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anti trade si/e.^ i i i is stncK esliiiiates the infineruc- of tliese laetors oti

tiie reali/c-d spread in tiie SKP SOO luiures eontraet in periods before.

ciurino, anci after the erash of Oetolier 19, ! ')S7. "i1ies<' periods offer

a uti i i jue opporiunitv to o!3ser\e the iiehav ior ol tiie spread and its

delerni inai i ts t lu r in^ a Unie of larĵ ^e variation, i'liis not onK inereases tiie

stalistieal pov\er o! i lu- tests, hut also reveals ebanges in l i ie relationsliips

ibat oecnr under extreme eondit ions.

i",Iiipirieai tests ol the theories .ire hanij iereil h\ severai obser-

vational l i i i i i tai ions. i lie l)id ask spread is not direetiv [)hser\abie in

tiitt ires uiarkels hut nsust l)(,- esiimated, Aiso. :i torreet niethdci for the

measurenietit of j)rit e risk Isas nol heiMi estabhsbed. I be mitst eonimonlv

Lisetl nietbod uses tiie observed volatiiity of trasisaetioti priee ebanges,

vviiieb includes tiie eileels ol jsoiii ibe bid ask spread arui infornmtlon

vv il ieb affec ts the et jui l ihr ium priee, in i t l i ier words, a kvv (ieterniinant ol

the hid ask spread is usiialb proxied h\ a variahie vvliieh itseli ineiuties

the spread: ai id. therelore, the eifect ol in iormat ion is not explieitk

eaptured. In addit ion, tbere are ifie usual hrinlal inns on tiie avaiiaf)il i l\ '

ol volume and markelmaking tiata wl i ie i i are even more [iroblernatieal

in an intratlav siudv.

in lhis s tuth. estiniales ol the teah/ed hid ask spread are hased

(HI intradax transaction pr i ie reversals in a profcdure similar lo that

de\"elope<i hy i i hal t ae ha rv a i 1 9S Vi. i he problem indiieeii bv tbe it i-

iertiejiendenee o! ibe l)id ask spread and transaetion priee \olaLil i t \

is mitigated bolh h) the esl i i i iat ion proeedtn*e lor volatility and l;>y an

inslrnnienla! variahie le t l in iqne in model estimation. Also, two proxies

ior inh^rm.ition el I eet s are introd need. An Important ieattn-e oT tbis sludv

IS (he use of intratlav data on voinnie per transaction, ihe numi>er ol'

markeltnakers trati ing in iht- p i l , and ibe nutiiher oi transactions.

Severai researeiiers have noted a L -shaped patts-rn in either bid ask

sprt^ads or fransaetion priee- vulalil itv or in hoth." inler j i retat ion of t i ie

a ' u i S h i l l ! ' > S ! . a i i d i ^ - \ d v i ^ r s , > i i ! | i i r n \ t t i i . n | l i a j : i ' l i o t I ')":" I • < o | > , ' l , i i » d . n i d ( , i l . a M ' - i ^ a t i d

o l i » ' i " s , . i ' t ( n p r H i u i t ) v s u i t l d . l i h ' t t l l i r i i i l . i j M / i ' s4 i h i ' s p r i - a d t i n < - r ' . c U . i\n- i i u r T t t u r v < o r u p o F U ' r t t

• • h i i h l d i l l , r i i [ K i c j ' . i n t ; I iSJK n i H i n i ( > r i , ( \ i t | - i l t l t l \ ,11 i d I r . i d c - . t / i ' ]Uv , i i ! v i ' r s i M ' , f o n i ; a l i o i i
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I \ i i a p i ' d p , i ! i ( ' n ' s t t ! i l u ' w i l t n i i U oi s . n l i i ' . i t i f i U n r i ' s I ' o n l r . K !•,, \]--i, ! \ ' U T s i > n , . l i i d S c a t s ' I M ' l J •
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evitlencc is ohscurccf h\ the intrri.!{'jK'iH]enff.' oS \hv csl imatctl l)ii!--ask

s[)rciKi :,inL\ transaction jirict' volatility as well as the pussil-)li- in l lucncr

ot other viiriablt's. \hv model ust'd luTt* acfounls lor tiics*.' factors and

so ai lous bcfler uriderstanclirig o! the L-shaped j)atttTn-

I'he principal l indings arr: (i) (he nunilHT ni marki'tniakt-rs

ifi t l ic i i i l i i res pit is imr rscK relalecl to hid ask spreads, i i l ) the

October h)S7 crash hacl an important f i l eet on lutures biti -ask

sj>reacl tleterrninants tbat tl iniinishes awv t ime, and h i i j tbe ol>ser\e(l

inlraday L-shajiei l In bid ask spreads eorrelales sialistit alh wi th t iu '

volume ()! t rai l ing antl numher ol marketmakers in ihc pil once all

taetors are taken Into aeeount.

Ihe organization ol this artiele is as loilows; f i r s l it reviews

tbe l i terature on ck'lermlnants ol iiUradav priee voiatilitv and hid ask

spreads. 1 he erii j i ir iea! model sjH-ei Heat Inn and ihc data ari^ then

<ieseri}>etl anti the restilts are anak /ed . A su!nii iar\ anc! conchisions are

prescntctt in the l inal seetion.

INIHADAY PHICE
AND BIO-ASK SPREADS

Most ol the previous enipirieal sludies ha\c coricentratetl t)n c\|>laining

ihe tieterniiriarits ol tjuotecl hid ask spreads ncrnss si-enrities. in general,

ivvo classes ol (Iclerinii iari ls oi sprcatis have heen iound. Ihe Hrst elass

iiieiu<]es ( i ) aetivity variahles sueh as volume antl trade ortier si/e; i2)

various measures ol risk; {^) compet i t ion in marketniakin^, sut h as the

luiuiher oi niarkclniakcrs trat l ing in ti ic sceiir l lv; l4 ] (he nun ih t r of

transae tions. antl (S) inst i tu l ional owners i i i j i . I he seeonti ekiss ol laetors

is related to t i ic feaiures ol exchanges and the l inancial eharaetcrislies

ol seeurit ies.' Most oi t i ie previous slutiics estimate hid ask spreads

Irons intratiav data eolieetctl vviti i i i i ihe elosii ig hoiir or ironi tiata ovt'r

tiaily or longer intervals. I here are lev\ slutiies ol hiti ask s[ireads using

itUratlay iransaetioiis data."'

.Mthough iheorT antl j)revi(Hts empi r i ta l work suggest a roie lor

[jriee risk In t ietcrtnit i l t ig i)iti ask s|-)reatls. tiie nieasurement ol priee

1 hornugfi hlfiMturr ri-\ K'\\S j r i - pr'n idi-'l In Brnsloii .ind 1 Lij^vitn.in < I ^1, -4 \ Sloll I ')s-i '
i l . is l iroi i ik I I^ISS>. \Ul i iJsh .H!.! U O . K I I j ^ . s ' ^ . ,,nit OIIUT-..
'!nlrjit!;n iliil.i VM-R' II^IHI ID sluihi'^. ol i lu siuik iiuirkcl \>\ I lastu-oml, ,iiiil l l u • I'-'S'i, (.IUSICJJ
.Hid ilarris : 19SS!, ;i!Hi M<lnl \h dud Uonti i ] '*S^' ' I hiniijison j i i d \V ,illri i ] VS^ • sunltrcl iUc
ilcUTiiiHutiiis <>\ hid dsk spti'iuK lur I ' ln i niii niih. l i i luri 's inarki'Is. W.uitl, Mnri. irU, Mufi. i lski.
,nu\ loni.tn ' I'ISSi t'siimali'ii l i i i l ask spirails Jn ihc SKI* THO lulnrc ru.irkcl ih tnn^ (lie ( Ji-IdhtT,

['-)><•'' (it.irkrl bi'i'iiL jHTtod iisiiij; inii<Hi,L\ d.ii.t. M.s, i 'cur-.oii, .iiiil S<'.:r-. f l ' ^ ' J i ' siiulii-d Hiir.Kkn
biil ,isk sjirt'.id p.ilkTiis, tr.idiiij i niiisi' ,inil | i r i \ , i l i ' miorm.ii ion lor smluMn--. iDrn, I hills, and
si i i i ' ! l i iUirrs (tmir. i i Is
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risk reiisains probieEnalit a!, i hcorv' does TKU eleark' iiulieafe whether

ni.ukeliiiakta-s rcsponti to volatility in equi l ihr ium or transaclion priees.

Ihe sources ol inlratkiv tr,i[isaetion pr i te voiaulitv inieasuretl hv the

stanthir<! di 'viai ion ol transaelion price ehangesl inelutic volatili lv in

ihc et| ini i l)r iuni price tansed hv the reaetion DI market par!icipan!s to

in iormat ion (the i f i ior i i iat ion c l lect ) . the tievialion o( ihe iransaelioi i

priee from ihc et ju i l ihr inm price tine !o the hiti - ask s[)rcad ((tic li(|uitlitv

el ieeth and the overreaction ol part i( ipants uhe overreactinn effect;.

Roil i l ' >S4^ iTcnch and Hull !l'>H6't. (dosten ( i 9 8 ~ i , j n t i others

ticrived a relationship l)etv\e(^n (he slantiartl t ievialion ot tujui l ihr i t im

priee thanges ant! ihe bid ask spread hir a p.irheular data generating

proeess.' cohere. Maier. Sclnvart/. and W'hiteoinh ' C 'MSW 1 ( I ')S6!

reviewed pit'vioir'- empirical stntlies ol ihe relationsii ip hcivvceii traris-

aetion priee vnlatilitv and hid ask spreads in set uri ties markets. !n

general. thes<' stnilles t ind a positive relationshij i hetween transaetion

]>rite voiaiiiitv' arid the bit!- ask sj)reatl vvlien prit'e chanuc is measnretl

over short intci'vals. e.g.. daiiv. Ihe relationship hecoriics insignificant

Inr priee changes ovtM' loriger intervales, e.g.. inonihiv. Heeenth. Ani i -

hiitl and Mendelson M'-^H"""! demonstrated the cxisteneo ot a positive

relationship at t i ic closing hour o! the New ^ ork Stock I Achange.

None ol these eniplrieal slutiies toiUrol let l lor the in iormat ion ellcet on

wilai ihtv, in a stutlv oi ckulv \oial i l i tv ol ihe SK P ^00 cash index. I!arris

( i ''SS'i incorporated hoth lii|uitlMv and in lorn ia i ion ellet I s . I low ever,

i i i juithlv was not measured tl irectK hv the hitl ask spreati hui hv a sei

(il !npolhesi /et l t;\p!anaHsrv variafiles. l i e lo i int i an inverse reial ionship

hetween transact lois pr i i t- volatililv and li(]uidilv\ Ihus, no previous

stutlics have used tlireet estimates ni the hit!- ,isk spread anti conirol lcd

ior hoti i l i i juitl itv ni^d in lor i i iat ion elteets on priec votali i i tv.

Si'verai theories ol Inlratlav trading predict patterns in tise hitl .isk

spread. I k o t k antl kleklcm (Bk ) * hK)2 ^ showetl that periodic markcl

closure causes greater (and less ciaslic* trans.tetions tlein.mt! at the

open and close ol U"atiifig. In hr ic l . traders have a greater need l<i

revise portloi ios al the opcri ing bt.'catisc lhe\ tou l t l [lot trade duri f ig

the night v\ hile inhnmal iou eontini iet l to tlevelop. Neai" ihe close.

v . t r [M': ] • s,, .;

h.'H' Si': '11!'^ Sf' u f ' r i ' s rn i t hanijc-. m i f i r hMtisai Hun
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t r aders bc^in revising tiiuir pDrtlolios in an t ic ipa t ion <il be ing uiiiible

to tratle overnight., again while iiildrniatiiiri eon t i iu ies to arrive. Ih i s

u r e a k T [ ransac l ions ilciiiand a! o[>en and elose inereases asks and lowers

hi<ls (widens t he spread) and inereases xo lume . Priee \o la t i l i l \ is not

addresset l explieiiU in this theory . l)iit Ma, Pe te r son and Sears (.MPS)

( I 992 ) no te ihal lhe i h e o n implies grea te r d i \ e r g e n e e of heiiols du r ing

n o n - t r a d i n g hours , g rea te r i n io rma t ion disj)arit\ a m o n g t raders d u r i n g

the opeiii i ig period, and higher j i r i te \ o l a t i l i u in the o p e n i n g per iod.

lo making this inter! ere nee . M P S .tppear lo he add ing asv mine trie

iu lorn ia t ion to t he 15k model .

Afhnati and Pfleiderer lADl ( I ^ S S ) , in an a s \ m m e t r i e informat ion

model , p red ic ted per iods of high \ o h i m e and high re tu rn \o!at!l i t \ d u e to

stra legie <leeisions (n i n r o r m r d ami d i sc re t ionar \ litiuitMty (uninformed^

t raders about when to triule. I he theorv t h e n deju ' i ids on periodie market

e losure to m a k e ifie o p e n i n g and elosirig periotls the t imes ol high

\ o l u m e and \o !a t ih t \ i see . \ ! ) . p. -^4). I iowever . the i r moilel apjiears to

inipK low hitf ask spreiitis at t he open antl e lose , hee .mse d i se re t ionar \

litjuidity t raders will e o n e e n t r a t e the i r tr.itling oid\ at l imes when t rad ing

eosts are low. I ov\er hid ask spreatls at opei? and elose haxe not been

o h s e r \ e d in empir iea i s tudies , in fael. t he e\ ideiiee is t!ie reverse (see

footnote 21. I 'x tens ions of this model h\ l o s t e r aiuf \ i swana than ( I9S'-)!

and S u h r a h m a n v a m (f')S'») p red ic ted h igher l>id .isk spreads at o p e n

and elose b e e a u s e lhe p r e s e i u e of informed trai lers ii iereasi 's the acKcrse

in io rmat ion e o m p o n e n t ol d ie spread .

l h e model p roposed in this studv will d e t e r m i n e if an\ pa l ie rn in

the hitl ask spread is related to pa t t e rns in Sransaeiion priee volatilitv

and o the r \'ariaf>les.

MODI I SPLCIIIt AMON AM) l> VTA

Model S|it'fiflltati«»ii

1 he l o l l o w i n g t i m e - s e r i e s m o d e l of d e t e r m i n a n l s oi b i d - a s k s p r e a d s a n d

d e l e r m i n a n t s of i n l r a d a y t r a n s a e i i o n p r i e e \ o l a t i l i t \ i n e o r p o r a t e s bo t l i

lic|U!dit\ an(f i n i o r m a t i o n e l i e e t s ;

hJEl-ask s p r e a d , j I t r a n s a e l i o n p r i c e \<i la l i l i t \ i ,

a x e r a g e \ o l i i m e p e r t r a t l e , . n u m h e r

oi m a r k e t m a k e r S j , d u m m i e s lo r

e a e h h a l i - b o u r i n t e rva l t i u r i n g

t b e ( ! a \ ) {\)
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t r a n s a e t i o n p r i e e

vo i i i t i l i t ) , / i l>iil-ask s p r e a t i . . n u m b e r ol

t r a n s a e t i o n S i | . I reasLiry hil i l u t u r e s

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

h a l f - h o u r i n t e r v a l d u r i n g t b e d i i \ )

. \ s i m u l t a n e o u s e q u . i t i o n m o d e ! is p r o p o s e d lo r i.\vt.} r e a s o n s . I i r s t .

I r a n s a c l i o n p r i c e \ o l a t i ! i t v is u s e d a s a p r o w l o r ific p r i c e r i sk p e r e e i \ e d

b \ t l u ' m a r k c i m a k c r s in H K I l o w e v e r . i i e e a u s e t h i s p r o w is itself

a t u n e l i o n of t h e d e p c n t l e n t v a r i a l i l e . e s t h n a t e s of i f ) b \ ' o r d i n a r v

feasi s q u a r e s ( O l S i \Noul(f fie i n c o n s i s t e n t . ! fic t w o e q u a t i o n mot le f .

e s i i m a t e d f)v t w o - s t a g e fe.isi s t j u a r e s ( 2 S L S ) . ,df(jws e o n s i s t e n t e s t i m a t e s .

l l i e s e c o n d r tMson is a n i n t e r e s t in s e p a r a t i n g l ! ( | u id i t \ a n d i n f o r m a t i o n

e l f e e t s o n t r a n s a e l i o n p r i c e vofa l i l i tv .

[ h e h id a sk s p r e a t i in ( I i a n d f 2) is n i e a s u r e t i f)v ifie m e a n

of e s t i m a t e d r e a h / e t ! h id a s k s p r e a t f s d u r i n g h a l ! - h o u r i n t e r v a l s .

I h e r e a l i / e t l h id a s k spreacfs a r e e s t i n i a t e t l ns l o l f o w s : (i i e r e a t e

ai i e n s p i r i c a l jo in t p r i e e d i s t r i f H i t i o n ol A / ' j .iiu\ A P ; i t l u r i n g a

f i a l f - b o u r in lerv ;d; sii ^ t i i s ea r t i t h e s u h s e i of p r i c e c b a n g e s v\ h i c b

e x h i b i t p r i c e e o n t i n u i t ) ( i . e . , p o s i t i v e c b a n g e fof lov \ed hv p o s i t i v e

e l i a i i g e ) ; i iii 'i t a k e a h s o f u l e \ a l l i e s of p r i c e e l u H i g c s ifiaf a r e p r i e e

r e v e r s a l s , a n t ! (iv) e o m p n t c t h e m e a t i ol t i l i s o l u t c vaf i ics o f ) t a i n e d in

s t e p ( i i i t , ' '

i n t n s a c t i o n p r i c e vola t i l i lv in i h m u l {IK a s a p r o w for yyvivv r i sk

p e r e c j v e d f)v m a r k e t m a k e r s . is e x p e e t e d t o b a s e a | )os i t !ve i n t p a c t o n

t h e sp rea t f s i n c e it i m p f i e s t w o t \ j ) e s of r i sk for m a r k e t m a k e r s . f i r s t .

m a r k e t m a k e r s m a y h e a r n o n - s \ s t e r i 3 a t i e r i sk i fue t o u n t l e r - d i v e r s i l i c a t i o n

in t h e a s s e t s t b e y h o l d . S e c o n t i K . l a r g e p i ' i ce e b a n g e s mav b e e o r -

re la tc t f w itfi t b e p r e s e i i c e of i n f o r m a i i o n t r a d e r s , a n d d e a l e r s m u s t

i n c r e a s e s p r e a d s t o t o m p e n v a t e for e x j u ' c l e t l l o s s e s w h e n t r a t f i n g OJJ-

n o s i t e i n l o r n i e t l Sr iu lers .

M o i l 1 ' ^ S ' l ^ l ! i ; l i f • s i ( \ l ! n j ! s h i - P ' l H c J u t l ' [ J M i l i l i l S ' S ! t | ! \ l , l ! l l h u l ^ ( ' l l ! - s [ l | H , l U ' S IA n ' . i i t / f d l i i l l . i s k

s j H ' i ' i u i s I i i i ' C c l i . i i ' . f o r ^ n t M j i . i i i ' . o n p i i r ( " t . c ' . , i \ \ u o l h i - i j i r o i r i t u r ! - ' . u l f ^ U t n , i l i r » } i r i \ i l j / o i i h i d , i ' - L

s p r i M i ! - . \ M ' R i ' n i [ > l i i v i ' d : I • i h t M v . u i n i i I K . i h s i ^ h n r ^ . ; l l K • o i i t . u s s . n l i i m p r i c e t l i d i i s i t | ! n n i - i h u c

i i x i i 1 \ \ n ' B i s , I ! I . H h a n . I • h A s p r o i c i h i r s t ' l h n l i . H h . ! r \ < i ^ p r o i i - d u r i ' u s r . ' s n n l v I ' l j u d l si/v<.\ [ i r u i -

H ' x s T s . i l s f l ^ s a s ' O I H K I t h a i ; f u ' i I M r e p i n i I ' d i i r r s , i i r M T I s i n u U r i . ' n i | H n i . ; t [ K

I h o i i j p s n j i . H i l l W d i l r r h ' S S - i i - . c : l t h e ! i r - - i d s f i c r c i u ( o i I ' n - s i a n t ! ; i i ( i ( I c s i . j n o n o f l ! J ^ ^ . u l N ^ ^

p r i r i . - t [ i ( ! n y , i ' i . s ' - a p r ^ w ] ' , ; i l u - i h . i n s i i ' i i i r i j i n l i l s r i u s i i p i K f i . i i i , i t ! l ! t \ . I f i i - i n u M ' - n i i - i t u r ^ n o t

d i r v j . i i i ; i \ \ f y n i i U l c i v t o l s o i c l i h . - p i l u t i S K C i n . • ! ^ W l • i l f ! , i i i s . i t i n i n p t n r i i i L i l i h l \ , I ! K I i u J a s k s p r c . u l s .
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Iransaetion [iriee voiati i i t \ is measured b\ the mean ol the absolute

\'ahie ol jiriee ehanges, w i lh transaelinn jiriee sainpied e\cT\ ! i \e minutes

il l a hal l-hour. Sampling e\er\ live minutes redmes transaetion priee

ehanges due to bid ask si)reads,^

A positive relationship is expettetl between the bid ask spread

and average v'olume |»er transaetion in (1). I inie (1972) suggested

I ha! bid ask spreads wi l l inerease when the si/e oi a trade reacltes

the l imit ol dealers f inancial ca[>aeil\. I urtherniore, lhe larger (he

si/e oi a Iransaelion, ibe lower lhe l ikelibootl that i l ean he matehed

immediately hy an offsett ing transaetioti, nenee, lhe niarkeiniaker nia\

ha\e an undesirahle in \entor \ [ josi l ion. in order to enmpensale for

this s i luat ion, markelmakers wi l l inerease hid ask spreads, \s \mrnei r ie

in iormat ion theory also suggests that large order sl/e mav e(>n\e\ adverse

informat ion, and lu' i iee, marketti iakers wil l proteet themseKes hy raising

f)id ask spreads.

C om[H'titioTi among marketmakers is proxied hy the nnmber ol

marketmakers trading in the ])it dur ing a ball hour in (1 ). It is expeeled

tn be negatively rc'lated to the' s i / i ' of the spreads. A large number o!

marketmakers wi l l tend lo keep the spreads at a min imum as ihev

enmpete Inr trades.

The bal l-boui ' (.fummic-s In (1) serve Iwn purposes; ( i j to reduce

ibe \arianee ol the error terms antl thus provide more sensitive testing

residts, and (ii) to allow lests lor any pattern in the l)id ask spread not

aeeounled for by if ie ])rimarv explanatorv variables.

in e(|. (2), tbere are two proxies for informat ion elfeets. Ihe

number o! (ransaelinns fagged nne period is expeeted tit have- a posi-

tive impaet on priee volal i l i ty, bc'eause an inerease in the number of

transaetions may represent tlie .irrival of informat ion. A more cfirect

measure ol intraifav \ 'olal i l i t \ due to infnrmat ion is the range o! j^riee

cfianges of t l i ree-monlb I-bi l l Intures in a hal l -hour hraeket. It is

expeeled to bave a positive Impael itn priee volali l i tv. I his variahle

also serves as the exogenous variaf>le necessary for 2SI S estimation.

Dummies are also sjieeified in (fte [irice volatil ity ec|uation (o inerease

S.nn|iljrig I he ir,iii-..it Iiois prii f .il Inc iiiinu(t> i iUrn .flis .iKn ri'dui. I's ilu" ni.ij^iiiiuil' ' 11} i)i;s'.i-s HI ih f

(.'siim.iiiiHi III n j i i i l ih r i i im prii.<' i i i l , i i t l j i \ biasrs wl i i i h ,irc indui'i-ii b\ ihsi. ri'li'iK'ss m ir,nis,n smn

[TK'c-. |si'i' ( hn .Slid I rt'L-s ! I'tSHij 1} ,1 iiuMsnrt i<\ [hi' \'nvv risk li i. i i is dik' in ihr < h.inuc HI ihr

cqii i l i l i r i i i in pni e v\cri' .iv.ijl.iiili'. thrn [h.il iiifaMii"!' ni |irii.t- ri*.k wiuilil he i isnl HI ihi ' hii! ;i--k

sfiri'.til i-<[u,ilinTi In dial 1 asf, th<- s\slrni VKILIIII he ,1 hli>t k rrcitisiM,' -,)slctn,

' I i l l ' jili'ii III' iivirjj^ ih f Mii.ililJU lit ( i l l ' shun Irrni n i i f as <t pvow ior uiiKrni.iUori f! i i ' i . !s i^ i i i i ) i i \ ,ur i l

\>\ [he ri isi III earn, mmicl Un hMuri's (im i' li(-li,i\ lur .uiil is '.jniil.ir hi .irmmii'nis '.nijjifsli'if \i\

\niif'i"sn[s ^ I'»SS, |i <44 1, I hn'c nii inlh I -lijil hil iircs ,MV cmplini 'd as a | I H A \ lor ihr l lur t ' - i i io i i i i i

i- i i i l l hci'iiusi- inlri i i la\ tiuTt'-niiinHi I -liill il.il.i iivc HMI av^ulatili-
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effieienev aiul lo sake aeeount nf any L shaped [>attern in inlradav

priee volatilily.

ihe speeitic mndel estimated ma\' he vvritten as;

''\\)\,

' i ; \ 4; " " f j. 21 I

2)

hew tie re

the mean o! realized bid ask spreads in perinti f la
bail'fionr bracket):
iiitradav transaetion price volalililv. a measure oi priee
risk during [>eriod /;

the average volume per transaelion during ( period;
tlie lotal number of marketmakers in lhe j)it tratiing IIK-
nearest enntraet during period f;

ihe tola! fiumber ol transactions in period t ].

vokuihtv ni three month '! J)il! iutures ai [H'riod t:

il t h e n h s e r v a t i n n h e i o n g s t o t h e i th h a l f - h o u r

h r a ( k e L / 1,2 M . i - I r e j i r e s e n l s tfie ba l l

h o u r b racked f rom 9:^{) t o I ();()() \ \ 1 . 1 lie t i m e

b r a c k e t s I r o m ; to ') r e p r e s e n t t h e t i m e p e r i o d s

irom vw to 2 : 00 I'M

0 othervsjse

_'j a r e a s s u m e d less t h a n n n e : Cj, a n d f j ; a r e r a n d o m e r r o r

h / I ' r o m e a n s antf e n i i s t a n i v a r i a n e i - ir^. i - 1 , 2 ^ "

) ,: , i l r l i S t - i i ,, p.ifH.il .id I! Kt nn-n( n i n i l f ! In it ( sjlli ntnf jdlc

i h i u i : m i \ \ h - ) i ( i c k o ( i l ^ * s " * a l s o < i s c i i .; p , t r n , d
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Data

i r;ms;icti()n prices :intl limes tor luturcs coiilructs .iro obuniu'd lorm
"time iind sales" data rceorded by pit reporters on the C'hieii^o Mer-
e;inti!c !,\ehiinge (C'Ml) tioor. These are Iransaetion prices anti linie
references to the nearest second lor transactions whose prices tliller
irom lhe |>revious transaction jjrice. Ihese data are lised to ealculale
reaii/etl bid ask sprtads anti intraday priee volatiiily. lhe three-rnonlh
r hill lutures data are from the CMI time ant! sales tapes. The trading
time of three-month I-hifl rutures is S;()() \\! to .^:()0 PM eastern iime;
an interpolation teebnit|ue is useii to (il! the gaps from 3;00 t(t 4:00 I'M.
Numbers ot marketmakers antl \'oluriie per trade are obtainetl Ironi
eomj)uteri/,etl trade reconstruction iC TR) data oi tbe C'MI . ' '

l he tiata are assembletl (or the Deeeniher 1^87 contract lor a 2
, m o n t h period v\hich ineiuties the market crash. Scptenibor 16, to
November 30, 1987. During this perioti, tiie Deeember I9S7 eontraet
is tho nearfiy (next-maturity) contract. 1 hesr tiata are analy/etl also
for three sLih-periotls: pre-erash, September 16 ()ctoi)er 13; crasli,
October 14 October 26; antl post-erash, Oetoher 27-November M).
[o examine the longer term eHeets o! the crash, tiata ior three atlcii-
tiona! eontraets antl jieriotls are analy/etl; the March 19S8 eontraet ior
December 16, 1987 to 1 ehruarv 29, 19S8; the June hJSH contract for
March 16. 1988. to May 31, 1988: antl the September 1988 eontraet
for June IS, 1988, to August .̂  i. 1988. I'.ach contract is the nearhy
eontraet ior the perioti cxaminetl. I he results are so similar for tbese last
tliree [)eriotls, that onK' the June 1988 contracl results are reported. ""

tMPIHICAL RESULIS

Ihe empirical analysis is composed of two parts: explanatory data
anaKsis and confirmatory analysis. In the explanatory tiata analysis, the
statistiea! properties of <!ata are examined anti the S])earman rank cor-
relation matrix is estimated lo examine hivariate relationships hetween

' ' T h e J n ! o r i n ; i l i ( » n i u n l a i n c i i u i C i ) ! < i« i i : i i r u k i i i f s . . I : U K - i r . n l c i l . i U ' . m d l i i M r e s ! d . i U - . ^ 2 ^ b r < i k i T

i i n r i i l > i - r , ' ^ i b t i v o r l o l l u n i v i ' o r I ' i i i ' h i n i n s . u i i o n ••4' c u v l o n i t T I v p c i l S i n i k i T i K i i i i ' f I r a d i i i g

i i i r i i w n a t i o i N i l , J! h n i k i T ' I n n i i T l r ; K i i n > ; l o r ! i < \ i n n ^ U K ' H I I M T l n i i ! ' . . ! ' . i i r o u n l . ( i i i u k f r t n i i i c i

I r . u h i i j ; l o r . i i i i i i l u T | ' r i - s t ' n l h n i k i T ' l r a i i i T , 4 h r u k i T l r ^ i d i T l u f l n i ^ l o r ^ i n u l l i i ' i i i i \ l o n K ' r " i

h r o k f r / i r a t k - r n o l | ) r i " . t ' n l ; , o i i r a i U ' p r i r r , s t . ' ' i j / c n l i r . i d i ' : \ n l u n i r i i ; i l ; i i , i ' r ! h . i l i i u i u r L i n i r

h r , ! ( k t ' L ; 8 i b r o k e r . i n i l i i | i j i o s i t < - i n . i l f b c i l b r o k i T . i i u ! i**) i r . H l c l \ p i - i t p i i I r a . l c >> s p r i ' a d ,

M I r i i n s t ' t T , 4 1 , i s b i o r f u l u r f s i . i n c ! - l ( l i . - M t i n . i U - d i n i u ' n l I r . i d f , l o r l i t r L h c r i n i u r n i ; H J o n o n

l i i i ' [ i n m ' d i i r r s u s t - d t n r f v u n - ^ L r i i c I i l u - I n n i t i j ; o i I r a d c s , s e i ' ( n n i p i i i c n / e J I r ; i ( ! r K r i ' o n s l r u c l m n

\ < i l s I i U i d I I p i i i i l i s h c d I n i h f ( ' \ 1 1 ( S i ' [ U f n i l > i ' i 1 , \ ' » ^ f , . i

' - l r i t ( ' z x ' s l « ' < . ! r t ' . i i k T s i . , i n n b [ , i i n l i u ' < ' i i i | i i r i i a l r < > ' , t i l l s l o r i h i ' M a i i h I ' I K S c o n l i d c l a i u l i l i c

S f j X c J i i i j t T I ' ' . S H r o n i r a i l I r o i i i n n r n l i h f . t n l f t n r ' . .
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\;iria!il('s iti a cl istr ibui ion- lrre nianruT. In the <.on!irmator\ anaKsis, tin-

i l a i K ' o i i s ccjiiatiori nKKJc! is i d

E{x|)lorator> Data Analysis

l proper!ics nl each variable are cvairiinccl iUul reporkx! in

lahle I. Ihese i i uhu le standard and simple' robust esliniales oi ' lneat ion

and scak- paranielers aiu) eoell ieienis ol \ar ia l ion ( ( A ) . Ihese cl.ifa

shou l i ie eiieet ol lhe erash on bid ask spreads aiu! olher \ariahles.

Ihe erash is elearU apparx-nS wbc-ii emnparing ihe 2 , - m o n t h period

lor lhe Deeeniher h'S"" eontr.ici u-o!unin H with (he period ol' similar

length lor ih(^ June I')SS cnnlraet iec lun in ^ ) . ( o r example, the iiieaii

bit! ask sjireiul {) ^ i is .ihnusl three times larger tor ihe Deeember I ')S""

eoruraet than lor ibe June i'*SS eonlraei. Ibe tiala ior the ihree snb-

periocls tor the Deeeinbor h)S~ c'ontrael shf*u tliat the erash elTeci Is

eoneenlrated In the I O; I 4 l()/2() ruTiod teohinin ."i 1 bnl slil l liu'.'ers in

ibe U)'l - i ]:'U) jjerioci iei)lt inin 4). In general. \arii i l)les lor lhe |ui ie

\'-)HH eontraet are elose to pre-crash (eol i inui 1) ie\e!s. \ t i t e thiU the

results for ibe Hbaii,!*, har\a nu-tJuHl (V|' ) are ier \ simihir io the restihs

ol this siu(!\ s melhoci oi bid ask spread esi iniat ion.

Spear n u n rank c orrelai ion nsairiees are estimated. P>eeaiise oi spaec

l ini i tai ions, tbese are not reporied here- i w o major results enierj^ie. ( I i

mosi <il i l ie relaiiotiships hetwecMi variables have the e\|)eeted signs and

are staiisEic aliv signilic ant at t l ie '̂V level, and ! 2'i in terms of magnitude-

ol eorrelanoTi. tlic' strongest ass((eiations oeeur dur ing ibe break period

while the weakest art.' in ihe more i iornia! markel periotls. as e\peeled.

C oiifirrnalory Analysis

\ l l da ia are t r . i i i s l o r m e d i n to na tu ra l l o g a n i l u i i l o r n i fo r t l ie e s t i n i a l i o n

oi i b e m o d e l - ' - O n K 2SI S resu l ts are r e p o r i e d in i h i s a r i i e l e . "̂̂  l u o

d iagnos t ie tesis on res idua ls are } )e r to rn ied : ( I ) tesEs oi ' i n d e p e n d e n e e I n

' ~ I I I I ' p i i i | i i i - . . r.| ( h t l o t ; H , ! ( i ' . h i r n i J i h i i i K l o s l a h i l i / 1 - (.'u- M I U J D I C J I H I t o n h i . i i i i t i n n u-'- ius n h K i '

h . n c , i j > p f i . i , n u , i i f ! \ -> \nu ! i c l r i . . l i i s l n l i i i n n r v i ,

i i t - r . t i i ' . c itr - . p .m . i M u i L . h n i j s , 1 )[ S . ^ | u n a h • ^ .n< [Uit N ' p u t h - d h i U T o - i c i i I't .ulri-- m,\\ n h M t n [)(.•

f ( • su l [ ^ I r o m HIM. n l t h i ' j u i i i i i t - I n ,i i ' j n i ] >a r i s o n i n ' n ^ c r n H u ' <>[ s ,snd -.!SI S I ' s i t n ^ t f - , , l l n ' s i ^ n s

(i( t o ! ' H k ! ^ l ! l ^ . i r r i o i i s i ^ u n ! m i i i n s ! s\ is. 's [ [ ( j u f v c r . i n t i n - h i d . isk s p n ' . u l u p h H i o r i , t h e ( ! | S

I ' snnh iU ' - . u l i h c < Of I i i l [ r u t n l h u \ -, i - i i v , ! [ i p r n \ [ i n . i U ' K h a l l i h r -- i/c o l i l ) . - v u r r i - s p n i i i l i n i ; i ' ^ ! S

• Min i , ! I t ' - - SsrTUi .nK, (he O | S c v U m . i U •. u', lUv •.nt.-\\'\< a-nt n ! \iv ) i , j j i \hv pcH i> i u l . i l i h i v <U|n.fn()r i

, iN- ' . n i . i l l i ' r i h a i i i h o s c o( i h f s o n c s i s u n d ) ] ) ; ^ . ' S I S I ' v t i n i . i l ! ' - . H o i h u l t iu-^<- I T M I I I S m i h i . J l f i h a !

C I . S • • • -nns. i l io i i M t l h - r s lr(M!) - u u i i t t . t r u o y . i> i |u , ! lMin h i . i s I he r h i - M ^ i i , n - r t c s ! ] > n ) | ) o s ( ' i H n I h n i s i i i . u !

'•'{'•' ' ' ' I-- t i s f ' i l , . i i i d t h r i c s K i f - n i d t r a l c : ha [ ^ u n u l l . i r u T . u v i - i p i a l i n i ) h f . is is p r c ' . f ! i l i(-, l i i c I )! S

CSlMl l j lC- . , l l liM^-i al i h c T ' ' k-M' i (̂ 1 - . W l l i i u .HKT



Bid-Ask Spreads 847

n n — oj o r-.
CO OJ IO as o t
lO in o to ^ t
o o o — o •:?-
O O O O O • -

•J) O O O
o a -3- o
; n CM (D T
(M CJ ^ to

05 tc r- CD in Ol
Q O O LT! O n
o o o o o o

•^ O f-- O
r- o IK o o o
t-- O O O 1X5 CD

to CO I-- CD o
ro o in - - OJ

O
CO
•rr

CD T—
o •-
cn -

CO
t

£O

Lf)
OJ

o

o
o
CO
OJ

OJ
h-
. ^
CO

o
o
OJ

CO
CD

CO

o
oo

o
o
I.O

o
CO
CO
CM

m
-^

•-r
CO

i n

o

^^

IT!
ro
f O
CO

r-
OJ
, ~

CO
CO
-J-

CO o o o

^ T — CO o r--
UO U") •:? • - O O
in in o '-- in O
o o o o o •?
O O O O O r--

o o
O CD UD
ID a» o
CO m O l

o o O

01
;J0
i l l

CIS

O
C
CTs
CO

o
i n
O

o
o
O
- j -

o
CD
CD
O
o

. - >
>-• 9.

o



8 4 8 Wang et ai.

f.-
Cl?
CO

O
r -

C-J

O
o
o
o

Ci.

OJ O
Ci \ J

'O iM
•".̂  • " 'J

o
;' >
CJ

• ^ '

r

< " •

f .
O

>̂O
.n
o
O

o

o
o

r--
*^
o
o
C'

03
—

o

o
oi n
o
cs

iXi
C5
CO
O J

O

C j

to
'X!
•,n

CM
CO

T ~

CD
oi/>

CO
a?
.—

o o o o 'S

Q >;



B i d - A s k Spreads 8 4 9

i i u t u c o r r t ' l a l i o n s a m i t he Q - f r s I :ii icl 1.2) tests l o r nor i iu i l i lN h\- f i i l c i

the skewness ami kurtosis. Al though tliaf'noslie tests alone tlo noi

provide ^iiiidam-e on model selection, at the ver\ least lhe\ help to a\oid

major errors.

Ihe results lor the hid ask spread equation lor the Deeeiiiher

I''S7 eontraet are shown in 1 .ible I I . the results For the tratisaetloii

jiriee \o lat i l i { \ e(|Liation ior the same contract are reported in lahle I I I ,

Resiilts lor huth e{|Liatlons lor the June I'*SS eontraei are reported in

lahle l \ .

All explaii.ttory \ a ria hies i ignoring, d i in in i \ variables Cor now! lor the

Sej>tember I 6 - \ o \ i ' n i l > e r ^i) perioti. IX'i 'emher !9S7 eoiUract. are eon-

sisienl wi th prior e\))ecta(ioi)s and staiistiealK si-^iiil'ie.int at least at (he

S'r level (,'1 a hies II ami I I I ) . I lowe\er, the Q \alt ie ami ktirlosis strorsj^K

inciicate that the nuxiel is lnadc(|uate lor this eiUire period. On the olher

harul, hased on diagnostic statistics, die e(|uatloiis lor lhe three subperi-

ods are adecjuate lor eaeh period. '^ I he remaining; diseussion of the re-

sults is loeused ors the suh-periods in I "-JST a ml the iater period In I 9SS,

liiU'rprelation oC Primary Explanaton Variables

l o r the hid ask spread etjuation. the eoelTleient ol the priee risk

variahle i l n i ^ t ' '"̂  positive and siunifieant lor all three suhperi-

ods In I')S7 (Table 11) .md lor the period m 148S ( 1 a h i e ! \ i .

\ o t e that i l l th i ' pre-erash perioti j e o l u m i i i J ) of l a b l e l l ] . the

' ' I n u T t h s ! r [ R K i r , i ! i . ! i , i [ i i ; i - i h i n n j ; i h r i r . j^h p r r M . i L ,i K\ . i l i i l i - - i - . l , i l j>, l j i is LIS<.I! l o r I c s U r i ^

M i u t l u r a ! ( l i . i i i j ; ! ' i i n d i T I w n ( i i u ' t j u . d v.sr i .Hi^Ts in .1 i i n r a r s i m u l t . i i i c i M i - , I ' IJLI , ! ! i n n i i i i n l . - l U n s is

s d j i f j i ' s t f d I n I n , i n t l N t ' u i ' \ i l ' i S ^ - I i u - Mi i . iH s . i i i i p l t p r ( j |HT lK-s n! f i l l - ii-.\ M r r r n n c s l [ i^. iLr i !

\>\ I ' . i rk • I * ' 'M ). ! i ,Hici I > l i n n i l l - v . i r i i j i l r s i / c n ! I H T M H I S | . , nd 2. r i ' s ] n ' i i K i ' l s . \ s h n i h / 1 . i i u !

( ; UH rc-i- .^ ' . ( I R i l i s l n l ) i i i n j i i n) l i ) . ' \ \ . i ld ii '--l v l . i hs i s i U , i ' - \n5|>lonk .slU . i p p r n j i . (u'-. .1 i h j - s i j i s . n i -

i l i s L r i h i i i t i H i m i l l Q ik- ) ; r i -cs nt I r r f d i ^ n i , > \ lu ' ( c O r c l f j s i n i h f ( l iu i i iM- t nf | j ; i r .HiH' l iT>- in i l n r f\^h\

h i i r i i l s i i i i o l i h c i ' l j u . i l i o i i o l l n l i T . - s i in ih<' • . i nu i l l . i i u 'M i i v , - ( j i j , i i ) u i i s v s h ' n i . 1 h is l i ' M i i i j i s l r , i k -v ; i

11 SI'S I 111- I r . ish p i T N i i l i O i I 14 < )i I. .!(>• A\ i h c \ui--v |n r i n i l u j i h v i h u h m i-<ji is|i. irc p i - r i n i i s h r l n r i -

.Hul .Ei l iT i ; c , ihv p c c i n d s in i ( i ! ( jMin 2 : I n • 4 1 in i h c i n l l n u i n j ; l . i l i i c ' i l i c I c I r c s u h s , i r i ' .ss

i i ) O c i . 14 (2} Sepi 16 (3) Ocl 27 (4) Mar !6
Oct 26. 19B7 Ocl 13. 1987 Nov 30. 198/ May 31 , 1988

Bid-Ask h'quation 113 d.f,) 36 75 27 45 30 87
Vok-iiility Fqiiation (12 d f ) 32 13 ?6 1 ! 28 93

\ l ihc ^'i W-wl. Hit- ihcnr i - l l i . i l p i 'n cr^tjic of t hi-s(| i i , i i f wills ] i , ! [ arid I J d.f arr i 2 4 ^uid i I 4.

n 'spci ' l iv i 'k . \ i [ lu ' I ' " I c i r l . l i ic pen cnl i l i 's .ire ?. and i l i 2, r i 's| ici LucK,

(he U-s| results prnsidt* . iddjl inn;it sl . i lssl i ial c x d c n i c in justil'v brc. ikinu ii|> [he pcrKnl nf ()v<.

I *IS cnnir ; ) ! I m l u l l i rcc si ib-piTif ids. I he nu n l i>l l hr U's[ is ih i i l H i i l lous sj i iudl iuicdus ct juai inn

<'siuiia[i's , ini i l l u ' | i c r l u r m j n f i nf a C IKUV l f> l ui a l ir iraf s inui l tancni is ci | i !annn ln i i i i f v \o i k I ' -HI I

unr( ] i ia l V,in, l ike .[LTOSS ivsn siihs.iniplc pcnni is.
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TABLE II
on \M\\l\\v \V(i\ Vsk S p r c u l s f l n

! uUiri 's. Dt 'Cftnl i tT Ct in l r .R l IMS

\ <iru,hlr

• Corislant

2 ln{V,=,.)•'

3 ift(Xv)''

4 in{X;,;"

5 in jV- •)

6 HI

8 HS

9 1/4

10 /ft

11 HC,

12 H10

13 H i t

14 //12

15 H13

Skewness

Orl (. 2(> \in. UJ

'Each
o*

Y • • rtieaii (;i re.

Y • pJiCt; voli.itih

Y . , Ihe ai^efag*

X,i' - th*.' Uj'u'ii ni

fhe (iLiiriber^ in p

0
i;

0
t4

Q

(2

0

{ 4,

0

i22

0

lO

0

1 3

0

t 0

246'

251'

2363

/6i

143?

08)
H94

49)

/679

49S

0'82

51)

1138

76)
0283

87)

0 0347

11

0'

(0

' 6)

005/

207)

0 0123

1 0 bh

0 00 /

iO29?

0 0346

( 132)

0 0238

i 0

0
88)

.0186

j 0.6 n

0

65 6

1

1!

962

5

0

s1:ii>a!t;o Dy 2.SLS

hin=,

iN/ei) h.d risk 5;.>?;:•<)!

!f.;'H'!Cso'j iindof ef>l*

l a<e 36 9 and 40 6

8780

6 95i

0

•1

0631

19)

0 0459

1

i)

0

58)

2b87

70)

0 0306

iO 97)

0 0086

0

0

iO

0

(0

42s

0100

49)

0!?7

bb)
0 0127

{0 5\i)

0 0170

0 86}

0 012?

(0

0

62)

0012

(0 Ob)

0

!

0

i'
0

24

0

U

0246

23i

0334

78)

314

.21

95

0 2106

(0 40)

0 2305

i1 93)

0 3358

13 2!!

0 2117

i 2 04)

0 7459

(10 95)

0 164 /

!1 96)

0 0353

i 0 41)

0 083

i 1 ()4>

0 0181

II 28)

0 0181

(1 28)

0 0069

( 0 08)

0 0031

i 0 03)

0,0022

{ 0 26)

0 0654

•: 0 74!

0 0666

(0 79;

0 970

29 6

0 46

r,i- ^aut {hal! iKi

'icir'O^R ar^; f s'alisiics

Un:' of l̂ -eedoir̂  The cnUav v-:ilui;ii

0 0017

( 0 03)

0 2307

12 12)

0 1812

(2 04)

0 1358

I 1 6h

0 7245

!12 /G)

0 ! 42/

12 32)

0 1756

( 3 37)

0 0402

! 0 55)

0()3b4

i) 0354

O91!

0,0017

0 03)

0.0053

0.03)

0 0497

0 05)

0 0103

0 21)

0 0597

1 09)

0,887

0 32

0 78

26 d f.
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TABLE III

Hesulls on Inlriidav l^ricc X'ol.itility i in(K'

ol' S& l ' Index r'ntiires, DccenibtT Contracl ! 9K7''

\ uriahle

1, Conslanl

2 in(V,,)''

3 ln(V/r •]"

4. ln(X:,, , ) -

5 IniX.,;,)''

6 H1

a H3

9 H4

10 Hb

11. H6

12. HIO

13 /-/11

14 /-/12

15. HI 3

Q(26)"

Skewness

(Kurtosi3-31

i / 1

Svpl, U: \ o i . ]il

0 3362

( 1 43)*

0.5184

(10.93)

0 1098

(251)

0 2178

(5 81)

0.1848

(6 49)

0 3286

(4 91)

0.1466

( 2.02)

0 2363

( 3.41)

0 1886

( 2 87)

0 1037

( 1.59)

0.169

( 2.56)

0 0009

(0 013)

0 0735

U 03)

0 0799

(1 08)

0.0383

(0 52)

0 683

51.3

0 65

1,2

"^i'j'l. 16 Oct. 1 >

5 1112

(1 42)

2 6805

(2 30)

0 2695

(3.80)

0 1241

(2 42)

0 4 727

(3 63)

0.1354

f 0 04)

0 1369

( 1 15)

0 2558

( -2 28)

0.0692

( 0 59)

0 1341

( 1.22)

0.251

( 0 23)

0 1332

(1 19)

0 0935

(0 73)

0 0422

( 031)

0.350

27.9

0 126

0.19

Oil. 14 Ocl. 2h

0.5969

( 1 03)

0.5387

(8 89)

0.2656

(3.09)

0 1 784

(2 65)

0 0173

(0 11)

0 2;'86

( 1 68)

0.1718

( 1.68)

0 1656

( 1 08)

0 2145

( 1 41)

0 1935

( 1 29)

0 1403

( 0 84)

0 1972

(' 19)

0,0843

(0 48)

0.0037

( 0.02)

0 701

32.4

0 18

0 35

(ht. 2' Snv.iO

1 6164

( 3 80]

0 6467

(9 46)

0.4347

(7 49)

0 1323

(2 85)

(0 1680)

(1,66)

0 2012

( 1 86)

0 4207

( 4 02)

0.1799

( 1 85)

0 0588

( 0,61)

0,1893

( 1 95)

0.0530

(0 50)

0 0463

( 1 19)

0.0225

(0.19)

0 0648

(0 51)

0 548

29.5

0 1 6

0 12

•'Each equation is ei.l!iiial(>d by ?SLS
•'Definihons of vanables

Vi. mean of renli/ed bid ask spreads a\ Mh time unit (hall hou? bracket!
V;-; price volaliltty measured by rnerinK ni absoluio vaiue ol cYnmge in price (at fsve-rriin mtorvaisj

X-,, , \ite lota! nuniDer ol transaciiOns m period I 1,
X,i: volalihty ol Ihrea-rnonlh T bill iutufes al ponod I

' The numbers in parenlhoses under e!itinui!cKi coefticienis are ! statistics,
""IliG Q(?6) IS distribLiled as Chi-squate with 26 degtee o* freedom Thf critical valuer ol Chi square statistic with 2G d
at 5".'" and '",•'. level arr 38 9 and 45 fJ, respoclively
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TABLE IV

U s u n i . f l e e t i \ ' i . ' B K I \ s k S [ ! r t ' , H i s . l n t r ; R h i \ P r i f C \ O ! ; i l i i i l \ i l l

n l u r e s . l u i U ' ( ' i ) n l r a » ' i I ' - ' H S : I h u f P e r i o d M i i r c h I f ) M a v -i

\

1 Conslan!

2 ln(y:«)''-

3 IfUV';;)''

4 tn iA' i . ) ' '

7. ln(X:>, • ) • '

8 ln(X.,()-

9 Hi

10 H2

11 H3

12 /y4

! 3, HS

14 H6

15 H10

IB H^^

17 ,4! 2

18 HI3

Skewness
(kurtoSiS-3)

-?S\ i>

1 3895
6 42)̂
0 0819
(261)

0 0057

t1 35)

0 0389

1 77)
0 4325

0 0537

3 641
0 0099

0 74j
0 0188
(1 14)

0 0076
0 56)
0 0097
(0 821

0 0028
0 24)
0 0108

0 95)

0.0094

(0 81)

0 0026
0 18)
0 0007
0 05)

0 387
25 6
0 34

1 12

/ » • V

2 1109
(; 60)

1 8166
(4 26)

0 3220
(6 27)
0 1 276
(3 62)
0 3948

(5 25)

0 1 739
2 11)
0 3035
4.00)
0.0966

' 27)

0 1029

1 45}
0 0486

0 69)

0.1442
(2 12)
0 0854
(1 25)

0 2210
(2.98)
0 1938

{2 52)
0 368

32 4

0.14
0 117

-[Jetinilicjns ol v-nrsabtes aw

"Tho Q{?&) IS dirtthbuiea in

ostirnali'd

w:!'i ?b d I al b • uii .'.b 9 and 4;i 6
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coctlicient is ().0S6S. During the crash iintl post-crash period It
(3) and (4) ot ' Iablc ! 1 | , the innuciuo o( pricf VDliilility on the hit! usk
spread incrc;isos markedly. By (he spritij^ of i 9SS ( I able iV). the coe!-
t ic i f i i l has rcturriei:! lo the pre-t rash lf\t ' !.

rhe coelfieient lor average \<)lunie per transaelion (inXj,) is positive
bul insignitieant during the prc-erash period, becomes highly signilieant
during and aller the erash, then returns to the pre-crasb level in 1488.

I his illuslrales lhe importance o! lesiing the inlluence ol transaetion
si/e during periods oi large variation in this varial)le. hi normal markets.
the small variation o! transaetion si/e reduces the power of the lesl.

lhe eoellieienls lor number oi markelmakers (In.Xjj} l)eha\e simi-
larly. .Again, only the large variation ot the variable assoeialed with the
crash allows its iiegalive impael on the bitI ask sjiread lo be stalistieall)
signifieanl. ''

f or the intraday priee volatility ei)uatiuns (lahles IM ant! !V> the
eoefiieienls lor hid ask spreatls (InVj,) are positive and statistically
signiiieant at least at the ^'f level, lhe pattern ol the coellieients is
eonsistent with the hid ask spread having a relatively smaller inniieriee
on priee \()latility during the erash heeause information (ehanges in the
eqiiilihriiuTi priee) became a mueh larger inOiienee. By the spring of
19SS, liie relatively large role ol the bitl ask spreati had returned.

Ihe eoellicienls tor the numher of Iransaetion lagged one period
(ln.\:(, 1). and volatilitv of short term interest rates l ln \4,) are positive
and significant al the S'î  leve!. ! hese two variat)!es are intentiet! lo
reOeel t!H' el I eds o! arrival of inlormaf ion in I fie markel, l)Ut the
liattenis of these eoellieients suggest that the variat)les retleet ciitierenl
aspecis of iniormation. 1 he i)ehavior of the I reasur\ bill lutures volalilit)
eoellicierit is consistent with informati(.in playing a larger role in j>riee
volatility during the erash. I he lagged nunsber of Iransaelions c oeif ieienl
attains its hig!iest value in the post-t rash (Oeloi^er 21 \ovemher ^0,
i4S7) period, antl has stil! nol relurrietl lo jire-erasli !e\els by 19S8.

II has heen suggested that an inerease in t!ie numher of transactions
rt'fieets an increase in heterogeneily ot o|)inion nol just inhirmalion
arri\al. ! he heliavior ot t!HS eoeflieienl stiggests that tliflererues ol
opinion were more |ire\alent totlowing the trash,

" 'An . l i l iTi iJ l i i f nuMsinr ni iii.irkrnniikni^; MtnipriitKiii ES l l i f markrlntiikcr ]iartiij[i,itnhti rale,

ik' l i i i i ' i l JS ^'iiliiiiir Iradcd bv ni.irkctm.ikcr', iur idctr I I \MI . i t iouni ilivjili'd l i \ [uUil Iradc Msliimt'

Ih f FHiirk^'lm^ikfr pariii ijiLiliun rai<' has ihr ivpi'^ !'•({ sijiiis Uui is tiisi^iiilu .iril l i h f i i ihr i.iri.iMf

liil \\i'i. l.i'.. In^; ol ;i\iTii^i' \ol i i j i i f pi'r ir.irLs.K lions, is MU'li]i.li'<J m ihf s.iTiir <'i|il,iliois. A |>iissibk'

I'.^pl.Ln.iliiin Js niulticolliniMrilv l i i i i ' ut ihr i niisirm iion (il ihc \;iri,i(ik-s i i .c , holh v^iriahli's .irt-
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In itie \olatilily e([i!ation. all coelTieienls tor liie lagged dependent
\ariab!e i!n>\;, ]) are negati\e antl not statistiealK different from /ero
except for the December 1987 eontraet (September 16 lo \o\eml>er ^Ol.
I'or ttiis reas(in, the \ariab!e is tleleleit in the sub-[)eriot! lests sliovvn its
lahles 111 anti IV.

Interpretation ol ilie Dummy Variables

1he tlumnn \ariab!es in the bid ask spread equation (Fables II ant!
IM provitle litile exidence in lavor of .i U-shaped pattern in hid-ask
sprcatis that is indepi ndent of the other variahles. Only lor the Ocloher
2" No\eniher 14 period is tlie Iirst halt'-hour l/f H eoelTieient clearK
signiiiiarU, although il is neark' so tor tlie crash period. In 1 able l \ ' .
tlu^ eoei I ieienl is signif ieantly riegati\e. Aj>parenlt\, transaetion priee
v(tlatililv !lrs> .>f)- 'tverage \ohime per transaction (ln.\|,) and numt>er of
markelmakers (InXi,) are llic sourees ol the bid ask spread pattern or
are correlated with the souree. !iuleed. although not shown in (he artiele,
all three of Uiese \ariables ha\e a L-shaped paliern in ihese data.' io
further explore ibis point, the hit!-ask spread equaiion is re-estimatetl
wit IT tlif lerent combinations of tlie \ariahlcs. I able V reporls these
resuils for the period March 16 May .-̂  1. 1988. Column (1) repeats
tbe (nil ctjuation eslimatH)n from labie IV. Column (^) is an Ol S
regrtssion ol the sprcail on onlv the tltimm\ \aria!)Ies. !n column (S)
the L'-shaped pattern of lhe bid--asked spread is quite ap[>arent. and
consistent wilb the previous empirical e\ idence. liowexer, this eijuation
ex|)lains \er\ lillle ol the \ariation in the spread, COlunin (4) shows the
effeet of having transaclion priee \'olatilily in the eqtiation and using
2SI.S lo iichieve consistent estimation. Iii is modif it alion accounts for
all of tbe first half-hour increase in the sj^read. aiul most of the last
half-hour increase (as well as the two half hours prior to the last). The
imporlanee of this \ariabie is also indieated bv ibc large inerease in
H s(jnare. Cohimn f Vj shows the effect of having average Iransaelion
\ohimc per trade in the cfjnalion estimaled by O! S. ! he eHect of having
a\crage volume per Irade is similar to lhe eHect of having transaction
priee volatilily in t!u" equation.

If trans.letion priec volatililv and average volume pvr trade are
indieations ol more iniormation getting rellectcti in jjrices. this result
is consistent v\ilb inlormalion effects being greater at the opening than

' ' Mu'li.iKki ,iiKl \V j ! i ^ . I >.i*H)i rcfKirii'il L ihiijii'd ]>.ilU'ni-, iii .ni-nigi- viiliinic per iradi-. ihf number

ul' ll!.lrk('nll,lk('I^. ,inii ihi' n[n!ii«T nl' (r.i(is.!.-[!i>ns ,il h<il I • hi HU nil cn.ils lor SSP SOd index iulurt.'s
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TABLE V

S l a l i s l k a i An; i lvs i s o n iUv Soi i rLCs MI L - S h a | ) f c l P i i U c r n o n Bit) Ask

Sprc^t i is o l S ^ l ' SOO i i u l r x I i i f u r f s : M ; i r i h If. \\ii\ .U, ! 9 S S

855

1 Consiant

2 ln(y,-^,)='

3 ln(Xi,)^'

4 IniX:.,)''

1 3895

( 6 42)

0 0819

(261)

0 0057

{1 35)

0 0389

( 1.77)

0 4325

(1 2 22)

0.0537

( 3 84)

0 0099

( 0,74)

0.0188

(1 14)

0 0076

( 0 56)

0.0097

(0 82)

0.0028

( 0 24)

0 0108

( 0 95)

0.0094

(OBI)

0 0026

( 0.18)

0.0007

( 0 05)

0.387

25 9

''De(irii!!on?, of vanabkio ate defined
E.quafiorss (D i?] :ind Mi aio oslss'na

6

7

8

9

10

11

12

13

14.

15

R-'
F

HI

H2

H3

H4

HS

H6

HIO

HII

HI 2

HI 3

1 0802

6 08)

0 1683

(7 4)

0.0854

3 73)

0.3874

(9 18)

0.0906

5.24)

0 0003

0,03)

0,0426

(2 67)

0 0029

(0 21)

0 02 n

(1 59)

0 004 /

(0 37)

0 0205

1 581

0 0077

0 561

0 0190

1 265

0 0281

1 B3)

0 276

20 07

3J624

169 59)

0 0181

11 97?

2 833

24 7 3)

0,068

{11 50)

2.9491

485 1)

0 0156

1 32)

00177

1 59)

00109

0 98)

0 0249

2 24)

0 0083

0 73)

0 005!

0.46)

00121

0 19)

0 0190

0 73)

0 0386

(3 48)

0 0346

(3 08)

0 235

20 05

0 018

i 1.56)

0 010

( 0 90)

0 005

(0 44)

0 014

1 1 27)

0 001

( 0 01)

0 003

! 0 35)

0 009

{ 0 82)

0 008

(0 I'A]

0 022

11 94)

0 026

(2 22)

0 238

5 8 96

0 0271

(2 22)

0 0014

(0 12)

0 0025

(0 12)

00114

i 0 93)

0 0021

(0 16)

0 0075

( 0 49)

0 0063

(0 52)

0 0311

(2.56)

0 0574

(4 74)

0 0631

(5 22)

0 08

64

Tables II n'td Ili

d hy :' SLS ! qual^or^s i:3} an^i (b) ,M9, esl;rnalfK* by 0 1 S

.il ihc close, since the inforiiiation-relatetl \ari.ihlc fulK accounts ior
ihc opcrn'n^ [)ut nol the close pattern in the spread. Ihls is consistent
with the market-closure theory ol the behavior ol the spread, since the
opening [xirtiolio revisions are hased on accunuilaled inlortnation. hut
the dosint; revisions are not. l he remaininji pattern in the spread at the
end oi the day suggests a greater role lor non inlormation-hasetl trades.
Asymmetric Infomiation shouid not he exckuicd From playing a roie,
however, since a greater information tiisparitv at the opening suggested
b\ .\ii*S. may aiso i)e captured i>\ tiie transaction price \(»latilit\ variahle.
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i h f r t 'sn l l is ; i lsn hro.iclK co t i s i sk -n ! w i t h 1 ckiiKiTi's i l 9 9 2 ) s i i ^ ^

i l i ; i ! in l i>rnu' t l ir;idc*rs ( ( i i t ce iUra te M i h r o p c n i n j i and l iqu i t l i tv I r i i d f r s

al i h r c'ioso.

At lc l in^ i hc o l h e r three \ i t r iah les CIDC-S TIDI e i )n l r ibu ic ' a i i \ I n r t h r r

cv j iL in . i l i on o f a L -shaped pa t t e rn ; i h e r e l o r e . one shonUi iKit a t taeh a

o,r(.Ml deal * i ! m e a n i n g to t l ie r e l a l i x f K smal l cl ianj^es that do i i ecn r ,is t lu -

var iahk 's are added. ( or e x j i n p l e . i i i ( o l i i i r i n ( I ). i he re is e \ k l enee that

.in unexp la ined i ( ! n i po ru -n ! oi l he h id ask spread is sma l le r in the I i rs i

hai i hour , i l o w e x c r , ih is ev idenee is no l repealed in the o ther per i i ids

( l a b i e i n , so ii n!a\ sh i i p i \ he sample <lej)enclen(.

i n the i r ansaehnn pr ice vd ia t i l i l ) e q n a l i o n ( Tiihie I I I ) , l he e o e l i l -

e ients n! the d u m i m \a r i ah le in the open anc! c lose peridcis are st i l l

}-)()siii\e add some are s ia l i s t iea lK s i gn i l i e . i n i , iiiiS the paUi ' r i i does j iot

e i i ieroe elearK u n l i l i he l ' 'SS per iod 1 I ahie l \ ' i u l i e n the sample s i /e

is larger, l h e evidc^iuc- io r a L - s h a j x x l patt(.'ri i in pr ice \ o l aU i i t \ ' (a l te r

e o n l r o l l i n i i lor i he e f iec ts ol e\ j ) lanatf ) r \ ' var iahles) sLi<;jiests i f i . i t i he re

is ano ihe r s o u r t c ol l i i l s pa t l e rd not eaptnreci in lh is ni{>ciel.

i i na lK , the jHu\er oi lUv emp i r i ea i mode l repor ted here Miieasuret l

in tern is o( / '̂̂  I i l t ie t i ia tes s n h s l a n l i j I K . ran<iini i I r nn i O.'-JTf) ( ) , ^ | 4 (or

the- h id ask equa t i on and i r o n ! { ) . " ( ) ! (i,-^S() lor the j>riee \ o l a t i l i t \

ecj i tat ion. i h i s is i lne to the \ a r i a t i o n o l d ie da ia used to es t i ina le

the i i ioclel li)i" ( i i i l e ren l tiin*.' per iods, i o r s ' \antp lc . l he C \ ol h o i h

eiHi( !^enons and exogenous \ar ia l ) ies is iiijj,h lor l he pe r iod f r o m O c t o h e r

14 \ o \ e n i h e r -SO. i').S7 isee iahk^ 1). i i i e l o u e r o \p l ana lo i ' \ power ol*

l l i e mode! os l in ia ted ior l he I **SS per iod i j i n i e \'-)HH c o n i r a e t ! is due to

the re la t i \ e l \ l ou \ a r i a h i h ! \ te\ idencx c! h\ the ( A eoelTieient M i f real ized

i i id ask spreads dur iny , the la l ie r par l oi i '•fHH. 1 his ran^o oi e x p l a n a t o n

resi i l ts suj^ij^est that the e m p i i i c a l lindin^us ol th is S I I H K , in genera l , are

wfv re l iah ie ( i .e. , r f)husl l o r l he sample per iod used) I ieeause the m e r a l l

t i m e per iod covers h o l h Jiorniai and ahno rnu i l marke t eond i t i ons .

St \r\l AKV AM) t ( ) \ ( 1 LSIO\S

i h i s s l u d \ en ip loxs i n i r ada \ da ia to eva i i i ine I he ma io r de te rn i i na i i t s o f

lhe his! ask spread a iu l p r k e vo ia l i l i i v o f S 8 . I ' ^ 0 0 index I 'ulures f r o m

the pc-rioci Seplemher- ! ' JS " \],i\ ! 9SS. l h i s i i m e per iod is ex I ren ieK

in i o rma t i ' i e heeause ii <o\<>rs i l i e ! ' ' S 7 market crash as \\<']i as more

n(»r(nai ma rke i s i i ua i i ons .

i he emp i r i e i i ! resuhs i iul ic ale th.it i he n ia jor laett)rs alfeetin^z

hid ask spreads d u r i n ^ ih is per iod \^er<.' i i ! pr iee r isk. ( 2 ' \ o i n m e per

I ransae l i on . and i ^ :> c o n i p e i i l i o n in m a r k e i n i a k i r i g . Ihese results are
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consisU'nl wilh previous ihcork's of bid- ask sprt'.ids. I urthcnnore, the
in\cstij2,ati()M reveals a sirticliiral chanjjf in (he market durin*; the I9S7
Oetober erash period, e\i(]eruec! !)\ a change in the parameters ol the
motiel.

Il is (.leriionslratet! also ihal inlraday priee vo!atilil\ is a luriclion ol
the hici ask spread and iniormation ellecls as [)ro\ied h\ the numher
o! transactions lagged one period and ilie \'<i!atilM\ oC the shorl-term
inlerest rate.

Another interesting restiil is that lhe U-shajted paliern Jn hid ask
spreatls is uot statistiealK signilitant alter adjtisling for tlie eileels of
priee volaliliU, volume per transaetion, antl the luimher oi market makers
irading in the pit. .A L'-shapetl pattern in inlradav priee volatility does
exist, and it etinnol now he attributed lo a L'-shaj»e<i pattern in realized
hid iisk spreatls.

I'or em[>irieal researeli, Iwo important points are demonsiraied,
l irst, lhe priee risk \ariiihle, meastired 1)\ lhe slantlard iJevialion oi*
Iraiisaelion j)riee ehanges. antl reali/etl hitl ask spreads are sinuiltane-
otisK determinetl. I lenee () l S estimates ol tlie bitl- ask spread etpiation
are ineonsisteni il the priee risk xariable (measured by the standart!
deviation of transaclion priee ehangesl is in the OLS equation.'^
Seeond, intratlay iransaelion priee \olatilily (measured b\ tbe stantlartl
tievialion ol Iransaelion jiriee ehanges) is a miss])et ilieti nieastire oi
\()!atilil\ eatised by information elTeels if lhe bid ask variable lor an
appropriate pro.\\ i Is TKII eonsidered also.'''
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