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Impact of Land Use Changes and Expanding of 
Irrigation on Drying up of the Bakhtegan and 
Tashk Lakes 
 
The Bakhtegan and Tashk lakes (SW Iran) have 
been rapidly drying up during since 2007. In the absence of 
sufficient data, impacts of changes in land use on drying up of the 
lakes remain as yet undetermined. At this study, an attempt has 
been made to determine the effect of land use changes on 
shrinking of the lakes. The changes in the area of Bakhtegan and 
Tashk lakes together with the area of irrigated lands during the 
last three decades were determined by remote sensing analysis. By 
beginning of 1987 until 2007, the area of irrigated lands was 
increased from 1253.01 to 2506.11 km2 at all plains in the basin. 
Since 2007, two different behaviors have been detected in the area 
of irrigated lands at the upstream and downstream sectors of the 
basin. At downstream, all plains have experienced a significant 
reduction in the area of agricultural lands, but a considerable 
extension was detected in the upstream plains, where the lands 
were mainly cultivated with rice. Results show that the Bakhtegan 
and Tashk lakes had completely dried up as a result of the 
combined effects of meteorological drought and irrigation 
development (particularly at the upstream part of the basin). 
 
Keywords:   Bakhtegan and Tashk lakes, Drought, Irrigated lands, 
Remote Sensing, NDWI and NDVI Indexes. 

Z. Hoseini 

School of Geology, College of 
Science, University of Tehran. 

e-mail: zainab.hosseini@ut.ac.ir 

M. Mozafari*  

Assistant Professor, School of 
Geology, College of Science, 

University of Tehran. 

e-mail: mmozafari@ut.ac.ir 

E. Fijani 
Assistant Professor, School of 
Geology, College of Science, 

University of Tehran. 
e-mail: Efijani@ut.ac.ir 

 

   



�����     ���	
���
� ������ ��� ������� � ����� �1 �������  � ��!� 1400 )53-65(  

����� 	
���
� ��� ������ ���   ������� ����� �1 � ������  � ��!�1400 

  

  

����� ��	��*  

  ��*��+� ,-.� �/01��2 ��
2����

2��
3 ���!  ��41��2 �567�.  

::-����0;� 	��  

mmozafari@ut.ac.ir 

���
�� �����  

  ��*��+� ,-.� �/01��2 ��
2����

2��
3 ���!  ��41��2 �567�.  

::-����0;� 	��  
Efijani@ut.ac.ir 

  

  

  

1  

1 - ��������  

�2 <�2 <��=> ���� <?�
�2 �� �
��  �� ��!@ ���

�A ���B� �/� ����� �01
 �
 � ��C  �/
/� ,
� <A /��

	�
� � �����@� ��2�D�E� FG01.   26
 H�
 �I-B.

	-;�JK � ��-7E� F��--L  �� .	�� <���2 ����� <� ��  ���

<� ������ <?�
�2 �/� :1
 �7M� N.�� �2 ��6+�  2�
 ��

OK� .	�� �/�N.�� <7�@ �� P��� ���A � �.2 �
�  ���

 	��2�� �
�OK� � �����1A P���> �����/� � ��-7E�

QC �� �+-.��
� � �BI� ��� N.�� <7�@ ��  ������ ���

                                                 
 * 6�
�/+� �6S�.  

 	K�
�2 :T
�� 10/03/1400 ��4���� �13/04/1400 P�
=� �19/04/1400. 

 (���-W
2 <��+� DOI): 10.22091/cer.2021.7001.1255 

�XY. <?�
�2 �/� :1
 ��  �� /+���]1 -3[.  �2

<�2 ��-
� ��� �
�OK� 	-J�@ � ��-� �=Z <� �����  [\�

,-.� P���>  �/� �����1A ��� �����A �--L  .	��

,-.�  ��4
2 ��.� �� �� �-� �����1A <� �J-\] ���

�1? �2 �--L  ^���  �� �0
 <� �� �C � �/� ,-.� ��/��

	�
� N_��. ,
���!.  	�� �2�A N
/\  ��!@ �I-B.

]4 -7[. ,-.� �
�OK�   �� ���-�� �2 �����1A ���

<a6b  �/� �+-.��
� � �BI� QC c��+. ���A ^��� ��

� � QC dI� 	K� �
 � �01
 �7M� N
e2 �� �0
 ��6+� <

<?�
�2 <?�
�2 <7�@ �� .	�� f�I. ��  � �01
 <A �
��

�A �
 �. 	�� �����1A P���> �� ���� �!�C ��C ��6   <�

����� ���	 
���
� �����   ��� ��� 
�� �� 
	��
�� ����� �

��
��� ��� � �
 �!� 

"  

  
��� �2 <?�
�2 �-
� ��� ��� �A ���B� �� :1] � ��4�g� �/� <@�6. �01
 � ��C  26\� �2 ./��

 �h� ��K�A �2�2<?�
�2 ,
� �/� :1
 �2 �����1A P���>  .	�� �/��. �E�� <�
�+��� ��

� �� i/�
, ������ J --, �-Xj  L --F�� ����A� .�-,  �����1A P���> � ���A �� 	b��.

�2
<?� ���/� 2�
 �  .	�� ��6k+. ,
� <��� ��2 �� �W+� �� �2������ L --F�� QC dI� 

�2
<?� ��  ,-+l�� � 	b��.,-.�  �2 ��4�g� O
��C <a6b �����1A ���<��=> <�2 <� J --, 

 ./��. ��1� m
��� �] <A 2�2 ��� ��� 1366  � 1386	J�� � .�-, ���  �����1A 5��  �2

	�2 ���  <a6b�OK�
� 
�K�	�� <.  ��� �2 �;��01
 o��� ��1386  ���A ��ZC �� ��.O�� �

4�1?-� QC dI� �2
<?� �� �	�2 ���  �2 cE���g�  � ���-. �����-
, <a6b 	�2  �� ���A

�-4�1? 	�2 � ,-.� <@6  N��E P���> �� 	�e�� ��� �26� ����� �����1A ���  ./�����
m  ,
�

����� . ��1�� /�2 <A ��G�  �2 O-� <a6b 	�2e�� �2 �����1A P���> ���-7E� N.�6� ��

�/� :1
 �2
<?� ���  � ��4�g�.	�� <���2 �h� :1]  

��������  �!: 2  p
�*� ���2 �� �W+*� ������1A ��;��01
 �:1] � ��4�g� <?�
�   ��*�

NDVI  �NDWI.  

�#�$% &#'(  

  3
2�*� ����+� ,-.� �/01��2

���!  ��41��2 �567�.  

 ::-����0;� 	��  

zainab.hosseini@ut.ac.ir 



54  ,-.� �����A �--L  �-Xj   <?�
�2 �/� :1
 ��� �� �����1A P���> � :1] � ��4�g� ���  

 

����� 	
���
� ��� ������ ���  ���� ��� ����� �1 �������  � ��!� 1400 

<?�
�2 ��2�6� � O 2

1 <-A�  �61A �2<?�
�2 � r��> ���3

2 

,-? �2 2�A ����� ���
� �2 <-.��� <?�
�2 � ]8  -12[ .  

<?�
�2  ,-.�2 ��6+� <� �:1] � ��4�g� ���

<?�
�2  /���2 ���E s��K ����� �2 ����
� r
�O� ���

 N0�)1<?�
�2 ,
� .(  <��=> �2 ���h� ��-�� ��!. �2 

�h�� o6+  t�0-�� � 6;6A�t�0
 �61A ��
� �. /�2�A �.� �

��� �] � � �-
� ���<  ��� �� ��
�1386  �� �6� ,
� <�

�A ���B� ��C �/� ����� �01
 � <�6> u�. ./��  ���

 �<?�
�2 <� <����� ��6��@ � ���->/\ 
N �2 �/�
<?�  

��6� <� ��� ��
2�W ��K6] ��� :�� � ,� �26���� 

,-.� ����1A ����6.��-� � �/� �6� � QC��? ��� 

i��]��  �2 �.6� 2��K� ��.G� ,�K�>���E �I
 v�J. �2

 �X��-o6 
��� �-���� ��� ��6�� � �4�2�> ���A�  �

�6 6A�
�� <?�
�2 ,
� �/-01
 ���2�6
��� <7�@ ��  ��

 	�� �26�]13  �14[����� �2 .  �� �6>��6> ���

 �,-.� �����A �--L  �	-J�@ �
�OK� ���-7E� F��--L 

 c��+. �� 	��2�� �
�OK� � /� 	
�� ������1A P���>

N.�� ��6+� <� �+-.��
� QC  �/-01
 �!. ���

<?�
�2  	�� �/� ����� :1] � ��4�g� ���]15  �16[ .

�!;� �;� � �2��. �1���� �2�  <� �� ��2��2 /� 	
��

<?�
�2 �01
 N.�� ,
���!. ��6+�  � ��4�g� ���

<����2 :1]  /��]17[. ��E ����0�� � �
�? �����/@ �� 

���2�6
��� ��
=��--L  ��-7E� � 	-;�JK ��� ������ �� 

Q����� <a6b O-g�C  ���.C ���2 �2 ��4�g�1351  � 

1391<A /�2�2 ��1� � �!� �--L  ��
=� ��-7E� �2 

���A <a6b Q����� 45/62 /M�2 � �!� 	-;�JK  ���

������ 55/37 /M�2 2��C�� �.  /���]18[.  ��� �2

1398����0�� � ���\� � ���
��� �� �X� �--L  �-7E� �� 

���/
�� c��+. <a6b QC  ��4�g� ���2�2 s���  ��� ���

2014 p
�� <A /�/-�� <W-�� ,
� <� ��� 26\�A ��-� 

	�
� �I-B. ��) <a6b ,-.j  <7�@ QC <?�
�2  ���

                                                 
2

1- Tuz and Burdur 
3

2- Gonghe 

:1] - �4��-� (��4�g� ���/
���� �C �2 ���2 �26� ���.C 

� <� 	
�!� �2 �01
 <?�
�2 �� �W+. �/
2�>  	��]19[. 

 ��� �2 ��hhB.1399 ����� �� /��� F��--L  ���.�- 

���0. �.2 � P��� �2 <a6b O
��C :1] - �2 ��4�g� :
 

���2 ���.C 30 ) <;��1981 -2010(  �2 <A /+���2 ��-�

<a6b ,
� �>/���� <� ��O-. 3/14 /M�2 ���A � �.2 <� 

 ��O-.5/3 /M�2 �
�OK� <���2 	�� ]20[ . ��1-�

�����  �h� ��� �� ��4�g� <a6b �2 �/� 5�W�� ���

 �����.���� �/� :1
 �2 ����/� � ��-7E�

<?�
�2  P���> �h� <� � �/� OA���. <a6b ���

,-.�  �/
2�> <@6  ���A �/
/� ,
� �2 �����1A ���

�. �.� ,
� N-;2 .	��  <A ��? �/��� �2�2 26\�A /��6 

 <-!  � �26� �2���> ��-�� ��4�g� O
��C <a6b 	b��.

,-.� �����A <1h�  ��.� �2 �C � w7�g. ��� �� ��A /+.��-

���6��. �
6D  �2�
� 2�/J  ��� � x/�� ,-� �2 .	�� �

 �����1A P���> �h� ,--J  <+-.� �2 26@6. �����A

�. ��4�g� <?�
�2 �/� :1
 ��  <� ��6  ��E�� �����

����0�� �  <1h� ����� �� ���41���� ,
� .2�A �����

,-.� �����A  ��� �2 ��4�g� <a6b ���1335  �

���
6D  ��� 	�/+; �1385,-.� 	J�� �  ���

�g� �2 �����1A  �6.��-� � �
�!��� ����-. �c� �. ���

 /�/-�� <W-�� ,
� <� � /�2�A pg1. �� ��4�g� <?�
�2

���A <A �>/���� ���!. � �� �C �
�OK� dI� �
� 	1A 

�2 	�2e�� <a6b ^��� �/-01
 N.�A <?�
�2  ��  �/�

 	��]15[ � ���
/+��� . �� �2����� �� O-� ����0��

��� 	�/+; ����
6D   ���2000  �2009  ��2G-.

,-.� �����A <1h�  �� ��4�g� <?�
�2 �;��� <-��b ���

�] <A /�/-�� <W-�� ,
� <� � /�26�� <-!  9 ��� �-� 

 ��40 /M�2 �� 	J�� ,-.� ���  <-b�� ,
� �2 �����1A

<���A �/�  	��]21[. 
 [;�I. <� <@6  �� �k� <� �/� 2�

�. ,-.� P���> /��� ,--J  <A /��  �2 �����1A ���

 �/� :1
 �2 �C �h� ����� � ��4�g� <a6b

<?�
�2 �. �k� <� ����a <a6b ,
� ��� ./��  



���W-K � ���k. ��+-�b  55  
  

 

�����  ���	
���
� ������ ���   ������� ����� �1 �������  � ��!� 1400 

  
 N0�1 - <?�
�2 �
�-K��L@ 	-JE6. ��4�g� � :1] ���  

 <� ����� ,
� �2 �o6a6. ,
� 	-��� N-;2 <�

 �] <a6b ,
� �2 �����1A �����A F��--L  /��� �����

���  ���1366  � 1396  ���A�� ��-Xj   :1
 �� �C

<?�
�2 �/� <� .	�� �/� <�
�2�� �� �2�2 �26� ���  ���

���6��. ����
6D  �� �2����� �� ���  ���.O�� � �-
� ���

,
� /
/� �� �C <?�
�2 �01
 ���2 ��  ,--J  ,-+l�� �

,-.� P���> /��� �� �2 �����1A ���	�2 �� :
  ���

� <a6b<  ����� 	\y. F�0� <7�@ �� <��>�/@ F�6M

<J;�I. �� �C O
��  <@� � �� �-� .	�� ,-1-� ���  

2- *�� � +�,� �-  

2 -1- ./��0� +�,� .10#�  

 �� ��4�g� O
��C <a6b22  � �J;�I. �2�/B.

 N0�) 	�� �/� N-01 2	�2 .( �� �2 cE�� ��� �� :


�2�/B. ,
� N0�) ��  3 � ��60�. z]�+. ���O-. (

,-.� � ��J+M .	�� �����1A ���  ��4�g� O
��C <a6b

�< �. �10�� /�6-� � �A ���2�� <7-�� �A 2�� .26�  ��

�/+7� ���  <a6b Q�Z ���� � ����Fj1�  <� � <�K�>

<?�
�2  ��4�g� ����. ��
 :1] � .26�  

  
 N0�2 - �2�/B. ��. :N.�� ���4�g� O
��C <a6b ���� �� <1h� � �J;�I. ���� ��4��
� 	-JE6. ��/� � ���.��/-� ���  



56  ,-.� �����A �--L  �-Xj   <?�
�2 �/� :1
 ��� �� �����1A P���> � :1] � ��4�g� ���  

 

����� 	
���
� ��� ������ ���  ���� ��� ����� �1 �������  � ��!� 1400 

 � �/� ��ZC <a6b Q�Z ���� �� /�6-� 2��

N� NB. �2 5�W���� �. �A <��
2�� <� ��
 2/�6-� .

MG. ��Og. ���/� �Og. �Wb ��) ��/440  �6-7-.

��.  �Og. �Wb ��) ��2��2 � ([J0.960  �6-7-.

��.-� /� � �A 2�� ��� �� ([J0. �Og. �Wb ��) /�6

255 ��. �6-7-. {�/b� /�6-� 2�� ��� �� ([J0.

�/� ./��  

<a6b ��6� � QC <����
/. o6� �� ��4�g� O
��C  ��

� �26�  ,
��1-�PO
�  �  O-
�� |���� �� �C �6@ ���

.	�� ��!� |����  ����2 <a6b ���Z ���� z]�+.

 2�/b) P��� ��O-. ,
��1-�800  �26� (��� �2 ���-7-.

 	�� <� 	A�b �� ��g�  ��� ��/h. �� ��6+@�>/���� 

�. <���A .26�  

  
 N0�3 - 	�2 	-JE6. ��4�g� O
��C <a6b ���  

2 -2- .��2+�� +��3 � *��4  

�� �2�2�/B. �� :
  O
��C <a6b � �J;�I. ���

����� ��4��
� :
 NE�/b ��4�g� .2��2 ���E �W+� 

 2�/J  <a6b ,
� �2 ,-+l��8  �� ���.��/-� ��4��
�

 ���<��
2��  �!�C ,-� �2 <A �/� <�
�� /�6-� � �A ���

,�b ��4��
�  2��C:
2O�  2�/b) <7M�K ,
� 10  (��.67-A

 N0�) 2��2 ��4�g� <?�
�2 �� ��2.(  �� ������ ,
� �2

�2�2 ���/�� �>/���� ��� ��� �] �/� ��-> ��� 1362  � 

1399  �221 ����� ��4��
�  � <a6b �2 cE�� �W+�

,�b ��4��
� �2 �/� �/-W+� ��2 ,-+l��   �] 2��C

���  ���1376  � 1400 2����� �A} ��
�� .	�� �/� �

�2�2 ��4
�� �� F��G]� ,
� <A 	��  ��-� F���� ���

	�� �/� <�K�>�� ]22 [�2�2 ����2 ,--J  �� 3� .  ���

<a6b <����. P��� ,-4��-.� �< �� � �/.C 	�2 s���

2��/����� P��� p
��4

3 ���2  <a6b �;��01
 ���

<.�2� �2 .	�� �/
2�> ,--J � 2�� ��2 ���.� ��� <��


.	�� <�K�> ���E ���A�� 2�6. 2��C ,�b ��4��
� �2  

2 -3- ��+ (� 6
#7  

2 -3-1- 8��,-�� ��-�',9	 *(�+�� 6�� ��  

��:1] O
��C <a6b NA 	b��. ��6� ��- 

 �2����� 	�/+; ���6��. ����
6D  �� [;�E m+� �� ��4�g�

 �2��2 26@� <hI+. �� <A ��
�+� <� <@6  �� .	�� �/�

 ����
6D ��. �2 �/� 	��2��  	1!\
2�� � ,
2���K ���

                                                 
4

3- Standard precipitation index 



���W-K � ���k. ��+-�b  57  
  

 

�����  ���	
���
� ������ ���   ������� ����� �1 �������  � ��!� 1400 

 ���-> ��6� ,
��1-� ����2 <a6b <A ���.� ��6+� <�)

o6�W. �2 .	�� <�K�> ���E ����� 2�6. (	���  2�/J 30 

 �� ��� ��6� ��O-. ,
���A �� 	�/+; ���6��. �
6D 

�/+W+�  ���4TM 5 �5ETM+6  �6OLI/TIR 7  	
�� �� �

,-.� ��.���  ���+�/� <�K�>�� �0
�.� ]23[ �� 3� .

� ��2�A :-_��6. <a6b ������ ��6� �� �
6D  �

��)��� <� ~6��. (�
6D  [;�E m+� N.�� :
  ���

1366 �1370 �1377 �1384 �1391  �1396 <�  	�2

 ��/@) /.C1 P��2�� �-� w7�g. Nb��. �2 ,-+l�� .(

�2�2 ���g��� �  5�� �� �� x�C �����OK� -�@-�C-s�8

7  �

�� -��9

8 ./� �2�����  

2 -3-2 - .:�'�+ ;%�$� +��3�4  

<+!� dI� 2��C�� ���� ��2 �� �W+� �2  ��C ���

�. p
�� �� ��6   .2�A �2����� ��6>��6> ��-�� ���

 QC �/� ��W+!� �7a��  p
��)9NDWI 10 ( �� �0


 ,
� ,
���!.����O�� ,-;�� <A 	�� :. |�6  ��� ���-K11

10 

 ����� i/� ��	J�� QC �� <I���) /� <_��� �BI� �1 (

]24[:  

)1(  GREEN NIR−=
+

NDWI
GREEN NIR

 

 �<I��� ,
� �2NDWI  �QC �/� ��W+!� �7a��  p
��

GREEN  � O\� /���NIR  ,
� .	�� O.�E ��2�. /���

�. p
��  ,-� ��
2�h. ����2 /��6 1 �  +1 -  ./���

 �2 �	�� :
 �  ��M p
�� �
2�h. ����2 ��C f6I�

 <� 	\�� O.�E ��2�. /��� �e�� s�0J�� N-;2 <� <A �;�b

 ����2 �!�C ���� p
�� ,
� �����-> � x�
 �2 O\� �6�

 	�� ��+. �
 ��M �
2�h.]24[ �� 3� ������ ,
� �2 .

p
�� ���@� !� �7a�� �� ��� �� QC �/� ��W+ �� :


                                                 
5

4- Thematic Mapper 
6

5- Enhanced Thematic Mapper Plus 
7

6- Operational Land Imager and Thermal Infrared Sensor 
8

7- Arc GIS 10.5 
9

8- ENVI 5.3 
10

9- Normalized Difference Water Index 
11

10- McFeeters 

<����C �� �2����� �� ����
6D 11
12

 P���   �
2�h. ���-] ��M

 Q�g��� ��M �� ��>�O� �
2�h. �!+  � /�/� i=b ��+. �

<?�
�2 ��C ��6� �  /�/
2�>  ��
�� .26� pg1. ��

<?�
�2 ��. N
/\  �� <A 	�� �A} ��6�A� N0� <� ��13

12 �

�
��
�  ,-�g  � �/J� ���<?�
�2 	b��. ./� 5�W�� ��  

2 -3-3- <��( ;%�$� +��3�4 �(����� ��-  

����� �2  	-Ja� ����� ���� ��2 �� �W+� ���

p
�� ���-> ��6�  �0
 <A �/� �K�J. ��7�g. ���

���-> ��6� �/� ��W+!� �7a��  p
�� �!�C �� 

)13
14NDVI ( 	��]25[p
�� .  �/� ��W+!� �7a�� 

���-> ��6� �<  <I��� F�6M)2( �. 2��C��  �2 <A 26�

 ���/��� �6. �6] ���� �2 �BI� s�0J�� ,-4��-. �� �C

 �2����� 3-]�+L.���0;� w-] :
2O� O.�E ��2�. � O.�E

 	�� �/�]26[:  

)2(  
NIR RED

−=
+

NIR RED
NDVI  

���-> ��6� p
�� <A 	�� /J� ��/� 2/� :
 

 ���� �2 �C �
2�h.1-  � 1�. ���E + �7A �6] <� .2�->� 

��+. �
2�h.� ��1�  ���-> ��6� ��/� z]�+. �/+�2

,-.�) ��6� �� �
�� ���  	\y. �
2�h. � (��C �
 �4+�� 

 .	�� ���-> ��6� ����2 z]�+. �4��
���,-+l�� 

�. �> ��6 ��M) ��M <� :
2O� �
 :?6A �
2�h. 	  � 

2/0��1� ( ��!� z]�+. �/+�2  r+� � x�
 ��6� �


 	��]11  �27[ z]�+. .���2�  ��6� |�6�. ���->

< 6�) �� ,-� p
�� ��/h. ����2 (��O�7� �
 � �1/0  � 3/0 

) ��b �
4/0 	�� (]25  �28[ �� ��>�O� p
�� �
2�h. .

4/0 <� . ���-J. ��6+� ��6� p-g1  ���� [��+

�	�� ���->  �� ��>�O� p
�� �
2�h.5/0 ��1� /+�2 �

,-.� /+��.) �A���. ����->  �-� �
2�h. � (�����1A ���

 ��6/0 ��6� �4��1�  	�� �74+@ ���]11 �12  �28[.  

                                                 
12

11- Threshold 
13

12- Vector 
14

13- Normalized Difference Vegetation Index 



58  ,-.� �����A �--L  �-Xj   <?�
�2 �/� :1
 ��� �� �����1A P���> � :1] � ��4�g� ���  

 

����� 	
���
� ��� ������ ���  ���� ��� ����� �1 �������  � ��!� 1400 

 ��/@1- ���6��. ����
6D  �>�
� ����� ,
� �2 �/� �2����� ��  w
2�)38  � 40  �=> �161  � 163(  

���0. :-0�  F�/E T
��  	��2�� ��.� � (�2G-. <�)  �/+W+�/���6��.  ���  ����(�2G-.)  

30 

13/05/1987 �13/05/1987 �

22/05/1987 �22/05/1987 �

29/04/1987 

 	�/+;5/TM 1366 )1987( 

30 

15/04/1991 �15/04/1991 �

22/04/1991 �22/04/1991 �

24/04/1991 

 	�/+;5/TM 1370 )1991(  

30 

25/04/1998 �25/04/1998 �

04/05/1998� 04/05/1998 �

27/04/1998 

 	�/+;5/TM 1377 )1998( 

30 

13/04/2005 �13/04/2005 �

20/04/2005 �20/04/2005 �

22/04/2005 

 	�/+;7/ETM+ 1384 )2005( 

30 

25/05/2012 �25/05/2012 �

02/05/2012 �02/05/2012 �

25/04/2012 

 	�/+;7/ETM+ 1391 )2012(  

30  

15/05/2017 �15/05/2017 �

22/04/2017 �22/04/2017 �

15/04/2017 

 	�/+;8/OLI/TIR 1396 )2017( 

  

�. �7A �6] <� <A 2�A ��-� ,-+? ��6   z]�+.

 ��6� ����2>-���  � x/��2 �/+A������� p
�� 

 ��M <� :
2O��  /+��.) �A���. ���-> ��6� �� z]�+.

,-.�  :
2O� p
�� ����2 (�����1A ��� :
 <�

�. ./���  

 p
�� ��/h. �� ��� �-� ����� �24/0  ����

 ��6� �� �/+A��� ���-> ��6� ����2 z]�+. �����/@

 �6k+. <� <A 	�� �A} ��
�� .	�� �/� �2����� �A���.

 ��@ <� �74+@ ��6� ,�K�> �k� �2 �� ��->67@

,-.� �2 ��2��C�� ������1A ��6�  �2�/B. �2 cE�� ���

	�2  F�6M ��.	�� <�K�>  

3 - =��>	 ?'���  

 P��� ,-4��-. ���.� ��� ���� �2 �2�2 ��47  <;��

) ����� ,
� ��� ��1362  � 1399(  O
��C <a6b �2

 N0� �2 ��4�g�4  ,
� �� �2����� �� .	�� �/� �2��C

 �2��/����� P��� p
�� <\��B. :�A <� � ���.� ���

g� O
��C <a6b �2 ���+��6� �;��01
 ���2 ��4� ��

�� ���.� ���� <A �/� �
���+� N0� �2 �!�C �� :
4 

 .	�� �/� �2�2 ��1��;��01
  ��� �� �2�2 �� ���

1362  � 1386 ��26� ���0
 �-� � �A F/� ����2 �

�;��01
 F�6M <� ��1-� ��� <�) �
G. ��� ��� ��+y

1379  .	�� <;�� �2 �
 :
 ���2 �� (|�6�. �;��01
 ��

 ,
��;��01
 �� ��� �� P��� ����2 ���  �� ��1-� ���

 ��� �� .	�� �/� ��\�2 ,-4��-. ��/h.1387  � 1399 �

�;��01
 ���2 ��e6] �� ��e6] .	�� �26� �   ,
� 

 F/. <� <a6b �2 �2�2 �� �;��01
46  <� ~6��. � ��.

��� ��� 1386  � 1390  ��;��01
 ,
� �� 3� .	��

) ��� �2 ����1391  �1392�� (�/� ��1-� P��  �� �.�

 ���1393  � 1395  /
/� �;��01
 �����2 �2�2 ��

	�� ��� .1396  ����� �
G. ��-�� �;���  :
 �� �����

 ��� �2 �����2 � 	��1397  �;��01
.	�� �/� ��ZC  



���W-K � ���k. ��+-�b  59  
  

 

�����  ���	
���
� ������ ���   ������� ����� �1 �������  � ��!� 1400 

  
 N0�4 - ��4�g� <a6b �2 ,-4��-. P��� ���.� ���  

 <�e�� � <����. ��/�C |�6�. ���.� ���

���/��  N0� �2 2��C ,�b ��4��
� �2 �/� ��->5  �2��C

 ��/�C �7DK F��--L  �4��1� ���.� ��� ,
� .	�� �/�

 <��
2��� �	�� P��� ��/h. �--L  �X� �2<�64 � <A �

NDK �2 <��
2�� ��/�C   � NDK �2 � <�K�
 �
�OK� 

�. ���A :1
  ,
� �2 <��
2�� 2��C F��--L  ./��


�. ��1� ��4��
�  ��� �� N\E �  <A /�21386  ��/h.

 	B  ��/�C�-Xj  ���  �1
�OK� F�6M <� :1
 � �  ���

 ��� �� 3� �.� �	�� �1��A �1387  �1��A /���

�. ��0�C ��/�C  <��
2�� .22�> �A,�b ��4��
� �2  2��C

 ��� ��1388  � 1392  ��� �� �1394  � 1400  ��1-�

�26� :1
  ���e6]  ,
� /
/� � ,
�  �� �;��01


	�� �2�A <��W .  

  
 N0�5 - ,�b ��4��
� �2 �A 2�� ��/�C ���.� ��� 2��C  

N0� �2  6 � �2�/B.  �/� 2��C�� 	b��.

<?�
�2 ���  �W+� 2�6. ��� �� �2 :1] � ��4�g�

 <J;�I. 2�6. ���� �2 <A �6I���� .	�� �/� �2�2 ��1�

�. �/
2  ��� �2 26�1384 <?�
�2  � ��4�g� ���

 	b��. �� [- �  <� �:1]22/513  �28/388  ��.67-A

�26� ��C �� 	;�b �2 �c��.  ��� �� ./��1387  ,
� QC ��� 


�2<?� 6
 <� �1��A /��� �� <�K�> 2 ��� �� �1391  <�

 6� ,
�	K� �2�A <��W  �� �/
/�  	��.  

,-.� 	b��. 	�2 �� :
�� �2 �����1A ���  ���

 N0�) ��4�g� O
��C <a6b3 �2 �W+� ���2 �� �] (

 ��/@ �22  N0� �2 �C F��--L  ��26�� �8  �/� �2��C

:1] <?�
�2 Q6+@ � �J;�I. �2�/B. �2 .	��  	-;�JK

/+? �����1A2��/� 26@� �����+? . ��/@ �2 <02  �/
2

�. ,-.� 	b��. �26�  �] <a6b �2 �����1A ���

���  ���1366 �1370  �1377  [- �  <�01/1253 �

85/2130  �11/2506 ��.67-A ��� �� .	�� �26� c��.

1366  � 1377 ,-.� 	J��  <�� �2 �����1A ���

	�2 .	�� <���2 �1
�OK� /��� <a6b ���  ,
����+� ��

 ���1366  � 1370 c
�� ,-.� /�� ��� ,
�   ���

A ��O-. <�) �����146/290 ��.67-A (��� �� �2 c��.



60  ,-.� �����A �--L  �-Xj   <?�
�2 �/� :1
 ��� �� �����1A P���> � :1] � ��4�g� ���  

 

����� 	
���
� ��� ������ ���  ���� ��� ����� �1 �������  � ��!� 1400 

 ��� �� � <.�2� �2 <A 	�� �2�2 ��1370  � 1377  <� ��O-.61/53 .	�� �/-�� ��� �2 c��. ��.67-A  

  

  

(w;�)  (Q)  

 N0�6- �2�/B. (w;�) <?�
�2 	b��. F��--L  (Q) � ��� �� �2 :1] � ��4�g� ���  �/� 2��C��  

 ��� ��1377  � 1396  �2 �1��A /��� :


,-.� 	b��. �. �/��1. <a6b �����1A ���  <A 26�

N\E ���2 �1
�OK� /��� <� 	\�� <�\;�� �
G. [-�  �� 

 ��� �2 <A � �6M <� �2��21396 ��.,-.� 	b  ���

���1A <a6b NA �2 ��38/1844 ��.67-A �26� c��.

.	��  

 ��/@2- ,-.� 	b��. 	�2 �2 �����1A ��� ��4�g� O
��C <a6b ���  

,-.� 	b��. ��.67-A) �����1A ���(c��. 
� �J;�I. �2�/B.  

1396 1391 1384 1377 1370 1366  

61/30  30/32 45/15 59/92 55/39 38/42  ���-7� �2�. 2��C�2�E 

30/14  75/11 04/1 56/26 32/8 91/12 /-\�2 

96/97  48/70 83/43 28/68 41/53 68/57 2�A�2 - ���-�.�A 

91/27  27/18 12/5 19/11 71/5 59/9 ,
�-� ���
 

16/80  72/69 00/50 45/59 49/76 64/48 ��/�� 	�2 

64/39  13/17 25/10 21/14 50/18 84/12 ��0� 

96/104  27/71 00/50 30/67 62/64 11/55 s���C 

56/767  92/951 42/1058 64/1052 34/889 72/515 <.��
 	�2��. 

58/298  67/310 55/438 16/515 44/417 75/225 ��-�- ��E�� 

73/86  86/89 70/90 33/91 11/88 36/41 ��/-�- ����K 

60/34  43/27 63/51 44/59 89/62 21/21  c��6 ��W+��� 

27/46  38/52 07/55 94/57 11/58 94/27 ��W+��� 

93/1  58/1 90/2 74/13 06/6 91/3 ���-+��� 

54/57  97/63 75/48 33/78 28/63 50/35 2��C F2�J� 

93/54  53/57 53/55 49/56 93/55 62/44 ��
��2 

89/47  64/51 10/105 44/124 78/102 69/40 :1] �2��C - 2��C ��!@ 

84/2  48/2 24/17 69/18 63/17 91/4 �+b r+ - ��0l-� 

32/16  80/7 11/34 90/45 00/50 79/30 O
�-� 

87/18  58/12 61/32 28/25 32/26 48/11 �-
 

32/7  24/8 93/7 10/6 64/5 39/1 ��\!��� 

46/7  92/9 10/27 04/21 71/20 60/8 	A <��
 

  



���W-K � ���k. ��+-�b  61  
  

 

�����  ���	
���
� ������ ���   ������� ����� �1 �������  � ��!� 1400 

 �.6�� /��� <A /+?��,-.� 	b��. F��--L   ���

 ��� �� �����1A1377  �	�� �1��A F�6M <� /J� <�

�g� ����� �.� �. ��1� <a6b w7�g. ���  ,
� <A /�2

	�2 <�� �2 /���  N0�) 2��/� 26@� ��8.(  

  
 N0�8 - ,-.� 	b��. ���.� ��� 	�2 �2 �����1A ��� ��4�g� O
��C <a6b ���  

	�2 2�A�2 ���-  s���C �,
�-����
 ����-�.�A

 /� 	�2e�� �2 � O
��C <a6b �;��� �b�6� �2 ��/�� �

�/� cE�� ��2��2 	�2 ,
� �2 ./�� ,-.� P���> ��  ���

 ��� �� �����1A1384  .	�� <���2 �1
�OK� /��� /J� <�



62  ,-.� �����A �--L  �-Xj   <?�
�2 �/� :1
 ��� �� �����1A P���> � :1] � ��4�g� ���  

 

����� 	
���
� ��� ������ ���  ���� ��� ����� �1 �������  � ��!� 1400 

��� �]  ���1384  � 1396,-.� 	J�� � ���  �����1A

2�A�2 	�2 �2 -  ���-�.�A ��83/43  <� c��.��.67-A

96/97 ��.67-A2 �c��. �� ,
�-����
 	�2 �12/5 

 <� c��.��.67-A91/27 ��.67-A. �� s���C 	�2 �2 �c��

50  <� c��.��.67-A96/104 ��.67-A	�2 �2 � c��. 

 �� ��/��50  <� c��.��.67-A16/80 ��.67-A �/-�� c��.

��1-� .	�� ,-.� 	�2 ,
� �2 �����1A ���  �
� <� ��

�. m��� 	1A N��E �g� ,
����+� �/���  QC �� �!@6 

 ���-�C i�M �A 2�� <�1?��<��O. ��� ,
� �2 m��� 

�. <-b�� 	�2 .26� 2��C�2�E ���-  /-\�2 � ���-7��2�.

 ./���2 ���E /�6-� /� 	�2e�� � <a6b �E�� �b�6� �2

	�2 ,
� �2 �� �2 > ��,-.� P���  �� �����1A ���

 ���1384  � 1396  �] .	�� <���2 �1
�OK� /���12 

,-.� 	J�� ��� C�2�E 	�2 �2 �����1A ���2��- 

 �� ���-7��2�.45/15  <� c��.��.67-A61/30 

��.67-A �� /-\�2 	�2 �2 � c��.04/1  <� c��.��.67-A

30/14 ��.67-A,-.� 	J�� .	�� �/-�� c��.  ���

�����1A ,-
�� �2 cE�� 2��C F2�J� 	�2 �2  /� 	�2

��� �] /�6-� �� �1384  � 1396  ��78/45 

 <� c��.��.67-A54/57 ��.67-A .	�� <�K�
 �
�OK� c��.  

�g� �2 ,-
�� � ���-. ���  ���4�g� <a6b 	�2

,-.� P���> /���  ��� �� �����1A ���1384  <�

N��E F�6M 	�2 .	�� �26� �1��A �!@6   ���

	�2��.- ��-� � <.��
-  ��2��2 /� NM�K/b �2 ��E��

,-.� 	J�� ./���2 ���E ��4�g� <?�
�2 �  �����1A ���

 ��� �� 	�2 �2 ,
� �21384  � 1396  �1��A /���

��� �] .	�� <���2 ��-4�1?  ���1384  � 1396 �

,-.� 	J�� 	�2��. 	�2 �2 �����1A ���-  �� <.��


42/1058  <� c��.��.67-A56/767 ��.67-A �2 � c��.

��E�� 	�2 -  �� ��-�55/438  <� c��.��.67-A58/298 

��.67-A	�2 .	�� <�K�
 ���A c��.  ���\!��� �O
�-� ���

<��
 :1] �2��C ��-
 �	A- �+b r+  � 2��C ��!@- 

 ,
� ./���2 ���E ��4�g� <?�
�2 �6.��-� �2 ��0l-�

	�2 /���/� ���\ �� �A 2�� �� ��� � �.� �� NM�b Q����

	�2 ,
� �2 �>/���� <?�
�2 <� ��  :1] � ��4�g� ���

�. �
���� ,-.� P���> /��� .26�  ,
� �2 �����1A ���

	�2  ��� �� O-� ��1384  �] .	�� �26� �1��A12 

,-.� 	J�� ��� ����1A ��� �� O
�-� 	�2 �2 �11/34 

 <�32/16 ��.67-A �� ��\!��� 	�2 �2 �c��.93/7  <�

32/7 ��.67-A<��
 	�2 �2 �c��.  �� 	A10/27  <�46/7 

��.67-A �� �-
 	�2 �2 �c��.61/32  <�87/18 

��.67-A:1] �2��C 	�2 �2 �c��. -  �� 2��C ��!@

10/105  <�89/47 ��.67-A�+b r+  	�2 �2 � c��.-

 �� ��0l-�24/17  <�84/2 ��.67-A.	�� �/-�� c��.  

4- .
��� ���!  

L --F�� 	b��. �2
<?� ��4�g� � :1] ��1� 

.� /�2 <A �� ��� 1384  6� ,
� <��2
<?� �� �� 	K� 

/�
/ dI� QC � �b� 01
 �/-N.�A <��� �� �/� /�� .

���!.
, ;2-N �
, /�
�/�  ��6+� <�) �A 2�� 2��C ���A

=L  2�� �!+ 
< �/++A �2
<?� (.� /��� .��A��� 

;��01
� �2 <a6b ��4�g� ��1� .� /�2  ��� �� <A

1386 /J� <�� �
, <a6b �� ;��01
� ��+��6�� � 

�-t6;��/� ���< �� �26� 	�� .��.� ,
� �2 ��/h. P��� 

<a6b ���A �� ��/h. .-4��-, �26� � �b� �2 
��� 

��� �� <� �
� 150 .-7-��� �2 ��� �-O ��-�/ 	�� .�� 

6�� 2
��4 �/�C� <��
2�� O-� /� ���A ��?2
/  �/�

�<�64 �� � �2 <A
��4�� ,�b 2O�) 2��C
: � 
, �
��4��  <�

�2
<?�<� <��
2�� (  ���A .	�� �/� :1
 N.�A �6]

�/�C� �� <��
2��� /��6  <� F�6M N.�A �2 �X� ���A 

P��� /��� .�� ��� 1386 <� /J� ��/h. P��� <a6b �2 

2�/b 47 /M�2 ��/� �A �.�  <��
2�� 2��C��?2 ���A 

/�
� /� 2�>
�/ �b ��  �2 �
���
��4�� ��  ��M <�

	�� �/-��/� .
!� ��� �2 <A 	��
| \]-J�  �2 �

�b �<��
2�� QC �� 	��2�� 5/� F�6M�  :1
 ���2 �2

�-O �\�
/ +?-, 4�1? ���A-��  2��C �2�C  �/��1.

 .22�>  



���W-K � ���k. ��+-�b  63  
  

 

�����  ���	
���
� ������ ���   ������� ����� �1 �������  � ��!� 1400 

	��2�� �C �6k+. <� <��
2�� QC-��� .�-, ��� 

����1A�  2��C ���A [\��C .� �OK� /��� .26�
1� 

.� 	b��.-, ��� ����1A� �2 <a6b ��C
O ��4�g� �� 

��� 1366 ��ZC �/� � �  ��� 1377 <.�2� <���2 	��. 

 <.�2� �2 ��� �  �1384 �--L  ��A  	b��. �2

,-.� 	�2 <�� �2 �����1A ���  �/��1. <a6b ���

�. 26�.  ��� ��1384 /J� <�� ,-.� P���>  ���

�g� �2 �����1A  .2��2 � ����. ���K� <a6b w7�g. ���

�2 ,-.� P���> /��� ���.� ,
�  �2 �����1A ���

	�2  �26� ���E�� �/�6-� � ��2��2 /� 	�2e�� ���) �2

	�2  ���1-� F/� /��� ,
� ��2��2 /� 	�2e�� ���

<���2( ,-.� �
�OK� ��1-� .	��  �2 �����1A ���

e��2	�2 �2 � ��2��2 /� 	� 2�A�2 ���-  ����-�.�A

���
 ���0�	�� �2�2 �� ��/�� � s���C �,
�-�.  ��

 ���1377,-
�� � ���-. �b�6� �2 �  �O
��C <a6b 	�2

,-.� 	b��. �1��A /��� 	�2 �2 �����1A ���  ���

	�2��.- ��-� �<.��
-  ����-+��� ���W+��� ���E��

:1] �2��C �2��C F2�J� - @�+b r+  �2��C ��! -  ��0l-�

<��
 � �. �/��1. ��6
 <� 	A  �!+  .22�> �2	�2  ���

��/-� - ,-.� 	b��. ��\!��� � ��
��2 �����K  ���

�����1A  ��.� �=> �2�A � �-��26� ���0
  �C N-;2 <A

 QC c��+. <� z]�+. ,
� �2 �����1A N.�A �4�����

 .	�� �+-.��
�  

	�2 	�2e�� ��� 2��2 /� NB. �2 ��

<
���� �A 2�� ���  �2 	1A�
� dI� �
�OK� ./���2 ���E

	�2 ,
�  <� �� <��
2�� QC c��+. �� 	��2�� �
�OK� ��

�4
2 �6� �� .	�� <���2 ������  �/� 	1A �6DB. o6�

 �� ����-> <7�@ �� <A ��26� m��� ��1-� z]�+. ,
� �2

����1A o6� <A 	�� �A} ��
�� .	�� QC 2�
� i�D. �

�. ���E�Z N0� <� z]�+. ,
� �2  O-� �/
/� ,
� <A /���

 <a6b 	�2e�� �2 QC i�D. ��1-� �
�OK� ^���

�. ,-.� �
�OK� .26� 	�2 �2 �����1A ���  ���

QC i�D. �
�OK� �<a6b 	�2e��  � �BI� ���

 ����� <� �� <��
2�� 2��C ���A <W-�� �2 � �+-.��
�

	�2 �2 .	�� <���2 ,-
�� ���  ���A N-;2 <� O-� 	�2

QC QC 	��2�� ��BI� ��� <� �+-.��
� ���  F/�

 <��
2�� 2��C ��O-. �� ��+. �X� 26
 <A <�K�
 �
�OK�

2��2 .  

�� ����� ,
� m
��� s����.  ��-� <�64+
� ��6 

��G� <A 	��2 ,-.� P���> ��;��01
 ��  ���

 N.�6� <7�@ �� O-� <a6b 	�2e�� �2 �����1A�XY.  ��

<?�
�2 �/� :1
  �� .	�� �26� :1] � ��4�g� ���

 <� <@6 �-Xj  ,-.�  �/� :1
 �� �����1A ��� ,
�

<?�
�2 ��<.���� �  QC c��+. 	
�
/. 	!@ �2 [��+. �O
�

	-;�JK �2�A 2�/B. .	�� ����a ��4�g� <a6b  ���

N4+@ � c ��. �����A �--L  �� ��->67@ ������1A  <� ��

�����1A ,-.����>C �  	-��� <� 	\�� �.6�� �����

<?�
�2 ���  ����@� f�]  � ��NL� 2�W
� ���  ,
O4
�@

	1A �� ��->67@ � [��+. 	1A �64;� <_��� ������1A 

QC ����-> �m��� �6l�� �� 6� �--L  	�� <� 	1A o

 i�D. �� Fe6DB.QC �AP�� �� �2����� �  � ,
6� ���

��A �2 ��7��--L  ������1A ���  <� ���E�Z �� ���-�C o6�

��IE ���-�C �6l��) <+-!� ���-�C 	��  2�/�. �(��

��? �26�� ��W.�-Z ���  �� <a6b QC i�D. 	
�
/. �

 	�� �
����A <7�@ �� �/+��6� ����6�+A [D� z
�]

<?�
�2 F�W� ���� <A  2�!+1-� :1] � ��4�g� ���

�. 22�>.  

  

BC���   

 [1] Liu, C., Xie, G., & Huang, H. (2006). “Shrinking and drying up of Baiyangdian Lake wetland: a natural or 
human cause?”, Chinese Geographical Science, 16(4), 314-319.  
[2] Alemayehu, T., Furi, W., & Legesse, D. (2007). “Impact of water overexploitation on highland lakes of east-
ern Ethiopia”, Environmental geology, 52(1), 147-154.  



64  ,-.� �����A �--L  �-Xj   <?�
�2 �/� :1
 ��� �� �����1A P���> � :1] � ��4�g� ���  

 

����� 	
���
� ��� ������ ���  ���� ��� ����� �1 �������  � ��!� 1400 

[3] Khazaei, B., Khatami, S., Alemohammad, S. H., Rashidi, L., Wu, C., Madani, K., ... & Aghakouchak, A. 
(2019). “Climatic or regionally induced by humans? Tracing hydro-climatic and land-use changes to better un-
derstand the Lake Urmia tragedy”, Journal of Hydrology, 569, 203-217. 
 [4] Paudel, B., Zhang, Y., Li, S., & Wu, X. (2017). “Spatiotemporal reconstruction of agricultural land cover in 
Nepal from 1970 to 2010”, Regional Environmental Change, 17(8), 2349-2357. 
[5] Salem, M., Tsurusaki, N., & Divigalpitiya, P. (2020). “Remote sensing-based detection of agricultural land 
losses around Greater Cairo since the Egyptian revolution of 2011”, Land Use Policy, 97, 104744. 
[6] Hishe, H., Giday, K., Van Orshoven, J., Muys, B., Taheri, F., Azadi, H., ... & Witlox, F. (2021). “Analysis of 
land use land cover dynamics and driving factors in Desa’a forest in Northern Ethiopia”, Land Use Policy, 101, 
105039. 
[7] Lark, T. J., Mueller, R. M., Johnson, D. M., & Gibbs, H. K. (2017). “Measuring land-use and land-cover 
change using the US department of agriculture’s cropland data layer: Cautions and recommenda-
tions”, International journal of applied earth observation and geoinformation, 62, 224-235. 
[8] Aydin, F., Erlat, E., & Türkeş, M. (2020). “Impact of climate variability on the surface of Lake Tuz (Tur-
key), 1985–2016”, Regional Environmental Change, 20, 1-14. 
[9] Davraz, A., Sener, E., & Sener, S. (2019). “Evaluation of climate and human effects on the hydrology and 
water quality of Burdur Lake, Turkey”, Journal of African Earth Sciences, 158, 103569. 
[10] Wu, D., Chen, F., Li, K., Xie, Y., Zhang, J., & Zhou, A. (2016). “Effects of climate change and human ac-
tivity on lake shrinkage in Gonghe Basin of northeastern Tibetan Plateau during the past 60 years”, Journal of 
Arid Land, 8(4), 479-491. 
[11] Ghale, Y. A. G., Baykara, M., & Unal, A. (2019). “Investigating the interaction between agricultural lands 
and Urmia Lake ecosystem using remote sensing techniques and hydro-climatic data analysis”, Agricultural 
Water Management, 221, 566-579. 
[12] Khazaei, B., Khatami, S., Alemohammad, S. H., Rashidi, L., Wu, C., Madani, K., ... & Aghakouchak, A. 
(2019). “Climatic or regionally induced by humans? Tracing hydro-climatic and land-use changes to better un-
derstand the Lake Urmia tragedy”, Journal of Hydrology, 569, 203-217. 
 [13] Shahsavar, Z., & Mousavi Nasab, Z. (2012). “Bakhtegan Fars dried lake and its environmental consequenc-
es, an indicator of the role of natural resources in the sustainable development of arid and semi-arid regions”, 
The first national conference on sustainable development in arid and semi-arid regions, Abarkooh, Iran. 
 [14] Sajedipour, S., Zarei, H., & Oryan, S. (2017). “Estimation of environmental water requirements via an eco-
logical approach: a case study of Bakhtegan Lake, Iran”, Ecological engineering, 100, 246-255.  
 [15] Bagheri, M. H., Bagheri, A., & Sohooli, G. A. (2016). “Analysis of changes in the Bakhtegan lake water 
body under the influence of natural and human factors”, Iran-Water Resources Research, 12(3), 1-11. 
 [16] Lorestani, M., Bankadari, H., & Azeri, A. (2017). “Investigation of the effect of climatic parameters on 
changes in the area of Bakhtegan and Tashk lakes using satellite images”, 16th Iranian Hydraulic Conference, 
Mohaghegh Ardabili University, Ardabil. 
 [17] Moradi E., & Valiolahi J. (2012). “Investigating the causes of drying of Bakhtegan wetland”, Third Nation-
al Conference on Combating Desertification and Sustainable Development of Desert Wetlands, Iran 
 [18] Gharechaei, H., Moghaddam Nia, A., Malekian, A., & Ahmadi, A. (2015). “Separation of the effects of 
climate variability and human activities on runoff of Bakhtegan Basin”, Iranian journal of Ecohydrology, 2(4), 
445-454. 
 [19] Abbasi, H., Delavar, M., & Bigdeli, R. (2019). “Assessing the effects of climate change on the sustainabil-
ity of water resources in catchments using water footprint indices”, Iranian Water Resources Research, 15(4), 
259-272.  
 [20] Imani, S., Farokhnia, A., Morid, S., & Roozbahani, R. (2019). “Spatio-temporal Analysis of Temperature 
and Precipitation Trends in Tashk-Bakhtegan Watershed”, Amirkabir Journal of Civil Engineering, 52(11), 17-
17. 
 [21] Esfandiari, M., Hakimzadeh, M., & Jabali, A. (2015). “Preparation of vegetation map and monitoring of its 
changes using remote sensing techniques and GIS”, The First International Conference on Agricultural Scienc-
es, Animal Natural Resources, Rural Tourism Environment and Medicinal Plants of Islamic Countries. 
[22] https://www.wrm.ir 
[23] www.earthexplorer.usgs.org 
 [23] McFeeters, S. K. (1996). “The use of the Normalized Difference Water Index (NDWI) in the delineation of 
open water features”, International journal of remote sensing, 17(7), 1425-1432. 
[24] Gandhi, G. M., Parthiban, S., Thummalu, N., & Christy, A. (2015). “Ndvi: Vegetation change detection 
using remote sensing and GIS–A case study of Vellore District”, Procedia Computer Science, 57, 1199-1210.  
 [25] Carlson, T. N., & Ripley, D. A. (1997). “On the relation between NDVI, fractional vegetation cover, and 
leaf area index”, Remote sensing of Environment, 62(3), 241-252.  
[26] Julien, Y., Sobrino, J. A., & Verhoef, W. (2006). “Changes in land surface temperatures and NDVI values 
over Europe between 1982 and 1999”, Remote Sensing of Environment, 103(1), 43-55.  



���W-K � ���k. ��+-�b  65  
  

 

�����  ���	
���
� ������ ���   ������� ����� �1 �������  � ��!� 1400 

[27] Pravalie, R., Sîrodoev, I., & Peptenatu, D. (2014). “Detecting climate change effects on forest ecosystems 
in Southwestern Romania using Landsat TM NDVI data”, Journal of Geographical Sciences, 24(5), 815-832.  

 




