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<E-1> 350 ZAAS 208 TIREAT U BOI2 WS
Panel A: General Statistic
| LOGCN | LOGJP | LOGKR | LOGUS
Mean 0.022021 0.006731 0.018268 0.036771
Median 0.034747 0.039398 0.062644 0.074692
Maximum 28.86587 13.23458 14.10937 10.42356
Minimum -17.90469 -12.71543 -16.11538 -13.77742
Std. Dev. 1.976778 1.55851 1.779282 1.265645
Skewness 1.125003 -0.351432 -0.318597 -0.579178
Kurtosis 26.09919 9.182429 11.46839 14.84802
Jarque-Bera 137082.6 9853.334 18354.44 36067.05
Probability 0.000000 0.000000 0.000000 0.000000
Observations 6108 6108 6108 6108
Panel B: Unit Root Test
ADF -52.2063**x -81.0653%*x* -75.4248%*x -85.5284 % * x
pp -78.1905%* x -81.2406%* * -75 3874 % x -84.9399* x *
Z:ox: p<0.1, **: 0.01<p<0.05, *x*: p<0.01
2. Bai and Perron & J1xTA AX
eb&-4-0] ) A FIHR|S 2B AAE FAHAES EA RS 4
Hat7] sl BP RS MRS B oA sbset At LEWA Ajavt Sl
AASOI(M=5), R 717 882 0152 ARIATHy=5). V] FANFES 2% 54
Wz Astel RYS MUR PESL, 24¢ TAWH AERYS AHEsStL 7
ATl B4 BT Aag AFEC
<®-2> 5240 VAL £oE 2l 2P Bai and Perron GF FRHH AA
Part-A:
Equation Y,=c+ _Zt,16+U, [Y=China, _Zt,lz(Korea, Japan, USA)]
BP-Test SupFp(1) | SupFp(2)| SupFp(3)| SupFp(4) | SupFp(5)| UD,.x WD,,.x
Scaled-F 44 .56%* 27.19%x* 20.8%x 17.01%x 14.58%x 44 56%* -
Weighted-F 44 .56%* 31.97xx 27.67 %% 25.52%* 25.97*x - 44 56%*
SupF(110) 44.56%
Number of | Sequential | Significant LWZ BIC UD,.x WD«
breaks
selected 5 5 0 1 1 1
1 3/08/2006
5 6/25/1999, 10/31/2003, 1/16/2008, 9/06/2012, 3/02/2017
Part-B:
Equation Y,=c+ Z, 6+ U, [Y=Korea, Z_,=(China, Japan, USA)]
BP-Test SupFT(l) SupFT(2) SupFT(3) SupFT(4) SupFT(S) UD,, .« WD«
Scaled-F 24.46%* 17.52% 16.92+ 15.26%* 12.74% 24.46%* -
Weighted-F 24.46%* 20.6%* 22.5%% 22.9%x 22.68%* - 24.46% *
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SupF(110) 24.46%
Number of | Sequential | Significant LWZ BIC UD,ax WD
breaks
selected 5 5 0 0 1 1
1 6/18/1998
5 6/18/1998, 4/24/2003, 10/29/2008, 3/08/2013, 12/04/2017
Part-C:
Equation Y, =c+ Z,_ 6+ U, [Y=]apan, Z_,=(Korea, China, USA)]
BP-Test SupFT(l) SupFT(2) SupFT(S) SupFT( ) SupFT( 5) UD, .« WD, .«
Scaled-F 59.08+* 36.57+* 29.22x%% 27.53x%* 23.54%* 59.08+* -
Weighted-F 59.08** 43 % 38.87xx 41.32%% 41.93 %% - 59.08**
SupF(110) 58.74%x
Number of | Sequential | Significant LWZ BIC UD,.x WD«
breaks
selected 5 5 0 1 1 1
1 3/08/2006
5 9/24/1998, 5/10/2004, 10/15/2008, 1/04/2013, 4/17/2017
Part-D:
Equation Y, =c+ Z,_,6+U. [Y=USA, Z_,=(Korea, Japan, China)]
BP-Test SUpFT(l) SupFT(Z) SupFT(g) SupFT( ) SupFT( ) UDmax WDmax
Scaled-F 2511 27.29%* 2211 19.88+* 16.44%* 27.29%* -
Weighted-F 25.11%% 32.09%* 29.41%x 29.83%x 29.28%x - 32.09%*
SupFT(1|0) 25.11%x*
SupF(2I1) 29.37%*
Number of | Sequential | Significant LWZ BIC UD,.x WDy«
breaks
selected 5 5 0 0 2 2
2 10/10/2008, 2/26/2013
5 12/14/1998, 4/23/2003, 10/10/2008, 2/26/2013, 6/29/2017
*x Significant at the 0.05 level.
<®-2> F Part-A~De 4 Aol Z7F SR 8 A8 IHRY
& Us 2TAd dist dAZSE AAlsIeh. A2 o] mhad, oA 1~574
Fagdol E4f oRE AHSHE sur, () SAFE BE S 202 Uehto,
%, B9 5 A2 AAa UIPE EATH. swF () AT = 44.56, ot=
24.46, L 58.74, 01F 25112 & $A2 BE 9o5P Uekich oiZo] 029
SupF(21) SAZFZ 29.372 JA| FoJet Zloz o 4 qlot
2T N9 doA+= Bal and Perron(2003)of] @2®, oh-F-d2 F

2w, BAF Wetd PETAC] BE IS EARIC,

022 E4AR0RY 3 PAWH0 DS EMET HH, sur (100 EAY
F @5 9L FHAF0RY AL TEUAe] BT 42 EXdch 03 F4A
0z0] 7o AWl VIS EAIFICE AT BIC 710 2d, FF U Qre
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B #+2EdEol UNE EAisHY, t=a}t Ol=AI 2
TFARGA 0] EXSHA] %2 Aoz UERHT. LWZ SAF 7IE0lA 470 Alg2
& EXSHA] k= Aoz YEPET.
Bai and Perron(2003): BIC @ LWZ AAXQ] AzAo| w}= L} w714y

E4 A0 2]

TEHEANFCRO] F& L2THFo] =&
AASHHA AR AH(sequential procedure)'E FASIAC & A=
Eor PEEES
= 2072
VAR-BEKK-GARCH 2&< ELXEo|A] <®-4>9 7ro] AA|7]7
Y AT 7Eor RS 519 VRS B alefsto] Zlsdstt

1AY G AEDF AlVle <®-3) O

Asymmetric

<®-3> Bai and Perron t+&1xH35} A|A
. Break
China Korea Year Shock
1999-06-25 | 1998-06-18 1998 | = 19984 3= IMF 97|
2003-10-31 | 2003-04-24 3 o7 5
2008-01-16 | 2008-10-29 1999 | = 19994 R=3 #=
2012-09-06 | 2013-03-08 2003 ® 20039 ARA MEH 5[4, ‘Blo] ofr]ofBuy Asia)' E=
2017-03-02 | 2017-12-04 | = 5000 | w 20001 Ao} 22 ZAE=!
Japan USA = uF " 1 glol
1998-09-24 | 1998-12-14 2008 | m 20084 O]= AEmelol wr|x| ALE]
2004-05-10 | 2003-04-23 2012 m 20129 S AMAEY7I
2008-10-15 | 2008-10-10 2013 | = 2013 v]=o] ESHAR XAkst Q2iTaper Tantrum)
2013-01-04 | 2013-03-26
ze 7= p
2017-04-17 | 2017-06-29 2017 = 20179 Olm AE2 7IEa A
<X -4> Bai and Perron &1 A2WHs A|JHo g2 L8BE 1 L7t
stel 1%t
China Korea Japan USA

1-1194(1194%)
1994.01.16.~1999.06.25

1-970(970%)
1994.01.06.~1998.06.18

1~1034(1034%)
1994.01.06.~1998.09.24

1~1085(1085%)
1994.01.06.~1998.12.14

1195-2129(935¢)
1999.06.28.~2003.10.31

971~2009(1039¢)
1998.06.19.~2003.04.24

1035~2225(1191Y)
1998.09.25.~2004.05.10

1086~2008(923Y)
1998.12.15.~2003.04.23

2130~3037(928%)
2003.11.04.~2008.01.16

2010~3210(1201)
2003.04.25.~2008.10.29

2226~3200(975Y)
2004.05.11.~2008.10.15

2009~3198(1190Y)
2003.04.24.~2008.10.10

3038~4056(1019¢)
2008.01.17.~2012.09.06

3211~4159(949%)
2008.10.30.~2013.03.08

3201~4123(923Y)
2008.10.16.~2013.01.04

3199~4170(972Y)
2008.10.14.~2013.03.26

4057~5014(958<)
2012.09.07.~2017.03.02

4160~5185(1026Y)
2013.03.11.~2017.12.04

4124~5042(919¢)
2013.01.07.~2017.04.17

4171~5087(917)
2013.03.27.~2017.06.29

5015~6108(1094)
2017.03.03.~2022.03.18

5186~6108(923%)
2017.12.05.~2022.03.18

5043~6108(1066%)
2017.04.18.~2022.03.18

5088~6108(1021Y)
2017.06.30.~2022.03.18
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3. A 7]7+9] Asymmetric VAR-BEKK-GARCH 2A]

< A= &= Adotel F¥Ale, 0= SP500, 4 NIKKEIZ25,
KOSPI A|4 Zto] wtiy Wig/d Aoladts ZAct. A F7HA4 4+
VAR 288 15310 AAARH= SBC Y HQ EAIF 7150% lag IARIS ARt 24
AAGAL R Bxo] E42 w2ste] t-22E2 7HJ Asymmetry VAR(1)-BEKK-GARCH
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S WA, 52 Z7HA% 20l8o] Ve ) AlgozyE we xR P
Molgupt m& gojsta] et ZoR Uehith @3 U4 4080 £
(-0.0112x%), LE(-0.0282*x%*), 0]=-0.054%*x)2] X7] pelg2HE gt £A8 ™4
Molaupt 5 §olstth. Y' Z7bK|4 5:0F0] 0]R(0.0296++%) AR A7

898 oz Ut olF F7RI%
o] §o0] §(0.0875+xx), FH0.0114++), LE(0.0968+%) 5 37§ ARHO] Z7px] %
7] 40182 NE W £71% PP Holawrt BT §ojd o ept,
A WA, §F ARS8 S T, AR FHRS A7) 2olBRVH
S 7oz Yeproo, ojRA F7H5
A7) 20 gat Golgt A(+)0] AU B Ho|wuts
20188 ARAIG A7) 20180 SOJ3 R(-)o] £71% W Folauwz Yoo,
L
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<®-5> AA|717re] v|t)A] i = BEKK-GARCH #Q F7d721H1994.01.06.~2022.03.18.)

LOGKR LOGCN LOGJP LOGUS
LOGKR{1} 0.0187+ 0.0119 0.0089 0.0875*
LOGCN{1} -0.0112x* 0.0009 -0.0081 0.0114%x
LOGJP{1} -0.0282% -0.0022 -0.0561%** 0.0968 *
LOGUS{1} 0.054% 0.0084 0.0296** -0.1037***
ayq 0.1961x*x* by, 0.9778*x*x dyy 0.0946 % *
ayq -0.0021 by 0.0013 dyy -0.0281**
ay 0.0025 by 0.0005 dys -0.0268
ay, 0.0081 by -0.0033 dyy 0.0874xxx
sy -0.0015 by, 0.0001 dyy -0.0205**
gy 0.2529xx* bys 0.9614xxx oy 0.0735%*
oy -0.0003 bys -0.001 dyy 0.0033
gy -0.011**x= byy 0.0009 dyy 0.026% *
agy -0.0074 by, -0.0068% ** dyy 0.0495% *
a3y -0.0167 b3, -0.0019 ds, 0.0347**
ags 0.1865%** bys 0.9626% dys 0.2083***
o -0.0368*** by 0.0073%*x dyy 0.0259 =
ay, -0.0008 by -0.0007 dy 0.0357
o 0.0039 bys -0.0012 dyo 0.0234
ayy 0.02 bys -0.0001 dys 0.0412
ay, 0.041 by 0.9406% * dy, 0.3412xx
Shape(t degrees) 6.7735%%x

BN

rE
off
ox
=
)
ol
ol
e
g
E
r I[‘
opt
X
(2]
i)
fol
i)
i

>,
ol
=
X
L

©x: p<0.1, *x: 0.01<p=0.05, **x*: p=<0.01

SAFA S A7)(t-1) ZERIAE2]
ES 1,,(0.2529)

gr=2o.
—aa
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a5,(~0.0368)
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A7 Zo depgont nl2Ael @)

2 1% §o4FA

bl ersket
FAIIA "7I(t-1)
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F71(t)

94

oA ARIAY B71() 20T &8s au( 0.041)RHS
A,
=

o
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]:l_"—_:“ o]
b A(15)0f|A]
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a

A71(t-1) AR5

ARIAI AR
RERI Al pe]
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(t-1) o712l 2 5018 SIAFAL 1% o5E0IA 0lZALY Dr)(1) £ W

TS dy(0.026)WF F7HAZIT LEZAIFOIA S A7I(t-1) oI7]A] %= +AE 5t

A2 1%5% oA st=, 5=, AAAE 2 Ol=A1e] G771t =A%
HEXNS 217} 4, (0.0495% %), dyy(0.0347%%), dyy(0.2083%%%), dy,(0.0259+%) UFHE =

il

o)A A1) o7|A] ke 201F sltEAL W, FF U o
2 %

A
A G7)(t) 2% Wsidol ojAl OJ3FA] ATt QFHO|, ARA|A|7C]

| I

log-likelihood: -38232.2991
Multivariate Q Test: Q(20) 200.56[0.140]
Multivariate Q Test: Q(40) 382.65[0.197]
F-Test for BEKK Cross Effects :5) 6.44[0.000]***
F-Test for BEKK Asymmetric Effects :6) 45.72[0.000]** *

7w p=0.1, #*: 0.01<p=0.05, ***: p=0.01

<®-6>0|M= AA7I7F 8ol ohsF BEKK-GARCH 29| AHHAH 2=
AAlstct A4 v|gid] tfH=F BEKK-GARCHZEE9] log-likelihooddf<
38232.29912 UERATH tFS Multivariate Q(20) ¥ Multivariate Q(40)9] EAZFS
7t 200.56 2 382,652 LiEfjo] Ry m& AAAIBC) Aol Qirks AEIEe
717¥etA] 2alM GARCH wae] Hge Agst o2 selgc)
StH, vt o= BEKK-GARCH R oA AFA|A]1%LS] ARCH, GARCH,
Asymmetry GARCHA|SZ AQJet 2 Wk 7F9] wA} ARCHA|4e} wA} GARCHA4,
WAt Asymmetry GARCHAIL&7F 2% 091X ZAZSs5HE . F-Test Z21t= 1% S-9]

5) Hy:ap= =a;,=b, = b.=dy = =d;=0, i=1,4j=1,4; i=j
6) Hy:dy, = -=d; =0, i=1,4;5=1,,4
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FF0|A BEKK wAAIR7F 2% Ool2t= HR7HEE 7IAstien, & RYPojA
BEKK Cross Effect7} £Ast Zlo=z modst £ ok Fsh, ZoA v|thA
GARCHA 7} 2% 00]2t= HF7HEdol| theh F-Tests SBARSIRI oW, Fate 45.72
ojmg 1% [o4FolA BEKK Asymmetry Effects”7} EAISHA] gttt HE7HE S

% FF, QR OBAF 7 WS Folaun R o7)A %L 2F o
=454 Mol@ae WAl MEo Mgl wetd Zupt o2A Yy s1E
MRBATY AR} gold 25 Tk ol FHAFIN FRo FAWset A 7

2% 5 ooz oprje FAolt}. thg AofA+= Bai and Perrn®] ttF AT
q A5E A hE BAS Foll AlFFR Wt e k=, =, €8, 0l =A

= 12
A 2to] WSy 2 ey WEAS] Holat Wetiolg mpelstuat dct.

4, OEFFAARHSS 1185 Asymmetric VAR-BEKK-GARCH &A

o 2 <B-DoME A AP0l FEAGLRY FJeoA F2d Aot &

WA A 2702 ARSI 2 oA <E-4old AAE PEADA 709 AbR

S 77} Asymmetric VAR-BEKK-GARCH 2§32 A&ttt XAe] 220 2
= HOA =HAF 4 Qlen, o7|A 4 AF * d= Y vdiA MEEe S
2 4yt

7} APgol BaApgoRe] A9 PALMHOR TR 9] 7o wighy WSO
Folamht <1Y-3>7f 2ol AN <1Y-3> F a-d 1YL 27} 57 PRGOS 8
© 67) 21) 7k Age] A7I(-1) ol7IR] e 401E SIEEALS ARAG U TIErA
Aol Pl AR WS A GF¥IIS
a~b>e} o] RAWEl 7k Ule] ARCH, GARCH, 121 2t A1ge] A7|t-1) ofIx] ke
208 SlekEAe AR L ZERIS DIt AR HE) ulAl 3ol wslsht ©
$02 Lepic) o2l Hale MR- EYY = Y5(2011). A S YRS (2012),
ol2j -0l 5(2014). $718(2018) SO AROIHE 1P 4 gick. FA|T, B A7

_23_



of A J|EATY D] Ao PATWHL AT 2 Algo] FHAFY 1 2
7} 27he FRAIA EAstEn

Y3 FIpAIL By WS PS54

P

OJoxek, A= te] WA Wt WE g Holanrt v LR glido] Tt

ds S0 g= H FIAOl A4 FEAGCRY UEoR 29 3vA
(2003.11.04.~2008.01.16. vs 2003.04.25.~2008.10.29.)2} 5¥M(2012.09.07.~2017.03.02.
vs 2013.03.11.~2017.12.04) 2T 7rollA] Sh=Alge] A7|(t-1) o7IA] 9k 49l

=
slesAe FRAR] Gl A% WEA] 1Al dake] golwst ched LRt ol
Aol mEo] A7jo} A1} char] mhgolebn SHE 4 QAR ApAle] AT A
she 9ol Aojgo] met Aubt Alola 4 9tk B Aol EMILS FHoe &
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AR mHofA] & AgtEoR of7|M F=AME AVI(t-1) oVIX] g2 olE SHESA
ARG 7 TEAPES] B 205 wE/dol oAl gl s 2eit.

S B=APol APl tiet vty ¥/ Aolats AmEH, 4] ViEo=
T2 Al S=APEe] A7N(E-1) APIR] 92 aAlE sEEAS AHIAEY 571
208 HEdS Aast Zlo] Rl ol RAYER(NTIE, 2008), AMAl Y =P
(2011) 59 A-+Z2uet QuWgFo|H, 19999 74 oA F=AAA FARAPE H5
=2 7ldiadS AT H¥S 98 FAste 542wt A23tolA b= 3
TAE AR TIE0A S=APE AVI(t-1) AIA] %2 +E sEEAR A
APE] F71(H) 2R W58 Aasipiont At nl=mAPgY] 2T ZIEolM SV
o2 LERCE A3 3 AeIolA 71 APge) AR Tl S=Arde] A7I(t-1)
IR &2 +AE SHEFAS ARAPEY 71 =A% HedS 25 SV ez |
ERdc AldtolA o= S €2 5 A R VIedM =4 A7I(t-1) 9
71 2 2AE sEEAS ARAEY F7I) 2% HEdS S7HIRIN. v tl=
APEY] A2 7oA S=APE) A7It-1) oPIRl 2 aAE sHEEAS ARIAEY
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H5de AAAR Zloz LERCE ESL AISRIoN APl AR VIE
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7N =R H5ES S/, AvtoN HiEside AEARIG &, AbRIoA St

olotA] =AY A7I(t-1) SAS LAl ZrIY =R
&80l niRl 9] FRNSE AdmEn) AP AR ZIE0IM Al R Ale]
A E=APER A|(t-1) A7IR] 2 2RlE sEEAS AEAEY BT 2AF HEdS
H2AP S, AT S AR 1573 71N S=APde) 2T 71E0 Al
3 AN S=AMEY] A7|(t-1) oPIX] 2 aelE SHESAS dEAEY B
ZAR A2 AP, AN Heids S7RRIN LEAVS] 2T 71E0IA
AR R AR AP A7) oPIR] R g sESAS dEArde] F7I)
AR 1532 S7RIPIH, Aol WEids e AVERl SR 710l
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2 LERL. ARl 2T 7IE0M Allaols S=Arge) A|(t-1) dPIx] e
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H AN =AY A7(t-1) o7IX] &
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B gl s rawsiel ugiAle wF 1edste] Asymmetric VAR-BEKK-GARCH
o G U= 59 A e e fiE g Hoi A
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<H=>
<H-7> FRANA| Bl HQ sfo] LEUHOoR 1Pe Aly] 7k 2aAD)
Variable 1994.01.16.~ | 1999.06.28.~ | 2003.11.04.~ | 2008.01.17.~ | 2012.09.07.~ | 2017.03.03.~
1999.06.25 2003.10.31 | 2008.01.16 | 2012.09.06 | 2017.03.02 | 2022.03.18
Mean
Model(LOGKR)
LOGKR{1} 0.0782*** 0.0025 0.0643% -0.0102 0.0408 0.0007
LOGCN{1} -0.0023 -0.0036 -0.0158 -0.009 -0.0184 -0.0197
LOGJP{1} 0.056% 0.006 -0.1049*x* | -0.0841**x | -0.028** 0.003
LOGUS{1} -0.0224 0.0585 0.14x*x* 0.0994 * * * 0.0141 0.0569% *
Mean
Model(LOGCN)
LOGKR{1} -0.0032 0.0145 0.0434 -0.0605%* 0.0371 0.0122
LOGCN{1} 0.038 -0.0171 0.0177 -0.0075 -0.0097 0.0246
LOGJP{1} 0.0295 0.0138 -0.0255 -0.0105 -0.0146 -0.0197
LOGUS{1} -0.0812* 0.0151 0.0186 0.0257 -0.0082 0.027
Mean
Model(LOGJP)
LOGKR{1} 0.0056 0.0247 0.0476 -0.0136 0.1315** % -0.0495*
LOGCN{1} 0.0115 -0.0623xx* -0.0185 -0.0182 0.0207 -0.0287
LOGJP{1} -0.0735x** 0.011 -0.0785x* -0.0565 -0.1273% % -0.0067
LOGUS{1} 0.0326 -0.0359 0.1154% %% 0.0268 0.032 0.0467
Mean
Model(LOGUS)
LOGKR{1} 0.0353*** 0.0346** 0.0983**x | 0.2344%*x | 0.1636*** | 0.1033***
LOGCN{1} -0.0023 -0.0092 0.0249% 0.0137 0.0216*** | 0.0624***
LOGJP{1} 0.0278% 0.1567*** 0.0521** 0.104*** 0.0812*** | 0.1797***
LOGUS{1} 0.0375 -0.0854*x* | -0.1564*x* | -0.1762*** | -0.1514%** | -0.1446%**
A(1,1) 0.1783**x 0.1017*** 0.0736 -0.0576 0.1877 %% -0.0335
A(1,2) -0.0232 0.0233 -0.0406 -0.0225 0.1258** -0.0717xx
A(1,3) 0.0079 0.0027 0.157x*% | -0.1575%xx 0.1021 -0.0534
A(1,4) 0.0628% ** -0.0225 0.0485** | -0.2512%xx -0.0327 -0.1828*
A(2,1) -0.0038 -0.0851**x* -0.0205 -0.0199 -0.0279* 0.0518
A(2,2) 0.4325%** 0.1448**x | 0.2074*** | -0.1193*** | 0.2143**x* | 0.2249***
A(2,3) -0.0003 0.0005 0.0136 -0.0544x -0.0351 0.0582*
A(2,4) -0.014%* -0.0177 -0.0159 -0.0807*** | -0.0312%* 0.0271
A(3,1) -0.0602* 0.0255 -0.0623 0.0588x** 0.0377 0.2175***
A(3,2) 0.0143 -0.0763** -0.0464 0.0607** -0.0229 0.061*
A(3,3) 0.077** 0.1075** -0.193*x* | 0.2029*** | 0.2562%** -0.0246
A(3,4) -0.029 -0.1019*** 0.0216 -0.0267 -0.0893* x* 0.0404
A(4,1) -0.0161 0.0371 -0.076 0.1475%** | -0.1736%** | -0.2535%**
A(4,2) -0.0856 0.0255 0.0264 0.0735*** | -0.1788*x*x -0.0316
A(4,3) 0.1155%*% 0.0282 -0.1094 0.0537 -0.2784*x* | -0.0891**
A(4,4) -0.008 -0.015 0.0031 0.0196 0.0634 0.0449
B(1,1) 0.9733%*x 0.9833**x | 0.9815*%*x | 0.9843x*x 0.791**x 0.8436%**
B(1,2) -0.0018 0 -0.0159 0.0145 -0.1312% %% 0.0065
B(1,3) 0.0048 -0.0031 -0.0005 0.0515*** | -0.3271*%*x* 0.0697
B(1,4) -0.0037 -0.0013 -0.0064 0.0437 %% * 0.034 0.0738x**
B(2,1) 0.0002 -0.0022 0.0029 -0.0045 0.0114 0.006
B(2.2) 0.8661*x** 0.8857**x | 0.9704*x** 0.982*** 0.9738%** | 0.9562***
B(2,3) -0.0001 0.0074 -0.0009 -0.0167** 0.0177 -0.0038
B(2.,4) 0.0035 -0.0232** -0.0022 -0.0133*x* 0.0152** -0.0135
B(3,1) 0.0002 -0.0209% | -0.0317x** -0.0251 -0.0309% ** 0.0333
B(3,2) 0.0012 0.0079 -0.0203 -0.0377*** -0.0097 -0.017
B(3,3) 0.9741%*x* 0.9714x*x | 0.9446%** | 0.9214x** | 0.8986*** | 0.8783***
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B(3.4) ~0.0035 0.0261++ | 0.00002 | 0.0315% | 0.0335%x | -0.0799%x
B(4.1) ~0.0374 0.0253 | -0.0485%xx | -0.0338% | 0.1558%%% | 0.0389%
B(4.2) 0.04%++ 20.0119 | -0.0086 | 0.0253% 0.056 0.0075
B(4,3) 0.0013 0012 | -0.0215%%% | -0.0189 | 0.26%xx 0.0273
B(4.4) 0.9465%%% | 0.9405%%% | 0.9558%+% | 0.8602+%% | 0.7507+%% | 0.9311xxx
D(1,1) 0.2272%%% | 0.1323%%% | 0.2015%%% | 0.2708%%% | 0.3493%% | 0.3806%xx
D(1.2) 0.0631%* | 0.0713%x 0.0775 0.0184 0.1361+ 0.0662
D(1,3) ~0.0417+ 0.0193 0.0389 0.0018 | 0.4044%+x | 0.1002
D(1,4) 20.0437+ | 0.1131=++ | 0.0381 0.02 0.1789+xx | 0.0834
D(2,1) ~0.0084 “0.0218 | 0.1089%++ | 0.0358 | -0.0989%+x | -0.0281
D(2.2) 0.2516%%% | ~0.5599%%% | 0.1214%x | 0.1494=+% | -0.0213 | 0.1331=%x
D(2.3) ~0.0159+ 0.0093 | 0.0552+% | 0.0756%% | -0.1354%% | -0.065
D(2.4) ~0.0355%%% | -0.0577 | 0.0682%xx | -0.0524 | 0.0431x 0.0216
D(3,1) 0.0563 | -0.1817#x | 0.133+xx | 0.0081 0.0111 0.002
D(3.2) ~0.0449 ~0.0664 0.0599 0.0503 00312 | 0.0982%+
D(3,3) 0.2711%%% | ~0.1776%%% | 0.2784%++ | 0.3301%x% | 0.2445%xx | 0.3866% %
D(3,4) 0.0206 | -0.1856%+* | 0.0057 | 0.2391#x% | 0.0575%x | 0.14xxx
D(4.1) 0.0946 0.0934 0.0104 0.0885 ~0.0266 | -0.0998
D(4,2) ~0.0203 0.1138%~ 0.009 | -0.0828+ | -0.0581 ~0.0573
D(4,3) 0.0193 0.1568%*+ | 0.0553 ~0.0881 0.0554 | -0.1204x
D(4.4) 0.4476%%% | 0.3745sxx | 0.244+%xx | 0201+x | 0.5841%+% | 0.3422%%x
Shapel(t 6.4651%%% | 8.8257+%% | 9.7919%+ | 8.5474xxx | 6.727%%%% | 5.7818%xx
7« p=0.1, *= 0.01<p=0.05, *++: p=0.01
<E-8> FRAG] FEAAR A9 ofe] PEHHOL 2HE A7 7 BAZAD AY HAs
1994.01.16 | 1999.06.28 | 2003.11.04 | 2008.01.17 | 2012.09.07 | 2017.03.03
R} EAE ~ - ~ - ~ ~
1999.06.25 | 2003.10.31 | 2008.01.16 | 2012.09.06 | 2017.03.02 | 2022.03.18
log-likelihood: | 11081.4 | 9681.72 10173.8 | 39305.5 12987.4 | 58032.9
Multivariate Q | 154.529 130.477 167.387 147.311 143.414 188.071
Test: Q(20) [0.9156] | [0.9979] | [0.7407] | [0.9644] | [0.9794] | [0.3248]
Multivariate Q | 304.316 | 286.593 | 356.464 | 252.242 | 374.428 | 330.077
Test: Q(40) [0.9849] | [0.9983] |[0.5428] | [0.9999] | [0.2893] | [0.8692]
RpRet for 2.98643 3.8419 373.007 7.9872 43.5088 6.9612
BEKK fects + | [0-000%x] | [0.000%%x] | [0.000%x+] | [0.000%+%] | [0.000%*x] | [0.000%++]
F-Test for
BEKK 16.6965 16.5404 11.9477 15.9406 12.2815 14.8803
Asymmetric [0.000%%%] | [0.000%##] | [0.000%%*] | [0.000%%%] | [0.000%**] | [0.000%%x]

2 x: p<0.1, **: 0.01<p=<0.05, ***x: p<0.01
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<B-9> gHAAFo] FHAFOl Ao so] prRTHO e PRE Al P72
Variable 1994.01.06.~ | 1998.06.19.~ | 2003.04.25.~ | 2008.10.30.~ | 2013.03.11.~ | 2017.12.05.~
1998.06.18 | 2003.04.24 | 2008.10.29 | 2013.03.08 | 2017.12.04 | 2022.03.18
Mean
Model(LOGKR)
LOGKR{1} 0.0849x% * * 0.0114xx 0.0717%x*x -0.0419 0.0246 -0.0128
LOGCN{1} -0.0035 0.009 -0.0053 -0.0177 -0.0056 -0.0191
LOGJP{1} 0.0468 0.0132x*x | -0.1027*** -0.0175 -0.0305%* 0.0221
LOGUS{1} -0.0417 0.0627**x | 0.1074%xx* 0.0632** 0.0298 0.0473*
Mean
Model(LOGCN)
LOGKR{1} -0.009 0.0205 0.0431 -0.0584x* 0.0126 0.018
LOGCN{1} -0.0067 0.0312 0.0002 0.021 0.0093 0.0233
LOGJP{1} 0.0018 0.0307 -0.0322 -0.0097 -0.0147 -0.0208
LOGUS{1} -0.1085* -0.0169 0.0574 0.0269 -0.0063 0.025
Mean
Model(LOGJP)
LOGKR{1} 0.0342* 0.0105 0.0503** -0.0385% 0.1371%x** -0.0522*
LOGCN{1} 0.0095 -0.03 -0.024% -0.0126 0.0117 -0.0238
LOGJP{1} -0.0551% -0.0397 -0.0766% ** 0.0025 -0.1195%x* -0.0014
LOGUS{1} 0.0229 -0.0234 0.0975% * * -0.0256 0.0136 0.0432
Mean
Model(LOGUS)
LOGKR{1} 0.0368%* ** 0.0328** 0.1059**x | 0.2236%** | 0.1482x** | 0.1068*xx*
LOGCN{1} -0.0038 -0.0152 0.0156 0.0463** 0.0079 0.069%* *
LOGJP{1} 0.0236 0.1412x*x | 0.0666%** | 0.0988*** | 0.0953*** | 0.1762%**
LOGUS{1} 0.0269 -0.0637*** | =0.1791%*x | -0.1843%x* | -0.1664**x | -0.1415%xx*
A(1,1) -0.0071 0.1793** -0.0499 -0.0101 0.1643** -0.0429
A(1,2) -0.026 0.0165 0.0247 -0.3033%x* 0.0477 -0.0749%x*
A(1,3) -0.0404** 0.0156 -0.1364%** | -0.1235%*x | 0.1569** -0.0549
A(1,4) 0.0638% * * -0.0113 -0.086*** | 0.1253*x** -0.0085 -0.1782%**
A(2,1) -0.0044 0.0132 0.0016 -0.0144 -0.0458** 0.0692
A(2,2) 0.4332%** 0.2408**x | -0.2245%** | 0.132%xx 0.2312%%* 0.234x*x
A(2,3) 0.0019 0.0204 -0.0207 -0.0571 -0.0622%* 0.0754%*
A(2,4) -0.0156%* 0.0154 -0.0003 -0.0306 -0.0288 0.029
A(3,1) -0.0765* -0.0933 0.048 -0.0165 0.0239 0.2265%**
A(3,2) -0.0207 -0.0656** 0.0454 0.0625 -0.0036 0.065%*
A(3,3) 0.1161**x* 0.0845 0.1585%** 0.0259 0.1913*** -0.0324
A(3,4) -0.0004 -0.1176%** -0.0264 0.0526** -0.0126 0.0296
A(4,1) -0.0662 -0.0161 0.1523**x | -0.0687** | -0.1664** | -0.2638***
A(4,2) 0.0908 -0.0422 0.0475 0.343%** | -0.1907*** -0.034
A(4,3) -0.1132%x 0.0439 0.1528%%x | 0.1574%x* | -0.356%** -0.0913
A(4,4) 0.0385 -0.0207 0.0452 0.0574 -0.0111 0.0498
B(1,1) 0.9632% ** 0.9577**x | 0.9459%x* | 1.0143** 0.916%** 0.8126%**
B(1,2) -0.0083 -0.0023 -0.0245% 0.1982x** -0.0109 -0.0034
B(1,3) 0.0036 -0.0149 -0.0156 0.1548*x** -0.066 0.055
B(1,4) 0.001 0.0063 0.0046 -0.0291 % 0.0703 0.0769*x**
B(2,1) -0.0038 -0.0403* 0.0037 -0.0383#** | 0.0157**%* 0.0015
B(2.2) 0.8419**x 0.8846**x | 0.9707*** | 0.7386x** | 0.9695*** | 0.9527+**
B(2,3) -0.0001 -0.0061 -0.0005 =0.1717%x% | 0.0221%% -0.0093
B(2.4) 0.0067 -0.0143 -0.0058 0.0459* 0.0165%* -0.013
B(3,1) 0.0093 -0.0049 0.0014 -0.0952% *x* -0.0054 0.0438
B(3,2) 0.0094 0.0098 -0.0142 -0.1678%xx -0.0041 -0.0119
B(3.3) 0.9722% % * 0.9756**x | 0.9651%x** | 0.7923x** | 0.9687*** | 0.8784x*x
B(3.4) -0.0011 0.0185 -0.0014 0.0417 % -0.0016 -0.0883*x*
B(4,1) -0.0403 0.0241 -0.0095 0.0422 %% -0.046 0.0532
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B(4,2) 0.0301 0.0023 0.0142 0.0406* -0.0235 0.0103
B(4,3) -0.015 0.0294+ 0.007 0.0778xxx -0.0628 0.0377
B(4,4) 0.9335#*x 0.9346+*x | 0.9471**x | 0.9194*+x | 0.8437*x* | 0.9298***
D(1,1) 0.3537x*x 0.2227+x+ | 0.3493**x | 0.1487+++ | 0.1885*x* | 0.3834***
D(1,2) 0.0644+ 0.065%* 0.0889+x* -0.1132 0.0919 0.0597
D(1,3) -0.0419 0.0433 0.0843 -0.1714%xx | 0.3119*xx 0.1058%
D(1,4) -0.0066 0.0706%=* 0.0103 -0.0029 0.2243% % 0.086+*
D(2,1) -0.008 -0.0617 0.0638+*x* 0.078x= -0.0866*** -0.0242
D(2,2) -0.1835%x -0.5314*xx | 0.1153**x | 0.2405*xx -0.0416 0.1447**x
D(2,3) -0.0263** -0.0068 0.0316 0.2597*x+ | -0.0814x*x -0.0719
D(2,4) -0.0373**x -0.03 0.0661*xx 0.0391 0.0401 0.0127
D(3,1) -0.1094+ -0.3182%xx -0.012 0.1203* -0.0162 0.0264
D(3,2) -0.055 -0.032 0.0835#= 0.1239#= -0.0178 0.11T*=
D(3,3) 0.2672*x -0.2197*xx | 0.2345x*x | 0.4041*x+ 0.0466 0.4162%*x
D(3,4) 0.004 -0.2082x* 0.0126 -0.0238 0.0684*xx | 0.1614xx*x*
D(4,1) 0.0744 0.0987 -0.1131% 0.0772 0.2397+ -0.1353%
D(4,2) -0.008 0.0626 -0.0796 -0.023 -0.0038 -0.0664+*
D(4,3) 0.1002 0.1221x -0.0407 -0.0792 0.3372 -0.1468x*=*
D(4,4) 0.4676+*x 0.4261%xx | 0.295%xx | 0.3504*** | 0.4313*x* | 0.3454**x
Shape(t 6.1708+*x* 9.2887x*x | 9.4051*x** | 8.1716%** | 6.4624*** | 5.6664+**

=% p<0.1, **: 0.01<p<0.05, ***: p<0.01

<-10> SHRAo| EEAA0 Ao sjo] patoe P Ay 37 BAAY AD HAE
1094.01.06 | 1998.06.19 | 2003.04.25 | 2008.10.30 | 2013.03.11 | 2017.12.05
Xk HAE N N - " N ~
1998.06.18 | 2003.04.24 | 2008.10.29 | 2013.03.08 | 2017.12.04 | 2022.03.18
log-likelihood: | 14929 8406.44 | 572936 46584.4 13678 58267.4
Multivariate Q | 162.051 149.19 173.016 201.451 117.431 190.25
Test: Q(20) [0.8274] | [0.9546] | [0.6322] |[0.1307]  |[0.9999] | [0.2859]
Multivariate Q | 287.321 335.236 325.832 295.786 306.238 338.976
Test: Q(40) [0.9981] |[0.8212] |[0.9017] |[0.9943] |[0.9816] | [0.7806]
bRt for 3.446 4.156 5.662 565.041 5.490 7.354
KK Effects : | 10.000%x] | [0.000%%x] | [0.000%+#] | [0.000%x] | [0.000%x+] | [0.000%xx]
F-Test for
BEKK 13.444 16.070 15.227 12.831 11.577 15.583
Asymmetric [0.000%#+] | [0.000%%%] | [0.000%%*] | [0.000%#+] | [0.000%%x] | [0.000% %]
Effects :

2o+ p<0.1, **: 0.01<p<0.05, **x: p<0.01
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<B-11> AR Ao) FEAFCl 0 ofo] LECHOR PRE A7) i BMAD
Variable 1994.01.06.~ | 1998.09.25.~ | 2004.05.11.~ | 2008.10.16.~ | 2013.01.07.~ | 2017.04.18.~
1998.09.24 | 2004.05.10 | 2008.10.15 | 2013.01.04 | 2017.04.17 | 2022.03.18
Mean
Model(LOGKR)
LOGKR{1} 0.0875% % * 0.0289 0.0726*x* -0.0419 0.0449 -0.0128
LOGCN{1} -0.0028 0.0101 -0.0007 -0.0177 -0.0191 -0.0191
LOGJP{1} 0.0541+* -0.0192 -0.1506% ** -0.0175 -0.0327%* 0.0221
LOGUS{1} -0.0013 0.0925*x* 0.1009** 0.0632** 0.0295 0.0473*
Mean
Model(LOGCN)
LOGKR{1} -0.0066 0.0166 0.0605 -0.0584x* 0.0222 0.018
LOGCN{1} 0.0079 0.0145 0.0142 0.021 -0.0147 0.0233
LOGJP{1} 0.0106 0.0243 -0.0471 -0.0097 -0.0081 -0.0208
LOGUS{1} -0.0968* * 0.0073 0.0496 0.0269 0.0017 0.025
Mean
Model(LOGJP)
LOGKR{1} 0.0196 0.0285*x* 0.0336 -0.0385% 0.1218** -0.0522*
LOGCN{1} 0.0093 -0.0279 -0.0152 -0.0126 0.0118 -0.0238
LOGJP{1} -0.0649%* -0.0248 -0.1102%* 0.0025 -0.1373% % -0.0014
LOGUS{1} 0.0008 -0.0189 0.1065%** -0.0256 0.0542 0.0432
Mean
Model(LOGUS)
LOGKR{1} 0.0343%** 0.0597**x | 0.1044%x* | 0.2236*** | 0.1383**x | 0.1068***
LOGCN{1} -0.0042 -0.012 0.0143 0.0463** 0.0183 0.069%* *
LOGJP{1} 0.0273* 0.1114x%x | 0.0617*x* | 0.0988*x** 0.087x*x 0.1762%%x
LOGUS{1} 0.0199 -0.0648%** | -0.163*x** | -0.1843%x** | -0.1389**x | -0.1415%xx*
A(1,1) -0.0656* 0.1394%** 0.0071 -0.0101 0.2001%** -0.0429
A(1,2) 0.0205 0.0197 -0.0692* | -0.3033% % 0.1135% -0.0749%x*
A(1,3) -0.0469 % * -0.0062 0.1394%*x | -0.1235%%x | 0.1599** -0.0549
A(1,4) -0.0508x** 0.0061 0.0665*** | 0.1253%*x* -0.0439 -0.1782%**
A(2,1) -0.002 -0.015 -0.0022 -0.0144 -0.0256 0.0692
A(2,2) 0.4424% % x 0.3037**x | 0.2022%*x* 0.132%xx 0.226% 0.234x*x
A(2,3) 0.0072 0.0246 0.0303+* -0.0571 -0.0349 0.0754%*
A(2,4) -0.0099 -0.0204 -0.0041 -0.0306 -0.0357* 0.029
A(3,1) -0.0359 -0.0531 -0.0738*x* -0.0165 0.0214 0.2265%**
A(3,2) -0.0272 -0.0125 -0.0253 0.0625 -0.018 0.065%*
A(3,3) 0.155% % 0.0781** | -0.1955% % 0.0259 0.1737 %% -0.0324
A(3,4) -0.008 -0.073%xx* 0.0396 0.0526** | -0.0895% ** 0.0296
A(4,1) -0.0707 0.0167 -0.0813** | -0.0687** | -0.1605*** | -0.2638**x*
A(4,2) 0.0348 -0.0781xx* -0.0184 0.343%** | -0.1852% % -0.034
A(4,3) -0.1784x*x 0.0381 -0.1158** | 0.1574xx*x | -0.2471x*x -0.0913
A(4,4) 0.0293 -0.0309 -0.0377 0.0574 0.0494 0.0498
B(1,1) 0.9676% * * 0.9846**x | 0.9916%** | 1.0143*** | 0.8169*** | 0.8126%**
B(1,2) -0.0054 0.0006 -0.0133 0.1982x*** | -0.1081%** -0.0034
B(1,3) 0.0074* -0.0013 0.0126 0.1548x*** | -0.2792%xx 0.055
B(1,4) -0.007 -0.0011 0.0051 -0.0291 % 0.0003 0.0769*x**
B(2.1) -0.0041 -0.019 0.0023 -0.0383*x* 0.0111% 0.0015
B(2.2) 0.8411%x*x 0.8849**x | 0.9764%x* | 0.7386x** | 0.9707***x | 0.9527+**
B(2,3) -0.0016 -0.0129 -0.0048 =0.1717% % 0.0169 -0.0093
B(2.4) 0.0028 0.0029 -0.0054 0.0459* 0.0157** -0.013
B(3,1) 0.0008 -0.0119 -0.0335%** | -0.0952**x | -0.0247% 0.0438
B(3,2) 0.0119 0.0185 -0.0154 -0.1678%xx -0.0117 -0.0119
B(3.3) 0.9688* * * 0.9764x*x | 0.9425%** | 0.7923x** | 0.9299*** | 0.8784x**
B(3.4) -0.0043 0.0267*** -0.0038 0.0417 % 0.0197 -0.0883*x*
B(4,1) -0.0373* 0.0156 -0.0048 0.0422%** | 0.1435%x* 0.0532
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B(4,2) 0.0622* -0.0054 0.0162 0.0406* 0.0595 0.0103
B(4,3) 0.0075 0.0061 0.0045 0.0778xxx 0.197%%x 0.0377
B(4,4) 0.9256% ** 0.95% % 0.9452+ %+ | 0.9194x*x | 0.7524**x | 0.9298*x%
D(1,1) 0.3253%*x 0.0753% 0.2244+x+ | 0.1487+*x | 0.3328*** | 0.3834*xx
D(1,2) 0.0462 -0.0565%* 0.0388 -0.1132 0.1407% 0.0597
D(1,3) -0.0518+ 0.0154 0.0703 -0.1714%xx | 0.3885*xx 0.1058%
D(1,4) 0.0082 0.0848+ = 0.0315 -0.0029 0.1499#+ 0.086+*
D(2,1) -0.0026 0.0682 0.0743**x 0.078x= -0.0927*x= -0.0242
D(2,2) -0.1923+ 0.4096**= | 0.1074x* | 0.2405*xx 0.0042 0.1447**x
D(2,3) -0.017 0.0376 0.0507+* | 0.2597**x | -0.1147*xx -0.0719
D(2,4) -0.0395%** -0.0203 0.0698* xx 0.0391 0.0528+ 0.0127
D(3,1) -0.1026%* -0.1876xxx 0.0668 0.1203x* 0.0199 0.0264
D(3,2) -0.0364 0.0924+ = 0.0987+ 0.1239#= 0.0228 0.11T*=
D(3,3) 0.2355%*x -0.207*** | 0.2675*x** | 0.4041**+ | 0.2355+*x | 0.4162x*+*
D(3,4) -0.0155 -0.0764x* 0.0382 -0.0238 0.082x** | 0.1614%*x
D(4,1) 0.0925 0.1303#x -0.1168+*x* 0.0772 -0.0195 -0.1353%
D(4,2) -0.0745 -0.0709= -0.0642 -0.023 -0.0787 -0.0664+*
D(4,3) 0.0217 0.1838*xx -0.0946 -0.0792 0.0132 -0.1468x*=*
D(4,4) 0.5075%*x 0.3189**x | 0.2697+*x | 0.3504*** | 0.5707*x* | 0.3454**x
Shape(t 6.1877**x 9.5713**x | 8.5162+** | 8.1716%** | 7.1155%x | 5.6664***

T

o« p<0.1, **: 0.01<p<0.05, ***: p<0.01

<H-12> ABAFo| FHAFQ O so] pACHoR TRH A7 P8 PMAW A YAE

o 1994.01.06 | 1998.09.25 | 2004.05.11 | 2008.10.16 | 2013.01.07 | 2017.04.18
Atk GAE ~ ~ ~ ~ o~ o~
1998.09.24 | 2004.05.10 | 2008.10.15 | 2013.01.04 | 2017.04.17 | 2022.03.18
log-likelihood: | 12983.9 8500.52 50739.6 46584.4 132441 58267.4
Multivariate Q | 167.934 165.04 167.947 201.451 146.468 190.25
Test: Q(20) [0.7309] | [0.7811] | [0.7306] | [0.1307] | [0.9682] | [0.2859]
Multivariate Q | 321.699 333.906 316.734 | 295.786 386.394 338.976
Test: Q(40) [09274] | [0.8345] |[0.9512] |[0.9943] |[0.1622] | [0.7806]
bRt for 2.8987 3.6066 4.7661 565.041 5.6603 7.3543
KK Effects : | 10.000%x] | [0.000%%x] | [0.000%+#] | [0.000%%x] | [0.000%x+] | [0.000%+x]
F-Test for
BEKK 14.2861 16.0537 12.8271 12.8313 12.2718 15.5834
Asymmetric [0.000%%+] | [0.000%%%] | [0.000%%*] | [0.000%#+] | [0.000%%x] | [0.000% %]
Effects :

2o+ p<0.1, **: 0.01<p<0.05, **x: p<0.01
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<B-13> o]RAo] S&AF0l HO sjo) PrEMoR el Aly) I By
Variable 1994.01.06.~ | 1998.12.15.~ | 2003.04.24.~ | 2008.10.14.~ | 2013.03.27.~ | 2017.06.30.~
1998.12.14 | 2003.04.23 | 2008.10.10 | 2013.03.26 | 2017.06.29 | 2022.03.18
Mean
Model(LOGKR)
LOGKR{1} 0.0768% ** 0.008 0.0689*x* -0.0078 0.0074 -0.0056
LOGCN{1} -0.0033 -0.0101 -0.0018 -0.0342% | -0.0119%** -0.0189
LOGJP{1} 0.044 0.011 -0.1151%** -0.0271 -0.0203 0.0069
LOGUS({1} -0.0475 0.07 0.1211%x*x* 0.018 0.0379 0.084 % *
Mean
Model(LOGCN)
LOGKR{1} -0.0049 0.0233 0.031 -0.0513 0.0017 0.0319
LOGCN{1} 0.0021 0.025 0.006 -0.0301 0.0083 0.0162
LOGJP{1} 0.0164 0.0258 -0.0271 -0.02 -0.0081 -0.0288
LOGUS({1} -0.081% -0.0073 0.0688 0.0059 0.0218 0.0381
Mean
Model(LOGJP)
LOGKR{1} 0.0188 0.0141 0.0456 0.0116 0.0915 -0.0427
LOGCN{1} 0.0087 -0.0261 -0.0237*** | -0.0482%* 0.0219 -0.0146
LOGJP{1} -0.071*xx* -0.0166 -0.0777*** -0.0308 -0.1158** -0.0392
LOGUS({1} 0.0252 -0.0356 0.1206% * * -0.0383 0.0544 0.0672**
Modgf&agGUS) Oxxs
LOGKR{1} 0.0353*** 0.0485*** | 0.1021%*x | 0.2577*** 0.1426%* 0.1117xx*x
LOGCN{1} -0.0053 -0.0213 0.0138 0.0483 0.019 0.0681***
LOGJP{1} 0.0284* 0.1353**x | 0.0628%** | 0.0706*** | 0.0963*** | 0.1728***
LOGUS{1} 0.0262 -0.0495 -0.166%** | -0.1869*** | =0.1501*** | -0.15%**
A(1,1) -0.0205 0.0721 % 0.0049 -0.0311 0.1846%** | -0.3027+**
A(1,2) 0.0168 0.0324 -0.0497 -0.0147 0.1067 -0.0019
A(1,3) -0.0603*** -0.015 0.1137**x | -0.166%*x* 0.1728 -0.025
A(1,4) -0.0466%* * 0.0118 0.0785**x | 0.2051%** -0.026 0.0623
A(2,1) 0.0002 -0.0095 0.0014 -0.0093 -0.0284 0.0241
A(2,2) 0.4436% ** 0.3453%*x | 0.2255%x* | -0.0981*x*x* | 0.2304%** | -0.2349%xx*
A(2,3) 0.0047 0.0318 0.0221 -0.0199 -0.0427 -0.0271
A(2.,4) -0.0117% -0.0198 0.0025 -0.0148 -0.0335 -0.015
A(3,1) -0.0507* -0.0172 -0.0717% 0.0972 % * 0.041 0.193%x*x
A(3,2) -0.0118 -0.0424 -0.0349 0.0513** -0.0037 0.0405
A(3,3) 0.1612%** 0.061 -0.1576%** | 0.2945**x | 0.2044%** 0.0822
A(3,4) -0.0185 -0.0705** 0.0196 0.01 -0.0538 0.0478
A(4,1) -0.0929%* 0.0073 -0.1054* 0.1414%*+ | -0.1923**x | -0.3293*xx*
A(4,2) -0.0067 -0.0758*x 0.0138 0.1011#** | -0.1855%* | -0.129%*x
A(4,3) -0.1724x*x 0.0381 -0.1169*x* 0.0902x* | -0.3218**x | -0.3101*xx*
A(4,4) 0.0163 -0.0439 -0.0216 0.0379 -0.0095 -0.0951*x*
B(1,1) 0.9744 % * 0.9916%** 0.896* ** 0.9905*** | 0.8329*** | 0.8802x**
B(1,2) -0.0069 0.0019 -0.0337+x* 0.0108 -0.0718** -0.0294
B(1,3) 0.0047 0.0005 -0.0408 0.03%x* -0.2478% xx* 0.0343
B(1,4) -0.0086** -0.0033 0.0066 -0.0023 -0.0241 -0.0674xx*
B(2,1) -0.003 -0.0268 0.0065 -0.0043 0.0111#x 0.0448+
B(2,2) 0.8559 % * * 0.8695**x | 0.9715%** | 0.9868*** | 0.9693*** | 0.9609%**
B(2,3) -0.0014 -0.0122 0.0005 -0.0147+*x | 0.0192%* 0.0162
B(2.4) 0.0031 0.0001 -0.0058 0.005 0.0188x** 0.0065
B(3,1) 0.008* -0.0007 0.0253 -0.0517**x -0.0223 -0.1592*
B(3,2) 0.0078 0.017+ -0.0081 -0.0188% -0.0107 -0.0465
B(3.3) 0.9667 % * 0.9904x*** | 0.9794% % 0.91 %%+ 0.9341%*% | 0.7912%*%
B(3.4) 0.0028 0.019%* -0.0049 0.0177+ 0.0027 -0.0303
B(4,1) 0.0488% ** 0.0079 0.0083 0.0167 0.1319*x** 0.1224
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B(4,2) 0.0508** 0 0.0182 -0.0097 0.0206 0.0306
B(4,3) -0.0184 -0.0043 0.0162 0.0297*x 0.1545%x 0.0934+
B(4,4) 0.9376+*x* 0.9492+xx | 0.9529*%x | 0.9331**x | 0.8043*xx 0.957*xx
D(1,1) 0.2915%*x 0.1015%*x | 0.4587+*x | -0.2955**x | 0.3084*xx* 0.2767+
D(1,2) 0.0386 -0.054 0.1138+x -0.0691 0.1558% 0.0333
D(1,3) -0.0483+ 0.0091 0.1735%x -0.1037+x* 0.362*x*x* 0.0998
D(1,4) 0.0178 0.069*x* 0.0149 -0.1548*xx | 0.1788*x* 0.198
D(2,1) 0.0104 0.0551 0.0608+ *x* -0.0263 -0.093*** 0.0223
D(2,2) -0.1778+ 0.4451 %= 0.095%* -0.1029#* -0.0214 0.1903* =
D(2,3) -0.028+% 0.016 0.0306 -0.157**x | -0.0972*x* -0.0631
D(2,4) -0.0431%*x -0.0196 0.0629%xx | -0.0975%xx 0.063** -0.0155
D(3,1) -0.0735% -0.1418x% -0.0913 -0.006 0.0207 0.1432+
D(3,2) -0.0348 0.1008+* 0.0669 0.0238 0.0307 0.1291 =
D(3,3) 0.2441%*x -0.1462%x* | 0.1715x%*x -0.003 0.2442+x+ | 0.4283**x
D(3,4) -0.028 -0.0213 0.0137 0.0297 0.0975%xx 0.1197%
D(4,1) -0.1331% 0.1018% -0.1168% 0.0973% -0.0401 -0.1741
D(4,2) -0.0326 -0.0738 -0.0598 0.1177+= -0.1153 -0.0621
D(4,3) 0.0712 0.1897*xx -0.0634 0.0917 -0.0415 -0.1729+
D(4,4) 0.461 == 0.3223%xx | 0.2793**x | 0.3897x** | 0.4734*x* | 0.2913*xx
Shape(t 6.1295%*x 9.5857+*x | 9.8186*** | 7.5068*** | 6.6075%x | 5.8978x*x*

T

o« p<0.1, **: 0.01<p<0.05, ***: p<0.01

<E-14> 0] 2Ago] EEAAQ AL sfo] Paddoz PR Ayl 17k Bz HY HAE

o 1994.01.06 | 1998.12.15 | 2003.04.24 | 2008.10.14 | 2013.03.27 | 2017.06.30
A HAE o~ o~ o~ o~ o~ o~
1998.12.14 | 2003.04.23 | 2008.10.10 | 2013.03.26 | 2017.06.29 | 2022.03.18
log-likelihood: | 11956.2 9525.86 40586.9 44669.4 13874.6 59386.9
Multivariate Q | 165.04 159.386 172.609 226.846 109.431 177.673
Test: Q(20) [0.7811] | [0.8633] | [0.6405] | [0.01***] |[0.9999] | [0.5351]
Multivariate Q | 317.361 341.773 326.905 322.79 296.757 329,492
Test: Q(40) [0.9486] | [0.7473] | [0.8940] | [0.9211] |[0.9935] | [0.8741]
bRt for 4.5915 2.7121 45317 13.3761 364.251 9.7992
KK Effects : | 10:000%x] | [0.000%%x] | [0:000%++] | [0.000%x] | [0.000%%+] | [0.000%xx]
F-Test for
BEKK 14.523 12.0072 13.8383 13.0676 9.7963 15.6584
Asymmetric [0.000%%+] | [0.000%%%] | [0.000%%*] | [0.000%#+] | [0.000%%x] | [0.000% %]
Effects :

2o+ p<0.1, **: 0.01<p<0.05, **x: p<0.01
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< Abstract >

A Study on the Asymmetric Spillover Effect of the
International Stock Price Index with consider
Multi-structure Break Point

Yang Zishuai®

In the world economic upheaval, the Chinese market has become a
concern of the world. Especially in the Sino-US trade war, the Novel
coronavirus pandemic, and the Russia-Ukraine war, the stability of China's
economy is shaking the world economy. As we all know, The Chinese
market is an emerging market favored by global investors. In the complex
international environment, it is necessary to re-discuss the asymmetric
spillover effect under the condition of market structure changes. Therefore,
in this study, the Asymmetric var-BekK-Garch model is adopted to analyze
the Asymmetric spillover effects of stock price index returns and volatility
in Korea, China, Japan and the United States, considering multiple
structural changes and asymmetries. In this study, the multiple structural
defects verification method proposed by Bai and Perron(1998,2003) was
adopted to find the multiple structural breakpoints to the maximum extent
and observe the structural changes of the asymmetric spillover effect of
volatility, considering that each market is a subordinate market. In a
variety of structural breakpoint tests, if the subordinate markets are
different, the period of structural breakpoint may be different, so the
analysis results of asymmetric spillover effects of volatility will be different.

In this study, using data from January 5, 1994 to March 18, 2022 in

South Korea, China, Japan and the United States, a total of 20 structural
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breakpoints were identified by Bai and Perron's multiple structural
breakpoints test, which were divided into 24 downstream sample intervals.
The asymmetric spillover effects of return and volatility on stock price
indices in four markets are analyzed, including the entire sample period.
The analysis results show that if the dependent market changes, the
structural breakpoint period is close to each other, but the actual
breakpoint time is not the same. In addition, the results also observed
asymmetry of volatility spillover effects in the changes with structure
change of the phenomenon. In the results of the Asymmetric spillover
effect of volatility observed in the China-centered study, the shock of the
early (T-1) unexpected drop in the Chinese market reduced the current (T)
volatility of the home market prior to July 1999, whereas the shock
increased the current (T) volatility of the home market after July 1999. In
addition, in other sample intervals, it is found that the impact of the
unexpected drop in the early stage (T-1) of the Chinese market has both
increased and decreased the current (T) conditional volatility of the Korean,
Japanese and American markets. It also shows that as the Chinese market
becomes more interconnected with the world market, the relationship

between them becomes more complex and volatile.

Keywords: Asymmetric VAR-BEKK-GARCH, Spillover effect, Multiples
Structural Change Model, Chinese Stock Market

* Jeju Research Institute, Research Fellow, zishuai0525@jri.re. kr

_39_


mailto:zishuai0525@jri.re.kr

