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INTRODUCTION

Thearies ol the bid - ask spread suggest that the spread decreases with

competition among marketmiatkers and increases with price volatilits
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and trade size! This study estimates the influence of these factors on
the realized spread in the S&P 300 futures contract in periods before,
during, and after the crash of October 19, 1987, These periods offer
a unigue opportunity to observe the behivior ol the spread and s
determinants during o thme of Targe variation. This not only increases the
statistical power of the tests. but also reveals changes in the relationships
that occur under extreme conditions.

Fmpirical tests of the theories are hampered by several obser-
vationad limitations. The bid—ask spread s not direety observable in
futures markets but must be estimated. Also. a correct method for the
measurement of price risk has not been established. The most commeonly
used miethod uses the observed volatility ol trunsaction price changes,
which indludes the offeets of hath the hid -ask spread and intformation
which affects the equilibrium price, In other words. o kev determinant of
the bid-sk spread is usuadly proxied by s variable which itsell includes
the spreads and, therelore, the effect of mformation is not explicith
captured. In addition, there are the usual mitations on the availabilisy
ol volume and marketmaking data which are even more problematical
in an intraday studv,

Iy this study, estinuates of the realized bid ask spread arve based
on intraday transaction price reversats in o procedure similar to that
developed by Bhattacharva (19830 The problem induced by the in-
terdependence of the bid-ask spread and transaction price voladbin
is mitiated both by the estimation procedure for volatility and by an
instrumental variable technique in maodel estiniation. Also, two provies
for information effects are introduced. An important feature of this study
is the use of intraday data on volume per transaction, the number of
marketmakers trading in the pi, and the number of transactions,

Several researchers hive noted o Usshaped pattern in either bid - ask

. . ). . ) . “
spreads or transaction price volatilinn or in both.= Interpretation of the

Pourrem theon atteibotes thie spread o three cost components s Order Processing [ Demsets
s T o w7 2 tmenmton Mol T18TSE Anvhod and Mendelson c1uSsn0 18N 0 Ho

and Stoll pesTeand 03 Adverse Tformation [Bagehor <1978 Copeland aand Golal  1oss 0 and

athers | 4 ampeliion ot aifee the tond size of the \'prmsli iversely The inventon Cosrpene T
shonld be s increasiog Tuncton of price voldatiling and tade sive The awdverse information
component nen abso be posdnceh correlated with price valatiling and trade sive

SWan Morars Mechadshe nd Jurdan P found Ushaped bid ash spreads and intrada
price velundiny i SAP SO0 ndes Titres. Jordun, Seade, Dinchar, and Renvon 11988 foaoad w
Ushagred patterse in the volanding of sonbean futures comracts. Ma, Peterson. and Sears 2 1582
fowed Loshaped patterns for bid sk spreads iesonbean, corn, Fhill and silver Tetires conracts,
Vbt arad Pleiderer - 19550 propased theon 1o eaplian the tming of intradin Ushaped patterns
of volume and price vobailion, Voster and Viewanathan D198 propesed u theon to evplain interdin

trading patterns of solume and price voliniling,
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spread and transaction price volatility as well as the possible intluence
of other variables, The model used here accounts Tor these Tactors and
so tllows better understanding of the U-shaped pattern.

The principal findings are: (i1 the number of  marketmakers
in the futares pit is inverselv related 1o bid -ask spreads. tiy the
October 1987 crash had an important effect on Putures bid--usk
spread determinants that diminishes over time. and i) the observed
inn':ad;ly E—sh;lped in bid-ask .\prvm]s correlates S%illiﬁli(‘él[;) with the
volume of trading and number of marketmahers in the pit once all
tactors are taken into account.

The organization of this article s as follows: First it reviews
the literature on determinants of intraday price volatility and hid  ask
spreads, The empirical model specification and  the data are then
deseribed and the results are anabvzed. A summany and conclusions are

presented in the final section.

INTRADAY PRICE VOLATILITY
AND BID-ASK SPREADS

Most of the previous empirical studies have concentrated on explaining
the determinants of quoted bid- ask spreads acrmss securities. T general,
two classes of determinants ol spreads have been Tound. The first class
mcludes (1 activity variables such as volume and trade order size: (2)
various meastres of risks (31 competition in marketmaking, such as the
number of marketmakers trading in the sccurity; (4 the number of
transactions, and (31 institutional ownership. The second class of Tactors
is related o the features ol UxL‘hungcs and the financial characteristics
of securities.t Most of the previous studies estimate bid ask spreads

from intraday duta collected within the closing hour or from data over

intraday transactions data.?
Although theory and previous empirical work suggest @ role for

price risk in determining bid -ask spreads, the measurcment of price

“Phorough iterature reviews are pravided by Benston and Hogerman o973 Seell 11985
Hashroock 119850 Mehush and Wood 019590 it athers.

Matradiy data were naed o studies of the stock nrarket by Hashroueh and o (89871 Glosten
and Thaeris (19853 and Mdlnish and Wond 195950 Thompson and Waller 119550 sindied the
determinants of bid ask spreads {or corn ad vars Futures markets. Moang. Moriarne, Michalshd
and fordan TERS 1 estimuted bid ask spreads inthe S&37 500 Tutore market doring the Getaber,
1957 muarket break period using intraday date M Peterson, inud Sears 119920 stadied inradin
bid sk spread patterns, trading noise and private information {or sovheans, cornc 1 obills and
sibver futures contracts
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risk remains problematical. Theory does not clearly mdicate whether
marketmakers respond to volatility in equilibrivm or transaction prices.
The sources of intraday transaction price volatilitv tmeasured b the
stundard deviation of transaction price changest include volatility in
the equilibrivm price caused by the reaction of market participants to
information (the information effect), the deviation of the transaction
price from the equilibritem price due to the bid—ask spread (the liquidity
clfecti. and the overreaction of participants tthe overreaction ceffectr,
Roll (19841, French and Roll 119861 Glosten (19871 and others
derived a relationship between the standard deviation of equilibrium
price changes and the bid - ask spread Tor o particular data generating
process.” Cohen, Maicr, Schwartz, and Whitcomb (CMSWI (19806,
reviewed previous empirical stadies of the refationship between trans-
action price volatiitv and bid--ask spreads in securities markets. In
veneral, these studies fmd o pasitive relationship between transaction
price volatiity and the bid-usk spread when price change is measured
over short intervals e dailv, The relationship becomes insignilicant
For price changes over longer tntervales, e monthhy, Beeently, Ami-
hud and Mendelson 11987y demonstrated the existence of a positive
relationship at the closing hour of the New York Stock Bachange,
None of these empirical studies controlled Tor the information eifect on
volatility . Tnoa study of dady voludlinn of the S&P 500 cash index. Harris
HONST mcorporated both Bquidity and information effects, However,
li(;iti(iii} was not ncasured Lférv(slh i)}._' the bid ask hl)i’t‘£l(§ brue Iu' aosel
of hvpothesed explanaton vartables. He found an inverse relationship

Between transaction price \'HLiLilil)' and Ii(]ilé(lil}', Thus, no previos

for both liquidity and information effects on price volatility

Several theories of intraday trading predict patterns in the bid - ask
spread. Brock and Kletdon (BRY 019920 showed that periodic market
closure causes greater {and less clasticd transactions demand ot the
apen and close of !mding. In brief, traders have a greater necd to
revise portlolios at the opening because they could not trade during

the night while mitormation contimued (o develop. Near the close,

French and Boll those, poJo 21 and Glosten (198700 A0 wrone the relatiomhip iy terms

s varienees s
sar A var (APTT 2 ca t AP AT,
(1 (j;“; i \’

where 38, ad AP veprosent chunpes in the trmsaction prce and cgundibrium prive, respecinehy,

and S i the realived Bad sl spread.
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traders hegin revising their portfolios in anticipation ol being unable
to trade overnight, again while information continues to arrive. This
greater transactions demand at open and close increases asks and lowers
hids twidens the spread) and increases volume, Price volatility is not
addressed explicitly in this theory, but Ma, Peterson and Scars (NPS]
{19921 note that the theon implies greater divergence of heliefs during

l]()f‘l'lril(lii]g I}()lll'.‘%. areater inl'urm;iiitm (Ii.\'[)‘dl’ﬂ‘\ Huong %]‘&id(.‘l‘ﬁ (]l“"il'}g

b

the opening period. and higher price volatility in the opening period,
In making this interlerence. MPS appear to be adding asvounetric
information to the BK maodel.

Admatt and Pflciderer (ADY (198800 in an asvmmetric information
madel. predicted periods of high volume and high return volatility due to
strategic decisions by informed and discretionary liquidity tuninformeds
traders about when o trade. The theory then depends on periodic market
closure 1o make the opening and closing periods the times ol high
volume and volatility tsee ADL po 34 However, their model appeirs to
imply low bid—ask spreads at the open and close, because diseretionary
liguidity traders will concentrace their trading only at times when trading
costs are low. Fower bid -ash spreads at open and close have not heen
observed in empirical studies; i fact, the evidence is the reverse (see
footnote 21 Extensions of this model by Poster and Visswanathan (1989)
and Subrahmansvam (19893 predicted higher bid ask spreads at open
and close because the presence of inlormed traders increases the adverse
information component ol the spread.

The maodel proposed in this studs will determine il any pattern in
the bid-ask spread is related to patterns in transaction price volatility

and other variables.

MODEL SPECIFICATION AND DATA

Model

Specification

determinants of intraday transaction price volatility incorporates both

liquidity and information eflects:

bid-ask spread, — fitrunsaction price volatility,
average volume per trade . number
of marketmakers,, dummies for
cach hall-hour interval during
the dav) (b
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transaction price
volatilin, = [(hid-ask spread,. number of
transactions; 1. Preasury bill Tutures
price volatdity,. dummies lor cach
halt-hour interval during the day) (2

A stmultancous equation model s proposed for two reasons. First,
transaction price vobaility is used as a prosy for the price risk perceived
}}} the marketmahers in 11 However, because this proxy is itsell
a functdon of the dependent variable estimates of (11 by ordinany
least squares (O1.S1 would be inconsistent. The two-cquation model.
estinated I)) two-stage least SELEITES {._)."GI,S'}. allomvs consistent estinueites.,
The second reason is an interest in separating liguidies and inlormation
elfects on transaction price volatility.

The bid-ask spread in (1 and 120 1 measured by the mean
of estimated realized bids usk spreads during hall-hour  intervals.
The realized hid-ask spreads are cestimated as follows: (1 create
an empirical joint price distribution of AP, and AP, during a
hall~hour intervaly i discard the subset of price changes which
exhibit price continuity e, positive change tollowed by positive
changed, tmt tahe absolute values of price chunges that are price
reversils. and (v compute the mean of absolute values obtaimed in
step Gt

Fransaction price volatilies in oy and 250 as o prosy for price risk
perceived by marketmakers, is expected to have a positive impact on
the spread sinee it implies two tvpes of risk for markeomakers. First
marketmakers may bear non-systenatic rish due to under-diversitication
in the assets they holdl Sccondly. Targe price changes may be cor-
reluted with the presence of information traders, and dealers must
ncrease spreads o compensate for eapected losses when trading op-

posite informed traders,

el st sugpested that the procedore prodoces gpward biased estimates of realized Bulb sk
sprrvacds Therelore, For comparison parposes, tuo sther procedures o estimating reabieed bid sk
sproads were emploved: 0 the Moean of the absolite salue of rrunsaction prce change procedare
and 120 the Bhattashana 11983 procedore. Blattachana's procedire tses onby equal sized price
reversals, [0sas Yound that the thiee E)Efu'(‘!!l!r!'\ areovers spnifar l_‘f'E]ETEFKQAEE\

“'l'}'inmp\n;} ared Waller s basss used the Hirst difference of the standird devintion of pransaciion
price changes as o prow for the change i equabibrinom price volatiling, This measure does non

afleviate the problem of oint dependence beiseen transaction price volatiling and bad - ash spreads
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Transaction price volatility is imeasured by the mean of the absolute
alue of price changes, with trunsaction price sumpled every live minutes
in a half-hour. Sumpling every live minutes reduces transaction price
changes due to bid - ask spreads®

A positive relationship is expected hetween the bid-ask spread
and wverage volume per transaction in (1L Tinie (1972} suggested
that bid-ask spreads will increase when the size of o trade reaches
the limit ol dealers” financial capacity. Furthermore, the Larger the
size of a transaction, the lower the likelihood that it can be matched
immediately by an offsetting transaction. Henceo the marketmaker may
hive an undesirable inventory position. In order to compensate for
this situation, marketmakers will increase bid -ask spreads. Asvmmetric
information theory also suggests that targe order size may convey adverse
information, and hence, marketmakers will protect themselves by raising

hid - ask spreads.

Competition among marketmakers is proxied by the number ol

marketimakers trading in the pit during & hall hour in (11 Teis expected

1o be nc;_{zlii\cl_\_' related 1o the size of the spi'{.'uds. A Iargc number of

marketmakers will tend (o keep the spreads at o minimum as they
compete for trades.

The half-hour dummics in (1) serve two purposes: ) 1o reduce
the variance of the error terms and thus provide more sensitive testing
results, and (i to allow tests Tor anv pattern in the bid - ask spread not
accounted Tor by the primany evplunatorny variables.

In eq. (23, there are two proxies for information ellects. The
number ol transactions lagged one period is expected o have w posi-
tive impact on price volatility, because an increase in the number of
transactions may represent the areival of information. A more direet
measure of intraday volatilits due to information is the range ol price
changes of threc-month T-bill futures in o hall-hour bracket.” 1t s
expected to have a positive impact on price volatility. This variabte
also serves as the exogenous variable necessary for 2518 estimation.

Duammies are also specified in the price volatility equation to increase

“sampling the transaction prive at fve mimute intervals abso reduces the magnitade of brases i the
estimation of cqudibrivm price solatliteg: Biases which are induced by discreteness in transaction
prices [see Choand Prees (19883010 measure of the price rish that s dae o the change mothe
cyuilibrium price were available. then that measure of price rsh wonld be ased i the bid - ask
‘ip[{“!d I'(l“\lli!l” |E\ {hcll s, !I'H' \}\I{'i” \\Gllli(! h{‘ Bl E)E\)l l\ rl'('“r%‘!\l,' ‘w'\‘sii'fﬂ.

e idea of using the volatiling of the short-werm rare as a prosy for information effecis is motivared
tn the costolcarmy model for tutures price bebhavior and s smidar o arguments sugpested by
Andersan (1985, e 3440 Three mongh il futures are emploved as s prosy for the shece-nunah

E'hl“ ll{'l'ililht' illll;‘l{lil‘\- (Ell‘{'l"!!'l(\lﬁ!} | lll“ (I\ILI dare ot (I\{Hlii*)fl‘.
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cfficiency and o tahe account of any Usshaped pattern in intraday
price volatility.
Phe specitic model estimated may be written as:

Yoo o Bio = BooYo ¢ ra Xy b T Ns b rg Y

PA

+ Z (Si,xi{;; + (ST \]‘!

Yo, o Boo BBy boraaNy o F ora Xy b orasY s
P

D IR ey (2

where

Y = the mean of realized bid - ask spreads in period 1
hali-hour bracker s

Yo, = intraday transaction price volatility, a measure of price
risk duréhg period i

N o the average volume per transaction during 1 period:

AR the total number of marketmikers in the pit trading the
nedrest contract durén},{ purén(i 1

Xy the total number of transactions in period ¢ 1.

Sy volatility of three month T-bill futures at period ¢

It the observation belongs to the ith halt-hour
bracket, i 102000130 | represents the half-
hour brackes from 930 1o 14:00 s The time

H,

brackets from 7 o 9 represent the time periods

from 1230 pa o 20 00 py

0 otherwise

ripoand rasoare assumed less than one: ¢, and es, are random ervor
_____ i 3 0

- . . EE
terms with zero means and constant varianee o7, i

T e Vi e need e ahe content od it edjostiment medel o sccommodate
Ligged mventony dpistment by suerhetnhers. Amibad and VMendebon 019507 Glao onaed o partial

adpistment maded
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Data

Transaction prices and times for futures contracts are obtained form
“time and sales” data recorded by pit reporters on the Chicago Mer-
cantile Txchange (CME) floor. These are transaction prices and time
references to the nearest second for transactions whose prices diller
from the previous transaction price. These data are used to calculate
realized bid - ask spreads and intradav price volatility. The three-month
I-bill futures data are from the CME time and sales tapes. The trading
time of threc-month T-bill Tutures is 8:00 A to 3:00 Py castern time:
an interpolation technique is used to Gill the gaps from 3:00 10 3:00 e
Numbers of marketmakers and volume per trade are obtained from
computcerized trade reconstruction (CTR) data of the CME.!!

The data are assembled {or the December 1987 contract lor o 2
i-‘nmnlh period which includes the market crash, September 16, to
November 30, 1987, During this period, the December 1987 contract
is the nearby (next-maturity) contract. These data are analyzed also
for three sub-periods: pre-crash, September 16 October 13: crash,
October 14 October 26: and post-crash, October 27—November 30,
To examine the longer term effects of the crash, data for three addi-
tional contructs and periods are analyzed: the March 1988 contract for
December 16, 1987 (o Februan 29, 1988 the June 1988 contract for
March 16, 1988, 10 May 31, 1988: and the September 1988 contract
for June 15, 1985, to August 31. 1985, Lach contract is the nearby
contract for the period examined. The residts are so similar for these bast
three periods, that only the June 1988 contract results are reported. '™

EMPIRICAL RESULTS

The empirical analysis is composed of two parts: explanatory data
analysis and confirmatory analysis. In the explanatory data analvsis, the
statistical properties of data are examined and the Spearman rank cor-

relation matrix is estimated to examine bivariate relationships between

Hhe information coptained in CTHE data inclades: 018 die trade date and cleared dates 124 broker
number; €31 by or sell code for each sransaction: 141 costaner Iy po i hrokeritrades !mdmg
fur own account, 2= broherdrader trading lor dlearing member howse aceount. 3= brokestrader
trading tor another present brokerirader, 4= hrohkertrmder tading lor any other custonier
hrokertrader not presentic 37 trade price; vbr size ol trade svolume datais 73 half-hour time
hrachet, (87 broher and opposite matched broker and 195 trade type o - pit trade. 6 spread,
S transfer. e cash for Titurest and (101 estimated time of trade. For further imformation on
the procedures used to reconstruct the timing of trades, see Computerieed Trde Reconstruction
Vals, Fand B published by the OME (September 2, 19860

Hlaterested readers can obtan the empueal results for the March 988 contract and the
September TYSS contradt lrom one of the authors,
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Exploratory Data Analysis

variables inoa distribution-free manner. In the confirmaton analysis, the

siimultaneous cqlmli(m madel is estimnated.

Statistical propertices ol cach variable are examined and rcpnrit‘d in
Table 1 These include standard and simple robust estimates of Jocation

and scale parameters and coclficients of viriation (CV1 These datg

The crash is clearly apparent when comparing the lé—m()nth period
for the December TYRT contract teolumm 14 with the period of similar
length for the June TORS contract tcolumn 51, For example. the mean
bid—ask spread (Y 1 is abmost three times larger tor the December 1987
contract than for the June 1988 contract. The data for the three sub-
periods tor the December 1987 contract show that the erash elfect is
concentrated in the 10714 - 10/26 peniod teslumn 31 but still lingers in
the 10727 11230 period teolumn 45, b general. variables for the June
F9RS contract are close to pre-crash ccolumn 21 levels. Note that the
resalts for the Bhattacharva method 071 are very simibar o the resafts
of this studv's method of bid ask spread estimanon,

Spearman rank correlation matrices are estimated. Because of space
limitations, these are not reported here. Fao major results emerge: 113
most ol the relationships between variables have the expected signs and
are statistically significant at the 37% level and £23 i terms of magnitude
of corrclation. the strongest associations occur during the break period

while the weakest are in the more normal market periods. as exvpected.

Confirmatory Analysis

A daie are translormed into natural logarthm torm for the estimation

!

of the model Ounly 2518 resaits are reported in this article. ™ Tuo

diagnostic tests on residuals are performed: (11 tests of independence by

Fhe purpose of the log transhermation oo stabilize the variance and o obtain crror terms wlih
fve approstiately svimmetrd distributions.

HRecuuse ol spoce Bntations, 1S evtimates are nol reported  Tnterested readers mra ohtam the
restdis Trom one of the authors g conmparison between the OF S and 25908 estbmates. the sina
ob coetfivients are comsistent m most casess Hlowever, in the bid sk spread coprarion, the O1S
estimates ob the cociTioent of iy oo e approninately halt the size ol the correspoidding 281S
estimates. Similarh, the O S estimsates of the coulTicient of 1 Y 0 the price solandits cqueation
dre vmaller than dhose o the corresponding 2508 caimates. Both ol these revaltn irdicate that
OFS estination sulters rom simubancous eqguation bias The ehi-sgiare test proposed ba Elaoaman
CEOTO e vsed, aned the resul indicate that amoltoneous copnation s iy present o the OF S

extrpnites ut bease ar the 55 feved of senilicance
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autocorrelations and the Q-test and (20 tests Tor normality by caleulating
the skewness and kurtosis. Although dingnostic tests alone do not
provide gutdunce an model selection, at the very least they help to avaid
Major errors.

The results for the bid ask spread cquation for the December
POST contract are shown in lLable 11 The results for the transaction
price volatiliy equation for the same contract are reported in Table T
Results for both equations for the June 1985 contract are reported in
Table TV,

All explanatory variables Ggnoring dummy variables for now) for the
September 16 - November 30 period, December 1987 contract, are con-
sistent with prior expectations and statistically significant at Teast at the
S level CTables Hand 11D, However, the Q vidue and Kurtosis stronghy
indicate that the model is inadequate for this entire period. On the other
hand. based on diagnostic statistics, the equations for the three subperi-
ods are adeguate lor cach period. ™ The remaining discussion of the re-

sults is focused on the sub-periods in T957 and the later period in T9RS,

Interpretation of Primary Explanatory Variables

For the bid ask spread equation, the cocfficient of the price rish
variable tnY 20 is positive and significant Tor all three  subperi-
ods in 1987 (Table Ih and Tor the period in 1988 (Table 1V,

Note that in the pre-crash period {column 121 of Table 1], the

o venih strucroral change during the crash peried. o Wald rest siatistie s used Tor testing
strocturad chanpe ander tvo imequal varimees in o lineas simaltoeons equation model Vs s
stiggested I Lo and Newes (19850 The small sample propertios ol the test were imvestigated
b Park 199 T wnd o dennte sample sive ol pertads boand 20 respectivels s borh Ty oand
Teonerease, the distribution of the Wakid tewt statistie 4 assmploticath approaches oo hi-sepiare
distribntion with (0 degrees of Teecdvm wheee 0 refers to the sumber of parameters in the sight
Band side ol the cquation of mterest in the simultancous cquation svatens, This resting stratogn

nses the crsh periad (O B O 200 0 the base poriend with which to compare periods elore

andd after ire the i)l‘l'ind\ in column 220 to i the EU“A:\\H\;J, tablet FPhe st resalis are as
!‘UEEU\\‘\;
(13 Qct. 14 (21 Sept. 16 (3 Oct. 27 4y Mar 16
Oct. 26, 1987 Oci 13,1987 Nov 30, 1987 May 31, 1988
Bul- Ask Eauation (13 d.f) 3675 27.45 3N a7
Volatility Equation (12 d f) 4213 2611 2893

At the 3% levell the theoretical percentile of chisquare with 18 GF and 12 dF are 224 and 21 4,
respectivedv. A the 1 evel the percentdes are 277 and 26020 respectiveds.

Phe west resudis proside additional statistical evidence o pustify breaking up the period of Do
E‘j:‘\w coptract i"il{’ lhl‘l'(‘ ‘!“%)"H'ij‘)(l\- !i“' IR310 I” (JI‘ ![H" fest s llhil 1 (i!i()\\\ \éil}L]]l;l]l(’(][}h ('(_l“d{!lil}
astimates and the porformance of & Chow test inca Tinear simoltaneons equation framework with

unequal varimee aeross o subsample perieds.
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TABLE i}
Pampirical Besalis on Ellective Bid- Ask Spreads thaey o
of S&P Indes Futures, December Contriet 1957

i iy D1 g
S arille Seepit Them Ny ) Sept. [ {ep 14 Ched et 26 et 270N 30
1 Constant ) 2461 -1 B780 02106 0.0017
(125! i 6.95) {04 {003
2 Y. {2363 (0868 02305 02307
476 i184) {1.83) (212
A (X 01437 0 oe {} 3358 G.1812
(2,083 1119} 32 (2.0
4 In{Xan® (1494 0 0459 121ty ~(1358
{4 {15 2.0 i 18h
5 Yy < G3.7679 (.2587 07459 07245
(2243 (37 {1095 (12.76)
6 Hi 00182 (G 306 01647 (.1427
[ORERD] {497 i1 96) (232
7OH? 0.1138 {.00806 00553 1756
{376 {4 o041 [ 33N
B H3 O U283 00100 0 083 ~0.0402
{ .87 {1349 S A EY { D5
9. H4 00347 ome7 0181 - 10854
(1ie) {11.55) (1.28) {055
10 HbH 0057 o127 04781 .0354
207 {0.55) i1.28} { 08t
11 HG 00123 0.0170 0.0069 00017
[~.51) { 0.86] ¢ 008 {00
12, H1§ 0007 o012 000341 0.0053
029 162 £ 003 t0.0%
13 H1 00346 0012 00022 -0.0497
132y {0.05) 0.2 -0 05)
T4 H12 Q0238 0.0248 0.0654 00103
[ 0.88) ro1es {074 [0 2n
15 H13 00185 0.0334 (0 0666 005497
{067 {1.78) (079 {10
=X 3 962 0314 0.970 {.887
Qieey? G 6 42.4 296 312
Skewness 15 0.21 (.46 .32
(Kurtosis-3y 110 495 116 078

GEACH @QUANON 15 85
POebonons b wan

] oy 2515

Yoo omean of reabzad Bid - ask sproads o Hine wurnt (gl Do Drackoty,

Yoo s price volatiity maeasarad by means of ol valun of changs in phoe @t bve-minute aitervais)
Xy the guerage volume per transachon at e fib tne anib

Xooo= the totad numbers of marketmakers oy the

wenis are {stahsiics
Fhe QE6) 15 distnbreatad as Chesquare wih 26 denree of freedom The cnibeal values of Che-sguare statishic with 26 d £
at 5% anc 1% ievet are 48 9 and 40 6. rospectvely

*The numbers in parenthéses undar pshmated coedt
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TABLE 111
Empirical Besalts on Intraday Price Volatility dntY ;0
of S&P Index Futures, December Contract 19878

iri P2 13 i)
Viariahle Sept, To-No, 300 Sept. Ta-Chet. {3 (et 14Ot 20 et 27N 30
1. Constant .3362 51112 0.5969 -1.6164
{-1.4%¢ {142} { 1.03) {~3.80)
2oyt 0.5184 2 6805 0.5387 0.6467
{10.93) (2 .30) (8.59; {9.46)
3 IRy " 01098
(251}
4. 0n{Xy Y 0.2178 0.2695 0.2656 {1.4347
(581 (3.80 (3.09) {7.49)
5 InEX Y 0.1848 01241 01784 01323
(6.49) (242} (2.65) (2.85)
5 HA1 (3286 04727 00173 (0. 1680}
{491) {383 0113 (1.66)
7 H2 01466 0.1354 02786 -0.2012
{ 2.02) (00N [ 108} { 1.86)
g M3 02363 0.1369 ~01718 0 4207
a4t (115 £ 1.68) [ 4.0%
g H4 018886 0.2558 01656 01799
t-2.87) (--2.28) 108} { 1.8B5
10. M5 01037 0.0892 - .2145 0.0588
{159 { 05% {141} { 0.6
1. HE 0.169 0 1341 0.1935 -0.1893
[ 2.56) {122 {129 { -1.95}
12, H10 00008 0251 01403 0.0530
(@013 {-0.23) {084 {0.50)
13 M1t 00735 01332 (.1972 00463
i103) 18 119 (11
14 H12 2.0799 0.0935 (.0843 0.0225
{1.08) (0.73) {0.48) 019
15, H13 .0383 00422 (3.0037 0.0648
{0.52) I 031 { 0.02) 051
A .683 0.350 3.7 0548
Q26)° 513 27.9 a2.4 295
Skewness 065 0128 0.18 016
(Kurtosis-3) 1.2 ~0.19 0.35 012

‘Each equation 5 estumated by 25018
"Definitions of vanables

Yo mean of reahized bid  ask spreads at fth me unit halt hours bracket)

Yoy price volatdty measued by means of absolute value of change in pnce {at fve-man mienvals)
X the 1olal number of transactons m penod ¢ 1,

Xa volatiity of three-morth T bill futures at poriod ¢

“The numbers in parentheses under estmatad coefficients are Tstatistcs
“The ({261 15 distmbuted as Chi-square with 26 deqree of freedom. The crtical values of Chiosquare statste with 26 o f
al 5% and % level are 38 % and 45.6, respechvely.
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TABLE IV

Fmpirical Resulis on Eflective Bid--Ask Spreads, Intraday Price Volatility of S&P
500 Index Futures, june Contract 1988: Time Period March 6o May 30

Varialies oy, b he vt
1. Constant 13895 2.1108
{6420 {1 60j
2 IniYo® 00819
Zen
3 In{Y” 1.8166
14,204
4 iniX® 0057
{135)
5 In{X," 00389
{ 177
6. n(Yy: oY 0.4325
(1222
7oIn{Xy )Y 0.3220
6.27)
8. (X" 01276
(362}
9. H1 00537 0.3948
t3.84) (525}
13 H2 0.009% 01739
074 2.1
11.H3 (.0188 03035
{1,143 i 4.00)
17 H4 00076 -0.0966
{0 56 (-1.27)
13, HS 0.0057 0.1029
{0821 {145}
14 HE 0.0028 004806
029 {-0.69)
15 H10 00108 01442
i 0.99) 2123
16, H11 0.0094 0.0854
181 {1.25)
17 HZ (.0026 02210
{ D18) {2.908)
18 H13 (0007 G 1938
{005 {252
=8 U387 ).368
s 256 24
Skawness 0.34 ~0.14
thurtosis-3 112 07

fEach equation s estunsted by 2518

“Retiihons of vanabies are gefined i Tables Boand 1
sThe numbers n parentheses unden estnated cushic
CThe QE6) s disthibuted w Chi-square statisho with do .l at 5

shCS

oo dewed are 38.9 and 456 respechvely
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coctficient is 0.0868. During the crash and post-crash period [columns
(31 and (4) of Table 1], the influcnce of price volatility on the bid-ask
spread increases markedly, By the spring of 1988 (Table V), the coel-
ticient has returned to the pre-crash level.

The cocfficient for average volume per transaction nXy,) is positive
but insignificant during the pre-crash period, hecomes highly significant
during and atter the crash, then returns to the pre-crash level in 1988,
This illustrates the importance of testing the influence of transaction
size during periods of large variation in this variable. In normal markets,
the small variation ol transaction size reduces the power of the test.

The coellicients for number of marketmakers (InX5) behave simi-
Farlv. Again. only the large variation of the variable associated with the
crash allows its negative impact on the bid -ask spread to be statistically
significant.'®

For the intraday price volatility equations {Tables H and 1V) the
coefficients tor bid--ask spreads (InY ) are positive and statistically
significant at least at the 5% levell The pattern of the coellicients is
consistent with the bid-ask spread having a relatively smaller influence
on price volatility during the crush because information (changes in the
equilibrium price) became a much larger influence. By the spring of
1985, the relatively large role of the bid-ask spread had returned.

The coelficients for the number of transaction lagged one period
(n Xy ), and volatility of short-term interest rates UnXy) are positive
and significant at the 3% levell These two variables are intended to
reflect the ellects of arrival of information in the market, but the
patterns of these coellicients suggest that the variables reflect different
aspects of information. The behavior of the Treasury bill futures volatility
cocllicient is consistent with information plaving a larger role in price
volatility during the crash. The lagged number of transactions coefficient
attains its highest value in the post-crash (October 27 - November 30,
1987} period, and has stll not returned o pre-crash levels by 1988,
It has been suggested that an increase in the number of transactions
reflects an increase in heterogencity of opinion not just inlormation
arrival. The behavior of this cocflicient suggests that differences ol

opinion were more prevalent following the crash,

AR alternative measure of markeumaking competition is the marketmaker participation rate,
delined us volume traded by marketmakers for their own account divided by totad rade velume.
Phe murketmaker participation rade s the eapected signs bat is insigniticant when the variable
Ity e o ol wverige velume per trensoctions, i included inthe same equation. A possible
eaplanation is multicollinearity due 1o the construction of the variables e both variahles are

finctions of volume!,
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tn the volatility equation, all coetficients for the ligged dependent
variable (InY,, 1 are negative and not statistically different {rom zero
except for the December 1987 contract (September 16 to November 300,
For this reason, the variable is deleted in the sub-period tests shown in

Tables TH and V.

Interpretation of the Dummy Variables

The dummy variables v the bid-ask spread equation (Tables I and
VI provide litle evidence in Tavor of o U-shaped pattern in bid--ask
spreads that is independent of the other variables. Only for the October
27 November 14 period is the first hall-hour (1 1) coelticient clearly
signilicant, although it is nearly so for the crash period. Tn Table 1V,
the coeflicient is significantly negative. Apparently, transaction price
volatility thnY 5, ). average volume per transaction UnX ;) and number of
marketmakers (X1 are the sources of the bid -ask spread pattern or
are correlated with the source. Indeed. although not shown in the article,
all three of these variables have o U-shaped pattern in these data.'™ To
further explore this point, the bid—ask spread equation is re-estimated
with different combinations ol the variables. Table ¥V oreports these
results Tor the period March 16 May 31, 1988 Column (11 repeats
the full equation estimation from Table IV, Column (3} is an Ol S
regression of the spread on onlv the dummy variables. In column (5)
the U-shaped pattern of the bid—asked spread is quite apparent, and
consistent with the previous empirical evidence, However, this equation
explains very littke of the variation in the spread. Column (4) shows the
efteet of having transaction price volatility in the equation and using
IS1S o achieve consistent estimation. This modification accounts for
all of the first hall-hour increase in the spread. and most of the last
half-hour increase tas well as the two half hours prior to the last). The
importance of this variable is also indicated by the large increase in
R-square. Column 33 shows the effect of having average transaction
volume per trade in the equation estimated by OLS. The effect of having
average volume per trade is similar to the elfect of having transaction
price volatility in the equation.

W transaction price volatlity and average volume per trade are
indications of more information getting reflected in prices, this result

is consistent with information effects being greater at the opening than

P Michabk and Wang ¢ 1990 reported U shaped patterns i overage volume per eade, the number
of marketmukers, and the nomber of tracsactions at hall-howr intervals Tor S&P 300 Indes futures
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TABLE V
Statistical Analvsis on the Sources of L-Shaped Pattern on Bid - Agk
Spreads of S&P 300 Tndex Fotures: March 1o -May 31, 1958

i 2 i 4 5
1 Constant 1 3895 1.0802 3.1624 2833 ~2.9401
{ 642) (-6 08) {169 59 (2473 {485 1)
2 iy st 00819 01683 0.068
(2 61} (7.4 {11 501
EINTE SR 00057 0.0181
£1.35) (11.4973
4. IngXo" 00389 0.0854
{177 [ 373
SoIn(Yy, 3! .4325 0.3874
(12.22) (% 18;
6. H1 0.0537 0.0906 00156 018 0027
{384 { 5.24) { 1.32} i 1.56) {(2.22)
72 0.0099 0.0003 noQt77 0010 0.0014
| 0.74) { 0.03) {-1.58) i0.9m {0.12)
8 H3 00188 0.0426 00108 0.005 0.0025
(114 {2 67} {098 {044 {012)
9 H4 0.0076 1.0029 00240 0ma 0.0114
{0 56) .21 {224 {127 £0.93)
10 H5 0.0087 0.0211 00083 0001 -0.0021
0 B2 {1.59 {073 a0 0. 18)
11 HE 0.0028 0.0047 00051 0 003 S0.0075
{024 {0.37) [ 0.46) { 0.35) | -0.49)
12 H1D 0.0108 0.0205 00121 0008 0.0063
{ 095) { 1.58) C- 019 { 0.82) (0.52)
13 H11 0.0094 00077 00190 0008 0.0311
{0B1) { 0.56) {173} Y (2.56)
14, H12 00026 0.0190 00386 noze 0.0574
{018 [ 1.26) (3.48) (1.94) 14.74)
15 13 0.0007 0.0281 00348 0026 0.0631
{005 { 183 (3 08; {222 (522
A 0.387 0.276 0.235 0238 0.08
F 259 2007 2005 18 96 64

“Definibions of vanables are delined i Tables 11 and 1
Lguations (110021 and (4 are ostrnated by 2 LS Bauabons £33 and (5] are sstmated by OLS

at the close. since the information-related variable fully accounts for
the opening but not the close pattern in the spread. This is consistent
with the market-closure theory of the behavior of the spread, since the
opening portfolio revisions are based on accumudated information, but
the closing revisions are not. The remaining pattern in the spread at the
end of the day suggests a greater role for non-information-based trades.
Asymmetric information should not he excluded from plaving a role,
however, since a greater information disparity at the opening suggested

by MPS. may also be captured by the transaction price volatility variable.
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The resalt is also broadby consistent with Fekman's 119920 suggestion
that informed traders concentrate at the opening and §i(|l§i(lit§ traders
al the close.

:\d(ling: the other three variables does not contribute iy further
explanation of 4 U-shaped pattern: therefore. one shouald not attach a
great deal of meaning to the relatively small changes that do aceur as the
variables are added. For example, in Columu (1 there is evidence that
an unexplained component ol the bid - ush spread is smaller in the firsg
hall hour. However, this evidence is not repeated in the other periods
[Table 10 so it mas simphy he sample dependent.

In the transaction price volatilinv equation (Table HDL the coetfi-
cients of the dommy variable in the open and close periods are still
positive and some are statisticall significant, but the pattern does not
emerge clearly antil the 1985 period Clable 1V when the sample size
is arger. The evidence for o Usshaped pattern in price volatility tafter
controlling for the effects of explanatory variables) suggests that there
is another sonrce of this pattern not captured in this model.

Finallv, the power of the empirical model reported here tmeasured
in terms of B=y fuctuates sabstantially, vanging from 0,970-0.314 for
the bid ask equation and from 0701 0.350 for the price volatility
cquation. This is due to the variation of the data used 1o estimate
the model Tor ditfereat time periods. For example, the OV of hoth
endogenous and exogenous variables is high for the period from Octoher
I+ November 300 1987 tee Table o The lower explanatory power of
the maodel estintated for the 1988 period (June 1988 contracts is due to
the relatively low variabilite tevidenced by the CV coclficienty ol realized
hid - ask spreads duving the Litor part of 1988, This range of explanaton
resabts suggest that the empirical findings of this stadv, in general, are
verv reluble ties robust Tor the sample period used) because the overall

tine pt_*r‘ic%d covers both normul and abnormal 111;!!']{(‘[ conditions.

SUMMARY AND CONCI USIONS

Fhis studv cmplovs intradin data to examine the major determinants of
the bid - ash spread and price volatility of S&P 300 indes futures from
the period Septemiber T9ST2 May 19850 This time period is extremely
informative because it covers the 1987 market crash as well as more
normal nrket situations.

The empirical results nudicate that the major factors altecting
bidk ask spreads during this period were (13 price riske (23 volume per

transaction, and (3 competinon in marketmaking. These resalts are
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consistent with previous theories of bid-ask spreads. Turthermore, the
investigation reveals a structural change in the market during the 1987
October crash period, evidenced by w change in the parameters of the
maodel.

It is demonstrated also that mtraday price volatility is a function of
the bid ask spread and information clfects as proxied by the number
ol transactions lagped one period and the volatilite of the shortterm
interest rate,

Another interesting result is that the U-shaped pattern in hid - ask
spreads s not statistically significant after adjusting for the ellcects of
prive \‘ulettilil}', volume per transaction, and the number of marketmakers
trading in the pit. A Usshaped pattern in intraday price volatility docs
exist, and it cannot now be attributed to a U-shaped pattern in realized
bid ~ask spreads.

For empirical rescarch. two important points are demonstrated,
First, the price risk variable, measured by the standard deviation of
transaction price changes, and realized bid - ask spreads wre simultane-
ously determined. Henee OLS estimates of the bid—ask spread equation
are inconsistent il the price rish variable tmeasured by the stundard
deviation ol transaction price changest is in the OLS equation.'®
Second. intraday transaction price volatility {measured by the standard
deviation ol transaction price changes? is a0 misspecilied measure of
volatility cansed by information ¢ffects il the bid - ask variable (or an

appropriate proxyl is not considered also. !
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