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Abstract  
In recent years, drought and demand growth in most parts of the county have caused a dramatic increase in using 
groundwater for water supply purposes. Besides, unplanned excessive discharges from aquifers have led to 
aquifer degradation. In most integrated water resources management models, groundwater simulation is used for 
taking into account discharge constrains, however, the most cases the optimal solution is not achievable.Hence, 
artificial neural network models may be replaced by groundwater numerical simulation models. In this paper, a 
methodology based on dynamic artificial neural networks (DANN) is developed for simulating groundwater 
table. Karaj aquifer is used as the case study and its groundwater numerical model (PMWIN) is calibrated using 
such measured groundwater characteristics as hydraulic conductivity and specific storage. The results of the 
numerical model are presented to DANN for training. In the proposed procedure, the total recharge, discharge, 
and groundwater level in previous time intervals are used as the inputs to the DANN model. The model output is 
the groundwater level at the end of the time interval. In this study, the development of the model is accomplished 
in four steps that consist of developing the aquifer simulation model and its calibration, producing the input-
output data set for DANN training, training the DANN model for various structures, and selecting the best 
structure for use in the optimization model. The result shows that the proposed DANN model is more efficient in 
simulating groundwater level fluctuations than the static artificial neural network (SANN) models. 
 
Keywords: Simulation, Aquifer, Static and Dynamic Artificial Neural Networks, Modeling, Forecast. 
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 �  ��� 	� !�;/�� 1�E  ���� ���#�� S��	�I � !���� 4��C(B�I ���� �r@

�� ��I.
������� !����/&�0 -�� �r���C�� D1� ���@I ��E� !�	  ��r��

1 Recurrent Neural Network 
2 Input Delay Neural Network 
3 Time Delay Neural Network 

p&�I �  ���� �  "�X�� � ]0�C� ���& |� 	� �_���� MSEi��
 �0� �1I �/3	� 	W� .D1� ��7�r@I B����	& 	����
� 4� �� �� !�

 ��� ���1�/ � ���R ���� 4� �  ���� p�%A� �  ���;/�� ��R �� ��	��
 ���� �����0� �/3	� ��	�.

D1� ��/&�0 ��g��  ����	& ���R �� �1�I ���� �5�	  4�-�� B
�� ,�� ��R ���� 4�� D�'(� ��	�� .����	& 	/�����P 4���'� �-�f�

 �1� ��R x� ]#�� �� �1I ���� �5�	 BD1�� � �5� !��/&�0 h��
�� ��f�� 1��'� .D1�� ��/&��0 ��  ��R ��1E� ~��-3� � h��� B4����

 D1�i��'� �K��� �� .

S\���) ;J�#� 
�r����C�� � �r���/�0� �r@I !�	  �1I ��E� !����/&�0 �  ���� � 

 ���� �(�'f� �� ���./0� �  �;�� e���� ��� !1�#�� !�� 4�-��� 4���
 4� ��� ~��P ��K��� �� �� ��� !�	�  4���A � ���/3� �� ����G ��C� 

�	;  ��'� ��E� �E��� S��	I �� !���	  .� D1� e���� ���;� !���
 � ����� � �1I 4�!��& p&�I �� ���./0� �  ��MSE !����/&�0 B

	�	 !�	  ~�P �� pA5� �C�  !�	�  ���& 	����
� ����/� ��� 1��I
����G � ~������� Be������ !���;/#�= � �r���/��0� D1��� �� �fC��0

 D�1� �� ]��	� �  �r���C��h�0� �1I �K��� .
D1� � ����� ���/� oX/A� !�� �� 4�5� �r@�I �� ��� 1�� !���

 D1� B�r���/0�g~�P �� !	�R�  ��X �� �� ���0 ��	� ������ �C� 
 �����&	  �C���	�� "��0� .� ����� �CO'� �� 4�5� �� ��� 1���

 e����� !���& ~���� �� �;��� ? �� !	�a`� B��R ��1E� ~��-3�
���1� .��/&�0 �rC�� �  ���� �  -�� �r���C�� D1� �� D1�d���� �� 

D1��� 	����0 ���  �@���� e������ �� !	�R���  �������&	  �������0� �
~���P �� �� !	��/;  ����X �� ���CO'� ���� �� ���./��0� ���  ���C�  !����

 ��G � ~����� �� 4�5� �fC0 D1�� �� �1I �K��� ��/&�0 �J# 1��
d� ��3	E� �r����C�� D1� 	�	  ��/&�0 4��C( 1���	� .��K��� ����/�

 !�;XrI �� �1I��d�~�P �C���	�� "� ��0 ��	� ��  �1�I �C� 
 D1� 	�	  ��/&�0 �� ���./0� �����
� �� �� �r���C�� � �r���/0� !��

~�P 	���
� �  �� 4�5� !�1( D1� S0�� �1I �C�  1��.

� �r���/�0� D1�� �� �1�I ���� e����� !����/&��0 �  ���� � 
 4� ��� 4�-�� �0� ,�R �r���C�� ~�P �� �� � ��	�� �1��1CX  ��C

 �	��� ��	�� � ����� � ����
� ���� �C���	�� "� ��0 .��� !�	� 
 ���� ���(�'f� B�1��I ����;� !�1��( D1��� �� ���./��0� ���  ����WC� !����

!����k���  ����	& ���� x��� !�	��  � �3��%�� �����Gd��#���0 
1��	� 1�#��.

4 Mean Square Error 
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U�>¶��@I �C���	�� "� ��0 ��	� ����
� D1� �� �  �1I !��0 U�>P·��@I �C���	�� "� ��0 ��	� ����
� D1� �� �  �1I !��0 
SANN �
�C� �� !�1( D1� �d)e���� ��E+�(DANN �
�C� �� !�1( D1� �d)e���� ��E+�(

D1��� �� 	���	  !����/&���0 ���  !���� !����	/����P D���'(� ��� 
 �  �;�� !�	�� � �r���C�� � �r���/0� �/0��P ���GB"� ��0 ��	� 

���C���	�> �� ������ D�d�0�#��~�P �C� ���1��	� .�WC���� �� 
� �/0��P !�	�� ~�P 	���
� �� �0� � � ��� 	� �� �1I �C�  4���C(

 ���I ��/3	� 	�W� �� �@%�( �r@�I D1�� �� 1�E  ���� ���#�� S��	I .
�  ��@I ��}� �  �r���/0� D1� �� 	_�� ���@( ��  � 	�;� ��� �� !��0

 ���� e����� �r@I B�I��	  	���
� � ��� �� ���1/ � ��	� �� ���./0�
 ~�P ��1
� � �1I 1I �C�  �  ��� �� !�;/�� �� ����#�� S��	�I 4��C(

 �� pA5� 4� � ��� !�	  ��	� ��I .~�P �� �C�  ���� 4����P ��� ���
 	W� ����)dg� ��� (�� ����� 1 �� .��  �r���C�� D1� !�	  1��� ��

 ��I��	  	����
� � ��� !�1/ � ��#�� S��	I �;C� �� �0� ���G ��
 ����� 	���	  ��/&���0 ���  ���;��� 	����0�1��I ���� e�B���� ���� � ����I

�  	�W� ���� ���� !�;/�� �� �/0��P ���GB"� ���0 ��	�� 	����
� 
�  �C���	�� �� �K��� ������ ���G ��	�� .S�0�� �1�I ��K��� ����/�

 !�;Xr�I �� �� �r���C�� � �r���/0� D1� �� 	�	  !����/&�0dd�
dg ��/&��0 ��� ��0� ]�X�� ��� 	_����  �0� �1I ���� 4�5� !��

 �'� �r���/0� � ��X�� ����� ��  �� 4���A � �r����C�� S��	I 1C����
��@I 1��'� !��0.

D1� �� ��	�� ���1�/ � S��	�I 4���  pA5�� �  1����� �;C� ��
C���	�� "� ��0���I��	  	���
� � �;/�� �� �� ��	� 	���
� B���!�

~�P ��� 	� 1C��'� �C� .
4�'� ?rI �� �� ��>dd���� 4�5� ��  B��0� �1�I ��rC�� ?��#�

�r@I � �r���/0� !�� ��� ��	�� e���� ���� ������ ���G 1��	��B
��@I !��0� ���� H�0� 	  � �/0��P ���G ��@�I !��� �1�I !���0

 "� ����0 ��	��� �� ������G 	�����
� ���K��� ���  	��fC� ?��@� !���;���
 �'� �C���	�� ��I .��  ���� �  D�� ��� �� �� �0� �� 	�� �� �X(

 ��@I B�I��	  	���
� � ��� D�� ��	� S��	I �/�0�� ��  ��	�� !���0
 �� ���G 	����
� �� ���� ��� ���#�� S��	�I B,�� ��� !�	  ��� �	��

��@I �� pA5� ?@� ��� �1I !��0 ���� !�1/ � S��	I �� 	�� � 1C�
 ��@I �/0�� �  B1�I�  ���& !��1�
� ��  ��	�'� � 1�I�  �15�� !���0

��@I !�;/�� !��0�� D�rI� ��U� �� ��� ����	���� ��	�  �(�  � 1C�
 �� �C���	�� "� ��0 ��	� �� ���� ? �� Q��E  ���I .	��� ��  ,�R

 �0� �F ��	� �� ����& �� ��	 B� "� ���0 ��	�� 	�  �/0��P ��>
 1���  ��� ������0�� j2�& 	�  �� ������0�� � �/�I�J� 	a� �C���	��

 �  4��A � 	 ��f�/� �� ��E��� ��> ��I�� 1�I�  �/�I�� ������� !���B
�� ��f�� 	�1�1�I �����0�� ��� ��;��� �� �&	  �� �� 1��'� ��0� .

�  �CO'� ��@I �� �� ��&	�} S ��� ?�#� �r@I !��0 �@%�( !��
 ���� ����B� �r'� ��� !�1/ � S��	I �� ���� !��& pA5� ��>

 ��@�I �� ���� ����0�� �  	fC� �0� ��5�� ���� !��;/�� !���0 ��� �
�rE#� .
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DANN �	 �9�� ;�&> Modflow �	 �9�� ;�&> 

U�>PQ��@I �C���	�� "� ��0 ��	� ����
� � �1I !��0
 D1� ��DANN ���� x� !�	  !�1( D1� �d��0���G �  � �#

�
�C� �� �/0��Ph)��G ��E+� �fC0(

�� �E#��� �� �� �� !	_�� �f�/� 	�  ��� ��0� �� �3	� 4���
 D1� j2& ��  1������ �r����C�� D1�� !����/&��0 B�r���/0� !��

 �����	  ��3� !�	�  �� ��C���	�� "� ��0 ��	� !����  ��� !-���
 �� 	� ��#�� S��	I 4��  pA5� �  ���� 4�1  �)D�� ��� !�C�/0� �  (

~�P 1C��'� �C�  .	3 �> �� 4��� �#�&� 	�� �� �X(�1�C� e����� 
D1� �0� �r���C�� !��.

T;3��) �
�D 
D1� �� !�� ��  ��� "� | ��C� ��	�1�� "� | ��C� ��
�.X� ����G

 ��� ��	� ���� ���� �C���	�� � ���0 B�	��� !�	�  	����
� ���E� 
| �C� �� p�%A� �C�; B�(� ��0� ����-#� �I��	  !�;/���1�� ��

 ��	�� ��	����� D	�/C� ��  ��C���	�� "� | ��C� ���� �� 	�� �� ��
T�� �� 	� ��I .� ��WC� ,�R ��C���	�� "� :/���0 ��/3� �� ����� 

D1� �� ���./0� �  �0� ��@�I !�� 4���A � ��E�+� B������ !���0
 ��@I ���� �	�� ��	� !��0 .�./�0� ��rC�� ��  ����� �  D1�� �� �� !���

��@I 4�O'� !��0PMWIN �  �� B,	� ���G ���./�0� ?� �� ��-�3�
1C/�� �C�;  D1� �� B��f�/� �� � �	��� 4���� ~��-3� �  	fC� !��0

 �  ���	_'� ��� ��X� ��C�;  	����
� �'0 ���
�� ��� �� �J�# ��	��
�  ��WC� ?r5� �� 4��'� j	> 	  B!�1�( D1� ��;� �  ,�1�� !�	�  

��@I �01I 4��A � ��	� ��	���� !� �� 4� �� ���./0� �  B!�	�  �C��� 
���� 1�#�� D1� ���� ���� !�� ��@I !�� ��I :��	3 �@%( �r@I ��0 .

�.#�� ��	���� ���  � !�1( D1� �� �� ���./0� �  �� ��J��	�a`� !��

 � !���� !���	/����P �� �;���� ? �� 	���
� B4��A � ��	� ��	����
 �  ���	& 1��#�� �3��%� ���G 1���	� .���(2>� ��(�'f� ���

 ���	& � !����BD1� e���� H�0� ��@I !�� �@%�( �r@�I ���0
 �r���C�� � �r���/0��0� .D1� �� ���./0� �X( �@%�( �r@�I !���

 �� �� D1� �  ]0�C� ^�@��� B|�	0 e���� �� 4��� �C�;  !�� B!��0
 �� ]0�C� ��� /I�� � ���	_'� 4��� ~���~�P ��	����� �C� 

 ����� �C���	�� "� ��0 ��	� .���	= :/���0 ��rC�� ��  ���� � 
 �  4��A � �� 4��	� "� ��0 ��	� �� �E �� � ���  x���C�� ���G

 �0� �/IJ� S��	I �C���	��B���
�� �� �� �J# !�	�  ��� ���@a� 
1�I ���./�0� �r����C�� � �r���/0� �@%( �r@I D1� �� �� *�+�� .

� ���/� 4�5� ��
�� � ����X( �� 	�� "��X�� ��� �  e���� :}�
 D1� B��/&�0 �� � �r���/0� !�� 	3 �� 4���� �#�&� ,1( ?�#��1�C�

 ~�P �  ���� e���� � �#��/� �C�  ���  1�C���A� ������ ���G .��
D1� �� ����� ���� �I��	  	���
� � 4��A � ��#�� S��	I �O��CU ��

 1I�  pA5� �0�	 B� 4� !�	�  �1�I ���� e���� D1� �� ���./0�
���B��~��P �@�0�C� ��� �  �� ��� !�;/�� S��	I 4��� ���'� ��C�  .

��@I D1� ��  �r���C�� �@%( �r@I !��0 ���(2>� �5��	  ?��#�
 e���� �� ?@� ����� ,�� S��	IB~�P �� ��	����� �1��1CX  �C� 

 �C���	�� "� ��0 ��	� �����@0�C� ��� � ������.�� ���./�0� ��  
D1� �r���C�� !��B��4��� ���0 ��	�� ��/3����C���	�� "����

�#��E� ]#�� �K��� !� ���D1� �� ���'� ���./0� �/�	�1� !��.
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