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�=)�   

 � !�� � " #�" $% $&'( �% )� �	��% �����% ���� �� *%��	 �'+,�   ��-,& $% ���	��
� �� *%��	 �� $
 "

 ��#�	���   �.-�/ ���" ��� 01.�	 2"�3	 "'4�	 �����5( 6+� ����	��
� �� ��� ��� .��� $.��
 8
�!��

$9�: "� ���
��	 ��;
� �" ��#-.	 ���	 ��
� ������	   )#� �<'= "#�> � �
�.,?	 $1,& �� .#��

�	��� �� ���� ���	 ��
� ����� �	 ���	��
� �� ��� ��@A�� B����% .�',� )"��� ��	� ���� �� $% ��'(

�,
#C �'D��'
 ��	��� "� ���� �� ) �E"��  "� )#FF.	 �G�
� ��	�%G� �=�
� "� )#� $.9��� ���� �� �
�(

 H��1900 �?� "� ���L,> .��� $.�'�M N'C  $% ��A�	  !�� H�� �� ��=�.
� ��>1930  �(1973  � #Q ����

15�.��� �.	(Gambolation et al., 1974) � #Q ���� ���'
 H�,� "� *C�  �D��'=��( �1Q�� ��� "� �10 

 � #FQ ���� ����S�=�� �� �T���	 "�   H�� "� �.,�.���8/8 )��#�� �.	) ��� )#� ���ELarson et al., 2001 "� .(

"� Y'D��% �?� H�� "� #�1
�( ��>1933  �(2002  � #Q205 �.��� �.	(Phien et al., 2006)  )��� [" ����

H�� H'� "� ��	� N�S("� �����5( .��� ��>1975  �(2003  �� <�\,M �]� "� (��'
�( H�,�) $\
�( $^'Q "�

H�� �
� H'� "� .��� $.��E "��C ��"�% �"'	 ���	��
���	 #Q �� 8�% �����% �> 2"�3	 ���% ���	��
� �� *%

 ��� )#� ��;
� $T��	 "� �"�T.	�� ����   ��� )��� [" �"��%�(Chen et al., 2007)�� #Q �� 8�% _���.�� .-

 �"'	 ���	��
� �� ��� �����5( $T��	 �
� "� .��� )#� ��	� ���� �� `@�% !�� ��'
�( ��a "� ���	��
� ��>

 )��S.�� �%   $.��E "��C ��"�% ��GPS )#� b�1(   $
!;( ���	��
� �� ��� �% �� c�+("�   ��',@ �
�;%�& �

�	 ���� d
�.� .��� �)�'% �=��D�9   ��"�% ��]e( �( ��'
�( ��a "� ���	��
� �� ��� 8>��   8
�!�� #>�

�� *%��	 �� #Q �� 8�% �����% b�=� $% �D�=  ��� )��.�� f�S(� ��	� ���� �� ���	��
�(Chen et al., 2010) . "�

H�� H'� "� '�g���& ��>1995  �(2000� )�: *
�'()�?% "�#T	 �<�\,M ��> �� ���   ���	��
� �� �� �"���%

�	 ���� d
�.� .��� $.��E "��C ��"�% �"'	 ���	��
�)�?% "�#T	 8
�!�� �% #>� �� ��� ���'�%� �� �"���%

!�� ��	� ���� �� [��   8>�� ���	��
��	 8
� #%�
(Hongdong et al., 2011).  h���	 "� ��	� ���� ��

 ��:G��)Kalochori  ( ) B #���Sindos ���� �� ��"�% �
� "� .��� $.��E "��C ��"�% �"'	 ���'
 H�,� "� (

 ��	�35 �1�	��"�% .��� )#� �" ��% H�� "� �.	i�;�� ��>�	 ���� h���	 �
� "� )#�� ���� �� $� #>� ��	

�	 $T��	 �<'='j< "#�> �% c�+("� "� ��	� ���� �� )#
#M b	�@ ���	��
� �� ��� 8>�� h���	 �
� "� .#��%

�	 #��%(Nikos et al., 2016). ) "�#� )"� "�Cedar2�D� �D
�	� ��('
 �=�
� "� *C�  ( H�,� h���	 "� �
�>

���	��
� �� ��� 8>�� .��� )#� ��;
� �%�a �'�&   �C��  ��%'�" k���( 6+� ���	��
� �� <�\,M b�=� $%

��"�% .��� )#� $.9��� ��	� ���� �� ��#9" �1/� b	�@ ��%'�" k���( *C�  "� .��� )#� $���!
"�	 ���� �>-

 $�G�� b	 �
� "� ���	��
� �� ��� $� �("'/ "� #>�60 �.��� ���� �� ��!�	 �
�.��% �#%�
 8>�� �.	

 � #Q3 �.����.	  �'% #>�'9 H�� "�(Knudsen et al., 2014). i�;�� ��-=��	 )"� ��4� ���� h���	 �
�� "� )#�

) ��.���M ��(�'�Kakar et al., 2019) �1>� �(Malik et al., 2019) ��'-� ��.�%�@ �!��	 h���	 �(Othman 

and Abotalib, 2019) #�> ���;E �(Choudhury et al., 2018) ��: ���& �(Wang et al., 2018 m
!D	 �(
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)Figueroa-Miranda et al., 2018) �!=�	   (Yong et al., 2018 *%��	 �� �����% �]� "� ��	� ���� �� ��#9" (

.��� )�',� ��+]� �" ���	��
� ��  

 ���	 ��
� ������	 ��;
�   ���	��
� �� ��� ��� ����	��
� �� *%��	 #Q �� 8�% �����% !�� ���
� "�

������ �� ���
� ��#-( "� ��	� ���� �� ��4� �� �� � �� 8�% �����% �H�n	 ���% .��� )#� o"�!E �.��%� ��>

 ���S-&   �+;�") ��� )#� ��	� ���� 6&'	 �"�?.�� ��� "� ���	��
� �� *%��	 #Q1388 $T��	 �
� "� .(

)"�'>�	 �
 �3( �� )��S.�� �% ��	� ����)��� ����
� �� ��� ��> )" � �� ���	�83 -1379��	� � $T��	 �����

 b	�� ���� �� b	�'@ �
�(�]q	 ��"�% �
� "� .��� $.��E "��C ��"�% �"'	 ��%'�" ��#�?	 ��3��	  

$
G �	��^ ����	��
� �� *%��	 #Q �� 8�% �����%�Er
    �%'�" ��>�	 ��%'�" ��#�?	 ��> �� "� .#��%

H�� ��>1379  �(83�
� ��� � � #Q ��� "� �%�.5 8�% "� ���	��
� �� ��� ��� .��� $.��� ��� �.	 �
�>

$
G $� �"�?.�� ��� ���,�C $% �+�� ��.��% ���� �� `@�% )�'% �"�	   B" s�& �� ��� �
� ��> �
�>

 ���S-&   �+;�") ��� )#� �)�'% ��"� $��� ��%'�" $�1388 �� ���� #?�	 ��� "� ��	� ���� �� .( b	�@  �

)�?%�% �"���%8�% �� �.�E�% �� t'S� �� ���E'1&   ��'�%� �� $
 "�	 ���   �-�/ ���" ��� ��> .#��%

   ��.	����.�
� �"���" m��D( �� )��S.�� �% )#
#M �
� �� ���� ��>#	��MGPS  ���� ��"�% .��� )#
��E ��"�%

�	��  "�'1%   B'� h���	 "� ���� �� ��!�	 $� #>�b 6�(�( $% ��%�20   15 �.��� ��� )�'% H�� "� �.	

 ���"�D,>   �����?%)1389)� #	 "� ���	��
� �� ��� ��� .(   ���� `@�% #?�	 ��� ��'�%� �� �
�>

d�   �g.���E �"'/ $% ���� "�]� .��� )#� ��	� �
�;%�&$='= �E#�)�: "�#& ��> 6+�   )#� ��
�,� �>

 �� �(AD�	 ��;
�)��� 6
��( $1,& ���"�D,>   u�#	 �'�'	) ��� )#
��E ����
� ��>1392 ��� "� .(

�� ��� ��� �]� "� $=�: �� b�D�(   ��	� ���� �� !�� ��#,> ��.�� "� ���	��   v�>� "�'+� ���	��
� ��>

��� )#� o"�!E.(Khanlari et al., 2012) � ��� �� ���	��
� �� ���� ���%���% ���$
 "  h,@� ��
� ���% � "

�g�� �.�% ���5( � �	��^$
G ��>�9�� "� Y'� $�	   ) �	��^ ��
�G$
" $���!
" ��>�� 6+� ��  ���� "�

��	 ���  �� ��!�	 $� �"'� $% )#���  ���� " "��.� �'� H $% ����21  �.	� �� ���	��
� �� ���'� $% "

 w�'.	5/16  �.	�.��� ���-(#�� )$1/�� �% .��  �.��E " �� �.� ��!�	 �
���  �1@ $% ���� 8
�!�� �	��^

����% �#Q $% � 22  �.	�.���� $.��
 8
�!�� �� ��]���	   �,�>")1395.(  ���?( �%�a �'�& "� ��	� ���� ��

�	 ���	��
� �� *%��	 #Q �� 8�% �����% �]� "��� ��% $1/�� "� .#��%H ��>1984  �(2012  �� ��� h,@

	��
� � #Q $T��	 �
� "� ���65/11 ) ��� $.��
 8>�� �.	Mahmoudpour et al., 2016 �!
 ��.�� "� .(

)��#�� �"���" �;�� b9�#( m��D( �� )��S.�� �% ��	� ���� �� ���� d
�.� .��� $.��E "��C ��"�% �"'	   ���E

�	 ���	� )" � "� $� #>�2003  �(2006  � #Q ��	� ���� ��!�	22 .���� ��� 8>�� b�=� $% $� )�'% �.	

�	 ���	��
� ��#��%.(Amighpey and Arabi, 2016)  �� 8�% $�G�� ��;���" ��� "�5 �1�	 ���� ��	� �.	

�	)��� .#���	 ���� ��� �
� "� �� ��� ��>�� #Q �� 8�% _���.�� �� ���� ���� �� $� #>� ��>

��%'�" k���( $% �;�	 $� )�'% ���	��
�  .��� $.��� �M "� �" ��'�%� "�#
�M��   ��E�% b%�C ��a bD� ���5(   )#�
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H�� �� "� ��;���" ��� ��'�%� )��9t ��>2004  �(2016  � #Q300  ��� $.��
 8>�� 6-D	 �.	 �'�1�	

(Motagh et al., 2017)H�� �� "� ��#,> ���	�� ��� "� �%�.�
� ��� ��� . ��>1988  �(2008  ��"�% )#�

�	 ��" ��� 8�% "� ���	��
� �� $
 " �% �����% �� ���� �%�.�
� ��� ��� ��� �
� "� .��� �
� "� .#��%

 $�G�� ���155 �	 �����% ��'�%� �� �� 6-D	�.	 �'�1�	�'�.(Khanlari et al., 2012) i�;�� ��-=��	 "� )#�

��� ) �!
Amin et al., 2019) ��	�"  �(Dehghaniand Nikoo, 2019�1@   () kC ��%�Rajabi, 2018 ��#9" !�� (

�	 ���� �" ���	��
� �� *%��	 �� #Q �� 8�% �����% �� ���� ���� ��.#>�  

$% ������ ���� ������ �� �D
 ��'�@ ��>b/�Q!�9 �	 ��E!	�> ��.�� "� ��" ��� $��	� "� �
� .#��%

)�?%   )�'% �,j�� $��9� " #C�� ���"���%�	 ������ ���� ��'�%� �% �D.	 01.�	 2"�3	 �?& �%� *%��	 �� � -

H�� "� .#��%�% �����% 6+� ��" ��� $-�'( ��9� ��> *%��	 �
� �% ���
� "���   ���	��
� �� *%��	 �� $
 "

�=��D�9 .��� )#���;
� `@�% $� )�',� #
#�( �" ��-^  �
� !�� �%�.�
� ��� �.�" ��
�M   ��9� ��> 

��
� ������	8�% "� 2�D� ��;
�   ��	� ���� �� ��4� ���	 ��,>� $% $&'( �% .��� )#� ��� �� �
�>

 2�D� ��;
� k����D	   ���� �� ��"�% �^�Q h�T( �� 2#> ���� �
� "� �1+C ��-=��	 �'&  i#@   N'^'	

�	 ������ ���� ��� "� ���	��
� �� ��� ��� �� ���� ��	�.#��%  

  

WI�K�" � �+�*��TX ��
�(�H� ��I� 
)HD� �G�D�  

 ��.�� �C�� H�,� "� $� )�'% ��� " ��.��?� *%�'( �� $��9� " 8�% y!& ������ ���� �(�-=��	 )� #	

.��� )#� *C�  ��E!	�> H'� ��% )� #	 �
� �
�����5& ��>ʺ49´21˚57  �(´35˚57 z�@   �C�� ��>

 �
�����5&ʺ11´44˚27  �(ʺ04´52˚27 �"�� "��C �=�,� bD�)1(.  

��	� �4� ��) bD� .�"�� "��C ���D	 � � �%�a �,�C "� ������ ���� )� #	 �����2��	� $�T� ( �����

�	 ���� �" $-=��	 �"'	 )� #	 .#>��
� �	 �'�	 ��g;% $@',;	 �� ���% )� #	�'�  �=�'( m
 �� ���%  

v�� )��.�E" e��	 �% ��'E�E� ��>�	 �
"t� �
 �%'�.#��%  $@',;	 � "� ����.��M��   ��� � �t'S� ��>#Q� 

$.��E "��C ��g;% �',�9" k� �Q��	 �%   )#����M �"'/ $% ��	'1g�� ������ ���� )� #	 �'�& �,�C "� .#��

� ��� !
�%� $^'Q .�"�#� ��'�%� $
{5( "� ��T�   )�'% w�'.	 #Q "� ��
{Mt'S� �4� �� $� �"�� $% ������ ���

�	 $.�% $^'Q m
 �"'/ .#��%�	 �,j�� $��9� "   $,�: #C�� ��� �
� .#��% �� ������ ���� ��� ��'�%�

�	 �.��%�   ���� N'� .#��%)#	� �'&  $% ���(�'� )" � �� "� ��@�S("� 8
���� �� ��� �.��%� ��%'�" �
� .#��

� ��
�& )r
  $% 01.�	 b	�'@ �]� "� ��%'�")#� b�D�( �$��� �4� ��   #�� ��� 01.�	 c�T� "� �	��^   �#�%

$�D�� c ��	 b	�� ��� �.��%� ��%'�" .#�.�> � �S.	B��(   �,
#C ��> �.��%� ��>(Qt2)  �.1�� ��%'�"  

)#� $.�� (Qt2a) �	$�D�� c ��	 .#��%B��(   �,
#C ��> ������ ���� �'�&   f�� �,�C "� �.��%� ��>

$.��E "��C$���   #���	 B"   �1�� �$��	 ��� b	�� �?�� �#�% .#��% ��% ��� ��%'�" �	��^50  �(200  �.	

 �,� $% �'�& �,� �� ��� ����E'M'( 6�� �$.��E "��C ��@�S("� ��% "� ��� $D�
� $% $&'( �% .��� )�'% ��5.	
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Abstract  
Over-exploitation of the groundwater resources causes many environmental hazards among which land 
subsidence is more important. The main aim of this study is to evaluate the effect of groundwater level 
drawdown on land subsidence and fissure occurrence in the Kerdi- Shirazi plain, Hormozgan Province. For this 
reason, the groundwater level changes and distribution of the surface and subsurface sediments in the plain were 
investigated. Water level data from piezometers during the last 16 years from 1999 to 2015 indicate cumulative 
drawdown of about 40.6 m with an average annual declining rate of about 2.2 m. The groundwater level 
drawdown caused considerable stress loading on the aquifer forming sediments, resulted in compaction and 
settlement of aquifer materials. Consequently, a large fissure with a length of about 567.6 meters appeared at the 
northwest part of the plain in 1394. The results of this study indicate that two main factors including 
groundwater level drop down and changes in the thickness of the fine-grained clay layer caused unequal 
subsidence, creation of the tensile stress, and consequently occurrences of the fissure. Based on these factors, 
hazard map of fissure occurrence due to land subsidence was prepared for the plain with three categories 
including the high, moderate and low hazard areas.  
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