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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 is expected to drop in this time interval.
The expected priee drop around the ex-dividend
day has been compared to the dividend per share
in various past studies {Campbell and Beranek
1955; Durand and May I960; Elton and Gruber
1970; Kalay 1982). The documented behavior of
stock prices around the cx-dividend day seems to
be consistent with market efficiency, that is, il
provides no profit opportunities. An interesting
question that arises is 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
(he price of a share of
comtnon '̂ tock is ex-
pected to drop around
the cx-dividend day.
Since call options writ-
ten on such iindcriying
shares are not pro-
tected against dividend
paymeni. a question
arises as to the behav-
ior of the prices oi' ca!l
options around the ex-
dividend day. Assum-
ing a rational exercise
policy on the part of
investors, it ean be
demonstrated that ihe
price behavior of
American call options
around the ex-dividend
day should not be dif-
ferent from that on any
other arbitrarily ehosen
day. However, our em-
pirical analysis using
both parametric and
nonparametric methods
indicates that, perhaps
because of a "wrong""
exercise policy on the
part of investors, ab-
normal returns aic ob-
served in certain cases,
't'his tinding casts Nome
doubt on the presump-
tion of efficiency of the
American call opiion
market uround the ex-
dividetid dav.
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around the cx-dividend day. Section 111 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

Since dividend announcements precede the ex-dividend day, the divi-
dend per share to be paid, Z), is known with certainty prior to this date.
The price per share of the stock is expected to drop by some fraction, a
(assumed to be known with certainty),^ of the dividend per share on
this date.^ By definition, al time E. the moment the stoek goes ex-
dividend.

CF. = S,: - X + P,,. (I)

where C^ and P^ are the prices of the call option and the call premium
over parity, respectively, and A'is the exercise price. The cost of early
exercise of a call option is /V- 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 al the last cum-
dividend day. On that day, the benefit from early exercise (ignoring the
risk-adjusted returns on the short interval of time between the two
days) is equal to the expected reduction in the stock price. oD. In other
words, rational investors would exercise their options on the last cum-
dividend day if the expected slock price drop is larger than the ex-
pected premium on the ex-dividend day, that is. Pi < aD. The ex-
pected premium on the ex-dividend day depends on several factors.
such as the stochastic process generating stoek prices, the depth in the
money of Ihe option._the riskiess rate of interest, and the time to
maturity. In general, /V may be less than aD.

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 refleet
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. Cc ^ C,:. If
the call premium at time C is nonnegative. P( 5- 0. the expected pre-
mium on ex-day is not less than the expected price drop, P^: ^ aD.

2. The assumption of certainty with rcsptici to n is of no gre;it signilicaiice. The
analysis would be similar if <; were uncerl;iin. except thiil cumbersome nouilion would be
inlrodiiced regarding the expeclalion of <; and its stalislical relalionships with ihe cum-
dividend stock price .S\ and D.

3. P îst studies by Elton and Gruber 11970) and Kalay (19821 document a drop in Ilie
stock price on the ex-dividend of. on average, approximately ly/r of the dividend per
share.
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on a randomly seleeted day. For eaeh option, Ihe daily expected rate of
return is estimated using 66 daily priees surrounding (but excluding)
the ex-dividend day, taking care to inelude only days in whieh the
option has a positive trading volume. This selection criterion ensures
that only aetual trading prices are used.^ Thus, assuming stationarity of
the process generating returns, the daily return of option,/for day / is
defined as

f<i.i = ^^"~^'' ' I (2)

where C,,, is the price of the call option at the end of day /. The
expected daily return of option./ is

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

7,

' ' r-i

Next we define the standardized exeess return (SEK) of option,/ for
time / to be''

where /?,,, is the realized daily return on option,/ for day / and S, is Ihe
estimate of the standard deviation of the daily returns of option ,/.
computed using the same data. For example, if the distribution of
option returns is normal, the distribution oH SEKj is standard normal.^

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

6, Karly exercise is no! considered a part of Ihe tradini: volume aceurding lo both
Chicago Board OpUons FAchange (CLiOl:) and American Slock hxcliarige lAMHX)
rules.

7, A similar method of c:ticiila!i[ig exces^ rel urns is used h\ Miisulis (i9H0) and '•liown
h\ Brown and Warner (19X0) lo be as robust as the triiditional dctniilKin. which uses ihe
markel model as a speeification of ihe underlying reUirns-geneniting process. The major
advantage of Ihese methods is that the\ require no moie Ihan stalionarily oi'lht- imderly-
ing stocliaslic process.

8, However. ;i Kolmogorov-Smirnov one-sample iesi led lo rejeclion of the null hy-
potiicsis of thf normality ot the .VAK's al the I'-' level, '1 he maximum difference between
the (jumulalive probabilily diMnhuiions of ihe sampie and ihe standaid normal is 17.83'-''.
which is signilk-;mt al the \9' level.
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£ Z î  '



UZ Hnnsm lit uu-,uu-hs

c i s e t l cuiM-vH'. iJcp.vi . W e :usu Und l i iui o u h i i i i \ g r o u p hA\ u p u j h a h i h i - ,
d i s l r i b u d o o l h a t i'- > iun iHc; i i i ! ly ; l i lTcu;i i i i r o m i tu ' -ii:Lnd;ii\l uo^ 'nui l

l,:i\t, du" h ) ' p ( > ! h e \ i \ ihui I h o N u m p l e o f .S/ . 'A'A's ŝ l ni t i k ^linno' ,
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L a r g e d i r iL-re i ice> u o i d d h e e v i i l e n e a a i a i m s t t h e nnH h \ p o t h e s i v

d i v k i e i K t d a v s a m p l e v-,iih i h e s j u n p l e otSi.R orj a u n i d o m ; , la \ , A s
p r e s e i i t e i , ! ni r o u 1 o l t a b l e ,v di^a*e nu. a b l o i n o i a a - i o a ^ !}ol<!'.'^ ilic
e o m h h i e i i n i c t h a n iii d i e e \ " d i \ H j c r k l d a \ -.amr^le la i t ol "̂ ^̂ '-a w h i l e n \ o r e
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obscrvali(M^s id Ihc r a n d o m da \ ' -idiiiplc a rc iih<i]\- the con^hnkrd nk^

d\'An (172 oiH of U ( o . P e r t o r n u n u ,\ x '̂-''̂ '̂ - hovvcxe i . v\e iinil the x

va lue k> be ; . ( i l4 !>ec eoL 6 in [able (o.. ^vlneh is aof ^lunshcant at ihe

'̂ '"'f l e v e l ' ~ l l e n e e . coiiM-^tcnt with (he p a r a m e t n e t e s t s , the iion

pa ixu i icu ic t e s t s i iuik-atc Ihai the m e d i a n c x e c s s re fnra on t h e ex

itiviilciiii d a v is not d i f i e rcn l iVom tfiat on a randiHuix s e l e c t e d d a \ ,

N e \ L w e dJMde the s a m p l e m i o t ou r •aii>oi\)nps a s de ta i l ed in r o u s

k) rcjeet ihe hvpothesi* . thai dk ' sample- , of the SliRX'-^ ui oui-oA-ihv

monvx op\um^< \v]ib h u g e .md smal l ihv ic iends . reh["»ev.dvel>.. .-md tlk:

sai i ipic of Si:R's ou a- r a n d o m dax a re drav^ n t r um ,1 p'Opnlation wnh ihe

Name m e d i a n i s c c r o u s 1 and 3 m t ab le 3'a I i m h e n i k s i c , the hv[H>!hesr^

diaJ die niedjmi .Si-'R.X of in -d i i j anonev o p t i o n s wi iose last e i im

d i v i d e n d p r e m n m ; is n o i i p o s i t i i c iS cqi ial k> tlic iriedum ShR ou a,

k n i d o m d<pv is l e j ee t ed ai d ie ,(H)| l e^ch I h e ,\ \aliK; m (his ^.a^e is

48 ,39 , Obvioyshy. , Uiis lx•^ulI is to be ex p e e l e d : ih-e oj it ions e(>n t a m e d in

this g r o u p s h o u l d hax \ ' b e e n c \ e i \ a s e i i vami d i x i d e n d , a.i t h s c u s \ e d ear'

l ic i . A e a h i somcw ha[ su rp i i s in i : is the reject lom at the , 00 ! lex cl. of the

h v p o t h e s i s that the m e d i a n SiJ{.\ of i n - d i e - m o n c x i)plu>!is. x\ho--o ia-.t

e u m - d i v i d c i t d pixMikum is [X)sidvc. is e q u a l k) dii: a k a h a n .V/'./\ on .i

randiMn ddv ( sec roxx -1 in tab le 3,a .Smce t l iese o p n o n s sho idd noi lue-. e

t ieen c x e i e i s e i L ihc i r behae. loi' on ihe , \ ihxadcnd day d iou ld not d i l l e r

from tha i on anx o t h e r dax ' \ s m the e a s e of the KeshiKx^oretvAmirnox

ixxo-sample tests,, t h e p o s s i b l e e x p l a n a t i o n fe*!' th i s resi ih ŝ xeix' h k c b

10 be d ie r n c a s u i c i n e n l e i i o i m Ihe hist c u m - d i \ idond p u a n i i m k i c su l l -

]ivj. m the misc lasMfica t ion ol si^mc sjbse? v a l i o n s .

Tho c i n p i n c a i cxadei ice p r e s e n t e d m m e firevk)us seeHeins siiasiests

d ivk lco t l dax exhib i t s i gn ihcan tK ne:4atixc t:\Le-=s r e t u r n s ii held d m

mg the emn-e,\~dix ideiuJ i n k a x a l ssf t i m e . In o t h e r v\o:iK die da ta

ioH'sIx tiial sHK'e ;hc o p t l o o ^ in ihc s a m p l e ail ikiX^e posilixx' irakliu^^j

visiume d u r i n g th is pe iKnl . al le.tst in s o m e ease-- tlK t spdons i l u t

••hotiid h a v e b e e n v 'xercised In raHoiial i n v e s t o r s h a v e liol b e e n 'OAC

qiieslkHi r e m a i n s . W h a t I r a e a o n of --iich o p t i o n s r cn i iun - u n e \ e r v i - . i d

d u r i n g th is in te rva l in ( ime ' ' T h i s i n f o r m a n o n is mipor(a>ni s inee it du,

he u s e d a s t h e Ih^sis foi an e s t i m a t e of the p i o b a b i h t x ^'tf e a r l i e x e r c i s e

un Ihc liist c imi - tNvidend ih*v, H i i s p ro lx ih ih i ) e s d m a t e ai m m , ha>

impl iea l io i i s i~or m a r k e t e f ! k a c n c \ . s ince li i-. a e m c i a l d e t e n n m a i i i ol

the pro l i lab i l i ty of i r adnsg ai'<nmd the ex- ihvkle(u1 d a x .

r b e i n i p o n u n e e of Uie probabi l i ty of e ,n iv e x e i e i s e e a a be ihusiraicd.



Ex-Dividend Day Behavior of Option Prices 125

by the following situation. Consider the case of a trader who expects
the priee of the unexereised option to drop by 5% in the cum-ex-
dividend interval of time. Suppose further that his transaction costs are
.5% of the option price. The trader would wait until the last minute of
trade on the last eum-dividend day and sell the option short. If this
option is not exercised he will cover his position the next morning and
his net-of-transaction eosts gain is expected to be 4..*^%. The story,
however, is not so simple. The Options Clearing Corporation of the
option exchange receives exereise 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 al the closing of the previous day has been exercised at that time.
He would then incur the transaction eosts without gaining the price
drop. If. for example, the probability of early exercise on the last cum-
dividend day is .9, the expected return of our trader is zero even
though the price of the unexereised options drops by 59}. Therefore, if
the probability of early exereise on the last cum-dividend day is high
enough, an observed drop in the priee of unexereised options may still
be consistent wqth no profit opportunities.

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

To estimate the probability of early exercise, daily data on open
interest of all options traded on the Chicago Board Options Exchange
(CBOB) and American Stoek Exchange (AMEX) were eoileetcd from
RupidaUi. Sinee this data service maintains data on ihe open interest
only for the last trading day. updating it daily for the entire sample
period involves substantial eosts. We were, iherefore. forced to limit
the sample period to June 16-July 30. 1981. To be included in the
sample, eaeh option had to have a complete daia history on the open
interest for the previous 25 trading days. This seieetion procedure
resulted in a sample of 1,368 options each having 25 daily observations
of open interest. From this sample, we separated those opiions whose
underlying stocks had gone ex-dividend during the 2.'i--day period. The
resulting sample included 2S9 options, eaeh having 25 daily observa-
tions of open interest.

Assuming that the stochastic process generating open inierests is
stationary, we estimated its mean and standard deviation making use of
20 daily observations, excluding the ex-dividend day and the 4 days
surrounding il (i.e.. excluding days / = 2. 1.0. f l . a n d -^2). The
standardized excess opeii interest of option,/at time i by

- [01 j_ , OIjVSDOIi, (7)
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hisioiss and Iniplk-ations for Market Kflk

In the c a s e of in - the - ioo i i ey o p t i o a \ wi th nonpowlixc p rcn i ia on the hiM

cu i i i -d ivu lend d a y . w e h a v e S'oyrui -iipiiHiciuiily i i e g a u v e e\ce>N fc!;ii n\

afiujriil (he e x - d i v k l e n d d a y . Thus , a pol icy of sell ing shvri mi liie his!

cuiii-diVKleiKl dny arid rof>iifehasing ou ihc ib!lo\vinj_' d a \ eou ld Civiu

s iga i l ieao i c x e c s s rcliirtL If ii d o e v . ifijs i". a e loar e v i d e n c e of marker

foeSficicney- l l u w c v e r , i \ e .HV MsmcuhiU douhlf i !! a b o n l ihc pos- , ihih! \

of an a c f n c li'achiig rule dial i i e i i e ra ics cx-jcs-, re tui i ih nel oi'ivdn^jxilmi

c o s i s . iOiiv s i ihinii tHig i h i \ papc i for p u h h i a t i o n shou ld be l a k c n aN

e v i d i n e e in ^!ilppvHl of this ^^tatenieul!) As l ias hocu iir^tcd nv o t h e r s

(see f*hiHip\ a n d S m i i h I98i)i. Ihc I r ansae l io i i co->is oA tradiUi.; iu ifsc

optH)n m a r i c t a r c high a u d inos! likeK c x e e e d the ga in s l r o m (he

s t ra t egy tiial is s u g g e s t e d b> the e m p i r i e a l resuli-^.

O n the o t h e r h a n d , the e v i d e n c e r e p o r t e d he re rcuardi i ig opnon--

wi ih n o i i p o s i i i v c p ivn i ;a o« HK' last e u i i i - d o icicnd d a y i\ stroHig e n o u g h

ijj rai-vc s o m e cpics t io i is . Why do the h(?!dcrs of c^i'-iioiis iio! e \ e i c i s j

[hem on Ihe last euii i d i \ i dc i i i i da \ \^ B \ i h e s a m e l o k c u , \\h\ J o u s ^n-

buyer choc^se \.o bny i h c s e o p f i o n s on the iasl euin-!,i!\ idend day radvjs

than wai l a d a y ani l , or; a v e r a g e . b u \ shein at -A hrvM;r n r i c e? biiialiy , io

t h e e x l e n i ihhl a large t r a d n i g p^ lpuian t 'n of HIVCNIOI'S c \ i s : - . wh ich has

d e c i d e d io t r a d e ia th is tiiiio n i l e iva l for re; tsoiis iinixditlcif l o da , do . ;

d e n d s , v\1iy t ioes t t ie ir eons idc]"a l ion of i h e tain'T^u of h a d e not ehs i in ia te

Ihese rieiiative r e i u r i i s ' '






