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i j;Y > ? @ '% & k l m Mn % o @ p Zq � r s 't _ R� � � a ju v

[w x �yz{ �(M-V)  w x �y| } ~ � �(M-CVaR)M� � ~ � � � ��

�IJ� % & K L � c �� Y > ? @ '% & 8� � ( 'MIJ% & K L �Zq

� � � ;�~ � q �R 

 

 

 

����������������> ? @ .IJ% & K L .| } ~ � �.NO PQ  
Key word����Cointegration.Strategic Asset Allocation.Conditional Value at Risk. 
          Efficient Frontier 

___________________________________________________________________             
*������ � � 	
 � � 
 � � � � � � � 	41349 � � � � � � � � � � 168�� 

  



�

 ! " # $ % & ' ( ) * + , - . / � � �� �

�

��������  � �� �� �� �  

k � IJ% & K L (Strategic Asset Allocation) � � � \ ]� N'� � ;� � �
� \ ]� F � �;k �n % o @ � � � j� z_ ;eK L C�   =| } % ¡

(conditional information)¢£ | } % ¡ (unconditional information) ¤ � �� � R¥
¦� � § ¨ ©� a ª « ¬ ­ ® =[IJ% & K L ^;¯°¦z�¬ ­ (Campbell et 
al.(2003))._ �± ² IJ(Bange and Thomas(2004)).³ 8n % ª « (Brouwer and 
Philippe(2009))´RIJ% & K L � µ ¶ Markowitz(1952)'n % o @ ª « Mw x
�-z{ �(Mean-Variance, M-V) n % o @ ¬ ­ ;e¬ ­ '~ � � �� ( ·z{ �¸
M$ ¹ º » [� ¼ ½ o ¾ ¿ À Á 'Â Ã Ä s ;Å Æ n % Ç 9 w x ��^.��'

� � ZÈÉ '~ � ` s ;e3S Ê n % Ç ËÌ Í '~ � Î � Ï Ð Ñ �Ò ~ �

(Downside Risk)'³ 8Ó { Rde Duarte and Alcantara(1999)ÔÕ w x �- ~ � �
NO PQ (Mean-VaR Efficient Frontier) � Ö ;�� ��Ò ~ � '� ( y~ � ��
! z{ �;× Ø Ù Ú n % o @ ~ � Î Ø � Ú n % o @ � � Û Ü Õ NO n % Ý @ Þ

ßà Artzner and et al.(1999) á 8~ � �â� � È¿ Y ã ä � (coherent)'~ � �
�� ( ;d~ � �� å @ æç è � (sub-additive);[é Æ ¦ê n % ( ''n % o
@ � �^;� p & � ~ � AÃ 'NV ;ë Artzner and et al. (1999).Rockafellar and 
Uryasev(2000) ì í =| } ~ � �(Conditional Value at Risk, CVaR) Û î ! ~ �
�;& � Mean-CVaR(M-CVaR)NO PQ ï n % Ç Zð ñ ò 'n % óô ç õ u R 

# $ M-V n % o @ ¬ ­ PÔö ÷ | } ø;é Æ % & 8�` .� � ù ú � `
AK ¢% & Á > z�û ü 8� �û ü ;ý þ | } �3S Ê n % ��� { �¦;�

M-V ¬ ­ '~ � AÃ n % ') �yÓ Ì ��ËZ[z�8� ` AK j � �� 	
(Kat, 2003)R> ? @ 
 � � Engle and Granger(1987) k ÔÕ ;� 
 ® =�� ;Corhay 
et al. (1993) � c [ � ¦ � � � � ø ( » �   � g )' � � � [\ ] Ì �;
Arshanapalli and Doukas(1993) � = Engle-Granger(1987)'�z�Ò CÜ � � � �
�¢ � � �� Á 'ã U ;Sanju n et al.(2009) � � Õ � � � � � � 3  � Á 'Ì

�;Andros and Kontonikas (2010) Ü Õ � � 3 ! " � � Á '\ ]Ì �RLucas(1997)
á 8 > ? @ p # $ % J (Tactical)¢IJ (Strategic)^'
 � � I;F ss and 

Kaiser(2007) á 8Y Z> ? @ '% & [\ ]^Z_ ` > a b _ 'c :;& > ? @
' �� ( �� 1 ~ � AÃ NV ;k �~ � ) � n % Ç q * + Y > ? @ % & ;� �

� a ju v [w x �yz{ �(M-V)  w x �y| } ~ � �(M-CVaR)M� � ~
� � � �� �IJ� % & K L ;S T U V W X Y > ? @ % & 'n % o @ , � Y >

? @ % & 'n % o @ � � ��� ~ � R 

- . � � ; / È 0 AP 1 2 3 IJ% & K L 4 5 ;à M-V ¬ ­ � @ S � ö
÷ 6 � � . 7 8 È 9 D : > ? @ [% & K L ^' ; =;/ �0 A� � � Ò C;<

� = > � � � Ó Ì ? �ª « ;/ @0 A8S T U V ;ú c � � � % A B C U V â

8 È 9 AB ; / D 0 A E F U R 
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(È) Augmented Dickey-Fuller(ADF) G 5 ? �C 

� � Dickey and Fuller(1979)ÔÕ ' DF ? �Ë H =[jÁ I J 8 AR(1)'P
Ô�;̄ V jÁ I J K H]� L M 1];©p N ¼ O�P 8 Q R S (white noise)1'

ö ÷ ;O� p Z¶ T Ó Ì 'c :& � ;e© # $ DF' ? �� U R8 V � ý ¿ W
X;Said and Dickey (1984)ÔÕ ADF(Augmented Dickey-Fuller);Y � jÁ I J �
Z K Hð ¦]' ARMA(p,q) M Ä ; � Z O�P m 8 Q R S ;l [Z@° 

1. \ ] ^ P . \ ) _ P  
 

2. Z ] ^ P . \ ) _ P
 

3. Z ] ^ P .Z ) _ P
 

� ø; 8 ] ^ P (drift);8jÁ ) _ P (deterministic trend);8O�P ;

8��Rà^ J [` ø;f p=0j&8 DF ? �;@ ê ¬ ­ �[ a T '��

� b 8 c ;&d \ ö ÷ 8 ;e α W f { � c ;g h d \ ö ÷ ;�8�

` I J ;i j � � Y Z G 5 Þ¼ M;e $ ¹ � \ C g h d \ ö ÷ ;&8£ �` '

I J ;&Z G 5 � [R 

(�) Phillips and Perron (PP) G 5 ? �C 

ADF ? �è k K H P ;l ç V � O�P Á ¶ T Ó Ì 'WX;mn o V � O
�P z{ � p È'ö ÷ ;9 e Phillips and Perron(1988)© DF' ? �$ ¹ �è �
q ? ; � = \ r � s t ? �C(non-parametric correction) Û u t DF ? �$ ¹ �;
� Z Y � O�P � [ I J Ó Ì 3{ v � (heteroscedasticity)j i � ? �jÁ � J
� b Y G 5 R� J w [ µ ¶ x y z (2004)R 

ejÁ ) _ P � � [( )j; ? �$ ¹ �8� 

                                                
1 � � � � � � � � � 	� � 0 1 2 (white noise)�E( )=0, Var( )=3, t=1,2,3...., Cov( , )=0, t
4s� 
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�

 

� ø;N 8É � �; ; 8É � z{ �; 8�

k 9 ; d \ ö ÷ m {�'O�z{ �R 

ejÁ ) _ P � � [( )j; ? �$ ¹ �8� 

 

� ø; . '�» 3 . Ó a ; 8 V | z�± } ~ û ü '³ J �

(determinant of the regressor cross-product matrix)R 

�@� > ? @ �

Engle and Granger(1987)ÔÕ � �� (two-step) 
 Ù w Ò CÛ � ¹ > ? @ �
�;�   = ? �> ? @ � � 'O�P � b Y Z G 5 ;Û � � z�MÁ � b � [>

? @ 'Ì �;à� 9 > ? @ �» ¯�° 
1. n � � �øk Zz��8 I (d ); ;[ø I (d ) ! "? @ �æ

(integrated order) 8 dR 
2. e� [È¿ n � � � ; � Z � � o @ ; ;�e

� � � � 8 � Z d� bæ'> ? @ Ì �;� CI (d, b) å � "X R 

Engle and Granger'Ò Cl ² � � ¹ ;m Engle and Granger ? �Ë H =� z
�Á '> ? @ � �ËZÈ¿ ;&� z�'? @ Ì �? �;ëfz�¦� � ¿ j;

> ? @ Ì � ç �� ËÈ¿ j;ç �p & � ? �U V g h > ? @ Ì �' � [;m ý

â� "X È�� � [> ? @ Ì �R 

Johansen(1991)3 Johansen and Juselius(1990) ì í = 
 � 2 � � ¹ ? �C
(maximum likelihood estimation;MLE) Û ? �¦z�Á '> ? @ Ì �;� ! MP
' Engle and Granger ��� ? �C;eC � M È��AH' VAR(Vector 
Autoregressive) ¬ ­ ;  =k 9 ; ' � �u t ¬ ­ p & � Èh i û ü ;â= � ê
2 � , $ ¹ �Û ? �û ü ' � (rank);&¦z�Á '> ? @ � �Ì �;� � � [
� ç Ü Õ k Z> ? @ � '¿ �;� E � ª « 9 z�Ì �' � � x ç � � � ¹ ;

de;� � � < = Johansen 'Ò C 8 ³ > ? @ AB ; � 9 Johansen 
 � 2 � �
¹ CMª « � �  Ó Ì ' � ¹ 3 ? �¾ � = > ¯�° 

ö ÷ È � � ;8 n � ' I(1) � �; K H k ]M VAR
¬ ­ ¯�° 
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(6) 

     � ø; 8 � � � � 

          8 ���û ü  

          8 �' � �P ;� ; 8> z{ �û ü  

5 ô Granger Representation�ª ;̂ [VAR ¬ ­ 9 ; ' � � � �u t ¬ ­ (Vector 

Error Correction Model, VECM)8° 

          
(7) 

^[ ç � � m  

                           
(8) 

� ø; ; ;I8 G   û ü  

^[ø' &8 ø ¡ z�MÁ ' ¢ ]_ ` Ì �;"X f £ � g

� h i 6 � ¡ ¿ z� * Â x � j'_ ` q ? ¤ l ;& � � ¢ ] # $ Þ 8

� �u t P (Error Correction Item);& Z M s �Ajç   =e P © ¥ ¦ '\

]¡ § q ? ¨ Û ; 8k Z K H P ' � � o @ ;© � h i û ü (Impact Matrix);�
¼ ½ Õ ¡ z�Á \ ]x � Ì �;& � �\ ] # $ ;eÈ � �u t P &8 Johansen

 � 2 � � ¹ Cø> ? @ � � � ¹ 3 ? �'ø ª P « ;à ' � (rank) � � ¬ > ?
@ � �¿ �; ­ & � � ¬ z�Á Y Z¦ ® ¿ \ ]Ì �;óô rank( )Z@ ê � a
' ¤ ¯ ° 

1. rank( )°n;" 8 - � (Full Rank)� 8�` 'jÁ I J ;& ;

ejç � � � � ¹ VARR 

2. rank( )°0;" 8 c û ü �± Z ² ³ È¿ ' � � o @ 8�` jÁ

I J ;& ; ¡ z�Á � � [> ? @ Ì �;ej � � � � ¹ VARR 

3. rank( )°r;0´r´n;" 0 A' � � o @ 8�` jÁ I J ; ¡ z

�Á � [ r ¿ > ? @ Ì �R 

k �;^ 3 ? � M Ä [ � ( � ' � ;e8 / @ ê ¤ ¯ �ej

; 3 x 8(nµr) û ü ;"X lß � �£ �` ;mE M 3 � �

' � � o @ H; zm È�` jÁ I J ;ë � 8> ? @ û ü ; � 8 ¢ ] q

? ��û ü ;=Û � �? À q ? � \ ]x � ' ¶ s R 

rank( ) � � > ? @ � �¿ �;à8� � û ü ' � ;ù ? � · � �Z¦ ® ¿

W f { � c ' ¸ � 5 (Characteristic roots);Johansen(1991)ÔÕ � ê 2 � , $ ¹
�;=� ? �z�Á '> ? @ Ì � ¿ �;A 3 ¯�° 

1. ¹ º ? �(trace test) 
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�

    � ? �$ ¹ �8° ) 

2. 
 � ¸ � 5 ? �(maximal eigenvalue test) 

     

     

    � ? �$ ¹ �8°  
    � ø;T°� » �¿ � 

          ° û ü ø' ¸ � 5 � ¹ � 
           r°> ? @ � �¿ � 

? � 9 ¼ � d \ ö ÷ 8 r°0 ½ ¾ ;eZ ¿ À T ô g h d \ ö ÷ ;"X z�
Á � [Èo > ? @ Ì �; � �Û � Á ? � d \ ö ÷ ; � � \ C g h d \ ö ÷ 8

Â;� ç �� � r '¿ �;&z�MÁ > ? @ Ì � ¿ �Rà Johansen(1991) i T
> ¬ �^ � ê ? �$ ¹ �â� ¯È Ã ' 2 s ,? �$ ¹ �ú c Ä Ò AK ;à� Å

Æ ® _ (Brownian motion)' Ç �;ë;Cheung and Lai(1993) á 8fO�P � Z *
`  L È É ` j;­ Î Serletis(1993) á 8 ¸ � 5 'AK � x Ê j;� = ¹ º ? �
$ ¹ �q 
 � ¸ � 5 $ ¹ � Ë �R 

ó Granger Representation�ª ;ez�Á Y > ? @ Ì �� ç =È � �u t ¬

­ Û "X ; Ì f � �u t P ç Z � \ ]S Ê �3ª 7 �Á ' ¦ � ¤ l ;&(8)[

ø;Johansen > ? @ \ ]Ì �� ¹ [M K HÈ]' � �u t P U @ ¬ ¢ ]

_ ` q ? M Ä 3\ ]x � Ì �'¡ § Þß9 � ¦E � 
 � � � à 1 ;Í Î Ï '�

> ? @ [ø��� Ù �Î t Ð � � b å @ ª « k � ];de9 > ? @ ��' ? �

< = 2 � , ? �'Ò CÞ¯^k 3 ;e ' � Ñ � 0 ¢ n MÁ ;�ej
;�� ¹ Õ Û ' � �u t P 8° 

                                                (9) 

� ø � 8 ¢ ] q ? ��û ü ; � 8> ? @ û ü ;eej@ ¿ z�øZ � o

> ? @ � � � [;� > ? @ û ü � / È¿ z���8 1'Ò [ ( ) Ú H;^[ ç
"X m ° 

 

¯V � � � Èz� H � H @ Ò k > ? @ ¬ ­ ø;� ¯ z�;�ej' � �

[8 (m=2);ßH Ó o è k � � [Pk � Z ' 
 � 2 � �8
;àè k � � [Hk � Z M 
 � 2 � �8 ; � f ¹ Ô  

                                      (10) 

Î �   = o £ � ¢è k � � ['¬ ­ k � ¹ Õ Û M ¸ � 5 ¹ Ô  
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                   (11) 

� ø; 8 £ � ¬ ­ ' ¸ � 5 ; 8 o £ � ¬ ­ ' ¸ � 5  

f ;"X g h � � [ m {' d \ ö ÷ ;&o £ � ¬ ­ q y ; z

� H @ Ò k > ? @ ¬ ­ ø;¼ M;f ;! "è k � � ['¬ ­ q + ;

z�� H @ Ò k > ? @ ¬ ­ ø;; �è k � � [H'¬ ­ � Õ � ¹ Þa É 'Ò

C ­ ç =Û ? � ¢ ] q ? ��û ü R 

 

��M-V � M-CVaR 
 � � � � � �  

� �Û � Ñ Ö '� M-V3M-CVaR ¬ ­ NO PQ ' 9 ¼ R 

(È) M-V ¬ ­ NO PQ ( µ ¶ � × � (2006)Mean-Variance ¬ ­ ) 

Markowitz(1952)' M-V ¬ ­ � ©~ � �( ) � è ��Ú ;â Ø Ù Õ NO n

% o @ ;� ö ÷ ¯�° 

� ö ÷ n % o @ ¾ Z n P % & ;± Z \ ~ � % & ;% & � � O 8� ` AK R 

� k Z'n % Ú 8~ � Û � Ç ;­ � � � � £ Ç \ C # $ ��;�9 o Û

Za v � '� ]R 

� ��8ñ - ��;\ Ü .\ ± ² m � .\ Ý Þ ß à �% & ­ ç � E \ �

A á Þ 

� � � � ����������� 	 
 � � 
 � ��� � � ��

 

s.t.                           (13) 

                             (14) 

           � ø;W° 
 H n % o @ � � ;  



�

 ! " # $ % & ' ( ) * + , - . / � � ���

�

                 °n % o @ ¾ k Z% & '> z{ �û ü  

                 °n % o @ ¾ ¡ ¿ % & '� ]� � ;  

                 °n % o @ '� ]� � ;8g � â � 

                  

 Step1����  = LagrangeC;ã k � ¿ õ � 3 ;©Z| } � � [ Ú m \ |

} � � [; Ó 8 L;¯�[° 

 

      8 ³ * ä A� Ó 8 c ° 

 

 

 

      � f Ü Õ 
 H n % o @ � � W� å ¿ ^ J @[R 

Step2����[ â �È H;æ ç 8 È 9 ¹ Ô Õ ý o 
 H � � W 9 ; ' 
 H ( )

� ;ë ç k � Ù � � � a ' j ç Z � Èo Ó 9 ; ' ;©� Ù [ è ( é ^ j

� Z � M-V ¬ ­ MNO PQ R 

(�) M-CVaR ¬ ­ NO PQ  

e ê µ ¶ � ë ì (2002)M CVaR � å @ � ` AK �'n % í p Ý @ ¬ ­ ì { Ò
C;©� î ï ¬ ð CÜ Õ n % Ý @ ø 
 ZNO '� Û Ù Õ CVaR'NO PQ R
Rockafellar and Uryasev(2000)�» CVaR8� �ñ[ â � ò ¦ L M VaR'| } ]
ó � ô ; w [¯�° 

 

� ø; 8È ¸ �n % o @ õ   - ò ¦ '�; · �8 ö í z� 

Step1����¹ Ô n % o @ ' CVaR 

©Èn % o @ ø n ê % & ' î ï � � O � m � J R û ü l [° 
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;� ø m8% A I J \ s  

÷ 9 ý n ê % & '� � ö í ¬ ð tæ;Z � È� � û ü W;ßH©� � û ü

ø � 8 ;� � û ü ù � ø � û ü ç Z t ¿ � a 'n % o @ � � � �(mµ1);¯

�° 

 

©^ 3 t ¿ n % o @ � � � �A ú � Ù � � û I H� � - A,'� � ;e&

8 VaR2�; ÷ © � �¾ Ù � VaR�'� � O � w x ; j � CVaR� ¬ ;de æ
ç Z � È ü tµ1' CVaR � �R 

Step2����¹ Ô n % o @ '� ]� �  

a ^È 9 ¼ ¹ Ô � û ü ;÷ © ý È ü � � w x H Z � È ü tµ1'n % o @

� ]� � � � ;¯�° 

 

Step3����Ù Õ CVaR�'n % í p Ý @  

=ÈÉ '� � û ü W ¹ Ô Õ n % o @ ' CVaR 39 ; '� ]� � H; æ ç
� þ Õ � CVaR8� � 'n % í p Ý @ (Investment Opportunity Set);÷ � 
 � �
� 
 Ù ~ � ) �� � Õ NO n % o @ ;& CVaR Ó a j� � ]� � 
 � Ç .� ]
� � Ó a j� CVaR 
 Ù Ç ;
 Hý þ NO n % o @ � þ Õ Û ' æ � M-CVaRN
O PQ R 

 

                                                
2 � VaR �  � ! " # $ �% 	& �' � ! " # $ ( ) * 	+ VaR , - . / �% 0 12 



�

 ! " # $ % & ' ( ) * + , - . / � � �3 �

�

��������  
 �
 �
 �
 � � � �� � �� � �� � � � � � �� � � �� � � �� � � �  

��� � � �  

� � � 12 �� � � � IJ� �% A 8 � � � 
 � � � � � �(Credit Suisse
�Tremont Hedge Fund Index) w � k � � ;âó � � � 	 
 � n % í �

(Greenwich Alternative Investments) 9 � � � � n % IJ'A � ;© 12�� �A
8��ø{.C¦/C � � � .Ò � � ± ²  ¸ 
 IJ D ¿ � o ;# $ 
 � % &

� ��( ) * + 500./ 0 1 2 ¢ J.P. 4 5 6 7 � �8( ';% A ]Á 8 1993
� 12 � � 2009 � 12 �;� 1993 � 12 �8� ]�;> ¹ 193 � � � � � �R 

��� � � �  

" 1 � � � � � IJ3 � � .6 7 � �' � 3 $ ¹ �Rç � c � ¬ C¦/C
� � � � o ' Ò � ­ � �� � 8 Ð (-2.53%);� � � �§ W X � � � O ;� ø�

Ò � � ± ² � o ' - � � � � � 
 � (11.7%);��ø{ � o ' � � T 7 � �æ

M(10.62%)Þ� � z{ 
 � '� � # $ % & '/ 0 1 2 � �(25.82%); 
 Ù '�
# $ % & ' J.P. 4 5 6 7 � �(4.03%)Þà � ¬ C¦/C � � � � o ' Ò � ­ � �

8 � * ;� � � �� m � * ­ ` ;� - 0 � �AK �8� � É ;de J.B. � ` �
F G ;� ¬ � ª ] Þ � ��g ;� � ¡ � �§ ú c £ � ` AK ;de;�� ` A

K 8PÔMÓ Ì ��û ü % & K L C[� � � % A ^� � H � 'R 
" 1. É � % A � 3 $ ¹  

�� � � � � � � 	 
 � � 
 
 J.B. ��
������������������������

� � � � � � � ��������� 7.40 7.40 -3.05 17.71 2805.04***
� � � � �� � �� � � � ��� 4.71 6.28 -4.54 30.68 8190.61***
� � � � �� � ��  ! " # $ � 5.33 13.57 -12.50 164.24 220793.50***
� � � � �� � �% & ' ( � 9.75 6.16 -2.86 16.57 2458.42***
� � � � �� � �) * ��� 7.09 4.21 -1.24 5.80 318.77***
� � � � �� � �+ , ��� 10.62 6.80 -2.59 14.24 1838.11***
��������				�
 � � � ��
 � � � ��
 � � � ��
 � � � �

� � � � �� � �- . /- 0 �  � 9.81 9.98 -0.24 3.57 103.99***
� � � � �� � �1 0 2 � -2.53 16.73 0.55 0.87 15.53***

 � � � � � �
 � � � � � �
 � � � � � �
 � � � � � �

� � � � �� � �3 4 5 6 � 11.70 10.23 -0.26 3.36 92.24***
� � � � �� � �7 8 9 : � 6.10 11.74 -0.08 0.13     0.33
� � � � � �� � � � � �� � � � � �� � � � � �

� � � � �� � �; < ! " � 7.72 15.81 -1.21 6.44 379.10***

� � � � �� � �. = > ? � 9.33 6.52 -2.26 12.21 1355.29***

� � � � � �� � � � � �� � � � � �� � � � � �

    �ln(� � @ A  500 ) 5.45 15.73 -0.95 1.70 51.84***
    �ln(B C D E  ) 6.70 25.82 -0.70 1.39 31.15***
    �ln(J.P. F G H �� � ) 6.04 4.03 -0.18 1.08 10.41***

 

           ���� 1993/12~2009/12�193 � � � 	 
� � 
 � � � � � � � � � � � 
� � � �  = � � 
  – 3
 
               ���  � ! �ln�" # $% & 
J.B. test' H0�� 	 ( ) * � ! + 
***�, -. / � 1%0 -. 1 
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" 2.  ADF PP G 5 ? �  

1% 5% 1% 5%
������� � 	 
� � 1   -2.10 -4.01 -3.43 � 	 
� � 0   -0.88 -4.01 -3.43

(�������) � 	 0   -7.09*** -3.46 -2.88 0   -6.74*** -2.58 -1.94
� � � � �� � 	 
� � 2   -2.01 -4.01 -3.43 � 	 1   -1.75 -3.46 -2.88

(� � � � ��) 1   -7.20*** -2.58 -1.94 � 	 0   -7.61*** -3.46 -2.88
� � � � � � � 	 0   -1.79 -3.46 -2.88 � 	 0   -1.79 -3.46 -2.88

(� � � � � � ) � 	 0 -12.95*** -3.46 -2.88 0 -12.83*** -2.58 -1.94
� � � � � 	 
� � 2   -2.45 -4.01 -3.43 � 	 1   -1.33 -3.46 -2.88

(� � � � ) � 	 1   -6.75*** -3.46 -2.88 � 	 0   -9.22*** -3.46 -2.88
� � �� � 	 
� � 2   -1.80 -4.01 -3.43 � 	 
� � 0   -1.41 -4.01 -3.43

(� � ��) � 	 0 -10.01*** -3.46 -2.88 � 	 0 -10.01*** -3.46 -2.88
� � �� � 	 2   -1.30 -3.46 -2.88 � 	 0   -1.88 -3.46 -2.88

(� � ��) � 	 1   -6.62*** -3.46 -2.88 � 	 0   -9.01*** -3.46 -2.88
 ! / " � � � 	 1   -1.14 -3.46 -2.88 � 	 0   -1.24 -3.46 -2.88

( ! / " � � ) � 	 0 -11.04*** -3.46 -2.88 � 	 0 -11.04*** -3.46 -2.88
# " $ � 	 
� � 1   -3.80 -4.01 -3.43 � 	 
� � 0   -3.29 -4.01 -3.43

(# " $ ) 0 -12.36*** -2.58 -1.94 0 -12.36*** -2.58 -1.94
% & ' ( � 	 3   -1.56 -3.46 -2.88 � 	 1   -1.00 -3.46 -2.88

(% & ' ( ) � 	 2   -7.26*** -3.46 -2.88 � 	 0 -12.45*** -3.46 -2.88
) * + , � 	 
� � 1   -3.85 -4.01 -3.43 � 	 
� � 0   -3.56** -4.01 -3.43

() * + , ) � 	 1 -10.99*** -3.46 -2.88 � 	 0 -13.01*** -3.46 -2.88
- . � � � 	 
� � 1   -2.88 -4.01 -3.43 � 	 
� � 0   -1.96 -4.01 -3.43

(- . � � ) 0   -9.92*** -2.58 -1.94 0   -9.92*** -2.58 -1.94
! / 0 1 � 	 
� � 2   -2.91 -4.01 -3.43 � 	 
� � 1   -1.64 -4.01 -3.43

(! / 0 1 ) � 	 1   -6.98*** -3.46 -2.88 � 	 0   -9.80*** -3.46 -2.88
2 3 4 5  500 � 	 1   -2.16 -3.46 -2.88 � 	 0   -2.28 -3.46 -2.88

(2 3 4 5  500  ) 0 -12.01*** -2.58 -1.94 0 -12.01*** -2.58 -1.94
6 7 8 9 � 	 0   -2.01 -3.46 -2.88 � 	 0    0.88 -3.46 -2.88

(6 7 8 9  ) 0 -12.20*** -2.58 -1.94 0 -12.20*** -2.58 -1.94
J.P. : ; < �= 	 � 	 
� � 3   -2.47 -4.01 -3.43 � 	 
� � 1   -2.22 -4.01 -3.43

(J.P. : ; < �= 	 ) � 	 2   -7.44*** -3.46 -2.88 � 	 0 -12.02*** -3.46 -2.88

ADF text PP text

> � ? @ A + B C D
E F G

> � ? @ A + B C D
E F G

 

��2 3 4 5 6 7 � 8 9 �� : # Akaike’s information criterion(AIC); Schwartz’s criterion(SC) < = > 
? @ A � B = 2
C & � D �  E F G �H �� I J K & " # $% & L I M D N 6 ����  � ! 
O P N 6 ' H0�� 	 Q , O P �

� � R 6 � 3 4 
***�, -. / � 1%0 -. �**�, -. / � 5%0 -. 1 

��� � � �  

" 28 ADF3 PP G 5 ? � MF G U V R� Ò � ­ I J � � ¢ � ª ] Þ I J

� � � g ;¡ � � � � I J � � ' � ¾ IJ § ú c £ � ` ;E M È � � A H ;I

J� ú � ` ;& � � 8 I(1)'£  � (Non-stationary)IJ3;d e - 0 jÁ IJ ç

8 ³ > ? @A B R 

��� 	 
 � �  

� G 5 ? � ç ! k Z z � E M È � � A H � ú c � ` ;d e ç Ì � Johansen

 � 2 � C(Johansen 1991; Johansen and Juselius 1990) F G ! "# $ % & ' � �

¢ 6 7 � � 3 D ê � � � � I J � � � ok l m 'n % o@� b Y Z > ? @Ì

�R" ó ô AIC ) �(Akaike’s information criterion)3 SC ) �(Schwarz’s criterion)
� � � � � � u t ¬ ­ (VECM) ¶ T Ó Ì ' # $ ] � Þ¯ " 3 k X R 

 
                                                
3 567%89:; 1%<=> ? @ 	A B C D # E F ? @ � 	G H I C J ? F I(1) 



�

 ! " # $ %& ' ( ) * + , - . / � � 4 � �

�

" 3.  � � � � u t ¬ ­ # $ ] � � � 
���� 0 1 2 3 4

� � � � 	 
 � �

AIC -21.80 -48.76 -49.59 -49.74     -49.75**
SC -21.65     -47.19** -46.61 -45.36 -43.96

� � 
 � /
 � � � � �

AIC -6.07 -22.52    -22.53** -22.43 -22.35

SC -5.99     -22.00** -21.57 -21.03 -20.52

� � � � � � � � �

AIC -5.86     -21.35** -21.34 -21.33 -21.22

SC -5.78     -20.83** -20.38 -19.94 -19.39

� � � � � � � �

AIC -5.61 -22.69     -22.89** -22.80 -22.77
SC -5.52     -22.16** -21.93 -21.41 -20.94

 

               ��? @ A � B = 2 C & � D � E F G �I J K & S" # $% & $L N 6 AICT SC
**�,  
                   -. / � 5%0 -.  

" 3 ç ! % @ � � ø { � # $ 4 ] ' AIC W f ;� � % @I J � o 
 H #

$ ] � ó I8 2.1.2R 
¡ % @I J � o 
 H # $ ] � � � H ;� f ? � > ? @ � � '¿� R¹ º ?

�  
 � ¸ � 5 ? � '> ? @ � � ¿� U V ¯ " 4 k X ;f � ê ? � U V � È 6

j� < = ¹ º ? � 'U V 8> ? @¿� R" 4 ç ! ¹ º ? � [ W f & ) 5%M
�;% @ � � ø { � oZ @ ¿> ? @Ì �;� � @ o % @I J � o ¡ Z È ¿> ?

@Ì �;à 
 � ¸ � 5 ? � [ 5%'W f & ) �; D ê % @I J � o � Ë Z È ¿

> ? @Ì �RF U � ^ U V ç ! ( ) * + 500./ 0 1 2 ¢ J.P. 4 5 6 7 � � ¢

12 ê � � � � I J � � MÁ � [ > ? @Ì �;d e ç = � � � � u t ¬ ­ 8 È

9 A B ¡ z � Ó ' Á 'Ì �R 
" 4. > ? @¿� ? � U V  

�� 5% 1% P� �� 5% 1% P�
� �� � � � � � � � �� � � � � � �

� 	 
 � � 
 � � �� � �� � � � � � � �� � � � �� ! " # $ % & � �' ( ) * % + , �- . / 0 + ,

�1 2 
 � � 
 �3 4 5 6 �7 8 + , �9 : * % ;

r = 0 0.30 249.63 197.37 210.05     0.00*** 67.52 58.43 65.00      0.01***

r < 1 0.23 182.11 159.53 171.09     0.00*** 49.99 52.36 58.67  0.09*

r < 2 0.19 132.12 125.62 135.97   0.02** 40.66 46.23 52.31 0.18

r < 3 0.16 91.46 95.75 104.96 0.10* 32.43 40.08 45.87 0.28

r < 4 0.11 59.03 69.82 77.82 0.27 21.33 33.88 39.37 0.66

� 	 = > /= ? 1 2 � � �� � �� � � � � � � �� � � � �� ! " # $ % & � �= > @= ? 1 2 �A ? B ;

r = 0 0.18 74.80 69.82 77.82    0.02** 38.15 33.88 39.37    0.01**

r < 1 0.09 36.65 47.86 54.68 0.36 17.01 27.58 32.72 0.58

r < 2 0.06 19.64 29.80 35.46 0.45 12.01 21.13 25.86 0.55

� 	 C 6 D E F � � �� � �� � � � � � � �� � � � �� ! " # $ % & � �G H I J �K L M N ;

r = 0 0.18 65.16 60.06 67.64    0.02** 37.65 30.44 35.73      0.01***

r < 1 0.07 27.51 40.17 46.57 0.49 14.72 24.16 29.06 0.53

r < 2 0.04 12.79 24.28 29.51 0.64 7.85 17.80 22.25 0.72

� 	 O P Q R � � �� � �� � � � � � � �� � � � �� ! " # $ % & � �S T 
 � �> U Q R ;

r = 0 0.19 69.62 60.06 67.64      0.01*** 39.12 30.44 35.73      0.00***

r < 1 0.08 30.49 40.17 46.57 0.33 16.40 24.16 29.06 0.39

r < 2 0.05 14.10 24.28 29.51 0.53 8.85 17.80 22.25 0.61

V W X . -λt race

O Y �

Z [ O D # X . -λmax

 

��? @ A � B = 2 C & � D � E F G �H �� I J K & " # $% & L I M D N 6 
***�, -. / � 1%0 -. �**�
, -. / �  5%0 -. �*�, -. / � 10%0 -. 1 
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 �! " # $ % & 
 � (VECM)� ' ( ) ( � �  

� P 3 ' > ? @ U V ç ! ;� � � � �' # $ 
 � % A 3 � � �

� I J � � M Á � [ f \ ] Ì �;ë e 8 È 9   = � � � � u t ¬ ­

D : # $ % & ( ( ) * + 500./ 0 1 2 ¢ J.P. 4 5 6 7 � � )3 D ê � � � �

I J � oMÁ [ \ ] x � ( ` �' q ? � � ;� 3 © Ë ú c ¡ � o3# $ % &

> ? @M U V ;� f 8 ³ ¡ z � 2 � , ? � ÞF G U V � ç "X ý ) ¿> ?

@Ì � ø ;Z Ì � � m A ' t ( = > ;& È ¿Î ð ¦ > a ö í ) _ ' � [ â � "

X = k Z % & [ È Ã ) _ ø � Z * + ' # $ ;d 8ç � Z È þ 
 � Î � � � � �

� 'IJ± Z 8 k > a ö í ) _ , ;à\ ] ~ � A Ã õ   'Ì - t � Ü Õ / þ ±

Z 8 k > a ö í ) _ '% & 8 ³ n % ;� � 1 � ~ � A Ã ;à¯ V � � 9 > a )

_ � � W f ¼ ; ' . ;�) _ q ? ¶ s 9 ~ � A Ã ­ # $ � � R 

� " 4 ç ! ¹ º ? � [ W f & ) 5%M�; % @ � � ø { � oZ @ ¿> ? @

Ì �;· � oÆ Z @ ¿# $ % & ¢ / ê � � � � � � ;� � � ? 0 / ê � � � �

� � 3# $ % & '\ ] > a ) _ 3� > a ) _ ' q ? ¶ s R" 5 ç 1 Õ ;[ W f

& ) 5%M�;( ) * + 500.J.P. 4 5 6 7 � � .� � � � ø { � � ¢ 2 } 3 �

� � ± Z K k ö í > a ) _ ;d e 4 F \ ] n % Ç ç Ì � 5 è ý þ ± Z K k > ?

@ � � '% & � n % o@¾ Û ' � ~ � & ) R 
" 5. % @ � � ø { � oz � � � ? �  

�������� χ2(m) Prob. χ2(m) Prob.

β����  = 0 1 0 0    8.52** 0.036 α����  = 0 -0.08 0.09 0.22      9.78* 0.021

β� � � � 500  = 0 0 1 0 2.99 0.394 α� � � � 500  = 0 -0.02 0.03 0.15      8.30** 0.040

βJ.P .	 
 � � 
 �   = 0 0 0 1 1.92 0.590 αJ.P.	 
 � � 
 �   = 0 0.00 0.00 -0.01      1.68 0.640

β� � � � � � �  = 0 -7.02 -10.24 2.34  10.65** 0.014 α� � � � � � �  = 0 -0.01 0.00 -0.02    15.81*** 0.001

β� � � � � �  = 0 20.15 26.54 -4.24    12.65*** 0.005 α� � � � � �  = 0 -0.01 0.01 0.00    15.24*** 0.002

β� � � � � �  = 0 4.18 5.71 -1.06  6.88* 0.076 α� � � � � �  = 0 -0.01 0.03 0.05    24.63*** 0.000

β�  ! "   = 0 24.18 26.61 -3.75  7.70* 0.053 α�  ! "   = 0 -0.01 0.01 0.02      3.72 0.294

β# $ � �   = 0 -3.27 -0.56 -2.53    9.11** 0.028 α# $ � �   = 0 0.02 -0.01 0.01    14.41*** 0.002

β% & � �   = 0 -27.65 -33.19 5.40  10.24** 0.017 α% & � �   = 0 -0.02 0.02 0.03      7.51* 0.057

	
 � � 
 �
 � � 


 

��***�, -. / � 1%0 -. �**�, -. / � 5%0 -. �*�, -. / � 10%0 -. 1 

� � C ¦ / C � � � � o.Ò � � ± ² � o¢ ¸ 
 I J � o % @# $ % & �

o[ ¹ º ? � W f & ) 5%M� � Y Z È o> ? @Ì �;� / 0 1 2 � � 8( )

Ú � ;� � � 8 1;� " 6 ú c R 

6" 6 ç 1 Õ ¡ % @ � o Z 7 þ z � ' � ¹ � � K k > ? @ Ì

�; % @ C ¦ / C � � � � oZ ( ) * + 5003 Ò � ­ � � .% @Ò � � ± ² �

o , Z J.P. 4 5 6 7 ¢ � ª ] Þ � � ; & ^ 3 / þ % & Z K k \ ] x � Ì �;�

� ý þ % & om 'n % o@p Z q � '\ ] t _ � � � 8~ � ) � Ç k * +



�

 ! " # $ %& ' ( ) * + , - . / � � 4 � �

�

';à % @ ¸ 
 I J � o�± Z ² ³ � � W f Y Z \ ] x � Ì �4R 

" 6. C ¦ / C � � � � o.Ò � � ± ² � o¢ ¸ 
 I J � oz � � � ? �  
�� � � � χ2(m) Prob. �� � � � χ2(m) Prob.

� � 	 
 /	 � � 
 � �

β����   = 0 1.00 2.07 0.150 α����  = 0 0.05        3.41 0.065

β � � � � 500  = 0 -0.93       4.53** 0.033 α� � � � 500  = 0 0.01        0.57 0.450

βJ.P. 	 
 � � 
 �  = 0 1.91 0.00 0.990 αJ.P. 	 
 � � 
 �  = 0 0.00        0.33 0.563

β � � /� � � �  = 0 -0.09 1.46 0.228 α� � /� � � �  = 0 0.01        1.28 0.258

β � � �  = 0 3.89      20.39*** 0.000 α� � �  = 0 -0.04        7.89*** 0.005

� � � � � � � � �

β����   = 0 1.00 0.00 0.989 α����  = 0 0.00        0.00 0.989

β � � � � 500  = 0 33.90 0.13 0.717 α� � � � 500  = 0 0.00        0.36 0.547

βJ.P. 	 
 � � 
 �   = 0 -389.23       6.00** 0.014 αJ.P. 	 
 � � 
 �   = 0 0.00      15.01*** 0.000

β � � � �  = 0 17.38 0.43 0.511 α� � � �  = 0 0.00      20.21*** 0.000

β � � � �   = 0 325.32       6.06** 0.014 α� � � �   = 0 0.00      12.45*** 0.000

� � � � � � � �

β����   = 0 1.00 0.85 0.357 α����  = 0 0.00        0.21 0.650

β � � � � 500  = 0 -0.88 0.47 0.493 α� � � � 500  = 0 0.00        0.09 0.768

βJ.P. 	 
 � � 
 �  = 0 0.49 0.06 0.805 αJ.P. 	 
 � � 
 �  = 0 0.01       22.62*** 0.000

β � �  !   = 0 0.35 0.01 0.916 α� �  !   = 0 0.00         0.8 0.371

β � " # $   = 0 -0.73 0.00 0.958 α� " # $   = 0 0.00         7.47*** 0.006

 

��***� , - . / � 1%0 - . �**� , - . / � 5%0 - . 1 

*�+ , - . � 	 
 � / � 0 
 � � � � 1 2  

�P3>?@?� ����ut¬­'z���?�H;� ¬ % @ ¸ 
 I

J �oz� � � W f Mg ;� � � © % @ � � ø { �o. % @ C ¦ / C � � � �

o.% @Ò � � ± ² �o ¡ ú A m � on % o@;& K k >?@n % o@3 \ K

k >?@n % o@; ¡ ú 8 Õ M-V3 M-CVaR � � �MN O PQ ;â Ü Õ ~ �

 Ù 'n % o@ � � n % o@;� � n % o@� 9 k � � � : 7   O 8 \ ~ �

  O 5;U @N O PQ 8 Z Mt Í n % o@(Tangent Portfolio)R 

" 7 '~ � 
 Ù n % o@% A W X;[ % @ � � ø { �o¢ % @ C ¦ / C �

� � �o , ;� � � M-VÎM-CVaR � � § Z È 6 U « ; & \ K k >?@% &

n % o@'� � q K k >?@% & n % o@'� � � ;à ~ � Ù ;d Y >?@Ì

�'% & [\ ] �Z q È 6 x � 't _ ;ëf h i & � j ;\ C & � A Ã ~ � '

N V ;ß % @Ò � � ± ² �o[ K k 3 \ K k >?@Mn % o@^ \ C Z � Ó a

U « R 

 

                                                
4 M-VKM-CVaR L M N O - P Q R S T ( U " V W X T ( U " Y Z � 	[ ' # $ \ " ] ^ &
' _ U � 
5 /5
6789:;<=*� 3.216%2 
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è k \ ~ �   O HÛ D :, q Z \ >?@MN O � � n % o@;� " 8 X
MR 

�" 8 � c % @ C ¦ / C � � � �oø ;M-V¢M-CVaR � � M \ K k >?

@% & n % o@'� � q K k >?@% & n % o@'� � � .~ � Ù ;ë 4 ~ �

) � n % Ç ç Ì �>?@��Mn % Û ' �\ ] t _ � ;â ç 9 k / 0 1 2 .J.P.
4 5 6 7 ¢ C ¦ / C � � � � � � � � �Û 5 è ~ � A Ã ç � � ;ß % @ � � ø

{ �o3 % @Ò � � ± ² �oË � Z � � � ~ � t� Ì � U « R 
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