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INTRODUCTION

The ohjective ol this article is 1o extend Tucker’s (1991, p. 351 333}

relationship between stock index Tutares and stock index options with
the consideration ol continuous dividend vield. Some empirical results
are presented.

Arbitraging between stock index futures and stack index options
(A simiar strategy of arbitraging index Tutures and the underlving stock
index porttolio is called index arbitrage ) is quite possible because futures

and options written on the same index are available Tor the Standard and
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Poor S00 index (5P 50000 the Standard and Poor 100 index (SP 1003,
and the Major Market Indes (MM Furthermore, indes options and
imdes Juteres have commuon expiration davs ithe third Fridav of March,
June. September, and Decembert,

Consider the fallowing  hyvpothetical situation: the December
SP 500 futares i trading at 8430, the December 430 SP 500 call
iv trading ot ST and the December 4300 SP SO0 put is trading a
S50 Note that the options have a multiplior of $100 while the SPP 500
futures huas o multiplier of $300 per contract. Consider the following

Si!';!itig}:

t Doy 10 contracts of December SPOS00 Dutares at 4300 short 30
contracts of pril 430 SP 500 calls, and receive a total premiom of
SRGLOO0 S TO times T times S0

i Long SO contracts of April 430/ 5P 300 puts and pav a total premium
of 540,000 188 times 100 times S0,

Consequenthy. there s o S10,000 net cash to the arbitrager. Tgnoring
marking-to-market and the margin requirements, the pavoft from the
futares position and that from the options portfolio exacthy cancel cach
other on their commaon eapiration L.i;i}. Fhis mecans that, the above
situation allosws the arbitrager to reap ariskless profit of S 10000 helore
commission. In competitive futures and options markets, there should
be no abnormal riskless arbitrage profit.

Fhis article examines the arbitrage-free pricing relationship between

stock indes Tutures and indes aptions written on the stock index.

rd;rtinnsinp to SPS00 indes Putures and options. Since there are a lTew
cmpirical studies on the general futures-options parity, this article hopes
to shed some light on the arbitrage-free relationship between futures
and options markets. Acknowledging the Timitations of 4 small sample
and using dailv closing prices, the empirical results suggest that the
arbitrage-free pricing relationship between 810300 stock index {utures

and indes options holds Gairly well.

lhere wre three fupes ol SP 300 options contiaet, v SPASPE and NSY The SPN contract
has twe neorin eapratinn months and as c‘\!lildlliill woanths as fonr months froan the
March fune December el The finad settlement price s based on the closing sahe of the
vades anthe thed Pridins of th evpirition month. The S contract bas Jone cnd December s
the expiration months aod up to o vears of maturine, The NSY contract is the same as tie SPY
contawt exeept that the sertdement prive is Based an the opening price of the indes oo the third
Fradan ol the expivation manth Fordetande see Dubodaha ool o Ao 24T Bar simphiciy, thas

discussing concentodes on SN
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A GENERAL PUT-CALL-FUTURES PARITY
Tucker (1991 po 351333 provides o general put—call- futures parity.
Essentially, Tucker's paritvis put into a vigorous theorem and we provide
a corollary that explicith considers o continuous dividend vield. The

assumptions of the parin are:

Al The index tatures and the index options have the same expiring
dutes;

A2, The stocks have no dividend pavouts (this assumption is refased
Later)s

A3 Transaction costs are zer0;

A4, The index stack options are not exercised carly, e the index
options are Furopean options:

V5. The futures position is held undl its expiration:

A6, The markets are arbitrage-lrec.

Theorem.  he arbitrage-free pricing relutionship between index futures

wnd mdex call and put options 15 given s

e ¢ =P+ XNe (1
where
I — stock index futures price;
= risk-free interest rate;
= the tme untl the fusures and uplinns‘ contracts v\‘pirc:
C indes call option price with AN enervise prices
P = mdex put option price with the same

exercise price as the indey call option;
N o exeretse price of the indey options.

Proof: (4 Consider a portfolio with a long position ol index futares
contract at a futures price of Foand invest Fe 70 in g riskless security
at r lor o term t. Pavol? from the futures pusition is equal to (5, )
where S, s the index level at time 10 Pavolt [rom the riskless investment
at ume tis FooThas, the total pavolt from the long position of index
futures and the riskless security is S, = F 4+ [ S, The index fatures
contract has no value at inception. The beginning value of the portfolio

¥l

is e i) Consider another portfolio that contains one fong index
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call option, ane short index put option (hoth have the same exereise

price] and invest Xe "Omoa riskless security. Actime £ there are two
possibifities:

Case T—il stock index levell s, s greater than the exercise price,
then the index call option has a value of S, = XN the index put
options has no valae, and the riskless security has a value Xo The
portlolio value becomes S,

Case 2—il stock index levell 5,0 is smaller than the exercise price.
then the index call option has no value. the index put option has
i value of =X — S0 and the riskless security has a vidue X The
portlolio value also becomes S

The twe portlolios in G and Giv have the same value w tme 10 In
arbitrage-tree markets, they must have the siome value todayv. QUELD.
Corollary.  Dividends do ot have amy tmapact ose the above theorem, e,
asstmption: A2 ix not vequived to derive the Theoren

Progf:  Assume that there is a continuous dividend vield, 4. before the
index Tutures and options expire. With the cost-of-carmy relation in the

ill(;("\ iallllil'('.‘i I]E}ll'g\'(’l. ang H])lkiéﬂ.\ﬂ
P LS (2

where S bs the current stock indea Tevel,
in the indey options market, wssume put - call parity [Stoll (19691]

holds, one obtains:

(R
=P+ Ne et = 8 (3
Compare eqs. 120 and £33 together:

fo v d o P N Thpt

e 7 ¢ P Xe
Hence, the continuous dividend vield, . does notalTect the theorens in
Ll Q.10
METHODOLOGY AND EMPIRICAL RESULTS

The June and September 1993 contracts of SP 300 index futures, index

options prices (SPN call and put aptions with saume exercise prices),
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and 90-day Treasuey Bill rate are from the Wall Street Journal. There

are 337 and 364 usable observations in June and September contracts,

respectively.
To test eq. (1), a regression model is run with Fe ™ as dependent
variable and (€ = P+ XNe ™V as independent variable. The modcelis as

{follows:
(Fe ™ o=+ BUWOC — P+ Xe T4 gg

where 1 denotes the observations and e s the random error ternt

The null npothesis is that o = O and = 1. The results are;
(0 June, [993 contract:
(e ™y = 126121 + 097170C - P < Ne ')y
(6.8234) (L0154
standard errors are in parenthesis:

adj. BY - 0.9219;
F-statistics for o = 0 and 3 = 1) = 33721

iy September, 1993 contract:
e ")y - 31260 + 0O888C P+ Xe ™'Y,
{3.1387) {00069

standard errors are in parenthesis:
. ]
adj. R~ 0.9826:

I'ostatistios (for o = O and B = 1) = 26327,

The «'s are not significantly different from zero and the B's are not
significantly different from 1. The Fostatistics for the null hypothesis of
== 0and B = | are not statistically significant. The empirical results
suggest that the arbitrage-free pricing relationship between 8P 500 index
futures and options holds Fairly well.

Recognizing the limitation of using daily closing prices, a simulation
is conducted to examine il there are abnormal trading profits from any
violations of the pricing relationship for each obsenvation. Following
Chung (1991} a 0.3% transaction cost is used.? For the September
contract. there are no violations ol the arbitrage-ree pricing relationship.

. . . , . o . 3
For the June contract, there is only one violation in 377 observations.

Chong 1991 abso used 00737 and 17 ransaction costs

B .
Detail resuies re available apon request
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SUMMARY

Phis article extends Tucker’s 11991} general put—call—futures parity by
considering a continuous dividend vield. In addition. u small sample
empirical test s performed using SP 300 index futures and indes
options. It is shewn that the discount index futares price must be equal
to that of the call/put aption-riskless asset portfolio. The empirical
results suggest that such o pricing relationship holds Giirly well and

arbitrage looks unattractive.
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