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1 Automated Geospatial Watershed Assessment 
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H�?O3H?� ��KI���%�� � ��KI�� ���O� !�O �?  L��%�� S.�B� ��l�	� :  

S.�B� �%I�  ��?.�� /.��0  
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(����^ �# _�F��%�)  

c�� �0 $��&  

(!��I)  

$����� ��7%".� �P?���# ��?,� 

����) (�%�  

��KI�� ��@��  

29/1/1395  159  15 8/106 

17/12/1392  6/2  9/7 2/10 

20/10/1394  5/46  16 4/14 

��KI���%�� ��@��  

10/12/1394  8  16 4/46 

22/12/1392  63/3  17 2/13 

20/5/1396  250  17 5/41 
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1  One Factor At a Time (OAT) 
2 White 
3  Jha 
4  Feyereisen 
5 Relative sensitivity 
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1 Mean capillary drive 
2 Coefficient of variation of KS 
3 Nash-Sutcliffe coefficient 
4 Percent error in peak 
5 Model Bias 
6 Modified Correlation Coefficient 
7 Aggregated measure 
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1 Delineate Watershed 
2 Discretize Watershed 
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1 Parameterization Options 
2 Precipitation Options 
3 Simulation Options 
4 View Results 
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�	�#��&  49  69  79  84  43  51  30  5/1  5/1  1  4/0  42/0  3/0  
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 3)! =� )E� #! $��� N�� �� �E =� -	'�50 �	I��� ��( #! �)E��! =� ��O��GEKINEROS2  :,�+�	�

 #@��> �� �E �i� �� yO' Q��(� #9	I��)	E -,�)E �+!���W =� �� -	'�50 �!� )E� #! $��� F	' b�� #�� � L&0

 �� �E ���� 
.�O! A��		t; )<�� N�� �� =9,��� =� .-'� A��K+! N�� �� �� �E�+!���W �,�' -,�I�� d	;�;

 -��0 :	���	!  � q�> :	�	W -���� =� -�5� �� ��+�	� -	'�50 3)! 
F	' b�� #�� � L&0 #@��>

'�50 N�� �� �!� )E� #! $��� yO' #� 	V�! Q��(� #9	I��)	E -,�)E �� )"� �E�+!���W :,�; l�50 
#�5� -	

 � N�� �� �E .��O! .)(�� #! 3���� Q�	(� #9	I��)	E -,�)E � yO' #� 	V�! -��0 :	���	! d	;�; =� 
yO'

 3)! 
#@��> �	t+! �� �E ����KINEROS2  -,�)E A��		t; d,�C ��E�+!���W =� -�5� �� -	'�50 :,�+G�

 #9	I��)	E#! $��� =+(]� A�U	UH; �� �)!� -'� =� w,�+� =5,�U! .��� $��� 7���� -	J�~ � Q��(�  w,�+� =� )E�

) :	I�� � N�+��E PE�DW �� �)!� -'� =� w,�+� �� .	UH; :,�2005 $��� $�UUH! :,� ��,� ���� F!�� -U��O! 
(

#@��> =� )�� ����  3)! ��EKINEROS2  -,�)E =� �� -	'�50 :,�+�	� :	�	W -���� � Q��(� #9	I��)	E

) ��� ��� ��� w,�+� :	 |GE .) E� #! $���1390l�50 =� -'� ���� $��� 
(  :	�	W -���� 
3)! �+!���W :,�;

#V8! A�U	UH; w,�+� 
-'� q�> ) �J1392#! $��� 
(  d	;�; =� 7���� -	J�~ � Q��(� #9	I��)	E -,�)E =� )E�

�50 �,��U! :,�+G� � :,�+�	�#! ��&,� 3)! :,� �� �� -	' ) $���9GE � $�,��G"! A�U	UH; �� .)  �2013 � (
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) $���9GE � #�,�UI�2008 x 	��! ���� d,�C � Q��(� #9	I��)	E -,�)E ��E�+!���W =� #,r�� -	'�50 3)! 
(

) $���9GE � #�,�UI� PE�DW �� =\��� -'� ���� $���2008 3)! =� -'� �)( N���� 
(KINEROS2  -	'�50

.)E� #! $��� =	I�� -���� =� -�5� #G� 

 

 L - ��KI�� H?� ��KI���%�� � 

 �� ���K+'� �� 3)! #& '�� .),��� ���K+'� #+'� #& '�� N�� �� #& '�� ��&�� -?@ ="I�O! :,� ��7  �+!���W

 -��0 :	���	! 
yO' � 3���� #9	I��)	E -,�)E F!�( 3)!#� 	,�!  � yO' � 3���� x 	��! d,�C 
yO' � 3����

 $� ��)U! �!� )E� #! $��� q�> :	�	W -���� =� -�5� ���,� -	'�50 3)! =\��� .)( ��&�� 7���� -	J�~

 ���� �� 3)! w,�+� 
$� ���' = 	?� A��< �� =\��� :,���� � .���� #��9! � #��!� ),)( A��		t; � -'� $�!� ���;

��?� ��	5� #& '�� ��)U! ��,� .��� )E��� #UO ! #& '���+�� ���� ���� = 	?� �,��U! :,� �� ���K+'� �!� )��, #! �

 3�)@ .��� )E��> A��K+! 8!�� ��)>� �E ���� �+!���W :,�6 ���� �� �E�+!���W :,� �)( = 	?� � =	I�� �,��U! 


#! $��� j�+! (3�hJ) ��E��)>� � q�> =	I�� -���� �,��U! .)E� #�)���� � ��),�� $�!� =� =@�; �5  F�R ���

F9( �� #& '�� w,�+� .)( :		";  9  3�)@ �7 3�)@ � -'� �)( ���� P,�G� 
8=KIg! 
  ���� �� $8	� ��E

#! $��� #& '�� =�0�! ��E�����  .)E�  

  

H�?O6��KI�� ��@�� 6�
���P� 6��# �
�%���� �?  �K��# � ��+�� �.��,� :  

 

�
�%���� 

29/1/1395  17/12/1392  20/10/1394  

��+�� �?  �K��# ��+�� �?  �K��# ��+�� �?  �K��# 

����) tRI �F�+��?�
 !.�?
 (!��I �# �%�  3,535 2,7 3,535 2,7 3,535 2,7 

����) H���G �F�+��?�
 !.�?
 (!��I �# �%�  74 28,8 74 28,8 74 28,8 

tRI rK���� _.�M  0,39 0,546 0,169 0,115 0,169 0,115 

H���G rK���� _.�M  0,2 0,15 0,2 0,15 0,2 0,15 

����) tRI �7K�.C� !G�@ X�7���� (�%�  291,75 180,12 291,75 180,12 291,75 180,12 

����) H���G �7K�.C� !G�@ X�7���� (�%�  101 123 101 123 101 123 

����) L�P�# !�-�] (�%�  1,21 2,1 0,47 1,3 0,47 1,3 

  

 H�?O7 H?� ��KI�� a.�%� :KINEROS2 ��KI�� ��@�� 6�
��?.�� 6��# 

 

��?.�� 

(����^ �# _�F��%�) c�� �#� (!��I) c�� �0 $��& (_�F��%�) U�I ��@ 

�0�?
�	� ���  6&�I  �0�?
�	� ���  6&�I  �0�?
�	� ���  6&�I  

29/1/1395  159 150,468 17 17 1411,9 831,834 

17/12/1392  2,59 2,577 12 12 10,956 7,2 

20/10/1394  46,55 43,67 18 18 151,76 60,64 
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 H�?O8�<+b� : ��KI�� ��@�� 6�
���P� 6��# $\�# 6�
 

��?.��  9��# ��?,�(mm)   uC<�(mm)   �P�# Y.�#�(mm)  ��RI L����� (mm)  

29/1/1395  106,8 96,5 0,44 9,86 

17/12/1392  10,2 10 0,1 0,0915 

20/10/1394  14,4 13,6 0,11 0,69 

  

  
 UF 9���  � �0�?
�	� 6�
 d��P��?�
 :  ��KI�� ���� �� U�I 6�
��?.�� �?  6&�I  

 

 ��)"; �� 3)! #& '���+�� ��i ! =� 
#9,e�I��)	E 3)! #& '�� ) ,��J �� uW3  ��@� 3)! � ���K+'� ��,� ��),��

 F9( �� 3)! #& '���+�� w,�+� .),���10  3�)@ �9 3�)@ � -'� �)( ���� P,�G� 
10=KIg! �	� 
  �� $8	� ��E

 $��� #& '���+�� =�0�! ��E����� ����#! )E��s $�,�( . #& '���+�� ���� �� ����� �E ��E�+!���W �,��U! -'� �

 7�+�� =����! FhJ �� #& '�� ��E����� ���� �?�� �)( #& '�� �,��U! =� =@�; �� � �?�� Q�R� FhJ =� =@�; ��

 .)�)( 
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UF 10���  � �0�?
�	� 6�
 d��P��?�
 : ��KI���%�� ���� 6�
��?.�� 6&�I  

  

H�?O9 :KI���%�� a.�%� H?� ��KINEROS2 ��KI���%�� ��@�� 6�
��?.�� �#  

  

��?.��  

(����^ �# _�F��%�) c�� �#�  (!��I) c�� �0 $��&  (_�F��%�) U�I ��@  

�0�?
�	�  ���  6&�I  �0�?
�	�  ���  6&�I  �0�?
�	�  ���  6&�I  

22/12/1392  3,63 3,04  17  17  62,5  10,8  

10/12/1394  7,96  7,41  18  18  36,15  3,72  

20/5/1396  249  248  23  23  609,9  519  

  

 H�?O10�<+b� : ��KI���%�� ��@�� 6�
���P� 6��# $\�# 6�
 

��?.��   9��# ��?,�(mm)   uC<�(mm)   �P�# Y.�#�(mm)  ��RI L����� (mm)  

22/12/1392  13,2  12,92  0,13  0,15  

10/12/1394  47,4  47,02  0,09  0,29  

20/5/1396  41,57  34,44  0,65  6,48  

  

 �� #& '���+�� � #& '�� =�0�! �� �� 3)! #,���� #G� #��,��� ��i ! =�9 $� �,��U! =� ),��� ���K+'� �>�(  �E

3�)@ ��11 
$��� .-'� �)( ����  



  

  

  

  

37   --------------------------------------  (��,��� (-.,/ "�0�� �1!  �
2 3 �45����62    �7-8 �#...  

 

 

 H�?O11vT�  &� ���<%I� �# H?� �.���G �#�.&�� : ��KI���%�� � ��KI�� ��@�� �� �.���G 6�
  

�.���G vT�  ��KI�� ��@��  ��@����KI���%��  

 9�� _.�M– V��F0�I  0,723 0,6 

c�� �#� �� �RT ?=�� 4 7,89 

�7%"��
 _.�M 0,906 0,846 

�?  k\=� �7%"��
 _.�M 0,822 0,712 

H?� d����� 0,45 0,37 -  

���O _.�M 0,698 0,59 

X���0 _.�M 0,823 0,74 

��&� X���0 _.�M 0,603 0,573 

�RT ���#�� UB�?@ X�7���� 2,76 4,1 

 

m�����)	E ��E�~ =5,�U!  ��E#;�)E��! =	�( �  �E��),�� �f�� �� =� )E� #! $��� ���� �� �E �� �)( ���'

m�����)	E .��O; =	�( � #;�)E��! ��E  �� �)( ��&�� #��R A�"I�O! �� ���,� ��)"; �� .-'� 7�> �+�5� �)( ���'

 3)! �� ���K+'�KINEROS2 � -'� �)( N���� �	� #�� ��+J� ���' =	�( �� #I��R F��R #,����; 3)! :,� =

#V8! ) ���� �	�� =C�0 #9,e�I��)	E  
�J1392 
$���9GE � $�,��G"! 
X2013 
#��&��> � ������ #,�R� X1384 X

 
:	I�� � N�+��E2005  
���,� �2001���� ��@� _�> .�� ! �� 3)! #,���� �)� �� # �! �	� #;�(���� =+�I� .( 

 
$���9GE � #�,�UI�)2008 ���! ��),�� v�h> �� .(22/12/1392 � L&0 :	� .��O; $��	! :,�+G� ����� =� 


=	�( m�����)	E L&0 � ���� m�����)	E b�� #�� ���'  =� =@�; �� -'� #;�)E��! m�����)	E �� �+G� #�	> �)(

��� L&0 �f�� =� )'� #! �i � m�����)	E ���"< =>�( ��,� d	(.	R� #'��� .-'� �)( F,)�; 7����� =� N  �;

���� =i08! �  �� q�> :	�	W -���� =� ��� $��� N��� ��E5  r�� #��R ��E #�)���� F	I� =� N��� �� F�R -��'

 =� ��O��GE .��( ��,� ���"< =>�( d	( � ��( F,)�; 7����� =� N��� �f�� -'� �)( ���� Q�C�! :,� � ����

 ��( #! �)E��! ���R 3)! =� -'� ���R�,� ��E $�,�@ �� #(�� #;�)E��! 7����� � -5	� r�� ��)>� :,� b�� #��

=	�( =� #G� =KI�! :,� ���' =	�( � #;�)E��! m�����)	E :	� #��> .��O; :,���� � 
)(��  .���)� ��@� ���'

 #�� @ P(�W $��� dI�} F	I)� )E� #! $��� �E ���' =	�( w,�+� =���O��GE :	���	! ��)U! 
�	�� =C�0 :,� ��

 3��)@) -'� �)!� -')� L� #�	> #HO' 7����� .G�8  �10N�� d,�C {'�+! ��)U! .( -  ���� j	�9;�'

 ����� #& '�� =�0�! ��E��)>�723/0  #& '���+�� =�0�! ���� �6/0 #!  �� 3)! 3��R F��R #,���� ����	� =� )(��

=	�( C�0 �� F	' m�����)	E ���'#! $�	!�� ��\��R �	�� =  $��	! =� #"G@ ��	"! �>�( v�h> �� .)(��

A��K; m�����)	E :	� L&0 � F9( 
���)�� F	�R �� #,�E =	�( � #;�)E��! ��E #! $��� �� ���'  {'�+! �,��U! )E�

 ����� #& '�� =�0�! �� $�698/0  ����� #& '���+�� =�0�! �� �59/0 ! w,�+� .-'� �)!� -'� =� =� ��� $��� 3)

m�����)	E =	�( � #;�)E��! ��E  F��R #,����; 3)! =� #I�0 �� .)���)� #��> .��O; 78	' L&0 ��HI �� ���'

=	�( �� #I��R =	�( ��O> {'�+! 
w,�+� l�'� �� .���� m�����)	E b�� �; $�!� �  b�� #�� ��)U! ���'  #�� ���'

 #& '�� ��E��)>� ���� b��4  �� � )<�� ����� #& '���+�� �,�R�89/7 #! )<��  ������ �� 3)! #,���� �]I .)(��
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) ��� ��� w,�+� �� =� ���� #! #��,��� 7�> ��	5� 78	' b�� #��1390#V8! 
( ) �J1392 � ������ #,�R� � (

) #��&��>1386.	R� #'��� .���� -U��O! ( #! $��� �;  #�� ������ �� 3)! -R� � #,���� =� )E�78	' b��  �� 
�E

���� #�8	' �,�R� #! _\�� #�8	' �,�R� �� �+�	� 
�;  �� =9,��O� )(����),�� 20/5/1396  #�� �� �O> )<��

 ����� b��57/0 #!  ��),�� �� =9	I�0 �� )(��22/12/1392  LR� =� b�� #�� ��O> $��	!16  .)'� #! �	� )<��  

 #& '�� =�0�! �� $�,�@ L&0 ��O> {'�+! �����11/45  =�0�! �� � )<��#& '���+�� 5/37 #! )<��  �� .)(��

#! 3��R F��R �	} � j	"C ��	5� $�,�@ L&0 �,��U! ������ �� 3)! #,���� =�<�0 w,�+� =� =@�;  w,�+� �� =� 
)(��

#V8! ) �J139278	' �f�� �� .���� -U��O! 
( 78	' L&0 �,��U! �E =�'�H! ��E � �+G� #�	> �� ���� #;�)E��! �

 ���R�,� $�,�@ )(�� #! #�� @ P(�W $�	!�� ��\��R �	�� =C�0 dI�} #C��� ������ =9 ,� =� =@�; �� .-'�

 
) ! ��?� � $�),��@) )E� #! F	9�; �� #@��> $�,�@ L&0 �� ���,� P�1394 3)! �� =9	I�0 �� 
(

KINEROS2 �	� #G� ���R =�'�H! ���! $�,�@ �� =KI�! :,� #��,)��� � s�K� ���' =	�( �� 3)! #�<� ���G; � �

 =� -'� ���� $��� ���&! �	�� ��E =C�0 �� #9,e�I��)	E ���' =	�( :	�	W A�"I�O! .-'� #HO' $�,�@

 
$���9GE � #��G�') )E� #! F	9�; �� �?�� #@��> $�,�@ �� #?@�; F��R P� ���R�,� $�,�@1391 
����G� X

1391  � $�),��@ � 
) ! ��?�1394(. 

 

 c - �MC@ �.& &� w.�
 �� L\�I �#� ���J�# H���G � �
 �
 �MC@ �.& �.�I�K  � U�I � �����# 6�
 N�T  

 3)! �� ���K+'� ��KINEROS2#! 
 3���� �	� � $�,�@ ��O' �� _, �E �� �� b�� #�� �,��U! $��;  �� _, �E ���� �E

 N��� �,��U! =9 ,� =� =@�; �� .��G� ������ �E��),��–  ��i G� ) +(�� ���,� A��K; ="I�O! ���! ��E��)>� 7�����

 LE��J���' ! ���' ���)��+'�  
��)>� P( :,� w,�+� .	K�; � =5,�U! $�9!� $�,�@ ��O' �� $�,�@ b�� #�� �,��U

 F9( .)( =	?; j�+! ��O' �� $�,�@ ��)U! #�5� =5,�U! #U	K�; =�U� � ),��� ��&�� _, �; �K< �� �! ��16 


3���� � ��O' �� _, �E �� �� 78	' b�� #�� #�5� �,��U! #! $��� �E����� ��G; :	���	! ���� �E .)E�  

=	�( 7����� .G� #@��> =�U�  A��K+! F	5��+W ����� �	�� =C�0 j�+! .�� ! =� )E� #! $��� �)( ���'

 =� F� @ �� �� ���+5� #C��� ������ A��		t; �&�� �� =� =C�0 #��	! ��E P� =9,��O� .) (�� #! ��	�	'

�?�� #�� @ P(�W 
#��95! .�� ! m���� �� $)( �R�� F	I)� � -'� =+J�� A��< ��)�	( #���� #C���  d,�;

 F	5��+W ��,� d	( L}�	�� �	�� =C�0 -'�r�� P� � ) (�� #! r�� ��	�	' �O> ����� )�� �)( _ ; � =+J�,

) $���9GE � #,���	! .���� #G� ��	�	'1397 $��� F	���� $�+'� :	R�G� �	�� =C�0 �� $�,�@ ���5I)! �� (

�� =C�0 ��	�	' �� j�+! ��E =C�0�,� L?' =� )���� #�!��� =9�� ����� $� -0�5! �� #"��; {UJ �	

 �� =� ��O +GE  .-'� �S�! ��	�	' F	5��+W �� �E =C�0�,� #��9! -	"R�! � #C��� ������ 
#J����,�	J $�|GE

 F9(11  �� �+G� ��( #! �)E��!20  .)(�� #! r�� ��	�	' ����� $�	!�� ��\��R �	�� =C�0 = ?W )<��  
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UF  11H���G 6��# ��?.�� Y  L\�I ��"� c�� �#� X�7���� Y.��� : $�.�O kCRI � �
  

 

6��P ���%�  

=	�( �)	|	W ) ,��J 7����� N��� ���' F!�� =� -'� ��  =� � � $����E�DW �]I .) +5E F	>� $� �� ���,� ��E
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Abstract  
Considering the ability for spatial quantification of various hydrological components, the distributed modeling of 
rainfall-runoff processes across the watersheds plays a key role in terms of water resources management, river 
engineering, flood control, and storage facilities as well as simulation of different watershed management 
scenarios. To this end, the Kinematic Runoff and erosion model, KINEROS2, has been used to assess the spatial 
distribution of rainfall-runoff processes components for the identification of surface runoff and flood generation 
hotspots across the Ramian’s Goorchay watershed with an area of about 254 km2 in the east of the Golestan 
Province. For evaluation of the model performance, 6 recorded rainfall-runoff events in the watershed were 
selected and divided into two sets of 3 events. The first set was used to run and calibrate the model and the 
second set was used to validate the model results. The mainland use types of the watershed are the Hyrcanian 
lush forest and rainfed agriculture on sloping lands. The rainfall-runoff simulations were carried out on an hourly 
basis.  The results of the performance evaluation of the model indicated that the KINEROS2 model is good 
enough at simulating the hydrological components of peak discharge and time to peak of flood hydrographs. 
However, it rarely performs well at simulating flood volume. The spatially distributed simulated map of surface 
runoff depth shows that various locations of the watershed have different flood generation potential. Whereas, 
the middle section of the watershed, where extensive land use change from forest to agriculture has occurred, 
shows high flood generation hazard potential, while the upstream section of the watershed displays lower flood 
generation potential despite having steep slopes.  

 
Keywords: Flood generation hazard zonation, Rainfall-runoff simulation, Hydrological model, Flood 
hydrograph, Land use. 
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