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A Study of Forecasting Business Cycle with

Leading Indicators

Abstract

Leading indicators have long been used to gauge the direction of future economic

activity. In this project, we provide a rigorous analysis of predictive ability of the leading

index in forecasting business cycle peaks and troughs. Comparing the predictive perfor-

mances of different linear and non-linear models, the best model is chosen to improve

accuracy of the turning point forecasts. Based on the in- and out-of-sample analyses,

we conclude that the PROBIT-LAG5 and MSLEAD-AR-LAG2 models outperform the

others at predicting the CEPD business cycle schedule. We also estimate the predicting

probabilities of recession in 2004. It suggests that the peak of the 11th business cycle was

in June, 2004. These empirical results are very informative for implementing stabilization

policy.
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1 ‡k

ã¿�−�=�~õ (turning points) øòu®Å%È²µ6É·íÿõFÊ� Í7ñ‡W

\Í%È�qãº} (J-�˚%�}, CEPD) 3b*9(hõV‡ìBÅ�−�=ò¼

(peak) Dë� (trough) n‚, wj¶Ñ‚à1ÅÅð%Èû˝� (NBER) í‡ìÄ†DÚ

7˙�, ‡ú%�}AW�Zí!Ä�= (reference cycle) vÍb�, v|�−�=í�~

õ, 1ªø¥–}«É�−5Ø"DYò‚È� * 1954 � 11 ~B 2001 � 9 ~Ñ¢, %�

}Y¤j¶Fwìí«É�−�=u�Ÿ, Ì�ò¼ë�n‚~¡c[ 1� w2Ø"‚�Ì

M/ 41 _~ (2PbÑ 38 _~), 7òY‚�ÌM/ 16 _~ (2PbÑ 14 _~)�

Ñ7¦³�−‰“í�~, ®Å\�DçXœZÌ)`.°í%ÈN™, Wà�−�²N

™� �−úµ]UC¾‘6 (�¼) ]-Nb�, ‚�?£onj„V�−‰�j², 1SW

_çí%È²µ� Í7ÛWN™ç2¢JälN™ (composite leading index, CLI) |§®

jF½e, ;W%�}²ÏälN™í™Ä: älN™�~n‚.âœ!Ä�=n‚�Ìä

l 3 B 5 _~, ]älN™x�äl�−š�í4”� ñ‡%�}FtÓíälN™uâ

`¨“hQ¿ÀNb‰�0� `¨“º	�Ì©~	Tvb� ½É|¨M‰�0� ŒÞX#

M1B ‰�0� R»ÓgNb‰�0� $gNb‰�0£CÉË–l°�ºC~Þ	�þáN

™ZA, 1	ìÊ©~ 27 nD°vN™ø–êÓ� Ç 1 éýälN™D!Ä�=ívÍb

�, 1ø®�=íYò‚Jµ	[ý� *Ç 1 Bbªø, Ê©_�−�=2, älN™íò¼

ë�n‚×_,Ìälk!Ä�=í�~n‚, Ä¤Êõ�,, \�C¬ÈœZ�øälN

™TÑ‡i„V�−+`C«¢í½bYW�

f$JälN™ã¿„V�−‰�, ¦�ÉuYÎ¬ í%ð¶†, JälN™âò¼Ç

á-Ë, †wì�−ª?Ê„V 3 B 5 _~qêÞ�~� ¤�T¶ª?¬kÄÉ, /1ÌL

S$lj¶‹J�ð; ÇøjÞ,älN™Êš…qÇ$éý,, ú!Ä�=b�xäl4”,

O¤1.¿ÖÊš…Õã¿�~õí[Û}'ß� Ä¤, …lå3bñí†*9‡ã¿íi

�|ê, Ê.°íl¾_�2, 5?øälN™çTj„‰b, ı��âälN™FNÐ|í

9‡m7, «nu´älN™�Œkã¿�−�=í�~õ, ‚?£o‡ì�−�=íò¼

Dë�n‚, ¤.cªTX\�C¬È$“Òì%È²µí¡5, ?ªnjälN™Cw 

AMäú�−š�íã¿?‰�
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‡úälN™u´�Œkã¿�−‰“, ÅÕ�rÖd.)ƒ.°í!�, Diebold and

Rudebusch (1991a)D Estrella and Mishkin (1998) }�‚à(�ABc¦ (vector autore-

gression, VAR) _�D probit _�êÛ: älN™1ÌŒk�−�=�~õ5š…Õã¿[

Û� O Hamilton and Pérez-Quiros (1996), Filardo (1994) D Camacho and Pérez-Quiros

(2002) †êÛJøälN™’e«àÊïªÚ�² (Markov switching regime) _�v, ø

�Œk�−�=�~õã¿� / Camacho and Pérez-Quiros (2002) íõ„ªø¥N|: ø

ïªÚ�²DÌ‚b (non-parametric) _�F$Aí!¯ã¿ (combining forecasts), ?

)ƒ|7í�~õš…Õã¿[Û� Birchenhall et al. (1999) «à logistic classification

methodDälN™’m??£üã¿�−�=�~� Ä¤,älN™ú„V�−‰�íã¿

?‰D_�qì�ò~É[� 7ÿT6Fø, Åqm�d.Ê¤jÞí«n1.Öc�

âkã¿�~õíl¾_�VÖ, ¥<_�ÌªøälN™ím75?Êq, Ä¤…lå

°v5?.°íã¿_� (¨�(�DÝ(�_�), ‹pälN™‰b(, v||7íã¿

_�, 1�ðälN™u´�Œkã¿�−�=�~õ� …lå3bû˝¥	Ñ: l‡úäl

N™D!Ä�=b�ªW�¥í’e}&, 1ÿd.,.°í�~õã¿_�‹J«n, 3b

¨� probit _�, Markov switching vector autoregression _� (MSVAR; Krolzig, 1997),

D Hamilton and Pérez-Quiros (1996) 5?7älÕG4”íïªÚ�²_� (MSLEAD)

�� ‚à|×–N,l¶ú¤úé_�£wô.‰“, }�,lw_�¡b, ª7ª,l©ø

‚�−«¢íœ0, yD%�}Fwì5�−�=‚È�óªœ� …lå?‚à$lj¶, ª

œ®ã¿_�š…q� Õ[Û, v||7í�~õã¿_�, JÓªú„V�−‰“ã¿í£

ü4�

âk…lå3buú.°võ�−êÞ«¢íœ0ªW,l, Ä¤Êªœ.°_�íã¿

ô^v, Bb.Jf$ã¿ÏÏÌjÏ (MSE) VÇ,®_�, 7u‚à�~õÏÏ (turning

point error, TPE)� G¿� (entropy-based measure) D£üwìª0 (share of correct

identification) �N™ªW_�²Ï� ÇÕ, Bb6‚à Diebold and Mariano (1995) í

�ì, J$lj¶}&.°�~õ_�íš…q� Õã¿[Û, T¯älN™ú�−‰“ã

¿5�ü4� ;WJ,õ„!‹, v||_íã¿_�(, BbªJl�„Vø‚ (one-step-

ahead) �−êÞ«¢íœ0� ç¤œ0,¯Çá�¬ 50%, ¹[ý�−øâò¼�Ñ«¢;
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¥5, J¤œ0-±7Qk 50%, †[ý�−øâë��Ñ+`� *7?Toã¿�~õ, T

Ñ\�Òì ì\µ5¡5�

…lå’eVÄÑ%�}, älN™D!Ä�=b�ÌÑ~’e, ’e‚ÈÑ 1961 � 1

~B 2004 � 12 ~, u 528 _hôM, F�’eÌ%¬��|c� õ„!‹êÛ: ÓO�−Õ

GTkØ"CYò, älN™‰�ú!Ä�=‰�íã¿?‰�F.°� 7ÿ.°íã¿_

��óªœ, J probit (PROBIT-LAG5) _�£5?!Ä�=r(‚’mí Hamilton and

Pérez-Quiros (MSLEAD-AR-LAG2) _�Êš…qÕí[Ûœ7, 7 MSVAR í[Û†�

Zœ.Ü;� O probit _�íÿõ, Êk.â9lcq (C˛ø) ñ‡�−FTíÕGÑØ

"C«¢, JZyhw_�,l; ¥5, Markov switching _�†.Û¤cq, ]ÊõÒã¿

,, EJ5?7älÕG4”£ABc¦áí MSLEAD-AR-LAG2 _�[Ûœ7� Diebold

and Mariano (1995) �ì?éý: ¤ PROBIT-LAG5 _�D MSLEAD-AR-LAG2 _�í

ã¿ô^1ÌéOÏæ�

…låÇøáñíuçBb˛ø…‚älN™í‰�0, àSã¿-ø‚�−êÞ«¢

C�~õíœ0� âkrÖd.êÛ«É%ÈÊ 90 �HJ(êÞ!Z4Z‰, Ä¤BbJ

1990 � 1 ~B 2003 � 12 ~í’e, ‚à]c (recursive) ,lj¶, ‡ú PROBIT-LAG5

D MSLEAD-AR-LAG2 _�½h,l, 1ú 2004 �J(�−êÞ«¢íœ0ªW one-

step-ahead ã¿� êÛ«É��øŸ�−�=íò¼×�Pk 2004 � 6 ~ (Ä 7 ~�−«

¢œ0�¬ 50%), ]¤Ÿ�−�=íØ"‚,uM/7 33 _~, 7 2004 � 7 ~Bñ‡E

Ñ��øŸ�−�=íYò‚�

…låqñ3b}ÑJ-�¶}: �ù�‡ú5?älN™‰bí.°ã¿_�‹J�

Ü; �ú�u’eí·HD.°ã¿_�í¡b,l!‹; �û�‚à.°í�ìj¶ªW

š…qÕã¿!‹íªœ; �ü�þt,l-ø‚u�−�=�~õíœ0; �ý�ø,!

Bbíû˝�õ�

2 .°ã¿_�

m�d.,�rÖã¿�−‰“íl¾_�, ¹U�À(4_�N¬ø<%ð¶†, EªúÝ
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(49K(à�~õ)ªWã¿, à Stock and Watson (1993)� O…dcÿ probit, Hamilton

and Pérez-Quiros (1996), D Krolzig (1997) �_�Tø���

2.1 Probit _�

âk©ø‚�−ÕG.u«¢ÿu+`, Ä¤ Estrella and Mishkin (1998) 3"J probit

_�Vã¿„V�−‰“� I Rt Ñ/Ì¶hôƒíÓœ‰b, w²ì%ÈÊ� t ‚u´}

ßÞ«¢� 7� t ‚í�−ÕG Rt â-�²ì:

Rt = β′zt + εt, (1)

w2 zt H[	à�−ÕGíj„‰b, ¦�Ñ!Ä�=CälN™‰�0ír(‚‰b, /

cq εt �*�G}º� I Dt Ñ%�}wì� t ‚õÒí�−Õ”, ç Dt = 1 H[�−Y

ò, /

Dt =

 1 J Rt > 0

0 wF

] Dt = 1 êÞíœ0§ƒ Rt 	à, ¹

IP(Dt = 1) = IP(Rt > 0) = Φ(β′zt), (2)

w2 Φ(·) ÑÚ‹�G}º� ¤ probit _�í–Nƒbª[ýÑ:

L(β) =
T∑

t=1

{
Dt ln[Φ(β′zt)] + (1−Dt) ln[1− Φ(β′zt)]

}
, (3)

‚à|×–N,l¶, BbªJ)ƒ β í,lM, 1J Newey-West j¶,lwu‰æä³

Dl� t M�

Bk zt @v¨ÖÖý!Ä�=CälN™‰�0ír(á, BbSà Estrella (1998) ^

£ McFadden í pseudo R2 V‡i� ¹

pseudo R2 = 1−
(
Lu

Lc

)−(2/T )Lc

, (4)

w2 Lu H[„§Ì„í|×–N,lM, 7 Lc H[Î�báÕ, F�¡bÑÉ5§Ì„í

|×–N,lM� N¬ú (1) − (3) �í,l, Bbªl�|©ø‚�−«¢5œ0, 1‚à

¤_�ã¿„V�−«¢œ0D�~õ�
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2.2 ïªÚ�²_� I

Hamilton (1989) ílT|ïªÚ�²_�, àV·H%ÈñÍÊ.°ÕGÈí�GWÑ, ¹

.°ívõí�Ìb}§ƒÌ¶hôƒí¿R‰b	à� Layton (1996) D Chauvet and

Piger (2003) †ø¤_�@àkã¿�−‰“Dwì�−�~õ� Krolzig (1997) ^£ Hamil-

ton (1989) í_�, cq.°ÕGÈ�Ìbí�²óúœ�Ë, T| Markov switching vector

autoregression (MSVAR) _�, 1ø¤_�«àk�−�=}&� I st Ñ.ªhô5¿R

‰b, J st = 1 H[�−Ø", st = 2 H[�−Yò� cq°øv‚í!Ä�=DälN™

Ì§ó°í�−ÕGF	à, †Â‰¾í MSVAR _�ª[ýÑ:

Yt =

 yt

xt

 =

 cy,st

cx,st

 +

 ast(L) bst(L)

cst(L) dst(L)

 yt−1

xt−1

 +

 ε1t

ε2t


= Cst + Ast(L) Yt−1 + εt,

(5)

w2 yt Ñ!Ä�=‰�0, xt ÑälN™‰�0, L Ñr(«�j (lag operator), ast(L),

bst(L), cst(L), dst(L) Ñ L íÖá�ƒb� 7ÏÏá εt Å— i.i.d. Â‰¾�G}º,

εt =

 ε1t

ε2t

 ∼ i.i.d. N

  0

0

 ,

 σ11 σ12

σ21 σ22

  , (6)

Bbì2 st Ñø Markov chain, w�²ä³ (transition matrix) Ñ:

P =

 p11 p21

p12 p22

 ,

w2 pij = p(st = j|st−1 = i) Ñ�²œ0 (transition probability)� J (5) �Ñ!�, B

bªJ5?.°é�í MSVAR _�� J�−š�É	à!Ä�=DälN™‰�0íi�

á1, O1.	àABc¦[b, ¹r(‚íälN™ú!Ä�=í	à1.}§ƒ�−ÕG

í.°7�FÏæ, † MSVAR _�¢“Ñ MSI-AR _�:

Yt = Cst + A(L) Yt−1 + εt, (7)
1
JABc¦[b.§�−ÕG	à, âki�áD Yt �Ìb˛¤ÈæÊøìíÉ[, ¤_�¿Ö!Ä�=DälN™

‰�0í�Ì®Ä}§ƒ�−ÕGí	à�
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JÊ MSVAR _�-, ªø¥cqÏÏá εt íu‰æä³?}§ƒ st 	à, ¹

εt ∼ i.i.d. N

  0

0

 ,

 σ11,st σ12,st

σ21,st σ22,st

  , (8)

† MSVAR _��‰Ñ MSVAR-TV _�� …dø5?¤úé_�, ‚à|×–N,l¶,

BbªJ)ƒF�¡b,lM2, 1J–NMD SIC �_�²Ï™Ä, ²ìí|_r(‚b�

‚à_�,l!‹, Bb?l�.°ÕGí smoothed probabilities, filtered probabilities,

D prediction probabilities, yDwF_��óªœ�

2.3 ïªÚ�²_� II

Hamilton and Pérez-Quiros (1996) wÑF‚älN™.âÊ�−�=2äl!Ä�= q

‚, ¹ xt í‘K�Ìb}§ƒ st+q í	à, 7Ý st, O yt í‘K�ÌbE§ƒ st í	à,

Hamilton and Pérez-Quiros (1996) 3"à¤qìnö£5?ƒälN™Ê�−�=2FH

[í<2� Ä¤‹pälÕGÔ4íABc¦ïªÚ�²_� (MSLEAD-AR) ª[ýA

yt = µy,st + a(L)(yt−1 − µy,st−1) + b(L)(xt−1 − µx,st+q−1) + ε1t

xt = µx,st+q + c(L)(yt−1 − µy,st−1) + d(L)(xt−1 − µx,st+q−1) + ε2t

(9)

w2 ε1t D ε2t Å— (6) ��G}ºcq� a(L), b(L), c(L), d(L) Ñ L í p ¼Öá�ƒb�

ì2 s∗t Ñø Markov chain, ·H* st−p ƒ st+q F�ª?MíÕG‰b� Wà, J

p = q = 1, † s∗t ÿ� 8 �ª?8”, ¹

s∗t =



1 st+1 = 1, st = 1, st−1 = 1

2 st+1 = 2, st = 1, st−1 = 1

3 st+1 = 1, st = 2, st−1 = 1
...

8 st+1 = 2, st = 2, st−1 = 2

2
Ì�í,l¬˙~¡5 Hamilton (1994)�
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w�²ä³Ñ:

P ∗ =



p11 0 0 0 p11 0 0 0

p12 0 0 0 p12 0 0 0

0 p21 0 0 0 p21 0 0

0 p22 0 0 0 p22 0 0

0 0 p11 0 0 0 p11 0

0 0 p12 0 0 0 p12 0

0 0 0 p21 0 0 0 p21

0 0 0 p22 0 0 0 p22


Ä¤ÊøO8$5-, s∗t ª?íÕGu� N = 2p+q+1 ��

‚à|×–N,l¶, BbªJ,l|ø (N × 1) ²¾í‘Kœ0 ξ̂t|t, w2� i áÑ#

ì� t ‚m7Õ¯5-, êÞÕG i 5‘Kœ0� 7Ê� t ‚m7Õ¯5-, � t + 1 ‚®Õ

Gí‘Kœ0øªâ ξ̂t+1|t = P̂ ∗ξ̂t|t l�|� ¤Õ, Bb?ª* ξ̂t|t 2�|� t ‚�−«¢

(st = 2) 5œ0� Wà, ç p = q = 1,

IP(st = 2|It) = IP(s∗t = 3|It) + IP(s∗t = 4|It) + IP(s∗t = 7|It) + IP(s∗t = 8|It),

w2 It H[� t ‚F�m75Õ¯� Ä¤BbªJl�©ø‚�−«¢íœ0, 1DwF_

��óªœ� 7� t + 1 ‚�−«¢íœ0Ñ

IP(st+1 = 2|It) = IP(s∗t = 2|It) + IP(s∗t = 4|It) + IP(s∗t = 6|It) + IP(s∗t = 8|It),

Ì�ízpD,l¬˙~¡5 Hamilton and Pérez-Quiros (1996)� *ã¿íi�7k, âk

!Ä�=b�2õ” GDP ’e$lœ�v, ¨A!Ä�=b�yhí§�œälN™ÑM�

Ä¤, …dÔ�5?ç!Ä�=‰�É§r(‚älN™‰�	àíÔW, ¹ a(L) = c(L) =

0 í MSLEAD _��

3 ’e}&D_�,l!‹

älN™D!Ä�=b�í’e‚È* 1961 � 1 ~B 2004 � 12 ~, u 528  hôM� í

l, %�}‚à NBER ‡i!Ä�=ò¼ë�íj¶, °š‡úälN™ªWò¼ë�n‚

7



íwì, Bbøw!‹D!Än‚�óªœ, �k[ 2� !…,, Î7�ùŸD��Ÿ�−�

=ë�œälN™íë�n‚lêÞÕ, ×¶}älN™í�~õÌälk!Ä�=í�~

õ3� N¬sb�¼ëú@}&, Bb?jjälN™�~õ�Ìäl!Ä�=�~õûBü

_~� ªœ”«í8$Ñ�üŸ�−�=, Ì�älN™íò¼ë�n‚Ìœ!Än‚äl

�¬ø�5˝� ¤Õ, älN™D!Ä�=ò¼ÈíM/‚È (Duration), óœkë�Èí

M/v‚, x�.ú˚Ûï� ¹älN™ò¼äl!Ä�=ò¼�ÌÑý_~ (2PbÑü_

~), OälN™ë�äl!Ä�=ë��ÌÉ� 3.3 _~ (2PbÑú_~)� Ä¤, JJu

´�kMvÈV‡ìälN™íò¼Dë�, ª7R�!Ä�=5ò¼ë�u´V@í™Ä

Çi, älN™Êã¿�−ò¼í[Û, ª?ikã¿�−ë�í?‰�

ÇøjÞ, Bb6l�©Ÿ�−�=2, çälN™*ò¼ (ë�) Ër (�¯) (, ƒ�

-Ë (,¯) Öýì}ª, !Ä�=n}®ƒwò¼ (ë�), ¤éN�−�=Ü�2F‚í¿

� (Depth), M/‚ÈD¿�˛¤íÉ[~¡5Ç 2� *[ 2 BbªJ)ø: çälN™*ò

¼¥�(, �Ìb-±ø¡ 4%, %È�−n}¥p«¢� OälN™Éb*ë�¥�,¯�

Ì� 1%, %È�−ÿ×Û+`í�‘, Ä¤älN™Êò¼Dë��Ìäl�−í¿�?×

Û.ú˚íÛï4� ¥<!‹Ì�‡: ²ÏälN™ú„V�−‰“íã¿_�v, .â5?

¤.ú˚4, Ä¤ÀÓí(4_�ª?.¯¯¤Û°�

Î7J,‡úälN™D!Ä�=s6É[í«n, Bb6}��ìälN™D!Ä�

=£älN™D%ÈAÅ5Èu´æÊäl−r(É[� ;WÀ;�ì!‹, älN™D!

Ä�=b�Ìx�À;, ]úw¦AÍúbyÏ}� [ 3 Ñ.°r(‚- Granger Ä‹�ì

í!‹� BbêÛ.�ú!Ä�=‰�0Cõ” GDP AÅ0, Granger Ä‹�ìÌ‡"ä

lN™‰�0Ñ‡s6‰bír(b�, ¹älN™ír(áø�Œkã¿!Ä�=Cõ”

GDP AÅ0� ¥5, Garnger Ä‹�ì1.XM!Ä�=‰�0Cõ” GDP AÅ0�Œk

ã¿älN™‰�0, ¹¤ùb�.uälN™‰�0íäl‰b� [ 3 Granger Ä‹�ì

ÉuTÑXMälN™?ã¿„V�−‰“í�¥$l!‹�

3
w2älN™�úŸò¼ë�n‚D!Ä�=�~õó°, ]u�üŸälN™í�~õ’mÌŒkã¿�−‰“

4
Î7M/‚ÈD¿�Õ, ®Å�−ã¿œZ?l�Dý_~‡óª, älN™ZAáñ2, ,¯N™2,áñíªW,

1)„A�� (Diffusion) Nb� Jw�¬ 50, H[�−ø+`; JQk 50, H[�−ø«¢� M/‚È� ¿�D��1

˚Ñ�−ã¿í 3D ¶†, 7��}&ªTÑ„Vû˝j²5ø�

8



‡ú probit, MSVAR, MSI-AR, MSVAR-TV, MSLEAD, MSLEAD-AR �_�, Bb

Ìþt®�.°ír(‚bqì, 1J McFadden pseudo R2, SIC, C|×–N,lM�_

�²Ï™Ä²ì|_r(‚b, ª7)ƒ|�í_�¡b,l!‹� Bb²Ï 7 _|__�,

¨� PROBIT-LAG5, MSI-AR-LAG2, MSVAR-LAG1 MSVAR-TV-LAG1, MSVAR-TV-

LAG3, MSLEAD-LAG1, MSLEAD-AR-LAG2�, w,l!‹�k[ 4�[ 5D[ 6� â¥

<.°_�í¡b,lªø: älN™r(‚‰bÊ©ø__�2ÌrÆéOíiH, Ä¤

älN™‰�ø�Œkã¿„V!Ä�=‰“, O¥j²†1.pé� ¤ÕÊ MSVAR-TV

_�,l2, BbêÛ�−Yòv, älN™£!Ä�=í‰æ4Ìœ�−Ø"vb×, /s

6ÈíóÉ4Ê�−Yòv?œò�

4 š…qÕã¿!‹ªœ

…�ÿJ,.°íœ0ã¿_�}�ªWš…qº_˙�Dš…Õã¿[Û}&, BbÎ5

?.°_�²ÏíÄ†Õ, ?‚à$l�ìj¶, «n.°_�ã¿?‰í£ü4� w2š…

qº_‚È* 1961 � 1 ~B 2004 � 12 ~, ;W¤‚ÈF,lí�−«¢œ0D%�}

Fwìí�−�=n‚ó�ªœ, J‡iS�œ0_�[Ûœ7� 7š…Õã¿ô^}&†

‚à]c,lj¶, ¹|�,l‚ÈÑ 1961 � 1 ~B 1995 � 12 ~, J,l(í_�ú

1996 � 1 ~�−«¢œ0ªWã¿� yø,l‚È* 1961 � 1 ~ô.B 1996 � 1 ~, 1

ú 1996 � 2 ~5�−«¢œ0ªWã¿, J¤éR� Ä¤, š…Õœ0ã¿M* 1996 � 1

~B 2001 � 12 ~, u 72 _� yø¤œ0MD%�}wìí!Än‚�óªœ, J‡iS�

�~õã¿_�íš…Õ[Ûœ7�

4.1 .°_�²Ï!‹ªœ

‡ú.°ã¿_�, BbJ TPE, G¿�D£üwìª0�Ä†V²Ï|7_�� I Dt Ñ

%�}Ê� t ‚FwìíõÒ�−ÕG, ç Dt = 1 H[�−«¢, 7 D̂it Ñ� i _�ã¿

� t ‚�−u´«¢íœ0, †Bbì2 TPE Ä†Ñ:

TPE(i) =
1
T

T∑
t=1

(Dt − D̂it)2, (10)

9



J TPE(i) �ü, H[_� iã¿�−‰“í[Û�ß� d.,�àVÇ,_��~õã¿[

Ûí quadratic probability score (QPS; Diebold and Rudebusch 1989, 1991b), ¹D TPE

Ä†óéN� G¿�?u�àí_�²Ï™Ä, wì2Ñ:

L(i) =
1
T

T∑
t=1

[
Dt log(D̂it) + (1−Dit) log(1− D̂it)

]
, (11)

G¿� L(i) �k 0 D −∞ 5È, ç L(i) ��¡k 0, H[_� i ã¿�−‰“í?‰�#�

cqç_� i ã¿� t ‚�−«¢íœ0�¬ 50%, †Bbÿwì� t ‚í�−Ñ«¢�

¹I DP
it Ñ

DP
it =

 1 J D̂it > 0.5

0 J D̂it < 0.5

ì2_� i £üwì®‚�−ÕGí�Ìª0Ñ

S(i) =
1
T

T∑
t=1

∣∣∣DP
it + Dt − 1

∣∣∣, (12)

ç S(i) B×, H[_� i £ü‡ì�−ÕGí?‰B#�

[ 7 Ñ.°œ0ã¿_�š…q� Õ�~õÏÏ5ªœ� ílÿš…q_�º_8”7

k, Êr¶š…’e2, J MSLEAD-AR-LAG2 _�[Û|7, TPE c 0.13 ÑF�_�

2|ü; PROBIT-LAG5 _�†ÑŸ7, TPE Ñ 0.14� 7š…q�−«¢œ0ã¿|66

Ñ MSVAR-TV-LAG1 _�, TPE Ñ 0.30� wŸBb–}�−Ø"DYò‚È, ªœ.°

_�í�~õÏÏ[Û, êÛF�_�Ê�−Ø"v‚í TPE Ìóúœü, 7Ê�−Yòv

‚í TPE †óúœ×� w2�−Ø"v‚J MSVAR-LAG1 D MSLEAD-LAG1 _�í

TPEœü, OÊ�−«¢v‚J PROBIT-LAG5 _�í TPE[Û|7,7MSLEAD-AR-

LAG2 Ÿ5� ÿ.°_�š…Õ�~õã¿[ÛVõ, Jrñš…7k, J PROBIT-LAG5

_�í TPE |ü, c 0.11; MSLEAD-AR-LAG2 _�†ÑŸ76, TPE Ñ 0.14� y}�

‡úØ"DYò‚ÈVõ, w!‹D®_�Êš…q[Û×_ó°, MSLEAD-AR-LAG2 D

PROBIT-LAG5 _�í[Û.}+ˇ�

[ 8 Bb}&®œ0ã¿_�íGNbD£üwìªW� w2GNbÌ�Êš…qCš

…Õ, ÌJ PROBIT-LAG5 _�|Q¡k 0, wã¿[Û|7, MSLEAD-AR-LAG2 _�

10



Ÿ5, 7J MSLEAD-LAG1 _�íã¿[Û|Ï� Jªœ®_�£üwì�−ò¼Dë�

íªW, Êš…qJ MSLEAD-AR-LAG2 _�£üwì!Än‚íªW|ò; Êš…Õ†

J PROBIT-LAG5 _�£üwì�~õíªW|ò� ¤ÕM)·<u: Ì�J¨ø�N™,

MSVAR-TV-LAG1 _�Êš…qí[Û1.Ü;, OÊš…Õ[ÛN˛ÌÑ�ú7_��

¥5, MSVAR-TV-LAG3 _�ÖÍš…q[Ûþª, OÊš…Õ�~õã¿[Û†.Ü;�

Ä¤, Bb6ø MSVAR-TV-LAG1 _�íõ„!‹�k…d2�

4.2 ã¿Äü4�ì

âk.°_�í TPE ¿�ÑøÓœ‰b, ._¯Éªœ.°_�Èí TPE ×ü, ÿwì¨

ø_�íã¿?‰œ7, ªœßíj�@*ã¿£ü4�ìV‡iµø_�x�œ7íã¿

?‰� d.,�àíã¿£ü4�ìÑ Diebold and Mariano (1995), …�BbøJ¤�ì

‡iµø_�ã¿[Ûœ7�

I Et = (Dt− D̂it)2− (Dt− D̂jt)2, w2 i, j }�H[.°íã¿_�, † Diebold and

Mariano (1995) �ìª[ýÑ

DM =
√

TĒ√
2πf̂E(0)

(13)

w2

2πf̂E(0) =
T−1∑

τ=−(T−1)

1
(

τ

W (T )

)
r̂E(τ),

r̂E(τ) =
1
T

T∑
t=|τ |+1

(Et − Ē)(Et−|τ | − Ē),

1
(

τ

W (T )

)
=

 1 ç

∣∣∣ τ
W (T )

∣∣∣ ≤ 1

0 wF,
Ē =

1
T

T∑
t=1

Et

1(·) H[.°í‹�ƒb, Wà, Bartlett window� J Ē �¡kÉ, H[_� i D j íã¿

Äü�ó¡� Diebold and Mariano (1995) „p: ç T �¡kÌ¤×, w$l¾xÚª�G,

¹ DM D−→ N (0, 1)� Ä¤, BbªJ�ì.°_�Ê�−«¢œ0ã¿jÞS6œi, 1D

‡ü�J_�²ÏÄ†í}&ó�ð„�

11



[ 9 Ñ Diebold and Mariano (1995) í�ì!‹� *š…q�ì!‹)ø: PROBIT-

LAG5 _�D MSLEAD-AR-LAG2 _�íº_[Û, 1Ì$l,éOÏæ� O¥s__�

Ê,l�−«¢œ0íº_�éOËikwF_�� 7ÿš…Õã¿�ì!‹7k: Diebold

and Mariano (1995) �ì1Ì¶‡" PROBIT-LAG5� MSLEAD-AR-LAG2 D MSVAR-

TV-LAG1 �_�ã¿ô^ó°í™Ìcq� Ä¤, *J,š…qÕ�ì!‹BbªJ¦Ñ

)ƒ: PROBIT-LAG5 D MSLEAD-AR-LAG2 _�Ê,lCã¿«É�−«¢œ0pé

ikwF_�� JBbJ�−«¢œ0u´×k 0.5 TÑ‡ì�~õíYW, †¤ù_�?

ªTÑBbã¿«É„V�−�~‰“í|7_��

5 �~õœ0ã¿

;WJ,õ„!‹, JBb˛ø…‚älN™D!Ä�=‰�0, ¹ª,l-ø‚�−êÞ

«¢C�~õíœ0� Bbl�e®_�Ê.°võ�−«¢œ0í,l[Û, w!‹éý

kÇ 3� Ç 4DÇ 5, Ç2µ	¶}Ñ%�}wìí�−«¢v‚� BbêÛ PROBIT-LAG5

_�D MSLEAD-AR-LAG2 _�×_,Ì?�šƒ©øŸò¼ë�n‚, Ä7?¦³�−

�~‰“� O PROBIT-LAG5 _�ú«¢œ0,líš�4œ MSLEAD-AR-LAG2 _�

Ñ×, éýwÖ?¦³©øŸ�−�=í‰“, OÏ‡�−Õ”íª?4?óúTò� ¤Õ,

90 �HJ(, MSLEAD-AR-LAG2 _�y?¦³«É©øŸ�−�=š�� BkwF_�

í«¢œ0,l[Û†.ÝÜ;, w2J MSVAR-TV-LAG3 _�«¢œ0,líš�4|

×, MSLEAD-LAG1 _�«¢œ0,líš�4|ü, [ý¤ù_��š�−‰“í?‰Ñ

¬D.£�

Ñ7ªø¥éý MSLEAD-AR-LAG2 _�Ê¡�Ÿ�−�=2ã¿�~õí?‰, Bb

ø�ûŸB��Ÿ�=2ò¼ë�‡(ý_~í«¢œ0,lM, }��k[ 10D[ 11�í

l‡ú�−ò¼wì?‰7k, Î7�üŸD�þŸí�~õ‡ìÕ, MSLEAD-AR-LAG2

_�F,lí«¢œ0ÌT‡ãµ�−ø¥p«¢, ¹�−«¢œ0Ê%�}tÓn‚5‡

ÿ�¬ 50%, ]wwìíò¼n‚Ìœ%�}wìín‚Ño� ÇøjÞ, ÿ�−ë�wì

?‰7k, Î7�üŸ�~õÕ, MSLEAD-AR-LAG2 _�,l5«¢œ0?œ%�}íë

�n‚T‡Qk 50%, ¹9lãµ�−øMÚ+`, ]wwìíë�n‚6ª%�}Fwì
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n‚Ño� M)·<u: MSLEAD-AR-LAG2 _�Êã¿�üŸ�−�=ò¼ë�í[Û

œÏ� ¤Ÿ�=«¢‚×�Pk�ùŸ?Ä·œË¡, /�üŸ�−�=x�×�=2æÊ

ü�=í�−š�4”, c_�−�=‚Å® 96 _~, ¨A MSLEAD-AR-LAG2 _�wì

?‰œÏ� Í7, ��øŸ�−�=D�üŸ�−�=í4”Q¡, âk SARS 9K	à, U

)��øŸ�−�=2?æÊü�=š�, O MSLEAD-AR-LAG2 _�ú¤9Kí¥@†

œxº#4, ~¡5Ç 5� ].°k PROBIT-LAG5 _�, MSLEAD-AR-LAG2 _�F,

lí«¢œ0ú SARS 9K5s
ÕÞ§U1.Ü>�

âkÅqõ„d.êÛ5: «É%ÈÊ 90 �HJ(ßÞ!Z4Z‰� Ä¤BbÉ‚à

1990 � 1 ~B 2003 � 12 ~í’e, ½h,l PROBIT-LAG5 _�D MSLEAD-AR-

LAG2 _�, 1‚à¤_�,l!‹ú 2004 � 1 ~B 2005 � 5 ~í�−«¢œ0ªW

one-step-ahead ã¿, °v‡ì��øŸ�−�=íò¼n‚� ‡ú MSLEAD-AR-LAG2

_�7k, ©øŸ one-step-ahead œ0ã¿Ìuø|hø‚’eHp, J recursive j¶½

h,l_�[b, yªWø‚�−«¢œ0ã¿� 7ÿ probit _�, ?J|hø‚älN™

‰�0’e¥ºHpF,lí_�2, yhw�−«¢œ0íã¿M�

Ç 6 D[ 12 Ñs_��−«¢œ0ã¿!‹� w2 MSLEAD-AR-LAG2 _�ã¿�

−«¢íœ0k 2004 � 7 ~�¬ 0.5, wã¿M (0.57) ?œ‡ø_~ (0.01) ×Ù,¯, /

MSLEAD-AR-LAG2 _�ã¿%(®~í�−«¢œ0Ì×k 0.5, 1M/,¯B 0.99� ¤

_�ã¿éý: «É��øŸ�−�=ª?Ê 2004 � 6 ~ ®ƒò¼, 7k 2004 � 7 ~Ç

áªp�−Yò‚È, ]¤Ÿ�−�=íØ"‚,uM/7 33 _~� ÖÍ…låwÑ��ø

Ÿ�−�=íØ"‚œ‡sŸ�=Ø"‚ÑÅ, OEQkv��−�=Ø"‚í�ÌM (C

2Pb)� /¤ŸØ"‚2¨Ö SARS 9Kís
ÕÞ§U	à, .í¬owì��øŸ�−

�=Ø"‚˛T‡!!�

ÇøjÞ, PROBIT-LAG5 _�ã¿í�−«¢œ0†k 2004 � 10 ~�¬ 0.5, 1k

%(®~./,¯, éý PROBIT-LAG5 _�wì«É��øŸ�−�=íò¼Pk 2004

� 9 ~, �−Ø"‚uM/7 36 _~� Ä¤, MSLEAD-AR-LAG2 _�Fwì�−«¢‚

œoêÞ, wÊ��øŸ�−�=�~õã¿,, œ PROBIT-LAG5 _�?T‡¦³„V�

5
à�5# (2001), Æ‘M� Š^ë� -p¸ (2001) ��
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−‰“j², /.q§ƒs
ÕÞ§Uí	à (à SARS 9K), ]êÞ�−ÕGÏ‡íœ0

œü, ¤¶}ªTX\�Òì%È ì\µ5¡5�

6 !�

…lå*ã¿?‰íi�|ê, Ê.°íœ0_�2, 5?älN™r(á‰b, ı�N¬¥

<m7, £o¦³„V�−‰“Dò¼ë�n‚� Bbíl«nälN™D!Ä�=Èíó

É4, 1ªœ.°_�ã¿�−«¢œ0í[Û, v||7í�~õã¿_�, JT¯ú�−

�=�~õã¿5�ü4� õ„!‹êÛ PROBIT-LAG5 D MSLEAD-AR-LAG2 _�Ê

š…qDš…Õã¿ô^[Û,, péikwF_�� …lå?,l 2004 �J(�−êÞ«

¢íœ0, êÛ«É��øŸ�−�=íò¼×�Pk 2004 � 6 ~, 7 2004 � 7 ~Bñ‡

Ñ��øŸ�−�=íYò‚, ¤õ„!‹ªTX\�ÏW ì\µ5¡5� …lå„Ví

ô.j²ªO½k�−�=2.ú˚4”, #|ÓO�−ÕGTkØ"CYòv‚, älN

™‰�ú!Ä�=‰�íã¿?‰?�F.°, Ä7	à�~õíœ0ã¿, !¯Æ§‰b

DïªÚ�²_�N˛ªJTÑ„Vû˝íj²�
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[ 1: «ÉvŸ�−�=ò¼ë�n‚

�=ßå ë� ò¼ ë� Ø"‚ (~) Yò‚ (~)

1 1954:11 1955:11 1956: 9 12 10

2 1956: 9 1964: 9 1966: 1 96 16

3 1966: 1 1968: 8 1969:10 31 14

4 1969:10 1974: 2 1975: 2 52 12

5 1975: 2 1980: 1 1983: 2 59 37

6 1983: 2 1984: 5 1985: 8 15 15

7 1985: 8 1989: 5 1990: 8 45 15

8 1990: 8 1995: 2 1996: 3 54 13

9 1996: 3 1997:12 1998:12 21 12

10 1998:12 2000: 9 2001: 9 21 12

�ÌØ"� Yò~b (2Pb) 40.6 (38) 15.6 (13.5)

’eVÄ: W\Í%È�qãº}
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[ 2: älN™D!Ä�=ò¼ë�5ªœ

�=ßå !Ä�= älN™ äl(−)r((+)~Mb äl�−¿� (%)

2 ò¼ 1964: 9 1964: 4 −5 −3.15

ë� 1966: 1 1966: 2 +1 −3.03

3 ò¼ 1968: 8 1968: 2 −6 −1.33

ë� 1969:10 1969: 2 −8 +4.37

4 ò¼ 1974: 2 1973:11 −3 −0.40

ë� 1975: 2 1974:11 −3 +2.50

5 ò¼ 1980: 1 1978: 9 −16 −7.26

ë� 1983: 2 1981:11 −15 +2.79

6 ò¼ 1984: 5 1984: 1 −4 −5.26

ë� 1985: 8 1985: 8 0 0.00

7 ò¼ 1989: 5 1988: 8 −9 −9.12

ë� 1990: 8 1990: 5 −3 +0.28

8 ò¼ 1995: 2 1994:10 −4 −2.74

ë� 1996: 3 1996: 3 0 0.00

9 ò¼ 1997:12 1997:12 0 0.00

ë� 1998:12 1999: 2 +2 −0.97

10 ò¼ 2000: 9 2000: 2 −7 −6.22

ë� 2001: 9 2001: 5 −4 +3.06

�Ìr(~Mb (2Pb) −4.7 (−4)

ò¼ (ë�) äl�−�Ì¿� −3.9 (+1.0)

’eVÄ: W\Í%È�qãº}DT6AWcÜ�
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Duration 

Leading Indicator 

Depth 

Reference Cycle 

Ç 2: �−�=¿�DM/‚È

[ 3: Granger Ä‹É[�ì

F $l¾ (p M)

H0 ` = 1 ` = 2 ` = 3 ` = 4

älN™ 6→ !Ä�= 7.07 (0.01) 3.21 (0.04) 5.68 (0.00) 5.12 (0.00)

!Ä�= 6→ älN™ 0.91 (0.34) 0.61 (0.54) 0.59 (0.62) 0.39 (0.82)

älN™ 6→ %ÈAÅ 18.06 (0.00) 8.47 (0.00) 6.06 (0.00) 3.50 (0.01)

%ÈAÅ 6→ älN™ 0.04 (0.85) 0.27 (0.76) 0.91 (0.44) 0.26 (0.91)

Å: �ìälN™D!Ä�=ÈÄ‹É[í’e‚ÈÑ 1961 � 1 ~B 2004� 12 ~,

u 528 _hôM� �ìälN™D%ÈAÅÈÄ‹É[í’e‚ÈÑ 1961 �� 1 �B

2004 �� 4 �, u 176 _hôM� ` H[Fqì5r(‚b�
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ĉ x

,2
=
−

0.
15

(0
.2

3)
,

p
1
1

=
0.

95
(0

.0
3)

,
p
2
2

=
0.

81
(0

.0
1)

M
SV

A
R

-L
A

G
1

s t
=

1
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[ 7: .°_�š…qÕ�~õã¿ÏÏªœ

rš… Ø"‚ Yò‚

š…q š…Õ š…q š…Õ š…q š…Õ

PROBIT-LAG5 0.14 0.11 0.07 0.08 0.30 0.15

MSI-AR-LAG2 0.28 0.22 0.11 0.05 0.70 0.50

MSVAR-LAG1 0.19 0.25 0.01 0.01 0.61 0.66

MSVAR-TV-LAG1 0.30 0.18 0.10 0.11 0.74 0.29

MSVAR-TV-LAG3 0.23 0.33 0.10 0.004 0.53 0.88

MSLEAD-LAG1 0.26 0.25 0.01 0.01 0.86 0.65

MSLEAD-AR-LAG2 0.13 0.14 0.02 0.07 0.39 0.26

Å: š…q‚ÈÑ 1961 � 1 ~B 2004 � 12 ~, u 528 _hôM; š…Õã¿‚È

Ñ 1996 � 1 ~B 2001 � 12 ~, u 72 _hôM�

[ 8: .°�~õ_�ã¿£ü45ªœ

GNb £üwìªW

š…q š…Õ š…q š…Õ

PROBIT-LAG5 −0.43 −0.33 0.79 0.86

MSI-AR-LAG2 −0.95 −0.64 0.69 0.64

MSVAR-LAG1 −0.87 −1.05 0.78 0.72

MSVAR-TV-LAG1 −1.11 −0.54 0.64 0.78

MSVAR-TV-LAG3 −0.99 −1.41 0.71 0.63

MSLEAD-LAG1 −1.79 −1.42 0.72 0.71

MSLEAD-AR-LAG2 −0.52 −0.50 0.83 0.81

Å: š…q‚ÈÑ1961�1~B2004�12~, u528_hôM; š

…Õã¿‚ÈÑ1996�1~B2001�12~, u72_hôM�

24



[
9:
ã

¿
�

−
«
¢

œ
0

ô
^

�
ì

P
R

O
B

IT
-

M
SI

-A
R

-
M

SV
A

R
-

M
SV

A
R

-
M

SV
A

R
-

M
SL

E
A

D
-

M
SL

E
A

D
-

L
A

G
5

L
A

G
2

L
A

G
1

T
V

-L
A

G
1

T
V

-L
A

G
3

L
A

G
1

A
R

-L
A

G
2

š
…

q

P
R

O
B

IT
-L

A
G

5
0.

00

M
SI

-A
R

-L
A

G
2

−
5.

69
∗

0.
00

M
SV

A
R

-L
A

G
1

−
2.

67
∗

4.
20

∗
0.

00

M
SV

A
R

-T
V

-L
A

G
1

−
6.

20
∗

−
2.

26
∗

−
4.

33
∗

0.
00

M
SV

A
R

-T
V

-L
A

G
3

−
4.

37
∗

1.
77

∗
−

1.
77

∗
2.

93
∗

0.
00

M
SL

E
A

D
-L

A
G

1
−

4.
98

∗
0.

29
−

4.
17

∗
1.

68
∗

−
1.

31
0.

00

M
SL

E
A

D
-A

R
-L

A
G

2
0.

35
6.

36
∗

4.
35

∗
6.

48
∗

4.
38

∗
5.

80
∗

0.
00

P
R

O
B

IT
-

M
SI

-A
R

-
M

SV
A

R
-

M
SV

A
R

-
M

SV
A

R
-

M
SL

E
A

D
-

M
SL

E
A

D
-

L
A

G
5

L
A

G
2

L
A

G
1

T
V

-L
A

G
1

T
V

-L
A

G
3

L
A

G
1

A
R

-L
A

G
2

š
…

Õ

P
R

O
B

IT
-L

A
G

5
0.

00

M
SI

-A
R

-L
A

G
2

−
2.

60
∗

0.
00

M
SV

A
R

-L
A

G
1

−
2.

47
∗

−
0.

66
0.

00

M
SV

A
R

-T
V

-L
A

G
1

−
1.

51
1.

26
1.

24
0.

00

M
SV

A
R

-T
V

-L
A

G
3

−
3.

06
∗

−
2.

52
∗

−
1.

87
∗

−
2.

14
∗

0.
00

M
SL

E
A

D
-L

A
G

1
−

2.
20

∗
−

0.
59

0.
00

−
0.

98
1.

64
0.

00

M
SL

E
A

D
-A

R
-L

A
G

2
−

0.
86

1.
93

∗
1.

65
∗

0.
65

2.
55

∗
1.

97
∗

0.
00

Å
:

w
2

D
M
$
l
¾

u
J
W

5
Ï

Ï
�

j
Á

 
�

5
Ï

Ï
�

j
‹

J
l
�

)
|

�
∗

H
[

1
0
%

é
O

®
Ä

-
,

Â
®

�
ì

‡
"

_
�
ã

¿
ô

^
Ì

Ï
æ

5

™
Ì

c
q

�
J

£
é
O

H
[

�
_

�
i

k
W

_
�

,
J
Š

é
O

H
[
W

_
�

i
k

�
_

�
�

25



PROBIT-LAG5 Model

0.0

0.2

0.4

0.6

0.8

1.0

1965 1970 1975 1980 1985 1990 1995 2000

MSI-AR-LAG2 Model

0.0

0.2

0.4

0.6

0.8

1.0

1965 1970 1975 1980 1985 1990 1995 2000

MSVAR-LAG1 Model

0.0

0.2

0.4

0.6

0.8

1.0

1965 1970 1975 1980 1985 1990 1995 2000

Ç 3: .°_��−«¢œ0D CEPD !Än‚5ªœ

26



MSVAR-TV-LAG1 Model
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MSLEAD-AR-LAG2 Model
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[ 12: ��øŸ�−�=í�~õã¿

n‚ MSLEAD-AR-LAG2 PROBIT-LAG5

2004:01 0.004 0.001

2004:02 0.001 0.000

2004:03 0.001 0.000

2004:04 0.000 0.000

2004:05 0.000 0.000

2004:06 0.010 0.005

2004:07 0.570 0.028

2004:08 0.662 0.082

2004:09 0.761 0.443

2004:10 0.530 0.693

2004:11 0.751 0.755

2004:12 0.880 0.682

2005:01 0.954 0.710

2005:02 0.979 0.894

2005:03 0.998 0.982

2005:04 0.990 0.923

2005:05 0.990 0.984

Å: _�,l‚ÈÑ 1990 � 1 ~B 2003 � 12 ~, ‚

à]c,lj¶, ªW one-step-ahead ã¿�
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