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H	= T�	�+ &Z�#��� �#����� ��	� + 68����0& ��+  

 T= �4��� -� �� K���� �=�2 6��� T= (t/10 + 0.1)0.5 + 7�2 ��& ��� �� �2 �� t  �#����� K���� �=�2 T�	�+

	��� �#�� 68���& 2��Z 7��. Z= K�3  % ������π= �; &$ 2+& �3��.  

B�+ �2 E.P.M  92�X��� ��- &���� *��	
 -� �	�� ����+ ,�M�
 /���+& 2	3  �	�� ����+ l��) ,�� -� ��

�	
�9�3�  �(��5+ ��	� �2+& 22�Z.  

DE:� b+�P \�" ��� 

 ���"+ SN	M'+&�	�� 9-��#� �#�2%� &=%� ?5+ �2 �� Z��/ +& 2	3 	� {4� �2 ����� ������ �� -���  �����

	� -� /���2 �4"# �2 ����� ������ �� -� /2��- ���"+ 7�� ,@M+ ���- V7�� ��M�� ,�M. �� % ���M# �	�� �

�	�� 6��� ,��'
 7<= .2& 	�� � ��- �4��� -�7�2 �� +& ���  �&.���)1382:(  

)3(   
.54( * )

10

OP D
RU

L
=

+
  

�2 �4��� :N��  

RU=  6����	�� .2& 	������� �  

P	= T�5+ ��	� �����  P��"+ ��km  

L	= B	) ��	� ����� �� km )�	|�+ 	)�? �
�, B	) �� B	) �.���� &01� 7��(  

D =  _�X
�� k ��68��� ��+  �� 7�����"+  �� l��) -��4���  ��-+ 7�2 ��& ���  �&.���)1382.( 
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)4(   DO)–D = (Dav  

�2 �4��� :N��  

=Dav 	� T�	�+ _�X
�������� �  

DO =  _�X
���4"# �#�2%� �2 &=%�  

  

gG DE:� �!� � �U+� DE:� �!� 
�:���  

�	�� 6��� �2 �� 9u�% ������ ���"+ V9u�% �	�� &�2 �(��5+ /��� .2& + ���& �M#��[  ��- �4��� -� ��7�2 �� 

+& ���  �&.���)1382:(  

)5(   RU.WSP =GSP  

�2 �4��� :N��  

GSP =  &�2�	�� @+��+ 68��� 9u�%� �2 6'�*��+��+	0 B�� �2  

WSP =  9u�% ������ ���"+68��� � �2 6'@+��+�*��+��+	0 B�� �2  

RU = �	�� 6��� .2& 	�� ������ ��)  ��M.SDR  e%�PSIAC +& �3��(  

	� ?� 7��8+ �2 �� 9u�% �	�� &�2 V?� �	�� &�2 �(��5+ /����+ ��� ����� �& �M#��[  ��- �4��� -� �� ��

7�2 +& ���:  

GS  = GSP .F  )6(  

�2 �4��� :N��  

GS = 	� ?� �	�� &�2�B�� �2 6'@+��+ 68��� �  

GSP =  �2 6'@+��+ 68��� 9u�% �	�� &�2B�� � �2�*��+��+	0  

F	= 	� 7��8+� ����� �68��� ��*��+��+	0  

 -� ������ &d�� ?�8#��$ �:"# ��<
 /��� l�"5
 ,�� �2 �+�2� �2�:"# �.�����<3 &���Z	$	
 /  �� ��p ��	��

 P��"+1:50000  -� ,��\M. %�:"# �. /+-�, ���3 P��"+ �� ��	�� % � �� &1:100000 92�X���  ,��\M. .�3

�#-�� 7���8� &���� % �'��4+ /��� .��2�Z 92�X��� �"4�+ /m	�	��� % &���� /����� �:"# -� ������ �� �.

�\M. % &���� /����� �� g	��+ K�; )� -� /���8� ��%�x
 l��) -� �"4�+ ������ &0'� 7�'�% % ����+ ,�

9��	.�+&�� ETM +  %IRS  &#�+- 9-�� �� g	��+1393  �"4�+ -� &#���+ �'��4+ % ��2-�� ,��\M. %2�	+ �'��4+ 

 �� g	��+ K�; )� .��2�Z }��������9���8 �. ����� &���3�	. 9��2� -� ��# &d�����(
 % /��+%���. �&���3�	. /

 &
�; )� 92�2 9����$ ?�@:
 -� i$ .��2�Z ��<
 � ���� �	|�+  ����+ &���������� a$�� �/�:"# �. �2 s	� /

 T�5+Arc GIS10  /%� �� &5�5x
 K��0M; % 9��2�Z �4 {�5x
�:"# �.  r���# �+�2� �2 .7��Z K�	1
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�� 7�2 9�+�  B�+ 2��%EPM  /%� �� % 9�3�� �. �"() ��� B�M;� 2�d+ / .��2�Z�<#�2�7  % ������ K�3 �:"#

 ������ K�3 6���}������  ?@3) ��2�Z2.(  

  
 g8�2 ���>�: :���X�! ��L� ;+�:�* � 7'E" DE:� �� 
PEW L	!X 
I�>��� �VCG  

  

��N�  

 �"4�+ �� [�0Y� �� ��8��% /2��- �� �
 �"4�+ �. &n���	�� % ������+& �3�� V ���-�� �	.% ��L~
 �� 9% ;  /%� ��

 9���$�� �- /�.��+� -� �"4�+ &��	. % �� T���3 &���� 7<= .2��2 ��L~
 ��# &.��Z �3	$ *�% /%� �� &�

 &���3�	.B�� �. /1365  &��1394  92�X��� 2��2 ���Y ��	� 2	 A�2�# �2 �� ?Z ?Z % � �� A��$	��� 9���8��

.��2�Z  

�X 
Il�: � 
I���� ���f" � 
(@C� A���  

��� �	�/���2  K����c
 % �+2 ?+�; 2��2 ������ �2 �� ��L~
 ,���:�� �"4�+ A� [�0Y� K�'��4+ �2 e��� -� �'� ��

 �"4�+ A��$	��� 9���8�� �<�
 � �� 9���8�� �@��� �� �=	
 �� �"4�+ /�+2 &���� 7<= �a� .7�� �"4�+ A� �2 ��

+& �3��  9���8�� ,�� ��+� -�92�X��� 9�3  B%�= .7��)3 T�	�+ ��#�.�+ ������ T�	�+ �l04+ ������ ��2�"+ (

 ��:# �� � �� 9���8�� l04+ ?Y��� % �#�.�+ ?Y��� T�	�+ ��#�-%�+& �.2 .��M. �	) 9��2 B%�= ,�� �2 �� /

+& 2	3  �#�-%� K���� �=�2 ,���:��7(L 9�3 6/40  �=�2�#��& 2��Z  (�#�-%� l04+ ?Y���) �� ,���M� %6/14 - 

 �=�2�#��& 2��Z  ��:# �#�.�+ K����c
 &���� .7��+& �.2  ,��
2�� ��9�+ �. ,M<� % /2 B�� /+& ��3��  % ��
 %
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 ��= 2�2�+9�+ �. B�� ��Z /+& ��3�� � �� 9���8�� �2 �"4�+ �#N�� K���� �=�2 ,��#��+ .9/16  �=�2�#��& 2��Z 

7��  �	85+ B��'+ �"4�+ ��= ��+& 22�Z .�� �	|�+ ,3%�  % ��+� -� ������ �2 �� �"# % e��� 7�'�% ��3

 K�; )���9���8 �. 9���8�� A�2�# ��	� 2	=	+ /92�X��� 9�3  .7��?��Y ���  e��� ����+ &01� K�(��5+ �2 7��

 � �� A��$	��� 9���8����(+  ���� ��+� %��9���8 �.  ��:�� 7Y2 /����=	
2�	+ ) B%�= 7�� 92	�4.(  

  
 O�7?3��]	F� : YT+� m�2EC: ��V� +� �"���W  

  

 O�7?4:  ��]* �H7I��! 75�� � \VI���+��V�  �� 
(@C� A
�'�@���E�  
  

  

��V� +� Y�I  
L+�2  ��� �<  ��J!  ��� !�"  
Il�:  

YT+�  
 ,��#��+mm 1/183  5/313  9/123  5/0  621  

�1�2  5/29  5/50  20  0  100  

gH gH  
 ,��#��+mm 182  358  146  0  686  

�1�2  5/26  2/52  3/21  0  100  

o�> ;�  
,��#��+ mm 9/168  3/203  6/94  4/1  2/668  

�1�2  36  4/43  3/20  3/0  100  

��!���  
 ,��#��+mm 3/148  8/304  5/114  0  6/567  

�1�2  1/26  7/53  2/20  0  100  

���F8��  
 ,��#��+mm 4/172  2/299  4/101  0  573  

�1�2  1/30  2/52  7/17  0  100  

  

��� 

�J� ��!X �RX A� \�J! 7C�:� \+����* )FJ�+��� ����> �" ����� �E+�J� 
Il�: 
��������2 

 �pG�7W

K�@� 
2/34  6/27  24 23 6/19  6/24  8/27  4/33  39 6/40  6/40  4/39  2/31  

 O7��

 �pG�7W

K�@� 

8/26  8/18  6/12  6/9  9 6/12  5/17  9/23  4/30  1/35  2/36  5/32  3/21  

 O7��


I�<�� 
2/21  9/13  4/8  5/5  9/4  9/7  6/12  5/18  5/24  7/28  9/29  2/26  9/16  

 O7��

 gN�7W

K�@� 

6/15  1/9  2/4  3/1  8/0  2/3  7/7  1/13  7/18  3/22  5/23  9/19  6/11  

 gN�7W

K�@� 
8 8/5 -  4/9 -  6/12 -  6/14 -  10-  8/4 -  4/3  6/8  12 4/14  11 02/0  

g]* 
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�U+� �!� � �pG�7W �!� 
�:���  

 K�(��5+ �� �=	
 ��#���d 9�3  /��� A�$ &�2-����	� �. /(A1, A2, …, A7) ) 6�
�
 ��3/2 �6/1 �9/1 �3/1 �5/1 �

8/1 �5/2��- 9u�% &�2 % (��	� �. ) 6�
�
 ��28 �%2 �%3 �%2 �%23 �%18 �%21 (%+& �3��.  

LG��" ���<  

 ��+-���M
 � ��	� A� �4"# ,��
�%2 -� &54� ����= �
 7�� �-N �� 7�� &#�+- �01�� �� &=%� �#�.2 �

 .����[<+ �
�,  ?@3 �� � �� [d� 2�%��� �� 2�����.�%��k��Z �=��� �. �� A�$ ��+- % ��~
 ��+- �&54� /

 -� 92�X���e%� �. l�"5
 ,�� �2 G�$�� e%� -� �� 7�� &"4�+ % &��d
 /92�X��� 9�3 ) 7�� B%�=5 ,�� /��� .(

 9��M3 �4��� -� �	|�+7 92�X��� 9�3 7�� ��	� A+)1�1998.(  

 e%�G�$��  ��- �4��� -�7�2 �� +& ���.  

)7(    0.77 0.3850.0003ct L S -=  

 �2�4��� :N��  

TC = ���M
 ��+-68��� 7;��  

L =	)�? �
�,  /��8+��  &) ��+& ���  ��km  

S =  �.���� T�	�+ 6�3&01� ��+ ��  

  

 O�7?5 �+< A��! ()S�: b W�!) LG��" ���< 
�:��� :PEW
 �� �VCG 
I�>��� L	!X 
PEW �  

0��  A1  A2  A3  A4  A5  A6  A7  
PEW gG  

s2�G  4/1  44/0  57/0  29/0  37/0  47/1  23/0  68/0  

  

b� � �*��HE2E"  

 �<�
 &���Z	$	
&0+�;  �� 7���� K�	1  �#�Z��=����2�	+ ���Y &+& Z�2�  6�3 7<= % 6�3 �� �� g	��+ ?+�	; %

% ������ 2�d�� �2 &M<+ �"# �<#�S��  -� 7�� K��(; 6�3 .�#��2 �	�� ���	
%�-�� � �5X1 A� �� ,�+- {4� �� /

 &��� &"��+& 2-��  �� %*Y�%�2  ,�� _�X
�� k �� 7(8#�4"#%2  ,�� &"�� �01�� �� 7'�() �2�� �.  6�3 ��

�4"#%2  �2 6�3 .���	Z��	� �.��2 ��	� A�m	�%���. ����% �2 /2��- ���8� �L� ����� / .2�� ��	�; B��+  7;��

�=��� �. &54� /�� �	)  �f) �� 7;�� ������ .2��2 &��8� 6�3 �� [�"�8+�=��� �. �f % &54� /

�=��� �. /�#�2%� � % �� &:(�= /%��# (/�#�2��d  ������ �� �� ?M� % 6���
 K��Y+& �.2 .�#�2��d  [d�

 % � ���=��� �. &��8� ��	� 6�3 �� S�M�"�8+ &54� / &���Z	$	
 �:"# -� ��	� 6�3 �:"# ��<
 /��� .2��2

 P��"+ ��1:50000 .��2�Z 92�X���  �4��� ��	� 6�3S��(8#  % [�"�8+$�\�9� � /�	X#��  % &54� K�#���= % ��

                                                      
1- Mc Cuen 
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2��2 �� 7�	)� ��#  ��	� �	�� ���	
 % ������ ����+ �2 %�Lo+ 7�� V �3�� ��:�� 6�3 �f �. ���-�����.�� /

 ������ ��#L~
���aZ� +& �#	3) /���@�� &#�M� e%� -� ?+�; ,�� -���+� .1389 .7�� 9��2�Z 68� (�	)/ �� 

 /N�� 6�3 ,���:��40  -���+� ��1�27  ��+�2 �2 6�3 ,���M� %0 -5  -���+� �1�21  2	 ��+& Z�2� 6�3 .

 ��	� T�	�+8/17  �2 �"4�+ 6�3 .7�� �1�27  92��"() ����3 /�� V 3�6 �./  ��:��40  ,���:�� �1�2

 % -���+�3�6 �. -� ��M� /5  2	 �� �� -���+� ,���M� �1�2+& Z�2� �2	� &#��8.	� 6(� �� ��	� ��:�� .���2 /

 /2��- 6�3 r#�+& �3�� .�� �=  /���+ 7M8Y��	�  ��Z���2�9�#�  ��	�� 732+& �3�� �� ��	� g�"# ��"� .

 % &#��8.	� l)��+3�$�6  ?�@:
+& .2� ) ?@33.(  

  
 g8�3�VCG L	!X 
PEW b� ��?�� �7� A7C! �<� 
+l :  

  

;+�:�* 
! tC: � =�> ):� W  

 ?+�;+-�, ���3 &�� ��	�;  -� &@��.��+���$  ��M3 �� ������ 2�d�� �2 (?"�8+ ��c�+)+& 2%� V ���-+-�, ���3 % &

 �;�� 60p� �� _	��+ �����k ��  7+%�"+ % /�����$ �2]�� �.  �� i�= _	�
 ,��\M. %+& 2	3 ,�� �2 .

 �:"# -� �.%u$+-�, ���3 &1:100000  2%�� /�#�
�	� K��	�� �:"# ,�� �2 .��2�Z 92�X��� � ��11  -� �1�2

 92%�5+�'��4+2�	+  ?�@:
 ��+& ��.2  P�8� ������ ?��"+ �2 ��+& ��3�� ����8\Z �#-�� .41  -� �1�2

 ?�@:
 �� ��	� ?� 7��8++& �.2 ��� K�"�"5
 r���# P��� �� �� 2��- �
 T�	�+ 7���8� /���2 �#-�� ,�� ��#

 �� 7(8#������ a$�� /+& ) �3�����# ���1996.(  /��M�� �#-��13  �2 �� ��	� 7��8+ -� �1�2+��& Z�2�  ��
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 ������ �� T�	�+ 7���8� /���2+& �3��.  2%�� &+2u� �#-�� ,��\M.33 ��8+ ?� -� �1�2 �� ��	� 7 �2

+��& Z�2� T�	�+ 7���8� /���2 ��  ������ �� 7(8#+& �3�� 7��8+ -� �1�2 A� -� ��M� ��# ]#- �0
 �#-�� .

�� ��	�  �2+��& Z�2�&� �� K��	�� . ����� �#�2%� ��8� ��  �<�
07/0  ?�@:
 �� ��	� 7��8+ ?� -� �1�2

+& �.2 ) �#��2 ������ �� 7(8# /2��- 7���8� �� ?@34.(  

  
g8�4
+l : �:�C� \�< �VCG L	!X 
PEW tC: ):� W �  

  

\�< <� �����:� �E�I  

 �"4�+ &���� /����� �:"#2�	+ �'��4+  9	5# ��	�; 75
92�X��� ��%�x
 -� ,�+- -� 9��	.�+  7����8 9��d�� �

ETM+ g	��+ �� 9-�� &#�+- 1393  K�"�"5
 ���+ 7��� -�+-�, ���3�2 �@��+� & i�� .�3 7���$�� e-�2�$ 

 .�3 ��d#� A���+	�2�� % &���. K�5�5x
 ?+�3 ��%�x
�� �	|�+  �3	$ h	4� &#�@+ 7�'Y	+ -� ����M)� B	x�

 S�2�d+ /-�� *=�+ ,�+- K��0M; �&.��Z�d#�  h	�% 7<= ���� &�#� 6���
 A� ����� ��	|�+ ,�� �� .�3��� �
 

 e%� B�M;� �� i�� .�3 ���� w��	;2�#�A �
�,  &���. B�+ % ���8M.�0M=��f � /�=�2 �A �:"# �� �

 �"4�+ &���Z	$	
�'��4+2�	+  7<= �+�2� �2 .�3 92�2 7(L�"() ��� e%� -� ��%�x
 /�"() ��� /K��|# 9�:#  %

K��|# 9�3  ,��\M. .��2�Z 92�X����� �	|�+ &���-�� 2	=% �� ��; 2	=% �3	$  �"4�+ &.��Z�'��4+2�	+  -�

3) &.��Z �3	$ K%�X
 9�3 B�+�# y�NDVI(  y�3 �	f .�3 ����Z 9�<�NDVI  }�
 �� �� &�N�� &��8(M.

 ��:# &.��Z �3	$+& �.2  .��2�Z ����#� /2�; e-��NDVI  ,��1 -  %1 2�; 7�� +1-  % 7�� &���� k�'+

 2�; % &.��Z �3	$ �#	Z�. �Y��1[����+ &.��Z �3	$ /���2 &0��= &���� /��� +  �����@M. % &��<3) ���8.

2012 �:"# P��� �� .(}������ 9�3 � ?+�3 �"4�+ &.��Z �3	$?��= �. �T�	�+ �3	$ }�
 �� 9	(#� �M�# /
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09/3346  B2�'+ ���@.96/28  �2 �� &
�'��4+ �"4�+ -� �1�2��p �	�= �2 ��	� �	�= % &����Z�� �#� .
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27/2 2 ��	� 7��8+ ?� -� �1�+& 3���� .99/2389  B2�'+ ���@.47/17  /����� �� ��	� 7��8+ ?� -� �1 �2

 ?�@:
 &�� % [�2 7;��-+& �.2 ���2 �� 92%�5+ ��"� .�����/ �.  ?�@:
+& �.2 ?@3)5.(  

  
g8�5 ���7�� �� \�< <� �����:� �E�I :
�'�@���E�  

  

+
�*� ��A K(�"  

 ;+�:�* ���* )�P�
(@C�  

 �Z� B��+ /��� .2��2 &��8� ��# ���2 ?+�	; ���� �� ?+�; ,�� &���-��80  % /���3 ������ _�	#� -� �"4�+ -� �1�2

 &Y���Lo+  -���+� ,���:�� /���2 �3���|#2�	+ +& �3��  �3�� �	 &.��Z �3	$ /���2 �"4�+ �Z� i@'��� %

 -���+� /���2/��M� +& �3���4+ /��� �d��� �2 . �� ���Y� l"5+ �"4�+ ������ &0'� 7�'�% ����+ &���� % �'�

 �� &0+�	; ���� % &Y�� % /���3 ������ ����+ �	x �2 &#���+ 73�2��+& ��#�	
  �2������ a$�� �"4�+ /

�Lo+ &�� 9��	.�+ ��%�x
 -� ,��\M. .2	M# ���Y� ��3��ETM +   B��1393  �&Y�� ������ ��<f &���� /���

/���3 &54� �% �#�2%� �) ��2�Z 92�X��� / ?@36.(  
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;+�:�* �7� 
�:���  

 6��� ,�+- -� 92�X��� 6��� ��N �21 ������ l)��+ /��� 6��� % ��a$1/0  % ���8. &0��= �� &")��+ /���

 K�	1 �� -� 7|��5++& Z�2�  ����Z �|# �2+& 2	3� �2 . 6��� ��<f ,��#��+ 7M8Y ,�����2�	+ ?�05
 % &

 ���Y+& Z�2� �2 �� ������ �2 6��� ��<f ,��#��+ r���# .) B%�=6 (y�:+ 9�3 7�� %  ��N ��<f ,�� i��

 T�5+ �2��# �����Arc GIS10  ��[. #�3	$ ?�8#��$ �:"# % �#�3 &������ a$�� �"4�+ /7�2 �� �+� V �� % ,�������

�4��� P��� )1 &#�3	�M. �� % (N�� �. �:"# &
�; )� /������ a$�� 7�� ��� �� �-N .��2�Z ��<
 ��	� / 6���

������ K�3 )Z(  �. /���A�  ��- -���	� �. �� K�	1  �(��5+ �#�Z��=2�Z�� )B%�=6 ?� /��� �� ,��#��+ % (

 ��:# s	� �:"# &��� -� ?1�� r���# .�3 ����Z �|# �2 ��	�+& �.2 ��  �	�= 7M8Y �2 ������ ,���:��

 -� �"4�+ ,�� �	f .2��2 ���Y ��	� ��p % &��p�.�#-�� ������ �'�8+ % �����$�# /@:
�? 9�3  2��- 6�3 .7��

 �"4�+�� �����  -� /���8� 92%�5+ ,�� �2 &���� /����� ���c
 % ��%��� e����1�; �. �� ������ ���5� �� �� /

.7�� 92�� �=�	+ ���"+ Z 7�2 ��  ��� l)��+ ,�� /���1  �� 7����:# 9��.2 ������ a$��/  ����# ,�� ���3

+& ) �3�� ?@37 % 8.(  
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O�7?6;+�:�* �7� b+�P \�" :z  �+< �� ;+�:�* aTG �
PEW �� �VCG 
PEW �  


PEW �+<  
 aTGDE:� �� � �

;+�:�* 
z b� 

 b+�P

�<\ :�C�� 

 b+�P

;+�:�*  

\�< <� �����:�  

 

W� �) 
km 
 

A1  III T�	�+ 63/0 53/0 71/0 53/0 57/0 7/89 

A2  IV [�  27/0 46/0  53/0 51/0 48/0 8/69  

A3  IV [� 34/0 49/0 66/0 63/0 54/0 5/159  

A4  III T�	�+ 43/0 63/0 83/0 71/0 63/0 9/162  

A5  III T�	�+ 54/0 69/0 76/0 44/0 5/0 4/152  

A6  II �3�� 78/0 71/0 81/0 55/0 59/0 8/113  

A7  I �0���3 &  2/1  77/0  93/0  78/0  51/0  5/109  

  III ?� T�	�+ ��	� 6/0  61/0  74/0  59/0  54/0  5/875  

 

 
g8�7 :aTG 7C!L	!X 
PEW �U+� ;+�:�* A �VCG 
I�>��� g8�8: aTG 7C!�VCG L	!X 
PEW �� ;+�:�* �7� A 

�:"# �. ������ K�3 6���� /� �#�2%� ����� ��	� �2 ?@3 �2 ����9  ��:#92�2 9�3  ?@3 �2 ,��\M. .7��

10  ��:# ����� ��	� �2 ������ K�3 �:"#92�2  9�3  �� g	��+ ������ ���"+ ,���M� �� P��� �� �� 7��

7M8Y �./  �� 7�� �"4�+ ��	M. % /���+�� �%��0  ��	�� 732B�c3�  9�3  % [�2 % &�� 7:� ��- ��:�� % 7��

��� ���)��+ �2 / ���Y [� ���8� 6�3 �� l+& Z�2�  /���2 �������� a$�� /��M� /+& �3��  �2 ������ ,���:�� %

 ?@3) 2��2 ���Y ��	� ��p % &��p �	�= 7M8Y10.(  
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g8�9;+�:�* �7� b+��P 
F(I : �VCG 
I�>��� L	!X 
PEW ��  

  

) �4��� l()2 (N�� �. % e��� ��+2 /N�� �.
 *��
 �� ������ K�3 / &0�059�3��� 9��2�Z ��� &$ 2�; �2  �� %

 ��	� �2 9u�% ������ �#N�� �:"# &#�3	�M.7�2 ��  �2 �:"# ,�� i�� .�+�5  P ��"() ��� �� % �3 /

 ,�� -� 92�X���e%�  �� ������+& ��	
 �� K�	1  &X�� % &M�7�2 �� ?@3) 2�%�11.( ���"+WSP  % ��	� /���

9��8� �. &:����� / 68���)Ton/.ha.yr) % (m3/km2.yr( 7�2 ��  .�+� �	x�+ �-% ,���Z �|# �2 �� i��

 �#N�� ������ ���"+ �� /�.�W68��� Ton/h % �3 �(��5+ �<#�2�7  ��	� /����'��4+2�	+  ������ ���"+

 ��	� 9u�%Ton/.ha.yr 61/9 2�%��� ?@3) ��2�Z11.(  
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 &�2 �(��5+ /��� �� 7�� &<����	�� B�� �2 ,
 68��� ?�  �"4�+ /���+ ��'��4+2�	+& ���78 GS  �4���)6 (

[���M# ��� 9-	� �� /�.�W �	x�+ �-% �2 ��  l��) ,�� -� %�<#�2�7  ��2�"+ ,��#��+�.��+���$ /9-��#� Z�� /

. /��� 9�3 �-�� ��	�  �(��5+2�Z�� ) B%�=7 % 8(. 

 O�7?7 �+��(� \VI�� :��������2A �<�7I� H� �� �7� A O7�EPM 

  

O�7?8 �+��(� \VI�� :��������2 A�<�7I� H� �� A��! �7� A<+� 
PEW  �� O7�EPM  

 aTG

DE:� �� �

;+�:�* � 

 �7�

DE:� ��� 

)W� � 

(Km2) 

 ��!

�!E:�(Ton.yr) 
�U+� DE:�  

(Ton/.Km2.yr) 

�U+� DE:�  

Ton/.ha.yr 

�!E:� ��!  

m3.yr 

�U+� DE:�  

m3/km2.yr 

)W� �  

hectare 

 �+<


PEW 

III T�	�+ 5/38  34/19423 05/542 6/5 59/14754 7/372 
7/89  

A1 

II [� 9/3  87/1363 9/347 4/3 28/879 4/235 8/113  A2 

II [� 7/2  78/978 55/330 4/3 27/643 3/211 5/159  A3 

IV  2��- 1/27 8/22755 4/783 8/8 68/14577 9/523 
9/162  

A4 

III T�	�+ 5/47 5/27344 56/545 3/5 5/15953 2/361 4/152  A5 

III T�	�+ 9/53 8/3164 53/581 7/5 4/21330 9/390 7/69  A6 
IV 2��- 9/1 76/1589 344/817 47/8 7/1224 7/574 5/109  A7 

  

�I
� H�A  

�#%� %� �� �3� ������ �� �2 ����� �� �� *���+ &'�() ,�� ����� �� �2 w�'+ ���<
 /�= ���Y 92�2  ,�� .7��

 &��� �27��  ��
�	1�2& �� �+�#�� ��� /��Z	0= % &'�() *���+ �X� /��� &(���+ / ,�� �2 �� ������ -�

 A�2�# 9���� �2 2	:# ��d#� �����+-�, �. �=�	+ &.��Z �3	$ % &'�() *���+ �"� �� �"4�+ ,�� ���01�� /

+& 2	3 ��	� .�����  � �� ����� &��M3 7M8Y �2 ����� �#�2%�����Z���Y  ��	� ,�� .7���|#-� y�3 �. /

-�78 5+�4 �	85+ P�8� �"4�+ A� &+& 2	3� . &0��= �3	$ ?+�3 ���� B�� �2 ��	� &���� /����� ��:�

 &�p �� % 2��- e��� [d� ?��2 �� 6�3 [� % ��	M. l)��+ ���� �2 % &#��8.	� l)��+ �2 &#���� g	0� S�
�M;

�|#-�  /-�%�:� ��:�� &��; 2�	+�� K�	1  l)��+ &�� �2 % [�2�� K�	1  % &�� /-�%�:� -� &(���
2�[ ��� .7�� /

� �"4�+ �2 &.��Z �3	$ 6���
 �3� �� %� �#%�'��4+2�	+  ��� B�� 92 &) �2�L���  ��:���� ��-�  ���:; ��2

 �"4�+ g	0� ����2 ��3 A: % &��p 6�3�$ % &#��8.	� l)��+ �2 *Y�% *
��+ �� k��)��L��� ��� �.2�Z /

 % s��; -� &��"�#�A: ���& �.�+ ,�� % 92	� 9�#	3 ���:
 ��� / �'�8+ �� �"4������  -� /���8� �2 .7�� 92	M#

 -� /���8� 2��	+�����/ �. �� *
�+ % ?��= /��
�6 9�3  92�2 /����� ���c
 [�2 /-�%�:� *X# �� �� 92�X��� 7<= ��

�U+� ;+�:�*  
m3/km2/yr  

 b+�PDE:� ���  

  
�U+� DE:�  
m3/km2/yr  

gG DE:�  
m3/yr  

15564  8/0  4/4617  150970  
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 ��3 �.� .7��+-�, �.� /��� /-�%�:� /A ��+-  �� &#N	)*Y�%�2  ����� �2 �� ,�+- {4������.�� /�����: &

���6 $a��  �� 9��M. 92	M#�.�#-�� �2 �� �"4�+ �2 2��- e��� ����+ % ������ ����� �2 P�8� /B�� �. &����
 /

 -� ��� �� ����+ ,��800 +�0& ��+ +& ���  �2 .7�� 92�� [.��� &��	# ,�� �2 ������ *��8
 /��� �� �-N ���+-

 ������ B�+ -� 92�X��� �� l�"5
 ,��E.P.M  %05
�? �.�+ / ?�8#��$ �:"# �&#�������� a$�� �"4�+ �2 /

�'��4+2�	+  B2�'+ B�� �2 ��	� ,�� �2 9u�% ������ ����+ ��2�Z y�:+5/13  B�� �2 ���@. �2 ,
2�%��� 

��2�Z  B2�'+ %961 6'@+��+  �2��*��+��+	0  B�� �2+& �3�� 6��� ���"+ .�	�� .2 ����� ��	� &81/0 

7�� &��� �2 ,�� .�3 �(��5+ ������ �� �� �2 � �� �;�� -� ,�� ,��� �#N��   46 �	�0�+ ,
 �� ���01�� 

% ��  *(
�� *
��+ % ?��= �./ 2	=	+ �2 �� &+ 2	3. �� ,�� ���"+ B2�'+  6���
10 ���. ���@. ,�+- &;��-  .7��

 ,�� �� �	:� �2 �� �#N�� ������ ����+ �� �� ������ ���"+ ,�� �Z�2  �
5/2 �+ ,
 2���0e���Z  9�3  7��

 [��� �8��"++& ����[  .[��8. �.�3 � �� ����� �2 �� ������ �2 /�3� �� %� �#%� ?� �2 ���� �	) &0� /

 l�"5
 r���#��:# 9��.2 ������ a$�� K�+��Y� 2	(# K�	1 �2 % 7�� *��8
 B�� �2 �� 7�� �"4�+ T�	�+ /

 �.�3 &�����+������ a$�� [�.�	 N�� / .2	��.���% �2 ��:�� ������ �� P�8� /7M8Y �. % &��p / �	�=

��p ����+ % �#��2 ���Y ��	� &�	�� .2 ����+ l�"5
 ,�� �2 .7�� &�N�� {4� �2 ��	� -� 7M8Y ,�� �2 &

 ������ ,��#��+)z(  2�; ��	� ?� �26/0 �� 7�2 ��  �� 2�%���:# 9��.2 ������ a$�� �"4�+ T�	�+ /

+& �3��2 . �2 ������ ����+ ,���:�� &���� ,�� �7M8Y �. % &��p /��p �	�= /���2 �� 2��2 ���Y ����� ��	� &

 % 2��- 6�3 % e����.�#-�� % ���+ �2 ������ ����+ ,���M� % 7�� ������ ����� �2 P�8� /��p B�M3 &

 % /����� K����c
 ��(�� .2��2 ���Y ����� ��	�7��2 �. �2 &#�8#� /B�� .� �2 ��� /������ a$�� �"4�+ /

L~
�K�� ����� ��	� {�51 7����+ % K�+��Y� ��d#� �� �� 7�� ��3�2 /2��- +& ��	
  % ������ -� &3�# K���8

 ����� ��	� �2 ������ �.�� 7<= .2�2 �.�� �� �	���'��4+2�	+  /��=��+�#�� �. �3	$ ������ ��|# /

 ��.��Z 73�� -� 92�X��� �� &.��Z -� 92�X��� V[�2 K�p�� �2 &�0�+ 73�� % P��
 �7@#�� j���� �&�W�X� K��0M; %

e%� �. /����� /75
 ��:�  % &#����9�4Y � �2 &� 1� /�.�� ,��� % /�.���� �.  ��8� �X� 7<=�.���� �. 

&+ 2�<�:�$ ��%�x
 -� 92�X��� ,��\M. .22�Z9��	.�+ � /�� -%� ; N�� A�@X
 K��Y /���2 % �.�� �� 9% �.��� �. 

 &������c= ��<$ �2 �	�� % ������ ����+ 2�%��� �2 7Y2 ������ �;�� &��� e%� �� 7(8#>��� �
  % 7;�� �� %

 /��:�� 7Y2+& 22�Z.  

  

B!�C� 

e�� �%-��V  �/��M+����M5+V #�A �#����&0'��(; � )1386B�+ �� �8��"+ �(EPM, MPSIAC, PSIAC  �22�%��� ��� ����+ % ���

9��M3 ������ /-�%�:� �#�2 �+��0x� �P��� ����� �M:f ?<f ��	� �2 �	��1�29 -19.  

�,8� �&#����8� )1392 ?�8#��$ % ������ �4 &���-�� �(�	�� .2 -� 92�X��� �� �#��+ ����<3 �� ����� ��	� &�@
�A �. /GIS  %

 B�+EPM� ?x� �+�# +-�, ���3�9��M3 ����� & 26� :�96-87.  



  

  

  

  

20   -----------------------------------  3� 4��.
5� �6)��7 �.�01� �	�� �8*9:  �	
;<16� 2
*%�
  1397  

 

��O�.�3 �&#� [�@ )1381 % K�'��4+ �� /�%�+ �(�$��� �+�# ��d#� 9�3  &��d
 B�+ /%� ��PSIAC ����� �2  &���� %���.2�� /9�32��% 

 ���� �.  ��<
 %?M'���	��2  -� 92�X����� �..���<
 9��:#�2 �/���2 9�%2 ����M� � 

-%�<� �2��.2V ����0; ��(�@3V ,�+� �?1� &��8�V � �,�@:+��d� )1387 �(��<$ ��� B�+ -� 92�X��� �� ���80Z ����� �2 ������ /

EPM T�5+ �2GIS K�'��4+ ��+�#�� ��� /7#	@� 9�Z �.�&#�8#� /  9��M37 � �72-61.  

) ���'� �	�����1383 B�+ %2 �8��"+ �(EPM  %MPSIAC  �22�%���  �7:Z ]�
 ����� ��	� �	���$��� �+�#  ��3�� &���3���

��:#�2.�<:+ &�%2�� 9 

) �&0"��8� �&.���1382.�	� ��f ����<
 9��:#�2 K���:�#� ��� B���� % &�� ������ �( 

����#� [W��V ����0; �/�#	���-V ) �� ��� �/����1387 B�+ %2 �8��"+ �(E.P.M, MPSIAC  �	�� ����+ % ������ 2�%��� /���

A��@
 -� 92�X��� �� ����-	 �#	�Z 9��$ ��	� GIS % RS� �.%u$ �. 9��M3 �&������c= /64� � 136-123.  

[W�� ����#�V ) �,85+ �92�- 2��+1384 ����+ 2�%��� �(�	�� .2 -� 92�X��� �� A0Mp�� �����<3 ���(; 92��+�+� ��	� &�d�� �%2-�  %

GIS  B�+ �2MPSIAC  �� �8��"+ %e%� �. ��+-�� �A�
�+	nm ���M. �&��� /�:"# ��2��./ 

-��) ��	:� {08+ /�.%��# &������c= ��+1385 ]�.�� �(2���/ �. ����� /) � ��.(� �� �����<3  

&�	+ �&�����;V 	�3 �]#�(3V ) ������ �&0'M��1391�(  % �� ������ ����+ &�����	�� .2e%� �� /�f ,�@:+ ����� ��	� �2 & 

EPM 9��M3 .�'�	
 % �����c= �30� �100 -87. 

��� �/%�tYV �%&0'��(; �&V ���� �&+�"+V ���m �/�(;V �A+��� �&��3 )1391�(  �8��"+B�+ �. /EPM �MPSIAC  %PSIAC  2�%��� �2

 -� 92�X��� �� �	�� % ������GIS��'�	
 % �����c= �  9��M327 �126 -117. 

&X4x+ �/2��+V �(�2 ��	$ �\�;V ��	# �Z�M�� �V ) ���% �2�u# /2	M5+1390 �8��"+ �(B�+ �. /EPM  %MPSIAC  % ������ 2�%��� �2

 �	$ ����� ��	� �2 �	�� ���	
�M��/ ) �(��Z�+�. ������.%u$ �. �&4�5+ ������ / 9��M34 � �67-53. 

{�� �/�2�# ��V &=�� �&M���V -%�<� �/�1�# �)1388(� ��<$ ���/ ��M�� ����� 9-	� �2 �� ������ ?�8#��$  y�3 %� �� � �� 2���

������� �.%u$ �./ &Z�#-�� � 9��M349 � �51-44. 

 ��� �&M3�.0;& �c1�V �2	M5+ �/�a ��; )1386 B�+ &���-�� �(E.P.M  �-��+ &d�� �	�� l��) -��.�� �	�� % �	0; �Af	� /

 �&'�() *���+ % /-�%�:� 9��M342 � �355-345. 

 &(�d+ �&#�M�V 2�u# /���@��� �M)��) �1389.( 	nm ?+�	; ��L�
 /�\�Y�Y ��	� &����	�� �� A�m	�	��	+) �2 2%� �0(� ��	� ��-

�	:� &���3 ,�+- ��+-�� ,�+- �	0; �(2%� [# �� 7�2N���  9��M31 � �17-1. 
Amini, S. Rafiei, B. Khodabakhsh, S. and Heydari, M. (2010). Estimation of erosion and sediment yield of Ekbatan 
Damdrainage basin with EPM, using GIS. Iranian Journal of Earth Sciences, 2, 173-180. 
Amiri, F. and Tabatabaie, T. (2009). EPM Approach for erosion modeling using RS and GIS. 7th FIG Regional Conference, 
Vietnam, 19-22. 
Amiri, K. (2010). Estimate of erosion and sedimentation in semi-arid basin using empirical models of erosion potential 
within a geographic information system. Air, Soil and Water Research, 3. 
Brierley, G. I. Fryirs, K, I. (2006). “Geomorphology and River Management”, Blackwell Publication, pp387. 
Erlich, R. R. (1988). The Loss of diversity: causes and consequences. In: Wilson E. O. and Peter F. M. (eds), Biodiversity. 
National Academic Press, Washington D. C. pp. 21-27. 
Feng, X. Wang, Y. Cheng, L. Fu, B. Bai, G. (2010). Modeling soil erosion and response to land – use change in hilly 
catchments of the Chinese loess plateau, 118. 
Feoli, E. Vuerich, L. G. Zerihun, W. (2000). Evaluation of environmental degradation in northern Ethiopia using GIS to 
integrate vegetation, geomorphological, erosion andsocio-economic factors. Agriculture, Ecosystems and Environment, 91, 
313-325. 
Feiznia, S. (1996). Rocks Resistance against Erosion in Different Climates of Iran, Journal of Natural 
 Resources, 47: 95-116 (In Persian). 
Fox, D. Berolo, W. Carrega, P. Darboux, F. (2006). Mapping erosion risk and selecting sites for simple erosion control 
measures after a forest fire in Mediterranean France. Earth Surface Processes and Landforms, 3. 



  

  

  

  

21   --------------------------------------  � �	�@���2�� 
-���A �  � B
C��  �D�E 	� F�-	...  

 
Gavrilovic, Z. (1988). The Use of an Empirical Method (Erosion Potential Method) for Calculating Sediment Production and 
Transportation in Unstudied or Torrential streams International Conference of River Regime, 18-20 May, Wallingford, 

England 1988 pp. 411-422. 
Grauso, S. Fatloruso, G. Crocettl, C. & Montanaral, A. (2007).”A spatially distributed analysis of erosion susceptibility and 
sediment yield a river basin by means of geomorphic parameters and regression relationships”, Hydrol. Earth syst. Sci. 
Discuss. Vol. 4: 627-654. 
Jain, S.K. Goel, M. K. (2002). Assessing the vulnerability to soil erosion of the Ukai Dam catchments using remote sensing 
and GIS. Hydrological Sciences Journal, 47. 
Khan, M.A. Gupta, V.P. Moharana, P. C. (2001). Watershed prioritization using remote sensing and geographical 
information system: a case study from Guhiya, India. Journal of Arid Environments, 49. 
Mc Cuen, R.H. (1998). Hydrologic Analysis and Design, 2nd ed. Prentice Hall, Upper Saddle River, NJ. 
Owengh, M. (2003). Landuse planning and integrated management of natural hazards in Golestan province. Seminar on 
floods hazard prevention and mitigation, Gorgan, Iran, Abstract, 
Shahabi, H. Ahmad, B. B. Mokhtari, M. H. Zadeh, M. A. (2012). Detection of urban irregular development and green space 
destruction using normalized difference vegetation index (NDVI), principal component analysis (PCA) and post 
classification methods: A case study of Saqqez city. International Journal of Physical Sciences, 7(17), 2587-2595. 
Shahabi, H. Salari, M. Ahmad, B. B. Mohammadi, A. (2016). Soil Erosion Hazard Mapping in Central Zab Basin Using 
EPM Model in GIS Environment. International Journal of Geography and Geology, 5(11), 224-235. 
Tangestani, M.H. (2006). Comparison of EPM and PSIAC models in GIS for erosion and sediment yield assessment in a 
semi- arid envornment: Afzar Catchment, Fars Province, Iran. Journal of Asian Earth Sciences, 27, 585-597. 
Tangestani, M. H. (2001). Integrating geographic information systems in erosion and sediment yield applications using the 

erosion potential method (EPM) Proceedings. 
Wilson, E. O. (1992). The Diversity of life. Belknap Press, Cambridge, MA, USA. Yitayew, M. Pokrzy wka, S. J. Renard, 
K.G. 1999. - Using GIS for facilitating erosion estimation. Appl. Eng. Agric. 15, 295-301. 

  

  



 

 

 
  ------------------------------------ -------------------  Journal of Natural Environmental Hazards, Vol.07, Issue 16, Summer 2018 

 
 

Estimates of erosion amount and sediment production in the 
Kangir watershed in Ilam Province using E.P.M model 

 

Asadallah Hejazi*1, Mehdi Ahmadi2, Himan Shahabi3 
 

Received: 28-09-2016 Accepted: 27-02-2018 

 
 

Abstract  
Soil erosion is one of the serious threats for natural resources of each country and in many regions of the world 
and Iran, erosion is considered as a natural hazard. Nowadays, existing of precise systems and different 
mathematical models of erosion can ability to researchers for store basic and up-to-date, so that they can estimate 
the amount of erosion and sediment production in the watersheds. In present research, the model erosion E.P.M 
(Erosion Potential Method) is used to estimates of the erosion and sediment production in the Kangir watershed 
in Ilam Province. In the first step, using topographic maps with scale 1: 50,000, the watershed boundary was 
determined. It also streams digital maps, geology, land-use, rainfall, land cover, satellite images IRS and ETM+ 
in 2014 were used. The study area is located in the northern part of Ilam province in the Iwan city. This area is 
one of the high rainfall areas of Ilam province and the average annual rainfall in this area is more than 700 mm. 
The existence of sensitive formation to erosion and mountainous regions and steep slopes have caused the 
studied area to be prone area to soil erosion. The specific erosion in the watershed was the equivalent of 13.5 
tons per hectare along with per year that equal to 961 cubic meters in square kilometer along with per year. The 
amount of sediment coefficient of the basin was calculated around 0.81. Generally, the obtained results had 
indicate average erosion amount of watershed that high erosion area are located in the western and southwestern 
sides respectively but the low erosion are located in central and northwestern sides of study area.  
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