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1 ‡k

Ê%Èr7“£À¢Aâ“í¨ã-, ÅÒÈíüq¾£’…��Ó5Tò, U)Õ−
Òí

A>¾nïØ×, −0íš�Ù�ó$5-œJ%yÑØ×/äõ� ÄÑ−0u	àª|¨�

%È�−DÅqÓgí½b‰b, wš�}JòQ£ÈQíj�	àøÅÅqí%È8‘, «

w¡�Ö�V, ®Å%Èê�MÚ�OAâ“DÅÒ“j², Ä¤−0úÅðíÞßDÅ¬Þ

ºí	à}BVBòQ�

¬ rÖd.tÇN¬−0í²ìÜ�, þtj„−0ÑS}×Û®�.°í•‘,øOJ

-�û_½bÄÖ �Zzp	à−0‰�ŸÄ, ¨�sÅÈíóú¦Œ�30� õ”‚0�

%ÈAÅ0£\�í−0\µ� Í7A 1973 �Ó�áRŠ›ì (Bretton Woods Agree-

ment) ?j(, ®ÅÕÕSWª�−0„�, Ê±ñDõ”−0Ì|Û7×Ùš�íÛï� ;

W¬ õ„û˝í!‹, Ê,Híû_ú−0	àÄÖ2, \�í−0\µÄÖ, ú−0•‘í

	àÉæÊs‚^‹, Å‚7k, −0•‘E§
ÒÄÖí	àAMœÖ� ¦Œ�30� õ”‚

0�%ÈAÅ0Ñ	à−0‰�í3Ä, ]−0ÊÅ‚•‘,u¥@7
Ò;…ÄÖí‰“�

Engel and Hamilton (1990) {Tƒ, JJ˛�‰�gz (purchasing power parity,

�˚ PPP) íhõ, çsÅÈíóúÓg®ÄøòTkóç� É[v, †û_±ñ−0íš

�íŸÄª?uÝVAóúÓg®ÄÄÖF¨A� ?¹ø±ñ−0pÎóúÓg®Ä(7)ƒ

íõ”−0, wš�WÑuVAÝóúÓg®ÄíwFÄÖí	à� 7õ”−0í²ì}§ƒ

%ÈñÍ2í/<
Ò!bíZ‰7	à, Stein (1990)„pçsÅÈíÞß‰Cþ}vÈR

ßæÊÏæv, Ì}úÌ©õ”−0ßÞ	à� ç¥<
Ò!bêÞ0�‰�v, Ì©õ”−

0?øêÞ0�‰�í!Z4‰��

õ”−0u´æÊ!Z4‰�? Ï1Ä£Ï�ß (2003)ød2J�â$l�ìíj�, «

nh«Þf1jõ”−0í4”, w!‹éýh«Þf1jõ”−0ÑøæÊs_!Z‰�/

Y�ÝìG¬˙íb�� Payne, Lee and Hofler (2005) £ Narayan (2005, 2006) ?«à
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Lee and Strazicich (2003) F�‡í¨Ö!Z4‰�í LM À;�ì$l¾£ Sen (2003)

í:¯�ìj¶, J�ìõ”−0u´x�À;?Cux!Z4Z‰íìGb�� OuÊx!

Z4‰�íÀ;�ì2, âk�ì$l¾…™íÌ„, vj¶Éors_!Z4‰�æÊ «

nb�u´æÊÀ;� Í7Jõ„íhõ, cq’eÉæÊs_!Z4‰�N˛¬kÃ�, 9õ

,wª?æÊÖks_J,í!Z‰�7ßÞhô‰bTk.°íÕG� ]Bbı��âl¾

_�j�Vô.¥_‡æ, J Engel and Hamilton (1990) FTíÔªáx�ïªÚ�²í

ÓœØ¥_�, «nõ”−0u´x�Óœ}¨�‘íš�WÑ? Í7çø%ÈñÍí
Ò!

bíZ‰, àÀ¢Aâ“£wF‹%9K�, w	à}x�M/4^‹, U)‡(‚ÕG×Ûó

É, 9õ,BbFhôƒõ”−0•‘, Ê/ø¨‚È×ÛJÀj²í��7,->�ÖÓš

�WÑ, ¥Ûï£ßã@O,HR�� 7õ”−0Fx�íÔ45WÑ•‘, £ßª‚àïª

Ú�²_�4”V·H…, ]Bbø_�qìAi�áÑø¼Â½ÕGíxïªÚ�²œ„5

ÓœØ¥_�, â¤�qÞ4�²5_�qìj�V�šõ”−0Ê¯MÕG£2MÕGÈí

ó�~²� ¤Õ, Bb6�ð¤_�íš…Õíã¿?‰, DÀ½ÕGxÔªáÓœØ¥_�

ªWªœ�

BbJ«É� ÚÅ£h‹�úÅÑû˝úï, 3bŸÄÊ¬ õlª�−0„�‚È, ¥ú

_ÅðÊ%ÈDÀ¢ê�Ì×ÛéOÆ“¬˙, TX7îóí}&’e� ,HÅðÌ˘k|¨

û²í%Èñ, ò�Y˝ÅÒüq/úÕ˛¤Tk¬�É[, −0íš�%%}úÅð%È¨

A½×í§U, ]Ê®Åõ”−0‰“í*(u´NÐOÅð¬�‰£%È[ÛíZ‰�

…du}Ñü_ı�ªWn�, �øıÑ‡k; �ùıÑ�è¬ õ”−0óÉíd., Ê

«nõ”−0b�í4”v, ÊBó‘K-�°¿Ö˛�‰�gzA
ªWn�, /�Éõ”

−0Ý(4�G|cd.; �úı�Ü…díõ„_�£,l˙å, _�íqìJ Engel and

Hamilton (1990) FTíÂ½ÕGø¼ïªÚ�²_�V�š®Åõ”−0íš�WÑ; �

ûıÑõ„!‹, ílzp…dFUàí’e£®Åõ”−0í!…$lÔ4, y«à–Nª
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�ìJÙ²®Å_¯í_�qì, J£�ì’eíÔ4u´_¯JïªÚ�²_�VTÜ, 1

‡ú®Å’eí,l!‹ªW}&, Jç‚œ0•}õ”−0Tk2M£¯MÕG‚È� �ü

ıÑ!�D�‡�

3



2 õ”−0íóÉd.�è

2.1 õ”−0íì2

øO7k, Bbøõ”−0ì2Ñ±ñ−0Ê5¾sÅÈíÓg®ÄÏæ(7)í−0®Ä,

Í7ÑSb–}±ñ−0Dõ”−0? 3bÊk±ñ−0íZ‰„.}	à$“ÊÅÒ
Ò

í¬�?‰, ÍÊõ”−0íZ‰†üõ}	à$“íA…D‚â!Z, ª7	àwÊ
Ò,

¬�?‰, Ä¤õ”−0\çAøÅúÕüq¬�‰íN™� ¬ d.úõ”−0íì2, ×_

}Ñ3bs×é, øuJ˛�‰�gzíhõÑ
!, ø±ñ−0 (St) JÕÅÓg®Ä (P f
t )

ú…ÅÓg®Ä (Pt) íªMd|c(7)õ”−0 (Qt),

Qt = St
P f

t
Pt

Çø�õ”−0íì2uüq‹DÝüq‹Èíóúg�, wcqüq‹g�Ê0ä®ËÌu

ó�í,

Xt =
Pt

t
Pn

t
= St

P∗t
t

Pn
t

Xt�Pn
t }�Ñ� t víõ”−0£Ýüq‹g�, Pt

t �P∗t
t }�ÑÊ� t vÊ…Å� ÅÒíü

q‹g��

…dSà�ø�íõ”−0íì2Ñû˝íúï,øOBb6ø¤� PPP˚Ñ"ú˛�‰

�gz (absolute PPP)� Í7Å‚í PPP u´A
Dõ”−05vÈb�í4”�ò~í

É[, 3bÊkJø"ú PPP ¦úb(,

qt = st − pt + p f
t

üŸå‚H[®‰b¦AÍúb(� õ”−0 qt ªJeÑR× PPP ®ÄMí¶}, éÍJb

PPP ·æA
, õ”−0@Ñø�b� ]BbªSà$lj¶J�ðõ”−0b� {qt} u´

x�ìG4” (stationarity) «n PPP A
D´�

4



2.2 õ”−0íõ„d.

2.2.1 À;�ìd.

Ê1980�H2‚ƒw‚, d.,J�ìõ”−0u´x�ìG4, TÑÅ‚ PPP u´A
í

YW� ?¹�ìõ”−0u´x�À; (unit root) J‡i PPP A
D´, wUàj¶˚5Ñ

Augmented Dickey-Fuller (�ŸA ADF) �ì, wøO�[ýÑ:

∆qt = γ0 + γ1t + γ2qt−1 + A(L)∆qt−1 + et

�2 ∆ H[ø¼Ï}5«�ä, A(L) H[]ô«�ÄäÑ P ¼íÖá�, et ÑëÇß (white-

noise process)� Uà ADF �ìw™ÌcqÑ H0 : γ2 = 0 , JÌ¶‡" H0 , †[ýõ”

−0x�À;íÛï, ¿ÖOõ”−0³�Å‚íÌ©®Ä� OJb PPP A
,Î7Q§ú


cq H1 Õ,´Û¯¯ γ1 < 1í‘K�

Çø��àV�ìõ”−0u´Ñììíj¶Ñ‰æbªW (variance ratio) �ì, wj

¶ÑÌ‚b�ìj¶, |oâ Cochrane (1988), àV¿�õ”−0íM/4, w�ì�Ñ:

z(k) =
1
k

Var(qt − qt−k)

Var(qt − qt−1)

w2 k Ñ£cb,Var H[‰æb� J qt ¯¯À;4”v, Z(k) @vóçk 1 M, 6ÿu k

‚í‰æbuÀø‚‰æbí k I, ¥5, J qt �Ìb+¦ (mean-reversion) íWÑ, w

Z(k) M}�k0 ¸15È�

Í7õ„!‹êÛ, Êª�−0„�-, b‡"õ”−0x�À;í™Ìcqu'˚Øí,

àÊíÜâuf$À;�ì$l¾��ì‰.—í½æ, «wÊb�Ê¡NÀ;¬˙8”-�

Frankel (1986;1990) l‡˛T|ø†m, Ê1980�Hv‚�ìõ”−0íÅ‚ ì4, }

��ì‰.—í½æ (Lothian, 1986; Froot and Rogoff, 1995; Lothian and Taylor,

1996)� ÄÑJ×�25�‚í’eªW�ì, Ì¶Ë�—Dím7 êÛõ”−0u´�Ìb
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+¦íWÑ� Shiller and Perron (1985), N¬PËµ˚tð (Monte Carlo experiment)

j¶, !‹êÛû˝Aº.?�âÓ‹’eíä0VZ¾�ì‰.—í½æ� 6ÿuJbZ¾

¤½æ, BbÛbJvÈœÅíQä’e,  �Œõ”−0íWÑ�

OÊJÅ‚’e«nõ”−0íWÑv, °š§rÖA”O, w23bíø_�õu, Heg-

wood and Papell (1998) çš…’e‚ÈØÅv, w−0„�íZ‰, }Äõ”§UU)Ì

©õ”−0ßÞ‰�� Ä¤, úkUàÅ‚’eíû˝, Û5?u´�!Z4‰�êÞ� Fb

6êÛR× PPP í®ÄMí‚È×�Ê 3 B 5 �, ?¹ç−01×y�+Å‚Ì©®Ä, �

ÌbI‘ 3 B 5 �˝¬� Rogoff (1996) °š6êÛõ”−0æÊpéËò�M/4� OÊ

Lothian and Taylor (2000) û˝2ºêÛR× PPP ®ÄMí‚ÈuÊkù�šJ-�

Taylor (2001) T|ª?}êÞò,R× PPP ®Ä‚Èís_3bŸÄ, ø_u’e�

temporal aggregation ½æ, ?¹çUà’eíä0œQ, wêÞò,R× PPP ®Ä‚È}

ÓO’eä0BQ7×Ûò,� Çø_Üâuõ”−0í|cª?ÑÝ(4� Í7‡ú tem-

poral aggregation ½æ, 6ÿuƒ�bSàS�’eä0nu_çí, ¥½æúkû˝Aº

7ku'Ø“4, ŸÄÊkJbfn temporal aggregation ½æ7Sàœòä0’e, wu

´}°vô.|Å‚’eû˝-FTí�ì‰.—í½æ� Ä¤, (/íû˝Çá‡úõ”−

0ª?æÊJÝ(4j�T|cí‡æT«n�

2.2.2 õ”−0íÝ(4í�G|c

Ê¬ f$íÀ;�ì£l¾_�Ìu�
Ê‰bÑ(4É[cq-, Íç‰bæÊÝ(4í

|c¬˙v, (4_�ø.y_à� Ä¤, Ê«nõ”−0š�WÑv, JøÇácqõ”−0

Ñ(4ABc¦í¬˙v, w_�<ÖOõ”−0í|c¬˙uJ©//	ìí§�d|c,

U)|c§�.}ÄR× PPP í˙�×ü7�F.°, 7Ì¶j„õ”−0æÊø¨‚ÈR

× PPP ®ÄMíÛï� Ä7rÖç6Çáı��âø_œ¯¯öõ=1íl¾_�, Ñ¥_

6



ÛïíêÞàJTXø_¯Üíj„�

9õ,, ÅÒÈíüquæÊO®�>qÆ§, 7ô.|7Êöõ0ä³®ÅÈüquæ

Ê>qA…, kuÿ�ç6ø>qA…ÄÖ‹p_�íqì2, JøæÊ�>qA…í−0Ì

©_�V«n, k˚é>qA…íæÊ}U)õ”−0}æÊø¨‚ÈR× PPP ®ÄMíÛ

ï� à Benninga and Protopapadakis (1988)� Dumas (1992)�Sercu, Uppal and van

Hulle (1995)�vé_�Ì©íÔH, Ä>qA…æÊ, õ”−0×ÛM/4ËR× PPP ®Ä

M�

Dumas (1992) Ñõ”−0ÑS}×ÛR× PPP ø¨‚È, TX7ø_ÊÜ�,í<

Ö, wcq
ÒÈÄ§ËÜP0ÄÖ7˛¤\–½, /æÊªWí>qA…-, U)õ”−0

ÊR× PPP v, b�+ƒÅ‚Ì©®ÄMí|c¬˙u×ÛÝ(4, /|cí§�}ÓOR

× PPP í˙�×ü7�F.°, 3bŸÄÊkçõ”−0rÊ>q–Èv, üqø.}êÞ,

U)õ”−0í|c¬˙}×ÛêàÕG, Ê¥�ÕG¿Ö7õ”−0}R× PPP ®ÄMø

æÊø¨'ÅívÈ, Í7Bb?üì…Ý�*ÓœØ¥¬˙, Äøï…rÊ>q–ÈÕíÕ

G, …ø}
…|c�Å‚Ì©®ÄM�

Ñ7�^�šõ”−0íÝ(4š�, Obstfeld and Taylor (1997) £ Bec, Salem and

MacDonald (2002) JÆ§ABc¦ (threshold autoregressive, �˚ TAR ) _�J«n

õ”−0íÝ(4|c¬˙, çwrÊ>qA…–Èv, |cø.}êÞ, øïrÊ–ÈÕv,

}
¹|cƒìGABc¦� Í7BbêÛJ TAR _�«nõ”−0íÝ(4|c¬˙u×

ÛÈi|c¬˙� OÊÜ�,,5?�>qA…-í|c¬˙, @uœ�Ëj�7ÝJÈi|c

¬˙� d.,Tƒ9�Êç�¼£üq¼¹ÌÑ°”8”-nª?êÞ, õ”−0n}êÞÈ

i|c¬˙� Ñ7yû¡öõíõ”−0|c¬˙, �ç6ZS�Ë�²ABc¦ (smooth

transition autoregressive, �˚ STAR) _�qìV·Hõ”−0íWÑ, à Michael,

Nobay and Peel (1997) £ Taylor, Peel and Sarno (2001)� BbêÛ STAR _�Ê

7



·Hõ”−0v, Ö?•|V|c§�}ÓOR× PPP í×ü7�0Mí8”, O¤_��

øÔH, ÿuçwR× PPP ®ÄM5,C5-v, w|c§�u×Ûú˚í�

Ê¬ d.Çø·H−0Ý(4WÑ_�, u‚àÕGœ0�²í;¶V}&Ý(4vÈ

b�� Engel and Hamilton (1990) ÿSà7ø¼sÕGïªÚ�²_� (Markov Switch-

ing Model) V·H1j/LŠ� 1j/¶p� 1j/ïsí±ñ−0íš�WÑ, ¤_�.°

k STAR _�íÔHuwÕGí�²u�*ø_ïªÚª (Markov chain) ,7 STAR _�

íÕG�²uâ…™‰br(/‚V²ì, Ä¤,ïªÚ�²_�íÕG�²ª STAR _�y

øO“, 6éÊ‰bÊÕGí|c§�y��47ÝÌ„Ñú˚í|c�

8



3 _�qìD,l

3.1 õ„_�

Êû˝±ñ−0íd.,,rÖç6‚à.°_�qìj�V«n−0íš�W�, à Meese

and Rogoff (1983) FTíÌÔªáí�ÀÓœØ¥_�, wÊš…Õã¿,�Gßíj„?

‰� Ív_�¿Öç‚íõÛMÑ-ø‚íã¿M, Ä7�Iç%È!…ÞZ‰vú−0í	

à� õÒ,, −0•‘�×ÛÖÓíš�WÑ, FJ Engel and Hamilton (1990) £ Engel

(1994) ‚àÔªáxïªÚ�²œ„5ÓœØ¥_�, àJzp−0•‘x�ÖÓWÑí–

1� °šË, Bb6êÛõ”−0•‘×ÛÖÓš�Ûï, ¥u´NÐOÄ
Ò!bíZ‰, U

)õ”−0ßÞ!Z4Z‰, Ê/¨‚È×Û%,•‘, -ø¨‚È†×Û%-•‘,7¥�,

-•‘ÕG>�|Û� ]BbÊ_�qì,,5?7i�áxïªÚ�²œ„5ÓœØ¥_�,

°v65?xi�áíÓœØ¥_�døªœ, -�Ñù�_�qì:

_�ø: ªhôƒíÓœ‰bÑ(4À½ÕGx�Ôªá (drift) ÓœØ¥¬˙

yt = α + yt−1 + εt, εt | Ωt ∼ N(0, σ2), (3.1)

w2 εt Ñß×á; _�ªeÑÓœ‰bÏ}øŸí‰bVA°ø�G‚ñ� _�<Ö7%È!

…ÞM/êÞZ‰, û_ªhôƒíÓœ‰b×ÛJÀøj²%,C%-í•‘�

_�ù: ªhôƒíÓœ‰bÑÂ½ÕG5i�á α xïªÚ�²œ„5ÓœØ¥¬˙

yt = αSt + yt−1 + εt, εt | Ωt, St ∼ N(0, σ2
St

), (3.2)

°šË, BbcqÓœ‰bÏ}øŸí‰bVAóæ�G‚ñ� 1 w2i�áxÕG�², / St

Ñ.ªhôƒíÕG‰b/.x©/4, wÓœ¬˙�*ø¼sÕGíïªÚª (first-order

1DøO™Äí¹¯�G}ºF.°íu, (3.2) �2 yt Ï}øŸí‰bÑ‡(‚.Ö
íÓœ‰b�
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Markov chains),

Pr(St = j|St−1 = i, St−2 = k, · · · ) = Pr(St = j|St−1 = i) = pi,j, (3.3)

i, j, k = 0 C 1, ÕG‰bª?|ïíÕ¯Ñ {0, 1}� 2 çÕG‰bÊ� t ‚ St = 0, †

yt − yt−1 ∼ N(α0, σ2
0 ), ¥5JÊ� t ‚ÕG‰b St = 1, † yt − yt−1 ∼ N(α1, σ2

1 )� Í

7BbªJêÛç_�ùíÕG¯±TG/øÕGv, †AÑ_�ø, ]_�øÑ_�ùíÔ

W� s_ÕGÈ5��œ0 (transition probability) ZAø_ 2 × 2 í��œ0ä³Ñ

P =




p11 1 − p22

1 − p11 p22


 (3.4)

3.2 cq�ì

Ñ7zp’eÔ4u´_¯JïªÚ�²_�V·H, øO}�ì-�s_™Ìcq

1. H1
0 : α0 = α1

2. H2
0 : p00 = 1 − p11

çÌ¶‡" H1
0 : α0 = α1 v†[ýÓœ‰b yt − yt−1 ª?VA°ø‚ñ, 1.æÊÕG�

²íÛï; JÌ¶‡" H2
0 : p00 = 1 − p11 †[ý�²œ„1³��*ø¼ïªÚª, ¹Õ

G‰b St Ñ‡(‚Ö
í��, ç‚ÕGíœ01.}§ƒ‡ø‚ÕGí	à�

2cqøÕG‰b (St) x� m�|ï (outcomes), wÕG‰bíêÞD¬ …™ÕG‰b�É,�

²œ0 Pr(St = j|St−1 = i, St−2, . . . , St−n), n = 1, 2, 3, . . . , N � ç m = 3, n = N v, †˚Ñú

½ÕG N ¼ïªÚª�
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Hansen (1992, 1996) êÛÊ�ì™Ìcq α0 = α1 v,J°vêÞ σ2
0 = σ2

1 , }|Ûß

×¡b (nuisance parameter) í½æ7Ì¶wì p00 D p11 , Ä¤ Engel and Hamilton

(1990) �‡�ìJ-s_™Ìcq

A. HA
0 : p00 = 1 − p11 / α0 6= α1, σ2

0 6= σ2
1

B. HB
0 : α0 = α1 / σ2

0 6= σ2
1 , p00 6= 1 − p11

�ì¥s_™Ìcq?Dfnß×¡bí½æ, ß‚wì|_�F�¡b,7/¥s_cq

*(·¿Ö�ÓœØ¥í¶}<° (Engel, 1994); ;W™Ä�G}ºÜ�)ƒs Wald �ì

$l¾�*µj}º}�Ñ:

[ p̂00 − (1 − p̂11) ]2

v̂ar(p̂00) + v̂ar(p̂11) + 2 ĉov(p̂00, p̂11)
∼ χ2(1), (3.5)

(α̂0 − α̂1)
2

v̂ar(α̂0) + v̂ar(α̂1) − 2 ĉov(α̂0, α̂1)
∼ χ2(1), (3.6)

Ê HA
0 í™Ìcq-, ÕG‰b St íœ0$�ÑÖ
5ø}º, ªhôƒíÓœ‰b yt iÒ

}ºAÑø_™Äí¹¸�G (mixture of normals),

f (yt; θ) =
p00√
2πσ2

0

exp

[
−

(yt − yt−1 − α0)
2

2 σ2
0

]
+

(1 − p00)√
2πσ2

1

exp

[
−

(yt − yt−1 − α1)
2

2 σ2
1

]
,

(3.7)

θ H[_�F�„í¡b� FJçÌ¶‡" HA
0 [ýÕG‰b�²íœ„.x�ïªÚ4”

(Markovian property)�7�ì HB
0 ªø’eßÞ¬˙ (data generating process, DGP)

u´Ñx�æ”4‰æbíÀøÓœØ¥, JÌ¶‡" HA
0 /Ì¶‡" HB

0 , †[ý’eí4

”œ¡NkÓœØ¥, 7._¯BbFSàíÓœ}¨�‘_�� Í7ÊÌ¶‡" HA
0 C/Ì
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¶‡" HB
0 í*(, u´Äw.°ÕG-í‰æbF�ší^‹œ×-7û_í!‹, ]Bb

ªø¥�ì HC
0 í™Ìcq,

C. HC
0 : σ0 = σ1 / α0 6= α1, p00 6= 1 − p11

wF)í�ì$l¾°š�*ÑAâ�Ñøíµj}º

(σ̂0 − σ̂1)
2

v̂ar(σ̂0) + v̂ar(σ̂1) − 2 ĉov(σ̂0, σ̂1)
∼ χ2(1), (3.8)

3.3 ,l˙å

…ü�Ñ�bËzpïªÚ�²_�í,l¬˙, ïªÚ�²_�ÑÌ¶òQhô5ÕG�²

_�, w‚àïªÚª (markov chain) íÔ4UÕGÈí�²×d†4í~², àJ·HÕ

−
ÒíÕG�=4� BbJ_�ùzpïªÚ�²_�í,l¬˙:

yt = αSt + yt−1 + εt εt|Ωt, St ∼ N(0, σ2
St

), (3.9)

w2,

αSt = α0(1 − St) + α1St,

σ2
St

= σ2
0 (1 − St) + σ2

1 St,

St = 0 or 1,

Ä¤_�Ûb,lí¡b,uý_, ¨�s_�G}ºí‚ñ¡b α0� α1� σ0� σ1 J£�

�œ0 p00� p11 , N¬ EM Æ�¶ (expectation and maximization algorithm) ª)ƒ

¥<¡bí|×–N,lM� 3

3EM Æ�¶,l¡bíj�, Ìc Hamilton (1990)D Engel and Hamilton (1990) �
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cq9l?ø−ÕG�²êÞívõ, †ª)ƒúb–Nƒb (log likelihood function):

ln L =
T

∑
t=1

ln ( f (yt | Ωt−1, St)) , (3.10)

w‘Kœ0ò�ƒbÑ:

f (yt | Ωt−1, St) =
1√

2πσ2
St

exp

(
−
{yt − yt−1 − αSt}

2

2σ2
St

)
, (3.11)

w2 Ωt−1 = {Ωt−2, yt−1}Ñ‚�ƒ t − 1 ‚ím7Õ¯,7Ωt−2 = (y0, y1, ..., yt−2)� O

9õ,1.?Ê9‡¹ªh¿ƒÕG�²êÞívõ, FJÌ¶òQUà|×–N¶)ƒÊ–

Nƒb”×“-í¡b,l, FJBb�âÇø�j�°)–Nƒb�

íl, Ê˛ø Ωt−1 -, yt £ St í:¯œ0ò�ƒbª[ýÑ:

f (yt, St | Ωt−1) = f (yt | St, Ωt−1) Pr[St | Ωt−1], (3.12)

ø:¯œ0ò�ƒbâ St = 0, 1 ‹,ª)ƒ yt íiÒœ0ò�ƒb,

f (yt | Ωt−1) =
1

∑
St=0

f (yt, St | Ωt−1)

=
1

∑
St=0

f (yt | St, Ωt−1) Pr[St | Ωt−1] (3.13)

BbªJêÛ yt íiÒœ0ò�ƒbu}�Jù_‘Kœ0ò�ƒb Pr[St = j | Ωt−1],

j = 0, 1 ç�½í‹��Ì� wúb–Nƒbª[ýÑ:

ln L =
T

∑
t=1

ln

{
1

∑
St=0

f (yt | St, Ωt−1) Pr[St | Ωt−1]

}
, (3.14)

OÊ°®‚ yt íiÒœ0ò�ƒb,Ûlû|w �ã¿œ0� (prediction probability) Pr[St |

Ωt−1] íMÑS� YÎ Hamilton (1989) í‘Kœ0 �yh˙å� ªN¬J-Rû°�wœ
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0M:

Pr[St = j | Ωt−1] =
1

∑
i=0

Pr[St = j, St−1 = i | Ωt−1]

=
1

∑
i=0

Pr[St = j | St−1 = i] Pr[St−1 = i | Ωt−1], (3.15)

w2 Pr[St = j | St−1 = i] Ñ�²œ0, wM�k 0 ƒ 1 ,qì$�Ñ-:

Pr[St = 1 | St−1 = 1] = p =
exp(p0)

1 + exp(p0)
, (3.16)

Pr[St = 0 | St−1 = 0] = q =
exp(q0)

1 + exp(q0)
, (3.17)

N¬ó«ìÜª)ƒ �ç‚œ0� (filter probability) Pr[St = j | Ωt]:

Pr[St = j | Ωt] = Pr[St = j | Ωt−1, yt]

=
f (St = j, yt | Ωt−1)

f (yt | Ωt−1)

=
f (yt | St = j, Ωt−1) Pr[St = j | Ωt−1]

∑
1
St=0 f (yt | St = j, Ωt−1) Pr[St = j | Ωt−1)

(3.18)

â� (3.15) £� (3.18) s�í¥ºLH$Aø_]cÍ$, Bb)û|� (3.13) yt íi

Òœ0ò�ƒbí�½� à¤, Ê#ìø_�áíç‚œ0 Pr(S0|Ω0) -, N¬� (3.15)� �

(3.18) s�¥º«�øª)ƒ®‚®_ÕG5- Pr[St = j | Ωt] £ Pr[St | Ωt−1] , øF�

í Pr[St | Ωt−1] ��� (3.13) , ª)ƒ©ø‚ yt íiÒœ0ò�ƒb, ª7)ƒúb–N

ƒb� Hamilton (1994) �‡–áMSàÝ‘Kœ0 (ergodic probility) π,

π0 = Pr[S0 = 0 | Ω0] =
1 − p

2 − p − q
, (3.19)

π1 = Pr[S0 = 1 | Ω0] =
1 − q

2 − p − q
, (3.20)

óúk*9‡íhõVR� t võíã¿œ0, Çø_*9(íhõVõÕG‰bZ‰í

œ0, Bb˚Ñ �r‚œ0 � (smoothed probability) Pr[St | ΩT], àF�š…ím7V
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R�võ t íÕG, w°�¡5 Kim (1994) FT|íj¶, !kúÕGíR�x�vÈªL

(time reversible) í4”, †:

Pr(St = j|St+1 = k, ΩT) = Pr(St = j|St+1 = k, Ωt), (3.21)

ÊΩT-, St = j D St+1 = k í:¯œ0ò�ƒbÑ:

Pr[St = j, St+1 = k | ΩT]

= Pr[St+1 = k | ΩT]× Pr[St = j | St+1 = k, ΩT]

= Pr[St+1 = k | ΩT]× Pr[St = j | St+1 = k, Ωt]

=
Pr[St+1 = k | ΩT]× Pr[St = j, St+1 = k | Ωt]

Pr[St+1 = k | Ωt]

=
Pr[St+1 = k | ΩT]× Pr[St = j | Ωt] × Pr[St+1 = k | St = j]

Pr[St+1 = k | Ωt]
(3.22)

/

Pr[St = j | ΩT ] =
1

∑
k=0

Pr[St = j, St+1 = k | ΩT], (3.23)

Ê#ìø_�áíç‚œ0 Pr(ST |ΩT) 5-, Hp� (3.22) )ƒ Pr(ST−1 = j, ST =

k|ΩT) íœ0, yHp� (3.23) ª)ƒ T−1 ‚r‚œ0 Pr(ST−1 = j|ΩT)� ø Pr(ST−1 =

j|ΩT) yYå��� (3.22)� � (3.23) s�, ¢ª)ƒÊ T − 2 ‚ír‚œ0 Pr(ST−2 =

j|ΩT), à¤]cíÆ�, ¹ª)ƒF�ír‚œ0�
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4 õ}!‹}&

4.1 ’eVÄD$lÔ4

…dJ«É� ÚÅDh‹�ú_Åðõ”−0, u´à°±ñ−0x�Óœ}¨�‘íWÑ•

�Ñû˝‡æ� BbêÛ«É� ÚÅDh‹�¥ú_ÅðD1ÅóúÓg®ÄÊš…‚È×Û

óçË ìÉ[, õ”−0D±ñ−0í•‘N˛ø_, ×Û|ø¨‚È%, (-) •‘, -ø

¨‚È%- (,) •‘í>�ÖÓíWÑ� Í7õ”−0í,->�ÖÓíWÑ, éÍuAÝ

óúÓg®ÄíwF
Ò!bíZ‰, 7¥<
Ò!bíZ‰úõ”−0ßÞ!Z4Z‰í	

à, °š@àJ Engel and Hamilton (1990) FTíÔªáx�ïªÚ�²íÓœØ¥_

�, V�š¥<!Z4Z‰, wì|õ”−0}�TkÕGí‚È� íl, ì2…d2íõ”−

0,

qt = st + pl∗t − plt

qt Ñõ”−0, st Ñ¦úbí±ñ−0, pl∗t Ñ¦úbí1ÅÓgNb, plt Ñ¦úb(…ÅÓ

gNb� ’e¨Ö7ú_Åð~�Ìí±ñ−0� ÓgNb£1ÅÓgNb, wVÄ¦A«É

%ÈhÑ’eé� ®Åð’e–B‚È}�Ñ, «ÉÑ 1986 � 1 ~B 2005� 6 ~� ÚÅÑ

1980 � 1 ~B 2005 � 6 ~� h‹�Ñ 1975 � 1 ~B 2005 � 5 ~� Bblúõ”−0 qt

¦úb(y
J 100, Iv‰bÑ yt, yY_�qìíj�, øc¦�¬jíA‰b yt−1 �B

��í˝j, J°)õ”−0~AÅ0:

gt = (ln qt − ln qt−1) × 100 = yt − yt−1,

w2 yt� yt−1 }�Ñõ”−0 qt� qt−1 ¦úb(í‰b, gt = yt − yt−1 Ñ_�2ªhôƒ

íÓœ‰b, ç−0•‘², , ¹vÅÞMTk2MÕG, † gt Ñ£M;J−0•‘²-, ¹Þ

M¯M, † gt ÑŠM�
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[ 1 Ñ®Åõ”−0í!…$l¾, «Éõ”−0í�ÌMÑ 3.383 , ™ÄÏÑ 0.144 ,‰

æ[bÑ 0.043, }º×Ûø_¬RíQð¼, /�G4�ì!‹ÑéO‡"}ºÑ�G4c

q� 7J Ljung-Box Q(24) $l¾�ìõ”−0u´æÊABóÉ, !‹ÑéO‡"³�A

BóÉcq� °šË, Ê�ìõ”−0í�j,!‹ÑéO‡"³�ABóÉcq� ªø¥�ì

õ”−0u´x� ARCH ^‹,!‹Ñõ”−0æÊ ARCH ^‹�

7Êh‹�DÚÅíõ”−0�ÌMíbMu 0.461 D 6.912, Ê™ÄÏ,}�Ñ 0.105

¸ 0.164, ‰æ[b†u 0.227 � 0.021 � Ê�G4�ì,, sÅ’eÌéO‡"}ºÑ�G

4cq� ÇÕÊ�ìõ”−0í®ÄMD�jáu´æÊ�ABóÉÔ4, N|sÅ.�Ê®

ÄMD�já,, !‹ÌéO‡"³�ABóÉcq, [2?N|sÅæÊ ARCH ^‹�

ã¯7k, BbªJ)ø®Åõ”−0}ºÌÑÝ�G}º, /æÊABóÉíÔ4D ARCH

^‹�

4.2 –Nª�ì£ Wald �ì!‹

*Ç 1 2, BbªJpéËhôƒ«É� ÚÅ£h‹�íõ”−0, Êš…‚Èqí•‘Ì×

Û,-š�íWÑ� Ê_�qì,, Bb°v5?ÀJf$íÀøÕGxÔªáÓœØ¥_�,

£ÕGæÊó�YæíïªÚªÔ4íïªÚ�²_�V�šõ”−0í•‘�

íl, BblN¬–Nª�ìVªW_�²Ï, w!‹�k[ 2, BbêÛ®Åõ”−0~

AÅ0Ê_�ùí[Û,ik_�øíqì, w�ì,×Ûóçø_!‹� Jh«Þõ”−0

~AÅ0ÑW, w_�øí–NƒbMÑ −187.462, 7_�ùí–NƒbMÑ 173.41, –N

ª�ì$lÑ −2× (−187.462 − 173.42) = 721.744, ÊéO®Ä 5% -í χ2(4) @äM

� 9.488, !‹éO‡"™Ìcq, [ýÊi�á£‰æbx�Â½ÕGí_�ùikÀøÕ

Gí_�øqì�

Ê�ì’eu´_¯JïªÚ�²_�V·H, BbSà Engel and Hamilton (1990)

17



FT|s_™Ìcq,

A. HA
0 : p00 = 1 − p11 / α0 6= α1, σ2

0 6= σ2
1

B. HB
0 : α0 = α1 / σ2

0 6= σ2
1

w�ì!‹?�k[ 2� Êh«Þõ”−0~AÅ0í�ì,ÌÌ¶‡" HA
0 D HB

0 ,[ý’e

œ¡NÓœØ¥Ô4;7h‹�ÞDÚ�õ”−0~AÅ0, s6ÌéO‡" HA
0 , OÌ¶‡"

HB
0 , [ýõ”−0~AÅ0Ê‰æbÑæ”-x�ïªÚÕG�²8$� Í7¨AÌ¶éO

‡" HA
0 C/ HB

0 íŸÄ, ª?uVA.°ÕGí‰æbF�ší^‹œ×, 7¨AwF,l

¡bÊ.°ÕG-ÌéO4íÏæ� ]ªø¥�ì HC
0 : σ0 = σ1 / α0 6= α1,p00 6= 1− p11

í™Ìcq-,!‹ú_ÅðÌéO‡"sÕG-‰æbó°ícq� *,Hí�ì!‹2, …

dSàïªÚ�²_�V�šú_Åðíõ”−0š�WÑuªWí�

4.3 ïªÚ�²_�,l!‹

[ 2 Ñ®Åíõ”−0~AÅ0íõ„!‹, BbªJêÛ®Åõ”−0~AÅ0ÊsÕG

-, i�á α MÊéO®Ä-Ì.éO; ‰æb σ2 í[Û,, †�éO!‹; 7ÊÕG��œ

0 p00�p11, Î«É p00 .éO, wìÌÑéO� Ç 1 Ñ®Åõ”−0ÊÞM2MÕGç‚œ

0M£•‘Ç� ÊÕGí•},, …dSà Hamilton (1989) íj�Jç‚œ0u´×k 0.5

Ñ}ä, ç‚œ0M×k 0.5 v, õ”−0~AÅ0uTkÕGÉ; ¥5, †uTkÕGø� B

b*Ç2ªêÛ®Åõ”−0~AÅ0íÕG�²íóçäõ, ÊÕG�²ÈHÆrÖÆm�

Ñ¾Î¥<Æmíß×, Bbªø¥5?Jõ”−0í�AÅ0TÑ_�2ªhôƒíÓœ‰

b

gt12 = (ln qt − ln qt−12) × 100 = yt − yt−12,
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w2 yt� yt−12 }�Ñõ”−0 qt� qt−12 ¦úb(í‰b, gt12 = yt − yt−12 Ñ_�2ªh

ôƒíÓœ‰b� Frömmel, MacDonald and Menkhoff (2005) Tƒ‰bJ�AÅ0’e

ªWõ„û˝íiõÑ,Î7ªJfn’e��4^‹í	à¸±Qs‚§Uúõ”−0Fß

ÞíÆmÕ, ´ªJ¸øO\�œZ£ÛWFt0�AÅ0í’ebWdªœ� Ä¤BbªÎ

_�øD_�ùíqì, Bbø_�qìÑ:

_�ú: ªhôƒíÓœ‰bÑ(4À½ÕGx�Ôªá (drift) ÓœØ¥¬˙

gt12 = yt − yt−12 = α + εt, εt | Ωt ∼ N(0, σ2), (4.1)

_�û: ªhôƒíÓœ‰bÑÂ½ÕG5i�á α xïªÚ�²œ„5ÓœØ¥¬˙

gt12 = yt − yt−1 = αSt + εt, εt | Ωt, St ∼ N(0, σ2
St

), (4.2)

[ 3 Ñ_�ú£_�ûí,l!‹, Ê–Nª�ì,, h«Þ� Ú�Dh‹�Þí�ìM}�Ñ

1921.98� 2771.164� 5522.414 , ÊéO®Ä 5% í χ2(4) @äM� 9.488, ú6ÌéO‡"

™Ìcq, w2h«Þ£h‹�ÞÊ�AÅ0’e[Û)œ~AÅ0’eyéOË‡"™Ìc

q, ]Ê–Nª�ì,, ®Åõ”−0ÊïªÚ�²_�ÑéOik(4_�í[Û� Ê Wald

�ì!‹, Ê HA
0 í™Ìcq, h«Þ� Ú�Dh‹�Þí�ìM}�Ñ 815.997� 948.219�

819.558 , ÌéO‡"HA
0 ™Ìcq� ÍÊ HB

0 ™Ìcq-, c�h«Þ’eéO‡", °š

Ë, ªø¥�ì HC
0 ™Ìcq, ú_Åð�ì!‹×ÛéO‡" HC

0 cq� N¬¥ú cq

�ì!‹, ®ÅÊ�AÅ0’eóœ_�ùí�ì!‹[Û)yéO, «Êh«Þ�AÅ0’

e, ÌéO‡"¥ú ™Ìcq� ]õ”−0�AÅ0JïªÚ�²_�V�šú_Åðíõ

”−0š�WÑ°šuªWí�

h«Þí¡b,l!‹�k[ 3, α MÊÕGÉÑ 1.279[ýh«ÞTk2MÕG, ÕGø

Ñ −0.929 [ýh«ÞTk¯MÕG , /ÌÑ×ÛéO� ÕG��œ0ÊéO®Ä-, h«Þ

M/Tk2MÕGíœ0 p00 Ñ 0.967 , M/Tk¯MÕGíœ0 p11 Ñ 0.95� Êš�4í

[Û, ¯MÕGíš�×k2MÕGíš��
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Ú�í,l!‹éý, α MÊÕGÉÑ 0.301[ýÚ�Tk×2MÕG, ÕGøÑ 0.013[

ýÚ�Tkü2MÕG , Í�ì!‹ÌÑ.éO, D_�ùF�šƒsÕG�F.°, _�ù

íÕGÉÑ2M, ÕGøÑ¯M� ÍÊõ”−0š�4í[Û, ÕGÉ-íš�×kÕGøí

š�� ÕG��œ0ÊéO®Ä-, Ú�M/Tk×2MÕGíœ0 p00 Ñ 0.982 , M/Tk

ü2MÕGíœ0 p11 Ñ 0.948�

|(Êh‹�Þ,l!‹jÞ, α MÊÕGÉÑ 3.771[ýh‹�ÞTk×2MÕG, ÕG

øÑ 2.068[ýh‹�ÞTkü2MÕG �7õ”−0š�4ÊéO®Ä-, ÊÕGÉ-íš

�×kÕGøíš�� ÕG��œ0ÊéO®Ä-, h‹�ÞM/Tk×2MÕGíœ0 p00

Ñ 0.963 , M/Tkü2MÕGíœ0 p11 Ñ 0.927�

Ç 2 Ñ®Åõ”−0�AÅ0ÊÞM2MÕGç‚œ0M£•‘Ç, DÇ 1 úÎ, Bbê

ÛÊ�AÅ0F�šƒíÕG–ÈD~AÅ0F�šƒ–ÈóçéN, O_�ûF?�šƒí

ÕG–Èœ_�ù�šƒíÕG–ÈÅ� ¥�!‹6ªJ*ÕG�²œ0,lMí[Û)ƒ�

„, _�ûíÕG�²œ0,lMéÍ×k_�ùíÕG�²œ0,lM, ¿ÖOwTGÊ°

øÕGíœ0óúœò, ÕGí�²Ÿb6œý� °šJç‚œ0u´×k 0.5 J}•F˘Õ

G, ªÎÇ 1 £Ç 2 , Bbªpéõ|õ”−0Ê�AÅ0íÕG�²ä0œ~AÅ0œý,

U)BbÊwìÕG‚Èí•},ªJyÑÀU,[ 4 Ñ®Åõ”−0}�TkÕGÉ£ÕG

øí‚È•}�

4.4 ®Åõ”−0ÕG‚È•}£}&

hôÇ 2 2íh«Þ2MÕGç‚œ0M, ªõ|ÕG�²ä0œQ, wTGÊ°øÕG‚È

œÅ� h«Þõ”−0�AÅ0×_,� 5 ŸíÕG�‰, Ê[ 4 ,j}��|h«ÞTk2

MÕG£¯MÕGí‚È•}, 2MÕG×_�ý_v‚, 7¯MÕG�ü_v‚� BbwÑ

h«Þõ”−0•‘D«ÉÞß‰–(@�ò~óÉ, WàÊ 1986 �«Éç�R�À¢Aâ
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“\µ, =U«ÉÞß‰Tò, 1jóúh«Þíõ”−0×Û%-•‘; 7Ê 1997 � 7 ~

2nâkœN2MFù–í‰œ=À¢êˇ (Asian Crisis) ô	ƒ«É, ÖÍ«ÉŒÞç�

#‰�pJ ì−
, Í7ÄÑh«ÞíÞMœwF=¹Åðò, Ä¤.‚«É|¨7U)ú

Õüq¬�‰�Á, 1jóúh«Þíõ”−0Ä¤×Û%,•‘� 7h«ÞTk2MÕGí

‚�æ/‚ÈÑ 29.851 _~, Tk¯MÕGí‚�æ/‚ÈÑ 20.080 _~, 4 h«ÞTk2

MíÕGí‚È×k¯MÕG‚È, éýh«Þ×Û|ÅÙÖÓ (long swing) 2MÕGsÙ

(short swing) ÖÓ¯MÕGíš�WÑ, õ”−0Êh«Þ2MÕGí|c§�, ?¹i�

á α0 = 1.279, óú¯MÕG-í|c§� α0 = −0.929œ0�

wŸhôÇ 2 2Ú�×2MÕGç‚œ0M, ªõ|ÕG�²ä0œQ, wTGÊ°øÕ

G‚ÈœÅ� Ú�õ”−0�AÅ0×_,� 4 ŸÕG�‰, Ê[ 4 2�|Ú�Tk×2MÕ

G�û_v‚,Tkü2MÕG6�û_v‚� Ú�Tk×2MÕGí‚�æ/‚ÈÑ 55.249

_~, Tkü2MÕGí‚�æ/‚ÈÑ 19.231 _~, Ú�×Û|ÅÙÖÓ×2MÕGsÙ

ÖÓü2MÕGíš�WÑ�

7ÊÇ 2 h‹�Þ×2MÕGç‚œ0M, ªõ|ÕG�²ä0óçäõ, wTGÊ°ø

4ÕG‚�æ/‚È (Expected Duration of a Regime) í°�, ílBbì2‰b D Ñ/ÕG

íæ/‚È, Jh«ÞTk2MÑW,

D = 1, if St = 0 and St+1 = 1 ; Pr[D = 1] = 1 − p00

D = 2, if St = St+1 = 0 and St+2 = 1 ; Pr[D = 2] = p00(1 − p00)

D = 3, if St = St+1 = St+2 = 0 and St+3 = 1; Pr[D = 3] = p2
00(1 − p00)

...

°)h«Þ2MÕG‚�æ/‚È E(D)

E(D) =∑
∞
j=1 j × Pr[D = j]

= 1 × Pr[St+1 = 1|St = 0] + 2 × Pr[St+1 = 0, St+2 = 1|St = 0] + 3 × Pr[St+1 = 0, St+2 =

0, St+3 = 1|St = 0] + · · · = 1/(1 − p00) = 1/(1 − 0.967) = 29.851 _~;

]°Ü°)h«Þ¯MÕG‚�æ/‚È E(D) = 1/(1 − p11) = 1/(1 − 0.95) = 20.08 _~�
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ÕG‚Èœs� h‹�Þõ”−0�AÅ0×_,� 9 ŸÕG�‰, Ê[ 4 -j�|h‹�Þ

Tk×2MÕG×_��_v‚, ü2MÕG×_��_v‚� h‹�ÞTk×2MÕGí‚

�æ/‚ÈÑ 27.248 _~,Tkü2MÕGí‚�æ/‚ÈÑ 13.774 _~, h‹�Þ×Û|

ÅÙÖÓ×2MÕGsÙÖÓü2MÕGíš�WÑ�

,Hªø, h«Þ� Ú�£h‹�ÞÌ×Û.ú˚ÖÓš�WÑ� Í7¤�š�WÑD¬ 

d.,, J±ñ−0’ed«nF)!‹�Fóæ, Shen and Chen (2004) )|ª?ÄÛ

Wí �Œ2®¯� \µ, h«Þ×ÛÅÙÖÓ¯MÕGsÙÖÓ2MÕGíÔ4� ÏDQDŠ

>� (2005) ød2)|h«Þ� Ú�£h‹�ÞÌ×ÛÅÙÖÓM�ÕGsÙÖÓ2MÕG

íš�WÑ, wN|}ßÞ.ú˚ÖÓš�WÑíª?ŸÄÊ, ÄÑÇê2Åðí%È!…Þ

í#�.J3b	“Åð, y‹,�É�HAâ“2¥‹0, UwúÕVí§U¥@œÑÜ>,

D	““ÅðF×Ûíú˚ÖÓš��Fóæ (Engel and Hamilton, 1990)� ÇøŸÄuÇ

ê2ÅðíÛWÄwF\µ5¾7ßã−0•‘� 7õ”−0í‰“¿ÖO¥<	àõ”−0

í
Ò!bí‰“,7U)õ”−0ßÞ!Z4Z‰� Í7*!‹2, BbêÛh«Þ� Ú�£

h‹�Þóúk1j7k×¶}ÌTk2MÕG, Ê2MÕG‚ÈíÅs, �−ƒ¥ú_Åð

Ìu˘k|¨û²í%ÈñúÕ¬�‰, ª7ª?	àÅð%Èí[Û� ]BbÊš…‚È,,

ªø«É� ÚÅ£h‹�ÊúÕ¬�×_øòTk�‚íP0, ¥ªN¬¥ú_Åðí%Èê

�¬˙ÈQ)ƒ�„�

Í7š…qíº_?‰éý, Óœ}¨�‘_�óœkf$xi�áÓœØ¥_�y?·

ú¥ú_Åðíõ”−0š�Ô4, JJõ„íhõ, _�Êš…Õíã¿?‰°š6u‡i

_�ß;ø_Ä†, ]Bbªø¥«n_�Êš…Õíã¿?‰u´}Dš…qíº_?‰ø

_�
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4.5 _�íã¿[Û

Ñ7Ç,ÊÂ½ÕGíïªÚ�²_�-íã¿�Ä�, 1Df$ÀøÕGíÓœØ¥_�

Tªœ, Bb?ªWõ”−0~AÅ0£�AÅ0íš…Õã¿� [ 5 Ñ®Å�ìs�_�-

íã¿?‰!‹, *[2ªø®Åõ”−0~AÅ0£�AÅ0íÊ¥s__�-ã¿�ÌÏ

Ï�jM (Mean square error) [Û,5 BbêÛ®Åíã¿�ÌÏÏ�j.�uÊ~£�

AÅ0í[Û,, f$ÀøÕGíÓœØ¥_�Êã¿�ÌÏÏ�jM (RW-Mean square

error, RW-MSE) Î«Éõ”−0�AÅ0’eÕÌükÂ½ÕGíïªÚ�²_�í�Ì

ÏÏ�jM (MS-Mean square error, MS-MSE)�

9õ,, �ÌÏÏ�jMí×ü, Ê$lhõ1.?\j„Ñµ__��œßã¿?‰� Ä

7(/rÖ�Éí�ìj¶\T|, J�ì_�È�ÌÏÏ�jMu´æÊéOÏæ� íl, J

F �ì$l¾�ì™Ìcq H0 : MSE1 = MSE2 ,

F =
MSE1

MSE2

w2 MSE1 , MSE2 H[_�ø� _�ùí�ÌÏÏ�j� JÌ¶éO‡" H0 cq, [ý_

�øD_�ùí�ÌÏÏ�juó°, F $lMø�k 1 � °šË, ç F $lM×ƒ—JéO

Ë‡" H0 cqv, w¿ÖO_�øíã¿ÏÏ×k_�ùíã¿ÏÏ�

ÍÊUà F �ì$l¾d�ìv, ã¿ÏÏÛl¯¯-�ú_‡Tcq:

1. ã¿ÏÏÑVAÌbÑÉí�G}º�

2. ã¿ÏÏ.xå�óÉ�

5cqš…Õã¿‚Èu� H _hôM, ei Ñš…Õã¿‚Èq� i _ã¿ÏÏ (forecast error),

MSE =
1
H

H

∑
i=1

e2
i
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3. VA_�ø£_�ùíã¿ÏÏ (e1,i,e2,i) .x°‚óÉ�

Ê Granger and Newbold (1976) T|ø_j²ç_�ø£_�ùíã¿ÏÏx°‚óÉ

ví�ì$l¾, J e1,i , e2,i sb�T-� ¯,

xi = e1,i + e2,i , zi = e1,i − e2,i

Ê‡s_cqA
-, J H0 cqÑöv, xi , zi @}×Û.óÉ,

ρxz = E(xizi) = E(e2
1,i − e2

2,i)

ªªø¥�Z|ø_�* t }ºAâ�Ñ H − 1 í�ì$l¾,

ρxz/
√

(1 − ρ2
xz)/(H − 1) ∼ t(H−1)

Ä¤ç xi , zi š…óÉ[b ˆρxz éOækÉ, /Ñ£M, †_�ø�œ×í MSE; ¥5, JÑ

ŠM, †_�ù�œ×í MSE�

Í7*õ„íhõ, b°ã¿ÏÏ¯¯‡s_cq‘KEØ¬kÃ«, ]ÊrÖd.,, J

Granger-Newbold �ìdô., þtOÊã¿ÏÏ¹U.¯¯‡s_cq-, 6?)ƒø_

Gßí�ì$l¾� 7 Diebold and Mariano (1995) T|¥šíø_�ì$l¾, �˚Ñ

DM �ì�

DM =
1
H

H

∑
i=1

di/
√

(ρ0 + 2ρ1 + · · · + 2ρi + · · · + 2ρq)/(H − 1) ∼ t(H−1)

w2 di = g(e1,i)− g(e2,i) H[¸ÜÏæ (loss differential),7 g(·) ÑùŸ�í¸Üƒb,

ρi Ñ d b�í� i ¼íABu‰b (the i-th autocovariance)� Ä¤, …dUà DM �ì-

�s cq:

A. HD
0 : MS − MSE = RW − MSE , HD

1 : MS − MSE < RW − MSE�

24



B. HE
0 : MS − MSE = RW − MSE , HE

1 : MS − MSE > RW − MSE�

Êõ”−0~AÅ0,, J HD
0 cqÑöv, «É� ÚÅ£h‹�í DM − Test(HD

0 ) �ì

M}�Ñ 6.79� 11.82 £ 26.85, ÌÌ¶éO‡" HD
0 cq� OÊ HE

0 cqÑö-, «É� ÚÅ

£h‹�í DM − Test(HE
0 ) �ìM}�Ñ −6.79�−11.82 £ −26.85, †ÌéO‡" HE

0

cq� ÍÊõ”−0�AÅ0[Û,, ÚÅDh‹�í�ì!‹D~AÅ0�ì!‹ó°, 9

«É�ì!‹, DM − Test(HD
0 ) �ìMÑ −2.03, éO‡" HD

0 cq, DM − Test(HE
0 )

�ìMÑ 2.03, Ì¶éO‡" HE
0 cq�

*!‹)øÊ_�ã¿?‰í[Û,, f$ÀøÕGíÓœØ¥_�íã¿?‰éÍik

Â½ÕGíïªÚ�²_�íã¿?‰, ¤ø!‹6D¬ d.í�õø_� à Clements

and Hendry (1998), Clements and Krolzig (1998), Clements and Smith (1997,

1999), ,Hd.˛N|Ý(4_�kš…qí,l[Û}ik(4_�, OuÊš…Õíã¿

[Û.øì}ik(4_�� ÍÊ«Éõ”−0�AÅ0í’e, Â½ÕGíïªÚ�²_�

íã¿?‰í[Ûikf$ÀøÕGíÓœØ¥_�� 6 Dacco and Satchell (1999) J_Ò

íj�zpÑS �ïªÚ�²_�Êš…Õã¿?‰[Û.à(4ÓœØ¥_�� íŸÄ, ¹

UÊïªÚ�²_�u£üqìí_�v, Ébv_�ÊÕG}évêÞ˜ÏwìíÕ”, ¹

Uv˜Ïwìí8”1.Ã½, Oÿ—J¨Aš…Õã¿êÞÃ½RÏí!‹, Ä¤J MSE

V©¾_�ã¿?‰[Ûv, øUw MSE M×kÓœØ¥_�í MSE M� Çø_ª?íj

„u: óúk(4_�, œµÆíÝ(4_�ÖÍ?Dy�üË·úõ”−0íWÑ, Ä¤�

6Siddique and Sweeney (1998) êÛ_�íã¿?‰ß;D,lš…×ü�É, _�ÊœÅíš

…‚È, _�ã¿?‰}b²}�œßí[Û� ]ÊÅš…‚È, Â½ÕGíïªÚ�²_�u�ª?

ikf$ÀøÕGíÓœØ¥_�� ó¥Ë,Jš…‚ÈØs, õ”−0ª?ÉæÊk/_ÕG-,JJ

Â½ÕGíïªÚ�²_� ,l, }û_ßÞ�RÏí¡b,l, ?}U)ã¿?‰‰)œÀøÕG

íÓœØ¥_�Ï�
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œ7íš…qº_‰[Û, OÊš…Õíã¿[Û,, âkw&,¡bœ(4_�Ö, Ä¤A

â�±Q, ¥7ª?Ó‹wã¿íA…7±Q_�íã¿^0, Ä¤¨AwÊš…Õã¿?‰

œ(4_�Ï�
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5 !�

…d3bu‚à Engel and Hamilton (1990) FTsÕGÓœ}¨�‘_�J…•h«Þ�

Ú�£h‹�Þõ”−0WÑ•‘, BbílJ®Åõ”−0J~AÅ0’eªWõ„}&,

!‹éý,l¡b×¶}Ì×Û.éO/ÕGÈí�²HÆrÖÆm, wÕG�²íä0œ

ò� Ñ¾Î¥<Æmí	à, BbJõ”−0Ï}�ùŸ(í�AÅ0’eªW}&, wF�š

ƒÕG‚ÈDJ~AÅ0’eF�šƒÕG‚ÈéN, âk�AÅ0’e, ˛fn’e��4

ÄÖ£±Qs‚§Uúõ”−0FßÞíÆm, U)Ê’eÊ‡èÕG‚Èí•}yÑpü�

ú_ÅðÌ×Û.ú˚ÖÓš�WÑ, h«Þ×Û 5 ŸíÕGZ‰íÅÙÖÓ2MÕGsÙ

ÖÓ¯MÕG, Ú�£h‹�Þ}�×Û 4 Ÿ£ 9 ŸíÕGZ‰íÅÙÖÓ×2MÕGsÙ

ÖÓü2MÕG� *š…‚Èq, BbêÛh«Þ� Ú�£h‹�Þóúk1j×¶}uTk

2MÕG, #“¥ú_ÅðíúÕí¬�‰, 6ÈQõƒ¥ú_Åð¬ %Èê�v˙�

Êš…Õíã¿?‰[Û,, .�Ê~AÅ0£�AÅ0í’e,, ®Åõ”−0Êf$À

øÕGíÓœØ¥_�[ÛéÍikÂ½ÕGíïªÚ²�_�íã¿?‰, ¤ø!‹×_D

¬ d.í�õø_, Î7h«Þõ”−0�AÅ0�
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[ 1: ®Åõ”−05!…$l¾

Åð Mean S.D. SK EK Max Min JB LB(24) LBS(24) ARCH(6)

«É 3.383 0.144 0.265 1.534 3.628 3.171 23.716∗ 4275.459∗ 4274.202∗ 2302.008∗
h‹� 0.461 0.105 −0.290 2.231 0.643 0.173 14.120∗ 6273.260∗ 6689.138∗ 2197.708∗
ÚÅ 6.912 0.146 0.510 2.392 7.439 6.706 17.989∗ 3868.270∗ 3820.219∗ 961.320∗

(1) * [ýÊ 5% í®Ä-éO�

(2) Mean ¸ S.D. [ýÊ®Åõ”−0í�Ìb£™ÄÏ;Max Ñ|×íhôM;Min Ñ|üíhôM�

(3) SK ÑRG[b, ç…íMÑ 0 vÑ�G}º; wMÑ£†¥_}º�ø_Åí¬®; ÑŠ†¥_}º�ø_Åí˝®�

(4) EK ¼G[b, ç…íMÑ 3 vÑ�G¼; wM×k 3 †¥_}ºÑò&¼; ük 3 †¥_}ºÑQð¼�

(5) JB Ñ Jarque-Bera $l¾, ñíÊk¿t¥_å�u´Ñ�G}º�

(6) LB(24) Ñõ”−0í Ljung-Box Q $lM, r(‚bÑ 24�

(7) LBS(24) Ñõ”−0�jí Ljung-Box Q $lM, r(‚bÑ 24�

(8) ARCH(6) Ñ ARCH$l¾, r(‚bÑ 6, ñíÊk�¿¥_å�u´x� ARCH ^‹�
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[ 2: _�ø£_�ù,l!‹

�_ø «É ÚÅ h‹�

α −0.005 0.004 0.300
(0.035) (0.025) (0.216)

σ 0.540* 0.441* 4.129*
(0.043) (0.093) (0.365)

log L −187.462 −183.182 −1032.620

�_ù «É ÚÅ h‹�

α0 0.011 0.099 1.969
(0.038) (0.208) (1.367)

α1 −0.071 −0.008 0.035
(0.192) (0.011) (0.120)

σ0 0.387* 1.204* 8.892*
(0.072) (0.181) (1.153)

σ1 0.933* 0.172* 2.579*
(0.238) (0.012) (0.157)

p00 0.384 0.974* 0.970*
(0.248) (0.012) (0.015)

p11 0.850* 0.797* 0.821*
(0.149) (0.089) (0.081)

log L 173.410 −5.305 955.368

H1|H2 721.744* 3975.976* 355.754*
[<0.001] [<0.001] [<0.001]

HA
0 0.683 68.026* 79.453*

[0.409] [<0.001] [<0.001]
HB

0 0.153 0.263 1.964
[0.699] [0.680] [0.161]

HC
0 8.643* 34.033* 32.374*

[0.003] [<0.001] [<0.001]

(1) Æ�CqíbåÑ,l™ÄÏ�

(2) * [ýÊ 5% í®Ä-éO�

(3) H1|H2 [ý_�øú_�ùí–Nª�ì�

(4) cq HA
0 : p00 = 1 − p11 / α0 6= α1, σ2

0 6= σ2
1 Ñöv, �ì$l¾Ñ�* χ2(1)í}º�

(5) cq HB
0 : α0 = α1 / σ2

0 6= σ2
1 ,p00 6= 1 − p11Ñöv, �ì$l¾Ñ�* χ2(1)í}º�

(6) cq HC
0 : σ2

0 = σ2
1 / α0 6= α1,p00 6= 1 − p11 Ñöv, �ì$l¾Ñ�* χ2(1)í}º�

(7) j�CqíbåÑ p-value�
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[ 3: _�ú£_�û,l!‹

_�ú «É ÚÅ h‹�

α 0.047 0.082 2.628*
(0.156) (0.095) (0.768)

σ 2.326* 1.624* 14.439
(0.121) (0.141) (0.952)

log L −502.442 −559.687 −1443.370

_�û «É ÚÅ h‹�

α0 1.279* 0.301 3.771
(0.151) (0.390) (2.306)

α1 −0.929* 0.013 2.068*
(0.256) (0.073) (0.470)

σ0 1.044* 3.018* 23.830*
(0.098) (0.288) (1.702)

σ1 2.585* 0.777* 5.660*
(0.186) (0.046) (0.319)

p00 0.967* 0.982* 0.963*
(0.018) (0.009) (0.013)

p11 0.950* 0.948* 0.927*
(0.024) (0.028) (0.027)

log L 458.548 456.765 1317.837

H3|H4 1921.980* 2771.164* 5522.414*
[<0.001] [<0.001] [<0.001]

HA
0 815.997* 948.219* 819.558*

[<0.001] [<0.001] [<0.001]
HB

0 49.715* 0.491 0.493
[<0.001] [0.483] [0.483]

HC
0 47.049* 64.290* 118.153*

[<0.001] [<0.001] [<0.001]

(1) Æ�CqíbåÑ,l™ÄÏ�

(2) * [ýÊ 5% í®Ä-éO�

(3) H1|H2 [ý_�øú_�ùí–Nª�ì�

(4) cq HA
0 : p00 = 1 − p11 / α0 6= α1, σ2

0 6= σ2
1 Ñöv, �ì$l¾Ñ�* χ2(1)í}º�

(5) cq HB
0 : α0 = α1 / σ2

0 6= σ2
1 , p00 6= 1 − p11 Ñöv, �ì$l¾Ñ�* χ2(1)í}º�

(6) cq HC
0 : σ2

0 = σ2
1 / α0 6= α1,p00 6= 1 − p11 Ñöv, �ì$l¾Ñ�* χ2(1)í}º�

(7) j�CqíbåÑ p-value�
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[ 4: ®Åõ”−0ÕG•}‚È

Åð ÕGÉ‚È ÕGø‚È

«É 1987:01 ∼ 1990:05 1990:06 ∼ 1991:09
1991:10 ∼ 1993:02 1993:03 ∼ 1994:07
1994:08 ∼ 1995:09 1995:10 ∼ 1997:10
1997:11 ∼ 1999:03 1999:04
1999:05 ∼ 2000:10 2000:11 ∼ 2001:07
2001:08 ∼ 2001:09 2001:10 ∼ 2004:01
2004:02 ∼ 2005:06

ÚÅ 1981:01 ∼ 1988:01 1988:02 ∼ 1989:09
1989:10 ∼ 1997:10 1997:11 ∼ 1999:11
1999:12 ∼ 2001:02 2001:03 ∼ 2001:11
2001:12 ∼ 2004:12 2005:01 ∼ 2005:06

h‹� 1977:04 ∼ 1978:01 1976:01 ∼ 1977:03
1979:02 ∼ 1979:09 1978:02 ∼ 1979:01
1980:05 ∼ 1982:09 1979:10 ∼ 1980:04
1983:02 ∼ 1985:01 1982:10 ∼ 1983:01
1985:10 ∼ 1990:07 1985:02 ∼ 1985:09
1991:08 1990:08 ∼ 1991:07
1991:10 ∼ 1991:11 1991:09
1992:12 ∼ 1994:03 1991:12 ∼ 1992:11
1996:01 ∼ 1997:07 1994:04 ∼ 1995:12
1999:01 1997:08 ∼ 1998:12
1999:07 ∼ 2005:05 1999:02 ∼ 1999:06
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[ 5: Diebold-Mariano í_�š…Õã¿�ì

«É ÚÅ h‹�

~AÅ0’e
MS-MSE 6.87-e04 0.0069 0.0025
RW-MSE 3.30-e04 0.0010 2.69-e04

DM-Test(HD
0 ) 6.7891 11.8223 26.8545

[1.000] [1.000] [1.000]
DM-Test(HE

0 ) −6.7891* −11.8223* −26.8545*
[< 0.001] [< 0.001] [< 0.001]

�AÅ0’e
MS-MSE 0.0049 0.0412 0.0159
RW-MSE 0.0062 0.0130 0.0031

DM-Test(HD
0 ) −2.0296* 9.1405 15.9263

[0.021] [1.000] [1.000]
DM-Test(HE

0 ) 2.0296 −9.1405* −15.9263*
[0.978] [< 0.001] [< 0.001]

(1) MS-MSE ÑÊïªÚ�²_�-í�ÌÏÏ�j�

(2) RW-MSE ÑÊxÔªáí�ÀÓœØ¥_�-í�ÌÏÏ�j�

(3) HD
0 : MS − MSE = RW − MSE ,HD

1 : MS − MSE < RW − MSE�

(4) HE
0 : MS − MSE = RW − MSE ,HE

1 : MS − MSE > RW − MSE�

(5) j�CqíbåÑ p-value�

(6) * [ýÊ 5% í®Ä-éO�
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Ç 1: h«Þ� Ú�Dh‹�Þõ”−0•‘£~AÅ0-2MÕGç‚œ0M
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Ç 2: h«Þ� Ú�Dh‹�Þõ”−0•‘£�AÅ0-2MÕGç‚œ0M
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