
����� ��	
  �	� / ����� ������� ����� �19  ����� /1 /1402  !"82 -65    

65 
This Journal is an open access Journal Licensed under the Creative Commons Attribution 4.0 International License (CC BY 405) 

 

  
������ :	
�� ���                                                                                20.1001.1.20081758.1402.19.1.5.5: DOR 

 

 ������� �������� ��������� �  !� "�� ������# $���# %�&�  	'�( �)

*+���# ,-�%� �  *+./� - 123 - �4&�1  

 

�&��5 1&�/�1$���3 ���� 72*:;� ��1)& �<=� 7 �)�� 3 ���.?@ ��A � �)&B�CB4
 

 :����	
)13/12/1401 :����� �09/02/1402(  

E��FG  
 ��������  � !	�
	"#�� �� ���� "#$% &��'( )��*	� + ��+	 !�,-	.� ��"'/ 0� .�123�4 56�78''98�:"* )��* ;	"<9 5���= 
�"( !

)��>* 5<?@'9��'(� 	
 78'5( �A�� 	"<9 5���=.8'9  �C�
 D� �"( 0� .�@ ����� )�� $% &��'( ��>6+ ;0�E�F 0,
 +
 5G H�4 )�/ 	

 .��� 78E 5���� D����I* �"1��
 5A�9 + 5J9 K�L: 0� ;	"<9 MG�'(����	 )�� 	
 �6�4 �,+N� 523� O8, ; 0P�	� !�,"�	�'�

$% �QRJ, 0� 0S"* �� ! 	+�<9 $% &��'( T�U1* �� V2�1( - ��=-  !X�@�6"4 	
-	.� �+	�9 .���% 0 ��� K�L: 0� �,+N� )�� .
 + !
��	�9 ;O8, � �+	 Y��� �� 0�1�(% �+	��� Z��?�( D��[� Z�2L* 5��'E��� 78E 7
�A .�9	�<(  )�� 	
 ��F8''9��,+N  Z(�E

\4�3 5( !X�@� + ��= ;$% 7 "4 0� ���]@  �� 09 8'E��0@"J@ �+	  � 7
�A��� $�1�@� 78E 0�#�'E 
	�"( 8'J�8, !��F8@8E .
���<��  + ��UU1�( �]@  � 7
�A��� �� 0�:+� !�, )�'^J, .8@8E 5����'E �R�>( &��'( _�*�J�Q�� 	+�( ��`��*�(  	�[% D+�ab !�,

!�'R( �� Z��?�( <����� � + + Z�Jc*  � `� + 8�
�F 54��G ;78E 5����'E !�, `��*�( )�� 5,
  ;���"C1��� Z'� d�"* �, + 0�.e*
f�@ d�L( 	
 D�/gG� Z�2L*!�,	�.�� MICMAC  +Scenario Wizard   ;�,+N� )�� 	
 .���F f�e@� �E Z(�"/ ��"'/ 0� ���<��

��� �� ! 	+�<9 $% &��'( T�U1* �� 	
 !8�29!X�@� + ��= ;$% �QRJ, Y -	.� �+	�9 .���% 06"4 	
  .�@ ���h@ 	
 .8�
�F 5����'E
0P�	� )J6 !0� �1� )�� $% &��'( T�U1* �� i�Q�� 
"Rh� �hS 5��,
�h'<�� ;523� !"�	�'�!X�@� + ��= ;$% !�,  
	"( 0?j'( 	


0>:�j( .��� 78E 0P�	�  
  

41�E ��� ���C#: "�	�'�! �
�� ;78'�% N�5,+; $% �QRJ, ;$% &��'( T�U1* ��- ��= - !X�@�-	.� �+	�9 ;.  
  

  

  

  

  

  

  

                                                      
1 ���� "# 5>�RG &��'( + ! 	+�<9 f"2/ 7�C<@�
 ;! 	+�<9 � "(% + k�+�* 7+�F ;! 	+�<9 k�+�* !��9
 !"e<@�
.����� ;5@�[g( ;  
2 k�+�* 7+�F 
���� ���� "# 5>�RG &��'( + ! 	+�<9 f"2/ 7�C<@�
 ;! 	+�<9 � "(% +.����� ;5@�[g( ; 

3 .����� ;5@�[g( ;���� "# 5>�RG &��'( + ! 	+�<9 f"2/ 7�C<@�
 ;! 	+�<9 
�U�b� 7+�F 	��<@�
 

4 .����� ; �",� ;���� "# l�� + $% ��( �� 8E	� Y�'E	�9  

  
* :_�@+��c:� �Q� ;H"nQ( 78'Q�"@  m_ghanian@asnrukh.ac.ir  

 



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

66 

 

	��  

 f�J* !��� !	+�6 &R'( _� $% D�
"S"(��� ��hS 	
 (Nicol, 2000) !	�8��� !��� !8�8h* ;$% &��'( oj� �,�9 .
d�L( + �(g� ;5���= 
�"( 8�:"* ;! 	+�<95( �Q�  ����8( + &��'( )�� 0� 5����
 + 8E���% 	�8��� Y��� + 0��� ;�,

5( !	+�6 	�8��� 0>�"* !��� 
+8L( &R'( )��  � 8(%	�9 7
�A��� ;)�����'� ���� 	�8��� 0>�"* ;5�� ��() 8E��1397 .( 	

&b�+; 0:.'( 0� $% &��'( \��1* ! 0��� \��1* 0>�"* !�, ;!���S + ���'=) 
"� 8,�"#1395 �(09��q  ���C<,+N�  � !	��Q�

�]@ +0� �� �
��d�L( d�L( ���L� 09 8'�Q, 	+�� )�� �� ;�Q�  _� 5�Q� 0>S��   � 5c� ��"'/ 0� $% + ��� r��<( &��'(
�Q�  �,�]( ;���I* H�4 	
 !��@
 	
 ih( ��I�( �h'* ��"'/ 0� ;5j�L(5( 5?2*
"E  ;��	�cJ, + 5L:�3)1396.( 
 )�� 	
0S"* �� ;���( )�� 0�L( �� ! 	+�<9 �1� 09+	 8�:"* &��'( ��
+80��C�
 !"�  � + 7
"� +	 �1� )�� )�(s* 78''9 ���'( -

 ����S )�� 5@ �"* + H
�>* 8��� ;��� 8E	 H�4 	
 ��>JS 5���=7�h� �E�
�� + !	�
���.�( + 8�:"* &��'(  � 8�:"* �


�F 	��b�� ! 	+�<9 Dt"UL( 7�E) ;��	�cJ, + !8JL(1396 5A��E +;5b
�3 + f8?( 1397 ��"'/ 0� ! 	+�<9 �1� .(

ih(  � 5c��1� )��* )�(s* 0A�u+ �h'* 0@ !
�U�b� !�,��'(� 5���= 0>(�S 
�4% 0>�"* 8@+	 	
 0c2� ;
	�
 78h/ 0� �	 .�@
5( �?@ !�A�� V2�1( l�G 0�) 8'9 ;��	�cJ, + 5'(v(1396  +���� "# ����� 0S
"� + 0(�@�� ��( �� ;1395 ;H�4 )�� �� .(


	 H�4 �6�4 O�U( $% 	
 !	��Q�  � �,	"<9 ���.�� !��CJ<q 0�E�
; 09 !	"G 0� �e'( 0� 
"RJ9 &��'( $% 
"S"( 
78E .�@ \�*�* )�J, 0� .��� �� 8�:"* ! 	+�<9 + ��'(�5���= ��[s* �E��F 8,�"# (Musa, 2021))�� ; w"6"(  �1�

 7
�9 0S�"( ��= 	�8��� )�(s* !8S �:�q �� �	 ! 	+�<959�#) ��� ;��	�cJ, +  +���1401 �(0e��@ 	
 x�@ 7�h� !	�
�� + 
!���.( 0J, 0R@�S &��'( $% ! 	+�<9 )���� 5(8�% + 
�a* )�� 06�/ + �6�?*  0�QS��5( 
"E (Li et al., 2021).  &b�+ 	
Z(�>* )�� 

0� !X�@� + ��= ;$% i�Q�� f.2�Q( 0'�h� ! �� + T�U1* \��'( &��'( 
"S"( + J,)�'^ 
�e�� ����� 5��, ��� 09 ��"�� !��� 
��'(� &��'( 
�e�� 
�9 ., 2021)et alDe Andrade (.  

 !X�@� + ��= ;$%))FEW( Energy-Food-Water (0� &R'( ih( !��� yA4 5F8@  + 7��	 ��Q@��, 8'�Q, ); ., 2018et alTian 

Allam & Eltahir, 2019(   +5���"� )�� D�G�R*	� �%�� � �, 0��(�� !+	!�,  5�<�>(��[s* 5(
	��F , 2015)et al.Biggs ( . ;$%��= 
+ !X�@�  �C�8c� ��5C�QRJ, 8@	�
; )�����'� 5J@�%  � 5c� ����8( ��"* 5��h'* 0� �	 �,�]@ 	
 ;���F 0c2� 8��� 0� ��"'/ 5<1�  � 

_� i�Q�� 0q	�zc� 78�
 8@"E 9)., 201et alHoolohan  ;Gafy, 2017 -El( .�C�
 O�G  �;  + 5J�2b� D����I* ;5j�L( !�,	�<�
5( 8�8<* �	 0@�(����  0� )�� {�R*	� ;5'�<@�hE 0>�"* �� 7��J, ;!
�U�b� + 5��>JS 8E	8''9 )5A��E ;5b
�3 + f8?(1397 �

., 2020et alam Shadk ;., 2020et alKomendantova  ;., 2018et alSaladini ; Gafy, 2017-El; Ringler et al., 2013( . )�����'�
�+	 H�R@
 0� 8���$% &��'( �� �,	�<� )�� �,�9 �hS 	
 ��"�� 09 
"� 5��, 5c� .�E�
�� f�F �+	 )��  � \��'( T�U1* �,
7�h� f�J* )�� $%�1� 	
 ��	�
��5( !X�@� + ��= V2�1( !�, .8E��T�U1* + ����8( �[v( $% f.2�Q( r	
 	
 Y���
 

�
"� + ��b��2 ��'�JG� $% �� 	
 �]@ )���F ;�:�8/ 5��	�9 + !	�8��� 0� ��"'/ H"3� !8�29 	
 T�U1* $% ��� )Hussen 

et al., 2018( .78�� �:�4 	
 0@t
�/ ;5/�J�S� �]@  � + 52J/ ;5'� �]@  � + 8(%	�9 ;!
�U�b� �]@  � 8��� $% T�U1* ;H%
 8E��7�E)  ;��	�cJ, + !8JL(1396(	�9 T�U1* . !
�U�b� 
"� �8@��	 �|9�84 0� !��� $% &� "* 0� ;!
�U�b� �]@  � 8(%

 
	�
 7	�E�&� "* 0� 5/�J�S� �:�8/ �� T�U1* + $% 0@t
�/ T�U1* + &��'( yA4 !���7+�F 0� $% ! �]@  � 09 5��,
V�>6 !
�U�b�8@� �5( .
 �
��0� $% ;�% 	
 09 \��'( $% T�U1* i�Q�� 0�  ��@ ;)�����'�  + 5/�J�S� !t�9 ��"'/


"E 0���F �]@ 	
 !
�U�b�5( �]@ 0� !	+�6 �8�	  ;��	�cJ, + 5:�.=)1394 V��u+  � 09 T�U1* }gj3� ����� 	
 .(
5( 	�JE 0� +��@ D	� +��� 09 ��� lgG� Z��b !
	�"( !��� T�U1* 7X�+ .��� 7
���� �S + H+�8�( ~g(�9 
+	 5��U( �*

 V��>* $% �% !���5*	"3 	
 ���� 78<@ $% 0� {"��( T�U1* �� 09 5'�>( O�U( !��� 0�E�F  � 09 ��� 5��,
7�h� 5( !	�
��O�U( )�� $% 5��e��S f"hA( 0� T�U1* �� .8@8E 0� �RQ@ 5J�	��= �� 5J�	 	"G 0� 09 ��� 5@�F8''9

5( 0�#�'E M�L�( $%  � 5U1<( ��.�(8@"E5( 0�AF �
"E 5R:�G)( + !	8'c�� ;5(�]@��1399.(   
$% w"6"( ��J,� 0� 0S"* ��; 78'�% !
�c�+	 �� 7 "4 )�� 	
 0>:�j( + �,+N� 
�e�� + 8�
 M�� ���.�� 	"]'( 0� 0@��C@

����� )�+8* .�@ + 78'�% 	
 5:�J�4� d���E �� 0hS�"( !��� 5F
�(%ih(  � 5c� ;\��'( 5���S� !�,��":+� )��* !�,
5J2/-"QL( 	"<9 5<,+N�5( $5�'� ) 
"E!�CQ/ + 
��%�1� ;f8?(140078'�% ;����	 )�� 	
 .(  � 5c� ��"'/ 0� 5,+N�



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

67 

 

52/) ��� Z(s* Z��b $% &��'( &(�S ����8( !����	 	
 �,	�.�� )�� ;��	�cJ, + 5C��139778'�% �cA* 7 +�(� .( 	
 5,+N�
7 "4d�L( !�,���L� + �Q�  !�,�Q� % ���L� 7N�+ 0� 5j�L(ih(  � $ ����  +�(� &(�"S ZP�Q( )��*09��q ih( )��*

�:�q ;�6�4 ��b �:�q�Q�  !�,78'�% �cA* + D8(8'2� 7�C@ �F� + ��� 5j�L( D	"3 0>(�S V2�1( 
�>�� 	
 5,+N�
 ;
��C@5J@ ��"*���L��Q�  !�,��� 0@��,�( + &b"( 0� �	 5j�L( + 
�9 5'�����L� H��'9 	
�Q�  !�,j�L( 02JS  � 5

!	�A=) 
"� 8(%	�9 $% ���L� ;��	�cJ, + f8?(1400 .(0� )�#�
��  �� 7��J, 5@��L� d���E 	
 $% &��'( ����8( w"6"(
5:�Qc<#5� !�,5�	
 78'�% 8'�%�� 5@8<@�8S �.S5( $"QL( 5,+N�5@�S�() 
"E ;��	�cJ, + 5@��Qe�1399( 0>�"* + !

9 ��� 5��,	�.�� 02JS  � "�	�'�5( 0 )�� 0� + 
��F 	��b 7
�A��� 
	"( $% ����8( 5*% !�,8(��� 5�	�� 	"]'( 0� 8@�"*
7"?:�� !�,8(��� \�*�*����� !��S� ! ;��	�cJ, + 5�<h�) 
 �� )E+	 �	 !
�h@ + 5*��2J/ V2�1( !�,1399.(  )�� 	


0'�(  78'�% 
�c�+	 �� 	"<9 Z#�
 	
 5*�>:�j( ��� f�e@� $% &��'( 5,+N� ;��� 0���5�'� !�CQ/ + 
��%�1�) f8?(1400	
 ( 
5<,+N�  ����� 	
&b�+ + o�L3 ����8( H�J/� + 	��#�� }g3� !"�	�'� !��S� D	"3 	
 09 8@8��	 0e��@ )�� 0� + 0@����F

0�!	+�'� !��F	�95( ;5J�2b� d���E �� \��'�( + )�"@ !�, \��%  � �	 	"<9 ��"*���L�  � 5E�@ !8S !�,  ��hS 78'�% 5�%
.�E�
 7�C@ �"U(  ��	�cJ, + �@"���(Babuna et al., 2023) <,+N� 	
	"<9 	
 5 ;�'= 8@
"J@ ���� '(��� �%5  02JS  �

�,��(�	��! ����5 �[v(  ��7
�A���  ���	�8  $% &��'(  �5(  8E��09 5( ��"* �	 �%  M��G  �+8*�) ����� �, + JU*�i F�� !
, .
"J@ 
�e�� ��	
)�'^J @��Jc4 ��5 ;$% \��'( 5(��"* ������@! 	 $%� �G  ��M +8*�) ��S� +! +	��,
�c5� U1* 09�T 

7
�A��� + ����� ! ���	�8 ;
	�
 7��J, 0� �	 $% &��'(  � �  ��) 
��. 0���� !�,  ��	�cJ, + ��E+��% �,+N�., et alAbroshan (

2022) 8�t
% 	
 )Adelaide( !��"F .�@ ��:�����  �?�?4 )�����  09��'(�0'�h� + \��'( T�U1* Z3�4 5���= &��'( !
5( $% k���@ ;)�'^J, .8E�� �,+N�% �C@��� �6�4��� � ���<�� ;!X�@� ��'(� 09   i9��[s* 0'�(  	
  &��'( T�U1* �� !

5( ! 	+�<9 $%�%  � Z(�9 	"G 0� 8��R@ 09 �8E��  .8E Z��=  ���'= �,+N� k���@(Ghanian, 2022)  �QRJ, 0cRE 	
        
$% - ��= - "4 	
 !X�@�6-	.� �+	�9 0  09 
�
 ��<@7�C��
 ���C� ��  V2�1( !�,~�*8J/  D�G�R*	� �* 8@	�
 Z��J*

�+	
 5@�( �� 8@	�8@ 5@�( �� ���( D�G�R*	� !	��b�� 0� 52��J* + 8''9 	��b��. )�'^J,;  ��	�cJ, + �"�@�8'("9 �,+N� k���@
., 2020)et alantova Komend( 	
 �
	� 	�<( $"q	�q _�  � 7
�A��� �� 09 
�
 ��<@!� 8'q 5�9 ;7	��>( 8'q + &A@

5( 7+�F ��>b"( ��"*!� V2�1( !�,>A@�� 
"J@ T1<( �	 !X�@� + $% 8@"�� 	
� )�� D��9��( 8@+	 0(�
� 	
 09 )��  +

�1� ;!	�cJ,)�� + 52( !�,+ k�+�* )�'^J, + 522J:� :"Rb Z��b !�,
�h'<�� 0>�"*5  78�^�� Dgc<( Z4 !���)��  +


 �1�h9 ��� 7
�9 0P�	�5J�1� !	�8��� 8@�"*.8,
 ���.�� �	 !X�@� + $% !�, 5�	��  ��<@ ��??L( !�,5( 8,
 w"6"( 09
78'�% $% �QRJ, 5,+N�- ��= -  !X�@��� $% &��'( ����8( �� .9�J* 0'�(  �� D�?�?L* 	
 )�"@ !� + ��"'9�* 0>:�j( !� 09 

, 0� 0S"* �� ! 	+�<9 �1� 	
 $% &��'( T�U1* �� �hS 5��,"�	�'�$% �QRJ- ��=- 8E�� 7
�9 5����'E �	 !X�@� f�e@� �
.��� 78<@  

��� ������ "# \jb  � 5c� ��"'/ 0� + ! 	+�<9 523� !�,�� �	�
 �
"� 
+84 33 83	
  � &��'( $% 5Lj� 	"<9 7	�"J, ;
 � �S7�C� 7N�+!� 	
 0(�@��!.�	!�, &��'( $% + !X�@� �
	"#�� 	��� ) ;��	�cJ, + 7�'�
.��1390 � 0S
"� + 0(�@�� ��( ��

���� "# ����� ;1394 �!+�Q#$��h( + 	"� ;5@�q"b1395� k@�� ;5>�AE1399(. + 5'= &��'( 
"S+ 0� 0S"* ��  $% ��]@ i9
+ 	
 r�# ���� "# �����;  ����� )��	
 0(�@�� 	83 0>�"* &(�S !�, 5�%	��b + 
	�
 +
 5G 0,
  0�E�F-	.� )��* 

}�G 7 �� !�,	
 	"<9 5�% !� + 78E ��S� 0?j'( )�� i,}�G .�@ �"'9� i�]/ !�,7
��QF + !� 	
  $% &��'( 0>�"* 0'�( 
	
 ����� 	��b 5���S� V2�1( Z4��( 8@	�
 !+�Q#)$��h( + 	"� ;5@�q"b1395(. ,i ����� f�J* �� ����	  ����� ;	"<9 !�,

H�� 	
 .�@ ���� "#  �� ��#� !�,i9 + 5:�Qc<# 5�%   �% 5� 	
 + �,�9 &��'( ��A�9$% �+	0 +	 78E ��� 5@�J4	)  ;5@���
1393(5@��C@  � 5c� ;&��'( ��
+8L( 0� 0S"* �� . oj� 	
 523� !�, $% &��'(  � 0'�h� 7
�A��� ;52(  �hS !X�@� + )�(s*
0(�@�� ��
 + ! 	+�<9 !�, ;����	 )�� 	
 .��� !
�U�b� !	�8��� O�8,� 0� 5��� ��>b�+ )�� �� ����� ! 	+�<9 �1�

�+	0  09 ��+	78'�% 	
 $% O�U( )J6 5�Q��� !X�@� + i9�*; ��� 8�:"*8��J@ 06�/ �	 !�* .0@�#
+	 ���( 	
 ;	"<9 !�, 
-	.� ;-	.� �+	�9 0@�#
+	� + )��*$%� 0@�#
+	 )��* "4 )�� 	
 5( ����� Z9 + 7  .8E�� !��� 523� &R'( �+	�9 0@�#
+	

)�(  !	���% 5( ����� ! 	+�<9 !�,  .��� 0�Q��+ �+	�9 $% ��.�( 0� !
��  84 �* ����� )�� 	
 ! 	+�<9 + 8E��)�����'� 



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

68 

 

6"4 + 8E 78�.F�� 0>:�j( 
	"( 0?j'( ��"'/ 0� 0@�#
+	 )�� .���% 0+�6i<q 09 ��� !	 &��'( T�U1* �� �hS ! �8@�
$% �QRJ, �� 5'�R( ! 	+�<9 $% - ��= - 0(�@�� !�'R( 09 

�F i���* ;-	.� �+	�9 .���% 06"4 	
 !X�@�!.�	 5*% !�,

����� ��	��F 0(�@�� +0?j'( + 52( oj� 	
 ��.�	T�U1* �� �� D�/ �'( �,�9 �hS ;!�0'�h� 7
�A��� .�@ + 5J�8b !�, 
.
��F 	��b $% &��'(  �  O�8,� �� �6�4 �,+N� ;����	 )�� 	
���<�� 5����'E $% &��'( ����8( !�, - ��= - !X�@�  06"4 	


-	.� �+	�9 .���%�  .�@ +,"�	�'� 54��G + 0P�	�$% &��'( T�U1* �� 	�F �� !� �QRJ, 0� 0S"* �� ! 	+�<9 �1� 	
          
$% - ��=- !X�@�  .���% 06"4 	
-	.� �+	�9 .��� 78E f�e@�  

"���� H��  

78'�% D���
� Y��� ��  ;5,+N�0� 0^@% 78'�% �	 !��� �( 0� ��"U* 5( 8<9 ;"�	�'� 0�AF 5( 
"E 0� . D	�R/   �C�
 !��"U* "�	�'�
78'�%  � 56�� 5( 8E��0@"J@ 09��R|* !�a� _�  � !�7�	 + 78E V�3"* �	 ���<�� !�,7
�9 ,�	 _� 8'@�( +5( ZJ/ �J' -

!	�A=) 8'9 ;��	�cJ, + f8?(1400.( 5Q�"@"�	�'� 523� O8,; 0(�@�� !��� !	�.�� ��"'/ 0� ;.�	�
�� t��  ��A�9 + 5��	�9
0(�@��f8/ d���E 	
 !.�	52/) ��� 78'�% 	
 ��'�JG� ;��	�cJ, + 5C��1397.( 7 "4 78'�% !  	
 !	�C@"�	�'� + 5,+N�
0'�(   &��'( ����8( !�,+N� + 7
"� ��"@ ! 	+�<9 $%��� 0���F D	"3 �% 
	"( 	
 598@� !�, $��h() ;��	�cJ, + 5@�q"b
1398( . O8,�,+N� )�� 09 ��� )�� 0P�	� ��  !D	"3 8'�! �,! ;D+�A�( 	�'���,"
"E 5����'E 0>:�j( 
	"( 0?j'( 	
 5� 

09 �% w"b+ ��c(� 0�Q� �, 0� d���E ;78'�% .8E�� 0�E�
 
"S+   ��e@%  � ��>jb f8/ + 5F8�^�� 09 "( 	
 5���� D�/"6
5( 78'�% O�<�9�8E��� 0(�@��7�F8�
 $�1�@� �:�q �� ��.�	0�+	 8�8S !�,	�.�� + �,8'@�"�� �* 8'�Q, +	 5F8�^�� ��f8/ + �,  

��>jb �,�+	0+ 8@"E +	 ����� ��	��F  �	i�JU* 	
!��F�83) 8''9 !	�� 0@�8'(
�# !�, ;��	�cJ, + 5?1400(.  D����I*
��� M��j( ZP�Q( f�J* 09 ��� �% !��"F  +�(� !��@
 $��E����Q@� 5'�� �� �+	5J@ ��� H+�8�( !�, D���[s*  � + 8@+	

5� .�@ �C�8c� �� Z��?�(5( Z�:
 )�J, 0� .8'�Q�@ \�U@ 09 5>��b+ 0� �RQ@ 529 5<'�� ;"�	�'� )�+8*  � 7
�A��� �� ��"*
�b!�,8@+	  � �	 78'�% ��Q( 8@	
 , 0e��@ 	
 .
	+% ��
 0� ;8''9 �8S !	�S�,+N� )�� 529 O8; ���<�� 5����'E  !�,

$% &��'( ����8(- ��= - -	.� �+	�9 .���% 06"4 	
 !X�@� 	�F �� !�,"�	�'� 54��G + �hS $% &��'( T�U1* ��  	

$% �QRJ, 0� 0S"* �� ! 	+�<9 �1� - ��=- 4 	
 !X�@�5( -	.� �+	�9 .���% 06"  .8E�� )�� �,+N� O8, K�L: 0�

 !
��	�9�	�
 +! (% �+	�0�1 9)�A5 J9 +5.��� ( 0� ;�,+N� )�� 	
 	"]'( Z�2L* "�	�'�  � ����,	 Z�2L* � �"�( ��[s* 
 Z��?�()(CIB) Cross-Impact Balance Approach7
�A��� ( 8E��� 7O8, . Z�2L* )�� �#�� 0/"Je( 5��, �56� + 
	�F ��  � 7 "4 ! Z�2L* "�	�'� 0� D	"3 5@+	
 5( 8E�� .�J, 0)� 	"]'( 8��� ��(8�q !�, 5@
�9	+��  � 0cRE ! Z(�"/ �[v( 
Z(�E ��� !�, 5���J4 ;0�"�+
 T1<( )�� .8@"E �+	 09 5c�  � )�"@ )��* �+	 !�, )�+8* "�	�'� 	
 D�>:�j( 
78'�% 5,+N� ���� ~�*8J/ 	
 D�>:�j( �(�� 0�E	 !� 7
�A��� 5( 
"E + 0� 02��+ ! 5R�9�*  � ��J�AF !�, ���( ;��UU1�( 

5��,"�	�'� �R�>( �	 5( 
�e�� 8��J@ .�6�4 �,+N� 	
; ���<�� + �g9 Z(�"/!�,  0� 0S"* �� ! 	+�<9 $% &��'( T�U1* ��
0>:�j( 
	"( 0?j'( + !X�@� + ��= ;$% �QRJ,;  + �R�>( &��'( 	+�( Y��� ��0� ��UU1�( �]@  � 7
�A��� .�@)�� .8(% ��
 

�+	 ;!	�.�� !"b !��� M�?L* + T�1<* 0J, 0R@�S + Z�2L* D�>:�j( dR*�( !��� 5�"C1��� 0� ���� !�, 0>:�j( ! 
	"( 
�]@ ��� (Rabie & Curtis, 2006).   

)�� 	
  ;�,+N� i��	"C:�CIB  ;��UU1�( Z'� )��>*) 5:�"�( f�F k'� 	
h� )�+8*���<�� ��� �, ;Z��?�( 	�[% D+�ab ;
�R�>( !�,"�	�'� )�+8*  +8��s* �,"�	�'� 	�R�/� ( 5*��2J/8�
�F .  

��UU1�( Z'� )��>*	
 : Z�2L* CIB 52'� \4�3  �+ ���]@ ��UU1�( 5/"6"( V�G �� 52(�9  � �@�
 5/"6"( $�1�@� + 
5����'E 8@8E .J, 0�)� 	"]'( )�E�
 0?��� ! 5���S� Zb�84 k'� H�� 	
 7 "4 ! ����8( !X�@� + ��= ;$% &��'( �� )�E�
 

0?��� ! 5<,+N� �+8( 0� D8( k'� H�� 0'�(  )�� 	
+
 �, 5G�E ��� 09 !��� ��"a/ 
���� 	
 Z'� ��UU1�( 8( �]@ 
	��b ���F .0�  	"]'( $�1�@� 
���� Z'� 	
 ;��UU1�(  � �+	 0@"J@ !��F 8'J�8, 
	�"( 0�#�'E 78E �� O+�>( 7
�A���  .8E

 H+8S 	
 ��UU1�( Z'� !�a/� D�U1<( ���h�1  .��� 78,�<( Z��b0@"J@  w�RE� 0� �8��	 ��(  �* !��F !�]@ 0(�
�

"J@ �8�� ) 5'>�(

�F Z3�4 !	��c* k���@ 09 5@�(  �* .\4�3 + TU1�( 
���� D��]@  � 0>:�j( )�� 	
  Z4��(  � �]@



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

69 

 

0�:+� �'� )�+8* �* M�?L* ! 7
�A��� "�	 09 !	"G 0� ;��� 78E ���<��  	��b !�C@ �� 
	"( ��UU1�( �]@  � 7
�A��� �� �,
8'���F. )�'^J,;   � .�@ ��I�( �, Dt�4 w"Je( 54��G 	
!�,�]@  ;!8>� f�F 	
 .8E 7
�A��� ��UU1�( ��.�( ��UU1�(

� }"j� �� Z��?�( D	"3 0� �	 ���<�� Z(�"/ }"j�  � _� �, 5C�Q��+.8@
"J@ D+�ab ���<�� Z(�"/ ��� 

  
 J��51- $����K L�� ��MN1 O����  

 O�1��$����/  (&<�) )1�?�    ����� 	���  (&<�) )1�?�  

! 	+�<9 
�hS  11     5����+	 0>�"* + ! 	+�<9 � "(% + k�+�*  7  

!	+�'� + D�?�?L* ;f"2/  4    $% &��'( ����8(  12  
d�L(  � �u�A4 ��( �� �Q�   5    ! 	+�<9 
�U�b�  5  

/+��@ 0?j'( $% Z9 7	�
�!�  12     + $% + i�2b���'E�",5  8  
ZC'S ��( �� !	�
.�1�% + &*��( ;�,  4    !X�@�  4  

Dg�UL*  (�A@) 
�8>*    ��Q'S  (�A@) 
�8>*  

8E	� 5��'E	�9  14    
�(  21  

!��9
  22    �   16  

&JS    36  

    
���<�� ���h� )�+8* �, :��
 	"]'( 0����5 0� ���h� ���<��  �+	�9 .���% 06"4 	
 ! 	+�<9 $% &��'( T�U1* �� !�,

 -	.� )�:+� 	
 .8E 0���F 7�h� 5:�"�( �+	 +
  �;f�F   �&��'( _�*�J�Q�� 	+�( _�'c* 8�
�F 7
�A��� .� 	
�)  ;024�(
�hS ���'E5� <����� �,; 29�0 ! 0A:v( �, �,�C@�<@ +! ( �� dR*�(<9 �1� $% &��'( ����8 ! 	+����'E5�  .8E ���1��� +

� 	
�) ( �0' 29�7X�+8 �,5� �  Rb�Z »+ T�U1* ;$% &��'( ����8( $% &��'( T�U1* �� ; ;! 	+�<9 �1� $% &��'( !	�8���
$% �QRJ, ;! 	+�<9 �1� 	
 $% &��'(  � �u�A4- ��=-  !X�@�7��= +« 	
 "e�QS f�C',! ���@��'5 &��'(  ���  +
 0�

�	��5 2C@� +�Q5 ���F 	��b 7
�A��� 
	"(.  
�8>*  �176 78E 5����'E &R'(;  
�8>*159 .��� 7
"� dR*�( &R'( `z�;  	

 )�(+
 f�F �� 0� 0S"*0�:+� ���h� ���<�� ! �,  � 7
�A��� �� +  0R4�U(0J�@   	
 ��UU1�( Z'� 7�F8�
 ;0���� 	��#��

 �"U#+	�9 .���% 06"4 	
 ! 	+�<9 $% &��'( T�U1* �� -	.� �� 
	"(����,	  � f�F )�� .���F 	��b 5��� 	  Z�2L*
 � �"�(��[s* 0R4�U(  � 7
�A��� �� ;Z��?�(  !�,	��#�� 0J�@ 0����  �"(���� 5/"6"( ��UU1�( ��H�v� !�,  !8�29 ��  f�e@�

.8E  
- ��J<q 8'R� �	 
"#�8  +30 H�� 
��C �	 	"U�( "E�8  H��)2050�(  
- $% &��'( ��>6+ "Cq�
"� 8,�"# 0@ 

- �
"� 8,�"# 0@"Cq !X�@� &��'( ��>6+ 

-  ��>6+��'(��(��>JS ���.�� 0� 0S"* ��) 
"� 8,�"# 0@"Cq 5���= 

- �", ;)�( ) 5>�RG &��'( ��>6+  +7��=�
"� 8,�"# 0@"Cq ( 

- �
"� 8,�"# 5Lj� 0q 	
 �� 	+�<9 �<�>( + !
�U�b� ��>6+ 

- d�L(��'(� 0� �8��	 !��� �Q�  0'�., 0q !X�@� + 5���= ;5�%�
"E ZJL�( 8��� �	 5��, 

- 5( 7 �8@� 0q �*��� 8�:"* !��� �( ��) 
"J@ 8�:"* ��= ��"* �*5���= 
�"( ��
+8L( 0q ���(8E i�,�"# 0S�"( 52P�Q( + �, 

- T�U1* ��>6+ -	.� �+	�9 06"4 	
 $% 0@"Cq 8,�"# �
"� 

- T�U1* $% 0q 5<?@ 	
 ����8(  ��5'�( �A�� 8,�"# �
"J@ 

- ��� 523� Z(�"/ �JE �]@  � $% �QRJ, 0� 0S"* �� $% &��'( T�U1* �� 78@�� - ��=-  -	.� �+	�9 .���% 06"4 	
 !X�@�
f�89 �8@� 



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

70 

 

-�:�q + &@�"( �JE �]@  � ��� !�,  $% �QRJ, 0� 0S"* �� $% &��'( T�U1* �� !+	- ��=-  �+	�9 .���% 06"4 	
 !X�@�
89 -	.�f� �8@�  
0R4�U( ��
 ��(  �* �,���5  w�RE� 0�!�]@ ( 	
��� ���
� �9	�<( �E�
 0(�
� 78''9  
�8>* ���h@ 	
 +36 &JS 0R4�U(  !	+%

8E . `z�7
�
 Z�2L* 	"]'( 0� 7
�
 .8E 0���F 7�h� �"�L( Z�2L* _�'c*  � �,  !	��F89 024�( +
 	
 0>:�j(  � Z3�4 !�,
8E9  � f�F )�:+� 	
 .8@ ;!	��F8 ���C<,+N�
"J@ �g*8@ 7
�
 	�c( 	+�( �� �*&JS D�/gG� 0� �RQ@ �, _� 0� 78E !	+%

��� ��
 529 8�
'024�( 	
 .8D	�R/ ;02JS 0� 02JS 
�R,�	  � 7
�A��� �� ;!8>� ! �,+N� w"6"( �� dR*�( + ih( !�,
.8@8E T1<( �% 5@�+��� 
�8>* �2/ 0� 0�:+� !�,89 8>� 024�( 	
  \:�b 	
 0�:+� !�,89) 8@8E Z�8R* 0�"@�[ !�,89 0� �,

0?RG 5( 	��b 0��<( !�, (8@��F ;��h� ���� 0� .5( 5("hA( 89 _� 0� Z�8R* 0�:+� 89 8'q .
"E )�'^J,;  024�( )�� 	

���<�� ���<�� 	
 &��'( 	+�( Y��� �� 78E ���1��� !�, 0R4�U(  � Z3�4 !�,  �,�8@8E f�=
���h@ 	
 .; ���<�� �Q�:  �,

�%  � _��, 5A�9 }"j� �� 7��J, !��� + )�+8* �,  � _� �, h@ 54g3� D��]@ �* 8�
�F H��	� ��UU1�( Z'� !�a/� + 5��
8��s*  .8@	�
 fg/� �	 
"#  

Z��?�( 	�[% D+�ab :� 	��#�� .8E Z�c<* Z��?�( 	�[% `��*�( 0(�'<��� ;ZRb f�F 	
 ���<�� Z(�"/ !	+%
�F  � `� )�
 0� 0(�'<��� 0@"F  !� ������<��  � _��, 09 �% }"j� + �, �j� 	
 �, �"�� + �, `z� .8'���F 	��b `��*�( )�� !�,; 

Q��?( D	"3 0� }"j� 5(�J* 00'�.F �A, V�G Y��� �� 5S+  !"b 78''9 
+8L( �[�) 5A�9 !� �*  (!"b �1� &��Q* �[�
�"*8E 5��� 	� ��UU1�( d .  

,"�	�'� )�+8*�R�>( !� : !���f�@  � ;D�/gG� Z�2L*  !�,	�.��MICMAC  +Scenario Wizard f�@ .8E 7
�A���  	�.��
MICMACf�e@� �hS ; D�R��L( )�C'� `��*�( D��[� Z��?�( + �:"h� f�e@� Z�2L* 54��G !	��#�� 78E ��� 09 

VA1( 0J29  !"Q@���»`��*�( \���6 Z�2L* �[� &G�?�( 0� 	"]'( 0?RG 8'�! «���. 	
  )��f�@ ;	�.�� �8��� �,��I�( + 
0A:v( �, �	 7 "4 	
 ! 
	"( �]@ 5����'E + 7
�9 �% �	 5Q��*�( 	
 8'@�( `��*�( Z�2L* D��[� 
	�+ `z� ;7
"J@ ��.�( 

{�R*	� ���( )�� �,��I�( �� 7 "4 d�"* 0G"��( ;��UU1�( Z'� �"�� �� �,�j� !	��F��[s* ��.�( Y��� �� T�1<* �, 7
�
 
J, 0� .8E\�*�* )�; 7
�
 !�,��I�( w"Je( 7
�
 w"Je( + !	��F��[s* ��.�( ;�,�j� !�, �"�� !�,��I�( !�,  ��.�( ;�,

5( ��<@ �	 !������[s* .8,
 ;`z�5( 78�e'� 0� �* �A3 )�� 
�8/� {�R*	� ��.�(  0:.'( 0� �A3 
8/ Y��?( )�� 	
 .
"E
" �+8���[s*" 0:.'( 0� _� 
8/ ;"*��[s V�>6" 0:.'( 0� +
 
8/ ;"��[s* d�"�("  0:.'( 0� 0� 
8/ +"��[s* 
�� " 5( 8E��. 

)�����'�;  78E 0�#�'E !�,��I�( 
�8>* �F�x  `��*�( _� �8E��X×X 0�5( ��
  d��+	 ;Z��?�( �[� Z�2L* H8( 5S+�# .8�%
5( ��<@ �	 �,��I�( )�� f�@ 09 8,
 _�( 	�.�� _( (MICMAC)  ��2��b �� + 
	�
 �	 7N�+ !�,	�
"J@ + H�cE� 0� d��+	 Z�8R*

��c(� �	 i�Q�� 	��#�� + d��+	 ���% Z�2L* 
"# D�@�c(� 5( ����529 	"G 0� .8��J@; `��*�(  5S+�# !�,	�
"J@ + �,
f�@ w"@ +
 	�.�� (��= d��+	 `��*�( !�C�
 + 0G"��( !�,	�
"J@ + �,��I�( i�?�Q( 	�[% `��*�( 5c� :8@� + �,��I�( i�?�Q

8E�� 78E T1<( �,��I�( )�� 7"?:�� d��+	 ;0�:+� `��*�( 	
 09 5*	"3 	
 .�% �� dR*�( !�,	�
"J@� f�@ 	�.�� ; `��*�(
7"?:�� 5( 	��b 	���#� 	
 .�@ �	 �,��I�( )�� i�?�Q(��= 7"?:�� d��+	 `��*�( + �,��I�( )�� i�?�Q( ! Y��� )�� �� .8,
; 

>* �� 09 !��I�(0J, .
	�
 i�Q�� Z9 	
 .�@ 598@� !	��F��[s* ;
	�
 i�?�Q( �[� �,��I�(  � !
+8L( 
�8  + �,��I�( !
78@��F�� 	
 d�L( �% ! 5( �	 �, !	��F��[s*) D�U�1( 	"L( _� �� 5("hA( 	�
"J@ _� 	
 ���J@ �� ��"*– (!������[s*
5��A3) 
�
 ���J@0R'E + 	"� ;	"�1398 	
 .(7	�C@ 1"@� ;78E 7
�
 ��<@ D�U�1( 	
 �,��I�( w�  .���   

f�@ 	�.�� Scenario Wizard Z�2L* �+	 Y��� �� ;CIB i�Q�� 5�	�� 0� 5( 0>:�j( 
	"( !�, f�@ )�� .
 �
��  �� 7+g/ 	�.��
0cRE + !�����[� + !	��F�[� `��*�( ���J@  !�	�
 !�,"�	�'� ;�C�8c� �� Z(�"/ i�?�Q(��= + i�?�Q( d��+	 !i,  + 5��.��

C�QRJ,5( 5��>( .�@ �	 �*t�� 5 J, 0� .8'9;\�*�* )� `�  � !	+%
�F Z(�"/ ;���<�� `��*�( 	�[% Z��?�(  .�@0�#�� 8E 7
��� .	��#�� )�� `��*�( !"L@ 0�  ��� 09 _��,  � ���<�� �, + }"j� �% �, 	
 �j� �, + �"�� !�, )�� `��*�( !�S 

8'���F .;`z� 5(�J* }"j� 0� D	"3 Q��?( 0;5S+  �� Y��� V�G �A, 5�JQb 5A�9 )�[� 
+8L( 78''9 !"b �* �[� 
&��Q* �1� !"b (d�"* \4�3 + ��UU1�(���]@ 
	"( 5��� 	� 	��b 0� .8'���F )�� 7�J@ �� 09 D	"3 �:�4 0� 5,
 !�,



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

71 

 

Z(�/ �, V2�1(; \�9�*  !�, � 5*+�A�( �:�4 !�, Z(�"/V2�1( ��F 	��b 5�	�� 
	"( \:�b 	
 �,"�	�'� )���h� + 0�
5( 5��>( �*�� !�,"�	�'�  .
"E  

8��s* �,"�	�'� 	�R�/� 5e'� 	�R�/� 78E )�+8* !�,"�	�'� ;024�( )�� 	
 :5(8@"E . 09 D	"3 )�� 0�  � 5E	�.F �8��� 	

���F 	��b ��UU1�( Z'� !�a/� 5(�J* 	���#� 	
 + 8�
�F 0�h* 78E )�+8* !�,"�	�'� .`z�; �� �	��5 ��UU1�( D��]@; 

�h@ 024�(5�  5'>� �,+N�8��s* 	�'���,"! +8*�) 8E7�e@� ;8�
�F f .  
  
  

  
   

  
  
  
  
  
  
  

  
 E��S�1-  � ��12B&�TU� $V�TU��2�&�&� )���<W	.�@ � ��� 7���1398(  

  

	KZ�� �� [\� �  

���$1&  ����  !��� �������� ������# �) -�%� $���# %�&�  	'�(  

���<��  !�,0R4�U( M��G  � �,+N� )�� 	��#�� 0J�@ M�J/ !�,  .8@8E ���1��� 0���� ;!	��F89  � f�F )�:+� 	
  � `�
 0��<( 
	�"( f�=
� + !	��c* 
	�"( O�466  H+8S 	
 09 8E 5����'E !8�29 892  ��<@ .��� 78E 7
�
��J, 	"G 09 

78,�<( (5 
"E 0P�	� �1� )�� 	
 5��,89 ;78E 8@� 09 Zb�84 �_ f"� "C1������ 0� �% �, 7	�E� 7
"J@ 8@�.  
  

 J��52- 	�
�1 ��12B�# $1&���  -�%� $���# %�&�  	'�( �) ������# �  !��� �������� ���  

:�)�  ]&�K+ 	�
�1 ����#  ��1�1&Z  :�)�  ]&�K+ 	�
�1 ����#  ��1�1&Z  

1  $% ���L�  32  34  0��?4 ��.�( �,�9�,  25  

2  8�8E 5:�Qc<#  32  35  
	�� ��J,� ���.��  ;!X�@� ;$%) 5>�RG &��'( T�U1*

 + )�( 7��=(  
24  

3  ��>JS ���.��  31  36  
7�h� 0� �:+
 0S"* f8/!	�
��5� !�, &��'(  � 0�+	

5>�RG  
24  

4  Y���
 	
 !��= �,�9  31  37  &��'( \4�U* !��� �� 	+�<9 )�� �'* ���.��  24  

5  &��'3 0>�"* + 8E	  30  38  $% �,�9 !�,5'�( ��   23  

6  i�2b� ���I*  30  39  �#"� O�U( ���.��52�Q� !�,  23  

7  $% !�6�?* ���.��  30  40  �#����  0>�"*�,  23  

8  $% &��'( �,�9  30  41  O�U( !"C:� }g3�  23  

9  &��'( 5:"3���= &� "*  30  42  0@�12F !�, �F ���.��!�  23  

i�]'* 78''9 

{�E + _Q�	 !
+	+ 

i9 + O�4 Z��b !�,��I�( ��[�* 5S+�# 

U��&�2�&�T 

�
�1

2
B&

�T
U�

 



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

72 

 

  

 J��5 	1)12  

:�)�  ]&�K+ 	�
�1 ����#  ��1�1&Z  :�)�  ]&�K+ 	�
�1 ����#  ��1�1&Z  

10  ��= 8�:"* !��� �6�?* ���.��  29  43  &��'( !��� ���b	 ���.��  22  

11  0��3$% O�U( 	
 5�"S  29  44  5'�<@�hE ���.��  22  

12  56�	� !��	�9 ���I*  29  45  0'�., ���.���<� !��� )�(s* !�,  22  

13  ! 	+�<9 Dt"UL( 8�:"* �,�9  29  46  ( ���.��5���� D�<b�'  21  

14  d�L( \��1*�Q�   29  47  d�L( �� 	�<� ���.���Q�   21  

15  l�� 8�:"* �,�95�%  29  48  $% &��'( ��A�9 �,�9  21  

16  �+	 }g3� 8�:"* !�,5���= 
�"(  28  49  $% 0� �
	+% !+	 + 7
�A��� ���.��5'�( ��  !�,  20  

17  $% ��(8@�	 ���.��  28  50   8�8S D�	�?( &6+$% �E�
�� ��.�(  19  

18  !"S Dt+.@ �,�9  28  51  0��3!X�@� O�U( 	
 5�"S  18  

19  5���J�E f"J�  � 7
�A��� ���.��  28  52  0'�.,7�h� !t�� 	��Q� !�,!X�@�  � !	�
��  18  

20  0��+	 !��F	�9�<9 + !	���% )�"@ !�,  28  53  �� 	+�<9 �<�>( �
"� �j# ��>( 	
  18  

21  &(�S ����8( $% &��'(  28  54  Dgc<( Z4 !��� ��>A'�� f�J* �9	�<(  18  

22  �#"� &��'( �,�952�Q� !�,  27  55  78'�%0(�@�� + ZP�Q( 0J, 	
 !�C@�% !��� !.�	�,  17  

23  ����8�8e* !X�@� &��'( 0� �
	+% !+	  27  56  $% 	� �� Z�c<*  15  

24  78'�t% ��.�( ���.���", 	
 �,  27  57  '( 0� 0S"*��>A'�� f�J* �>A  15  

25  )�(  )��	 )��  �.�123�4 !�,  27  58  $t�* \��1*0@�#
+	 + �,�,  15  

26  5:�( &��'( 
"RJ9  27  59  5� !��qf�
 0�+	�,  14  

27  ! 	+�<9 Dt"UL( D�
	�+ ���.��  27  60  0@"F ���?@�!	"@�S + 5,��F !�,  14  

28  0��?4 0� {"��( Dgc<( ���.��0�E�F !�,  26  61  ZC'S ���.��5��
   13  

29  5*�?RG O�cE + �?� ���.��  26  62  )�(  ���(�F  13  

30  7�h�$% &��'(  � 0'�h� !	�
��  26  63  78'�t% $�S !��� 5j�L( ����u �,�9�,  13  

31  !X�@� D�
	�+ ���.��  25  64  �'* ���.��)�� !�,$% &��'( �� �� 522J:�  12  

32    ��@ �� Dt"UL( �<9i9 5�%�*  25  65  !��F	
 ���.��$% &��'( �� �� 52#�
 !�,  12  

33  Zc<* ! ��8'J@�"* + 
�e��$% !�,����  25  66  0@�	�� �,�9!X�@� �1� !�,  12  

  

��12B�# LF@ � 	����TO^�� ��)  

 H+8S 	
3F89 k���@ ;("hA( !�,89 + 0�"@�[ !	��5 0� ;78(% ��
0P�	�  .��� 78�
�F��J,  0@"F5( 78,�<( 09  
�8>* ;
"E
66  ���<��   	
 78E 5����'E 0�:+�6  ��"'/ 0� Z(�/ ���<�� !�,! 	+�<9 $% &��'( T�U1* �� 0:"?(  
	"( + !8'�8��s* 

) ���F 	��b ��UU1�( 5(�J* H+8S4.(  
  



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

73 

 

  

 J��53- ��12B�#  � 	����TLF@ ��)  ��A< O��._  

��A< ����#  	�
�1 ����#  

�
�  *

��1
  

 L�$% ���  
 $% !�6�?* ���.��  
 $% &��'( �,�9  
 0��3$% O�U( 	
 5�"S  
 $% ��(8@�	 ���.��  
 0��+	 !��F	�9�<9 + !	���% )�"@ !�,  
 $% &��'( &(�S ����8(  
 0��?4 0� {"��( Dgc<( ���.��0�E�F !�,  
 7�h�$% &��'(  � 0'�h� !	�
��  
 i9 5�%  ��@ �� Dt"UL( �<9�*  
 0��?4 ��.�( �,�9�,  
 �9$% �,5'�( ��  !�,  

 $% &��'( ��A�9 �,�9  

 $% 0� �
	+% !+	 + 7
�A��� ���.��5'�( ��  !�,  

 $% �E�
�� ��.�( 8�8S D�	�?( &6+  

 $% 	� �� Z�c<*  

*
��1

�
�12

3
   Y���
 	
 !��= �,�9  

 ��= 8�:"* !��� �6�?* ���.��  

 ! 	+�<9 Dt"UL( 8�:"* �,�9  

 �+	 }g3� 8�:"* !�,5���= 
�"(  

 ���.�� ! 	+�<9 Dt"UL( D�
	�+  

�
4&�1 *

��1
  

 l�� 8�:"* �,�95�%  
 �#"� &��'( �,�952�Q� !�,  
 ����8�8e* !X�@� &��'( 0� �
	+% !+	  
 !X�@� D�
	�+ ���.��  
 �#"� O�U( ���.��52�Q� !�,  
 0��3!X�@� O�U( 	
 5�"S  
 0'�.,7�h� !t�� 	��Q� !�,!X�@�  � !	�
��  

 0@�	�� �,�9!X�@� �1� !�,  

�
  �

�1&/F(
  

 &��'( \4�U* !��� �� 	+�<9 )�� �'* ���.��  
 �#����  0>�"*�,  
 O�U( !"C:� }g3�  
 5���� D�<b�'( ���.��  
 78'�%0(�@�� + ZP�Q( 0J, 	
 !�C@�% !��� !.�	�,  
 �'* ���.��)�� !�,$% &��'( �� �� 522J:�  
 !��F	
 ���.��$% &��'( �� �� 52#�
 !�, 

  ��8'J@�"* + 
�e��Zc<* !$% !�,����  

 Dgc<( Z4 !��� ��>A'�� f�J* �9	�<(  

 ��>A'�� f�J* �>A'( 0� 0S"*  

 *
�

�?E&A�
 

$
1�1)&�

  

 &��'3 0>�"* + 8E	  
 5:�( &��'( 
"RJ9  
 5*�?RG O�cE + �?� ���.��  
 0'�., ���.���<� !��� )�(s* !�,  
 �� 	+�<9 �<�>( �
"� �j# ��>( 	
  



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

74 

 

  

 J��5 	1)13  

��A< ����#  ��#	�
�1 ��  

`
�\

 �
�1&/F(

 
*

+
��

  

 8�8E 5:�Qc<# 

 ��>JS ���.�� 

 5'�<@�hE ���.��  
 i�2b� ���I*  
 &��'( 5:"3���= &� "* 

 56�	� !��	�9 ���I*  

 d�L( \��1*�Q�   
 !"S Dt+.@ �,�9  
 5���J�E f"J�  � 7
�A��� ���.�� 

 )�(  )��	 )��  �.�123�4 !�,  
 78'�t% ��.�( ���.���", 	
 �,  
 +
 0S"* f8/7�h� 0� �:!	�
��5� !�,5>�RG &��'(  � 0�+	  
 (... + )�(  ;!X�@� ;$%) 5>�RG &��'( T�U1* �� ��J,� ���.��  
 &��'( !��� ���b	 ���.��  
 0@�12F !�, �F ���.��!�  
 d�L( �� 	�<� ���.���Q�   
 $t�* \��1*0@�#
+	 + �,�,  
 5� !��qf�
 0�+	�,  
 0@"F ���?@�!	"@�S + 5,��F !�,  

 �ZC'S ���.�5��
   

 )�(  ���(�F  

 78'�t% $�S !��� 5j�L( ����u �,�9�,  

  

 )�� ���h@ 	
6   !8�29 ���<��! 	+�<9 $% &��'( T�U1* �� 5( �"�L( Z�2L* 8'���� Z3�4 09  !�'h� �� 5Q��*�( 	
 ;8E��
6×6  .8E i�]'*  

 J��54-  *�&AZ $1&��� ������# �  !��� �������� ���  

a+G&�  &���$1  a+G&�  ���$1&  

A 5�% ��'(�  D  $% 5@��Jc4  

B  ��'(�5���=  E 7�h� �<�>(��	�
��  

C  !X�@� ��'(�  F  d�L( 5@��Jc4�Q�   

  

\4�3 Z��?�( D+�ab  � `����]@f�@  � 7
�A��� �� `��*�( ; 	�.�� MICMAC 5F8E�� 0S	
 .���F 	��b Z�2L* + 0�.e* 
	"( 
)Fillrate(  `��*�(78/0 0� ;8(% ��
5( ��<@ 09 <�� 8,
���   � ��� 	
 78E $�1�@� !�,78 * �C�8c� �� 
	�"(  � 83	
s��[ 

0�E��F  w"Je(  � .8@�36  ;5��� 	� Z��b 5Q��*�( 0j��	_�  H
�>( ;0j��	78/2 83	
;  &G�?�( D��[� !�	�
3 5(;8E��  5'>�
���<��  i,  � �,��[s* 0������  i, !+	 �� �� + 8@��[s*� 0�E��F  .8@�11 0j��	;  H
�>(56/30 83	
;  &G�?�( D��[� !�	�
2 5(8'E�� ;

��"?* �?@ 5'>� 0�E�
 78''9  .8@�16 0j��	;  H
�>(44/44 83	
;  &G�?�( D��[� !�	�
1 5(8E��T#�E �C�
 !+	 �� 5'>� ;  �,
��[s* ���0�E��F !�* .8@� �<, 0j��	;  H
�>(22/22 83	
; !�	�
 ( D��[�&G�?� 5'>� ;8'�Q�@  i,  ���[s* 0�����z@ + 8@�  !+	 ��
 i, .�@��[s* @0�E��C  .8@�  

  

  



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

75 

 

  

 J��55-  c�&��MDI   

c�&�� )�?�1  �1&F�   $���&�TU�  �12B&�TU�  *���� E���#  �����/�1��  �B�@&� 	5�)  !/5  

6×6  2  8  16  11  1  78  36  

78@��F�� 	
 �,+N�  � 0���F�� 5��h@ `��*�( �@ k'� !5( 5���� + ih( 0�4  09 8E��5( ��  
	�"( Z(�E:8'E�� �( 5��,��I
= H�JE 0?j'( 5c�
.@ 	
 09Z(�/ ;8'�Q, 5�� !�,	��F��[s* 5( ��<@ �	.8',
  Z(�/$% 5@��Jc4;  i�Q�� Z9 ��	��F��[s* 

.���  H�JE �JQb + ZcE ���	 �J�+
 !�,��I�( 5b�E 5( ��<@ �	 5hS+	�
 �,��I�( )�� .8,
 r��<( 5FN�+ +
 !�
5( i�Q?* O8, + _Q�	 !�,��I�( 0��
 +
 0� 09 8'�Q, t�� !������[s* + t�� !	��F��[s*_Q�	 !�,��I�( .8@"E 	
 09 

 H�JE 0�4�@ !�jb d# !t��0���F 	��b ZcE 5b�E�8@�  i�Q�� !8�29 ���C� �� 0� �8E Z�8R* !��� !
��  	��Q� ����u
 .8@	�
 +
 !8�29 Z(�/�5�% ��'(  + 5@��Jc4d�L( �Q�  0���F 	��b �JQb )�� 	
�( .8@� !�jb 0�4�@ ��  ;O8, !�,��I
 H�JE5( 	��b 0LA3 5b�E&b�+ 	
 .8@��F ��I�( )���,0e��@ ;����J@ + i�Q�� Z(�c* ! i�Q�� _� 	
 )cJ( O�8,� �F
8'�Q, ��, �6�4 �,+N� 	
 09��C@ !�S �JQb )�� 	
 �,��I�(  � f�890�.8@� $"'S �JQb 	
 ������[s* !�,��I�(  5b�E

0���F 	��b ZcE5( + 8@��% ��"* + i�Q��  � 5�t�� 	��Q� !������[s* ;�,��I�( )�� .8�(�@ .�@ 0e��@ !�,��I�( �	 �,
0e��@ �,��I�( )�� .8@	�
 i�Q�� �� 5'���� 	��Q� !	��F��[s*�Q( !�,��I�( �F� + 8'�Q, Z?�Q( !�,��I�( ! + Z?	��F��[s* 

 ��I�( +
 .
"� 8',�"# �R|( .�@ �,��I�( )�� ;8'E�� 0�E�
 5�R|( 8@+	��'(�5���=  + �<�>(7�h� ��	�
��  &b�+ �JQb )�� 	

78E.8@�  $"'S �JQb5( ��<@ �	 Z?�Q( !�,��I�( ;5��= 	
 .8@	�
 5'���� !������[s* + !	��F��[s* �,��I�( )�� 09 8,


��I�( )�� &b�+8'�Q, ! 	+�<9 $% &��'( T�U1* �� 	
 ih( + !8�29 �?@ 8b�� 5/"@ 0� �,� �% 8��R@ 5:+ ~g(�9 �	 �,
 ��I�( .
�9 �"(���!X�@� ��'(� .��� 0���F 	��b 0�4�@ )�� 	
 �6�4 �,+N� 	
 i�]'* !�,��I�( .9�( 5c�
.@ 	
 78''9

5( 	��b ZcE�F + 8@	�
 5J�]'* �:�4 �,��I�( )�� .8@��F5( ZJ/ 0�"@�[ f�,� ��"'/ 0� 5,����� Y��� �� .8''9 09 5��,
0(�@��5( 	�9 0� 
"# O�8,� !��� ��.�	 !�,��I�( 0� ��?*	� ��2��b �,��I�( )�� ;8@��F	��F��[s* !�,��I�( ;)��>* 78''9  ��

.8@	�
 �	 _Q�	 + O8, !�,��I�(  

  
 E��S�2 - �2�&T1 � ��12B&T1) !_��K O1&�TU� 	���(d��K+ O1&T1 e��1 &� ��&�fK "�#1&� � �&  

*\Qq�� !�, (A, B, C, D, E, F)  H+8S �� MRj'(4 5(.8'E��  

  
 5��a� d��+	ZcE 0���F 0'�(  	
  !! 	+�<9 $% &��'( T�U1* �� 5( ��<@ a� ��( �� 54��G !��� 09 8,
 ����8( 5��

! 	+�<9 $% &��'( ; ;$% ��'(� ���<�����<��  	
 i�?�Q( �E"�100 !83	
 + d�L( 5@��Jc4 ���<�� 	
 �Q�  �E"�
100 i�?�Q(��= !83	
  � ih( ���<�� )��* 5( �,  .8'E��  

 H�� �� ��C= ��������� ������@CIB  

��>6+ ;523� Z(�"/  � _��, !��� ��� 5:�J�4� !�, �<9 $% &��'( T�U1* �� !+	 .8E T1<( -	.� �+	�9 06"4 ! 	+
J, 0� � 	"]'( )� 0'�(  	
 ��UU1�(  !X�@� + ��= ;$% !5,�"#�]@ ) 8E H+8S6 �E !��� ;k���@ 5�	�� �� ;���h@ 	
 .(

 ;523� Z(�/14 .8E T1<( 5:�J�4� ��>6+  



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

76 

 

  

  
 

 

 

 

 

 

 

E��S� 3-  "@�� �� d��K+ ��T 100 ��W�) 

 

 

 

 

 

  

  

E��S� 4-  "@�� �� d��K+&�3 ��T 100 ��W�)  

 J��56 - *�?'� � �CW1 L1�N �"�� �
�/K(1 �� E���  �) $  ��� "�� � ������# �  !��� �������� ��� -�%� $���# 	'�(  

 �CW1 L1�N&Ti ������# �  !��� �������� &�  *�?'�  a+G&�  L�N &� 	N�/;&��  

5�% ��'(� 

�"# 0@�'��  A1  7�h� 5����
 
"Rh� + $% 
	+% ���.��$% 0� ��	�
��  
)���'��  A2   8@+	 0(�
�52>� 

0@�'��8�  A3  �'* ���.�� + $% 
	+% �,�9 5�% 

��'(�5���=  
�"# 0@�'��  B1  ��� !��= 8�:"*i:�� + �*�* 

)���'��  B2  52>� 8@+	 0(�
�  
0@�'��8�  B3  ( 5A�9 + 5J9 �,�9!8�:"* 5���= Dt"UL 

!X�@� ��'(�  
�"# 0@�'��  C1    � 7
�A��� ���.��!X�@�  + r�� !�,�+�?( 0� �30� 

0@�'��8�  C2  52>� 8@+	 0(�
�  

$% 5@��Jc4  
�"# 0@�'��  D1  $% &��'( $"# 5@��Jc4 0� 0S"* 

0@�'��8�  D2  52>� 8@+	 0(�
� 

7�h� �<�>(��	�
�� 
�"# 0@�'��  E1  ��� !	�8��� 	
 �*0��(�� 7�h� 5�<�>( !�,��	�
�� 

0@�'��8�  E2  ��� !	�8����@0��(�� �*7�h� 5�<�>( !�,���	�
� 

d�L( 5@��Jc4�Q�  
�"# 0@�'��  F1  

    0�q	�zc� ����8�( i��Q�� 	��?��� 0��(���  0�3�/ + ��,  !��,
5>�RG 

0@�'��8�  F2  52>� 8@+	 0(�
�  

  

V�>6*��[s* )��  
V�>6 ��[s*  
d�"�( ��[s*  
!"b ��RQ@ ��[s*  
!"b ��[s*  

V�>6��[s* )��*  
V�>6 ��[s*  
d�"�( ��[s*  
!"b ��RQ@ ��[s*  
!"b ��[s*  



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

77 

 

`� ��>6+ 54��G  �  &G�?�( `��*�( 5:�J�4� !�,14×14 8E 0�h* 024�( 8'@�J, 09  0� ;(523� Z(�"/ )��>*) ZRb !
0(�'<��� D	"3�  &(�S !	
  Z'� 	���#�\4�3���]@ ��>6+  � _��, �F� 09 ���� )�� }�G �� .���F 	��b  !�,14  0@�F

 7 "4 	
&��'( T�U1* �� ! 	+�<9 $% -	.� �+	�9 .���% 06"4 	
  0q ;8�A�� l�A*�!��[s*  ���� w"b+ f8/ �� w"b+ ��
��>6+ �E�
 8,�"# �,� .J, 0�\�*�* )�; D+�ab Y��� ��  !�,\4�3���]@; ���<�� Dg(�>* + D�G�R*	�  !�,8'���� + �,
	��#��  !�,"�	�'� 0����T�U1* �� ! 	+�<9 $% &��'( !X�@� + ��= ;$% �QRJ, 
�c�+	 Y��� �� 0>:�j( 
	"( 06"4 	
 

 .��� 0���F ZcEf�@ 
	�.�+ "�	�'� 	�.�� (Scenario Wizard) 5A'( d��+	 Y��� �� d?� ;	��F��[s*  �R|( +	��F��[s*  "�	�'�
5( 54��G �	 8'9 .5( 78E $�1�@� !�,"�	�'� ;)�����'� 8'E�� 5@��L� ~g(�9 �� $"2j( ~g(�9 8'@�"* �Z�:
 )�J, 0�  5?j'(

0(�@�� !�'R( ��"'/ 0� 5��,"�	�'� �% ;78E 5��>( !�,"�	�'� ���(  � 09 ��� ����� + !.�	�F !�	�
 09 8@��C� 	��b !	�
� )�'^J, + t�� !	�F ��5( ��<@ k���@ .8'E�� 5�t��  ���( 09 8,
 3 ��� d���E 	
 t�� 	��Q� w"b+ H�J�4� �� "�	�'�  !+	

T�U1* �� ! 	+�<9 $% &��'( -	.� �+	�9 .���% 06"4 	
 .
	�
 
"S+  7	�JE "�	�'� ;78E 0P�	� !�,"�	�'� ���( 	
2 
)i�JU* �"CJ,�@ ! ����*t�� (� ;7
�9 
"# �%  � �	  ���(� )` .��� �*t�� �,"�	�'� ���� 0� �RQ@ �% w"b+ H�J�4� 

 J��57- *�?'� ������ &� k�F<� 	� L1�N �1 k�&� ���   

 ������3  

������# �  !��� �������� �1&�Al)( 

 ������2  

)d�/�� $�S/��� ����( 

 ������1  

(	C'�Z 	���)  

�'* ���.�� + $% 
	+% �,�9 52>� 8@+	 0(�
� 
	+% ���.�� % 5����
 
"Rh� + $7�h� ��	�
�� $% 0�  

 5A�9 + 5J9 �,�95���= 
�"( ��CJ, !��� 52>� 8@+	 0(�
� ��� !��= 8�:"*i:�� + �*�* 

 52>� 8@+	 0(�
�  52>� 8@+	 0(�
� �.���� 7
�A���  � X�@�! r�� + �+�?( 0� 0��3  

52>� 8@+	 0(�
�  0S"* 0� @��Jc45 $"# &��'( $%  

 !	�8����@���0��(�� �* 5�<�>( !�,
7�h� ��	�
�� 

��� !	�8���0��(�� 	
 �* 7�h� 5�<�>( !�,��	�
��  

52>� 8@+	 0(�
� 
 52>� 8@+	 0(�
� 	��?��� ��i�Q 8(���� �0q	�zc 0��(��03�/ + �,  !�,

5>�RG 

�(�� � 43     ���(�44    ���(�41  

  

	;�K� �&�B ��)�A���� �  

* 
"J@ �g* �6�4 �,+N��c�+	 �� �  � 7
�A��� + !	�C@"�	�'� 
 <�����  �� ! 	+�<9 $% &��'( T�U1* �� ZJ�L( !�,"�	�'� ;�,
$% �QRJ, Y��� - ��= -  09 
�
 ��<@ k���@ .8��J@ )�+8* �	 -	.� �+	�9 .���% 06"4 	
 !X�@� ���<�� 5�% ��'(� !�, 5@��Jc4 +

d�L( <�� 02JS  � �Q� ���  !�, 	��Q��[v( ih( +  	
0'�(  ! 	+�<9 $% &��'( T�U1* �� ! $% �QRJ, Y��� �� - ��= -  !X�@�
"( 0?j'( 	
5( 0>:�j( 
	 0���� )�� .8'E�� i, �@"��� �,+N� �� ����	  ��	�cJ, +(Babuna et al., 2023) ���  8@
"J@ fg/� 09'(��� 

 $% 02JS  ��,��(�	��! ����5 �[v(  ��7
�A��� ! ���	�8  $% &��'(  �5( 5( �	 $% ��'(� + 8E��  M��G  � ��"*+8*�) ����� �, + 
JU*�i F��0���� .
"J@ 
�e�� ��	
8�الله! R/ �,+N� !�, ��	�cJ, + ., 2023)et alAbdullah (  �@++ +Wong, 2023)( 
�
 ��<@8@ 
 09ZP�Q( d�L( 5@��Jc4 0� {"��(E &��� 8E	 + 5��", + $% D����I* ;$% 5F
":% 8'@�( �Q�  09 8'�Q, 5��,	��>( 5'�<@�h

 �L* �	 $% ��'(���[s* 5( 	��b .8',
  
)�'^J,; ���<�� ��"'/ 0� $% 5@��Jc4 09 ��� �% !��"F k���@  i�]'* � 78''9.��� 78E 5����'E d��+ 84 � <�� )�� ���

 5<?@	��F��[s* ���<�� ���( d��+	 	
 5( 
�e�� �, 8'9 78'�% 	
 + $% &��'( T�U1* �� !  �	 5Jh( �?@ ! 	+�<9 �1� 	


	�
 78h/ ��. 5( 5*	�R/ 0�5( $% 5@��Jc4 H"3� ���/	 �� 09 �AF ��"* ��"*$% &��'( T�U1* �� ZcE )���h� 0�  f�e@� �	

 �� ih( )�� .
�
0���� !�,  ��	�cJ, + �@"���(Babuna et al., 2023)  8@
"J@ ���� 09 
	�
 �?��j(@��Jc4 ��5  ;$% \��'(
��@����! 	 $%� �G  ��M +8*�) ��S� +! +	��,
�c5� U1* 09�T 7
�A��� + ����� ! ���	�8 
	�
 7��J, 0� �	 $% &��'(  �� 5( ��"*



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

78 

 

�  ��) 
��(� ;)�� �� 7+g/ .��'7�h� �<�>( + 5���= ��"'/ 0� ;��	�
�� ���<��  $% &��'( T�U1* �� 5S+�# �� 0e��@ !�,
��� 09 ! 	+�<9����[s* �*���<�� �C�
 )�� d��+	  � 5/"@ 0� + 8@	��F��[s* ��J9 + ��  �,��[s* 5(  .8@8E 5����'E ;8@����

5( &b�+ 	
 + 8'�Q, 0�Q��+ $% T�U1* ��.�( 0� !
��  ��.�( 0� ���<�� +
 )�� T�U1* $% ��.�( Y��� �� 09 �AF ��"*
5( 0?j'( �� H"UL( _� 0� 78E 7
�
 0(�@�� ��"* 5R��'( !.�	 �8��	 ���h@ 	
 + ! 	+�<9 Dt"UL( 8�:"* ���.�� !���

 0���'(�7�h� !�,	�"@�# �<�>( 
"Rh� + 5���=����	 )�� 	
 .
"J@ )�+8* ;! 	+�<9 ��	�
��; 0���� !�, ��E+��% �,+N�  +
��	�cJ, ., 2022)et alAbroshan (  09 
"� �?�?4 )�� !��"F��'(�0'�h� + \��'( T�U1* Z3�4 5���= $% &��'( !

5(  k���@ ;)�'^J, .8E��5( ��<@ �,+N�8,
 ���<�� ��"'/ 0� ;!X�@� ��'(� 09   i9��[s* 0'�(  	
  $% &��'( T�U1* �� !
5( ! 	+�<9�%  � Z(�9 	"G 0� 5�Q��R@ �(� �8E��  5( �"U# )�� 	
 .8E Z��= �� 	� �% Z�:
 ��� )cJ( 09 �AF ��"*

Z(�4 + !X�@� �J�b �
"�!�, 5( 02nQ( )�� 0� 598@� 0S"* ~t"J>( 09 8E�� 	"<9 	
 !X�@� .
"E  
0>:�j( k���@; $% �QRJ, Y��� �� ! 	+�<9 $% &��'( T�U1* �� �"U# 	
 �	 t��  ���(� �� 523� !"�	�'� 0�- ��=- 

"�	�'� : � 8@
"� D	�R/ �,"�	�'� )�� .
"J@ 5����'E 0>:�j( 
	"( 0?j'( 	
 !X�@�  H+�)0'�8( "�	�'� ;(026��  f+

i�JU*)  f"� "�	�'� + (�"CJ,�@ ! ��)! 	+�<9 $% &��'( T�U1* �� !��?hb( �� ��1�Q( !�,"�	�'� Z�2L*  � 0^@% .

5( ��<@ �,"�	�'� )�� 09 ��� �% 8�% 78',
 78'�%  � 5c� ! �, �QRJ, Y��� �� ! 	+�<9 $% &��'( T�U1* �� !              
$% - ��= -  	
 !X�@�06"4 5( -	.� �+	�9 .���% ! 7	�JE !"�	�'� .8'E��_�  
	"( !�,"�	�'� ���� 0� �RQ@ (026�� 0'�8()

)����  ���(� !�	�
 ;0>:�j(  0>:�j( 
	"( 0?j'( 	
 �% w"b+ H�J�4� ;��UU1�( i�* �]@  � ��: .��� !�* ����  � ��J9
���<�� 5(�J* "�	�'� )�� 	
 .���,"�	�'� �"# ��>6+ 	
 �, 0@�'��  78E &b�+ $% �QRJ, &��'( �]@  � .8@�- ��= -  ;!X�@�

$"2j(7�h� �<�>( 09 �E�
 8,�"# 
"S+ &R'( 0� )�� !��� �:�4 )��* 84 )��*t�� 0� �	 -	.� �+	�9 06"4 ��	�
��
 0q	�zc� ����8( i�Q�� 	��?��� �� ;"�	�'� )�� Y��� �� .8@��	 8,�"# )cJ(0��(��03�/ + �,RG !�,5>�  0� 0S"* �� +

0>�"* O�8,� ;$% &��'( $"# 5@��Jc47	�., ! 8'@�( �,+N� )�� 	
 0>:�j( 
	"( !
	+% ���.�� 7�h� 5����
 
"Rh� + $% -

$% 0� ��	�
�� ;��� !��= 8�:"*i:�� + �*�* ;�.���� 7
�A���  � X�@�! r�� + +�?( � 0�0��3  +��� !	�8��� 	
 �*0��(�� !�, 
h� 5�<�>(7� ��	�
��5( ���h@ 	
 .8E 8',�"# M?L( 0>:�j( 
	"( 0?j'( 	
 T�U1* �� ;"�	�'� )�� 0� 0S"* �� �AF ��"*

+�<9 $% &��'($% �QRJ, Y��� �� ! 	- ��=- 06"4 	
 !X�@�  8,�"# f�e@� )cJ( ZcE )���h� 0� -	.� �+	�9 .���% !
) f+
 !"�	�'� .8Ei�JU* �"CJ,�@ ! ��U1�( �]@  � 09 (��� ;��� 7
"J@ \Q9 �	  ���(� )��*t�� ��U w"b+ H�J�4� )��*

�% Y��� �� + 
	�
 0@�F+
 !�,
	�8@����  � ��<@ "�	�'� )�� .
	�
 -	.� �+	�9 06"4 	
 �,"�	�'� ���� 0� �RQ@ �	  0S"*
5R��'( d�L( ZP�Q( + $% &��'( 5@��Jc4 0� 5J@ 0>:�j( 
	"( 0?j'( �t"nQ( !"�  � �% 5�Q�  0e��@ 09 �
"Ei9 �% ! -

 ;5�% ��'(� 0� �RQ@ 5hS"*��'(� 0q	�zc� ����8( i�Q�� 	��?��� + !X�@� ��'(� ;5���=0��(��03�/ + �,5>�RG !�, 
5( 8E��. �C�
 O�G  � �(�  + �?� �,�9 !��� �:+
�
�� t�� 7�h� �<�>( oj�_J9 Z�Rb  � 5*�(�8b� 0� ��	�
�� 5���J4 !�,

w"'�( + ��0C@ 56�	 !��� 5����+	 
�U�b� !i9 ;"�	�'� )�� ���h@ 	
 .
	+% 8',�"# !+	 52L( f
�( )�E�
 0� 5hS"*
&��'(d�L( \��1* )���� ���.�� + 5>�RG !"�	�'� 	
 .
	+% 8,�"# ��I(	� 0� �	 0>:�j( 
	"( 0?j'( 	
  +�(� 0� �RQ@ �Q� 

J* .�@ (! 	+�<9 $% &��'( T�U1* �� !��?hb) f"����<�� 5(� 0@�'��8� 	
 �, 5J@ + 8@	�
 	��b 
"# ��>6+ )��*  0� ��"*
��, 06"4 	
 ! 	+�<9 $% &��'( T�U1* �� 0'�(  	
 ���<�� 	�]�@� 0S+  0c'�� �� 7+g/ ���  ��E�
 �	 -	.� �+	�9 .���% !

0(�@�� � ;
	�8@ 
"S+ 0>:�j( 
	"( 0?j'( 	
 $% &��'( $"# 5@��Jc4 �hS 5��	
 !.�	5� � i�Q�� 	��?��� 0� �RQ@ 5hS"*
 0q	�zc� ����8(0��(��03�/ + �,5>�RG !�, .���F 8',�"# 	��b \��1* �:�4 	
  +	 0�  +	 06"4 	
 &��'( )�� ��>6+ ;

 ;"�	�'� )�� 	
�'* ���.�� + $% 
	+% �,�9!X�@�  � 7
�A��� 0� �RQ@ 0S"* f8/ ; 0� �+�?( + r�� .�@ + 0��3 !	�8����@
���0��(�� �*7�h� 5�<�>( !�,��	�
��  	
 �?� ���.�� ���h@ 	
 + ��CJ, !��� 5���= 
�"( 5A�9 + 5J9 �,�9 0� �e'(

5� 7
�A��� ���.�� �� ;0e��@ 	
 .8E 8,�"# 0?j'(0(�@�� �+8� + 0�+	 ;&��'(  � !.�	d�L( �Q�   +0��(��03�/ + �, !�,
5>�RG �<9 !
"��@ 0� 0?j'( 	
 
"S"(8E 8',�"# 7802nQ( )�� . ���'= �,+N� k���@ �� (Ghanian, 2022) 
	�
 �?��j(  09

$% �QRJ, 0cRE 	
 �E�
 ����- ��=- 4 	
 !X�@�6"7�C��
 ���C� �� -	.� �+	�9 0  V2�1( !�,~�*8J/  �* 8@	�
 Z��J*
 D�G�R*	��+	
 5@�( �� @�( �� ���( D�G�R*	� !	��b�� 0� 52��J* + 8''9 	��b��8@	�8@ 5 .  



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

79 

 

0>:�j( k���@ !�'R( ��  �6�4 !����Q5 ���� (�
�( 09 �E�
5  09�_  �#�'E���Qc ":+� +��  �',�J, +$"2j(  	

 T�U1* �� �"U#&��'(  $%$% �1� 0� ���( 	
- ��=-  !X�@���1*� @ 	
 ��S� 0� ZJ/ 	
 + 
"<@���;8 8��h5  	
 09 ���

��E�d :"L* ;���L� + Zc<(5 @�. ��
�e @ 0� H"U4 .8E 8,�"1�_ "U* + l��+�� @ ;&(�S� � �/	 0��� �,
�R,�	 + H"3�! 
L3 + ��	
�o ("hA( 8>��  � &b�+ 	
 .
	�
5; ��
�e �_ � r��<( r	
 + l��+�) �! ��>A@ � +�
�e �_ "U*��  r��<(

>b�+  � 0���#���;D� �Q1@�) ���� +5 �*�) 0R'S  � .��� $% ���L� �� 0hS�"( 	
 f�F ! 2J/5 ��S� +5�; 0:"?( ! 8(����  $%
23� )9	 0� Z(�>*  �5 O�U(  � i/�) f
�( 7�h� ;78''9 �u�A4 + 	�
�� $% 0/"Je() $% &��'( ;(78''9    � H�UL��� Z��b

0#�q ! RG $%�>5J9�4 + (��  )9	 0� Z(�E)�"@�b 	��F�e( ;! 	+�
 +! �� �ab��0c<* (�Z 78E  +�F 	
 $% ���L� Z4 +
 �9	�<( .��� �U'/ 0� �, Z(�>* + H�>� 

 0>:�j( )���g* 
"J@��� 7 7�h� �� �* F��! 	�'� 	�.��  ��" 0� �,84�+ ��"'/! c<*�Z 78',
 ! "U*�� % �g9�;78' 0@"F 0� �! 

"RJ9 �,+N� �,! 8( 7 "4 	
 
"S"(����  $% &��'( 7N�+ 0�	
  	+�<9 �1�! $% �QRJ, �� .9�J* �� - ��=-  !X�@��	  ��

�J@�8� 09��q �,+N� �,! J@ ~t"J>( 
"S"(5 8'@�"* @g9 7�C@5 � 0��) ( �0' � 	
 .8'E�� 0�E�
�)  )J6 �* 8E �E"9 �,+N�
�	��5 0R'S �,!  V2�1($% �QRJ, - ��= - !X�@�; 7�h� �� F��! 
  ��7�F8 'J6 D	"3 0� ��F�R#5 T#�E �,5�  	
 09

�,+N� �,! �% 0� 
8>�( �	 ��� 78E 7	�E� �,  D	"3 0��_ �S  �� {�R*	� 	
 +�8c��C  	� �hS���5 7�	 �,!  0� 0>�"* )cJ(
�  � .
8'R� 	�9�) +	 (5 ��"* ��) "2��* 0� �	 �,+N�! �J',�	5� ,�	 8'q �� ��5 8(���� $% �QRJ, - ��=-  !X�@�09 ( �0' ! 

*�>:�j(5 8S ~��RQ@�8! R<* ;����0 
�9�q .� 09 3"* �* 7
"J@ �g*�A5 295 7�	  � �,! ��� �#� 	
 �	 +	�	�  	��b \G�1(
8,
 .�* ��� 7
�9 �g* 0>:�j( )�� �J�b �1� 	
 ;$% 7 "4 �� 7+g/ Dt"UL( D�
	�+ + D�	
�3 ;5���= Dt"UL( !	��F

�J�b ;! 	+�<98E�� �<C,�	 .�@ 7��= + ! 	+�<9 �1� 	
 $% \��'( !	��F.  529 	"G 0� �,+N� )��5( !�J',�	 8@�"*
����� !��� 5�"#�1� 	
 !	��F&��'( ����8( ;$% !�,+ !X�@� ;��= ;5>�RG 5���= 
�"( D	�e* .8E��  

 

!���  

;.f ;
�.h� ;.  ;7�'�
.�� + ) .� ;!	8�413907�h� ��>6+ .(7�A�  � !	�
�� O	�U( �hS ���� "# ����� 	
 5'�( ��  $% !�,
���� `@��A'9 )�Je'� Dt�?( 0/"Je( .! 	+�<9 ;��(�9 ;	"<9 r�# + $% &��'( ����8( + !	�
.�1�% !�10 

 T3 ;8'A��11 -1.  
k@��;.w ;5bg#�8�� ;.� ;5bg#�8�� ;.� ;5>�AE + 5J��b) .! ;���	%1399 ����8( 7�C@  � ���� "# ! 	+�<9 �� 52�2L* .(

 .$% O�U(����� �>�RG 7	+
 ;5 7	�JE ;2 T3 ;51 -45 .10.22092/IRN.2020.121630Doi:  
;.� ;5:�  ;.
 ;!
"Rh� ;.f ;5�<h� + 7
� 8J4�) .O ;��"e:
139978'�% 
�c�+	 !�'R( �� $% &��'( ����8( !�,"�	�'� .( :5,+N�

 ..��R* �����hE !
	"( 0>:�j(78'�% 0(�'2U�+
����� 5,+N� H�� ;5 7	�JE ;2 T3 ;228-203 .
10.30479/JFS.2020.12446.1150Doi:   

59�#_�@ ;.  ; +���;.f ; 	+�<9 ;.f ;5(�@ + ) .f ;!	"R31401$�* ���.�� �� �[v( Z(�"/ 5����'E .( �E
 �� 	+�<9 !	+%
 .5:�Qc<# �� 0hS�"( 	
 ���Q�� k�+�* f"2/����� ! 	+�<9 � "(% + 82S ;18 7	�JE ;1 T3 ;179-161 .

20.1001.1.20081758.1401.18.1.10.3Doi:   
!+�Q#;.$ ;	"� + $��h() .� ;5@�q"b1395� 	+�<9 !	���	 ��@ + ��C@ )��R* .($% 5@+�>* 0� �RQ@ � $"'S 0?j'( ����

0#�9 0@�#
+	 .	"@! 	+�<9 + �+�>* H�� ;5 7	�JE ;20 T3 ;111 -89 .
20.1001.1.27835464.1395.5.20.4.2Doi:   

5@�J4	 ) .� ;5@���1393�R* .(\��% )� f8'F !���� ����� .(!+�� �����hE :0>:�j( 
	"() 5:�Qc<# 0� �RQ@ ��	�9 0(�@
5��'E	�9.���� "# )�(�	 5>�RG &��'( + ! 	+�<9 7�C<@�
 ;8E	�  

5�'� ;.f ;
��%�1� + !�CQ/) .f ;f8?(140078'�% .( .����� ! �( 54�"@ 	
 5�% &��'( ���L� 5��'(� !�,8(��� 5,+N�����IS + �
5@�Q@� d��+	 7	+
 ;4 7	�JE ;3 T3 ;17-1 .10.22034/GAHR.2021.301648.1602Doi:  

) .���� "# ����� 0S
"� + 0(�@�� ��( ��1394 T3 ;���� "# ����� 5C',�� + 5/�J�S� ;!
�U�b� �	�.F .(298-1.  



'(�)* ����� )��*� +,�- �. ������� /0* 1� 2*�3� !450���* ��6����37 8����… 

80 

 

(�@�� ��( ��) .���� "# ����� 0S
"� + 013950R*	 �	�.F .(�����hE !8'�T#�E 5#�� �]'(  � ���� "# ����� !�, !�,
 .5C',�� + 5/�J�S� ;!
�U�b�0S
"� + 0(�@�� 5C',�J, �@+�>( T3 ;237-1.  

7�E;.7 ;5Q�+ ;.� ;!�#�A( ;.w ;!8JL( + ) .r ;�1RE"#1396��
 !��� 5����,	 .(�� 0>�"* 0� 5��� + ��= ;$% 8@"�� :	�8�
 .!X�@������ D�>:�j( 0cRE5("J/ !	��F 7	+
 ;1 T3 ;6-1.  

5A��E;.� ;f8?( + } ;5b
�3. )1397$% �QRJ, 
��	�9 .(_ !X�@�_  52( ���J, )�:+� Dt�?( 0/"Je( .$% &��'( ����8( 	
 ��=
�:�q + $% &��'( ����8( !�,
�R,�	�Q�  !�,�<9 f"2/ 7�C<@�
 ;5j�L( ;!	�� ;!	�� 5>�RG &��'( + ! 	+11 -10 

 T3 ;�<hR�
	�7 -1.  
;.} ;5?�83 ;.f ;!	��q ;.Y ;5L:�3 + ) .f ;5@N��1396�Q�  !�,	+�� ��[s* .( Y	�� ����� �� 	+�<9 	�8��� 	���	 �� 5j�L(

7�h� 	
 .5'�( ��  $% &��'(  � !	�
������� ! 	+�<9 � "(% + k�+�* f"2/ 82S ;13 7	�JE ;1;  T3193 -175 .
20.1001.1.20081758.1396.13.1.12.0Doi:  

��J2� ;.� ;5?�83!
 ;.} ;!��:
 ;.w ;5'�,�(;.$ ;�� + ) .} ;5J��9��(140078'�% 	
 ! �
��"�	�'� 7�C��S Z�2L* .(	�C@ 0P�	� + !
78'�% $"q	�q�+	 + 5,+N� .�% 5A�9 + 5J9 !�,78'�% + !
�R,�	 ����8(5,+N� 7	+
 ;4 7	�JE ;2 T3 ;27 -1.  

5��A3;.f ;	"� + 0R'E) .O ;	"�139878'�% .(�g9 :!
	"( 0>:�j() 5Q�"@"�	�'� �� 5'�R( !�hE 0>�"* !	�C@ .( �",� �hE
5@�Q@� d��+	 + �����IS 7	+
 ;2 ; 7	�JE3 T3 ;475-456 .20.1001.1.26453851.1398.2.3.29.1Doi:  

5R:�G;.Y ;!	8'c�� + ) .� ;5(�]@��(139978'��  06"4 	
 $% �"(�# T�U1* �� .( .
+	����� $% &��'( D�?�?L*H�� ; 16 ;
 7	�JE2 T3 ;311-292 .20.1001.1.17352347.1399.16.2.20.6Doi:  

52/;.O ;	"�.�./ ;.} ;���:gS ;.� ;5C�� + !8h() .} ;7
� 139778'�% !8�29 Z(�"/ 5����'E .(��[� 5,+N� H�?�@� }�G !��S� D
5@�c( Dt"L* �� (!��Q(�F 0@�(�� }�G) ��+��� 0@�#
+	 $% - ���h( �����hE :!
	"( 0>:�j() 5��a�-  �����

 .(fg������� $% &��'( D�?�?L* H�� ;14 7	�JE ;3 T3 ;132-118.  
) .O ;!8JL( + ;.D ;�', ;.w ;5@�h� +	 ;.f ;5:�.=1394��":+� .(1* !�,"�	�'� !8'�78'��  8� $% T�U 0� 
+	

O�U( H8( 
�c�+	 �� �V2�1( ��F8''97�R# !�,i�JU* ! .0U#�E 8'q !��F!	���% + $% ����8( 7	+
 ;5 7	�JE ;
1 T3 ;113 -97 .10.22059/JWIM.2015.55220Doi:  

!	�A=JE�, ;.� ;!
��( ;.  ;f8?(5;.f ;	�R* + ) .w ;59�hE	�
��1400 ���Q�� 0?j'( ! 	+�<9 �1� 	
 $% ���L� �� Z�2L* .(
78'�% ����,	 :V2�1( !�,"�	�'� 	
 .5,+N�! 	+�<9 	
 $% �,+N� 82S ;35 7	�JE ;2 T3 ;217-201 .

1.354315.86410.22092/jwra.202Doi:   
) .Y ;!���S + ;.f ;���'=1395T#�E .( .! 	+�<9 $% &��'( ����8( 	
 $"# 5@��Jc4 !�,�C@�<@ + �, + ��= �@�


! 	+�<9 H�� ;14 7	�JE ;149 T3 ;24-20.  
5@�S�(;.w ;5c�E
	"z@���b ;.f ;!�R9� ;.f ;5@��Qe� + ) .f ;78@�Jq1399��":+� .(���<�� !8'�� ����8( !�, 5'�R( .R� !�a

78'�% ��0(�@�� + 5,+N� .$% &��'( ���L� d���E 	
 "�	�'� !.�	0>�"* + �����IS!�hE !�a� ! H�� ;7 7	�JE ;2 ;
 T386 -65. 10.22067/JGUSD.2021.48275.0Doi:  

;.Y ;5@�R�E
 ;.O ;5'(v( + ) .� .w ;5P"@��1396!
�U�b� H
�>* yA4 	
 ! 	+�<9 �1� ��J,� .(-  + !�hE 	��#�� 5/�J�S�
 .����� 5����+	5����+	 0>�"* + �a� 
�U�b� H�� ;6 7	�JE ;4 T3 ;46-17.  

$��h(;.
 ;!���
 ;.� ;5@�q"b + �'=) .f ;��1398�g9 5�	�� .(���<�� .����� ! 	+�<9 �1� 	
 $% &��'( ����8( !�,
5("J/ !	��C����� 7	+
 ;5 7	�JE ;2 T3 ;78 -59 .10.22059/PPOLICY.2019.72272Doi:   

) .� ;5�� ��(1397 �QRJ, 5��>( .((Nexus)  .&��'( !	�8��� 	
 �% �?@ +	�8��� 0>�"* + $% H�� ;5 7	�JE ;1 T3 ;
146 -145 .10.22067/JWSD.V5I1.75946Doi:   

  
Abdullah, L., Mohd Pouzi, H., and Awang, N. A. (2023). Intuitionistic fuzzy DEMATEL for developing causal 

relationship of water security. International Journal of Intelligent Computing and Cybernetics, 16(3), 

520-544. Doi: 10.1108/IJICC-11-2022-0296. 



 �	� / ����� ������� ����� � ����� ��	
19  ����� /1 /1402  !"82 -65    

81 

 

Abroshan, H., Wisnes, T., Michelsen, D., Kishta, A., and Krasniqi, N. (2022). Water management to improve 

resilience of food production: System dynamics approach for greater Adelaide. 40th International 

System Dynamics Conference, July 18-22th, Frankfurt, Germany. 

Allam, M. M., and Eltahir, E. A. (2019). Water-energy-food nexus sustainability in the upper blue nile (UBN) 

basin. Frontiers in Environmental Science, 7(5), 1-13. Doi: 10.3389/fenvs.2019.00005. 
Babuna, P., Yang, X., Tulcan, R. X. S., Dehui, B., Takase, M., Guba, B. Y., ..., and Li, M. (2023). Modeling 

water inequality and water security: The role of water governance. Journal of Environmental 

Management, 326, 116815. Doi: 10.1016/j.jenvman.2022.116815. 
Biggs, E. M., Bruce, E., Boruff, B., Duncan, J. M., Horsley, J., Pauli, N., Mc_Neill, K., Neef, A., Van_Ogtrop, 

F., Curnow, J., Haworth, B., Duce, S., and Imanari, Y. (2015). Sustainable development and the water–

energy–food nexus: A perspective on livelihoods. Environmental Science & Policy, 54, 389-397. Doi: 

10.1016/j.envsci.2015.08.002. 
De Andrade, J. B. S. O., Berchin, I. I., Garcia, J., da Silva Neiva, S., Jonck, A. V., Faraco, R. A., ... and Ribeiro, 

J. M. P. (2021). A literature-based study on the water–energy–food nexus for sustainable 

development. Stochastic Environmental Research and Risk Assessment, 35(1), 95-116. Doi: 

10.1007/s00477-020-01772-6. 

El-Gafy, I. (2017). Water–food–energy nexus index: Analysis of water–energy–food nexus of crop’s production 

system applying the indicators approach. Applied Water Science, 7(6), 2857-2868. Doi: 

10.1007/s13201-017-0551-3. 
Ghanian, M. (2022). Exploring the food, energy, and water governance in South West Iran. Regional Science 

Policy & Practice, 1-16. Doi: 10.1111/rsp3.12578. 
Hoolohan, C., Soutar, I., Suckling, J., Druckman, A., Larkin, A., and McLachlan, C. (2019). Stepping up 

innovations in the water–energy–food nexus: A case study of anaerobic digestion in the UK. The 

Geographical Journal, 185(4), 391-405. Doi: 10.1111/geoj.12259. 
Hussen, B., Mekonnen, A., and Pingale, S. M. (2018). Integrated water resources management under climate 

change scenarios in the sub-basin of Abaya-Chamo, Ethiopia. Modeling Earth Systems and 

Environment, 4(1), 221-240. Doi: 10.1007/s40808-018-0438-9. 
Komendantova, N., Marashdeh, L., Ekenberg, L., Danielson, M., Dettner, F., Hilpert, S., Wingenbach, C., 

Hassouneh, K., and Al-Salaymeh, A. (2020). Water–energy nexus: Addressing stakeholder preferences 

in Jordan. Sustainability, 12(15), 1-16. Doi: 10.3390/su12156168. 
Li, H., Yu, D., Shuang, W., Zhaolong, Z. h., and Musa, A. A. (2021). Goal programming model for optimal 

water allocation of limited resources under increasing demands. Environment, Development and 

Sustainability, 23(4), 5956-5984. Doi: 10.1007/s10668-020-00856-1. 
Musa, A. A. (2021). Goal programming model for optimal water allocation of limited resources under 

increasing demands. Environment, Development and Sustainability, 23(4), 5956-5984. Doi: 

10.1007/s10668-020-00856-1. 
Nicol, A. (2000). Adopting a sustainable livelihoods approach to water projects: implications for policy and 

practice. UK: Overseas Development Institute.  

Rabie, T., and Curtis, V. (2006). Handwashing and risk of respiratory infections: A quantitative systematic 

review. Tropical medicine & international health, 11(3), 258-267. Doi: 10.1111/j.1365-

3156.2006.01568.x. 
Ringler, C., Bhaduri, A., and Lawford, R. (2013). The nexus across water, energy, land and food (WELF): potential 

for improved resource use efficiency?. Current Opinion in Environmental Sustainability, 5(6), 617-624. Doi: 

10.1016/j.cosust.2013.11.002. 
Shadkam, S., van Oel, P., Kabat, P., Roozbahani, A., and Ludwig, F. (2020). The water-saving strategies assessment 

(WSSA) framework: An application for the Urmia Lake restoration program. Water, 12(10), 2789. Doi: 

10.3390/w12102789. 
Tian, H., Lu, C., Pan, S., Yang, J., Miao, R., Ren, W., ..., and Melillo, J. (2018). Optimizing resource use 

efficiencies in the food–energy–water nexus for sustainable agriculture: From conceptual model to 

decision support system. Current Opinion in Environmental Sustainability, (33), 104-113. Doi: 

10.1016/j.cosust.2018.04.003. 
Wong, T. (2023). Tackling climate risks to urban water security in coastal cities in Asia. Climate risks to water 

security: Framing effective response in Asia and the pacific,  pp. 89-117. Cham: Springer International 

Publishing. Doi: 10.1007/978-3-031-16648-8_5. 



Iran Agricultural Extension and Education Journal/ Vol. 19 / No. 1 / 2023/ PP. 65-82 

82 
 

This Journal is an open access Journal Licensed under the Creative Commons Attribution 4.0 International License (CC BY 405) 
 

 
Article Type: Research Article                                        DOR: 20.1001.1.20081758.1402.19.1.5.5 

 

Developing Scenarios for the Reallocation of Water Resources in the 

Agriculture Sector in the Karun-e-Bozorg basin; Application of 

Water-Food-Energy Nexus 

 

S. Jaberi
1
, M. Ghanian

2*
, M. Mardani-Najafabadi

3
 and                           

M. Shabani-Galoogerdi
4
 

(Received: Feb. 22. 2023; Accepted: Apr. 29. 2023) 

Abstract 

Khuzestan province, with its abundant flowing water and fertile lands, is the largest producer of food in 

the country and plays a decisive role in the country’s food security. However, over the last two decades, 

the water resources situation in this province has undergone fundamental changes in terms of quantity 

and quality, similar to other regions of the country. This research aims to present different scenarios for 

the reallocation of agricultural water resources in relation to the water-food-energy nexus in the Karun-e-

Bozorg basin. This applied research uses a mixed methods approach based on the Cross-Impact Balance 

analysis methodology. The participants in this study included experts in the fields of water, food, and 

energy, who were selected using a purposeful sampling method. Primary driving forces were identified 

using expert opinion and a systematic review of authoritative sources. Interaction judgment matrices 

were designed based on the identified driver forces. After completing and weighing the matrices by a 

panel of respondents, data was analyzed using MIC-MAC and Scenario Wizard software. In this 

research, six driving forces were identified as key factors in the reallocation of agricultural water 

resources based on the water-food-energy nexus in the Karun-e-Bozorg basin. Finally, while presenting 

three main scenarios, suggestions have been presented for improving the reallocation system of water 

resources between water, food, and energy sectors in the study area. 

 

Keywords: Scenario planning, Future research, Reallocation of water resources, Water-food-energy 

nexus, Karun-e-Bozorg. 
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