
îÅp[DÕG‰²

á?�*Š�±∗

‡úVF¶ø5‹�’eš�˙�íò�óÉ4, <�¥�óÉ4u

´ÿu �îÅp[� Ê%È\µ� ‹�²µ� õ„j¶� £l¾Ü�,

·x�Ý�½bí<2� …d!¯ Hamilton and Susmel (1994) 5Õ

G‰² (regime switching) SWARCH _�, J£ Baillie, Bollerslev, and

Mikkelsen (1996) íîÅp[ FWARCH _�, h“óçøO“5 SW

(k)-FIGARCH-L (0,d,0) _�, °v,lÕGā‰¡b£¶}Ï}[b,
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JEL }éHU: C52

1 ‡k

�îÅp[� (long memory) u¡�û˝íÏÆ{æ� F‚ �îÅp[� [N

/<vÈå�x�íÅv�YæÛï (long range dependence); w[ÛÊš…

∗T6}�ÑÅ
«É×ç‹�À¢Í²=ÚçÞDÅ
«É×ç%ÈÍ`¤� T6>á

2M%Èû˝Íÿ�ÿ��˚‚Â½l•û˝í^Œ, 2M%Èû˝Íûn}, .C×ç“�

þ�U��S,ñ%ÈDÅÒÀ¢çXûn}D}A=n�TX<c� T61Ô�>ásP

ˆ±ÇöTX<c� çÍ,J�LS˜Ï, T6@ŠVF�í�L�

%È�d�… (Taiwan Economic Review), 32:2 (2004), 193–232�

Å
«É×ç%ÈçÍ|�
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’e,íÔ�, Ñš…ABóÉƒb (autocorrelation fuction, �˚ ACF) ]

Áí§�óçîM� rÖ%È£‹�‰b{\�„C�ìx�îÅp[4”,

CÊ%¬/<‰bā²(x�îÅp[4”; à$
A>¾ (Lobato and Ve-

lasco 2000), $gÑ{0 (Sadique and Silvapulle 2001; Greene and Fielitz 1977;

Ding, Granger and Engle 1993; Lobato and Savin 1998)� $gš�4 (So 2000)

−0 (Cheung 1993a)� ‚0 (Tsay 2000; Backus and Zin 1993)� õ”Å¬Þ

ß„ç (Diebold and Rudebusch 1989; Sowell 1992)� ÓgNb (Geweke and

Porter-Hudak 1983; Bailie, Chung and Tieslau 1996)���

ªuLS‡ú‚ñ4”FTí$lR�·u;Wš…’eFNÐím7

7)ƒí� øïs�.°í’eßÞ¬˙ (data generating process,�˚DGP)

FßÞíš…’ex�”ÑóNí4”, Bb'ØN¬š…m7}<|ö£

í DGP� ¡�Vl¾%Èçä2À; (unit root) D!Z4Z‰ (structural

change) í��¹;Äk¤, ÄÑo‚×¶}í,ñ‰b%%\wìÑ�‘ì

G; O Nelson and Plosser (1982) Uà�ì(êÛ.?R�À;í4”; Perron

(1989) º”O’eF×ÛíÀ;4”ª?u!Z4Z‰¨Aí!‹, Zivot and

Andrews (1992) wÑ,ñ‰b2¶}uÀ;å�, ¶}†u�‘ìGOx!

ZZ‰íå�� ñ‡rÖl¾ç6E_‰kû˝yÄü}Ÿ¥sé DGP í

l¾j¶� °ší½æ6ª?êÞÊîÅp[4”í,l£�ì,�

Lobato and Savin (1998) �ì S&P 500NbnÑ{0"úM£�jM’

eíîÅp[4”v, {·<ƒ!Z4Z‰ª?¨A �c4îÅp[� ku

ø’eYª?í!ZZ‰êÞõ}As¶}, }�úc°’e£s°ä’e

(sub-sample) ªW�ì, !‹éýc°’e£ä’e·�éOíîÅp[4

”� Baillie (1998) wÑÑ{0"úM£�jM’eíîÅp[Ûïªàw‘

Kù¼�ÏíîÅp[qìV…•, kuSà FIGARCH _�ú S&P 500 í

nÑ{0’eªW,l; °š5?š…‚Èª?êÞ!Z4Z‰,7ø’e}

A5¶}, }�úc°’e£®ä’eªW,l, !‹éýw·�éOíîÅ

p[4”�

Í7Bbø−, �c°’e£®ä’e·�éOíîÅp[4”� 1.?

„p �¹U5?7!Z4Z‰, îÅp[4”EÍuöõí�� íl, à*<w

ì!ZZ‰õVªW’e•}1./ç� y6, ¹UF²ÏíZ‰õíüêÞ

7!Z4Z‰, BbE.?'ìä’eFéýíîÅp[4”u.uöõí;
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KJš…‚ÈDGP í!Z1.�ì, BbF²Ïí!ZZ‰õÈª?´æÊ

yÖwFíZ‰õ, µóä’eíîÅp[4”çÍ6ª?u!Z4Z‰F

¨Aíc4Ûï� âÇ1BbªJêÛ, 1980�1~B1999�2~«$NbÑ

{0� "úMí ACF ×Û�}îMí-±§�, Êó�900‚v, óÉ[bE

ø¡0.06, éýª?�îÅp[Ûï� Í7, çBbø’e}A3_š…bD

×íä’e(, ä’eí ACF ¹.yµó �d†/îM� Ë-±,¥éýš…

íîÅp[Ô�1.�ì�

<�îÅp[ÛïíöfÊõ„j¶� £l¾Ü�ÝB\µ}&,·x

�½bí<2� %È‰bJxîÅp[, [ý®‚Óœ§Uí	à}M/ø

¨óçÅívÈ;JwîÅp[Ô�[!Z4Z‰F¨Aíc4Ûï, †[ý

c�/<Xêí½×9K}¨A DGP í!Z4Z‰,ª7úv%È‰bßÞ

œÅ±í	à, wF"×¶}íÓœ§U†cxóús
í	à^‹� ó°í

š…Ô�, ºú@OiÍ.°í%Èj„,J.8J<�, .O}ÄÑõ„j

¶íÏà7û_$lR�˜Ï, yª?}ú%ÈÛïí‡è˜Ï7„¿|.

çí\µ,¨AÀ¢¼¹
Ò.x^04� ¤Õ, Tsay and Chung (2000) êÛ

\j„‰bDj„‰b·x�îÅp[,ÖÍs6·uìGå�, Eª?}¨

Ac4c¦ (spurious regression) Ûï� Ä¤ÊªWc¦}&5‡, lüw’e

îÅp[íæÊ4u.?�Ií	T�

å�íÅv�YæÛï}[ÛÊwvÈ˜��²íòM/4 (persistence)

,� OM/4ª?u™cíîÅp[Ûï� Anderson (2000) †êÛÑ¶M	

}_�º, AR [bÑ£/Q¡1, †øìßÞîÅp[Ûï, OJ AR [b

ÑŠ†òM/4Áý, Jc� MA [b†¨AîÅp[Ûï.ñqéO� F

JàSj„îÅp[Ûïù–|¡íçäò�½e� ø�d.j„u®ÄM

í‰�, Wà Bos, Franses and Ooms (1998) à G7 í¦Œ÷3’exñ�

ðêÛîÅp[Ûï@uâ®ÄMí‰�Fù–� Granger and Hyung (1999)

UàXÍ®ÄMí‰�6¨AîÅp[^‹� OÇø�d.íj„u Diebold

(1986) FN|íå�í �ÕG‰²� (regime switching) 6ª?}¨AvÈ˜�

�²íòM/4� F‚íÕG‰²9õ,ÿuø�!Z4Z‰, É.¬øOF

˚í!Z4Z‰¦�uN¡b!ZÕGí1Ÿ‰�, 7ÕG‰²F·Hí†u

¡b!ZÊs_J,íÕGÈV�‰²íÛï� Debold (1986) 1„úÕG‰

²àS$Ac4îÅp[Ty¿pízp; O Lamoureux and Lastrapes (1990)
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Ç 1: 1980/1/4B1999/2/10‚È, «$NbnÑ{0’eÊ¦"úM(×Û

|t�îÅp[�Gí ACF� J1987/3/20Ñäø’e}Ñ‡(s¨(, ‡¨

¶}×Û|–(�Gí ACF, (¨¶}EÑîÅp[�G, O˛š�Áÿ� y

ªø¥J1991/3/12Ñäø(¨’e}Ñs¶}, †îÅp[�Gªø¥\‹

ÿ, ¦7H5íu–(�Gí ACF�
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J£ Engle and Mustafa (1992) 6·wÑJ ARCH C GARCH _�)ƒí¡

b,lM�!Z.�ìíÛï, w2 Lamoureux and Lastrapes (1990) ªø¥

wÑ GARCH _�2, ‘K‰æb!Zøï.�ì, ª?}$AòM/4íc

ï� !k<�öfîÅp[Ûïí½b4, Bb�.búÕG‰²£w$Ac

4îÅp[í¬˙‹J«˝�

k<�ÕG‰²DîÅp[, ø__çíj¶u: �
øP°v¨ÖÕG

‰²qìDîÅp[qìí_�, UBbmªJÊÕG‰²í‡T-�ìî

Åp[cz, 6?Ê5?îÅp[ª?æÊí‡T-�ìu´�ÕG‰²ê

Þ� ²k5, Bbª�â°v,lÕG‰²DîÅp[, é’eAW‡ìîÅ

p[íöf� ÊîÅp[jÞ, Ÿ†,BbSÑ Baillie (1998) Baillie, Boller-

slev, and Mikkelsen (1996) £ Bollerslev and Mikkelsen (1996) íqìj� (J

-�˚Ñ BBM/BM), J FIGARCH _��šÑ{0"úM£�jM’eª

?æÊíîÅp[Ûï, OÊqìí��jÞ†d7<ry�� ÊÕG‰²j

Þ, Bb¡5 Hamilton and Susmel (1994) FT|í SWARCH-L _�, é®

_ÕGY�ïªÚ¬˙ (Markov process)ªW‰², OÊ‚�‘Kò�ƒbí

Rûj�,†d7.bíy�, UïªÚ‰² (Markov switching) í;¶)J

rõÊ FIGARCHqì,�

ã,FH, Bbø�
ø_h_� SW-FIGARCH-L (Markov switching

FIFARCH with leverage effect) _�� ¥__�Ê/<‘K-, ª}��“Ñ

SW-GARCH-L _�C AR(1)-FIGARCH-L _�; ²k5, ¤_�orÕG‰

²DîÅp[°væÊ, 7ÕG‰²_�DîÅp[_�·u…íÔW� ¤

ÕBbbÔ�T|øõ: ARCH C GARCH qì-íïªÚ‰²_�3b

;…•íuå�ß×á�jMí�G4”, Ä¤, �Œ{Ïáí�jM, 6ÿ

u_�„j„¶}í�jMu´Exò�F‚óÉ@uø_óç½bíõ„

¥	; Í7ÿBbFc, J$gNbÑ{0Ñš…7,l,HïªÚ‰²_�

íd.º·�I7¤ø½b¥	� w2, ¶}d.ªW7{Ïá…™íF‚

óÉ�ì, ºE„ªø¥ú{Ïá�jMªW�ì� 9õ,, âk SWARCH

(C SWARCH-L) _�£ SW-GARCH (C SW-GARCH-L) _�2 ARMA

$�í‘K‰æbqìF?�šícÌkß×á�jMí �s‚�GWÑ�;

KJß×á�jMx�éOí �2Å‚4”� ,l!‹í{Ïá�jM'ª

?}¥ø„\�ší2Å‚4”7×Û|ò�F‚óÉ� ²k5, ARCH C
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GARCH qì-íïªÚ‰²_�Fbj„íuå��jMí�GWÑ, O

ºª?}ÄÑ„°v�šw2Å‚4”7Þ@„j„¶}�jMEóç.�

´í£1� or°v,l2Å‚WÑí SW-FIGARCH-L _�ø}uj²¥

á½æíÉœ�

dıé§à-: �2��èîÅp[_�íqì£w$lÔ4, 1� Lo-

bato and Robinson (1997) FT|í…«
b�ì (Lagrange multiplier test,�

˚ LM �ì)� �3�†�n Hamilton and Susmel (1994) í SWARCH-L _

�qì, 1zpy�w‚�‘Kò�ƒbí.b4� �4�ú«$NbÑ{0

"úM£�jM’eªWîÅp[í LM �ì, 1�
 SW-FIGARCH-L _

�, Í(J1991�B1999�í«$NbnÑ{0’eªW,l¸�ì, 1ª

W.°_�íªœ� �5�n�ÕG‰²$Ac4îÅp[íª?¬˙, 1J

_Òj�zpÕG‰²íü}$Ac4îÅp[Ûï� �6�†Ñ!��

2 îÅp[_�

�1�{T£, %È‰bJxîÅp[, [ý®‚Óœ§Uúv%È‰bí	

à·}M/ø¨óçÅívÈ�¥êF‚í �ø¨óçÅívÈ� [‡úAc

¦���Ì_� (autoregressive moveing average _�, J-�˚ ARMA _�)

2F…•, óús
íM/47k; JDÀP;_�óª, †Ìw0˝ (per-

manent) í	à� ²k5, ø_AŠîÅp[qìF·HíM/4.â�k

ARMA _�DÀP;_�È; M/4.â±òk ARMA _�, O.?u0˝

í� Ñ7…•å�íîÅp[Ûï, Granger (1980), Granger and Joyeux (1980)

£ Hosking (1981, 1984) {û| �¶}c¯� (fractionally integrated) _�� v

_�íÔHÊk ACF ]Áí§�±ª ARMA _�îM�

úø_��Ìb µ íå�7k, y2 J¯¯-�¹˚wÑ d ¼c¯å�,

(�˚Ñ I (d)å�):

(1 − B)d(yt − µ) = εt , (2.1)

d ¹F‚í �¶}Ï}[b�, B Ñr(«�ä (back shift operator), εt uø

_J0Ñ�Ìb5ÿìG (weak stationary) I (0) å�� ¶}Ï}[b d ª�

šå�íÅ‚WÑ� Ñ°v5?s‚WÑ, I εt ÑìG/ªL (invertible) í

ARMA å�: φ(B)εt , † (2.1) �ªZŸÑ:
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φ(B)(1 − B)d(yt − µ) = θ(B)εt , (2.2)

¥³ φ(B) = 1 −
∑p

j=1 φjB
j Ñ p ¼Ac¦Öá�, 7 φ(B) = 1 +

∑p

j=1 θjB
j Ñ q ¼���ÌÖá�, εt uøJ σ 2 Ñ‰æb5ëß× (white

noise) å�� (2.2) �¹Ac¦¶}c¯���Ì_�,�˚ ARFIMA(p,d,q) _

�� d > −0.5 v (2.2) �ÑøªLå�, d < 0.5 v (2.2) �†ÑøìGå�,

²k5, < d < 0.5 v ARFIMA(p,d,q) ÑìG/ªLíå�� ç p = q = 0

v, (2.2) �ª�“ÑÀÓí I(d) $�, ²k5, ARFIMA(0,d,0) ¹ÑÀÓí

I(d) _�; ç d = 0 v, (2.2) �†�“AÑ™Äí ARMA(p,q) _��

ÖÍ ARMA(p,q) D ARFIMA(p,d,q) ñøíÏ�Êk d = 0 D´, s6

ACF í]Á§�ºó�Ý±� ARMA(p,q) í ACF ×0§í�S0]Á:

∣

∣ρj

∣

∣ ∼ C1r
j , j → ∞, (2.3)

ρj [r( j ‚5ABóÉ[b C1 Ñ×k 0 í�b, r Ñ 0 ¸ 1Èí}b�

−0.5 < d < 0.5, O d 6= 0 v, ARFIMA(p,d,q) í ACF †×œîMíÂ

�(0 (hyperbolic rate) ]Á:

∣

∣ρj

∣

∣ ∼ C2j
2d−1, j → ∞, (2.4)

ρj [r( j ‚5ABóÉ[b C2 Ñ×k0í�b� Ü�,, ç 0 < d < 0.5

v, ¤v (2.3) �ªŸÑ ρj ∼ C2j
2d−1, j → ∞ ¥ÿuîÅp[å�F

[Û|í ACF îM]ÁÛï� ã (2.3)� (2.4) s�, BbªêÛ, d = 0 v

ACF ]Á|Ñ0§; −0.5 < d < 0.5 O d 6= 0 v, ACF ]Á§�óú

îMrÖ, / d B×v]Á§�BM� d = 0 vBb˚å�cxs‚p[

(short memory); −0.5 < d < 0 v˚å�x2�p[ (intermediate memory),

0 < d < 0.5 v†˚å�xîÅp[;ú6îÑìG/ªLíå�� M)øT

íu, ç 0 < d < 0.5 v,

lim
T →∞

T
∑

j=0

ρj = lim
T →∞

T
∑

j=0

∣

∣ρj

∣

∣ → ∞�

¥[ýîÅp[å�íABóÉ[b¹Ur(‚'ÅE.Dü, Ä¤.?�

I.l�
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[2.1: *���Ì[bõ_�M/4

j = 1 2 100 200 300 400 1000

1 (ÀP;) 1 1 1 1 1 1 1

ϕj (îÅp[) 0.49 0.36505 0.05275 0.03707 0.03015 0.02604 0.01632

0.99j (s‚p[) 0.99 0.9801 0.36603 0.13398 0.04904 0.01795 0.00004

éBbyN¬���Ì[ý¶VõÀP;å�� îÅp[å�� £s‚p

[å�íM/4Ïæ:

y1,t − µ1 =

∞
∑

j=0

ε1,t−j , (2.5)

y2,t − µ3 =

∞
∑

j=0

ψjε2,t−jψ0 = 1, ψj =
j − 1 + 0.49

j
ψj−1, (2.6)

y3,t − µ2 =

∞
∑

j=0

(0.99)jε3,t−j , (2.7)

y1,t , y2,t , y3,t }�Ñ I(1) å�� I(0.49) å�� £Ac¦¡bÑ0.995 AR(1)

å�� à[2.1, ªœúå�.°r(‚b5���Ì[bªêÛ, I(1) å�2,

Óœ§Uí	à¯±.}Áÿ¾Ü, wìs6†î}ÓvÈ7MÚÁÿ�Ac

¦¡bÑ0.995 AR(1) å�ís‚M/4ÖÍ#, Oâk]Á§�œ0, ó�

1000‚(Óœ§Uí	à‰±ük I(0.49) å�;¥£us‚p[DîÅp[

í3bÏæFÊ�

OuÀ¢Ñ{0íš�˙� (volatility) ÑvÀ¢¼¹êÔ˙� (risk) í½

bN™� d.,|�\àV…•Ñ{0š�˙�í_�l¬k Engle (1982),

£ Bollerslev (1986) F�
í �øO“Ac¦‘K‰æbÝ5ø� (general-

izedautoregressive conditional heteroskedasticity,�˚Ñ GARCH) _�� de Lima,

Briedt, and Crato (1994), Ding, Granger, and Engle (1993) £ Harvey (1993)�

û˝éý,rÖ,ñC‹�å�íš�˙�·�òM/4íÛï� OÊ GARCH

_�2, ARMA $�í‘K‰æbqìF�šíuš�˙�ís‚,7ÝÅ‚

�GWÑ; ²k5, à GARCH _�V…•˘kÅ‚�GWÑíÅ‚M/4”

1./ç� Ñ7°v�šš�˙�íÅs‚�GWÑ, BBM/BM Ê GARCH

_�2‹p¶}c¯qì7�
7 �¶}c¯ GARCH� (fractionally integrated



îÅp[DÕG‰² 201

GARCH,�˚ FIGARCH) _�� Ê GARCHqì-, š�˙�íM/4[J

�S0]Á; ‹p¶}c¯qì(í FIGARCH †JœîMíÂ�(0]Á�

cq yt ÑBbFÉ-íå�, àÑ{0å�, I εt ÑøJ σ 2 Ñ‰æb5

ëß×å�, / εt [å� yt 5ß×á (innovations), J ARMA(l,m) ÑW:

φ(B)(yt − µ) = θ(B)εt , (2.8)

µ ≡ E(yt )u yt íÝ‘K�Ìb (unconditional mean), φ(B) = 1−
∑l

j=1ψj

Bj Ñ l ¼Ac¦Öá�, 7 θ(B) = 1 +
∑m

j=1 θjB
j Ñ m ¼���ÌÖá

�; †F‚í GARCH(p,q) [Nà-íqì:

ht = ω + α(B)ε2
t + β(B)ht , (2.9)

w2, ht ≡ V ar(yt |Y
t−1) = V ar(εt |Y

t−1) ¹F‚í‘K‰æb, Y t−1 ≡

{yt−1, yt−1, · · ·y1} Ñ®‡‚ yt FZAím7Õ¯ (information set), ω =

σ 2[1 − β(1) − α(1)], 7 α(B) =
∑q

j=1 αjB
j £β(B) =

∑q

j=1 βjB
j }

�ur(«�ä B í q ¼£ p ¼Öá��

(2.9) �ª\ZŸÑ ε2
t í ARMA $�:

[1 − α(B)− β(B)]ε2
t = ω + [1 − β(B)]ut , (2.10)

w2, ut ≡ ε2
t −ht ª\„pu�ÌbÑ0�‰æbÑ�b�ÝABóÉ (serially

uncorrelated) íå�, Ä¤ªeÑ¤ ARMA $�2íß×á�

óúk GARCH _�2 (2.10) �í ARMA $�, BBM/BM

í FIGARCH(p,d,q) _�†ªŸT ε2
t í ARFIMA ��:

ψ(B)(1 − B)dε2
t = ω + [1 − β(B)]ut , (2.11)

w2

ψ(B) ≡ 1 −

q
∑

j=1

ψjB
j ,

(1 − B)d =

∞
∑

j=0

Ŵ(j − d)

Ŵ(j + d)Ŵ(−d)
Bj

= 1 − dB −
d(1 − d)

2
B2 −

d(1 − d)(2 − d)

6
B3 − · · ·

= π(B)
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=

∞
∑

j=0

πjB
j , π0 = 1, πj =

j − 1 − d

j
πj−1�

0 < d < 0.5 v[ý ε2
t xîÅp[� óúk GARCH _�2í (2.9) �,

(2.11) �6ªŸA-Þí$�:

[1 − β(B)]ht = ω + [1 − β(B)]ε2
t − ψ(B)(1 − B)dε2

t � (2.12)

(2.11) �D™Äí ARFIMA $�|×í.°Êk ε2
t 1„lDw‚�M

óÁ,7H5J�U¬ií�báM)·<íu,¥ší$�.ø_1Ýcu

�1>� ,í½æ, …ú_�,l…™6}¨A.G	à� Bbú (2.11) �T

à-í^£:

ψ(B)(1 − B)d
(

ε2
t − σ 2

)

= [1 − β(B)]yt , (2.13)

,�.OAÑ™Äí ARFIMA $�, y½bíu, …6ªJfn¥ (2.11) �

Ê,l¥	2F`XíJßš…‡bM (pre-sample values)²ì,í½æ, 1

x�œÜ;íüš…4”� °ší, Bbªø (2.13) �ZŸA

[1 − β(B)]ht = −β(B)ε2
t + ε2

t − ψ(B)(1 − B)d
(

ε2
t − σ 2

)

� (2.14)

ÖÍ (2.13) �˛AÑ™Äí ARFIMA $�, (2.13) �qì-í FIGARCH,D

ARFIMA E�ø<!Z,íÏæ� íl, â,ø�ín�Bbø−, ARFIMA

(p,0,q) Êì2,�°k ARMA(p,q); óúí, ¹U FIGARCH(p,0,q) íüª

ŸA ε2
t í ARMA $�, âk ψ(B) 1.�°k, 1 − α(B) − β(B) FI-

GARCH(p,0,q)Öª?E\� GARCH $�, º.}rÍ�°k GARCH(p,q)�

ÇÕ, Ê ARFIMA _�2, Bb1.âÑw�ÌbC‘K�Ìb‹,LSÌ

„‘K, Í7Ê FIGARCH _�2, Bbº�.bq-JßÌ„‘K, J\„

Ý‘K‰æb£®‚‘K‰æbîÝŠb�

M)ü-íu, GARCH C FIGARCH Fb·Híu εt 5ß×á�jM,

ε2
t íWÑ, uø� �‘K‰æbj˙��qìBk yt Dß×á εt 5ÈíÉ[,

6ÿu �‘K�Ìbj˙��, †.â‡ú_÷Çd_çqì� Ê…�2Bb

J ARMA(l,m) ·H yt Dwß×á εt 5ÈíÉ[,7J FIGARCH(p, d,q) …

• ε2
t íWÑ, Bbªø¥cPqì·±Ñ ARMA(l,m)-FIGARCH(p,d,q)�
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à‹b�ìîÅp[cz, BbªlJîÅp[_�,l¶}Ï}[b

d , y‡ú,lMªWcq�ì; à‹Bbí3bñí[Êk,l…™, ,H

�ì˙åÌOu|òQ7¯¯ògí, KJBbÉuÀÓË;}&’eíî

Åp[4”, �‘×¾vÈÊ_�í²Ï¸%%1Ý(4í,l,ÿé)Q

�7Öì� «wçBbÛb½ºbìŸ� ÝBb—Ÿ�ìv, ,Hl,ly

�ìí˙åøêrÌ¶_à� !k,HÜâ, Bb�.b�ÜøP�U (ro-

bust)7l��Zí�ì$l¾, 6ŒBbú’exîÅp[Ô4D´ªW0

§7üõí7j� �àíîÅp[�ì¶¨� Lo (1991) ^£ Hurst (1951) 5

R/S (rescaled range) $l¾7T|í �^£( R/S �ì� (modified R/S test)�

Geweke and Porter-Hudak (1983) í ä$c¦ (spectral regression) �ì (�

˚Ñ GPH �ì)� £ Lobato and Robinson (1997) FT|í LM �ì� Che-

ung (1993b) {”O GPH �ì£^£( R/S �ìí�ì‰ (power); Robinson

(1994) wÑ^£( R/S �ìí^04” (efficiency properties) M)aO; Lo-

bato and Savin (1998) N|, ^£( R/S �ì$l¾íÚ¡}º�}µÆ, ó

úí, LM �ì$l¾íÚª}º†u�cíµj}º� Ä¤, J-Bbø�

Ü Lobato and Robinson (1997) FT|í LM �ì�

I xt ÑøÿìGîÅp[ ARFIMA(p,d,q) å�, †wä$ò�ƒb (spec-

tral density function) f (λ) æÊ, /ç d 6= 0 vÅ—J-‘K:

lim
λ→0+

f (λ) ∼ lim
λ→0+

C3f (λ)
−2d → ∞, (2.15)

²k5, óúk[ÛÊvÈì2� (time domain) 2 ACF Â�(0]ÁC
∑∞

j=0 ρj → ∞ íÔ�, îÅp[å�[ÛÊä0ì2� (frequency domain)

λ íÔ�†u: ä0'Ô¡0 v, ä$ò�ƒbM�êàíb²; Lobato and

Robinson (1997) í LM $l¾9õ,ÿuÊ�Œ f (0+) u´�êàb²�

ÇÕ, âk f (0+)u´êàDå�ís� 2‚WÑÌÉ, J f (0+)u´êàT

Ñ™íí�ìÄ†}uø�.Äs� 2‚qìÏæ7§	àí�UÄ† (ro-

bust procedure)� LM$l¾íl�j�u

LM = m

(

∑m
j=1 vjI

(

λj

)

∑m
j=1 I

(

λj

)

)2

, (2.16)
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w2

vj = log j −
1

m

m
∑

j=1

log j,

I (λj ) =
1

2µT

∣

∣

∣

∣

∣

T
∑

t=1

xte
iλj t

∣

∣

∣

∣

∣

2

,

� j _ä0 λj = 2πj/T , T uš…b, m uø_ük T í£cb/¯¯J

-‘K:

lim
T →∞

m → ∞, lim
T →∞

m

T
→ 0�

(2.16) �2ñøÛbBb3h#ìíbåum, [T /m] H[íu�ì2©Ÿ

Ñp5?í|s‚È (shortest period)� $l¾ LM ªõT f (0+)uíêà˙

�N™, B×í LM M¥øOBpéíêàb²� âk d [�k0B0.5È{

C�k 0 u f (0+) u´êàíñøÉœ, Ä¤, �Œ f (0+) u´êà£óç

k�Œå�[îÅCs‚p[� ™Ìcq£ú
cqà-:

H0 : d = 0 (s‚p[)} H1 : 0 < d < 0.5 (îÅp[)�

™ÌcqA
v, LM$l¾íÚª}ºÑAâ�1íµj}º:

LM
d

−→ χ 2
1 �

|(.â#|íu, (2.25) �FÅHí‘Ku ARFIMA å�5.b‘K

7Ýk}‘K, ²k5,J�øå�¯¯ (2.15) �íb°, ¹U…1Ý ARFIMA

å�, Bb6ww…íîÅp[4”; LM $l¾F�ìíuå�u´xîÅ

p[7Ýå�u´Ñ ARFIMA å��

3 ïªÚ‰²_�

k·H¡b!Zí‰², ø_ªWíj�uJs_J,í‚ñ}�º_ (fit)

®_.°íÕG; f$í¹¯_� (mixture model) ¹ªor¥�Ôyº_� Ê

�Àí¹¯_�2, ÕGí‡(‚‰�u�óÖ
í; Í7, %ÈÕGí‰�

%%1Ý…Ìd
, J�−‰�ÑW, ®‚�−‘.}M/ø¨‚È,"ÝÊ

ß;�−ÈÌd
ËÖ
‰�� !k¥á5¾,ïªÚ‰²_�^£ÕGí‰
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�j�: cqÕGbñ�Ì, e®‚ÕGÑøïªÚ¬˙5®‚õÛM� F‚

ïªÚ¬˙[Nø�ÔyvÈå�, úvå�„VõÛM5ã¿ÉDå�í

ç‚õÛM�É� JBbFÉ-íÕG‰²¬˙ÑW, I st H[Ì¶hôíÓ

œÕG‰b, cq%ÈÊ k _ÕGÈ‰², st íš…˛È {st } = {1, 2, · · ·K},

.°íõÛM®H[.°íÕG� J st [øïªÚ¬˙, †

Pr(st+m|Y t , st , st−1, · · · ) = Pr(st+m|st ), (3.1)

w2mÑL<£cb, Y t D�2�5ì2ó°, Ñç‚ (t ‚) ím7Õ¯� ²

k5,#ìç‚ÕG,¬�®‚ÕG£ç‚F�’m·Ì¶ú„VÕGíã¿

�Fõ.� Ä¤, Bbªà-�ÕGā‰ä³ (the matrix of transition proba-

bility) V·HÕGí‰²¬˙:

p =















p11 p21 · · · pk1

p12 p22 · · · pk2

...
... · · ·

...

p1k p2k · · · pkk















,

w2 pij = Pr(st = j |Y t , st−1 = i, st−2 = ·, · · · ) = Pr(st−1 = j |st−1 =

i), i, j,= 1, 2 · · · k0 âk
∑k

j=1 pij =
∑k

j=1 Pr(st = j |st−1 = i) ≡ 1 Ä¤

ä³ P ©øòWí‹,¸·Ñ1�

Hamilton and Susmel (1994) ø,HïªÚÕG‰²í;¶rõÊ$gN

bÑ{0í,l,, �
7 SWARCH-L(k,q) _�:

yy = a0 + a1yt−1 +
√
gstεt , (3.2)

εt =
√

htvt , vt

iid
∼ (0, 1),

ht = b0 +

q
∑

j=1

bjε
2
t−j + cDt−1ε

2
t−1,

Dt−1 =

{

1 εt−1 ≤ 0,

0 εt−1 > 0�

¥³ st íì2£wÓœWÑD‡Hó°� õÒÑ{0’e%%�£ŠMªW

ó¡íÛï, Ä¤cq Pr(Dt−1 = 1) = Pr(Dt−1 = 0) = 1/2; ²k5,
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E(cDt−1) = c/2 Ñ�b, c > 0 v[ý’C^‹æÊ� t ‚ÕG st = j v, ‘

K‰æb V ar(yt |Y
t−1) = gjht ; g1 = 1 < g2 < · · · < gk� ²k5, ¤_�í

-Z!…,uø_ AR(1)-ARCH(q) _�: J AR(1) ·HÑ{0 yt £wß×

á5ÈíÉ[,7J ARCH(q) …•ß×á�jMíWÑ; OÊ ARCHqì2

‹p7’C^‹, ‘K‰æbí[bM†¥ø k _ÕGíïªÚ‰²7×Û

ªW4‰�� J®‚ÕG˛ø, BbªŸ-¡Núb–Nƒb

lnL(θ) =
∑

t=1

ln lt(θ),

ln lt (θ) = −
1

2
ln(2)−

1

2
ln(gstht)−

1

2
v2

t , (3.3)

ln lt(θ) u t ‚íúb‘Kò�ƒb, θ ≡ [a0 a1 g2 · · · gk b0 · · · bq c]
′ Ñ¡

b²¾� âkÉ� yt nuªhôí‰b, Bb.âø,�2í vt £ ht ·Ÿ

A yt íƒb:

vt =
yt − a0 − a1yt−1

√
gstht

, (3.4)

ht = b0 +

q
∑

j=1

(

yt−j − a0 − a1yt−j−1
√
gst−j

)2

+ cDt−1

(

yt−1 − a0 − a1yt−2
√
gst−1

)2

� (3.5)

.â·<íu, âkÕG‰b st uhô.ƒí¿R‰b, BbÌ*)ø t ‚

í gst ˝§u g1, g2, · · ·gk−1 Cu gk� y�üËz, âk ln lt(θ) u st , vt , ht

íƒb, vt u st , ht íƒb, 7 ht u st−1, st−2, · · · st−q íƒb, Ä¤ ln lt(θ)

}u st−1, st−2, · · · st−q íƒb;5?®�ÕG ¯, ln lt(θ)u� kq+1 �ª?

4�

â,Hn�Bbø− (3.3) �u.ªWí; Bb.âMøl�®_võ-

®_ÕG ¯í‘Kò�ƒb,ª7°)®_võ-í �‚�‘Kò�ƒb�,

J�
ø_ªWí¡Núb–Nƒb� Ñ�“}&–c, Bbì2ø_híÕ

G‰b S∗
t :

S∗
t = 1 + (st − 1)k0 + (st−1 − 1)k1 + (s1−q − 1)kq, (3.6)
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S∗
t : íš…˛È {S∗

t } = {1, 2, · · ·Kq+1}, .°íõÛM®H[,H.°íÕ

G ¯� °ší, Bbªì2 S∗
t íÕGā‰ä³:

P ∗ =
[

P ∗
ij

]

kq+1×kq+1 =
[

Pr
(

S∗
t−1 = i

)]

kq+1×kq+1 , (3.7)

P ∗
ij u P ∗ 2� i òW�� j d�5jÖ� Çì2s_²¾

ηt =
[

f
(

yt |Y
t−1, S∗

t = j ; θ
)]

kq+1×1
, (3.8)

4t |τ =
[

Pr
(

S∗
t = j |Y τ

)]

kq+1×1
, (3.9)

ηt , u t ‚®ÕG ¯5‘Kò�ƒbFZAí²¾, 4t |τ , †u#ì τ ‚m

7-, t ‚®ÕG ¯5êÞœ0FZAí²¾� Bb.âAW#ì 41|0, d

Ñl�íÇ«, Hamilton and Susmel (1994) øÕGā‰ä³²�AF‚íZ

Gv1œ0 (ergodic probability), TÑ41|0 í#ìM�#ì41|0′ (, Bbÿª

J‚à-Þs�]c°j:

4t |t =

(

4t |t−1 ⊙ ηt

)

1′
(

4t |t−1 ⊙ ηt

) , (3.10)

4t+1|t = P ∗4t |t , (3.11)

w2, ⊙[ýs²¾jÖújÖó
� 1′(4t |t−1 ⊙ ηt ) = f (yt |Y
t−1;2) ¹Ñ

t ‚í‚�‘Kò�ƒb� 2 ÑF�¡b Aí²¾, ¨� P 2í (k − 1)k

_¡b£ θ 2íF�¡b� ø®‚‚�‘Kò�ƒb¦úbó‹¹)ƒ¡N

úb–Nƒb:

lnL(2) =

T
∑

t=1

ln f
(

yt |Y
t−1 : 2

)

� (3.12)

â,Þín�.ØêÛ, âk®‚ÕG ¯bñÑ kq+1, ÓOÕGbñ k C

ARCH í¼b q ÓÖ, ©‚FÛ5?í ¯bñø}0§Ó‹, l�íµÆ�

?}Ó5×ÙTò� øïBbø ARCH qìZÑ GARCH ÝB FIGARCH,

âk GARCHD FIGARCH·ª�ÇÑ ARCH(∞), õÒ«�v, t ‚í ¯

bñ·ø}u kt� ç k = 3 v, �1000‚F.â5?í.° ¯� 31000 �,

�2000‚†� 32000�;¥�òõµ˙�íl�1ÝÛ�xXF?TÜ� Ä¤,

Jb�
 GARCH C FIGARCHqì-íïªÚ‰²_�, Bb.â^£,

Hl�¬˙�
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;W‡H}&, ®‚‘Kò�ƒb5FJ}�ØÖ�ª?Õ”, |3bí

ÉœÊkƒb2í ht ¨Ö7®‡‚í εt , 7®‡‚¢ εt ·uv‚ÕGíƒ

b, * ht 76}u®‡‚ÕGíƒb� Ä¤,Jb×ÙÁý®‚‘Kò�ƒb

íbñ, Êl� ht v, .âàø_1Ý �ÕGíƒb� í�H‰b¦H®‡‚

í εt� …d�‡Uàí�H‰bÑ

ε̃t =

k
∑

j=1

[

Pr
(

st = j |Y t
)

(

yt − a0 − a1yt−1
√
gj

)]

, (3.13)

²k5, Bbuø°ø‚.°ÕGí εt JwFú@ÕGí‘Kœ0TÑāb,

°�‹ā�Ìb, TÑ εt í�H‰b� Gray (1996) £ Dueker (1997) 6·

{‚àéN,HÕG‘Kœ0‹ā�Ìíj��
GARCHqì-íïªÚ

‰²_�� âkFbor‘K�Ìbj˙�C‘K‰æbj˙�2í[b·

ÓÕG7‰�,DBbc�š‘K‰æbªW4‰�íqì.°, Ä¤TÜí

��I�Ïæ, OÊj¶�,ú6uø_í� à¤øV, ¹UÊ GARCH C

FIGARCH qì-, l�®‚‘Kò�ƒbvÉâú@ç‚ÕG5? k �Õ

”¹ª�

4 «$NbÑ{0D SW-FIGARCH-L _�

� 1�{Tƒ, 1980 � 1 ~B 1999 � 2 ~«$NbÑ{0"úMí ACF ×

Û�}îMí-±§�, N˛�îÅp[4”; Oø’e}A3_š…bD×

íä’e(, îÅp[Ô�º‰)œ.pé, éýš…íîÅp[Ô�1.�

ì� �¡k$gNbÑ{0[ø½b%È�‹�‰b, Bb�.b�
ø_?

D°v,lw‘K‰æbÕG‰²£Å� s‚WÑí_�, GUBbú«$N

bÑ{0í�G4”×_y¿…í7j�

4.1 îÅp[�ì

Ê£�ªp,l‡, Bb@lüw«$NbÑ{0’eu´öí×Û|‘K

‰æb!Z.�ìÛï£îÅp[Ûï� ò®X*ÛC�*Š�± (2001) {

J�Ë!ZZ‰í GARCH _�û˝1990�1~4nB1998�1~24ní

«$NbÑ{0’e, 1ªW®� LM �ì, êÛ®�ì°š·‡" �‘K‰

æb„êÞ!ZZ‰� í™Ìcq, éý«$NbÑ{0’eíü×Û|‘K
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[4.1: «$NbÑ{0"úM£�jM’eíîÅp[�ì

"úM’e �jM’e

m = 40 50 60 100 40 50 60 100

1987/3/20–1999/2/10 9.86 11.95 13.78 20.36 9.25 11.28 12.97 19.56

1987/3/20–1991/3/12 8.89 10.63 11.92 17.28 10.02 11.94 13.21 19.53

1991/3/13–1999/2/10 3.80 4.91 5.37 7.72 2.84 3.79 4.04 6.56

zp: [2F�[
√

LM ; 5% éO®Ä-5@äMÑ1.96�

‰æb!Z.�ìÛï� …�ªø¥büwíu«$NbÑ{0"úM£�

jM’eu´×Û|îÅp[Ûï�

;WÇ 1, ’e‚Èâ 1980/1/4–1999/2/10 òsÑ 1987/3/20–1999/2/10

v, îÅp[Ô�cš�Áÿ� Oyªø¥}’Ñ 1987/3/20–1991/3/12 £

1991/3/13–1999/2/10 (, s¨‚È, «wu 1991/3/13–1999/2/10, îÅp[

Ô�péÁÿ� BbJm = 50�60�100l�1987/3/20–1999/2/10�1987/3/20

–1991/3/12� 1991/3/13–1999/2/103¨‚ÈíîÅp[ LM$lM,Ç�j;

(�k[4.1� ®_‚È� .° m M, Ê5%éO®Ä-·‡"s‚p[™Ì

cq, «$NbÑ{0’eíü×Û|îÅp[Ûï� Í7, D‡HÇ1hô

!‹ó°, 1991/3/13–1999/2/10 íîÅp[Ô�péÁÿ, c_š…íîÅ

p[Ô�1.�ì�

4.2 _�qì

SW(k)-FIGARCH-L(0,d,0) D SWARCH-L(k,q) |×í.°Êk‘K‰æb

j˙�íqì� J-Bbølì2 FIGARCH-L(0,d,0)qì, yªø¥Ÿ-c

__�� ;W (2.18) �, BbªŸ- FIGARCH(0,d,0) _�:

(1 − B)d
(

ε2
t − σ 2

)

= ut , (4.1)

ut ≡ ε2
t − ht (1 − B)d íì2D (2.4) �ó°� ,�¢ª;W (2.19) �ŸA

ht = ε2
t − (1 − B)d

(

ε2
t − σ 2

)

= σ 2 −

∞
∑

j=1

πj

(

ε2
j t − σ 2

)

� (4.2)



210 á?�*Š�±

Ê,�2‹p’C^‹¹AÑBbFÛbí FIGARCH-L(0,d,0)qì:

ht = σ 2 −

∞
∑

j=1

πj

(

ε2
t−j − σ 2

)

+ (1 − bB)−1
(

dDt−1ε
2
t−1 −

c

2
σ 2
)

, (4.3)

Dt−1 íì2D (3.2) �ó°� Bbø¡b b ·±Ñ �’C GARCH ^‹�� Ñ

jZ,l, 6ªø�Usi°
J (1 − bB)7ZŸÑ:

ht = (1 − b)σ 2 + bht−1 −

∞
∑

j=1

πj

(

ε2
t−j − σ 2

)

+ b

∞
∑

j=1

πj

(

ε2
t−j−1 − σ 2

)

+

(

dDt−1ε
2
t−1 −

c

2
σ 2
)

, (4.4)

d = 0 v, ,�ª�“Ñ

ht =

(

1 − b −
c

2

)

σ 2 + bht−1 + cDt−1ε
2
t−1, (4.5)

¥ÿuBbF‚í GARCH-L(1,0)�

BbS (3.2) �í SWARCH(k,q) _�TÑ!…-Z, J (4.4) �í FIGARCH-

L(0,d,0)qì¦Hw2í ARCH-L(q) qì, 1øÖ�báí AR(1)qì^Z

Ñ™Äí AR(1) $�, �
 SW(k)-FIGARCH-L(0,d,0) _�à-:

yt = (1 − a)µ+ ayt−1 +
√
gstεt ,

εt =
√

htvt ,

ht = (1 − b)σ 2 + bht−1 −

∞
∑

j=1

πj

(

ε2
t−j − σ 2

)

+ b

∞
∑

j=1

πj

(

ε2
t−j−1 − σ 2

)

+

(

cDt−1ε
2
t−1 −

c

2
σ 2
)

, (4.6)

w2, µ Ñ yt 5Ý‘K�Ìb, st , vt íì2£wÓœWÑD (3.2) �ó°�

d = 0 v FIGARCH-L(0,d,0) }�“Ñ GARCH-L(1,0), *7 d = 0 v

SW(k)-FIGARCH-L(0,d,0) 6}�“Ñ SW(k)-GARCH-L(1,0); ¤Õ, ç gst ≡

1, 6ÿuÌÕG‰²v, SW(k)-FIGARCH-L(0,d,0) }�“Ñ AR(1)-FIGARCH-

L(0,d,0); d = 0 / gst ≡ 1 v†�“Ñ AR(1)-GARCH-L(1,0)�
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BbF�
í SW-FIGARCH-L _�u SW(k)-FIGARCH-L(0,d,0), 7Ý

yøO“í SW(k)-FIGARCH-L(p,d,q), Üâ�ù: íl, ç d = 0 v, SW(k)-

FIGARCH-L(0,d,0) ª�“Ñ SW(k)-GARCH-L(1,0) í$�; ²k5, SW(k)-

FIGARCH-L(0,d,0) 2F�šís‚�GWÑu®‚í’C^‹7Ý®‚í

�1¼ ARCH ^‹� Ê‘K‰æbj˙�2, ’C^‹£�1¼ ARCH ^‹

·u ε2
t−1 í[b, Í7 Hamilton and Susmel (1994) J SWARCH-L (3,2)�

SWARCH-L (4,2) ,l1Åí$gNbÑ{0’e, Lin (2000) J SWARCH-

L (2,2)�SWARCH-L (3,2) ,l«$NbÑ{0’e,!‹·éý: �1¼ ARCH

^‹�}.éO; óúí, °u ε2
t−1 í[b, ’C^‹ºÝ�éO� Bb6{

þtÑp�1¼ ARCH [b, ,l SW (3)-GARCH-L (1,1), Í7 ARCH [b

Ê,l¬˙2,u.TË²0Ô¡, Ì¶Y¹� Ä¤, [J�1¼ ARCHqì

7cJ’C^‹qì�šs‚�GWÑN˛uªJQ§í�

¤Õ,øï p C q .Ñ0,¶}Ï}[bbMí£Š×ü·ø§ƒ'×í

Ì„� J FIGARCH(1,d,1) ÑW:

ht = (1−βB)−1(1−ψB)(1−B)dσ 2+
[

1 − (1 − βB)−1(1 − ψB)(1 − B)d
]

ε2
t �

Ñ\„,�2í ht .ÑŠ, �.bÌ„ 0 < ψ < β ≤ d < 1� Í7, Bb5

FJbÊïªÚ‰²_�2‹p¶}c¯qì, 3bu;�â¶}Ï}[b

d �š ε2
t �ª?æÊ� íîÅp[C2�p[; Ê,l2\G d ≤ 0 íª?4

u�.bí� p C q ×k0íüª?�Œk ε2
t s‚WÑí�š, Oº.âG

|¡bÓ‹� _�µÆ“�Ì„ d > 0�Hg� ó$5-, \G¶}Ï}[b

bM£Ší�4,7‚à®‚’C^‹�šs‚íWÑ, N˛uø_œÜ;í

²Ï�

4.3 SW(k)-FIGARCH-L(0,d,0) í,lj¶

âkš…‡bM1.ª), Bbcq y1 = µ +
√
gs1ε1, h1 = σ 2, ε0 = 0 ¤

Õ, BbI
∑∞

j=t πj (ε
2
t−j − σ 2) =

∑∞

j=t πj (ε
2
t−j−1 − σ 2) = 0, Ä¤,

ht = (1 − b)σ 2 + bht−1 −

t−1
∑

j=1

πj

(

ε2
t−j − σ 2

)

+ b

t−1
∑

j=1

πj

(

ε2
t−j−1 − σ 2

)

+

(

dDt−1ε
2
t−1 −

c

2
σ 2
)

, ∀t ≥ 2�
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ÑUl�®‚‘Kò�ƒbvÉâú@ç‚ÕG5? k �Õ”, Êl� ht v

.âJ‹ā�Ì�H‰b ε̃t ¦H®‡‚í εt :

ht = (1 − b)σ 2 + bht−1 −

t−1
∑

j=1

πj

(

ε̃2
t−j − σ 2

)

+ b

t−1
∑

j=1

πj

(

ε̃2
t−j−1 − σ 2

)

+
(

dDt−1ε̃
2
t−1 − cσ 2/2

)

, ∀t ≥ 2� (4.7)

ì2 ε1 = y1 − µ, ε1 = yt − (1 − a)µ− ayt−1∀t ≥ 2 †Ê�G}ºcq-,

#ìm7 Y t−1, st = j 5-, t ‚í‘Kò�ƒbÑ

f
(

yt |Y
t−1, st = j ; θ

)

=
1

√
2πgiht

exp

(

−ε2
t

2giht

)

, j = 1, 2, · · · k� (4.8)

θ ≡ [µ a g2 · · · gk σ
2 b c d]′ Ñ¡b²¾� ²¾ ηt †ì2Ñ

ηt =
[

f
(

yt |Y
t−1, st = j ; θ

)]

k×1
, (4.9)

I εtj H[ st = j ví εt

εtj =
εt

√
gi

, j = 1, 2, · · · , k, (4.10)

7 Yt ≡ [εtj ]k×1 †Ñ t ‚®_ εtj F Aí²¾� Çì2ã¿œ0 (prediction

probability) ²¾Ñ

4t |τ =
[

Pr (st = j |Y τ )
]

k×1
, (4.11)

²k5,ã¿œ0²¾¹u#ì τ ‚m7-, t ‚®ÕG5êÞœ0FZAí

²¾� à¤øV, BbZª}�l� t ‚í‚�‘Kò�ƒb£ ε̃t à-:

f
(

yt |Y
t−1;2

)

= 1′
(

4t |t−1 ⊙ ηt

)

, (4.12)

ε̃t = 1′
(

4t |t−1 ⊙ Yt

)

, (4.13)

2 H[F�¡b� °v?ª‚àó«ìÜ°)ç‚œ0 (filtering probability)

²¾:

4t |t =

(

4t |t−1 ⊙ ηt

)

1′
(

4t |t−1 ⊙ ηt

) � (4.14)
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‚àç‚œ0²¾£ÕGā‰œ0ä³¹ª°)-ø‚íã¿œ0²¾:

4t+1|t = P4t |t� (4.15)

J,®�ZAø_]cÍ$:

• ø h1 = σ 2, ε1 = y1 − µ, Hp (4.8) �°) η1 1‚à ε̃1 l� Y1;

• #ì�1‚íã¿œ0²¾41|0, ¹ª;W (4.12)� (4.13)� (4.14)� (4.15)

�}�°)�1‚í‚�‘Kò�ƒb� ε̃1��1‚íç‚œ0²¾41|1�

J£�2‚íã¿œ0²¾ 42|1;

• (4.7) �l� ht , /l� ε2 = y2 − (1 − a)µ− ay1 ø–Hp (4.8) �°

) η2 1‚ ε̃2 àl� Y2;

• ‚à (4.12)� (4.13)� (4.14)� (4.15) �ª}�°)�2 ‚í‚�‘Kò

�ƒb� ε̃2� �2 ‚íç‚œ0²¾ 42|2� J£�3 ‚íã¿œ0²¾

43|2;

²k5, Éb#ì�1‚íã¿œ0²¾ 41|0, ¹ªN¬,H¥º«�)ƒ®

‚í‚�‘Kò�ƒb f (yt |Y
t−1;2)� ç‚œ0²¾ 4t |t� J£ã¿œ0²

¾� ø®‚‚�‘Kò�ƒb¦úb‹,, ¹ª°)¡Núb–Nƒb:

lnL(2) =

T
∑

t=1

ln f (yt |Y
t−1;2)� (4.16)

?U,H¡Núb–NƒbM®ƒ|×í2M, 2̂¹u¡N|×–N¶í¡

b,lM�

ç‚œ0è±22u*ç‚íi�õç‚ÕG‰bíœ0� Î¤5Õ, B

b6ªJ°� �9(œ0� (smoothing probability), *9(íi�õÕG‰b

íœ0� ;W Hamilton (1994), Bbª‚à®‚ç‚œ0²¾£ã¿œ0²

¾, N¬-�J]cj�MŸ°)®‚í9(œ0²¾ 4t |T

4t |T = 4t |t ⊙
{

P ′
[

4t+1|T (÷)4t+1|t

]}

, (4.17)

¥³ (÷)[ýs²¾jÖújÖóÎ�

¤Õ, ø,H,l¥	_ç^Z¹ªàJ,l SW(k)-GARCH-L(1,0) J

£ AR(1)-FIGARCH-L(0,d,0), ,l��.y;H�
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[4.2: 1991/3/13–1999/2/10«$NbnÑ{0í!…$l4”

�Ìb ™ÄÏ RG[b ¼G[b |×M |üM

0.0193 1.5228 −0.0814 5.1101 6.5420 −6.9812

(1991/8/22) (1996/1/5)

4.4 õ„!‹

BbF²Ïíš…‚Èu 1991/3/13–1999/2/10, !…$lÔ4c[ 4.2� ²

¦Üâ�ú: íl, ;WÇ 2.1 £� 1�í LM �ì!‹, ÖÍ 1991/3/13–

1999/2/10í«$NbnÑ{0Ê�jC¦"úM([Û|îÅp[Ô�, O

óœk1980/1/4–1999/2/10C1987/3/20–1999/2/10, îÅp[Ô�˛Áÿr

Ö� Bb�.b«n 1991/3/13–1999/2/10 ‚Èqu´´æÊyÖwFí!

ZZ‰õ; ¥¨ �ä’e� íîÅp[4”u´öíuÕG‰²F¨Aíc

4Ûï� wŸ, ïªÚ‰²_�Öuø�·HÖÕG!ZZ‰í_�, Oâk

BbõÒ?DTÜíÕGbñ�Ì, KJš…‚È¨Öø¨Ø¬”«í’e,

’eAW}<ÕGí?‰D�4ø×§	à� «$NbA 1990/2/10 ívÍ

òõ124953�B1990/10/1í2560õ(, Ê5_~q¢¥�,¯�2300õ�

óúk%(b�,¥¨‚ÈÑ{0òš�íM/vÈóçÅ,²Ïš…¸ˇv

�.bfÇ¥¨œ”«í‚È� ¤Õ, âk«É$
�F‚íÙ�ÙÌ„, J

š…‚È�Ön|Û �ØÖ_$í¾ƒÙ�ÙÌ„� íÛï,¥<Ôy>qn

˛¤íóÉ46ª?}¨Aš…[Û|Åv�YæÔ4; 1991/3/135(í>

qnœÌÖní¾Ù�ÙÌ„íÛï, J1991/3/13–1999/2/10Ñš…‚Èª

W,lœ.}§ƒÙ�ÙÌ„	à�

Bb}�J SW(3)-FIGARCH-L(0,d,0)� SW(3)-GARCH-L(1,0)� AR(1)-

FIGARCH-L(0,d,0) ú�_�ªW,l� ¡b,l!‹�k[4.3; ®�_�

²Ï£º_�íN™�k[ 4.4; {Ïá� {Ïá�jMABóÉí Ljung-

Box �ì!‹�k[4.5� 4.6; SW(3)-GARCH-L(1,0) £ SW(3)-FIGARCH-

L(0,d,0) í9(œ0}�úkÇ2£Ç3; ®_�í‘K‰æb†úkÇ4�

;W,l!‹, AR(1)-FIGARCH-L(0,d,0) í¶}Ï}[b,lM�}é

OË×k0, O AR(1)-FIGARCH-L(0,d,0) í¶}Ï}[b,lMº�}éO

Ëük0;¥[ý, °v5?ÕG‰²(, Ÿ…íîÅp[Ô�˛.+æÊ, å
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[4.3: ¡b,l!‹

SW(3) SW(3) AR(1)
-FIGARCH -GARCH -FIGARCH

-L(0,d,0) -L(1,0) -L(0,d,0)

,lM t $l¾ ,lM t $l¾ ,lM t $l¾

µ 0.0158 10.32 20.0160 0.51 −0.0167 −0.68

a 0.0444 2.22 0.0408 1.97 0.0508 1.95

g2 3.0593 10.90 2.6671 12.62 — —

g2 12.3779 10.49 8.5715 10.87 — —

σ 2 0.5585 10.85 0.5604 14.17 5.9652 8.66

b 0.7921 6.14 0.7311 12.38 0.7359 19.14

c 0.1766 22.45 0.1181 4.83 0.2223 6.15

d −0.1469 −32.37 — — 0.0952 6.71

p12 0.0703 3.97 0.0490 1.55 — —

p21 0.0399 3.44 0.0100 1.10 — —

p23 0.0180 14.92 0.0151 2.59 — —

p32 0.0507 3.70 0.0341 2.56 — —

zp: 1. 5% éO®Ä-@äMÑ ± 1.96� OM)·<íu, Ê d > 0 ví FI-

GARCH -Z-, íY¹§�œM, 1Ý™Äí�

2. FÑµí t $l¾ÑŸál�í$l¾, çä�vUà Bollerslev and

Wooldridge (1992) íº#$l¾, Bb{þt, w!‹1ÌØ×Z‰� Ä

Ñ¤_�í‰æb!Zþ&yªø¥û˝, Ä¤ÑµŸáíl�!‹�

3. āGā‰ä³í¡b_bŸ� (3 − 1)3 = 6 _, OõÒ,lv p13 £ p31

,u.i² 0 Ô¡7Ì¶Y¹� ¥ª?u[ý«$NbÑ{0'ýòQ

âòš�‚‰²ÑQš�‚, CòQâQš�‚‰²Ñòš�‚� Bb¡

5 Hamilton and Susmel (1994) íT¶, ø² 0 Ô¡Ì¶Y¹íÕGā‰

œ0òQqìÑ 0, Ä¤õÒ,líÕGā‰ä³¡bÉ� 4 _� SW(3)-

FIGARCH-L(0,d,0) £ SW(3)-GARCH-L(1,0) íÕGā‰œ0ä³}�

Ñ





0.9297 0.0399 0

0.0703 0.9421 0.0507

0 0.0180 0.9493



 £





0.9510 0.0100 0

0.0490 0.9749 0.0341

0 0.0151 0.9659



 �

�cx2�p[�

BbÊ 4.1 �J LM $l¾�ì,H’e"úM£�jMíîÅp[Û

ï, �ì!‹XMîÅp[cz; 9õ,Bb6{ªø¥J ARFIMA(1,d,0) £
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[4.4: _�ªœ

¡b
,b ln L AIC Schwerz |LE| [LE]2 MAE MSE

SW(3)-FIGARCH-L(0,d,0) 12 −3926.6 −3938.6 −3973.0 1.750 6.687 0.521 0.488

SW(3)-GARCH-L(1,0) 11 −3940.8 −3951.8 −3983.2 1.842 6.985 0.528 0.538

AR(1)-FIGARCH-L(0,d,0) 6 −4000.2 −4006.2 −4023.4 2.053 8.326 2.631 21.001

zp: š…b T = 2250� AIC� Schwerz� |LE|� [LE]2� MAE� £ MSE íì2DHamilton

and Susmel (1994) êró°: AIC = ln L− ¡b,b; Schwerz=ln L− (¡b,b/2) ln(T );

|LE| = T −1
T
∑

t=1

∣

∣

∣
ln
(

ε2
t

)

− ln(ht )

∣

∣

∣
, [LE]2 =

T
∑

t=1

∣

∣

∣
ln
(

ε2
t

)

− ln(ht )

∣

∣

∣

2
,

MAE = T −1
T
∑

t=1

∣

∣

∣
ε2
t − ln ht

∣

∣

∣
, MSE = T −1

T
∑

t=1

∣

∣

∣
ε2
t − ln ht

∣

∣

∣

2
�

Ä¤, ln L� AIC� Schwerz B×Bß, |LE|� [LE]2� MAE� MSE BüBß�

[4.5: {ÏáíABóÉ�ì

LB(2) LB(5) LB(10) LB(20) LB(40) LB(80)

SW(3)-FIGARCH-L(0,d,0) 2.62 7.85 15.56 37.10 63.34 96.83

SW(3)-GARCH-L(1,0) 2.89 8.54 14.79 35.10 60.50 93.23

AR(1)-FIGARCH-L(0,d,0) 2.29 6.72 14.93 37.17 69.04 103.38

5% éO®Ä@äM 5.99 11.07 18.31 31.41 55.76 101.90

zp: Ljung-Box �ì5™ÌcqÑå�.xABóÉ;$l¾Ñ

LB(m) = T (T + 2)

m
∑

j=1

1

T − j
ρ2
j ∼ χ2(m)�

[4.6: {Ïá�jMíABóÉ�ì

LB(2) LB(5) LB(10) LB(20) LB(40) LB(80)

SW(3)-FIGARCH-L(0,d,0) 5.21 7.41 11.06 25.73 53.35 96.23

SW(3)-GARCH-L(1,0) 19.04 20.53 23.31 42.60 71.87 113.12

AR(1)-FIGARCH-L(0,d,0) 8.91 10.03 12.31 37.28 60.29 104.58

5% éO®Ä@äM 5.99 11.07 18.31 31.41 55.76 101.90
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Ç 2: SW(3)-GARCH-L(1,0) 5 smoothing probability

ARFIMA(0,d,0) ,lw"úM� �jM’e, ¶}Ï}[bM�k0.08B0.3

5È, /·éOË×k0; …� AR(1)-FIGARCH-L(0,d,0) í,l!‹?XM

îÅp[cz� ��,l� �ì!‹·éý, „5?ÕG‰²5‡, 1991/3/13–
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Ç 3: SW(3)-FIGARCH-L(0,-0.1469,0) 5 smoothing probability

1999/2/10 ‚È«$NbÑ{0íš�˙�íü[Û|îÅp[Ô�� Í7,

BbÊ5‡ín�2{%”O«$NbÑ{0íîÅp[Ô�1.�ì; ç

BbõÒøÕG‰²íÄÖÑp, J…dF�
í SW(3)-FIGARCH-L(0,d,0)
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Ç 4: ®_�‘K‰æbíªœ

ªW,lv, †êÛîÅp[Ô�íü˛.+æÊ� ²k5, «$NbÑ{0

š�˙�íîÅp[4”'ª?uÕG‰²F¨Aíc4Ûï� BbøÊ-

øıªø¥„pÕG‰²íü}¨Ac4îÅp[, 1N|«$NbÑ{0

"úM ACF í�G£•‘·ª*ÕG‰²íi�‹Jj„�

ªœ[4.3 2 SW(3)-FIGARCH-L(0,d,0) £ SW(3)-GARCH-L(0,d,0) í
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ÕGā‰œ0ä³ªêÛ, ‡6 p11� p22� p33 ·œü, ÕGM/4œQ; y*

Ç 2� Ç 3 í9(œ0Võ, SW(3)-FIGARCH-L(0,d,0) 2®ÕG9(œ0í

M/46óúœQ� ¥ª?u[ý SW(3)-GARCH-L(0,d,0) F�šƒíÕG

‰²Ô42, �ø¶}Ê SW(3)-FIGARCH-L(0,d,0) 2\Zâ¶}Ï}[b

Vj„, .y\wìÑÕG‰²�

;W[4.4, F�N™ø_éý: ª°v�š‘K‰æbÕG‰²£Å (2)

s‚WÑí SW(3)-FIGARCH-L(0,d,0) úk1980/1/4–1999/2/10‚Èí«$

NbÑ{0x�|7íº_?‰£š…q½nã¿ (one-period-ahead predic-

tion)?‰;[ÛŸ5íu�š‘K‰æbÕG‰²£s‚WÑí SW(3)-GARCH-

L(1,0); |(nuc�šÅ (2) s‚WÑí AR(1)-FIGARCH-L(0,d,0)� ¥N

˛6µsBb: Ék«$NbÑ{0íû˝, 2Å‚WÑí�šíü�Œk_

�íº_,7ÕG‰²Ûïí…•†x�.ª�eí.b4�

¤ÕBbbÔ�T|íu, øOJïªÚ‰²_�,l,ñC‹�’e

v, �}Þ@ø_£1: v_�í3bj„úï[å�ß×á�jMí�G

4”, O{Ïáí�jM, 6ÿu_�„j„¶}í�jM, ºExò�íF

‚óÉ; _�[Ñ�šù¼�Ï7ql, O,l(„j„¶}íù¼�ÏºE

�}.�´� BbwÑ¥ší£1u„°v�šù¼�Ïí2Å‚WÑF¨

Aí� íl, ¤ÕBbÊ�1�2{Ô�N|, SWARCH (C SWARCH-L) _

�£ SW-GARCH (C SW-GARCH-L) _�2 ARMA $�í‘K‰æbq

ìF?�šícÌkß×á�jMís‚�GWÑ, KJß×á�jMx�

éOí �2Å‚4”� ,l!‹í{Ïá�jM'ª?}¥ø„\�ší2

Å‚4”7×Û|ò�F‚óÉ� Bbª�â–NªM�ì (likelihood-ratio

test) 1„ÊÕG‰²-Z-�š2Å‚WÑ, 6ÿu‹p¶}c¯qìí.

b4� SW(3)-FIGARCH-L(0,d,0) £ SW(3)-GARCH-L(1,0) íúb–Nƒb

M}�Ñ −3926.6£ −3940.8, –NªM$lMÑ 2[−3926.6−(−3940.4)] =

27.6, ×k5%éO®Ä@äM3.841, ²k5, ÊÕG‰²-Z-,¶}Ï}[

b�}éO, ‹p¶}c¯qìJ�šß×á�jMí2Å‚WÑíü�w

.b4� Ä¤, øï„J¶}c¯qì�šß×á�jMí2Å‚WÑ, ÿ'

ª?}û_{Ïá�jMExò�F‚óÉ� à[4.6Fý, É�šs‚WÑ

í SW(3)-GARCH-L(1,0) x�ò�{Ïá�jMF‚óÉ, O°v�š2Å

‚WÑ(, SW(3)-FIGARCH-L(0,d,0) í{Ïá�jM†êr¦¬7®�r(
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[5.1: JÝîÅå�’eªW LM �ìº‡"™ÌcqíªW

SW(3)-GARCH AR(1)-GARCH
-L(1,0) -L(1,0)

éO®Ä= 10% 5% 1% 10% 5% 1%

|yt | ‡"ªW 0.8658 0.7938 0.6418 0.0602 0.0264 0.0056

y2
t 5‡"ªW 0.7972 0.7116 0.5240 0.0558 0.0280 0.0068

°v‡"ªW 0.7838 0.6968 0.5092 0.0362 0.0162 0.0032

zp: BbJ,ø�2õ„,l)ƒí SW(3)-GARCH-L(1,0) _�£I

SW(3)-GARCH-L(1,0) _�2í7)ƒí AR(1)-GARCH-L(1,0) _�TÑ
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Long Memory and Regime Switch
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The strong persistence in volatility of a variety of financial time series is well-

known. To determine whether this persistence can be characterized as “long

memory” is important in both financial and econometric modelling. In this pa-

per, after summarizing Hamilton and Susmel’s (1994) regime switching SWARCH

model and BBM’s (1996) long memory FIGARCH for volatility, we propose

a general SW(k)-FIGARCH-L(0,d,0) model that allows the estimation of both

regime switching parameters and the long memory parameter. In such a frame-

work we are able to test whether the volatility still has long memory after regime

switching has been considered and we show that regime switching in volatility can

result in spurious long memory. Furthermore, we find the proposed model also

solves one of the problems with the standard SWARCH model that squared resid-

uals obtained from the SWARCH model estimation usually are highly correlated,

which implies the simple regime switching mechanism is not able to character-

ize all the dynamics in volatility. Based on these encouraging results, we believe

the proposed model is a promising tool in analyzing financial data. Our empir-

ical analysis of the TAIEX data shows that the long memory in their volatility

will reduce to intermediate memory after regime switching is considered, which

represents an interesting example of spurious long memory in volatility that is

caused by the regime switching.
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