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RO S A

AKAE1x, MGARCH (multivariate generalized autoregressive conditional hetero-
scedasticity) ETNVICHT A RADREMICE L TH— A1 2479 . RO 1T
IHHELE LT, 9, 1450 GARCHBE7)L (ARCH E7), GARCH EF)L,
EGARCH €7 V) IZ2OWTHEA%AT ). F#I1Z, VECH, BEKK, CCC &9 £4 5
GARCHMEF LD 3 DDIEAREFNVIZH L TEE AT, 2D, DCC, ADCC,
DECO @ 3 DDMBAREBAEHET VICERzH T, TN5ODFHICE L TEHR %2
79,

F-U—F %% % GARCH €7 )V, K77 117+, DCC, ADCC, DECO

1 1 U & I

RIT4VT 113, BEEHZIT)BICEERZFERTH 2, I, fHRAADOZDIZ, s
() BROELHIZETIMET %o
r=u(m +e, (1)
722U, mIINTA=F DRI Y =, g, FFAETHTH B0 1,(m) (ZPERERDPIGER T OF &

FERALLESTH Y, AR (autoregressive) £ 7 )L% ARMA (autoregressive-moving aver-
age) ETFNVENRHVENL I EHNS W, 728 2L, AR (@) EFNV Ck¥iqg D AR EFN)
oEEIE, (1)REko &) IcERfbshs,

r=mtmr oty te (1a)
(1)X&xy,

E, (r)=pm (2)
Lab0T, (1)RA2S (2)RZOVTWLEY AT S ERAD 2 55,

(r,—E, . (r))'=¢ (3)

(3)RX &Y, e 1 HEOIIREK (r) ZFMLABOFNEE (r,—E, () OHFEDE
WELWI AR TE S,
Z T,
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Viei(r)=E,_ [(r,—E,_ (r))1=E,_,(eD) (4)
LBl bWbRR LI, THRREOBROSEMT SHIFHHEIX, DEEROEMT & 55
HICHE LV, 2Ot oG EOFEM E5H Vi (r) 2 t ]l [RF 740 7 1 (vola-
tmwjkwv,quu,mf%%l

RIT4) 714 DML, TOEBENBEEDOVAZORKRESERL TV, ZERLIE, Z
DEPRE T ENGEHEDOFERTRSIRE CHNBTREEDSEH N EZEFRL, AT
WEWZDENHTHD, % DFBERIE, PESSEOMFHMENF L ThiE, Lh A7 D/
SWEELTERTLTH ). 2F0, RT774) T 4DfEE, K—17 ) FOEREAT
3 Bl WAL & 2

3)
2 K74 UTF4DEKXKIE
JEFS (2000) #ZBZ LD S, 1 EBEDORTI T4 ) T AEEETVIZOVWTEMZIT)

2.1 ARCH E7)
WF, W AR (@) ETFNIZLZZD > TWAEDLDENET 5,

gi=wtae tasel o tael (5)
Dk,
E (eD)=wtae tael »++a.e, (6)

DEILL, E () K77 4074 (h) TEEM|R DL,
h=w+ae +tae ,++ae, (7)
25
51T, &, D0, TR 1 DHE NI R BRI L72h%) MERA e T 5 &,
e ERDE S I Iy bz Ok LTET S LATE S,
e,=vh,z, z,~iid N0, 1) (8)
Engle (1982) &, (7)RX& (8)Xe 2502 ETNVEIEL, ARCH (@) 7NV (K#iq
@ autoregressive conditional heteroscedasticity £ 7)) LA, B, KITF4 ) T4 D
AT RIS 572012, BEIZIE 0>0, ¢,>0 ((=1, 2, ~-q) OFIFIPLEL %5,
(1)REB)ADD, TTFNVERDL)IZTEDLI LN TE D,
r=ux) +yh, 2, (9)
Bl& LT, AR(1)-ARCH(1) E7NIE, (9)XDBHRDLHICHLL I ENTE S,
r=mt+mr,  Fwtael |z, (9a)
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2.2 GARCH ®7)

Bollerslev (1986) (&, K771 U 7 4 OFALEIC, BEOTFHFBAEDHFEOEIZT Tk
, BEDORT T4 )T A OMEEMAT-ETVEIRE L2, ThhY, GARCH (generalized
ARCH) €7V Td% %, GARCH (p, @) ETIMIERD L) IZERLS N5,

h=w+>" Bh, + ), ©>0, a;, 5,20 (j=1, 2, -q;i=1, 2, =p) (10)
(10) 2B WT, 4385 2 HA GARCH HH, 45 3 JHAY ARCH IH & 1131, p 13 GARCH 1H
OXREERL, g T ARCHIHOLRE 2 RLTWh, (100 X256l s2R L1, ZOET
VI ARCH ET V% —f b L72b DTH 5,
Wi, FlE LT, kD GARCH (1, 1) EFIVEEZ 5,

h=w+ph,_,+as’, (1)
()=,
(1—-BL)h,=w+ae’, (12)

b 7270, LIZS VBT T, L=z, Thb, |BI<1 THE, (12)% Y

w

1
(8L 1-8
HABNL, (13)R1E, KEHIHEREKD ARCHEF LV THAL, $hbb, (1)RXTREN
% GARCH (1, 1) EFIVIE, READEERKD ARCH £ 7 )V IZxHE LT, ARCH £ 7V
& GARCH 7 VDR & TSRO LS % 5341 L7 5;4121&, ARCH E7 LV TiEREw
IR & N B M D 5 7Y GARCH £ 7V TlEfiiiiZ7c GARCH (1, 1) 7 VSN &
LT ENLV,

IR L 912, FFF 1) 74 (b)) 1E, FHEEOHTE () O EHFHET
Hb, WE, KTT 4N T4 OTFHMFRE (e/—E, (eD=¢e—h) &9 TETL,

h, (w+aer )= taXizoBlel 1 (13)

ei=h+n, (14)
b, (14)ROMBE 1HITHT L

e =h 0 (15)
0, 15Xz (1DRMRAT B L

h=w+(a+B)h +an, (16)

b, (16)iF, A 1T 5 AR (1) EFLVTH A, 72, (16)XAH 5 GARCH (1, 1) €
FNOAUOREI (EED) 6, w/(1—a—f) THA BN EHDRE,
(16)RXIcBNT, RIT 4V T 4 LEFMBEDOTHE u=h—w/(1—a—p) LB L,
h=u+o/(0—a—p) L% 50T, Th%EU6)RIACALT, h 2WET S L
w=(a+pBu,_,+an,_, an
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EE, (7)RuE, 251,
(A—C(a+pL)u~=an,, (18)
EBDT, WHEHIIZ, KDL HICELZENTE L,

U :aval(aJrﬁ)iT]t—l—i (19)

(47
T 1—(atpL ™
()R EL VSRR EIZ, KFF4UTF1DYavy (n) Du, ~DEZEZ, a+8 DK
XE I THIRTAZEDNTELIED DD S, L latBI<1 THIUE, W OREH
EEDICTEEE () FONEWHEL, KI74U74 () PETOEFEMETH S
w/(Q—a=B) IR T LI L2BRL TS, F72, latBl DEDS1ITEWITE, KTT4
VT ADYay 7 8 BB RMEICOI VR T 52 L Lk b,

Z T, GARCH EFVOEHEMEIZOVWTHIZRTEUTOEBY TH S,
(11 : GARCH (2, 1) EF))
S GARCH (2, 1) EF V%2 #E2 5,

hi=w+Bh, + Bk, Fagl (20)
wE, K774 )74 OFHRRE (el—E (D)) &n TETL,

er=h+tn, @)
£l QADOBRZ 1HTH5T L

e =R 0 (22)
£, (22)X% (0)KIZAAT 2 L

h=w+a+B)h, \+Bh, ,+an, (23)

b (23)FUE, B, 1T A AR (2) EF VL TH S,
227, (23)3 &Y, GARCH (2, 1) EF NV oE®Ef (EE)) X, wo/(l—a—B,—B,) T
525N EDbh5b,

(12 : GARCH (2, 2) EF))
K2, GARCH (2,2) EF V4% 2 5,

ht:(U+,81ht—1+,82ht—2+a15z2—1+a25z2—2 (24)
wE, K774 )71 OFHEE (el-E (D) &, TET L,
8?:ht+7]t (25)

b, 25)AOMBRE 1ITFLTL
512—1:hz—1+77t—1 (26)
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D, L) 1HTFLTE

5? R/ @7
Nzohb, 22T, 26)3 0k 27):\% (24)ITKAT S &
hi=w+ (a1 +BDh+ (@t B Ay taim +asm s (28)

L be (28)FUE, A, 2B A ARMA (2,2) EFALTH b,
L7235 T, (28)3% ), GARCH (2, 2) EF L oEHFEHE (EE)) X, o/ (l—a,—a,—8,
—By) THZLNAZ LD Dh A,

2.3 KI7T7 4T 4 EEOIESFRE

GARCHEIET VI, FIF T4V T4 DEEERTTZODENTZETIVTHLH, Kub
g Twd, URERDRT T4 ) 71 1d, BEMEX LA 7RV —Z2ADH - 72K
DX Y L BEMEDS T 72 VI BN 2 —ADH 72RO BNTE Y FAT A1E
75 2 EEBRINICHONTEY, 2ILAEKRTF 1 )T 1 OEBO IR
GARCHEIEFLTIRE 525 Z EATE LWV, Nelson (1991) 13, 29 L7zKIF 1) F 41
BEYOIEXTFRMEZ Y A7z E T & LT, EGARCH (exponential GARCH) £ 7L % {218
L7 EGARCH (p, @) EFILIEKD L 1S5 S b,

In(h) =w+22,BIn(h, ) +2% a;[0z, ;+ 7z, ;| —E(lz,;1))] (29)
72721, z2=¢,/yh, THhH, ZDEGARCH EFNVIZE LTI, WL OPEEET L0
o T3, QIRITBVTTFHEE () KT 74U 74 OFHR (h,) CHELL7MHE
EHIEHE LTHOY TV AR TH b, RIZ, Q9)RIBWT, HHIEBRTI T 1) 74
DIBAEL %5 TR 272012, /87 A — 5 OFAKIKEZRT 2 LEF % b 2 LA
T& 5%, ®%IZ, EGARCHEFVIZBWTIE, KI5 1) 71 OEFIEL RAEI2IE, B
DIEDO AT RTINS Db 25,

Bk LT, ko EGARCH (1, 1) EF VA2 EZ 5,

ln(hz):a)+ﬁln<hz 1)+92t 1+7(|Zt 1‘*E(‘Zz 1|)) (30)
BoO)RicksrE, Bnma—2 (z,,>0) o7k T,
In(h)=w+BInh, )+ G+0) |z, | —rE(z,.]) (31)

e, Bnza—2R (z,,<0) BHosok X,

In(h) =w+BIn(h, )+ G—=0 |z, | —rE(lz, D (32)
Ehbo 2FN, 0<0 THhNE, BVoa— AW ho7e &L, Bnoa—2A0Ho
7L EDIIHN, BHORI T4 ) TADPLERAT LI ENbrs,
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3 %ZE GARCH ICEET3EAXETIL

3.1 MGARCH 7L
—fEiIZ, %258 GARCH (multivariate GARCH: MGARCH) €7V iE, kD X 5 IZER
ftens,
yo=p (7w +e, (33)
e=H"*(0)z, z,~1iidN, I, (34)
72720, Yy & 3 W30 ROFINRZ MIVTH Y, H Z nXn XROWNHATHITH 5,
ZIT, ROBRPHALT %,
E,  (e)=0 (35)
Vii(e)=H"(OE, \(zz)H'"(0)'=H, (36)
BOAPSHL N % LI, H 3y OFUMESGHLGEATICTH Y, Bl LT, 2EHK
DAL, RO L HITREN S,
. E, (el ) 12,1<5Lt52t)1{hlht hlgt}
E, (e 8.0 E () R ha

O H DERCDHEIZL Y WL ODPDET VT HIEHNTE S,

37)

3.2 VECH E®7 WV
Bollerslev, Engle and Wooldridge (1988) & VECH & 7V & 428 L7z, DO —iM 2L
RDOEHIZEREN D,

vech(H,) =A,+>% A;vech(e, ;e, )+>! B;vech(H, ;) (38)
rrL, agt PO osins fucah ), 4, B PATD  n(ED e

2 2 2
BATHITH A, 72, vech G TZAMTHOKEREZNINRT MIVELTAY v 7§ AHEAET
7)
ThHb,
BlE LT, 2%w&® VECH (1, 1) EFWIE, kDO XHIZkh b,

vech(H,)=A,+A,vech(e, ;e, ;) +B,vech(H, ) (39)
CNEERFRT DL, XAFZo6N5,

R, a)] [a' a? a’l[el, b by Y| Thiy

ho o |=|ad | +|al af aP||ew o |+|0T BT BP|| ha (39a)

21 31 3 33| .2 31 732 233
Ry a, ay ay ay || &1 b b bP LAy
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COVECH ETVIERKEDH L ETNTHLH, TOMERELT, HETRENT X —
T OB, KREDOWRITHECEEIZHENT A2 E0HIFoN s, 728 21X, n=2 & VECH
(1, 1) EFNVOINT A =5 HIZ2MMTH A5, n=3 ® VECH (1,1) ETIVDOINT X =5
X, 184, BEOKEDH LR IS I L3R E 25,

% ZC, Bollerslev, Engle and Wooldridge (1988) 1%, A,, B; =& f447%) (diagonal matrix)
& ¥ % diagonal VECH (DVECH) E 7V &0 L 72,

Bl LT, 2%Z%® DVECH (1, 1) EFNVIZX, XD L)%k b,

Ry a(l)l a%l 0 0 5?, -1 }1 0 0 |Thu
oy | = agl +10 a%Z 0 [l€nca|+] 0 b? 0 || A2 e (40)
Ry o de @i 0] 0 a?¥ éét 1 0 0 b¥|Lhgy

COETFNVOREE, (40)X»S5HLA% LI, IFHAEZEN 0 Lo TWD 20, HE
FTRENT A=Y OKDPKIBIZHP L TWDLETHL, 72 21E, n=2 ® DVECH (1, 1)
ETNONTA—=FHITOMTH 525, n=3 ®VECH (1,1) EFNVDOI/NT A — & BT 184
kb, LML, BF, 5~—r v VORI T4 )T 4O~y VORI T4 T4
POREEEZIT eV EV) BER IR TE 5 (DVECH E7VIE, SEFEIZ1LRED
GARCH ETNVEHWIZET IV EARTIENTES), L72A> T, DVECH E7 VI, &K
F77 4 )T A OMELAFEREZ 5T HEICIRL T L@ 2 ET IV E I3V R0,

3.3 BEKK E7 )V
Baba et al. (1987) 3 X 0¥ Engle and Kroner (1995) 2 X - CTH#EME & 172 BEKK (Baba,
Engle, Kraft, Kroner) £ 7IVIEKD L ) ICER[/LEI N5,

H=A,+>" A;(e, je, DA;+>! B;H, ;B (41)
72720, Ay, Bi\d nXn ROBEATHICTH S, £72, Agld nXn ROWHATHI TH B, FlL
LT2%w® BEKK (1,1) EFWVIZRD LI IR B,

H=A,+A (e &; )A+B,H, B (42)
7272,

11 21 11 127]
R R a, Qo a, a
H,= A= A=
21 22 21 22
h12, ¢ My a, Qg a, ar |

11 12 2 N
by by , &1 1 €1 1182 11
31: €181~

21 22 2
1 b 11182 01 [

THhb, LIzh>T, @REEHEERTILERDI IR D,
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|:h11,t hos, :}
VAT (P

ay a¥
a af

11 12 2
(ay €1 tare, z—1>
+
a

an

Yaiel ,+(@lal'+ataPDe, e, tatales ,
at'alel , + (@l +at'aDe, 18, Falales
(ale, , . +atle, , )’ }
(01D R, 1+ 20000 Ry, 1+ (01 Ry,
’ Ly}l b hyy s+ (DO b1 O oy 0D Ry,
bIbY Ry o (OO 01 DD Ry, o+ 01D Ry, H]
(42a)
(B Ry, 20108 hyy + (B Ry,

BEKK EFVDE 1 DAY v ME, HETRENRTA—YOHIPL L THELILETH
Bo 72X 21, n=2 ® BEKK (1, 1) EF VDT *— ¥ KIE11HTH 525, n=3 ® BEKK
(1, 1) EFIVDOINT X =55, 24THAH, THiE, VECH (1,1) EFLDINT A —F D
B (n=20t 321, n=3DLE) LHRTHLLENILE{LoTWVD,

BEKK EFNVDHE2 DAY v ME, KT 7497 14 OMEAKRGFRERE RN ICET VL
TEDLHENHITENS, (40)3d DVECH (1, 1) ET7 N & (42a) X BEKK (1, 1) €7V %
HR2ZEWLH,ZEH1Z, DVECH (1, 1) EFIVTIE, hy, ICEEEZ522501F &, .,
hi o THADIZK LT, BEKK (1, 1) EFVTIE hy, (CHEBEL 525013 ), 4, &2,
€18 i1y B oo g i1y B o1 T B DF 0, BEKK ETNVIIHEETRENT X —F D
Bosd i) 212, K774 7 4 DL 5 M EEAFBERABIRIIZE T ML ST
WAEFIRETIVTH D I ENDh5S,

3.4 CCCETI

Bollerslev (1990) (AP A HEETNVLT 5 2 L DT E % CCC (constant conditional
correlation) 7V Z M L7z, ZOET VORI, SN SHBREDRHZE L T—
EEREENTWEETH S,

— M2, n ROGWESEATY H 3, H=DRD & 53#$ 52 LW geTdhb, 72771,
R GHBIATH (—E e ME) Th Y, D=diagWhi, yhae, h,) FHHEFL LT
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Vir G=1,2 - n), FMERE LTO % b OMAIIITHDs LidioT, KOS
12EAETE %,

H,=D,RD, (43)

CCCEFNTIE, ¥, HOxAMSIZE L TIE, 1%% GARCH (p, ¢) EFNVEHW

TEFMET %

Ris, 1= 0+ 20 B i o+ i € (44)
K\, H, DIERH (6, §) BICE L TlE, —#ThAMABEREITY (R) @ G, j) B5T
H% oy BT, KO X ITERIEER

i, l:pm/mm G#) (45)
Ble LT, 28BOHAIR, 43)RiT
Ry ha vhy 0 L pul[vhy 0
H,= = (46)
R o Ry 0 Vo Lo 1 0 VA,

Y, K£ERTT 40T 4H GARCH (1, 1) EF M L7250 a1, (44) 3B X 18 (45)
KLY, CCCEFMIRDEIIFEENS,

Ry =yt B hy, t—1+a115f1, -1 47
Roy, 1= Was T B3 Fgs, L—1+a225§2, -1 (48)
Ry =01l VR, (49)

GARCH (1, 1) —CCC ET IV TlL, n=2 OGE&, HEITRENNTA=FOHITTHTH Y,
n=3 O, HETRENXIT XA —=F ORI TH %, L7z2%> T, VECH E7 ), BEKK
ETNWENRT, HEBTRENTA—FOEIP LR THELI LD L (F122H),

F1 HWHETRENNTX—=5 DO

n=2 n=3
VECH (1, 1) 21 78
DVECH (1, 1) 9 18
BEKK (1, 1) 11 24
GARCH (1, 1) —CCC 7 12

4 S EAERRBEFRHET IV

4.1 DCC =ET IV
Engle (2002) &, AHBIREAHIFR & & $ 1248169 % DCC (dynamic conditional correlation)
9)
ETFNVERE L, £9, CCETFTLDUA3) XD R DEEFIMKET L7200, kDL H12#EL
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ZEDNTE S,

H,~=D,R,D, (50)
Ble LT, 2Z8=0%41E, (50)RFRDLHIZEHATE S,
hno bl VR0 1 ou|[Vhn, 0
Lm[huj{o ﬁnj{ }{0 ﬂmj
72, CCCEFNOBE LA, &KTT 1) 71 OEHE, 148D GARCH €7V
L7289 LIRE SN A,

Ri o= F 20 B il T ek 1=, 2, (52)
T, zi =& JYhi, AL, FNORERLTIRI MV 2=z, 2o o Za )
*ER, TOEMFEHH Q=E _(z,3) EFETH. T5&, MHMEAREATHIOLE IR
nryEttEnz,

H~= (51)

Oz ¢ 1

R=diag(Jqu, ., *+ Nqw, ) " Qidiag(Jqn i, Vg, )" (53)
Q=1—a—b)Q+az, 1z, ,1+bQ,, (54)

72721, Q=E(z,.,2,-.) T, a>0, b>0, a+b<1 Th 5,
2EBOYAE, (53) B LG4, 2, ROLHITREN S,

|: 1 D1z, t:| F/W]n,z 0 :||:QH,t G, z:| F/W]n,z 0 :| (55)
= 55
O, ¢ 1 0 1/V(122, (A LG Gt 0 1/V(122, '
qu, ¢ Gz 1 quw Zi -1 21 1-1%2, 1-1 qu, -1 Giz 1
={0—a—b)| +a +b
di2, ¢ oo ¢ g 1 21 11%2 11 23,; 1 Gi2, 11 G2 11
(56)
10)
L725o T, BiFMHBEREIERD L H 1525615,
(1—a—b)gynt+az, 12, 11+ bqys .-
1 = di2 1, t-182 -1 1z, 11 (57)

/(1*a*b)511+02?, 1T 0qy, x/\/(lfafb)azfraz;, 1T 0G0

4.2 ADCC €7V
Cappiello, Engle and Sheppard (2006) (%, DCC E F IV IZIEx#ltk # 58 L 72 ADCC (asym-
metric DCC) €7V &R L7,
9, KKIT4) T4 OEHE, 17O GARCH ETF VI L7205 EIRES NS,
B =wi+ 20 Bi b X €8 1=1, 2, 0 m (58)
T, zi=6 /Vhy, LEEAL, FROSEFERETIRT MV z=G, 200y Zn )
TER, TOFRMTEHHQ=E, (z,3) ZEHRT S, T5&, MBEREBATHI OLB) 3K



%758 GARCH #IE 7 )V IC 3 5 ik D JR B 11

D rHizEfbsh s,

R, =diag(Jay, 1, - N@w, ) " Qudiag(ay 1, s V@, ) (59)
Qt:(1_a_b)a_gﬁ""azt—lzt/—l'i'th—l"‘gnt—ln/t—l (60)

7272L, Q=E(z, .5, ), N=E(n,n) ThH5b, £72, n=1I1[5,<0]oz, ([z<0] & 5<0
ThhE1 %L, 2H)THRUINIT0Z LD NX1 DA v 77 —%—F%, © % Hadamard
) ThHb
F72, QS IMEENT & % 5D DLEME
a+b+0dg<1 61)
Tha. FEL, SH, QNG ORKEAETH L,

4.3 DECO &7
Engle and Kelly (2012) 13O MHBREDOLE) # [ 12 Z &I A5 DECO (dynamic
equicorrelation) EF IV Z3IE L7,
9, KRITT4) T4 OEHE, 1E£ED GARCH EF VI LA LIRES NS,

R =@t 20 B i Ty en o, 1=1, 2, m (62)
ZZTC, zi =& by, EFEEL, FNOEEHRETLERNY MV z,=(2, 250 " 20 )
REZR, TORMTE5EQ=E, (3,3) 2 EHKT b T5&, HERMITHIOZLEIZX
DEHIERLEI NS,

R?ECOZ(I 71513)In+:5t‘]n (63>

;)FLZW,O{,- . where oy ==L j=1,2 = n (64)
nn—1 ' NG g T

Q0= (1-a—5)Q" "+ az, 17/ 1 + bQI” (65)

72720, L, & n ROBAATH], J, & nXn ROBEZENTRT 1O THAL, 72, o, 1

WS £ 128U % equicorrelation TH Y, Wit 2B 5 2/n(n—1) HOBZMERED
14)

T LCEEENL, S512, g, 13 QPP 0 if BETH 5,

Bl 2ZEBOEE)
Bl LC2EBORERE 25, ZOWE, (63)IRDLIITR S,
, B B /1 0\ /11 1 o
R?ELOZ(17‘0[)12+th2:(1710» +0; =\ _ (66)
0 1 11 o, 1
Z 2T ) ROMERBOE S ITEHT 5 &, 2E2FOBAEIZIZ@NRED
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2 WEAMMHEBEREE TV
DCC €7V
y=u () +e,
e,=D,z, z,~1d (0, I
E, ,(e)=0 V, ,(e)=H,
H,=D.R.D,
R,=diagWa,, ., , N@uw. ) " Qudiag a1, - N@w, )"
=(l—a—b)Q+az 13, +bQ
ADCC E 7 )V
yi=w(m +e,
e,=D,z, z,~1d (0, D
E,  (e)=0 V,_,(e)=H,
=D,R,D,
=diag i 1, s AQw )" Qudiag(a, 1, @ )
Q=(0-a—0Q—gN+az, 5z, ,+bQ, ,+gn, n, ,
DECO &7V
v.=p(m) +e,
e,=D,z, z,~1d(0, I)
E, ,(e)=0 V, ,(e)=H,
H,=DR.D,
R,=diag(Jq.. ., = NG, ) " *Qidiag Wau ;.\ = V@ )"
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2) VaR (value at risk) Z 721 A7 EHOGTICBNTE, KIT74 ) 7 A ITEELHEH TR
724, 2T, VaR LIEH) A7 OFHEREREAHER T 2BEEL V),

3) ARCHIEFIVIZH 5 HAGE CEH N2k e LTI, 72& 213, JEE (2000, 2007),
K (2010) FEVBEICL D,

4) 22T, Vi, 0D=E {r—E (r)}]=E, (e =hE, (zD=h, ¥ &% Z & IZ{EHE,

5) (16)RIERDEH 1T B, E(e)=wt+(a+PE, (el D+an . ZOWBOMFHEE &
e, EE (e))=Ew+(@a+BE, (¢ Dt+an ) L%, Ee)=w+@+pEE ) &k
Bo ST, MEMSHE S=EE)=E(@E ) LBLE, ROWENZOND, s:ﬁo

6) Glosten, Jagannathan and Runkle (1993) 12X % GJR EFIVLEBHOZ &,

h
7) 72k ziX, H= DL, vech(H)=|hy | TH 5%,
2 22
a; 0 0
. e ke N . 0 Ay 0
8) diag HETIX, KDL h b, diag(ay, aw, =+, @)=
0 0 - a,

9) Tse and Tsui (2002) (ZFETE7% 5 72D DCC EF I % HME L T b, Caporin and McAleer
(2011) 1%, HEFEE A5, BEKK €7V & DCC E 7V O REHKE 217> TWb,

10) DCC EF N % W= Eif 720l & L TlE, Akhtaruzzaman, Shamsuddin and Easton (2014),
Antonakakis (2012), Apostolakis and Papadopoulos (2014), Chiang, Jeon and Li (2007), Kinkyo and
Hamori (2014), Lahrech and Sylwester (2011), Savva (2009), Tamakoshi and Hamori (2013a),
Toyoshima, Nakajima and Hamori (2013), Turhan, Sensoy and Hacihasanoglu (2014) 233 15 5 1L
%o H12, Antonakakis (2012) & Apostolakis and Papadopoulos (2014) X DCC D 43#r & A ¥ L
F = N=DO5HEMAEDE TV L I D 5,

11) Hadamard f§l3, ROEBYTHD, WE, 34735DFH A, B RO L) IZ5 25T
%o

an Qg G by b by

A=|ay aun ax |, B=| by by by

Ay Ay As by by by
ZDLE, ROBBRPEALT %,
anby @by, apbi
AOB=| anby asbsy asubsy

A31bsy  Q3by  Asbss



%75 & GARCH #IE 7 )V IZBI T 4 It O JE B 17

12) Bl& LT2EBOLEICE, non RO L) IZHER 65,

, I<Z1, 1—1)21, -1
ne.n,,= (1(21, t—l)Zl, -1 ](Zz, z—1)22, -

I(zy - )Zs
_< I(z, D27 Iz, )z, 11z, D2, t1>
GV IRV (CIPRDF A 12y D25

13) ADCC £ 7 IV & W7o EHEMse o fl & L Tld, Kenourgios, Samitas and Paltalidis (2011),
Toyoshima, Tamakoshi and Hamori (2012), Tamakoshi and Hamori (2013b), Tamakoshi and Hamori
(2013c), Toyoshima and Hamori (2013), Toyoshima, Nakajima and Hamori (2013), Yang and Hamori
(2013a), Tamakoshi and Hamori (2013d), Tamakoshi and Hamori (2014) &5»® T 5 5,

14) R2EWEMHBERBKETVEZ LD DTH S,

15) a2 7B L CHARRTENNZCHE LTIE, F - &3 (2005) =258,

16) 72 & 21, Yang and Hamori (2013b) 3 X OF Yang and Hamori (2014) % %8,

17) Bollerslev (1986, p.316) (&, #WfE & L TR el & hy DHEEME LT, T '3 e ZHW
BT LEERMBLTNS

sz % X &t

Akhtaruzzaman, M., Shamsuddin, A., and Easton, S. (2014) “Dynamic correlation analysis of spill-over
effects of interest rate risk and return on Australian and US financial firms,” Journal of International
Financial Markets, Institutions & Money, Vol. 31, pp. 378-396.

Antonakakis, N. (2012) “Exchange return co-movements and volatility spillovers before and after the in-
troduction of euro,” Journal of International Financial Markets, Institutions & Money, Vol. 22, Issue 5,
pp. 1091-1109.

Apostolakis, G. and Papadopoulos, A.P. (2014) “Financial stress spillovers in advanced economies,”
Journal of International Financial Markets, Institutions & Money, Vol. 32, pp. 128-149.

Baba, Y., Engle, R. F., Kraft, D., and Kroner, K. F. (1987) “Multivariate simultaneous generalized
ARCH,” Unpublished manuscript, Department of Economics, University of California, San Diego.
Bollerslev, T. (1986) “Generalized autoregressive conditional heteroscedasticity,” Journal of Economet-

rics, Vol. 31, pp. 307-327.

Bollerslev, T. (1990) “Modelling the coherence in short-run nominal exchange rates: A multivariate
generalized ARCH model,” Review of Economics and Statistics, Vol. 72, pp. 498-505.

Bollerslev, T., Engle, R.F., and Wooldridge, J. M. (1988) “A capital asset pricing model with time-
varying covariances,” Journal of Political Economy, Vol. 96, pp. 116-131.

Caporin, M. and McAleer, M. (2011) “Do we really need both BEKK and DCC? A tale of two multivari-
ate GARCH models,” Journal of Economic Survey, Vol. 26, pp. 736-751.

Cappiello, L., Engle, R. F., and Sheppard, K. (2006) “Asymmetric dynamics in the correlations of global
equity and bond returns,” Journal of Financial Econometrics, Vol. 4, pp. 537-572.

Chiang, T.C., Jeon, B.N., and Li, H. (2007) “Dynamic correlation analysis of financial contagion:

Evidence from Asian markets,” Journal of International Money and Finance, Vol. 26, pp. 1206-1228.



18 21 2% s 6 5

Engle, R. (1982) “Autoregressive conditional heteroscedasticity with estimates of the variance of United
Kingdom inflation,” Econometrica, Vol. 50, pp. 987-1007.

Engle, R. (2002) “Dynamic conditional correlation: A simple class of multivariate generalized
autoregressive conditional heteroscedasticity models,” Journal of Business & Economic Statistics, Vol.
20, pp. 339-350.

Engle, R. and Kelly, B. (2012) “Dynamic equicorrelation,” Journal of Business & Economic Statistics,
Vol. 30, pp. 212-228.

Engle, R. and Kroner, F. (1995) “Multivariate simultaneous generalized ARCH,” Econometric Theory,
Vol. 11, pp. 122-150.

Glosten, L. R., Jagannathan, R., and Runkle, D. E, (1993) “On the relation between the expected value
and the volatility of the nominal excess return on stocks,” Journal of Finance, Vol. 48, pp. 1779-1801.

Kenourgios, D., Samitas, A., and Paltalidis, N. (2011) “Financial crises and stock market contagion in a
multivariate time-varying asymmetric framework,” Journal of International Financial Markets, Institu-
tions & Money, Vol. 21, Issue 1, pp. 92-106.

Kinkyo, T. and Hamori, S. (2014) “Exchange rate flexibility and the integration of the securities market
in East Asia,” Journal of Reviews on Global Economics, Vol. 3, pp. 293-309.

Lahrech, A. and Sylwester, K. (2011) “U.S. and Latin American stock market linkages,” Journal of Inter-
national Money and Finance, Vol. 30, pp. 1341-1357.

Nelson, D. B. (1991) “Conditional heteroscedasticity in asset returns: A new approach,” Econometrica,
Vol. 59, pp. 347-370.

Savva, C. S. (2009) “International stock markets interactions and conditional correlations,” Journal of In-
ternational Financial Markets, Institutions & Money, Vol. 19, Issue 4, pp. 645-661.

Sklar, M. (1959) “Fonctions de répartitiondn dimensions marges,” Publ. Inst. Statist. Univ. Paris, Vol. 8,
pp. 229-231.

Tamakoshi, G. and Hamori, S. (2013a) “Dynamic linkages among cross-currency swap markets under
stress,” Applied Economics Letters, Vol. 20, No. 4, pp. 404-409.

Tamakoshi, G. and Hamori, S. (2013b) “An asymmetric DCC analysis of correlations among bank CDS
indices,” Applied Financial Economics, Vol. 23, No. 6, pp. 475-481.

Tamakoshi, G. and Hamori, S. (2013¢) “On Time-varying linkages among LIBOR rates for major Euro-
pean currencies,” International Journal of Financial Research, Vol. 4, No. 1, pp. 46-53.

Tamakoshi, G. and Hamori, S. (2013d) “An asymmetric dynamic conditional correlation analysis of link-
ages of European financial institutions during the Greek sovereign debt crisis,” European Journal of Fi-
nance, Vol. 19, No. 10, pp. 939-950.

Tamakoshi, G. and Hamori, S. (2014) “Co-movements among major European exchange rates: A
multivariate time-varying asymmetric approach,” International Review of Economics and Finance, Vol.
31, pp. 105-113.

Toyoshima, Y. and Hamori, S. (2013) “Asymmetric dynamics in stock market correlations: Evidence
from Japan and Singapore,” Journal of Asian Economics, Vol. 24, pp. 117-123.

Toyoshima, Y., Nakajima, T., and Hamori, S. (2013) “Crude oil hedging strategy: New evidence from



4755 GARCH € 7 )V (12§ A it O 2 B 19

the data of the financial crisis,” Applied Financial Economics, Vol. 23, No. 12, pp. 1033-1041.

Toyoshima, Y., Tamakoshi, G., and Hamori, S. (2012) “Asymmetric dynamics in correlations of treasury
and swap markets: Evidence from the US market,” Journal of International Financial Markets, Institu-
tions & Money, Vol. 22, Issue 2, pp. 381-394.

Tse, Y. and Tsui, A. K. C. (2002) “A multivariate GARCH model with time-varying correlations,” Jour-
nal of Business & Economic Statistics, Vol. 20, pp. 3561-362.

Turhan, M. L, Sensoy, A., and Hacihasanoglu, E. (2014) “A comparative analysis of the dynamic relation-
ship between oil prices and exchange rates,” Journal of International Financial Markets, Institutions &
Money, Vol. 32, pp. 397-414.

Yang, L. and Hamori, S. (2013a) “EU accession, financial integration, and contagion effects: Dynamic
correlation analysis of CEEC-3 bond markets,” Transition Studies Review, Vol. 20, Issue 2, pp. 179-
189.

Yang, L. and Hamori, S. (2013b) “Dependence structure among international stock markets: A GARCH-
copula analysis,” Applied Financial Economics, Vol. 23, No. 23, pp. 1805-1817.

Yang, L. and Hamori, S. (2014) “Gold prices and exchange rates: A time-varying copula analysis”, Ap-
plied Financial Economics, Vol. 24, No. 1, pp. 41-50.

WA (2010) [RE - 77 4 F ¥ A7 — % OFMHERRYIGHT] BAHEIE.

UL - HFHEE (2005) [T ¥ 27 OEMERCTORKRN LG EoMHE] [4aire)
(http:// www.imes.boj.or.jp/japanese /kinyu /2005 /kk24-b2-3.pdf) .

PEEEAE (2000) TR 7 1 ) 7 1 ZBETIV] SIEFE.

IR (2007) THERFUSHT (4) —ARCH—) $ERrTEUE - MR - FIGEEG [RHEREY
NY N7y 7] @EENE pp. 592-620.





