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INTRODUCTION

Fmpirical tests of option-pricing-model adequacy and options-market
elficiency characteristically attempt to identify riskless opportunities for
excess trading profits by analving trading strategies defined by cither
absolute-valuation or relative-valuation teg. put eall parity) models.
However, tests to identity mispriced options and oxcess protits utilizing
cither model approach inherenthy encompuass o joint test of model
adequacy and market efficiency, Since the integrity ol empirical resules
depends upon the precision with which actual market conditions are
1'{'E1“L’i!{(‘{l‘ the L'lnpil‘iceti test dmign st imk‘p(‘mlcnﬂ_\,‘ evaluate the
clficiency ol the market under analvsis.

To circamvent the problems inherent within these approaches, this
study cmployvs the box-spread arbitrage model to evaluate the efficiency

ol the market for S&P 300 Indes fatures-options. The box-spread parity
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DATA

relationship fuctlitates o test of optons-market efficieney independent
af absolute-valuation-model input requirements. and as a result, the
model should provide more credible resuliss Billineslev and Chance
HO83 atlize this relative-valuation approach in an examination of
stock-option-market efficiency, Tinding that hox spreads constructed
using options on individual stocks Tail o generate persistent arhitrage
profits during the 1983 sinnple period. Chanee (195870 also emplovs the
box-spread model to evaluate the elliciency of the market for S&P 100
Indes options. In the studvs Chanee constructs bov spreads durmg
1984 sample period and Tinds that signiticant arbitvage profits cannot
he pealized ona consistent basis as the positions adhere to the theoretical
parity relationship. Bonn and Ronn (1989 Glee use the box-spread
parity relationship to test the efficieney of the nurket Tor individual
CBOL stock options over o sample period from 19760 1984, Using
several destunated per-umin estinuites of trunsactions costs. Ronn and
fonn provide cvidence that onlv market-makers can generate persistent
arbitrage profits vsing the hovespread strategy,

To incresse the securacy ol adjostiments Tor tansactions costs.
a modified Bhattacharva 019835 price-pattern-recognition procedure is
utilized in this study 1o categorize bid and ash Tutures-aption prices
from CME mtra-dan dita on S&P 500 Tatures options and to adjust the
Im\wprmd positions For transactions costs. .\’ung);n‘:lm(‘lrir test rosults
mdicate that the cost-adjusted spreads are significantly anprofitabie,
and the degree of dispersion i spread retarns accordingly increases as
the time interval vequired to effect the composite position is permitted
to expand. The results emphasize the impact of bid-ask spreads and
incredasingly nonsyachronons price ohservations on bos-spread returns

and the corresponding clfects on tests of market etficiency,

Provided by the Chicieeo Mercantile Pachange. the data atilized in this
study consist of bath transaction prices and quoted bid and ask prices
From the trading of options on S&P 300 Index futures contracts. The
ata reprosent albintra-day préu‘ guoles recorded on these contracts for
the sample period of January 280 1983 through June 30, 1992 during
which tme options on 42 separate S&P 300 Tndes futares contracts
were trided at the ndey and Option Market Diaision of the Chicago

Mercantile Fachange!

FDurimg e saeple period conseaets anabooed it stady i fade SEPS00 Ties Litures GPLIONS
warturing o ihe cantroce monthe of Morchs bune, Septemsbor and Brecember for the wears 1084

thrangh ool
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These data comprise recorded transactions as well as market-maker
bid and ask quotations for which no transaction actually oceurred.
Accompanying cach quoted price is the date and the tme of dayv at which
- occurred. but the motwvation of the market-maker for tansaction
prices is unavailable from this data base. Since transaction prices cannot
be immediately distinguished as cither bid or ash transuctions, a moditied
Bhuattacharva technigue is used hecause the bov-spread arbitruge model
requires citegorized transaction prices to adjust spread returns for
trunsactions costs. The trunsaction prices and the timed. intra-day
bidd and ask quotes enable the construction of nearlv simultancous
positions m S&P 300 futures-options. The capability to construct nearhy
synchronous option positions should facilitate an evaluation of spread
returns and market efficiency without exposing the test design to binses

arising from the use o nonsynchronous data,

METHODOLOGY AND EMPIRICAL RESULTS

The Box-Spread Arbitrage Model

A box spread is an option strategy designed to capitalize upon vela-
tive pricing inefticiencies hetween four separate options written on a
single underlving asset using o exercise prices. A long box spread
v constructed by the contemporancous combination o« bull call
vertical spread and o bear put vertical spread, while o short spread
sinitltancously combines a bear call vertical spread and a bull put
vertical spread. A summany of the respective vertical spread positions
is provided in Table L

Sinee futures-aptions are exchusively ntilized in the bovespread

arbitrage relattonship, the bov-spread model assumes no position

TABLE |
Summan of Vertical Spread Positions

Prosition”

Straden Iype [ [
Bull Caii Long Short
Bear Put Shaort Long
Bear Call Short Long
Bt Put Long Short

“The posthons Ested represant the
v and at the igher exercise pnc

CONSIUCTEG UKING Only twiy exXerass g

sthinns conturrantly Susumadd e Ihe respec

et GRLONS Al i [owet exainse price
£ respectively. The combimes vertoat strategmes i eaih bos-spread positon are

ya noileCtively
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in the futures contruct underlving the four options, thereby clini-
nating the structural desien problems associated with interim pavments
characteristic of putcall Tutures parity tests. The existenee ol two
different exercise prices budicates that the fatures price of the underhving
S&P 300 Indes ot maturiy may lic below hoth exercise prices, between
the two exercise prices. or 10 may esceed both exercise prices.” An
examination of the returns realized within the three possible ranges
of the S&P 500 Tadey futures price ot matarity reveals that, in the
absence ol transactions costs, the consoliduted strategy _\‘écld.& a value
ol {1, Foroat expiration of the options, irrespective ol the indey
futures priu', Becanse of this cortain outcome. the resultant box 5-[)3‘(';1(1
represents o theareticadlv riskless strategy prior 1o anyv adjustment for
transactions costs. Therefore, under the assemptions ol (1) market
etficieney, 120 accurately prived futures-options, (31 no carly exercise,
and 41 deterministic interest rates. the boy spread should vield 1he
riskless rate of return, and s curvent market vadue shoutd equal the
prosent value of the exeremse-price spread discounted at the continuoushy

compounded. rishless rte of retum:

Vo (!‘1 I'.;I!(’ o il
where:
Voo - ket vatue of the bos spread ot atiation,
r viskloss rate of return. and
Footime to espiration expressed as a fraction of a 363-day vear.

With respect to potential deviations Trom the pariny relationship, the
coanposite position would enerate less than the viskless rate of return if
the corrent murket vadue of the boy spread exceeds the present value of
the pavoll. Converselve it the current market vialue of the hox spread is
less than the prosent value of the payvoft, the position would produce @
retursy in excess of the riskess rute of interest. The persistence of either
situation, alter accurately ‘nijuxli;\g for transactions costs, would §)rn\'i(|{'
evidenve of market inefficienoy. However, hetore excess spread returns
can be ;u‘(‘('plc’{i ds cvidence of E'ulurcwnl)lénn ket s‘iu.‘f‘f.iu!t‘!u.‘). the
structural design of the study muost eosore that actual market conditions
are rephicated as precisel as possible. Thic empirical requirement
necessitales 4 consideration of operational constraings, particularly the

mpact ol transactions costs amd the Imsxs‘f)ihl.) ot L‘urh CNCTCISe.

TSec Bonm el Bang s Poste Do o cmprehionsive o lvas ed the Baosapread arbitroge conditione
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Early Ixercise and Box-Spread
Model Construction

In the pricing of futures-options, numerous restrictive, arbitrage-hased
assumptions must be satisfied to determine theoretical vilues, One
particular theoretical assumption violated as a matter of course under
actual market conditions imvolves the tvpe of options traded on the
exchanges. The theoretical hox-spread arbitrage model assumes that only
Luropean options comprise the spread, thereby implicitdy assuming the
construction of a buv-and-hold spread 1o be held wnuil expiration of
the options. Since virtually all options and Tutures-options traded in the
United States are American contracts, either the calls or the puts may
be rationally exerewsed carly, although Brennan and Schwarts (19770
indicate that the carly exercise of American puts rarely occurs.

In the construction of bov spreads, the risk of carly exercise i
greater for short spreads than for long spreads. The rish to the long box-
sprcad holder is minimal sinee the respective short positions in the bull
call twritten at I h and the bewr put twritten at T ) spreads represent the
aption positions of lowver relative vidues in the respective verlical spreads,
so the long call (put) will he deeper-in-the-money at any time the short
call tput) is in-the-money. Consequenth, i conditions arise that would
provoke the rational carly exercise of the short call tpat ina bov spread.
such as a precipitous increase tdecreasey in the index futures price abeve
thelow the higher tlower) exercise price. the composite position would
produce a net cash inflow of (1 P plus the positive difference in
option premia realized from liquidating the out-ol-the-money put tcalb
positions. A hox spread. under these conditions, would generate the
riskless return over w shorter time intervad of the spread is accurately
priced when constructed.

[n o short bov spread, however, the reversed aption positions
])ruduv(‘ a net initicd cash inflow, {ollovwed by oooet cash ouflow
expiration because the respective short positions in the bear call taritten
at 1) and the bull put (written at 1) .\prmtd.\ represent the more
viluable option positions in the respective vertical spreads. I rational
carly exercise of the short cadl tputi is induced by wn increase tdecreased
in the index futures price above thelowy the lower thigher! exercise
price, the short call (puty would be deeper-in-the-money than the long
call (putt and the composite position would produce o composite cash
outflowe equivalent to the exercise-price spread. (£ = 1), plus the
negative dilference in premia realized from the liquidation of the put

teally positions. By assuming long positions in the futures-options with
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lower relutive values, the short boxv-spread arbitrageur, unlike the long-
spread holder, canmot negate the detrimental effects of rational carly
exercise and is unhedued against the significant risk ol oss from the
possibility of carly exercise.

As a consequence. the risk of loss associated with the carly exercise
ol futures-option positions is significanthy greater for short hov spreads
than for long spreads. However, while the possibility ol carly exercise is
an important practical consideration, of greater theoretical importancee
is the integrity of the cmpirteal test design. The priman advantage of
emploving the hox-spread model in tests of market efficiency lies in
its certain outcome. regardless of the price of the underlving futures
contract. assuming that the spread remaims mtact untif option expiration.
Permitting the carlyv exercise of any fatures-option included in o bos
spread without simultaneoush liguidating the remaining three option
positions would violate the theoretical constraimts upon which the
hox-spread arbitrage conditions are founded. Larly exercise of a futures-
option and the noncontemporancous liquidation of the remaining option
positions would expose the box-spread arbitrageur, purticularly the
short-spread holder, to considerable specidative <or legging risk it the
futures-option positions cannot be liquidated simultancoushy, or at least
within a rewsonable time interval (defined as the same time internval
originally required to construct the spreadi. The presence of legging risk,
which is analogous 1o the risk associated with the noncontemporancous
construction ol spreads. could potentially bias the empirical analysis
toward o conclusion of market inefliciency i sample hox-spread returns
include o preminm o compensate for fegging risk.’ Therelore, since
947 of the spreads constructed connot be completely liquidated within
reasonabhy designated time intervals, this study exclusively analyzes long
hox spreads, held to futures option expiration, 1o minimize the impact

H(‘ (‘ilfl}-' CXETCISe 0N lil{‘ {‘Hlpé!‘ﬂ‘kll !"t'.‘sill{."&.

Transactions Costs and the Bid—Ask Spread

Phillips and Smith (19507 assert that efliciency studics testing for
realizable arbitrage profits must accurately adjust Tor transactions costs.
and the failure 1o satishy this reguirement can produce inaccurate
test results. According to Phillips and Smithe the failure to aceomnt

Jor the unobservable, implicit transactions costs, represented by the

oy esamples e Softanos T3 Hae o desoripton of the effvcr ol fegging rish o the cash and

Tatures nurkets
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bid ask spread ol the murhet-maker, constitutes o “selection bias”
toward a conclusion of market incllicieney. However, the absence of
an immediate bid-ask categorization of trunsaction prices in available
data makes accurate testing dilficult. As wresualt, several ;1rucv(hirt'ﬁ have
been devised to impute the bid - ask spread rom obsenved price data.

Rolb (19541 derived o measure to estimate the bid -ask spread lor
stock and option markets that assumes that buv and sell arders arrive
randomly in o trendless market, However! trading noise cun produce
positive serial correlations and consequenthy cause o downward bias in
the estimated bid - ask spread generated by the Roll measure. Refaving
the assumption of serial independence between price changes, Choi,
Salandro, and Shastri (19880 assumed that oscilfations between bid and
ask prices are not random. As o oresult, Chois Salundro, and Shastri
estimated the value o the probabilin measure through an iterative
process using o maximum  likelihood procedure. but this technique
many dentify o local optimum rather than the global optimum with an
inaccurate it estimate of the bid - ask spread.

In an alternative approach, Bhattachanva 119831 devised a pro-
cedure designed o idenufy the motivation underlving undesignated
transaction prices. The Bhattacharva approach examines alternating
price movements that are opposite in sign to the immediately previous
price change. Assuming that traders can purchase only at market-maker
ask prices and sell only at market-maker bid prices (to miinimize selection
bias). the Bhattacharva technique characterizes o bid (ask) price as
a down-tick tup-tick) transaction price surrounded by up-tick (down-
tick) prices,

To illustrate the unmodified Bhattacharva methodolowy, consider
the nine price records provided in Table 11 und bused upon Table AL in
Bhattacharva (1983). According 1o the Bhattacharyva procedure, records
I, 20 and 3 represent bido ask, and bid prices, respectively based on
the price-change puttern of *i and = i between the records. A similar
pattern exists between records 3, 4, 3, and 6. given the consccutive
price changes of l ‘ ,]: and .: again representing bid, ask. and bid
prices, respectively, Tor records 4, 5, and 6. However, price record 3
is common to {or overlapsi both of the price series. so ambiguity exists

concerning the true motivatton underlving the price quote since it could

TOhIson ed Penmmuan 0195850 Jordan and Seale ci9ses, KarpolT and Walkling 19550 Stol 1959y,
aned Tlarris 14905 find that the Roll measure nun ineccoratel estimate the bid - wsk spread for
iadividuad secorities using either idredoas . daily, or weekh date The Tondamengal implication of
these studies i that the Boll measure can produce aegative hid sk spreads in the presence of

positive serd correlations.
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TABLE H
Lhe Enmaodified Bhattachara Technigue

Framisaction

Becord Stock Price
Nunther Price  hunoe Tick Type
! 19 g
) 1¢ L A L Aank
3 197 . Gown tid s ask
4 g . down bt
5 197 . ‘!{ up ask
a 19 5 riown [alle}
7 19 up BEL
167 dowit 118}
I . } G ask

represent a bid price in the previous stream twith its associated ask ot
L9 71 or an ask price in the subsequent strean twith it associated bid at
l‘)é 1o Sinee the technigue retains only non-overlapping. consceutively
reverting price series of three or more records {for anabysis, records 13
are discurded from the sample. The deletion of records T3 leaves two
possible streams, cach consisting of three non-overlapping. reverting
prices. The Tirst stream categorizes record 4 as a bid price at l‘?i:.
I

- . <
record 5 as an ask price at 149;

oooand record 6 s a bid price at 19

FIREU

In the second stream, record 7 s identified as an ask price at 19
record 8 as o bid price a I‘?;::. and record 9 as an ask price at ik)j.

Hewvever, based on the pattern-recognition scheme. the unmaodilied
Bhattacharnva approach could inaccurately identity cither bid or ask
transactions. For example, the technigue identifies record 1 as o bid
price for the price series of 1,20 and 3. Without knowledge of the price
quote preceding record 1 however, record T mav actually represent an
ask price Tor the previous series. In this studs. o avoid the possibiliny
ol incorrectdy identifving o price quote in this manner, and 1o mitigate
the possibitity that price patterns could result from new information
rather than from movement between market-mutker bid and ask prices
[see ML Peterson, and Sears (19923 up-tick tdown-tick) tansactions
must surround the categorized bid task) transaction price used in a box-
spread position and preceding and succeeding trunsactions muast each
occur within ten minutes of the categorized transaction. The ten-minute

certitication constraint preceding and succeeding cach transaction price
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used in the construction of box spreads reduces the possibitity ol und the
effect from. signilicant price movements within cach qualifving series.

Further, as Ma, Peterson, and Scars 11992 indicate, transaction
price data can be characterized by unequal price movements and
significantly positive serial correlation hetwcen price changes. conditions
which cause the Bhattacharva measure 1o underestimate wider bid—ask
spreads Tor “occasional transactions” that occur within the bid - ask
spread of the market-maker. This study consequently requires that
the non-overlapping transactions in cach qualifving series successively
revert in equal magnitudes to circumvent the possibilin of inaccurately
identifving the motivation underlving the transaction. This specitic
restriction forces the deletion of significant availuble duta, a condition
which con induce mispricing sivnals and cause hedge pordolios to
remain open for excessive periods ol time. However, the imposition of
the aforementioned ten-minute constraint serves to negate the poten-
tial effect on bid-ask spreads caused by new information arriving in
the market.

Since the Bhattacharva procedure categorizes transaction prices as
cither bid or ask prices, the approach factlitates o cost-adjusted analvsis
ol box-spread performance using bid and ask futures-option prices.
Therefore, with the specified modidications, the technique s used in

this .sHldy to construct ht)\'—sprcald positions u(§jl|.\t('d for transactions

Nonparametric Tests of Box-Spread Profitability

Galui 11977} indicates that studies using nonssnchronous, closing-price
data often report the availabilitn of excess, riskless profits and offer
these findings as evidence ol market inelliciency; but, such returns
may actually represent imaginary, “paper” profits resulting from the
use ol nonsvinchronous prices. This study utilizes timed. intra-day
f'ulurcs-uplinn data to idcmif_\' n(‘alrly CONtemporancous calt and put
futures-option prices collectively quoted within time intervals ranging
from sero to five minutes. Futures-option price quotes, including both
transaction prices and quoted bid and ask prices. that oceur on the
appropriate sidde of the bid-ask spread are subsequenthy combined into
box spreads to examine deviations from the theoretical parity relationship
by an amount in excess of the bid - ask spread. Price groups failing to
conform o the transactional pattern for box-spread construction are

svstematically discarded.
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Fhe arbitrage pricing principles that underlic the relative call and
put tutures-option valees indicate that, theoreticallv, the carrent market
value of o hovspread parity relationship should be represented by
e U prior to any adjustment for transactions costs. As an operational
model however, une eaploitable deviation from the parity refationship
st oveeed transiactions cosls o generate realizable profits. Only
the persistent presence of such costadiasted deviations would provide
sufficient evidence of market inefliciencey.

Lo micasare the performance ol cach bovspread position. excess
dollar retarns are computed atilizing the quoted ask vield onoa LS.
Lreasary Bill whose imaturity corresponds 1o the espiration ol the
S&P 300 Tutures-option. For cach Tong oy spread. therelore, eseess
dollar returns are computed as:

I Cop - Pop o+ [MANOL Foye b 2 MAXNO L = e
(‘:\ Pﬂj§ ’ g‘\;\\{”f; i!'._\{ i

= MAXW Fovle (2
wliere:
B = escess dolliar ceturn ona long boy spread,
Py price of the S&P 300 futures index at espiration of the
futures options,
[ tume ol expiration of the Tutures-options,
Cyy sk price of the call opron with exercise price Py,
Con bid price of the calb option with esercise price 1y
P bid price of the put option with exercise price
Fow, where £ = 1
Py ask price of the put option with exercise price Fop, where
TR T
for e remaining to expiration of the futares option, L’\'[)i'{'.\.\(‘tl
as a fraction of o 365-div veur. and
) riskless rate of retorn.”

S prons o the sk free dnterest ates dail DS Trewsuny Bl sk quetiions are atiliced i
Ehé‘\ \iaiis\ EEH‘ ii{ﬁig (‘LE‘![.{[N\N\ rk‘i”(‘ﬂ 5] A\J‘\ j\r\l'{\ i;(”!E \i("i{\i. al 551\.(13[5”5‘ ot [}l(‘ t"i\ \;‘!'(’.l(i“.
far the contract maturing on the dav betore the expirtion date ol the Tutures options Wk vields
ve atifized asthe Benchmurk sishless vae dn this soeds smee they reprosent the vield ar which
sveskors can prrchase US0 Trewsuny Bidls The guoted sk sields are sabsequentis comerted i
contmnonsh vompeutded rates oF cerorn amd pvserted e ey 020 as the riskless re of retarn

with which bovapread performance is determimed
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According 1o eg. 120, the excess dollar return on o long box spread
is computed as the difference bevween the present values of the inflows
received and the outflows incurred at spread mitiation and at option
expiration. Initially, however, the cash flows of o long-spread position
consist of the premia received from the two short Tutures-options,
1 and Cag, net of the premia paid for the two long positions, Poy
and O 4. Since the long option positions are more valuahle than the
short positions, the net effect of the combination is a4 cash outflow at
spread initiation. Upon expiration of the futures-option positions, the
net proceeds from the purchase and sale ol the respective positions
equal the exercise-price spread. (17 - FiL adjusted Tor the bid ask
spread. Discounting this outcome to the point of spread construction at
the continuously compounded, riskless rate of interest, and combining
the result with the net costs incarred at the time of spread initiation
produces the net excess dollar return on cach boxv-spread position. Rgs.

A sumimary of the eveess dollar returns produced Iy eqo 121 s
provided in Table 11, divided into subsamples based upon the time
interval required 1o construct the composite position. According to
Table TH, the mean and median of cach subsample are both negative,
which indicates that the subsamples of box spreads are unprofitable
since the dollar retuem on cach corresponding Treasury BBilf is positive. In
addition, the dispersion of returns increases as the time interval widens.
suggesting that tests of profitability may identdy significant differences
between box-spread and Treasury Bill dollar returs.

To test the null hypothesis of equal. excess dollar returns on the

|')(}\'"Hi]l"k'il(] §)().‘€ili()ﬂ\ ;lll(] l}](‘ Treasun ;‘;I§| contracts, o l}(l?'\l);i?’itﬂ\(‘li'il‘

TABLE (i
Summany of bFxeess Dolar Retums

Mirntes AN Mean 1) Viedian Min Man
O - nterval 01 258 145.34 127 30 126 57 584 45 49 54
1 interval - 2 493 147.25 151 28 128 .45 1094 62 327.87
2 interval - 3 782 149.83 200,98 131 64 13746 54 382.29
3 - mterval - 4 1166 152.95 220074 135 04 1484 60 1319 37
4 iMerval -0 8 1671 15873 22847 13982 1966 .48 1484 63

Mirsgtes
N

Mear
S0
Median
Min
Max

e MM excess dolar returs tor each subsampie

e Hmie alarval ragured 10 Constuct e Do spreatd positins

e size of o

subsample
average excass dollar refuins tor the spechod samples of hoxsproad pos
e standard devaboen of gach subsample of Box sproad &
the mochan axcess Golla returr of each Bosspread subss

s% doliar otrns

the maamurn exgess dollar retarm for each salbee
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Wilcoxon signed-ranks procedure is performed.® A summary of the
Wilcoxon test results is presented in Table TV

The results of the Wilcoxon unalysis indicate that the samples of
bov-spread and T-Bill excess dollar returns differ significantly at the
1o fevels The Wilcoxon test results also confirm the findings presented
in Fable HI suggesting that profitabilicy: declines as the time interval
required 1o establish the composite spread position is allowed to ex-
pand. Permitting greater periods of time 1o consummate the spread
means that the fourth Tutares-option in a hoy spread could he effected
up to five minutes alter the mitial option position is established. This
process ol noncontemporancously constructing the composite position
tcharacterized as legoig introduces significant risk into the composite
transaction. [evoing risk in a boy spread exists if the four futures-
options wre not simultanconsh combined into the composite position, a
situation which requires the hovespread arbitrageur 1o hold an unhedued
position in ene. two or three fatures-options antil the Tour option posi
tions are establishied. The rishs associated with legging are manifested
it new information enters the market, thereby causing prices to change
and generating revised intertemporal parity prices among the array of
futures-options. For a spread arbitrageur who contemporancoush es-
tablishes Tfewer than the required four futures-option positions in @ hox
spread, a change in relative prices would ocelude the construction of
a perfeethy hedged composite position hecause the relative price parity
that prevails when the initial position s established would no longer

extst ot the original peices.

TABLE 1V
Wilcoven Signed Hanks Test Results

Yhautes hS Pk = Tloest Statistic ©5 |
0 iterval - 1 258 0 gaez
1 mitgrval < 2 443 000317
2 mterval - 3 vy 3.00147
3 val o 4 1166 300097
4 erval 5 LISTR U000
Pegrahioanl oAb e 1 et

e vestdes of oShapire Walk goodness ot e indicate ot cach ol the suthsinple bovespreid
distributions oo normal gt the B leved ol denilicane e, while o Rolmogoron S tost for
somnmerry dmdicates that these sabaimples are abvo ovmetreally shatribited at the 19 leved of
sighiticane,

TR Sultfios - [ S8
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Therefore, permitting wider time intervals to accommaodate the con-
struction of box spreads induces legging risk, and the presence of legging
rish may significantly affect spread profitability, particularly i bid - ask
spreads widen as new information enters the market. The Wilcoxon
results provide evidence of increwsing risk for the box spreads because,
i the absence of new information alfecting futures-options prices. the
arbitrage process would ensure that excess returns would be unattainable
o identically riskless instruments. The Wilcoxon statistics consequently
indicate that, at the margin, the larger profits and losses are o function
ol increasingly nonsvinchronous prices, rather than an indication of
market inefficieney. In tests of market elfliciency, therefore, the results
ol this study emphasize the importance of utilizing synchronous prices
i empirical analyses, for it nonsyinchronous prices are examined. the

test design no longer compares riskless hedge positions.

SUMMARY AND CONCLUSIONS

A Tundamental requirement of market-cfficieney studies is the accurate
replication of actual market conditions. Galai (19771 indicates that the
use of nonsynchronous price data to identify excess. riskless prolits in
tests of market efficiency may imvalidate the results of empivical analyses.
Therefore. the utilization of intra-day price data to construct nearly
synchronous hedged positions represents one requirement of market-
efficiency tests. Galai also suggests that tests of market efficieney must
independentls evaluate the market omder consideration. Consequently,
an analysis ol pricing observations from multiple markets constitutes
a joint-hypothesis teste and this process can bias test results 1omard
a conchusion of market inelticieney. According to Phillips and Smidh
CHOSOG. athird, and equadly important, requirement of efficiency studies
is the aecurate adjustment of profits for transactions costs.

This study attempts 1o satishy these requirements by emploving the
box-spread arbitrage model to evaluate the efficiency of the market
for S&P 300 Index futures-options, Utilizing a modified Bhattacharvy
procedure to categorize undesivnated transaction prices as hid or ash
transactions, this s!udj\ CONsruets L‘()xl-;.uf_g'ux{v(l hox s;)n‘;uls from hid
and ask futures-options collectively quoted within designated tinie in-
teevals ranging up to Tive minutes, The results of the nonparametric
;;n;il_\‘xix indicate that, alter ;u{jnx%ing For transactions costs, the bos
spread positions generate significanty unprofitable retums.

The empirical vesalts also reveal that the dispersion ol retuens

accordingly increases as the tme intervid required o elfect the compos-
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ite position is permitted (o expand. This Tinding ioplies that allowing
expanded time intervads 1o construet the bov spreads induces legging
pisk. while simaltnceonshy {acilitating an analvsis ol nonsvichronous
prices mn the spread positions. Therefore, rather than representing
cvidence of market inetticiencey in S&P 300 Index futnres-aptions and an
opportunity Tor an astute trader to eaploit fatures-option mispricing. the
evcess profits and Tosses observed in the samples of bov spread returns
are a function of increasingly nonsynchronous prices. In tests of market
clticieney that examine riskless hedge positions, the results of this studs

Lié'l'l[)]ii.'\' the importince ol data H}'i'i(‘l'i!’()i]ii‘il\ in {*mpi;‘icul ;1[};1[_\'.\@\.
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