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elficiencv cha rae t e r i s l i c a lk a l le inpt io identiiv rlskiess oj iport imit ies for
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adequacv and [iiarket clf icienev. S inee the ui tegri t \ ol empir iea l resul ts
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replicatet l , t he enspirical lest design must i ndependen t ly evaluale the

ei l ieienfy ol t he marke t uni ler a t i aks i s .

' !o t i r eu rnven t the p roh lems inhe ren i wi lhin tlsese a p p r o a e h e s , tfiis

stuck employs t he hoK-spread ai 'hitragc model to evaluate the eliicicEicv

ol tlu- market lor S & P SOO lnt]e \ l u tu r e s -op t i ons . I h e l)ox-s|iread paritv
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re l i i l i (Hishi | ) I.K'iliLiU's ,i U'^l o( n p p

()( , t i )S ( ) ln ic - \ ; i l i i ; !Uon-n iu ( l r l mpal iX ' i ju i r t ' i iu ' i i t s . a m i a s a r e s u l t , l\\c

Miotk'l s h n i i k l [)ro\ u i r m o r e c r f d i h i c r r s i i l t s . BillinMsU>\ j f u l C h a n e t '

( ! * I S ^ ! u l i l i / r t l i js r < ' l a h \ ( ' - \ a l i i a l p o n a p p r o a c h in ,in c K a i n i n a t i o n of

s lock- ( fp l i o n - r n a r k r l c l l i i i t i u \ , I iiulinL; l l ia l hox s p r e a d s c o n s t n i Li ixl

t isirio o p t i o n s o n i i u i i \ i ( l u a l s i o c k s la i l l o ;^tMui"aIc p t ' r s l s l c r i ! a r h i t r a i i c

p r o l i t s t i u r i n g t iu- I''S.-v s i i i i ipk ' p e r i o d , t ' h . i n e c i I V S " ) a l s o e i n p l o \ s Hie

h o \ - s p r r a t l i no (k ' l Si) e\ali ia{*. ' the- e i l i c i e n e \ oi i h e m a r k e t l o r S 8 . P H)()

i r i t i e \ o p t i o n s . In I I K ' S I I K K . C h a i i e e t o n s U ' u e t s hox s p r e a d s t k i r i i i ' i a

1 9 S 4 s a m p l e p e r i o d . m d l i n d s t h a t s i g n i H e a r i i n r h i t r a ^ e p r o l i i s c a n n o l

h e r e a l i z e d o n a c o n s i s S c n l h a s i s a s i h e p o s i t i o n s a d i i e r e t o t h e t h e o r e t i e a l

pa r i iv r e i a l i o i s s h i p , H o n n Ami R o n n i i * 'S')) aisD u s e t h e h o x - s p r e a d

p a r i u r e l a t i n n s h l p in l es t t h e eilii. 'ien«,'\ ol ( h e m a r k e t l o r i in l i \ idLia l

C ! U ) I . s ( o i k oji i i i irss o \ e | - ,i s a n i p k - p e r i o d i r o m !'S~fi | ' * S 4 . L s i n ^

s e \ e r a l J e s i o n a t e d p e r a i n l i e s i i n i a t e s oi t r a n s a c t i o n s e i ) s l s , H o n n a n d

l^ionn j ) r o \ i d e e v i t l e n e e t h a ! o n K m a r k e t - m a k e r s e a n ^^ene ra t e p e r s i s i e i i i

a r h i t r a i ^ e p r o f i t s u s i n ^ t h e f>ox-spread s l ra (e ; ; ; \ .

l o ini r e a s e t h e a e c n r a e v ol a d j i i s l i n e t i t s for t i a i i s . u t i o n s e o s t s ,

a n io ( f i l i ed l i l u U i a e h a r v a ^ h ' S i i p r i e e - p a l t e r n - r e e o i i n i t i o n p r o c e d u r e is

u t i l i z e d in i h i s s t u d \ i o e a t e i ; o r j / e hid ,mcl a s k l u l n r e s - o p t j o n p r i e e s

f r o m ( ' M l ' i n t r a - d a \ d a i a oii SK P SOO ( u l u r e s o p t i o n s a ru ! t o acljtisi i h e

h o x - s p r e a d p o s i i i o n s i o r t r a r i s a c t i o n s e o s t s . \ o u p a r a m e t r i e Ies l r e s u l t s

ind it . i ie (ha t d i e e o s t - a d ju s l e d s p r e a d s a r e siunjf j c a n t l v u n p r o i i t a h l e ,

a n d i h e d e j i r e e o! d i s p e r s i o n in s p r e a d r e t u i i i s a e e o r d i n - ^ K i n e r c - a s e s a s

i h e t i m e i n t e r v a l r e t j u i r e i l l o e l l e e i f he c o m p o s i t e p o s i t i o n is p<i"i i i i t led

to e x p a n d . I h e r e s u l t s e m p h a s i z e d i e i i i i p ae t of b id a s k s p r e a d s a n t !

i i i c r e a s i n u h n o n s \ iic h r o n o n s nrie<' o f ) s e r v a t i o n s oii h o x - s n r e a i l r e t u r n s
1 j

a i i d i h e C O T r e s p o n d i n g e i i e c t s o n t s ' s t s <ii m a r k e t e f ! i e i e n e \ .

I)AI V

ProMf ied i)\ l i i e C hicajao M e r e a n i i k - E x c h a n g e , t h e d a t a u t i l i z e d in i h i s

s t n d \ c o n s i s i ol h o i h t r a n s a e t i o u priet^s a n d ( j t io ted h id a n d a s k p r i e e s

i r o m i h i ' t r a d i n g of o p t i o n s o n SKSV SOI* I n d e x lu lu i*es e o n i r a e l s , I h e

d a l a r c -p resen l al l i r i [ r . i -da \ priec- q u o l e s r e e o r d e d f)n t h e s e c o n t r a c t s for

t h e sauipi<- p e i i o d of | a n u a r \ 2 8 , l ' ' S - i t h r o u g h h i n e .^0, 1 9 9 2 . dur i i i ; ^

u h i e h t i m e o p i i o n s o n 4 2 s e p a r a t e S^;,i ' ^ 0 0 I n d e x f n t n r e s e o n t r a e t s

u e r e t r a d e d al t h e ( n c k ' \ .\iu\ O p t i o i i M a r k e i D i x i s i o n ol t h e t ' l i i c a ^ o

M e r e . m t i l e l A e h a n ^ i e , ^
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I l u ' s c (la!i( c d i n p r i s t ' rfci)i*(l(.'() t r a n s , K - l i o i i s a s wi' l l a s n i a r k c t - m a k f r

1)1(1 a m ! a s k ( i n o t a t i o i s ^ for v \ h i c h n o t r a i i s a f t i o n a c l u a l l y o c c u r r e d .

At. c o i n p a i n i n ^ e a c h i.| n o t e d p r i c e is i h r d a t e ; i iu! i h c I l i n e oi ( la\ al w h t c i i

il <»ccurrc<.], b u t t h e inol i\ at ion ol t h e m a r k t ' t - m a k e r h t r t r a n s a c t i o n

p r i c e s is i i n a \ a i l a h t e I r o m t h i s t l a i a b a s e . S i n e e t r a n s a i l i o n p r i e e s e a n n o t

b e I n i n i e d i a l e K c i i s t i r^mi i shed a s e i l l i e r h id o r a s k t r a n s a c t i o n s , a m o d i l i ed

H h a U a e h a r \ a t e e h n i i j i i i - is u s e d h e c a n s e t h e h o \ - s p r e a d arhitr. i)j ,e nmdt*!

rc-qi i i rcs c a t e j i o r i / e d Ir . tn s a c t i o n pr ie 'cs t o a t l jus l s p r e a d r e i n r n s i o r

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

h id a n d a s k i j u o l e s (Mialile t h e e o n s i r i i c t i o n (t! n e a r K s l i i i n l t a n e o u s

p o s i t i o n s in S K I ' S(){) l u i n r e s - o p l l o n s . I h e e a p a h i l i i \ fo c o n s t r t K t n e a r K

S N r i i ' h r o n o u s oj i t iors p o s i t i o n s s h o u k j l a e i l i i a t e a n e \ a h i a t i o n ol s j i r e a d

r e t u r n s a n t l m a r k e t e [ l i t . i e n c \ \Ai thoi i t e x p o s i n g t h e t e s t d e s i g n t o h i a s e s

a r i s i n g I r o m t h e Ltse ol n o n s \ n e h r o n o n s d a t a .

IHODOLOGY AiND I VIPIHRAI Rl S t L IS

Ihe Box-Spread VrUitnige Mode!

A h o \ spreat] is an opi ion strategy designetl lo capital ize upon ix'ia-

ti\i- pr ieing inel t icici icics h c t \ \ c e n lour sep.irate opt ions \ \ r i t ten on a

single underKir ig asset us ing two cxereisc prices, A long hox sjiread

is c o n s t r u c t e d hv the t o n t e m p o r a n c o u s comhina l i on ol a hull call

\ tTl iea! spread .md .1 hear put \e r t iea l spread, u hile a sinu't sj>read

s inud laneousK c o m b i n e s a hear call vertical spread and a hull put

\cTlieal spread . . \ suinnuirv ol the rcspect ixe \c r l iea l sprcail posi t ions

is pro\ itled in 1 ahle I.

Since lu iu re s op i ions ar<' c \c lus i \e ly uiill/cil in the hox-spread

arbitr . tge relationshij) , t he h{i\-spread motlel a s s u m e s no posit ion

TABLE I
S n i l " i n i j r \ o l \ c r l i i a l S i ) r i . ' ;K i I ' n s i l i

.S(ri(/rj.n

Bull
Bear
Bear
Bull

ii:i;l ;!! !('(! high

Cali
Pu!
Cali
Pul

Long
Shor!
Short
Long

ai \u

Short
Lang
Long
Short

d :>L)s . t sof '



760 Marchand, Lindley, and Followiil

i n l l u ' l u l u r e s c n n t n u i u n d f r K i f i ^ t h e l o u r o p t i n n s , [!K-r(.-l)\ r l i n i i -

f t a t l n ^ t h e s l r u c t u r ; ) ! ( k ' s i < i n p r o b l e m s ^ i s s o c i i t l e J w i t h i n t e r i m p i u n i e n l s

[ l i a r a e K M i s l i c o ! p u l ( . i l l l u i u r e s p : i r* i i \ t r s t s . I h e c x i s K ' n e e o l I w o

d i l l e r e n i e x e r c i s e p r i t e s i n d i e a t e s t h a i s h e t i i l i i r e s j i r i e e o l E I R ' n i u i e r K i n > i

S ^ v P ^ 0 0 l i u l c s .tl n s a l u r H v i i i a \ li<.' i u - l o w h o i h e x e r e i s e p r i t e s , h e t w e e n

t h e I w o e s e r e i s e p r i ( . ( . ' s , ur il m a \ t ' x c e e d h o t h e x e r e i s e p r i e e s . " \ n

e x a n i i i i a t i u n o i t h e r e l n r n s r e ; i l i / o i : l w i l h i n t h e t h r e e p o s s i h i e ! a i ! ^ ; e s

o l t h e S 8 . I * S i ) 0 I n d e x i ' u t i n e s p r i e e ;il r u a t n r i l N r e \ e . i h t h a t , i n t h e

a h s ( M i e e o l S r . m s a i i l o n s e o s t s . t h e c ' o n s o l i d u E i ' t l s t r a t c j 4 \ \ i e i d s a v a l u e

o ! \l J I i ) ,!l r x p i r i H i o n n t i h e o p t i o n s , i r r e s p e e i i \ ' i ' o l i h e i n d e x

I n i n r e s p r i e e . i n ' e a u s e o l [ h i s e e r t a i n o i i t t o i i u ' , i h e r e s n i t a n t l ) o x s p r e a t !

r e p r e s e n t s a t h e o r e l i e a l K r i s k l r s s s l r < t l e i i \ p r i o r l o a m a d j u s i m e r i l l o r

I r a n s . K i i < i n s e o s i s . I h e r e h i r e . i n u l e r i h e a s s u m p i i o n s o l i | i m a r k e i

e l i i e i e j i e v . i i ' a e c u r a U / K p i " i e e d h i t n r e s - o p t i o i t s , i-^ s n o e;M"i\ e \ e r c i s t \

a i u l ( 4 ' i ( i e i e r m i n i s l i e i n k - r e s E t a u s , i h e h o x s p r e a t l s h o u k i \ i e k l t h e

r i s k l e s s r a i e o l r e i n r n , a t i d ( i s ( . i i n x ' f i ! n i a r k t . ' ! \ a l u e s h o u l d e ( | i ! a l i l u '

p r e s e n t \ ; d n e o l i h e e x e r e i s e - p r i e e s p i e a d i l i s ( o u n ! c - d a l i h e e o n t i n u o t i s K

(. o m p o L i n d e d . l i s k l e s s r a l e o l r e t u r n :

\ .. il i / . | l e • i i i

w h e ! " e :

\ !! m a r k e t \ a l n e o l i h e b o x s p r < \ H l a t i n i t i a l i o n .

I' r i s k k ' s s r a t e o l j x i n r n , Ami

I i i i n e l o ( - x p i r a t i o n t ' x p r t - s s e d a s a I r a t t i o n o i a - > ( i S - d a \ \ e a r .

W i l h i i ' s p e t i i o |)(st< n t i a i d e \ i a i i o n s I r o m i h e p a r i u r e l a l i o i i s h i p , i h e

e o n i [ ) o s i l e p o s i t i o n w o n k i g e n e r a t e l e s s i h a n t h e r i s k l e s s |-,il<' o l r e i i n - n il

i h e e n r r e n t n i a r k e i \ a h n ' o i i h e h o x s p r e a d e x i ' e e d s i h e p r e s c ' n t \ a k i e of

t h e p a \ ( ! ! l , ( o i u e r s e K . il i h e e u r r e n i m a r k e l \ a i u e o i t h e h o v s p r e a t i i s

l e s s th<iPi t h e p r e s s ' n t \ a l u e o l i h i * p a \ o l ( , i h i ' p o s i t i o n w o i i k J [ i r o t i u e e a

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

s i t u . i i i f t n , a l i e r a e e n r a i e K a d i n s i i n ; ; i l o r i T ' j i i s a e l i o n s t o s t s . \ M H i k l p r o \ i d e

e \ i t i e i u e o l n i a r k i ' t i n e ! H e i e n i , ' \ , l l o w e \ e r , h e l o r e ( . ' x e e s s s p r e a d r e t n r n s

e a n h e a e e e p l e d a s t ' \ i d r m e o l I i i t i n x ' s - o j ) ) i o n n i a r k i . ' i n i e l I i i . i e rK~\ . \\\c

s i r n c t n r a l t l e s i u n o l t h e s U u K n i i i s i f n s i n e i h a i a e i u a l i i L i r k e i ( . ' o n t l i i i o n s

a r e r e p l i e a i e d a s p r e e i s e K a s p o s s i h k - . I h i s e m p i r i c a l r-e»|ii i r e m e n t

n e t e s s i t a i e s a e o n s i d e r a l i o n n l o p e r a l i o n a l t o n s t r a i n i s . p a r t i e n k i r U t h e

i [ i i p a e i o l t r a n s a e i i o n s e o s i s a n d i h e p o s s i h i l i t \ o l e a r K e X i i x i s e .

" S c i I ' u n n ( T i f I H o n n h ' s ' i | i ! s • < i i f i u i u ' l i i ' n ' - h i - n i i K s i - . n M i i i l t n \ • . p r r . u l . i r l i i u . t i i f i i i n d i l s o n - .
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Early I--\ercise and Bo.v-Spread
Model Construction

In t h e [>rifin;i (ti l u t i i r i ' S - o p h o n s . I I I H I U T O L I S r c \ t r i f t i \ < ' , ; ir i)i tr . iu( '- l); ist ' t l

nssiim|>t!(H")s m u s t hv s iUisl ifcl t o t f e t e n n i i K ' t h c o r t ' t i e a l \ . i l u t ' s . O n e

p a i i i c i i l i i r t f n ' o r e t i c n i a s s u m p n u n x i o h i t e d a s .1 i n a t u - r DI c o m - s f i inc l f r

a t t u a l m a r k c i c o n d i t i o n s l n \ ( ) ! \ r s t h t ' ! \ p t ' ol op l i o iv s I rnt lc t l o n i h c

e x c h a n g e s . I h r t h e o r e t i c a l h o x - s p r e a t i a r b i t r a g e m o d e l a s s u m e s t h a ! o n l y

l _ u r o p e a n o j i l i o n s c o m p r i s e t h e s p r e a d , t h c r e l ) } n i ip l i t it!\ a s s u m i n g t h e

c o i i s t r n c t i o n ol a l ) u \ - a n i i - h o l t l s p r e a t i t o h e h e l d in i t i l e x p i r a t i o n o!

t h e o p t i o r i s . S i n e e \ i r t n a l K al! o p t i o n s a n d l u t i i r e s - D p t i o n s t raclct i in t h e

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

h e r a t i o n a l l v e x e r c i s e d e a r K . a l t h o n g l ) B r e n n a n a n d S c h w a r t z U ' ) ~ ~ ^

i n t h c a t e th. i t t h e e a r ! \ e x e r c i s e ol A m e r i c a n p u t s r a r e k o c c u r s .

In t h e t o i i s t r u c l i o n oi hox s j i r e a t l s , i h e r i sk ol e a r K e x e r t i s e is

g r e a t e r (o r s h o r t s p r e a d s t h a n l o r lonj i s p r e a d s . I h e r i sk l o i h e l o n g hox-

s p r e a d h o l t l e r is n i i n i i i i a l s i n t f t h e r e s p e c h \ e s h o r l p o s i t i o n s in t h e h u l l

ca l l ( w r i l l e n at /•,.>( a n d t h e h e a r p u l ( \ \ r l U e n al / j ) s p r e a d s rejM-esent t h e

o [ i l i o n p o s i t i o n s ol l o w e r r e i a { i \ e v a l u e s in i h e r e s p f c t i \ e \ e r i i t a l s p r e a t t s ,

s o t h e l o n g t a l l I p u t i \si l l h e d e e p e r - i n - t h e - n ! o n e \ at a m t i m e i h e s h o r t

ca l l ( p u t ) is i n - i h i ' - m o n e ) , C o T i s e c j u c n t K . il c o n d i t i o n s a r i s e t h a i w o u l d

pr ' ( ) \oke t h e r a t i o n a l e a r K e x e r c i s e ol t h e s h o r t e a l l s p n t l in a hox s p r e a d .

SUL h a s a p r e c i p i t o u s i t i e r e a s e i d e e r e a s e ) in t h e in t l ex l u i u r e s [ i r iee aho \ t . '

( h e l o w ) t h e h i g h e r I l o w e r ) e \ e r i i s ( ~ p r i c e , t h e c o i n p o s i l e p o s i i i o n w o u l d

p r o d u e e a ne t e a s h i i i l low ol 1/ j / j ) . p l u s i h e p o s i t K e d i H e r e n e e in

o p i i o n p r e m i a r e a l i / e t l I r o m l i ( | u i t l a t i n g t h e o u l - o i - l h e - m o n e \ jni t s ^ a l h

p o s i t i o n s . A ho.x s j i r e a t k untlcT t h e s e e o n d l i i o T i s , w o t i k l g e n e r a t e t h e

r i s k l e s s r e t u r n o \ e i ' a s h o r t e r t i r i ie i n t e r v a l oi t h e s p r e a d is a e c u r . i t e K

p r i e e d w h e n c o n s t r u c t e t l .

In a s h o r t hox s [ i r e a d . howcve i " . i h c r e v e r s e d o p t i o n p o s i i i o n s

j i r t j t l uee a n e t i n i t i a l e a s h i n i l o w . l o l l o w t ' d h \ a n e t e a s h o u t l l o v \ at

e x p i r a l i o n h e t a n s e I h e r e s p e e t i v e s l i o r l p o s i i i o n s in i h e heai- ca l l I w r i t t e n

at /: I I a n d t h e h u l l p u t ( v \ r l i l e n at /• j ) s p r e a t l s r e p r e s e n t t h e m o r e

v i d u a h l e o p t i o n j ) o s i l i o n s in t h e r e s p e c t i v e v e r t i c a l s p r e a t l s . II r a t i o n a l

e a r K e x e r e i s e o! t h e s l io r t ca l l ( p u t i is i n t h u eii hy a n i n c r e a s e i d e t r e a s e l

in i h e i n d e x l u t u r e s p r i c e a h o v e ( h e l o v \ ) t h e l o w e r i h l g h e r i e x e r e i s e

j j r i c e . t h e s h o r t ( a l ! ( p u t ) w o u i t i !)e d e e p e r - i n - t h e - m o n e v t h a n i h e l o n g

ca l l ( p u t ) an t l t h e e o m j ) o s i t e p ( i s i t i o n vvonltl | i r o d u c e a c o i n p o s i l e e a s h

(>iitfl(ju e q u i v a l e n t t o t h e e \ e r e i s e - [ i r i t t ' s [ i r ea t l . {l:\ - i.y), p l u s i h e

n e g a t i v e t l i l i e r e n e e in p r e m i a r e a l i z e d i r o m t h e l i t j u i t l a t i on ol t h e [)ut

( ca l l ) p o s l U o n s . Bv a s s u m i n g l o n g p o s i t i o n s In i h e i u t u r e s - o p t i o n s w i t h
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l<)\\fr r e lu t ivc \ a i i i c s , t iu ' shors h o \ - s p r c ; K l arhilraj><'ur", u n l i k e i h c l img-

sj^read holck ' r . c a n n o i ncj^alc l lsr t le!riniC!U;ii c H e c i s ol ral ioi i i t i e a r K

e x e r c i s e a n d is m i l i e d ^ e d a g a i n s t Uie s i g n i l i c a n t I'lsk r>l loss i r o m ih t '

possi l i i l i lv ol ca rK e x e r c i s e .

\ s a I o n s e t | i K - n e e , i h e risk of loss a s s o e i a i e i ! x^isli t h e ea rK e x e r e i s c

ot ltr!nres-o[>[ioTi p o s i i i o n s is s i g n i l i c a n l K ' g r e a t e r t n r s h o r t hox s p r e a d s

( h a n lo r l o n g s p r e a d s , I l i ) \ \ e \ e r , w h i l e i h e poss ih i l i l s nl ea rK exer t ise is

af! i n i p t ) r l a n l p rae t i e . i l e o n s i t l e r a t i o n , oi g r e a t e r t h e o r e t i c a l i m p o r t a n c e

is t h e in tegr i ty oi t h e e m p i r i e a l ies t d e s i g n . I h e p r i m a r y a c K a i i t a g e ol

eni ip l ( ) \ ing t h e h o x - s p r e a t i m o d e l in t e s t s ol m a r k e i e f j i e i encv lies in

its e e r t a i n o u t c o m e , regard!i . ' ss ni t h e p r i e c oi t h e m u l e r l y i n g i u U i r e s

c o n t r a c t , a s s u m i n g t h a t t h e s p r e a d r e m a i n s i n t a e t u n t i l o p i i o n e\[>irai i()n.

P e r n i i i l i n g t h e ea rK e x e r e i s e of ; m \ i u i u r e s - o p i i o n i n e l u d e d in .1 box

s p r e a d \\ilh<Hit s i n m l t a n e o u s K li<jiii<lating t h e r e m a i n i n g t h r e e o p t i o n

p o s i t i o n s w o u l d x i n l a t e t i ie i h c o r e l i c a ! c o n s t r a i n t s u p o n w h i c h ( h e

hox spreaci a r b i t r a g e e o n d i t i o n s a r e l o f i n d e d . l , a r iy e x e r c i s e ol a l u U i r e s -

o p t i o n a n d t h e r ioru o r U t . ' m p o r a n e o u s l l t p j ida i io i ! ol I h e r e m a i n i n g o p t i o n

p o s i t i o n s w o u l d e x p o s e t h e l)ox-s[)read a r h i l r a g e u r , p a r t i e u l a r K ( h e

sho i" t - sp read h o l d e r , t o e o n s i c l e r a h l e spcci(/i{(ir<' -or Ico^iui^: risk II t h e

l u t n r e s - o p t l o n p o s i t i o n s c a n n o t h e Hi ju ida t ed s i m u l l a n e o i i s K . o r at leas l

w i l h i n a reusinicil'le livnv i n t e r \ a l i i i e l i n e d as t h e s a m e l i m e in t e rva l

origirsaHv rc ( [u i r cd lo e o n s l r u L t t h e s]nea<.i). ! h e p r e s e n e e ol l e g g i n g r isk ,

w h i c h is a n a l o g o u s io tKt^ r isk a s s o e i a t e d w i t h t l u ' n o n c o n t e m p o r a i i e o i f s

e o n s t r u e t i o n ol s p r e a d s , eo i i l d [ )o tentJa iK Kias i h e e m p i r i c a l a n a l y s i s

t o w a r d a e o n c l n s i o n ol m a r k e t i n e l l i e i e n e v il s a m p l e h o x - s p r e a d r e t u r i i s

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

^)4'} ol [ h e s p r e a d s c o n s t r u c t e d e a n n o t Ke c o m p l e t e ! ) l i c ju ida ted w i t h i n

reasDiiaKK d e s i g n a t e d t i m e i i i t e rxa l s , t h i s s i u d y e x c l u s i v e K a n a K / e s l o n g

hox s p r e a t i s , h e l d to l u t n r e s o p t i o n e x j i i r a t i o n , to n i i n i m i / e t h e i m p a e t

oi ea rK e x e r e i s e an t l ie e n i p i r i e . d r e s u l t s .

Transactions Costs and the Bid—Ask Spread

P h i l l i p s a n d S m i t h 1 1 "-JSO] a s s e r t t h a i e l i i e iencA s t u d i e s t e s t i i i g t o r

r e a l i / a h l e a r h i t r a u e [ i ro i i t s m u s t a t n a i r a l e K a d j u s l l o r t r a n s a e t i i i n s e o s t s .

a n d t l i e iai l u r e t o sat is tx t h i s r e < | u i r e m e n t e a n p r o d i i e e i n a e c u r a t e

test r e s u l t s , \ c t o r d i n g t o Pi i i l i lps a n d S n i i l h , i h c t a i l u r e t o a c e o u n i

io r t h e u n o h s < ' r \ a K l e , impl i c i t t r . u i s a e t i o n s c o s t s , r e p r e s e i U e d l»\ t h e
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hiti iisk spread ol the niarktM-niakcr, ct)nstitutt 's ;* "scleclinn bius"

toward a conciusion ol market inellieiency. l i o \ \ e \ e r . the absence oi

an imnu'tiiiile bid ask ca(e^ori /a t ion o! Iransaclion prices in a\aikihle

tlata Miakfs aceura le testing tli!I ieiiIt. .As a result . si>\i.Mal proeethiri-s h a \ f

been (li'visecl lo iiiipiile tfie i)icl ask spreaci Irom obses'vetl price tIata.

Hoi! ( !'-'S4) (leri\t.'(l a measure to es t imate ihe bit! ask spread lor

stock ;HUI option markets ibat assunies tbat bu\ and sell orders arrivi'

rantlomK In a t rendless markei . MowcM'r. trading [toiso can j iroduce

posi t i \e serial eorrelal ions aiui eonse( |ucnlK eause a tlov\n\\ard bias in

tbe esl iniated hid- ask spread gener.itetl l)\ tbe Roll measure."' Relaxinj^

tbe assumj>tion ol serial i iu lependcnce hetween price changes . Choi ,

Salandro. and Sbastri i I^SH'i a ssumed ibal oseillalions between bid and

ask priees arc not raiuloni. \ s a resLilt, ( h o i . Salaiidro. and Shastri

esliniated ibe value o! the proba!)ilit\ measure ibrou^^h an i t e ran \e

process usin<^ a maxinuim Hkelibood procetlure. but tbis t echnkpic

ma\ !dentil\ ' a loeal oi)linium ratber fban tlie global oj)tinum! wilb an

iiKueuratc initial es t imate ol (be hit! ask spread.

|[t an alti 'rnativc approach , l>battacbar\a '. I'-^S.^) dcnised a j.>ro-

ccdurc designetl lo idenliK the motivation underKin^ inulesi<inated

transai ' t ion prit 'cs. I he Hhatlacbarva approaeb examines a l lernal ing

price mo\cmc! i l s tbal ai"e o[)posite in sijj,n to tbe immeiliateK previous

price c'haiigc. Assuming thai t raders can p m c h a s e onK at market-maker

ask prices and sell onK at markct-niakcr bid priees (,!o minini i /c selection

bias), ibe Bhattacliarya leclinicpic i. barac ler i /cs a bid (ask) price- as

a tlown-iiek (tip-tiek) traiisaetion price sLnTouiulctI b\ up-lick (down-

lick) prices.

lo illustrate tbe unmodi l ied l )hal lacl iar \a melbodoioux, consider

ibc nine price records j)ro\ iticd in 1 able 11 and based upon lah le .A. I in

Hbattaebar\H ( I ' J H T ) . Accortiinj^ to tbe l>battacbar\a procedure , records

1, 1, and ^ represent hid, ask, and bid prices, rcspecti\e!y. based on

tbe pr ice-chanuc pat lern ol ^ ^ and - ,, belween the records. A similar

patteri! exists hetwi'en records -̂ , 4, Ŝ  and 6, j^iven the coiiseeiitice

price ebanj^es ot ^, • i;^, and j^-, ai^ain represeiUirs^ hid, ask, and bid

|irlces. res[H-cti\el\, lor recorcfs 4. ^, anti 6. However, price record ,̂

is common lo (or overlajisi i;)otb ol tbe price series, so ami)i5iuity exists

concerninjj, ibe t rue motivation underlving tbe priee (|uote sinee il could

• ' < l i i K n n ; i i K i I ' l - n n i . i n ^ l ^ * S S i , | i i r i l ; i n . i r u ! S . ' . i i c i 1 ' - - ' S ^ u , K a r i i o l T . M K I V \ , i l k l i n | J • I ' I S S ' , S l n l l I I M S ' ) ' ,

. n u i I l . t f n s i l ' ' ' - * ( l ^ I m c l i h . i l l l n ' i t n l l i i i r . i ' , n ! ( ' n t . i \ i i i . n r i i i " . i U - K r ' . l i i n . i i i i ' t h i ' I m l . f \ l . s j u c i i l t i i r

l i i i l i i h l i i . i l s f i u i ' i i i r . ' s U M H ^ ' ' U l u ' r t i U r . i d , i v . i l . n h . n r \ M - r k K i h u . i 1 1 I f l u i u l . i n i r n u i l i m [ ' l i i . , i l i ( > i i o l

i h i - s i ' ' • i i i i h i - ' - I V i h a i d u ' K u l l n R ' . i s i i i c i , i ; i p m i i u r r n r f ^ . i l n i ' t u i l , i s k s p r i M i K i n l i i i p c i ' s i ' i u r n l

p i ) s i t i \ t ' M ' r i a l I i i r t c l . ( l i o n s .
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l l ie L

I'm-,'

19

19

TABLE II

i'ri
} vpr

down

down

up

dow;̂

up

down

up

bid

•ask

bui^ask

bid

ask

bid

ask

Old

ask

represent a bid price in the previous stream (u i tb its .issoei.iteti ask at

|9 ^ ! or an ask price in the siihscijuent stream Uvilh its assoeiatet! bid at

19 , ). Since the teclmifjue retains onU' non tjxerlajiping. consecutixelv

re\crtinjj; price series o! three or more rceortis ior .uiaKsis, rctorcis I ^

.\rv ciiscartlcd Irom the sample. Ihe deletion o! records ! T iea\i's t \ \o

possihie streanis. each tons is i in^ o! three iion-ox'erlappinti. re\er t i i ig

prices, I he lirst stream ealeiiiori/es record 4 its a bitl price al 19^,

record ^ as an ask price al I9j_^. anti reef)rti (> as a bid price al 1 9 , .

In the ^tHii iu! stream, record 7 is identiliecl as an itsk price al 19;^-,

record 8 as a bid j>iice at I 9^ . and recorti 9 as an ask price at 19^.

I loue\er . hase'd on ihe pattern-recognit ion sclieme. the unntodil'ietl

Bh,tttachar\.i appniaeh eould inaccuratcK ident i l \ either bid or ask

transaelions. l o r example, ihe techni(|uc icleiilifics record I as a bid

price lor the jniee series ol' i , 2, ant! -i. W itbout knowledge o!' ihe price

(juole precet!in<i record I, hov\e\er, record 1 mav actuulK represent an

ask price lor the previous series, in tbis stutK. lo a\oii_! the possihilitx

f)l incnrrecl i \ ' i de i i t i h ing a priee quote in ihis maimer, arul to mii igale

the possibilitv thai price patterns could resuk Irom new inloi ' inal ion

rather ihan Irom m()\ement hetween market-maker hiti antl ask prices

see ,Ma. Peterson, and Scars ( |992 ) | , up-t ick ulown-t ick) transactions

rmisl surround ibc cate^ori/ed hici lask) transaction priee usetl irs a box-

spread posii ion .md pretedi i io arul succeeding transactions must each

occur vsithin len minules ol ihe eale^;ori/ed transaetion. The ten-minute

cert i l icat ion constraint prcccdin^^ and succeeding eacb transaction price
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used ill the construcdofi oi hox sprcatls reduces the possihilitx oi. and ihe

I'liret Irom. sii^iiilicanl priee iiK)\(.MiienIs witfiin each (jiuilihin^ series.

l u r t h e r , as Ma, Peterson, and Sears M'->'-*2l indicate, traiisactioii

price ciata can be t haractc-ri/ctl by unetjiial priee nio\enu-nt.s aiul

si^nifieantly positive serial eorreiation belwi-en price changes , condit ions

v\hieh l a u s e the [ihattaehurva ineasiire in ufuler<.'stimate wider hid- ask

sjireads lor "oeeasioiia! tran sac lions'" liial oeenr v\iihin tlie hid ask

spread of ihe market-maker. Ihis study eonsecjiienllv retjuires that

the non-()\erla[j[)in<; t ransael ions in eaeh ijualiKinfi series si ieeessivek

re\ert Iti ecjiial ma^niUtdes lo eircitmvcnt the possihilily <il iriacciirateU

itientif) ing the motivalion underiving the transaet ion. Ih i s speeilie

restriclion lorees the deletion ot si^nilicant .nailahle data, a eondit ion

which can induce mis[-)riciiij^ signals ant! cause hed^e porllolios to

remain o[)i'n !or exeessivf periotis o! t ime. However, the imposition ol

tlie alorenieiiliorieti ten-miruite constraint serves to negate the poten-

lial eliect on bid ask spreads cansed h\ new iniormation arriving in

the iitarktt.

Since ihe Hlialtaeharya proeedure categorizes transaetion priees as

either hid or ask priees, the approaeh laeiiitates a eosl -adjusted analysis

oi ho\-Sf)read [)erh>rmance using hit) and ask Intures-ojition prices.

I herefore, witfi the speeilied modilic at ions. the techni(.|ue is used in

this study to construct ho\-spreat! posiiitms adjusted lor tran.saetiuns

eosts resiiltiiii.! froTn hiti -ask spreads.

Nonparametric Tests of Box-Spread

(iaiai (l'-)~7) inclieates that s tudies using norisvnchroiioLis. closing-[)riee

data ol ten report the availability ol e.xeess, riskless proiits and oiler

the se I irulings as evitienee ol market iriellieienc v; hul, sueh reluriis

may aeltialK represent imaginary, "paper" jirolils resulting Irom the

use o! noiisynehronoiis priees. I his study utilizes t imed, Intra-dav

iulures-oplion data to identity nearly con temporaneous eall and put

itiliires-optiori jiriees eolleelively c]uoted within t ime inlervals ranging

irom zero to iive ni inntes. I uturi 's-ojjtion priei' tjuoles, inekiding hoth

transact ion jirices and quoletl hid and ask [)rices, thai occur on the

aj)pr()prlale sitle ol the h i d - a s k spread are suhsecjuently eomhined into

hox spreads to examine dev iatioiis troiii ihe iheoretic a! [larity relalionship

hy an amotint in exeess oi the bid ask spread, Priee grou[>s tailing to

eoniorm to ihe transact ional pat tern lor hov-spreaci eonst ruel ion are

s\stemalieallv disearded.
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! l u ' , i rbi !rat; i r pncin^j ; p r h u i p l t ' s i l i a ! i i r u i e r l i i ' i l i r r e l a l K f c d l ; i iu i

pu t l u l i H V s - o p i i o n \Hiuc's i n i ! i r ; H r i h a t , l l u > i i r r l i i . i i i ! \ , i h f c u r r r i i t i i i a rke l

\ a l u e ol a ]n>\ spread pari tv reh iE ion^ lnp s i i o u l d l)(~ r c p r c s e n l c d i n

f t | , I I I p r id r h . aiiv a i l j n s tnu ' n t tor I r a n s a c l i o n s cDsts, As an opor . tUDi ia l

n u x i c l , l^l)\^t'\^'l^ '.mv ( ' \p lo i l . ihk* t l r \ i , i ( i o i i I r o n ! du - par i tv r c t a t i o n s h i p

MHJst fxct'cs-l t r a n s , K i i o i i s r o s i s to j i cn t ' r . i t c r c i l i / j t b l f p r o i i l s . { } i i k

l\\v p r r s i s f c i U p r t s t ' i u r ol such (.osi a t l j i i s tc t l t l t ' v i a l i nns \^( )uk l p r o \ i d i '

s u l l i r i c n t c x i d c n c r nl [narkc t i ru^ l I i i ' i t ' fKv .

l o tncastiTi:* (he [ i t ' r l o r m a n c f ol C K I I box sprt-ad p n \ j i i ( i i i . t 'vccss

<!ollar r e t u rns aro r n i n p u U - d u t i l i z i n g i h c t p i o t c d ask \ i e k l <in a L .S.

1 re;!sur\ B i l l w hose i n , t ! u r i l \ co r rcspDi ids !o i h c c \ p i r a h ( i n ol the

S!sP ~ii){) I utiire.s o p i i o n . l o r eaeh l o n ^ hov sp rc . i d . i h c r c l o r c , excess

do l l a r r e t u rns arc c o i n p t i l r d as-

Hns ( ::i', - Pn; r ; \ l \ \ l O , r , / . j H ^ \ l \ \ i l ) , / 2 / . - / / l i e "

-- <'i \ l'2\ | \ ! A X ( O . / i t H 'I

- \ I A \ i ( l , / ' u - I I \\c " i 2 t

\\ here:

li\'.\ (,'\ccss (!(sl|[H" rcEurn on a io i io l ) i ! \ spr<*Lul.

/ ! p r i ce i>{ l i i e S8>l' SOO l u l n n - s index at cx[>!ra! ion DT the

h i t u r e s o p t i o n s ,

/ l i i i i c ol e x p i r a t i o n ot the l u t u r e s - o p t i o n s .

( i \ ask pric«' ot fh<,' i-all o p i i o n w i l h exereise p r i ce f K .

( 2h h id p r i ce o[ i he e.iH o p t i o n w i l h exerc ise p r i ce S -{ .

l'\ii bi t ! p r i ce oJ t he pu l o p U o n w i t h i-xercisc p r i ce

I ll-. \\ here /• ]( !• If ~

/'_> \ ask p r i ce it) the put o p i i o n \ \ ! i h exereise priL<' / , j r . \\ here

! t i m e r c m a n i i n g i u c x p i r a l i o n ul i h c t u i n r i ' s o p t i o n , cxpresset l

as a I r a c i i o n o l a .->6S-<.!a\ \ c a r . and

I r isk less rate of i t i u r n . ' '

M U i ' i I f i c 1 i i i M < | i i i i l , i l s i i n - r , - p u ' . ( p\ A--k j u u < s • • i n i l i k - l i K , i l n n I ' j K i i K ! i i l i l i r \u:\ ^ p ( - l ' , n i ' - ,

; h . i o r H i M i i i n . i i L H i i s i ; nn i\u- i\,\\ l i c h i n - t h e ( A p n j h i i n t i . i l r u l i h t 1 t i m r e s s i p i u n i s \ s k \ i r l d s

i ! l i ! ( / i - i i , [ ^ [ l k l i r i n l u i s . i r L n s k l r s s r . i k i n i h s * . - t i i i K s i i u ' i ' 1 h r s r r p u s . M S l ( i n - v i . J d , ! l v i l i i . h

^ l o l • . ( , ! n p i i u l i . i M ' I. S [ r < M - i i n l i i l K . I i n ( | i n i U ' d . i s k \ H ' I { I - - . i r e ' , l l l ! ^ ( • ^ | L l f n l U c o r n i - i h - i l n i i ' i

U l ^ l < l l ! ^ i v v . m i | i i >u t i d . ( I t . d r s . } | r M u n i . i ( 5 i i ] i ! M T t i - i l i i i i i i t-i-j J i .!-. I h i ' n \ M f ' - . s r . i h ' u l ( . ' ( u r n

u h u f i l m \ ' ' - p r ( M i l p e r l ^ s r n i . i t K i - i-- i l < 1 ; r ( T > . ! n f ( l
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According to t-ij. (2). the excess tiollar re l i in i on .! lon^ l)(»\ spreati

is eoinjui led as [he tl i l lereneo between the preseiU \alues ul t!ie inllovvs

reeeivcti anti ihe ou l i lous ineurret! ai spread ini t iat ion and al opi ion

expiration. In i t ia lK, however, the eash Ilows oi a lon^-sj>read posit ion

eonsisi of the [ireinia reeei\ed iroi i i [ht^ iwo shorl Ititures-option.s.

I'm ai i i i C'i j i, net ol (lie preniia paitl [or ihe fwo lonj; positions, /-"j ^

antl ( I \. Sinee the lon^ option positions are more \aUiahle tl i . in the

short j>osit!ons. the nel el leel oi the eonibinal ion is a eash tHiino\\ al

spre<itl in!nai i( tn. L j ton expiration of ihe Intures-opEitin positions. i!ie

net proeeetis Ironi the purchase and sale of ihe respeelive jiosii jons

eijUiil the exereise-jiriee spread, (/ _> /, i 1, atlinsted lor (he hid ask

spreati. l)isc<Mirilirig ihis ontcorne lo the point ol spreatl tonst ruet io i i <il

tiie conl int iousK conipoi inded, riskless rale ol inierest. and eonihinin^i

the resnit w i lh (he net ct)sts incurred at the l inie ol spread in i l ia l ion

produces the net excess tiollar return on eaeh hox spreati pt isit ion. ^'HS-

A suni!nar\ oi' the exeess tiollar ix'lurns protlueeti h\ etj. ^2' is

pr()\ided in la hie H I . divided in io suhsanij:>les hasetl npnn the time

inter\al reijuired io eonsirneS the eompf)sik' posit ion. Aceortlinti to

lahlc I I I . ihe mean and nietlian of each snhsample are both negative,

whieh indieates that ihe subsamples of hox spreads are unprol i iable

sinee the tlollar return on each eorrespontling I rcasurv Bill is posi l i \e. In

atl t l i t ion. ihe dis|)ersion ol' returns increases >ts tbe thne inter \a l witlens.

sugg;eslini; thai Iests i)i |>ri)litahilit\ []ia\ identiiv si^inilieanl tl i i lerenees

hetween hox-spreat! antl Ireasurv P.i!l dollar returns.

l o iest the nnl l hypoihesis o! et|uai, excess dollar returns on the

box sjircatl positions and (he I reasi!r\ Bill tontraels , LI nonparametric
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Relurns

126^7

1 28 45
131 64
135 04

139 82

bp, t,iK. P'l,,,,l(,.
s cloll;i! -oi.ifos

U,,,

584 45
1 094 62
1 376 54
1484 60
1966 48

\h,\

49 54
327 87

382.29
1319 37
1484.63

Max :h<- ' ! i a « i ' i i ' i - efccsi- J o i k i r s e t , i r r ' Uv.



768 Marchand, Lindley, and Followill

W i k ' o x o n s i g n e d - r a n k s p r o e e d u r e is p e r f o r m e d . ' ' -\ s u n u i i . i r \ of t h e

W i l e o x o n tes t r i ' s id t s is p r e s e n t e t f in l a b k - i \ .

i h e r e s u l t s ol t b e W i l e o x o n a t i a U s i s i i u l i e a t e t h a i t b e s a m p l e s of

h o x - s p r e a d an t i r i i i l l e x c e s s d o i l a r r e l u r n s differ s ign i i l can t fv at t b e

i'' \v\v\. i h e \ \ i l c ( f x o u tes t r e s u l t s a l s o coni'irTu t h e i i n d i n g s p r e s e n t e d

in l a h l e i i l . s u g g e s t i n g sha ! p ro i i i ab i i i t v d e e l i n e s a s i h e t i m e i t i te rval

r e i j u i r e d to e s t a b l i s h l l ie e o i n p f i s i t e Sjiread p o s i t i o n Is a l l o w e d to ex-

p a n d . i*e r tn l t t ing g r e a t e r pe r i o t i s oi ' t i m e t o e o n s u i u m a t e t b e s p r e a d

m e a n s t h a t i h e l o i n i h i u t u r e s - o p t i o n in a i)ox s p r e a t i c o u k i b e e f f e c t e d

u p lo live n u n n l e s a i s e r i h e in i t ia l o p t i o n p o s i t i o n is e s t a b l i s b e d . This

p r o c e s s oi n < ) n c o n t < ' n i p o r , t n e o u s K e o i ! S t r u c t i n g i b e c o m p o s i t e p o s i t i o n

l e h a r a e t e r i / e d a s /('i;i,'/Hi; i n t n j c k i c e s s i g n i l i c a n t r isk i n t o t b e c o m p o s i t e

t r a n s a c t i o n , /.f';,'!,'/!/!,' ri\h in a hox s p r e a d ex is t s if ( h e fou r f u t u r e s -

o p t i o n s a r e nul s m i u h a u e o n s K e o r i i h i n e d i n t o t l ie e o m p o s i t e p o s i t i o n , a

s i t u a t i o n u h i c h r e q u i r e s ifie h o x - s p r e a d a r h i t r a g e u r t o i iokl a u lu i f i edged

pos i l i o i i iu Oiie. t w o ay t h r e e fu tu r ( . ' s -op t ious ini t i l t h e f o u r o p t i o n posi-

t i o n s a r c es iaf ) l i shecl . I lie risivs a s s o c i a t e d wilfs ieggi i ig a r e m a n i f e s t c i l

if new i n i o r m a t i o n e n t e r s t h e m a r k e t , tiieref>\' t a u s i n y p r i c e s t o chan^. 'e

a n d g e t i e r a i i t i g re\is(Hi i n t i ' r t e n i p o r a f par i lv j i r i ces . u i i o n g t h e a r n n of

l u t u r e s - o p t i o i i s . l o r a sp re . id arf i i t i -ageur v\i io e o n t e t n p o r a u e o u s k e s -

t a f i h s b e s fev\<'r t h a n i h e r i ' i juiret l l o u r f tKures-opi ioEi p<is i t inns in a iiox

s p r e a d , a e h a n g e iu r e l a t i v e p r i e e s w o u l d o e c h u l e t h e t o n s t r u e t i o i ! oi'

a pe r fee t lv b e d g e d c o r u p o s i t e p o s i t i o n f ) c t a n s e t l ie r e l a t i ve p r i c e pa r i t v

t h a i p r e v a i l s v\hcpi t!ie in i t ia l p o s i t i o n is e s i a h l i s h e d vvould n o l o n g e r

i^'xisi at t b e o r i g i n a l p r i c e s .
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I h t ' r r forc , perni i t t in^ wider linu- iiUerxals lo accomnuKlalc i h r cuu-

s l rucl ion oi hox sprcutls Induc r s It'^giii^ risk, and llu> p resence o!" li-^^ing

risk nia\ si-Jinifieantly afTeet s|)read prtintabilily, parlic-iilarK il bit! ask

sj)ri'ads widen as new inrorniat ion en te rs the inarkcL I h e \ \ iieoMin

results [)n)vide evidenee oi' inereasini ; risk for ihe hox spreads heeai ise .

in tlie a h s e n e e (A new informat ion alTectirig It i t i ires-options priees. the

arbi trage process would e n s u r e (bat exeess re lu rns would be una t t a inab le

on idenlieally riskless inslruriieiUs. 1 [le \ \ ileoxon slal isl ies eoi isequenl ly

indit 'ate that , al ibe margin, the kirger proii ts and losses are a turu ' l ion

ol inereasiTi^lv iioiisx lu-bronous prices , ra lber than an iiidieatif)n of

market i ne ! l i r i ene \ . In Iests of market elTic-iene\, ibere jnre . ibe results

ol tbis stuck e inpbas i / e ibe import . ince ol' uti l i / inu s\ nebronoi i s priees

in empir ieal anaKses , lor It' nons \ n e b r o n o u s priees are examined, fbc

iesl design no loii^er c o m p a r e s riskless hetl^^e posit ions.

SUMMARY AM) CONCI LSIONS

A l u n d a n i e n t a l r e t | u i r e n i e [ U of n i a r k c t - e l T i e i e n e x s t u d i e s is t h e a e e u r a t c

r e p h e a t i o n ol a e t u a i m a r k e t e o n d i i i o n s . (>alai i | ' ) 7 7 ) i n d i e a l e s t b a t t h e

u s e ol n o n s \ ! K h r o n ( ) t i s p r i e e t Ia ta fo identify e x e e s s . r i sk le s s j ) ror i t s in

Ies t s ol m a r k e t e l f i e i e r K \ m a \ i i u a l i d a l e t h e r e s u l t s o l e m p i r i e a ! a n a U s e s .

i h e r e i o r e , i b e u t i l i / a t i o n ot i n t r a -dav p r i e e da fa to e o [ ) s i r u e t n e a r l y

s u u h r o n o u s bedimed p o s i t i o n s r e p r e s e n t s o n e r e ( | u i r e m e n t oF m a r k e t -

e t t i e i e n e \ t e s t s , ( . a l a i a l s o s u ^ t i e s l s t i ia t I e s t s oC m a r k e t e t T i e i e n e \ m u s t

i n d e j t e n d e n t K e x a l u a l e t h e m a r k e t u n t l e r e o n s i d e r a t i o n . C ' o n s e q u e n l l w

a n a i i a l \ s i s o! priein<j, o h s e r v a i i i t n s fnirn m u l t i p l e m a r k e t s e o n s t i t u t e s

a joint b v p o t t i e s i s l e s t , a n d t b i s p r o e e s s (.an b ias test r e s u l t s t o w a r d

a e o n e b i s i o n ot m a r k e t i n i - l t i e i e n e \ . A e e o r d i n ; ^ t o i ' b i i l i p s an( t S m i t b

( I'-^SO). a ( b i r d , a n d ei;|iiall\ ' i n i p o r U m t , r e q u i r e m e n l of e t T i e i e n e \ s t u d i e s

is t b e a e e u r a t e a d i u s t i i s e n t ol p ro f i l s i o r t r a n s a e l i o n s e o s t s .

I b i s s tuck a i t e m p t s l o sa t i s r \ t b e s e r e i ] u i r e m e n l s In e m p l o \ in^i t b e

h o \ - s p r e a d a r b i t r a g e m o d e l t o e v a l i u i t e t lu ' elTieieiRA ot" llu^ m a r k e t

lo r S & P S(K) I n d e x t u t u r e s - o p t i o i i s . L t i l i / i n g a m o d i l i t ^ l l i b a t t a e b a r x a

p r o t e c h i r e to t a t e g o r i / e u n d e s i ^ ^ n a t e d t r a n s a t t i o n p r i e e s a s bid o r a sk

t r a n s a e t i o n s , t h i s s tu ( t \ l o n s l r i u M s e o s l - a t l j u s t e d t)ox s p r e a d s frcMii i)id

a n d a sk l i i t m e s opt io i^s e o i l e e l i \ e k i j u o i e d u i i b j n des i t^na te t l U m e in-

t e r \ a i s ran^j in^ u p to \"[\v m i n u t e s . I b e r e s u l t s ot i h e n o T i p a r a m e t r i e

a n a k s i s i n d i e a t e l l i a l , a l l e r a i t jus ih i i i loi' I r a n s a e t i o n s e o s t s , i h e hox

s p r e a d p o s i t i o n s n ^ n e r a t e s i g n i i ' i e a n i k unprnl ' i tLible r i i u r n s .

I tie e m p i r i e a l r e s u l t s a l s o r e w a l sbat i b e d i s p e r s i o n ot r e l u r n s

aeeordi i i j i ik i iuax-ases a s t h e t i m e i n t e r v a l re<jiiired t o e l l e e t t h e e o m j i o s -



770 Marchand, Lindley, and Followill

i t e p o s i i i o n is p e r m i U e d l o e x p a n d , I ' l i i s l i nd i i i*^ i m p l i e s i b a t , i l l o \ \ i n t f

e x p a n d e d l i m e i n t e r \ a l s t o ( o n s t r u e t t h e t iox s p r e a d s i n c t u e e s l e g ^ i n j j ,

r i s k , w h i l e s i n i u l t a n e o u s k i a e i i i t a t i n i i . n i a i n i k s i s o l n o n s \ u e h r o n o u s

p r i c e s m i b e s p r e a t i p o s i t i < M I S . I t i e r e l o r e , r a t b e r i l i a n r e p r e s e n t i n ^

e \ i t i e n t e o l m a r k e t i o e t l u i e n e \ in S 8 . P ^(K* I r u i e x I u t n r e s - o p t i o n s a n d a n

o p p o r t u n i l s l o r a i i a s i u l e i r . t d e r t o e x p l o i t ( u t u r e s - o p t i o J i n i i s p r i t i n ^ . t h e

e \ e < - s s p i o f i i s a n d l o s s e s o h s e r v e d i n i b e s a J t i p U ' s o l b o x s p r e a d r e t m ' n s

a r e a l i i n e t i o n o l i n e r e a s i n g l x u < i n s \ n e t i r o r i o u s p r i c t ^ s . I n t e s t s o l m a r k e t

e t l i e i e n e v t h a t e x a m i n e r i s k l e s s h e d g e p o s i t i o n s , t h e r e s u i i s o i i t i i s s t u t k

a i i i p i i l \ t b e i m p o r l a n e e o l d a t a s \ n e b r o ! ! i e i t \ in e m p i r i c a l a n a k s e s .
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