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uc¯D GARCH _�ª‚çH,ñl¾Ü�2|AŠíù_@à,

Ouøù6!¯Êø–íû˝º.Öc� ÿ¤, …d�Zø_Àøj

˙�uc¯ – GARCH(1,1) _�� v_�¡bí|×–N,l�£w

Ú¡}º\û|, w2uc¯¡b,l�íÚ¡}ºu¹¯�G� Ê

õ„@à,, …dJ«É$
5$gNbDwNb‚Œ5n’eªW

_�º_� õ„!‹éý$gNbDNb‚Œüõuuc¯í, 1/

ù65ß×á·×Ûã#í GARCH ^‹�

ÉœÈ: À;�ì, Ä‹�ì, uc¯�ì, 	ìóÉ�ì

JEL }éHU: C13, C32

1 ‡k

øO7k, rÖ%ÈDÀ¢‰buÝ0ìí (nonstationary), O Engle and

Granger (1987) êÛ�<Ý0ì‰b5(4 ¯u0ìí� W¤, FbT|u

c¯–1, ˙¤0ìí(4 ¯8 �Å‚Ì©� íõ”%È<2, 1øhôƒ

í{Ï (residuals) j„A �s‚�GÏÏ^£á�� A¤(, uc¯Ü�Dw

õ„@à�§%Èçä½eDû˝� Í7,VÖû˝?êÛ'Öí%ÈDÀ¢

‰bí‘K‰æbuÓvÈ‰�í1/���š� (clustering volatility) íÔ

�, w2«Jòä05À¢‰b|Ñ�Z� Ñ�š¤‘Kæ”‰æb7ê�í

_�Êõ„@à,|AŠ6íR Engle (1982) T|5Ac¦‘Kæ”‰æb

∗T6}�Ñ’
,pxXçÍ‹�À¢ÍŒÜ`¤DÅ
\µ×ç%ÈÍ`¤� T6Ô

�>áÏW)4ŠÀ÷`¤DùPˆ±ÇöFTX5Ì`<cD�‡� d2J�LS˜Ï, ç

âT6Š��

%È�d�… (Taiwan Economic Review), 32:1 (2004), 1–24�

Å
«É×ç%ÈçÍ|�
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(autoregressive conditional heteroscedasticity: ARCH) _�£wðí,7w2@

à|�íçÑ Bollerslev (1986)q
5 GARCH (generalized ARCH) _�� i

Bñ‡, uc¯_�D GARCH _�ª‚,ñl¾Ü�2@à|�˜í_��

Í7, BbêÛøù6!¯Êø–íû˝1.Öc�

Franses et al. (1994) í_Òtðu‚à Engle and Granger (1987) íù¼

¨,l¶�ìÂ‰b VAR–GARCH _�íuc¯É[� ó°Ë, Lee and Tse

(1996) 6u«à_ÒíxXû˝ VAR–GARCH _�íuc¯�ì½æ; Fb

N|,J GARCH �ß×áíû¼�Ï.æÊ, † Johansen (1988) í–Nª�

ì (6˚�b�ì (trace test)) }¬�‡"Ìuc¯í™Ìcq, Ä7�ßÞ

™Ìuc¯ (spurious cointegration) íª?� ÊÜ�_�jÞ, Li et al. (2001)

û˝5‘Kæ”4íuc¯_�˛5?7Ö‰b ARCH(q)¬˙íß×á� â

k¡b,l�í Hessian ä³u–)úi“íä³, FJFbSà}×�í,

l¶: uc¯¡bD ARCH ¡b}Ç,l (~cvdÜ1140, 1143)� ¥�j¶

u Ahn and Reinsel (1990) T|íù¼¨±¼ (reduced rank) ,l˙å� ÇÕ,

Wong et al. (2000) íû˝uø Li et al. (2001) í_�Ø�BÖ‰b GARCH

¬˙íß×á; D Li et al. ó°í, Fb6uSà}×�í,l¶� M)øT

í, FbSàíuú¼¨,l¶� �ø¼¨, J Ahn and Reinsel (1990) í|

ü�j¶,lÏÏ^£_� (error correction model: ECM) í¡b� �ù¼

¨, ‚à�ø¼¨,lí{ÏªW GARCH ¡bí|×–N,l (w2 ECM

í¡b,lMu	ìí)� �ú¼¨, ø�ù¼¨,|í GARCH ¡bHpú

b – –Nƒb, Í(yŸË,l ECM í¡b (¤v GARCH ¡bí,lM	

ì.‰)� ¢, Ling and McAleer (2003)Ö˛û| VARMA–GARCH _�¡bí

rm7|×–N,l� (maximum likelihood estimators: MLE) £wÚ¡}º

(asymptotic distributions), OFbín�ÉÌk0ìí VARMA–GARCH _

�� ñ‡,Ékß×áÑ GARCH¬˙ívÈå�_�íÜ�û˝˛Ú§çä

½e (e.g., Ling and Li 1998, 2003; Ling and McAleer 2003; Seo, 1999)� ú �vÈ

å� – GARCH _�� �E�íè6ª¡5 Li et al. (2002),vdú¤é_�í

Ü�ê��óçêcíd.�è� Í7, ÿT6Fø£â Li et al. (2002) 5d

.�èÈQR¿,Ékuc¯ – GARCH _�íÜ�û˝, ƒñ‡Ñ¢Eþ„

�ˇú4íª��

…dí3bñíu�
ø_�Àíuc¯ – GARCH _�, Í(«n¤_
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�íuc¯¡bDGARCH ¡bí MLE £wÚ¡}º� A Engle and Granger

(1987) T|ù¼¨,l¶(, BD˛ê�5uc¯Í$í,lj¶ª–}Ñ

ù:øÑÀøj˙�,l¶, ÇøÑÍ$,l¶� ‡63b� Phillips and Hansen

(1990) 5 Fully-Modified OLS ,l¶J£ Hendry }&¶5�Gc¦qì; (

6ç˘ Johansen (1988) 5rm7|×–N,l¶|xH[4� Phillips (1988,

1991) D Banerjee et al. (1993) N|, Juc¯Í$5ß×áª�£Ñ:¯

í�	Ï}å� (martingale difference sequence: MDS), †Àøj˙�uc

¯_�5¡bí|ü�j,l� (least squares estimator: LSE) u|_í, w

^0�°krm7í MLE� ¤��Gc¦qìy��&,l¡bœ��íß

T� �¤, …dlø Phillips (1988) n�5uc¯_�íß×áZÑ Boller-

slev’s (1990) 	ì‘KóÉ (constant conditional correlation: CCC) íÂ‰b

GARCH(1,1) ¬˙�1 Í(@à Hendry }&¶, Jò>�£ (orthogonal cor-

rection) ˙åøù‘Ý0ìOu˛¤uc¯ívÈå�!¯ÑÀøj˙�í

uc¯ – GARCH(1,1) _�, w2¨Ö�c¯í (integrated)D0ìíc¦ä

(regressors)� à¤qìªUuc¯_�x�‘Kæ”‰æbíÔ�, 1/U_

�5ß×áAÑ:¯í MDS� Seo (1999)D Ling and Li (1998) }�N|, à

|×–N¶,lÀ‰bíÝ0ì AR–GARCH _�D ARMA–GARCH _�í

¡buªœ�^í� ÄÑuc¯_�uÀ;_�íô., FJªã‚í, MLE

ª LSE �^í!�Ê…d�Zí_�2Eø./A
� !k¤, BbSà|

×–N¶,l¡b� ¡5 Seo (1999)D Ling and Li (1998) í}&¶, Bbû

|uc¯¡bD GARCH ¡bí MLE, w2uc¯¡bí MLE íÚ¡}º

u¹¯�G (mixed normal)� à‡H, ÄÑuc¯Í$íß×á˛\�£Ñ:

¯í MDS, FJ,H MLE í^0@ç�°krm7í MLE� Ä¤, …dD Li

et al. (2001) £ Wong et al. (2000)ù¹û˝í.°TÊk, Fb}&í²¾

ECM ª…dqìíÀøj˙�uc¯_�yøO“, O…dSà5,l¶º

19õ,, øÀ‰b ARCH ðíR²Ö‰bä�v,âkAc¦DÝ(45!Z,U)&,l

¡bíbñ3kË÷3� j²5−,Î Bollerslev (1990) 5 CCC cqÕ, þ� Engle and Kroner

(1995) 5 “BEKK” t�� J,ù_j¶îªJ�^Áò&,l¡bíbñ, Ou‡6_�5¡

bíj„œx%È,íõ”<2� ¢, Bollerslev (1990) êÛ, ø CCC cq@àÊÅÒ−0í

õ„û˝u_çí; ¤øcq(% Tse (2000) ê�5 LM �ìXM, Tse 1ªø¥ø5@àkÛ

ŒD‚Œg�5õ„û˝; Ling and McAleer (2003) ?Sà CCC cq� ó°Ë, …d6øuc

¯ – GARCH _�5‘K‰æb — u‰æbä³cqÑ CCC í��� ÇÕ, …dÊ 4.4�T

|ø_Äi�ì, ª�ì CCC cqu´¯Ü�
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¢ªFbFSà6yx^0� ÄÑ Li et al. (2001, Eqs. 4.4 and 5.4) £ Wong et

al. (2000, Ü9) uà Engle (1982) �‡5 scoring Æ�¶ªW]c,l, uc¯

¡bD GARCH ¡b.u°vËyh,7…duUà Bollerslev (1986) �‡5

BHHH Æ�¶ªW]c,l, uc¯¡bD GARCH ¡bu°víyh� y

àøPÇöAõ|í, çuc¯¡b�−ƒ GARCH ¡bí,lv,:¯,l

.Íuªœ�^0í� ²k5, Hendry }&¶Ê GARCH �ÏÏíuc¯_

�2E}./&Mw|_^04, Ou}×�í�Ìm7|×–N,l¶†

}ßÞm7,í¸Ü� ¥ší!�…”,ªâ Pagan (1984), Pagan and Ullah

(1988)D Phillips (1988)�dıÈQR�×)� 9õ,, ÊÓœš� (stochastic

volatility) _�íd.2, Sandmann and Koopman (1998)D Singleton (2001)

6�éNíêÛ�

|(, Êõ„@à,, Bbuà«É$
í‹ā$gNbDwNb‚ŒN

�ín’eªW_�º_� …du,l4 ’e, |(É�3 ’e_¯…d

�Zí_�� Êõ„¬˙2Bb}�n�GARCH �ß×áúÀ;�ì, Ä‹

�ìDuc¯�ìí	à� ÊÀ;�ìjÞ, ÄÑõ„’eéÛí GARCH ^

‹1.# (û¼�ÏæÊ), FJ…dlà Dickey and Fuller (1979) T|5�

ì¾ªWÀ;�ì� YW Kim and Schmidt (1993) _Òtð5!�, ¤Ô1

.}�ßÞ¬�‡"À;íO?� ÇÕ, …d?J Ling et al. (2003) �‡5

j¶ªWMLE À;�ì� ÊÄ‹�ìjÞ, BbuY Granger (1988)D Vila-

suso (2001) í�‡ªW� 3b!�u: «É$
íNb‚Œñ‡1³�äl

ÛŒ
Ò, FJþ„xeg�êÛíŠ?� Êuc¯�ìjÞ, ÄÑ Engle and

Granger (1987) íù¼¨uc¯�ì…”,ÿuø_À;�ì (Wà Dickey-

Fuller �ì), FJD,HÀ;�ìóNí, Éb GARCH �ß×áíû¼�Ï

æÊ, †J{ÏÑ!�íù¼¨uc¯�ì1.}ßÞ size …�,AÍ6ÿ.

}� Lee and Tse (1996) N|í �™Ìuc¯� ½æ�

…dwìqñ}Hà-��2�, Àøj˙�uc¯_��èDCCC Â‰

b GARCH¬˙qì� �3�, ‚à|×–N,l˙åû|Àøj˙�uc¯

– GARCH(1,1) _�¡bí MLE £wÚ¡}º� ¥<Ü�!‹!…,u Ling

and Li (1998) íû˝íô.� � 4�Ñõ„}&� …d²¦«É$
5$g

NbDwNb‚ŒN�íYbn’eªW_�º_� õ„!‹éý, $gNb

DNb‚Œu˛¤uc¯í, 1/¥<Ý0ì‰bíß×á·�pé GARCH
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Ô�� âk…d,l|í GARCH ¡b·?Å—ù¼Dû¼�ÏæÊíÌ„

�, ¿Öf$íÀ;�ìDuc¯�ìí�‡·uª]˝í� ÇÕ, …�?T

|ø_Äi�ì, ª�ì CCC cqu´¯Ü� Äi�ìí!‹éý, CCC c

q@àÊ$gNbDNb‚Œ¥�é�í’eu_çí� �5�Ñ!��

2 _��èDqì

2.1 Àøj˙�uc¯_��è

cqÂ‰buc¯Í$í’eßÞ¬˙ (Data Generating Process: DGP) Ñ

y1t = γy2t + u1t ,

1y2t = u2t , (1)

w2 ut = (u1t , u2t)
′ u�ÌbÑ0, ‰æb–u‰æbä³Ñÿ0ìíß×á

(weakly stationary disturbances)� Êd.,, ¥<ß×áªÑ°‚óÉDå�

ABóÉ� péí, yt = (y1t , y2t )
′ uc¯¼ŸÑ1í‰b (pT I(1)), 1/(

4 ¯ (1,−γ )yt u0ìí� øOø¤(4 ¯ì2ÑÍ$íÅ‚Ì©É[,

7ø u1t eÑ¤É[5s‚ÏÏ^£á� Stock (1987) N|uc¯¡b γ í

LSE x��ø_4 (superconsistency) í4”, wY¹Böõ¡b γ0 5§0Ñ

n (š…hôM_b), .u©tÜ�í
√
n� ÖÍ γ í LSE x�ø_4, OÄ

§c¦ä y2t ÑqÞ‰b£ß×áÑå�óÉ5	à, U) γ 5 LSE íÚ¡

}º2� �×—¡b� (nuisance parameters)�

Banerjee et al. (1993)D Phillips (1988, 1991) N|, N¬Àøj˙��G

c¦qì¹ªß‚¾Î×—¡b, *7×) γ 5|_,l�� ¤��Gc¦

qì$˚Ñ Hendry }&¶� �¤, (1) �ªZŸÑ

y1t = γy2t−1 + λ′xt + ηt , (2)

w2 ηt = u1t − E[u1t |u2t ,Ft−1] uø_ MDS, E[·|·] u‘K‚�M«�j,

xt = (u2t ,E[u1t |u2t ,Ft−1])
′, λ = (γ, 1)′, Ft uiB t ‚¢�^ím7Õ¯�

Phillips (1991) N|, uc¯Í$5,lDR�í½õÊk?´øÀ;‰b5

m7Ñp,l˙å2� ?¹, Éb (ηt , u2t)
′ u:¯í MDS, †FbíÅ‚‰

æb – u‰æbä³uø_úiä³� Ä¤â|ü�j¶, (2) �5 γ í LSE
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(pT γ̂LS) u γ0 í.R,l�, 7/wÚ¡�^4Drm7|×–N,l�

u°�í� Í7, m�íû˝1„«n ut í‰æbu‘Kæ”íÕ”, FJ!

¯‘Kæ”‰æbíÀøj˙�uc¯_�í$l4”ñ‡E˘„ø� Bb

cq ut u CCC íÂ‰b GARCH¬˙, Í(øû˝íÿõÕ2kuc¯¡b

γ í MLE (pT γ̂n) £wÚ¡}º,� ÇÕ,Ý0ìvÈå�D GARCH �ß

×áí!¯?ðÞ|ø<ÉkÀ;�ì, Ä‹�ìDuc¯�ìí‡æ� Bb

Ê�4�íõ„}&2}n�¥<‡æ� ÛÊ, lqì CCC í GARCH¬˙�

2.2 	ì‘KóÉíÂ‰b GARCH ¬˙

cq ut = (
√
h1tǫ1t ,

√
h2tǫ2t)

′, ut |Ft−1 ∼ N (0,Ht ), w2Óœ‰b (ǫ1t , ǫ2t)
′ ∼

N (0, 6ǫ), ‘K‰æb — u‰æbä³

Ht = ht6ǫht =

[

h
1/2
1t 0

0 h
1/2
2t

][

1 ρ

ρ 1

][

h
1/2
1t 0

0 h
1/2
2t

]

� (3)

J,qìÑ CCC íÂ‰b GARCH _� (Bollerslev 1990), w2 ρ Ñ ǫ1t D ǫ2t

5óÉ[b, 6u u1t D u2t í‘KóÉ[b� …dªø¥cq hit = wi +

αiu
2
it−1 + βihit−1, wi > 0, αi, βi ≥ 0, αi + βi < 1, β2

i + 2αiβi + 3α2
i < 1,

i = 1, 2� ¥<¡bÌ„�¿Ö ut uu‰æb0ìíß×á, 1/wû¼�Ï

æÊ, i.e., E(u4
it) < ∞� W¤, (2) �ªZŸÑ

y1t = γy2t + ρǫ2th
1/2
1t + ηt , ηt = ǫ1.2th

1/2
1t , (4)

w2 ǫ1.2t = ǫ1t − ρǫ2t ∼ N (0, σ1.2), σ1.2 = 1 − ρ2, E(ǫ3
1.2t) = 0, E(ǫ4

1.2t) =

3σ 2
1.2� #ì Ft−1, ηt u‘KÌb�k 0, ‘K‰æb�k σ1.2h1t í�GÓœ

‰b; ÇÕ, BbøwÝ‘K (unconditional) ‰æbpT σ 2 = E(η2
t ) =

σ1.2w1/(1 − α1 − β1)� ÄÑ ηt D u2t ò>, ]\„:¯–Nƒbª}jA

iÒíD‘Kí–Nƒb� ¥<‚Ouc¯¡b γ ªÀÖN¬ (4) �,lD

wì, .àÜ} u2t (Banerjee et al. 1993, p. 245)� %â�Gc¦qì, ǫ2th
1/2
1t

5m7\ûpŸ…ÓGíuc¯Í$2, ¥U)uc¯¡bí,l.Í�−

ƒ h1t í,l (?¹ w1, α1, β1 í,l)� Ä¤, Ê-ø�…d@à|×–N¶

,l (4) �, �2í¡bu:¯Ë\,|� â Phillips (1988) í�õR¿, ¤Ô

ç?Tò¡b,lí�^4� ?¹, γ̂n í^0}ik γ̂LS� ¤(, ÑU¯U�

À, …dI (w1, α1, β1) = (w, α, β)�
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3 Àøj˙�uc¯ – GARCH(1,1) _�

#ì–áM S0 = (y′
0, u′

0, h10, h20), †úb–‘K–Nƒbª[ýÑ

Ln(θ) =

n
∑

t=1

lt(θ),

lt(θ) = −
1

2
ln(2π)−

1

2
ln σ1.2 −

1

2
ln h1t −

1

2

η2
t

σ1.2h1t

, (5)

w2„øí¡b²¾ θ ′ = (γ, ρ, δ′), δ′ = (w, α, β), θ ∈ 2 ⊂ R
5,2Ñ¡b

˛È� YÎ Seo (1999)D Ling and Li (1998) íj¶, I θ ′
0 = (γ0, ρ0, δ

′
0), δ

′
0 =

(w0, α0, β0)Ñ θ 5öõ¡bM, θ̂n Ñ θ 5 MLE� lt(θ)5ø¼Dù¼ûbÑ

∂lt (θ)

∂γ
= −

ξt

h1t

[

a(L)u1t−1y2t−1

]

+
ηty2t

σ1.2h1t

, (6)

∂lt (θ)

∂ρ
=

ρ

σ1.2

[

1 −
η2

t

σ1.2h1t

]

+
ηtǫ2t

σ1.2h
1/2
1t

, (7)

∂lt (θ)

∂δ
=

ξt

2h1t

∂h1t

∂δ
, (8)

∂2lt(θ)

∂γ 2
= −

[

2ξt

h2
1t

+
u2

1t + u1tηt

σ1.2h
3
1t

]

[

a(L)u1t−1y2t−1

]2

+2
(u1t + ηt)y2t

σ1.2h
2
1t

[

a(L)u1t−1y2t−1

]

+
ξt

h1t

[

a(L)y2
2t−1

]

−
y2

2t

σ1.2h1t

, (9)

∂2lt(θ)

∂γ ∂ρ
=

(

u1tǫ2t

σ1.2h
3/2
1t

−
2ρηtu1t

σ 2
1.2h

2
1t

)

[

a(L)u1t−1y2t−1

]

+

(

2ρηt

σ 2
1.2h1t

−
ǫ2t

σ1.2h
1/2
1t

)

y2t , (10)

∂2lt(θ)

∂γ ∂δ′
=

[(

u2
1t + u1tηt

2σ1.2h
3
1t

+
ξt

h2
1t

)

[

a(L)u1t−1y2t−1

]

−
u1t + ηt

2σ1.2h
2
1t

y2t

]

∂h1t

∂δ′
, (11)

∂2lt(θ)

∂ρ2
=

1 + ρ2

σ 2
1.2

[

1 −
η2

t

σ1.2h1t

]

+
4ρηtǫ2t

σ 2
1.2h

1/2
1t

−
ǫ2

2t

σ1.2

−
2ρ2η2

t

σ 3
1.2h1t

, (12)
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∂2lt (θ)

∂ρ∂δ′
=

[

ρηtu1t

σ 2
1.2h

2
1t

−
u1tǫ2t

2σ1.2h
3/2
1t

]

∂h1t

∂δ′
, (13)

∂2lt (θ)

∂δ∂δ′
= −

u2
1t + u1tηt

4σ1.2h
3
1t

∂h1t

∂δ

∂h1t

∂δ′
+ ξt

∂

∂δ′

[

1

2h1t

∂h1t

∂δ

]

, (14)

w2 L Ñ(�«�j, ξt = u1tηt/(σ1.2h1t) − 1, a(L) = α/(1 − βL) =
∑∞

k=0 akL
k� IDt = ∂lt (θ)/∂θ |θ=θ0 , It = ∂2lt(θ)/∂θ∂θ

′|θ=θ0� ø Ln(θ)5

ø¼ûbÊ θ0õ,Tø¼íœ��Çª)ƒ

∂Ln(θ)

∂θ
=

n
∑

t=1

{

Dt + It(θ − θ0)+ (It(θ
∗
n )− It)(θ − θ0)

}

, (15)

w2 θ∗
n Pk θ D θ0 5È�

íl, ì2 5 × 5 íúiä³ Qn = diag(n−1, n−1/2, · · · , n−1/2), Í(ø

Dt D It }jÑ {Dit}D {Iij t}, i, j = γ, ρ, δ� â Ling and Li (1998), Bbª

û|, (1)J ‖ (1/
√
n)Q−1

n (θ−θ0) ‖< 1, †
∑n

t=1Qn(It(θ)− It)Qn = Op(‖

(1/
√
n)Q−1

n (θ − θ0) ‖); (2) (1/
√
n)Q−1

n (θ̂n − θ0) = op(1), ¿Ö θ̂n u θ0 íø

_4,l�; (3)Q−1
n (θ̂n −θ0) = −[

∑n
t=1QnItQn +Op(‖ (1/

√
n)Q−1

n (θ
∗
n −

θ0) ‖)]−1
∑n

t=1 QnDt� “‖ · ‖” [ý Euclidean norm, Op(1)(op(1)) [ý

bounded (converge to zero) in probability� â Hansen (1992, Theorem 2.1)D

Engle (1982, Lemma) ªRø n−1
∑n

t=1 Iρδt = n−3/2
∑n

t=1 Iγρt = n−3/2
∑n

t=1

Iγ δt = op(1)� ?¹,«à.°íY¹§�, Qn, ªU™Ä“í Hessian ä³A

Ñø_–)úiíä³;¥¿ÖÅ‚¡b (γ )Ds‚¡b (ρ, δ′) í MLE uÚ

¡Ö
í, 1U) (4) �í$lR�ª�¦ƒ©tÜ�í_��

â Ergodic ìÜD×b¶†ªªø¥Røn−1/2
∑n

t=1Dρt
D

−→ N (0, σ−2
ρ ),

n−1/2
∑n

t=1Dδt
D

−→ N (0, 6−1
δ ), n

−1
∑n

t=1 Iρρt

p
−→ −σ−2

ρ , n−1
∑n

t=1 Iδδt
p

−→ −6−1
δ , w2 “

D
−→” (“

p
−→”)[ý convergence in distribution (probabil-

ity),

σ 2
ρ =

(

1 − ρ2
0

)2

1 + ρ2
0

, 6δ =
4

g
diag

(

E

[

1

h2
1t(θ0)

∂h1t (θ0)

∂δ

∂h1t (θ0)

∂δ′

])−1

,
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g = 1 + 1/(1 − ρ2
0)� ], ρ̂nD δ̂n = (ŵn, α̂n, β̂n)

′ íÚ¡}º}�Ñ

√
n
(

ρ̂n − ρ0

)

=

(

−1

n

n
∑

t=1

Iρρt

)−1 (

1
√
n

n
∑

t=1

Dρt

)

D
−→ N

(

0, σ 2
ρ

)

, (16)

√
n(δ̂n − δ0) =

(

−1

n

n
∑

t=1

Iδδt

)−1(

1
√
n

n
∑

t=1

Dδt

)

D
−→ N (0, 6δ) � (17)

â (16) �, Bbª/qË×)™Ìcqρ0 = 0 í�ì¾,
√
nρ̂n

D
−→ N (0, 1)�

Bk γ̂n í}º, ÑU¯U�Ý, IDγ t = ∂lt(θ)/∂γ , Iγ γ t = ∂2lt(θ)/∂γ ∂γ
′�

¢, I σ 2
u = E(u2

2t) = w2/(1 − α2 − β2), ̟t = σuηt/(σ1.2h1t ), vt,j =

σuξtu1t−j/h1t , j ≥ 1� â Seo (1999)D Ling and Li (1998), @à invariance Ÿ

Ü, †3t = (u2t , ηt ,̟t , vt,j , vt,k)
′ 5¶}¸ (partial sum) íÚ¡}ºÑ: (c

q k > j )

1
√
n

[nr]
∑

t=1

3t
D

−→



















G1(r)

G2(r)

U(r)

Vj (r)

Vk(r)



















= BM(�),

� =



















σ 2
u 0 0 0 0

0 σ 2 σu 0 0

0 σu σ
2
u/κ 0 0

0 0 0 gφ2
j 0

0 0 0 0 gφ2
k



















� (18)

¥³, [nr] [ý¦ nr í|×cb, BM(�) uÌb�k 0, Å‚‰æb–u

‰æbä³�k r� íÓ�«�, r ∈ [0, 1], 1/κ = E[1/(σ1.2h1t)], φ
2
j =

E(σ 2
uu

2
1t−j/h

2
1t ), φ

2
k = E(σ 2

uu
2
1t−k/h

2
1t )� Ô�Ë,J k 6= j , Vj (r)D Vk(r)˛

¤ÌÉ�

QO, IV (r) = U(r)−V0(r),V0(r) =
∑∞

j=1 ajVj (r) = BM(gA(a, φ)),

w2A(a, φ) =
∑∞

j=1 a
2
jφ

2
j � ÄÑ h1t uù¼0ìí GARCH¬˙, ] {aj }

∞
j=1

uNb�]Áíb�; 1/J φ2
j < ∞, ∀j , †A(a, φ)?u�Ìí� ÑZk}

&, IW1(r) = G1(r)/σu,W2(r) = G2(r)/σ ; à¤qì¿Ö (W1(r),W2(r))
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uó�Ö
í™ÄÓ�«�� â �, Bb?ªRø W1(r) D V (r) ó�Ö
,

O W2(r) D V (r) ³�� ;WJ,qì1¡5 Engle (1982, Lemma), Hansen

(1992, 1995)D Seo (1999), â (6)D (9) �…dªJû| n−1
∑n

t=1Dγ t
D

−→
∫ 1

0
W1(r) dV (r), −n−2

∑n
t=1 Iγ γ t

D
−→ K

∫ 1

0
W 2

1 (r) dr , w2 K = σ 2
u/κ +

gA(a, φ)Ñ V (1)í‰æb� Ä¤, γ̂n íÚ¡}ºÑ

n
(

γ̂n − γ0

)

=

(

n−2

n
∑

t=1

Iγ γ t

)−1(

n−1

n
∑

t=1

Dγ t

)

D
−→

∫ 1

0
W1(r)dV (r)

K
∫ 1

0
W 2

1 (r)dr
�

(19)

ÄÑ W1(r)D V (r) ó�Ö
, FJ γ̂n 5Ú¡}ºu¹¯í�G (Johansen,

1995, Lemma 13.2)� N¬|×–N,l, uc¯¡bDGARCH ¡bí,l°

vªW� ˛ø (ηt , u2t)
′ u:¯í MDS, Ä¤ γ̂n 5Ú¡}ºíÚ¡�^4D

rm7|×–N,l�u°�í�

4 õ„@à: «É$gNb5ÛŒD‚Œ

4.1 ’e

øO7k, $gNb£wðÞí‚ŒN�uò�óÉíÝ0ì‰b, ?¹ù6

uuc¯í� ÛÊíõ„û˝ÌN|$gNb5ÛŒD‚Œ5:¯}º@u

vÈóYí‘K‰æb¬˙, Wà GARCH �ÏÏ� Ä¤, ‚àÂ‰bíÏÏ

^£ GARCH _�º_$g’euAÍ/¯Üí²Ï�

«É‚Œ>qFk 1998 � 7 ~ 21 nR|�ø_‚Œ¼¹: «É‹ā$g

Nb‚Œ (�˚«$‚Œ1pT F1), ™íÓÑ«É„‰>qFêW¾‹ā$

gNb (�˚«$Nb1pT S1)� 1 �(, 1999 �7 ~21 n, yR|s_‚Œ

N�: Úäé$gNb‚Œ (�˚Úä‚Œ1pT F2) £À¢\Ôé$gN

b‚Œ (�˚À¢‚Œ1pT F3), w™íÓ}�Ñ«É„‰>qFÚäé$

gNb (�˚ÚäNb1pT S2) £À¢\Ôé$gNb (�˚À¢Nb1p

T S3)� ÇÕ,vF¢k2001 �4 ~9 nR|™íÓÑ«$Nbíü�«N‚

Œ (pT F4)� …d}�â«É‚Œ>qF, «É„‰>qFDhÑ’eé¦

),H‰bíYbn’e� 9õ,, ©ø�‚Œ°v�5_N�Ê°ø>qn

>q� …dSà5‚ŒNb’eÑ>q|ºßí �|¡~N�� 5Ybg��

¢, Ä5?Nb‚Œ
ÒÇ[5�Nbg�œ.éì (A>¨bý, g�š�
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×), ]…dø�‚¼¨í¶}>q’etÎ, Jfnõ„}&§¤.éìÄ

Ö	à� …du}&û__�, _� I, (S1, F1), ‚È1999�2~1nB2002�

12 ~ 31 n, 1008 °hôM; _� II, (S2, F2) D_� III, (S3, F3), ’e‚È°

Ñ1999�12~1nB2002�12~31n, 785°hôM; _� IV, (S1, F4), ‚È

2001�6~1nB2002�12~31n, 393°hôM� J,’eu%¬úbā²

1
, 100 íbM, ?¹, Wà, S = 100 × ln ($gNb)� Ä¤,1SD1F ¹

ÑI’kÛŒD‚ŒínÑ{0 (ì}ª)� …dø¥<Ñ{0íÅH$l¾

�k[1,j�

[1 2©_Ñ{0í¼�[b·BýÊ3 J,, éý¥<‰bª?uVA

�ò¼¾®� í}º; ¤Õ,¥<Ñ{05š…�Ì·�¡k0� …dl‡ú_�

Ñ{0‰bªW‘KÌbÑ0í GARCH(1,1) _�,l, y�ì¤!Zu´¯

Ü� [12ÛF�5,lMéý, F�Ñ{0‰b5 GARCH ¡b (wr, αr , βr )

·Bý®5% íéO®Ä, 1/þ__�í,lM·Å— αr + βr < 1, β2
r +

2αrβr + 3α2
r < 1, ¿Ö¥< GARCH(1,1)¬˙uù¼0ìí1/û¼�Ïæ

Ê� 7¥þ_ GARCH(1,1) _� (1S1t , . . . , 1S3t , 1F1t , . . . , 1F4t) í™Ä

“{Ï�jí 20 ¼ Ljung-Box Q �ìM (ú@5 p M) }�Ñ 21.26 (0.382),

21.61 (0.362), 16.71 (0.672), 20.69 (0.415), 18.92 (0.527), 15.68 (0.736), 26.98

(0.136); Ê5%éO®Ä-,¥<MÌÌ¶‡"Ìå�óÉ5™Ìcq, ]Uà

GARCH(1,1)¬˙V·H¥<Ñ{0í‘K‰æbí�Gu_çí�

4.2 À;�ì

ÊªW®‰bíÀ;�ì‡, …dln�À;�ìíóÉ½æ� cq yt u I(1)

‰b, w DGP à-: (I y0 = 0)

yt = ϕyt−1 + ut , ut = ǫt
√

ht , ht = wu + αuu
2
t−1 + βuht−1, (20)

w2 ǫt u i.i.d. N (0, 1), ϕ = 1� ˛ø, J yt 5 GARCH �ÏÏuÝc¯í

(αu +βu < 1),Ý¢“í (wu > 0) 1/š�¡bαu .× (¿Ö E(u4
t ) < ∞),

† DF (Dickey-Fuller) À;�ìí�‡Euª]˝í (Kim and Schmidt 1993;

¤(�˚ KS), ÄÑ ϕ = 1 í DF �ì$l¾íÚ¡}ºEH³‰ (Ling and

Li 1998; Li et al. 2002)� ÖÍà¤, Ling and Li (1998) ˛ªø¥„p ϕ í MLE

(pT ϕ̂ML) í^0ikw LSE (pT ϕ̂LS); yÛÊí, Ling et al. (2003) í_Ò
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[ 1: ÅH$l¾, GARCH(1,1) ,lDÀ;�ì

1S1 1S2 1S3 1F1 1F2 1F3 1F4

�Ìb −0.0273 −0.0953 −0.0452 −0.0303 −0.0971 −0.0490 −0.0340

™ÄÏ 1.8823 2.3512 2.0984 2.1550 2.7567 2.3660 2.2194

RG[b 0.0833 0.1859 0.1695 0.0684 0.1456 0.1202 0.1377

¼�[b 3.7939 3.2189 3.4996 4.6476 3.5293 3.9633 4.2907

hôM 1,007 784 784 1,007 784 784 392

wr 0.2063 0.2777 0.4138 0.1474 0.3446 0.2988 0.2061

(2.665) (2.273) (2.082) (3.293) (2.807) (2.656) (1.863)

αr 0.1054 0.0741 0.0909 0.1086 0.1062 0.0926 0.0702

(4.188) (2.887) (3.518) (5.490) (3.949) (4.257) (2.591)

βr 0.8368 0.8759 0.8150 0.8622 0.8486 0.8539 0.8903

(21.47) (21.27) (13.12) (37.55) (23.39) (25.91) (23.40)

À ; � ì

S1 S2 S3 F1 F2 F3 F4

τ̂nµ −0.484 −1.170 −0.656 −0.475 −1.030 −0.638 −0.328

ρc 0.901 0.926 0.936 0.817 0.868 0.895 0.897

cρ 1.110 1.080 1.068 1.223 1.152 1.117 1.114

Mϕ 0.015 −0.125 −0.106 0.011 −0.162 −0.090 −0.026

* S Ñ$gNbÛŒ, F Ñ$gNb‚Œ, 1S D 1F }�ÑÛŒD‚ŒínÑ{0; “1” H

[«$Nb, “2”ÚäéNb, “3”À¢\ÔéNb, “4” ü�«N‚Œ� …[Ñ{05c¦�

Ñ‘KÌb�k 0 í™Ä GARCH(1,1) _�, (wr , αr , βr ) Ñú@5¡b, ü�CqÑ z$l

¾� τ̂nµ u (20) � ϕ = 1 í DF À;�ìM (t-�ìM), w 5% éO®Äí@äõÑ −1.95�

Mϕ = ncρ(ϕ̂ML − 1) u MLE À;�ìí$l¾, {n = 1000, ρc = 0.9, 5% éO®Ä} í@

äõÑ −7.5716, {n = 1000, ρc = 0.8, 5% éO®Ä} Ñ −7.1699, {n = 500, ρc = 0.9, 5% é

O®Ä} Ñ −7.5942, {n = 300, ρc = 0.9, 5% éO®Ä} Ñ −7.6011 (Ling et al., 2003, Table

6)� 7 _‰b5 ϕ̂ML ·Ý�Q¡ 1, w2‰b S1 D F1 í,lM×k 1, wì,lMük 1�

ÄÑ 7 _ ϕ̂ML íª<…�ü�Êübõ�ûPJ(, ]…[.�|¥<,lM, JfnÄ¡

NM½æ¨A¹6�

!‹6b²XM ϕ̂MLœ�^¥_�õ (Ô�u n > 300 5š…)� ÖÍ[1í

GARCH(1,1) í,lMéý, …dUàí$g’e@.}¸p¬�‡"�À;

í™Ìcqí½æ, OÑ°F½BbEªW-�ù�À;�ì: f$í DF �

ìD Ling et al. í MLE À;�ì� ;W Ling et al. (2003, p. 11),J ǫt u i.i.d.

N (0, 1), †H0 : ϕ = 1 í�ì$l¾£wÚ¡}ºÑ
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Mϕ = ncρ
(

ϕ̂ML − 1
) D

−→
ρc

∫ 1

0
B1(r)dB1(r)

∫ 1

0
B2

1 (r)dr
+
√

1 − ρ2
c

∫ 1

0
B1(r)dB2(r)
∫ 1

0
B2

1 (r)dr
,

w2 B1(r)D B2(r) uó�Ö
í™ÄÓ�«�, cρ = 1/ρc =
√

E(ht)Kϕ ,

Kϕ = E(1/ht)+ 2α2
u

∑∞

k=1 β
2(k−1)
u E(u2

t−k/h
2
t )� õÒ�ìv, E(ht)DKϕ }

�âwø_í,l� Ê(ht ) = ŵu/(1−α̂u−β̂u)D K̂ϕ �H� ÄÑ
∑∞

k=1 β
2(k−1)
u

E(u2
t−k/h

2
t ) = E(

∑∞

k=1 β
2(k−1)
u u2

t−k/h
2
t ), FJÉbI y0 = Op(1), Wà

y0 = 0, †

K̂ϕ =
1

n

n
∑

t=1

(

1

ĥt

+ 2α̂2
u

∞
∑

k=1

β̂2(k−1)
u

û2
t−k

ĥ2
t

)

,

w2 ĥt , ût−k, ŵu, α̂u £ β̂u u|(øŸ BHHH Æ�()ƒí,lM� Í(, ø

l�|íMϕ D Ling et al. (2003, Table 6) F�5@äõªœ, ¹ªªWMLE

íÀ;�ì�

ÛÊÑµ,Hù�À;�ì5õ„!‹� [ 1 -j�|5 τ̂nµ H[�ì

(20) � ϕ = 1 í DF �ìM (t-�ìM, 5 % éO®Äí@äõÑ −1.95,~¡

5 Banerjee et al. (1993) 5 Table 4.2)� Ê5%íéO®Ä-, f$í DF �ì�

‡ 7 _‰b·u I(1) ívÈå�� ÇÕ, |×–N,léý, 7 _‰b5 ϕ̂ML

·Ý�Q¡1, w2‰b S1 D F1 í,lM×k1, wì,lMük1� yúÎ

Ling et al. (2003, Table 6), 7_‰bí Mϕ M·péí�¬v[F�|í_ç

í@äõ� ], MLE À;�ì5�‡×_,DDF �ìó°� ¤!‹!…,u

ªã‚í, ÄÑ7_‰bíÏÏá·uÝc¯í/uÝ¢“í GARCH(1,1)¬

˙, ] DF �ìEuÚ¡¯Üí� �k5,[1F�57_‰bíc¯¼ŸÌÑ

1, w GARCH �ß×áuù¼0ìí/û¼�ÏæÊ�

4.3 ÿÕÞ4�ìDÄ‹�ì

ÿÕÞ4DGrangerÝÄ‹4 (non-causality)Ö�”ò~íÉ[, Oº®AË

�iÍ.°í–1, 1/ù6.ó�¿Ö (Geweke 1984; Davidson and MacK-

innon 1993, Ü630)� ?¹, ÿÕÞ4D&,l¡bíR��É, 7 GrangerÝ

Ä‹4†uO½kã¿, FJ GrangerÝÄ‹4.uÿÕÞ4í.b‘K, 6

Ýk}‘K�
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…d5ñíu‘K_� (4) �íR�, >E�í¡bu θ� ÑU¤‘K_

�í,lÌ^0í¸Ü, y2t .âuÿÕÞí‰b� ÊÂ‰bñÍ (F)D¾

‘), Engle and Granger (1987, Ü 273) �‡, %â�ì�ø¼¨c¦F,l|

íÏÏ^£á (rbø‚) í[bu´éO, ¹ªTÑ‡ìY‰bu´ÑÿÕ

Þ‰bíYW; JÑfn,lµÆíuc¯Í$, Johansen (1992, Ü 398) ?

�éNí�‡� �k5, Êuc¯Í$2, à‹Bb|>E�íuuc¯¡b

γ , †ÿÕÞ4�ì¹�°ku|c[b (rbø‚íÏÏ^£á5[b) í

éO4�ì (Johansen 1995, Theorem 8.1)� W¤, …dl‚à Johansen’s �b

�ìW¿_� I–IV 2í‰bu´�uc¯É[�2 �ì!‹éý, _� I–IV 2

í‰büõuuc¯í (_� I, II £ IV 5�b�ìí�ì¾�Ê[ 3 -j,

w2 Q0 D Q1 }�H[– (rank)�k0D�k1 5�b�ì¾; _� III 5

�ìM„�|)� mÍ…d}&5ÿõÕ2Êuc¯Í$í‘K_�1/ú_

�2í‰bS6ÑÕÞ³�lðíõ¶, Ä¤Y Engle and Granger (1987)D

Johansen (1992) 5�‡, Bbø‚àiÒ_�íÏq�ì, Mø�ìF�‰b

íÕÞ4� ¤�Ïq�ì9õ,D Granger ÝÄ‹4�ìu”óNí� ÿ…

d}&5_�7k,ù6uª°vªWí,~cJ-ín��

Granger (1988) N|, à‹ù_ I(1)‰b�uc¯íÉ[, †.?[ýÑ

ECM í��, 1ªN¬¤ ECM ªWÄ‹�ì� Granger and Lin (1995)ªø

¥N|,Å‚7k,ù_ I(1)‰b.}�Ä‹É[æÊ,ÎÝ…buuc¯í�

mÍ‡Þ˛�ì|_� I–IV 5‰buuc¯í, †â Granger (1988), Ä‹�

ìj˙�ªqìÑ

1St = b1 + γ1Et−1 +

k1
∑

i=1

ψ1i1St−i +

k2
∑

i=1

ψ2i1Ft−i + ũ1t , (21)

1Ft = b2 + γ2Et−1 +

k3
∑

i=1

ψ3i1St−i +

k4
∑

i=1

ψ4i1Ft−i + ũ2t , (22)

w2Et Ñ St D Ft íÏÏ^£á� ÄÑuc¯¡bx�ø_4, FJEt ªâ

St ú Ft í|ü�jc¦í{Ï�H� ÿÄ‹�ì7k, â (21) �,J γ1 6= 0

2Lee and Tse (1996) N|, à‹ I(1)‰b5 GARCH �ÏÏáíû¼�ÏæÊ, †�b�ì

Eu_çí� W¤, ÄÑ…dUà5’e„°¥û¼�Ïí‘K, FJBbZòQ‚à�b�

ìªWuc¯í�ì� Ê 4.4�, …d}ªø¥n�uc¯�ìí½æ�
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C ψ2i 6= 0, ∀i ≥ 1, † Ft−i causes St ; â (22) �,J γ2 6= 0 C ψ3i 6= 0, ∀i ≥

0, † St−i causes Ft� ÿÕÞ4�ì7k,J γ1 6= 0 O γ2 = 0, † Ft uÕÞ‰

b, St .u;J γ1 = 0 O γ2 6= 0, † Ft uqÞ‰b,7 St uÕÞí; |(,J

γ1 = γ2 = 0, † Ft D St Ìuc¯É[� ²k5, BbªN¬Ä‹�ìj˙�,

(21)–(22) �, 5[bíéO4°v�ìÿÕÞ4DGranger ÌÄ‹4, 1ª7

‡i#ÕÞ4 (wì2~¡5 Banerjee et al. 1993, Ü18)�

â[15,l!‹R¿, ũit , i = 1, 2, @v6u‘Kæ”‰æbíß×á�

âk (21)D (22) �Ö�Y‰brbáíA‰b, FJ|ü�j¶.u|_í

(Engle, 1982)� Vilasuso (2001) êÛ,JÄ‹�ìj˙�ß×á5‘K‰æbu

óÉí, †J|ü�jªW�ì}ßÞ…�íÄ‹É[� Ä¤, …dY Vilasuso

(2001) 5�‡, ‚à|×–N,l¶ªWGranger Ä‹�ì, w2 ũ1t D ũ2t c

qÑ GARCH(1,1) ¬˙íß×á� ,l!‹éý¤qìu_çí („�|)�

Bkrb‚bí²¦, …du;W|üí AIC (Akaike Information Criterion)

MV²ì k1, . . . , k4 í×ü� ‡Hû__�íÄ‹�ì!‹�k[2, w2_

� I 5 Et = St − 0.9998Ft , _� II 5 Et = St − 1.0002Ft , _� III 5

Et = St − 0.9996Ft , _� IV 5Et = St − 1.0004Ft�

û__�í AIC MÌ�‡ ki = 1, i = 1, · · · , 4, 5_�|_ç, FJB

bªJ�â z$l¾òQ�ì (21) �5 (γ1, ψ21)D (22) �5 (γ2, ψ31) 5é

O4JêAÄ‹�ì� [2 5,l!‹�‡J-Ä‹É[: _� I, IID IV Ì

u St−1 causes Ft O Ft−1 „ cause St ; _� III u St−1 causes Ft / Ft−1 causes

St� ÇøjÞ,[25 γ1D γ2 í,lM?�‡J-ÉkÕÞ‰bí�‡: _�

I–IV 2í$gNbÛŒ St ·ªeÑÕÞ‰b, ÄÑû__�,lí γ1 ·.

éO/ γ2·éO� ã¯¥ù_�ì, Bb�J-Ék#ÕÞ‰bí�‡: mÍ

_� I, IID IV 5 St uÿÕÞ‰b1/ Ft−1 „ cause St , FJ¤ú__�í

St ª‡ìÑ#ÕÞ‰b; Ì�àS, _� III 5 St 1.Å—#ÕÞ4í‘K�

;WÄ‹4�ì, Bb�J-!�� øO7k, ‚Œ
Ò�g�êÛíŠ

?, ‚Œg�@älÛŒg�� Í7, VÖõ„û˝ú¤øÉ[íõ¶9õ,

u}tí, ÄÑ.°í>q„� (e.g., >qA…, Ù�ÙÌ„)D
Òd_í×

ü%%}˝¬‚Œ — ÛŒg�íäl — r(É[� ÿ_� I, IID IV7k,

…dwÑ, «Éí$gNb‚Œ
ÒETk�‚íê�¼¨D
Òd_Eü

¥ù_ÄÖu¨A‚Œg�„älÛŒg�í3bŸÄ�
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[ 2: Granger Ä‹�ì: (21)–(22) �

_� I _� II _� III _� IV

[b (S1, F1) (S2, F2) (S3, F3) (S1, F4)

(21) � b1 0.016 −0.069 −0.081 −0.021
(0.284) (−0.859) (−1.107) (−0.238)

γ1 0.086 0.120 0.006 0.210
(1.331) (1.639) (0.099) (1.606)

ψ11 −0.028 −0.026 −0.172∗ −0.111
(−0.317) (−0.231) (−1.750) (−0.667)

ψ21 0.105 0.104 0.178∗ 0.164
(1.320) (1.054) (2.075) (1.055)

(22) � b2 0.040 −0.085 −0.079 0.001
(0.693) (−0.940) (−0.986) (0.005)

γ2 0.376∗ 0.328∗ 0.192∗ 0.548∗

(5.601) (3.961) (2.703) (3.712)

ψ31 0.140 0.177 0.024 −0.005
(1.541) (1.292) (0.836) (−0.022)

ψ41 −0.105 −0.143 −0.057 0.001
(−1.300) (−1.187) (−0.549) (0.006)

1 ¯U SD F 5zp~¡5[1; ∗[ý5% íéO®Ä; ü�CqÑ

z$l¾�

|(,ÖÍû__�5ÿÕÞ4�ì!‹�‡à‘K_�,luc¯É[

EH�^0 (Engle et al. 1983; Davidson and MacKinnon 1993, p. 630), Ou_

� III 5[bψ11D ψ21 uéOí,¥¿Ö S3t .uÓÇíÓœØ¥¬˙; ²k

5, _� III 1._¯…d}&5_�, (1) �� Bk_� I, IID IV,[25,l

Méý, à¤ú__�5’eº_ (1) �@vu_çí�3 ã¯,Hn�, …d

Ê-ø�íuc¯}&2ø.yn�_� III�

3ÄÑ (1) �5 y1t ªZŸÑ: 1y1t = −(y1t−1 − γy2t−1) + (u1t + γ u2t )� ¢, à‹ (22)

�5 Et−1 uà Ft−1 ú St−1 |ü�jc¦í{Ï�H, † γ2 5,lM@|ÛÑŠb� Ä¤,

_� I, IID IV ¿Öí’e!Z£¡b¯UD (1) �5b°uø_í�
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4.4 uc¯: �ìD,l

ÑªW (4) �íR,, …dø‰bTJ-ú@: _� I: (F1t , S1t) → (y1t , y2t);

_� II: (F2t , S2t) → (y1t , y2t ); _� IV: (F4t , S1t) → (y1t , y2t )� ÊÑµ (4) �

í,l!‹‡, þ�Ékuc¯�ìí½æÛbªø¥Ën�� |�cíuc

¯�ìu Johansen (1988) í�b�ì, wŸu Engle and Granger (1987) íù

¼¨uc¯�ì (J{ÏÑ!�íÀ;�ì, J(�˚ EG-test)� ÛÊí½æ

u, çÏÏáu GARCH¬˙v,¥<�ìEu�Uíý?�k5, ¤½æDÀ

;�ìFÞ@6×_,ó°� Lee and Tse (1996, Table 1) N|, ÉbGARCH �

ÏÏáíû¼�ÏæÊ, †‡Hù_uc¯�ìí size …�.×; Ou,Jû¼

�Ï.æÊ, †¥<�ì}¬�‡"™Ìcq,ª7êÛ �™Ìíuc¯�, O

8”6.�Ã½� vd Table 2 ?éý, Ébš…D×,ù_�ìí�ì‰·”

ò, ¹Uuû¼�Ï.æÊí GARCH¬˙; Oüš…v, EG-tests í�ì‰ÿ

óúíœQ�

ÛÊ�ƒõ„}&ín�� …dû˝íú_õ„_�í,l!‹�k[

3, ü�CqÑ z $l¾� íl, [ 3 -jF�uuc¯�ìí!‹, w2 Q0

D Q1 }�H[–�k 0D�k 1 í�b�ì¾ (w@äõ~¡5 Johansen

(1995, Table 15.1)), ρ̂nµ(η̂)D τ̂nµ(η̂)}�uJ (4) �5{Ï η̂t Ñ!�í EG-

tests,4 7 Mϕ(η̂) uJ η̂t Ñ!�í Ling et al. (2003) í MLE À;�ì� ¥

<�ì·éý, …d}&íú__�2í‰büõuuc¯í� wŸ, …dJ

Bollerslev (1986) Sà5 BHHH Æ�¶ªW (4) �í,l, w2 ǫ2t uâw

ø_4,l�, ǫ̂2t = 1y2t/ĥ
1/2
2t , �H; [ 3 ,ju,l!‹� â (16) �, ™

Ìcq ρ0 = 0 í z $l¾u�Àl�í, i.e.,
√
nρ̂n� ¢, ;W Bollerslev

(1986) D Lee and Hansen (1994, Theorem 3),
√
n(δ̂n − δ0) íÚ¡u‰æ

bä³íø_4,lMÑ B̂−1
n ÂnB̂

−1
n , w2 B̂n = −n−1

∑

∂2lt/(∂δ∂δ
′) D

Ân = n−1
∑

(∂lt/∂δ)(∂lt∂δ
′) u|(øŸ BHHH Æ�(l�|íM� Ä¤,

ç‘K�Gcq.A
v,ÖÍ[ý‘K–Nƒb, (5) �, íqì�Ï, Ou

δ̂n Euø_í� ¤¹F‚í Quasi-MLE� ‚à B̂−1
n ÂnB̂

−1
n íúi(jÖ, ¹

ª}�l�|™Ìcq δ0 = 0 í z$l¾� Bk (w2, α2, β2) íéO4�ì

49õ,,¥ÿuJ{Ï η̂t Ñ!�í DF À;�ì, w DGP à° (20) � (i.e., yt â η̂t �H),

FJ ρ̂nµ(η̂) = n(ϕ̂LS − 1), τ̂nµ(η̂) u H0 : ϕ = 1 í t $l¾, ù65 5%@äõ}�u

−15.64D−2.76 (Maddala and Kim 1998, Tables 6.1–6.2, Regression a)�
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[ 3: Àøj˙�uc¯ – GARCH(1,1) _�í,lD�ì

_� I _� II _� IV

(F1, S1) → (y1, y2) (F2, S2) → (y1, y2) (F4, S1) → (y1, y2)

γ 1.0002∗(44188) 0.9996∗(19607) 0.9996∗(26611)

ρ 0.0802∗(2.545) 0.2610∗(7.308) 0.2036∗(4.031)

w 0.1411∗(4.823) 0.2349∗(2.755) 0.1701∗(2.574)

α 0.3714∗(6.933) 0.1178∗(3.313) 0.2712∗(3.782)

β 0.4769∗(7.275) 0.6447∗(6.246) 0.4722∗(3.474)

w2 0.2039∗(2.358) 0.3113∗(1.800) 0.2883 (0.933)

α2 0.1048∗(3.815) 0.0822∗(3.250) 0.0532 (1.465)

β2 0.8386∗(19.52) 0.8619∗(17.61) 0.8655∗(7.719)

hôM 1,007 784 392

uc¯�ì

Q0 227.3 144.4 105.4

Q1 0.233 1.415 0.114

ρ̂nµ(η̂) −390.9 −233.3 −162.2

τ̂nµ(η̂) −15.66 −11.68 −10.10

Mϕ(η̂) −357.9 −271.6 −168.2

* …[5c¦�Ñ y1t = γy2t + ρǫ2th
1/2
1t + ηt , 1y2t = ǫ2th

1/2
2t , w2

ηt = ǫ1.2th
1/2
1t , h1t = w+αu2

1t−1 +βh1t−1, h2t = w2 +α2u
2
2t−1 +β2h2t−1�

ü�CqÑ z$l¾� Q0DQ1 }�Ñ–�k0D1í�b�ì¾, 5%@

äõ}�Ñ12.21D4.14 (Johansen 1995, Table 15.1); ρ̂nµ(η̂)D τ̂nµ(η̂)u

J η̂t Ñ!�í EG-tests, 5%@äõ}�u −15.64D−2.76 (Maddala and

Kim 1998, Tables 6.1–6.2, Regression a); Mϕ(η̂) u η̂t í MLE À;�ìM

(Ling et al. 2003)�
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?uY,H˙åêA�

|(, ˛ø (19) �5
√
n(γ̂n − γ0) u¹¯í�G}º, w2 W1(r) =

BM(1) D V (r) = BM(K) uó�Ö
íÓ�«�� 9õ,, ú (19) ��

Uùi°
 (n−2
∑n

i=1 Iγ γ t)
1/2 ª)ƒ

n
(

γ̂n − γ0

)

(

n−2
n
∑

i=1

Iγ γ t

)1/2

=

n−1

n
∑

i=1

Dγ t

(

n−2

n
∑

i=1

Iγ γ t

)1/2

D
−→

∫ 1

0
W1(r)dV (r)

(

K
∫ 1

0
W 2

1 (r)dr
)1/2

�

;W Banerjee et al. (1993, Table 3.3, Example 5)D Li et al. (2002, p. 258), ,�

|(øáuø_™Ä�GÓœ‰b, N (0, 1)� ²k5, Ê BHHH í|(øŸ

Æ�(, I γ0 = 0, Í(l� γ̂n(
∑n

i=1 Iγ γ t)
1/2, ¹ª)ƒ™Ìcq γ0 = 0 í

z$l¾� [3 éý, É�_� IV 5 y2t j˙�2í w2 £ α2 .éO, wì[

bÌBý®5%éO®Ä; 1/, â3__�6‘j˙�2í GARCH ¡bí,

lMªõ|,¥< GARCH(1,1)¬˙uù¼0ìí (α + β < 1, α2 + β2 < 1)

1/û¼�ÏæÊ (β2 + 2αβ + 3α2 < 1, β2
2 + 2α2β2 + 3α2

2 < 1)� â¤!

‹ªR¿,[3-j5uc¯�ìuª]˝í, ÄÑû¼�Ïí‘K„\°¥�

;W z$l¾,ú__�íuc¯É[uÝ�éOí� ,líuc¯²¾}�

u (1,−1.0002)′, (1,−0.9996)′ D (1,−0.9996)′, ¿Ö$gNb‚ŒúÛŒ


ÒíÙ�í¥@�˛u?¥?�í� Bk ρ̂n, _� I, IID IV í,lM}�u

0.0802, 0.2610D0.2036, FJw�ìM
√
nρ̂n }�u2.545, 7.308D4.031� Ê

5% éO®Ä-, ¥<Mî?‡" ρ = 0 5™Ìcq, [ý‚Œ
ÒDÛŒ


Ò5Óœ§Uu£óÉí, w2JÚä‚ŒDwÛŒ5óÉ4|ò, «$‚Œ

D«$Nb5óÉ4|Q� ¢, ;W‡Þí Granger Ä‹�ì, BbªJ‡i

|¥<Óœ§UífûuÀ²í�

ÇøjÞ, à‹ (u1t , u2t )5‘KóÉ[buÓvÈ‰�í, ¿Ö (4) �5

qì�Ï� Ñ¤, Bbq
øÝ	ì‘KóÉíú
_�JªW CCC cqí

Äi�ì� cq ρt = ρ + ̺M(Ft−1), w2 M(Ft−1) u s × 1 í Ft−1 íƒ

b,7 ̺′ Ñú@í s × 1 �b²¾, s ≥ 1� Ä¤, (4) �ªZŸÑ

y1t = γy2t + ρǫ2th
1/2
1t + ̺mt + ηt , (23)
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w2 mt = M(Ft−1)ǫ2th
1/2
1t � Ê ρt = ρ 5™Ìcq-, ¿Ö ̺ = 0, CCCq

ìu¯Üí, (4) �íqìu£üí� ²k5, |×–N,l5{Ï η̂t .@Ö

� mt 5m7� �¤, â η̂t ú mt ªW OLS c¦, F)5[b@îÑ 0 (�b

áÎÕ), FJ CCCqì5Äiªâf$í F �ìêA� ÑªW CCCqìí

�ì, Bb.âÀUËì2 M(Ft−1)íqñ� ˛ø y1t D y2t u I(1)‰b, Ñ

fn M(Ft−1)ÑÝ0ì, 1/¡Î Tse (2000) íT¶, …dcqM(Ft−1) =

1y1t−11y2t−1� FJ mt = 1y1t−11y2t−1ǫ2th
1/2
1t (Êc¦}&v, ǫ2th

1/2
1t uà

(4) �í,lM�H)� Q-V, â η̂t úmt D�bác¦, w!‹Ñ:

_� I: η̂t = − 0.0887
(−3.03)

+ 0.0037
(1.22)

mt , (24)

_� II: η̂t = 0.0467
(1.12)

− 0.0001
(−0.03)

mt , (25)

_� IV: η̂t = − 0.0513
(−1.25)

+ 0.0083
(1.55)

mt , (26)

ü�CqÑ z$l¾� Ê5% éO®Ä-, (24)–(26) �2 mt í[b·u.é

Oí, [ý_� I, II £ IV 5 η̂t „{G mt ím7, FJÌ¶‡" CCC 5c

q� ¥[ý CCC 5cq@àÊ¥ú__�u_çí�

5 !�

à Hendry í�Gc¦qì, …d�
ø_Àøj˙�íuc¯ – GARCH(1,1)

_�� %â|×–N,l, uc¯¡bD GARCH ¡bu:¯Ë\,|� Bb

í}&éý, ¥< MLE uöõ¡bíø_4,l�, w2uc¯¡bí MLE

íÚ¡}ºu¹¯í�G� J,Ü�!‹íÌ„u GARCH �ß×áíû¼

�Ï.âæÊ� Êõ„@à,, …dJ«É$
5$gNbDwNb‚Œ5Y

bn’eªWõ„}&� â Granger Ä‹�ì, BbêÛ«É$
íNb‚Œ

ñ‡�˛·³�älÛŒ
Ò, FJ·.xeg�êÛíŠ?� ¢, Bb,l

|í GARCH ¡bM·Å—ù¼Dû¼�ÏæÊíÌ„�, FJf$íÀ;

�ìDuc¯�ìí�‡·uª]˝í� �ìD,lí!‹éý, $gNbD

Nb‚ŒuÝ0ìO˛¤uc¯í I(1)‰b, 1/¥<Ý0ì‰bíß×á

·�pé GARCH Ô�� ÇÕ, CCC cqíÄi�ìéý, ø CCC cq@à

Ê$gNbDNb‚Œ¥�é�í’eu_çí�
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|(, ÄÑ GARCH _�Êõ„@à,%�|Ûû¼�Ï.æÊí8$,

FJø5DÝ0ìívÈå�!¯ÿ}AÍËðÞ|f$íÀ;�ìDuc

¯�ìu´EÍu�Uí½æ� ÿ…dFø,Î7 Kim and Schmidt (1993)D

Lee and Tse (1996) í_Òtðû˝Õ, ¤é_�íÚ¡Ü�ñ‡EG5šà�

Bbó],¥uø_„VªWíû˝j²�
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A Single Equation Cointegration Model with GARCH(1,1) Errors:

Evidence from the Taiwan Stock Market
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The cointegration and GARCH models are the two most successful applications

in macroeconomic econometrics, but only few researchers attempt to integrate

these two popular models. This paper introduces a single equation cointegra-

tion model with GARCH(1,1) disturbances. Maximum likelihood estimators

and their asymptotic distributions are derived for the parameters in the equation,

in which the estimator of the cointegrating coefficient is asymptotically mixed

and normally distributed. Empirically, we employ the model to examine Taiwan

stock indexes and the associated futures prices of daily stock market data. The

resulting estimates show that index futures and spot indexes are indeed cointe-

grated, and that the disturbances also exhibit a strong GARCH effect.

Keywords: unit root test, causality test, cointegration test,

constant correlation test
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