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The Bakhtegan and Tashk lakes, as the second largest lakes in Iran, have been 

faced with a drought since 2007. Consequently, the ecology of the region has 

been disrupted and the social, health and environmental problems have been 

appeared. The purpose of this study is to investigate the role of meteorological 

and hydrological droughts on the drying up of these lakes. For this purpose, 

temperature and precipitation data measured at 21 rain gauge stations, flow rate 

measured at three hydrometric stations and the area obtained from the calculation 

of the normalized water differential index by processing 46 Landsat satellite 

images. Pearson correlation coefficient was used to determine the relationship 

between variables and linear regression method was applied to examine the trend 

each variable time series. Also, to determine the effect of climatic drought and 

hydrology on changes in the area of lakes, standardized 12-month rainfall and 

runoff indices were used. A decreasing trend has been discovered in the lakes area 

since 2008, and most of the lakes have been dried after 2012. Despite an 

increasing trend in the basin temperature (0.04°C/year), no significant change in 

this trend was observed in 2008. Moreover, decreasing trends have been detected 

in precipitation and discharge of the Kor River (the most important inlet of lakes), 

especially since 2007. The calculated standard precipitation and runoff indices 

indicated occurring of meteorological and hydrological droughts in the basin 

since 2008. Precipitation during the drought period decreased by 47%, but the 

discharge of the river into the lakes decreased by more than 95%. According to 

the results of this study, although rising in temperature together with the 

meteorological and hydrological droughts have caused reducing of the lakes area, 

but other factors could play an important role in this hazard. To determine the role 

of other effective factors, considering the role of human factors (especially 

agricultural development and dam construction) is also suggested. 
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��> 0 M?�� ���� $�� 
� �
�Ul� �� *
���>1386  R�Z� 3> �� �� �� BJ 3EVl� T>�` S=> A�Z=� 0

��> �3:�	
� ��� ;�? ��0
 x0�� �> �*�
0��+�� �+ M�[W0 �_ � T��" �
 �,�� �	� �� *
���> �������.  
�

3[.�N���&V Q� � 3+ *�) ��
��O, 0 ���1396��� �M�� �� ��)�� (���&	� *�,���&	� �*���0
��, *�, *�,

3W V ��=L� 0 �)�&��
�> S=> 
� �
 D	�>J��	�� 0 M��k�> |!�=� *�, �� �� 0 ���0
� ��
�Ul� *�,�� M��

��� 
��` ��
�> �
 ��
� � Rl?�> .��� �� ��
�> �� ���� S,02� �	� �!L` 0 � > �/DP @
�> ]����\� 3+ �,�

 ��0
 *�
�� ���0
� 0 �
�Ul� �� M��k�> 
� 3�k�� �>� �.0 M�� 3����� 3:�	
� ��� ;�? 
� �����: ��_��

��	�� 
� 0 ��	�Da���[� ��0
 �`�a �,�� �	� M��� �� �0
 ��� �� �� �� ���^O, .M�� � > *
�� 
� �+ 3> �

�+ 3��?0
 BJ �0
0 �� *��C !P ��!U� T��" �	��>��> .�
�� ��,�+ ��0
 �>� 3:�	
� 3> �0
0 TI� - Q� � �� ��

3�L� 0 �,��) ��
��O, 0 *�`�> .M�� ���,� 0 *
��>J *�,1395
� ,�� *�,�	 Z� ;O+ �> ( ��� 0 M���. *�,
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3W V 
� �C��
�> 0 �>� 3:�	
�  �0
 0 ����=> T�� " ��_�� MI� ����=> 3:�	
� MV�&� ]����\� T�!I� 3> �+

��� �� ��X��� �> �����,02� �	� .���?���� ���&�� 0 �[�L<}	� 
�Da�1  $�� �� �� �
������� @
�> A?�� 01355 

 ��1393 
0�
0� 
� K���� *�,�	 Z� �� 0 ��+ A=�� �
 �.�&��? 0 �.���� *�,���� *��> |!�=� *�, 0 @�

3��� 3�4��� ���� d	��� .��� O� ��X��� ���� *�>
�+ *�,$�� ��> 3+ ��� *�,1371  ��1378  �>� ]����\� ��0


M!" �� ��	 ����� sN4� �	� 
� 3)��� 
� .�
�� M4>�N� ��	��	 �> �C��
�> 0 �0��� 3:�	
� ��� ;�? �!U� *�,

���� jN� ]����\� ���^O, .M�� �C��
�> S,�+ 
�$�� 
� �a�Z� BJ ��D�� 0 �>J M�+ �	� *�, *�,1355 -

1385  �� M����> S	�Da� t"�> M��k�> �V� � 
� M�+ �	� jN� S	�Da� .Ma�C 
��` ��
�> �
 � 3W V �	� 
�

��	�� 
� ���^O, 0 �� �>J s>���3[� � 3W V M�� BJ �	�� S,�+ �> M�+ �	� ~ N�) ����D	�.� 3>�T 

 BJ s>��� � LO+IN�.M�� � > ��O, (�  

 S4� �� �� @l� 0
 S�� S,02� 
��.�&��? 3:�	
� �����? �> ��	- .0
��, 0 ������ ,  0 ����=> *�,

3[.�N� �	�� 3> ML&� S,02� �	� .���C 
��` �>�	�
� �
 � ;�< ]0�X� *�
�� ����� *�,  3> �)�	� 
� 3+ M�� �	�,

�� 
��� ���J �	��O�� 3+ 
 N��O, .� � S=> 
� 3[.�N� 
� ��� 
��� �!L` *�,  o >�� ��� �	����> ����� *�,

 *0�+�0 �� ����=> 3:�	
� MV�&� 3>33 
� ,�� �	 Z�   �� ��J M��> ��� 3+ M�� ��	�> .M�� ��J M��> 3> �	�

�� 3[.�N� *�N? S	�Da� KL� �	 Z� �+��� ���[� *0�+�0 � �� �� @l� 0
 S�� 3[.�N� 
� .� �3:�	
� MV�&  �,

 *0�+�0 �� ��X��� �>46 
� ,�� �	 Z�  �	�
0�a *� $�� ��> ����� ��> 3> o >�� ��  *�,1352  ��1399  .� � ���[�

��� ���[� S	�Da� 3)��� 
�L�"� S	�Da� 0 �>�	�
� � L�> �,  ���	� * � �� .M��� �,� ? ��O, 3> �
 S,02� *�,

3[.�N�  ��_�� 3> o >�� *�,��� 34N�� 
� H�!`� ���\�  $�� �� *�,1393 �� S� � �
 ��� �� 0 �,� $�� *�,  *�,

 ��> ;	 
� 0 ���	�P *�, ��� �� ��X��� �> �� �� @l� S,02� �	� 
� .M�� ��� �����: ��X��� ��?�

��k < )�� ����=> 3:�	
� ��� ;�? *0
 �> ��	- .0
��, 0 ������ , �.�&��? ��_�� �� �� ��X��� .� � ��

M	D� ��	� �� D�� �����>J 0 ������ , �.�&��? A?�� �� 0
 S�� S,02� *�,  .���>  

  

���� �
 B�� � @
��   

��4�K� ��=� �7K.�  

 T��) ;�< 0 ����=> D	�>J 3W V 
� 3[.�N� �
 � 34N��2 0 �!U� �0
 .�
�� 
��` c
�a ����� *D+�� S=> 
� (

3W V �O/�� D	�>J �	
�3: ;�< – �� �+ �0
 ����=>3+ ���> �0�I� ]�"�X�
� �� 0 �	��� 0�&? ���[.�N� *�,

 ��+�� ���[.�N� �0�I� �� � ? ��&� 3���� 
� �3�a�C 3O�:�� c�n�J–  *����� 
� ��)���� 0 ��+ 
mC �0��X��+

 M��0�� M�� �� ��&�- �� ����=> 3:�	
� 3> 0 3��mC $�>�+ �� �� �0
 .�D	
H�� �+ �0
 �"�a 3��?�0
 �	��

*��!> �� 3+ M�� 3,��>J BJ 3���� 
� ��� ��bJ 3W V �>�b $�O� *�, 0 ��C�	� ���> � ������ $�+ *�,�0
 0 �,

�� Ma�	
� �
 
�� 3!CM�� �� 
 L" �� �� 0 ��+T� TI� 
� ��)���� ��>J ]��[� 0 ��>J
��` *�, �+ 3��?�0
 3> ��?

�� x�X�
� .�D	
 K���� 3> �� �� 0 �+ D	�>J 3W V Q� ��2120   02220  3W V x�X�
� �	��O+ �� > ���1520 
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 ;�< 3:�	
� 
� 0 ���– �� ����=> *0
 �> �� �� �� 0 �+ �0
 *0
 �> ���0
� 0 �
�Ul� ��D=� *�,�� .���>

.M�� �� ���V� �� �� �0
  

� ;�? 3O�� �� ;�? x � �� ����=> D	�>J 3W V H�!`����&	� �?�> 
� 0 �� 3O�� B�b $�O� S=> 
� s`�0 *�,

 .M�� ��� B <��
�  ��> D�� ;�? TZa 0 �
�� 3���� M��L	�
� �� 0 �� x0�� ����� �� �� TZa 34N�� �	�

���> 
� �
 
 	��� �� M��L	�
� �� ������� 
� 2	0 3>) ���&�� TZa 
� @
�> ��D�� �	����> .���C  0 *� *�,

�O�>�� q
 ���&>�� TZa 
� �J 
��4� �	��O+ 0 ( $�� �� ������ , *�, ��� c��� �> .�,�1352  ��1399 �

 �� 3�k�� Q� �� ]
��V 3P
�20 *��!> 
� ���C ����� 3P
�  �� �`�� $�O� 0 �>�b $�O� *�,27  ����� 3P
�

�� ��=L� �	��4� .M�� ��\�� ����� R��<� 0 3W V *D+�� {<��� 
� ���C *��!> ]����\� �� @
�> 0 ��� � ^O, 3�k

3� C 3> ���+ *0��� �� 3���.�� ��=L� 3+ *�1000 *��!> 
� ��� �!��  3> �>�b $�O� *�,2900  
� ��� �!��

M�� ����&V) ��
 �� �`�� 0 *D+�� �V� � 0 �,1400.(  

  
 F9�2: ���8�� ?��G=�!�I"�J L,�JM �N=/ �'��4�K� *�
  

  

 ��� $� @�.E  

3:�	
� S	�� 
� H�� �
� � �� ��	  ��X��� �*���0
��, *�,
�D>� �> 0l" .M�� ���J �>J MV�&� ]����\� ���[� ��,


� ,�� �	0�Z� �� 3:�	
� MV�&� ���[� 
� 
0� �� S)�� 0 �	�  �� ��)�� *�, S,02� ��
�> .M�� d	�
 
��&> �,

3:�	
� ��� ;�? *0
 �> �0��a ��X��� ������ �,
� ,�� �	0�Z� �� � 3:�	
� BJ ���� ]����\� ��O=� *��> �	�  �> �,


� ,�� *�,�	 Z� @����� �> �3� O� *��> .M�� ���� 
mCBJ �� 
�)��> �!W�X� A?�� 3L��I� 0 *�1 MV�&� �

                                                      
1 Normalized water index 
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� ����C 3W V *�,1 00) ML� ]la �`�� $�O� 
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��O, 02016�( 
�	3:� 
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 >3 +�� 
��3  0 ��
0��)

 ���
��O,2019
 ��>� 3:�	
� �(4  ���
��O, 0 r��-) ��: 
 �+ 
�2020� 3:�	
� 3:�	
� 0 ( �5 �	�	J) 3�+�� 
�6 

 ���
��O, 02020 
�> ��.0� A?�� �	� .M�� �	��C A=�� ���� 
mC 
� �J ]����\� ��0
 �� �	��C 3L��I� (

;� Q� � ����a7 )1996BJ M[�0 ��
�> R�, �> ( , 
�O� 3N>�
) M�� �� 3/�
� �IN� *�1 .(  

  

)1(    ���� =
����	
	��

�������
  

 �3N>�
 �	� 
�NDWI  �BJ �� 
�)��> �!W�X� A?��GREEN  0 DL� ���>NIR  �	� .M�� D��` �0��� ���>

�� A?��  ��> *�	��4� *�
�� ��� �1 �� +1-  3+ �.�V 
� vM�� ;	 �� �XU A?�� �	��4� *�
�� �>J ~ N� .���>

 �XU �	��4� *�
�� ���J *��> A?�� �	� ���,��C 0 u�? 
� DL� 
 � 3> ML&� D��` �0��� ���> *k�> c��[�� T�.� 3>

 .M�� �X�� �	  

��� � L� 3> 3P � �> 0 �	 0 H)V 3> o >�� *�,3:�	
� M[�  A?�� �� D�� S,02� �	� 
� �;�< 0 ����=> *�,

 *��> BJ �� 
�)��> �!W�X����[� 3:�	
� BJ jN� ]����\�  ���[� �
 E�� �	� 3> .�� ��X��� �,46  
� ,�� �	 Z�

M���.8 ���� ������ �C
� �� ��	��� �����9 > 0 $�� �, �	�
0�a �� 3> o >�� �	0�Z� �	� .�� 3�a�C�> �	��O+ �

� > �>� S� � ��D��  T��) ���3 3:�	
� MV�&� ���[� M�P �� �	�
0�a B�=��� .(|.�  3> 3+ � > T�.� �	� 3> �,

�� 3> o >�� 3:�	
� MV�&� �	����> $�� $ < 
� �[�L< 
 <  3> o >�� �J �	��O+ 0 M��L	�
� 0 �	�
0�a *�,

�� �� ��� 0 
 	��� *�, >J H+ �	��>��> .���>3:�	
� ���? �	 0 � �	�� M�� ��O� ;�? TZa *����� 
� �,  �	�

 TZa 
� �	�� �	� ���� q
 ��� ���> �E� 3> �[�L<  M�� 3> �
 ���&�� T�� " �	 0 �.�&��? ��_�� �� *���> � O� ��

�� �	�
0�a 
� �� �� 0 �+ *�,�0
 �
0J 
��4� �	����> 3��	� 3> 3P � �> ���	� * � �� .�,�  ����  ���J �>� 0 ���>

��� �O+ T�!I� 0 3	D)� �M�� �XU 3> ;	�D� 0 D�:�� ;�? TZa *����� 
�  �� TZa 
� 3> o >�� �����>J *�,

 *�,�	 Z� �� ;	 �, *0
 �> BJ �� 
�)��> �!W�X� A?�� *��P� �� �� .M�� 
��
 ?�> *���> M�X�+


� ,�� 3����J �� ��X��� �> ��	�10 @�
�  �4� ��X�< B�=��� �XU �� ��C
D> �	��4� ���� 0 ���� RmV �X�� 0 �XU  �	�

3:�	
� �>J S� � �� ���	��C  T��) � � A=�� �,3  �	��C $�O"� K���� 3����J �V 3:�	
� *��> 3���� 
� .(B

 T��)3 3:�	
� ��� T	�L� �> �n� 0 (� *
 �+0 T�� 3> �,11S	��	0 �3:�	
� MV�&� ��O=� 0 *�[> *�,  �,

�� T��) �� ��)3 ��� ���=��� �� @����� S�� |!�=� TV��� 
� 3+ M�� �+z ��	�� .(���� �� �, u
J *�,
�Da�-

�P -*J -c�12 �� 0 -*01  .�� ��X�����>*  0 �, 3�4� M`� S	�Da� >+ � L��X�M ��� �,� 0
 �>*  Z�	�,�* 

                                                      
1 Gonghe 
2 Wu 
3 Burdur 
4 Ebinur 
5 Tuz 
6 Aydin 
7 McFeeters 
8 LANSAT 
9 www.earthexplorer.usgs.org 
10 Threshhold 
11 Vector 
12 Arc-GIS 
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� ,�� �* 	; ��*  S�� @����� Q� � �� 3/�
� @0
 c��� �>�0
�,��2 0 ) ��
��O,2018( $�O"�  �	� 3> .��

*�,�N? RmV *��> 3+ K���� ��
	��� 	; ���, 0 ���&�>* ��
	��� * ���, 0 �> 0l" 0 Ma�C ]
 U � RmV

 �	�D ��[.�N� �0�I� @�>� /�� � 0�;  Z� ���+	�,�* ��D 3��� �� TL` TV��� 
� ��>* C�> 0��*  ��)�� ���

�	��C. D�� ��	�� 
�3�4� M`� ��  .�� ��
�> � P � *�, ��� �?�> �> d	��� 3&	�4� �> �,  

    

  
 F9�3: �=�5 ���=
�� �,=O' (Q4�) :SM �8� ���.3J ��N�(' TU�� ���E� �J �:�,�� ?/�#� ��E����:�,�� *� �
  V,����1 ��1370 �

8� ���.3J ��N�(' TU�� �,=O' (S)-E�.� �5�"EM 8/ X���� (Y) �SM � � �Z�M ��L1� 2�5 �� �:�,�� $�� (�)-�\-*M -]�  

  

����  *�
�E�.	JM� �E�.��=
  

��� �	��O������� @
�> 0 ��� 
��4� S,02� �	� 
� �� ��X��� �O�!`� *�,  
� �� *��C21   ��
�> ���&	�

�� �)�� 34N�� BJ ������ 3��=>��+ �� 3+ ���> ���&	� �	� M�[` � .�� 3��� c
�a �	� �, T�� 
�2  ��� ����

���&	� ��> 
� .M�� ����k < ��	DC�> *�,����� ����� ��> �	�� $�� �� *��C1343  ��1397 ���&	� 
� 0 *�,

T� �3���? �� + .M�� � > ��)��
 ��>J��� 0 ��?����� 3+ M�� �	���0�&? ���&	� 3> o >�� ��> �	��$�� *��C-

                                                                                                                                                                      
1 ENVI 
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 *�,1366  ��1397 � �
�� T������� � LO+ T�.� 3> .� ����&	� ����> 
� ��� *��C  ��
�> *��> �3W V *�,

��� �� 3W V 
� �	��� ]����\� �� ��X��� ��L���� 0 ���OP M=� ���)��
� ������ ������ , ���&	� 
��: *�,

34N�� BJ ������ 3��=>��+ �� 3+ ���&	� ��> 
� .�� 3��� c
�a �	� � ��� ��,T��+ *�
�� ������k < 0 �	�� �	��

��� $�� ��) �,1351  ��1399H�� .M�� (��� �	��  �� *��C ����� �>� �S,02� �	� 
� �� ��X��� �����>J

���&	� 
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� s`�0) �	���0�&? *���0
��, *�,25 T� �(�
�Ul� �� M��k�> *��� !�+ 
� s`�0) ��?55 

0
� M�� ��	�� *��� !�+ 0 ���75 �&V 0 (����=> 3:�	
� M��k�> *��� !�+  
� s`�0) 3���? ��>J10  *��� !�+

����� ����� ��> .�� ��X��� (����=> 3:�	
� M��k�>���&	� 
� �>� *��CT� 0 �	���0�&? *�,  $�� �� ��?

1352  ��1396 �&V ���&	� 
� 0  $�� �� 3���? ��>J1378  ��1396 �� 
� 3+ ���> ��� �� S,02� �	�  �	� *�,

��> 	 3+ M�� �+z ��	�� .�� ��X��� �,�� ��� ��	Q H�� ����� 0 ��>* !I��T ��� *�, ����� ,� ����>J 0�� 


��`�>* ��S y�a  0 �� > $����	��&�� C��+���� ��� M��, .��� 
� �� ��X��� *�, 	�� ��� �> S,02��H 

�,
�� O�* , 0 $���� $�O�V�����C �& ) ���&V Q� �1400 (�
� �
 �	>�� �a�C 
��`3 > $���� 0��  � �	s  ���J

���	� ��M��  . ���^O,MIU 3> 3P � �> $ L` T>�` ��� �����> ��,*  �U�?0
 �>* ��� ��)�� ���JM��   .  

  

TU�� � �4�#9	U *�
  �8� ���85�"E� S�5��� � B��J 

 ������� , 0�C 
��: 
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 �.�&��? �"�O�P� 0 ;	- .0
��, �*�
0��+– 3��� *��Z�`� �� *��>  ���+

M	��!	0)1 �1985 �� > ��O+ ��[� 3> ������ , �.�&��? .(@
�>  ����� 
0� ;	 $ < 
� A=�� �V ;	 ��

;�) M���+2 �1973$�� 
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�O� 2 �� 3L��I�.� �  

  

)2(   SPI =  
��
�����

�
 

  

 3N>�
 �	� 
�xi  �3��,�� @
�> 
��4�xmean �4� 0 @
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� .� � � ;	 3> �, 
�)�, s	�

 ��X��� �> �� �, 
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 < 3> �� �
������� @
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1 Wilhite 
2 Mc-Kee 
3 SPI (Standardized precipitation Index) 
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 � �D1993(  
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��O, 02014�> 
� .(J A?�� �
0

 �� ��X��� ��� �	� 3+ M�� �� ��X��� ������ , �.�&��? ��
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 .M�� �� ������� D��  

.M�� ����� 
0� ;	 $ < 
� A=�� �V ;	 �� B���0
 �	 0 3��?�0
 �
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�1 ��� ��* 3��?�0
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A?�� �� 0
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������� B���0
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 �> �����>J3:�	
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 E�� �	� 3> .� � ��
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1 Spinoni 
2 Livada 
3 Assimakopoulos 
4 Kwak 
5 Marini 
6 Li 
7 World Meteorological Organization (WMO) 
8 SRI (Standardized Runoff Index) 
9 Shukla 
10 Wood 
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�� ����� ��� ��, �	��

��k < 0��� �	�� $�� �� 3+) M�� �,1352  ��1399 �� �> 
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 N��O, .(���C

��� 
� ]����!> *��� ��	�Da� ��0
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 � 
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1 Drinc 
2 Pearson Correlation Coefficient 
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