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Abstract  
Runoff in urban areas causes road flooding. This issue has many problems in itself. Identifying 
areas prone to urban floods and flood-prone areas can greatly assist in planning of prevention 
and control of possible floods. In this study, using SWMM model, Shahrekord surface runoff 
collection network was simulated in 2, 5 and 10 year return periods. Model calibration was 
performed on 2 rainfall events on runoff depth parameter in several canal and random nodes. 
Sensitivity analysis was performed on the parameters affecting the total runoff of the catchment, 
and the equivalent width parameter was identified as the most sensitive parameter of the 
catchment. After calibration, validation was performed with optimum values in 2 other rainfall 
events. NSE, RMSE, and BIAS% coefficients were used to determine the modeling error in the 
calibration and validation steps in witch the values of the coefficient of NSE obtained more than 
0.8 in calibration and more than 0.9 in validation. These results showed that the simulation has a 
good accuracy. Results of SWMM model showed that surface runoff collection network is not 
sufficient for passing surface runoff during different return periods and the sub catchments 20, 
90, 25, 39 and 99 have the highest amount of runoff, respectively. The results of TOPSIS 
method also showed that the most critical sub catchments are 92, 20, 25, 39 and 90, 
respectively. Most of these sub catchments are located in the southern part of the city. Due to 
the high density of residential and commercial areas and the lack of enough green space, the 
percentage of impermeable areas has been developed and as a result, the production of runoff 
has been increased. Comparison of SWMM model and TOPSIS method results shows 80% 
compliance in the selection of critical sub catchments. Therefore, using multi-criteria decision 
making algorithms such as TOPSIS can increase the accuracy of SWMM model in selecting and 
prioritizing the critical sub catchments. As a result, using this approach improves the decision 
making process in critical times. 
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1 Storm Water Management Model (SWMM) 
2 Technique for Order-Preference by Similarity to Ideal Solution 

(TOPSIS) 
3 Urban Inundation Model (UIM) 
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 ( ����� ( )5 �>� � � �.(Duckstein and Opricovic, 1980, 

Stewart and Scott, 1995) . 
O�� �� 4���a#}|{� R�� & ,��A- � � > �I�	 8� !� � !� �<

 �,����( ��L~}!������ t H-;( 2J� B & ,��A-� �> � �-����(
4&� � ��< �G� �� ��>���� ��� �0g� )���� �����( !�> ���

4&� �#�B �� �� ����5 � �� � > ����A-( s��-� ����.(Lagzian, 

2014) .
� � �� ¡� � � �H��� O}|{� � ��#� � > ������ � !� �> !� �

 R�� & ,��A- � �> �0g� )���� tH-;(TOPSIS .� �-"��c ��
 � > � ��� �/> �� � �� � . ���Pc :� � #�B w� � t H-;( !� �

4&� �� � =�/� ����� > )� ��� �-���� ( !����� � � � w� �
#����� z"�� S�F� ����� �� .�� ����> !��8-9 � �E�	-
 �� 

4 Multi-attribute Decision 
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Fig. 1. Location of the study area 
:;� -4�9�(���'g�( ��#�g( ���( 

-� �� �#�B w�� �> �AH-;( s4&� tH-;( !�� � > ��� � (5 � ��
)Izanloo and Sheikh, 2019(.

�>�>��4��S	� �O�� ��}|{� &� � > � �>����I- 7  �S�&�
��    � �    'g�(!(��    ��R�� �� & ,��A-    � �    >SWMM �

PROMETHEE II V7'� & Xc ���5 .��-"��c�I� �>!� > � 'g�( 
}} &��+�B� & Xc ��>��&� #�. ����%�4�& ,��A- � � > O�(~

��9� �����(� ���( ��� �0�( ,��	 �Z� > w� 7B 4� �E � ��:
( ���5�> �� �-(��c�4� 0g� )������ �>�:-���/������ �� �.

 ��<&�> ,���{|�> �#��!<�H
��!��
 &! � 4���e ��  �:
�> �+�B��O���. p	E ���B ��}|� � � ������� >�  �d	� .�:

�-��sO� ( �� � � �� 4� ��SWMM �PROMETHEE II & ��
,&�B ��!���7S��> � 4��E  ��0>�� ��:B� �� ���(�� ���. 

)Babaei et al., 2018(.
O�  � �� 4��  S	� � 4�  #}|{��  �#�g( �� ��  > �:�  L �� !

 O�   ( & ,��A-   �SWMM I�	   8� R�� ��   8"����L !�   �<
TOPSIS!P��-� �>��&� �> �R�� & � "�> �"����& !�� !� �

LID �+�B �� & �� " ���P c �� � ��5 .� �-"��c !�� � !� ��
� )� ��� �<��#5 �)���� �� �>� �)���� I/B z"�� z"� �

 
1 Preference Ranking Organization Method for Enrichment 

Evaluations (PROMETHEE) 
2 Curve Number (CN) 

�> !��8-9 �% 7� w� � 4&� t H-;( !� � .� ���. ,��A- � � ��
R�� & ,��A-� �� 4��� s��-� I�	 8� !�� � ( !� �< j 	. � ���

 � �. �0g � )� ��� �����( ��( �� ���7� �> !���&.(Luan et 

al., 2019) .

�4V4IZ�^��T� 	5T(� 
�� �� � .� -;> � O�0(���L 4�-� �.�( ������!���(� �� 9�� �

�-�� ,�. >�h )��
 �� � w�<&�O� K .� � ,� � � 9� ��� �.
��N
  ����  > ��.��  ��:"��'���|§ �  � "�~'���|§ ���  E 

���N
���" 45|~'{�§~}��"{}'}~§~}�� .�>�- ��:k� A��
��� ,���0( ��!�:����}}}| �� �g� & �-(����� �B�7( �
���B ��.���}~/���� � � ,� � ���5� > �� -S�.(Ebrahimi, 

2019) .
 ���:B�� ���Pc�����!�-> & ��.���!� .!���� �!

( ���4� �> IH�({{� &��7'� �+�B�I��>!�> �. �� ,�� 4� �E
 .�� ,�� �-��< �G� �� ��#�g( ���( ,���0(���9�( � 'g�( e(�.

�� eS�{�	���.�� ,�� ,�� 

V46�� � ��%� � 
�:� �;> �� & ���Pc�F�#����S��� �#����S�S ���e,� �

� �;> �� .��� F�#����S ��0�( � 6>�����!2��T2�(T
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Fig. 2. Research steps 
:;�34���Pc =�/� eB�( 

�����R��> � ,�� ��;-� ����'( R��> � �!� > m� K w� �
�� ��  K�>�( �  �<&�> ,���  ��,�  � � �  ;> �� .�  �  �#����S��  ��

& �> ��>�( 2�E*K��� +�B  ����B� 7( e(� �  0(��6�� E
� �O���(�$6��-( ���A� pK��( ���� Mc������ &!�'�  ���!

. >��  �!+�  �	. �> � � j  =��   �� Civil 3D .�   � �  ���
�d	��:O���. �g'( eS� � X�
 � ���> �> ��>�( 2�E*K � ����

�&�> 6�������!(����-�� 2��� �> ������> �.�
Xc  &�:�HB�(�%���&��!=�� 6��� �� �SWMM =� /�

/��� ��G�( �> .����> O�(!>� �-(��c ����> �p	E �����$&
~�}��  %<� �  �9�!�  -� � �  � ,��A-  ��s����  �(��  >��  '( 
%���&��!�'( ,����7��#� �5 =�/� & Xc .�� ��7B��� >!�

( �� �3q( �-(��c�4� #�. �)� ���� ��%�4��� � � � =� /� O� (
�����/� ���%-E ��G�( �> v��/(�� > O� (! >� �-(�� c ����

& ,��A- � � > p	E �� '( #� .�,�% & �,� �}� �9� �� %<�!� >!
.�� ,��A-� =�.�� ��% � =� /� �0 � & 4� ��	K & Xc �!&� �

�+�B��& :���� �> =�9 O� ( & ,��A-� �> ���0> !��SWMM �
I�	8� R�� � 8"�� ��L !��<TOPSIS �-(�� c w� � � > !� �

 .� � !�� � �0g� )���� 4��( �> �M<��3b� eS � ��}�� 	���
H.�.�� ,�� ,�� 4��� ���Pc =�/� eB�( & 

V4�4��.^I�"� SWMM 
�:> �� O�(�:O�� ��!{��� ��{��{ � @�AB X �F5 6��� �

0(�6&��7�(5��SVB�K��� ,�� . �:O� (  �j% ���&� � 
��(���S�R��>Tc � ��9� j�) )������-��H>�9 �> (��)� 7-B

�c  �,��  �!;%�  ���  '	E ��  A� �)J�  L �Q�  > )����
 ��2�  �� 
&�0g  ��� �� .�  �  �:  � ��  ( ���5�  > O�  (�)*R�� �  >
����	��j.�� ��$4�	# ��!4���
 !�� (&�����#� ��. ��,�,� �

( 2����<����>��> .�:O�(��!��%(!����S��&� � ,� a�����
 ���> 4�S(�B� � � ��<�
�M c��A����� A� �M c���� �d	� ��:

1 United States Environmental Protection Agency (USEPA) 

Sub catchment Feature: 
Slope, Area, Wide, Imperviousness, Roughness and… 
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Location, Height, Slope, Roughness, Form and …. 
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H>�9��%���&��!h ¡��c�g"��<����> �> �+�B��� +�.� � 
�;> �S�#����� :� �O�( ��H>�9 �>������ )���� ��#�� ,�� �> 

�� 4���
 R�� ���<���( �S���	��� ��( ���( �S�(���� � ���.

�����>���
�4���O���. e (�. eS � & ,��A- � � > 2J� 8� � ��
����� ��� 2J���(V�( =�/� ���.�� & �.�$,&� � 2J�� �(

 �.�B �#���(){�#���() �a-���c � (}��<� ��( ��h 4���
 !�> (
�> �/���� �( ��� ��5)Nix, 1994(.2��%E 2J���( :� & �� 
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x��/( !�-> & �H���t�4�(&A�4� ��
 �g'( �g�H� >5 �� >

 ��/( ��sf�� /( �� �.�Sg � $��hl�� !F� � �� +�( � �
 � �/( O�K �B�g.�� e'3 )�-� 

�� ����Pc :� !�> O�( !&�� ��A� �'	E )5 �� �x� " � > 

�
�� �> � �#��� ,�� �> &��� =�E ��� �& !� � & R��SCSZ�CN 
,��A-� ���. �� �.� �> =&J . ��'(CN � �'� & ,��A-� �> !� �

 � �+� !�>��.O��
 !�� �� ��
�(ASCE\�> :�a�� �( 2���
!�>��. k�� �� �B�7( �> �
�� �> ��&� ,�(5 ��� �> .�� 

=� � � > !���� 2�E*K �� � !� > O� ( �- �� �� � > !&� �
 I� 7'� �S�#����� 2�E*K � �S�F�#����� 2�E*K � ( .��� �

F�#����� �;> ���S��R��> 2�E*K � �9� j � !� � !� > !
�0� � �/��� ,�� p ��K & O� ( �/�� � ��� !� � ,�� & ,� �

 R�� > !� a# 2�  E*K � ��.�� � � ������ ��  � � ���( �  '(��
���	� 2�� !��T2�(TR��> ����� � �<&�> ,��� �� � � !� �

 & ,��A-� �> �tH-;(���Pc =�/�,�� > !�	 � 6 ��� � � �
��
 O�� �� 4��S	�}|{{ �(5 ��� �>(Borujeni et al., 2011).

� +�B��& 2� 8;�( � ���( �O� ( �S�#����� 2�E*K � � &
 �H	
 $� � ��B� 7(���M c����A� pK� �( � ��� �� > ���<� c��

 
1 Saint Venant 
2 Soil Conservation Service (SCS) 
3 American Society of Civil Engineers (ASCE) 

��'� & ,��A-� ��'� :��d	� � ��.��� ��� �H�8A� m�K !�� !��
=�� j	. �> ��+� !�>��. ���Civil 3D �>2� E*K .�(5 ���

O���. �> ��>�( ��'� p��K & ��� ���5 ���> � �� � �� �(�
 m�K !��
)5 .�(5 ��� �> ��.��� ��� �0g� !�� 

�> �� �.� �> =&J ,�� : � & �"�> �� z9�� ��
� e�#� �� �
,&�� O� ��. & �"�> ���> !��< � > ��� � �� � � & � �- �� 2�� �

��( ���&�> p��K =�/� ����Q� > )�� 2�3 & ���Pc :� �� .
I�L ��0g� )���� 4��( �> ���;%� �,�� ���c .�� � . �/�5 &

�(�O�
�4��S%� $#�9 �� � )���� �S�&�&��+�B� � � H. � ��
��/(!%� )5 ��%E��&��!�(��U �� /( O� K �� �!e 0( �� �

O���. O�8� ���c ����e�y� � )5 �g��(� ��  ( ��4� �  &  �:
�( �� O�(������ � )����! B�K ���S% �  �S�&�,��A- �

��..(Tsihrintzis and Hamid, 1997) .

V4V46�� I�.^�TOPSIS 
O�� �� 4�� � ���� 6��� O�( :�{��{ � � � y�.(Hwang 

and Yoon, 1981) .
R�� �a�� ����	� ��!I�	8� R�� : � �� ��8"����L !��<

 ���m6��� ����<n�( ��9 �>��&� ���( z"�� �� . ,�0� .����<
 O�( :�� �>����< �. �� 2��� :� > �. ! O� � ��#� 4� �E

�( )�;-� : S	( � #�B :�� -�> � > � �H ��� :�� -	. ���> ���� �
� ��> �- �� : S	( �#�B :����> �> � �H��� :��-��>.(Momeni, 

2006).
R�� =�/� eB�(TOPSIS :�� ��& m�� �> 

{Tz"�� X����( e�S�� ����< � �� ��
}T,�� e�S�� X����( (4��. ��J�(��) !&�� ��> �>(N) 
~T��� 4&� X����( e�S��(W) 
�T4&� � �> � > X����( e�S�� ��.j � j � �� G�( : � !� >
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��> !�	� 6��� �.
ZrVV �  � �  y��  � ,�  H�( $  7B �  > �,��� �� �E�  � �  > �  -(

 ��<&�> !� �Z�_�Vr� ��5 =�� � 2� ( $ 7B � > � �� � �#� �
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 �� �. �(5 ���VeS� �\��5 ,� � ,� � �(Borujeni et 

al., 2011) 
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Q�<����� ��%� !�� �>� � � �L & � � �� =&J �,�� ,�%�#�. !&��
s�� & �"�> .��� ,��A-� ��J�	-B � ��(5 �� � . � >�� :� :��� 
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Table 1. Values of intensity-duration-frequency of 
rainfall in Shahrekord (mm/h) 
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¡���  � �� !��  %<� �  �9� !�  �{}/�/{~�� �{/�/{~�� ��

,�< !��{�� �~�} �> �. ,�� )�;-� ����8� ��K ��� �� ,��A-� 

�  . ���  	� eS  � �� �  ��5 !�  � !�  ����,�� 4�  �� .�  � ,�  � 
eS� �� �. ��g��	� !��^�_��� z;�(��'( R�� > 2� �

.� ��9� �� �� �-( � ,�� � 	� 45 �> �@�  ���� 	E !�  ��� p )�

1 Nash-Sutcliffe Efficiency (NSE) 
2 Root Mean Snares Error (RMSE) 

10 year5 year2 yearReturn period
duration (h)

28.2423.6617.590.2
19.4516.2912.110.5
16.2913.6410.150.75
14.33128.921
10.448.756.502
8.667.255.393
7.576.344.724
6.825.724.255
6.275.253.906
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Fig. 3. Curves of intensity-duration-frequency of rainfall in Shahrekord station 
:;�>4��0�( 2�� !��T2�(TR��> ����� ��.��� ,�a-7� 

Fig. 4. Diagram of observed and simulated runoff depth at node 174 on 4 October 2019 
:;�C4��%� � ������( )���� p	E ���	� ,�< �� ,�� !&�� {�� ¡���� ��{}/�/{~�� 

Fig. 5. Diagram of observed and simulated runoff depth at node 362 on 23 October 2019 
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Fig. 6. Sensitivity analysis chart of effective parameter 
on runoff rate 
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Table 2. Values of SWMM model performance 

indicators for depth parameter 
BIAS 
(%)

RMSE 
(m)NSE Stage Rainfall 

events
4.108 2.632 0.843CalibrationOctober4

2019
3.0531.3900.898Calibration23October 

2019
1.4561.1550.937Validation26October 

2019
2.7041.6730.973Validation29October 

2019

Fig. 7. Diagram of observed and simulated runoff depth at node 174 on 26 October 2019  
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Fig. 8. Diagram of observed and simulated runoff depth at node 362 on 29 October 2019 
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Table 3. Runoff volume values of sub-catchment for 2, 5 

and 10 year return periods 
Total runoff volume (×106 litr)Sub catchment 10 year5 year2 year

11.799.757.0520
11.239.276.7090
10.398.726.3525
10.518.666.3439
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Fig. 9. Location of the most critical sub catchment 
:;�}4���0> ���9�( �+�B��& :��� ��

Fig. 10. Network status, flooded canals and flooded junction of the  
Shahrekord city during the 10 year return period 
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Table 4. Weight of the parameters used  

in the TOPSIS method 

WeightVariable
0.1428Slope
0.0231CN
0.3333Peak runoff
0.2453Imperviousness
0.2555Area
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Table 5. Ranking of sub-catchment potential in 
producing surface runoff using TOPSIS method 
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idSub-
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