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	�	�� ) ����I5� ���P
! 7	 )A�' )9H$ 
���� � () ��Q � ��? w� =- {�I���� 	� �� %�	 %�� �H�	� �(

 �H�	� R*A ��1 .��(' �q	�	  

)1(   � =  
(���.	
)�

(��.��)
  

 ��H�	� %�	 ��Q )+�� �� &�'	�� b�<��	 ����P  "��� ��?	��24 )+�� �� ��L�$ � ���S  &! /��A	�K�' ���� =��� R��L

)+�� h�� �� Y�- ���c �� ��� 7	 �? /$	 ������  Y���- %���@ /��J� =�	�A � h�A �)���5 NA�@ �Y�-

)� ��L) )C9C� ���(A S�' �� ��#�CN ()� %��#� �H�	� P(? �� � 
! 7	 ���<�$	 �� �? �A��2 )� 
	��S � 	�� /$�

.���!  

)2(   � =  
	����

��
− 254  

���% ��`C� �� )'	��� ������7�� ��' � 
	��'7�� 
��$	 )#�IJ s��C� ��	�	 Y�- /�� ���' 7	 ���<�$	 �� /� ' �

 ��K� ���' ��*���! Y�- /^�<� 
��7�$ O��� 7	 ���5���5) Y�- )*�a�,����� ���Hydrographic Soil 

Groups)� %��#� f��g �� �! ���� ( ����c� 7	 ���<�$	 �� f��g �� �! ���� )�	�	 �����? ���' %�CM(� .��A

��	���� �	ASTER )� ��K� 
	��'7�� 
��$	 )#�IJ s��C� ��	�	 7	 ��' � ��g 8�<+� U�$	 �� z|$ .��AHSG  �

�	 �����? =�9� �� )�	GIS ���' /� ' �CN  h�A � �A�� =$��� /��J� �	�	� Y�-) O���' =�	�A �	����� ��
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 7	5 )� ��K� (�A�I' �F�� � ��AU�$	 �� ) %$�g � ����A "��1990 b�6� )'	�	� )$��� 7	 z@ �(AMS ��

Y�- %���@ /��J�)1��� /�#�� �( b�' U�$	 �� O�$ ���AMC )� ��-�CA P�-h�A �� ���� �� � ��A �	�

� R�,� �� � f��g �� �! ���� )�	�	 
���n�9c� �O���' =�	�A 
��I' �	�6���  ��� ��CN ��K� �� =�	�� 7	 ���5

)� S�T'	 f�	� �H�	� 7	 �%�	���C� .���53  R��I� �	��CN  �� O���'CN ) P�-ICN)� ���<�$	 (.��A  

)3(  ���  =  
���

	.���.��� × ����
  

��	� )5�'��� ��?	�� ���24  ��L�$11 
	��� ������	 ���� /�#6�� �� �	�T(� )TC$�#,�H�����  /IX �	���	 7	


! ���! O�$ �� ��1396 ��HC� &! /?�A 7	 
	��'7�� 
��$	 �	s(���!���A�'	 R*A .2 ������	 %�	 /�#6�� 	� ��

f��g �� /I�')� 
��' �����	� %�	 )$��� 7	 z@ .��� "��� ��?	�� ����	�-� ���24  ����! ���� )J ��L�$

 Y����35 ) �,�$1362  ��1396 
��� (11 ��g ��K� /K� ���	�	 �� .�'�A )��$�CA ���<�$	 ���� ������	 ���

 )5�'��� ��?	��24  �	�� ��L�$O�$��  ����! ���� 7	35  ��HC� nH$ �� �,�$�#,�H�����"�� 7	 �%��7 ������!2 


��� =�9� �� )���ArcMap .�A ���<�$	  

  
 F<�2: ��2"�+� ��IB�!���  1�M=+�> Z���� ��LK���� 
W ��� �E;���  �kW�;C 1�M��;J� 1�M24 !@ 
"H�K 1���@ ���� �� �M35 

) 
(�K1362   �#1396!��� 5�� 3� ���8"K� �  (�# �  jL�+�W � �+��+�� O 
�� 1��  1� 
ABC N+� �� P[K 13�K���8"K��;� .�K�  

  

 ������ ������RMSE ��/$����! 
��� "�� �$ 7	 )���IDW �RBD  �Kriging ���	�)�	3���? �4 %�$�5 �5 �(

)� 
��' s��� �� lC�T��? "�� �? ������	���� � �H- %���(? �	�	� �	 �� /6� %���
�����	� )��� ��?	�� ���

 )5�'���24 �L�$ O���) /$	 N��D@ %�	 �� �2���!��� .(  ����� ��*' %�	)����('  ���! 7	 ���<�$	 R�,� �?35 

 )5�'��� ��?	�� �,�$24  ��L�$11 ��	� �? /$	 %�	 ���I��' ������	 �� h$�C� )'�*� NC?	�@ 7	 )5�'��� ���

 
1. Antecedent Moisture Condition 
2. Geostatistical methods 
3. Circular 
4. Spherical 
5. Gaussian 
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 ��HC� nH$�#,�H����� ��-��N � �� )����� "��� 
	��� ��� �� 	� )	�5�@�� =�	�A ��Xr� � ���� �	� ���

��+� � )�A� 8J�C� �� ���5 )'�����? � s<��� 8J�C� 7	) f��g �� �! ���� E+� ��� (�	.�7�$ z*#C� )��-  

  

 S�;Y2: 5�� �I� � ��<��H �K��  1���@ 1�M����N�3 1�M!��� �� ���@C �+��)� � �+ �E;���  �kW�;24  
"H�K  

 5��  

����@ 
IDW RBD 

Kriging 

Circular Spherical Gaussian 

%��'��� 9 6/2  3/3  1/1  1/1  

;�#��� %��'��� �}� 2/36  33 32 8/32  8/32  

��	�'��$	 %��'���  -  - 1/0  0 0 

��	�'��$	 ;�#��� %��'��� �}�  -  - 1 3/1  3/1  

 ��H- %��'�����	�'��$	   -  - 6/33  4/24  3/25  

  

��IA "�� 7	 ���<�$	 �� &W�$ �7�$SCS ��	� �� 7��'���5 �)�	�	 �����? ��� �Y�- P�a�,����� ���DEM �

��	���g %�	 �(� �? ��	� ���� ���7 h��� � "��� ��� O�+$ �7	�'	 �� � ��$� h,�6 �� ��30×30  ��K� ���

)��'�A "�� U�$	 �� .SCS ����! ���� �� &W�$ �H- � &�'	�� b�<��	 �/$� �� )����!��� .��!  ��*' %�	

 O�� �� &�'	�� b�<��	 ���!�� �	�� �? /$	 �����SCS ��	� 7	 )5�'��� ��?	�� ���24  ��HC� ��L�$�#,�H����� 

 ����! ���� )J35 ) �,�$1362-1396�	�	 �����? ;�LWJ	 %�CM(� � ( )p	� �$	��A ��	���� ����c� 7	 �	

Landsat O�$ ���1367  �1385 ���5 � Y�- /�� �� >���� ;�LWJ	 ��C? �� )���J� ���5 �
! P�a�,����� ���

)� ���<�$	 )�	�	 NA�@ � h�A �Y�- .��A &W�$ � ��I5� ���! 7	��A}-	 ��HC� &! /?�A 7	 
	��'7�� 
��$	 �	

 ����	����)B�
��7 /IX��A "�� /6� )���7�	 �	�� (SCS  ����IA h��� U�$	 �� f��g ���� R�$ �7�$

)� ���<�$	 ()��I$�9� � )�	�����) 
! 
��7 � p�	 )�� 
��� )���I(�.��A  

BK� ���	��@ %���'�����7�  O�� 7	 ���<�$	 �� &�'	�� ���!�� /K�SCS ��IA ��	�	 �� � �� �! ���� �� &W�$ �7�$

�����$��))� Y�- P�a�,����� ���5 ��� .�A��f��g �� �! ���� �� Y�- P�a�,����� ���5 %��#� ��`C� ����

 s��C� ��	�	 7	 Y�- /�� ���')#�IJ Y�- /�� U�$	 �� .�A }-	 
	��'7�� 
��$	 ���}@��<' ���	��@ �� �1  O���)

3��}��! � (2  O���)4)5D�� �(����� ���5 � u �� Y�- ��� ���(A ��g ��K� �	�� .����5 %��#� 
! P�a�,

��	� �� 7��' )C9C� �� Y�- ��,�	 )���J� =�	�A � )�	�	 �����? �)�	�	 NA�@ b	�'	 �Y�- P�a�,����� ���5 ���

 ���' �	���	 �� .��	� ���� �� �! ���� nH$CN �	�	� Y�-) O���' =�	�A �	��  h�A � ���� =$��� /��J�

��� 7	 ��5 ���' 8�<+� 7	 �(�A�I' �F��) Y�- P�a�,����� ���5 ���HSGO��� P(? �� � )�	�	 �����? � ( ���

SCS  O���)5) ����5 ��K� (Hjelmfelt and Mockus, 2004.(  

 
1. Permeability 
2. Water flow/ Drainage 
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 S�;Y3: N�C) (1�+67cB8�) ]�J �*�  o�K� �  ]�J X�H �� P@ !�+�Y cB8� !�?���3 �!���<�M � �1397(  

]�J �*�   (�H�K /pL+�) ]�J �� P@ cB8� X�H  

)��, %A �%A  05/0  

(O�	�5) )CA {�I���� /�� �/A�� )CA S�, �)��, ��� %A  1/0  

U� �)CA U� �)�+�$ U� ���� )CA S�, �)CA � )$� S�, �)CA S�,  15/0  

)$� S�, �)�+�$ � )$� S�, �/+�$ �)�+�$ S�, �S�,  2/0  

  

 S�;Y4: N�C) (1�62 @) ]�J �*�  hB� 
  
YB# �  ]�J 1�62 @ ��\K X*� N�# �!���<�M � ���31397(  

]�J �*�   1�+67cB8�  

)CA U� �U� �)�+�$ U�  S	�! )+�-  

)�+�$ U� �)CA U� �U�  S	�!  

)$� S�, �)�+�$ � )$� S�, �)CA U� �� )�+�$ U� �U�  =$��� S	�!  

)�+�$ S�,)�+�$ � )$� S�, �)CA � )$� S�, �S�, �  =$���  

��m�� )+�- )CA S�, ���� )CA S�, �=$��� �� /A�� )CA S�,  =$��� s��$  

)��, ��� /�� �)��, ��� %A ���� %A  s��$  

(O�	�5) )CA {�I���� /�� �=$��� �� /A�� %A  s��$ )+�-  

  

 S�;Y5: ���E �L�L� ����� 1�M�EU+� o�K� �  ]�J ^+_B(��;MN�C) �A��� 1�M �!���<�M � ���31397(  


ABC q\K T�B7 ��9BGJ  A B  C  D  

=$��� )+�C� NA�@  36  60  73  79  

&�- )+�C� NA�@  25  55  70  77  

=$��� NA�@ �� )#�IJ s�	��  49  69  79  84  

&�- NA�@ �� )#�IJ s�	��  39  61  74  80  

S�� /�@ ���lC�?��@���� ���� � ��)�,�<$! ���  98  98  98  98  

 �� )'�*�� 8J�C�65 /,�<$! �F��  77  85  90  92  

 �� )'�*�� 8J�C�20 /,�<$!  51  68  79  84  


����-���� � ��)�,�<$! ���  98  98  98  98  

����)?�- ���  72  82  87  89  

�����$�A ���  76  85  89  91  

  

 �(B�K ���B#� 5��  

 ���� �Q ),�+$ ;����	)� E��#� �*IA P� ;��F)� ��<5 O�+$ P� �
! �'�- �� �� �? ���5O�+$ �*IA .��A ��

)� �� � �� �P� � ��A	� )���<�� ��#�	 �'	���$�#�� � �? ��	� ���� �*IA 7	 )<+� � O�*A	 %�CM(� .�A�� �

./$	 ����	� )*��� ����@ /#�IJ )#��� �*IA� f�	��� 7	 ��  � )�+�� ���� b�'NA�A�5 )� %�	 �� .�A��

) ��HC� b�<��	 )��6� O�� �N��D@DEM��g � (�Xt� ������	��@ �(� 7	 RF�� ���$� ����  ��;��F �*IA P� -

 ��C��#����  u �� ��#�	 ��30×30  ����*���R��C�� ./$	 ���KC��@ ),�+$ ;����	 O�� ),�+$ ��Q  ��CA 
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)� P� /,�� 
��(' 7��� �� )�g�� /�(�	 )����(� b�' .��(' ���<�$	 )����(� �	�� )<+� � ������-�$ 7	 
	��

 	��7 :��	� O�+$#���%��CC?  
�����(� �	�#�/?�A��CC? ���� O���'	 �*IA ��� �� � ���� )+9� O���'	 
�'�6 �� %

O�+$O�(#� ./$	 �	}5��Xr� ��
! %���)� O�? � /�($	 ���� �%���' 
� )����(� �� .�A�� /#�IJ �� ���� ��

��	� )+�*�@ ���NTC$���7	 B� � s��C� ���� ����'�� %�C\
�$! )���'��� ���O�� �� ���CA  �*IA P� ��

�#���� )� R�*��$ ;����	 P� 7	 ��' 8��9� %�	 �� .�'�A ),�+�#����  � P� )����(� b�#A �� R*A )#���

/�� �� ��� )����(� R*A)� ���<�$	 )���O���'	 � N @ O�(��	 %��5 �`' �� �� .��A K� �(� �� &!/��  ��)

)� &� �'	 ��� )����(� R*A �(���C? O�+$ /��.���5 O�+$ �� &! 7	��) ��H�� ( �`' �� O�+$ /,�� 
	�CL

���5��A 7	 �  �H�	� 8��J4 )� �I$�9� �H�	� %�	 �� .��AZ  �� ���� �� �? /$	 ��?�� O�+$ b�<��	DEM 

)� u �� ����.��A Hp  � O�+$ �� 
	��� "��� 7	 )A�' b�<��	Hn O�+$ 7	 )����� &! b�<��	./$	 ����(� ���  

)4(   H = Z + Hp + Hn 

���% ��`C� �� "��� 7	 )A�' &�'	�� �I$�9� �	�� �O�+$ 7	 ��)� ���<�$	 P���(C�$ p�� O��.��A  7	 ���<�$	 ��

)� O�� %�	��IA �� 
	��7�$h+j	 .��? S	�6	 
���� �����@ � �F�L =� � /$	 )I'�� h�A �6� N @ ���

)� �%�	���C� ./$	 ),�J h�A �	�	� 
���� 
	��� P�#��  
���� .��? w� %��7 ),�J h�A /K� �� �� �

� P�#�� � ;g��#� 7	 �	7! nH$ �St. Venant )� ����@/$	 B�C��� � S�� ���� �,��#� �� R��A � �C? 7	 )*� .

���A�,��#� %�	 R� ������ /$	 O���' 
���� �� P��'�(�$ p�� w�)� w� "�� %�	 �� .�+(� �? ��A��� 

�	��	 ���$ R���� �� B�C��� )+? �,��#� �� 
���� 8(L 
���	�5 � &��A  �,��#�R��6B�\A�@)  :�C������% 

����h )�)� 	� 
���� 8(L .��(' w� /-	�C*� 	� 
���� 
	���H�	� 7	 
	�� 7���� � 
����	 �? �	�q	�	 ���? ��'	 ��

/$�  �H�	�) ���!5.(  

)5(   0.6)0.5
0x/Sey = (ni 

 �H�	� %�	 ��y  &�'	�� 
���� 8(Lh����  ����ei  )��	 "��� ;�Ah����  ���'�X �� ���n  �lC�'�� ���7 h���

x  )���- 7	 
���� ���� O�J �� O�+$ �� �+F�h����  � ���0S ./$	 �#� 
��� h�A  

O���'	 %�'	�6 CA  �� ���	��@ "���5 ��9' s6	�$�������) )� 
��' 	� �� 
���� /K� %��#� �� O���'	 %�'	�6 .���

 O���'	 ���� U�$	o��� R��'��@ ��� �� O�+$ P� 7	 &! P\�? R��'��@ ��� �	�	� ���T� O�+$ �� �� S�T'	 ��

)� .���5���F��)�? $ %��C\(? R��'��@ ��� �	�	� ����(� O�+�A�� ��?�� O�+$ �� /I�' �� �? ),�+$ �� &! �

��� ��� _W�-	)� 
���� ���	� ��?�� O�+$ �� ��� �	�� .����O�+$��� ���(� 7	 z@ b�<��	 _W�-	 ���H6 �

����B��  �}�2 O�+$ ��)� ������ ���� ��� )*��� %�'	�6 
�(� ),�+$ ;����	 %�'	�6 �TC�	 �� .��A��-�CA��A 

O�� �	�� �? /$	 �a�,����� ���� &�'	�� �7�$ "�� 7	 ���� nH$ 7	 �	7�� "��� s�(T� ��`C�D8 )� ���<�$	 -
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:��A � �	7�� "��� )C#�)� /?�� h�A /K� �)� s�(T� � �C?"�� )�*�7 �*IA E��#� "�� .��A1SFD8 

)� �����' B�����,	 .��AD8 O�	��� �'��	 7	 N��D@ %�	 �� �? /$	 
���� /K� %��#� �	�� "�� %���Arc 

Hydro  B�����,	 7	 �?D8 )� ���<�$	� �C?  =�9� ��GIS ����`C� ���� nH$ �� 
���� /K� %��#�  �� �!

)� ���<�$	 f��g/,�� %��#� 7	 �#� � )'��7 S�5 �� �� .��A
���� s�7�� ��� � /K� ��) O���'	 
�'�6 U�$	 �

���)� ;��F (h�A %���O�+$ w�L �� N��(�@ 
��7 �I$�9� �	�� �+��� %�	 �� .���5 ./$	 7��' /L�$ � ��

N��(�@ 
��7� )� O�J �? /$	 )'��7 .�C? )J ���� ���� �H�' �� ���� �H�' P� 7	 &! ��?s6	��� 
��7 �

 
���� O�J /I�' 7	 N��(�@ 
��7 ./$	 �?�(� 
��7 7	 )q�� N��(�@��/L�$  
����/$� �� )� �� �%�	���C� .��!

��� /L�$ �lC�'�� �H�	� 7	 ���<�$	 �� �RI6 �+��� �� 
���� 8(L 
�A S�+#� �H�	� 8IJ 
�6 /$� �� )� �� .��!

 �H�	� %�	n  O��� U�$	 �� � /$	 lC�'�� h���6 )� u ��.��A  
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1. Single Flow Direction chosen from 8 possibilities 



  

  

  

  

89  --------------------------------------  	�?! 	&�$�3.� 3	 � @����& A�B5&� � � �C�'(� @" �	�B��� �3 ...  

 

 "��� 
	��� �%�#� "��� �	�-� P� )J �� �? /$	 %�	 ���	� ���� ���� nH$ �� &�'	�� ��,�� R��'��@ �� >�I��	

/(�6 �� )�����	 ;��<�� ���� E+� � ��� ;��<� %�	 ./$���F ��)  �	�-� P� �� /$	 %*(� �? /$	

(�6 �)A���/��� "��� �	��� ���� )��C� ���/(�6 �� /I�' ��� .z*#,�� �� � �CC? /���� 
! ),�(A ���

���' �� �5	 �%�	���C�
��� ��� ��?	�� ����	�-� )���24 )� ���A ���� ��L�$ %�� ������ �� 	� ;��<� %�	 
	��

�-� ��?	�� )5�'��� ����	24 ����� �� ��L�$ ���$���)��A  ��?	�� �;��<� %�	 7	 /�#I� �� .��(' ������

)� B� &�'	��.�A�� ��m�� ���� nH$ �� �'	��  

  

                                
 F<�3: :(�K��) ���E 
D)�=+�> ?	 @ 
ABC ]�J ^+_B(��;M 1�M���         F<�4:  �L�L� ����� 
D)� :(s�);�#+F�;�  � 

 �" B�� ���E � �A��� `� o�K�III  



  

  

  

  

90   -----------------------------------   8! 9����:! ;��!�< ���  �� �&�	 �2� �&�=� �24 � 4��-3�51399  

 

  
 F<�5
�B�� :
D)� 3� 1�!��� 1�M �E;���  �kW�;C 1�M��;J� � �+24 =+�> ?	 @ 
ABC �� 
"H�K���  

  

  
 F<�6: 
�B��
D)� 3� 1�=+�> ?	 @ 
ABC �� P����� ;(B# F���"7 1�M���  

  

��g 
�A ����! 7	 z@ �	�� &�'	�� ���35 �	�-��  )5�'��� ��?	��24 O�$ )J ��L�$ ���1362  ��1396  ��

f��g �� �! ������IA ������g �� 7��' ),�+$ ;����	 O�� 7	 ���<�$	 �� ���� %�	 &W�$ �7�$ �
���� 8(L ���

N��(�@ 
��7 � 
���� /L�$ O�+$ �� )��	 "��� ;�A ��� 7	 ./A	� ���7 h��� �h�A �(&�'	�� b�<��	) ��

�� &�'	�� 
���� 8(L ��g �
���� O�J � lC�'�� &�'	�� b�<��	 � /$	 P���(C�$ p�� O�� U�$	 �� �? ��! /$�

O�+$ �� "��� 7	 )A�')� 
��' 	� �� R*A) ���7.(  



  

  

  

  

91   --------------------------------------  	�?! 	&�$�3.� 3	 � @����& A�B5&� � � �C�'(� @" �	�B��� �3 ...  

 

  
 F<�7
�B�� :
D)� 3� 1�X�H 1�M =+�> ?	 @ 
ABC �� P��������  

  

��IA �	�� �%�CM(�N��(�@ 
��7 ./$	 7��' ���� N��(�@ 
��7 �� 
! _	�5����� B�$�� � &W�$ �7�$�  )'��7

)� O�J �? /$	 �� 
���� O�J /I�' 7	 N��(�@ 
��7 .�C? )J 	� ���� 7	 ����� �H�' �� �H�' P� 7	 &! ��?

�� 
���� /L�$)� /$� �H�	�) ��!7 .(���% ��`C���	��! 
���� O�J )��6� )L�<��	 O�� ��� 7	 ��� �� ��! /$�

 �� 
���� 8(L � h�A �lC�'�� ���7 h��� 7	 ���<�$	 �� ��' 
���� /L�$ �S�' =�9� ��	�	ArcMap  �I$�9�

 �	�� N��(�@ 
��7 ���$� ���' z|$ .�A35  )5�'��� ��?	�� �	�-�24  ��L�$�#,�H�����  ���' �? �A B�$��


!UW? �� �� ��C�5  R*A �� )'��7 RF	� ���6�8 ./$	 ��A ����!  

  



  

  

  

  

92   -----------------------------------   8! 9����:! ;��!�< ���  �� �&�	 �2� �&�=� �24 � 4��-3�51399  

 

  
 F<�8
�B�� :
D)� 3� 1�=+�> ?	 @ 
ABC T+��7 !��3 1�M���  

  

)7(   Travel time = L/3600V  

 ��H�	� %�	 �� �?Travel Time  ����6� �� N��(�@ 
��7L  
���� O�J ��gp	� �$	��A  � b�<��	 )��6� O�� 7	V 

 
���� /L�$h����  �� �^�C�� )�� �),�+$ ;����	 O�� �	��	 �� ./$	 ��'�X �� ���S	�?��  ��?	�� ����	�-� 7	

 "���24  ��L�$��F;�� O�$ �	�� )'��7 ��$ ���1362  ��1396 p	� �$	��A  ��+��� %�	 �� 
��$� �	�� ./$	

 �	�#�35  ��'��� O�+$ �� )#(T� 
���� /K� ���' �� .����5 ��,�� &�'	�� ���$� ���' � 
���� /K� ���'

�� �? /$	 
���� ���� "��D8 �'�(' �? ����5 %��#�! ������	 _	�J	 �	�� 
! 7	 �	 )�?7�j -  f��g ��C�

f��g �� �! ���� )���- �� s6	� ��������� ������	) R*A �� (���9  R*A ./$	 ��A ����!10  )�� �	���

 )�W�$�I$�9���A  ��?	�� "��� �	�-� �	�� )�?7�j! ������	 _	�J	 ����9� ��24 ��L�$ �� �����

16/06/1381  	�)� 
��'� �� /6� �� .��� �' %�	 �����)� ������ �����A O�+$ �	�6 ��	��! ���� �� �? )���

����'),���� :�'�	� ���\�' ����� &�'	�� �'	O�+$ �	�� �? &�'	�� ���	��! �� s6	� ���R��6�`�W�	� )� ������A .

 )�?7�j! ������	 �� )5�'��� �	�-� %�	 �	�� )�W�$ )�� �	��� �R*A %�	 8��H�42/3  �� ./$	 ��'�X �� h#*����

 &�'	�� �	��� �*C�	 �� �����I$�9���A  �H�	� =$��SCS �	��� � ���� "��� 7	 )A�' &�'	��  ���5 �`' �� ���@ )��

:/$	 ���'  f���' /6� )���7�	 �	�� %�	���C���	� �� )�?7�j! ������	 ���@ )�� �	��� �? /$	 S7g )�	����� ���

 /6� �	�	� � ���$ "�� P� �? )+9� R6	�� "�� 7	 �#,�H� %�	 �� .���5 ���	 )�W�$ )�� ������ �� � %��#�

R��6O�I6 �I$�9� �	�� �/$	 �c �� .�A ���<�$	 ���@ )����� )�� ����! �� >���� ���35 �� �	�-� "��� ��?	

24 �� ��L�$ ��?���5��A  O��� �� N��D@ %�	 ��7 ./$	 ��A ����!  

  



  

  

  

  

93   --------------------------------------  	�?! 	&�$�3.� 3	 � @����& A�B5&� � � �C�'(� @" �	�B��� �3 ...  

 

  
 F<�9=+�> 
ABC ����# !�+�Y ��Y T+��� :�"W3Bd@ 1�"���;M ��2"�+� Z���� ���;�� � ���  

  

  
 F<�10 ,+��# 1��  �;� 
�K��� � [K � � ��;)� :16/06/1381 �"W3Bd@ ��2"�+� Z���� ���;�� ��  

  



  

  

  

  

94   -----------------------------------   8! 9����:! ;��!�< ���  �� �&�	 �2� �&�=� �24 � 4��-3�51399  

 

 S�;Y7� � ��G	D� :=+�> �"W3Bd@ ��2"�+� F�� �� �(B�K ���B#� �  �#��K��� 1�M  

����@ /� �  N2��� FI�;C �kW�;C ���� Z����� �2(B� `+�A 

�H�K ^+ �� � � N2���  8/3 7/0 2/14 9/2 1/2 

 5��  �kW�;C � �24 
"H�K  9/90 5/15 9/340 4/70 1/2 

  

 �S�T'	�$U�$	 ��  ��?	�� ����	�-� )'��7 ��$ 
����@ =�9� �� ����� N��(�@ 
��7 � 
���� 8(L ���'

 )5�'���24  ����! ���� �	�� ��L�$1362  ��1396  &W�$ � ��I5� ������! )$��� �� .�A B�$����A}-	  7	

��HC� &! /?�A ����	���� ;�LWJ	 �
	��'7�� 
��$	 �	B�
��7 /IX��A ��	� %�	 �� ������ .�'�A p	� �$	 ��

)���� )��I$�9� � )�	����� )�W�$ ��� )5�'��� ��?	�� )�� � /L�$ P� �� )�� %��'��� ;��F24  ��L�$

R*A �� �? /�5 S�T'	 ���11  �12 R*A %�	 8IJ ./$	 ��A ��	� 
��' )�W�$ )�� ����I$�9���A  O�� ��

/�#�� �	�� B� ),�+$ ;����	  "��� ��?	�� )�W�$ )�� b�(T� �	�� B� � /L�$ P� �� )�� %��'���24  ��L�$

 ����7 /���H�B��� .�'�	�  

  

  
 F<�11=+�> ?	 @ 
ABC (�H�K ^+ �� � � N2���) �#�;M�D� � �#��K��� � � ����3 1�K :���  1�"���;M ��2"�+� F�� ��

 Z��EB"+�M NLg�M � ����3 1�K N+� b�"W3Bd@IF ��;M�D� ���� o�K� �  �t<H 1>�  �� �E;���  �kW�;C 1�M24 S�K �� 
"H�K-

 1�M1362  �#1396 K�# ��;� .�K�  

  



  

  

  

  

95   --------------------------------------  	�?! 	&�$�3.� 3	 � @����& A�B5&� � � �C�'(� @" �	�B��� �3 ...  

 

  
 F<�12 5��  �kW�;C � �) �#�;M�D� � �#��K��� � � ����3 1�K :24 =+�> ?	 @ 
ABC (FW � � �+ 
"H�K���  ��2"�+� F�� ��

�"W3Bd@ 1�"���;M Z��EB"+�M NLg�M � ����3 1�K N+� bF �I�;M�D� ���� o�K� �  �t<H 1>�  �� �E;���  �kW�;C 1�M24  
"H�K

S�K �� 1�M1381  �#1396 K�# ��;� .�K�  

  

 
�"�1�E 

f��g ����%��7 ��- =�	�A ��Xr� /9� ��� � )���5 NA�@ �P�a�,����� �)�	�� � &! �)$�CA P�a�,�����qa

�� �<F �g�� � 
	�CI � iL�� O�$ ��$ O�c �� ��� R6	�� O�#� 
��� %���@ ./$	 ���!�� B���$ P� ;��F

)� �� &�� iL�� O�c %�(� �� ��� ��?	�� O�#� 
��� .��A�'����T �'	�?�- �>��I'	 � w�I�'	 %�	 ��

� ��h��A &! =$�� �)� R(� ���� ���5 ���� �� � �'�A"��� B� O�$ S� ���7 h�A ��� �� ���I5� ���

�C�	����� ���� )� &W�$ ��T�	 iL��.�'�A R�$ �� ���� ���� �f��g ���� 
��� ��-"��� )J �� �D�� ���

 ����I5� "�� 7	 ���<�$	 
�*�	 
�	� 
��' ��#,�H� %�	 7	 )+F	 _��SCS ��IA �	��&W�$ �7�$ 7	 )A�' ���

"���?	�� ��� ��24 O�$ )J ��L�$ ���1362  �1396  P� �? �	� 
��' �#,�H� %�	 ./$	 ���� ���� nH$ ��

)� &�'	�� /&W�$ 
�M(� )#�IJ ���M�@ �C�!� "�� �� �'	��SCS ��g � b�<��	 )��6� O�� P� 7	 ���<�$	 �� �-

 �? ���$� ���)+?��H�  ��C��� U��$� ��( ��% ��g .���5�� )���- �����F R��� � ���� ���$� ;

 )#�IJ ����C�!� )��$�CA �� �TC� �? /$	 )��LWJ	�#,�H����� )�.���5  

 "�� )�	��? N��D@ %�	 ��SCS ���,�C� %��*�+@	 �� 
! 8�<+� 
�*�	 � %��' )A�� ���GIS ��IA �	�� �7�$

f��g �� �! ���� �	�� 
���� _	�5����� � &W�$ �H- N � .�A �#,�H� ���f��g �� �! ���� 7	 ����7 ���

 )*�a�,����� ���5 �	�	�C  �D  �? /$	���}@��<'  :�'�	� B? )+�- � B?���% C#�)  �� "��� 7	 ����7 BT� �?

/(�6 %�	)� ��:��A &�'	�� �� R��I� �'	��  
	��� �� 	� R��I� h��� %�	 ���� nH$ )+�C� NA�@ �\�5	

R��6K���) ���' �� ���� �� ./$	 ��	� N��? ���� %�	 &�'	�� b�<��	 ���35 �� ),�(A �(�' ��,�$ )��j O�(A �D��



  

  

  

  

96   -----------------------------------   8! 9����:! ;��!�< ���  �� �&�	 �2� �&�=� �24 � 4��-3�51399  

 

 �����,� ���R  ����7 ����� &�'	�� 8(L � b�<��	 �	�	� ����� )���- �� )*���' ��' � B? ��<' /�+��6 ./$	

�� 
! _	�J	 )�	�	 �� � f��g �'�-��� ���� �� &�'	�� �H- �%�CM(�%���@ �� �D����IA ./$	 g�� 
���� /$� -

f��g ���� �� &�'	�� �7�$ )'�*� NC?	�@ �h�A � ���}@��<' �Y�- �)�	�	 �����? �� ��WL �? �	� 
��' ���

7	 /($ P� �� &�'	�� s(T� �� )(K� R��L "��� �	��� %���@ 
���� ./$	 &W�$ ��,�� � ���� /$�	7	�%�� �

��	��! �� )������ �����? �	��	%���@ ��� ����� 
! ���T� )�	�' � /$��`' �� )�.�$�  

�� f���'��$ %�	 7	 ���! /$� "�� 7	 ���<�$	 �� )'��7 ���SCS  )�� � )�	����� )�� �? /$	 h+H� %�	 ����5

���7 /���H� )��I$�9�
��' ��' O�� )���7�	 � �'�	� B� �� ������� ������ %�� ./$	 
! h$�C� /6� ��C�� � �	

 /L�$ P� �� )�� %��'��� ����!��81/0  /$	 
! %�I� �? ����5 ������ )�?7�j! ������	 �� )���I(� �F��

 ��*��� �?SCS )5��$ Bj��+L)� "	s6	� f���' �'	���'��	�5 �	���� P� �	�� �	 B�	� &�'	�� �C'�� ���M�@ )#�IJ

 /L�$ P� �� )�� %��'��� ����!�� � )�	����� ������ ��H- �F�� %�CM(� .���('14  h$�C� /6� �? /$	

)� 
��' 	� O�����' )$��� .���)� 
��' N��(�@ 
��7 ���������7 �)A��� ����	�-� ��?	 �� �? ��� �? )���

��- �� P���' �� ),�(A �(�' �� ���� )����5�	�6�'	 )���- �� )#(T� 
���� �� �'�	� ���(? N��(�@ 
��7 �

)� hI$ ��' )#(T� 
���� /K� ���	 %�	 �� _�Q� .�$�� ����&�'	�� �� ��A ���,�����A� N � ��)��C� ���-

%���@ /($ �� ���� /$�g�� � ��7	�$ /$��� N � �� 
���� s(T� � ��A� )���- �� P���' ��� .�A�� ���

������7 ���	�� %�	 �� ���� ��%���@ �� �? )���f��g �� �! ���� 
���� /$� 6 ���R�$ R��'��@ ��'�	� �	� ���-

������� �� /I�' ���.�'�	� /$�g�� ���  

�� 
! _	�J	 )�	�	 �� � f��g �'�-��� ���� �� &W�$ �H- �%�CM(�%���@ �� �D���IA ./$	 g�� 
���� /$��-

f��g ���� �� &W�$ �7�$ )'�*� NC?	�@ �h�A � ���}@��<' �Y�- �)�	�	 �����? �� ��WL �? �	� 
��' ���

%���@ 
���� 7	 /($ P� �� &�'	�� s(T� �� )(K� R��L "��� �	��� ./$	 &W�$ ��,�� � ���� /$�	7	�%�� �

��	��! �� )������ �����? �	��	%���@ ��� � /$�)�	�' �T� ����� 
! ���`' �� )�)�� ������ .�$� ���

�I$�9���A )�� �� ),�+$ ;����	 O�� 7	������m� �� %�CM(� � )�	����� ��� )'��7�  ��� �� �?) )5�'��� �	���

 � &�'	�� �	����'����T (/$	 �	}5��Xr� )�W�$ )�� )� 
��'�� ),�+$ ;����	 O�� �? ��� �? /$	 ���'	�� )��-

&W�$"��� 7	 )A�' ��� ��?	�� ���24 f��g �� �! ���� �� 	� ��L�$��IA ���.�C? �7�$  

 
�\ )'	�����D@ f���' �� N��D@ %�	 f���'Aboudagga )2005 �(Rinaldi ) 
	��*(� �2012 �(Cirbus  �

Podhoranyi )2013) 
	��*(� � )(+L	 �(1394) )'�*+� � )�,�- � (1395��� �? ��	� k�IH'	 ()� 
 O�� �C?

"�� �� /I�' ),�+$ ;����	 =�9� 7	 �? O�(#� ��ArcGIS )� ���<�$	 /$	 �	���-�� ����7 ����� /6� 7	 ��CC?

�� O�� %�	 � �� � )'��7 ��$ ��	��(' B�$�� �� ���6 )��-_	�5����� )� �%�	���C� ./$	 R�$ ;����	 7	 
	��

N�@ �	�� ),�+$���� �� &�'	�� )C�� ��� f���' � ��(' ���<�$	 ���! �6�R��6��(�L	� �� B� ���' 7	 .���! /$�

�� &W�$ �H-)� ��' ���! /$��� 
	�� )*� 
	�CL�#,�H� �� BK� � ���@ ;�LWJ	 7	��� G�J ���<�$	 )'	�(L ���

)� �q	�	 )�����KC��@ �N��D@ %�	 ��K�'	 �� .��?)� �? ��A N�	�	 �� B� �'	��N��D@ � N��D@ %�	 /�<�? ���



  

  

  

  

97  --------------------------------------  	�?! 	&�$�3.� 3	 � @����& A�B5&� � � �C�'(� @" �	�B��� �3 ...  

 

��C�!  B� � ���(' P(?�K'���/ ;���- N��? �	�� s��� ���*��� �� �� &W�$ � &�'	�� ��,�� 7	 )A�' ���

f��g �� �! ����.���5 �TC� ���  

 *)��T'!7	"�� 7	 ���<�$	 �	�� )F�- =�	�A � /����9� �? � ),�+$ ;����	 ���SCS %�	���C� ���	�' ����  ��

��IA)� ���<�$	 R��6 )#�IJ ���M�@ ����C�!� %�( � � �7�$)� � �A�� N��D@ �� ����� 
	��S�T'	��A  ���m� ��

�CK@ /K� 
! %�'	�6 ���� )*�a�,�����qa � )*�a�,����� ������	��@ ���$ � &�$� %�( � �&W�$ ��C� .��� ��?

� � %��#� �� 	� /6� � )#$ /��K' )����� %*�,.��(' _�F ����� )��LWJ	 ���7��' ��K  

 *BK� 7	 )*���IA � ���!�� ������	��@ %���N � )C9C� ���(A �	��� %��#� �&W�$ �7�$ ���� E+� � ���

 ./$	 
! %���@ /��J� /�#�� � Y�- P�a�,����� ���5 ��CI������� ��  ��	�%�?  Y�- %���@ /��J� /�#��

��(A �� ����7 ����� ��Xr���IA � )C9C� � �(� �	�� �� �A )#$ N��D@ %�	 �� ���	� )�W�$ )�� ������ �7�$

 �� 7��' �BK� ���� %�	 �� /6� N�	�	 .���' ���5 �`' �� 
��*� Y�- %���@ /��J� /�#�� �"��� ����	�-�

��	� 7	 R��? )'��7 ��$ %�A	�������	 &W�$ � ��I5� ������ �	 �� �? ��	� ���������N��D@ % ��	� ���

�7	�'	 ������	)� ��KC��@ .�'��� )�? � ��<� ����� )�?7�j! ���5N��D@ �� ���5 ���C�! ����� �������  %�	 ��

.���5 ���� BK� ��*' 

 *�CK@ N � ����	��! ���� �� &W�$ ��C�(T� 
���� /K� h,�6 �� �? ),�+$ ;����	 O�� 7	 ���<�$	 �� ��# )

�q	�	 	� 
! )�)� ����"��� �	�� 	� &W�$ "���5 ����9� 
	�� ��?	�� ���24 /�57�� ���� �� ��L�$ ���

O�� �� ��' 	� 
! f���' � ���(' ���!�� O�� %�	 7	 ���<�$	 �� E+� � 
�M(� )���HEC-RAS .��? ������  

  

 O �L�  

 �)(+L	���(9�) �)'���6 :W�, �)'�*+� :+L�(9�) )1394O�� .( "��� �7�$-   �����	 O�� 7	 ���<�$	 �� ��\ 
	���, ���� �� &�'	��

N��D@ �),�+$  uF �S��K\ O�$ ��$ ���(A �)(? �a�,�����qa ���60-73.  

)'�X%�� :)+L �)'�$	�- :���� �)'�-) &��#� ���D@1391��IA .(+$ �������	 "�� 7	 ���<�$	 �� Y�- N��$� � &�'	�� �7�$  �+T� �),�

  ���(A �B�A O�$ �
	��	 &! N��D@11  uF �123-133.  

) ��K� �)'���� :��$	 ��7�T�1396) )C9C� ���(A "�� 7	 ���<�$	 �� &�'	�� ��?	�� )�� � b�<��	 ������ ���!�� .(CN  �#,�H�) (

��� &	�$ ����! ���� :�����  uF �BTC@ ���(A ��a�,�����qa����� �(�KA63-81. 

%���) ���|$ �)C(�	 :B^�? )��c' :��K��(9� ��	71397  �Y��c� �� �! ���� &�'	�� R��'��@ ���!�� � )C9C� ���(A %��#� .(

  ���(A �B��T� O�$ �)���	�m� S�+L ������? ;����9� ����'51  uF �133-150. 

) W�, )'�*+� :��($ )�,�-1395��IA .( ;����	 O�� 7	 ���<�$	 �� &W�$ �H- �7�$ ���@ �� ),�+$GIS   ����! ���� :����� �#,�H�)

N��D@ �(�\�\  ���(A �B��� � RK\ O�$ �)#�IJ ���	�m� ���4  uF �589-605.  

)(�K) %���' �),�I6	 N��� � :U�IL��� ���9� :�(�	 ��1385 %��7 "�m, � /?�� �C�!� R�+9� .(��m,  ;����	 O�� ���@ �� ��

���5 %�(TC@ � /��� �),�+$%��7 
��7�$ �
��#� � s��CF ;�	7� �%��7 S�+L )��( .
	�K� ����? )'�#� ;����?	 � )$�CA  

) �D�C� �),�� ����K61385 O�� )���7�	 .(SCS-CN   � ��	�m� �(p�?) ��I?���	 �$ �� �! ���� :����� �#,�H� &�'	�� %�( � ��

  ���(A �S��K\ O�$ ��#$��7  uF �185-198. 



  

  

  

  

98   -----------------------------------   8! 9����:! ;��!�< ���  �� �&�	 �2� �&�=� �24 � 4��-3�51399  

 

)<Hc�_�q� ���	7) ���@ �����' :7�CKA �)�	7��� :1396 � "��� ����	���� 7	 )C9C� ���(A %��#� .(���<,t� �� 
! ;	���m� � &�'	  ���

  S�+L ����' �)+�C� �� �! ���� P� �� "��� &!Y�-�    uF �S��K\ ���(A �()#�IJ s��C� � �7����? 
�C � S�+L)15-28. 
Abou El-Magd, I., Hermas, E., and El Bastawesy, M., (2010), GIS-modeling of the spatial variability of flash flood hazard in 
Abu Dabbab catchment, Red Sea Region, Egypt, the Egyptian Journal of Remote Sensing and Space Sciences, Vol. 13, pp. 
81-88. 
Aboudagga, N. (2005). Simulations by cellular automata of the floods in littoral lagoon areas, www.isn-
oldenburg.de/projects/earselabstracts2005/ABS-Aboudagga-Nader.html. 
Cirbus, J., and Podhoranyi, M. (2013). Cellular Automata for the Flow Simulations on the Earth Surface, Optimization 
Computation Process. Applied Mathematics & Information Sciences, v. 7(6), p. 2149-2158. 
Dewan, A.M., Islam, M.M., Kumamoto, T., and Nishigaki, M., (2007), Evaluating flood hazard for land-use planning in 
Greater Dhaka of Bangladesh using remote sensing and GIS techniques, Water Resources Manage, Vol. 21, pp. 1601-1612. 
Elkhrachy, I., (2015), Flash flood hazard mapping using satellite images and GIS tools: a case study of Najran City, Kingdom 
of Saudi Arabia (KSA), The Egyptian Journal of Remote Sensing and Space Sciences, Vol. 18, pp. 261-278. 
Foodi, G.M., Ghoneim E.M., and Arnell, W.N., (2004), Predicting Location Sensitive to Flash Flooding in Arid 
Environment, Journal of Hydrology, Vol. 292, pp. 48-58 
Haq, M., Akhtar, M., Muhammad, S., Paras, S., and Rahmatullah, J., (2012), Techniques of Remote Sensing and GIS for 
flood monitoring and damage assessment: A case study of Sindh province, Pakistan, the Egyptian Journal of Remote Sensing 
and Space Sciences, Vol. 15, pp. 135-141. 
Hjelmfelt, A.T., and Mockus, V., (2004), Estimation of Direct Runoff from Storm Rainfall, Part 630 Hydrology National 
Engineering Handbooks, Chapter 10, United States Department of Agriculture, Natural Resources Conservation Service, 
235p. 
Inci, T.Y., Akguül, S., Dengiz, O., and Aküzüm, T., (2006), Estimation of flood discharge for a small watershed using SCS 
curves number and geographic Information System, River basin flood management journal, pp. 527-538. 
June, S., Yuan, Y., and Jing, Z., (2001), The effect of landuse/cover change on surface Runoff in Shenzheh Region, China, 
Institute of Resources ScienceBeigining normal university, 100875, Beijing. 
Kopp, S., and Noman, N. (2008). ArcGIS Spatial Analyst - Hydrologic Modeling, ESRI User Conference Technical 
Workshop, http://www.scdhec.gov/gis/presentations/ESRI_Conference_08/tws/workshops/tw_37.pdf 
Kumar RAI, P., and Mohan, K., (2014), Remote Sensing data & GIS for flood risk zonation mapping in Varanasi District, 
India, Forum geografic, Studii și cercetări de geografie și protecția mediului, Vol. 13, pp. 25-33. 
Lewis, D., Singer, M.J., and Kate, K.W., (2000), Applicability of SCS curve number method for a California Woodlands 
Watershed, Journal of Soil and Water Conservation, Second Quarter, pp. 48-55. 
Rinaldi, P.R., Dalponte, D.D., Vénere, M.J., and Clausse, A. (2012). Graph-based cellular automata for simulation of surface 
flows in large plains. Asian Journal of Applied Science, v. 5, p. 224-231. 
Saravanan, S., and Manjula, R., (2015), Geomorphology based semi-distributed approach for modeling rainfall-runoff 
modeling using GIS, Aquatic Processes, Vol. 4, pp. 908-916. 
Satheeshkumar, S., Venkateswaran, S., and Kannan, R., (2017), Rainfall-runoff estimation using SCS–CN and GIS approach 
in the Pappiredipatti watershed of the Vaniyar sub-basin, South India, Modeling Earth Systems and Environment, Vol. 3(24), 
pp. 1- 8. 
Schroeder, S.A., and Larsen, J.K., (1990), Antecedent moisture conditions for North Dakota runoff predictions North Dakota, 
Farm Research, Vol. 48(0097, 5338), pp. 8-11. 
Soulis, K.X., and Valiantzas, J.D., (2012), SCS-CN parameter determination using rainfall-runoff data in heterogeneous 
watershed-the two-CN system approach, Hydrology Earth System Science, Vol. 16, pp. 1001-1015. 
Van, T.P.D., Carling, Paul, A., Coulthard, Tom, J., and Atkinson Peter, M. (2007). Cellular automata approach for flood 
forecasting in a bifurcation river system, PUBLS. INST. GEOPHYS. POL. ACAD. SC., v. E-7 (401), 256 pages. 
Vinithra, R., and Yeshodha, L., (2016), Rainfall-runoff modeling using SCS–CN method: a case study of Krishnagiri District, 
Tamilnadu, International Journal of Science Research, Vol. 5(3), pp. 2319–7064. 
Xiao, B., Wang, Q.H., Fan, J., Han, F.P., and Dai, Q.H., (2011), Application of the SCSCN model to runoff estimation in a 
small watershed with high spatial heterogeneity, Pedosphere, Vol. 21(6), pp. 738-749. 
Zhan, X., and Huang, M.L. (2004). ArcCN-Runoff: an ArcGIS tool for generating curve number and runoff maps, 
Environmental Modeling & Software, v. 19, p. 875-879. 

 

  

  



 

 

 
  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.09, Issue 24, Summer 2020 

 
 

Research Article 
 

Estimation of runoff height and flood maximum discharge using 
Cellular Automata and SCS models, (Case Study: Lavijrood 

watershed) 
 

Hasan Shabaninia1, Sadraldin Motevalli*2, GholamReza Janbaz Ghobadi3, Shahriar Khaledi4 
 

Received: 22-04-2019 Revised: 28-11-2019 Accepted: 12-02-2020 

 
 

Abstract  
The Lavijrood watershed can produce seasonal floods; this is due to its topographical and physiological 
situation, climate system, non-compliance with technical construction standards, riverside violation, geology, 
and the other factors that affect the runoff production. In this research, we investigated the performance of the 
cellular automata (CA) and SCS model as a suitable estimation method and examined the possibility of 
integrating the method with the ArcGIS application to simulate the flood hazards and the hydrograph flow for 
the Lavijrood. The runoff height and the flood hazard were obtained through the SCS method. The flood 
simulation using the SCS method requires the data of land use, hydrologic groups of soils, Digital Elevation Map 
(DEM), rainfall, and the roughness coefficient of the basin. The raster format of all these layers was prepared 
with cell sizes of 30×30 m. A large part of the Lavijrood watershed belongs to the hydrological groups C and D, 
which have very low permeability. This means that a large volume of rainfall converts into runoffs. Due to the 
low permeability and closeness to the watershed outlet, the northern half, especially in the northwest of the 
watershed, has a very high runoff depth and height. Also, the flood risk is high in the Lavijrood River route and 
its surrounding area especially at the downstream. The runoff simulation in this watershed showed that land use, 
soil, permeability, slope, and the geographical distribution of rainfalls are the most important factors that control 
runoffs and their movement to downstream locations to produce floods. 
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