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Abstract  
There are many natural and human subsystems in a watershed with their special interrelationships. 
These interrelationships must be duly considered for the integrated and comprehensive management of 
the water resources in a water basin. One example of such interrelationships includes upstream water 
development and utilization projects which adversely affect downstream water quality and quantity. 
Within the framework of an integrated water resources management, various water resources 
development and operation policies must be analyzed to select the most convenient one securing the 
benefits of all the stakeholders in the watershed. In this study, various operation policies in the Urmiah 
Lake Basin and the Aji Chai River Basin on the east of the lake are analyzed to determine their 
impacts on the water level in the lake. For this purpose, the Aji Chai Basin is subdivided into three 
sub-basins and the System Dynamics, which is a feedback–based object–oriented simulation approach, 
is used to develop the dynamic model of the region. To investigate the present scenarios, the ARMA 
(1, 1) model is used to generate 10 different time series for each sub-basin and the lake water level is 
accordingly determined for each case. 
 
Keywords: System Dynamics, Water Resources Development, Modeling, Operation Policies 
 River Basin. 
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?�4���";\ ��8�"'.� 


�#& ��� �M�� 
� 6�� �
�� ]��05 ]�%����� �6� �  :

6� O��\5 �\% 6� ^\?��M D\<� 
� ]�\} ^\?� �\ �M��
 ^�� ^B��\ 
)!�\\� 
� >\\F�� �\\�� ��\\�0�� (A��+\\�� ]��\\� ^<G\\� @� n�L\\�

 � ]6
��V5 ]�%6��  n�L� ��+�� ��6��6 ]���� ]�\%6��  ]��\� ^�
 ]6
��V5 A�F�R � @�" )!�\� 
� >\F�� ��� ���0�� (>���\c �

NG\\� 6� �\�4#' 
�\" AO��\5 �\\% ]��\� �\ �M��
 �\� @� �V\*6��
�\\���
� �\\}��
� )^\\0�� !�\\� 
� �\\��(�\\}��
� ]�
 ^*�\\ 
�� 
�\\" A

)^\\0�� !�\\� 
� �\\��(]�\\����6 6� 
�\\��% �\\% 
� ^\\�� ;\\���� 6�\\�  A
]6
��V5)
� >F�� ���
���%(�% 
� ]6
��V5 �V5 ��6 NG� A

�B �\\�6\\c �)
�\\��%(
� ]6
��V\\5 @� n�L\\� =\\�6�' >��\\c A
]�#? k�2C� A^���6��6 � ^<G� ]���� ]��� ��� 30�4� ]��%��
 �#\\��<� n
�L\\� ���\\� � ^*�\\ 
�� 6� D\\R�B ^<G\\� @�\\ ��


!�V )!�� 
� >F�� ��� ���0��(.6�� �\0& 
���\2  
� �\%����� /�� 
� ^��0F�^� !��X��� ����? � !��M` p�	 � �".

?���$
�;	� �!;1 ��8��
��� 
�?�' �� 3�R�' � $�7�� ^����J w�
 A�F��G� �
�� ��B� 

 �}��
� ^��0F� � �0& 
���2  A!�" !��� ��4V' ]��05 ]�%�����
 D�" 

�R �����^� ��� ��� .�� h���� ^��0F� � �0& �10B

 D�" 
� +�  �� �+4����V  ��� !�" !���.!��� !�&�[ 6� ]
����
 !�&�[ A�+4�SOP^� �"��.

?�?���;j �%�P- 3�%�  � 6�"e¦ ��8��
��� �� $
�;	� �!;1 ��8 
� ]6�� ��#" ��� W� ]��?� ]��� ��0���]�%
�+�� O�  ��� 

�� �� ]�'�����5 ]6��$�� ����b�����10B ���� � �0& ]�%
 ^��0F�(CLDs)�2  �� �
 ����? � !��M` ]�%
��(SFDs) D��#' 

$���2  .D�" 
� ��� ����? � !��M` 
���2 �!�" !��� H��2  
���.

1 Vensim 
2 Stella 
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�R����}��
� ^��0F� � �0& �10B 


�+�� O�  
� O6. 
.��F� � ;���
 $�� ����� !�" ��"� .

������5�/ 
^0R� H4� 
��} ��� ^���  
��M�� 6� !�\" ��M�\� O�\  ;�\<� 
�

 
�+��$�� �� A��6 
��[ �����:

�T�B��6 �% 6� ^?��M ^�� ^ ��6 ]�� � ^�� �b�� /��F'c�ª
�T� @� /��F'ª]6
��V( ]�%6��  ]��� ^��L� ^<G 
�T^ ��6 ]�� /��F')n��*�
��% (^�� ��� 
� �� 6� ^?��M 

 � ���B�ª
�� 
�T6��' /��F'����
� �}��
� 
� ��?�� @� $CB �.

�R�a��10B�� �+4� ^��0F� � �0& 

l��_� �%�/ �D�����

$@�/ D7 5� �5���Y( l��_�

$�"�5�%5 D7 5� !	�� �D�� l��_�

l��_�$�"�5�%5 D7 5� �5���Y( 

�"`P- :��

���8�� ).Y- �%��

���%�
 D7 §�/

���%�
 D7 EUj

���%�
 �� �
��� D7

���%�
 5� �"`P- EUj

�/ 3*`� �� �
��� D7

�/ 3*`� !"&��

*%��/

l��_� ���� 6�� �8� D7
3*`� �
 5�"� 
��� D7 �#��j

!J%5 ��85�"�$�"@�

�5���Y( ��85�"�

§�/ �j�� �
 $�7 5�"� !Y( �%5 §�/

�/ D7 EUj
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�R�|�$�� �� 
� !�" !��� �F��' ��� 6� ^�27[ 

6� ^?��M @��%�B��6 c�\� /���\* �,  
� �� �
 �\� @� �b �
^� ��� $�
�� .�]���B ��6 ]��� ��)� c$�
�� @��� �:

River1(sarab)="runoff(sarab)"(Time)-"AG-
SW(sarab)"+RF  SW*"AG-SW(sarab)"+RF 
DI*DI1+"AG-GW1"(Time)*RF GW 

)9(
�� 
� �( 

River1(sarab) A�B��6 6� ^?��M ^��c@��� �
runoff(sarab) A<G\� @� ��
 ]�#? =2? n
�L\� ���\� � ^

!����  @�7B �� 
AG-SW(sarab) A�
�\\� ^<G\\� @� n
�L\\� ]��\\� 6�\\� 

 ]6
��V( 
RF SW A]6
��V( n
�L� 6� ^<G� @� �V*6�� >��c 

AG-GW1 A�
�� ^���6��6 @� ]6
��V( n
�L� ]��� 6��  
RF GW A]6
��V( n
�L� 6� ^���6��6 @� �V*�� >��c 

DI A�
�� ^���6��6 @� ��� 6��  @�" n
�L� ]�\� �F�\R �
RF DI A� @�\" n
�L\� 6� ^\���6��6 @� �V\*6�� >��c

�F�R��� .
� ]��� �� $CB 
�����' ��
�� ����B�7� >7\B�� �}��
� 

�V1  A@� k�X'
� �
�\� �}��
� D5 ^���*�
��% ]�% �\�� 6�\�  .�\�
!
��%�\\� ����L\\' 6� !��X�\\�� � �\\}��
� NG\\� 6� !�\\" �\\"���� ]�

�V1  �' ]�% 
�#\��<� O�C � � ^���% ]��7e& 6� !�" ���' ^���*�J

O6.A� @� 6��' /�� �G��
 �B�7� �\�6 

�\R �\� �\}��
� NG�
��� !�" ����V�J :

A = 2823.15  ( H – 1270 )0.331297 H < 1276.16    )S(
A = 1179.24  ( H – 1270 )0.7577 H ≥ 1276.16    )i(

�(AA� =\��� ����\0�( >7\B�� �}��
� �B�7�HA@� 6��\'
�"�� ^� ��� >7B�� �}��
�.

6��\\' 
� �\\}��
� @� $\\CB��/���� �\\�� )Vo(�\\��	 6�
 �� 
� �\}��
� @� 
� ��\?�� pb\�� �\,0Q �\��J �� � $�1�7���Q

 �#��<� A
��X�� Pb��( ¡�
�' ��� !�" .6��\' /\�� �\� h���� $CB
)Vo(������/��� >Fe���� �
��0�� ��\�� !��� ��� .@� $\CB

 \� +\�  �
 ���� 6��' ��} 
� ��\G��
 A�\� � s�\���� � !�
�� �\�� �
�}��
� @� $CB ]���)V(6��' 
�H����� ^� ��� 

V – Vo = 253183 – 401.994 H + 0.159547 H2 )l(
�(VA�
��0�� >7B�� �}��
� @� $CB e���� � >\FHA6��\' 

^� ��� >7B�� �}��
� @� �"�� ]��[.
6� �J �� A��� 
� �%����
�J ���� ;���
 ���5 �
�� ̂ C�\��� �

^� ��� ^C�� 
�#�&� $�6���J .����� ^C���� ��� ̂ � O�C � ��\" .
�
�\ �M��
 ^\�� ^ �\�6 ]�\� �\� �\?�' �� �0B�� /�� �\� ]��
� ]�\%

 � ]�
 ^*�\ 
�� ^ ��6 ]�� A�}��
� 
�\" ^ �\�6 ]�\� � �\}��

 !��� ����& �� �5 � �%�� ��4#' ^� !��� ��� �� ]��
� ]�% 6��\' A��"

 � �}��
� @� �!6�� � @� 6��' �� �
 ��� 6� !��� ��� 
� !�\" ]�\�*

6�� �8� D7 {��U�

!J%5 l��_�$�"@�

*%��/

�/ 3*`� !"&��

�"
�� EUj


��7 3�.J� ���j �%5 5� �
���

�/ 3*`�

���� 6�� �8� D7
l��_�

��"�( EUj
3��5

�5���Y( l��_�

� ¡��!YA5�

���e
�� �� $.YA5�� D7

3��5

�%5 $ ��e

��7 3�.J� ���j 
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$��5 ^� �7��1� ��"�*.6� !�\�� ��� �� ���&� /�� �7��1� 
�,�� ��
 \\�,  ]
�\\�� ]�\\%
��F� ^\\M�� 6� A!�\\" !�%�V\\� � ��\\� >��\\c �

h�\\#'
��A
�\\?�\\GM 
�\\F��� /�� �\\�� ��\\GM �\\R
� /�� �\\�� ��

^\� !��X��� ���\* .6� �\F� �\}��
� @� 6��\' ]
�\�� ^��\�6
� r��\� 
^C���� ���? 
� ���� !��� .

��� ���}��
� @� 6��' ]
��� ^���6
� r���  

R2 RMSE APE  
olU/_ ���/� __i/_

���8�%���/ $��%5�� � $j��2 
�J ��\�6� �\� �� ^��\� ��6� ;\��' ��\� 
���
 � 
��M�� �� � 6�

 E�\B ;���\" ���6� � ��� 
��M�� �<R ' ]v^\�
�� �\� A�\" �\��
 !�" p�G� 
��X�� ]�%��
���]����Bc^� ]�} ^?� �$�6���J.

�����
 ¨��� ��8�%���/ �j��*%��7 
��\?�� @� =��\�� 6� !��X�\�� ]��\� �\5 ^\X0�4� ]�%��
��� /�� 6�

^� ����V�J ^� ��" ��5 !
�"� ��6 �
�� �� �� ���':
������T^ �� ���" �� ���B� )
�� �(

$�� �B ��6 
� ���B� ��� 
� �� /��'c
�\� � �\� A ]�\} ^?� �

��^� +��#' ��" ]����0�5 �"�� .��\� 6� �\� ���\B� 
�5���� 

1 Coefficient of Determination (R2)
2 Root Mean Square Error (RMSE) 
3 Average Percent Error (APE) 

6�Q� �" ��� 
� ����Z !��� �� ���
 �%��M ]
���� .�+\4� $\CB
 �\\���� �� �\\�X� $\\CB � >\\F�� �\\�� ��\\�0�� ��� �\\�� ��\\�0�� 

^\\� >\F�� �\"�� .���\B� �\\� /\\�� �\�A����� ^\\c�
� �\� 
�\\��% 
�\" �%��M ���c� �1G�� ]6
��V5 .���\? �D��\"  ^\�� ]�\%6��

 ^X0�4� ���' !���� 
� �� ���B� �� �5v�" �%��M /��.
������T
���% �% 
� ^�� 6��  H%�5 

^�
�� � ]�% 
� �\5 ��\�  s�\[ 
��V\� /�\����� ;\��' !�" O�C 
��6�Bc^� �5 ��� ��V  A����* O�C � +��#' �����\ �
 ��#�� �� ���'

 �' �
 
���% �% 
� ^�� 6��  A]
�������� 
�\��% �% 
� >F�� ��� 
��� H%�5 .��� �� �#	 /��|2% ]+�
 H�J � �% ^��� !�\" O�\C � ]�%

 �B 
�c�?�' �� � ]�} ^?� ��\��� ]�\%6��  ��j��6�B\cA+\��#' �
�B��6 
� �V5 ��6 NG� �F��' ]��� ^B�	cH�\J @��� �^\���

 ��� !�V  .W���' ��2&� �� ^� ]
���� ���� �
 ��#�� ]�% 6�\�  ���'
 �B ��6 
� ^�� \c���\�� ���7\� � @��\� ]�\%T�\' +\�  �
 ]�
�\0��

������� H%�5 
���% 
� >F�� ��� .
������T���� >�5�' �]�%���

�\\���� ��\\�+2% ]��\\?� �\\��B /\\�� 
� ]�\\%�A�^\\�F� 
!��� �\,  
� 
�\��% �\% 
� ^\�� 6�\�  H%�\5 !��2% �� �� 6� ]
����

^� ����* ��".

����!/�"/ 3��57 �8
������!/�"/ 3��57 �

]��0�\" 
� ����� /�� ]��?� r��� ����\�� !�\" !��� ��V\  .
D�" 
��^� �,Bb� �5 ��" �\��B /�� 
� �}��
� �� ]��
� ^��

��� !�V  ���B� ]�� ��% �5 ��� ^���B 6� ��25./��|2%^\�� 

��� ��' ^�� ]�%6�� v
�� � �� ;��' !�" /�� 
�5���Y\ ��85�"� (MCM) 

6�� *%�P- !�
 ���
�/ �"�� 
�7����[ �* (MCM) 

�
���/�9.04 7.11 7.23 
�V�#��
� 38.72 14.53 1.89 

����M 62.16 19.69 1.89 
��' 54.47 16.95 1.89 

����� 30.91 12.36 1.83 

����" 15.27 4.39 1.83 

��� 4.13 1.82 1.83 
���� 0.00 3.11 0.00 

`� 0.00 0.00 0.00 
]� 0.00 0.00 0.00 

/2�� 0.00 0.00 6.77 
��X�� 0.00 0.10 7.23 

=2?D(214.70 80.06 32.39 
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d

�R�������� ���v'�$CB ���@�}��
� �� ]��
� 
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(6��)3��5

(�
.�)
D
7§

�/

S��"�7 3������ }%�*&� !
�j �
 ���%�
 D7 5��- S��"�7 3������ �""'- 3��� ���%�
 D7 5��-

�R�������� ���v'�����
� @� 6��' �}

����� ��� 
� �}��
� �� ]��
� W�J9^\F�#	 W\�J ^�� 6� ��25 
)�� ���B� ���� (^��"�� .D�" �� �?�' ���A�}��
� @� 6��' �\� 

����� ]��?� ���9�"�� �%��4  ]���2V} H%�5 .
/�� ��� @� � �%�� $CB 3\0�4� ]�\�%�� 
� �}��
� �� ]��
� 

���? 
� � �#��<����� !�" !�
�� .�����1� /�� $�
 �)D�"�(
^� �,Bb� �5 ��"$CB ��� ]����� 6� �}��
� �� ]��
� �\' ]��\��� 

!��� ���B 
� A�V�#��
� 6� ��25 �� 6� ]
����$CB 6� D#[ ]��
� 
!��� ^� �� 6� ]
���� �\�� ]��\��� �\' �V�#��
� ]����� 6� ^�� �"��

 A��\� WVM � O�* ]��%�� ^�F� $\CB �\}��
� �\� ]��
� 6� �\J
!��� ^\� �\� �M�� 6� D#[ ���B ^�� 6� ��V�� �� 6� ]
���� �\"��.

���? �M� ���� 
�i^�� /�� nb�M� ����1� �\�� !�\" !�
�� �% 
5\& �\V ^X�� ��b\���%�\�jV�� \B 
� ]��
� ^�� ���� ��\��� 

!��� ^� �� 6� ]
���� �"��.
������!/�"/ 3��57 �

D�" �� �?�' ���^��'�\���� ]��\?� �\� �\5 �\��* �\C��  ��SA
$\CB @� �\� ]��
� �\\%��M H��+\�� 3\0�4� ]�\\�%�� 
� �\}��
�

 ̂ \� n�L\� H%�5 D��� �� H��+�� /�� �5 ���� �\"�� .��\2% �\�#�� 
^� �,Bb� �5 
�	 
�\	 �\� � +�}�\  �}��
� @� 6��' 
�����' ��"

 /�� ����^� �� �\�� ��� .�\5 �\�� /\�� �\0& ̂ \0& H%�\( $\Q

 ��\�+2% A�\}��
� �� ]��
� H��+�� � n�L� ��\�6 +\�  @� NG\� 

^� ��4#' � ��" ]��V�� �}��
� NG� 6� ̂ � 

�R ���* .^\��	 6�
 ̂ \� $\5 +\�  ^���6��6 @� 6� �"���� ��+�� ���\* @� /\�� ���\�� �

^� $5 +�  � �M��
 �� ^�V*�� ��" .D�" �� �?�' ���' nb�M� \6��
B\)5��\B � �\�� 
� D[���� �0R�A��� ]��?� ]���/���� ��� .��

*,
� �

�
*7

8
��

��
*,

� �
�

*7
8

��
��

*,
� �

�
*7

8
��

��
*,
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�

*7
8

��
��

(M
C

M
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��'
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 ��'
))))��'��'��'��'((((
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��� a�/�� ���$CB30�4� ]��%�� 
� �}��
� �� ]��
� (MCM) 

6�� 
���
�� 6��� �� 

�/ 5� 
3��� ���
�� 6��� 

�/ 5� l�.e� 

��� 7.28 10.53 3.26 
���� 5.48 14.78 9.30 

`� 7.41 19.52 12.11 
]� 9.77 26.37 16.60 

/2�� 12.27 39.70 27.44 
��X�� 53.33 98.20 44.87 

/��
��� 91.89 101.55 9.66 
�V�#��
� 73.90 34.46 -39.44 

����M 49.95 7.47 -42.48 
��' 27.02 4.15 -22.88 

����� 12.20 2.17 -10.03 

����" 6.74 5.12 -1.62 
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(�
.�)
D
7§
�/

S��"�7 3������ }%�*&� !
�j �
 ���%�
 D7 5��- S��"�7 3������ �""'- 3��� ���%�
 D7 5��-

�R�������� ���+2% ��� ]�%����}��
� @� 6��' �� 

��� |�� r���  ]
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 گيري نتيجه-7
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