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Abstract

This paper examines whether the options volatility spread, risk neutral skew and kurtosis have
information for predicting the distribution of the underlying asset. More specifically, we focus on the
third and fourth moments of distribution, called skew and kurtosis, which contain important information
for forecasting potential crash, spike upward and the fluctuations of stock index. The sample period
covers from January 2002 to December 2006 with the closing price returns of KOSPI 200 Index and
the KOSPI 200 options. The options volatility skews are estimated using method suggested by Cremers
and Weinbaum(2010) and Xing, Zhang and Zhao(2010). And when estimating risk neutral skew and
kurtosis of options, we use non-parametric method of Bakshi, Kapadia, and Madan(2003). We estimate
and kurtosis of the underlying assets using Chen, Hong and Stein (2001) model and using stock returns
during the past 1 month we calculate the historical 4th moments, called Physical kurtosis. Using
statistical methodology such as VAR(vector autoregressive model), Granger causality test, impulse
response and variance decomposition model, we investigate the response of higher moments of
underlying asset to the change of options volatility skew and the implied risk neutral skew and kurtosis.
Followings are the major findings and implications drawn from the empirical analysis of the Korean
options market. First of all, options volatility skew has predictive information in forecasting the realized
skew of the KOSPI200 index return. For the BKM skew and kurtosis, these implied risk neutral skew
and kurtosis also provide some contents for predicting the third and fourth moments of KOSPI 200

index return.
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I. Introduction

The main interests of the stock market participants are how stock price will change and fluctuate in the
future. In a perfectly functioning capital market, there should be complete simultaneity across markets.
That is, any new information disseminating into one market would be reflected in other markets at the
same time. However, if one market is more attractive than the others, then the market may thus be able
to absorb new information more quickly and lead the others, which is interpreted as an indication of
inter- market inefficiency.

A derivative market offers more advantages than a stock market such as reduction trading expense (Cox
and Rubenstein, 1985), no restrictions on short selling (Diamond and Verecchia (1987)), and greater
leverage effects (Black(1975), Manaster and Rendleman(1982)). Therefore, informed traders who have
more information about future stock market movements than general investors would have incentive to
mainly trade in derivative market rather than in stock market. As a result, the information about future
stock price movements possessed by the informed investors would be reflected in the derivatives market
earlier than stock market and it will be shown in any forms in derivatives market.

The inter-market inefficiency between options market and stock market have attracted the attention of
researches, and there have been several studies underway with the presumption that it may be possible
to discover lead-lag relationship between options market and stock market. i.e. [1] Researches on the
relationship of the stock return and the trading volumes of the options market: Anthony (1988) , Stephan
and Whaley (1990), Easley, O’Hara and Srinivas(1998), Chan, Chung and Fong(2002) [2] Researches
on the relations between stock prices and the options price: Manaster, Rendleman(1982),
Bhattacharya(1987), Stephen and Whaley(1990), Chan, Chung and Johnson(1993) , Chan, Chung and
Fong(2002) [3] Researches on the relationship between stock price and implied volatility: Giot(2005),
Banerjee, Doran, and Peterson(2006), Vijh(1990), Chakravary, Gulen and Mayhew(2004).

Most of the prior researches have conducted using the options trading volume, trading amount, option
price, or implied volatility. However, recently, some researches try to examine the inter-market relations
using options volatility skew. The volatility smile or volatility skew refers to the phenomenon that the
value of implied volatility different across exercise price and has smiling shape or skewed shape, which
is not consistent with constant volatility assumption in Black and Scholes(1973).

Previous researches argue that volatility skew is occurred due to the net buying pressure of options
traders (see Garleanu, Pedersen, and Poteshman, 2009; Evans, Geczy, Musto, and Reed, 2005; Bollen
and Whaley, 2004). They reflect the actual market situations that are different from the assumptions of
Black and Scholes(1973) and conclude traders’ future market expectation as well as their trading pattern

affect volatility skew. On the other hand, other researches insist that the volatility skew phenomenon

reflects the investors’ crashophobia about the market crash. (Bates (1991, 2000), Bakshi, Cao and

Chen(1997), Jackwerth(2000), Pan(2001)). They regard "jump premium™ as the main reason of



volatility skew. In specific, if the market becomes more volatile, investors become more concerned
about a market crash and are willing to pay a higher premium to purchase put option due to “insurance”
attribute of the option.
The relationship between volatility skew and future stock returns has received empirical supports.
Doran and Kreiger (2010) shows that options volatility skew may influence on the future stock returns.
They use five different measures on the basis of portion of the implied volatility skew and investigate
how each skew measure can be used to forecast future equity returns. Xing, Zang and Zhao(2010)
proves that the volatility skew has the cross-sectional predictive power about future stock returns, which
persists for at least six month. Cremers and Weinbaum(2010) present strong evidence that option skew
contain information not yet incorporated in stock prices and both levels and changes in volatility skew
matter for future stock returns. Besides, Yan (2011) estimates jump risk premium defined to be the
difference between the fitted implied volatilities of one-month-to-expiration put and call options with
deltas equal to -0.5 and 0.5 respectively and shows that the jump risk premium that appears in individual
stock options market in the U.S has the predictability about the future stock returns.
Furthermore, other researches investigate whether volatility skew can predict future market crash. Xing,
Zang and Zhao(2010) find firms with the steepest volatility smirks have the worst earnings surprises.
Doran, Peterson and Tarrant (2007) insist that the volatility skew has some predictive power for
forecasting potential market crash, spike upward and the jumps of stock index. These researches can be
interpreted that option volatility skew has some information on future stock movement related to the
realized skew or fat-tailed traits.
Since the distribution of stock does not follow normal distribution and it has negatively skewed and has
leptokurtic distribution, the higher moments perform important roles in explaining the stock return
distribution. In particular, investors have preference toward higher moments on stock return.
Harvey and Siddique (2000) claim that the unconditional return distributions cannot be fully
explained by the mean and the variance alone and due to investors’ preference toward skewness
and thus skewness should also be considered to capture the asymmetric properties in realized
returns. Scott and Horvath (1980) claimed that risk-averse investors have positive preference
for the positive skew and negative preference for the negative skew and negative preference
for kurtosis. Besides, the result of Golec and Tamarkin (1998) supports risk aversion and
skewness preference for race bets and Garret and Sobel (1999), studying the data from horse
race betting in the U.S, find theoretical and empirical evidence that skewness of prize
distributions explains why risk adverse individuals may play the lottery.

In this perspective, information on the higher moments in stock market is valuable in that it can

deliver information about future market crash and help investors to take optimal strategies according to



the degree of their risk-aversion. Nevertheless, prior studies do not consider the fact that the volatility
skew can provide useful information about higher moments of stock return.

Our study aims to investigate how the option volatility skew affects the higher moments of stock return
distribution. Furthermore, we try to confirm whether the option volatility skew contains the predictive
information about the future stock return in Korean market.

We add to the existing literature by using an unexplored dataset of emerging market and examining
the price discovery role of the KOSPI 200 stock index options market in comparison with the other
developed options markets. Our study proves the leading effect of option market to stock market in
Korea, which is consistent with the study using U.S market data such as Doran, et al,(2007, 2010),
Yan(2011), Cremers and Weinbaum(2010), and Xing, Zhang and Zhao(2010). Furthermore, the KOSPI
200 stock index options market has sufficient liquidity and thus is an appropriate one in which to study
the price discovery associated with stock and options markets. Nam et al. (2006) argue that it is
necessary to analyze the intraday patterns with a high frequency of derivatives markets with abundant
liquidity to find out more apparent lead-lag relationship between markets. KOSPI200 stock index
options market is ranked first in the world in terms of options trading volume, of which over 50 percent
is by individual investors®.

Also, we contribute to existing literatures by showing option skewness has influence on higher
moments in stock distribution. Although most of the studies analyzing the effect of option skewness
onto stock market limit their analyses to stock return, we go a step further investigating not only the
effects of option skewness on stock return but also the effects on the higher moments. The information
about the 3" and 4™ moments of stock index returns contain the information about market crash and
investors have certain preference to higher moments based on their degree of risk aversion. Therefore,
we expect that our study will help stock market participants to make their optimal investment decision.
This paper is organized as follows. In section |1, we introduce the variables which are used in this paper:
CW volatility skew, XZZ volatility skew, BKM skew, BKM kurtosis, CHS skew, P kurtosis. In section
111, we will explain samples and data and the statistical methodology used in this paper. In chapter 1V,
we will report and discuss the results empirical analysis. Lastly in chapter V, we briefly summarize the

results of this research and suggest some alternatives for the future research.

Il. Variables

1 In 2006, the combined trading volume reached 2.4 billion contracts, which accounted for 22.4
percent of total contracts in the world.



1. Options volatility skew

In this section, we introduce how to estimate the options volatility skew. Two methods (CW, XZZ) are
used to estimate the options volatility skew. There are some fundamental differences between the two
methods in the way in which they define and recover the shape of the implied volatility.

Cremers and Weinbaum (2010)

Stoll (1969) proved that following equation should hold for European options on non-dividend-paying

stocks in the perfect markets.
C-P=S-PV(K) (1)
S : Stock price, C : Call price, P : Put price, PV(K) : Present value of strike price K

The Black-Scholes(1973) theorem always satisfies Put-call parity. Thus, following equation also holds.
Vo, C¥®¥(0)+PV(K)=P®(c)+S 2

CBS : Black-Scholes call price, PBS : Black-Scholes put price, ¢ : Volatility

By the equation (1) and (2),
Vo, C¥(6)-C=P¥(0)-P 3
Iveall which refers to implied volatility on the call, is the value that satisfies the following equation.
cEavey=c (4)

And by substitute (4) into equation (3), we can get

PBS (Ivcall) — P (5)
This means that
IVcaII — vaut (6)

Therefore, for European options, put-call parity model implies the equivalence of implied
volatilities of call and put options with the same underlying assets, same maturities and exercise
prices. If there are some differences between call options’ implied volatility and put option’s
implied volatility, one option might be overpriced or underpriced compared to the other. High



call implied volatilities relative to put implied volatilities suggest that calls are expensive
relative to puts, and high put implied volatilities relative to call implied volatilities suggest the
opposite. So we can compare the level of option price easily by following equation. We define this

volatility skews as CW skew in our research.

CW skew = VS, =IV7" — IV ()

VS : Volatility spread, k : Strike price, t : A point of time

Xing, Zhang and Zhao(2010)

We also estimated options volatility skew using method suggested by Xing, Zhang and Zhao (2010).
They define implied volatility skewness for firm i at t as the difference between the implied volatilities
of OTM puts and ATM calls. That is,

SKEW,, =VOL ™ —voL ™ (8)

VO ?tTMP  the implied volatility for an OTM put option

VO -A’:-MC - the implied volatility for an ATM call option

In equation (8), VOL{{™ is chosen to catch the severity of the bad news and VOL{™ is used

as the benchmark of implied volatility.

Xing et al(2010) measure the SKEW on the basis of the demand-based option pricing model
of Garleanu et al.(2009) who find end-user’s demand for index option is positively related to
option implied volatility and steepness of the implied volatility skew. If stock price is expected
to go down, there will be high demand for put options for hedging purpose or speculative
purpose. If investors are more likely to long the put than short the put, both the price and the
implied volatility of the put would increase, which lead to steeper volatility skew in equation.

For this reason, steep volatility skew is associated with bad news about future stock.

2. Risk —Neutral skew and kurtosis

Options implied risk-neutral distribution (RND) is the modified one of physical distribution by the
pricing kernel. Since the pricing kernel can reflect the degree of the investors’ risk averseness, the RND
can also contain the investors’ attitude of the risk. The implied risk-neutral skew is calculated under the
assumption that there are no arbitrage or information differences between the options market and the

stock market and they are estimated using various option series with different strike prices and



maturities.

Bakshi, Kapadia, and Madan(2003)

We calculate options implied risk-neutral skew using Bakshi, Kapadia, and Madan(2003) model in
which skew and kurtosis are estimated non-parametrically. Bakshi et al (2003) show that more negative
risk-neutral skew leads to steeper slope of implied volatilities, under presumption everything are equal.
They show that the risk-neutral skew can be expressed by the function of the prices of quadratic, cubic,
and quartic contracts’ payoff which are calculated by linear combination of OTM call and put option
prices.

The skew and kurtosis of Bakshi et al (2003) can be calculated as follows.

ENRMLD)-ERGLOD') e W (t, 1) - 3u(t, )" V(t,7) + 2u(t,7)’

Skew(t,7) = 312 - 213/2 9)
{E/(R(t,7) - E[R(t, 7))’} (€7 V(t,7)— u(t,7)°)
Kurt(t £) = {R(t,))-EI[RE,)]) }2
{E} (Rt 7) -ETR(E, )]}
_ e”W (t,7) —4u(t, 7)e” W(t,7) +6e” u(t,7)> V(t,7) —3u(t,7)* (10)
(€ V(t,7) - ult,7)*)’°
where, R(t,7)=In[S(t+7)/S(t)] isthe 7 period return and q is the Risk-neutral probability.
The price of volatility contract is
V(t,7) = E} {e "R(t,7)’}
» 2(1— ln[sft)]) s 2(1+ In[&])
= ITC(t,f;K)dK+ | TKP(LT; K)dK (11)

S(t) 0

And the prices of cubic and quadratic contract are definedas W(t,z) and X(t,7), respectively.



W(t,7) = E{ {e_”R(t,r)s}

A A S(t) S(t)
6I[ 1-3(In[ ]) t6|[ ]+30n[~2
:j S(t) 2 S(t) C(t, 7; K)dK — S}) _ K P(t,r;K)dK (12)
S(t) K 0 K

X(t,7)=E! {e "R(t,7)"}

12(In[S—]) —4(In [87]) o 12(0n [s(t)]) _4(in [s(t)])
- ® . ® 7 K)dK + j - Pt,7;K)dK  (13)
S(t) K K
Finally, mean stock return is calculated as follows;
_ S(t+7)
u(t,7)=E In{ 0 }
”_ _el‘r _er‘r _el"r
=e" -1 > V(t,7) 5 W(t,7) 24 X(t,7) @4)

Although the skew and kurtosis of Bakshi et al (2003) have some advantages of being model-free
moments, this method can be biased due to the discrete, not continuous, exercise prices and asymmetric
number of observations of call options and put options when calculating using actual options data. So
in this paper, using Black and Scholes(1973)’ implied volatilities, we synthetically made continuous
exercise prices by using interpolation-extrapolation method suggested by Jiang and Tian(2005) and then
use these prices when calculating the price of quadratic, cubic, and quartic contracts in order to mitigate

the biases caused by discreteness of options data.
3. Stock index return distribution
1) Skew

The skew of KOSPI200 returns distribution is found by the method suggested by Chen, Hong and
Stein(2001). Chen et al (2001) suggest the following model.

CHSskew, —{(n(n “2 Y R (-D(n-2)Y Rf]”} (15)

Rt =daily log return att, N = the number of daily log return



In this model, skewness is calculated by taking the negative of the third moment of daily returns
divided by the standard deviation of daily returns raised to the third power. This measure reflects the
convention that an increase in CHS skew corresponds to the stock which is more crash prone and has a
more left-skewed distribution

3) Kurtosis(P kurtosis)

Physical kurtosis, which is historical kurtosis, is estimated using past 1 month of stock returns.
P kurtosis is equal to the kurtosis of the daily index returns over the past 1 month. The P kurtosis can

be calculated as below:

_ UnY (R-R)
T T Uy R R

16)

R, =daily log returnatt, R =sample mean

[11. Data

We use data on KOSPI200 options. Despite its relatively short history, the KOSP1200 options market
has become one of the largest options markets in the world. From 1998 to 2012, the KOSPI1200 options
market was ranked first among all options markets in the world in terms of trading volume. European-
style options on the KOSPI200 index have been traded on the KRX since 1997. KOSPI200 index
options have a contract size of KRW 100,000 per index point and a minimum price movement of 0.05
(when the premium is >3 index points) or 0.01 (when the premium is 3 index points or less) index point.
Maturity dates and last trading days are the second Thursday of three consecutive near-term delivery
months and one additional month from the quarterly cycle (March, June, September, and December).

We draw minute-by-minute transaction prices for KOSPI1200 index options from the KRX from January
2002 to Dec 2006, which offers a fully automated trading system. The data for the empirical analysis
were selected as follows. First, we use only the transaction prices reported no later than 2:50 p.m. each
day to prevent non-synchronous trading effects. Second, we use only the data on options with the
shortest maturity because the liquidity of the KOSPI200 options market is heavily concentrated in
shortest-term contracts. Third, we use only those transaction prices greater than 0.02 point, to prevent
the effect of price discreteness. Last, we exclude transaction prices which do not satisfy following option

boundary condition.
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C(t.7)2S(t)-Y e ™D, ~KxB(t7) 17)

s=1

P(t,7) > K xB(t,z)~S(t) + Y e ™D,

s=1

(18)

+S

Where B(t,7)is a zero-coupon bond that pays 1 in t periods fromtime t, D, is daily dividend at time

t, and ris the risk-free interest rate with maturity at time t. Besides, for consistency, and KOSPI1200is
used for variables in stock market and following Ahn et al. (2010), the 91-day certificate of deposit (CD)
yield is used as the risk-free interest rate.

<Table 1> presents the average implied volatilities at each moneyness category. We use the
five moneyness which grouped by the criteria based on delta(A) suggested by Bollen and Whaley(2004)
instead of using simple definition of K/Se'™. Simple definition of K/Se™ is fairly intuitive but this
definition ignores that exercising options relies not only on the volatility but also the time to maturity
as well. Bollen and Whaley(2004) argue that options’ delta can explain both volatility and time to
maturity and thus delta can be interpreted as the risk-neutral probability that the option will be exercised.

<Tablel> Descriptive Statistics 1

This table shows there is ‘volatility smile’ effect as to the degree of the moneyness. DOTM call and put
have relatively higher value for the implied volatilities and the implied volatility gets lower values as
the moneyness goes toward ATM and have the lowest implied volatility at the ATM. And then the

implied volatility gets higher values as the moneyness get near ITM

V. Model

In order to see whether there are lead-lag relationship between options market and stock market, we use
VAR (vector auto regressive) model.

Sims (1980) first introduced the vector autoregression (VAR) models as an alternative to the large scale
macroeconometric models. The VAR model is a natural extension of the univariate autoregressive
model to dynamic multivariate time series and it is one of the most successful, flexible, and easy to use
models for the analysis of multivariate time series. In the VAR model, all the variables are treated as

endogenous. There is thus one equation for each variable as dependent variable and each equation has
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lagged values of all the included variables as dependent variables, including the dependent variable
itself.

The VAR model is natural tools for forecasting. However, it can also be used to capture the linear
interdependencies among multiple time series because they describe the joint generation mechanism of
the variables involved. In particular, the VAR model has proven to be especially useful for describing
the dynamic behavior of economic and financial time series.

VAR modeling does not require as much knowledge about the forces influencing a variable as do
structural models with simultaneous equations: The only prior knowledge required is a list of variables
which can be hypothesized to affect each other intertemporally.

When specifying a VAR, one first has to decide which variables to include into the model. Since one
cannot include all variables of potential interest, one has to refer to economic theory or any a priori
ideas when choosing variables. As our purpose is to investigate whether option skew has information
on stock market distribution, we confine our variables to option skew and stock return or stock skew.
VAR model used in this research is as follows:

Option market equation investigates predictability of option market skewness to stock market
distribution in order to verify the leading effects of the options market to the stock market.

Stock market equation

Xie =0 +Zﬂk,i X Ky +z7p,i ><Yp,t-i 19)
izl i1

Where, th is KOSPI 200 return (k=1), CHS skew (k=2) and P kurtosis(k=3) and Yp . indicates option skew such as CW

skew (p=1), XZZ skew(p=2) and BMK skew(p=3).

If the volatility skew of options affects to future stock distribution just as the research results of Doran,
et al (2007, 2010), Cremers and Weinbaum(2010), Xing, Zang and Zhao(2010), the coeifficients in the

stock market equation (,;) would have significant values.

On the contrary, Option market equation investigates whether information about stock market

movement can explain option skewness.

Option market equation

Yo :a'p +Z:Bp| XY, 1 +Z?/|I<,i X Xyt 20)
i1 i1
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In option market equation, the coeifficients ( 7ll<,i) show whether information about stock market

predicts option skewness. Table 2 reports summary statistics of variables in option and stock market
using in this paper.

<Table 2> Descriptive Statistics of variables

As for the average values about each of the variables, CW skew has -0.0357, XXZ skew for 0.0584, -
0.4024 for BKM skew, -0.1196 for CHS skew, and 0.7520 for P kurtosis. Positive CW skew value
means call option implied volatility is higher than the put options’ and thus the price of call options is
high compared to put options which implies options market participants anticipate stock market will
spikes up in the futures. As for the negative value of CW skew has opposite meaning in which put
option implied volatility is higher than the call options’ and there will be market crash near the future.
The XXZ skew, the implied volatility for an OTM put option minus the implied volatility for an ATM
call option, has positive value at average, indicating there exists high buying pressure for OTM puts
compared to calls and there might be more bad news than good news in Korea. On the other hand, the
implied risk-neutral skew, BKM skew, shows a big value compared to the realized skew of stock index
return, which is consistent with Bakshi and Madan(2006), who conclude that risk neutral distribution
has bigger value compared to the stock index distribution skew as it reflects the degree of risk-aversion
of the investors?.

The average values of stock index returns distribution was 0.008. Note that KOSPI200 return
distribution has negative skewness(CHS skew: -0.0761), and leptokurtic properties (P kurtosis: 5.2662).
In other words, the distribution of stock index returns does not follow normal distribution.

Figurel shows that the process of each variable used in this paper. During the recession period in Korea
called IMF, CW skew have relatively negative and more volatile value compared to the normal
condition period. The negative value is due to the put option price will be more expensive than that of
call option. XZZ skew in IMF recession period is also more volatile than the normal period and have
relatively positive value. This result comes from the fact that during the recession period, the price of
the put option in OTM might be expensive than the other options so XZZ skew defined by the difference

between the implied volatilities of OTM puts and ATM calls will have positive value.
IV. Empirical Analysis

The first step for VAR model is to check for stationarity of individual variable. <Table 3>

2 As for the case of volatility, Jackwerth and Rubinstein(1996) insisted that implied volatility of options always shows greater
value than realized volatility. This is consistent with negative volatility risk premium proved by Bakshi and Kapadia(2003).
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presents the results of ADF(Augmented Dickey-Fuller) test and PP(Phillips-Perron) test to verify each

variable follow stationary process.

<Table 3> Unit Root Test

Table 3 shows that the null hypothesis is rejected at 1% significant level for all variables, indicating all
variables follow stationary process. Therefore, we can conduct the VAR (Vector Auto Regressive)
model without considering cointegration test or VECM(Vector Error Correction Model).

First, we examine whether options volatility skew has the predictability about stock index returns at
time point t. <Table 4> shows the result of VAR model analysis between option skew and KOSPI200

return.

<Table 4> VAR Results of Volatility Skew and Stock Index Return

When using CW skew and XZZ skew, the coefficients in option market equation ( £, ) which indicating

whether the option skew has predictive power for KOSPI200 return have significant values. In detail,
the coefficient of CW skew is positive at time lag 1, while that of XZZ skew is negative at time lag 1
and both values are significant at 1% confidence level.

The fact that XZZ skew is negatively related to the stock return is consistent with the results of Conrad,
Dittmar, and Ghysels (2007), Zhang (2005) and Xing et al(2010) who prove that lower skewness leads
to higher return. XZZ skew is defined by the subtraction of implied volatility of ATM call from implied
volatility of OTM put. If XZZ volatility skew is positive, price of the put option in OTM is expensive
than the call options, which implies that informed trader expect the decrease in stock return. In contrast,
if the value of XZZ skew is negative, then informed trader expect to the upward spikes in stock return.
With this definition of XZZ volatility skew, positive XZZ skew can be related to decrease in stock
return whereas negative XZZ skew can be related to the upward spikes in stock return. As a result, XZZ
skew is negatively related with stock return.

Meanwhile, the coefficient of CW skew is positive. The opposite sign of CW skew which is differ from
XZZ skew is plausible in that CW skew is calculated as ATM call option implied volatility minus that
of the ATM put options and thus CW skew has negative correlation with XZZ skew. The results of
granger causality test that reject the null hypothesis stating CW skew and XZZ skew does not Granger
cause to KOSPI200 return support the option skew’s predictability on stock return.

Also, implied risk-neutral skew estimated by Bakshi, Kapadia, and Madan(2003) has significant impact
on stock return at 10% confidence level. However, in comparison with options volatility skew such as
CW skew and XZZ skew, the effect is marginal. Bakshi, Kapadia, and Madan(2003) shows that options

volatility skew can be expressed as linear transformation of risk-neutral skewness and kurtosis.
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Therefore, the thing that options volatility skew has stronger predictive power than risk-neutral
skewness can be interpreted as the predictability of options volatility skew result from the risk-neutral

kurtosis as well as the risk-neutral skewness.
On the other hand, the coefficients in option market equation ( ,Bi' ) which indicate whether stock return

has the leading effects to CW skew and XZZ skew are shown to be insignificant at time lag 1, which
demonstrate the idea that information about future stock price movements is reflected in the derivatives
market earlier than stock market.

When considering Granger causality test, the null hypothesis stating KOSP1200 return does not Granger
cause to CW skew cannot be rejected. It means information stock index returns does not have
predictability about CW volatility skew.

As for XZZ skew, the null hypothesis, XZZ skew does not Granger cause to stock return, is rejected at
a 1% significance level which means options volatility skew estimated by XZZ model can have some
predictable information about stock returns. This is similar result when testing using CW skew. Through
this, we can conclude that XZZ skew also leads to the KOSPI1200 return, for about 2 day.

For the direction of stock return to XZZ skew, Granger causality test result shows that stock return
contains some predictive information of XZZ skew. So compared to the CW skew which affects to
stock return only one direction, XZZ skew and stock return affects to each other bilaterally.

In sum, Table 4 shows that the option skew has predictability on stock return in Korea and the results
are consistent with the result of Doran, et al,(2007, 2010), Yan(2011), Cremers and Weinbaum(2010),
Xina, and Zhao(2010) who investigate the relationship between option skew and stock return using
the U.S data.

<Figure 2> shows the impulse response analysis results conducted based on VAR model of option skew
and KOSPI1200 return®. Impulse response analysis is the forms of the impulse response by estimating
coefficients of each process that results from decomposing each of the error terms of regression in VAR
model by moving average (MA) process. In other words, the impulse that is added to a variable affects
the present and future changes of other variables because the impulse that is delivered to a certain
endogenous variable is transferred not only to corresponding variable but also to all other endogenous
variables through dynamic structure of VAR. During this process, each of the error terms in the VAR

model gets to have co-relation with one and other, and it is possible to find the form in which impulse

3 The reaction about the stock onto stock return or stock skew itself lasts for a while in the positive (+) direction which infers

that the stock index returns distribution lasts in a certain direction consistently for a long time. Also, the reactions about the
shock onto option skew (CW skew, XZZ skew, BMK skew) itself last in a certain direction. However, since our purpose is to
observe the lead lag relationship between option market and stock market, we do not report impulse response of variable to
itself but they are available upon request.
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is delivered to variables by estimating the coefficients of each moving average process during the
process of clearing correlation through Choleski decomposition.

When considering the influence of CW skew onto KOSPI200 return, the effect of an unexpected 1
percentage point increase in CW skew on KOSPI200 return lasts in a certain positive way for about 2
days and disappeared. Moreover, the effect of an unexpected 1 percentage point increase in XZZ skew
on KOSPI200 return lasts in a certain negative way for about 2 days and disappeared. These are
consistent result with Table 5 which shows that the CW skew is positively related to stock return while
XZZ skew is negatively related to stock return. The response of KOSP1200 return to the unexpected
shock of BKM skew lasts about 1 day in negative (-) way but the magnitude of responses is marginal.
On the other hand, for all option skew equations, the influence of KOSPI200 return onto option skew
is somewhat slightly small and thus leading effect of option market is confirmed.

In sum, the impulse response results are consistent with the results of VAR test which concludes that
KOSPI200 return does not have the predictability about the option skew while option skew has the
information for KOSPI200 returns.

Scott and Horvath (1980) and Harvey and Siddique (2000) proves that investors have preference toward
higher moments on stock return and thus the information about stock market skewness can help the
investors construct optimal portfolios. For this reason, we investigate whether investors can predict the
higher moments on stock market based on the information about option skewness.

<Table 4> shows the result of VAR model analysis between option skew (CW skew and XZZ skew)
and stock skew (CHS skew).

For the case of CW skew and XXZ skew, the coefficients are significant at time lag 1. So we can
conclude that the options volatility skew leads to the skew of the stock index return by explaining the
extreme case of the stock return. This can be consistent result of Doran, et al (2007, 2010) who claimed
that options volatility skew has the predictability for potential market crash, spike upward and the jumps
of stock index.

In detail, CW skew has some predictability about CHS skew and it affects CHS skew as much as
-0.3862 at time lag 1. On the other hand, Table 5 also shows the XXZ skew has the leading effects for
CHS skew, the coefficient is positive and significant at time lag 1. Increase in CHS skew corresponds
to the stock which is more crash prone and has a more left-skewed distribution. Meanwhile, if there are
more bad news than good news, buying pressure for put option is higher compared to call, which lead
XXZ skew to increase but CW skew to decrease. Therefore, the positive relationship between CHS
skew and XZZ skew is consistent with the negative relationship between CHS skew and CW skew.
For the robustness check, we test using another option skew by Bakshi, Kapadia, and Madan(2003) The
significant coefficient at time lag 1 shows that the BKM skew has the leading effects for CHS skew.
Accordingly, it can be concluded that the implied risk neutral skew have information about the skew of
KOSPI200 stock index returns distribution. .
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In contrast, all the coefficients in option equation which show whether CHS skew has the leading effects
to option skew(CW skew, XZZ skew, BMK skew) are turn out to be insignificant. That means the skew
of KOSPI200 stock index returns does not have information effects to the volatility skew.

We also conduct the impulse response analysis in order to find out more details about dynamic
interactions between the option skew (CW skew and XZZ skew) and the KOSPI200 skew (CHS skew)
<Figure 3> shows the impulse response analysis results based on VAR model of option skew and stock
skew?*. First, the influence of CW skews onto CHS skew lasts in the negative way for about 10 days of
period and the influence of XZZ skews lasts 6 days in positive way, which is in agreement with the
VAR result in Table 6. In contrast, the influence of CHS skew onto option skew(CW skew, XZZ skew,
BMK skew) is somewhat slightly small. Also, the influence caused by CHS skew onto BKM skew is
marginal whereas the influence caused by BKM skew onto CHS skew lasts in the positive (+) direction
for 7 days of period. This result supports the leading effect of option market, verifying option skew has
the information for stock skew while that stock skew does not have the predictability about the option

skew.

V. Robustness check: Information flow between implied risk-neutral kurtosis and P-kurtosis

This paper focus on examining lead-lag relations between the options volatility skew and the stock
return and stock skewness. However, according to the Beber and Brandt (2006), the implied kurtosis of
options risk neutral distribution decreases (increases) after bad (good) news for bonds, which tends to
be good (bad) news for economy in the US Treasury bond futures options market. Similar to this, A
ijo"(2008) shows that the implied kurtosis of options risk neutral distribution increases (decreases) after
good (bad) news in the FTSE-100 index options market. Through these researches, we can hypothesize
that 4" moment can reflect the expectation of market participants about future stock index and their

psychological status about future economy.

4 The reaction about the stock onto stock skew (CHS skew) itself lasts for a while in the positive (+)

direction which infers that the skew of stock index returns distribution lasts in a certain direction
consistently for a long time. Also, the reactions about the shock onto option skew (CW skew, XZZ
skew, BMK skew) itself are similar. We can observe that it that the volatility skew also last in one

direction for a long period of time. However, we do not report impulse response of variable to itself

since our purpose is to observe the lead lag relationship between option market and stock market and
they are available upon request.
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Based on this, we try to examine whether the 4" moment of the options risk neutral distribution has
some information about the realized kurtosis of the stock index return and how long the effect of options
kurtosis on the 4" moment of the stock index return lasts.

<Table 7> shows the result of VAR test between BKM kurtosis and P kurtosis. The coefficients BKM
kurtosis on the P kurtosis are significant at time 1 and 2, and specifically, it shows positive value at time
1, and negative value at time 2. This means that BKM kurtosis has the informational effects about P
kurtosis and the effect of BKM kurtosis on the p kurtosis lasts for about 2 days.

Granger causality test results show that the null hypothesis stating that BKM kurtosis does not Granger
cause to P kurtosis was shown to be strongly rejected at 1% significance level. Accordingly, it can be
inferred that the kurtosis which is estimated from options non-parametrically has the predictability
about the kurtosis of the KOSPI1200 stock index return. So we can claim that not only the skew of the
options but also the kurtosis of the risk neutral distribution contain the information about the higher
moments of the stock return and the jumps of the underlying assets. So we suggest it might be useful
analyzing the effect of the options risk neutral kurtosis on to the jumps of the stock as well.

And it can be understood that the influence caused by P kurtosis onto BKM kurtosis is light whereas
the influence caused by BKM kurtosis onto P kurtosis lasts for 3 days of time in the positive (+) direction.
Accordingly, It can be understood that the P kurtosis which is the stock index returns distributional
kurtosis similar to VAR analysis through impulse response analysis, does not have the predictability
about the BKM kurtosis which is the risk neutral distributional kurtosis of non-parametrically estimated

options, whereas the BKM kurtosis has the predictability function about P kurtosis.

VI. Conclusion

Most of the prior researches that try to verify price discovery role or lead-lag relationship and
information effects between stock market and derivatives market are only focused on predicting the
future stock returns through the features of the options. However, to the investors who are interested
not only in average trend of the stocks but also the jumps and rapid fluctuations of stock index, the skew
which is 3" and 4" moment of stock return can be important factor. Therefore as well as stock return,
we focus on the higher moments in stock market which contain important information in predicting the
jumps of stock return.

We use option skew which reflect net buying pressure of options traders and the investors’ crashophobia
about the market crash. If volatility skew precedes the return and skewness of KOSPI1200 stock index
returns, the investors can predict the movements about the stock price movement and obtain the

information about the market crash or spikes.
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In this perspective, this paper tries to examine whether options volatility skew has information for
predicting the skewness of the stock index return. The sample period of the data covers from January
1998 to July 2006 with the closing price returns of KOSPI 200 Index and the KOSPI 200 options. The
volatility skews are estimated by the methods suggested by Cremers and Weinbaum(2010) and Xing,
Zhang and Zhao(2010) and the risk neutral skewness is estimated from non-parametric method of
Bakshi, Kapadia, and Madan(2003). When estimating the skewness of the stock return, we employ
Chen, Hong and Stein(2001) model. Our major empirical analysis results are as follows;

First, we prove that the volatility skew estimated from options leads the return of the KOSP1200 stock
index. On the contrary, the skew of the KOSPI200 index return does not have the information effects
about the implied volatility skew of options. Moreover, VAR results show that options volatility skew
leads to the skew of the stock index return by explaining the extreme case of the stock return and impulse
response analysis supports VAR result. Last, as not only the 3 moment but also 4" moment can affect
distribution of stock index return, we examine the relationship between option market kurtosis and stock
market kurtosis and find the informational effects of option kurtosis about stock kurtosis.
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<Table 1> Descriptive Statistics

Table2 reports the implied volatilities calculated by inverting the Black-Scholes model separately for
each moneyness category. The implied volatilities of individual options are then averaged within each
moneyness category and across the days in the sample. Moneyness is categorized by delta(A) as
definition by Bollen and Whaley(2004).

Type Moneyness v Type Moneyness v
DITM DITM
(0.875<A <0.98) 0.3824 (-0.98<A <-0.875) 0.4731
ITM ITM
(0.625<A <0.875) 0.2853 (-0.875<A <-0.625) 0.3412
ATM ATM
Call (0.375<A <0.625) 0.2692 Put (-0.625<A <-0.375) 0.3035
OTM OTM
(0.125<A <0.375) 0.3224 (-0.375<A <-0.125) 0.3189
DOTM DOTM
(0.02<A <0.125) 0.4451 (-0.125<A <-0.02) 0.4114




<Table 2> Descriptive Statistics of variables

The sample period covers from January of 2002 to Dec of 2006. The options volatility skew was
estimated by the methods suggested by Cremers and Weinbaum(2010) and Xing, Zhang and
Zhao(2010). BKM skew is estimated by non-parametrical methods suggested by Bakshi, Kapadia, and
Madan(2003). Besides, the CHS skew which is the KOSPI200 stock index distributional skew is
calculated by the method suggested by Chen, Hong and Stein (2001).

Variable Mean Maximum | Minimum Std Skewness Kurtosis N
CW skew -0.0357 0.7773 -1.15 0.1416 -1.5903 11.4343 1237
Option XZZ skew 0.0584 1.055 -0.6271 0.1243 1.6463 12.0165 1237
Market BKM skew -0.4024 1.2812 -2.4733 0.4317 -0.121 0.5298 1237
BKM kurtosis | 4.0669 24.5617 0.45 1.3628 5.5263 59.3478 1237
Return 0.0008 0.085 -0.1202 0.0209 -0.0761 5.2662 1237
n?g?ﬁlgt CHS skew -0.1196 29721 -2.8548 0.8767 0.1527 -0.2312 1237
P kurtosis 0.752 15.5397 -0.9752 1.9555 4.6592 23.3423 1237




<Table 3> Unit Root Test
This Table reports the Unit-Root test results for each variable. | use augmented Dicky-Fuller(ADF) test
and Phillips and Perron(PP) test to check whether a variable has a unit root. Constant terms (1) is the
result including constant term and trend line(2) is the result including both constant terms and trend

lines. P-values are MacKinnon(1996) one-sided p-values

Option market Stock market
Variables
CW skew XZZ skew | BKM skew | BKM kurt Return CHS skew | P kurtosis
-11.11%* -12.88** -10.86** -16.45%* -18.51** -8.09** -4.52**
Constant Term
ADF (<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (-0.0003)
. -11.15%* -12.89** -13.42%* -17.68** -18.51** -8.09** -4.53**
Trend Line
(<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (-0.0014)
-368.643** | -466.613** -12.72%* -19.79** -1837.54** -8.22** -4.76**
Constant Term
pp -0.0001 -0.0001 (<.0001) (<.0001) (-0.0001) (<.0001) (-0.0001)
. -15** -17.17%* -15.87** -21.3** -42.41** -8.21** -4 77
Trend Line
(<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (-0.0005)




<Table 4> VAR Results of Volatility Skew and Stock Index Return
Table5 reports VAR(Vector auto regression) test result using volatility skew and the KOSPI 200 stock

index return. Optimal lags of the repressors are determined by the AIC. The options volatility skew was

estimated by the methods suggested by Cremers and Weinbaum(2010), Xing, Zhang and Zhao(2010)
and Bakshi, Kapadia, and Madan(2003). R; denotes KOSPI200 stock index return at t.

Stock market equation

(X, =0L+Z Bix Xy +Z Vix Yy )
i=1 =1

Option market equation

(Y=o +Z Bix Yy +Z Vix Xy )
i=1 i=1

X, Stock return \ CWskew | XZZskew | BMK skew
t CW skew XZZ skew | BMK skew t Stock return
a 0.00008 0.0008 0.0009 , -0.0042* 0.009*** -0.0365***
(0.14) (1.27) (1.37) a (-1.66) (3.37) (-5.12)
Xt-l 0.0359 0.0383 0.0869*** Yt-l 0.4159*** 0.4372*** 0.6317***
(1.33) (1.41) (3.91) (15.57) (16.30) (28.71)
Xt-2 -0.0301 -0.0358 -0.0264 Yt-2 0.1605*** 0.1318*** 0.1144***
(-1.12) (-1.32) (-1.18) (5.58) (4.53) (4.38)
Xt-3 -0.0136 -0.0403 -0.0113 Yt-3 0.0891*** 0.0929*** 0.0583**
(-0.50) (-1.48) (-0.50) (3.12) (3.25) (2.22)
Xt-4 0.0081 0.0138 -0.0157 Yt-4 0.0962*** 0.0676*** -0.0174
(0.30) (0.51) (-0.70) (3.41) (2.39) (-0.66)
Xt-5 -0.0223 -0.0458* -0.0508*** Yt-5 0.1082*** 0.0938*** 0.0388
-(0.83) (-1.69) (-2.27) (3.86) (3.33) (1.48)
- *kk
swe [, o
Yt-l 0.0275*** -0.0257*** 0.0032* Xt-l 0.0723 0.1755 -1.0851***
(4.45) (-4.00) (1.50) (0.62) (1.55) (-4.66)
Yt-2 -0.0202*** 0.0151** 0.0026 Xt-2 -0.2639** 0.3728*** 0.9331***
(-3.04) (2.18) (1.04) (-2.26) (3.29) (3.98)
Yt_3 -0.0021 -0.0019 -0.0051*** Xt-3 -0.1151 0.1205 0.0958
(-0.32) (-0.28) (-2.02) (-0.99) (1.06) (0.40)
Yt-4 -0.0042 0.0054 -0.0023 xt-4 0.0372 0.0071 0.0582
(-0.65) (0.80) (-0.92) (0.32) (0.06) (0.24)
Yt_5 0.0012 0.0021 0.0021 Xt-5 0.0854 0.005 0.5330**
(0.19) (0.32) (0.85) (0.74) (0.04) 2.27)
*k*k
" oo | X, o
Granger 25.45*** 19.62*** 10.00* Granger 7.32 15.72** 48.35***
(p-value) (0.00) (0.00) (0.07) (p-value) (0.29) (0.015) (0.00)




<Table 5> VAR Results of Volatility Skew and Stock Index skew
Table6 reports VAR(Vector auto regression) test result using volatility skew and the KOSPI 200 stock

index skew. Optimal lags of the repressors are determined by the AIC. The options volatility skew was

estimated by the methods suggested by Cremers and Weinbaum(2010), Xing, Zhang and Zhao(2010)
and Bakshi, Kapadia, and Madan(2003). The CHS skew which is the KOSPI200 skew is calculated by
the method suggested by Chen, Hong and Stein (2001).

Stock market equation

(X, =0L+Z Bix Xy, +Z YiXYy )
=1 i=1

Option market equation

(Y, =a +Z B. XYy +Z V; XX )
i=1 i=1

X, CHS skew \ CW skew XZZ skew | BMK skew
t CW skew XZZ skew | BMK skew t CHS skew
a -0.0135 -0.0180 -0.00205 . -0.0054** 0.0114*** -0.03348**
(-1.34) (-1.58) (-0.21) 24 (-2.09) (4.10) (-4.57)
X 0.9106*** 0.9304*** 0.96684*** Y 0.4157*** 0.4298*** 0.63571**
t1 (34.18) (34.78) (44.17) t (15.87) (16.34) (29.08)
X -0.0145 -0.0170 -0.02816 Y. 0.1475*** 0.1122*** 0.09017**
-2 (-0.40) (-0.47) (-0.93) r2 (5.20) (3.92) (3.47)
X 0.0354 0.0016 -0.01959 Y 0.0756*** 0.0843*** 0.06156**
t3 (0.98) (0.05) (-0.64) 3 (2.71) (3.01) (2.36)
X 0.0175 0.0373 0.04613 Y 0.0972*** 0.0674*** -0.01204
t4 (0.49) (1.02) (1.52) 4 (3.52) (2.44) (-0.46)
X -0.0334 -0.0243 -0.02192 Y 0.1125*** 0.0948*** 0.02015
t5 (-0.93) (-0.67) (-0.72) s (4.09) (3.44) (0.78)
X -0.0180 -0.0324 -0.01135 Y 6 0.0085 0.0191 0.04939
t-6 (-0.68) (-1.21) (-0.37) t (0.33) (0.75) (1.90)
X -0.00014 0.01701
t7 (-0.00) (0.66)
X 0.00664 0.05608**
8 (0.30) (2.57)
Y -0.3862*** 0.2922*** 0.12021*** X 0.0000 -0.0021 -0.00647
t1 (-3.78) (2.70) (4.14) t (0.01) (-0.32) (-0.39)
Y -0.1490 -0.0128 -0.08200** X ) -0.0029 0.0039 0.00493
t2 (-1.35) (-0.11) (-2.38) B (-0.32) (0.44) (0.21)
Y 0.1347 0.0765 -0.04149 X -0.0112 0.0143 0.02066
t3 (1.23) (0.66) (-1.20) 3 (-1.22) (1.61) (0.90)
Y 0.1748* -0.0896 0.00906 X 0.0025 -0.0024 -0.05212**
- 1.62 -0.79 0.26 0.27 -0.27 -2.27
4 4
Y 0.0522 -0.1124 0.02994 X 0.0100 -0.0109 -0.00331
t5 (0.49) (-0.99) (0.87) e (1.09) (-1.23) (-0.14)
Y 0.0957 -0.0431 -0.06133 X -0.0054 0.0043 0.03163
t6 (0.95) (-0.41) (-1.78) r6 (-0.80) (0.66) (1.38)
Y -0.02685 -0.01366
t7 (-0.78) (-0.60)
Y 0.06599** 0.01253
8 (2.28) (0.76)
Granger 24.48*** 10.86* 26.82*** Granger 8.97 12.63** 11.13
(p-value) (0.00) (0.09) (0.00) (p-value) (0.17) (0.04) (0.19)




<Table 6> VAR Results of BMK Kurtosis and P- Kurtosis:
BKM kurtosis is estimated by non-parametrical methods suggested by Bakshi, Kapadia, and
Madan(2003).

Stock market equation Option market equation
n n , n , n ,
(X, :OH'Z Bix X +z VXY ) (Y,=a +Z Bix Yy, +Z Yi*Xei )
i=1 i=1 i=1 i=1
P kurtosis BMK kurtosis
X, kurtosi Y, kurtosi
Y, BMK kurtosis X, P kurtosis
a 0.00968 . 0.94534**
(0.26) a (11.24)
X 0.88686** v 0.64866**
1 (40.76) t1 (29.94)
X 0.06934** v 0.05025
2 (2.38) t2 (1.95)
X 0.03757 Y -0.01031
3 (1.29) t3 (-0.40)
X -0.02947 0.04918
4 (-1.01) Yes (1.89)
X 0.02500 v -0.06708**
5 (0.86) 5 (-2.60)
X -0.00986 Y 0.09233**
v6 (-0.46) 6 (4.33)
Y 0.02759%* X 0.00877
tl (2.93) t1 (0.18)
Y -0.04970%** X -0.03205
r2 (-4.43) t2 (-0.48)
Y 0.01870 0.00390
t3 (1.66) Kia (0.06)
Y 0.00432 0.06363
4 (0.38) Kea (0.95)
Y -0.00072 X -0.04055
e (-0.06) t5 (-0.61)
Y. 0.00136 X 0.01935
(0.15) t6 (0.39)
Granger 20.15*** Granger 5.81
(p-value) (0.00) (p-value) (0.44)




<Figure 1: Process of Variables>

The Figure shows the process of each variable used in this paper. The sample period is from January of
1998 to June of 2006. The volatility skew was estimated by the methods suggested by Cremers and
Weinbaum(2010) and Xing, Zhang and Zhao(2010). The implied risk-neutral skew and kurtosis are
estimated by the methods suggested by Bakshi, Kapadia, and Madan(2003).
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<Figure 2> Impulse response analysis: option skew and stock return
This Figure shows the result of impulse response analysis using option skew(CW skew, XZZ skew,
BMK skew) and stock return (KOSP1200).
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<Figure 3> Impulse response analysis: option skew and stock skew

This Figure shows the result of impulse response analysis using option skew(CW skew, XZZ skew,

BMK skew) and stock skew(CHS skew).
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<Figure 4> Impulse response analysis results of BKM kurtosis and P kurtosis

This Figure shows the impulse response analysis results conducted based on VAR model of BKM skew
and P skew.
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