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I. Introduction

A security purchased at the opening of trade on
the ex-dividend day does not include a claim to
the dividend announced earlier, yet if purchased
on the previous day (the last cum-dividend day)
it does. Thus, the price of a security that goes ex-
dividend 1s expected to drop in this time interval.
The cxpected price drop around the ex-dividend
dav has been compared to the dividend per share
in various past studies (Campbell and Beranck
1955; Durand and May 1960; Elton and Gruber
1970: Kalay 1982). The documented behavior of
stock prices around the ex-dividend day seems to
be consistent with market efficiency, that is, it
provides no profit opportunities. An interesting
question that arises 1s whether the discontinuity
in the stock price carries over to call options on
the stock with similar implications for market
efficiency.

Because call options are unprotected against
payment of dividends. their pricing has to take
into account the change in the value of the under-
lying asset around the ex-dividend day. This
point has been recognized in the literature since
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It is well known that
the price of a share of
common stock is ex-
pected to drop around
the ex-dividend day.
Since call options writ-
ten on such undertying
shares are not pro-
tected against dividend
payment, a question
arises as to the behav-
ior of the prices of call
options around the ex-
dividend day. Assum-
ing a rational exercise
policy on the part of
investors, it can be
demonstrated that the
price behavior of
American call options
around the ex-dividend
day should not be dif-
ferent from that on any
other arbitrarily chosen
day. However. our em-
pirical analysis using
both parametric and
nonparametric methods
indtcates that. perhaps
because of a ““wrong™
exercise policy on the
part of investors, ab-
normal returns are ob-
served in certain cases.
This finding casts some
doubt on the presump-
tion of efficiency of the
American call option
market around the ¢x-
dividend day.
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around the ex-dividend day. Section LH provides a description of the
data, the methodology, and the results. The last section deals with
implications for market efficiency and relates the observed empirical
regularities to the basic theory.

II. The Conditions for No Profit Opportunities and Call Option
Prices around the Ex-Dividend Day

Sinece dividend announcements precede the ex-dividend day, the divi-
dend per share to be paid, 2, is known with certainty prior to this date.
The price per share of the stock is expected to drop by some fraction, «
(assumed to be known with certainty).” of the dividend per share on
this date.® By definition, at time £, the moment the stock goes ex-
dividend,

C‘E:SE*X"*“PE. “}

where Cpand P are the prices of the call option and the call premium
over parity, respectively, and X is the exercise price. The cost of carly
exercise of a call option is P, which is nonnegative to prevent arbi-
trage. It follows. for a given dividend payment, that rational investors
would exercise a call option before maturity only at the last cum-
dividend day. On that day. the benefit from early exercise {ignoring the
risk-adpusted returns on the short interval of time between the two
days) ts equal to the expected reduction in the stock price, aD. In other
words. rational investors would exercise their options on the last cum-
dividend day if the expected stock price drop is larger than the ex-
pected premium on the ex-dividend day, that is. Py << af). The ex-
pected premium on the ex-dividend day depends on several factors.
such as the stochastic process generating stock prices, the depth in the
money of the option. the riskless rate of interest, and the time to
maturity. In general. P may be less than ab).

The magnitude of the dividend to be paid is known with certainty on
the last cum-dividend day. The option price on that day should reflect
the expected drop in the stock price on the following day such that the
expected option price on the ex-dividend day is equal to (again. ignor-
ing the risk-adjusted return between the cum- and ex-dividends days)
the option price on the last cum-dividend day, C: that is, C = Cp. If
the call premium at time C is nonnegative, P = 0, the expected pre-
mium on ex-day is not less than the expected price drop, Pp = al).

2. The assumptiop of certainty with respect to o is of no great significance. The
analysis would be similar if ¢ were uncertain. except that cumbersome notation would be
mtreduced regarding the expectation of « and its statistical relationships with the cum-
dividend stock price S und 3.

3. Past studies by Elton and Gruber (1970} and Kalay (1982} document a drop in the
stock price on the ex-dividend of, on average. approximately 75% of the dividend per
share.
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Phe implications of the anudvsis above for gha: b *E';;aaiu:' of option
prices arvind ex-di udamé E nes are obviows, Options that are deep in
the moncy and close o maturity, whose g?icmmm GVOP purily arg
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investors follow o retional exercise policy, the ex-dividond day behue
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I Daty, Methodelogy, and Resulis
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The closing prices of Amcrican vall options whose underlying stovks
went ¢x-divig fu; Fuere mEEcqu from the Aoy of Repidata, aconuner-
ciad data service. Thiy data service provides daily prices ofL among
other seouritics. stocks and call aptons Yor the maost recent bh days
Fhe duin ure updied continuously by the sorvice with 1 da

being added nnd dropped. respedt m:E ab the end of ench radim

Io this studv, the data used mclude aE dly call opbon prves To ;iéc
period between April 1979 aad June 9800 The resulting sample con
sints of 4464 American coll ophions witlen on %?\‘% \%a‘wés,\ Inaddiesn
the relevant ex-dividend dates. dividends por shorel andd w\z:s‘cé»z:
prices of the opuons were ahw 0o iwicd from Rapideaie, The number of
gptions moour semphe oxceeds by Tar the number of stocks s s
almost all cases there are <everal options wrillen af vurous oxerene
prives and maiz:a'é%* d’z%w on e same stck s This, of vourme, feads o
statistical dependence u the rentived returs: the effent of paymaent of
dividends on the xim'éﬁ may be simibar Tor ol the options. In order
averd this problom of stutistical depeadence s we rundomby chose ong
aption from coch stock. The resulting subsample contains 316 options,
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on a randomly selected day. For each option, the daily expected rate of
return is estimated using 66 daily prices surrounding (but excluding}
the ex-dividend day, taking care to include only days in which the
option has a positive trading volume. This selection criterion ensures
that only actual trading prices are used.® Thus. assuming stationarity of
the process generating returns, the daily return of option j for day ¢ is
defined as

2)

where (), is the price of the call option at the end of day 1. The
expected daily return of option j is
T
— E \"
Ri=-— > R
i Ti ;/TJ]

ful (3)

where T;is the number of days (out of the 60 days surrounding the ex-
dividend day) on which the volume of trade in option j is positive.
Similarly, the standard deviation of the daily return is defined by

I,
W [ N el
87 = Mf; < (R, — R (4)

Next we define the standardized excess return (SER) of option j for
time ¢ to be’
R, - R
SER,, = (“—Sil' (5
=

where R;, is the realized daily return on option j for day ¢ and §, is the
estimate of the standard deviation of the daily returns of option J.
computed using the same data. For example. if' the distribution of
option returns is normal, the distribution of SER; is standard normal.”

To analyze the behavior of option prices on a typical day. we select
randomly an SER for one day for cach option, SER,,. The resulting
sample of 316 observations cxcludes the ex-dividend days around
which the SER’s are calculated. We follow a similar procedure in

&, Early exercise is not considered a part of the trading volume according Lo both
Chicago Board Opuions Exchange (CBOE) and American Stock Fachange (AMEX)
rules.

T A similar methed of calculating excess retirns s used by Masulis (19800 and shown
by Brown and Waracr (19801 10 be as robust as the traditional definition, which uses the
market model as a specification of the underlying returns-generating process. The major
advantage of these methods is that they require ne mare than stationurily of the underly-
ing stochastic process.

8. However, & Kolmogorov-Smirnov one-sample test led to rejection of the null hy-
pothesis of the normality of the SER's ot the 19 level, The maximum difference beiween
the cumulative probability distributions of the sample and the standard normal s 17,8374
which is significunt at the 159 level.
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maxnmmn difference horween i? sobwy OPDs s 1 ool &
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cised cum-dividend, We also find that ondy this groop Bus o probabiiity

distribution that is s mfam wly differen from the stumdord noroual
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observations i the tandom duy mawé* are above the combined me
dian E??f ot of 36 f}ss;"i‘csf‘; ine a oy tests bowever, we ind the x
value 1o be 360 fsee coll 6 in iz% sle 61, which s ot sigmfivant al the
% level ' Henee, comsistent with the paramotiie wests, the non
parameirie ests ndicnie E%m the modin oocoss return on the oy
dividend doav s not diferen! Drom thad on oorandomly solectod doy,
Nent, we divide the xample e four subgroups ays deiilod i rows
-3 table 30 repeating the test For uch of them As capected. we fud
to refect the hypothesis that the samples of the NERA S of out-of-the

e v wgﬁt‘zzm with Jarge and smadl divideads. respectivelv, and the
sample of YER S ona gm%@am davy wre drown from a populaiion with the

same median see rows 2 wnd 3 in tuble 21 Furthermore, the By pothesis
that the median SERY of tne-the-money options whose fast cum
dividend premium 15 nonpositive s cqual to the moedian SER on o
random day bs reected w the uié Plovel, The v valus i this Gise i
4839 Obviously iEm result s to he oxpected: the options contained in
this group should have boon exorcred cumedvidend, as discussed var
lier. Again somow iz‘ ENTEY STR LS TR I Vm* refection, af the 001 level of the
331; wihc b5 that the median SERY of so-the-money options, whose |

ume-dividond promium s posiive, b cgual to the median YER o
candom dav s row Jn Gibsle 31 Binee those ophivns shoukd ant i
heen exercised. thetr behavior on the ex-dividend day should not dif
from that oo any other day . As i the vase of the Kolmoy >a‘e"s1~‘*~,zz‘aazmw
two-sample lests, the possible explanation for this result 15 very Tkel
1o be the mewsurement eoror i the last coum-dividend premium. resuli-
g i the mischssification of some obsorvations

i1

IV, The Supply Side

The cmpirieal evidence ;m‘xcmui i the proviows <eotons siggosis
that options which <hould E};m boen exeroned on the last Qum
dividdend dav exhibit sionilicantlv nowative aowess roturns i held du
g the cumeos-dividend merval of tme In other words, the dada
anply that simve the options in the sample ol bave positive trads
volinme during this pertod. ot Toust i some cuses The apiions 1hu
showld huve boen oxercised by rntional imvestors have ot been, The
guestion remtains, What fractiion of such oplons Femains unexcrcised
during thys interval of tme? This informabion | 'mgm fant sinee il van
B used s the hass for an ostimate of the probability of corly excroese
v the last cum-dividend aé‘ﬁf‘ This g":;"o%:;hiisé; smale o tuen, b

mplicitions for murket cfficioncy, st 1 iy a uma;zé determinant of
E% woprofitability of tradme around the cx«ééxédmz% iy,

Phe importancs of the probability of carly oxororee van e sliustrated

P Doy sdetabe on the fandormalion towoy tont, e Mepel 290 e TH



Ex-Dividend Day Behavior of Option Prices i25

by the following situation. Consider the case of a trader who expects
the price of the unexercised option to drop by 5% in the cum-cx-
dividend interval of time. Supposc further that his transaction costs are
.5% of the option price. The trader would wait until the last minute of
trade on the last cum-dividend day and scll the option short. If this
option is not exercised he will cover his position the next morning and
his net-of-transaction costs gain 1s expected to be 4.5%. The story,
however, is not so simple. The Options Clearing Corporation of the
option exchange receives exercise orders during the day and assigns
them (randomly) to traders the next morning. Thus. our trader could be
informed on the morning of the ex-dividend day that the option he
wrote at the closing of the previous day has been exercised at that time.
He would then incur the transaction costs without gaining the price
drop. If. for example. the probability of earlv exercise on the last cum-
dividend day is .9, the expected return of our trader is zero cven
though the price of the uncxercised options drops by 3%. Therefore, if
the probability of early exercise on the last cum-dividend day is high
enough, an obscrved drop in the price of unexercised options may still
be consistent with no profit opportunities.

An indirect estimate of the probability of early exercise on the last
cum-dividend day can be obtained by comparing the open mnterest at
the end of the ex-dividend day (i.e.. the number of live contracts) to
that on a randomly selected day. A sigmificant reduction in the open
interest around the ex-dividend day implies an increase in the probabil-
ity of carly exercise.,

To estimate the prebability of early exercise. dailly data on open
interest of all options traded on the Chicago Boeuard Options Exchange
{CBOE) and Amencan Stock Exchange (AMEX) were collected trom
Rapidata. Since this data service maintains data on the open inlerest
only for the last trading day, updating it daily for the entire samplc
period involves substantial costs. We were, therefore, forced 1o imit
the sample period to June 16-July 30, 1981. To be included in the
sample, each option had to have a complete data history on the open
interest for the previous 23 trading days. This sclection procedure
resulted in @ sample of 1,368 options cach having 25 daily observations
of open interest. From this sample. we separated those options whose
underlying stocks had gone ex-dividend during the 25-day period. The
resulting sample included 289 options. each having 25 daily observa-
tions of open interest.

Assuming that the stochastic process gencrating open intercsts is
stationary. we estimated its mean and standard deviation making usc of
20 daily observations, excluding the ex-dividend day and the 4 days
surrounding it (i.e.. excluding davs ¢ = 2. - 0. + 1, and -2} The
standardized excess open interest of option j at time 7 by

SEOL;, , = (01, ,  OI)SDOI,. (7
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where O, and SO, are the estimuated mean and stundord doviation.
respectively, The standardized oxcoss apen mierosis e averagad
crosi-sccbionally i ovent Thime (o gol

Zow JEOL = - > SEOI1, o

whore WV, v the number of options for which S£004, ) i computed for
iy 7.

Phe rosults of the computations shove are reporiod i talde 40 The
TREIN 3 v provides the index of the dus ét* the event tine relaiive 1o
the ex-divic Euzaé day, Jduv G0 Column 2 furmishos data o the zetalishios
fhe., am Croms-sevtionad moan i sai&a fmi CRLUES OPON ERlorosis

defined i ey 18] abovel with the restalistivs ol the o For o partwuby
day provided mothe respective row of column 3,

f;

v Eub
The a:w;é ence imbicates that the open interest on the cx-dividend din
and davs fust belure and aftor is no §EE3 rent fromy that on o randomly
selected duy, For cxamplol the o &i v of the null Eng hosts on the
ex-dividend day [dav O3 is GLRO0A, bs. insignificuily Eai"étam‘é from

0 at the 3% fevel ™

Columps 4 and 5 relute to the same stabistics as i columns 2 and 3
but refer only to options thatl are oul of 1he money the aE' | iﬁc{m‘y the
cx-dividend dav. As expected from o provious analyvers, the resulls
are o different fraom those of the overall 5&;55}133%&“ ,"REUM EEN&‘E&WEH%&
stmilar evidenoo was obtained for the twe subsamplos o ethe-money
aplions. Columns 6 and 7 e:il*‘ 10 - themoney aplions w ?zuw FrUTIHG
on the day before the excdividend day are postiive. Smitarty, date tor
w-the-money options with pegative promia are presented in the last
two columns,

Contrary 1o our expectations, the analysis bascd v thes sample medi-
cates that the probability of c:;;'E“; cacroine o the davs st prios o the
ex-dividend day s one different from any othor Jday, even Tor thos
options where varly oxercise mayv be warranted. Therefore, the docoe
mented discontinuily i ophlion prices &E‘e%i%%’i{i the a.wwm?cfza? diy
sucs [ sugpest the exaslencs of profit eppertumitics b o ralor,

T

i The srmbor of obsorvaliors B omchr iy vt e s Tl e el renn
ssnvidiy Us s Ve vy Brom e evalivedend doy on etthior snde of sere The s
firs 1, bevatse the exdividend detes ure not uniformby distribaed thronghout e sompie
aeriod. and second. because ebhorvations Tor o taw duvs wre minng

ES Agonrding tolhe mades of the leaving vorpsarations of Doth the AMEN and OROEL
premiigre onereises of gall aptions are reflected i open interest dats the Tolfow ing
J FERE B A

sl

Howoever, aor cnugniries with ofBeuds of the two exchanges imdic
frisding szh.w* o he unptched umd g by w s den o o rhis
Bepsthesic not st for i P hat for e fos davs betore and ot
5

dafTorero s iR senaie
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iv. Cenclusions and Implications Tor Market Efficiency

lo the case of in-the-money optious with nonpositive premia on the lusi
curn-dividend dag, we have found significantly negaiive excess relurns
around the ex-dividend dav. Thos, a policy of selling short on the lass
cum-drvidend duy and i‘cg*zm‘g%aga\ém on the following Jduy could 2
signtflonnt excess retuen, 10 does, this is o clear evidenes of nuark o
mefficioney. However, we arg wmm&émz doubtful about the possibiling
of anactive tading rule that generalos cacess returns nel of transw o
conts (O submtting U
mﬁ;gﬁ&‘m‘c ins g*a;w Pol this statement!) Ax has beon noled by others
{see Plallips and Smith 1
option markel are E‘;zgz;; annd most likely oxceed the gams {rom the
strategy that 1 snggested by the empirical rosulis

On the other hand, the evidence veporiod hore reparding onin
with nenpositive gm mua on the st cum-divide saf day s strong enou g%
(0 raise SOomd ques - Why do the holders of oplions not exereie
thom on the last cuim gEm adend duy? By the same o
buver choose to buy these options on the st cunedividend day rathe
than wail o day und, on averags, éma iéwm ata bwer prive? T éza}i*} o

1

v paper for publication should be ke ax

D803, the trunsaction costs of muding in the

hon why ;Easw s

Fl

the extent that o large trading popalation of fvestors oxisty., vwhicl

decided o frade in iE st Emw,zé E‘w wasefs urroleted 1o tha Jivi

dends. why does their ‘wz‘éx‘ésia*a‘;ziémz of the tindne of rade sod ehiminute

these negalive e
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