
2

����� ��� ������� ��������������� ������  !�"#$ ��%&�� 
�% �&�"'�% ��('���)*% ���SGAs +NSGA-II 

�1 2�3
 �)�3
 �!4�  )�56)�+
 �1 7���4� �	,7

)��
=�� EF/H/IJK�
L�F/M/IJ(

O��>�
����� �� 	
���	
� ������ ��� �� ��	�� ����� �	� �������� � � !� �"�	#�� �� ��	$ �%&' ()* ��"+�,�' -���)"� � �."�� /0���"1

2�+ ' �� �	3�4 4� 5&67 8�4 �� )�	9# .2"�,�' /� !"� �	"
�� �4 ��	,�"�4 �	
����) � � �� ��	�� ���&' �� ;�4&' ()* �� �%&' 	�
��
� ��	�� �4 ��4��� �������� � � !� �� /-�4 ����1 ���4 .	!� 8�4 ��<)� �
� �"#&� �"� ��	"� �"� 0�&"= �4 >?4)"@ �"$ ��"��

;	��9A4 B���� ���CD/���.� � �E$4)@ 	�@4 /�	�# 8��F' ()* �4 �G	# �	��"H!�' /;4&��� ��"
� <	"@ �� ;."�� -"���I �4 ���4��"��
���� >?4)@ J�6�' �	
��&��4 .�4�� ���
� <)� �4 K4)�4 8�4 8�� <�	L' �� �� M�	9# B���&N�4 ��	� -�"D��O �4&% �� ���L� P��#Q 

��@�� P��#Q B���&N�4 	� ���	+� �� �4-�4 �)G ��	,��4 .�� ;	R# �)G 8��)' <)� S�	�# <)� �$ )��NSGA-II �	��"� ;	�� 0)� �� 
�&� )�4&7 J�6�' ���
� ���	+� �T4�4 �� ��	? ���9$ .�� ���
� <�	L' �� �� �4 ��	,��4 	� �$ -�	��� ;4&'�4��4.�4 �$)"#4 �4)"+� M� �� 

;	��9A4 >?4)@ ���CD/>9 �� B���� -�4 (�U �9��%;	R# 8�4 � ���� ��	�� �� 04�"��V' �"� -L�# �	�# 8��F' �U	� -��	�@ �)���
 �� ��	�� �
�LA B����-�4 .<)� �� �$ 	3#� �4 ��@�� P��#Q B���&N�4 �4/P' <)� W�	? �� �#�� 0�&= �� K4)�4 �"� 4�%4 ��)� ��"� /�

 �"��
� ���	"+� - "= �4 ;	R"# -�D��O �4&% �� ���L� P��#Q B���&N�4 <)� �	
�4&% �*&93� �� <)� 8�4 �4 >=	@ ���
� �4&% �&%�
���	� 8��)' J�6�'/��4�.

3=�� 	8�0)!��:3�;6 ��!;6 ?��!@0� �����6 �0%�� A!B�= CB"��D�� ?���8��( ?�4	$ ���E6F ?G'��!H I��2 ?��.

Multi-objective Optimal Model for Surface and Ground-water 
Conjunctive Use Management Using SGAs and NSGA-II 

Mahmoud Mohammad Rezapour Tabari 1  Reza Maknoon2 Taghi Ebadi2

(Received April 12, 2008      Accepted Nov. 24, 2008) 
 

Abstract  
The widespread activities in water resources exploitation and use require sound research programs on 
planning and management of conjunctive use of surface and ground-water. Conjunctive management 
is a suitable approach for the imbalanced water resources distribution and related constraints in using 
surface water. In this paper, a multi-objective model is developed to maximize the minimum reliability 
of the system and to minimize the costs due to failure to supply water, aquifer storage, failure to cope 
with reservoir capacity, and prioritizing water allocations. The non-dominated sorting genetic 
algorithm (NSGA-II) is used to present the optimal trade-off between the objectives. The sequential 
genetic algorithm (SGA) is also applied in order to be compared with the NSGA-II model. The results 
show that the NSGA-II model can considerably reduce the computational cost of the conjunctive use 
models in comparison with the SGA optimization model. The obtained trade-off curve shows that a 
slight increase in reliability leads to much higher system costs. The weighted single objective SGA 
model results verify the optimal trade-off obtained from NSGA-II model and show the optimality of 
the allocated discharges. 
 
Keywords: Conjunctive Use, Optimization, Multi-objective, Sequential Genetic Algorithm, Non- 
 Dominated Solution, Aquifer. 
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