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2 AL 71 29 w9 WSS 8] Hlsl A ()= S -

ZF 1719 WA S AP E R (linear interpolation) &2 LAFSHY] VXO A&

APESHAl "k o]  VXO A 22 71E At e sl 4 e A

A 712 WSkeHA HE2 AME A4 A O (upward bias)E 2EA| FTH3)
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K

I} Ao A A E= FAAREE ©]-85Fo] tAHapproximation)¥t A2 & 4
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<Table 1> Black-Scholes implied volatilities used in the VXO construction

In the VXO index, 8 Black-Scholes implied volatilities of the nearest and the second-nearest option are
used. These implied volatilities are weighted to represent the implied volatility of a 30-calendar day(22
trading day) at-the-money option.

. . Nearest Contract Second-Nearest Contract
Exercise Price

Call Put Call Put
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P(K)dK+e"” s C(K)df(] (10)
s K

Bakshi, Kapadia and Madan(2003)] W2 2] (10)= HESHEEANA S 22

%412 E(central moment)=r o|W|3tt} o] & AWK 7| Q|8 WA S HIENA Y

A} FAHES HFAHER FFE 4 1)F 2ok 374 59 g i3 uEA

BT} 7} FHANES Qujetn] R(T)= R(T) =1ns(7)—Ins, 02 Ho|Hr,

[\

p,— i = EC[R(T)?] - [E9(R(T))]? (11)

AL (1)ollA] iz HS A A ES F517] A= FAIQ] 71HEES 2= g9

A &g 7HE 9 F34HT E3HLE AF(span) E 4= Qlth= Carr and
Madan(2001)%] =2 & o]8& =

21t} Carr and Madan(2001)-2 9] 9] 22}7kA] w]E7}
Sokal A&l g4y, H(S)e = A (12)3 Zo] Al 753 Ht)

o

H(S)=H(S)+(S—SVH{S)+ | H(K)(S—K)"dK (12)
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FA}] 27 (no arbitrage condition) A1 2] H7FAS 4] (13)1}f o] 413 4= Qi ofefjof
A )% P(K) = ZH2 RE7IAR7HA] Ee AjTto) KRl Z&A}
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gHoz olasisle] HHF Ao B 4 9ok

>

M-SR =218 AL

oF dof|A A vRel o] VIXA = AA| Ao zmiE HEdATE
A7) el oA S AREStaL glem o]z ¢lsf o] 2219l Mol A= YRt
A = o] VIXA|9] AlibAlof YetuAl Hok 85k ofug} o] 24 0= HA|
YAZEA O FA7HAS ARgstolof SHAIRE AA| = A= S ARHA0)7] wiZ
of YRS dolM= B FH7HAS AR 4= Ut Jiang and Tian(2005)
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Jiang and Tian(2005) A1 %ol 4] 7|2 Els o]712 0] S &2 YAjusA

2 #45ta AZelel W0 E Aol tiat WANEA B4E FYskd 1
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B Ao A= 4] (15)9] 2B AARS 4=%] 2] B(numerical integration)S ©]-&3}
Hom FA Aoz EvhH g WA (trapezodal rule)= 285k 4 (16)7F o] A4
iy

(16)

o714 PK)I C(K) = 212t Zol7l @Al7k2 Kol ejsto] WAiuIEA T4
LIRS (S F3) doal MEAS ol §3te] A4 Bel&x gMsHoln

SV, =R -R. F=13n (17)

71 Rz QA7IE T AUFAER R, =1n(S5/S, )2 FAHM nd

=
A7t g9 Fgzolt) webA SV, n 717Here] FEEAR] Al (square root)
s =
= =

7) oleldt EREEUAL ARt E2AR Bt BUFYYo| ohin, ULl BY HHEET 7

ox,

Ao/ EHAS BAS] YA+ A4 (correction factor) 7k JEJ&O}E]— (Fleming(1998) ).
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tility) &) o2 AA A35t= " o] Qlth Andersen, Bollerslev, Diebold
and Labys(2003)+= 22} &H(quadratic variation) ] 7i'd-& o]&3dto] U5 59| AHE
ERHo MT 4 9k PUS Dok, ofdolAE olo] o} Aulia
stk WA 20t AlY E-E 7Y (semi-martingale process) S THE£ Y2]9] W= X(1) 2
2Apae) SRR 4 (87 2o HolHc

ol

X, X], = ZfX )dX(s 0<t<T (18)

7|4 A2l [0, T1E 9] BEshe S7kske =4 0=1,, <7,
< 78k o] o] sup o7, — T 2 sup ;o (7,500 —7,,) — 0 = THEESITH
I3 19 FEZ 4 (19)0] sttt

lim ’Z (X(tAT, ) =X (EAT, )P — [X X, (19)

of2fgt 22O EAE o]85to] A (2003 Z& HA ¥F Hot 75
gttt 7|4 r(t,h) =p(t) —p(t—h), 0 < h <t < TO|IL p(t)= 7HE o FARTE
Fgt grolt}. webA YR 7IbEere dEoE ARE o]8dhe A5 AAHEEY
=]

A ARAEAL A Q) o] B

. 2
vt hin) = E r(tchrih,ﬁ) (20)
i=1,n n n
2 2 2
:r(t—h-i-ﬁ,ﬁ) + -~+7'(t——,—) +1(2‘,—)
n’'n

22 ol 43t A5 EL s ne UF4olE
) Eomw. olo} o] FE AHAFAL AARE ol 31o] AT T
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<Figure 1> Calibration of non-overlapping volatility index and actual volatilities(Actual

volatilities indicate realized volatilities and sample standard deviations)

The time of the volatility The calculation period of
index calculation the realized volatility

Jan-1999 option Feb-1999 option Mar-1999 option Apr-1999 option
settlement day settlement day settlement day settlement day

——

<Table 2> Descriptive statistics of non-overlapping volatility index and actual volatilities

<Table 2> presents the sample average(Mean), standard deviation(Std.), skewness, excess kurtosis, Jarque-
Bera statistic(JB statistic), and first-order autocorrelation(lst autocorr.) on the levels and first-order
differences of the volatility index(constructed from KOSPI200 index options data), the sample standard
deviation, and the realized volatility of Andersen et al.(2003) (constructed from KOSPI200 index return).
The sample period covers from the year 1999 to 2006.

1 Volatility Level First-order difference

S e I el Bl I B
deviation deviation

Mean 0.3122 0.2883 0.2980 -0.0046 -0.0029 -0.0029
Std. 0.1043 0.1216 0.1176 0.0527 0.0943 0.0797
Skewness 0.5101 0.6931 0.5723 0.5301 0.5035 0.0543
Kurtosis -0.3456 0.01194 -0.4770 2.1582 1.0898 2.7318
B statistic 45928 7.6069** 6.0858** 22.8867* 8.7141% 29.5860*
1st autocorr. 0.8235 0.6887 0.7566 -0.1551 -0.3114 -0.3366

Note) * © 1% significance level, ** 1 5% significance level.
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<Figure 2> History of the volatility index and actual volatilities of KOSPI200 index.

The volatility index is constructed from KOSPI200 index options data. The sample standard deviation
and the realized volatility of Andersen et al.(2003) are used as proxies for the actual volatility on
KOSPI200 index return. The sample period covers from the year 1999 to 2006.
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SV, =a+BIV,+4SV,_, +¢, (22)
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<Table 3> Predictability test of the volatility index(total period)

<Table 3> presents the regression results of equation (22) where 7V, is the volatility index at time ¢;
SV,(Sample Std.) is the sample standard deviation of daily KOSPI200 index returns; RV,(Realized
Volatility) is the realized volatility based on intra-day ten-minute KOSPI200 index returns. The sample
period covers from the year 1999 to 2006.

Actual Volatilities a Jé] % adj. R F F
Realized Volatility (8:8522) 8)%67151) 05797 | 333 336
Realized Volatility (8:8353) 8)‘;4597‘;) %‘;239) 06120 | 621% | 1229*

* - -
Note) : F statistic on Hy:a=0, =1, . F statistic on Hy:5=1,

*: 1% significance level, **: 5% significance level.

1%
i
_E_l‘
i
i
o
=

<HE 3> 1999WEE 2006712 Q] A A|7|7bol| dist 3] E
Aolek HA HAAHEE Y] BAMFE 23F5HA] §F2 AR oA = FEREHA
of wlsh AEHF/dol et o] A Yehen, & A5 25 HEAdR4o
EAUAEE 7145 AR etk wehA HEdAlae AA sl tigt SH5
Ao AAE 7HA AL QUA AN B fA o i APE o £ o 58S
7HAAL Sl Ao ' wed 4= Qloh 2, AAHEE Y] BAMSE ZERt 3R
Aol A= AAAE /ol weh kg AE UEhl L Slty WA FE2EFHAE A

18 #mmE X223 X35 2008



A=2] 8]

ze]
1o
e

Gn

S

o

S EREEE

A7 B

T

g}

°

oe F Wl o

Ag golH o Yept o)

o
|

B!
Ay JAASY FEOR

ol

b ey

T

s
e

RYHOR Ueiton], BHASY SR v

ERZAR] Ao

Y

st

s

REY

A7}

oju

A

|

RS

°

of AAHEAdoll o

2
N

Ao Vehgt,

oAl o] 54X

-

=
oF
pY e

e

|

152] wEHA%

L

H1H 1999 o

N
_UT

N
N
ol
N

T
izl

oju
<|m

J)
—

o

—_
o

ro
T

<

1Al 2)9

o

gelo] £ e SAASE 27t

o] =9k 19991 F-E] 20021 7kA] &}

J A=
-

A
o

i A7

e

o

O
=

H17] 9

i A7) 7

Ak
=

I

Al
9]
o] Wetd 200395H 2006 d7HA 2 WAL Z42e] 7] 7ke] o

-

L

=

=

7} vreht

1A} e
o]

Z UERT.

0

<

BSR40l ORels0) et i 19

o] Wekd A7|7} 22} =

=
L

A



<Table 4> Predictability test of the volatility index(sub-period)

Table 4 presents the regression results of equation (22) with sub-periods (the total sample period covers
from the year 1999 to 2006) where /V, is the volatility index at time ¢; SV,(Sample Std.) is the sample
standard deviation of daily KOSPI200 index returns; RV, (Realized Volatility) is the realized volatility

based on intra-day ten-minute KOSPI200 index returns.

o Actual . * ¥
sub-period Volatilities a B ol adj. R F F
*% *
Sample Std. 0.1493 0.5629 0.1671 4.50** 6.29**

(0.0695) | (0.1743)

Realized | 0.2301* | 0.3951*
1999 ~ Volatility | (0.0674) | (0.1691)
2002 Sample Std 0.1492* | 0.3386 | 0.2374

P18 (0.0691) | (0.2501) | (0.1910)

Realized | 02115 | 01325 | 03238
Volatility | (0.0668) | (0.2229) | (0.1844)
0.0342 | 0.7393*
(0.0426) | (0.1793)
Realized | 00318 | 0.7680*
2003~ Volatility | (0.0274) | (0.1153)
2006 [ o | 00asr | oso9 | 01838
P18 (0.0441) | (0.2950) | (0.2049)

Realized 0.0399 0.4135 0.3520
Volatility (0.0278) | (0.2831) | (0.2572)

0.0867 6.54* 12.80*

0.1769 3.62%* 6.99*

0.1263 8.06* 15.14%

Sample Std. 0.2582 4.66** 2.11

0.4851 8.16* 4.05

0.2549 1.34 2.54

0.4949 2.19 4.29%*

+ . L
Note) : F statistic on Hy:a=0, =1, ¥ 1 F ostatistic on H,: =1,

*: 1% significance level, **: 5% significance level.

20 &m#% M223 X35 2008



ol S EAs] "), o] B oF ol AR Tgl A A
F4d Aee SAFATY 4EE 2A X o] o WEAdRee SHA=
A AR A ARFE =5 S0l 7Idske] Y 4= Sl ofof & oA
© HEAT SHEA7E A= 495 7HEskL s gAY dSEe A5
oh ek MeAA e Aol ARG-Ele T A= o] whet vhoket Ae ALt
2 5 Ak ofERt e Ao A A o weh AAE SO HiEt 52l Aol
7b Aol disiAE 2 oM A H kot

(1) EYE D2fst HE Y2 oE FH3F

sroll Al Adrg et vhel o] A Y] Alkelur FAANT F=5 54 olw 2
HEgAo S EAE o e, o] A #4E Al dAde] A
ol A 28 A5l ¥F= v = Aok & HolM= ol L3}
5 A ok AARE/ Y AAE 19 SjFol= ke i (instrumental variable) 2
sto] A tigt 9ds dAsen 1 2its <3 53 g

<Table 5> Robustness test of predictability of the Volatility index : IV regression

(total period)

<Table 5> presents the regression results of equation (22) with the lagged instrument of actual volatility
where 7V, is the volatility index at time ¢; SV,(Sample Std.) is the sample standard deviation of daily
KOSPI200 index returns; RV, (Realized Volatility) is the realized volatility based on intra-day ten-minute
KOSPI200 index returns. The sample period covers from the year 1999 to 2006.

Actual Volatilities a e v adj. R? F F

0.0150 0.8793* .
(0.0312) | (0.0969) 0.4664 427 155

0.0136 0.9162*

Sample Std.

Realized Volatility | ("> |+ eon) 0.5302 170 0.89
00197 | 0.6637* | 02140

Sample Std. 00329) | (025100 | (0.1969) | 02286 1.07 1.80

Realized Volatility | 00146 | 06495% 1 02796 | o0y, 1.24 212

(0.0281) (0.2410) (0.2026)

* L -
Note) : F statistic on Hy:a=0, =1, ¥, F statistic on Hy:3=1,

*: 1% significance level, **:5% significance level.
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<Table 6> Robustness test of predictability of the Volatility index : IV regression

(sub period)

<Table 6> presents the regression results of equation (22) with the volatility indices constructed from
various methods with the considerations of maturity class, price class, and numerical method where 7V,
is the volatility index at time ¢; SV, (Sample Std.) is the sample standard deviation of daily KOSPI200
index returns; RV,(Realized Volatility) is the realized volatility based on intra-day ten-minute KOSPI200

index returns. The sample period covers from the year 1999 to 2006.

Maturity | Price

+

Index construction method e 8 adj. R? g
class class
vxo" 0.0420 | 0.7117* | 0.2523 | 4.40**
trade Spline 0.0342 | 0.7393* | 0.2582 | 4.66*
Nearest+| PI¢ VIX : :
S d Without Spline 0.0339 | 0.7274* | 0.2587 6.07*
econ
nearest VX0 0.0344 | 0.7395* | 0.2678 | 4.67**
Contracts | bid-ask Filtering-last trade price?| 0.0357 | 0.7195* | 0.2551 6.16*

price VIX Filtering-Delta Gamma

Approximation” 0.0407 | 0.6937* | 0.2442 | 6.87*

VX0 0.0334 | 0.7246* | 0.3966 | 9.22*
trade bid- Spline 0.0312 | 0.7320* | 0.3699 | 8.79*
price ask
Nearest price Without Spline 0.0306 |0.7218* | 0.3771 | 11.06*
Contracts
only VX0 0.0344 | 0.7203* | 0.3941 | 294.26*
bid-ask Filtering-last trade price | 0.0306 | 0.7218* | 0.3767 | 11.05*

price VIX Filtering-Delta Gamma

. 0.0305 |0.7230* | 0.3793 | 10.90*
Approximation

Note) ' : F statistic on Hy:a=0, =1, *:1% significance level, **: 5% significance level.
1) The VXO index is based on Black-Scholes implied volatility.
2) In the case where the ratio of Black-Scholes implied volatilities of bid and ask prices violate
a permissible volatility bound, option prices are replaced with last trade price.
3) In the case where the ratio of Black-Scholes implied volatilities of bid and ask prices violate
a permissible volatility bound, option prices are replaced with a price approximated using the

last trade price and the values of Delta and Gamma of that option.
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Q 3= (p7)2 e R nﬁ_ n£ ’
EOR(T)*)=(rT)*+3 [/F = (1 5 (1 So) )C(K)d]( (26)
1 K K\?
NSV =— 2}22 27)

ni=1

<Table 7> Predictability test including non-central moments

<Table 7> presents the regression results of equation (28) where NSV, and NRV, are the sample second
moment and the realized variance under the real probability measure, respectively. N/V, and NIS, are
the second and third moments under the risk-neutral measure, respectively. The sample period covers
from the year 1999 to 2006.

Actual Volatilities a Jé] v adj. R | F statistic’ | F statistic’
e ot | gom Torm | | owm | ewr | o
varanee | 00111 | 00842 o406 | a1t | 14
et | antyr T osir [0 | o | 1 | o
Varnes | 00109) | 0001 | Gaopn) | 0469 | 175 | 348

Note) " . F statistic on Hy:a=0, §=1, i . I ostatistic on Hy: =1,

*: 1% significance level, **:5% significance level.

flo

223l HASHAES] AAAE tEt d5Es H55H] AAsl A (28) 2
3RS —’Fﬁé‘ﬂ?‘ii} o714 NSV,&} NRV, = 2477 AAISHE] 228 & Ad
ARG oulsta NIV 9} NIS = YEEHSEA 9 22} d 3}AES oJu|t

s

e

NSV, = a+BNIV,+~yNIS, +e, (28)

NRV, =+ BNIV, +~NIS, +e,
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< Abstract >

The Predictability of Volatility Index 1n

KOSPI200 Option Market

*®

Young Ho Eom*, Hyun Jun Ji

Since the introduction of volatility indices, futures and options on
the index have been traded in some derivative exchanges in the US and
some European countries, Introducing similar volatility index is also now
considered by the Korea Stock Exchange because of the increasing needs
of hedge instruments in the fast—growing OTC markets, Furthermore, vol—
atility indices measure market expectations of near term volatilities implied
in stock index option prices, Thus, volatility index is not only important
in hedging market volatility risk, but also useful in predicting future vola—
tility and measuring market’s fear,

There have been many empirical tests about the predictability to the
actual volatility and most of them were focused on the Black—Scholes im—
plied volatility or the volatility index based on variance swap (hereafter
VIX) or Black—Scholes implied volatility (hereafter VXO), Previous studies
indicate that the volatility index or the Black—Scholes implied volatility
has predictability to the future actual volatility though they are not un—
biased estimators,

However, there might be some econometric problems in testing the
predictability to the actual volatility, One of classical problems is the meas—
urement error problem caused by low—liquidity or non—synchronous data
and an over—lapping data problem mentioned by Christensen and Prabhala
(1998). Also, Bakshi, Kapadia and Madan(2003) showed that higher mo—
ments of risk—neutral measure can affect to the actual volatility and in
this case there may be an omitted—variable problem, which may result in
the biasedness in the tests,

Besides these econometric problems, there are some measurement is—
sues in estimating the actual volatility (the realized volatility based on in—
tra—data and the sample standard deviation) and constructing the volatility
index (VXO, VIX and splined VIX),
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The purpose of this study is to empirically test whether volatility
index is an unbiased estimator of the future actual volatility, Firstly, ac—
cording to the result of Bakshi, Kapadia and Madan(2003), we test the pre—
dictability of the volatility index with the risk—neutral higher moments,
Secondly, we test the predictability with considerations of measurement
error problems, We use the data of specific time in trading hour to avoid
non—synchronous problem and monthly data for using non—overlapping
data, We use an instrumental variable regression method in estimating as
well, Also for the robustness test of the results, we construct various vola—
tility indices with respect to data types and numericlal methods and inves—
tigate their effects on the predictablility power, Finally, in the test we use
the realized volatility of Andersen et al,(2001) as well as a sample standard
deviation as the proxy for the future true realized volatility,

We test with the monthly volatility index constructed by the KOSPI200
index option data for the sample period covered from 1999 to 2006, The
results indicate that the volatility index has predictability to the actual
volatility and has higher predictability power than the historical vola—
tility(past sample standard deviation), In case of the realized volatility,
the volatility index is better than the past realized volatility in forecasting
the actual volatility when considering measurement error,

The volatility index is an unbiased estimator when we take the meas—
urement error or the omitted—variable problem into account, while it's a
biased estimator in general regression test, The VIX index is predictable
to the actual volatility as much as the VXO index, but the former is less
sensitive to data or construction method,

These results shows that the unbiasedness of the volatilty index to
the actual volatility is not rejected when some econometric issues are con—
sidered and that the volatility index has higher predictability power than
those of other volatility measures such as past actual volatilities,

Key words : Volatility Index, Realized Volatility, Historical Volatility,

KOSPI200 Index
JEL Classification . G14
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