

r u l e : t h e i n n \ i n w ; i \ e r a o e r u l e . WUK r u l e is e x . i m i n e d In r t \ \ o r e a s o n s ,

l l i e i i r s l is i o p r n v i t l e a e o m p - i r i s i i n l > e U \ e e n ( r a d i n u r i ' s i i l l s j i e i i e r a t e d

i r o n i t h e r e l a t i \ c K m o r e e o n i j ) l e \ e r r o r e o r r e c l i o n i i i o d e l s a n d s i m p l e

n u ) \ i n i i a \ e r a g e t i i o d e l s , II s i m i l a r o r s i i jH ' r ior t r a d i n g r e s u l t s t a n b e

ob la iT i ed I r o m s i m p l e n i o \ i n o a v e r a g e d c e i s i o n r i i i c s , t h e n t b e eftsi

o( e m p i o \ i r i g r e i a l i \ t - K m o r e c o m p l e x n i o d e l i n i i p r o c e d u r e s in<i\ n o t

b e j u s t i l i e d . S e c o n d , a i i io\ i n g ; i \ e r . i g e m o d e l w a s e n i p l o \ e d b \ M a

i h ' S S ' i a n d M a a n d S t i c t i c n ( I ' ^ S S i u b o i n \ e s h g a t c d i h e p r o l ' i t a b i l i U

f)l s p r c . i d i n u b e l u c e n g o k l aful s i lve r ( e a s b a n t i r u i u r c s ) m a r k e t s , a n d

t o u n t i i b a ! s n b s l . n U i a l i i r o l i i s c o u l d b e m a d e o \ e r i b c p e r i o d e x t e n d i n g

I rorn l l u ' c a r K s c x c i u i c s U i r o n g h h ^ S d .

An i r i h i i i t e n i n n b c r ol \ n r i< i t i ons a r e p o s s i b l e , a n d t i i e r i u n i i i g

a v e r a g e r u l e is o l t c n m o d i I l ed hv i n t r o d u e i n g a b a n d a r i u i n t ! t h e n i o \ i n g

a \ e r i i g e . vxhicb i - e t l u t e s ( b e n u m b e r ol a c t i v e t r a d i n g s i g n a l s , in i ls

s i m p l e s t i o r m , i b c m o v i n g a x e r a g e r n k ' is e x p r e s s e d a s ; b u y g o k ! sel l

s i K c r il ( b e a t i u a l s p r e a t ! is l)eiov\ i h e m o v i n g a x e r . i g e . a ru l \ ii e v e r s a

il i b e a e i n a l s p r e a d is a b o v e i b e m o v i n g a v e r a g e , li' a n e u t r a l b a n t i is

i m p o s e t k i b e a b o v e r u k ' s mv n i o d i l i e d a s lo l lovss . b u \ g o k l sel l s i lve r il

i b e a e U i a l spr tMtl is i)elo\v i b c l o w e r b o n n t l , a n d \ i ce v e r s a i l i b e a e t u u i

s p r e a d is a b o v e Hie n p p e r b o u n d .

I b e (olii)\ \ I fig v.i r ia l i o n s a r e e m p k n c t l : ^ - t l av . ()-<]a\, " d a v . 2 S - t l a \ ,

a n d 4 4 - d a \ niov i n g a v e r a g e s . In a d d i i i o n . i h e lol low i n g b a n d - w i t k h s a r e

m ) p o s e d : z e r o s i a n d a r t l d e v i a t i o n U o r r c s p o n d i n g Ks a s i l u a t i o n ol d a i h

i r a d i n g ! , o n e i ] u a r i e r oi a s i a n t l a r d d e v i a l l o n , o n e ba l l ol ' a s t a n d a r d

t l e v i a l i o n , t l i r e e q u a r l e r s ol a s landar i .1 d e x i a t i o n . ar id o n e s l a j i d a r d

dev JaMon (all oi w b u b t o r r e s p o n d l o a s k n a l i o n ol ' i n l r e a n e r U t r a i l ing ' ) .

l U s u h s b a s e d o n a / e r n s i a n d a r d d e u a l i o n b a n e ! a l l ow li)r a c o m p a r i s o n

wi i l i rcsLills i t b i a i n e d i r o m da iK t r a d m g b a s e t l o n e r r o r c o r r e c t i o n m o d e !

i o r c t a s t - . , w b i k ' r e s u l t s b a s c t ! o n !>ands ol \ a n i n g v\iciilis a l low l o r a

r c v s s o n a b i c t o r n p a n s o n w i i b ( b e m o v i n g ave ra^ te d e c i s i o n r u l e s e m p l o v e d

i>v Ma ' i ' ' S S ' ' a n d M a ai i t l S o e n n e n ; I ' - K S S L I r a d i n g r e s u l t s a r e h a s e i !

oii m o v i i i g a v e r a g e s e o n i p i U e d f r o m ( b e l o g a r i [ ! m i i e l eve l s ansl t i r s t -

d i l l c r c n c c s o] i lu- i ' on si r a i n e d a n d i m c o n s i r a i r K ' d t a s ! ; a n t l l u t n r e s
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sjireatls. I'lR-se results are prt'st'iiU-tl in fal ik- \ ! and c(i\er the same

i()Lir-\ear i rading peridtl. 10 eonsenc spaei-, results lor onK ihe extreme

haiit l-wit lths (zero and one standard ( ie\ i ; i t ion bands) are reported,

Ihe results in lahle XI are striking. ()ver\\hehii in^;ly. all moving

a\ora}^e rules examined lead to cmi iu la tne Iratl ing losses tor ihe eon-

slrairieil ^iold siKi-r s|)reatl. and Inr the most [)art. tin.' uneoiistrained

lioltl siKer spread as wel l . The on l \ exci'ption ajijiears lo he a n io \ ing

average model ol the l irst-di i lerenees ot ihe uni_oiistraine(l sjiread. and

onK il a I'f band around ibe nun ing a\erage ( w h i i h Hmils the number

ol uruu'cessar) Irack-s) is im|)osed. C umulal ive proiits ()\er tbe lour-\eai*

period range Irom S ! 7S() - S Vi^S on the spread, depending on the ortk*r

ol tiie mo\ ing a\t.'rage. Ihese ligiii'es appear lo he eomparable to dollar

proi i ls reported in lable ! \ lr(Mii Ir. it l ing ihe Lirieonstrairieti spread, and

in some eases, ihey stirpass ibem. However, one must recall ibal a

direel, ek'an eomparison betwi'tMi ibese prolJE ligtires ma\ be somewbal

inappropriate given ihat ligtires reporled in 1 able 1 \ eorrespoiul lo

dailv l i recjuei i t l tratl ing. wbile |)io(ils sbi)v\n ii^ l a l ) l e \ l result Irom

inlretjuent trading due to tbe imposi l ion ol a eoTiHilerue hand. .Also.

TABLE XI

( i im i ih i ( i \< ' Dol lar I rat l ing RfSLiil'^ Based nn \ l o \ i n i j , \\era;;je

Rules lur C oTisirai t i fd ,11111 L lu cinsl!aiin't.i ( . i i k ! SiKer Spruaf

I r ad i i i ' ' Per iod; i i iK I , I')8.s h iK ^ 1 . |9 ' )2

yiinhui (.nlit

I >' ir I / r \ l I)il!t'rrin i:

MA(5)
MA(6)
MA(7)

MA(28)
MA{44)

MA(5)
MA(6)
MA(7]

MA(28i
MA|44)

MA denotes
SD i.s slanda

139 105

129.965
118,565
74,615
40,740

177,390

169.605
165.505

113.805
65,810

iri-ivMU] aver
H; (lflvl,:ltlOn

/ . ( ) / ;s / )

7.065

7,465
7,695
6.835
5.750

Pane!

!08.8/5

98.715
79.805

48.315
13.600

arie Nijnib«rs
Tt'.s rorstrcsl,

1 ul
O.OIISl)

134.835

125,810
109,805
74,435

8 835

P, L ur,n

174,505

168.215
162.940

105.885
68,905

n p,"tren!he

7 M5
7.090
7,7(J5

6.765
5.6^*5

.U.nnrd(..

106.885

95,8 10
85 305
37 395
13 445

se;. l!K3,^.lt^ "

:!'(• barid •..v.on

0,00S/)

210 095
209.695
209.465
199 305
193,600

U ^Uu. S

172.095

162.925
1 77.925

176.39C.
1 73 890

/ Oi)S\)

193.285

187 13b
179,605
177 015
1 62 940

3065
3465

3695
2835
1750

. . . .

i)MO\\)

187.525
187.470
186 705
177,245
173.845

143 965

150 450
1 4 7 745

151 335
153.085

1.Oil\l)

1 74 505

167.390
163.215
1b5 105
153 825

3145

3490
3705

2765
1675
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a l i b d u g h r i sk a s s o e i a i e d w i i b s p r e a t i i i i g ( l ie p r e i i o n s meSa l s a p p e a r s t o b e

( o l a l K d n e r s i l i a h l e . it is st i l l ul i n t e r e s t Ui n o i e ib.tf l l i e a v e r a g e s i a n d a r d

d e v i a t i o n a s s o e i a l e d w i t h t h e dai lv prolJEs l l o s s e s l g e n e r a l e d b \ t h e

m o v i n g a v e r a g e r u l e s l o r i h e n n e o n s t r a i n e d s p r e a d is . i h o u l hM'-h w b i i h

is m o r e i h a n d o u b l e i b e eo i i i}>arahle f i g u r e t b a t r e s u l t s i r o m a e t i n g u p o n

t h e e r r o r e o r r e e l i o n m o d e l p r e d i e l i o i s s l o r t h e s a m e s p r e a d . I h i s s u g g e s t s

i h a i i b e r i s k - r e t i i r i i i r a d e o i l oH'ere i t In' i b e s e si[ii j)le m o v i n g a v e r a g e

r u l e s is u n a l t r a e l i v e . U l c o u r s e , t b e l i i g b e r r i sk . i s s o e i a i e d w i t h s u e b

m o v i n g a v e r a g e m o d e l s SHMTIS I r o m i b e l i m i t e d l u n i v a r i a i e i i n i o r m a t i o n

sel t h a ! IS i i i i l i / e d . ( ) n Use o l h e r b a n d , i b e e r r o r e o r r e c l i o n m o d e l s u U l i / e

a h n s a d e r ! n i n l t i v a r i a t e i i n i o r m a l i o n s e l , p o i e n i i a l l y r e s u l t i n g in l o w e r

m e a n s q u a r e p r e c i i e l i o n e r r o r s , a n d b e n e e lov \e r \ o l a l i i i i v oT dai lv H o w s .

SLMMAHV \ \ D t O\tT LSIOXS

I b i s a r t i e k ' e x a i i i i n e s s b e r e l a t i o i i s b i [ ) b e l w e e n i b e g o k l a i u l s i lve r

t a s h a ru l I n i u r e s n u t r k e l s u s i n g dai lv p r i e e s vvith s j x x i f i e i n t e r e s t iu

iiiV(^sligalit ig ( b e i n t e r t e m p i i r a ! d e p e n d e n e e a n d p r e d i e t a h i l i t v of i b e s o

ealk 'c i g<il(i s i lve r s p r e a d . A n o arbi i ragc^ m i i d e l l i n k i n g i b e e a s b a n d

i u t u r e s i i i a r k e i s li-vels ol d i e p r e e i o u s u i e i a i s p r e a d is d e v e l o p e d a m i t h e

s i a t i s i i e a l p r o p e r t i e s ol e n e h s p r e a d s e r i e s , t a k e n s e p a r a l e K a s w e l l a s

i h o s e oi a buL'ar e o m b i n i i l i o n oi iJK- t. 'asb a n d iniijr<.'s s p r e a d s e r i e s , a r i '

e \ a n u n e d a n d e \ p l o i i c d vvithiii i b e h a m e u o r k ol ( h e t o i n l e g r a t i o n - b a s e d

erroi* e o r r e c t i o T i m o d e ! t o g e n e r a t e o u l ~ o l - . . i m p l e p i e d i e t e d e h a n ^ e s in

i b e e a s b an t l l u U n e s m a r k e i s s p r e a t k . A l t e r u a t i v e d e i i n i i i o n s of i b e

p r e t i i t u s m e t a l s s p r e a d t ( t g e t h e r w i i b . i l l e r n a l i v e i n r m u l a t i o T i s of i b e

i o r e e a s i s i r a l e g v . i re s n m i l a t e t l . J b e l i n d i n g s .irr s u m m a r i / e d a s lul lovvs.

I i r s i , b a s e d o u i n - s a m p l e e s i i m a i e s ni i b e t. r o s s - t ' o r r e l a i i o n s b e t w e e n

i h e a l t e r n a i i v e K d e i i n e d n i e a s u r e s ol t h e p r e e i o u s m e t a l s s p r e a d , i r a t l i n g

r e s u i i s a r e likelv i o h e stMisii ive t o i l u ' \v,i\ t l i e s p r e a t i is d e i i n e i i . Se t . t ) nd ,

i m i i r o o i s a r e re l i ab lv ( h i e i i i ' t i in e a e b e a s h a n t ! i u t u r e s s p r e a d s e r i e s ,

h u t a l i n e a r e o i i t b i n a t i o n ol i h e e a s b au t l l u i i i r e s s p r e a d s is s t a t i o n a r v :

i b u s . a n e r r o r e o r r e i i l o n r e p r e s e n t a t i o n l o r e a e b s e r i e s is a p p r o p r i , i t e .

I b i r d , a k b o t i g b i b e s|>ol ,wit\ i u t t n"es m a r i n e l s a p p e a r t o h e n ios t lv

s i n u i l t a n e o f i s K i n t e i r e k i t e d . l a g g e d i n t e r a e t i o f s s r e l i a b l v ex i s t , a t t e s t i n g

to llu^ p r e i l i t i ah i l i iv oi re tu rF i s I r o m s p r e a d i n g t b e [ i r e e i o n s m e t a l s .

r i ) u r l b , h a d i n g p r o l i i s t luis , i re p o s i t i v e <in a p r e t r a u s a e t i o i i s e o s i b a s i s

b e e o m e l o s s e s o n a p o s i i r a u s a e i i o n s t'osf i i a s i s il i b e a s s u m e d k ' ve l s ol

t r a n s a e l i o n s t o s i s in t h r e a s h a i u l l u i u r e s m a r k e t s a r e r e j i r e s e n l a l i v e l o r

i b e I v p i e a l s p r e a d t r a t k - r . k i l l b . m o v i n g a v e r a g e i r a d i n g r u l e s r e s u l i iu

s i r i k i r i g l o s s e s l o r i b e e o n s t r a i n e d a n d u u e o i i s t r a i n e d e a s b a u t i i ' u i u r e s
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s p r c a t l s . YUv o n K e\ct . 'pi i () i i is w h e n o n e . u i s i i p o n f i i t he r i n l r c q u c n t

I r a t l i n u s i g n u i s issnccl In' a [ i io \ i i !o .ivci-.iae m o t i f l (il t h e u n c n n s l r a i i i t ' c l

s p r t ' . u l . P r o i i t s u r c j i o s s i h k ' a l b c i l a l a h i ^ h r i sk Icxci . I h c s c r i ' s u l t s a r e .

Ill i o i i r s e . c inKi i t i on i i l <»ti i h e p a r a m r i e r i / a l i o n s a d o p t e d . l i i r t h t T i i i o r e ,

tht 'v iivv t (Mii l i t ional o n dai lv I r ad in^ i . M i u s . a n I n t c r e s t i n i i a \ e n i i t ' l o r

l i i t i i r e r e s e a r e h is l o r c i i n e t h e i n o d i d ' s p a r a n i e t e r i / a l i o n s a n d e x a m i n e

t h e [ l o t e n i i a l l o r e \ - a n t e p r n i i l a b l c a r h l l r a g c o n a n i r U r a - t l a i k h a s i s ,

\ h i r e o \ e i \ i h e ix ' sn i l s . i re p r e d i c a t e d o n ih i ; j i r c s t i n i p l i n n oi a e o n s l . u U

ero>>s-e las l ic i t \ c o e i l i e i e i U l i n k i n g t h e iv \o p r t - e i o u s m e t a l s p r i e e s e r i r s .

h w o n k ! h e o f iiiU'i"esl l o e x a m i n e - th<.' i n i p a e l ol a l t e r n a l i v e s t o e h a s l i e

r e p r e s e n t a l i o i i s ol t h i s eo t ' l l ie ienf o n t h e i n t e r l e m p o r a l p r e t l i e l a h i l i t \ a n t l
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