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Abstract 

Increased exploitation and consumption of fossil resources in the last century and 

competitive efforts for economic growth and development have led to excessive emissions 

of carbon dioxide, resulting in widespread environmental degradation and climate changes. 

Therefore, it is necessary to study the relationship between the level of economic activities 

and environmental indicators for optimal management and protection of the environment 

along with attention to economic progress. Achieving the goal of controlling global 

warming depends on a significant reduction in greenhouse gas emissions, which in turn is 

significantly related to energy consumption, especially fossil fuels. In this study, the effects 

of renewable energy and non-renewable energy consumption along with economic growth, 

trade openness, and financial development on Carbon dioxide emissions have been 

investigated using the panel method to show the interactions and interactive behavior of 

variables. This study was conducted using data available for the OECD countries and the 

period from 1990 to 2014. The results show that there is a positive and significant 

relationship between increased carbon dioxide emissions and the consumption of non-

renewable energy. Economic growth, renewable energy consumption, trade openness, and 
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financial development reduce carbon dioxide emissions and improve environmental 

conditions. 
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 %3Rp��� M��$ �*"�       :�',=�@� �'� �C�Q'F 2'�	 :	
��'9� �'K�� 1	 
�/ �/�	� 2��3 ��.+/	 �� �
 �''� 2�''.�F  I''�J6� 2''�	 �� .�''(�� ��	� A"�''-�7��"� ��� 1	   �''��F ��''CPanel-Var 

���E+-	 ��( #-	    i'C :	�'R	 � ���'�"F �'� �"9/ �C	"� ���$ 	� �� ��� 2�	 1	 ���E+-	 .   A�'�1
�C��;+�  ���,�� ��(      AS M'��J+� :	�'R	 � ����',� ��'+�� � i��'�K� �&/ �� 	� �C�QF   	� �'C

-�����"��"� �K�� :�,=�@� �� �+93 %3 i�C� �	�$ � ��3p� �%+��7�	�$ �/	.  
 :��G�� 2��o9C��@� ��( �� ��1 ��( %� �C�QF 2�	 �� :�(��  

1  ��<'F���4� �P�/	 . Rp'���   �'E��  ��'.+/	 �'� ��      ��<'F�/���4� �P�'/	 � 2��'3 ��'�3	
Rp���  �� ��.+/	 �� #O\� .��	� 2��3 ���3	  

2 M0	�� �� ���+$	 �(� .%,-"� �K+��#��1 %�G�� I��@� �  "'3 �@�6�  �'g�� �+/1
 ��.+/	 �C�3�� �3	�� 2��3 �� .�"(  

3�� ��.+/	 �C�3 )*"� :��4� ��	1S . �� 2��3 ���3	 .�"(  
4�� ��.+/	 �C�3 )*"� �=�� %,-"� . �� 2��3 ���3	 .�"(  

�8� ���- %�	�	 ��  %=�J� ��C%� :�"� A��1�- ��1 �� �C�   �'-��� %�  �� �8� :�/"(
 I�J6� %��.�F � z"G"� :����	�� ��� � H�� A	"�g ��  "- �8� .�1	��F    I'�J6� �'-��(

 H�� ���,� M��(l�8+/	 ��(  2�'98�  �4/	 ��� ���,� � %,=�@� �	��   A"'�1S � �'C   ��'C
�� 5O��� A"�1S � H�� ���S�� %� %*"� ��  ���L �8� � ��+/	 �� .�(��   ��"'� �� ����S ��C

%4�+/ �C��;+� 2�� 5�	��  ���7#-	 ��(.  
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2��( .�� 	�� �	!+� ,�-�(  

1.2 �	>�� �E�@  

9C	�# Mk��� 1�#� 6��@� �� 7�/1�  A�'�*  1��'�	  �'g��  ��'(   �1"'0 A�/	���'+$	  ��'C 

y�+8� Mk��� ��+$	 6��5 1�#� 	� ��"� 
4��% �6���M �	�$ ��C�. 	� �1"'0 2  ��'C �* '�� 
��+$	 6��5 1��#� 1	�t ��r %�  Mk�'��  ��'+$	  �'8�  �"'9g�   7�"'=S �'�/���  +,�'�� 

��C�0	� ="���� � 1	 ��r ���K %� Mk���  ��'+$	  ���'�� Or� ',�   �'-�� �'�/����  � q�'� 

:���� ��C ��	� %� MK�* �C 5O��� #-	. %+O=	 z"G"�  Mk�'�� 1� #'� 6�� '@�  %'�  �'0�O� 

%,-"� ��+$	 /�
 5�� ��	� #-	 ��(. �+/1"3 %�G�� �� 2��o9C N�O��	 ��2 �(�  ���'+$	 

� 3�E�# 6��5 1�#� �;+� �&/ �� �%+��7 #-	 ��(. �&/1	 N�O��	 �� 3�E�# 6��5 1�#� � 
�(� ���+$	 �� �/	"� #O\� �� E��� .�(�� 	�2 A�9C �6�� � '6��5 1� +'��   �+/1"'3)EKC( 

�� �(�� %3 �� AS 	� %�  MU(U  T"U,�i�4� ��"9/ #-	. 9C ���2 N�O��	 �� A	"�  "�E� 

 %,'-"� �F '��	� 	� ��  '�L�2  "'K=	�� 1	  %,'-"�  ��'@�  - |��'3� #'-�  ��'C  ���'+$	 

1	  �t "-  �� ���#� #3�0 � H�J+/	 ����� %� �8� �C�� %3  �'+93 ��G�  %'�  ���'�� �F '�% �	 � 
6��5 1�+�� �/�	� 	� %*"���"�  �	�'$  �'C� � 1	  �"'- �� �'K  #'�* ��  ��+'g	  �P"'="�U� 

��71�- �� 6��5 1�#� � ".��I �"K=	 )-��� ��� �9/ �("3�  �'� ��+'(� 2��	) � ���
 ��$	�g1391 :h �38.(  

%� -��� �"&��� %@�	� � �g#� �A��   %'� ���	� �"'*� #=�0 �� ��S�� � ��.+/	  �"'r�  %'3 
,��� ��.+/	�  ��S�� 1	��  ,��'� ��S���    '� .�'(�� ��'.+/	 1	�   %'@�	� A	"'� �  %'� 	� H�	   A	"'�g

�6���  	�� MK/	� %@J/1	 sm"9,� %3) ��.+/	 *�� �&/:�6� ���%� ����3   m�'3 A	"'�g��   �'�
%+��7 �&/ �� �E� (#-	 ��(�� 	 #6� .�"9/ 2'�  '�E����  'G��%� �  '�6��� 1 #'��6� �'@� 

�+/1"3 (EKC) ��2� �,�� 	
�	 �� %3 �"� �C	"��� ��S�� �.3 ��S���     �E'� %'� ��'.+/	
� �C�3� ����  %/�+'-S ��S�� ?@- 1	 �,� �	�  'E���  '��   %'� .�"'(  :��'Og � ��'K�  ,'G�#� 

��.+/	  7�"=S� %� ��S�� �(� �� �"� A	"�g�� %� ��� 1	 ���[�  1	t�  m�'3�  ���'G�   %'�
t� m�3� ;� #�F��� �� G�� .��3%� � EKC  �'U�  �������'3�F 1	2�  C�'E�i�  	�'�� �6� M'� 

%@�	� � 7�"=S� � MU( %� %3 #-	 ��S�� U � T"U,��  	�'� � �(���  '=�	2�  	�	 �� ��'� M'� 
%C� � � �"/���� J6� �� I'�   29'-��7 ) �'7��3 �1991   ��'RS ��"'� �� ( #'��16� �'@� 

��S �	1S :��4���U� =�9(�(North American Free Trade Agreement)  �( ��@�.  
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%@�	� � %� 	� ��.+/	 � �� %� 	� ��S�� � #�g A	"�g ;+� A	"�g�� �R	 <F��   '� �'&/ ��� 7 '��� 
� %3�  �� �/	"��t %@�	� � ="��� �� .�(�� %+(	� #=m��2 ����)  7�"'=S ��.+/	�  '�t   ���'�/

���G� 	��� 	���4 �J� .#-	 ��S���%� 	�2 �E���   'G�� �'��% � ECK  ="� ��+��'- �� '��� 
F 	� 	
4�� ����'.  '��   '=�	 .�'�3�2     �'�S�� �"@'- �'� ��+��'-�  �'F��2  �'� 1	    %/�+'-S �'�S��

IO@��  	
�	 %� ��S�� �(� AS �� %3 #-	�� 7�"=S ��.+/	� /�1� ��  �� ��+��- .��	�   �"@'-
��S��� m��� � �� %3 #-	 IO@�� %/�+-S ��S���7Q�      �'�S�� �'(� �'� �	�'9C ��.+/	 �C�3

B8.� � � ��/"3) #-	 ��(�	�� �2002 :h �353(  
� m�� �6��C�7�� %@�	� 1	 ���- �  7�"'=S ��.+/	�     ��'� �'&/1	 �'�S�� � '��   �'&/1	

	���4  ="�) ��S����7�"=S ��.+/	 ��	 |#-	 (� � #-	 2U9�%  A	"�g�t  m�'3�  �"'9g�   ��'��
��� %� � ����3  A	"�g�t 1�4� ����/� 	���4  Rp'� #6� 	� ��S����    %'� .�'C� �	�'$   �"'&��

-���� �	�%@ � 7�"=S � ��S���� ��  A	"��t m�3 t� ��+$	��   AS �� %'3 #��7 �&/ �� 	�
6� B��(�5 1�#� �� �"�@� ?@- �/	"��# ="� ��� Rp� #6� 	���   �'C� �	�'$;+� .� �'C�� 

C(t) ،E(t)،  K(t)  %�6� B��( �����5 1�#� � ��A	
 ���-�%  A��1 ��t � #=m��   .�'��3
	 ��� ���2  %3ϒ  7�"'=S ��/�  �θ )1<θ< 0  ���'- i�'- (�% ="� �� '��     i�'- ��'(�� m�'3

$��� ��/�� ���-�% )θ -1	�� (� 6� �"O���5 1�#� � ���E+-	� �"(   '� l�'8+/	 %�`'�� .�   �'/	"�
%� "�1 :��� ��A� ��7�:  

Maximize   : W= ∫

�
 ����U(C(t),E(t))dt 

S.t  :  �� (t)=f(θK(t),E(t))-C(t)     )1(  

#� (t)=g[ 1( -θ)K(t),E(t)]-ϒf[θK(t),E(t)] 

%''� �"''r� %''3 ρ  *�''� ��''/�? /�''�1� �  f(0) � g(0) ="� ���''�''��   �"''O�� ���''� �
6��5 1�#�  �� ���6� .�(���# U.� �� H�	�M ���-�% � ��
�U� ���6� ��# ;� ��  �� '��� 

1 B��(�#� 6��@� ="� #�g %��� / ��
   '6� �"'O���5 1� #'�      ��'� �'� .#'-	 5O��'�
	�(�5  	�� H"9,�� ="� ������ �"�@� ���# 	�(��� 5�%�  	�'��    %'� m�'� %�`'��  1 :�"'� '�� 
%� � #-�� S��:  

α(t) 
% � (�)

%(�)
 + β(t) 

Ė(�)

)(�)
 =ɸ(t) )2(  

α(t)=
%(�)+,,

+,
,β(t)=

)(�)+,-

+,
,ɸ(t)=(-

./0/

0/1ϒ./
+ρ) 
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3%  �3%%  �3%) ��� %��) I+.� �C� k
*� %O��� � ����  �� � H�	 U(0) ��  � �'(�� 45   
 �65  k
* I+.�� ���� f(0)  �g(0)   ��%*"�  %�K  	�( .��+�C�5 � m���A� ��   '�� %'3 ��3�� 
���%� � ;+�C��� ����  %���U��K 	 � �(�� %+��	� '�2   '�,� %'��  '�t  %'@�	� �  '�g�  "'-���% 
��2   /�'�1 .#-	 ��.+/	 � ��S���  %'3=0   3%%    �≠0   3%)    '�� ��'(���� ��� %'� � �� �'�S  

(C(E))   ��''.+/	 %''� � � �"''� �''C	"� MJ+''��''��� ���%''� � ��''.+/	  (E(C))  %''� �''�S��
%+��	�  �C	"��g � �"��# �t %��r � #=�0 �� .#(	� �C	"� �"*� ��.+/	 %� ��S�� 1	� �'K 

''+$�� ≠ 0 3%%  �=0  3%)  %''� ��''(�� �g A	"''�g''�# ''�t %''��r  �''�S�� %''� ��''.+/	 1	
%+��7�&/��  �� �"(.  

	��� -���� %@�	� � =��,�� � :�������2 ;+�� �'C�    �� %�`'�� T�'-	 �'�� %'�  1�'-�   m�'�
��  A	"��t  �	� 	 M0��+� � 	��A� 	 ��� �� .#��7 �&/ �� 2��3 ��.+/	 � ��S���2 3 %3�E '�# 

6��5 1�#� 6@- %�� �F��	� #-� �%+�� ) #-	��,�=0 =7� Ė ( �8� ��/�)  '6��5 1� #'� 
%� ="� %@-	��� ���� :�(�� AS �"O�� ��/ �� ��	�� 

g((1-θ)K,E)=ϒf(θK,E) → ℎ<(K,E)=0    )3(  

���2 ����)  ��θ  ,��2 �t %@�	� �  '��2 E � K  '��     	�'( �� .�"'( B8'.� �'/	"��5 
� ��� :�OR��� %3 �"(=σ  ��  �t 	 �� ��(�� #��R �	�J��2 ::�"�  

f(θK,E)-C=σ → ℎ?(K,E,C)=0    )4(  

3�� ���) ℎ< �ℎ?  %@�	� � =��,�� � :�������2 C � E � #-� %�� S��:  

ℎ@(E,C)=0 → E=h(C)     )5(  

�� J0�#J �g z"/�# %@�	� �� �  7�"'=S � ��S���   '��� %'�� �� '7Q�  �'C�  ��+��'-� 
-�����"� ��+$	� /�
 K+��� 	 %�9*1	 .��	��2 �	"gM  '� i���     P�'/	 ��'� %'� A	"'��  �

�	1S� ��4��  K/"'KL .��3 ���(	 %,=�@���"� ��+$	 ��� ="� '��   M'��0 1	 ���E+'-	 �  �'C� 
P�''/	� �''8� �� �''C�   7�"''=S %''� �''4�� y''�+8�� J� ��''�T� ''�6��� %''J@�� 	�  �

��2 ��9=	�  ��  .�"(2��o9C  �r 1	 :��4��I 
��# O�/� - ��".3 ���#-� 1�#� 6�� '@� 
C��� ��RS �� ��� �� 6� �� �����3�5 1� #'�   '� �'R	�      � �'��F"3 ��� T�'-	 �'� .��	<'7

���"�)2004	�� (� ,���2 :��4� �J/ (T) 6� ���5 1��#� ) %=��,� ��1%� (  �'*�   ���'�
$�#9 (p)  ��S�� �)I( ./�* 	��2 �"�@� ���� � %+��-�# ��J+����i )V( � #-� %�� S��.  
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Maximize V=V(I,P,E)    )6(   

%� �"r� %3 ,��� ��S��� ="� 1	�� M3 (Q) #-	:  
C=

E

F
  ,  I=

G

H
       )7(   

:��4� ��� ���� ��    |��	� �'R	 �� ��'��3� 'U�      � � m�'3 �	�'J� �'� 5O��'� �'R	� �'K� 
;����  3�E�# 6��5 1�#�	
�	 �� .�� $ :��4��#9 ��	�� m�3�  ;� %'/"9/ '���  '��   .�'�3  �'�

��	
�	 $ #�	 � :	��	��#9 ��	�� 7�"=S �m�3�    �'R	 #'�g %� � �C�3 ��+��- �R	 #�g %�
J��T� 	
�	�� �� ����m�3 �7	 .$ �"( ���� �#9 ��	�� 	
�	�� �� ���� iC �   7�"'=S A�'�1� 

	
�	 #�g %��� ="��� m�3� mS���� 	
�	�� �� � �'��  / �"3<'� ��'RS . '�
  '��   %'O�* 1	 �'/	"� � 
G���% ;���� ��� A�U��� G��)�% � 7�"=S ��KC��F�G"� (�?   ��'� #'3�0 %� %3 �"( ��	��� 

����� mS����  �C�"'.3 1	� 	�	��   :	��'J� �'(��   �C�"'.3 %'�� 	�	��   ,'G :	��'J��y 
�4��  �� K/"KL .�"(� ��+$	 �(� 5�	���� 6� � :��4��5 1�#�   'E� �'��M   �� M'��3
���� -��� :�,=�@�� ��( #-	.  

7�"=S� 	���(��4 6� �"O�� ���� MG�E� ���5 1� #'�  �8� ���'� 1	 '�)  ="� �'R	 ��) AS '�� 
�Cm�3� ��	�� P�/	 ��� ��  %� N"��� ��RS �� #-� %� (:��4�� S��  2+��'7 �&/ �� �� .

�	� 	 M0��+� %@�	� I��@� � )39,� �(�i      :��'4� A�"'9/ ��'6= �'� 5'�	�� (T)  P�'/	 �� (F) 

 �4/	  �� 7���A�9C . �3 � 
��� %3 �"r� )2008� (�A� �� 7�"=S ���3� +O�/� A��� ="� 1	 	1 '�� 
''�o9C ��2 %''� ��''� +O''�/ :�"''�� ="� 1	''�� $ ��#''9 �''C %''3) / ��''�
  1	 �Rp''+�

:��4�  ��+�C( �� � �/	"��A� 	 ��� �� .�"(�2 %3 K    �'(�� #'��R� C=C(I(Q),P(T))   ��'(��
:i��	�  

f(θK,E,F)-C(Q,T)=σ   )8(   

→  ℎ?
´ (K,E,Q,F,T)=0  →  ℎ@

´ (E,Q,F,T)=0    )9(   

�R	  :��4� %� N"���)T( $ %��#9 /��*� �G ��) %� .#-	 %+��	� :��4� ,��"r  H"'9
	 #3�0�2 �G�)  #9- %��t %� 	
�	 A	"�g�� �	1S� ��4�� � ���� .�"(  
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1.1.2 ���� �	
��� ���� ����� ��� � �������� �  !�"#��$�%&��  

�� ''r� %''C� �''C� �	''��� 1 Mk�''���#''� 6��''@� %''O�* 1	 �''C� ''E�+8��  %''*"���"�
%+��7�	�$      �"'9g %'*"� �"'� 1�'�S .#-	�   1 Mk�'�� %'�� #'� 6�� '@�  'r�  %'C� 1960 �

%�  z"'$�  F� #'-"   	 ��'9g 
'3�9� � '�2  �� :�'�*"��  7�"'=S�  �'C�  +,�'���  %'�   %@'-	�
�(�  �C��+$	 A�
�	1��� +,���  %C� ��	�	 �� .�"�70 �����    :��'4� %'� N"��� Mk���
6� ��5 1�#�   '6� A	�	�'��r � #��7 ��	�5 1� #'�    ,'G� %'� �	�'+g	 ���#   q��E'-	

6��5 1�#� (�/� � A�
�	1�� %,-"� 1	#E=�8� �:��4   #'�./ � �'C  �'C�  ���+'�7 	�  ��
C�/���- A��* y�+8� N�J/�  Jg %'� .�/��3 '��� AS    1�'-�	1S �'R	 �� ��'C�  ��'4���   i'40

=�,��# �C� +$	��� =�,� %�9*1	)�# �C� mS������+�7 ( �%+��   P�'/	 � ���'�� 1	 ���E+-	 �� 
O-����/ MU( %�� 	
�	�� �� �����o9C .�2   '6� A	�	�'��r�5 1� #'�   1�'-�	1S A�'E=�8� �� 

	
�	 � �	1S :��4� ��+�7 %3 ��+(	� A�gn	 �:��4��� �C��.��  +��'$��  '��2  ��'K��  �'C� 
��	�� �O$� �� *����� �� %��i - A�(�#-� �C� 1�#� 6��@� �+�� )-���� ��   � �"'(

+0� "��) 	�*	 �� /	"$�2 1�#� 6��@� ��� 	�� �� %�*	"� �� 	����  1�'-�	1S�  ��'4�� 
�� �p��� � �	�9C� ��� ��	 |��3� %/ ��	1S :��4� A	�	���r 1	 	 �� �����2 ����7�  1�'-�	1S %3� 

��4�� �8� )O-�) 6��5 1�#� 	#- y=�'8� �  �'/	   1�'-�	1S %'U���  ��'4��   )'*"� 	�
,G� �"O���# 6��5 1�#� ��,�� �� AS Hm�+-	 T�-	 �� .���3       ��'3	� %'� %'*"� �'� ��'C

�C��.� %� �C�".3� ��$�+� (�/�    '-�+-� � �	1S :��'4� ��+'�7 1	�  
� %'� '�#  O'�/�� 
�� � #-	 ��( 	��3 ������ 1	 ���E+-	�2 ����) P�/	 � ����� ���	� mS �� 7�'��   %'� N"'��� 

AS � �C�3 �C� ����	�"*��� .��2  � 29-��73��7) �1991(  %',=�@� �� 	��  �	1S ��'RS  1�'-� 
��4�� ���  ,'G��#  '6��5 1� #'�     �'R	 %'- %'� 	�J� '��T�  3�� �'R	 '�) 	 � 'R ���'�� �� 
UE��t  	 �� .�/��3�2 J� �R	 �%,=�@���T� ���K/� ;���� =�,� �1	�/	 �� '�#  �'C�  ��'+$	��   �'R	
3����) ���K/� ;���� 3�� ���) �� �Cm�3 �O-� ="���� ����� �R	 �� ���K/� ;����  ���'�� ��� 
="���� %� ;� h"���� ����� #9- %�� 	����� |#-	 q�F��2 1�-�	1S H�O/� %�� ��4���   �'R	
J���T� 	
�	 %��� �8��) 6��5 1�#� 	 �R ���'�� ���   �'3 %'�C�8� � '�)  '6��5 1� #'� 

�9��M  ��Rp� .�/�	�	3�� �R�) /�
 %� 
� z"/�# O�/� K+��� %� .��	�  �"'r�  %'3     %'� %'*"� �'�

��# O�/�  ���t �".3 �7	 ��".3�  �'Cm�3 ���  
� ��'��mS '�#  ="� �� � %+'(	� '��  AS

F B8� �Cm�3�	� 3�� �R	 :�"� AS �� ���3�) %� 3�� ���;� %@-	� '�)  �'Cm�3� ="� '��� 
�Cm�3 #9- %� �".3� Sm����� E�� ��RS� ��� 6��5 1�   �'* �'� #'��  '��    �'7	 � ��	<'7
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%� 
� �"*� %@-	��# O�/� �".3� �Cm�3 ��� 3�� �q�F '�)  �'Cm�3� ="� '���   �"'.3 AS
�Cm�3 #9- %�� ;� q�F��� 3�� �R	 :�"� AS �� ���3�)   '+O\� ��'RS� ���  '6��5 1� #'� 

���*� %� .#(	<7 �C	"� �3�"r� 1�-�	1S H�O/� %�� ��4��� ����� �R	 �7	�  � �'R	��J '�T� 
3�� �R	 ��) �".3 #=�0 ��)� 
� ���# O�/� ��� ����  � �"( )=�� (����mS '��    �'R	 �'7	

������ 3�� �R	 �� �	�9C�) �".3 #=�0 ��)� 
� ���# O�/� ��� ����  J� �'R	�� (q�F '�T� 
�1�-�	1S :�"� AS �� ��"( )=�� ��4�� �+/ %� �4���[ 1�#� 6��@� � #O\�� �"(.  

�� {"� )=�@� T�-	 � 1	 ��3<=	�2 J� �R	 %-��T� 3���)   ���'�� �'R	 ��  ��'@�   �� ��'(
3�� �R	 ��7��7 � 29-��7 %,=�@��) ��� � �R	 �� 1	���K �6�� �� 5O���� 1� #'� 6�� '@� 

 ��G�� � �+/1"3F7���mS ��KC��� 	1	 .#-	 '�2 �� '.8� ��      M'��,� �'� 5O��'� :�',=�@� 1	
6� � :��4��5 1�#� �1���%� 3�� �R	�) ��	"� �� %3 #-	�   ��"3<'� :�,=�@� %� %*"� ��

3�� �R	�)   �r 1	 ��	1S :��'4� 1	 M'��0 '�I 	��� �'�  'G���%   7�'��mS ��'KC��F��  ,'G��# 
Sm�7���  ��6��� #��1 Rp� #6� 	� �+/1"3 �@�6���  '� �	�$�  	 �� .�'C� '�2   �h"'�

)  �+-	1998r %3 #-	 �J+,� �(� H�- �C� �	��� �9(�� =�,� 1	�# �C�   ="� %'� N"'��� '�� 
�Cm�3� %/����3 	�� �C�".3 1	� %,-"� �%+�� �C�".3 %�� H�0��    ��'( �'4��* %,'-"�   .�'/	

��� %,=�@� T�-	�� �C�".3� F� %+��'.  �+'-	� ��� 	��� �'�    ��'+$	 %,'-"� � �'(���   �'�
���   :���� �8� %� A���S���9g �8 	� =�,� 1	�# �C� ��+$	� � 1	 	� �"�=�,�#  �'C� 

+,��� ���3 MJ+�� :���� �8� %� 	 %3 �/	 '�2   %'� �'�	   A	"'�g� 'U�   �'�	 M'�g 1	�   %'@�	�
��S��  ��� 7�"=S �� %� :�"� U �T"U,� 	 �� 	<= .#-	 ��@��2  �'-	 '�6�� �� T� EKC 

� ��������7� +�-� ��+$	 �(� %3� / 1	 �F)�M  ,� %'@J/ %� ��+$	� '��   '�� �'�S�� 1	� 
7�"''=S �\3	�''0 �''� �	�''9C�%''� ( J+''�� M''��g A	"''�g�i 7�"''=S �C�''3 ���  �#''-	 ��''@�

�''(�  ��''+$	� %''� J+''�� �"''r�i  7�"''=S �C�''3 M''��g� �C�"''.3 ��� %,''-"� �%''+�� 
6�l"''�  ''9/� ''O/� %''� %''U�� ��"''(	
''�	 H��� ''�� �''�S���� 	�''� �''G�J�� �C��	�/�+''-	� 
1�#� 6��@� 	 ���2 ��S�� �.3 1	 ��C�".3� m����   '� �	��"'����   	 %'3 �"'( '�2   �'�	
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2.2 #&!&�/ A�
� �	��	���  

$��� "U-	�� )1387%,=�@� �� �(	� -��� %��  1�'-�	1S ��RS�     �'C1�7 ��'.+/	 �'� :��'4�� 
%/�8�7	� �� �3	�� � �� 2��3��6� 1#�� �@�6�  "'3�+/1  'r�  H�'- �'C� 2002 -1992 

	��� �C�".3� �F 5-"+� �m�� 5-"+� �m�� %/	�- ��S�� ��2�� �F �2��   �'+/ .#'-	 %+�	��F[� 
''� A�''./ %'',=�@�� 	
''�	 �''C��1�''-�	1S �� ��''4�� �C�"''.3 �� %/	�''- �''�S�� ���  �''�

%/	�-��S��     � 1�'7 ��'.+/	 �C�'3 %� �m�� 5-"+� � m���  '�3	��   �C�"'.3 �� � 2��'3�   �'�
��S�� 5-"+� %/	�-���F2 	
�	 %��� � 1�7 ��.+/	�  '�3	��    '� �'4�� 2��'3�   .�"'( ?=�'�  �

) A	��U9C1387(� -��� %� �"� %,=�@� ��� �g %@�	�#� �2� ="��� ��	� B=���/�   i'40 �
�C1�7� %/�8�7	� 	A	�� r� H�-�C� 1378 -1339 %+�	��F-��� #�* .�/	�  �g %'@�	� #'� 
	 ��2� �g ��	�/�+-	 A"�1S 1	 �C�QF#� �4/�7  #��g A"�1S ���C���E+-	 "k�    .#'-	 ��'(
�+/[� %� #-�  �"*� ���St� t� %@�	� i40 1	 %��r7� 1�� �3	�� ="� �� 2��3��   B=�'��/

��	��  '� A�./ 	��   '�o9C .�'C�2�  �'+/[�  3�'0�        1�'7 i'40 �'(� ��'/ %'3 #'-	 AS 1	
�� �3	��� 2��3�+.� ="� �(� ��/ 1	 �'�   '��	� B=�'��/�   '�6�� � ��"'�� 1 #'���6 �'@� 

�+/1"3 	 ��A	�� � ���  .�"( ��"'O��  ) A	��'U9C �1389(�   ��	� 1	 ���E+'-	 �'� �'C�  �'-� 
/�''�1� 1383 -1346 ''-��� %''�� P�''/	 ��''� %''@�	��� ��''+$	 �''(��  %/	�''- ��''.+/	 �

�� ���3	%� 2��3 ,� A	"�g���� 	��� 7�"=S� 6�5�1 #'��  %'+�	��F 	 �� .�'/	 2'�   1	 %',=�@�
iC ���K+(�O/	� /�C"*A"� --"*T"��� 6� H�� �?�  �'@��  �	��'�� )Vector Error 

Correction Model( ���E+-	 �+/ .#-	 ��([� A�./ %,=�@� 1	 M��0 �	� �"*� ���C�@ %�  #'O\
�2� P�/	 ����� ��+$	 �(��� 1�-�	1S� ��4�� ,9* �#� ��(./2�  ;+� �'� �'�   ��'.+/	

-� %/	�� �3	�� � 2��3�   .�'(�� �'96�  �$�'�� )1389 %',=�@� �� �(	�    ��� 1	 ���E+'-	 �'�
)Autoregressive Distributed Lag(  '-��� %��   ��'�"3 %'@�	�    �'��� � :�'�  '� :�'�2� ="� �'� 

��	� B=���/�� P�/	 ����  � ��'.+/	 ��  ��'�3	  	 �� 2��'3 A	�'�    �'+/ .#'-	 %'+�	��F[� 
A�./  �� � ��.+/	 %3 �C�� ���3	 ="� %� #O�/ 2��3�� ��	� B=���/� ��   '�	 �#'-	 �.3� 

���� �� AS �	�J�� :���+.� ���"3 1	�o9C .#-	 :���2�   �'+/ T�'-	 ��[�  %'�  #'-�   ���'�S
� �.3� ���3	 P�/	 ��� %� #O�/ 2��3� ���"3 ��   �
/ � %��'.� :�'����� � :�� t'� 

 %�t� 	 �� ���g .#-	�2�  MU(U �6�� A��	�� 1#��6��@�  	�'( �� �+/1"35� 	 A	�'� 
p� ��"���� /�#�) A	��U9C � T�@� .1390-��� %� �(� � A	
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�� /��1 ����� 1980  ��2009 A"�1S 1	 ���E+-	 �� �C� ��%. ��F �0	��� iCK+(�O/	�  '��F�  �
�+/ .��+�	��F :�,��� M$	�0�[ AS �C�QF � %3 �	� A�./ �C�2 ;+�� �'C�    %'@�	� :�'����� ��

iCK+(�O/	� �o9C .��	� �"*��2 r� -�����"� ����� �G�) � '�A	
  �	<'7�R	�  :�'����� 
��''� P�''/	� �4��<''F�/��� ���+''. 1	 �''G�) �''�A	
 �	<''7�R	�   ��''� :�''�����

P�/	�  �4���<F�� ��+$	 �(� ��� �C�".3�  .�"� )8+���$���  �'U9C �) A	�1391(�   �'�
����7��� �g A"�1S 1	#�  � 	�"��"�"����� � ��g %@�	�2�  � ��'.+/	�  '�3	��   ���'- �2��'3%�
�	<7� J+��i� *�����    P�'/	 ��'� %/	�'-� ="� � �'�   '��	� B=�'��/�  '-�����"� 	�� 

�+/ I��@� .�/�	��	�$[� ASC �C���g %@�	� %/"7�+� �2� ="� � 2��3 ��.+/	��  B=�'��/  '��	�� 
p���� .�./  

(� )Shi ()2003(�  %,=�@� ��93 %,-"� �".3 � %'+��  H�'0�� �   '� %,'-"��2  H�'-  �'C� 
1996–1975 %@�	� ��2 ;���:	� ,9*�# � ��.+/	 �� �3	��  '-��� 	� 2��3�    .#'-	 ��"'9/

	�2 �g %3 #-	 ��	� A�./ %,=�@� '�i��   '�O$ :�',=�@��     	�'� 	� �'0	� �'.3 %'3�   ��'.+/	
�� �3	�� 1	 %� 2��3	� ;���� *�,9� �&/ �� #� ��+��7	 �� ��2  	 %',=�@� '�2   	�'� �'.3� 

��
� %C� �� :�g�r	  1	 �� '�t  %'�  #'-�    '�o9C #'-	 ��'�S�2  * �'R	 '�,9   ��'.+/	 �'� #
�� ''�3	�� �C�"''.3 �� 2��''3� H�''0�� �J� �� %,''-"��%''� �C�"''.3 �''�� %,''-"� �%''+�� 
���+.  �� �(�� .�����
�   A	��'U9C �)Martinez et al ()2006(�  %',=�@� �� 	�   '-��� %'��   �'R	

,9* �(��# ��.+/	 ��CO2  �� �C�".3�  '� �F��	 %� ��6�	 "wg�2  H�'-  �'C� 1999–1975 
%+�	��F �/	 .��+/[ � A�./� ��.+/	 �.3 �C�CO2  ,9* �(� ��/ %� #O�/ '�#  ��
'�   1	 �'�

�t    	�'� %'3 #'-	 ��"��  �C�"'.3�  �'$�9� 	 '�2 ��6�	 '��%  	�'/	�1 	 '�2  '.3  1	 �'+93 �
�t  ��  �'(�� . i=�'g   A	��'U9C �)Alam et al ()2007(�     H�'- :�'g�r	 1	 ���E+'-	 �'�  �'C� 

2005 -1971 -��� %� A�+�3�F �".3� ��+$	 �(� %@�	��    P�'/	 :�'( �'���  ��'.+/	 CO2 

,9* �(��# ./��( ���� %+�	��F �/	. �+/�[ � A�./�  %3 �C��t   	
'�	 �'����� �� GDP 

%� �4�� 84/0 	
�	 ������ �� � ��.+/	� �3	�� �3�2  ��t  	
'�	 ������    �'(� ��'/ ��
P�/	 :�(� 	
�	 )*"��� 24 /0 ���� �� ���.+/	 ��/  CO2 ��  �"'( .  	 �'� ���'g '��2 

	
�	�� ./��(��� ,9* �(� ��# %� �,� �"r� �	�� 	
�	 �g���� 7�"=S ��.+/	�  '��   �"'(
	�2 =�0 ��� 	 %3 #-	�2 ���� �� M��g �� ��+$	 �(� :���   '� �C�'3 	��  �'C� . �"'$ 
)Ghosh ()2010 l"L��L �� �(�t "K=	� ;+� ��L��� P�/	 %G�g M��(�� ���-�%  �	<'7�� 

��+$	 �(� � 2��3 ��.+/	 �H�;+(	�� �g %@�	��# ��2    ��'+$	 �'(� � 2��'3 ��.+/	�  �� 	�
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-�����"� ��C �".3 ��"�� �	��	�$. �+/ I��@��[ ��� ���"3 ��  �g %'@�	� :�� '�# ��  %'��r
��+$	 �(� 2���  ���.+/	 � :������ �� ��	 �"� �	�$�� 2��3�2 ;+� ���� C��  �g %'@�	�� '+� 

� #'��  �'./ . *�'FS��  �'F ��2 )Apergis and Payne ()2011 �'� �(   A"'�1S 1	 ���E+'-	   ��'C
iC K+(�O/	 ���/�F ��@� ?�6� � ��/�F �  '� %'@�	��2   P�'/	 ��'��  �'C� �4��� <'F��  �

�4����/<''F�� � ���''+$	 �''( �� 	� �80  �"''.3''-�����"� ��''/�	��	�$ �	� A�''./ [��''+/ .
%@�	�    �P�'/	 ��'� ���<F���4� �P�/	 ��� ��,$	� ���	� B=���/ ��="� 2�� �=��,� �

    .��	� �"'*� :�'����� �� ��'3 ���'�/ � �,$	� B=���/ #��R %����- M�U.� ���<F�/���4� 
�+�� )Yalta ()2011(� �g %@�	��# ��2 ��P�/	 �� ��+$	 �(� �� 3�� �".3 �� '�%   �'� 	�

���� 7��� F��+/S �\3	�0 ��+-	 :"� ��� 1	� �6� ��"��M    �'+/ I��'@� %'3 �	��	�$�[ ��� 
�C	"(� �O�� P�/	 ��� 2�� ��g %@�	� �"*� ��� ��+$	 �(� �� �#�� �./  � A�'7�� .
) �U-Dogan and Seker) (2016%,=�@� �� �(    ���E+'-	 �'� �"� �  #'��1 �'�6�� 1	   �'@�6�

 �-��� %� ��,@J� �K+��	� �� 2K9C�/ M�F 2�98� t��U� � �+/1"3 Rp'���    ��'J�J0 �'�="�
   �� ��'.+/	 �'� �=�'� %,-"� � :��4� ��P�/	 ���      �� �'��� ��C�"'.3 �� 2��'3 ��'�3	

�1"0 �P�/	 ��="� �         �P�'/	 ��'� �� ��	
'�	 %'3 �	� A�'./ [��'+/ .��+�	��F ��<F���4�
���4�  �'� 2��'3 ��.+/	 �� �C�3 �g�� �=�� %,-"� � :��4� ��	1S ���<F    2�'�o9C .�"'(

   %�'G�� � ��'( 2��'3 ��.+/	 �� ��	
�	 )O- ��<F�/ ���4� �P�/	 ��� �� ��	
�	   ��'C
EKC  ��C�".3 �	��-�����"�.�( %+���<F �  

  

3/�� � 0
( . ��1�� �2!3 

��� ���E+-	��"� �	�� ���S��  H�'�  I'�J6� ��  2'�	  %',=�@� ���   ��	��'� A"�'-�7��"� 

�	�� ��C M�F Panel-Var  .#-	��K�C�  %'3  ��'+��  �'�L  �'�;+�  '-�����"��  �	�'$  �'�  ���'�7 

 1m  #-	 %� N�O��	 ��C M��J+� 2�	 ��;+� �� �C )=�$ t�  �"'K=	  i+'��-  :m��',�  i'C  A�'�1 

%*"� .�"( �7	 %=��,� "K=	 2�	 ��C  %'E$� M��(  ��'C  �'C��;+�  
'�/  ��'(��  ��@'�	 �� AS 	� 

�"K=	 i+��- :m��,� iC A��1 ��"F �� .����/ 

������ ��+$	 5�	�� 1	� %� -��%� H�� �C� %=��,� t� 	�  O� M'��$ '� 	 �� .��+'�C 2� '�2 
H�''�  ��''C''�t ;+�''�� %+''��	�)( %''� ,��''� A	"''�g� �''@� ''� t''� 1	� L''��  �''K�� �''�;+�

);+���C��  G"��6�� %+��7 �&/ �� (� %� .�"( 	�2 �����) %� �9G �"r� 	 �� ��� '�2   #'-	
�	� %3@��g %� ��2 ;+���C� �t  %'��r  '��   �'(��� '�,� ;+�� �'C��  'G"��6�    � #'�g i'U0
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;+���  � 	�	� 	� H"�,� iU0 %+��	��  �'7	 .��(��     '��� T�'-	 �'� %'L�  H�'�  �'C�  ��'+$	� 
;+���C�� -�+-�� F %G�g ��/��H" 
C ��%� �C� A��� #=�� %� 	1   '� l�'�0� S� |�'�  '�	�   1�'�

	�2    	 �	�'J� %'3 ��	� �"*� H�9+0	 '�2 ;+�� �'C�  %'�   �'- %@'-	��� ;+�� �'C�� A��� -� i+'� 
2��,�  .�"( (��" H��  1�'-�   '-�7� �"'��A"  �	��'��   ��� 1	 ���E+'-	 �'�  '-��(� � '�
�2 

%,-"� ��	� ��(   '=�	 .#'-	�2  = ��'�� �'+ 2�)Litterman ()1986	 ( '�2 ���  '-��(�  	�'� 	�� 
-�7��"� H�� ���S���A" �	���� �C�	��� H�� %� %3 #��7 ��3 %�� -�7��"��/"� � '�
�2 

(Beyesian Vector Autoregression)   �( ���,�� AS1	  'r �� �F�   1	 �'+93 '�t   �� %'C�
�����3 Mk���� ��,+��  �C�"'.3 ���     	 �� .#'��7 �	�'$ ���E+'-	��"� A�'�* '�2  1	 ���

H�� 1�-� ���? ��� ��2 %� H�� �&/ A	"�g�% �� i3�0J� 9/�    A���S #'-� %'� %U�� ��"(
F�� ���� �C� ,� ��+����� ��	� #-	 ��3.  H�'�  '-�7��"��A"  �	��'���   �'$	��� '�t   z"'/

''@� N�''O��	� ''��2 ;+�''�� %''E$� � %+''��	� �''C�� �3 1	''�% ;+���''C�� - �� �''G�0�i+''� 
:m��,�  %E$� �	�,� %3 #-	 %� 	� �C ��4� :�"�� H��  ,� 1�'- �'�2  '��    '�3 MU'( .�'�3� 

�t -�i+� -�7��"� :m��,��A" �	����  ��n ;+��� ) %+��	� n1 MU( %� (%=��,��� :#-	  
M� = N(O)M� + P + Q�                                                                              (10) 

 �AS �� %3 LO��2 %E$� �K�9g )Lag Operator( �C  ������    ',� !�'O� 1	 ��'g � :m��
Q� /�
 ���� H��	 ����g� � ��� %3 ��"�� 	�	� �"(� 1"���  � �'� H���/ '�K/��2   � �E'�

�	���/� #��R R? ��+�C. �o9C��2 ���� ����g�� A  %� :�"� (NST)   �,��y �� �/"(:  
NST(O) =

∑ O5VST5
5
5W<                                                                                                            (11) 

%3 AS �� � i �%=��,� ���9( ��,� j;+� ���9(�� � %=��,� �� �G�0 X  �&/��"'� %E$� �	�,�
	��� -�i+�  �� .#-	�t -�i+�  '-�7��"��A"  �	��'�� )VAR ;+� �'7	 ( '��  %+'��	�   �'���

,��''�� %''E$� 1	 �''C� ''9���� ;+���''C�� - �� �''G�0�i+''�  - AS %''� ��''(���i+''� 
-�7��"��A"  �	���� ��� ��+��-� �� "7���� .�  '- �&/ T�-	�
9 )Sims ()1980  %�`'�� �(

-�-	� 	 ���2 ��A� ,� �'�2   %'E$� H"'r  ,� � �'C �'�2 ;+�� �'C��     �� �"'w0 #'�* )'-���
-�i+�  C�7 .#-	� ���6� :�$�	�# �	1S %*��� %E$� �	�,� ,� 	� �C �'�2  '��    �� �'�	 ��'�3

	�(�@� 1 :	�C�.� �	�,� %3���  ,� �#'-	 �'�2   �� %'E$� �	�'J�� %'�  ���'G�   	�'� .#'-	� 
	�2 � �"&���   �\3	�'0 #O�/ A"�1S 1	 A	"� #'-��   ���'9/(Maximum Likelihood) ,� � '��� 
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��''g�r	� k�3S''�t (Akaike Information Criterion) 
��	"''( � (Schwarz Information 

Criterion) ��3 ���E+-	 )��	�47 1378#�9-	 � A	��F � )Pesaran and smith(1995(.  
?���   '-�7��"� H�'��A"  �	��'��  '�����       �&/ %'� �'U�	 M$	�'0 �'� � ��"'� ���'- '�% 

,���2  �� 	 �� .�"(�2 ��3 H��� ;+� #-	��C�� - �� h���i+� �6� T�-	 ��) '�M   5'�	��
��+$	(� ,���2 ��( %E$� �	�,� � / �C�
 B8.� �"(. H�� �� �C�  '-�7��"��A"  �	��'�� 
�4/S1	�� %3 K+�O9C� @�� ��2 ;+���C�� M9+6� #-	� #9-   i'C %'� �4�� � ��"�  '@�� 

�(�� �� 9/ �	<= ��"(� ,� 1	 A	"����   A"'�1S ���'�   ��'��3t  	�'��    	�'G t'� t'��)   #'�*
 ��'3 ���E+-	 H�� A��3 tL"3.  '-�
9  A	�� �)Sims & Doan ()1984 ��	� A�'./ ( 	   %'3 �'/

/�1�� -��� %�� 	��+��� ;+���C�� -�7��"� H�� �� �G�0�A" �	���� /� �#'�  '+0�   �'7	
���/�� /�
 �O/ ��(�� %+(	�/ �"*��� MG�E� �� 7 '���  �'-�  �'C 	 	�� �+'�     ��'J+g	 %'3	�L ���'3

��	�2  MG�E� �� #-	 7��� �-� �C� ������  '- �� �"*"� :�g�r	 1	��    '� %'3 �'C�   �'/	"�
	���4 	�K9C�� F � ���3�� ���� �C� �"�� � 1	 �C� #-� %� 	��2 �� ���   �'�	�47)1378 �

 �*
��2018 �*
�� �2019.(  
M0	�� 98�  �4/	�2 	 ���2 I�J6�  ��( %�:#-	 ��1  

1 .-���� �/���� ��	� �C� I�J6�  
2iC �-��� . �C��;+� �,9*  
3 .,��2 �� %E$��%� ��() H��B C�� ����S �3St�k� A��0 � 
��	"(  -"3��2(  
4 .98��2 =�	�% H�� Panel-Var  
5 .-���� ��C�	�"9/ 3	��� /S�  
6 .-���� =�/S�
 �	���/� I�J6� ��C��;+�  

 H��F���(����. ,� M�	"g M��(��2  ����3 ��.+/	�� �3	��   #'-	 2��'3    1	 %'+��7�� %'3
) �U- � A�7�� %,=�@�2016�� ( ��1 ��6�� %��F H�� �� ��+O� %3 H�� 2�	 .�(��#   �'@�6�

 �+/1"3)EKC(  �#-	%� �"&��       �� �P�'/	 y'�+8� ���'�� :��'E+� i�'- � #�9C	 t�UE�
 	� ��<F�/���4� �P�/	 � ��<F���4� �P�/	 ��;+� �� �2��3 ��.+/	%�  :�"'�   A��� %'/�7	�*

 �"�#-	 ��/�4�7 2��o9C .%� �"&��       �� 2��'3 ��'.+/	 �"@'- �� ��+'�	 �+'.�� ?�G"�
�� �:��E+� ��C�".3 %*A�"� 1��   :��'4�)Trade Openness(   %,'-"� � =�'�� )Financial 

Development %��F H�� %� 2�.�F :�,=�@� %� %*"� �� 
�/ (���
�	   #'-	 ��'(   )'���� 2��'� .
AS %,=�@� �� �C   ���<'F���4� �P�/	 ��� ����+$	 �(� ��C��;+� ��Rp� �-��� %� �"� �
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:��4� ��	1S ���<F�/���4� �P�/	 ���   =�'� %,'-"� �  �� ��'.+/	 �'� 	� �    2��'3 ��'�3	
��#��1 ��6�� ���O� %+�	��F �+/1"3 �@�6�  .�/	��/���#  :�,=�@� %� %*"� ��  �'4/	  ��'( 

   �	�'C	 ��O'.�F #�* ��1 H�� ��C��;+� :�g�r	 %� �-�+-� #����$ 2+��7 �&/ �� �� 
�/ �
 I�J6�%k	�	 #-	 ��( :  

CO2(it)=β0+β1Y(it)+  β2RE(it)+ β3NRE(it)+ β4TO(it)+ β5FD(it)+e(it)  )12(  

 ���/	 AS�� %3t A�./  � A��1 ���C�i A�./ �� �r�J� ���C�    ��'C��;+� � �'(��CO2 �Y �
RE �NRE �TO  �FD  �� ��.+/	 )���� %�        �P�'/	 ��'� ����'+$	 �'(� �2��'3 ��'�3	

 #�"'-)��<F�/���4� �P�/	 ��� �(AS z	"/	 %9C M��()��<F���4�  �'C  ��	1S �(���'�� �
�� �=�� %,-"� � :��4�    2�'98�  �'4/	 #'�* %3 ��(��     AS �9+���'K= #'=�0 1	 H�'�   �'C

���E+-	  #'-	 ��(  ) ���9'( H��'* �� .1 ��	� z"'/ (   ��'C ���E+'-	��"�    ���'�� � I'�J6� ��
�9* AS ���S  �CB8.� #-	 ��(.  

,�8<1. F��&	��@ 09�&G HI	* � ��A  	J�'� ��� KA	�� � 	�@ L: 	� 

K>��  M����  �&F��  

World bank �A	
� � 1�7 ��.+/	� ���3	 �) 2��3A"��� (2� CO2  

OECD ���	� B=���/ ��="� �(� Y  

World bank  �P�/	 ��� A	
���4��� <F�� %� ���� A	"�g� P�/	 ��� M3 1	�  RE  

World bank #�"- ��� A	
��  ����� ��C%� ���� A	"�g�  ��� M3 1	P�/	� NRE   

OECD  :��4� A	
��%� ���� A	"�g� ="� 1	�� ��	� B=���/�  TO 

IMF  � �C�	1�� %,-"�=�� :��-j��  FD 

 :K>��N�	�� G&09�  

  

1.3 G&09� @	��&F�� ��	�	� :��OL  

��F 1	 ���S�� �H��  1m #-	 ���/��  �9� ��C��;+� ���E+-	��"� �� 2�98�  A"'�1S �C  ��"'( 

	��1 ���/���/ �C��;+� %L ��  ��"'�  �'-�  /�'�1� �  %'L ��	�  ��'C   �'g�� �'��F  1��'�  MU'.� 

A"�-�7� ln�3 �� .�"( -��� ��� �C"K=	�  �'-�  /�'�1�  'G����   '� ��'@��  ��'(��   %'3
��	� ���2 ��L ���2 �C"K=	�� 	� �+'��� AS  '��  <F .�'(��� %'+��  	 A�'( '�2   	�'� ��'�� 
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�t  �� "K=	�2   'r �� "'K=	 ��+��- %3 �"� �C	"� ��,��  A�'�1 ;� '���  '9/�   '�o9C � �'�3�2 
�''�K/���2 �	�''���/� �	"3''��/� +/�� ��%''4 �''G�) K+''�O9C�   A�''�1 H"''r �� AS

#��R  $��� �� �/�� .�� 	 A	"��2 %/"7 ��A� ;+� %3 ��3��� � �/�� 	�� /	��i  3"'( �7	 %3�  AS %'� 
��	� 	 �R	 �"(�2 +$"� q"(�  �� � ��"�2�	 � ���� 2�� 1	 A��1 �r ;+���  %�  =��',� �	�'J�� 
���� ���� .���71�� %� 7��3�� ���� �C ��+O� �4�-��+$	 �� �+�- � ��'���    A�"'� �'/��

#-	 �C��;+� |    ��'��F A�	� �� 1	 ���7"'�* �	�'� 2�	���'��      �'K�C �� ln�'3 A"�'-�7� �
 �C��;+� ���/�� %3 #-	  1m 	�+�	 �"K=	 ���S��-�����"�   �� |��'�7 �	�'$ A"�1S � �	� �'4�  1	

S "L � 2�= �2�"= A"�1(Levin, Lin and Chu)    �'C��;+� ���'/�� �-��� �� ��+.�� �����3 %3
 ����	� �C ���E+-	 ���	� �O�3�� ��� �"(.    

,�8<2. 	���N 	�	� :��OL�� F��&� 	�  

�&F��   �	�L :��OL  ,	)�P�  =>��� ��	�	�  

CO2  -51/5  000/0  I(0)  

Y 67/2 -  003/0  I(0)  

TO 47/3 -  000/0  I(0)  

FD 93/7 -  000/0  I(0)  

RE 23/11 -  000/0  I(1)  

NRE  19/10 -  000/0  I(1)  

G&09� N�	�� :K>��  

) H��''* �� �''C��;+� ���''/�� A"''�1S [��''+/1 A�''./ (��	� #''-	 ��''(. A�''9C %''3 �"''r 
B8''.�  �� ��''.+/	 ��''C��;+� #''-	 � �2��''3 ��''�3	 � :��''4� ��	1S ����''+$	 �''(

%,-"�  � ��+�C �/�� ?@- �� �=��       �'� ��<'F�/���4� �P�'/	 � ��<'F���4� �P�'/	 ��C��;+�
�t ��� MG�E� �� �/�� ���7 .��(��  

  

2.3 +� :��OL ��)<  

 %'�  �"'&��  �'-���  5'�	��  �=��',�  :�'�����  2�'�  �'�L  �'�;+�  A"'�1S 1	   i'C ��'C   �',9*
���E+''-	  �''�  i''C �''-��� �	�''� I''�J6� 2''�	 �� .�"''(   "k�''3 A"''�1S 1	 �''C��;+� �'',9*
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���E+-	 ��( -	# .�� 2�	 �A"�1S %�G�� �E� ��+O� ��  �g �"*� iC �,9* 2�� �;+���C #-	. 
[��+/ M��0 1	 A"�1S iC �,9* �3) H��* �� "k3 ���9/ (��	� ��( #-	  %'3   AS �'� I��'@� 

%�G�� �E� ��O� ��  �g �"*�  i'C  �',9*  2�'�  �'C��;+� 	�  �'9/  A	"'�  #���<'F � +/��� %'4 

2��  ��C��;+� ��(�3n �� �H�� �	�%@ :������ ��,� ��	� �"*� ��	�.  

,�8<3. 	���N +� :��OL �)<�  

=
&��  prob t-statistic  

�"*� �	��� iC �,9*  003/0  734/2 -  

K>�� :N�	�� G&09�  

  

3.3 ��&&� QA =J�� ,�?&�= 

%� �"&��  �	�,� 	�+�	 �H�� ���S��%E$� �C    B8'.� H�'� %'���� � '��  �"'(   %'�0�� 2'�	 �� .
 1m  �� %O��� #-	    1	 ���E+'-	 �'� ��	��'� A"�-�7��"� H�� %�� q�'�  �'C   �%'E$� 2�'�,� �

     	�',� T�'-	 �'� �'��� %'���� %E$� 2��,� .���7 B8.�     %'/"9/ i'40 � H�'� ��'C��;+� �
:�"�  ) H��* �� .���74      %'���� %'E$� l�'8+/	 y'�+8� ��'C���,� T�-	 �� %���� %E$� �(

 1	 ���E+-	 �� ���8+/	 H�� �	�� �/ �	
�	 Stata  A�./��	� #-	 ��(. %3�4/S1	  �7	 ���S�'� ��� 
�+93�2 �	�J�    2�k"'3 A�'�0 � t'�k�3S �
��	"( ���,�    �� �	�'J� ��"'( M'��0� %'�   	� %'E$�
C	"��i #(	�  2�k"'3 A��0 � t�k�3S �
��	"( ���,� T�-	 �� %���� %E$� �I�J6� 2�	 �� 	<= �

.#-	 �����7 l�8+/	  

,�8<4. ��&&� QA =J��&=�  

(=J��)Lag J �	�L J,	)�P� (%����*)MBIC S	TL)U&(MAIC :	�P) S�T�&(MQIC 

1 24/126* 1107/0* 823/511 -* 750/89 -* 435/257 -* 

2 42/67 6306/0 954/375 - 572/76 - 362/188 - 

3 75/36 4338/0 938/175 - 247/35 - 142/91 - 

G&09� N�	�� :K>��  
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A�9C �"r %E$� �-��� 2�	 �� H�	 %E$� #-	 B8.� %3     T�'-	 �'� H�'� � ��"� %����
�''� ���S�''� %''E$� 2''�	 .���''7  �''7���S�� 1	 %'',=�@� 2''�	 ��GMM  H�''� 2�''98� #''�*

���E+''-	 ��''(  #''-	''� 1	 ��''U��� 2''�	 .t "''- %''� 1�''�/  :�''9* �''�1"� I''�$� :�''g�r	
H��	        �'� �:m��',� �� H�'�	 :�'9* %'3 #-	 �	"+-	 ��� 2�	 �� AS T�-	 � %+(	�/

 ��C��;+� %g"94�          �"'*� H�'9+0	 ��'6= %'� �'K�� �"'- 1	 .#'-	 %+'�O9C �'�� ��	
�	
         ���m�'� ��'O+g	 1	 �#'��R :	�'R	 H�'� �� �6�'G"� ��'C��;+� �'� �@� %�9* �� �K+�O9C

 ��*�+=��) #-	 �	��"���2008 .(       ��'C��;+�  �'9� %'3 #'-	 2'�	 ��� 2'�	 ���	 #�
�
  �'J� %'�9*1	) �/�	�/ �K+�O9C H��	 �	
*	 �� %3 A"�-�7�     � %+'��	� �'�;+� %'E$� �'� ���

�6�G"� ��C��;+� �� (  %'� ��/	"�      ��'(�� ��	
'�	 �'�;+� �"J=�'� �"'r �'� .     #'�C�� %'� %'*"�
��U���  GMM  ��%� 7��3��     ) A�7��'- A"'�1S 1	 �%'E$� �'� ��	
'�	 ��C��;+� �Sargan test (

 �C�	
�	 A�"� )-��� #�*%+��7 ���� #-	 ��(    +g	 �'-��� �	�'� %'3 A"'�1S 2�	 .   M'3 ��'O
 ��C�	
�	%� %+����3  ���E+-	�� �"(    ���',� A�7��'- A"'�1S %� � #'-	 .   1	 A�7��'- A"'�1S

���6��# �C� ,� ��F 1	��2 ��(  %3 #-	��O+g	   '� A"'�1S 	� �C�	
�	�  �'�3    2�'�,� �	�'� �
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iC	��   .���S/ 2�98� 2�	 ��) A�7��- ����S �	�J� 
�508/0     1	 ��m�'� H�'9+0	 �	�'J� �'� (5 %

   ��''C�	
�	 � %+''(	�/ 	� �E''� ��''� �� #''�* ���''3 M''�=�%''� %''+����3  H�''� 2''�	 ��
)-��+�  .��+�C  
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���)�1.  KA	�Y�T�� �L �	!��� �@ �T�&8 �A�T ��Z#8�8
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�	!��� 
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 ��  

0 0 0 0 0 1 1 

0007/0 0122/0 0094/0 0134/0 0011/0 9629/0 2 

0010/0 0290/0 0267/0 0409/0 0008/0 9012/0 3 

0008/0 0423/0 0477/0 0784/0 0006/0 8300/0 4 

0007/0 0504/0 0700/0 1229/0 0005/0 7552/0 5 

0016/0 0541/0 0923/0 1722/0 0004/0 6792/0 6 

0040/0 0548/0 1132/0 2242/0 0003/0 6033/0 7 

0079/0 0537/0 1320/0 2767/0 0004/0 5291/0 8 

0134/0 0514/0 1479/0 3279/0 0006/0 4585/0 9 

0203/0 0484/0 1607/0 3765/0 0010/0 3928/0 10 
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