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P�:C 1. &�( ��Q�� RE� ����!�( �� 
������"�# &��  ���� ))* ��>E� 
(  ����(  

1�� ����"�#  ���� 
���*  �(:>� &�(  F�(m) S���� &�( ��Q�� (m) 

)�T ���U ���*  1396 -1372  22/3  13/0  

���C V������  1396 -1372 2/6  25/0  

���� �� ���C ���U ���*  1396 -1372 8/9  40/0  

&�,�� ���*  1396 -1372 96/16  70/0  

:�W� F#  1396 -1372 16/2  09/0  

�����(  1396 -1372 05/9  37/0  

�!, ���*  1396 -1372 86/12  53/0  


�(:-X�C  1396 -1372 55/21  89/0  

�� �(� ���� ���*  1396 -1372 41/26  10/1  

������-K  1396 -1372 82/7  32/0  

�(� ��* ������  1396 -1372 18/31  29/1  

��X�!�( Y��Z#  1396 -1372 3/11  47/0  

[�� \.(  1396 -1372 39/24  01/1  

���C  (�+�B�#  1396 -1372 66/33  40/1  

[�� ��K����  1396 -1372 87/33  40/1  

]�2� ��T��(  1396 -1372 41/29  22/1  

�H-D �C(�0   1396 -1372 76/0  03/0  

]�2� ��H�U    1396 -1372 5/24  02/1  

99  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

 
F;� 3 .�K:���(�# ����"�#
�� ��C�� �� &�� �  ("�� &�( F� �� FI� ������"�# �� �^ 24 P�� �H3�E� ����  

  

  
F;� 4 . �'>�  \# _^�>� 
��=(:��� �;���;3(�`= &�(��� �:� �� &��  ���� )�:�2��� ���'� :�	�� )* �a��# 1388( 

 

 

  

100  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

b���� � cI�  

����� &�Hd� &�( RE� )* ����	��	   

\��T�7��� �D�� &�� ��N�� &*� !' (�������� 

������� 3����s: O#* $% ����	�0	 &�� �7 �	�2 ����	 

|5�� �����2 .\��T�7��� �D�� &�� (��)* �2 

+��6� +������B�> -��1 � !�6� �/�: �4 �7�� 24 

-�* �2% )��G*�1372 �: ��G*� 1396 ([�*�: � 7� 

=�� )5 (!`�7� ��� &*� .\��T�7��� �D�� &�� (��)* 

(��� ����� 	��: $% ����	�0	 &�� �4 �7�� 24 

�!F�* +�7�� ���7 B��F� &*� .�2 !<�: !2 \��T�7��� 

��D�� H*��� 	��: $% 7� ��G*� 1372�2��2 �2 5/1044 

��� !' �2 89/18 ��� M��' !2 7��"� 61/1026 ��� 7� 

��G*� 1396 ���*7 &*� .�0��2��2 &1� H*��� !���F�* 

	��: $% �4 �7�� 24 !F�* �2��2 �2 89/18 ��� &*� !' 

+�0�T M��' ���@r ��G* $% 	�0	���� � (d�2 �G�� 

&�� �� ���2 . 

\��T�7��� �D�� &�� (��� 	� &1� 9/18 +��� O#* 

$% 7� &�� �7�� �F� (�B�� &1� 7� M52+�� i��5� 

&�� !2��� �)����2 .!2 7�S�� �*7�2 3����s: O#* 

$% ����	�0	 &�� �(��)* !�"� [�&1� 24 !F�* 

)��G*� 1372 �: ��G*� 1396 (�2 +��6� 18�B�>��� 

[�*�: ��� � 37�I2 !�"� !�R>+��2 ��� &1� O#* 

$% ����	�0	 7� =�� 6 !`�7� ��0��T &*� .�2 !<�: !2 

!�"� [�&1� 24 !F�* �&�� 7� &)/J -�)��J�� 

&�� !' B'�): ��A+�� 'q+	7��� �0^�2 B�� ��7�� 

M�2�0�: (�B�� &1� ������ ��� !' 7��"� !���2 (% 

7� ���B�> Q�� T���1�� �2 87/33 ��� &1� &*�2 ���% 

&*� .���7 &1� O#* $% ����	�0	 !2 &)* $��< 

&�� M��' ���2�0 � !2 &1� ��)' 1 ��� ���*7 .!2 

�:7�6
 �� !A 	� &)/J �J�� &�� !2 &)* &)/J 

�2�g &�� ��[0�7 7��"� ��N�� [�&1� M��' ���2�0 .

7� &)/J �2�g &�� 7� =N� +������B�> $�g �1�� 

���2% !��J �<��@ � *q��G => �0��)' 1�q& �7 �q(�� 

����� !' ���� 	� ����: [' ��A+�� ��R2+7���2 !2 

=�F� ��6� (��52% 9*��� � B07 !��� (��2 3�2�*7 �0	 

�N#* � &�G�' �2 )EC ^�2 ($%+�� ��<�� 7� �0� 

!"#�� �����2 .7� ����N� ��0�> �R� (��)* &1� O#* 

$% ����	�0	 [' ���2 �0� �F�D7� &*� !' ����N�+�� 

�q7��p �0� 2qM5 7� 2qM5 �qJ�q� � gq�2� 1�q& 

=2�J!SDd�+� �7 (��� ������ .&�
 �0� M��' &1� 

O#* $% ����	�0	 7� M52 �2��< �R� )*q(�� �7 

��(��: !2 !0es: +^�2 �0� !"#�� 	� ;0�4 $d]�1 

+�R� !' �:�)
 !2 !��*� ��A+�� �2e< +7�GD ��� 7� 

!��@�� 37�� ������T H6:�� &/��� .�2 !<�: !2 �0��"� 

&1� !6*�N� ��� �4 �7�� 24 !F�* 7� 18 ����B�> 	� 

��G*� 1372 �: ��G*� 1396 H*��� &1� 7� &)/J 

�J�� &�� �2 +��6� +������B�> Q�� �d
� h�R� 

�!�g�1� Q�� ���T���1 ���< (��6)s�> �2��2 �2 3/30 ��� � 

7� &)* �F�)� &�� �2 +��6� +������B�> ����/0� 

�M��U> ��7��% �!'���� �7�2����T !* ��7 ������2% � 

+7�����< �2��2 65 /19��� �����2 .H*��� &1� �7�� 

7�2B� 7� &�� ���� �2 +��6� 18 !"�D ����B�> 9/18 

��� !6*�N� ��0��T &*� .  

&1� O#* $%+�� ����	�0	 �0 !2 37�6
 ���0 M��' 

(	� P�6�� (��52% 96* M0�B1� 7��1 ��2 !���+� )M�: 

�E�� (7� h�@ �����T )������ � �(�7��)� 2013 .(

!p��� �0� M0�B1� 7��1 !���+� )M0�B1� M�: �E�� (96* 

['��: !0^+�� ['��:�0e> h�@ � 7� &0�R� &/�� 

7�T���� � =2�J��g &�T�2 ���	 �����T .�0� &/�� 

)��N:� (��	 �2 ���2 � !2 ���/�% !2 P�J� !�*��> � 7� 

�E� (% ����	 $% 	� !0^ !���B07 !2 =�F� &1� 7��1 

���F�7��� 
�p�� ����0e> .(�)�7�4 !' 7� =�� 7 

��0� ������ 7� ���A �#0��� K0 ['��: K��*d> !2 

=�F� M0�B1� M�: �E�� 7� h�@ }7 ���� � 8
�2 ���s: 

M0�7% 3�7r h�@ 7!���B0 ��� � (����A �0�< 8
�2 

M��' [pD � &��5] +��)
 !0^�� � 7� &0�R� 

&/�� �����T )���F+7�> � �(�7��)� 1388.(  

  

����� &�Hd� ��(�
:�� � &��Ad ?����� �� 

&��  ����  

3����s: &��5] � !���+��2 3�2�*7 � b�< � ;)
 

y�* i' 7� !"#�� 7� +��*�7 �� }�)�� 7� =�� 8 

��(� ���� ��� &*� .�*7�2 �	���� 3�2�*7 &�� �����2 

�0� 9�#� &*� !' 7� L#"� AA’ b�< y�* ��/2 	� 

y�*+�� �����G�:% (7�� � K�% =���: ��� &*� .

&)/J -�)��J�� &�� !0^+ �N#* =���� 	� 

3�2�*7 ?��5�!��1�+� &�7� !��� !' M�2�: 	� ��� 

!*�� ���Jy�*7�� =���: ��� ��>M ���� ��� &*� .

101  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

b> 	� �0� M52 &�7��!��� 3�2�*7 !���B07 � H*��� 

!��� 7��J !���� !' 7� �0	 (%�� y�* ��/2 ����G�:% 

7��J �7�� .	� �0� M52 �q!A� !2 &)* �qB'� ��q& 

��[0�7 &��5] !0^+�� !���B07 !2 7�4 ��' M�2�: 

����� .O#* �2��/0� 7� �0� M52 7� -�* 1372 ��):� 

7� !0^ �*7 7��J !���� � �2 M0�B1� &1� 7� -�* 1396 

��52 	� (% �7�� !0^ H*��� !��� ��� &*� .7� M52 

$��< �2�g &�� )A( 3�2�*7 �N#* &�7� !��� ���2 

!' b> 	� 7�6
 	� !0^ H*��� !��� �7�2�� &�7� !��� 

������ .y�* i' 7� �0� M52 7� ;)
 +��)' LJ�� 

���2 � 	� P�� (7�� �: K�% ��	�* B��J �0^�2 �����2 .

O#* $% ����	�0	 7� �0� M52 �:�)
 7� y�* ��/2 

7��J !���� � �0��2��2 =�/���> &/�� (% ��)' ����@ 

��2 .7� LJ�� d)
 H"1 !0^+�� ��7�� � ���� =�/���> 

&/�� !���� � y�*+�� ��0� d)
 &/�� �)���2�0 .

  
F;� 5. �(���� �K��:��e( :,(� &��  ���� ��� P��
�� 1372 �J 1396  

  

  

  
F;� 6. �'>� &�( RE� )* ����	��	 )f�&�( (�^ ���� 24 �3�� ���� �H3�E� �� &��  

  

102  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

F;� 7. Y��� fg, ��Q ��(�"�� �� �h( ��';�	 1 - F+D 	( �';�	 � 2- :H� 	( �';�	 )�;'3
��# � � (��;�� 1388(  

 

  

 
F;�  8. E>�_ ���	����� AA’ �� 
���(� P���[�� – )��C)�T � _E>� ���	����� BB’ �� 
���(� P���)�T – )��C[�� �� 

&��  ���� 
  

 

�*7�2 L#"� BB’ (��� ����� !' 7� M52+�� 

�F�)� &�� 3�2�*7 !���B07+� !' =�/���> &/�� 

��7�� d)
 ��<� !����� � �F��: 3�2�*7 !2 �0� 37�� 

&*� !' b> 	� 7�6
 	� K0 M52 h�@ �N#* &�7� 

!��� ���1���' &1�2% &�7� !��� 7�xD !���� !' b> 	� 

�0� M52 &�7� !��� ���1�2% &��5] =2�J!<�:+� 	� 

&1�2% H*��� !��� 7��J �7�� .�0� �F��: �2�*7 �2 +�7 

y�* ��/2 ����G�:% �*�`� 7��J ��7�� .3����s: 3�2�*7 

7� -�4 �0� L#"� (��� ����� !' �2 &'�D 	� -�)� 

$�g !2 $��< Q�� )B !2B’ (&1�2% &�7� !��� ���� 	� 

103  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

$d�*+�� ��I1 \eD ��� � !2 +�< (% K0 M52 

!���B07 7� M52+�� �2��< (�0�)� �����T .y�* i' 

����G�:% �*�`� )��	�* u�' (��@ �7 !2 �F��: �(7�� 

�������' � !*��y�* ��	�* B��J �0^�2 � [J ����� .!2 

��d
 �*qy 'qi 7� 0�q� 2qqM5 +�7�� )���q+7�� 

=2�J!<�:+� ���2 � 8
�2 ��0��T !' &��5] 3�2�*7 7� 

M52 �2��< [' � ��0	 ���T .�*7�2 3����s: O#* 

�2��/0� (��� ����� !' (�B�� 3����s: 7� M52 

�F�)� ���@ M�2�: 	� M52 �2��< ���2 &*� .�2 �0� 

��<� 
�
 D7�x 3�2�*7 !���B07 	� K0 \�4 � 
��"� 

(��2 y�* ��/2 ����G�:% 	� \�4 ��0� 8
�2 �����T 

!' ��
 [g7 &1� =2�J!<�: 7� �0� �M52 &/�� =2�J 

!SDd�+� Q�G:� ��G�� .7� M52 �2��< ��
[g7 &1� [' 

O#* $% �����	�0	 ��<� !0^+�� ��7�� 7� y�* ��/2 

� 3�2�*7 B07 �: H*��� ��!� 8
�2 �����T !' &/�� 

�)��N: �0� M52 M�2 	� M52 �F�)� ���2 .&)/J 

+B'�� &�� =��� 3�2�*7 !���B07 � 3�2�*7 !��� 

H*��� $% +7�� ���2 !' M52 �)S
� 	� &�� �7 

���27����T .  

�'>� ��2#
:�� �E0 &!'���� RE� ���	  
!2 7�S�� !�R:+ !�"�+ !�R>+��2 �#@ &/����1 

���	 �7 &�� �(��)* 	� !�"�+ [�&1� O#* $% 

����	�0	 � !�"�+ +a�F���F &�� (��)* !2 (���
 

!�"�+�� +��7� � 	� 
��7�B1� Arc GIS +��2 k	���> 

(%�� ���G�*� ��� &*� .+��2 (�/)�+	�* 	����� ���� 

$% ����	�0	 �2 	����� +a�F���F ����N�+�� 3����s: 

&1� O#* �2��/0� 7� 0�]9 K0 � [�� $�] �� .7� 

!���� �2 !<�: !2 ����+�� (	���� ��� &1� O#* 

�2��/0� 7� =N� �������B�> !�"�+ (	���� ��� &1� 

O#* $% ����	�0	 �7�2�� [�*�: � 	� ;0�4 7�B2� 

Reclassify !2 5 ��7 �2 ����N� 3����s: 10 +��� 

[�/": �0��T .7� &0�R� !2 7�S�� ���G�*� 	� �0� �!�" 

+��2 !�R>+��2 �#@ &/����1 ����	 !2 �� 
��' 	� �0� 

5 ��7 +	����� �2��2 �2 ������� ����N� 3����s: (% ��7 

���� �� �: d)
 !�"� �G�' &1� O#* �2��/0� !2 37�� 

�)' � =2�J ���G�*� 7� �����c)� !0^�� ��� )=�� 9 .(  

 
F;� 9. �'>�  �	
:�� &�( RE� )* ����	��	  

  

(�)�7�4 !' !�GT ��� &/�� !�./�7�� H6:�� �2 

M0�B1� 7��1 ���� 	� &1� O#* �2��/0� ?�2�� !2 

&/�� �)��N: h�@+�� !���B07 �����2 .	� �1�4 

!0^+�� �E��� 	� �0� M0�B1� 7��1 !0^�0�� ���/� !' 

d6J �0	 O#* �2��/0� ���2��� .�0��2��2 !0^+�� +^�2 

O#* �2��/0� ��D �T� !���B07 [� ����2 &N: ��E�: �0� 

M0�B1� M�: 7��J �)�����T .7� �0� M��U> H@ ��6� 

O#* �2��/0� 7� -�* 1372 7� �S� !�1�T ��� &*� � 

!2 !0^+�� �0	 O#* �2��/0� !�/2 !2 P�� �� !0^ K0 

+	����� ���� ��� &*� .+��2 !0^ !���B07 	����� 7/0� 

104  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

H*��� !��� 	����� 5/0� (7�� � =�� 4/0� &�7� �!��� 

�K�% !*���y�* �������' � y�*+�� ����G�:% !2 

���)� &1�2% &�7� !��� 	����� �G� 7� �S� !�1�T ��� � 

7� =N� �� a����* &��5] �� !0^ �0	 O#* �2��/0� 

!�F�� 7� 	����� ?�2�� $�] ��� � P�)p� �0� 	������� 

!2 (���
 	����� �0�R� (% "�!# 7� �S� !�1�T �� .7� 

&0�R� +��2 ���): ?�"� (��� ���� ��� 7� =�� 4� K0 

	����� !2 (���
 	����� �0�R� (% !#"� k7�BT ��� &*� .

+��2 !�R>+��2 &�� 	� �S� =�/���> P�J� &/�� �2 

!<�: !2 H0��� ���	��*��� �{'��D � =J��D 	����� 

&*�2 ���% 	� [� �/' �0��T �: !���� s:3���� 3�	����� 

+a�F���F &*�2 �0% � bc* 	� ;0�4 7�B2� ld'�+��2 

&�� (��)* � !2 5 ��7 [�/": �� .+��2 L)< (��' 

	����� H0��� ���	�*��� �2 &1� O#* $% ����	�0	 

!2��� �2 !�"� ��6J H*��� �� ��7 ��0a�F���F !2 (���
 

	����� (% ����N� 7� �S� !�1�T �� )=�� 10 .(  

7� �R��� +��2 [������> !�"�+ &1� O#* $% ����	�0	 

� !�"� +a�F���F 	� 7�B2� Weighted Sum ���G�*� �� � 

!�"�+�� (	� ���� ��� &1� O#* �2��/0� � H0��� 

��0a�F���F �2 ��0��0 L)< �� � !�"�+ =�/���> �#@ 

&����1 !�R: �� )=�� 11(M�2 	����� +�7�� ?�"� . �:

���1 =�/���>M�2 &/� �0� 7� !' 7�#��)� .��7�� +�:

�� ��0� =����� 7� �D =��1 ��2 +������B�> h�R� 

�!�g�1� Q�� 1q��T��� � 7� <q$�� <q��� (��6)s�> 

M�2�0�: =�/���> &/����1 ��<� �7�� .���N� +��2 

=�/���> &/����1 7� �F��D ����N� -�� ���2 � 

&)/J+�� ��S� +��*�7 �d
� Q�� �B�>��� ����/0� 

M��U> � \��4� h�R� ����� �7 M��> ����� .

�*7�2 ��7 !F�F 7��< ����B�> Q�� d
� !2 (���
 ���� 

�0��N� &/�� 7� �0� ����N� (��� ����� !' 

��/�� M�2 	� 30 ����*��� 7� (% }7 ���� &*� )=�� 

12 .(K0 ���N� �2 �#@ &/�� ��6/� ^�2 7� M52 �2�g 

&�� � ����N� ��2 +����*�7 �/D���2% &)D�� ��2% � 

!* ��7 ���� ��2% ��0� ����� .!�"2 ;4��� =�/���> 

&/����1 +���N� ��7��.  

  
F;� 10 .�'>�  �	
:�� S�(�� 
=�3���3 &��  ����  

   

7� &0�R� !2 7�S�� [�*�: !�"� !�R>+��2 �#@ 

�&/����1 ����N� 3����s: +��	����� &*�2 ���% 7� 

=�� 11 !6*�N� �� � �0� ����N� 3����s: 	� ;0�4 

7�B2� ld'+��2  !2 ��p�5 �6: ����N�=0 ��T�0 .�2 

!<�: !2 !�"�+ &*�2 ���% !�R>+��2 �#@ &/�� 

O#* ���	 7� &�� (��)* )=�� 13(� M�2�0�: 

7��"� =�/���> &/�� 7� M52 �J�� �R� (��)* ���2 

7 ����
 �K/0�0e> ��S� ?�#@ -�"��� ����� ?�#@ 

�4�6:7� � +����*�7 LJ�� 7� �0� M52 7�A� �:d��� 

��� �0 �����@ �� � .!��� =2�J !<�: =�/���> &/����1 

105  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

��@ �R� (��)* ���2 !' 7� ��7 H*��� 7��J �7�� .

&�7� (��2 3�2�*7 �N#*�0	 � 
�
 &1� =2�J!<�: 

O#* �2��/0� 7� �0	 �R� (��)* �p�� ��� !' �0� 

!"#�� �> K/07 7� ��7 �#@ H*��� 7��J ����2 ;2�#� .

� �2�0 �R� !�*�: !�"�+ % 7����0 ��2+  7� (��)* �R�

7 Q�� � $��< &R<K/0 �:d2+  37�� 7� � !����

R��� ��� (��2H0 a�F�17����0 �1 ���  !2 �R� !�*�:

��: -�)� &)*!� �����T .;4��� +B'�� �: �2��< 

&�� B�� ��
 [g7 ��R� (��2 0���H ���	��*��� 7�A� 

&1� =2�J!SDd� O#* �2��/0� � !2 L6: (% M0�B1� M�: 

�E�� ������� � 7� !p��� �#@ &/�� ���	 7� �p�% B�� 

[' ������2 .7� &)/J+�� $�g � $��< �2�g &�� 

(��)* �2 !<�: !2 �0� !' 7� �0� ;4��� (�B�� &1� O#* 

$% ����	�0	 ��0�> &*� � 	� �1�4 9*��� 2(�� H0��� 

���	�*��� +��2 ���@7 &/����1 B�� 7� �D H*��� �0 

i��] ����2 7� !p��� =�/���> ���@7 &/�� O#* 

���	 37�I2 i��] �����2 .  

  

F;� 11 .�'>� ��� F�!���# �E0 �(:0� &!'���� FU�, 	( f������# �'>�
�� &�( RE� )* ����	��	 � S�(�� 
=�3���3  

  

  
F;� 12. ��@J
�� 	(  �����K�	 �3�3 �(:C ������"�# �� [�� \.(  

  

  

106  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

  
F;� 13. �'>� ��2#
:�� F�!���# �E0 &!'���� ���	 �� &��  ����   

  

�g���
��K  

�2 !<�: !2 8D�6� !`�7� ��� 7� �0� �M��U> ��(��: 

~0��� !2 &*� ���% 	� �0� ;�"N: �7 7� 9F�g �7��� �0	 

!�*�+��2 ��':  

1- �*7�2 (�B�� 3����s: O#* $% 0	q����	� 7� 

!���1+ ��2 -�*+�� 1372 �: 1396 7� +������B�> 

&�� (��)* �2 !<�: !2 \��T�7��� 24 !F�* &�� 

(��� ��� !' 7� M�2 	� 90 ��7� �0� ������B�> 	��: 

O#* $% &1� ����' � 7� 9�g� (%�� &1� $% !2 7�4 

��)� 
�p�� ������T +7�#2 !' ������� &1� O#* $% 

����	�0	 9/18 ��� ���2 � 7� �	�2+� ��2 8/33 ��� �: 

�G� ��s�� &*�.  

2- M�2�0�: (�B�� &1� O#* $% ����	�0	 7� M52 

�J�� � -�)��J�� &�� }7 ���� � �0��)' 7��"� 7� 

M52 �2��< &�� +�7 ���� &*�.  

3- ���7 3����s: &��5] 3�2�*7 (��� ����� !' �� 

!A 	� )�-� !2 &)* $��< &�� &'�D ��[��' 

&��5] !0^+�� !���B07 ���/� 1q&/���� 1�qM0�� 

���2�0 .M�2�0�: (�B�� &��5] 3�2�*7 !���B07 &�� 

7� M52 +B'�� �: +B'�� - �2��< &�� �2 +���7 

!2��� �2 ���7 9F�g &�� ������ �0��T.  

4- ����N� $��<�J�� (��*�R� (��)* � ����N� 

��2 *�7+�� �d
� h�R� �!�g�1� $��< h�R� ����� � 

���< (��6)s�> � Q�� ����B�> ����/0� �M��U> ����N� 

+�7�� =�/���> &/����1 =2�J !<�:+������2 .����N� 

�R� (��)* !2 �4�@ !0es: $% ����	�0	 !2 !��*� 

$d]�1 +�R� 7� ��7 �2 �#@ &/����1 H*��� 7��J 

�7��.  

5- �2 !<�: !2 !�"� /���>=�  �#@&/����1 !2 &*� 

����% !����2+B07 +��2 !�*�: �R� (��)* ��R2 &*� 7� 

+��*�7 -�)� � 7� !�D�� ��2 !2 &)* $�g 7� �S� 

!�1�T ���2 .[����A 
	^ &*� �2 !<�: !2 �#@ &/�� 

^�2 7� M52 �J�� (��)* !����2+� +��2 M0�> 9�*% 

��7�� !2 ����
 K/07�0e> 7� �S� 1�T!� .���  

  

�;'J � ��(��:D  

!��*��0�2 (�T��/0�� 	� &'�� $% !"#��+� (��)* !2 

�4�@ [���1 (��)� �@�2 	� ����+�� !�F�� � [����A 	� 

������� ����� ������ !2 �4�@ [���1 (��)� (���� 

�0�	�2+�� �0��N� ���: � ����7�J ����0�)�.  

  

_����   

���1��� .�
 +�G�< .� )1392 (	7��2�0 (d�2 ��0a�F�7��� 

2%q(��5 ��2�R2 7� *�q(�� 0q��B �q��)�� �q0�)qM 

���	�*��� �*��R� � H�N�&/0	 �(��0� ������� 

�*���1 ��R�� �� 55 -47. 

107  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

l�6
���U� � )1377 (�*7�2 H0��� � =`�/� ���	�*��� 

H�N�&/0	 &�� �(�p�/17 ����1 3^�"� ����� 

M0�)� �)p�� ���	�*��� 0�(��. 

	7���' ��520�M 
.� Gp��� $.� � ���2�5�: 
 )1393 (	7�02�� 

�#@ &/����q1 7� ����N� B'��+ �R� �(��R: 

)��q��� �)�0M ��� II5:� �	��*���� ������� 

>�
�7��.  �1 -7.  

+���F�7�> �.� �+7�Gg 
.� �+���� ? )1386 (1�q& O#* 

$%+�� ����	�0	 � �*7�2 &/�� ���	 7� &�� 

*����2%� !
�)p� 3^�"� ��)��	�0 M0�)� 
��
����	 

������� �*���1 �R��.  

+���F�7�> � .7.� �+7�Gg 
.� �)�*7 ����7�2 w. 7 )1388 (

�*7�2 =�
 =���: \����� � &/����1 ���	 7� $�g 

&�� ��)��' !�p� 3��F�#� ���	��*��� ��< 1� �7�)� 

1� 95-111.  

�)N� ���B��
 �L�17 $ )1387( wd�� h�@+�� ���6�7 !2 

k�7 ;07B: )!�F�#� +�7�� ��7��% (��)* - (��R: (

(�0�>!��� �*���7�'��7� �1 �������� *��R� ��� 

2 �����������)F�� 
���)@��� �BJ0�.122 .�  

�*��+w��� .l.�
 7�Gg+.�
 ���F+7�> .�� 7��1�+ .l 

)1392 (*7�2� �>0�� &/�� �	�� � E�:�� (% �2 �7+ 

/T���5� !F�F��+ 7��< ��A��+ $% 7� ����N� �R� 

�R�� �2 ���G�*� 	� !�R>��2+ s:��3�� !�����2+ ^0!��+ 

�	��� =I1!��� )�
� - ���U>� *��R�� 2%�7�+ � �$% 

�7�� 4� �7�)� 1 - �7�)� >�>�� 13� 56-66.  

*��R��� 7���� ��	�* $%l7�> )1388( k7�BT 3��F�#� 

���F��`a0�� �&� (��)*.  

��E��� .l � �)��7 .w )1395 (�N:�= � 	7�02�� ������7�>+ 

�E�� �2 &/����1 �	��� !�p� )�
�- ���U>� (��)
 

�l7�� ��< 16 �7�)� 1� 45 -54.  

Castellazzi, P., Arroyo-Dominquez, N., Martel, R., 

Calderhead, A. I., Normand, J. C. L., Garfias, 

J., Rivera, A (2015) Land subsidence in major 

cities of central Mexico: Interpreting in SAR-

derived subsidence mapping with hydrology 

data, International Journal of Applied 

observation and Geoin formation, 47: 102-111. 

Chen, C. H, Wang, C. H, Hsu, Y. J, Yu, S. B, Kuo, 

L. C (2010) Correlation between groundwater 

level and altitude variations in land subsidence 

area of the Choshuichi Alluvial Fan. Taiwan 

Engineering Geology, 115: 122-131. 

Davoodijam, M., Motagh, M., Momeni, M (2015) 

Land Subsidence in Mahyar Plain, Central Iran, 

Investigated Using Envisat SAR Data. In: 

Kutterer H., Seitz F., Alkhatib H., Schmidt M. 

(eds) The 1st International Workshop on the 

Quality of Geodetic Observation and 

Monitoring Systems (QuGOMS'11). 

International Association of Geodesy 

Symposia, Vol 140. Springer, Cham. 

Haddad, A., Khodaian, S (2002) Technical 

Engineering & Soil Mechanics, Tehran, Iran. 

Hadaadan, M., Afsharian-Zadeh, A. M., Chaichi, Z 

(1994) Geological map of Semnan. Geological 

survy of Iran. 

Hu, R. L., Wang, S. J., Lee, C. F., & Li, M. L 

(2002) Characteristics and trends of land 

subsidence in Tanggu, Tianjin, China. Bulletin 

of Engineering Geology and the Environment, 

61: 213-225. 

Khanlari, G. R., Heidari, M., Momeni, A., 

Ahmadi, M., Taleb-Beydokhti, A. R (2012) 

The effect of groundwater overexploitation on 

land subsidence and sinkhole occurrences, 

western Iran. Quarterly journal of Engineering 

Geology and Hydrogeology, 45: 447-456 

Larson, K. J., Basagaoglu, H., Marino, M. A 

(2001) Prediction of optimal safe ground water 

yield and land subsidence in the Los Banos 

Kettleman City area, California, using a 

calibrated numerical simulation model. Journal 

of Hydrology, 242: 79–102. 

Liu, C. W., Lin, W. S., Cheng, L. H (2006) 

Estimation of land subsidence caused by loss 

of smectiteinter layerwater in shallow aquifer 

systems. Hydrogeology Journal, 14: 508-525. 

Lofgern, B. E (1969) Field measurement of aquifer 

system compaction, Sanjoaquin Balley, 

California, U. S. A. Proc, Tokyo Symp. on 

Land Subsidence, IASH-UNSCO, 272-284. 

Mahmoudpour, M., Khamhchiyan, M., Nikudel, 

M. R., Ghassemi, M. R (2016) Numerical 

simulation and predication of regional land 

subsidence caused by groundwater exploitation 

in the southwest plain of Tehran, Iran. 

Engineering Geology, 201: 6-28. 

Modoni, G., Darini, R. L., Spacagna, M., Saroli, G 

(2013) Spatial analysis of land subsidence 

induced by groundwater withdrawal. 

Engineering Geology, 167: 59-71. 

Mousavi, M., Shamsai, A., El Neggar, M. H. and 

Khamehchian, M (2001) A GPS-based 

monitoring program of land subsidence due to 

groundwater withdrawal in Iran. Can. J. Eng, 

28: 425-464. 

Nikos, S., Loannis, P., Constantinos, L., 

Paraskevas, T., Anastasia, K., Charalambos, K 

(2016) Land subsidence rebound detected via 

multi-temporal InSAR  and ground truth data 

in Kalochori and Sindos regions, Northern 

Greece. Engineering Geology, 209: 175-186. 

Pacheco, J., Arzate, J., Arroye, M., Yutsis, V. and 

Ochoa, G (2006) Delimitation of ground failure 

zones due to land subsidence using gravity data 

and finite element modeling in the Queretaro 

valley, Mexico. Engineering Geology, 84: 143-

160. 

108  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

Rodríguez, R., Lira, J., Rodríguez, I (2012) 

Subsidence Risk Due to Groundwater 

Extraction in Urban Areas Using Fractal 

Analysis of Satellite Images. Geofísica 

International, 51(2): 157-167. 
Solaimani, K., Mortazavi, S. M (2008) 

Investigation of land subsidence and its 
consequences of large groundwater withdrawal 
in Rafsanjan, Iran. Pakistan Journal of 
Biological Sciences, 11: 265-269. 

Waltham, A. C (1989) Ground subsidence. Blackie 

& Son Limites. 

Zhou, G. Y., and Esaki, T. J (2003) GIS based 

spatial and predication system development for 

regional land subsidence hazard mitigation. 

Environmental Geology, 44(6): 665-678. 

 

109  



��������	 ���� 
�� �
������ ����� ����13����� � 26  ��!�	 � "���# �98  

 

 

 

 

 

 

 

Assessment of land subsidence of the Semnan plain due to groundwater 

extraction  
 

H. Akbari Arimi
1
, A. Momeni

2
* and E. Khorasani

3 

 

1, 2- Faculty of earth sciences, Shahrood University of Thechnology, Shahrood 

3- Regional water company of Semnan 
 

* Ali_moomeni@yahoo.com 
 

Recieved: 2019/3/16     Accepted: 2019/5/28 

Abstract 

Land subsidence is one of natural hazards which is involved with most of plains in Iran and leads to 

damages of urban area, roads, bridges, power transmission lines, agriculture lands, wells and 

piezometers. Generally, regional subsidence is depended to human activities such as extraction of 

groundwater and geological conditions which can induce considerable damages to economical basis of 

the area if it be occurred. In the last few decades, the rapid development of agriculture and the increase 

in the need for water has led to overexploitation of groundwater in the Semnan plain. In this paper, the 

occurrences pattern of regional subsidence phenomenon in the south and south-east of the Semnan 

plain and also the zoning of this region in terms of the susceptibly of land subsidence have been 

discussed. In this research at the first step data of 18 piezometers for 24 years period (May 1993-2017) 

were used to provide iso-potential lines of drawdown groundwater table and unite hydrograph of the 

plain. Furthermore, for the determination of type and thickness of the subsurface layers some data 

including piezoelectric log, geoelectric studies and geological map were used. Then, using the 

drawdown groundwater level map and the subsurface layers conditions map, a subsidence 

susceptibility map of the Semnan plain was prepared. The results showed that during the period of 

1993-2018 continuous extraction of groundwater caused a drop of 18.9 meters of groundwater level 

and provided conditions for consolidation of clayey layers and land subsidence. The subsidence hazard 

zonation map indicates that the area with a high potential of subsidence in this plain is located in the 

northeastern part of the plain and in the south-southwest of the Semnan industrial park. 
 

Keywords: Land subsidence, Semnan plain, groundwater table dropping, geoelectric sounding 
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