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SHORT-SALE CONSTRAINT, ASSYMETRIC LEAD-LAG RELATION

AND IMPLIED VOLATILITY DISCREPANCY

Abstracts

We investigate why implied wolatility of call option on KOSPI 200 index 15
significantly different from that of put option. From May 2002 to May 2005, the sample average
of implied wolatility discrepancy (implied volatility of call option minus implied volatility of put
option) iz negative. We show that short-sale constraint i the spot market causes negative
implied volatility discrepancy. We also show that, due to the short-zale constramt, the lead-lag

relation iz stronger under bullish market than under bearish market.



SHORT-SALE CONSTRAINT, ASSYMETRIC LEAD-LAG RELATION

AND IMPLIED VOLATILITY DISCREPANCY

L INTRODUCTION

The implied volatility in an option’s price reflects the market’s assessment of
the average volatility of the underlying asset over the remaining life of the option. As
such, the implied volatility has been widely used as an ex ante estimate of fubure price
movements, and its informational content has been documented in numerous previous
studies. However, 1t 15 comnmonplace to observe that implied volatility of call option 13
different from that of put option with the same underlying asset, strike price and
expiration We define this phenomenon as the implied volatility discrepancy, or shortly
the wolatility discrepancy Market practitioners and researchers usually ignore the
volatility discrepancy, and choose one of the two for their convenience or male an
arithmetic average of the two implied volatilities.

The implied volatility discrepancy means put-call party relation does not hold.
FPut-call parity 15 a strong arbitrage relation between European call option and put option
with the same underlying asset, strike price and expiration,

St - XeT I =9 - P°
where 5 15 underlying asset, P 15 price of put option, C 15 price of call option, 2 15 strike
price of the options, r 15 riskless interest rate, t 15 current time, and T 15 maturity of the
options. If the relation holds, volatility of call option should be equal to that of put
option. If the relation wiolates, they cannot be the same, resulting in the implied
volatility discrepancy.

According to previous literature there may be many reasons why put-call parity



violates. Although Famara and Miller (1995) reported that 1f transaction cost involves,
there are many small violations that cannot be arbitraged away, and they do produce the
inplied volatility discrepancy Another possibility 15 that the underlying stock market
and the option market are not synchronized, 1.e. either the underlying stocl market or
the option market 15 inefficient, or both. This is known as the lead-lag relation

The lead-lag relation refers to how fast one market reacts to new information
relative to the other, and how tightly the two markets are linked In a perfect economy,
price movements of the two markets are comntegrated, 1.e. contemporaneously correlated
and not cross-correlated. In a real economy futures and option markets are reported to
lead the underlying spot market. For example, Kawaller, Koch, and Foch (1987) report
that the lead from S&P 500 futures to 5&P index price extends between 20 and 45
mirntes, while the lead from the index to futures prices rarely beyond one mimite. Stoll
and Whaley (1990) find that 3&P 500 and Major Market Index (MWD futures returns
lead stock index returns by about five minites on average, and occasionally by as long
as 10 minutes or more, but the feedback from the cash market into the futures market 1=
much shorter than that. Manaster and Rendleman (1982}, Bhattacharya (1987), Anthony
(1988) find evidence that option market leads the spot market.

The lead-lag relation between the linked markets may be attributed to several
factors. First, the futures or option market performs superior price discovery to the spot
markets. Investors with valid private information generally want to take advantage of
high leverage in the futures or option market Thus, we might expect the futures or
option market leads the spot market 1f the information trading 15 effective in the marlet.

Second, the lead-lag relation may be attributed to infrequent trading in the spot

market. For example, since some componert stocks consisting of index portfolio may



not be traded frequently, observed index wvalue, which 15 the average of the last
transaction prices of component stocks, cannot reflect the actual developments in the
stock market and lag behind true index levels If futures and option trades actively and
can update information at once, they will lead the index level Harris (1989 derives an
estimator of the underlying index walues using a simple one-factor representation of the
value-generating process to estimate the nonsynchronous trading adjustment. Stoll and
Whaley (1990) use an ARMA process to purge the effects of infrequent trading, and
extract the return innovations to proxy for true index returns. Lo and MacKinlay (1990)
examine the effects of nonsynchronous trading on the cross-autocorrelation pattern
They show that the relative nontrading probabilities of securities 1 and § are given by the
ratio of the covariance of past returns of § to current returns of 1, and the covariance of
past returns of 1 to current returns of . In other words, if secunty 1 has a higher
nontrading probability than security §, security 1 lags security | more than it leads. This
relation suggest that if the lad is only due to nonsynchronous trading, futures returns
will be dornant in leading returns of only those component stocks that have higher
nontrading probabilities than futures.

Third, the lead-lag relation might be due to transaction cost which is higher in
the spct market than in the futures or option market. Transaction cost consists of the
spread between bid and offer price, brokerage fee, and tax In Forean market, tax in
trading individual stocks costs 0.3% of dollar amount while trading futures involves no
tax. Brokerage fee and average bid and offer spread are usually smaller in the futures or
option market than in the spot market. If economy-wide information arrives the trader
will prefer trading futures or option to the stocks, and future and option will be

dominant in revealing the information



The last reason for the lead-lag relation 1s the short-sale constraint in the spot
market, the nability to borrow and short. Diamond and Verrecchia (1987) show that
prohibiting traders from shorting slows the adjustment of prices to private information,
especially with respect to private bad news. Since there 15 no short-sale constramnt in the
futures and option market, their prices are symmetric in revealing private good news
and bad news. Therefore, the lead-lag relation would not be the same under bullish and
bearish markets, and future and option prices should lead the cash index to a greater
degree under bad news. However, 1f the marginal arbitrageur has long-positions in the
stocks, and he 15 not constrained by short-sale restrictions, the index prices should not
lag futures and option to a greater degree under bad news.

The short-sale constraint in the spot market influences the implied volatility
discrepancy differertly from the other reasons for the lead-lag relation. If the lead-lag
relation 15 due to one of price discovery, infrequent trading of the stock market, or
transaction cost, the implied volatility discrepancy should be symmetric, 1.e. the sample
average of the volatility discrepancy 15 zero. However, if short-sale restriction exists in
the spot market, the spct price lags the futures or option price to a greater degree under
bad news, and the greater volatility discrepancy will be observed Thus, we expect that
the sample average of the implied wolatility discrepancy should be significantly
different from zero.

If the spot market lags the option market and this produce the implied volatility
discrepancy, it deserves investigation to see if there are any alternative methods which
does not produce the volatility discrepancy Using futures price rather than the spot
price as the underlying price of the options can be a natural alternative because futures

price 15 also reported to lead the spot price. Like option marlet, fubures marlet s



actively traded and less costly, and provides higher leverage for the informed traders
than the spot market There 15 usually no short-sale constramnt in the fiture market
Therefore 1t 15 reasonable to exploit futures price rather than the spot price.

In this paper we show that the implied volatilities of call option and put option
are significantly different because the lead-lag relation exists between the two markets.
We also show that the lead-lag relation 15 asymmetric due to the short-sale constraint in
the spot market, and this males the implied volatility discrepancy significantly differert
from zero. Then we suggest alternative methods that may not produce the implied
volatility discrepancy.

In the next section we develop the model to investigate the implied volatility
discrepancy. In section T, we suggest several alternative methods. Section IV describes

the data used in this paper and presents empirical results, and section V 15 a conclusion.

I IMPLIED VOLATILITY DISCREPANCY AND LEAD-LAG RELATION
Let us define the implied volatilty discrepancy as the difference between the

inplied volatility of call option and put option:

WDt =al,-al,

where IVD® iz the implied volatility discrepancy, o, and s

are implied
volatilities of call option, and put option respectively. The superscript, 3, means that the
inplied volatilities are calculated using the spot price as the underlying asset price.
Later we use fubres price or option implied spot price as the underlying price to

calculate implied volatilities. We also define the spot price discrepancy as the difference

between the observed spot price and the option implied spot price.



SPD=58%-387
where SPD is spot price discrepancy, 8° is observed spot price, and &' is option implied
spot price. The option implied spot price 15 calculated from the put-call partty relation.

§'=C =P+ X
where C and P are market prices of call and put option with the same stnilke price, 3
and expiration, T, r 15 riskless interest rate, and t 15 current time.

Suppose option market 15 more efficient than the spot market, 1.2 option market
leads the spot market. If negative information arrives at both markets, option price will
be immediately adjusted while the spot does not. Thus, at least for a while, the observed
spot price will be higher than the option implied spot price, so the spot price
discrepancy will be observed positive:

SPD=5"-5"=>0 (When negative information arrives)

MNow we back out implied volatilities by using the observed call and put option prices

and spot price.
ole?.5%)= fA8° X r T-6,C%)= fA87 + SPD, X r, T 1,C°)
alp?, 5°)= f2 (8%, %, 7T -1, P% )= (ST +SPD, X, r,T ¢, P° )

where G(CO,SO) and G@O,SO) are tmplied volatilities calculated from the observed spot
price and, call option and put option price respectively, f.. and oy are pricing functions
of call option and put option, and fou and f are their inverse functions with respect
to the wolatility. f.aq 15 an increasing function of both underlying price and volatility
while foy 15 increasing with respect to underlying price but decreasing with respect to
volatility. When SPD iz positive, G(CO,SO) will be lower than when SPD is zero, while

o(P° 2% will be higher. That is to say, negative information creates negative implied



volatility discrepancy when option market leads the spot market “With the same
argument 1t 15 obwvious that positive information creates posttive implied volatility

discrepancy when a lean-lag relation exists between the two markets.

wD® =gy, - ah, <0 (Whennegative information arrives)
WD =gl, - b, =0 (When positive information arrives)

If the reason why the spot market lags option market 15 due to one of its inferior
price discovery to option market, higher transaction cost, or infrequent trading, spot
price discrepancy and implied volatility discrepancy should be zero' on average under
the assumption that the effect of information 15 distributed symmetrically around zero.
However if it the spot market lags option market due to short-sale constraint, 1e.
investors in the spot market are prohibited to borrow and sell, the spot price movement
cannot be symmetric although the information effect 15 symmetric. When positive
information arrives at the market, investors rush immediately to buy the spot resulting
i raising its price. However, when negative information arrives at the market, the only
marginal investors that have already had positions in the spot can sell it immediately
Consequently the observed spot price will show an upward bias on average.

While investors are restricted to short sell in the spot market, they can simply
male a short position in option marleet, and the option price movements are symmetric.
Thus, the observed spot price will be higher than the option implied spot price, 1e.
positive spot price discrepancy. As we have seen before, positive spot price discrepancy
leads to negative implied volatility discrepancy To surmmarize, 1f short-sale restriction

exists not in option market, but in the spot market, the spot price discrepancy will be

! Althoush the effect of information is distributed symmetrically around zero, the
implied wolatility discrepancy may not be zero because option pricing function is convesx,
However, the effect of information iz small, the discrepancy is locally zero,



positive on average, and implied volatility discrepancy will be negative.

II. ALTERNATIVE METOHDS

Cne natural alternative method which circumvents the implied wvolatility
discrepancy is using futures price rather the spot price. Like option market, futures
market is also reported to lead the stock market and 15 actively traded and less costly
Furthermore investors can make a short position on futures, so there exists no short-sale
constraint in the futures marlet. Therefore 1t 15 reasonable to make use of futures price
rather than the spot price for estimating implied volatility, which 15 not expected to
represent the implied volatility discrepancy.

The second alternative method 15 to back out implied index and wvolatility
simultaneously from the observed call option and put option prices. If option market 13
efficient, so both call and put options are fairly priced, we can find out the fair level of
the underlying spot price that equates the implied volatilities of call option and put
option.

C% = fulS X T -t )
P°= f .80 % rnT-ta%)

where the superscript ‘0" means observed price, and ‘I" means imnplied price. The
unique solution pair, (37, o) of the above simultanecus equations can always be found
numerically 1f there exists no arbitrage opportunity.

We can find out the solution pair , (87, o) more easily by using put-call parity

relation. Because the unique solution always satisfies the put-call parity,
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5 =C%-PO 4 KT
find out option implied spot price first by using put-call parity. Then, calculate implied
volatilities of call option and put option by using option implied spot price as the

underlying price.

IV. EMFPIRICAL RESULTS
A.Data

We perform an empirical investigation using KOSPT 200 index option which is
European-style. We choose Forean market because 1t 15 one of the most actively traded
option markets, and the underlying stock market of KOSPI 200 index option restricts
short-selling. Sample period of KOSPI 200 index option is 1% May 2002 through 317
May 2005, 37 months in aggregate. This i3 chosen to take advantage of the most recert
trend of Eorean option market which has grown up to be one of the most actively traded
option markets. The data set are provided by The Eorean Exchange.

We include options only with at-the-money strike price due to the liquidity
consideration. When an option 15 in-the-money, its liquidity 15 too low to rely upon its
price. The at-the-money options are defined as the options with the strike price at which
the difference of call option price and put option price 15 smallest. Options with time to
maturity less than five days are excluded from the sample. These options may have
market microstructure concerns. Also we include only the nearest term to maturity
options. EXOEPI 200 index options which do not expire at the nearest term to maturity
are rarely traded and show large bid-ask spreads. Following Bakshi, Cao, and Chen
(2000) we use the arithmetic average of the best bid and offer quotes to avoid the bid-

ask bounce problem. “We calculate daily implied volatility of KOEPI 200 index option
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by inverting Black-Scholes option pricing formula The yield of certificate of deposit
maturing after 91 days after is used as the proxy of risk free interest rate for calculating
inplied volatility of KXOSPI 200 index option. Dividend yield on EOEPI 200 index 13
also provide by Korea Exchange. It 15 the sum of all the dividend of the component
stocks divided by the marlet capital of the component stocks, and based on previous

dividend history of each component stock with adjustment if necessary.

E. Descriptive statistics
To calculate implied volatility of index option we use Black-Scholes (1573)
option pricing formula
O, X, rg,aT-8=80Nd ) - Xe VTN (d,)
PE.X rgaT-8=Xe " T N(—d, ) - Se T N(—d))
-q(T-)
ln[ge ]+[:f"+l.::r2 ](T—r)
A 2
dy =
ajT -t

dy =d,— a Tt

where C and P are European call and put option prices on the spot price, t 13 current time,
2 15 the spot index at time t, 3 15 exercise price of the options, r 15 (constant) riskless
interest rate, q 15 (constant) continuous dividend yield, o 15 volatility of the spot index,
and T 15 expiration date of option To calculate implied volatility by using futures price
as underlying price, Black (1976) model 15 used.

C(F X, raT-£=e T [FNEd) - XNE,)]

P(S,X,r.aT -t =e T XN(-d,) - FN(-d))|
m[;] + % (T f)

d) =
a7 — ¢
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dy=d, - aT-¢t

where F 15 futures prices on the same underlying asset as the options. To use the above
formula delivery date of futures contract should be the same as expiry of the options. In
Forean market futures contracts on EOSFI 200 index matures only on the second
Thursday of March, June, September, and December while options on EOEFPT 200 index
expires on the second Thursday every month. Thus we separate the sample into two
groups. The first group consists of options with their expiration dates the same as
futures delivery, and the second consists of options with expiration shorter than futures.
Futures prices in the second group are calculated using cost of carry relationship.

& il
-1 oy

F=8 %F
where Tp and Ty are the expiration date of option and delivery date of futures
respectively, Fz is the observed futures prices maturing at time To, and Fy 15 the
theoretical future price implied by spot price and observed future price. Now as we
define implied volatility discrepancy when the underlying price 15 the spot price, we

define implied volatility discrepancy when futures price 15 the underlying of options.

wpf=al,-ay,

F_F F
where IVD', a.p, and a,,

are the implied volatility discrepancy and implied
volatilities of call option, and put option respectively The subscript, F means that the
underlying asset 15 futures.

Figure 1 represents implied volatility of call option and put option during the
sample pertod. When the spot price 15 the underlying price in panel &, we can see that

inplied volatilities of put options are higher than those of call options. Sometimes the

inplied volatility discrepancy amounts to more than 10%. The descriptive statistics is

13



shown at table I Mean and standard dewiation of implied wolatility of call option are
27.11% and 7.55%, and those of put option are 29.26% and 2.81%. On average implied
volatility of put option 15 2.15% higher than that of call option, 1.e. implied volatility
discrepancy 15 negative. Maximum and minimum discrepancy amounts to 13.19% and -

159.99%%.

C. Hypothesis test on the implied volatility discrepancy

Here we test the null hypothesis that the implied volatility discrepancy 15 zero
by typical t-test and regression test. We test the hypothesis on the volatility discrepancy
when the underlying price 15 the spot index as well as when the underlying price is the

futures price.

Hy, IWD® =cly-0ci, =0 (When underlying price is the spot index)

Hy \IVDT = oLy — Opy =0 (When underlying price is the futures price)

Before testing the hypothesis we divide the sample into two sub-samples. The options
whose expiration dates are equal to futures delivery dates are included in the first sub-
sample, and the others are included in the second sub-sample. Therefore futures and
stock index in the first sub-sample do not show basis risk whereas it exists in the second
sub-sample. As we mentioned before, the implied volatility of futures option cannot be
estimated correctly if there 15 a basis risk.

Table IT shows the empirical results of t-test. Panel A shows the results of the
aggregate sample while panel B and panel C contain the results of the first and second
sub-sample respectively. The symbol, *, represnts the significance at the level of 1%. In

every panel, sample mean of the implied volatility discrepancy of index option, IVD?,

14



has a negative value and is significantly different from zero. For example, in panel &,
sample mean and t-statistics of the discrepancy are -2.15% and -15.25. This indicates
that short-sale constraint in the stock market causes the positive spet index discrepancy.
COn the other hand, we cannot reject the null hypothesis that the implied volatility
discrepancy when underlying price is futures price, IVD', is zero in every panel. The
sample mean and t-statistics are 0.07%, 09190 in panel A, 0.03%, 05347 1n panel B,
and 0.1%, 0.8105 in panel C. We can conclude that the IVDT is zero on average, futures
put-call parity 15 satisfies, and there exists no lead-lag relation between futures and
option markets. COne more thing that i1s deserved a comment 15 that in panel B sample
mean and sample standard dewiation of the discrepancy of index futures option, 0.03%4
and 0.41%, are much lower in panel B, 0.1% and 2.64%. This is because the second
sub-sample, 1.e., when option expiry 15 not equal to futures delivery, contains a basis
risk.

Typical t-test is based on the sample mean. If the sample mean of the implied
volatility discrepancy 1s near zero, the hypothesis may not be rejected. Regression test,
however, tells us 1f the implied volatility discrepancy 1s zero for every observation

Following (Literature) we set up the simple linear equation for regression test.
ooy =a’ +fc, +¢° (When underlying price is the spot index)

Oog = o +p%cl, +=F (When underlying price is the futures price)

where o and Bi (1 = 3 or F) are regression coefficients, and £ is the white noise. We
expect that o is zero and B' is one if the implied volatility discrepancy is zero, so the

null hypothesis follows:

H,:c®=0 and p* =1 (When underlying price 1s the spot index)

15



H, o =0 and pF =1 (When underlying price 1s the spot index)

Fegression results are presented in Table I Again the results of the aggregate
sample, the equal maturity sample, and the different matunty sample are exhibited in
panel & B, and C respectively, and the symbol, *, represents the significance at the
level of 1%. The first column shows regression results based on implied volatilities of
stock index. In panel A the intercept, o, and the slope coefficient, 5, are 0.0456 and
0.7704, both of which are significant at the 1% level. Similar results are shown in panel
B and C although the estimated values and their significances are more or less changed.
The F-statistics that tests the mull hypothesis are 30035, 131,89, and 16925 mn panel &,
E, and C. The intercept is too higher than zero and the slope coefficient 15 too lower
than one not to reject the null hypothesis. This suggests the implied volatility
discrepancy of stock index is significantly different from zero, which 15 the same
conclusion as results of t-test in Table II.

We observe quite different results in the second column, which presents
regression results based on implied volatilities when underlying price 15 futures price. In
panel C, the intercept and the slope coefficient are 0.0165, 0.9438, and F-statistics 1s
7.4282. The intercept 15 lower than in the first column, and the slope coefficient is
higher suggesting that the implied volatility discrepancies are diminished. But the null
hypothesis 15 still rejected at the 1% level This contradicts the results of t-test. In panel
E, the intercept and the slope coefficient, 0.0008 and 0.9982, are even closer to zero and
one, respectively In this time, F-statistics shows that the null hypothesis cannot be
rejected, which agrees to the results of t-test. In panel C, F-statistics 15 7.4282, which
reject s the null hypothesis. That is to say, if maturity date of option and delivery date of

futures are the same, futures price does not lead the spot index, and no wolatility

16



discrepancy 15 shown The aggregate result in panel A shows that the implied volatility

discrepancy 15 not zero with F-statistics, 7 4839

D. Negative implied volatility discrepancy and asymmetric lead-lag relation

2o far we have seen that implied volatility discrepancy calculated from the spot
index and option price cortains a negative bias, and that can be eliminated if we use
futures price that 1s to be delivered at maturity date of option. Here we relate implied
volatility discrepancy to the lead-lag relation Before going further we represent the
lead-lag relation between the spot and option market. To estimate the relation we follow

the error correction model of Engle and Granger (1987).

ﬁSE =a’+ BDZH +?P£SE-1 +"frznﬁstn—2 +4 +?1?£SE-P
+STASL, +8PASL, + A + 87 ARL +&°

Ay =l +P'Z, + AR, + v AT, +A + "f;‘ﬂSE—P
+E AR+ EIARL +A + 5;£S§_P +g!

where Z, =80, -51,, «”and o are constant terms, and p is the number of lags.

As before the superscript, ‘O means the observed price, ‘T means the option implied

price. The error correction term, Zy1, maintains the long-run equilibrium relationship,

s =8
Table IV shows the lead-lag relation between EOSFPI 200 index and option
inplied index. We restrict the sample period to 2004, and to avoid inaccurate dividend

estimation problem use the sample in which maturity date of option 15 the same as

delivery date of futures. The symbol, *, represents significance of the 1% level. “When

dependent variable is ﬂSt':' the coefficient of error correction term, Ziq, 02548, 1=

1
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significantly positive with its t-statistics, 17.52. From the 1% lagged variable, AS[,, to

the 28™ lagged variable, ASL... their coefficients are all significant at the 1%4 level.

This means that the option implied index leads the observed index, 1e the option

market leads the spot market by 28 minutes. However, when dependent variable is AS[,

the result 15 quite different. The coefficient of 2y, 0.4660, 15 still significant, but the

coefficients of lagged variables are insignificant except AS.,. This means that the

observed index hardly leads the option implied index, 1.e. the spot market does not leads
the option market To summarize the results of table IV coincides with those of the
previous studies.

Although the fact that option market leads the spot market 15 still valid, the size
of lead-lag can be asymmetric, if short-sale constraint exists in the spot market. Under
bad news the spot index cannot move down, due to short-sale constraint, as fast as
option market reacts and option implied index decreases. The coefficients of short-term
lagged wvariables are expected to be insignificant while those of long-term lagged
variables are expected to be significant.

Table V represerts the lead-lag relation when the market is bullish To obtain
bullish market sample we calculate the daily increment of option implied index, which
15 defined as the close price muinus the open price. 884 or above of all the daily

increment distribution are days when the market 15 bullish Likewise, 20% or less are

days when the market is bearish. When dependent variable is AS, | the overall results

are similar to the results of table IV. The 1% to 27" lagged variables of AS! are

significant at the 1% level except three lagged variables(19™, 20™, and 21°%). When

1
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dependent variable is AS;, constant, error correction term, and the 1% lagged variable

AS], is only significant. Option market leads the spot market to a similar degree of

table TV

However, table VI represents that option market leads the spot market less

strongly when the market is bearish. The regression results of A8 against shows that

the number of coefficients of the lagged variables of AS; are much less. Only the 1% to

16" lagged variables are significant except 20™ and 28™ lagged ones. This implies that

when the market 15 bearish the lead-lag relation 15 less strong than in the bullish market.

V. CONCLUSION

We investigate why wunplied volatility of call option on FEOEPI 200 index is
significantly different from that of put option. According to owr empirical analysis of 37
months, the sample average of implied volatility discrepancy 15 sigruficantly differert
from zero. This suggests that put-call partty wiolates and furthermore a lead-lag relation
exists between the spot market and option market. We show that short-sale constraint in
the spot market causes negative implied volatility discrepancy. We also show that due to
the short-sale constraint option market leads the spot market to greater degree under

tullish marlzet than under hearish marloet.
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Figure 1

Implied volatility of call option and put option
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Tahle I

Descriptive statistics of the implied volatility

KOSPT 200 index aption

Call FPut Discrepancy
Ohs T80 760 760
Ilean 0.2711 0.2926 -0.0215
Median 0.2586 0.2673 -0.0143
Mazimum 0.4610 0.5046 0.1319
Minitnum 0.13490 0.1162 -0.1954
Std Devw 0.0755 0.0851 0.038%
Skewness 0.2963 0.3163 -0.7797
Kurtosiz 1.9420 1.5662 4.9421
Jarque-Bera 452807 53.3783 195.9238
Probability 0.000a 0.0000 0.0000
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Table 11

Student t-tests on the implied volatility discrepancy

KOSFI 200
VLA IVDF
Panel A: Total sample
M 760 760
Ilean -0.0215 0.0007
Stdew 0.038% 0.0215
t-statistics -15.2524 0.9190
Probability 0.0000 0.3534
Panel B: When option expiry is equal to fuiures delivery
M 261 261
Ilean -0.0246 0.0003
Stdew 0.0402 0.0041
t-statistics -0.8412 0.5347
Probability 0.0000 0.5933
Panel C: When option expiry is NOT equal to futures delivery
M 498 498
Ilean -0.0158 0.o010
Stdew 0.0330 0.0264
t-statistics -11.6730 0.8105
Probability 0.0000 0.4180

* represnts the significance at the level of 194,
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Tahle I11

Regression test on the implied volatility discrepancy

KOSFI 200
Stock index Index futures
Panel A: Agoregate sample

o 0.0456* 0.0109*

(2.8 0.0042 0.002%

P 0.7704* 0.9633*

(2.8 0.0137 0.009%
F-statistics 300.35 T 4830
Probability 0.0000 0.0006

Panel B: When option expiry is equal to fuiures delivery

o 0.0455* 0.000%
(s.2.) 0.0070 0.0000

B 07541 0.00F3*
(s.2.) 0.0223 0.0031
F-statistics 131889 06206
Probability 0.0000 0.50%7

Panel C: When option expiry is NOT equal to futures delivery

o 0.0434* 0.0165
(s.2.) 0.0052 0.0043

B D.7815%* 0.94338
(s.2.) 0.0173 0.0140
F-statistics 169,25 74231
Probability 0.0000 0.0007

* represnts the significance at the level of 194,
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Lead-lag relation

Tahle IV

CONSTANT
=1
A3 (-1
437 (4-2)
A3 (-3
437 (-4
437 (-5)
A3% (1-6)
A3 (T
A7 D
A37 (0
A37 -1
A3 1
A3 1D
A3 1T
3714
A3 15
A37 (168
A3 1T
A3 1D
A7 17
437 (20
A7 20
A37 (123
A37 (127
A37 (-2
A37 (129
A37 (126
A37 (42T
A37 (128
437 (120
437 (130

AT
AT
A3
AT
A3TCR
A3 (-6)
A3TET
531 (-8)
231 (-
A3
A3
431D
A3
A3
4315
A3 18
43T
A3T1E)
A3
A3t -2
A3
il Ay
i Ay
i el
432
43128
i iy
4328
A3t
A3t -3

Dependent vatighle
#3" aat

-00254%  (-17.14) -0036a6*% (2022

0.2548* (17.52) 03627* (2039)

03476% (46167 05192% (3467 0.0734*  (7.96) 00138 (183
02578% (3204 03373* (4637 00229 (238  -00329* (369
02248% (27097 02611% (3367 00070 (0.69) 00186 (-1.96)
0.1899% (2244 02161% (2695 00022 (022 00115 (117
01632% (1903 01661% (2030 00206  (1.96) 00012 (0.12)
01540% (1777 01347%  (16.28) 00057 (-0.54) 00189 (-187)
01493% (17107 01238* (1437 00012 (017 00226 (-221)
01189% (1353 0.1035*  (1233) 00090 (023 00195 (-1.90)
01225% (11383 00994*% (1179 00036 (034 00062 (-06D)
00998% (1127 01035*  (12.26) 00112 (1.0% 00060 (0.58)
00951% (1073 00348* (1003 00130 (1.20) 00144 (1139
01057*  (1191)  00357* (101D 00206 (-1.89) 00134 (129
00911%  (-1026)  00205* (9.49) 00093 (-0.36) 00026 (0.22)
00795% (295 0.0666%  (7.26) 00046 (0.42) 00055 (-0.53)
00740% (233 007T14*  (2.42) 00002 (0.02) 00204 (1.96)
00692%  (TE0) 0.0693* (217 00026 (024 00166 (1.60)
00502% (56T 00421% (568 00150 (138 00017 (017
00614% (695 0.0579* (624 00002 (0.0 00104  (1.00)
00696% (792 0.0400% (475 00029 (023 00066 (064
00613*  (7.00) 0.0528* (6.29) 00237 (22D 00168 (164
00476%  (-5.45 0.0463*  (5.52) 00015 (014 00125 (122
00413%  (-476) 00362* (434 00051 (0.48) 00003 (0.03)
0.0389*%  (-4.52) 00367 (4.4%) 00028 (024 00076 (075
00379%  (-4.46) 0.0331*% (403 00006 (005 00100 ¢-1.00)
00278* (33D 0.0349*  (4.29) 00025 (@029 00152 (1.52)
0.0447* (541 0.0327* (407 00098 (097 00108 (1.10)
0.0324* (40D 00377* (478 00061 (0ED) 00027 (028
0.0288* (368 0.0347*  (4.50) 00148 (-1.55) 00152 (162)
0071 (23 00120 (163 00113 (125 00117 (1.29
00049  (0.20) 00021 (1.19) 00140 (126 00110 (133

* represnts the significance at the level of 194,
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Lead-lag relation on hullish markets, 2004

Tahle IV

CONSTANT
=1
A3 (-1
437 (4-2)
A3 (-3
437 (-4
437 (-5)
A3 (6
A3 (T
437 (4-8)
A37 (0
A37 -1
A3 1
A3 1D
A3 1T
3714
A3 15
A37 (168
A3 1T
A3 1D
A7 17
437 (20
A7 20
A37 (123
A37 (127
A37 (-2
A37 (129
A37 (126
A37 (42T
A37 (128
437 (120
437 (130

AT
AT
A3
AT
A3TCR
)
A3TET
A8
231 (-
A3
A3
431D
A3
A3
4315
A3 18
43T
A3T1E)
A3
A3t -2
A3
il Ay
i Ay
i el
432
43128
i iy
4328
A3t
A3t -3

Dependent vatighle
#3" aat

00209*%  (6.45 00282% (678

0.2487* (722 03313* (21D

03403% (1997 05171* (391D 0.1041% (475 00267 (-1.57)
02514% (1376 03635 (227D 00358 (1.52) 00440 (-2.14)
02356% (1252 02551% (1430 00145 (06D 00054 (025
02048% (1067 02254* (1273 00153 (062) 00254 (111
01336%  (6.26) 0.1458* (207 00371 (1.48) 00022 (-0.10)
D1466% (745 01036* (565 00231 (092 00546 (-233)
01229*% (622 0.0283* (42D 00327 (129 00724 (:307)
01216% (612 0.0282* (478 00063 (025 00268 (-1.13)
0.0949% (475 0.0938* (507 00110 (043 00072 (0.30)
01165% (523 0.0636%  (3.4%) 00170 (0.66) 00396 (-166)
00792% (395 0.0203* (434 00284 (1.10) 00333 (-1.40)
0.0390%  (-4.43) 0.0545*% (293 00052 (0.20) 00569 (-238)
00354% (425 0.0724* (421 00215 (023 00391 (164
00787*  (390) 0.0637*  (3.41) 00319 (123 00362 (-1.51)
00699% (347 0.0558* (299 00055 (@20 00082 (034
00569* (223 0068T* (36T 00371 (1.43) 00047 (-0.20)
00466 (-2.32) 00478 (2.56) 00065 (025 00076 (0.32)
00537* (268 0.0428* (263 00162 (063 00139 (0.58)
00416 (-209) 00191 (1.03) 00190 (@074 00026 (011
00348 (-1.76) 00075 (041 0.0695*% (2.72) 00776 (329
0.0599*% (303 00333 (122 00014 005 00203 (-0.36)
00724* (369 0.0566*  (3.10) 00189 (075 00091 (039
00631* (329 00581*%  (3.20) 00254 (-1.02) 00174 (@074
0.0920% (479 0.0578* (3.22) 00421 (195 00260 (1.12)
00674% (35T 0.0646% (363 00218 (090) 00323 (1.42)
00539*% (229 0.0507*  (2.90) 00364 (1.52) 00051 (022
00177 (097 0.0420%  (2.20) 00294 (1.26) 00063 (029
00055 (031 00157 (0594 00506 (223 00554 (-2.59)
00278 (169 00271 (17D 00130 06D 00049 (024
00130 (096 00230 (-1.59) 00210 (120 00268 (-1.44)

* represnts the significance at the level of 194,
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Lead-lag relation on hearish marlkets, 2004

Tahle ¥

CONSTANT
=1
A3 (-1
437 (4-2)
A3 (-3
437 (-4
437 (-5)
A3% (1-6)
A3 (T
A7 D
A37 (0
A37 -1
A3 1
A3 1D
A3 1T
3714
A3 15
A37 (168
A3 1T
A3 1D
A7 17
437 (20
A7 20
A37 (123
A37 (127
A37 (-2
A37 (129
A37 (126
A37 (42T
A37 (128
437 (120
437 (130

AT
AT
A3
AT
A3TCR
A3 (-6)
A3TET
531 (-8)
231 (-
A3
A3
431D
A3
A3
4315
A3 18
43T
A3T1E)
A3
A3t -2
A3
il Ay
i Ay
i el
432
43128
i iy
4328
A3t
A3t -3

Dependent vatighle
4370 A3

00347+ 1035 00527* 1184

03062*% (D35 O4660%  (10.75)

03516% 20400 0.5310% (4093 00535 (234 00316 (-1.80
023E1*  C1286)  03370% (2106 00534 (219 00191 (090
02441%  £1201)  02775% (1620 00044 (018 00281 (-1.24
DI851* (058 0.2251%  (12.70) 00327 (-1.28) 00336 (143
01738% (255 0.1620% (208 00251 (097 00115 (048
0.1402% (70T 0.1448* (7.00) 00056 (-0.21) 00063 (-0.26)
O1188% (505 00960% (519 00462 (177 00423 (175
00987+ (401 00793 (4.26) 00386 (149 00609 (-2.47)
01431% (709 00758* (405 00073 (02N 00556 (224
00844%  (418) 0.1125% (590 00261 (097 00011 (004
00702% (3.4 00720% (32T 00189 (070 00188 (075
00990% (458 00756% (401 00433 (-161) 00030 (0.1
00753% (37D 00547*  (2.90) 00451 (-168) 00372 (149
00532% (267 00404 (215 00108 (040 00216 (087
00786* (L350 00558 (297 00244 (091 00365 (147
00575% (285 00579* (300 00174 (065 00580 (234
00200 (-0.99 007l (0o 00083 (030 00055 (0230
00735%  (-3.68) 00472 (259 00269 (-1.01) 00271 (109
O0EET* (2347 00409 (219 00293 (1.1m 00103 (043
0077E*  (-3.00) O0606* (325 00250 (098 00226 (093
00337 (-1.70 00458 (2.4 000g6 (033 00424 (175
00143 (07D 00035 (0.1 00251 (0.9 00341 (-1.3W
00296 (-1.50 00029 (016 0019 (075 00002 (000
00041 (021 00033 (018 00336 (1.30 00338 (-1.40
00126 (066 00160 (094 00g7 (07 00188 (078
00351 (-1.86) 00115 (D65 00234 (093 00151 (06D
00582% (314 00407 (233 00383 (-1.56) 00090 (-0.3%
00420% (238 00564* (331 00411 ¢-1.73 00471 (208
00005 (003 00020 (013 00011 ¢-005 00143 (066
00086 (063 00125 (0ED 00045 (029 00073 (037

* represnts the significance at the level of 194,
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