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Abstract 

Achieving continuous economic growth and identifying its contributing factors is one of 

the most important concerns of governments and economists. Access to energy in oil-rich 

countries such as Iran can have directly and indirectly affects on growth. Relatively easy 

and inexpensive access to energy resources in oil-rich countries such as Iran can not only 

directly affect production and economic growth, but also indirectly through strengthening 

and synergizing other inputs Plays a role in promoting the economic performance of 

countries. This paper, based on theories of economic growth and production, have 

estimated long-run coefficients between the variables of physical capital, stock labor input, 

human capital, primary energy consumption, the interaction between “primary energy 

consumption and human capital” and gross domestic product (GDP) using the most recent 

panel methods in oil-developing countries over the period 1973-2014. For this purpose, 

unit root tests, panel cointegration tests and Fully Modified Ordinary Least Squares method 

(FMOLS) have been used. The results of unit root tests and panel cointegration tests 

suggest long-term relationships among the variables. The results of Fully Modified 
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Ordinary Least Squares method (FMOLS) Estimating in countries indicated that human 

capital had a significant positive effect (0.28) and primary energy consumption had a less 

positive effect (0.11) on economic growth in the long-run. However, the interaction effect 

of "primary energy consumption and human capital" was not confirmed. 

Keywords: Economic Growth, Primary Energy Consumption, Human Capital, Panel 

Cointegratioin  

JEL Clasification: O40, C23 
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��,

�<�+�h � ) 
)	�E� 
	 ��<1:�� ;	�1��� @��� ( 



#�$% 	�&'��( )%�*
 �+  ,&�%  -&��. �%&� �/�  ��$��+ 0�
 &� )���� .
��� (3�&4��   159 

)1(  ���� = ������	, ����. 
���� 
}�, ��)�& .��& �_� - :���	 "�(��� @	�� ��< nV_�	 

)2(  ���� = �����	�����. 
������� 
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 ��
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�� �-�*� �� B0�
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 �9u� K����* �E    ��� K��� $%� �(�E� .	��
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� K�� ���� ��( 2011    :��8%��  
l	 ����9�� B�L ��
�� 

����* @  
�+, (�'�� 	��<� 	��E&) 
�,i   ���! 
	t      :��1* ����9�� B��L ������   H���� @

 
%����  
�+, �*��*�i  ���! 
	t  K�� Z���� n��� ��   :J!���  ;	!��� � ���4& ��( ���  @

 D���  �-�*�  
�+, 
�)��i  ���! 
	t   :��1* K	�E� $& ���9�� B�L ������ ∗ ����  ����E& :

»
%����   D��� � �*��*�  �-�*� 
�)�� « .���i = 1 ,…, N   ;	�	 
	 
��+, ��( 
� y����   ���(
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 � �%�9��&t = 1 ,…, T ����  ����
�h .��� �*��! ;
�	 �_"� ��+*      w��� ����� >����� ;���(	

  � (�
���+,) ���Ek5�+�� @   ����k� 
��9�I  .����� �<	����&"��  @"%� @"'�  @")�  �".� 

=+, ��(����
�h   >����9� ����* @�8%3�< 
%����  
%���� @
�, D��� @�*��*�    
��)�� �-�*�


%���� ���E& �  D��� � �*��*�   ���� .����( 
�)�� �-�*�  >���V6� !� 	
� ��10   
	 
��+,

 ;
�	 �6 ��1* 
E��& K�L2014 -1973  � 
r�*10 b�*  !�%�%� 
�3<�  ;	�1����   ��(��A�� .���

����* B�L �� �  �E�06 "�%
�`) � 
*��� 
�,    @K��[� .��� 
0��4� �(!�� ) :   ��E�06 "�%
��`

.��� 
*��� �9��	 H)���* ��)�&    

  

3.3 )># 
��W�2  

1.3.3 ��� ! �
�
 �"�� �#	� ��� �	�$��% ��� 

 �������_�9I !� 	
� �� �����_
 }��, � ���!  �%�%�h @�(��A�� ����� ���!  +%

   ��L�� � 
�E�U�(  ;	�	 �%�9��& ��( ���� �(��A�� �� b�U*� .���!   
+%
 ��( ;	�	 �L��    �%�9���& ���(


� 	��) ��9��� ��*;!���_� ��� >� w��  �Ek5�@ ��
�� `�(�*�*� �   �0��* ��&l�� ���& ...
���!  
� 
+%
 ��(  ��� �L��   �*
�	 �*��!)Baltagi 2005 (.    

 ��������
�� ��I	 �% ��b ��I	 
 
+% ���L �(��A�� � ��
�� 
	
I ���E�I �  @���(  !�
! ���  ��( 
+%
  ���L ;	�	 ) ��p � $�) @$%�) :�%�9��& ��(LLC    �����h @"�%� :�*��%��� :(

) $���� �IPS���+�< :( - ADF ))ADF (MW���+�< � ( - PP ))ADF (PP ;	�1����� ((  .����
���!   � $�) @$%�) ��() ��p2002) (LLC� ( ) �*��%���2000( �� ��<     v�% 
�, ����,

   ����!  $�%� ����� .	
�	 	�I� .6�5� ���� 
	 {��+� �L�� 
+%
 ��% �<     �1�u 
��C�< @��(
���� �L�� 
+%
 	�I� �_ 
	 :��� �)�L 
�C�< 
,       	��I� ��L�� 
�+%
 
�, ���� �  ���5�

���!  �%�� .	
��* 
*�_��I �L�� 
+%
 ��% �< @�( �� ��< .6�5� ���� 
	 �
 ��   $�%� 
	 .���,
���!  ���� �1u 
�C�< �( �)�L 
	 :	
�	 	�I� �L�� 
+%
 
, ��� �  �_    ����5� 
��C�< 
,

 �����* �L�� 
+%
 ��
�	 .6�5� !� ��E� 
, ��� � )Sadorsky 2011 , 2012 .(   
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2.3.3 ��� ! ���  �&'('��
�
 �	�$��% ���  

 
	
%3U& � �(��94&�  @�����E�U�( ��I��
 	Z� ����9�> ������	 ! ��� � � ������	
�  
����.	 ��94& 
� �E�U�( �<��(
 �� ;!�I� �_ 
)	�E� �(	    B��,�& 
�, ��, Hr+� �
 ��

y�0���� �*���� �& ����� �%�h �  >V�I b��&  ��(   "�( .	��� 
��, 
� �
 v��V, �
��    @$���p
     .��U�( 
�	��� 
9���� 
�� 
�, �
 �(��A�� mk� $�� >����9� 
k��
 
� y���� >��V6�   !���

 @�*��,��j() ��, |1L @;��  ��	 
� (�%�h)1394.(  
! ��� � ����E�U�(`*����� - �U*�_)Engle-Granger 1987( �� ��0�� ! ��� �%����%�h 

�*������;�(� v% 
����_ @�
,���`�( �(��A�� ��E�I �����_
 
)	�E� � !� 
	 
I  ��% v�% 
)1(I ����� �u>
 ��_��	 .�   ��� ��A�� ��p �% �	 !� �k� B�,�& 
, �*	�	 ��+* �(   ��*��&

   .��U�( ��%�h�* ���(��A�� $%� @���� 
���	 	�I� �k� B�,�& $��p �_� .���� �%�h    �����(
)Cao and Jariyapan 2014  .(  

! ��� ����,s) �Kao 1999( �� ���n J�
 ��`* -�U*�_ �	 
9L�� ��)Granger –Engle

two-step procedure( ��� � `�(���*� �3I�� ;	�	  �
 �%�9����& ����( 
	 ! �����E�U�( � 
�� ��< ��, .���!   ;	�	 ��E�U�( ��(         
�� �0��* ��&l��� ����& 
�<��+�h �%�9���& ���(

���!  .�*
�	 ���� ��( ) �s�,1999���!  ( �8%	 ��( - ) �)�<DF�8%	 � ( -    
�<��+�h �)��<
)ADF( )Augmented Dickey–Fuller (      ��E�U�( ����!  b��U*� ����� �
 ;��*������ �� ���0�

:�<�_ �?* 
	 �
 �%! �����_
 K�� 
�?�� $%�� .	�	 	�#�+�h �%�9��& 

)9(  !�� = 	/��0 1 +	2��0 	3 + *�� 
 
���,!��   �/��   �����(��A��)1( I� ;	����� ) �s����, .��������* ����E�I1999������� ( 

2�� = 45�6 ���!  @  ��* �L�� 
+%
 ��(DF   �ADF   ���� �
*��    
��C�< ����!  ������ 
�  

���!  ;
��  .	�, 	�#�+�h �E�U�( 	�I� b�� �1u  ��* ��(DF  ��� �
     !� ;	�1���� ��� ����&

;�*������ :	��* 
0��4� ���� >���� ��( 

)10(  *̂�� = 	8	*̂���� +	9�� 
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,*̂��	 =	!:��	 −	/:�� 	1<      �!:�� =	!�� − !=�      b��� �1u 
�C�< ���!  
�?�� 
� .���

 >
�u 
� �1u 
�C�< @�E�U�( 	�I��>	:		8 = 1 �� ���� �s�, .	��   ����!  ����� ADF  

:�<�_ �?* 
	 �
 �%! �����_
 3�*  

)11(  *̂�� = 	8*̂���� +	ABCD
CE� 	∆*̂���C + 9��D 

;
��  @�E�U�( 	�I� b�� �1u 
�C�< �� ���!   ADF �� :���� �%! >
�u 
� �*��& 

)12(  �GH = 	 �IJK +		√6NOPQ2OP>S 	
TOP>Q%2OPQ% + 3OPQ%10OP>Q%

 

 
,�IJK  ;
��  �W 
	 ) 
k��
11.��� ( .%!�&  �0*�U� ADF    
�����h ��L 
%�?* n��� ��

� ;	��  
�	
��*���� K���* .%!�& v% ��� )1 �0 (N  �� ��`�(  	��)Baltagi 2005(  .  

3.3.3 )�� 
��!
�   �&'('��
�
 �	�$��% ��� FMOLS    


	 ��K�(� ;	�	  
	 �%�9���& ��( �u>
 ��I	 �

k�  @��E�U�(  ;����,	
� �� �(� �19�r� 
:��*�� �L���  �E��� > ) �)��E�OLS ����L @(  >�E���  �)��E��%�E& /V��,  ) ;���FMOLS (
... � ����  	
� ����
�	�(�E�U�( � ��I	 	
� �� .	
�	 �

k� ����9�>   J�
 
��OLS 
	 
��K ;	�	 .���U�( ����( ��
	 ����)	 
��� �%�9����& ����(  ���%�!)Exogeniety of regressors(  �

�`��0�(   �)�%��)Serial correlation(  �����_
 
	X%��*  J
��& �
�	 ����( �	.��   �����
 .<
;���,	
� �� !� J
�& �8+� �( ��*�� �%FMOLS    ��� ;	�1����   ����,)Sadorsky 2011.( 

 ;���,	
� �� �*�
�hFMOLS ���� �
 .<
 ��
	   ��%�!$�� �(��A���  �4�C�&)Regressors (

%�
�  ���� � 	��*��
 �� � ��K ! ;	�� �����_
 �%�
 
	 �?* :�<�_ 

)13(  !�� = "� + 1�/�� + X�� 																∀				� = 1,…	 , [								\ = 1, …	, N 


, �<� ;�� !��   �/��  �� �� B�1� ;	�� .�U�(  �1� 3�*   $��� 
	 ��� $8��.6�5� 

 q9�r�i $`�( ����.]�� = �	X�̂� 	, ∆/�� 	�0    ;��*������ ����� ��%�h 
�	�� v% @   	
� ��� ���(  �

��< $%� �� @��� �4�C�& ��A�� �C�1& � �E�U�( �����_
   :
, 
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)14(  ^� ≡ &\`a⟶c � d[�� e [A]���E�
fgA	]��0a

�E� hi 
^�        �%�&��� $�%� .���� �
�	��� ���% �< $�%� (�0*�U�) >����9� �*�%
���, �%�&�� :

/l����E� >������9� �*���%
���,  ;�����,	
� �� ����p !� v��% ���( v���, 
���  �����L $�%���,  

)HAC estimators(  �s���* ;����,	
� �� ��*�� @ -   ����)Newey-West (  ��� 	
� ���   � 	���

���� >
���u 
��� ���*��&^� = ^�> + Γ� + k�0			  @
��)	�E� $��%� 
	 .	���� 
��%3U&^�>  ���� ������� :

� ���3�( �*�%
���, Γ�  !� �*!� ���U� v% :�*�%
���,�&� ��� �(.    

) ;���,	
� �� B%�CFMOLS:�� ��� ����� K�� $%� 
	 ( 

)15(  1<Klmno∗ = N��A	dgA�/�� 	− /̅��%a
�E�

h�� ×r
�E�

gA�/�� 	− /̅��%	!��∗a
�E�

− [	3	s�h		t 
 :
,!��∗ = �!�� − !=�� − uv���uv��� 	w/��   � 3P�	 ≡ kx%��	 + x̂ 	%��ᴼ −	uv���uv��� z	kx%%�	 + x̂ 	%%�ᴼ { ��� 

)Pedroni 2001.(  

  

4 5 �64 :���� .  

1.4 V�#@W R�	�� >O�� ?��� 9	�  �
�
 ����2	� 9	� 

��b�U*� �� ��94& �E�U�( ��(;	�	 �%�9��& ��(@ 
	 ����� �%�%�h �(��A��   ����!    .���  X%���*
! ��� 
+%
 ��( ���L ;	�	 ) ��p � $�) @$%�) :�%�9��& ��(LLC :�*��%��� :(  � �����h @"%�

) $��IPS�+�< :( - ADF � �+�< -PP   ��1* 
E��& K�L 
	 ��(
�+, ����   ���(��A�� ����
���%
�`) 
*���  K��I 
	2 
%�
� �� ;
���  �%	�5� .  ���(t  �    ����!  $�%� K����L�   �	 
	 ��(

   ��*�
 � ���0� !� ��� :�)�L)Individual Intercept and trend(     � ���0� !� ���� ����� �
�*�
 )None(   !  ����� .��� ��
�� �(��A�� �C�1& � mk� 
	���   ���(  
�+%
 �� �L  K��6

) 3&
��� �&��V6� 
��E� �� 
1��SIC   
9���� 
�� �*�� ���#h � �9&
�� ���0� �� �1�6 	
� �� @(
�s��* - ;�� }�r�*� ���   .���  
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 )�>I2 .V�#@W R�	�� �
�
 >O�� ?��� 9	� 
 ��Y� 9	����< 9��2 ����2	� 9	�) )># �Ⅰ(  )2014 – 
1973( 

V�#@W 	�  
	��=U�# �  

["*  )�� ?;��# $\	Y�  

 @� ]��
^>;#  �

>���  
)	(�O�  

 V�>2
 @� ]��

^>;#  �
>���  

)	(�O�  
 @� ]��
 � ^>;#
>���  

)	(�O�  

 V�>2
 @� ]��
 � ^>;#
>���  

)	(�O�  

���!  LLC  ({��+� �L�� 
+%
 ��
�	 ��% �<) �L�� 
+%
 :�1u 
�C�<  

	�!�0��    >=!�� _!	A	��
 ��A  ?���* 0/27093  0/6068  -0/23934  0/4054  -7/10321  0/0000  -10/9760  0/0000  

	�!�0��     �Q�-=� ?�	#�* ?���*  -2/62307  0/0044  0/72917  0/7671  -0/65855  0/2551  -6/61924  0/0000  

	�!�0��      ?�	#�* ?���* ��	���  -4/26178  0/0000  2/12092  0/9830  -1/82731  0/0338  -5/01684  0/0000  

	�!�0��      `��# 9K���   ?=!�� ?���*  -2/35910  0/0092  1/70899  0/9563  -9/48677  0/0000  -12/5086  0/0000  

a������2 V�#@W  ({��+� �L�� 
+%
 ��
�	 ��% �<) �L�� 
+%
 :�1u 
�C�<  

	�!�0��    >=!�� _!	A	��
 ��A  ?���* -0/11177  0/4555   -   -  -6/41062  0/0000   -   -  

	�!�0��     �Q�-=� ?�	#�* ?���*  2/13008  0/9834   -   -  -3/45516  0/0003   -   -  

	�!�0��      ?�	#�* ?���* ��	���  1/00145  0/8417   -   -  -3/47361  0/0003   -   -  

	�!�0��      `��#  9K���  ?=!�� ?���*  1/09143  0/8625   -   -  -5/21818  0/0000   -   -  

 V�#@WIPS  (
*�_��I �L�� 
+%
 ��
�	 ��% �<) �L�� 
+%
 :�1u 
�C�<  

	�!�0��    >=!�� _!	A	��
 ��A  ?���* 1/43796  0/9248   -   -  -6/60757  0/0000   -   -  

	�!�0��     �Q�-=� ?�	#�* ?���*  -0/71082  0/2386   -   -  -1/51772  0/0645   -   -  

	�!�0��      ?�	#�* ?���* ��	���  -1/68478  0/0460   -   -  -3/54175  0/0002   -   -  

	�!�0��      9K��� `��#  ?=!�� ?���*  -1/54344  0/0614   -   -  -9/71104  0/0000   -   -  

 V�#@W(ADF) MW  (
*�_��I �L�� 
+%
 ��
�	 ��% �< ) �L�� 
+%
 :�1u 
�C�<  

	�!�0��    >=!�� _!	A	��
 ��A  ?���* 11/3395  0/9369  25/6704  0/1770  81/5530  0/0000  152/266  0/0000  

	�!�0��     �Q�-=� ?�	#�* ?���*  38/4227  0/0079  7/56039  0/9944  28/3760  0/1008  82/0673  0/0000  

	�!�0��      ?�	#�* ?���* ��	���  38/8766  0/0069  13/0038  0/8772  45/4532  0/0010  65/2016  0/0000  

	�!�0��      `��# 9K���   ?=!�� ?���*  32/8519  0/0350  5/70718  0/9992  125/794  0/0000  190/822  0/0000  

 V�#@W(ADF) PP  (
*�_��I �L�� 
+%
 ��
�	 ��% �<) �L�� 
+%
 :�1u 
�C�<  

	�!�0��    >=!�� _!	A	��
 ��A  ?���* 9/68774  0/9735  31/5247  0/0486  177/557  0/0000  301/267  0/0000  

	�!�0��     �Q�-=� ?�	#�* ?���*  16/4836  0/6862  17/8180  0/5994  71/6165  0/0000  139/028  0/0000  

	�!�0��      ?�	#�* ?���* ��	���  8/78887  0/9852  46/8319  0/0006  97/8883  0/0000  104/820  0/0000  

	�!�0��      `��#  9K���  ?=!�� ?���*  32/9999  0/0337  5/85013  0/9991  254/297  0/0000  367/708  0/0000  

V�#@W 9��2 �>/ ?;*	H# �b	(�O� :?I�� 9	< �;�	
# )	(�O� S�@�� c	*� �2 ��=� 9	� - 9��2 � �

V�#@W ��	* .d*� �;�	
# )	#�� )	(�O� S�@�� c	*� �2 	�  

?��	� :S;�# 	�T���� 9  
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!  X%��*���  ��( �� 
+%
 �L  	�	 ���+*�`)
"�%     ��E�06  ���(��A��     
*����  ��)�& H)���*  
�	�9�
%���� @�8%3�< 
%���� @  � �*��*� D���     ���( 
	 
��)�� �-��*�   ��)�L !� v�%   � ��(

���!  ��A�� b��& K�� 
0&�� �C�1& ��� .�����* �%�h ��A�� mk� 
	 �(  ����!  ��+�� 
	 @�(   � ��(
�)�L  @��E% .�*�� �%�h �(��� 
�(  �% v% 
I
	 !� �E�I �()1( I .����(   

  

2.4 V�#@W R�	�� �
�
 � (
(� 9	� ����2	� 9	� 


	 �$%  
E)�k�!� ���!   ;	�	 �E�U�( �, �%�9��& ��(s �)1999(  ����� ��
�� ��I	 �% �� b
 ��I	 �

k�  >����9�$�� �(��A�� ��1��;	 .��  ����!  $%� X%��*      K��L 
	 ��(
��+, �����

 ��1* 
E��&
*��� ��(��A�� ���� ���%
�`)  K��I 
	3   
�%�
�  .���� ;���    ����!  $�%� 
	
  ) 3&
���� �&���V6� 
��E� n��� �� 
1�� K�6SIC      �[,���L ��� 
��,	�� 
��6 
�� (9   
�1��

�9&
�� ���0� !� �1�6 	
� �� .�� }�r�*� �s��* �*�� ���#h � �*�, -  ��� ;	�1��� ���   .���,
���!  X%��* 
� 
I�& ��  !� �����6� � �L�� 
+%
 ��()1 ( I��	�    
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