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Soil erosion is one of the environmental problems that pose a threat to natural 
resources, agriculture and the environment. Quantitative assessment of erosion 
and sediment using erosion and sediment estimation models is one of the 
solutions through which erosion and sediment can be controlled to some extent 
and its amount minimized. In the present study, the aim is to predict the annual 
soil loss potential and sediment load. To predict these cases, the Revised 
Universal Soil Loss Equation (RUSLE) has been used in the context of the GIS. 
The amount of annual rainfall erosivity factor was calculated using 22-year 
monthly rainfall data at 18 stations around the basin. Its spatial variations were 
then estimated using conventional kriging. Soil erodibility index was obtained 
from soil map, which was prepared using field survey and remote sensing data. 
The topographic factor was extracted from the digital elevation model with a 
spatial resolution of 30 m. The annual vegetation factor was also estimated from 
remote sensing data. Since soil protection operations are insignificant in the study 
basin, the amount of soil protection factor was considered 1 throughout Basin. In 
this study, the mean values of R, K, LS, C and P factors were equal to 264 MJ 
mm ha-1h-1y-1, 0.35 Mg ha h ha-1MJ-1mm-1, 2.00, 0.51 and 1. The average 
annual sediment yield in the study basin was estimated to be 16.137 th-1y-1, 
which was close to the value obtained from the sediment measuring station of the 
basin outlet (16.58 tons per hectare per year). The results of the erosion map in 
this model show that most erosion is located in the western and middle part of the 
basin. Because this region is composed of unstable formations and prone to 
erosion. The steep slope of the region, in addition to rainfall and land use change 
in this area, has faced many areas with soil erosion crisis. According to the 
results, the largest area of the basin is related to the very low, low and medium 
erosion class, which is generally distributed throughout the basin, and the lowest 
basin area is in the high to very high erosion class (20%). Due to the fact that 20% 
of the study basin is in the high to very high erosion class, the need for protection 
measures in these areas is mandatory. The results of this study also showed that 
LS factor with a correlation coefficient of 0.81 had the greatest effect on 
estimating annual soil erosion by RUSLE model. This study proved the 
effectiveness of RS and GIS for quantitative estimation of soil erosion amounts, 
sediment yield and also erosion management. 
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 E�>-�?� , ��8 <	� �� ,& �%�4 ,�%�� '�_�IP.@�� ���� i�#�� $��	8 <	�4� 4  8� =�)7)�*+ ;�44 
R ���

9: ^�]4R ,O�P �� 3��� ��^�� � 7	������ 8� ���I��� �4 �;�� RUSLE ���R4 ,�	�.� 
<	�  ���R �4 ���

��)��� 3���'���� '��4 
$���M�F� � '	��8R '# �<	�  @	�D��� � '>Y�� ���.� ,4 @M�� ��� '	��� % jH� �

'� 5�6 � 3R '�_�IP E���TF $��� @D� 7	��� ,4 g��P.�%�4 

 

����� �
 A�� �
    

 �>����4GE� ��:� ��(�G�   

 ^	4R ,O�P9:�;�� <�4 @�>Y�� �� iG	� ����D% 'Y% 3� � �� "30 '16 °46  �C"33 '40 °46  'Y% ��H

 �"32 '23 °33  �C"51 '40 °33  .���� ��Y '-�T% �F9D�9k���# & ��� ,�O�P <	� �� '�W� ,)�4R <	C 9:)-

 (�;��'�A� � ^	��: ��� �� ��wC� 8� ,& �%�4�4 A� )�4R, uH�.�� A�Q��C  AN� �� ^�� iG	� �� � @�� ��%

@�� ��% ���P� (�;�� 9:) 9k��# & ,��6��� ) 
$I>� � $��F1385(. �P `�N� � @P���O,4 , 4�4 a�CC

                                                      
1  -Morgan  
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 �47/583 �����& u4� �760/131.@�� ��% ����R4 �����& �� 9D� 
iG	� '�^]�C uM � <	Cm D% 3% 3R <��

'� =�H� $�)����� � iG	� �� ����� '4R u4� � ,4 8��� <� kT) � ,O�P '��6 �� ��4R��� '��N�� � 4 � �%�4

,�4 ,.? ��F��8 '�O��� � ���D� �����D% ����� @��F' ,���4 �� ,.? � <	� �� ����� 3�e� ,>��C $^	�

� $��w��Y� '	���4 7�.� �����D% �� <�	� ��� 	R 'F��T��� � )��6 ��P <�	� .@�%��,O �4  $�)��8��� $��

<���8 @���,���� ���Y i��� ����� '��� % 
8� 7	�������64 '	;�4 $	V+� @�� AQ%) 1( ) � $��F

 
$I>�1385(.  

 
 H6�1��(�G� ��:� ���1�� �-�"0� � C�:	D =��I:� :  

�����
  

�����) � $�)��^4� ���� ���I��� �� 7)�*+ <	� :A��% ,	; '����+�C '��Y� 1:50000 ���8�� ,�.�$���4  
���&

����$�) ���8�� '�� %��) '�����4) ���& 
,��8�� 
,��)�� 	�wC 
(,�;�� ���)��� $�OLI  �	��C ,415/5/1398 8� 

@	��www.glovis.usgs.com
 '��Y� ,	; ,�.� '�� �&�6  � 'O��� @��4�Y1:80000 �P���� ,O ,>-�?� 8�  

���8�� A� ��) � uC�� 
���&  '��4J��^� 9: �� ^�]4R ,O�P '��wIC ,>-�?�iG	� �;�� � i� $�)��^��

ILWIS3.3
 ArcGIS10.3  � ENVI5.3   �Excel '�.�%�4 �� <	� 7)�*+ 8� i� ��^�� ArcGIS10.3@D� 9��C 

,�.��) � A��NC$�) `MC� ,4  f�RENVI5.3 � IDRISI Terrset @D� \�]��� J8��+ � 	��wC ����)��$�  �

Excel @D� ,4@������R `4��� '������ E;��>� �D4$�� ��% @��.   

  

A�� ?
��  

 ���RUSLE ��� [	 
$���R ���� ,?4�� 	8 '�	��� ���&�� 7% �4 ,& @�� '4R 7	��� ,	�+ 4  � 	�T�	�)

@�T��1
 1978:(  

)1 (  A=R.K.L.S.C.P  

                                                      
1  - Wischmeier & Smith 
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,?4�� <	� ��A ) q?� �P�� �� 5�6 7	��� <������tonha-1year-1 
(R) ����4 '�� 	��� ���&�� 
MJmmha-1h-

1year-1 
(K7	��� ���&�� 
5�6 $	V+ )Mghahha-1MJ-1mm-1  
(L 
a�% ��H ���&�� 
S 
a�% ,��� ���&�� 


C7%�+ � '�		�� E���TF ���&�� 
  i�#��� �P '� '�_�IP E���TF ���&�� 	��.� .�%�4L 
S 
C �P  �P�� ���4

'�  ��� 8� ���I��� A��% '�& '��4  J�� 
7)�*+ <	� �� .� %�4RUSLE  `�N� ��GIS '�=�����+ .�%�4 $�)

 $�)���&�� ���R4 ��N� ���4�� ^�� $�>4R
K 
C 
P  �LS  ,4 ,&���� 8� a�CC ,�.� 
J��4 $�) 
5�6 $�)  J8��+

����)�� 	��wC  $�)���&��) $�C   �P,4 'F�IC�� '��Y� ��� � ('� @��'� q�O�C 
� 	R.�)�  

 

 �:"D�>�J1E2�0�> ) !���.R(  

,4 ����4 '�� 	���'� �	>C 7	��� 8�4 �� ����4 'T&�C E��Y E��W ) ��%�;1 
1990��T>� .( U6�% <	C

���&�� 
����4 '�� 	��� R  h�4���� ,4 $�) USLE)��8� � �	2
c 1996 ( �RUSLE )���T	� � �����3 
1994( '�-

'� ���� 'T�F E;�.� '��4 .�%�4���&�� 
���� h�.� 8� $����4 �� 
�)�R  7	��� �4 '	;�4 '���MT)   .���� 5�6

 ���&��R ���� $�4 AW�P 8� 
���]� $�) 3O$��� ) ����4 '�M �E E�% �&��P �� ( J��430 ,.�Y�) $�I30 (

,4'� @�� '	�#�R 8� .�	R���� � '�����4 ����T� ,& ��M�� '��wIC $�) �����	� �� E��� ,4 ('�����4 E�%) $�)

'� ����� '�� %��) `���� 	��.� 8� ���4 
� %�4 ,���-�� '�����4  ���&�� ���R4 @D� 
,���)�� �R ��� ��  $�)

USLE  �RUSLE '� ���I��� ���&�� ,M��N� $�4 .��%R�����	� <��>C 8� �>4 
 ���� ,.? � �� U6�% $�)

�����	� <	� �� ,���-�� � ,���)�� '�����4 
,>-�?��	�� $8��8�4 ,>-�?� ���� '���8 ���� �� � �)  E�FGH� g��� 4)

A��& ,& iG	� �����	�� �4 �>4 ,�P� �� .(@�� ,�%�� �� ���R <	���4 � <	C � ����� U6�% 
A	� ,-��>� 8� ���I��

 ���&��R �����	� i�TC $�4,4 �)
����� U6�% ,?4�� .��R @��F,4 
:@�� A	� E��W  

)2 (  F =
∑ �����

�	�

∑ ���
�	�

  


,-��>� <	� ��  pi '���) '�����4 `���� ��� �� (��i  �p ,���-�� '�����4 `���� '���) 
,>-�?� <	� �� .@�� (��

 �4) ,-��>� 8� ���I���2�����	� '��TC $�4  	��� U6�% 
( ����� U6�% $��V�	�� �4 KL� � �	�� ,M��N� 
�)

 ,?4��)2���T	� � ����� `��C ,& 	8 `4��� �� ( )1994���� �Y�� jH� � $�4 (  ('�����4 E�%) ��M�� '��wIC $�)

 ���&�� ���.� 
��% ��D ��+R �����	� $�4U6�% $�) .�% ���R4   

)3 (  
 − ����� = (0.07397 × ��.���/17.2  

   ��   F<55 mm   

)4 (  
 − ����� = (95.77 − 6.081 × � + 0.4770 × �&/17.2  

 ��F>=55 mm   

  

                                                      
1  - Lal 

2 - Yu & Rosewell 
3  - Renard, K.G. and Freimund 
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�:"D�> ?2�0�>C�2@ ) M�&K(  

7	��� ���&��) 5�6 $	V+K7	��� @F� 
( @�� ����4 7	��� U6�% �P�� $�8� ,4 5�6 $	V+ �� ,&

������ ��������� EG+'� $�� @�W�w6 8� ���I��� �4 a�e� � ��%'� <��>C 5�6 $�) ��	+) ��%1  
����QT) �

2003.(  ���&�� ,:��K  �4 ���4 ��� 
���� ,?4�� �)���&�� 	�� � $	V+��I� 
5�6 '-R ���� ��^�� 
5�6 @��4 �4

 '���MT) 5�6 ��C Z��'	;�4 	�T�	�) ����2
 19717	��� ���&�� .( ��� �� 5�6 $	V+RUSLE  j	H 8�

'� <��>C =������  
	�T�	�) ��%1971�����+ d + 8� AQ��� =������ <	� .( '� 5�6 A���+ .�%�4 ,?4��  $M�

,4 =������ <	� :@�� A	� E��W  

)5 (  ' = 2.73 × 10)*+�.��(12 − , + 3.25 × 10)&(- − 2, + 2.5 × 10)&(� − 3,  

 
,-��>� <	� ��M  (^	� '��6 <% �W�� + @����W��) ��� ?Y ×g� �W��)- 100 ( a 
'-R ���� �W��b  �&

 � 5�6 ��T�6��c '� 5�6 A���+ $	V+��I� ,�G&���%� $�)�����+ i�TC 
,>-�?� <	� �� .� %�4 8� ;�4 �� ��%

9: ^�]4R ,O�P '��wIC J��^��� ,�.� � \�]��� iG	� �;�� ���&K  `�N� ��GIS  .�% ,�DC 

 

) N�� O:� C�
�:"D�>L) N�� �P�� � (S(  

 $�)���&��L  �S  ��� ��RUSLE'� ���� 5�6 7	��� $�� 4 �� '����+�C �lmC 
  7	�^�� ,& ��% @4�l .�)�

'� a�% ,��� � a�% ��H �� �)� 7	�^�� <��8 q?� �� �� 3R ��	� @F� ����C 7	��� �	��C tF�4 �  5�6

<)) ��%3  
����QT) �1994 A4�.� �� a�% ,��� �� E����C ,4 @M�� 5�6 U-�6 7	��� 
,�%V� �D 	� 8� � (

g��P a�% ��H  @�� C)[���&4  
 ����QT) �1987(. ,?.� �C 'M�%�� 8�eR '	;�4 ,?.� <�4 ,�W�� a�% ��H  $�

'� ��6 AY��P ,4 a�% ,& @��  E�4��� ,?.� <	� �� � ���,C '� <���  $�� '����+�C �*	� $�)�lmC .���%

 ���&�� `��C 5�6 7	���LS ) a�% ��H)(�P�� ���4)L) a�% ,��� � (S'� ���R4 ( .��%  ,M��N� $�4

$�)���&��L  � S ���� 8� '� ���I��� 	8 $�) ) ��%����	� � ���5 
1993:(  

)6 (  . = 1.4[
01

&&.�2
]4.�  

)7 (  5 = [
6�78

4.4�9*
]�.2  

 ,-��>� <	� ��As ) '����+�C h�?6 �F �P�� �� @��;�4 , ��� @P���m2/m(  �β  ,��� a�P4 a�% ,	��8

 ���&�� ,�.� 
,>-�?� <	� �� .@��LS  ,�.� 8�DEM  [�QIC E��Y �430 ,�.� ���8�� @	�� 3� 8� �� $���4

 g��R ,4 �Q	��http://earthexplorer.usgs.gov  ����� <� ��&� 8� ���I��� �4 � �TOPOCROP  5�R '�$R g�

10,3 ) @�T�� `��C ,& �% \�]���2003) ����	 � ��� ��& g���4 � (1993 .@�� ,���	 ,>��C (  

                                                      
1  - Parysow 

2  - Wischmeier 

3  - Haan 

4  -McCool 

5  - Moore & Wilson 
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) ')��� 7%�+ @		�� ���&��C���� ( @�-�>� �lmC �� )� 7%�+ l� � $8����& @		�� �� '�%�& $�)  $�)

,k�6�� 
'�6�� '� 5�6 7	��� 7)�& $�� ' ��8 � 'I�F 
$�  5�6 7	��� 
')��� 7%�+ 7	�^�� �4 .�%�4

'� 7)�& '4�Q 4 .�4�	1 ) ����QT) �1994K T��4 � (2 ) ����QT) �2000 ,4 ')��� 7%�+ ���&�� 
���& J��^� (

���4 @����P 3��� ��-�C � 5�6 7	��� �� a�% ��H � a�% ,��� ��T) ��� �� .����� $RUSLE ���&�� 


) ')��� 7%�+C;�T>� 
(" ً'� <��>C '4#C E;��>� g���4+ ��� .��� 
')��� 7%�+ 7	�� ���>� <	C�4��&

���� ')��� 7%�+ AO�IC U6�% ��%7# � $��� � 8� ���I��� �4 ,& @��8�,4 ���'� @��  	�wC $�4 .�	R

,4 U6�% <	� @�� - E��W,4 A	�'� @�� :�	R  

)8 (  :;<= =
>?@)?@

>?@A?@
  

'� ���� �� ')��� 7%�+ `	�% Z���� ,& @�� <��8 q?� 8� $��%��6 $��� g�Q>�� =>� U6�% <	�  .�)�

 	��.�NDVI  <�41 -  �1'���8 .@�� ����� �� +�8���� 'I�H ���+ ,& $�� ���4 �� ) $�4 <��8 q?� 8� ��%

� '��6 	��.� 
�%�4 ,4��NDVI '� [	�^� IW ,4  7]4 �� ($^� ���� @�-�>� $����) 9-�� ')��� 7%�+ .��%

) [	�^� ^�Y ����� 'I�HNIR ���4) (5  ���4 
^�Y) 's� ��H 7]4 �4 ,�	�.� �� (@�� -4  g�Q>�� (@�� -

 	��.� <	�4� 4 .���� $���4NDVI .�% �)��6 @M�� ^M� ')��� 7%�+ $�4  ���4 �	 9& ')��� 7%�+ �4 jH� �

 	��.� �;�T>� 	�4 'O��� � $D% jH� � A�MY 8� ')��� 7%�+NDVI  <�41/0 � +1/0 - '� ���� ��  � �)4� .� )�

'� ���� �� IW �	 'I � 	��.� '4R u4� � ���� ')��� 7%�+ AO�IC U6�% .� )�) ��%NDVI ,M��N� $�4 (

���� ��� ' ��8 'I�H $�)@�	8 �4 '	;�4 '���MT) 
U6�% <	� ,& ���� ���� �R d	��� � ��% ���I q?� ���C

) ���� <��8 
<�-1997,��T� 8� g�Q>� '?6 A	�MC i�#�� 8� �>4 .(  <�4 ,?4�� 
'T��>C $�)C  �NDVI '� ,4 ����C-

:��� ��#	� 	8 E��W  

)9 (  B = (1 − :;<=,/2  

 ���.� ,#�����C '� ���� ) �� �C���� ��� 8� .��� ��Y ,M��N� '	�#�R ���&�� 	��.� ,&C'� [	 � IW <�4 
-

A�Q�+ ,4 IW ���.� 
�%�4A�Q�+ ,4 [	 ��F � 'I � 	��.� �4 $�)  �)��6 ��w�6� [	 8� ���4 ���.� �4 '	�)

 .@��	  

 

 �:"D�>������ ) �"Q�RSP(  

@�&�a�% 'O��� �� ��& '�_�IP E���TF ,4 8��� ��� @F� 7)�& tF�4 E���TF <	� .���� 5�6 � 3R yIP @D�

'� 7	��� 8�4 ,����R �P 	8 �C 3R8) <	�4 � ��%��N- '� �R ATP @��_ � 3R '�� 	��� E��Y 8� .�)�&

g�C 9���� 
$��� & @�& A��% '�_�IP E���TF,)�4R 
$� 47%�+ $�)'� ... � ��� ���&�� .�%�4P @M�� 


7	��� 5�6 �� 9]% ' >	 ��������� `	�% �� ��%��#	� 7	��� ,4 '�_�IP E���TF i�#�� `	�% �� ,���	

                                                      
1  - Benkobi 

2  - Biesemans 
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) @�� a�% @D� 
����QT) � �����1997.(  ���&�� 	��.� 
,>-�?� <	� ��P,.MH j	H 8� 
  ��C ) ��#� $� 4

3R @_�IP E�.�.NC $^&� ,��n� $�� 8� $��D ��+ 	��.� g��� 4 � <��8 7%�+  �����) � ) 5�6 �1  �

2.���% <��>C (  

  

O�1P 1 A$�� :P T�"�� �U��� ?�: � C�.��D C��.  

�U��� ?�:/C�.��D W5D   C�1� A$��P 

�2�. �U���  1 

�6	�-  12/0 

+1EJ  1/0 

XE; HYEP  8/0 

?2Z �U���  1 

�0:"� [D��; �. HYEP  8/0 

$�. HYEP  8/0 

�-�&��� �"#.  1 

 
O�1P 2 A$�� :P T�"�� �"Q�RS ������ C��.  

 C�1� A$��P  N��  

(1)��) �"Q�RS ����1I� !�1. W��;C1E. C��:- =	D $��; \:G& C�� =	D 

1  -  - 8/0 1-0 

1  - 3/0 6/0 2 -1 

1 1/0 25/0 5/0 7-2 

1 12/0 3/0 6/0 12-7 

1 16/0 4/0 8/0 18-12 

1 16/0 45/0 9/0 24-18 

  

 =�#- ��0���H2:�; ) `:0�SDR(  

 E;��>� 8� ���I��� �4 E�>-�?�RUSLE/USLE3��� @M�� 
 3��� ���.� ���R4 @D� �� (3��� A	�NC) ')�   ��

������� 3��P ,4 ,O�P '��67)�*+ d	��� .��� ��4 ���.� �4 ,.? � [	 �� 5�6 7	��� A& ,& ���� ���� �)

 �� 3�����T) 'T� ���Q	 ,.? �,4 .�%�4 ��Q�� q	�C ��B � ,QM% �� �D�R @&P � ,���	 7	��� ���� 3���

'� ,M��N� 3��� A	�NC @M�� '��Q� 7 &�+ 
,O�P '��6 �� @	�D��� � ����& J�� ,� 
,>-�?� <	� �� .���

) @P��� g��� 4USDA 
1972K	�4 f1 
1975'����� f2 
1975,4 ( 
3��� A	�NC @M�� ,�.� ,M��N� ��B �

������� ��Y ���I���'� 	8 x% ,4 J�� ,� <	� ,4 h�4� E;��>� .� :�%�4  

                                                      
1  - Boyce 

2  - Vanoni 
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1- ,s���) '����� ��� ��� �� ��%1975 ,?4�� x% ,4 (10   

)10 (  5;
 = 0.4724C)4.�&D  

 ,&A  @P��� =,O�P (u4� �����&)  

2-  ���,s�����%  `��CUSDA  ��� ��1972  `4�� x% ,411  

)11 (  5;
 = 0.5656C)4.��  

 ,&A (u4� �����&) ,O�P @P��� =  

3– ) K	�4 ���1975 `4�� x% ,4 ,& (12 @��  

)12 (  5;
 = 0.3750C)4.&2�&  

 ,&A (u4� �����&) ,O�P @P��� =  

  

�.�2$�� �2���D  O1�RUSLE   

'4�	8�� @Y� ��� $�4 �� �TH� 8� @NW �)���R4 $��O '4�	8�� .@��  ��� RUSLE�4 ���I��� 8� ����$�) 

$���R4 3��� � ����$�) AW�P 8� �8����$�� .@�� i�#�� ,O�P '��6 �� 3��� <� kT) '	���& ,& ��� 

a�e� $�4 @NW 
�����M�-�&'# � � ���R4 @Y� ����) �������I��� ��Y '���� ,?4�� 8� 	8 <��>C  ,?4��) �%

13 .(K+ 8� ���R4 E�4��� `��C 
��%��	 ��� $�4 '4�	8�� '	���& ��� ,4,�����& 8� ,?4�� 	8 .�	�� ���I���  

)13 (  
E = (|5G − 5E|/5H, × 100  

RE  =��� 'M�� $�?6 �W��  

SO  3��� ���.� =��)���$�  

SE =���.� $���R4 3���  

���.� RE ����4 <������ =�N�� @�� ,& '�����C @M�� �	 'I � �%�4 .,4 ���4 �	� U]�� '�� & ,& 
��� ���� 

B����� �� 9& ��	8 �	 ���R4 '�� & .B�8� 
$���C ���) <	� �� ���.� 4�4 �4 IW 
���% ���	�T� <	� a�?� @�� 

,& @Y� J�� �W���W ���4 � ���.� ��%���R4 [	 
@�T& ��.�Y� 4�4 �4 ���.� '>Y�� �R @��.  

  

���0 �G& !:�0�J�  

$���R ,���� [	 ������ ,	^#C �4 'T& ���� [	 J8�� ���R4 $�4 ,& @��,?4�� ,4 ,��C � : �	 [	 �4 J�

,4 �	� 'T& ����'� ��&'� ���� [	 8� ���I��� �4 ,& @�� $��H ,?4�� <	� .���7�+ �� $�	� ���C .�& ' �4

 <	� �� ������ A��NC i�#�� $�47)�*+,�DC 8� �>4 
 ,	;,	; <	� 
8������� $�)i� `�N� ���� �) ��^��Terrset  

IDRISI  $� � 8� ���I��� �4 � ��%GIS Analysis   ����� �Statistics  J��REGRESS  i�#�� ������ ATF
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,4 5�6 ,�;�� 7	��� 
'������ ��� <	� �� .�	��,��4�� ���� ��� F )y $�)���&�� � (R 
K 
LS 
C  �P ,4-

) A.��� $�)���� ��� Fx (.���% ,��� B���  

 

a�. � b2�"- 

U6�% � ����� $�)	��.� ) E;��>� 8� ���I��� �4 ����4 '�� 	���2) 
(3) � (4 $�4 (18  ���� 'H �� �����	�

 $���R22 ) ,-��1376 -1398,M��N� 	��.� .�% ,M��N� (U6�% ��%   ���&�� � �����R  ���� ��3 ���� ���� 


�� 4 ���4� .@�� ��% AQ%) J��4 � Z�IC�� <�4 ,?4�� g�2 ���&�� � J��4 ,?4�� g��� 4 KL� � (R  AQ%)3 
(

 ���&�� ,�.�R 9: ,O�Pi� `�N� �� iG	� �;��  ��^��ILWIS3.3 ,4@�� AQ%) @�� ���R4 .( `���� ���.�

 ���&��R  8�136  �C396 )ℎ)�J)�MJ mm  ℎ)�`���� ���.� � ���4 ���� ( /)ℎ)�J)�MJ mm  ℎ)�264 � (

) �R ���>� =�N��ℎ)�J)�MJ mm  ℎ)�44'� (��T% �� ����4 '�� 	��� .�%�43� � � 'Y% ���� ,O�P '4e

 S�� �4 ,& ���4 ���4 � �%�� $C;�4 Z�IC�� ,& ,>-�?�^�Y ,4 �	 @�� ��% ���� ����E��MF � Z�IC�� 7)�& 
�	�

7)�& �4 'T�.��� ,?4�� ����4  ���&��R  ��T% 8� � ����3� � � 3e�P ^&� ,4 3eO@�� ,�%�� ,. 

 O�1P3 ���Z�. � ��0��� :F  �R �4$ �	������)$ �����4'  

��Y"#2� +�-   O:�

�2��>��cP 

)UTM(  

 d��

�2��>��cP 

)UTM(  

9�R;�� 

(�"�)  

�J1-��. 

 ����)

(�"�  

F R 
KL)MNN)MMg ha h  OP)M 

$�:D��  648478  3695819  1290  50/643  54/116  02/341  

��.Z '(�)  610408  3704129  620  70/363  63/87  55/187  

!5D `��0  659379  3716270  970  481  17/87  46/185  

�-�4(�� 1�,�  651900  3692580  1400  90/477  31/81  18/160  

`e:�  647049  3713886  1600  50/522  86/96  51/231  

�����1E�I  651010  3723966  1045  50/499  48/87  88/186  

f��	��  642804  3708636  1250  20/590  112  83/313  

!�$��D  641860  3733617  1280  494  86/85  63/179  

��.�EJ  643307  3680459  860  474  74/86  55/183  

�J��  647344  3686969  1300  40/747  28/120  28/364  

��I  638768  3715554  1480  70/477  54/89  25/196  

!��S� !�.  626355  3669981  290  70/288  18/58  86/78  

`Z ���0  639090  3689984  1220  486  72/93  04/216  

HJ HJ  637736  3703826  1140  597  90/110  44/307  

!5J  617471  3698514  560  70/344  11/77  20/143  

+52�  633013  3716879  1337  70/597  44/111  55/310  

!��,�  608713  3665106  200  231  30/64  48/97  
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H6� 2 :�G.�� 3�. 9�R;�� � �J1-��.                                     H6� 3 :�G.��  �:"D�> � �J1-��. 3�.R  

  
 H6�4 �:"D�> H��� �	4- :R  

 ���&�� ,M��N� @D�K E�FGH� ����,�.� 8� 8��� '��wIC $�) ,O�P9:,	; � �;��<��8 $�)5�6 
'�� % -

 ���.� `���� ,& ��% ���I��� '�� %K �P ��O<�4 ,>-�?� ���� , 28/0  �C66/0  =�N�� � <������ ���4 ����

,4 �R ���>� a�CCQR)�++)�Mg ha h  ℎ)�  35/0  �05/0 '��%�4. AQ% 5 7	��� '��Q� u	8�C $	V+

'� ���� �� 5�6.�)�  

� ���� ,.? � '����+�C ,�.�,4 ,>-�?) a�% ,��� � a�% ��H ��#	� ��B �LS .@�� ,��� ��Y ���I��� ���� (

 ���&��LS ,4,-��>� ,���� $�),H�4�  ,�.� 8� ���I��� �4DEM �POB��� �4 � , <�4 A4�.�� 7 & <���

��T) .�% ,M��N� 3R ��	� uT#C � '����+�C ,& ��H8�  AQ%6 '� 4 
�	R  ���&��LS  � �� ,>-�?� ���� ,.? 



  

  

  

  

47  ----------------------------  !"#$ %&"' () !*+, �� -+.� ���/	' � 01�.	2 	34 �5�	6 ...  

 

 <�40  �C147 �R `���� ���.� � ���4 ���� A�Q�+ q?� �� 2 '� 	��.� .�%�4LS a�% �4 jH� � 8� '�>4 ��-

,��6��� � ��� � C $�)��	 � �).@�� ���4 �)  

 ���&�� ,�.�C  g���4NDVI  ,�DC���	  ) AQ%7(. ,4 ���&�� <	� @.�.P �� 
A��&��H �4 g�Q>� ,?4��NDVI 

���� ���&�� ���.� .C  <�435/0  �C60 /0  �R `���� � @�� ����51/0 '��%�4.  ���&�� ,�.� C  '� ���� <	� �)�

')��� 7%�+ ���4 jH� � �� �����+ �&��P  ���� 9&��� 7%�+ ,& @�� '.H� � �� �R ���.� <	�T& � @��

<%�� S�� �4 ,& ����.@�� ��% ���� ���� C   

  
 H6�5 �:"D�> �	4- :K �0�> =��02?@2�C M�&                   H6� 6� O:� �:"D�> �	4-  :�N � �P�� ��N )LS(  

  

,��C�4 ,4 ,O�P �� ,Q 	�@NC ,���� E��W '�		�� � 'PGW� E���TF ,���k�) '��4
 ���&�� '�_�IP E���TF 

)P(
  [	B��� '� ,�����% ) AQ%8.(  $�)���&�� ,4 h�4� ���RR 
K
LS 
 C  �P  ���� ��4 @�� ��% ,s���.  

  
H6� 71� �:"D�>  �	4- :2�2= J ?�:�
�� )C       (                    H6� 8��� �	4- :��� "Q�RS� �:"D�> )P(  
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 O�1P4�
�:"D�> �. \:.�� ���Z .C  �(����RUSLE :S ��U[7 �� !e��J2+5  

  �:"D�>R  �:"D�>K     �:"D�>LS  �:"D�> C   �:"D�>P 

HI�1S 136 28/0  0 35/0  1 

�iD�1S 396 66/0  147 60/  1 

3�Y-��� 264 35/0  2 51/0  1 

����� j���-� 44 05/0  9 03/0  0 

  

 ?2�0�>�-e�0 M�&  

 5�6 ,���-�� 7	��� `����,4,���� 3O) '�� 	��� $�)���&�� ��&R ���&�� 
(7	��� ) $	V+k ���&�� 
(

) '����+�CLS) ')��� 7%�+ @		�� ���&�� 
(C) '�_�IP E���TF ���&�� � (Pi� `�N� �� (  $��^��ArcGIS 

10.3  .�% ,M��N�  IW <�4 ,>-�?� ���� ,.? � �� 5�6 7	��� 	��.�) �C (7	��� ���4 ton ha-1 year-

14730 ���� A�Q�+ q?� �� '���� .�%�4,4 ^�� �R ���>� =�N�� � `� �4 4�4 a�CC50/86  �00/346  �� <C

,4 ,�.� .�% <��>C ��� �� ���Q)@�� AQ% �� 
��� <	� 8� ���R9  ,�.� �>4 ,�P� �� .@�� ��% ���� ����

 ,4 5�6 ,�;�� 7	���5 ,.MH ?6 gG&@�� ��% $� 4 AQ%) 10( )[ 	�& ��	1   
����QT) �2008��� .( '��

gG& 8� [	 ) AQ% �� ?6 $�)11 ^� 
,>-�?� ���� ,O�P @T�Y <	MH.,  ء���� ���� %�� ��@. ���4

) 9& �C 9& '��6 '�	���65 gG& <	� ���4 ,& @%�� ��Y (�W�� .����4 ��% uY�� ,O�P '���� 7]4 �� �)

 ���P20  8� ,& @%�� ��Y ��	8 '��6 �C ��	8 ?6 @NC ^�� ,O�P �W�� ?6 @NC jH� � <	���4 
<�4 <	�

��T% jH� � �� 
�	�% �C ;�4 7	���  .� �%�� ��Y ,O�P 'Y% 3� � � 'Y% ��T% � 3e 
'4e  

  
 H6�9�0�> �-e�0 �0:"� �	4- :2?                                               H6�10M�& W5D �	4- :  

                                                      
1  - Yue -Qing 
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H6� 11 :-����>� W5D�
C �G& �0�>2?  

,s��� '������ E;��>� ���� �� ��%5'� ���� �� @4�l ��F � A.��� $�)���� 8� [	 ) a	O 
 a	O .�)�

���� @4�l���� '������ a	O .�%�4 ,�%�� IW J8�� A.��� ���� ,& '���8 �� ,��4�� ���� J8�� �� )�-

'� ,��4�� ���� 4 A.��� ���� l� �� )� a	O .�%�4) <��>CR2 $� M� 4 �� ,��4�� ���� $	V+���C ��^�� (

'� ���� A.��� ������T) .�)���H ���.� d	��� 8� ,&R2 '� ��	� ���&�� 
��%LS  '���MT) a	O �481/0 

 ��� `��C 5�6 ,�;�� 7	��� ���R4 �� �� �lmC <	���4RUSLE @�� ,�%�� AQ%) 12 @�� '-�P �� <	� .(

��MT) ,& ����) @%�� ���� 5�6 ,���-�� 7	��� � �)���&�� 	�� <�4 ' �	�+ ����4 '�5 .(   

O�1P 5� :�!�l Y"#��
� 0�J� �.��� ��-:� .�3 �0�> ��14�2? �
�"���� � M�& �-e�0C  O1� RUSLE  

R2 �-:�0�J� �G.��  O1� C�
�:"D�>RUSLE  

R2= 0024/0  Y= 3526/0 - X + 16/195  R 

R2= 0151/0  Y= 91/270 X - 17/198  K 

R2= 8111/0  Y= 337/20 X - 145/45  LS 

R2= 0866/0  Y= 16/503 X - 268/67  C 

R2= 0993/0  Y= 6/1642 X - 3/1071  P 

  

  
H6� 12 :�G.��  �:"D�>LS �0�> �-e�0 �0:"� �.2? M�&  
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`:0� ��.  

$�4 '4����� ,4 <������ 3��� ?6 
,.? � �	�4 <������ ?6 7	��� ,M��N���% ,4,���� ��� �� �� @M�� 

A	�NC 3��� �& 3O �C ,4 3���')� ,O�P ���� � KL� '����C �� �R �4 ���R ��)���$� �����	� 3���-

'# � �& ,�	�.�.  <�4 3��� A	�NC @M�� 	��.� `���� 
,>-�?� <	� ��12/0  �C34/0  �� 3��� ��4 `���� �

 <�4 ,O�P '��636/5  �C37/16 ��Q) �� <C ����) ��4 ���� ��� �� �6,M��N� � ��)��� 3��� ��^�� .( ��%

 g��� 416 ' N � 8� ���I��� �4 $������) �����	� ���R ���,��� `�� �P) ,# � $�),4 (�) ���>� `���� ��H

58/16 ) (��� �� ���Q) �� <C'TBF� 
1380 g��� 4 (��%���R4 3��� `����) ��%���R4 3��� ���.� � ���4 (

 ���RUSLE  3��� A	�NC @M�� J�� 8� ���I��� �4 USDA ���>�37/16 '� ��� �� ���Q) �� <C �� .�%�4

) $8�MD% `��C ,O�P <	� �� ��%���R4 '4��� ��4 ���.� <TO1378 J�� 8� ���I��� �4 (EPM  4�490/18 <C 

��)��� ���R) ��� �� ���Q) �� ���>� $�16 ) $I>� � $��F � (��� �� ���Q) �� <C1385 ��� 8� ���I��� �4 (

MPSIAC  4�498/14 '� ��� �� ���Q) �� <C��)��� ���R) �%�4 $�58/16  
'TBF�) (��� �� ���Q) �� <C

1380��)��� 3��� ���.� <�4 =G�6� <	�4� 4 .(���.� �4 ��%  ��� `��C ��%���R4RUSLE  4�4 ,>-�?� <	� ��

21/0 ,4 .@�� ��� �� ���Q) �� <CE��MF���R4 3��� ���.� 
�	� ���P ��%1 �8���� 3��� ���.� 8� �T& �W��-

$����)���) ��%'� ('M�� $�?6 ,M��N� g���4) (��%' >� =G�6� <	�4� 4 .�%�4 � ��� <	� d	��� <�4 $���

��R'T� ��)��� '>Y�� �.��%  

J�� 8� ���I��� �4 $���R4 3��� ��4 ���.� ,& '	�#�R 8� 
<	�4� 4 USDA  ����)6 ��4 ���.� ,4 [	�^� ��M	.C (

@Ml 3��������	� �� ��% 3���9: ,O�P '# �) iG	� �;��58/16  
'TBF�) ��4 (��� �� ���Q) �� <C

2001<	�8� .(,4 J�� <	� 
���� F 
�R g���4 � �	�� 3�]��� 3��� A	�NC @M�� ,M��N� $�4 J�� <	�D4 �

 AQ%) �% ,�DC 3��� ��4 � 3��� A	�NC @M�� ,�.�13  �14 � 3��� A	�NC @M�� `���� 
J�� <	� �� .(

 8� ,�;�� 3���05/0  �C42/0  �0  �C5464 ,4 ��� �� <C.@�� ���� a�CC 

 O�1P6A�� :�
C =�#- :�;2H ��. �`:0� ��4�2� =�#- :�;2H � ��. `:0� �� U:S��(�G� ��:� �  
(O�0 �� ��"6
 �� 3;) `:0� ��. H2:�; =�#- !�l�� A��`:0� ��. O:�; C�
 

62/11 26/0                   �-:-�� 
36/5  12/0  m2:.  
37/16 34/0  USDA 
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H6� 13                                        `:0� H2:�; =�#- �	4-  :        H6�14`:0� ��. �	4- : 

 

���"-C��J 

�8����$�� ���.� 7	��� � 3��� ,4 A	;� '�_�IP 
' � � $��w�Y� �� '��TC h�.� ��Q��	V+ 'T��%�4. <	�8��� 

a�� �
��Q)�� <	C ���R4 ���.� 7	��� �  ��-�C3��� @�� ,& ,�8; �R ')��R 9����Q� 8�$�) � 7	��� A���F 

ln� 4 �R  .@��,4 3��� ��4 � 5�6 7	��� 'T& '4�	8�� ,>-�?� <	� ��,QM% E��W  8� ���I��� �4 ('>	8�C) $�

 ���RUSLE ,4 '	������ E�FGH� 9���� 3�:��: ��,�.� i�TC .�% ,��� ��&  $�)R 
k 
LS 
C � 
P  @D�

 `�N� �� 3��� ��4 � 7	��� ?6 ,�.� ��#	�GIS  3��� ��4 � 5�6 7	��� '��Q� u	8�C � ���% j�I�C 9) �4

,4 .��R @��  

 J�� �� '��4 ���� $�)���>� ���R4 d	���RUSLE 7	��� ���&��  
��� ���� ,>-�?� ���� ^�]4R ,O�P ��-

 8� $	V+28/0  �C66/0  ')��� 7%�+ ���>� � 8�35/0  �C60/0 ���� ,& ���4 ����'�*	� �� E��IC �� )� $�)

.@�� ,O�P ���]� jH� � �� ')��� 7%�+ � 5�6 ���&�� ,�.� ')��� 7%�+ '� ���� �� �����+ <	� �)�

')��� 7%�+ ���4 jH� �   � @�� �&��P<	�T& ���� ���� 9&��� 7%�+ ,& @�� '.H� � �� �R ���.�.  d	���

� AW�P9: ,O�P �� '�� 	��� ���&�� 8 8� ���&�� <	� ��^�� 
��� ���� �;��136 <�	�+ �� �C @��396  ������

'��� ��;�4 �� ���Q) �� ��� �� �� '��6 ,?.� �� ����4 '�� 	��� ���&�� ��^�� � @�� ����� �� ,O�P @��

'� AY��P ,4 ,O�P B� jMH .����F��& )2008�8 $�)���C ( ) 
@�� '����+�C �lmC @NC J��4 '��Q� � '��

'��+ � '����+�C ��Y� ����QT) � A�s���� <� kT) .@�� ���4 J��4 '��Q� $	V+���C 
�%�4 ���4 $� �4

)2011) ����QT) � $����D4 f(2016) ����QT) � 's�O� � (2014 7	�^�� aM� �	�� q?� 8� Z�IC�� 7	�^�� ���.�>� (
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