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HHXIEHAT @ H17TH 1=

[.A &

L

2008 =24 F§2]7](global financial crisis)®] o3b= A AAL] F54]
A2 B AEAANE G A g3 o] FHoke| Al sk
aREolvlick & F8-917] Al 20089 79 A Eaks FAf(West Texas
Intermediate: WTI) 7|22 wl€d 145189 2 2 7ts 7|53t Al
7hs 59171 olF FAF sEAlE Belr 2008 12¢ell= 338722714
Wkt o] F AT A3 5120l H}iﬂ‘ﬁ/ﬂ B3] S
I glew FEH Fg97] o Fe Al We 1 w3 g3kl sl
thofgh Al 7ol Al o] o} A4S Fbslelch

s Ab Al A3 F2 2R S4E T gle 8% A 84
o]7] wiell AA ZAd AA|Fh= vlFe] Fom AEAA Z s 7
23 Qlek 53] fElvebe e A e oEdta 9lerngE ) A
A7 FAF7E Hgel B s ety & 5 9ok olys FHES 1
getohd AR WEAd-e AEAA g 9l wg- F8Eiy &
g olrk =gk 20004 o] ¥ F=W FAAe T AR wdE A
FAA2] F43Hcommodity financialization)”} Z1AHeo] WA Af= A7
A3s -45\_3?}5}7] 93k HHo g olZ o] &|A(inflation hedge) ¥ ZE
Z2] 9 b2k (portfolio diversification)d] $wte2 =8 zta glch

AAR 2 FAAARe] WsAde] BAS A o stk AEAAe

H AANABARA FRie 2 %"] g Aotk Afre AEAIS F53tE

1) 20119 4% 29¢ WTI AE7]F ol 2 1133922 (www.eia.gov).
2) 20169 29 11 WTI A&7 " o 262123 (www.eia.gov).
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AArel wA ~®g] 7] " (Morgan Stanley Capital International: MSCI) #]
2] WsAe] SAI HEA Heo|ads A5t

A, AFAEAR FAAR 7k HEA AoladE AFsHA B4
S8 e HIHA A (asymmetry)Zh 471719 (long memory)2] S74-& &A1 ¢l

=z
o
-0l
)
e
ol

AR(1)-FIAPARCH(fractionally integrated asymmetric power
autoregressive conditional heteroskedasticity)-DCC(dynamic conditional
correlation) ®¥E o]-&3dto] AfAAI FolAlot 7= FA A WEA
717143 v o] SAS EAsd A AR FAAA ke AR
ARAE B4k

upxete 2 #2 £EZPQ 715 (optimal portfolio)e} 29| sA|u]&
(hedging ratio) 4% FAEART 7} FA A2 Sl ge] 2AY Bt

=
(conditional variance) ¥ -F¥AH(conditional covariance)g ©]&3}e] EA13}
)=}
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. A3+

B AFe AR FokAol 5= FAAARE] HEA 2
far 7 AP 7o) WeAd Aolastel ¥ EER| S M Zlo]
A2 F2 Bollerslev(1986)2] GARCH(generalized autoregressive
conditional heteroskedasticity) 23S |43 177} 28w 1 i}
Malik and Hammoudeh(2007)+= ZZ A 3/M= FAAAT} 4] LAH-A]
A tjare® o 2 (multivariate) GARCH-BEKK(Baba, Engle, Kraft and
Kroner) 23E& o]§3to] W-5A o] & o ‘HEH Al s 4

%

T
o e

& A

. °]

3, Az Ao FAARL FAG7 WEAG Qe o, A Ao} F
4 5 AHpeiolellole] F4A49) WEAel FAR AED 1017
Arhe A3 23890

Choi and Hammoudeh(2010)= A, 78], & % 23 2> AxA A3
n] ZFA A ZHS&KP 500) 7Fe] W54 Ao &S A 3Hregime switching)
< o]-4g dAA GARCH-DCC Z3-E& o]gsle] #A st AFwA A7),

—

A ofstete AwS ‘:Eﬂ‘:‘ = W

Arouri et al.(2011)<> T"rﬂdﬂr ml= FAAR
835 VAR-GARCH ®3¥<& Fa #4319

5 2 vls FARAA o] WwA Aolaabt ExEta, T4
A2 kel Aol a3yl vl FAAALS IpA A okl Aol &
7 A= Sl

Mensi et al.(2013)-> VAR-GARCH-CCC(constant conditional correlation)
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ARt Fa, A,

=
=

H|F2 29.0%

Lol (www.cla.gov).
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3) 201441 7]

21.4%(www.bp.com).
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A AAE FAES A7) AFaA (autocorrelation)S Edsle] At WA
(mean equation)el] AR(1) A& zZe=rvlx 7HAseictd AR(1) =82 tf
3z}

o >

Ty =R e, tET with &, = 2,4/ 2, z,~N(0,1). 8]

o174 rm% AR 2 FAARY 719 FES oriEh,
lul€(0,00), |vy]|<18] 27& WERL {2} & AR FHA|L UT
Q%%E% Uﬂh:‘i}il(mdelg)endent and identically distributed) 7F438ch b=
H|-5(non-negativity) 2719 714 #4Hconditional variance)®] AlH-&
ch.

Tse(1998)-> Ding et al.(1993)2] APARCH %3-S ¥4 A% HHoz
gk FIAPARCH R8& o]gslo] WgA A7]7]e] A8t opzl WsA]

lo
=
ol

5) Cheung and Lai(1993)9] 1ol 2|Astd5o] AR AA5E =7 AAshd A ALl
A 7171 B4 AAR Aol slek o] AE wale] B ATelAE AR()
A& ol gapr] 2 dek,
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o)
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o,
lo
A
oX,
b1
M

x
=
fd

&S Aot 4z FIAPARCH(p,d,q) *

W2 =wll—p(0)] " +1—(1—8(L) 'e(L)(1—L))(|&|—e,)’. 2)

o714 WEAde] <kl <Al AAlEdR FAEY] SsiME 6> 0,
ZA Ao} @t} gm0 <d< 19 #5
AR BAS 7= Ao FAEH HEALS Ar|7|d EAS WA ¢
T AL oula, Arl71oe Arst 245 de 2 o vehdt 4> 0
19 WEA HleAe] EARTHE AL Ushith & WEAe] T 34
wep v FAe) o wlzkelA] wheditks AL oua)

o
B APl SRATAY AN e 2 A

!
A
2

A
—
(an)
V
.
V
—
1o
Bx
T
L o
rﬂ

o

= 7

A7) 918 Engle(2002)0] A% DCC B35 o]-&3loict -4 ojdeF &

3] AbApe] FAb-F-Ab ¥ (variance-covariance matrix) H,+= thed 2
SEERES

H, =DRD, 3)

A7VA D, = diag(hl)% .-, h¥3,)E AR =A% 33 2H(conditional

standard deviation)®] (2x2) ™zt E (diagonal matrix)e]™, o]7-& A=k
FIAPARCH E&o] o] m3slsl 75 BAke] Alg-Zozye] Jg) r
= (2x2) A7 /A 278 AAAS 3= (time varying  correlation

matrix)o] i, th&-3} 7o) Foizlt},
R, = (diag(Q,)) ?Q (diag(Q,)) "/, (4)

621 :(17adoc7ﬁdoc)22—~_adw(utf1u;fl)+/6det71' (5)
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=
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o,
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o
o,
P

M
Z ui,tfmuj‘tfm

m=1

-1= M M
\/( E u?,t*m)( 2 U’j,tfm)

m=1

-1
Pije = (1 7adcc'76dct')pij+ﬂdwoij¢ t g, \/ AT 7 (7

m=1 m=1

gH E o= Baillie and Bollerslev(1989)e] S+ WH Aol zkz}at
(residual)®] Student-t & wlEciy 7HAsdvt F§ AALS AFEE
(normal distribution)& W22 7] wiitell Axte] B|AFEE (irregular
distribution) & wEttal 7= Zlo] 2N HAbe FA = ASeE
ol whe] Hrh 12]3 FIAPARCH-DCC R§e] AeEd vy 54

FE FF $= 33 (quasi-maximum likelihood estimation: QMLE) B8

o

o

- 187 —
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ARg3te] 243 5 o)) o)) 21953 (log likelihood function)= th&-3}h
z},

1 T

Z (nlog 27r)+10g|Dt|28tD[2gt) . &)
t=1
T
+ (10g|C’t|+u;C[1—u;ut)
t=1
o] & whol M 2utA 4 FAL Ax =, R WA DA = 77t
o] AAA Fo]Eolx d¥ek FIAPARCH 23S 53 h,, & F43ch F

r;(z
:{o
2
it
>
o,
B
offt
(o]
-0,
>,
(o]
-0,
(@]
N
=
o
lo,
2
i)
=2
Ho,
i)
==
Ach
[
Ho
:(I){é
>

stock __ 3 0s
S i )
Wy = hstoz‘k + hoil —opos ?
t t t

0, if w® <0
wp =qul i 1<y <1 (10)
17 if 'U);)s >1
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A3} FobAlet 7=
= AZE el A %%‘d% ]Zo“ﬂr FAAA g 2T EARS e
hi*= AZE el A LFAAEAT FAAG ke o Ee] 2N AN
vhehdich, LEZE] oA FAARY] ZEAE (1-w,”)E Hepd

B Aol 91 43} slAu]Eel tisled Kroner and Sultan(1993)°]

A et AN &S AHEstel F Apel TEFE0E 2T Aol

\ Lo
B;)b = hfttack' : (11)
¥EEFYS JlgA ot v R A7 tof] mE FAH[E2 DCC 239
B E sl AR BA-EA AU olSaelch A8l 93

pplete) wlg R ek Ao 2 78 S ok &, A WA A
FAEA)ANA 192 w5 24 EX

stabr] Q1A FARARES S RHA 2Rk EeRAlor Sl A AN By
22 v ZA]A(short position)S FHafofF grl= Ao}

“d(long position)] E
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—

228 8l 7|1 25A% T4

Kl

V.

Aol A ARE FAG7HE WTI AEAFE o] &3l o, F414]
R 3 diuh £59 MSCI A|45 o835tk 72+ Hole &
] ZA= vl oA 2] - (Energy Information Administration: EIA)%
MSCI Databaseol|A] 7FH ke £4 717k 19984 149 5435 20161 10
o 31Y7HA]e] AW A5 E ol gty A|AIGe] AAMA (stationary) S X
sh7] 9lal AfdZ 2 AES FHg 21 9 E(logarithmic returns)® W 3Hs}
o wAHd AHgah (23 119 WTI 418755} Eolalo} 57179 MSCI
Age] a2 zE val AR FEH FE917] oAl AeAE BelA

2 F497) olFel 2 2o sheto] gloleke e & ik

fo rz

%

N

_l

[22! 1] WTI MEX|4=2} SO}A|O} 57H= MSCI X|4=2| 2=

WTIF KOREA_MSCI JAPAN_MSCI

1 w0 m sm ‘

D e AN A
! Wl o) ¥ ;

au,w/m» MM M lfv,« mdp,‘ wv/wf‘/ i 1-‘5007\1' ’L\%‘»‘, “{N W

; | - \ W™ 2

“3 “\JM‘“\V‘N) Wl N u"‘? L j::w - ﬁ/‘m P Wj "%’

o et '\N = W

6) 7P FTIAFE ASEA ] o] 43S A syt SdEA @] wlEel &Y
olAd 2 FEHlTol B EAFe] AT = olrk wepA] TR P 2R F
date] 3HAlEE @ Ao ZAZTH Arouri et al, 2011, 2012; Mensi et al., 2015 ZA+-&
- 43|, 2014, 2016, =¥ - FHARE, 2015).

i
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1 A717h siejsbd A vehtar glem 22 55971 Al
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hyA

(25 219 WTT A= 553 FotAlet 57 MSCI =& )

zg ;<_4' <)

o‘l_

Al719}

=
T

ojp
=

A4
2
N}

% glek meb ARk FpiAe]

0

¢+

oW

oE
A
o

N

[T 2] wTI ME 2 SO0lA|o} 57H= MSCI

JAPAN_MSCI_Retum

KOREA_MSCI_Retum

WTIF_Retum

TAIWAN_MSCI_Retum

HK_MSCI_Retum

10

China_MSCI_Retum

T
10

T 719l 0l

3

£

o]
2]

P
T

|

A2l 7]

t}. Panel

]

WL 48420 Fobol 575 T4}

O

=

A

deviation)7} 7P 2 A

o) = (skewness) =

ol 3xr} & Aoz yehta glct ¢ zk=-w2h(Jarque-Bera)

=

=
R
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71 (null hypothesis)<
Al el ARG z%%i—i% &

e

"i’ PP(Phillips and Perron) 7174
o] A= AAlD E e
oA 7178 Heol BE AR

SED

s

S R R TIEE

FRLE

A9l A7) ARk dehis] 913
Agsgict, o A3k mE A3
ok Ze o 4 9l
2e o 4 ol

A (unit root test) A3= viepd

=2

2ol =
‘I‘Q-l'é“

O S
1

=24 etk

Zlo|c}, B

> rin

S o
=2 2

A1ZF 209] Ljung-Box
Aol AAA
T3 ARCH(10)9] HAAZE

o ol A =
S 7AAsE7] 918t ADF(augmented Dickey-Fuller)

o1g315ich. ADF 74 2 PP 2% 7
o] EARHE AT 1% o157

=
gL olxjxlele of

=

% ol

(H 1) WTI ME H FIIX| +AE2| 7|=SAH 0 el Hd-
|wisg | #=2 | o= £ £z et
Panel A: Descriptive Statistics
31 0.0210 0.0513 0.0042 0.0035 0.0178 0.0023
EFAA 2.4642 2.2803 1.6615 1.9693 1.5147 1.6434
= -0.0676 0.0704 -0.4857 -0.0474 -0.0347 -0.1016
B 6.8306 12.3659 8.2492 9.1816 111713 6.7331
J-B 2064.56%xx  17149.5%kx  46759Txkx 747058k« 130489k 273198k
@*(20) 2202, 2xx5 2038 10sekx 179493k 2345 12%kx 2273 11xkx  1080.19kx
ARCH(10) 58104 81.857xkx 62.61 33 72,638 57943 35.31 s
Panel B: Unit Root Test
ADF =T0.705%5x  -66.277+kx  -64526%%x  —63383wxex  —G7.146kx 66,1420k
PP —70.833 s 66258k 646750k 63308k 6713wk 66,1404k
F) B ARe £o0F AAL] AFEES AATE QA2)S £oAE AFE AALL] A7
A& ZAAZ ARCH(10)-> 104124 ARCH E3}7} EAjsl=2] dolcl. ADF 4 2 PP
AL FAF7H ol gl ©eEE 24 e AR

- 192 —



[0

AT SotAloh FAAIY Zhe| FII7le] W WEA HMolZD 24

g, Bl Zg(non-parametric) AAS FM FIEC)H FAES] Al
(r}), & WAl AALe A7]7]ole] EAsh=A] #4381k o714 $olE
T s vl & dellxl= Geweke and Porter-Hudak(1983)
9] GPH ##, Robinson(1995)¢] GSP(Gaussian semiparametric estimation)
HAZ Lo(1991)2] 4% R/S 734 (modified rescaled range analysis) 52

71719 EARS ol&stslen 74 EARedles Add Y Fh(bandwidth)

(E 2) ANAIE $2A8(,) W HEM(0T) | 27|17 2

lwisdg | 8= [ g2 | == | &= | oo
Panel At GPH Test
Returns(r,)
m= 7% 0.0643 0.0978 -0.0734 -0.1076 -0.0976 -0.0893
m= 7" 0.1062+x 0.0277 -0.0802 0.0168 -0.0228 0.0591

Squared Returns(r?)
m= T°° 0.6053xsx 0.3441 s 023805k 0.3284s5x 03502+ 046825
m=T°% 0.547 s 0.424455x 0.404 25 04257 037245 0.5456%sx
Panel B: GSP Test

Returns(r,)
m= T/4 -0.0192 —0.0294sx -0.0269 -0.0020 0.0038 0.0023
m= T/16 0.0558+* 0.0131 0.0162 0.0465 0.0447 0.0305

Squared Returns(r?)
m= T/4 0.362 7 0.3700s 0.258 7+ (0.353 1k 0.374 7 0.351 4k
m= T/16 0.544 28 0.5189sx 0.4418xxx 0.4864 0.5204 0.5144
Panel C: GSP Test

Returns(r,)
qg=1 1.2675 0.9504 1.1283 1.4573 1.0221 1.0753
q=4 1.2488 0.9669 1.1552 1.4301 1.0222 1.0483

Squared Returns (r?)
q=1 5,792 7 4281 55 3.359 7% 5.671 7 5.52073 6,249
q=4 4740755 59822 2.71466%5%% 45318 438353 52142553

F) wwn, wx xS 712 19, 5%, 10% 49 5F-S ehdith
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AR(1)-FIAPARCH(1,d,1)-DCC

A% ehl w9t o]

L

R

L

5.1. AR(1)-FIAPARCH(1,d,1)-DCC

4>ol A A= )r},
Panel A¢] FIAPARCH(1,d,1)
FIGARCH(ad) 3

AT

3t sobAle} 5 FAAgE] wEAel 47)7]

L=

o) aje}

£

ArellA 1% FellA e’ At

sit}. AR(1)-FIAPARCH(1,d,1)-DCC
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ek
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ARAIFTE SOMAIOF FAAIF Zhel F7|7Iof 8 HEN Fo|E 24

ol WTI A2A4} Fopiloh 5745 Aol WEA whade] Elat
e ouleha, olela Ml AA e QA TR FhHe] T A4
wach U g o 0zl sl A% olwdth ik APARCH(S)
59 FAgke] wE AgelA 2neh AL el el 19% FEeIA fole)
ohe dﬁi Hefhe s njel livish obel A 4l W

e}
2379 2ol 1 SO, WIT 4E QTS 2l $

o -
S gl g ASE A 0% ANsAE FARES WIT A%

WIT AEA3 A8 FAA G R T4 EEEe 0o uud Tz}—a— s

R Bl FES ZE A AF FEel 1% %4#40% Trqsy
F)o s 7ML slem g+ By, <19 2AS EERaL glo] At
Ao WEAY AAe] $E20e wEST glrk Student-t FE] A

(v) $49) ge BE AR 2meh 2T 1% SR folsjeie

7
23go] EFE A AFLES mat o] ok

Panel CellAl= AZiA el o83k w3 gdAel digh AAANE B
ok 2042714 EF3 2Rk A AdaE deolny] 913 Liung-Box®| &
WEE Q%(20) EA1%F, Hosking(1930, 1981)2} McLeod and Li(1981)<] th#zk
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Asymmetry, Long Memory and Volatility
ABSTRACT Spillover between Crude Oil Futures and
East Asian Stock Markets

Hyeong-Tae Kim" and Seong-Min Yoon™

This study investigates volatility spillover between crude oil futures
and East Asian stock markets using the AR(1)-FIAPARCH-DCC model
during period 1998-2016. Empirical results of this study were
summarized as follows. First, this study finds the evidence of long
memory and asymmetry in volatility between crude oil futures and
east Asian stock markets. Second, conditional correlations show that
the pair of WTIF-China has the highest correlation and the pair of
WTIF-Japan has the lowest correlation. Third, conditional correlations
between crude oil futures and East Asian stock markets increase
after the 2008 global financial crisis. Fourth, the average hedge ratio
is highest for pair of WTIF-Hong Kong, while that of WTIF-Japan is
the lowest, this result shows that a pair of WTIF-Japan offers the
most efficient hedge ratio. Lastly, time-varing hedge ratios increase
rapidly as do structural changes such as the financial crisis.

Key Words : Long Memory, Asymmetry, Volatility Spillover, Hedging
Ratio, Crude Oil Futures
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