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Water soil erosion is one of the most common types of soil degradation, which has very 
destructive effects on the environment and human life. This phenomenon reduces the 
quality of the soil in the site and may cause sedimentation problems in the downstream or 
reservoirs. The severity of soil erosion is usually estimated using different models. The 
Revised Universal Soil Loss Equation (RUSLE) is the most common soil erosion model 
due to its simplicity, less need for data, and adaptability to different environmental 
conditions. Studies around the world show that this experimental model is very efficient 
for estimating annual soil losses at the watershed scale. Sediment Delivery Ratio (SDR) is 
used to estimate the rate of sediment yield based on the soil erosion rate obtained from 
RUSLE. Dizgaran watershed, located on the border of Kurdistan and Kermanshah 
provinces, western Iran, is one of the mountainous areas of the country and has rough 
topography, vegetation cover, and weather conditions that make it prone to severe soil 
erosion. This research aims to estimate the annual average rate of soil erosion and sediment 
yield in the Dizgaran watershed and also to investigate the correlation between different 
RUSLE factors and the erosion rate to better understand the effect of each factor on the 
erosion rate. In this research, the rainfall-runoff erosivity (R) factor was created using the 
WTLS linear regression method based on the Digital Elevation Model (DEM). According 
to the results of the RUSLE/SDR model, the average rate of soil erosion was 45.09 tons 
per hectare per year and the average rate of sediment production was 19.42 tons per hectare 
per year in the watershed. 1.3% and 4.66% of the area of the area were placed in very low 
and low erosion classes, respectively. 16.18% of the area was in the moderate erosion 
class, and 36.18% and 41.68% of the area were in the severe and very severe erosion 
classes, respectively. Also, the results indicate that the two factors of topography (with a 
correlation coefficient of 79%) and cover and management (with a correlation coefficient 
of 47%) have the highest correlation with the soil erosion rate, respectively, and therefore 
play the most important role in changing the erosion rate in the watershed. The results of 
this research show that this watershed is involved in severe erosion, as can be seen from 
the presence of different forms of soil erosion in the field investigation. The results of this 
research can be used to carry out management measures to reduce the rate of soil erosion in 
the points with a high rate of erosion and to protect and manage the Dizgaran watershed. 
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N�2F1 �"��0� :m  ��&��� �� D���LS  

T��    ��20�m  

5>  0,5  

5 -3  0,4  

3 -1  0,3  

1<      0,2  

 �H��� :"�"2� D���)C(   

4�� ,�'7 ���'. :9��� �+�< =. 2�3 �#���� ��(0�.)3  ������Q9 �2000(. 1(�P  :F��� 4#�#�()C(  I�� �.

 �+�< � 
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��#�P :9��� �+�< �� H�(� =o �9 �= ) 4�� ����. 2�3 4����9 ��+�. � 1 �2011 .( w#�h �� :9��� �+�<

�� �. E����� 4P�� �	� d H��fQ9 � 2�3 =. ����� �� 1Z[ ����. K��W[ 
{��� H���� 4P�� �� 2�3 


:( d 2�3 �#���� 1(�P ���?( .��C  :!�'. ���� �+�< ��  �Y�	 � d��  ����� �+� =V7�( ����� I�� =.

 H�. � =�+�	0  � 1 :( ���� ,����) ��2 �2009(.  1(�P :�#0�� =Z��M(C =.=�'.�� 1�>	 =. 1(�P H#� �	�.

 �:F��� �+�< � 
�.�� ����( 	�T�( 
�9��(���< 
�.� �# 2�3 4.�h� �L� :�7 � ���� �+� � I�� � �+�< �� 

����.) 4�� 1��( ���'. 2�3 �#���� �	 H�(� eW�3  ������Q9 �2015(. =. H�. 	�#� :!�'.�� � k�Z �� 1�>	

 1(�P �#	�?(C  �#	�?( �%�(�� �3�+:9��� �+�< K��6  ��+ (NDVI) )���.���4 �2010(_�� �� 
���'. � �9

( 
��. 1(�P =Z��MC  �#	�?( ,��� �.NDVI  %�( �� 2�3 �#���� 	��/�. �	RUSLE  =T��  � ��+ 	�����<

=���#) ��� ��#�<�� � ,���(2016(.  =Z��M( 
��.NDVI ^#	0� 0(�[ ��	�( ���. �	 H�. :6�h ,��T�� =VY�� �

(NIR) ) =W.�� w.�W( 0(�[ �6=. (:( ��H'��) 	��5 �2000:(  

)6 (  LMNO = �LO� − �=>(/�LO� + �=>(  

 1(�P �#	�?( H�Q-  
��. �� _���. 0�>��/ _�� ��??M( �� 
���'. 2�3 �#���� :���. �	C ,R =. k�.�( 
�9

 �#	�?( 
�� �� :F��� �+�<NDVI =.�	�. ����� 2��/)6  ������Q9 �2014 .(=T>�W( H#� �	�  �� :��(� 
�� ^#

4���> �#��z  8  ������OLI� %�� H�. 
�92015  � 2020  
	R�(< �.�1'� ��#0 30 ��(�  =Z��M( 
��.NDVI 

 �SAVI =. N���(=. :+���. =>	�T( .4�� �� 1(�P =Z��M( 
��. =�����C  ��NDVI .=4�	 =W.�� �	 ��(/)7 (

4�� ��+ ���. ��)U���	7  ������Q9 �2000:(  

)٧ (  � = exp [−∝ VWXY
�Z�VWXY(]  

∝ � β   
�9��(���<���.  1(�P H�. :+���. :�M�( 1�+ = ���'9 
�7��C  �NDVI :( �-�( �� wZh .���

:���.:( 
���. G#��� =. :W3 _���. =. 4Z'� _���. _�� H#� �	�T�( 
�9��) �(���� ������Q9 � U���	2000  .(

 �#	�?(2  �1 =. J� �  =. =���. �#	�?( ����P 
�9��(���< 
��.∝  �β  :( E�-�����) 	�+ ������Q9 � U���	

2000.(  

�� :��h ��8 ) �����Q9 �2016 �	 (�9�;<�3�+ ��	�	 ���� =��/ �. ��RP :
�9 �+�< :9��� 1�'���< :#S�. 


��. H��T  �����C   �	 USLE �# RUSLE H�Q-  ��	� 4.�L �����	 ����� C �. ,��� SAVI �	 =?W�(
� = 

H#��o I�� 2�3 	��� �	��	  �� �	�6��� =. 4Z'� NDVI ����. =�Y�  :( ������Q9 � ��) 	�+2016(.  ���. ���/

:�[� = ��	� ����� C �.��. �. 1 �4�� NDVI ���'. ����( = 4�� �(� H#� OP�. �9� 4[	 	��/�. ����� C 

 ,����.NDVI :(	�+ .�H#��.��. �3�+ �+�< :9��� 1#�T ��+ 2�3 )SAVI (4r�9 N��  =9 )1988( =r��� 
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:( ��+
��. ����  	�Z�. H�Q-  ����� C �	�6��� 	�+ .=>	�T( �3�+ �+�< :9��� 1#�T ��+ 2�3 )SAVI (�� 

:(���  =. x�+ �#� ���. 	�  �4r�9)1988( :  

)8 (  ��NO = [�VY\�\D]( ��^_( 
�VY\^ \D]^ _( ]  

�	 :#�� = L �< �L� d�v�  �����4�� 2�3 =��(� �  5/0 u�� :(	�+ .G#��� �9�;< ) �����Q9 � ��2016 (

���� 	�	 = SAVI  =. 4Z'� NDVI �. ����� C 
�[ k�Z ��
�  � 	��	 ����� :W3 ������� �	 C �� �	�6��� �. �

SAVI =. 
��NDVI H��T  J#�F �  �+�� 69/0 =. 73/0 �#�0�� :(�.�# .) 4r�91988( ���� 	�	 = H�Q-  

�+�< :9��� �. ,��� SAVI ��Q 4M  ��L�  2�3 �<=��(� ���[ 	��	 .H#� ���. :�T( 4�� = H�Q-  ����� C 

�. ,��� SAVI �	 =��(�
� = H#��o I�� 2�3 	��� �	��	 w�[	�  �� NDVI 4�� .��RP �. H#�  ������Q9 � ��

)2016 ( ��9��( ��	� �	 = SAVI  =. 4Z'� NDVII��  
��Q �	 	��	 	��� 4-> 2�3 . =W.�� ���/

=Z��M( 
��. �� �#� :�������C   =#�<�.SAVI  ������Q9 � ��) ��	� 	�����<2016:(  

)9 (  � = −1.175 ∗ ��NO + 1  

 H#� �	�9�;< =.1.�[ 4[	 � 	�#� 	�.�� � =����< 1�>	) =W.�� %�Z[7 � ( ������Q9 � �� =f�/ ,��� �. 0��

)2016(  
�9����� �� 1Y�7 H�!���( �� ���	� 4.�LC =.4�	 �� ��(/NDVI  �SAVI =.����� ����P C  :#���

.�+ �	�6���  

  

 �BU�VI ������ D���(P)  

 H�(� :�#�#�( � :�5�67 K�(��[� 1(�P(P)  4� �
��.���  k�W3 ����( 2�3 45�67 K����Q  �L� � 
����

,��  
��.:( ���� 2�3 �#���� X�� �	 �� :!�'. =?W�( J�+ =. 
	�#� �7 �  :�#�#�( K�(��[� H#� j���� .�9	

�Z!�+/) 	��	1  ������Q9 �2013 .( =. :�5�67 K�(��[� 	��� 45�67 1(�P � =��� 2�3 �#���� X�� �� �L�( ��h

 1(�P) 2�3P S�QT( (#�( K�(��[� j���� 4>�7 �	 �:�#� %�( H�Q- RUSLE  xRY� �� 2�3 �#���� X�� 
��.

:(�� 
��V.)2 :V#�3� �3 �2016(.   1(�P ���?(P  H�.0  � 1  ���?( ��	� ���� 0 ���� �/ 
��. K�(��[� ���9	

 ���?( � 2�3 1(� 45�671 ���� �/ 
��.) 4�� :�5�67 K�(��[� UTF �# ���?� ���9	������
4 �(�� �5 �

2016(. =. 	���( �m� �	 ���?( �.��. 1(�P H#� : �T>�W( =?W�( �	 :�5�67 K�(��[� j���� j�P 1�>	1 :( ���[	��� 

 ������Q9 � �Z!�+/)2013.(   

H�.�� 2�3 ���?( 4Z'� �� 4�� K��ZP 2�3 45�67 1(�P45�67 H�(� ^# eW� �7�� �	 =��� = :��(� =. ���+

#�< � S�. 4�� �	 � �	�. 4->+ �	� d-+ J�+ H#� ��  H�:9���) 4�� ��6 �1375( �� ��v�( ���#� �	 .K�(��[� 

:�5�67� ����. ���� K�(��[� _�� � 
� 
�9  J���(4��. =VQ��� ���  � 
���� 4� ����  k�W3 
��
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,��  
��.  ... �E���  ����( �!#	 :�5�67 K��VQP =�Z>� .4��  : �Z� 
�#�?. �	�	 ���[ ��	�	 	� �=��VP 
��7 
�9

 ���\ � H�(� eW� �	 = 	��	 	��� 0��) :P��� 4#�#�( 1(�P =. k�.�(C:( ( �+�. . �L� �:�5�67 K��VQP H�. �	

 ���?( � 4�� ����. ���  k�W3 
�� �	 4� � d-+ �� �#���� ���?( �9� �	 
���� 4�P  
���� 4� �	

�	 �� :T.� :( E���  I�� � J�+ %�h � =� �+�.  �:9���)1375(.  

=�?� �=?W�( �� :����( �#	��. 	����� =. �+�< �:F��� 
�.�� 
�9 �+�< �-. �� :���#�	 K�PRh� � :9���  �:9���

 ,��� �. :�5�67 1(�P 1(�P 
��.����(��#� ^��6  =. :F��� 
�.��=F�7�9 .�#	�� =Z��M(  �. =T>�W( H#� �	

��  H�(� :�#�#�( � :�5�67 K�(��[� 1(�P �#	�?( =. =(P)  �#	�?( J� �  =. �H���< K�T>�W( �	4/0  :F��� 
��.

 �:\�.7/0 1!�� :F��� 
��. � 
��1 .�+ =���� �v� �	 :�5�67 j��[� =��� ��9 ���. wh��( 
��.  

  

 W7&� D"7�8 :�X+)SDR(  

 %�(RUSLE :( H�Q-  �� 2�3 �#���� =���>�� N���( X��=. � ���:Q� d�?�'( ��h 1Q7 � ��>�  ���?( ���� 

�#���� 2�3 �� :�Q'[ ��#� .��0. H�Q-  =?W�( 
��. �� E���=  =?W�( 	�3 �	 E��� 1Q7 j�!�9 =���# H���

H�#�< =. � ��+:Q� 1?��( =?W�( ���3 � 4�	�#/�� H#� E�'�7� 
��. .	�+ E��� 1#�M  4Z'� ��(SDR)  
��.

 �9=F�7 1Q7 E��� :V ���?( �  	�+ %�QP� 2�3 �#���� ���?( =. � =Z��M( �#�. 0#�./ =?W�( ���3 =. ��+

 	�+ �	� H�Q- ���(�)1 �2016( .  

=. E��� 1#�M  4Z'�:( U#�T  �#� K��Y 	�+ ����(�)2016(:  

)10 (  �M� = ab
c  

=W.�� H#� �	 SDR  �(�7�� ���.) E��� 1#�M  4Z'��d E��� 1Q7 ���?() 1Y�7 E���   ���3 =.=F�7 � (A 

:( 2�3 �#���� ���?( 4�Q �	 
�9�7�� = 	�+ =��  .�+�.A  � (�#����)�d  ��>� )E��� � �	�. ��'�# (

:() =?W�( %�V� �9 
��. ���� 
 ℎ�� ����� �. : �T>�W( �	��M( 1 
��. �# � () =?W�( 47�'( E�'�7
 ���� (

	�+ ���.  ����(�)2016(.  

�9�;< ���?( = �#	�� j�VT( �/ ,��� �. = 4�� ��+ j���� E��� 1#�M  4Z'� H�Q-  
��. 
	�T�( 
�9

=. E��� 1#�M  4Z'� 47�'( =. ��QP ��h=F�7  � E��� 1#�M  4Z'� H�. :!�'.�� =W.�� .	��	 :!�'. 0#�./

 47�'(=F�7 :( =�3��+ E��� 1#�M  4Z'�  :�M�( ����P �.
� 
	 ,� �#) 	�+2 �1972 .(  ��??M( �� 
���'.

:�M�(=. �� :6V�-( E��� 1#�M  4Z'� 
�9=. _�� H#� :�	�� 1�>	�	�. ��) ���	
 ����3  ������Q9 �2016(.  �	

 =?W�( 1 �#���� �E��� ��>�  ��0�( H�Q- (A) :(d�#��!>� �� ���� %�( � �9 ����( UV�-( 
�9 RUSLE 

 .	�+ =Z��M(�#� �� ^# �9 
��. E��� 1#�M  4Z'� N���( ���?( ���.� =T>�W( H#� �	=F�7 :�#{�>����9 
�9
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) =>	�T( �	 �� =?W�(12) � (13 ()�	�0�VP1 �1380(  E��� ��>�  ���?( �}� � �#	�� =Z��M(��d( ) N.��� ��11 (

.�+ �	� H�Q-    

)11 (  �d = �M� × � 

 �  47�'(10 :8.�( 1#�(  

)12 (  �M� =  43/4 ∗ ��./�e�I  

  

47�'( 10�  100 1#�( :8.�(  

)13 (  �M� = 46/ 7 ∗  ��./+)e�        

�#� ^  ^  
��. J#�F H#�=F�747�'( ,��� �. ����0#	 
�9.�#	�� =Z��M( ��+  

  

�B+"Y Z�' � 

 :9��� �3�+ �	NDVI  �SAVI %�� H�. �3�+ �	 H#� H�!���( �� = N���( 
�92015  �2020 .=4�	 ��(/

4��� ) 1�+ �	3) N.��� �� J� �  =. �3�+ �	 H#� .4�� ��+ �	�	 ���� (6) � (8 �	 ,��� �. .���+ =Z��M( (

 :9��� �3�+NDVI  �SAVI) H�(� �+�< 4#�#�( 1(�P ��VWXY  ��acXY=. J� �  =. (���) N.��� =V7) � (9 (

) 1�+ �	 � ��+ =Z��M(41.�[ () H�(� �+�< 4#�#�( 1(�P .4�� ��9��(C %�( �	 = (RUSLE  �� ��+ 	���

 1(�P �	 H�!���(C =Z��M() ��+�VWXY  ��acXY (=. 1(��P =. k�.�( =#S G�< 	��#� �� �< .�(/ 4�	R�K  �LS� 

C  �P 1�+ �	 =) 
�95) � (6 2�3 �#���� =���>�� N���( X�� =#S �4�� ��+ �	�	 ���� ()A( =. =?W�( �	-

) =W.�� =V���1 0#�� 1'��< �. (5 �+ 	��#� ��( � J� �  H#�.  �	 2�3 �#���� X�� :���( 8#��   =#S=F�7 =. -

.�(/ 4�	  

=.) =W.�� wZh :V��h11. =�'.�� =W?� �9 �	 E��� ��>�  ���?( �( 47�'( � =W?� �/ �	 2�3 �#���� ���?( =

�#�=F�7  ���?( �. �Q�?�'( =) =W?� 1(�+SDR  :( �L�	��q�:( (�+�. ,� 
	 ,� �# :,� :� �/ ��)2 �2002(. 

) 2�3 �#���� =�?�A (=F�7  �	5 =?Zh ,R) 1�+ �	 =���� = �+ 
��.7 .4�� ��+ �	�	 �#�Q� ( 47�'(

,R �� ^#�9 d�� � 
�9) %��� �	 (�Y�	 J'7 �.) =?W�( 47�'( �� 2�3 �#���� X��2 � 4�� ��+ =r��� (

) 1�+ �	8=. (1.�[ ��	�Q� K��Y) E��� ��>�  X�� H��fQ9 .4�� ��9��(�d � %�� �	 ����9 �. H  J'7�. (5 

) 1�+ �	 �/ =. k�.�( ,R7.4�� ��+ �	�	 ���� (   J�+ =#S �2�3 �#���� �. J�+ �L� 
�z. :���. 
��.

) 1�+ �	 0�� =��	 J'7�.6��+ =�+�q� �#�Q� =. ( .4��  
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 D3�7�"[ :a1@ � b�+ �' \7'�� ?�
 �2�2�/78 W7&� ��'  � R�S ;"�&�# ?�
 �H7I ��L��,J"�  

 
N�2F2a1@ )� c"�
 :I�X� (d& :�� R�S ;"�&�# ?�
  �H7IL��,J"�  

;"�&�# b�+ a1@ (@ ���S (@ �&7B� 2"2� 2"2� ���S  ��
�H7I 

;"�&�# b�+ R�S  

(N�& �� ��B3
 �' !8) >5  10_5  20_10  50_20  <50  3289<  
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(2f�� TXI�') �H7I �� :I�X� (d& 3/1  66/4  18/16  18/36  68/41  100 

  

1�+ =. =��  �.) 
�95) �  (71.�[ �(,R = 4�� ��9��(=. d � d ���'. �#���� 
�9 	���(� �	 ��QP ��h

 �� :?h��(=F�7  ���'. J�+ 
���	 =2��� � d���( :9��� �+�< �  1(�P d �#	�?( �. 2�3 I���� �#����

2�3 
�#q< (K) :(��+ 0�Q�( ��+�. :[�+ 
���� �	 k�?� H#� �m� = ���-  0�( �	 :.�\=F�7  ��+ 8[��
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