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Wu and Young 2003; Kanokwan and Dibooglu 2006, Chuang, Lu and Tswei 2007, Li
and Majerowska 2008; Beirne, Schulze-Ghattas and Spagnolo 2010; Wang and Wang
2010).

2 ATANAE FAARS BT FASANGE) AP FAA5 WEY AoAYS I
obuiA ek olsh wustel AR wHAM ARk FH BA BY AT F
= ol Atk Malik and Ewing(2009)E ©]¥% GARCHR S %3 47143 v
5 AFAEste] WEAH Aol ANE RASALY ;AN S, AxAC, AxPAM A

79

HAREde dFS L Ae2 vEa, 568, aAMR S, A A
o

7}
=749 9 v AL g Arouri et al.(2011)2 FHI v FAA I QAHA
el AEd doldde dwrstd VAR-GARCHEZ S &3 #4stairh. 2 23, dfA
A 2 s FAAG R WEA doldtel EAlska, T AAGE AfA el
GgEo R JEks wom wm FAANGL A ek doldge] AT
Ee FHAGS 2597 FEYH, vFAGE Asaet BEF 289, Axd, FEEE
7F At AW A 9SS o] W AL @AY Kang and Yoon(2014)= =AY -7
Aol gh=el 723 200 A FUHA ¢ wWsAddd vA= G ds] GARCH-BEKKE
Fowm Bt L A3, Axd, AAA, Aul=d FIHAF7E ARrrAdd e A v
$3tH, ol& ol&dte XEEZ M WUfr NS EFIATIH YRt ERYH LAHE
APS BEHCE AT F Aes HAH AAEQ2007)E FAF7FEacle]l Atgd F=244
g AAaRoRE Agst=Ad #el EASIA = FrtHEAAY] FAFAERY] Holan



!

™ Mo

A f
1 1A, AA

RIS

W
g7u o

7}

o N

N
T OB

T
o

s
Th
el
™
)
o

olo
g

}& <olx 31, Hafner and Herwartz(2006)7} A ¢ta W

EE

2]

o] g-3}o]

=
=

(Volatility Impulse Response Function: VIRF)

% Sims(1980)¢]

GARCH
3

o e

Dt

Koop et al.(1996) 2]

ol

}92ou, VIRF
_g_
th. VIRF= ¥-54

ks
L

A
)

B

Aﬂt

oy oo

s

tol Hols

S

A9 e 48

o

o] Tt

I < VIRF&

o5

o=

9lt}. Pen and SéviP€(2010)

i}

ol &

=
=

VAR-BEKKX: & 3} VIRF

L
R

o))

o] z7]9} oy

z‘so]:

%749

)

3k

T

o

Fth Jin et al.(2012)

1071

(o]

]
—_

N
Njo

o

3

X

3

HE4

9]

= ARAG 2
$1719 BPe] HHH

il

o)
3

of

<

N

of

=

bl ek,

S

bol 24

S

153

A3 Olson et

=13
=

]

A

oldl ~ 9} S&P5009]

o 114
Ptk S&P5009]

S

TERE Ap2 o]

1
.

al.(2014)

VIRFE FA48ke] 24
S7HAZA R S&P500

t}. Jin and

}(contagion effects) 2]

o 114

57 ol A

A=

VIRFE o] &3}
A ek 2007-2009 FEE F§97]7] 7k

KN
L.

An(2016)

A A Rk

=
-

2 Al A

Al A

s
.
hu

gl ot

PRI, =AZ AL &

2] 3]

=
-

| ¢H5=(2014)

=

< oW 7 GARCH-BEKK

/}3]—

R

e e

S

]

Z] o

v ol Al WA

KN
T

h=Nge)
=

2 veskow 9o %7}

B

el
Az
m

o

jant

g F

1)

= ke AA

1

A9 @

A, = A

gEt 3

=
=

37FA] A -4

=
[¢)

A

=

ARk A, FADRA] MR )

1 Eeh A44e

9]

=
)

il

o~
T

TR

XA
N

No

el

X
Ho
"

ol

il



woAge FAS A 2glA A el dal dystu A 3Pl A B el A=
2 OEEAFS BAGG Al 4l ATPRES Bl BAE AZEAY ARE A
1

1. BEKKE &

o % GARCH(Multivariate GARCH: MGARCH)R & & F2) A1 gol X HEA ol gz
E SAst=d WS F83 Aoz dHAd I (Lin et al, 1994; Karolyi, 1995; Booth et
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_ 2 2 2 2 2 2 2 2
by, =i taje, +2“11¢‘12€1,z—162,t—1 tajyes, +bnhn,z—l +2511612h12¢—1 +blzhﬂ,t—] (4)
_ 2 2 2 2 2 2 212 2
h224,t =yt T 9161t —1 + 2“21“2251,t—152,z—1 taye, 1t b21h111t71 + 2b21b22h12,t—1 + b22h22,t—1 (5)

_ 2 2 2
hyyy =cpiey tapagne, |+ (a11a22 + a12a21)61,z—1627t—1 F 8996041 b0y Ry 6)
+ (byyD3y +bysby ) Bigp 1+ bigboshos 4

«] a5 =

215 FEAS YEpdnh A G et by, T S S22 F O BF BAH ol A
¢ #s ey ols FAART SAREY M A S Fo= AS sk,
FALFe A HEAD by, S A AwE AR g, ol oF Adelth & dE A
oF Bol vzt i 7 Al AEAl a9E 9ustH, a9 oy T 4 Hololal b,%}
by WA HolE YEhdth SAAFAGY WEAdd 2o mE SAREY gE4E 1
HE e FAEE FES gEud HARTEH AFH =Edv AR SAEEY] HE
Ao A A FZF3}Hcontemporaneous co-movement)E A (6)o] FojA o IA A
wH ool ojwmol el oA WA FAF W 1Ela A 2AF FEA o E)
! L=

H ZEApRol A

o HAYere FAHL AFTEE 7MAESIARE oAV FHE 1E8)
= &S 938l Bollerslev(1986)e] Aol 7] x38te]  ZEApgto]
ot 7hgeln FE9 54— =84 (log-likelihood funtion)E&

T
LT:ZIOgF(I(l/Q)@)_,_Z|}tr(1/2)| (7

ghgrolth, g A E4ke Student's t-

o714 Fi #5348 Student's t-2Xo U=
el 2o v A rEEd o8] FAEY] wstel] A (7NelA Foll FAEAE Broyden,
Fletcher, Goldfarb and Shanno(BFGS) €18l 5& AF&3te] FAFH U9 %(quasi-maximum
likelihood: QML)Z2A AWt TEAZFS TP de] Augt FHAE AHste] 7A4td

o},

= O =] =
2. WA AN

o]7]4+ Hafner and Herwartz(2006)7} A713 WHEA ZFZAuk (Volatility Impulse
Response Function: VIRF)E 3tet3] Astch 257129 54

Funcion: IRF) Sims(1980)] &3] 1<F% o] VAR(vector autoregression)®™ &3} &7 3w
At BA-wF TokollA E&Eo] gt oleld FANSITE FIE FTA i A
T FHE " Qo] olE WEAdH 2 vAdFAAC A48 AF AEs] sz

ot
4 4>

(Impulse Response

Gallant, Rossi and Tauchen(1993)3} Koop, Pesaran and Potter(1996)% 4] A& A A o] A 2]
T 7HA SANEETFE 2] AT olE 7 AW FH AoldE AAd dFS
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and Kroner(1995)7} A A8k vechE 8-S 7|Hto. &2 o5 L=&3}¥+=d vechEd < vy #
=3
vech(H,)= C+ R* vech(E, | xE, )+ F*vech(H ) (8
A714 CE 3x1A4F3ddo|a, RY Fe z+7) 3x 34158 o)t} vechye A8 E 9
ShAt R RS dE g Fodls \iJX}OlD} A7IA Fagk He AQ)F 2 vechRdy
Z 217 2o F8& 2a2 3t vl 4(3)e BEKKEY S o4 1179 EFFATS
Q%= Holth wElA BEKKE S E#O TE HAIFHE SoFoEN FAHAS KU
golstAl & Stk FHS Zer) oy HolA vech®Ed 2> BEKKEF Kl A4 Utk
A~ A~
T T

A9 BgolH, BEKKE Y2 vech®gol 2 7Hx] S8 Alofs 7Mooy &
il

g fd9] vech®E o] EA43tH

[e)
(Engle and Kroner, 1995) a HPEH“ A HE R et

B BEKKEES Ajdsto g
AR dukgd S AL Aol glo] mae 5 EY 4 A "d BEKKEE /Y
3 553 FZ9 vechR&S Tt A2 st} olat B Ao 21(8)0] 2(2)¢ &

53 vech®2@ %7} 714 3k}

AR t=0014 AR FRAS Az 373 Zy=(210200) 7F 24
@iz sbgant oW VIRFS V,(7)E thedt go] Aeldt VIRFE Az 47} 32~
2o @ A% AEA NANA 24 daEee Hg 205 Wolxgel YA
= W Zlo|u},

V,(Z,)= Elvech(H)II,_,, Z)| — Elvech(H,)II,_] (8)

o71A L2 t—1AA7MA] BFE | aEge|a, V,(Z)E t713F 215 A EE
d 24BN Z9 593 FHe4n % A
ojtt. ol V,(Z,)e A wAet Al WA F(A7] v, S vy,
=4 Zyol gk A A Aol T oA W AR Bake] whES yeldith b
A

ATH
V1(Z0) =R X {v ech(]—jal/QzOz;J[ﬁ/Z) —vech(HO)}= RDX(]:G/QZA%M)DA@ech(zOz; -1, (9)
V,(Z) = (R+F)! '"RDYH*® H'*) Dwech(zyzy— Iy) = (R+F) x V,_,(z,) (10)
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BEIL ARl gltke AFANE A Astn gon, AAFE A/ FRgANE B
F A7 Bl EASE Ao vhebgtt

<¥ 1> FYE 72T AH

J-BE Jarque-Bera %S olvlstvl, Eel Fol& ¥ A4 @ AAEAFY. Q0)S QN10)E EF AAG 3
o

A=}
& 2ake] Aws 489 Liung-Box AASAE. 7, "€ 5%, 1% FolFFolA AT 7125E 9w g

Eid

Mean Median ~ Max Min ST.D. Skew Kurt J-B Q(10) Q*(10)
WTI 0.0002 0.0000 0.2301 -0.1870 0.0240 0.1104 11.1130 10025.9"  38.695" 1868.2"
= E8E 0.0005 0.0001 0.1127 -0.0959 0.0131 -0.2185 7.2494 2777.6" 25.068"  716.26™
GRS 0.0001 0.0000 0.1055 -0.1240 0.0156 -0.4305 9.9749 75177 50.601"" 1144.2"
Fol-EA) 0.0001 0.0001 0.1155 -0.1179 0.0151 -0.7654 9.8595 75184 96.252"" 1229.4™
g3} 0.0006 0.0003 0.1146 -0.1186 0.0162 -0.3772 7.6059 3315.7" 27.351° 1739.9™
o ok 0.0006 0.0001 0.0988 -0.1410 0.0151 -0.3791 9.6168 6751.4" 66.010" 523.54™
Hl o &35 0.0003 0.0001 0.1090 -0.1253 0.0159 -0.5606 9.0220 5711.2" 97.528" 2453.2"
ARLHS5 0.0003 0.0000 0.1370 -0.1548 0.0187 -0.1207 8.7920 5115.1" 27.249" 2475.0"
71 A 0.0003 0.0000 0.1268 -0.1421 0.0208 -0.4154 9.7007 6939.1" 28.965" 2299.9"
27122k 0.0003 0.0000 0.1249 -0.1492 0.0182 -0.0806 6.8090 2212.3" 32917 825.90"
=] 0.0005 0.0000 0.1258 -0.1426 0.0198 -0.3033 8.0881 3996.5™ 16.695 1935.1"
fred 0.0002 0.0000 0.1307 -0.1280 0.0163 -0.2743 8.8023 5170.1" 56.173™ 2075.3™
144 0.0001 0.0000 0.1335 -0.1483 0.0212 -0.3659 8.2808 4326.1" 42.294" 2547.8"
+FEIL 0.0004 0.0000 0.1150 -0.1378 0.0204 -0.1731 6.3663 1743.0™ 38.983" 903.71"
=84 0.0001 0.0000 0.1002 -0.1307 0.0178 -0.2143 8.1751 4104.4™ 25,742 1849.4™
Az 0.0004 0.0003 0.1201 -0.1286 0.0149 -0.3704 9.0222 5603.7" 15.273 1695.7"
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ARCH-LM()& AAAAGAN 0% o240 g 24SAFL. QU0 QN10) & EF BAst £F A3 AFL A8
o

RUBENY c)
g Ljung-Box AR EAZF. ", "= 5%, 1% frolFEolAl AW/bdE 71438 on 3

WTI FHEE Afr-elE ol 54 E ol et MasdsE  AAREE
Panel A: estimation results
constant 0.0003 0.000Z ., 0.0005 0.0004 0.0007 0.0003 0.0005 0.0003
(0.0003) (0.0002) (0.0002)" (0.0002) (0.0002) (0.0002) (0.0003) (0.0003)
AR(D) -0.0578  0.0255 0.0645 0.1366_ 0.0549 0.0967 00386 0.0587
(0.0255) (0.0179) (0.0192) (0.0185) (0.0176) (0.0192) (0.0213) (0.0171)
Panel B- diagnostic tests
ARCHIM() 1) (G725 (eso G0 Ose)  ©s20  Gen (Oson
Q(10) 7.671 8.040 26.586" 13.322 6.147 16.799 23.110° 5.288
Q*10) 10.678 8.2048 16.638 13.484 6.3366 10.995 45762 3.308
J-B 796.8" 259.2" 944.6" 1404.5™ 120.4™ 2155.6™ 781.8" 273.9"
717 A7) &5 7] F5 EiR Rl R L T4 Az
Panel A’ estimation results
0.0004 0.0004 0.0005 0.0003 0.0004 0.0004 0.0003 0.0006
constant (0.0003)  (0.0003) (0.0003) (0.0002) (0.0003) (0.0003) (0.0002) (0.0002)
AR(D) 0.0393 00456 0.0565 0.0771 0.0961 00757 00541 0.0203
0.0177)"  (0.0181) (0.0179) (0.0182) (0.0174) (0.0217) (0.0185) (0.0178)
Panel B: diagnostic tests
warn WS B ¥R M ¥ B
Q(10) 12.756 14.874 11.159 5.348 13.348 5.082 13.239 5.504
Q*10) 11.652 23411 89078 12.427 11.705 16.028 15.78 25.116™
J-B 419.3™ 1825 2227 212.6™ 2256 357.3" 128.3™ 199.3"
<HE 3> WTISF 7t 2 F71A]4=79] student’s t2 X5 1233 o] M BEKKE & 9
FAAE HojFEohD) 4] 3] Fx7F HAAA S Holr] wEdd & %5—% Student’s t
EEE g2t F9 2R o)Bi BES nddd. <E 3>9 AdE 47 WTIs £48
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<3 3> Student’s tE¥E 1#3 BEKK® &9 F443
Piict, a4t Ap®Ap+By®@B WA I{AE U "= 5% froFEdA AR S T14ES on ek
FA8E AR-AE Fol-EA 33 o] oFF Ha&3E  AddaS A A7 12 5] g4 A4 w84 B
Coef.(S.E.) Coef.(S.E.) Coef(SE.) Coef(SE.) Coef(SE.) Coef(SE.) Coef(SE) Coef(SE.) Coef(SE.) Coef(SE.) Coef.(SE) Coef.(SE.) Coef.(SE.) Coef.(SE.) Coef.(SE.)
0.002 0.002 0.002 0.003 -0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 -0.003 0.003
Cu (0.000) (0.000)" (0.000)" (0.000) (0.000)" (0.000)" (0.000)" (0.000)" (0.000)" (0.001) (0.000) (0.001)" (0.000) (0.000)" (0.000)
0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 0.000 -0.002 0.000 -0.002 0.000 0.000 0.000
G (0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.000) (0.001) (0.000) (0.001)" (0.000) (0.001)" (0.001) (0.001) (0.001)
0.002 0.002 0.003 0.000 0.003 0.002 0.002 0.002 0.001 0.000 0.001 0.000 0.002 0.000 0.000
Chy (0.000)" (0.000)" (0.000)" (0.001) (0.000)" (0.000)" (0.000)" (0.000)" (0.000)" (-0.002) (0.000)" (-0.001) (0.000)" (0.001) (-0.002)
0.204 0.201 0.191 0.184 0.200 0.200 0.207 0.213 0.220 0.153 0.203 0.200 0.216 0.139 0.160
A (0013 (0.014)" (0.015) 0.017)" (0.013)" (0.015)" (0.015)" (0.015)" (0.015)° (0.016) (0.015)° 0.017)" (0.015) (0.019)" (0.018)"
4 -0.002 0.006 0.016 0.088 0.014 -0.002 0.030 0.011 0.005 0.122 0.017 0.094 0.025 0.103 0.089
12 (0.009) (0.010) (0.015) (0.012)" (0.010) (0.012) (0.012)" (0.013) (0.010) (0.013)" (0.012) (0.017)" (0.013) (0.011)" (0.010)"
-0.036 -0.043 -0.035 -0.197 -0.028 -0.053 -0.057 0.001 0.016 -0.146 -0.045 -0.136 -0.027 -0.190 -0.201
As (0029 (0.022) (0.025) (0.029)" (0.026) (0.021) (0.020) (0.034) (0.021) (0.021)" (0.023) (0.024) (0.024) (0.023) (0.030)"
0.234 0.247 0.307 0.213 0.312 0.268 0.207 0.203 0.172 0.170 0.249 0.181 0.208 0.157 0.185
Ay (0018 (0.021)" (0.025)° (0.016)" (0.022) (0.019)° 0.017)" (0.017)" (0.013)" (0.016)° (0.020)° 0.017)" (0.023)" (0.019)" (0.017)"
0.976 0.977 0.978 0.915 0.978 0.977 0.975 0.975 0.973 0.906 0.976 0.912 0.975 0.864 0.891
By (0.003)" (0.003)" (0.003)" (0.008)" (0.003)" (0.003)" (0.003)" (0.003)" (0.003)" (0.008)" (0.003)" (0.008)" (0.003)" (0.008)" (0.008)"
0.001 -0.001 -0.002 -0.159 -0.004 0.000 -0.006 -0.003 -0.001 -0.240 -0.004 -0.204 -0.003 -0.268 -0.185
B (0.002) (0.002) (0.004) (0.006)" (0.003) (0.003) (0.003) (0.003) (0.002) (0.007) (0.003) (0.008)" (0.003) (0.007) (0.005)"
0.011 0.013 0.027 0.343 0.013 0.022 0.013 0.001 -0.004 0.339 0.016 0.266 0.005 0.489 0.475
Bn o (0.011) (0.008) (0.011) (0.014)" (0.011) (0.008)" (0.006)" (0.010) (0.005) (0.010)° (0.008)" (0.009)" (0.007) (0.013) (0.015)"
0.964 0.959 0.925 0.960 0.931 0.953 0.974 0.975 0.982 0.956 0.965 0.969 0.972 0.949 0.960
By (0.006)" (0.007)" (0.013)" (0.007)" (0.010)" (0.007)" (0.004)" (0.004)" (0.003)" (0.008) (0.006)" (0.007)" (0.007) (0.008)" (0.008)"
8.190 7.025 6.929 8.432 6.183 6.944 8.356 7.276 8.113 7.829 8.216 7.523 7.270 7.169 7.081
d.f- (0.655)" (0.533)" 0.521)° (0.729)" (0.444)" (0.480)" (0.660)" (0.548)" (0.618)" (0.640)° (0.700) (0.624)" (0.549)" (0.535)" (0.559)"
0.995 0.996 0.994 0.992 0.996 0.995 0.995 0.994 0.995 0.993 0.996 0.986 0.996 0.994 0.993
~ 0960 0.937 0.983 0.879-0.382i 0.963 0.904 0.924 0.989 0.983 0.707-0.4891 0.953-0.002i 0.863+0.397i 0.935 0.612+0.609i 0.754-0.491i
Pi 0983 0.979 0.945 0.848+0.382i 0.963 0.979 0.990 0.993 0.994 0.794+0.4861 0.992+0.002i 0.854-0.392i 0.990 0.694-0.6091 0.782+0.497i
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Optimal portfolio weights

Hedge ratios

Mean S.D Min. Max. Mean S.D. Min. Max.
WTI-24 &% 0.75 0.12 0.21 0.98 0.19 0.07 -0.09 0.71
WTI-A 9 5 0.70 0.14 0.14 0.98 0.16 0.06 -0.09 0.65
WTI-ZF o] ZA) 0.71 0.12 0.13 0.98 0.16 0.05 0.04 0.48
WTI-3}3} 0.69 0.14 0.21 0.96 0.18 0.06 0.00 0.50
WTI-9] oF# 0.70 0.15 0.16 0.99 0.15 0.05 0.03 0.53
WTI-H & 53 5 0.69 0.12 0.13 1.00 0.15 0.06 -0.70 0.98
WTI-HA 9L =% 0.62 0.12 0.18 0.93 0.13 0.05 -0.32 0.43
WTI-714 0.57 0.13 0.02 1.00 0.14 0.07 -0.31 1.02
WTI-#7] 4= 0.61 0.14 0.25 0.94 0.13 0.05 -0.30 0.43
WTT-271] 0.58 0.14 0.23 0.93 0.14 0.05 -0.20 0.37
WTI-% 0.70 0.13 0.20 0.98 0.18 0.06 -0.09 0.47
WTI-14 0.55 0.14 0.12 0.89 0.13 0.04 -0.13 0.34
WTI-&+% 13 0.55 0.15 0.08 0.95 0.10 0.05 -0.31 0.46
WTI-a84 0.66 0.12 0.19 0.95 0.18 0.05 -0.09 0.41
WTI-Al =4 0.73 0.13 0.26 0.99 0.22 0.09 -0.35 0.66
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