
 ��� ����	 
�� ��������� ����� /������/ ����� 1400 )476-460              (                                                               460 

 

) ������	 
���                                             ������ 
����DOR :(20.1001.1.20080891.1400.15.3.8.7 

  

&'�� �( 
)�*+�' ,-�.- /��� 
��	0 10�( �� 2���	 13454� 0- 67�8 
9�:	 ;��2019-2001 

(>�?@7- >�A�- ��-�	 :;���	 CD)�9	)  

����� ��	�
�� ���1 ������ ��	�
�� 	���2����� ��� � *3 ������� 	���4  �� ����� �!��" ��#�5  

 :&'�(�� )(��*05/11/1399      -  :/(�0* )(��*14/03/1400  

  

  

  

 

........  

 � 1���2 �3 �!��
4� 	(	5 6���� �3 �2�* �3783 9	5 �:� �;�� 7�<= �� >�� &3�?� � ���� 1���2 �@�08� A�B8� ��

C� 9��DB�� �3 �* &�� 9��� �!��
4� E��5 F��3 � ��� ����G� ��SPEI H � ���� I��8B��9��� �3 ����� �� ���J9����� �� &'�(�� ��

KL FC���= � M��#* � 9	5E��5 ����� 75�= ��EVI  �� &3�?� �>  CWSI� 6����N* 	O�� �3 PQ� .	(��� �S��#�  C� T�	U

E��5 �(� �O��C 9C�3 �? �2019-2001 E��5 �(� �VB�S� �W3�� �XBO� �� � 	5 �B����= .&'�� ���G ����3 ���� �!��
4� �3 �

�� K�4O K�XD@� K�B�� �� �!��
4� 6����N* 	O�� Y(�BOO��C 9��� Z�? �� K�XD@� K�B�� �U 	� �19 �!��
4� �Z����  �� ��	:B�

	(	5 �U &�� 9��U �3�[*�!��
4� �(� �(�*Z�� �� � ��2001 �2008 �2010 �3 � &�� 9	5 9	(� K�B�� �(� �� �!��
4� �(� Z�SO�

Z�� �(� ��E��5 	O�� ����3 .	5 9	�4� ]�O >�� &3�?� � ���� 75�= E��5 ��	^� MG�	� � ��SPEI �EVI  �CWSI  K�4O

E��5 �(� �4(�]'� 	O�� �U ����3 � /�*�*54/88 �14/13  �72/90 	@�� KL �4�U 	O�� � �93/2 �33/78  �28/9 	@��  K�B�� ��

�� K�XD@��� �(� .	5�3E��5 �(� �� 7(�]'� ��	^� �(� C� �U &�� �!���3 � /�*�*93/6 �32/6  �56/63 	@��  aW� ��95  	@��

��:��� ���E��5 �(� �4�U �(��^� C� � &�3 � /�*�*33/0 �45/7  �75/8 	@�� ��:� aW� ��� ���� ��� �VB�S� ����3 .	5�3

 >�� &3�?� �3 �!��
4� E��5 �b� �U ��� K�4O ���� 75�= � >�� &3�?� E��5 �M��O�B= c�:* � ��8S* �!��
4� E��5 ��3

�3 ���� 75�= � �� /�*�*23/87 � � &Sd� �56/56 	@�� �� �D�� K�XD@� K�B�� C�&��U 7�U �U 	5�3 � &�D�U 75�=  � ����

�� /S� �� >�� &3�?�9��� �(� C� 9��DB�� �3 9	5 	�!�* 6�"e?� &�� �X(	3 .����9����� �(��0* � ����G� �� �3 �O�(�5 f�U ��

&�������O�3 � K���	�L 6��b� � �!��
4� �3 �X2��� �� K�](����O 	��� >�� &3�?� � ���� 75�= �3 K. 

  

1F-G;3��H ;��: ���O � f4� g?���f4�� �!��
4� E��5� ���� 75�= E��5 �.>�� &3�?� E��5 

 

                                                             

1 -  ��BU��(��]O�3��3� �:�S? 13��� � �C���4U 9	
4O�� ��:�S? 13��� ��	�X� 9����  �K��]�� 9�V4O�� �h�S"�	�3.K��(� 

٢
 - �(��]O�3��3 ��BU� ��[4O�� ��I�U �K��X* 9�V4O�� ��:�S? 13��� 9	
4O�� ��O�B��U � f4� g?��� ���� 9��� .K��(�  
3- ��O�B��U � f4� g?��� ���� 9��� ���4O�� �I�U �K��X* 9�V4O�� ��:�S? 13��� 9	
4O�� .K��(� 

*:  :Z�i�� 9	��(�Ohakhosravi@ut.ac.ir  
4 - �(��]O�3��3 ��BU�� �I�U �K��X* 9�V4O�� ��:�S? 13��� 9	
4O�� ��O�B��U � f4� g?��� ���� 9��� .K��(�  
٥

 -  ��(��B�� 9�����* � ��0BG�(Y C���4U.K��(� �&'��2 �&'��2 9�V4O�� ��C���4U 9	
4O�� ��  

  

����� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             1 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   461  

    
 

C	3I	  

�3 �!��
4�j�8� C� �
( K���" �:�S? ��(e3 �(�*

 �B���5 K�X2 ����� ���� � �3 �^W�� � �� �U k��5

) 	� m� &�� �
�� ����G�1  �30 6���� n"�3 � (

783 �3 �BDV� A�B8� ��7�3 ���'� � ���� �� ��*

 ����� ��� �3 ��O� �� �*�� �� �:�S? ��e3 �(�� �3 &S�O

) &�� 9���O16 �40  �10 9	"�G �(� ]�O K��(� ��4U .(

��O ��dB���3 	5�3���?3 �U� g?��� �� �B'�� ���G M�!�

���O � f4��!��
4� �f4� 6�2�� �3 �� �O���O�� ��

) &�� 9���O �3�[* ��� �� ��	�� �	:B�9 C� �
( .(

HX�	�L��U � �(�* �(����5 ���3 h�B�� �� ����]3� �(�*

E��5 C� 9��DB�� �!��
4� ��U � �D�U 7(�= � ��

�� �!��
4�) 	5�312E��5 C� �
( .( HX� ����3 ��

�� KL f�U �3 �U�� ��3 �= 9	(	= �(� �3 K��* �3 K��*

M��O�B= c�:* � ��8S* �!��
4� E��51 ���O 9��5�. 

���O � f4� g?��� �� E��5 �(� ���L�3 �3 �U f4�

 &��� ] �� ����3 �&�� 9��� ��� 7(�]'� � F��3 ��S�U

���3 .	5�3���?�� E��5 �(� f�U �3 �U K��* 6��b� �3

 �3 j�8� 9	(	= �(� �U ��	:B� ���^B�� ��p � H�^B��

�� ��[(� A�B8� 1���2 ��� �:���2 ���2 C� .��3 �= 	�U

�3 �U �bqB� �!��
4� 9	(	= C� H�^B�� ��p � H�^B�� ��?

���� ��5 ���O 9��5� >�� &3�?� � ���� 1���2 �3 K��*

�3���?�3 1���2 �(� ��� �3 KL ��bL �U@ �[(�	* 6��

�� ��r&��U 7�U � ��5 � &�D�U 75�=  � ����

�� /S� �� >�� &3�?� 9��DB�� �3 6��b� �(� 9	�4� .����

�� E�84* M3�G ��� 9�� C� 7[�� H�" C�) 	5�313  �24 .(

�3���?9����� &:�@ �:��* �3 �2�* �3 �U�� H�" �(� ��� 

Z���� ���3 �S���� ����3 ��]3� �����  ���8* � 7(�=

&3�?� � ���� 75�=  9��DB�� .&�� 9���O H��' >��

h��^� �� ��� C� 7[�� C��3 �B��]3 �� K��U H��' M�!�

s�@ ]�O � �'�U 6�"e?� ��[(� �K��C � ��(] �� �(�2

 �� �� K����?� C� �!�SG M3�G aW� �1��� �O�
� 75�=

9C�	O� �3 ��(�^�������O � ��� �B�� ��7^O � 	( ��X� 

 &3�?� � ���� 75�= ��!��
4� 7(�= � &(�(	� ��

                                                             
1 -Standardized Precipitation Evapotranspiration 

Index (SPEI) 
2- Evapotranspiration 
3- Crop Water Stress Index (CWSI) 

6��b� � >�� KL M3�^B��D(� � ) 	(��O35 f�U �3 �(��3��3 .(

�'���L9����� �(��0* � ��� 9�� C� 7[�� ���� �� K��*

 g?��� �� �� >�� &3�?� ��	^� � ���� 75�= K�]��

���O � f4�9C�3 �� f4�:B� �O��C �� � ���O 7(�= �	

 �>�� &3�?� � ���� 75�= �[(�	* 7�U �3 �2�* �3

	���= C� � ��� ��	4 �� �!��
4� j�8� 9	(	= �5�O ��

) ��U ������2 KL C�41 C� ���	:* �3 �B��� ��� �� �U �(

E��5 7[�� f�U �3 �!��
4� �3�(C�� ���3 �U ��

�� 9��DB�� ��� 9�� C���5k ��E��5 �3 K��* ��

c�:* � ��8S* � ���� 75�= M�SG C� �
(t�!�U�2 )ET (

)24 � ��	O��3 M�SG C� ����5�� 9�VB�(� E��5 �(

H �>�� &3�?� M�SG C� �
(t�!��	� ����NB� ���J

�(C jL aW� �j�O��� 9��5� s�3 aW� � �(�� aW� �����C

) ��U28 �29 �36 �4 �6  �44 .( 

HX� C� �
(E��5 �(� �(�* �3L h�B�� E��5 ��

 c�:* � ��8S* �3 c�:* � ��8S* ��3 &S�O C� �U &��

�3 M�O�B=�� &�� 9��DB�� �!��
4� �3�(C�� ���3 � 	(L

�� ���3 jL 7�* E��5 �"�O E��5 �(� �U ����

H�G ���� 6u�0#��� ��� T�XD� �(� ���3 ���5 K��
2

) ��	(� �1981E��5 ( Z�0#� jL 7�*3) CWSI(  �

) K���
� � K����1994jL ��S�U E��5 (4) WDI(  ��

 f( &3�?� E��5 F�� ��(� �3 9�e" .	O��� ��X�4�=

h��^� �� �!��
4� 6��b� 7(�= ���3 &�� ��
(�� ��

) &�� 9	5 �'�:� A�B8�50 �14  �7 �O��� &��(� .( �

) K���
�2011E��5 HB(��V!� C� 9��DB�� �3 (  �3L 7�*

 M��O�B= � �:G�� c�:* � ��8S* ��3 �W3�� C� 6u�0#�

 .	O��� ���G ����3 ���� �� K���� �3 9���� 7�* K�]��

 �3 >�� &3�?� � c�:* � ��8S* 7(�= �3 ���(C 6�:!�W�

 6����N* 6��b� ����3 �3 K���� ���� 75�= E��5

 	�B����= ���� 75�= �(���U � >�� &3�?� �3 ����G�

)39 �46  �17 .(]��*���- ) K���
� � C	O�O�'2015 �� (

 ����3 ���3 >�� &3�?� �3 ��BS� E��5 C� ��� �:!�W�

9��U 9��DB�� �!��
4� C� 9��DB�� �3 �:!�W� �(� �� .	O�

 E��5 �B3�?�SWDI  6�	�!�* �3 &3�?� ��S�U 6��b�

3- Water Deficit Index (WDI) 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             2 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 462  
  

 

 ���S* /(�; �3 ���8* �(� �U 	O��U ���L�3 �� ����

81/0=2R  K���
� � �� .&�� 9��� K�4O �S���� ���L�3

)2020&3�?� E��5 �:!�W� �3 (- �3 ��	O��3 � �
4�

9��� C� 9��DB�� �� >�� &3�?� ��	^� ���� C� 7[�� ��

 E��5 ��3 �U ��� K�4O g�^#* �(� Y(�BO .	O��U �S��#�

&3�?�–9��� C� M@�� >�� &3�?� � �
4� �O�	�� ��

 �(u�3 �VB�S� ����3 ���� ���B����= �(�� �3 &S�O

�3 &�� 9��3 ���G�3���? /(�; �B����= �� �(� ��3 �U

 ���S*61/0  .&�� 9	5 9	(�  

 C� 9��DB�� �3�� 6�:!�W� �(� � �O�
� 6����N* K��*

7�3 &G� �3 �� �!��
4� �O��C3�(C�� ��* 	�J� ���U �

�3 	(�3 �U &�� A:; � 6�G v�^O ����� E��5 � �U ��?

HB��� ����? �� � ��5 >�� a;�� h���C ��	4 ��

���� ���G ����3 ���� �!��
4�.  6����N* �U �(�[OL C�

 ����= F��3 � ��� 6����N* C� ���� 75�= �O��C � �O�
�

�� �(��B����= K��]� ����3 �(��3��3 �	�U 	�O�� ����G�

H � F��3 � ���KL 	O�� ���J �S�U�* ���B����= �� �

�� &��� � �� ����3 �:G�� � M���B= c�:* � ��8S* 	5�3

)32 .( K�B���3 K�XD@�&�"  � f4� �^W�� �� �B'�� ���G

���O�3 &��O ��dB�� 9	"�G �(� C� f4����? �2�* �3 �U

�B�� �(� �3 HU�� ����G� w(��5 �3 � F��3 ��S�U � K

�!��
4� �= � �� �� �O����� K	5 f4� � �!��B� ��

9	�(�C jL�3 KL �� ���	� x�	�� &�" ����3 �	:B� ��

K�B�� C� �
( KL j��#� ��4U �� �W� y�:� �� ��

���3 .��5���? �!��
4� &�:;� C� �B�O�� ���L �3 �U

�� ���� 75�= �H4J K��* >�� � HX' C�	O� C� �S����

 ��� � ��� K�B�� �(� �� ���� 75�= � �!��
4� &�:;�

C��� �� 9	(	= �(� 6��b� C� �H � 6	� j�8� 6��b� ���J

K��#3 K	�L 	(	= ��
(t�!�U� .��U ������2 �"��B2� ��

�(� C�C� 9��DB�� �3 �* &�� 9	5 �:� �;�� 7�<= �� �� 

9����
4� E��5 �F��3 � ��� ����G� �� � ��8S* �!�

 FC���= � M��#* �3 � ��5 I��8B�� M��O�B= c�:*

E��5 �(��0* C� M@�� >�� &3�?� � ���� 75�= ��

9�����E��5 �(� ��3 �VB�S� �W3�� ��� E��5 �3 �

 �3 9	5 	�!�* 6�"e?� &�� �X(	3 .��5 ���:* �!��
4�

9��� �(� C� 9��DB��9����� �(��0* � ����G� ��U �� f�

&���� �3 �O�(�5���O�3 � K���	� �3 �X2��� �� K�](�

 >�� &3�?� � ���� 75�= �3 KL 6��b� � �!��
4�

.���O 	���   

  

JG� G �-�	�� 

 CD)�9	 ���	 CI94	 

 �3 K�XD@� K�B�� g�^#* �(� �� ����3 ���� �^W��

 &����106179 �B����U 6�0B8� �3 13��°30  �˝42  �*

34°  �˝30  y�"� �!��5°49 �˝36 �* °55 �˝54  Z�?

�� �G�5 � K�B�� �(� ���B�� � &:�� �3 �2�* �3 .	5�3

 �H��G� ����� K��(� �]U�� f4� �^W�� �� �B'�� ���G

�� z��B� ���� 75�= � >�� z�D*�� 	(	5 6����N* .	5�3

 ��3 �(�� aW� C�686  ��	� �*4405  � ���� K���O �B�

 ��	� KL w��B� z�D*��1605  6�"�D*�� /�p� � &�� �B�

�3�p Z��5 &X2 ����� K�B�� �(� ��- .&�� �G�5 j��2

 ��	� �� K�B�� F��3 MU w��B�240 ���� w��B� � �B�

 �S(�^* K�B�� �Ou�� 6���� �2��3/18 �BO�� �2�� ����

) &��11T��3 .(  �:*�� �;��� M��5 K�XD@� K�B�� 9	�"

�� M
5 .	5�31 �� �(� &�:G��M
5) K��(� ��4U �� K�B 

1M
5) �"�D*�� 6����N* �(A!� � 1��3��U � (j �  1*��

M
5) 1�� K�4O �� (I �) 	�52.(  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             3 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   463  

    
 

  
 6+�1
L-�- ;�(��H C�I� :M G 
�@��- ,-���N� C�I� :O �>-��- ���H�� >�?@7- >�A�- P�DQ�	 :R)- :  

  

S�I:� JG� 

9��� g�^#* �(� �� 9�VB�(� �Ou�� ���� � F��3 ��

 9	(	= ����3 &X2 K�XD@� K�B�� �� ����5��

 �O��C 9��� �? M��O�B= c�:* � ��8S* �!��
4�2019-

2001  � 	(��� ��X* K�XD@� K�B�� ����5�� K��C�� C�

H ���� 9�� C� 7[�� 6�"e?� C� 9��DB�� �3 ���J

E��5� ���� 75�= ��  � M��O�B= c�:* � ��8S*

 &(�� C� �O��C 9C�3 �(� �� �:G��USGS  C� P= .	5 ��X*

KL FC���= ���3 E��5 �� �(� �3 �!��
4� 6��b� ����3

�3 g�^#* T�[O� M���� �U 	5 �B����= �W�#� �(C {�5

�� �M
5) 	5�329��� M��#* �(][* � FC���= ���3 :( �� �

T�O C� g�^#* �(����]'� GIS10.5 �ENVI5.3  �IDRISI 

SELVA .	(��� 9��DB��  

  

  

 
 6+�2S�I:� ��5�- 68-�	 O�T��?T :  

  

��*+�' &'�� ;SPEI 

F��3 E��5-  ���	O�B�� M��O�B= c�:* � ��8S*

)SPEI&��(� w��* (- ) �O���2010�3 ( f( K���"

E��5 �(� .	5 �'�:� ����G� E��5  �S��#� �3 ��BS�

9��� �3 �S��#� ���3 � &�� ����G� jL �	��C��* ��

�O���  ������ ��	�
��) ���� C��O �� ���� � ��	O��3

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             4 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 464  
  

 

2020) (12�3 ����G� jL �	��C��* �!��:� .( �!��:� 6��@

1 ) &�� 9	5 A(�:*33.( 

)1(  D� � P� � PET� 

 �UP  �PET �3*�* c�:* � ��8S* � ��	O��3 /�

 �M��O�B=D KL seB��� �I   .&�� �|O ���� 9�� 9���5

 �(��^� �S��#� C� P=D F��3 E��5 	�O�� �B'��� C� �

 �S��#� ���3 ���	O�B��SPEI �� 9��DB�� �(� ���3 .��5

 ��� �(��^� z��[� ���|��D 9�[�= �� A�B8� �O��C ��

�� �S��#� ��� .��5x ���  �:�[*D  �O��C 9�[�= ��

 ���3 /���� �!��B�� a�;�* f( 	:3 ����� �� �	5�3 ��:�

���x  �� FC��3����3 gS? .	3�(&��(� ��^^#� ��- 

) �O���2010 �(���U ��B����= �� f�B�2�! }�! 1(C�* (

Z	� �� �S���� ��� �C��x  Z��B�� �!�VJ 13�* T�' .����

�3 ��U~� 1(C�* �!��:� 6��@2  .&�� 9	5 K��3  

)2(  f
x� β
α 
x � γ

α ���� �1 � 
x � γ
α ���

��
 

 

 KL �� �Uγ � β �α �3 M
5 �h��^� ���B����= /�*�*

 � �	S� �x  �(��^� �:�[* ���D  ��:� �O��C 9�[�= ��

�^S? .&���	�3SPEI  	�O��SPI  �^S? ���3 � &�� �	�3

�� KL �(��^��O�B�L C� K��* Z�	2 �� I�	�� ��4  9��DB��

) ��U20  �3 ���3 E��5 �(� .(15  f�B=���� 9�VB�(�

 ��	��U��= � >�B4� �O��C �(�= ����� �U �^W�� �� ��2��

�3 �	O��3 /���� �3 v�3�� ��B�� �4^O PQ� 	�L &��

Z�� ���3 KL ��2019-2001  �3 F�� C� 9��DB��

K��� �3�(IDW T�O �� ��]'�ARCGIS10.5  	(��� ��X*

)11.(

  

 �G3U1 :CIVWP)�8 ;34( &'�� JG� C( 13� 6�*��A� X�D� G ��YV� 
)�*+�' ;��SPEI )45.( 

2 >  	(	5 ����3 �!���*  

99/1  �*5/1  	(	5 �!���*  

49/1  �*1  w��B� �!���*  

99/0  �*99/0-   Z���O �3 f(�]O  

1-  �*49/1-  w��B� �!��
4�  

5/1-  �*99/1-  	(	5 �!��
4�  

�!��
4�2- <  	(	5 ����3 �!��
4�  

 &'��EVI 

 E��5 C� �7�<= �(� �� ���� 75�= ����3 ���3

) ���� 75�= �B'�( �^*��EVI ��* 9����� �(��0* Ce@�� (

) P(��� 9	�[��MOD13A2�3 (�� &�� 9��DB�� �	(L

 9	�[�� .	5MOD13A2 75�= �B'�( �^*�� E��5 �

 (�4�!�C�) �O�
� f�
D* 6�	G �3 ����1  9C�3 �� �B����U

 �O��C16 �� 	�!�* 9C���(� .	�U E��5 �(�B4�3 

&����� �� �3 6����N* 75�= ���� �B5�� � �� M3�^� 

��2 6��b� � ����C �>�� �3�]2 �� ������ U� 75�= 

���� HU �	5�3 &����� ��B�U  E��5 .����EVI C� 

) �W3��3�S��#� ( ��) ��534  �53.(  

)3(  
  

                                                             
1- Crop Water Stress Index (CWSI)  

�U ��  KLNIRj�*C�3 � �� 	O�3 m����'  � f(�]ORED 

h�
:O� �� 	O�3 � ]��G B �3L 	O�3 �� h�
:O� ) &��23 �� .(

 �W3�� �(�L  �>�� 9	��U M(	:* ��BU�'1C  �2C  /(��;

 �3L 	O�3 C� 9��DB�� �3 ]��G 	O�3 �� M��� L 9	��U a�#0*

���3 � 	�5�3 Z��:� ��?5/2=G 6= 1C   �5/7=2C  �1 

C2= �� 9��	#� �� E��5 �(� ��	^� �	�5�31-  �1 +

��) 	5�319HU��B� ���� 75�= �J � .( �(� 	5�3 �*

�3 E��5 &��1HU��* HU ���� 75�= �J � � + �*

�3 	5�3 &��1- �� M���3 �	(��O���?�U  E��5 �(�

�� g?��� ���3 C� ���� 75�= ���1/0  �* (f�*)8/0 

�� (HU��B�)) 	5�343 �23  �37.(  

 &'��1
CWSI  

 E��5 C� >�� &3�?� �S��#� ���3 �:!�W� �(� ��

 �
4� E��5CWSI  �(� �S��#� ���3 .	5 9��DB��

BCRCNIRL

RNIR
GEVI






21

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             5 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   465  

    
 

9��� C� E��5�:G�� c�:* � ��8S* ��  C� M��O�B= �

 P(��� 9	�[�� �O��� 6u�0#�MOD16A3  9C�	O� �3

 �!���500  �O��C 9C�3 �� �B�2019-2001  .	5 9��DB��

 E��5CWSI  C���DB�� �3 ���C aW� �t�O� Z��:* h����3

) �W3��4) 	(��� �S��#� (22  �21:(  

)4(         CSWI � 1 � ET
PET 

 Z���' �(� ��ET  �PET �3 �:G�� c�:* � ��8S* /�*�*

�� M��O�B= c�:* � ��8S* � E��5 ��	" ����� .	�5�3

CSWI �� f( �* �D@ ��3 E��5 ��(��^� �(� �U 	5�3

�� K�4O ��(C �3 HU C� �� �
4�.	��  

;��	[ ��)��[  

,-���N� 3�G� 
���(  

 E��5 6����N* 	O��EVI �CSWI  �SPEI  9��� ��

 �O��C2019-2001  C� 9��DB�� �3 �(�0* M�
�= � ���3

) �W3�� h����3 �W� K������5��S5 (:	(��� �C��  

)5(    ��� !" �
# $ ∑ & $ '( � ∑ & $ ∑ ')

*
(+�

*
(+�    *

(+�

, $ ∑ &�*
(+� � -∑ &*

(+� .�  

 �W3�� �(� �� �U��� !"  ���� E��5 6����N* /�5

 ��:!�W� ���� �^W�� �� �|On Z�� �� 9��DB�� ���� ��

 �7(�=Xi  Z�� ���3 �|O 	� E��5 �Ou�� ��	^�j �0> 

��� !"  �0< ��� !" �3 6����N* /�5 9	�� K�4O /�*�*

�� �?�3�� E��5 K�]�� �� �D�� � &Sd�) 	5�353.(  

'�� \�( 
]A*V�� ��)��[ &'�� \�( &SPEI  �EVI  G

CSWI   
E��5 ��3 v�S*�� C� ��EVI �CSWI  �

E��5SPEI  �3 �VB�S� ]�!�OL C� 9��DB�� �3 ��|��

�W3��) 	(��� 9��DB�� �;��� /(�8* 	O�� ����36  .( 

)6(  /0.2 � ∑ 
34 � '�
54�5�*
4+�

6∑ 
34 � 3�� $ ∑ 
54 � 5��*
4+�

*
4+�

 

Rx.y  ��3 9��� �VB�S� /(�;x  �y  �&��xi  ��	^�

 Z�� M^B�� E��5i �T�yi  Md� M^B�� ����NB�SPEI 

 Z��i � T�i Z�� 9���5) &�� �55.(  

  

^��A� 

&'�� 
��+	 G 
��	0 
���( 
)�*+�' ;��

EVI�CWSI   GSPEI  

E��5 w��B� 	O�� ����3 ��SPEI �EVI  �

CWSI  �O��C 9C�3 ��2019-2001  ���� K�XD@� K�B�� ��

 �!��
4� E��5 6����N* 	O�� .&'�� ���G ����3SPEI 

�� K�4O�� 7(�]'� �3 �� �!��
4� 	O�� �U 	� �U 	5�3

7�3 C��3 E��5 �(� �(�*Z�� �� /�*�* ��2010 �

2008  �2017  �(��^� �344/0- �041/0-  �35/0-  �U 9��3


4� �^S? ���� ���G Z���O �3 f(�]O �!�� �(� .����

�3 �� E��5 �(� ��(C �(��^� �U &�� �!���� �� /�*�*

Z�� ��2012 �2004  �2018  �(��^� �342/0 �36/0  �

34/0 �� Z���O �3 f(�]O �!��
4� �VO��3 �U 	5�3

�� �O��C 9C�3 �(� �� K�B�� �(� ��U &!�� �� .	5�319 

�!��
4� �!��	:B� ���3 �� � &�� 9��U �3�[* ���

 M
5)3 K�4O �!��
4� 6����N* �O�
� ����3 .(A!� �

��Z�� �� �U 	 ��2001 �2002 �2005 �2006 �

2007 �2008 �2009 �2012 �2016  �2017 7�3 aW� �*

�!��
4� ��J� K�B�� �U 9��3 	(	5 ���� �* w��B� ��

�!��
4� �dU�	�&��G �� �3�p � �3��2 �� K�B�� �

Z�� �(�� �� �U &�� �!���� �(� �&�� �B'���3�� �� �

7�3�!���* �* Z���O �!��
4� K�B�� �* 9��U 9	�4� �� �

 M
5) &��4 75�= E��5 6����N* 	O�� ����3 .(

 ����EVI  �O��C 9C�3 �(� �� �U ��� K�4O19  K�B�� �!��

�3 .&�� 7(�]'� Z�� �� HU /�5 �3	^� MG�	� ���? ��

�3 ���� 75�= w��B�Z�� �� /�*�* ��2010 �2001 �

2008 �3 � /�*�*10/0 �111/0  �115/0  9	5 9	�4�

H .&��Z�� �� E��5 �(� ��	^� �dU�	� ���J ��

2013  �2007 �3 /�*�*155/0  �153/0 �� M
5) 	5�3

3 ���� 75�= E��5 �O�
� ����3 .(j �EVI  K�4O

��7�3 �� �U 	��*&��G �� E��5 �(� ��	^� �( ��

9	�(�C s��?� �]U��&��G � j�p � ��� � �3��2 ��

&��G �� ��U &���� 9	5 9	�4� K�B�� �!��5 ��

�� &���!��&��G �(�� �� �U �* HU �(��^� K�B�� ��

 M
5) &�� 9	5 9	(� E��5 �(� &�� w��B�5 ����3 .(

 6����N* 	O��19 >�� &3�?� E��5 �!�� CWSI  K�4O

 �B5�� �4�U 	O�� E��5 �(� �O��C 9C�3 �(� �� �U ���

��:� 	O�� 7�U �(� �U h����3 .&�� 9��	O K�4O �� ����

�3 E��5 �(� ��	^� �dU�	� M
5 �(�Z�� �� /�*�* ��

2010 �2008 �2017  �2001 �3 ��	^� /�*�*996/0 �

995/0 �981/0  �970/0  �(� HU �(��^� .&�� 9��3 E��5

 ��2019 �2018  �2012 �3 /�*�*915/0 �919/0  �925/ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             6 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 466  
  

 

 M
5) 	(��� 9	�4�37�3 �O�
� �|O C� .(� � ��	^� �(�*

Z�� �� >�� �B3�?� � �
4� E��5 �� A�B8� ��

 �(� &�� 9	5 9	(� K�B�� �3�p � �3��2 �!��5 g?���

 � �]U�� g?��� �� E��5 �(� HU ��	^� �U &�� �!����

�3 6��@&��G �� 9	�U��= K�B�� �3��2 � �3�p ��

�� 9	(� K�XD@� M
5) 	O�56.(   

  

 

 

  
6+�3&'�� 
��	0 
���( : 
)�*+�' ;��SPEI�EVI  �CWSI C(P�*Q �� _����M G O �R)- ;��  

  

y = -0.0102x + 20.53

R² = 0.0446

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

S
P

E
I

���

y = -3E-05x + 0.1981

R² = 0.0002

0.09
0.099
0.108
0.117
0.126
0.135
0.144
0.153
0.162

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

E
V

I

���

y = -0.0012x + 3.4605

R² = 0.1065

0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

1
1.01

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

C
W

S
I

���

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             7 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   467  

    
 

 

 6+�4 :C4?� 
)�*+�' &'�� ;34(SPEI  
��	0 10�( ��2019-2001  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             8 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 468  
  

 

 

 6+�5 :C4?� 
���a /��� &'�� ;34(EVI  
��	0 10�( ��2019-2001  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             9 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   469  

    
 

 6+�6: C4?� b�' P(�W� &'�� ;34(CSWI  
��	0 10�( ��2019-2001  

  

&'�� >�	0 38-G �� ,-���N� G ,-���N� _�� 
���(1 ;-

SPEI �EVI  GCWSI 

E��5 6����N* /�5 ����3 ��SPEI �EVI  �

CWSI E��5 �(� �4(�]'� 	O�� �U ��� K�4O�3 � /�*�*

54/88 �14/13  �72/90 KL �4�U 	O�� � �93/2 �

33/78  �28/9  &�� 9	5 9	(� K�XD@� K�B�� C� 	@��

 M
5)7 �(��^� �(� C� �U &�� �!�� �� �(� .(I � j �A!� �

E��5 �(� �� �4(�]'��3 � /�*�*93/6 �32/6  �56/63 

 aW� �� 	@��95 ��:� 	@�� �4�U �(��^� C� � &�� ���

E��5 �(��3 � /�*�*33/0 �45/7  �75/8  �� 	@��

��:� aW� ����� ��� M
5) 	5�38.(I � j �A!� �  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            10 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 470  
  

 

 

  
 6+�7&'�� ,-���N� _�� 
���( : ;��SPEI �CWSI  GEVI C(P�*Q �� _����M G O �R)- ;��  

  

 

  
 6+�8&'�� >�	0 38-G �� ,-���N� 
���( :;��SPEI  �CWSI  G EVIC(P�*Q �� _����M G O �R)- ;��  

  

 \�( 
]A*V��SPEI�EVI   GCSWI 

 � ��8S* �!��
4� E��5 ��3 �VB�S� ����3

 >�� &3�?� E��5 � M��O�B= c�:*CSWI �� K�4O 	�

 �� >�� &3�?� �3 �!��
4� E��5 �(� �b� �U23/87 

�� &Sd� K�XD@� K�B�� C� 	@�� ��	^� �(� C� � 	5�3

77/42  aW� �� KL 	@��95 ��:� �VB�S� 	@�� ���

 الف ب

 ج

 الف ب

 ج

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            11 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   471  

    
 

 �(� ��3 �D�� �VB�S� &�� �!�� �� �(� .&�� �B5��

 �� E��5 ��77/12  �:!�W� ���� �^W�� &���� 	@��

�U 	5 9	(� ��� �(� C� &�38/3 ��:� KL 	@�� ���

��H .	5�3 E��5 �3 �!��
4� z�O �(� �b� ����3 ���J

 ���� 75�=EVI �!��
4� �b� �U ��� K�4O  75�= �3

 �� ����56/56 C� �U &�� �D�� K�XD@� K�B�� C� 	@��

 ��	^� �(�23/28 ��:� �W3�� 	@�� 9��� K�4O �� ���� &��

H�(� ��3 &Sd� �VB�S� ���J  75�= � �!��
4� z�O

 �� ����44/43 �� &Sd� K�XD@� K�B�� C� 	@�� 	5�3

 ��	^� �(� C� �U60/8 ��:� &Sd� ��B'� 	@�� K�4O ����

 M
5) &�� 9���9.(j � A!� �  

  

 
 6+�9 
)�*+�' \�( 
]A*V�� :SPEI &'�� G ;��CSWI �EVI C(_���� P�*Q ��O G R)- ;��  

  

C5�A� G c:(;��a 

 �3 ����G� 6����N* 6��b� ����3 ���3 g�^#* �(� ��

9��� C� ���� 75�= � >�� &3�?� ���9�VB�(� �� ��

9��� � ����5�� 9	�[�� ���* 9����� ���� C� 7[�� ��

C� 9��DB�� �3 .	(��� 9��DB�� P(��� 9��� � ��� ����G� ��

�3 M��O�B= c�:* � ��8S* �!��
4� E��5 F��3 &��

 K�4O �^W�� �(� �� �!��
4� z�O �(� 6����N* 	O�� �	�L

�� �O��C 9��� Z�? �� K�XD@� K�B�� �U 	�19  �Z��

�!��
4� �(��^�  �U &�� 9��U �3�[* �� ��	:B�

	(	5�!��
4� �(� �(�*Z�� �� � ��2001 �2008 

�2010 �3 � &�� 9	5 9	(� �^W�� �(� �� z�O �(� Z�SO�

Z�� �(� �� �!��
4� � ���� 75�= ��	^� MG�	� �

.&�� 9	5 9	�4� >�� &3�?�  K��C�� F��]� h����3

 Z�� C� ����5�� �O�X21960  9�U �Ou�� ���� ��VO���

 ���C6/0 �BO�� �2�� F��3 w��B� ��	^� � 7(�]'� ����

U ]�O � f4� g?��� �� ��� �(� �(��3��3 .&�� �B'�( 7�

���O7�3 ���O f4�783 ���U 	��� �	�= ��* C� �(�

�� ]�O K��(� ��4U M��5 �U �O������� 9	"�G �(� C� ��5

��O ��dB���3 	5�3���? 7(�]'� � ��	O��3 7�U �(� �U

�3 � ����!��
4� 7(�]'� KL Z�SO� &3�?� 7�U n"�3 �

��� K���� ��
��" � 75�= 7�U �[�BO �� >� ��5

)48) K���
� � }�3 .(2018 	O��U K��3 ��� �:!�W� �� (

 ��
��" K��U MB8� �� �b�� � ��@� M���" C� �
(

HB����U� �b� �3 9	(	= �(� ��(C &�� �!��
4� 9	(	= ��

 	5� �� h�B�� n"�3 >�� �� ��2�� jL ��� �3 ���~�

eB�� � K����HB����U� �:�S? ��
��" �� Z�� � ��5

T�3 &�(C �(� �� K���� 	�!�* � 	5� ��	^� �[�BO �� �� �

�� �bqB�.�C��  �B���) K���
� �2020 ��� �:!�W� �� (

 Z�� �� K�B�O�N'� ��4U �U 	�B5�� K��32001  �2008 

7�3 &�� 9��U 9	�4� �� �!��
4� &���� �(�*

H= Z�� �(� �� ���J MG�	� >�� &3�?� � ���� 75�

�� h��� �(� �3 .&�� 9��� K�4O �� ��� ��	^� K�"�� K��*

�3 ��� 7(�]'� � ��	O��3 7�U �U ���O 7�U KL Z�SO�

�3 >�� &3�?� g?��� �� ���� 75�= 7�U n"�3 6	5

�� A�B8� E��5 � �!��
4� ��3 �VB�S� �W3�� .����

 �
4�CWSI �� K�4O �� �U 	� C� 7�380  C� 	@��

 7(�]'� �3 ��:( &�� 9��3 &Sd� �W3�� �(� �^W�� aW�

�� 7�U >�� &3�?� ��	^� �!��
4� �(� C� �U .	3�(

 ��	^�77/42  �(��^� ����� KL 	@��5/0R> �� C� .	5�3

 C� 7�3 �� ���� 75�= �3 �!��
4� 6��b� �V(� �'�?

 الف ب

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            12 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 472  
  

 

50 �3 9��3 �D�� �^W�� 	@�����? �U23/28 � KL 	@�

 �35/0R> ��:��� ��� M3�G jL �3 �!��
4� �b� .	5�3

 9��� �4(� s��?� �� 9	5 9���� jL �@�08� h�B��

�� �2�* M3�G ����3 �W3�� �3 ���(C 6�:!�W� .	5�3

 9��5� >�� g�" � aW� &3�?� ��3 u�3 �VB�S�

9���O) 	O�2 �18  �8 7(�]'� �3 �VB�S� �(� �J ��� �(

�U >�� g�"�� 7) 	3�(15  �49 w(��5 �3 e��U �(� � .(

) ���� �VB�3 �^W�� �
(t�!��	� � ����G�34 ���3 .(

 M�SG C� >�� �#W� w(��5 �3 �!��
4� 6��b� ����3

9��� C� 9��DB�� �&3�?� � ���� 75�= ��� C� 7[�� ��

KL ���B"� M3�G Y(�BO �3 �2�* �3 &��� ] �� ����3 �

��'�? C� .	5�3 ����G� w(��5 ��3 �W3�� ����3 �3 �V(� �

��<(� ��� ���� 75�= �� w(��5 ���~� �b� K��*

 ���� � 7(�= �� >�� &3�?� �3 �!��
4� 	�O�� �	�

) K���
� � K���3 .��� ���G �3�(C��2006 C� 9��DB�� �3 (

E��5�3 ���� 75�= �� �(��0* C� 9	�L &��

9����� 	�O�� ��CVI � NDVI KL �VB�S� ����3 � �3 �

9��� C� M@�� �!��
4��3 ����G� �� 6��b� ����3

KL Y(�BO .	�B����= ���� 75�= �3 �!��
4� ��� K�4O �

�3 � F��3 7�U �3 �U 7�U ��!��
4� 7(�]'� KL ���=

 ���� 75�= ��3 �W3�� � ��B'� 	��� c�D*� >�� &3�?�

��
4� 	�O�� ����G� 6����N* �3�� �D�� �! �(� �3 .	5�3

 	�O�� ���� 75�= E��5 7(�= �3 �J ��� Z��EVI  �

NDVI �� �!��
4� �3 &S�O ���� 75�= w(��5 K��*

 	�O�� �V(� A�B8� �W�#� ����BU�' ��� ��U �3�(C�� ��

 � 	�D� ����3 �!��
4� 6��b� ����3 �� ]�O >�� &3�?�

�� &��� ] ��) 	5�342��3 �(��3��3 .( g�G� ����3 �

 HB��� Z��S* 	(�3 �;��� /(�8* �3 ����G� 6����N* 6��b�

>�� �
(t�!��	�- ���G ����3 ���� ���� 75�= � H��G�

) K���
� � �OC .����2013 �3 ��	O��3 6��b� ����3 �� (

 &3�?� 7�U �( � 7(�]'� �U 	O��U K��3 ���� 75�=

�3 >��3 7�U �( � 7(�]'� C� K��C ���� &�:S* ��	O��

��.	(��O 

�� �XBO� �� 6��b� ����3 �U ���O K�"�� K��*

 ����BU�' C� �
( ���� 75�= � &3�?� �3 �!��
4�

 ��	�(��' �3 ����G� 6����N* 6��b� ����3 ���3 HX�

 � f4� g?��� �� ��� �(� �U &�� >�� �#W�

���O 9	��
5 � h��� HB����U� ����� �U f4�

�� �	�5�3�� �B��� �(� �� .&�� &��� ] �� ����3 K��*

9��� C� 9��DB�� �3 ��U K���"�3 ����G� ��H � C�� ���J

9���9����� ��9��� 	�O�� �� � P(��� 9	�[�� ��

E��5 I��8B�� � ��8S* � ���� 75�= M�SG C� �(�

KL C� M@�� c�:*�3 ��� �3�� 9	(	= j�8� 6��b� �3 K��*

(�8* ���� u�3 &G� �3 �� 9	(	= �(� � ��3 �= ���C�� /

 �(� C� M@�� Y(�BO �3 �2�* �3 .��� ���G M��#* � �(][*

�� �:!�W�9��� C� 9��DB�� ��U K��3 K��*9����� �� �� ��

 75�= � >�� �3 �!��
4� 9	(	= 6��b� ����3 � ���L�3

#* �(� C� ��@�� Y(�BO C� � 9��3 	�D� ����3 ���� g�^

��&���� ���3 K��*H��0* � ���]�����  �� /����

���O � f4� g?��� �� j�8� 9	(	= �(� �3 �����3 f4�

.��U 9��DB��  

 

References 
1. Ahmadaali, K., H. Eskandari Damaneh, B. Ababaei & H. Eskandari Damaneh, 2021. Impacts of droughts on 

rainfall use efficiency in different climatic zones and land uses in Iran. Arabian Journal of Geoscience, 

14(126):1-15.  

2. Albergel, C., C. Rüdiger, T. Pellarin, C. J. Calvet., N. Fritz, F. Froissard & E. Martin, 2008. From near-

surface to root-zone soil moisture using an exponential filter: an assessment of the method based on in-situ 

observations and model simulations. Hydrology and Earth System Sciences, 12(6): 1323–1337.    

3. Araghinejad, S., M. Ansari Ghojghar, M. PourGholam Amigi, A.Liaghat & J. Bazrafshan, 2018. The Effect 

of Climate Fluctuation on Frequency of Dust Storms in Iran, Journal of Desert Ecosystem Engineering, 7(21): 

13-32.  

4. Benyon, R. G., S. Theiveyanathan & T. M. Doody, 2006. Impacts of tree plantations on groundwater in south-

eastern Australia. Australian Journal of Botany, 54(2): 181-192. 

5. Berg, A. & J.Sheffield, 2018. Climate change and drought: the soil moisture perspective. Current Climate 

Change Reports, 4(2): 180-191. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            13 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   473  

    
 

6. Bhuiyan, C., R. P. Singh & F. N. Kogan, 2006. Monitoring drought dynamics in the Aravalli region (India) 

using different indices based on ground and remote sensing data. International Journal of Applied Earth 

Observation and Geoinformation, 8(4): 289-302. 

7. Chen, D., J. Huang & T. J. Jackson, 2005. Vegetation water content estimation for corn and soybeans using 

spectral indices derived from MODIS near-and short-wave infrared bands. Remote Sensing of 

Environment, 98(2-3): 225-236. 

8. Dorigo, W. A., A. Gruber, R. A. M. De Jeu, W. Wagner, T. Stacke, A. Loew & R. Kidd, 2015. Evaluation of 

the ESA CCI soil moisture product using ground-based observations. Remote Sensing of Environment, 162: 

380-395. 

9. Eskandari Damaneh, H., G. Zehtabian, H. Khosravi & A. Azareh, 2016. Investigation and Analysis of 

Temporal and Spatial Relationship between Meteorological and Hydrological Drought in Tehran Province. 

Scientific- Research Quarterly of Geographical Data (SEPEHR), 24(96): 113-120.  

10. Eskandari Damaneh, H., H. Eskandari Damaneh, H. Khosravi & H. Gholami, 2018. Analysis and monitoring 

of drought using NDVI index (Case study: the west basin of Jaz Murian wetland). Rangeland, 13(3): 461-

475.  

11. Eskandari Damaneh, H., H. Gholami, R. Mahdavi, A. Khorani & J. Li, 2021. Monitoring Land Degradation 

and Desertification in the Arid and Semi-Arid Regions with an Emphasis in Response to Gross Primary 

Production Relative to the Climatic Variables during the 2001-2017 in the Province of Fars. Watershed 

Management Research Journal, 34(1):41-58. 

12. Eskandari Damaneh, H., R. Jafari & S. Soltani, 2018. Assessment of land degradation indices obtained from 

remote sensing data. Desert Management, 5(10): 43-56. 

13. Eskandari Damaneh, H., G.H. Zehtabian, H. Khosravi, H. Azarnivand & A. A. Barati, 2020. Investigation of 

vegetation changes trend affected by drought in arid and semi-arid regions using remote sensing technique 

(Case study: Hormozgan province). Journal of Desert Ecosystem, 9(28): 13-20. 

14. Fensholt, R & I. Sandholt, 2003. Derivation of a shortwave infrared water stress index from MODIS near-

and shortwave infrared data in a semiarid environment. Remote Sensing of Environment, 87(1): 111-121. 

15. Ford, T. W., E. Harris & S. M. Quiring, 2014. Estimating root zone soil moisture using near-surface 

observations from SMOS. 1foldr Import 2019-10-08 Batch 11. 

16. Ghorbani, M., H. Eskandari-Damaneh, M. Cotton, O. Mehrab Ghoochani & M. Borji, 2021. Harnessing 

indigenous knowledge for climate change-resilient water management–lessons from an ethnographic case 

study in Iran. Climate and Development, 1-14. 

17. Han, L., P. Wang, H. Yang, S. Liu & J. Wang, 2006. Study on NDVI-T s space by combining LAI and 

evapotranspiration. Science in China Series D, 49(7):747-754. 

18. Hirschi, M., B. Mueller, W. Dorigo & S. I. Seneviratne, 2014. Using remotely sensed soil moisture for land–

atmosphere coupling diagnostics: The role of surface vs. root-zone soil moisture variability. Remote Sensing 

of Environment, 154: 246-252. 

19. Hodel, E., 2012. Analysing Land Cover Change in Mongolia Using Terra MODIS Satellite Data (Doctoral 

dissertation, Verlag nicht ermittelbar). 

20. Hosseini Pazhouh, N., K. Ahmadaali & A. Shokoohi, 2019. Assessment of standardized precipitation and 

standardized precipitation-evapotranspiration indices for wet period detection. Journal of Water and Soil 

Conservation, 25(6): 207-221.  

21. Jackson, R. D., S. B. Idso, R. J. Reginato & P. J. Pinter Jr, 1988. Canopy temperature as a crop water stress 

indicator. Water resources research, 17(4): 1133-1138. 

22. Jackson, R. D., W. P. Kustas & B. J. Choudhury, 1988. A reexamination of the crop water stress 

index. Irrigation science, 9(4): 309-317. 

23. Khosravi, H., A. Azareh, H. Eskandari Dameneh, E. Rafiei Sardoii & H. E. Eskandari Dameneh, 2017. 

Assessing the effects of the climate change on land cover changes in different time periods. Arabian Journal 

of Geosciences, 10(4): 93. 

24. Li, R., A. Tsunekawa & M.Tsubo, 2017. Assessment of agricultural drought in rainfed cereal production 

areas of northern China. Theoretical and Applied Climatology, 127(3-4): 597-609. 

25. Liu, Y., Y. Li, S. Li & S. Motesharrei, 2015. Spatial and temporal patterns of global NDVI trends: 

Correlations with climate and human factors. Remote Sensing, 7(10):13233-13250. 

26. Mahmood, R., A. Littell, K. G. Hubbard & J. You, 2012. Observed data-based assessment of relationships 

among soil moisture at various depths, precipitation, and temperature. Applied Geography, 34: 255-264. 

27. Martínez-Fernández, J., A. González-Zamora, N. Sánchez & A. Gumuzzio, 2015. A soil water based index 

as a suitable agricultural drought indicator. Journal of Hydrology, 522: 265-273. 

28. Mishra, A. K & V. P. Singh, 2010. A review of drought concepts. Journal of hydrology, 391(1-2): 202-216. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            14 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


� ��� ����	 
�� �������� ����� /������/ ����� 1400                                                                                                 474  
  

 

29. Mishra, A. K & V. P. Singh, 2011. Drought modeling–A review. Journal of Hydrology, 403(1-2): 157-175. 

30. Mohit Esfahani, P., S. Soltani, R. Modarres & S. Pourmanafi, 2020. Assessment of Multivariate Standardized 

Drought Index (MSDI) and Meteoro-Agricultural Drought Monitoring in Chaharmahal and Bakhtiari 

Porvince. JWSS, 24 (3): 33-47.  

31. Moran, M. S., T. R. Clarke, Y. Inoue &, A. Vidal, 1994. Estimating crop water deficit using the relation 

between surface-air temperature and spectral vegetation index. Remote sensing of environment, 49(3): 246-

263. 

32. Mostafazadeh, R & M. Shahabi, 2017. Comparison of SPI and SPEI indices to meteorological drought 

assessment using R programming (Case study: Kurdistan Province). Journal of the Earth and Space Physics, 

42(3): 633-643. 

33. Mostafazadeh, R., M. Shahabi & M. Zabihi, 2015. Analysis of meteorological drought using Triple Diagram 

Model in the Kurdistan Province, Iran. Geographical Planning of Space, 5(17): 129-140. 

34. Muhammad, S., Y. Zhan, L. Wang, P. Hao & Z. Niu, 2016. Major crops classification using time series 

MODIS EVI with adjacent years of ground reference data in the US state of Kansas. Optik, 127(3): 1071-

1077. 

35. Niazi, Y., A. Talebi, M. Mokhtari & M. Vazifedoust, 2018. Presenting a soil moisture-based drought index 

derived from Global Land Data Assimilation System (GLDAS-SMDI) in Central Iran. Scientific- Research 

Quarterly of Geographical Data (SEPEHR), 27(107): 179-191.  

36. Ochsner, T. E., M. H. Cosh, R. H. Cuenca, W. A. Dorigo, C. S. Draper, Y. Hagimoto & M. Zreda, 2013. 

State of the art in large‐scale soil moisture monitoring. Soil Science Society of America Journal, 77(6):1888-

1919. 

37. Pandey, A. & A. Sahu, 2002. Generation of curve number using remote sensing and geographic information 

system, Water Resources, Map India Conference. 

38. Rousta, I., H. Olafsson, M. Moniruzzaman, H. Zhang, Y. A. Liou, T. D. Mushore & A.N. Gupta, 2020. 

Impacts of drought on vegetation assessed by vegetation indices and meteorological factors in 

Afghanistan. Remote Sensing, 12(15): 2433. 

39. Sandholt, I., K. Rasmussen & J. Andersen, 2002. A simple interpretation of the surface 

temperature/vegetation index space for assessment of surface moisture status. Remote Sensing of 

environment, 79(2-3): 213-224. 

40. Savari, M., H. Eskandari Damaneh & H. Damaneh Eskandari, 2020. Factors influencing farmers’ 

management behaviors toward coping with drought: evidence from Iran. Journal of Environmental Planning 

and Management, 1-49. 

41. Semeraro, T., G. Mastroleo, A. Pomes, A. Luvisi, E. Gissi & R. Aretano, 2019. Modelling fuzzy combination 

of remote sensing vegetation index for durum wheat crop analysis. Computers and Electronics in 

Agriculture, 156: 684-692. 

42. Sivakumar, M., R. Stone, P. C. Sentelhas, M. Svoboda, P. Omondi, J. Sarkar & B. Wardlow, 2010. 

Agricultural drought indices: summary and recommendations. In Agricultural drought indices Proceedings 

of an expert meeting: 172-197. 

43. Thenkabail, P. S., M.S.D.N. Gamage & V.U. Samakhtin, 2002. Evaluation of Narrowband and Broadband 

Vegetation Indices for Determining Optimal Hyperspectral Wavebands for Agricultural Crop 

Characterization, Photogrammetric Engineering and Remote Sensing, 68: 607-621. 

44. Vanegas, D. X., X. Xiao & J. B. Basara, 2014. Vegetation drought monitoring from MODIS imagery and 

soil moisture data in Oklahoma Mesonet sites. Revista de Tecnología, 13(2): 10-27. 

45. Vicente‐Serrano, S.M., S. Beguería & J.I. López-Moreno, 2011. Comment on “Characteristics and trends in 

various forms of the Palmer Drought Severity Index (PDSI) during 1900–2008” by AiguoDai, Journal of 

Geophysical Research: Atmospheres, 116(19): 1-9. 

46. Wang, C., J. Qi, S. Moran & R. Marsett, 2004. Soil moisture estimation in a semiarid rangeland using ERS-

2 and TM imagery. Remote Sensing of Environment, 90(2): 178-189. 

47. Wei, W., S. Pang, X. Wang, L. Zhou, B. Xie, J. Zhou & C. Li, 2020. Temperature vegetation precipitation 

dryness index (TVPDI)-based dryness-wetness monitoring in China. Remote Sensing of 

Environment, 248:111957. 

48. WMO, 2016. Guidelines on the definition and monitoring of extreme weather and climate events 

49. Wu, W., M. A. Geller & R. E. Dickinson, 2002. The response of soil moisture to long-term variability of 

precipitation. Journal of Hydrometeorology, 3(5):604-613. 

50. Xu, H. J & X. P. Wang, 2016. Effects of altered precipitation regimes on plant productivity in the arid region 

of northern China. Ecological Informatics, 31: 137-146. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            15 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html


&'�� �( 
)�*+�' ,-�.- /���2���	 13454� 0- 67�8 
9�:	 ;��  ...                                                                   475  

    
 

51. Xu, H., 2006. Modification of normalised difference water index (NDWI) to enhance open water features in 

remotely sensed imagery. International journal of remote sensing, 27(14): 3025-3033. 

52. Yaghmaie L, S. Soltani & M. Khodagholi, 2008. Effect of Climatic Factors on Distribution of Artemisia 

sieberi and Artemisia aucheri in Isfahan Province Using Multivariate Statistical Methods. JCPP, 12(44): 359-

370.  

53. Zhan, Y., S. Muhammad, P. Hao & Z. Niu, 2018. The effect of EVI time series density on crop classification 

accuracy. Optik, 157: 1065-1072. 

54. Zhang, F., L. W. Zhang, X. Z. Wang & J. F. Hung, 2013. Detecting agro-droughts in Southwest of China 

using MODIS satellite data. Journal of Integrative Agriculture, 12(1): 159-168. 

55. Zhou, Q., Y. Luo, X. Zhou, M. Cai & C. Zhao, 2018. Response of vegetation to water balance conditions at 

different time scales across the karst area of southwestern China-A remote sensing approach. Science of the 

Total Environment, 645: 460-470. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
00

.1
5.

3.
8.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

7-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1400.15.3.8.7
http://rangelandsrm.ir/article-1-1067-en.html
http://www.tcpdf.org

