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$�����"�#
��-�,* $�1-� >�
���-�+�
- $�% ,2��(Jia et al. 2012) .
bb6*K��-�$�#�b� �-�J,�-#B%��-�"$�1#J2% ��2��� �� �2- 
2c�

:a � a�3� $�1-� �����+
�#� �-�c�� 
�+$�?2� �,2I 0"�% $� 	�$ >
�6�*�n��:��
N ,�� J�* �� �
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2S�< H���
�,2* U, SWMM  �2% U,2* p2�

��/� #�
- p�*���� 
2" �� #,2���� @�2���$ !2�3�T � 	$�2- #���
�<
���S,� +��3��� 4!��.g
� #1�$��*�@�2���$ �2- L�2-
* O

$�/$ �� ���� $�(T
* #�"�
-RS�  �1���2�5 4�2<�
� #�
- �1P*
 �=����A* ���b�b6�G H���* $��
 
 $�
[ +��3��� �$�* #
�� !

(Seyed Kaboli et al. 2009).>2�� �� +��3�2�� �2- #���� =����A*
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Fig. 1. Schematic diagram of hydrological cycle evaluation (Miller et al. 2014) 
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��� (Miller et al. 2014) 
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T!�U���B�W* #
-$�% �- g�A� #
�jN��a�3� (��
S 
Table 1. Impermeability coeffecients of land surfaces with different land uses 

LANDUSE Medium 
density  

Low 
density  Duplex 

Apartment, 
high  

Density
Commercial  Natural 

(park)  
Impervious ratio 0.65 0.45 0.7 0.7 0.95 0.0
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�*�B�
�*�B#�
�
�� * $�/I�,�%.
#�
- ����� >��S�< 
�2"
�*�$�N �2"#"2�\���$,�D�� +��2- !2-�c

� JP< 
�%�,<�¢�6� K5 $� @R,��
- �#� @�W�����2S�<
 �2"
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-� (#�:a 4�-E�2; 
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+�
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Fig. 2. Watershed modeling in SWMM software 
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Fig. 3. Introducing the sub-basin into the model 
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T!�U ��S�<
�� U,* #��$� �D�\���$,�" #�"
�*�$�N #�"l��� 
Table 2. Hydrological input model parameters for the 9 sub-basins 

Subcathment S1 S2 S3 S4 S5 S6 S7 S8 S9
Area(Hectare) 2068 537 432 122 195 848 649 114 143
Width(meter) 3607 1305 1104 735 720 1421 1534 786 888
Slope(percent) 26.7 7.7 16 8.6 6 12 13 9.9 8.7

Impervious 
Ratio 

Before 
development 13.8 13.02 26.4 21.12 14.24 6.44 6.48 6.79 8.74 
After 
Development 33 21.7 33 26.5 17.8 16.1 21.6 19.4 25 

Fig. 4. Land-use changes and urban development in two study periods of 1994 (right) and 2014 (left) 
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Fig. 5. Output hydrograph of the watershed before 
development 
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Fig. 6. Output hydrograph of the watershed after development 
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Figu. 7. Output hydrograph of the watershed after its 
development with storage measures effected 
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Figu. 8. Output hydrograph of the watershed after its 
development with penetration measures effected 
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