
 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� /  ��	 ! ��� � "#$)& ( /�	()��*+,-

���

 �.� /�	���0EPM&��� 1�2� �0 3$�4 5	�.� ��	6� /7
�

.��/ !	� 2890 /��**5�.: &2� �� ;� � <

)���	
� �	
�
 :��/�/��  � ��	�� �	
�
 :��/��/��(

�.�=$

���> /�� &��� / 4 /�	���0 ��?
� @�	��	�A .B	� C�6�A 5D�.� �0 ��	E(�0 	�F�0 2�GH	I &	
(J0 /�27K 5 . �.�EPM�.� �0 /M� 	� 5

            F�0 @(�2N �02B /�	���0 ���� O	P�� @4 .!	� /� �02�0 �� ��	E(�0 ���� . ��	���0 Q�R0 SM�T�D	�@I	:��� &��� �	�A �0 ��	E(�0 	�	� �	7I0 

@(�2�GH   �   �0��0.I0
2�N         	�.
� � 	�.� ��	6� �� U	���� ��V()� 2( 4 �	E(�0   F�0 �.! �D       ��0.WI0 X�� @W4 �K��9 ��     U	��W�� 52W�N

        /� �0���:2� 52KY	� FB� �0 	�.
� � 	�.� ��	6�.!	� .     �0.�K 1�V;K S�0 ��Z           �.W! &	W6(I0 �	
 W� �	(�0 �� 3$�4 C�6�A ���>  .WI0 .

  ���> S�0 /J�2:��D	�     �	� /� �	K�4 /4	: 5	�.� 	�   �.��2N [0.>0 @(!GN 5.I0       /� �	� �� @� 	#IA 2 � @4 .�� .      �	W�� 	WK 	�.� S�0

0.I0�� ��� 
I C��2� &��� 52�N  ��	W(�0 @W�K @� 	�.� ��	6� �� 	#IA F��Y	� C�6�A ���> 5.�T�K U	���� /�	 K "�T� S� � @� � .I0 .WI0 .

   .! @��	;� 5�0�2� @�VI U	�� � 1�2� �0 	�.� S�0 ��	6� �� �.! S��I @K U	���� �0.V� . �C6� 2� �� U	���� 52�	\ ]�^6� ���

��0.I0   V� � .! 52�N       .��2N "�.�K /I�� 2��	V� @� U	���� / 7> 2��	 .     �.� �0 ��	E(�0 	�EPM    ���> 5.�T�K &��� �0.V� 	�    U��W9 @� 

    .��2N ���A2� /I�� � / 7> .   ��0.I0 5.�T�K &��� 2��	V�  �� �.! 52�N          ��W��A �0 ��	E(W�0 	W� �.W! ���A2W� 2��	WV� 	W� 	�.� ��	6�t

    .
(�2N �02B @)�	V� ���� FI���(�0 .	(I      S�_I	�� S�� `a(:0 @4 �0� �	�I b�	�           	W� �.W! ���A2W� /W�� &��� /I�� � / 7> 2��	V� 502� 

�.� �0 ��	E(�0 EPM��0.I0 2��	V� 	� �.! 52�ND��  cd�e/
�� .9�� / I �0�  U	W��2� ��G7� /�)I S�_I	�� � /�0�	4 S���K /T� .!	�

 �.� @4 �0� �	�I �.� 5	d:EPM	H O	(�)I /�0�	4 �0 ���> /�� &��� ���A2� �� /
��	�F�0 �0���:2� @�T	d� ���� 1�	
� C�6�A 5.

�f0�
	�
.��� :���>	�C�6�A 5D/�� &��� D�	
 � �	(�0 D&��� 5�0GND�.�  EPM

@�.V�

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

 3�456� 78   9-# �� '��:;+� �)   &";<� ���=
 2    �&+� �	�&��> *� .

    9-# @	� �� 2
�0A� @B0C7�)        37�&:;# D	��E �� �F	� G6�"# 
� 

��  �!> �
 # $HI"#8$;��	 $J+ 
 ->�     
� �
 �&K>, 2�0L
�&� $&� $&� 

  �	�+   �7
 �	�7-M# �� G6�"#$  -	��> �# 7
 .      '��:;&+� �� N&O. ��C

   9-# @	� �� �0L���8�)    '� &( 
� �&K>, ���&	�
�  �&)   
�&#, -&<�7 2

�#->� 
    P&1� Q�+�"E
�� $�  �&)         @&	� �� '��:;&+� 
� �&	��<� 2

9-#�)-	��"� �>�7��� R�� .

�� 9-# Q�0#�) S��=
 T   7 P	�&+�� �
7,��   * &+
 -&0C 
 8

9-#PSIAC    9-# �	�+ �� �;U0� �)   Q��	� 
�    
��&. '��:;&+� �
 #

�&&&+� $&&&;��L)�.(�� V&&&�
 W�&&&# 9-&&&#8��  9-&&&#EPM

� .HM
 /��# ��X4 �Y0)  Z4Q�"�+ Q�;+� �J0O6 [��"# 7 2�
7�U� 3�H0

� .0HM
 /��# ��X4 �Y0)  Z42
��/01�,7 \�] �^�:( 3�HQ��K
 8

* :  83�O
�_# 9 YA#S_0>7�;_C� �A�:hashemi_aa@yahoo.com

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / #$ ��� � ")& ( /�	()��*+,-

���

)Erosion Potential Model ( D&&&+ 
 T��&&&	� '��:;&&&+� /&&&0>

Q�#��+      �&+� $&;��L 3
 ` aX;1# T�) .   9-&#EPM   9�&+ 
�

�b��             �&+� '-&E $&c�
� G��&+ 275A&L 	 
 U� 
�)�� (  
� 7

      9-# �� V� /0> Q��	�PSIAC  8  �
 #  '��:;+�  $&;��L 
��.    �&+� )� .(

         ���&	�
� �&:X;1# 3�H0HM
 �6 9-# @	� '-&E       d&Xe� S&C7 �&+� 

���	�
� 8�)$>�]�7
 * +
 
�#, �� '��:;+� �� �&)  $&;��	�� f�&=>�  7  ��

'��->�T�0L��1# 
� 3�� +
 g0H;A#  8�)-"� 7 �)-+ Q�;�� ��:;&+�  '

 �+� '-E .    2�"O# $� S

 `
�  9-&# S��	�
�   S&��=
 T�&)  �
7,�&� 

 �)� * +
 '� (    8/01�, 2�)�7
�)   S:X;1# T  �
��     �� S&_	 $&W

 �7
 @	�          �&+� hi W T�)-"� 7 �)-+ Q��1# S="+ * +
 8�)

)�7 �j(  $&�       �&&+� '-&E $0&` 
 a&X;1# @0&HHM# D&+ 
)��(.

'��->�T�0L �� +
  Q��1# 3  8E7
� d&+�"#       -&0C 
 $O&+�M# T��&� 

 '� ( * +
  �+� '-E Q� "4 /01�, T�))�.( $k>�"i    $&X
 d	�&l

          � /0> '-E $;E�O>� 3�� +
 m n1# Q�7 7 g=( 8Q��1# T��->� $

   -> E �
7,�� o0M` 
 68        &� * &+
 -&0C 
 �	��&H#   $    '-&#, �&+�

  '��->� $� �OA>T�0L >�]�7
 T�)$T�    � ] T�;�W T�I] T�
�� ) &" -

 � �)�j.(

9-&&# ���&&	�
��&&)  * &&+
 
�&&#, �� '��:;&&+� �&&� �&&��=
 2

'�F;A	��)      ��> �	p�� �.� 2�
�� �="+ * +
 2    $&� ��i -E��

       '�F;A&	� * &+
 
�#, q�6 h	 �� �&)      S="&+ * &+
 T r�&OC�e

     7 '� � GXJ# * +
 $� s ��#       't	 &� 8
�&#, @	� d+�"#�> �0:0W

  
�S���) S�50+ T8    �+� d+�"#�> )�b(.   ��-&J
 �F	� q�6 �� 

'�F;A	��)           �7-&M# /&0> 
 UW oI+ 
� � < # S="+ * +
 T

�+� .  ��C   M` 7 �.� 
�%&    T
���&� $&> �> � �&)     Q� &� q�&J# 8

$> �>�)     �7
 7 S�50+ [.� # T��� �)      @	� �� GXJ# 
�� �
7,�� T

$> �>�)            �
�� � &<7 -&	��
 7 h&E �
� # dXe� 
� /0> )�(.  
� 

    K# -+ 
� G0HM
 h	     '��:;&+� �&� '-E �
7,�� * +
 
�-H# 8����

  �K"
 * +
 
�#, ���j'��->� SJ.�7 
�-H# �� -`
�    '-&E T�&0L

      Q�U> �
 -+ Q/1# 
�S#-)�)�(.          S&+
�� �&� /&0> Q�0;C -+ 
� 

    
� * +
 
�#,�       Q/&1# 3�� &+
 7 $&HI"# 
� � < # '�F;A	� 

     q5;]� �+� '-	��L �
7,�� S="+ G�4 �7
 $� $W -+  N&��.

$!(5#            �� �&<7�] 3�� &+
 N� �� -+ Q/1# 3�� +
 @0� 2�

'�F;A	��)  �
�� � <7     '�F;A	� 
�#, �M` $� �)      -&	��
 �
 &# �
 

 
��.S# -)�)�.(

���&&	�
� ��-&&J
�&&) 9-&&# �� '-&&E f�&&=>� 2EPM G&&	�6 �� 

* +
        �&# �7-M# 
�0A� �)-"� 7 �)-+ Q��1# �="+ -&E�� . 
�

      p�� /01�, '� (
� $W SH0HM
   
� Q�0;C -+ �+� Q��K
 Q�;+�$� 

  f�=>�0+
'-8u1U#  &E         * &+
 D&+ ;# $&W �&+� '-  S&)�

   �� 2�
7,��   � $JC�I# �
 # '� (   9-&# $X0+7 $EPM   @0F>�&0#�� 

* +
      -&+ $i�	
� 
� 2
��L)     * &+
 d	�&l �&�   2
��&L��

-`
� (�"J# q5;]� �
�-> 2
��)�.(

    '�F;A	� 
�#, v�+��� 2��	� 3�H0HM
 �&)    * &+
 2  �="&+

        9-&# �� �Z&J� Q, �&6 $&� �&+� $;��L 3
 ` �&)  �
7,�&� 2

  * +
 7 P	�+��8     9-# $X�< �� EPM8    '-&E ���&	�
�  -&>� . 
�

           '�F;A&	� * &+
 
�&#, �0Jl7 $� $< 
 Q7-� ��A. @	� �&) 2

'��:;&&+� �
 &&# �="&&+ * &&+
8 
� '-&&E f�&&=>� 3�&&H0HM
 $&&� 

�# '
�E� 
 ��# 9-# ���	�
� m n]� E   :

   9-# ���	�
�EPM             -&+ '� &( 
� * &+
 
�&#, G&	�6 �� 

             
� �O&+�"# �	�
�&� 9-# @	� $� �+� '��� Q�U> w-""+ x5U.

  '� ( �U	�+�� 3�JC�I#�)    �
�� /01�, 2)� .(     �� �&F	� ���&	�
�

  G	�6'�F;A	��)  '� ( T�;#7
-0) T    �7
 3 &�C� /01�, 8  Q�U&>

       9-# @	� 9 O. N��. �.� '-")�S#-E��     '-E $0` 
 SC7   �&+�

  @	�             2�&)��� 
� 7 \�&] P	�&+�� �C�&�<� 3�JC�I# 
� �7


    3�&JC�I# $0C7�) �K0< &
 (             2��&� Q, �� 7 � &E $&;��L 
�&� $&�

    ���&F> '��:;+� �X0Z:
 3�JC�I#) �.(        
� �&F	� ���&	�
� y	�&;> 

   '� &( �&	� �� �B	 $� N���� /01�, '� ( �&)   '� &( R&i � 2

         �7-( q5;]� '-")� Q�U> �+�  C
�K# -+ /01�,�j  2-`
� 

      '-)�U# �� 2�
7,�� �)� * +
 Q�/0# @0�    �&+� 2�)�� .(  @&	�

         �7-&( �7
 Q�HC�6 /01�, '� ( 
� q5;]��z     �
7,�&� -&`
� 

 �+� '-E)�� .(  9-&# /0> �7
-0:+ -+ /01�, '� ( 
� EPM8

      '-E -0C 
 * +
 �
7,�� �K< d+�"# �C-#8     '-&	��L �&��J# 

  �+�)z .(S��	�
�9-#EPM 
�  �
7,�&� * &+
    &( S&)�'�

         Q�"�&+ Q�;&+� 
� 
�A#�L {#�
 /01�,      �&+� '��� Q�U&>  
� $&W

 �� $A	�H#    �� y;&"# T�&)�
7,�� 
�&#,      * &+
 '�F;A&	� * &+


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 �.� /�	���0EPM 1�2� �0 &����7
�3$�4 5	�.� ��	6� 

��z

8S="+  9-#EPM      G&0.� r�;OA&> �
7,�&�         9-&# $&� �OA&> T�&


MPSIAC     �+� '��� Q�U> )��.(G0HM

��  8$�Ui N	 '� (

 7 �E-��#�L   
� Q�&0#�
 T�i T
 .   Q�;A&XL Q�;&+� �U&> '��� Q

��+   $�     N`�( * +
 -0C 
  ��   9-&# T�&)�
7,��EPM   D&H� 

         �&� T��&	� �)�O&E $�Ui N	 /01�, '� (
� -)�U&#�	��H#'T�

�
��)�(.

 �� G0HM
 @	�q-)9-# S��	�
�EPM 
� S)-� +
 �
7,��

'� (�)2  /&01�,         * &+
 P="&+ v�&+� �&� R&i �   2
��&L

 '�
 � 2�)-+ Q��1#� ��<� $� Q�"�+ Q�;+� 
��+� '-#,
.

� �0��X��	�

 N#�&&E G&&0HM
 @&&	� 
� $&&JC�I# �
 &&# G6�&&"#b R&&i � -&&+ 

'� (7 �&)         
� $&� �&+�K>, �&+�p�� /&01�, 2 Q�;&+�KE �&) 2

Q�"�+8  '-&E [.�7 Q�"�+ Q�;+� 
� �7�)�E 7 Q�|#��    �&6 7 -&>�

9�+�)2��z�  �
��z�         G��&+ �L->��&+ ��&K< Q�#��&+ D+ 


 '-	��L }�-(�->� .  �� �)-+ @	�        �� q-&) 7 -";A&) ���&] ~ > 

     �+� '� � *50+ 9�;"� �K>, }�-(� .     �� �&;�� �)-+ @	� ~�:

�

��           '� &�"> /	
�&+ Q "��&
 }�-(� Q�#� �� 7 �+� �;# -&>� .  $&�

           '� &(�� '-&E -&0C 
 3�� &+
 �#�&�
 N0C� @0�) �&)   /&01�, 2

             2��-&>� $X
 d	�l �

�O4 $� 7 '��;�� $X
 $� �)-+ @	� �+�p��

�K>,�jj 
�   �+� '� � -` . 7 3�n1U#     
� �)-&+ @	� �0J. #

97-<� 7 NBE��+� '-E $c�
�  .

      '� &( �)� * +
 Q�/0# �
7,��
 !"# $� �&)      �� '��:;&+� �&� 

  9-#EPM8 '� ( �)         7 ->-&E $&JC�I# �)-&+ �+�p�� /01�, 2

       9-# �)� * +
 
� ���# N#� 4EPM   P	�+�� d	�l N#�E 8

  @0#��� '��:;+� d	�l8  �A( d	�l    \�&]7 �"+ �0+8   d0&E 

     '� &( �)� * +
 d	�l 7 D+ ;# 8�&)   �)���&0;#� 7 ���&	�
� 

           '� &( * &+
 -&0C 
 Q�/0# �	� 9 #�� �� '��:;+� �� 7 ->-E �&)

 -	��L �
7,��)��:(

]� [RuWspGsp ×=

$I��
 @	�
�:

Gsp =* +
 -0C 
8�� dJB#�;# 9�+ 
� [��#�;# X0�

Wsp ='t	7 P	�+��8JB#�;#  9�+ 
� [��#�;# X0� 
� d

Ru =                �&+� $&� �&	� $&I��
 �� $&� '� ( �)� * +
 d	�l

�#-	,:

]� [)L/()DO(Ru / 104 21 +××=

$I��
 @	� 
� :

O = '� ( D0M#8  [��#�;# X0� 

L = /01�, '� ( 9 68�;# X0� 

 D =           �&<7�] $IH> ~�:

� 7 D+ ;# ~�:

� @0� ~�:

� q5;]�

'� (8�;# X0� 


�-H# Wsp�# �
7,�� �	� $I��
 �����L:

]� [π= .Z.H.TWsp 2
3

Q, 
� $� :

H =  $>�0C�+ D+ ;# �L->
��8�;�0X0# 

Z = �# �+� $� �	� $I��
 �� $� P	�+�� d	�l-	,:

]� [)I(Xa.YZ 2
1

+ψ=

    Q, 
� $�Y   8 Xa 7 ψ    �&] �0+�A&( N#�4 ��0;#� d0
�
 $�  7 \

            v�&+��� $� -";A) P	�+�� N#�4 7 @0#� �� '��:;+� N#�4 8�"+

'-E '��� m�n;]� '� (�) 
� 9-# $� s ��# 97�-<->�.

I = @0#� d0E N#�48-`
� 

π = ����� �� �-4����b/�

T = �# �+� $� �	� $I��
 �� $� 3
��( $<
� d	�l-	,:

]� [2
1

10
10

).t(T +=


� $&&� Q,t $&&<
� dA&&(�� $>�0C�&&+ 3
��&&( $&&<
� @0F>�&&0# 

S;>�+�+� ���L.

          2
���� $UH> G	�6 �� �)-+ Q��1# 
� '-E $;UK> 3�� +


 -	��L @00J
 .          $&� �)-&"� Q��&1# 3�� +
 oI+ 
 !"# @	� 2���

��J���j*�     -	��L T-"� $_OE�;# )N_E� (      
� * &+
 G&�4 7

       W�# $_OE [6�H
 s�H> �� h	 �)     R)�i �:( G	�6 �� 7 
�) 2

$>��L '��->� 2� -E T�0L . '��->� T���     �L, �� 3�� +
 G�4 T�0L

  -E '��:;+� S;+� .          
� 3�� &+
 Q� &� hU&] N&0C� $&�  oI&+

 3�� &&+
 SMI&&+ ��A&&. @;A&&_E T��&&� 7 �)-&&+ Q��&&1#8

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / #$ ��� � ")& ( /�	()��*+,-

���

 ��.J*./��2� ���� 5	�.� U	^6�� � F��B�� 

-+ NM# �	�0���|< �0J. #
a	�
-&+ f�&>

�	�0���|< 9 6�	�0���|< ��4
E Q�;+�K}�-(� 9�&+ /01�, '� ( �(�A#)
�;B)(

��.�E '
-C +´´z�/��´��°��´´�j/�b´��°��Q�"�+��z��/b�

����e '
-C +´´��/��´��°��´´��/�z´��°��Q�"�+��z��/b�

�2
�I4´´b�/��´��°��´´��/��´��°��Q�"�+��z�b�/��z

����, g0)����´´��/�j´��°��´´z�/��´��°��Q�"�+��z���/�jz

�Q�	7
´´��/�´�b°��´´��/��´��°��Q�"�+��z���/���

����, �X4´´��/�´�b°��´´z�/��´��°��Q�"�+��z���/��b

zQ�7��4´´j�/��´�b°��´´��/�z´��°��Q�"�+��z���/�j�

�$�Ui
�#´´��/�b´��°��´´zb/�b´��°��Q�|#����z��/���z

bQ�0#
�´´��/��´��°��´´��/�z´��°���7�)�E��z��/����

 "M!* .�	
 � �	(�0 �� @�T	d� ���� 5	�.�� 	�.
� F��B��

 "M!<.";�  ��	6� �� 
�0�2� @I� I 
	� 	�.�)hT0 (@I� I �3�	$ 2E> 1�	
� �0 50@I	 N 5	�.� �C6� �� 50 �02 �)&(

)���(

)�(

�j�;#��;# 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 �.� /�	���0EPM 1�2� �0 &����7
�3$�4 5	�.� ��	6� 

��b

��$;#�)            
� 7 -&	��L '��:;&+� 
 &;W��
 $&� Nn&;# @&W 9�&i T

��A.�)          '��:;+� Q�_#� 7 ->� � �� 6
 2�
�� r�OC�e $W @	�	� T

        * &+
 G�4 @00J
 T��� $X0+7 @	� �� �E�� � <7 S;+��L,��

-E '��:;+�.

V&&�     8s�&&H> �� h&&	 �&&) 
� 3�� &&+
 G&&�4 @0&&0J
 �� 

$UH>            �&;# S;>�+ R	 �.� �� -"� �) Q/1# �� S���L � 
 T
����

     S���L � 
 $UH> 7� 7 -E f�=>�8       � &< # �0J&l7 T��&� �&B	 

 7 Q/1#        -#, �+� $� * +
 Q7-� Q/1# D	��E 2��� 2�F	� .

    $UH> 7� @	� q5;]� ��8        �)-"� �� h	 �) Q��1# 3�� +
 g=( 

 $�
�/�� f�> R��Surfer-	��L @00J
  .

          7 �K>, Q�7 $� �)-"� Q��1# 3�� +
 g=( N	-O
 
 !"# $�

              
� '-&E $;U&K> 3�� &+
 Q�7 @00J
 T��� �
 '��+ S

�O4 $�

        3�� +
 m n1# Q�7 $� ��0> 8�)-"� Q��1#S# -&E�� .  T��&�

            �&:( N0�7�� -"i 8-"� �) Q/1# 3�� +
 
� N#�4 @	� @00J


   � �� 7 -EG�        -&E T�&0L $&> �> �K>, aX;1# T�) .   Q�7 V�&+

  $> �> @	� m n1#  -	��L @00J
 �) .   3�� +
 m n1# Q�7

   $C C �� '��:;+� ��         '-&E $;]�+ 
 !"# @0�) 2��� $� T/X� T�)

->� �8         $&C C @	� $W -E @00J
 3
 ` @	� $�        $&� $&< 
 �&� �&)

'��->�               G&�4 v�&+��� � &� '-&E $&0K
 �K>, �� $W S:X;1# T�)

+
 �) 3��      
��. '��:;+� �
 # 8G��S#      Q��&W �
�7 �� 7 ���L

     �E���� f�p $> �> 8* +
 �� �!> �
 # ��A. N]�� 
� $C C

S#        T�&#� �� 8'�FU	�#�, 
� 7 -E�j�    S;>�&+ $&<
�     $&� ���&L

   N.�-( 3-#�   �# hU] �4�+   ->-E)� (   @0&0J
 �K>, Q�7 7

�#-	��L .   $> �> Q�7 g0AH
 ��    ( �� '-E hU] T�)   �&K>, g=

   '��->� G	�6 �� $W         � &� '-&E u1U# '��:;+� �
 # $C C T�0L

     $&> �> T�)�&^ m n1# Q�7     @0&0J
 �&) -&E .   Q�7 @0F>�&0#

     8�)-&&"� Q��&1# �� h&&	 �&) 
� 3�� &&+
 T�)�&^ m n&1#

           G&�� �� h&	�) m n&1# Q�7 *�&l N`�( v�+���  T�&)

  x�&&�4� N&&W �&&� Q, g0A&&H
 7 $&&6 ��# G&&�� G&&�4
� * &&+


N0�7��  E �:( T�) 
� '-       -&#, �&+� $� -"� �) Q/1# .  ��-&J


N0�7��            3�� &+
 S&XJ� oI&+ �OA> v�+� �� '-E �:( T�)

   $>�� �E
�)  $>�� �E
� 3�� +
 T�;C� 
 !"# (   oI&+ N&W $�

       N0�7�� ��-J
 
 W�# �OA> �� 7 -E @00J
 Q/1#  T�;U&0� T�)

-	��L �:( $>��/	
 3�� +
 
� /0>.

  '��->� �� V�         7 �)-"� �� h	 �) Q��1# 3�� +
 g=( T�0L

          3�� &+
 Q�7 8�&K>, T�)�&^ m n1# Q�7 @0F>�0# @00J
8  �� 

-#, �+� $� g=( 
� T�)�^ m n1# Q�7 *�l N`�(.

          '� &( S&)� * &+
 '-E �
7,�� �	��H# $A	�H# 2��� �&) T

9-&&# G&&	�6 �� S&&+
�� �
 &&# /&&01�,�&&) �	��&&H# �&&� �&&��=
 T

* +
  '��-&>� T
��L   T�&0L      �)-&"� Q��&1# 
� '-&E8    Q &#�, �� 

 T
�#,t �7
 7 �>� 0;+� Paired samples -E '��:;+� )b.(

              a0XB
�&+ 7 ��&> �7
 �� 9-&# �	�
�&� ���	�
� 
 !"# $�

)�z (7   �&I] 3�J��# 
7�=# �OA> @0F>�0# '
�#,)�� (  '��:;&+�

 Q, 3p��J# $� -E3
 ` $��	� �#-"E��.

]� [

∑

∑

=

=

−

−

−= n

i
meani

n

i
ii

)QQ(

)PQ(

ME

1

2

1

2

1

  $&�ME  9-&# �	�
�&� 8n   3�-)�U&# ��-&J
 8meanQ  @0F>�&0#

 '-)�U# �	��H#2�8iQ
�-H#'-)�U# 7 2�iP    2�
7,�&� 
�-&H#

�+� .   3��00|
 $"#��ME      �&
 �&	�K> S&� �:"# �� � �&#   7 -&E��

 R	�/> �	��H#   $� �
�   
�� '-")� Q�U>         �	��&H# 7 9-&# �
p�&� �	�

 �:"#ME-";A) 9-# �	�:� f-4 '-")� Q�U>  .

]z [

∑

∑

=

=

−

=
n

i
i

n

i
ii

Q
n

)PQ(
n

RRMSE

1

1

2

1

1

  $�RRMSE 0F>�0# @       �&I] 3�&J��# 
7�&=# �OA> 8Qi   �	��&H# 

'��->�   -)�U# �	 '-E T�0L'T�   7 Pi    �# '-E �
7,�� �	��H# -"E��.

   3��00|
 $"#��RRMSE            �	��&H# 7 �&+� �&	�K> S&� �
 �:` �� 

R	�/>�# 9-# �;U0� �	�
�� '-")� Q�U> �:` $� �
 -"E��)��.(

b�	(I

         9-&# N&#� 4 $&� �)���0;#� 7 �+
�� y	�;>EPM 
�  97-&<�

  �+� '-E $c�
� .g)@0"i    9-&# $&� s ��# D��7
 v�+��� EPM

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / #$ ��� � ")& ( /�	()��*+,-

��j

 �
��

�
�.

 �
��

 	
�
�

� 

�

���

 

E
PM

�

��

 �
��

 �
��

� 
��

��
��

 �
 

��
�

�� 
�

��
� 

!�"
� 

��
��

�
���

��
 �

��
	

 

��


�
�

) Z(

�
�


 �
��

� 
�

��
	

)
R

u
(

 �
��

� 
��

��
�

)
G

sp
(

��
�

�
 
��

��
ψ

X
a

Ү
I

Z

 �
��

	

 �
��




 
�!�

� )T(

 "
��

#$

 �
� �

%�
&��

�

'
(�$

�#
$

)
H(

�)
��

 �
���

�� )
W

sp
(

M
3  k

m
-2

 y
r-1

��
��

 "
�*

$

km

��
��

 +
�,

km

 "
��

#$ 
-�

.��
! /

0
#1

! �
��

��
 �

��
�1

km
R

u
)

�

 �

23
$�

#$

+�
��


 4
��$

�#
$�

(�5
(

)
 ��

#3
��


 6
�

+�
� 

�

(

 ��
��

��
7

'
8�

9:/<
=/<

>?/<
9:

>
/<

9<
=

/<
:=/:

:@
=

A/
::

A
9/A

==/:
:A

:
/<

BC/<
=/

9<
A:

=
/<

'
��

D 
��

��
��

B9/<
=/<

?B/<
9@

>
/<

A=
@

/<
:>/:

A/
:@

?
A/

B:
?

>/A
=:/:

B<
?

/<
99/<

9/
C9

??
C

/<

E
��

FG
A:/<

=/<
@A/<

:=/<
A<

@
/<

:=/:
A/

:@
<

C/
:C

:
B9/

:B
B9/>

:@
9

/<
9?/<

>/
=C

?:
@

/<


�
�
 

H�
�!�

�!
9?/<

=/<
?B/<

B?
9

/<
>:

C
/<

:=/:
?/

:@
B

:/
BA

@
?:/

:<
>A/9

:A
=

/<
9C/<

>/
?B

B>
@

/:

I�
��

�
9?/<

=/<
:</:

BA
<

/<
>@

:
/<

:=/:
:@

A
C/

B?
=

=?/
:<

?/9
:9

:
/<

9A/<
</

:<
:

9C
A

/:


�
�
 

'
(G

A:/<
=/<

A?/:
:=

B
/<

CB
C

/<
:C/:

?/
:C

=
>/

A<
:

@A/>
A/B

:<
=

/<
B>/<

?/
:<

:
9@

=
/:

I!
��

JG
?B/<

C9/<
A?/:

::
A

/<
9=

?
/:

:C/:
>/

:C
A

>/
:<

BC
=>/A

?>/:
<>

<
/<

:=/<
@/

:=
>

B>
>

/B

�J
K

L�
�$

9C/<
=/<

C=/<
BB

:
/<

9@
A

/<
:9/:

9/
:>

B
@/

:B
@

>@/
B>

BC/?
9B

B
/<

=</<
C/

C=
<A

9
/:

I�
�$�

!
>C/<

=/<
9A/:

:?
?

/<
@:

@
/<

:>/:
B/

B<
9

C/
>A

B
?:/

:>
<:/=

:@
A

/<
A9/<

</
B9

B
:>

>
/9

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 �.� /�	���0EPM 1�2� �0 &����7
�3$�4 5	�.� ��	6� 

���

 ��.J+ .� 5	�.� ��	6� �� �.! @(�#I U	���� ��� � �7>/��2� ���

-+ f�&>/-"�

 g=(

3�� +

m3 

 m n1# Q�7

2�)�^
gr/cm3

 Q�7

3�� +

ton

 �(�A#

'� (
ha

* +
 '� ( 't	7 �)�

9�+ '� �6 
�
m3/ha/yr

* +
 '� ( 't	7 �)�

9�+ '� �6 
�
ton/ha/yr

�.�E '
-C +b�/�����j�/�jb�/�����/b��z/�z�/�

���e '
-C +���/������/����/�b��/b���/jbz/j

2
�I4�/��z����/����/�zz�b�/��z��/j�j/j

���, g0)�����/�������/�b��/�z����/�jz��/j��/j

Q�	7
�b/�������/���z/��z���/�����/j��/j

���, �X4�b/�j����z/����/��b���/��b�j/jj�/�

Q�7��4z�/�����b�/�j��/������/�j���/��z/�

$�Ui
�#��/�����jb/����/�����/���z��/j�j/j

Q�0#
�z/���z����/��j�/������/������/���/�

)9 #���) '
��E 2�   �
 � (   '� ( �)� * +
 �	��H#�)   �
7,�&� 

    97-&< 
� Q, y	�&&;> $&� -&E�  �&+� '-&&E $&c�
�  . 7 @	�
p�&&�

@0	��       &# D&+ 
 '-&E �
7,�&� �)� * +
 
�-H# @	�
  �&���� 9-

���/�   7 ���/j        '� ( 2��� d0
�
 $� 9�+ 
� 
�;B) 
� @
 �) 2

�# �.�E '
-C + 7 Q�0#
� /01�,-E�� .

    3�� &+
 Q�7 7 g&=( @00J
 7 2
���� $UH> 3�0X�4 y	�;>

        
� $&JC�I# �
 # 2�)-+ Q��1# 
� '-E $;UK> 97-&<�   $&c�
� 

 �+� '-E .           d&0
�
 $&� �&)� * &+
 
�-H# @	�;�� 7 @	�;U0�

  ������z/�  7 �j/j
� @
   '� &( $&� s ��# 9�+ 
� 
�;B) �&) 2

�+� $�Ui
�# 7 Q�7��4 /01�,.

          '� &( �&)� * &+
 �	��&H# �
7,�� 2
�#, �0Jl7 �&)   $&� 

�7
�)    
� aX;1# 297-<�      �&+� '-&E $&c�
�  .  2�&)�
7,��

 9-# �)� * +
 EPM'��->� �	��H# �� $A	�H# 
� 
� '-E 2�0L

   ")� Q�U> �)-+ Q��1#     
� 9-&# �
p�� 2�)�
7,�� '-z  7 '� &( 

     
� 9-# �;�� 2�)�
7,���          
� $&� �&+� �&F	� '� (  NB&E�

�+� '-E '��� Q�U> .

           '� &( �&J.�7 �&)� * &+
 �	��H# $A	�H# 2
�#, /0C�>, �&)

)'��->�    �)-"� 7 �)-+ Q��1# �� '-E 2�0L ( '-E �
7,�� �	��H# ��

    9-# R�� $�EPM     Q #�, G	�6 �� t�  0;&+�      �7
 $&� 7 �>� 

Paired samples- T test'��� �� 2�+ 7� 2��� �)-E f�=>�  . @	�

'����)       '� ( �)� * +
 '-E �
7,�� �	��H# N#�E �)    $X0&+7 $� 

9-#�) 7 g)@0"i  '��->� �	��H#      3�� +
 G	�6�� �K>, '-E 2�0L

  � � �)-+ Q��1# .     
� $&� ��� Q�U> y	�;>   oI&+�  -&`
� 8   @0&� 

 �
7,�� �	��H#   9-# 2�)EPM)         $&� g&)7 ��=( 3
 ` $� g)

 �>�7 3
 ` (  '��->� �	��H# ��  '-&E 2�0L8    �&"J# q5;&]�  2
��

�
�-> � <7 . 
� y	�;>97-<��+� '-E $c�
� .

�	�
��)ME (   9-# 2���EPM        �&>�7 7 �&�=( 3
 ` $� 

  ����� d0
�
 $�j��/j   7 j��/j   -#, �+� $�  .g)@0"i   @0F>�&0# 

   ] 3�J��# 
7�=# �OA>  �I)RRMSE (      7 �&�=( �	��H# 2���

 ����� d0
�
 $� �>�7�/zb 7 �/zb-#, �+� $� -`
� .

i;�

'��-&&>� y	�&&;> ���&&	�
�'� &&( �&&)� * &&+
 2�&&0L G&&	�6 �� �&&)

* +
             �� '-&E �
7,�&� �	��&H# �� $A	�H# 
� �)-+ Q��1# �="+

   9-# G	�6EPM) 97-<� (      �&# Q�U&> �:0` 
 3
 ` $�  -&)�

  �	��&&H# D&&+ ;# $&&�  9-&&# D&&+ 
 2�
7,�&&�EPM�	��&&H# �&&� 

'��->�            DH� 7 '� � R	�/> g) $� 
�0A� �)-+ Q��1# 
� '-E 2�0L

�/j         ->
�� q5;]� �F	-B	 �� 9�+ 
� 
�;B) 
� @
  .   q5;&]� @	�

        ��6 7 3�JC�I# v�0H# 
� 7 '� � /0i�> 
�0A�   7 �J0O6 [��"# 2�)

 �+� ���e� N��. 2
��/01�, .    &> 3��&00|
 d	�&l �&��6 �� ��;OA

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / #$ ��� � ")& ( /�	()��*+,-

���

��
��

# .
�


��
��

 �
��

 �
��

� 
�$

��
%�

 �
��

��
 �

��
��

�
�
�& 

'
�� 

( �
 �

��
��

 )
$��

*
��

�
�� 

�
��

Numbers

Mean

Std. Error of 
Mean

Median

Mode

Std. Deviation

Variance

C.V 

Skew ness

Std. Error of 
Skew ness

Kurtosis

Std. Error of 
Kurtosis

Range

Minimum

Maximum

Sum

EP
M

(M
3 ):

?
<A

=
/:

B<
<

/<
?B

>
/<

9<
=

/<
=<

<
/<

9>
?

/<
9B/

>C
99

9
/:

C:
C

/<
@C

C
/:

A<
<

/:
<:

A
/B

9<
=

/<
9B

<
/B

A:
9

/?

EP
M

(T
on

)B
?

AB
B

/:
BC

B
/<

B>
@

/:
A:

=
/<

@:
>

/<
==

>
/<

9B/
>C

99
9

/:
C:

C
/<

@C
=

/:
A<

<
/:

C9
?

/B
A:

=
/<

:>
>

/9
@<

B
/

:B

M
EA

S(
M

3 )9
?

@=
=

/<
BA

?
/<

=@
<

/<
:A

<
/<

CA
@

/<
>>

?
/<

A:/
@=

=:
:

/:
C:

C
/<

?A
:

/B
A<

<
/:

AB
<

/B
:A

<
/<

>=
<

/B
C?

<
/C

M
EA

S(
To

n)
A

?
:?

?
/:

9A
=

/<
?C

<
/<

B<
<

/<
<9

?
/:

<@
<

/:
==/

@=
=>

C
/:

C:
C

/<
:9

A
/9

A<
<

/:
9C

<
/9

B<
<

/<
>C

<
/9

C?
<

/
:<

:.
 +

�$
 ��

7 

�

�

��

 �
�
�

N$
 

EP
M

 H
O

� 
��

!�
 �

P
��

�
)

+�
� 

�

 �

�#3
� 

�

 �

23
$�

#$
(

B.

�

�

��

 �
�
�

N$
 

 +
�$

 ��
7

EP
M

 I
��

 �
�!

� 
�

P
��

�
)

+�
� 

�

 �

�#3
� 

�

 6

�
(

9.
��

!�
&! 

��

�

N$
 

�
��

� 
��

7 
Q

��
%

��
��

 �
�


 H
O

� 
��

!�
 �

P
��

� �
��

R� 
� 

��
��

 I
��

�
$  

���
��

 S
��

, 
�! 

��
)

�

 �

23
$�

#$
+�

� 
�


 �
�#3

�
(

A.
��

!�
&! 

��

�

N$
 

�
��

� 
��

7 
Q

��
%

��
��

 �
�


 I
��

 �
�!

� 
�

P
��

� �
��

R� 
� 

��
��

 I
��

�
$  

���
��

 S
��

, 
�! 

��
)

�

 6

�
+�

� 
�


 �
�#3

�
(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 �.� /�	���0EPM 1�2� �0 &����7
�3$�4 5	�.� ��	6� 

���

 ��.Je . S�_I	�� @)�	V� ����A b�	(I X�� @� 	�tFI���(�0 

�7-(q5;]� Q�"0�6�)b�-`
�(
@0F>�0#
�0J# q��M>�

 @0F>�0#

'�O;E� �
�->�;+�p��@0	��

 $<
�

2���,
t

EPM(M3)(�) – MEAS(M3)(�)��j��/jzj��bb/j���j��/jz�jjb/j��b��/j��nszzj/j

EPM(Ton)(�) – MEAS(Ton)(�)�����/jb�����/j���z��/jb���z/j�����/j��ns��j/j

ns : �"J# �0e q5;]�     
���8�8�7 �� 
� 	� 97-< �'-E a	�J
 ->�.

 "M!+.2��	V� U02��8K  � 5���A2� /�� &�����0.I052�N�.! 

 7,�� 2p�� 9-# 2�)�
EPM   '��->� �	��H# 7       Q�U&> '-&E 2�&0L

�#       �&C�( 7� �&) 
� $� -)�8         3�0` n&] 3��&00|
 N&0C� $&� 

'� (�)8        7 �+� �0|;# /0> �K>, �)� * +
 �	��H#    9-&#EPM

      -)� Q�U> �
 3��00|
 @	� �+� 
��. .    �# a0` 
 @	� �� ��C Q� 


        ��� ���;4� $��U# G6�"# 
� 9-# @	� ���
�� $� .  @	�$=0;>  2�&0L

 ��On# y	�;> ��)�� (�
�� �>� 1�).

   2
�#, N0XM
 '�L-	� ��8      9-&# �
7,�� @0F>�0# $A	�H#EPM

  '� ( S)-� +
 ���)       '��-&>� �	��&H# �&� /01�, T     
� '-&E T�&0L

    Q #�, �7
 $� �)-+ Q��1#t��� Q�U> �>� 0;+�  $W  oI&+ 
�

� -`
� 8      �&�=( T�)�
7,�� @0F>�0#     �&>�7 7   9-&#EPM  &�  �

 '��->� �	��H#   S"J# q5;]� '-E T�0L      d0
�
 @	� $� 7 $;E�-> 
��

S#  �
7,�� y	�;> Q� 
2�)    ���	�� �
 9-# @	� . $=0;> @	�  �� 2�0L

       ��t&> �&:=> 7 '� ]��� y	�;>)� (     �="&+ * &+
 v�&+��� $&�

    Q�0;C -+ Q/1#)    2
��F� +
 d	�l ���� -`
� (8    9-&# y	�;> 

EPM     '��� 
��. -0	�
 �
 # �
 �  �
�� �>� 1�) ->8      37�&:
 @&	� �� 

   * &+
 d	�l $�            @&	� 
� �&+
�� �
 &# 2�)-&+ 
� 2
��&L

 G0HM
�jj�# -`
� -E��.

    9-# �	�
�� ���	�
�EPM    ��� Q�U&> �+
�� �
 # G6�"# 
� 

    �	�
�� 
�-H# $�)ME ( * +
 �>�7 7 ��=( �	��H# 2��� �)�

    ����� d0
�
 $�j��/j   7 j��/j    �+� '-#, �+� $�  .	�  �	��H# @

ME@	� N0C� $� '-U> �:"# $�->��# Q�U>  9-&# $� -)�EPM 

         �� @B0&C7 �&+� '-&E [&.�7 9 &O. '�7-&M# 
� �	�
�&� �!> ��

  
��
 ]�� �	p�� �	�
���A0> .g)@0"i     
7�&=# �OA> @0F>�0# 

                $&� �&>�7 7 �&�=( �	��&H# 2��&� $� /0> 9-# 2�I] 3�J��#

 ����� d0
�
�/zb   7 �/zb    -&`
�    �&+� $&�      -&	�# �&+� '-&#,

�# �+
�� �
 # G6�"# 
� 9-# @0	�� ��;OA> �	�
��-E�� .

  
� 2�7-J# 3�H0HM
     9-&# ���&	�
� �
 &# �&)  &��=
 2�� �

     �&+� '-E f�=>� �)-"� 7 �)-+ Q��1# �="+ * +
 G	�6 .
�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / #$ ��� � ")& ( /�	()��*+,-

���

   '-E f�=>� 3�H0HM
 dXe�8r���` 9-# 2�)�
7,�� �&)   �&��=
 2

    '�F;A	� * +
 
�#, �	��H# ���)  2* +
  '-E $A	�H# �="+->� .

      $� �+� �C�( 
� @	� 
�-H#     �� �&K>, 2� '-)�U&# �&)� * &+


    '�F;A	� GXJ# * +
 ��� �	��H#�)        9�&�4� �&� 7 2�;#7
-&0) 2

       � N� * +
 ��� �
7,�� 2��� a�
�� d	�l  $  �+� '-#, �+�

     * +
 �7
 �� $A	�H# 
� $�="+�   �)-"� Q��1# ��  �)-&+7 2

  Ri �   ]�� 2�;�� �.� �� �+� 
��
 .g)@0"i     $&� Sc�=>, �� 

               N&0C� $&� * &+
 2��-&>� $X
 d	�l �)-"� 7 �)-+ $> F"	� 
�

     �K>, �� /	
�+ f-4�jj    �� 7 �+� -`
�   @	� $� $< 
    @&	� $&�

        '� &( N� 3�� +
 
�-H# �)-"� 7 �)-+ $> L8      * &+
 �� g&4� 

    �
 a� 
�� 7 GXJ#            �7
 �&.� $&� Q� 
 �# ��C  -")� �# Q�U>

   �="+ * +
  7 �)-"� Q��1#        7 � &�> ��&�;4� R&i � 2�)-+

   9-# ���	�
� 
 !"# $��)          3�&H0HM
 8 �&K>, �.� Q�/0# P="+ 7 

     �7
 $� ���0;+� 2��� �
 �X0�B
�)       * &+
 �
7,�&� d&+�"# 2

  '� ( �� �)��)    '��� v�&+��� /01�, 2 �&)       $&� R&	�/> 
�0A&� 2

  �0J.�7)  * +
 �	��H# �"J	     2�)-&+7 �)-&"� Q��1# 
� 2
��L

i �R (��� $#���.

5�0C_�	j�

@	-�           7 2�
7�U&� 3�&H0HM
 /&��# 2
�&B�) �� $X0&+7  [��&"#

   7 \�&&] �&&^�:( 3�&&H0HM
 /&&��# 7 Q�"�&&+ Q�;&&+� �&&J0O6

      2
�&B�) �
�&H0HM
 ��&6 @&	� 2��<� 
� $� 
 U� 2
��/01�,

'� �>->�8�# �>��
-. 7 �BU
 � E.

��	
�������	E(�0

�. � 8$BE7�� .���� . � * +
�
7,�� $]�E�+ �)         2�0F� +
 2�)-+ �U� 
� * +
 2�0L '��->� �� '��:;+� �� �)�   2�
 &# $&JC�I# 

$]�E�+   ���e Q�=	��
�, Q�;+� 2�) .     ��6 Q�	�=# �	��)��L @0#7� 3p�H# $4 �=#         �="&+ * &+
 $&"0#� 
� �
�H0HM
 2�)

9-# 7 �)-+ 8�)-"� Q��1#�� +
 2�) .2
��/01�, 7 \�] �^�:( '-BU)7t�.��7��$0#7
� 8Q��,  .

�. 9 8�	�+
��. w 8 . � 8�+7-. . � 8�	�A04 . f 8q��;4� .   v 7 $&<� ] .   �&0> �0&� .���� .     9-&# �	�
�&� �&+
��   �&��=
 2�&)EPM

7MPSIAC Q�;AXL Q�;+� 2�)/01�, * +
 7 P	�+�� �
7,�� 
�   . �� #,7 3�H0HM
 Q�#��+ 8�
�H0HM
 ��6 �	�K> �
�/L

2�
7�U� ��K< 3
��7 82�
7�U�
 8Q��K.

�.  � 8�>�] g0B( .���� .   $#�> Q�	�� 7 3�JC�I#�� 2
7�# 9-# 27
 �� '-E f�=>� 2�)PSIAC    '�
�7 2�&)���	� �&+
�� 7 Q��&	� 
� 

�� '��:;+� N�JC�
 ;+� $0K
 7 �K>,��Q, .Q��K
 '�FU>�� 8�J0O6 [��"# '-BU>�� 82
��/01�, 2�;�� 
�"0�+.

�. � 8Q�	-C�] .��z� .     * +
 7 P	�+�� �+
��    9-&# �� '��:;+� �� w-""+ x5U. -+ '� (EPM   * &+
 
�&#, 7 g	/&+ �7
 7  .

Q��K
 '�FU>�� 8�J0O6 [��"# '-BU>�� 82
��/01�, -E
� �+�"E
�� $#�> Q�	��.

�. f 8'� ]��� . ~ 7 . ��t> �:=> .��z� .  2� 9-# �	�
�� .�� .           , '� &( 
� * &+
 7 P	�&+�� �
7,�� 
� f�   Q�&0;C /&01� .    �&J0O6 [��&"#

Q��	��j)� :(�b��j. 

�.8�)��
 � .  7f .
. S;�J> .��z� . �7
 T�0L
�_�EPMP	�+�� $JC�I# 
� �7
 3 �C� /01�, '� ( * +
 -0C 
 7 T�	�� .  f &X4

Q��	� T�
7�UW��)� :(�����.

�.  f 8g< �>�=>� .��z� .   9-# �+
��EPM       �7�>�&=>� /01�, '� ( P	�+�� �
7,�� 
�  .         /&01�, -&E
� �&+�"E
�� $&#�> Q�&	�� 82
��

Q��K
 '�FU>�� 8�J0O6 [��"# '-BU>��.

�.w 8S)�E Q���e .���� . '�0L 7 ��] /0C�>,)$�<�
7 $0K
( .8g<�;# 3�
�U;>�Q��K
 .

b.� 8�( ;� .q 7 .2�|`� .���j .'��� 2
�#, /0C�>, �E� #, *�;� �� �)SPSS 8) $�<�
( .Q��K
 8v .�> 3�
�U;>�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html


 �.� /�	���0EPM 1�2� �0 &����7
�3$�4 5	�.� ��	6� 

���

�j.8'���� �M#� .��z�.+
 $I��
 S+
��@0#� T��
�W7 T-0C 
 * .7 NF"< [
�#�� : ����j.

��. v 8��On# .  � .��z� .            ���
�� �� N���� /01�, '� ( �	�� * +
 7 P	�+�� �+
��EPM 7 g	/+ .      -&E
� �&+�"E
�� $#�> Q�	��

Q��K
 '�FU>�� 8�J0O6 [��"# '-BU>�� 82
��/01�,.

��. f 8�BX# .���� .�7
 �� '��:;+� �� ��, P	�+�� �+
��) 7 2� C ��# c� 2�EPM �7
 Q�&HC�6 /01�, 
�  .    �&+�"E
�� $&#�> Q�&	��

Q��K
 '�FU>�� 8�J0O6 [��"# '-BU>�� 82
��/01�, -E
�.

��.S�E�) v 8 .~. � .���j . 7 S+
��$A	�H#  9-# 7�  �
7,��  7 P	�+�� 
� * +
    2/��# ��OC� )  '�7-M#  Q�"�&+ Q�;+�(.  $&4 �=#

Sl�
� �	�	-# SX# P	��) 3p�H#���
�-	�� $J+ 
7 ��] P	�+ 8� �
 � 8@�K� ��
�.

14. Gavrilovic, Z. 1988. The use of an empirical method (erosion potential method) for calculating sediment production 
and transportation in unstudied or torrential streams. Proceeding of International Conference on River Regime, 
England, 18-20 May.

15. Hadley, R.F. and D.E. Walling. 1984. Erosion and Sediment Yield: Some Methods of Measurement and Modeling. 
Cambridge University Press, Cambridge. 

16. Haregeweyn, N., J. Poesen, J. Nyssen, G. Verstraeten, J. D. Vente, G. Govers, S. Deckers and J. Moeyersons. 2005. 
Specific sediment yield in Tigray-Northern Ethiopia: Assessment and semi-quantitative modeling. Geomorph. 69: 
315-331.

17. Nash, J. E. and J.V. Sutcliff. 1970. River flow forecasting through conceptual models. Part I: a discussion of 
principles. Hydrol. 10: 282-290.

18. Van Rompaey, A. J. J., G. Verstaeten, K. Van Oost, G. Govers and J. Poesen. 2001. Modeling mean annual 
sediment yield using a distributed approach. Earth Surface Proc. and Landforms 26: 1221-1236.

19. Walling, D.E. 1994. Measuring sediment yield from river basins. PP. 39-83. In: R. Lal (Ed.), Soil Erosion Research 
Methods. 2nd ed., Soil and Water Conservation Society Pub., USA.

20. Walling, D. E. and B. W. Webb. 1988. The reliability of rating curve estimate of suspended sediment yield: Some 
further comments. PP. 337-350. In: Proceeding of Sediment Budgets Symposium, Porto Alegre, Brazil, 
December, International Association of Hydrology Sciences Pub., USA.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.2

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.28.7
https://jcpp.iut.ac.ir/article-1-792-fa.html
http://www.tcpdf.org

