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Threshold Cointegration in Foreign Exchange Market 
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� Engle & Granger (1987) � 3
 � + ,* � � s �
 � � �z [� � � X �
: � �  � 8 � ��7 8 � � 9 � + ,& � � � � -� � � � � ) �� � � B

9 � + ,& � � � � B ��� 
 � K q 5 � � � � � � � � & p
 �   * j (¡
1)-¢ £ ¤ " # z � �¥ ¦ § � § ¨ K © �ª ^ " # « ¬­ ® I ¯ z $ % ;y �
(imperfect)�° ± � �  . ^ � ) & 9 � a ² 3S � Y V+ ,-³ Dumas (1992)
5 ´ µ " # z � s 2 3�. ^ � ) ¶ · � � � � B � �* d D g ¸ 5 � Y V� �

¹ º (mean-reverting) S » �. ^ � ) 9 � ¼ � 8 � �½ ¾ * O P = ¿ N¶ · { P
ÀÁ Â -r ¶ · { P Ã Ä Å Æ " # z � �5 § $ % Ç 	 � È É ± Z �. ^ � ) R

S ¿ Ê Ë Ì h i �Í ? ¶ · { P Å Æ " # z � s �. ^ � ) Î = Ï N� 8 � �6

� 9 � -Kilian & Taylor (2003) £ ¤ $ % ¸ 5 £ � K q « (fundamentalists)�Ð Ñ
VK q « (technical analysts)�Ò Ó " # « (noise traders)¬ª ^ " # « 0 Ô�Õ 2
3� � � ) �. ^ � ) 9 � ¼ � 8 � �Ö � * � ×Ø� Y V- 

 
A � 5 Ù X � � � � B � W z Ú & � � Û �Ü Ý & Þ ß Ù X ³ Dickey-Fuller 

Ù X ¬�NT Ú à á [Y V& �â ã ä � ×�A å æ ç j è . ^ � ) ¶ · � 8 �

��N;< = Ú é 6 � 9 � �L:Ï � �9 � & O P ê ;­ N¶ · { P Àë I ;

L-< ì . ^ � ) Øë � Y V9 � * V^ �Û í Ü Ý î / � � � � B z Ú �W &

� ×wë ï ¥ ð -[A Obstfeld & Taylor(1997) b c Tong(1990) � � �â ã ä �
�(threshold autoregressive model, TAR � �)�ñ ò " # z � T . ^ � ) 9 � * F
G ó 1 �ô S . ^ � ) Ï � 8 � �* 9 � O P & õ �N¶ · { P ë + -ö x 9 �

� ×[ ÷ ø ù * TAR � �K q � �ß ú x Û � � . ^ � ) 9 � & � û 2 3�
5 ü T " # z � & F G Z �ý Teräsvirta(1994) � 3* � þ � ø & 9 � � ×p��

 ¤ � � . ^ � ) � Y V9 � & � [-Michael et al. (1997)�Taylor et al. (2001)
¬�w	 
 � þ � ø � �(STAR model) � K q . ^ � ) & 9 � � ×- 
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 � M � & $ %  � W ¸ 5 $ % � � + ,(market integration)-³
Meyer(2004) & � 
 �$ % � � + ,5 � � � � � Ø½ � / � � Í + ,* $ %  �
NB C � � a � � Ü � * { P -r � $ % " # � � § � � K Ü � ê F G ¼ N � T

p* � j $ % :�� � $ % ê ;Øë � � + ,-r � � $ % Ø� � + ,:�Ç 	

� [� É ± � � $ % B C ¸ 5 � � � 8 � �+ ,-� Barrett(2001)�Barrett & Li 
(2002) 2 3� � $ % � � + , � � ´ µ Ç 	 « " # z � s �� � $ % � � & � û
Q � c  & Y V ! Ôh   � Y V ! Ô-Goodwin & Piggott(2001)�Serra & 
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 Balke & 
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 � � �(threshold cointegration models) & " # �� � �� � ;
L$ %  * B C  & � 8 + ,�7 8 9 � � [- 

 
Tsay(1989)�Tsay(1998)�Chan(1993)� Hansen(1996)¬�$ [K q � � � %

& � � � �* � û -� � � 	 
 Tsay(1998) ' Â � � � � � � � � � � � " # $
% (�K 4 ý� � � � ) * ¥ + � � � � ) * ¥ (¡2) I Ôz & � �  ! � " #
$ % �� W ¸ 5 $ % � � + ,-, ë � û Ã Ä � � � 
 � - P � � ' � ( ! � �

) & � � 9 � c { �¢ . ¤ � � � � $ % � 1998/ 5 0 z Ú 1 � 2 � � ) * ¥ —
� � � � s �� v � �  & ! � " # B C 3 3S � � �� � K 4 4 B S » �5 �

� � � & " # � 6 7 8 Õ ¿ $ % z " 9 6 : O z � À_ ç � � -ß ú Ý & �� $

% z " 9 � 6 5 1999 / ¼ 2005 / 7 0  z � 2.42 ;�N( � � � � & z " 7
8 ý 20% � � ? 30%�L8  � � � � & $ % < ë ) = ý 80% > ? Z @ ? 70%
x Z �_ ` � � � � & A B O P + NT � ) C X & F G � ë D E � � * F i -p


 
 � + , G ò � � �ö a � � � $ % B C * � 8 + ,� �Q a b c d D 9 � +

,�K q � $ % & ' � ( ! � � ) * 7 8 � � 9 � � ×-ý¤ H � � $ % " # &

¥ ¦ � [! � �ì $ %  ¸ 5 � � + ,�o p" # z � I ] & F G �= r � � $

%  � ) D E c J :�$ % Û ê ;= 3S Ç 	 � [�A :� 4 $ % & � ) h i ê

§ j X + ,¸ 5 -¢ j è $ %  & � ) D E Å Æ " # z � I K z * � � s �5 Ç

	 � [É ± Z ��L ± � $ % � ) Â � Ï N� 8 � �+ ,6 � 9 � -ì x Û M �

z Ú �� � + � � � � $ %  & ' � ( ! � � ) h i Â l p¸ 5 � Y V� � 
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+ ,- 

 
A � �� � (N � � O P b c " # 7 8 Q � * � � � � $ % 6 � R S�­ A

� � � � � � �� � � � � $ %  & $ % � � + ,�B C 9 � & Ü � c { ��

Øë 8 � & T U æ V -­ [r � $ % B C ;Ø
 � + ,:�Þ j $ % & � � ê ;

= Ü � ê F G ? � j � $ % & B C h i �A :(N � � ì W 5 Þ j $ % 6 � R

S�= W ² F G X K & $ % h i �§ � Y ? NS 8 & ó 1 -¢ r � $ % ¸ 5 $ %

� � + ,:�Þ j $ % & B C h i � a Z � � j � $ % & B C Â l �b c d D e

f K q a x î / $ % & 7 8 9 � � ý� � $ % � � Þ j $ % � � [ -­ A ì � �
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= > ? � $ % B C D E * F G -� Y V& � � ó 1 ± � $ % B C & 9 � 3S ;T

                                                
122I J � K L M G N I O: ; < = P9O7 8 < = P� Q R S 6 



4
 
 
 
 ������	
 � � 	- . . / � 0 - �


 

U _ K ~r � $ %  & B D (¡3) ` ¤ a M  :�5 Ï   � 8 � �+ ,9 � c {
(�� $ % � B � = ­ pB D À6 � d D e f � [�5 � � � � & B C e f O P

� ¤ � � � � -Àr B D ` ¤ � M  :�� � � � & � B Ø \ � ] (weakly 
exogenous)V�_ ` � � � � & � B � � b c � � & B C 9 � � [-A 0 � �Y
V� ×Z I d ? & e f � [;L�Y V� ×2 3� � � � & � B Ø\ � ] V�;

> � � � � � B Â � & F G �­ À e W X f (N � � R S � $ & ë ó V-¢ b

c � � g ÷ 2 h AIC�� � ô S � Y V� � � �& � � ² � i ¤ Y V� ��5 j
k l m n o p j � (generalized impulse response function; GIRF) & K q Õ L:2
3�� $ %  & � B & õ ¸ 5 � Y V9 � � ×- 

 
ö k � � �� � l m n & o p ³Z ~1 � q r s Tsay(1998) & È � ��K q

Ì t -1 u q � 
 . / � v �. / 0 1 -1 w q 	 
 j k l m n o p j � (GIRF)
� � � Y V� �& � � ¹ º x V- y s = [0 � - 

 

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

� Tong(1978) � 3 TAR � �s �Tsay(1989)�Chan(1993)� Hansen(1996)¬�
K 4 � 3;L& Ù X � % & � � � �& � � -À Tsay(1998)� Tsay(1989) K q Þ
Â � & � � � �� � A � [ ' Â � & K q � ×-Tsay(1998) 	 
 ;> z { | � F
G & p � ã ä � } D S~ H I � Ú * Ù X Ý & È 6 � K q �A Ý & È Ø E 6 � �

K � x V�5 � 
 � � � * � � ) � � � v -x Z �� T Tsay(1998) * � � ��

 ' Â � � � 
 � � �* Ù X � % & Ì t - 
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� � � � � � � � �� � � � � � ' � ( ! � ] ^ � ) & � 8 
 � + ,x

+ 7 8 e f � ×� � � �,x � Â � : � � 6 � K q -ß ú Tsay(1998) & !
Ô�� 1 2( , ) 't ty y=ty �5 � � Â � [ tz :�Ø k � M  * � Â � � � �â ã ä �

�³(1)×~ 

 

 ( ) ( ) ( )
11 1

              if   i ip qi i i
t i j j t i t d ij jt j t j

zφ β ε τ τ
− −= =− −

= + + + < ≤∑ ∑y c y x  (1) 

N( 1,...,i k= � � � ;L& M  - d [ � ¤ �5 [f � * � � | � (delay 

parameter)� � � $ % 6 � Ç 	 I � � � � � & � � 8  - iτ [ G © l M  * �

� H �L: � � 0 1 ... kτ τ τ−∞ = < < < = ∞ * ¨ � - ic [ (2 1)× * � �   È - tx [ v

� * � ] Â �   È - ,i ip q [ l M  Â � �â ã ä n s 8 - R z g ( ) 1 2i
t i tε = Σ a ,N
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 � �� � � � � � � � � � � � � �� �
� �  ! "  # $ % & '(') * +  , �- . / 0 $ 1 2 3 � 



   � � 4 � � 	 
 5 6 � � 7 8 9 � " $ 1     5 

 

( 1 2
iΣ [j f X T U � � �� � { }ta [j ;Ø � � � + * ¿ Ê   È �N� � ¬¤

��Â ª � 
 Â ª � � � [ (2 2)× * Þ 
 � � -L:� � Â � tz � � � � X � 5

Ø � � Ê ) K � * � � - 
 

(1)×( tz & á X a � ý )   	 � � . � ¡ ¢ (£ x ¤ X -¼ ¤ ì R | � �

³ � � | � d�M  � � k + l M  � � H 1 1{ ,..., }kτ τ
−

Γ = ¬=[Ä¥�N � � )

ý xZ I í * { � £ x ¦ X - 
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 � �� � � � � � 	 
 � �� � � � � � 	 
 � �  

 
5 1,...,t n= �¡ ¢ H � � [{ , , }t t tzy x x + , ,p q d[ 3 ¥_ § Z �a � (1) × x

(2) × * ã ä K × ¨ x � ` �ê 	 
 y J � � � a 6 � % & - 

 
                 1,...,t t t t h n′ ′ ′= + = +y X Φ ε  (2) 

N ( 1 1(1, ,..., , ,..., )t t p t t p− − − −
′ ′ ′ ′ ′=tX y y x x [ � P ¬ ¤ (2 1)p qv+ + & � � Â �   È-

max( , , )h p q d= -Φ[ | � � � -Tsay(1998) � ( 2 3�r ; Ø � � ó 1 & © §

à á z Ú : �(2) × ( x y J � � � % & 3& % & H � a � � Ý & M � & � � -

o * ì � � ó 1 ¸ 5�=H ª % & H � Ø ¶ d V - 

 
; c « ú Tsay(1998)&K q Õ � 
 � ¬ � ¡ ¢ H « � p � s �(2) × & % &

0 1 a ­ [Ù X � � ó 1 � W¸ 5&� � -x(2) × À ® �à á � � Â � t dz
−
&�

� H n 5 1{ ,..., }h d n dz z+ − −Ζ = * ( -L : � Ζ ( ¡ ¢ H ý J ¼ � « � p � �� 1 i�

y J ¡ ¢ H iz &:  2 h (time index)[ ( )t i�¢ s « ¯ � � Â � t dz
−
� ° ± � I 6

� & p � ã ä (arranged regression) + , a x ² z ~ 

 

 

(1) (1) (1)

(2) (2) (2)

( ) ( ) ( )

t d t d t d

t d t d t d

t j d t j d t j d

ε

ε

ε

+ + +

+ + +

+ + +

′ ′ ′          ′ ′ ′     = × +               ′ ′ ′     

y X

y X
Φ

y X
� � �

 (3) 

 
N ( , 1,...,j m m n h= + − -(3) × & % & Ì t [j � ã ã ä (recursive regression) * c

{�N, ý ³ m� ¡ ¢ H ´ µ 6 � % & �¢ s ¬ D Ì £ ò j �' & ¡ ¢ H 8 ' 6

� % & -« ú Tsay(1998)5� ¶ K q I ­ & � · �̧ I K q Â � X � � W�m&

H [K 4 [� 3 n ( X � )�5 n ( � X � ) y e ¹ * � � H -  

¢ s ß ú (3) � ã ã ä c { ( � j º & % & 0 1 � & » 3  ³ j 8 * h ¾ l
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S ~ } D ( 1)t̂ m de + + (¡4)-r � � ¼ � Y V   È� â ã ä x V : � S ~ } D p [ ½

Ò Ó L : � � � * � Â � ( )t i d+X §+ - H j ¾ a x(4)× &ã ä × 6 � Ù X ~ 

 ' ' '
( ) ( ) ( )ˆ           1,...,t l d t l d t l de w l m n h+ + += + = + −X Ψ  (4) 

 
b c Ù X © §à á 0 : 0H =Ψ � Wz Ú �w ¬L ¤ 5Ù X � � ó 1 &¸ 5� W-

r © §à á ¿ À Á �A � ` � � ¸ 5� � ó 1 �H Õ ± d S ~ } D � � � * � �

Â �  ¸ 5 � + V -o * r � � ó 1 ; ¸ 5: �=© §à á w a xz Ú -[A

Tsay(1998) � 3(5) × * Ù X Ý & È6 � Ù X ~ 

 0 1( ) [ (2 1)] {ln ln }C d n h m p vq S S= − − − + + × −  (5) 

N ( A � � A � � * � � × H �5 

'
0 ( ) ( )

1

1 ˆ ˆ
n h

t l d t l d
l m

S e e
n h m

−

+ +
= +

=
− −

∑  

'
1 ( ) ( )

1

1 ˆ ˆ
n h

t l d t l d
l m

S w w
n h m

−

+ +
= +

=
− −

∑  

( )ˆ t l dw + [(4) × ( x y J � � � d 3* ã ä } D -(5) × 2 3A Ý & È� � � Â � *

n s 8 | � d ë + -5 © §à á z Ú ³ � Z � ( )C d ¼ � E 6 � � K � x V �N

� ý P 5 � Â � _ § ( [ 2(2 1)p qv+ + - 

 
	 
 (5)× ( )C d Ý & È 6 � � Y V Ù X ³� l | � H ,p q� d � [ 3 ¥ -N

( a Â 	 
 Y V   È ã ä � � Ã X n s 8 | � ,p qH�¼ ¤ d & Ã Ä « ú

Tsay(1998) � · �a � j Å a ² & � H ( ( d 0( {1, 2,..., }d∈ ) K 4 6 � Ù X �5 H ª

; L dH ( � Ã Ä ± ( )C d y � 5 Ø Ý & _ ç V « - 
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5 C X ,p q� d Hs � e Z � � � C X M  � � k� G © l M  * � � H

1 1{ ,..., }kτ τ
−

Γ = -Tsay (1998) 2 3 a � � v « ¯ t dz
−
& Æ Ç M � G z � � È É � �

ê ± 
 ( )C d Ý & È Ù X l È É � v � �� W K 4 Ø ë � � ó 1 �; c A � � ×

& &» c { Q [ Ê ¹ -­ A Tsay(1998) � · Q a « ú . � )   Ö § � ) î À � M

 � � k ¨ X 5ë ¨ Ë Ì v �Í ³ 2 � � 3 � M  �ê 	 
 * AIC ¾ = C X y Î

* M  � � �� � H- 

 
5� � | � , , ,p q d k�� � H� [ 3 ¥ _ § Z �a � Ï X � � � � « ¯ � �

                                                
�4�� � Tsay(1998) � � (6)� 
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H ² z � � � â ã ä � � �³(6)×~ 

 

 

1
1 1

2
2 1 2

1

    if  

   if  

                    

  if  

t t t d

t t t d
i

k
t k t t d k

z

z

z

ε τ

ε τ τ

ε τ

−

−

− −

′= + ≤ ′= + < ≤ ′= + >

XΦ
XΦ

y

XΦ
�

 (6) 

N ( ( ) 1 2i
t i tε = Σ a -ý ¤ 5 � j � M  v & � � Â � � % &} D @ A ; Ø � + V �

(6)× ( l M  & | � iΦ � i∑ � a � y J � � � 6 � �N0 1 ³(7)×~ 
 

 

( ) ( )
1

( )

ˆ ( ) ( )

1ˆ ˆˆ

i i

i t t t t
t t

i
i i

i t t
tin
ε ε

−′ ′=

′=

∑ ∑
∑

Φ X X X y

Σ
 (7) 

N ( in � � i M  v & � � � � -(8)×[ g X (6)×[ 2 M  � 3 M  � � � � �

� � H� W � � I± 
 & AIC Ð ×- 

 
1

ˆ( , , , , ) { ln( ) 4(2 1)}
k

i i
i

AIC p q d k n p vq
=

Γ = Σ + + +∑  (8) 

y s Tsay (1998) � · �5	 
 (8)× AIC ¾ = õ X � � M  � � s � � � ¬

« ú AIC ¾ = � T � 4 M  v Y V � { ×* n s 8 | � p� q ­ ¬ º & e f - 

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

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

� � 	 
 � � � � �� � � � � � ' � ( ! � � ) ] ^ B C 6 � K q �� v

8  [ 1998 / 5 0 28 � ¼ 2005 / 8 0 19 ��� v Ñ � � � )   ' 4 TEJ � v

Ò-ý ¤ � 2 � � ) * Ð Ó l � ± 
 ; L & 4 B Ô Ý �" # Ô Ý (¡5)� � � $

% � �] ^ B C ; Õ � L �Ö ¼ � ª " # � 8 & ] ^ B = 3 S 
 _ D ª �³× 1
� � � � �� � � �  & B D Â l (¡6)-ý ¤ ( N � � O P b c � � � � & "

# Ô Ý 6 � � ) R S � � �� $ % Ø Ù Ú Û ¦ [ ì R � 6 B D � � N � R S � $

& 0 1 (¡7)- 

                                                
�5�� � � � � � 	 
 � � 
 � � � �� � � � � 15 � � � � � � � � �  !" #$ � � � �
	 
 � � % & � � ' ( �� ) * + , - . / 0 1 2 3 45 � � % ! 
�6�� 6 7 8 #$ � � . 9 � : ; � � � � . 9 � " < ! 
�7�= > 1998? 6@ 23 A B C - � D E F G4HI J K L  � M . 9 � � N � OP �Q R S T
U 4V I J K L W X �� � � � Y Z . 9 - Q � M N [ 2.69\�] ^ V I J K L 5 #$ Y Z Q
� M . 9 _ O[ 2.83\�̀ Y Z . 9 � a 6 b c d 5\5 e !f � �2001? 5@ 29 A � g A �
D E F U 4�h I i J j k l m n 33.5#� � o p q �� r 9 s n t 34.5#�u � � Y v w x
O!] y � z { �#$ Y Z _ | } ~ ^ � �� a � . j 1 � #� � 34.1#Q � M �` Y Z � 6
� d 4\5 e !� = > 2003? 10@ 15 A I J j � � � � Y Z � � � u � � � � #$ ` Y Z .
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� 1� #$ � � � � � � � 6 b  

 
 

ý ¤ � � Ü 5� � � � � � �� � � � � $ %  ' � ( ! � � ) & � 8 � �

�7 8 9 � � [ �xZ Ý Â 	 
 Þ ß Ù X ��
 � K q î / � $ % & � B � W ¸

5� 8 � � + , -ì 0 1 [ Þ X & � � ¬ 	 
 (5)×& Ù X Ý & È î / � «  &

7 8 d D e f � [ � W ¸ 5� � ó 1 - 

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

 
(����)����
 � � � � � � �
 � � � � � � �
 � � � � � � �
 � � � � � � �  

 
Ý Â � � � � � �� � � � � � ' � ( ! � � ) ] ^ B Ñ � ¢ T � �ê K 4

x tCFE � tTFI �`�N ADF (augmented Dicky-Fuller) Þ ß Ù X 0 1 ³� 1 I

`-5 5% _ ç ½ ¾ Z § � À Á � �[ Þ ß * © § à á �< ) j º D K s �ADF
Ù X 0 1 _ `� � �� 3 R S X � �� a ¥ � � tCFE � tTFI � [ I(1) & � X � �

�- 

 
ß ú Balke & Fomby(1997) & K q 2 3 �Ü Ý ± 
 ¤ Y V � � ( Ù X 
 � +

, & � � 5� � ó 1 ¸ 5: Q a x � 
 � � � � K 4 � ß 
 Engle & Granger 
(1987) � à m 
 � ~ á � � Johansen & Juselius(1990) y � " â � �î / tCFE �

tTFI  � W Ø 
 � + , -� 2 1 1 X K [ Engle & Granger � à m 
 � ~ á 0 1 -

N ( ã ä } D , � � ã ä ×~ t t tCFE TFI eα β= + + -5 1% _ ç ½ ¾ Z a ÀÁ}

D [Þ ß * © § à á �A _ ` � � � Ø 
 � + , -A 
 � + , 5 1 2 X K Johansen

                                                                                                                                       
9��6bd� 2.54 \�� � � Y . j 34.051 #�#$ � 33.797 #! 
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y � " â � ( Q ã d / . � maxλ
−

� trace Ý & È � e > ¸ 5j � 
 � �   È *

© § à á - 

 
� 1�#$ � � � � � � � � a   ¡ [¢ £ ¤ ¥  

 ¦ ¡  § 

q 

� 

¨ © ª  § 

q 

� 

� « 6� ª  

ADF 

¤ ¥ ( ¬ w  

P [ ADF 

¤ ¥ ( ¬ w  

P [ 

¢ £ ¤ ¥ (­ ® ¯ ª � ° ± ª ) 

tCFE  

tTFI  

11 

7 

-0.632891 

-0.510310 

0.4433 

0.4956 

10 

6 

-12.00758 

-14.58836 

0.0000 

0.0000 

¢ £ ¤ ¥ (² ® ¯ ª �­ ° ± ª ) 

tCFE  

tTFI  

11 

7 

-1.710244 

-1.554121 

0.4259 

0.5059 

10 

6 

-12.02091 

-14.59367 

0.0000 

0.0000 

¢ £ ¤ ¥ (² ® ¯ ª � ° ± ª ) 

tCFE  

tTFI  

11 

7 

-1.809857 

-1.606234 

0.6998 

0.7906 

10 

6 

-12.01651 

-14.58863 

0.0000 

0.0000 

� a. §q�7 £ ³ Akaike Information Criterion (AIC) U ´ "
<�µ ¶ §q�¡ � 24. 

b. P [U Mackinnon (1996) one-sided p-values 

 
Paul et al.(2001)�Mastroyiannis & Pippenger(1993) 2 3 ; L $ % * B C � W

Ø 
 � + , & Ù X � ä ² å [$ % � W Ø ë y Ï � � + , (perfect market 
integration) * � � � � �À � � K � � - æ î / � $ % ¸ 5y Ï � � + , :�Ã

� 6 j Ì î / � � � * 
 �   È � W [Þ 
   È -6 j Ì � T  tCFE  � tTFI  

 &
 �   È , � H 6 � Ù X �ý � 2 &v ç a ¥�5 Engle-Granger 
 � Ù X
( a e > © § à á 0 : 0; 1H α β= = -L : Johansen Ù X Q a e > 
 �   È [[1,-1]

& © § à á -x Û &0 1 2 3 �� � � � �� � � � � $ %  ¸ 5y Ï � � + , - 

 
5õ X tCFE � tTFI � � X � : � � Ø 
 � + s �w a x d D e f � � K

q � « &7 8 9 � + , -ý ¤ � � � � 5� � � � � � �� � � �  &B C 9 �

� W ¸ 5� � ó 1 � � ý tCFE � tTFI I Ô z &d D e f � � �(1)×6 � 7 Q a

¥�A :(1)× ( 1t 2t(y ,y )t ′=y * � ® 1y t� 2y t K 4 � � � � tCFE + tTFI * j à D

K g �Q é 1 1t t ty CFE CFE
−

= − � 2 1t t ty TFI TFI
−

= − -� ] Â � tx [ tCFE � tTFI  

&d D e f g �À 5 1q = -¼ ¤ � � Â � tz Q � ý tCFE  � tTFI  &d D e f g

Ô z -H � ­ [r � � � � �� � � �  &� B D E c � :�$ % � = 3 S Ç 	

� È É ± � � $ % &B C Ï � 8 � � 9 � �¢ r A � B D E Ä Å c j X � � H

:�� � $ % &B C  ; Ø ë � \ + , -­ A � � � � �� � � �  &B D Q é

d D e f g � è é ç (1)× ( � � Â � & - ê -¼ ¤ � � | � d& � J = ý (5)×
& ( )C d Ý & È £ x C X - 



10� � � � � � � � � � �	 
 � �� 
 
 � � � � ��

 

 
� 2�� � � � � � � � � � � � � � �  ! " # $  

(1)%Engle-Granger �  & # $ ' (  

 α  β  2R  

OLS ) * + 

( P+) 

0.001074 

(0.4664) 

0.999683 

(0.0000) 

0.999669 

, - . / ADF 0 * # $ 1  t- 0 * 1  P+ 

     2 3 4 5 67 8 5  -6.536056 0.0000 

     9 3 4 5 2 7 8 5  -6.535633 0.0000 

     9 3 4 5 67 8 5  -7.395670 0.0000 

: ; " < +/ = > ? (LR Test) # $     0 : 0; 1H α β= =  

        0 * 1  + @ A B   

        C D + 4.941163 2 0.0845 

E2FJohansen G H = > I # $ ' (  b 

J K : / L # $  c 

0H  1H  0 * 1  

 maxλ
−

 Trace maxλ
−

 Trace 

0r = *** 1r =  1r ≥   132.7791  135.2457 

1r ≤  2r =  2r ≥   2.466525  2.466525 

: ; �  & M 1 +/ = > ? # $  

      0 * 1  + @ A B  P+ 

      = > ?   0.313279 1  0.575675 

N a. O # $ 2 P Q 7 8 5 (deterministic trend) 
b. r R ��  & M 1 S<  
c.  **, *** T U R �V W X Y Z 5%6 1%  

 
(����)����� � � � �� � � � �� � � � �� � � � �  

 
��������	
�� 
 � ��� � � AIC � � �� � � � � � � �

p�� � �  5p = !" # $ % � {1,...,10}d = & ' ( ��(3) ) 	* � � � !+ ,
- . � / - 01 2 1866�3 4 �� * � � � 5 6 / - 1 3 1866 130m = ≈ !�7

8 d9( 	������ � : ; 3 <  != > ( 10)C d = 	? �@ A ��B C D

( 1, 2,...9)C d = E �  � 1% � # F � ( 2� # G H ��	I J K L �3 4 � � M
N O P � 	Q R K L S T U " V !8W ; 3 X C � � �  Y �� d2 1Z3Z4Z
5 W [ \ @ ] & ' M B C � # (^8)!< T - . _ T 5, 1p q= = 2
` �ab c T

d 40 d9�e f AIC � � g h i � � j k l 1 Zm n 01 o N O 9! 
 

                                                
N8�[ 4S d +\ P+] ^ < _ 	 8 ` P a b Z c d 
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� 3�g h j k l # $  

d  1 2 3 4 5 

C(d) 90.7791 66.3386 89.4971 115.320 86.9875 

P+ 0.00000 7.73E-06 0.00000 0.00000 0.00000 

d  6 7 8 9 10 

C(d) 76.5754 47.4455 50.1625 52.6939 34.40294 

P+ 2.1E-07 0.002955 0.00135 0.000635 0.077758 

N� m O S<  = 1866 � n o o p q r _ (m) = 130 

 
(����)����	 
	 
	 
	 
 ����� 
 � � �� 
 � � �� 
 � � �� 
 � � �  

 
- . p f Tsay (1998) q r T 2 s  3 0m n 1 q 2 S t � � � u �

( {2,3}k ∈ )�a b c 
 v {1,3,4,5}d ∈ w x y 8 z x c !� h i N O 9{ | W �2

m n� � _ S t � N O 9} ~ L � � [-0.0009, 0.0009]n�8 W _ @� $ 2 2500
� $ �a � � C � 7 8 1 9(� AIC!8 � � 3 m n� � �� L � � � 0 N O 9
� S t { | � � [ 0.0009, 0.0001]− − � � � 0 N O 9 � S t { | � 2

[0.0001,0.0009]�� � _ � 0 } ~ �� $ 50 � $ �� � � N O 9m nw S x c

y 2500( 50 50× ) z d (N O 9S t x c �a $ % C � � � 7 8 N O 9x c (�
AIC!4 ? � _ � � � � � � � 1 � � � 60Z70�$ % � � 3600 z o 4900 z @

A S t N O 9� x c !� � � � : ; 4 < � �AIC � � � Y   � 1d = Z 3k = �

3 4 - . _ � � ¡ m n� N O � � � � $ ¢ !8 W @< Q £ � N O 9$ % 2

1̂ 0.000116τ = − Z 2̂ 0.000292τ = !¤Z�Z¥ ¡ 0 m n/ - 1 $ % 2 648Z 992

o 226(^9)! 

 

¦ c 
 v � � S § �
 � AIC � � � � � Y 3 m nN O � � �� ¨ © l 1

2 ˆ ˆˆ ˆ( , , , ) (5,1,1,3)p q d k = !3 4 S _ (6) ) ª y« 

 

1

2

3

(1) (1) (1) (1)
0 1 1

1

(2) (2) (2) (2)
0 1 1

1

(3) (3) (3) (3)
0 1 1

1

        if    0.000116

        if    0.000116< 0.000292

        if    0.000292

P

t j t t t
j

P

t t j t t t
j

P

t j t t t
j

c A y z z

y c A y z z

c A y z z

α ε

α ε

α ε

− − −

=

− − −

=

− − −

=

+ + + ≤ −

= + + + − ≤

+ + + >

∑

∑

∑



 (9) 

 

@� ( ) ( ) ( )
0 , ,i i ic α ε E 2 (2 1)× ¬ D � ( )iA ­ (2 2)× ® ¯ !° N O ± 1 � � ¤m ns ¥

                                                
�9�� � � � � � 	 
 � ( 1tz

−
) � 
 1 0.000116tz

−
≤ − �� � � � 10.000116 0.000292tz

−
− < ≤ �

� � � �
1 0.000292tz
−
> � 
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m nW �� ² ³ ´ ? µ o¶ · ? µ � ¸ ¹ º » ¼ ½ W �̧ ¹ ® ¾ ¿ À Á Â Ã D Ä

Å � ¸ ¹ º Æ Ç �m nÈ É !3 4 (9) ) ��7 8 m n� Ê » Á Â Ë s ? À ± 1

� ­1 £ Ì M Í T (� © ­ (1) (2)α α> Z (3) (2)α α> !� , � 0 ¸ ¹ Î Ï M Í 7

Q Ð Ñ Ò � 2�� S + (1)α Î Ï 7 � , (3)α � T Ó Ô !  

 
" 4�# $ % & '� � & ( ) * + , - .  

5, 1p q= =   1̂τ  2̂τ  AIC 

2k =       1d =  

     3d =  

     4d =  

     5d =  

0.00029304000 

0.00023544000 

0.00061992000 

0.00086544000 

 

 

 

 

-50724.232 

-50536.962 

-50879.042 

-50119.014 

3k =  50*50 / 0 1 2  

     1d =  

     3d =  

     4d =  

     5d =  

 

-0.00011600000 

-0.00027600000 

-0.00013200000 

-0.00043600000 

 

0.00029200000 

0.00022800000 

0.00061200000 

0.00085200000 

 

-51479.293 

-50744.236 

-51201.798 

-50255.115 

60*60 / 0 1 2  

     1d =  

     3d =  

     4d =  

     5d =  

 

-0.00011333333 

-0.00027333333 

-0.00014000000 

-0.00043333333 

 

0.00028666667 

0.00023333333 

0.00062000000 

0.00084666667 

 

-51406.447 

-50769.528 

-51219.025 

-50250.574 

70*70 / 0 1 2  

     1d =  

     3d =  

     4d =  

     5d =  

 

-0.00011142857 

-0.00028285714 

-0.00014571429 

-0.00044285714 

 

0.00029428571 

0.00023714286 

0.00062571429 

0.00086571429 

 

-51438.639 

-50782.194 

-51256.354 

-50263.221 

�� 3 4 5 6 "7 8 , AIC 

 
 

(����)����� � � � � � 	� � � � � � 	� � � � � � 	� � � � � � 	  
 

� X C (9) ) ­1 
 �Õ � Tsay(1998) � Ö × �Ø T Ù � Ú AIC $ % Á Â Û
m n± 1 � � � � � � � �4 W < Ü � 	 Û m n± 1 � � � � � � � $ % 2

1 2 3( , , ) (1,5,1)p p p = (^10)!T Ý Þ � � ß ® r < X C 	 � � ­1 9: ; 5 <  �

;�à á â 1 ã 2 t B C D ! 

 

                                                
�10� 1 2 3, ,p p p 9 : 6 "� � � '� � � '� � � , % & ; < = > ? @ � � 
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ä � E å Ê » ( 1tz
−

) � �m n	 Á Â P � × � � , ? æ m n�� @­1 9�
5% � # F � (J r G H � , 0 	 I J K L �@ t B C D $ % 2 0.344( 1ty 1 � )o
0.289( 2ty 1 � )�ç ;³ ´ ? µ o¶ · ? µ 	 � è é ¶ ê ë ³ ì í µ î a 7 ¾ ï


 è 	 E å Ê » � � Á Â !ð ñ 	 �E å Ê » a òó 5 � ¸ ¹ Y   º Æ Ñ Ò �

2!� ¸ ¹ º Æ � �m na òô � w Ò © ­�4 � � õ ö J ÷ e ø ¾ 	 K Ö �+

, N O 92[-0.000116, 0.000292]�° º » { , 4 m nâ ç ;÷ e � 2J r ù e �
� ú û ÷ e � 2Ä Å (�� ¸ ¹ º Æ 7 ô � w Ò © ­! 

 
ü � ® ý ¤m no¥ m n	 1tz

−
­1 H Q 9E ½ , �m n	 1tz

−
­1 H Q

9� t9� � � � þ Y � 0 ­1 �Í ¡ 0 ­1 � 5%�#F�(2�#�,��
4ç ;° º » � ¼ N O 9 	� ( º » � ½ W)� 1tz

−
� �   E 1 � 	   
 �4� 

� ¸ ¹ º Æ ô �w Ò© ­ ! 

 
@Ø 1tz

−
­ 1H Q 9 �¥ m n o¤ m n Wa7 ¨ � �ç ;� � ô �7 Q Ð Ñ

Ò� 2!�º » � ,¤ m n ( 1 0.000116tz
−
≤ − )W�³ ´ ? µ �º Æ ¤ ,¶ · ? µ �

4W� ­ 19 � 5%F�(E �#�,�!+ ­ 1 � á g 
 �³ ´ ? µ ( 1ty )�º
Æ _ 3º » 2 � �Y   ¬ d Ñ Ò � � �¶ · ? µ ( 2ty )¾¬ (Ñ Ò!4? �³ ´ ?

µ �Ñ Ò � � ( H Q 9 2 0.47169) ¥ ,¶ · ? µ (0.39177)!�º » � ,¤ m n W�
� 0 ¸ ¹ �º Æ E ¾8 WÇ ¬ E å F�� � Á Â ! 

 
° º » � ,¥ m n ( 1 0.000292tz

−
> )W�³ ´ ? µ �º Æ ¥ ,¶ · ? µ �+ ,

2ty 1� � 1tz
−
­ 1�#�, 0(@ t B C D 2 2.957)�ç ;¶ · ? µ �º Æ ¾3@

¤ ,³ ´ ? µ �Y   ¬ d Ñ Ò � � !� � 1ty 1� � 1tz
−
­ 1 � � 2 � �� ³ ´

? µ º Æ ¾3@¥ ,¶ · ? µ �Í ( � � � �� t B C D � 5%F�(a7 �#
�,��4W³ ´ ¸ ¹ º Æ �   � ? À (weakly exogenous)�!ð ñ 	�° E å Ê
» � ,4m n W�¶ · ? µ _ � � � 5 Á Â E å Ê » �Ñ Ò� 2! 

 
� ¡ �7 � Î ¤ m n s ¥ m n â �� � � ± 1­ 19 E 7 �#�ç ;¼ � º

Æ �Ñ Ò® ¬ a7 ¾ � � � 
 º Æ �± É � � ! 
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" 5�M N � � , 7 8 O P Q R + 

 � � �  � � �  � � �  

 1ty  2ty  1ty  2ty  1ty  2ty  

0c  

t  

-0.00030 

(-2.353)*** 

-9.21e-005 

(-0.781) 

-8.25e-006 

(-0.140) 

5.16e-006 

(0.093) 

7.97e-005 

(0.277) 

-0.00040 

(-1.377) 

1t-1y  

t  

0.08497 

(0.604) 

0.12125 

(0.927) 

-0.32386 

(-1.602) 

0.06841 

(0.361) 

0.02458 

(0.130) 

0.13033 

(0.687) 

1t-2y  

t  

  -0.33806 

(-1.864) 

-0.03550 

(-0.209) 

  

1t-3y  

t  

  -0.08416 

(-0.567) 

0.08031 

(0.578) 

  

1t-4y  

t  

  0.08922 

(0.680) 

0.17938 

(1.460) 

  

1t-5y  

t  

  0.05022 

(0.566) 

0.08568 

(1.032) 

  

2t-1y  

t  

-0.03853 

(-0.278) 

-0.11022 

(-0.853) 

0.50641 

(2.395)*** 

0.10565 

(0.533) 

0.19501 

(1.027) 

0.06771 

(0.356) 

2t-2y t    0.34441 

(1.925) 

0.04659 

(0.278) 

  

2t-3y  

t  

  0.12322 

(0.806) 

-0.04262 

(-0.298) 

  

2t-4y t    -0.00142 

(-0.011) 

-0.08466 

(-0.668) 

  

2t-5y  

t  

  0.01944 

(0.231) 

-0.02335 

(-0.296) 

  

1tz
−

 

t  

-0.47169 

(-2.433)*** 

0.39177 

(2.171)** 

0.18510 

(0.344) 

0.14574 

(0.289) 

-0.29415 

(-1.160) 

0.75123 

(2.957)*** 

Q(4) 11.04[0.03] 9.17[0.06] 4.72[0.32] 4.78[0.31] 2.71[0.61] 2.44[0.66) 

Q(8) 14.93[0.06] 11.45[0.18] 5.53[0.70] 5.74[0.68] 12.08[0.15] 19.02[0.02] 

� 1. 1ty S 2ty 9 : 6 "A B E F (C D E F F T U V W � 9 X � 
2. Y Z � [ \ 8 ] AIC ^ _ �) * +`-0.000116 ( 0.000292� 
3. a � � b c d 9 : `� � � 648�� � � 992�� � � 226� 
4. **, *** 9 : 6 "e f g h ` 5%S 1%� 
5.Q(4)'Q(8)` Ljung-Box Q +�i R j @ , � k l ` P +� 

 

(����)����� � � � �� � � � �� � � � �� � � � � ����	 
	 
	 
	 
  
 
- �  ! � ��,Ó Ô � � �� � " Ê T� �� � � � X C W�St ¾ó 5

� # Ê �� _ � �� � o� � �� � 	X C � � $ � % \ !Í © � � VECM 	
X C � � :; 6! 
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" 6�m n VECM , 7 8 O P Q R + 

 1ty  2ty  

0c  

t  

-2.68E-05 

(-0.503) 

-2.69E-05 

(-0.532) 

1 1ty
−

 

t  

-0.01061 

(-0.080) 

0.43312 

(3.456)*** 

1t-2y  

t  

-0.00930 

(-0.073) 

0.35266 

(2.907)*** 

1t-3y  

t  

0.13201 

(1.109) 

0.36630 

(3.238)*** 

1t-4y  

t  

0.16955 

(1.665) 

0.31930 

(3.300)*** 

1t-5y  

t  

0.14129 

(1.882) 

0.23796 

(3.335)*** 

2t-1y  

t  

0.14884 

(1.126) 

-0.33380 

(-2.657)*** 

2t-2y  

t  

-0.01671 

(-0.130) 

-0.35147 

(-2.886)*** 

2t-3y  

t  

-0.12635 

(-1.062) 

-0.36417 

(-3.220)*** 

2t-4y  

t  

-0.11058 

(-1.088) 

-0.27885 

(-2.886)*** 

2t-5y  

t  

-0.07713 

(-1.045) 

-0.15924 

(-2.270)** 

1tz
−

 

t  

-0.22337 

(-1.677) 

0.25602 

(2.022)** 

               11F =6.46[0.264]     21F =18.19[0.002] 

              12F =7.40[0.193]     22F =11.75[0.038] 

��1.o K p l q " 5 U r s � 
  2. 11F 6 " 1ty P t u � v w 1ty ? @ � % & , Q R +`x
U y 2 z . i R j � 12F 6 " 1ty P t u � v w 2ty ? @ �
% & , Q R + x̀ U y 2 z . i R j � 21F 6 " 2ty P t u
� v w 1ty ? @ � % & , Q R + x̀ U y 2 z . i R j �

22F 6 " 2ty P t u � v w 2ty ? @ � % & , Q R +`x U
y 2 z . i R j �� k l { ` P +� 

 
ä � 
 � AIC �� � � � �� � � � � 2 5!X C � � þ Y ± 1 1ty 	Ê »

Á Â Ë ­ 19 2 � � 2ty � 2Â �� � ¸ ¹ º Æ 3£ º Æ » & �Y   �º Æ Ñ

Ò® ¬ Â h !� ,�#�� � � þ Y � 2ty ( ¶ · ? µ )�Ê » Á Â Ë � 5%F�(
�#�� 1ty ( ³ ´ ? µ ) � Ï !� 0 � � ; ° � ¸ ¹ Y   º Æ » �W�¶ · ? µ



16� � � � � � � � � � �� � � �� � � � �  � !�

 

_ ' � 5  ! �º Æ Ñ Ò� 2�4o� � �� � X C � � a7 � ( !�� � ��

� � �� 0 ¸ ¹ E ¾ ) Q � �º » � � Ê » Á Â � 2! 

 
4? �< Í 1ty o 2ty �� � � ± 1� 5%F�(7 ¾ � � ° � 1ty 	± É ��

< Í 1ty o 2ty �� � � ± 1E ¾�# � � ° � 2ty �Ñ Ò!� 1ty M � ? À ��


` (�T Granger 3� © ­ � � � 2ty a� 1ty 	3�� 1ty 2 2ty 	3�4� � ç

;¶ · ? µ �º Æ * � 7 ¾ � � ³ ´ ? µ �º Æ ± Ú �8 W + n " þ Y , � - .

¼ / 0 ¶ · ? µ � 1 É T� � � é ¶ ê µ î * � 2 3 Î J P �!� 4� � o� �

�� � �X C � � 7 8 �� � � VECM X C � � þ Y �° E å Ê » { ,¤ m n
W�� ¸ ¹ º Æ E ¾ . ¼ @º » © ­ � 4 4 5 ¨ � � ! 

 
� ,� � VECMo� � �N O � � � 6 7 ® ý �� � VECM� AIC (^11)

19 2 -49726.8036�419 ½ ,� 
 TN O � � < � 	19  -51543.6!� 8 �
� i � �� 9 �ñ �� � �N O � � : ,� � VECM � � !  

 

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

; + < => £ ? 1(impulse response functions ;IRFs)SÖ × VECM @ � Ñ Ò
	� � � A �!+ ,� �� � � IRFs a7 V B C Ý Þ oò g < =D � � � � �
� 7 8 	 < =E � a7 ¾ F ± > £ ? 1	 G H (shape)! � �� � �� � � �:
Potter (1994) þ Y �IRFs¾V � B C Ý Þ o < =D � 	 � � � I   7 8 	± Ú �
� 
 J Ô K L d M � N T < => £ ? 1g O % � � Î Ï M � � � A �(^12)�3
4- . _ T Koop et al. (1996)	� P Ú < = > £ ? 1 (Generalized Impulse 
Response Functions; GIRF) $ ¢ ¶ · ? µ o³ ´ ? µ º Æ Ñ Ò�� � � A ��a
Q R @�7 8 < =D � (	 < => £ ? 1! 

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

 
Õ �  Koop et al. (1996) � S �GIRFs ­ þ 1� ty �¨ 8 B C Ý Þ ( 1tω − )(�

,W� t V � < =( tv δ= )oò T V � < = ( 0tv = ) � � Ý Þ � U 9 n �» & �4

> £ ? 1Sª y « 

 1 1( , ) ( 0, )h t h t t t h t tGIRF E y v E y vδ ω ω+ − + −= = − =  (10) 

@� 1, 2,...h = !Õ � (10)) GIRF2� ï ø ± 1�¾ï # < =D � ( tv )o B C H V
( 1tω − )� F ± !+ ,(10))� S < L C 	 GIRFa7 M Í W � � V �� Potter(1991)

                                                
�11�� Tsay (1998) � � � � � 	 
 
�12�� Taylor & Peel (2000), Taylor et al. (2001), Peel & Venetis (2003), Baghli (2004), Martens et 
al. (1998)�
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þ Y �< =(zero innovation) & ' (� IRFs(^13)�Ö × Ý Þ � U 9 Wa X Í ´
N Y Z º 9 �� - . _ p Peel & Venetis (2003)Å f �® r C � < => £ ? 1! 

 
Õ � Peel & Venetis (2003)� < => £ ­ + T(� 9 ab c ; 5 â Û m n ­

19 C � �� « 
1. ä � L � 7 8 	 < =D � o < = ® ¬ �  ! � �� % \ ½ < =o� <
=ZÂ < =o � < =	 > £ Í [ 7 8 !- . L � 	 6 z < =E � $ % Î

ˆ ˆ ˆ( 1 , 2 , 3 )v v vδ σ σ σ= ± ± ± �@� v̂σ  2; 5 \ » Ë 	u �» ! 
2. � S B C Y ] 1tω − 2 1ty

−
( 6t ≥ )	< Í ^ _ 9 �` 6t ≥ ­ 3; 5 � � � �

� � � � � ½ 9 2 5! 

3. C � ò g < =	ß E 1!ò g < =�¿ À ­ T a Y b 	 �® )�� � �
\ » ï ø a / !8 � x B C Y ] �ñ �� � 100 Ø a Y b 	 	ï ø a / �

T c @¬ 
 h � 	ß E 9 (^14)�4 � L � h � ½ 9 2 20! 

4. ) Q � � x B C Y ] E � � (3)	¼ D �aT � æ B C Y ] 2C � ¬ 
 h
� 	ß E 1� 1, 2,..., 20h = ! 

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

 
d 2(a-d)2� ¸ ¹ Q ,g � ¶ · ? µ 	7 8 D � < =� < => £ ? 1!d

3(a-d) � 2° < = g � ³ ´ ? µ �¶ · ? ¸ o³ ´ ? µ 7 8 < =D � � > £ ?

1!+ � dG 	 % \ STù § T(� � « 

 
� � �7 � Q ¶ · ? µ s ³ ´ ? µ �ñ �@ < => £ ? 1E ï < =D � e ½

�± � f 2 g h �4z < => £ ? 1	� % i ± Ú (nonproportionality)   
 ç ;

ty   1� M Í � � � A j !+ ,½ < =� k l (decay) � � m ,� < =�ST n o

3½ < =p y º » # q E å 9 \ [ �� ¸ ¹ ô �÷ e ø ¾�4WE å Ê » ¾3÷

e � 2� �   E 1 � 	   
 ! 

 
� � �7 � < =D � �½ � 2 [ �¶ · ? µ s ³ ´ ? µ 3 < = < p y �º Æ

Ñ ÒE S, 5-6 r â � y �4S+ 7 8 < =E � < p y �º Æ s É E � 6h � W

� ,ß t ù u !4� � � � Ø Ô J 
 v ½ < = E 1 � 	 � � m ,� < =	� � ! 

 
� ¡ 0 � � _ + d 4(a-d) � T n o !Õ � Goodwin & Piggott (2001), Serra & 

Goodwin (2003) þ Y � v ¸ ¹ w À H ' � Î Ï ó w @A ¨ © ¸ ¹ Y   º Æ E å Ú

(price-equalization)�ì x > £ Î ¸ ¹ Òc � y ! þ u �34d 4 _ ; 7 8 	 < =
D � ( ˆ1 vσ± ) Q R g z 7 8 	 < = < ¿ À �¸ ¹ º Æ E å Ú Ñ Ò¼ D !+ d 4 S

                                                
�13�� � � � t � � 	 
 � � 
 IRF� 
�14�� � � � � 500 � � � � � �� � � � � 
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§�° Â <= Y   � ¶ · ? µ (a d)W�¾ { É ³ ´ ? µ Y   º Æ Ñ Ò ¼ D �a

Ä Å º Æ ì x � � ¸ ¹ E å H V !8 / | �° Â <= g � ³ ´ ? µ (c d)W�+

¾ { É ¶ · ? µ � º Æ Y   y 	 E å � º Æ Ñ Ò ¼ D !� , � <= � ¾ p y¨ 8

� º Æ Ñ Ò o ì x ¼ D  (b d o d d)!4   
 � c Goodwin & Piggott (2001) ô �
} � ¸ ¹ Ò c © ­ 	 ~ � «° � ¨ � ¸ ¹ 3 v ¸ ¹ � <= � � ( ü � ¸ ¹ Y   º

Æ ì x > £ W� � ç ; � ¸ ¹ M Í } � � Ò c © ­ ! 

 
+ - � <=> £ ? 1 � $ ¢ S §�+ , 7 8 <= ¾ ó 5 7 8 % i � > £ o º

Æ Ñ Ò �� � � õ ö � 0 ? µ ¸ ¹ � º Æ Ñ Ò ¼ D M � � � � j !° <=E � \

½ W�E 1 � 	 � � � � \ m �� 7 � <=D � ½ � �º Æ ì x � S , � � â �

y!4 ? º Æ ì x � E å H V � Ñ Ò   
 õ ö � ¸ ¹ M Í } � � ¸ ¹ Ò c © ­ ! 

 
 
 
 

- 2� � � . / 0 1 2 3 
 � � 4 5 6 7  

 (a) 0 1 2 3 8 9 � � 
 4 5

 

(b) : ; 2 3 8 9 � � 
 4 5

 

(c) 0 1 2 3 8 < � � 
 4 5

 

(d) : ; 2 3 8 < � � 
 4 5

 

��1sd,2sd,3sd 6 = > ? � � @ A B 1 ,2 , 3σ σ σ� � 
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- 3�� � . / : ; 2 3 
 � � 4 5 6 7  

(a) 0 1 2 3 8 9 � � 
 4 5  

 

(b) : ; 2 3 8 9 � � 
 4 5  

 

(c) 0 1 2 3 8 < � � 
 4 5  

 

(d) : ; 2 3 8 < � � 
 4 5  

 

 
- 4�K L M N O P I Q @  

� � . / 0 1 2 3 
 4 5  

(a) ˆ1 vδ σ= +  

 

(b) ˆ1 vδ σ= −  

 

� � . / : ; 2 3 
 4 5  

(c) ˆ1 vδ σ= +  

 

(d) ˆ1 vδ σ= −  
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- . T N O w Ò � � $ ¢ ¶ � ? µ ¸ ¹ � �³ ´ ? µ o ¶ · ? µ � è é ¶ ê

ë ³ ì í µ î 	 º Æ © � � o @ @ � Ñ Ò � ) !� � �  � 0 ¸ ¹ 7 � M Í � �

� Ò c © ­ �� � � @ � Ñ Ò � ) � M Í N O P � !° E å Ê » ò � ¼ N O 9 �

� ² � , N O � � 	 � m n W�E å Ê » Ë � X C ­ 1 7 M Í B C � # � �� ;

 � 0 ¸ ¹ � µ º 7 M w Ò © ­ �� ¸ ¹ Û � º Æ ± Ú M ï ø � � � j !� Î °

E å Ê » e ½ a � ¼ N O 9 � �. ¼ E å Ê » � Á Â Ã D _ Å � 0 ¸ ¹ � µ º Y

  E 1 � 	   
 !4 7 � � c Balke & Fomby (1997) < v 	 N O w Ò A � �8 W

� � c � � � � � y- � �÷ e o Ï � � 2 _ � ( N O P � 	 K Ö ! 

 
4 ? Õ � � � X C � � S §�� , ¤ m n } ~ W�� 0 ¸ ¹ . ¼ Ê » Á Â Ë

� � 4 4 � º Æ ± Ú !4 � � o � � � � < � � � � Í × � 7 8 !� � � � �

(�³ ´ ? µ � º Æ M � ? À � �8 W � Granger 3 � © ­ � ñ �@ � 7 V � ¶
· ? µ 	 º Æ ± Ú � � ! ; + AIC � � O � � §� � � N O � � � n o t Ã :

, � � � � �3 4 . ¼ N O � � � w Ò � � _ t n o 2 [ � , � � � � . ¼ ¶ ·

? µ ¸ ¹ � S � � µ î / 0 � 2 ! 

 
<=> £ ? 1 � � % i ± Ú � Ø Ô × � ¸ ¹ º Æ Ñ Ò M � � � A j �� ½ <

= ó w 	 Ñ Ò � � m , � <=!� � ¸ ¹ º Æ 3 £ <= < ¿ À 	 E å Ú ì x ¼ D

þ Y �³ ´ o ¶ · � 0 ? µ ¸ ¹ M Í ¸ ¹ Ò c © ­ �@ � � Z � ¾ 5 ¨ � * �a

� 7 � <=D � ½ � �º Æ ì x ¼ D ½ � , � � â � y! 
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Threshold Cointegration in Foreign Exchange Market: the Case of 
Taiwan 
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Abstract 
Multivariate threshold models developed by Tsay (1998) are applied to daily 

NT/US interbank exchange rates to analyze the long run equilibrium relationship and 
short run adjustments between the closing rates quoted by two major foreign 
exchange brokers in Taiwan. The results indicate asymmetric speed of adjustments 
arisen in response to different sizes and signs of the error correction terms and 
confirm the presence of threshold effects. The threshold model suggests a better 
description of the adjustment in response to deviations from equilibrium than in the 
case of a linear model. From the generalized impulse response analysis, it shows the 
adjustments following shocks will eventually be complete in about one week.  
 
Keywords: threshold cointegration, asymmetric adjustment, exchange rate, market 
integration 
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