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In this research, given the condition of the Hable-rud River in a reach placed 

downstream of Bone-Kuh Village in Semnan Province, probability of flood 

occurrence and consequent damages, and also the exposure of various valuable 

elements of the floodplain to floods, using the CCHE2D numerical model, the 

flood hazard map was created for the 100-year return period as the base-flood. 

This research aims to map the base-flood zone and to identify the areas exposed 

to the flood in line with flood risk management.  For this purpose, the required 

data for modeling, such as a large-scale topography map were prepared and flow 

characteristics (velocity and depth) were measured in the study area. 

Consequently, the computational grid has been assigned. To achieve the best 

simulation, the model calibration was performed by choosing the superior 

network and by changing the roughness coefficient. To evaluate the simulation, 

the model estimations were compared with the measured values for velocity and 

flow depth in three sections along the reach. For flow velocity, the model error 

was estimated to be 0.084 and 7.41% considering the RMSE and the MAE 

criteria, respectively. Given the flood hazard map created for the return period of 

100-year, it is predicted that the area which is covered by orchards, croplands, and 

rangelands will be inundated with the base flood. Also, the analysis shows that 

about 18% of the study area is located in the moderate to high flood risk classes.  

Providing the findings of this research to the local communities in the form of the 

map illustrating the position of various land uses on the 100-year return period 

flood zone can be very effective in enhancing awareness and flood risk perception 

of them. 
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4^#M � 4���1 G?�� ��� W. �	 �E�&5�>� '���� 
��� ���[� F�3 
���� '���  G]E !����	�3CCHE-MESH 

K��O  �� � !�1��� B��{H1 � Q��� +�6��� � '�.�D '���� @A � 	��(��� �^�[��( h�]� �	 e.�� ����[�CCHE-

GUI �� ����� �  .	�M4�--(
���  �� !	�S��� �� Q��� +�6��� � '�.�D '���� Ku	�&� 	��]� '�H5� �� ���#� P��

�� K��O 4� Q��� +�6��� � '�.�D '���� 
�#D Ku	�&� @A � 	��( � G �� ��]\E P�� �� !	�S��� �� d�E�E

P�� Z�( ���^E 
�1-   � +�.��  1SIP �� �����  	�M���� � ��D)2 �2006.(  

��O� 
�&��	 Ku	�&� �� '� Z��� �� +�� B.� 4
 4.�3 �1 G�� !�M 
��v(� �� 4� '��E :	�H� 4b��� �.� K��O  

:�"����3 45	�&�  

)1 (  ��
�� + �����

�	 + ���
�
�� = 0    

:�����(  Ku	�&�  

)2 (  ��
�� + u ��

�	 + v ��
�� = −g ��

�	 + �
� ��������

�	 +  �������
��  � −  ��� 

�� + ��� !  

)3 (  �

�� + u �


�	 + v �

�� = −g ��

�� + �
� ������� �

�	 +  �������
��  � − ��� 

�� + ��� u  

  

 Ku	�&� �	u��:    

" �!  4�4S5m� �"���� d�E�E h���� G �� 
�1
��( �	 VH  �	 !�M
�����  � � ��#   �'���g  �4�y�D Q��M$  �"����

 �Q� �>� � �SE�� ���Eρ  �(Q� ��\�� '��) Q� 4��-��	 ℎ � '�.�D VH  �&'( �_�5�.��
 Q��M 4� |���� d.�C

�		  ��	� ���� ���	 F�E h���� ��5��.� 
�1 
��(� VH  �	 !�M�)	  ��)� F�E  
����� �	 ��-� �M�� 
�1��� 
 ���-1��D)  ����� �2006.(  

  

!	�	 +�� 
��D� 
��� ����	��� 
�1 CCHE2D 

!	�	 B��&E ���H  +���  +�� �� !	�S��� 
��� ����	��� 
�1CCHE2D �� ��4� '��E  :	�H� a�-6E �.� K��O 

%HD!	�	 I���� 
��� @��M 4
 +�� 
��D� 
��� ����	��� 
�1 �[��(�3�E 4�6�Y��� 6��Z� '�.�D G �� � VH  �

) @^M V��>� %>6� FM �	 G �� � VH )4) @^M � ������ 
��� (5G]O 
��� ( d.�C �(�M GM�	�� ����

) !��HM 4>��� Z��� ��) 
���4.(�M 4#��]� '��
 P�� �� ( 

4�6� ��	�� � 
!����� (�� !��� ( G �� � VH ) '�.�D 
�1������3 
>�	���4&5�   

 !��� �	 ����� �F1�23 B.� �	4&5�>�	��� 4�6� ��	�� B����� +�E�E B����	 �� 
�����  !�M  ��� '� �� !�R  � G��

 !��� +�$ �	 �S���� %$�6�GM�	��  !�M  G#l 4� '�.�D G �� � VH  K� R$� 4
���!� ��� �	  VH  � G �� .

                                                      
1- Strongly Implicit Procedure   
2- Jia and Wang 
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 %$�6� B.�4� ���4� h? 	�� F
1 !����� (�� 
!�M ���  �.	�6� 4
!����� (��
 45�6� B.�  e.��� F�� �	 !�M4b���  !�M 

 4-.�6� +�� 
	����� �.	�6� �� ��� ���M!����� �� @#J .h? �'�.�D VH  � G �� �.	�6� 
��(  	�� F
4� ���4� 

4��5����^��  GJ	 +���
 
��� .G�� !�M ������G �� �1 
!����� (
��� %$�6� ��&� �	 !�M ��� 4��5����^�� �

 @^M) G�� !�M !	�S���2.(  

  

  
D3 2 �7�(�� ������ :�	17 ����$ � @���(7� J�� ���$ �� )���K @�
�B����
 @��+�C���*�  

  

 (/���; DF���I(� ��' @ 

 +�� �	CCHE2D �4^#M ���F�) 
 W. h��E (
������ ���[� F�3 ��� 4� !����	�3CCHE-MESH  ������� (�	� 

 �	 4��	� �	 4
@^M �1) 
2) � (3) G��[ �� @.�[ W. ��5�E � �E�#��]� 4^#M (geo B.� h��E (��� ���[�  4b���

�� 	�M �.�� .��( �1 :�� ��E��#   


��� h.��M a�X�E * 

 * '�.�D 4�5�� 
�1������3 a�X�E 

4�#M ��.��[ �����) +�� 
��D� *(
���  

G]O � ������ * ���� 

                                                      
1 - Rod 
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 �����!	�	 �1 �~
��A ��	 
4X]5 �4� 
���� !��	 +�$ �	 
 4��3 4��E ��X��   !��	 �� @��G�(��� �1 �	 i���� 


B� 
�������1 !�"�-.� ���� B�M�	 r�]5�� � ����� !�
1 B� P�� ��-+���
2 4� � ���M ���.���!	�	 4^�.� G�   �1

 �>� �	 ��	��&� ��1�
 ���� 
���	95  ����� ���	�� �O�	!	�	 ����  �1TvA  !�M !	�	 � ��� 4� �1  ���[�SMADA 

%.��E ����� �� _`� .���M 	��� �.	�6� V.�$ �� 
���� 
�1 I�H�� K�&��� �J��  !����(R.S.S) '����3 %.��E �

4� '���   
	�  +�� �� � �M Q����� %.��E B.����CCHE2D 4� G�(��� !��	 �1 
��� 4� @�� 4��3 4
 ��� G�	

e.��� ) !��HM +��D �	 '�1 (4b���  !�M .G��  

 I�(K1: ����1� �$ �$� ���� :	J��$ ) M�B��*+/-(  

(I�') :	J��$ ����  ./ .0 .1 .�2 ./1 .12 .�22 ./22 

  (4���l �� d&^����) '�.�D ��	

'����3 %.��E Z��� ��  
75,94  105,63  145,47  

  

210,6  317,34  415,71  539,15  678,57  

  

  �E�#��]� 4^#M 4
 �M 4^#M B.���� Q����� � �E�#��]� 4^#M @��]E 4� ���J� �+�� ������ 
��� +�� 4�A�� �	

 	�&�� ��»2000×300«  	�&�� �� 4^#M 4� G#-�»1800×250« ���.e  '��� �� 
������ 	�	. 

I�(K2�8��'��� �3�  ���$� ���O8 :+�F �� )���K �'*B� :��' �B����
 �P��1� :  

 Q��1����(7� J@���(   :��' �B����
  )���K

���(7� J@��(��7�R �$ �B�) �(   

 )���K :��' �B����

<� �/�$ I(� �$ �(   

2000×300  1800×250  

%>6�  6 16/1  1  91/0  

%>6�  8  18/1  24/1 07/1  

%>6�  12  31/1  25/1  85/0  

 
 I�(K3 ���O8 :+�F �� )���K �'*B� S�� �B����
 �P��1� :�8��'��� �3�  ���$�  

 Q��1����(7� J@�� -

�(   

S�� �B����
  )���K

���(7� J@��(�B�) �(   

S�� �B����
  )���K
<� �/�$ I(� �$ �(   

2000×300  1800×250  

%>6�  6 67/0  78/0  83/0  

%>6�  8  87/0  04/1  14/1  

%>6�  12  71/0  82/0  56/0  

  

 .�.	�( �E�� 4^#M �� � 
��� d.�C ���cE V.�$ �� +�� ������ 4� ���J� ���	 4�A�� �	  

 46>�� 
��� d.�C4&5�>�	��� '��
 P�� �� !	�S��� ��3 4#��]�  !�M G�� ) 4>���4( �� !	�S��� �� F1�23 B.� �	 .

4��H� ��	��
 �1 �	 ������ 
20  
��� �1�"�.���� K���H  ����� � %>6�4��	 ��� %$�6� �� _^  4��E � 


4&5�>�	���  
��� d.�C ���6� �'��
 P�� �� V�#>E �4#��]�  !�M .G��  

                                                      
1 - Trend 
2 - Mann-Kendal 
3 - Cowan 
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)4 (  n =  �nb + 5�  + 5/  + 50  + 56 �m  

nbd.�C : ������ 4.�3 4
 �� Z��� 4��	 ���
 	��� ^�E�@ !��1	 !���D 41���� � �. QR��GM	 B��&E �� 	�M  

5�d.�C : ������ ��.�&E 
��� 4D�	 �� HX�� �>� 41���� ��O� � �. QR��GM	 

5/d.�C : ������ ��.�&E 
��� 
�1���cE %$�6� �C�   

50d.�C : ������ ��.�&E 
��� %���� 41���� ��O� � �. QR��GM	 

56d.�C : ������ ��.�&E 
��� FM�3 �1��( 41���� ��O� � �. QR��GM	  

md.�C : �ARO� 
��� �� Z��� 4D�	 3�'�{ 	��
 41���� ��O� 

) @^M �	3 �^����.	����1 +�� �	 
��� d.�C a�X�E !�]� (CCHE2D  '���!	�	  !�M  .G�� 

  

  
 D3 3 I(� �� �7�T��� @�$� ��U/8 :CCHE2D  

) !��HM @^M �	3�� !��� �1 �	 4
 G�� B.� 
��� d.�C a�X�E �� ��X�� �(FM�3 4� 4D�E  � B��{H1

4��H� ��	��
  
�1����� !�M .�.	�( B��&E !��� �1 
��� 
��� d.�C �'��
 +���D �� V�#>E �  

) !��HM +��D �	4!����� '�.�D G �� �.	�6� �(
��(4#��]� � !�M 4� !�M +�� 4����  
��� d.�C ���cE G5�A �	

) @^M �	 � G�� !�M 4-.�6� i���� %$�6� 
���4 %$�6� G�&J�� ��� (GM�	�� !�M  
��� '��� +�� ������!	�	  

!�M .G��  
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 D3 4 : ���$ D�� :Q��1� ���(7� J��)���K S�� � :��' @  I(� ��/'�� @��$ 

  

 I�(K4@�$� V��0 � �8��'��� �3�  ���O8 :+�F �� )���K :��' �B����
 �P��1� :  

 Q��1�

���(7� J@���(   

 �B����
 :��'

 )���K���(7� J@�� -

�(   

   �B����
 )���K :��'
<� �/�$ I(� �$ �(   

�8��'��� �3� 2000×300   �8��'��� �3� 

1800×250  

 @�$� V��0071/-

047/  

@�$� V��0079/-05/   @�$� V��0071 ./ – 

047./  

 %>6�6  16/1  1  82/0  91/0  

 %>6�8  18/1  24/1 12/1  07/1  

 %>6�12  31/1  25/1  2/1  85/0  

  

'�H1 ��$) +��D �� 4
4 ������ e.��� 4
 (�� '��� �� +���E�#��]� 4^#M 4
 G�� ���&� ��1	2000× 300  �

 
��� d.�C071 ./– 047 e.��� ./	��.W �E �.	�6� 4� G#-� 
!����� (�� 
	����� 4� 4
 G�� !	�
 @�5	 B�H1

4� '���   ����� 
��� d���� �E�#��]� 4^#M#M�4 ��� !	�S��� +�� 
��D� � 
�� 	�M.  

4� ���J� �&� 4�A�� �	 G]O �.	�6� �� !	�S��� �� 4�A�� B.� �	 .�M +�� ����!����� (��
 �	 VH  � G �� !�M

 ������ 4�A�� �	 4
 %>6� 4�!	�S���  !��� ���G]O �) +��D �	 '� e.��� 4
 �M ����� +�� ����5 (4b���  !�M 

) @^M �	 .G��5 %$�6� G�&J�� ��� (GM�	�� !�M  G]O 
��� '��� +�� ����	�	!  !�M .G�� 
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 D3 5 : ���$ D��  :Q��1� ���(7� J��)���K S�� � :��' @  :�^ @��$I(� ��/'  

  

 I�(K5:�^  : I(� ��/'��+�C���*�  

 QC1�   �B����
 )���K S�����(7� J@��(�B�) �(   (�B�) I(� �$ ���H�$ )���K S�� �B����
  

D 84/0  92/0       

E  79/0  87/0  

F  48/0  4/0       

  

��4D�E )+��D 4�5G]O e.��� 4
 ( '��� �� +�� ������ �1	 ���? �.����E �� +�� 4
 �M @O�A 4���� B.� �

 
���#M�4 ��� 46>�� �	 
4&5�>�	���  +�� �@#J @A��� ����� �� .G�� ��	��?��!	��� #M�4 ��� 4��?	�� '�.�D 


!	�	 �� !	�S���  �� 4
 G�� 4X]5 �~
��A ��	 
�1 "�-.� 
�B� !�  +�� 
	��� 
��� !�
CCHE2D �� QR�� 4��3 �

 G�(��� !��	100  	��� +�� �D��? � �M ������� 45��GIS  �� !	�S��� �� �GIS  ������� @�� �>? 4�6�

.�.	�(  

  

�B;�� �
@ <
��
  

 �� QR�� 4��3Z���  G�(��� !��	 �� '�.�D ��	100 +�� �� 45�� CCHE2D 4�.��� G�	 
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D3 6 :	J��$ ���� �$ �$� �$ `2�' �/#
 :100  ���$ �� �+�'�7�T��� �,$ �1C/� @�*A  

  

BHC 4-.�6�  ��� �	 '�.�D 4��325  G��#.	��1395  	��A)4  @�� 4��3 �� (���^1�.!�M	��  G�(��� !��	 �	

100  	��A) 45��41 @�� 4��3 4
 �M U��� (���^1	 �� F�� ��#� @�� h.��M 
��� ���( 4
 �M �1��? ����� !

 F.��[�@��J �D�E Q�-]� ��� 	�M .  

 ����� ��#M�4 ��� G�(��� !��	 �� @�� 4��3 4��E � 
100  +�� �D��? �� !	�S��� � +��CCHE2D  �	GIS  4�6�

 '�.�D G �� Z��� �� 4�6� B.� ����� 4
 �M 4��E @�� �>?)) +��D6) @^M � (7((  VH  Z��� �� _`� �

 '�.�D)+��D )5) @^M  � (8(( .�M 4��E  

 I�(K6)���K :��' a�'� �$ D�' �CT a2A : 

M���  �CT a2A  �b�A ��1��  (��7�R �$ �B�) )���K :��'  

1  I a
  1 -0  

2  II  h����  5/2 -1/1  

3  III  	�.�   �� �����5/2  
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D3 7 :	J��$ ���� �$ �$� @��$ )���K :��' a�'� �$ D�' �CT �	17  :100 I�' 

  

I�(K7: )���K S�� a�'� �$ D�' �CT a2A  

M���  �CT a2A  �b�A ��1��  (�B�) )���K S��  

1  I a
  5/2 -0  

2  II  h����  5/4 -6/2  

3  III  	�.�   �� �����5/4  

 

 
D3 8 )���K S�� a�'� �$ D�' �CT �	17 : @��$ :	J��$ ���� �$ �$�100 �+�'  
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 �����	.G  ������� '�.�D G �� � VH  ���� �>? d�
�E P�� Z��� �� u�� 4�6� �	 V�S�E �� @�� �>? 4�6�

@^M) �M9�� '�.�D G �� 4� 4
 d�E�E B.�� .( '�� ������ d.��E K��J 4� 4D�E0,6  '�� '�.�D VH  4� �0,4 

.�M !	�	 ��\�?�  

 
D3 9  )���K S�� � :��' S�b�8 a�'� �$ D�' �CT �	17 :	J��$ ���� �$ �$� @��$100 �+�'  

 

c�$  

�� 4D�E 4� e.��� +��  
	� CCHE2D �� '��E +�� 4
 GS( !�M	�. �	 3�F ���� �.	�6� VH  � G ��  '�.�D

) +��D!��HM 5(� 
�>? �H
 �� 4�M�	 � e.��� @O�A �� +�� TR�?� 
��p�� �.	�6� �� !����� (��
 !�M 	��	. 

B.������ e.��� � F1�23 
��H���E 
u�� +�� �� �	 3�F ���� V�J	 ������3 VH  � G �� �'�.�D �E�.�  �� 4
 	�H�

) 
��-? e.���1391 
�&��	 +�� �� !	�S��� �� 4
 (CCHE2D 4�#M 
���  Q���� �	 Q��� � '�.�D 
�"5� 
���

) ����#  W�� � G?�	�3 '�(���1 '���� �	1392 +�� �� !	�S��� �� 4
 (CCHE2D  4��34� ��� �	 QR�� 


4��?	�� 
|���� .	��	 �����H1 G?�	�3 '�(���1 '�	�� 4�^[�  

��@\�� 4� 4D�E 46>�� ���^-� V$��� � K���� � � ��� �C��� '	���X�	���  �4��?	�� 4��6E.g�#  
	�.� ���? �O�	

 G�(��� !��	 �� @�� �.� 4� 46>�� ��100  +���� 	�� 46>�� �p GH-J �	 4�#5� .4�G�   !�
 4� 4��?	�� 4^�.�

 ���	 �� 46>�� �� 
	�.� G&�� QR�� 4��3 �G�� @\��H�� (�	� �G&�#$ �� a
�A h.��M V#$ .4C��  �1 W.	�� 


) �>? ZR
 �	 4��?	�� 4�III ��>? ZR
 a.��"� 4�O�[ 4��?	�� �� 4p�1 � (��%�  ��H
 �>? � �E��  �� .	�M

 Z���4�6�  4� @�� �>?G�	�� U��� !��M  �� ��� 
����
 �� 4
3  �>? ZR
 �	 �O�	III �9  �	 �O�	
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