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Abstract 

In this research, the data-output model of two regions in order to measure and 

analyze water and energy relations between the economic sectors of Isfahan and 

Yazd and the link model to investigate the hybrid flow of two sources and the extent 

of link effects in each region in 2011 Used. The analysis shows that the two sectors 

of "water, electricity and gas" in Isfahan province and "manufacturing of non-

metallic mineral products" in Yazd province are known as the most consumed sector 

in the field of energy consumption. Also, based on the estimated results in the 

present study, the "agriculture" sector in both provinces is known as the most 

consumed sector in the field of water. The results of combined energy and water 

flow show that the two sections "Making non-metallic mineral products" and 

"Agriculture" in Yazd have the largest hybrid energy and hybrid water flow, 

respectively. It has hybrid water. Regarding the analysis of the total energy and 
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water flow between sectors in two regions, it can be mentioned that in Isfahan 

province, the two sectors of "basic metals" and "coke production, products from 

refining oil and nuclear fuels and manufacturing of chemical materials and products" 

as Important sectors in the field of export and import between the energy sector and 

the sectors of "agriculture" and "other services" in the field of export and import 

between the water sector are known. In the field of water resources, the 

"Agriculture" and "Other Services" sectors are the largest exporters and importers, 

respectively, and are known as the key sectors of Yazd province for the management 

of energy and water resources.  
Keywords: Water – Energy, linkage relationship, integrated resource management, 

Input - Output model of two regions 
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�  %,)��	 T�90V$ %�V$ ���m�9� 
�A�$  T�90�V$  ��	     
��W�� ��%�	 ��0N����

 �W���) 4
)�0�
��) T�90V$%�O %�V$ � ���  4
+��   ���m�9� 
�A��$ 4����)  4��B0���  4
��  ��
�� 
�W��P�E�$
� � � �:���  ��) ���Park, 1982: 106 ��� .(A?� � >&���=  2%�)��  ./ �

 4��� ��,W� X %Y �� -N%�$– �9:+$�� 4
)�0� �� � "��� 8 V$���%  5�@	 <��� �� ��  ���� 
���0C��  T� �	 <1�%$  ���� 4
� ��  �$ %�;)- S ���%  ��	 ����Y   %,)���	 ��� FD���% 7� 
�)�  ��
�����T0V ��� �9:+$ �� � �� 4�S
 Q%�$      ��������
)�0�� ��	 ./ � �2%�)� ��:	�� -	� ��� �

��� ��� )Liu et al, 2017: 3111  ���� "�P ./ � �2%)� 8�	 
)��7 %�FD� 
��� 
��) ��%	 .(

   �2%�)� � ./ <�	��� E
� ��	  E���'   90�V$%�O � T�90�V$  ) <�	��� X�1Y T�12) � (13 (
�1��&$  .���  

,

,

e i

e

e i

f

x
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)12(  

,

,

w i

w

w i

f

x
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)13(  

) �:	�� ��7 \(e
θ 
��)   �2%�)� 
)��7 (E
�) %�FD� 4
+�� ��	  E���'    � ���� T�90�V$

��   %0$���7,e if  �,e ix �%� �	�h   (�
� %1��) -1��%� �2%)� %,)��	 Q%��$  4
��   E
�� �
 %���B� .��� ����0C� 5@	 %� �� �2%)�4
�%��   ) ��:	�� �� �����$ ���%0$���7 �	8  ��� (

.���� ��1:)� \��� ./ *	�+$ �	 <1�%$  
%��$ o��� %	 \|i� | 0)�`W o�U�$�y    ./ � �2%�)� E����� � E�����' | %��$ �

�9:+$ �� ��Q%�$ \ *1+$ �� T�90V$%�O � T�90V$ 2%)� X %Y �� �� ./ � ��m�9��  ���) - 
 �9:+$ �� ����0C� 5@	 %� ��� 4
���? \��� ) <	��� X1Y14) � (15 ($ �1��&$- ���:  

1 /( )diag Ee Ie

e e I A fθ θ −′ = −
   

)14(  
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1 /( )diag Ew Iw

w W I A fθ θ −′ = −
   

)15(  

eθ ′  �
wθ ′ �%� �	�h        (T�90�V$%�O � T�90�V$) ./ � �2%�)� 
�)��7 E
�� =�� %,)��	

 ���%0$���7 8�+Z�� .
+0V�diag

eθ  �diag

wθ  
���)   | %���$ 4
�+��     E
�� �� �%�:C ����
 E��1# .
+0V� ./ � �2%)� T�90V$ ���
)��71( )I A −−      | %���$ %,)���	 ��:	�� �� %�� ��

 ��� y�0)�`W o�U�$��     -�$ 
��W�� %���z� ��	 %?+$ �� - ��) ��m�9� �� E�%��z�  �� ����
��$ 
����)- 
���� | %����$ 8���+Z�� .A )����	 E����1# 8�� � �� -��>��� T�90��V$ | %����$ %,

%�  �9:+$   4��� ��,W� <��� �� ���– �9:+$�� 4
)�0�  ���1��&$ 4
�    %0$����7 �� � .����
f
Ee/Ie   � �2%�)� E����� � E����' | %��$ =$��f

Ew/Iw     E����� � E�����' | %���$ =$���
.��� ./  

  

5 .�
7�( *67
�< =��&�  


���  
� 4���� 
/ �	 ->1C hW�:$ �� �� ��Y�� 	�- %� 
�  *�1+$ ��  �2%�)� � ./ �� � ���8 
,0V	�� ��
9$- / =	�90$
  �%�	 ��   �� ������ ���? � �   ��9:+$ T�V�W�	�0$ .�a���a  �%�$� �� 

����- ���.     �2%�)� � ./ 
�)��7 �%�U �� �� %m�� 5��67 �� Q
� 8 � �	 

��� ��%	
4��B0�� ��� 4
� .�Z)/ -$ �0���%7 
/ �	 
)��7 ��    � ./ T�90�V$ Q����$ �	 
�%	 -7 ���

 � �2%)� � ./ <	��� � �2%)���)�� �   �� ./ � �
� %1�� �2%�)� E�)� %� -��%	  �
� %1
.��� �9:+$ %� ��          5��6�7 8� � �� =�'�� K ��0) -���%	 � ��u��� ��	 ��$��� �� ��0���%7 

4
� .���  
  

1.5 �?: @:�
	 0?*_�  %$�� DE$�� 
 BC  ->:  

 ./ � �2%)� ��
9$ ��� "�S ��Q%�$ 4
�  �9:+$ �� ����W�:$���$ ) ������) hW�C �� \1 � (
)2 4
� 4
��� % ��� �	 (    �� �2%�)� T�90�V$ Q%�$ =� \Q%�$ %	 -+01$ 4�S
 � �� .���

 ��� �� 
�% �1390  �	 %	�%	53/8981867146 -	 -�  .��� � W����-  ���     ��	 
��B�'� 
�0���
731634168 -	 
��>�$ -�  T�� � 1/8     �� ��	 �� -�>$ -N%��$ �2%)� =� 
�A�$ �� 
'�� ��

5@	 
��$ �� � ��� 4��� ���0�� 5@	 \
��B'� 
�0�� ����0C� ���   ����»  � �%�	 � ./
��S « �»�� % E�$
� «  ��	 ! �A) T�� �	 h��%� �	20   
�'�� ��A�	  %�� 8  Q%��$   4
�++�
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 5@	 � �2%)�»���� \~���7 =�# ��/� � �)� 
�%�  A�� \ O��	�- �  �����%7  "%�a � 
�� % EP��&$ $%a- «� A�a�) T�� �	Q%�$ 8 %0Ua� .
+0V� �2%)� 4
++�  

5@	 �� -N%�$ ./ =�      ���� �� 
�%� � �����0C� ����1390   \�����$87667   
���>�$
5@	 �� -N%�$ ./ =� T�� �� \��� h�U$%0$  
��B'� 
�0�� ����0C� ���9/7   
�'��

-��$ =$���� �� -��>$ Q%���$ =��� ��  5��@	 � .�����»��������� « T���� ���	7/91  \
��'��
4�, ��   Q%�$ �V@) 5@	 � ./»  -	��a EP���&$ � .�a ���� «    ����V	 T��� ��	

4��� ���0�� ��� �	 
��B'� 
�0�� �� ./ Q%�$ �� 4�, �� 8 %�/ !a�� .
)�  

/�� ����-  ���� ��9:+$�� ����W�:$ !��  %��m�� 5��6��7�  � 
��B��'� 
�0���� �� =$���� ��

�A    �A  
�0�� �	 ��	%$ K �0) -��%	 �	 �$��� �� .��� ��0���%7  4
��    .���� �	
 8 �%� ��h 
%	 �	 %	�%	 �A  
�0�� -N%�$ �2%)� =� \K �0) o���05/196427580 -	 
��>�$ -�    ���� �� 

 ����1/2      �����0�� ����� ���	 �� ������ =��� Q%���$ �� 
��'������� 4���5��@	 . 
»����  �A>N%�O -)�� EP��&$ « T�� �	8/30  
'����A	 %� 8 Q%�$   �� �2%�)� 4
++�

5@	    -�$ �����	 
�0��� 8 � ����0C� ���  !�a�� � ���   Q%��$ 8 %��     ��	 ���	%$ 4
�++�
5@	»���� ��� = >9)�� ����$� �� � % �?��E�A =�� =9)� «   T��� ��	013/0   �
�'��
.���  

 ./ =�Q%�$ 4
�    ��	 %�	�%	 �A  
�0�� E�
�W�� ��%	1887193     ��	 h��U$%0$ 
���>�$
 T��1/2  �
'�� 5@	 A�) �A  
�0�� �� .��� ���� =� ��» �������� «  ��	8/92   
�'��
��A	 %� 8 Q%�$ 4
++�   5�@	 � ./» �����  ���� = >9) ���  �����$�  ��� � % �?� ��E�A 
=�� =9)�  «   T��� ��	0021/0  !�a��   Q%��$ 8 %��     -�$ �����	 
�0��� ./ 4
�++�   .
�)��

��� ) �����) K �0) �� �� �)�S2   � �� �� ���� 4
����$ =�	�C (  
�0�� ����$  ���%	  5�@	 -

»������� «   5�@	 % ��� ��	 �1V) ��� � ���V	 Qw0�� �	   ��A�	 ���  Q%��$ 8 %��   4
�++�
./  ���) � !�� T�>C� �	 ���� �	 �� .���    -���) -�	/ *	�+$ ����� � 
�0�� �� 8 � !��

   -�	/ *	��+$ �����) � % 
$ �% � .��� ����� Au�� ���V	 �>`V$ 8 � ./ 
�%&	 � ��1�� ��
w# =U�$ %	 4�T� 	/      .
�� 
����� A��) - �R�O -+$���) ��? � �	 %?+$ \�9:+$ �� -��� � 8 �� 

4%�	 5 �AN� ���  ��9��� �����+N
�W�� �  -�$ -9>� T�$ � ���%m �%$� 5@	 8 � �� ����. 
4�w# %$� 8 � �% �  �U+ � %	�	 E��'         5�@	 �� ./ ��N� �
�� 5���� ��	 %�?+$ T�90�V$
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»������� «-$  \����	 E��' O�90V$%�T      * �+�' E�
��W�� �� ./ Q%��$ 5���� �� A�)
-$ �
�7 ���) ������� �	 �0V	�� .
+�  

��� \�2%)� Q%�$ ���$ �� -$ �� ��Y 
�0�� �A� \
�0�� �� 8 � T�)��    �� �%���7 ����
-$ �%+ � �� .
+0V� ��+' �+�$�   �%�	 \./ �	 ���) * �+' 
�W�� ��%	 �� - �?)/ �� �BS 
���

 �     5�@	 �� � .���� ����) ����$ �%0��	 �2%)� \*1+$ �� 8 � 8�$D� ��%	 ��� �%0��	 ��S
-$ A�) E�$
� % ��    ���� 8� � �� ��BS 
���        g%0�VS � ������ ��># ��	 ����� �� ���

5@	 T�� \���� �� -)�����S    �2%�)� Q%��$ �� -,)�� � -$��# \���?� \E�$
� ���
�A��N� 5  ���0N�  �A��N� g��� ���V �9$ ���$� .������ 4�   5��@	 �� ����W��N -)���U$ h %��m

»����  �A>N%�O -)�� EP��&$ «  ��9:+$ �� ��W��N !  -1V) ����� %,)��	 �� �A  
�0��

��) \��� ->$ ���0C� �� ��W��N 
��� -1V) ����� �	 �1V)   h %�m 8� � 
�� 4
+��   ���

 ��� ��1390 ��� �	 �1V)  1389       �%0�VS ���W��N 8� � �� -1�V) �� A$ 5 �A�N� .��� 4
4��� � !�$�%� � -��� 
�W�� ���
��� -$ 
�0�� �� 4%�O � �A7%�/ ��� .
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���� D
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	�����2. `$�� O?2��� BC 09 O�YA>: 	� ,X� �N� 
 �
=LM� �
��� D�
���� D
#  
 :VW"�J�%
� a2_� D
#  

 �� A?� �	 K �0) �$��� ��     �2%�)� ��:	�� =��>&��–  ./ � ./–  �2%�)�    �A�  � 
��B�'�
�0���%7 4
�     ) ������) �� ��� 
��B�'� 
�0�� E�1��&$ �� ='�� K �0) .���3   % ���� ��	 (


��) \4
� 4
���    ./ ��� ���� 8 � 4
+�� Q%��$  4
��      ����P�� �� �2%�)� 
��W�� ��%�	
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�0�� -N%�$   ��	 %�	�%	 
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���>�$         �2%�)� 8� � %�	 4�w�# .���� h��U$%0$

Q%�$ 4
�       �����$ 
�0��� 8� � -N%��$ ����P�� �� ./ 
�W�� ��%	532714112   
���>�$
-	 -�  5@	 .��� � »�� % E�$
� «    T��� ��	 h���%� �	3/55   � �
�'��2/65   �
�'��

  ����0�� ��� �	 �� �V@) 4�, �� ���� 4���  5�@	 � .»  �a �����  EP���&$ � .�
-	�a «Q%�$ 8 %0Ua��  5@	 � �2%)� 
�W�� ��%	 ./ 4
++�»����   A�>N EP���&$� 

%	�N U- �	   ���$ A���8 EP/ �?� � ��E�A « 8 %0Ua���  Q%��$      
��W�� ��%�	 �2%�)� 4
�++�
./    ��	 %	�%	 �2%)� 
�W�� ��%	 -N%�$ ./ \�A  
�0�� ���$ �� �$� ���797630.95   
���>�$

 � ��� h�U$%0$ \����$ ./ 
�W�� ��%	 -N%�$ �2%)�7/68870580 -	  -��     ��� ���� �� 
 5@	»������� « T�� �	 h��%� �	81   � �
�'��64      8� � ��V@) 4��, �� �� �
�'��

 5@	 � ���� ��%C Q%�$»���� \!� 4���/%N ��� ='�� �� B���� �B) � ����  ���� 
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�0V� �� � ���� ���$ � EP��&$ �����-  « Q%��$ 8 %0Ua�� +�    
��W�� ��%�	 ./ 4
�+
Q%�$ � �2%)� .��� ./ 
�W�� ��%	 �2%)� 4
++�  

) �����) �� �A  
�0�� �	 ��	%$ K �0)4   8� � K ��0) ��%$ �	 .��� 4
� 4
��� % ��� �	 (
 �0U) 8 � 5@	�������$ -$ ��%C    5�@	 ��� �%�S» �������� «   5��	 �A�  
�0��� ��   8 %��

%0��	 |U�W�	 � �2%)� 
�W�� ��%	 ./ Q%�$   ���� ��	 �� ./ 
�W�� ��%	 �2%)� Q%�$ 8 
 ���0����� 4���-$ �+�$� 8 � �� . 4%�	 
��	 8� �7 �BS 
���    � XY��+$ 8� � �� ./ ���

      4��B0��� ��	 %�?+$ �������� E�
��W�� ��%	 -	/ *	�+$ �� %0��	 4��B0�� ��%	 ���) 
/ *1Y �	
5�	 %�O � ./ ��B�� \./ 2�i�7 \��%@0�� ��%	 �2%)� �� %� 4��� 4
�    4��B0��� 
�+$���) ��

 5@	 �� �2%)� �P�	 Q%�$ �� ��� %�� �	 "�P .��� �2%)� ��»������� «
� � �	   ����
E��V� � ����0C� <�&$ ���     ��)�@>S ������S ����0)� %��;) -0V �   4�%��� �� ��V�   ���

�$�)%	 
+$���) �N%' 
+�N
� ���  - ���>���� �N%' �2%)� �� - ��  � � ->��VN ���  4��B0��
�2%)� �� .��� �) ���  
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 	�����3.  BC J(:�	–  DE$�� 
 DE$�� - BC A>: 	� �
=LM� �
��� D�
���� D
#  
J�%
� :VW"� a2_� D
#  
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 	�����4.  BC J(:�	–  DE$�� 
 DE$�� - A>: 	� BC �N� �
��� D�
���� D
#  
J�%
� :VW"� a2_� D
#  

  

2.5 A>: 	� DX�$W?# DE$�� 
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