
����� 3
��	��
���
�����


3.1 ��
��������


�������	

	��

�	���������
�����	 (time series data)   
��!"�#$��%�&	�'()&���	
�'�"
�*+
,�&�-��(non-stationary)  
�&	�2�� 2&	�3�'�4 (mean)  #�+2&	2�	�#$�$���  (variances)  �+�'2&	,�&2�7'�
�$�'�4�#$��!	�
	����	78	9%�2�	�)"�:"�;<�+%�&	�!"�#$����)�
	��'2�	�)"�:"�;<,�&#7���-� =>4
)"��
!,>��	
2&	)?-!-@	��4&	� �A&�  t-statistic �+,�&�$B�
	�#�
#��7'��$B��	!�C	�#�+2&	 R2 7'�)�� 
�*+7'�2&	 Durbin-Watson (D.W.) �4�&9��+>"@!�8	#)>�9%��%K�?
� high level of autocorrelation residuals  
�
���$B�
	�4	
7'��+4���"@,>�9�7	�����C�	)!�<  (Enders, 1995)  3+�"(�9�
	�9A����������
�����	
(timeseries)�
��'2�	��8	�$B�!���78	
	�7>)�@�&	!"�#$�#!&��+!"��'�"
�*+�-��(stationary)%���,�&�   
��
)	�	�?78	,>�=>4
	�7>)�@ unit root

3.1.1 �������� Unit Root


	�7>)�@unit root �"(�)	�	�?7>)�@,>�=>49A��
	�7>)�@  DF  (Dicky-Fuller (DF) test)  
(Dicky  and Fuller, 1981) #�+
	�7>)�@ ADF (Augmented Dicky-Fuller (ADF) test)  (Said and Dickey 1984) 
)���!-C	��&	� (null hypothesis) ���
	�7>)�@ DF (DF test) 2�� 1:H0 =ρ  �	
)�
	� (1) >�	��&	�

t1tt XX ερ += − (1)

 
����'4
�&	
	�7>)�@unit root =>4?�	 1<ρ   Xt �+�'�"
�*+�-�� (stationary) ; #�+?�	 1=ρ Xt

�+�'�"
�*+,�&��-��  (non-stationary) �4&	�,�
K!	�
	�7>)�@�'()	�	�?78	,>��'
7	�%�
�� 
���%����
"@
)�
	� (1) 
�&	�2��

t1tt XX εθ∆ += −                                         (2)
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��
K2�� ( ) t1tt X1X εθ ++= −   
��2��)�
	�7'� (1) �"����� =>47'� ( )θρ += 1 ?�	 θ  9�)�
	� 
(2) �'2&	�$B��@ �+,>��&	 ρ9�)�
	� (1) �+�'2&	���4
�&	 1 >"��"(�)	�	�?�+)��$,>��&	 
	�
$̂-�); :H0 0=θ   
���$B�
	�4���"@ :Ha 0<θ  %�	42�	��&	 1<ρ  #�+ Xt �' integration 
of order zero �"��2�� Xt �'�"
�*+�-�� (stationary) #�+?�	��	,�&)	�	�?$̂-�); 0:H0 =θ  ,>� 
K�+
%�	42�	��&	 Xt �'�"
�*+,�&�-�� (nonstationary) ?�	 Xt �$B�#���>-��A-�)�&� 
���'2�	�=�����'4�
7"��,$����4�&>��4 (random walk with drift)  )	�	�?�+��'4�#@@�8	���,>�>"��'(

t1tt XX εθα∆ ++= − (3)

#�+?�	 Xt �$B�#���>-��A-�)�&� 
���'2�	�=�����'4�7"��,$����4�&>��4 (random walk with drift)   
#�+�'#��=���!	����	�A-��)�� (linear time trend) ��	)	�	�?�+��'4�#@@�8	���,>�>"��'(

t1tt XtX εθβα∆ +++= − (4)
=>47'� t = ���	  
��
K�+78	
	�7>)�@ :H0 0=θ  =>4�' :Ha 0<θ  �A&��>'4�
"@7'�
�&	��	
��	�!�� =>4)��$#���  Dickey and Fuller (1979) ,>�:-�	�*	)�
	�?>?�4 3 ��$#@@7'�#!
!&	�
"�
9�
	�7>)�@�&	�' unit root %���,�&  
�� 3 )�
	�>"�
�&	� ,>�#
&�

t1tt XX εθ∆ += −

t1tt XX εθα∆ ++= −

t1tt XtX εθβα∆ +++= −

=>4!"�:	�	�-�!��<7'��4�&9�2�	�)�9�9�7�
)�
	� 2�� θ �"��2�� ?�	 0=θ ; Xt �+�' unit root  
=>4
	��$�'4@�7'4@2&	)?-!- t (tdstatistic) 7'�28	��*,>�
"@2&	7'��%�	+)�7'��4�&9�!	�	� Dickey-
Fuller (Dickey  d Fuller tables)  (Enders, 1995: 221) %���
"@2&	�-
f!- MacKinnon  (MacKinnon 
critical values) (Gujarati, 1995: 769)�4&	�,�
K!	�2&	�-
f!-� (critical values)�+,�&�$�'�4�#$�� ?�	
)�
	�(2), (3), (4) ?�
#7�7'�=>4
�+@��
	��A-��"!?>?�4 (autoregressive processes)

t1i iti1tt XXX ε∑ ∆φθ∆ ++=
ρ

=
−− (5)

t1i iti1tt XXX ε∑ ∆φθα∆ +++=
ρ

=
−− (6)

t
P

1i iti1tt XXtX ε∑ ∆φθβα∆ ++++=
=

−− (7)

(Enders, 1995: 221 #�+ Gujarati, 1995: 720) �8	������ lagged difference terms 7'��+�8	���	�	
���9�)�
	��"(��+!����'�	
:�7'��+78	9%�:��<2&	2�	�2�	>�2����� (error terms) �'�"
�*+�$B� 
serially independent #�+������8	��	
	�7>)�@ DF (Dickey d Fuller (DF) test) �	9A�
"@)�
	�(5) 
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d (7) ��	�+��'4
�&	
	�7>)�@ ADF (augmented Dickey d Fuller (ADF) test) 2&	)?-!-7>)�@ADF 
(ADF test statistic) �'
	�#�
#���A-��)��
8	
"@ (asymptotic distribution) �%����
"@)?-!- DF  (DF 
statistic) >"��"(�
K)	�	�?9A�2&	�-
f!- (critical values) #@@�>'4�
"� (Gujarati, 1995: 720)  (7���"
>-m 
��'@�n�-!!< #�+�	�' �-@��4<:��<�, 2542)

3.1.2 ��������� !"�#�
��   (Cointegration)

�������"
�*+,�&�-�� (nonstationary data) %���������#��=��� (trended data) ,�&�&	#��=��� 
(trends) �"(� �+�$B�#@@�op�)�&� (stochastic) %����A-�
8	%�> (deterministic) 
K!	� �	��+�8	,$)�&

	�?>?�47'�,�&?�
!���  (spurious regression) ,>�� 2&	)?-!-  t   (tdstatistic)   
K�+,�&�$B�
	�#�
#��
�	!�C	�
(standard distribution) %���2&	)?-!-����q 
K�	��+ ,�&)	�	�?�;-@	4,>� 
	�$�"@,>��4&	�>' 
(goodness of fit) 
K�+�'2&	)����
-�,$ #�+=>47"��,$#����+78	9%�r��":;<�	

	�?>?�4�'2�	�
4	
�8	@	
7'��+$�+��-�,>�  �4&	�,�
K!	�?�	!"�#$� 2 !"�#$�#���+�'�"
�*+,�&�-�� (nonstationary) 
#!&
K�	��+�'2&	)���
(�!	����	 (time) ,$>��4
"�  !"�#$�7"(�)��>"�
�&	�
K�	��+)"��-�C	�,>��&	 �' 
integration of the same order #�+?�	2�	�#!
!&	��+%�&	�!"�#$�7"(�)��
K,�&�'#��=���7'��+�:-���
(�
%����>��>��4#���
K�	��$B�,$,>��&	2�	�#!
!&	�>"�
�&	� (%���
	�����A-��)�� (linear combination) 
���!"�#$�7"(�)��>"�
�&	�) �	��+�'�"
�*+�-�� (stationary) �'�2��#��2->�
'�4�
"@
	��&��
"�,$
>��4
"�(cointegration)�"��2�� ?�	�'2�	�)"�:"�;<�+4+4	� (long run relationship) �+%�&	�!"�#$�
)��!"� (%����	

�&	) 7'��'�"
�*+,�&�-�� (nonstationary) 
K�+$�	
̂�&	)&���@'�4��@� (deviations) 7'�
��
,$�	
7	��>-����2�	�)"�:"�;<�+4+4	� (long run path) >"�
�&	�
K�+�'�"
�*+�-�� 
(stationary) 
�*'�A&��'(!"�#$�7'���	:-�	�*	�4�&�+?�
��'4
�&	 
	��&��
"�,$>��4
"� (cointegrated)

)8	%�"@
	�7>)�@
	��&��
"�,$>��4
"�(cointegration)�"(�9%�9A�)&��!
2�	�%���)&��7'�
�%��� (residuals) �	
)�
	�?>?�4 (regression equation) 7'���	!���
	�7>)�@
	��&��
"�,$>��4
"�
(cointegration) 
��2�� tê  �	78	
	�?>?�4>"�)�
	�>"�!&�,$�'(

t1tt vee += −γ∆ ˆˆ (8)

(Gujarati, 1995: 727) #�+�8	2&	)?-!- t (tdstatistic)   
��,>��	�	
�"!�	)&����� γγ ˆˆ / .E.S ,$
�$�'4@�7'4@
"@2&	�-
f!-  MacKinnon  (MacKinnon critical values) =>47'�)���!-C	��&	����
	�
,�&�'
	��&��
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"�,$>��4
"�(null hypothesis of no cointegration)2�� :H0 0=γ  2&	�@���2&	)?-!- t (tdstatistic) 
7'��'�"4)8	2"n
K�+�$B�
	�$̂-�); 0H   
��
K�+�8	,$)�&���)��$�&	!"�#$�7'��'�"
�*+�-�� (stationary) 9�
)�
	�>"�
�&	��'�"
�*+�&��
"�,$>��4
"�(cointegrated ) (Johnston and Dinardo, 1997: 264-
265)

�4&	�,�
K!	� ?�	)&��!
2�	�%���)&��7'��%��� (residuals) ���)�
	� (8)  ,�&�$B� white 
noise 
K�+9A��
	�7>)�@ ADF (Augmented DickeydFuller (ADF) test) #7�7'��+9A�)�
	� (8) 
)���!-�&	 vt ���)�
	�7'� (8) �')%)"�:"�;<�A-��"�>"@ (serial correlation) ��	
K�+9A�)�
	�>"��'(

t
p

1i 1ti1tt veaee ∑ ∆γ∆
=

−− ++= ˆˆˆ (9)

#�+?�	 2− < γ < 0 ��	)	�	�?�+)��$,>��&	)&��!
2�	�%���)&��7'��%��� (residuals)�'�"
�*+
�-�� (stationary) #�+ yt #�+ xt �+�$B� ( )1,1CΙ  =$�>)"��
!�&	)�
	� (8) #�+ (9) ,�&�':��<)&��!">
(intercept term) �������	
 tê  �$B�)&��!
2�	�%���)&��7'��%��� (residuals) �	
)�
	�?>?�4 
(regression equation)  (Enders, 1995: 375)  (7���"
>-m ��'@�n�-!!< #�+�	�' �-@��4<:��<�, 2542)

3.1.3 ��������� !"�#�
�� (Cointegration)+,� Error Correction Mechanism (ECM)

?�	 yt #�+ xt �&��
"�,$>��4
"� (cointegrated) 
K%�	42�	��&	 !"�#$�7"(�)���'�
2�	�)"�:"�;<�A-�>��4v	:�+4+4	� (long term equilibrium relationship) #!&9��+4+)"(��	��+�'�

	���
��
>��4v	: (disequilibrium) ,>� �:�	+3+�"(���	)	�	�?�+9%�:��<2&	2�	�2�	>�2����� 
(error term) 9�)�
	�7'��&��
"�,$>��4
"� (cointegrated)  �$B�2&	2�	�2�	>�2�����>��4v	: 
(equilibrium error) #�+��	)	�	�?7'��+�8	��	:��<2&	2�	�2�	>�2����� (error term) �'(,$r�

:f!-
����+4+)"(�
"@�+4+4	�,>� (Gujarati, 1995: 728) �"
�*+)8	2"n���!"�#$��&��
"�,$
>��4
"�(cointegrated variables) 
K2���-?'�� �	 (time path) ���!"�#$��%�&	�'(�+,>��"@�-7;-:��	


	��@'�4��@� (deviations) �	
>��4v	:�+4+4	�(longdrun equilibrium)#�+?�	�+@@�+
�"@,$)�&
>��4v	:�+4+4	� (longdrun equilibrium) 
	��2�����,%����!"�#$��4&	����4@	�!"�#$��+!���
!�@)���!&���	>���
	���
��
>��4v	: (dis -equilibrium)9� error correction model  (9A��
A���4&��A&��>'4�
"��&	 ECM  
���
(��4�&
"@2�	�%�	49�!���"(��&	�+����!�� mechanism %��� model 
#!&
K�+�'#��2->7'�9
���2'4�
"��	
 !8	�	@	���&���'4
 error correction model (ECM) @	���&���'4
 
error correction mechanism (ECM)) :��"!:��<�+4+)"(� (short d term dynamics) ���!"�#$�9�
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�+@@�+,>��"@�-7;-:��	

	��@'�4��@� (deviation) �	
>��4v	: )8	%�"@#@@�8	��� ECM 7'��)��
=>4 Ling et al. (1998) )	�	�?��'4�,>�>"��'(

tlt
q

l l5
p

1h hth4t31t21t yaxaxaeaay µ∆∑∑ ∆∆∆ +++++= −
=

−−ˆ (10)

=>47'� tê  2�� )&��!
2�	�#�+)&��7'��%��� (residuals) ���)�
	�
	�?>?�4�&��
"�,$>��4
"� 
(cointegrating regression equation)2&	 a2 �+9%�2�	�%�	4�&	 a2 ���2�	�2�	>�2�����(discrepancy) 
�+%�&	�2&	)"��
!7'��
->�
(���-�(actual)���yt 
"@2&	7'��$B��+4+4	� (long run) %���>��4v	:
(equilibrium)9�2	@ (period) 7'�#����+?�
��">,$ (eliminated) %���?�
#
�,�,$ (corrected) 9�#!&�
�+2	@ (period) !&��	 (Gujarati, 1995: 729) �A&� 9�#!&�+�>��� #!&�+)"$>	%< %����#!&�+,!��	) 
�"��2�� a2 2�� )">)&�����
	���
���>��4v	:(disequilibrium) ���y 9�2	@ (period) �'(7'�?�
��">
,$9�2	@ (period) !&�,$ �$B�!��(7���"
>-m ��'@�n�-!!< #�+�	�' �-@��4<:��<�, 2542)

3.2 ���34� �53��6��+"����78#7 ���9:�;�


	��

�	�-�2�	+%<2�	��)'�4�#�+r�!�@#7����
��7�����7'���7��9�!&	�$�+�7��'(,>�9A��
#@@�8	���
	�!"(��	2	%�"
7�":4<  (Capital Asset Pricing Model: CAPM)  =>4�'��$#@@)�
	�
>"��'(

Rit   =   Rft  +  βi (Rmt- Rft) + ε t                            (11)
=>4 Rit = �"!�	r�!�@#7����
��7�� i 9�A&�����	 t

Rmt = �"!�	r�!�@#7����!�	>%�"
7�":4<9�A&�����	 t
Rft = �"!�	r�!�@#7����%�"
7�":4<7'�$�	��	
2�	��)'�4� 9�A&�����	 t
βi = 2�	��)'�4����
	���7��9�
��7�� i
ε t = 2&	2�	�r->:�	>9�A&�����	 t

=>47'��"!�	r�!�@#7����
��7�� i 9�A&�����	 t  )	�	�?28	��*,>���	

Rit   =      ( NAVt -  NAVt d 1 )*100                           (12)

NAVt - 1

=>4 NAVt = ���2&	)-�7�":4<)�7;-���
��7�� i * ���	 t
NAVt d 1 = ���2&	)-�7�":4<)�7;-���
��7�� i * ���	 t d 1
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�"!�	r�!�@#7����!�	>%9�A&�����	 t  )	�	�?28	��*,>��	

Rmt   =     ( Pmtd Pmt d 1 )* 100               (13)

Pmt d 1

=>4 Rmt = �"!�	r�!�@#7����!�	>9�A&�����	 t
Pmt = >"A�'���MSCI9�A&�����	 t
Pmt d 1 = >"A�'���MSCI9�A&�����	 t d 1

�"!�	r�!�@#7����%�"
7�":4<7'�$�	��	
2�	��)'�4� 9�A&�����	 t  )	�	�?28	��*,>��	

�"!�	>�
�@'(4��-��	
$�+�8	 3 �>���  =>4�3�'�4�$B����4�+!&�)"$>	%<  * ���	7'�!���
	��

�	

��� 5 ;�	2	�:	*-A4<��	>9%n&   2��
1.  ;�	2	�
����7: �8	
"> (�%	A�)
2.  ;�	2	�
���,74 �8	
"> (�%	A�)
3.  ;�	2	�
)-
	�,74 �8	
"> (�%	A�)
4.  ;�	2	�
�����'�4�;4	 �8	
"> (�%	A�)
5.  ;�	2	�,74:	*-A4< �8	
"> (�%	A�)

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d


