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Abstract  
Nowadays, low impact development (LID) and best management practice (BMP) are 
being used to reduce the impact of urban development on the runoff quantity. Regarding 
to this and according to Tehran position and its development, this research was 
conducted using SWMM model to study the effect of LID-BMP methods on runoff in 
district 22 of Tehran city, Iran, with area of 54000 ha. This study included five 
scenarios: current situation, green roof, permeable pavement, vegetative swale and 
green roof-permeable pavement-vegetative swale. The study was conducted for rainfall 
in 5 return periods (i.e. 2, 5, 10, 50 and 100 year) in 19 sub-basins.  Results: The results 
showed that the effectiveness of all methods to reduce runoff was increased up to the 
return period of 50-yr and then reduced for the 100-yr return period. Green roof and 
vegetative swale had the most and the least effect on runoff, respectively. In addition, 
comparison of peak flow of these methods with the results from the Tehran Runoff 
Management Master Plan revealed that green roof was most effective on the peak flow 
reduction. 
 
Keywords: Runoff, Best Management Process, Low Impact Development, Street 

Flooding. 
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Table 1. Some of SWMM input parameters 

Curve 
number 

Slope 
Minimum 

elevation (m) 
Maximum 

elevation (m) 
Park area 

(ha) 
Residential 
area (ha) 

Sub 
basin 

BABABABABABABA
76 76491219 1225 1294 1397 30.1 40.7 0011 1

76 76 115 1257 1239 1269 1544 14 38.5 011.1 12 2

76 776131228 1257 1303 1449 13.4 18.8 029.8 13 3
79 77 14 71267 1253 1716 1379 64.8 30.3 41.2 68.1 14 4
76 7604-1268 -1375 37.1 64.4 054.8 15 5
76 76 551228 1281 1309 1335 24.1 12.2 0016 6
76 76351257 1240 1339 1305 57.4 19.4 7.9 9.1 17 7
78 79 16 41241 1227 1564 1287 31.6 10.5 105.8 75.7 18 8
77 782101254 1267 1299 1391 29.9 11.4 65.1 49.5 19 9

-76 -1-1263 -1278 -11.1 -0-10
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Table 2. Characteristics of LID methods applied in this study 

LID Parameters Vegetative 
Swale

Permeable 
Pavement

Green 
Roof Unit 

Surface Berm Height 20 30 mm
Manning Coefficient 0.24 0.05 0.1 - 

Pavement 
Thickness 150 mm
Void Ratio 0.21 -

Permeability 100 mm.h-1 

Soil 

Thickness 12 mm
Porosity 0.5 - 

Field Capacity 0.2 -
Wilting Point 0.1 -

Hydraulic Conductivity 0.5 mm.h-1 
Slope 10 %

Storage 
Thickness 900 mm 
Porosity 75 -

Hydraulic Conductivity mm.h-1 

Drainage Flow Exponent 0.5 -
Offset Height 6 mm 

Slope - 1 1 1 %
Plant Cover - 90 90 90 %
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��0Q�/��(��	 �� 7� ����V�g(�1��H  � !@�� ��) ����-( M�%1�  � �8@O =1@Z- �� =��� (%�	 E��)

�Z�< �
 >(-) () �	( � )(�� ��� =ID
�� ����6`�6��-`�� �2�	 
Table 3. Comparison of Scenario 2 (green roof) to Scenario 1 (current situation) in the case of sub-basins runoff (m3.s-1)

for 2, 5, 10, 50 and 100 year return periods 

100-year return period 50-year return period 10-year return period 5-year return period Sub 
basin 

NSEMAERSMENSEMAERSMENSEMAERSMENSEMAERSME
-0.210.110.22-1.930.110.22-12.330.110.19-14.630.110.163
-1.100.190.29-9.310.200.32-28.850.180.24-33.310.170.214
-1.490.230.35-55.350.210.27-55.350.210.27-45.690.200.245

-14.340.070.13-0.700.070.14-12.230.080.13-14.640.070.108
0.360.060.150.190.060.14-7.040.070.14-8.420.060.119

-12.940.240.28-23.630.200.24-28.420.110.14-24.950.080.1014
0.260.180.30-1.410.200.33-15.790.200.29-19.930.180.2518

��0Qg/��(��	 �� 7� ����V�r�9o')(�1��H  � !@�� ��) ����-( M�%1�  � �8@O =1@Z- �� =��� ( �34~�o� 

�Z�< �
 >(-) () �	( � )(�� ��� =ID
�� ����6`�6��-`�� �2�	 
Table 4. Comparison of Scenario 3 (permeable pavement) to Scenario 1 (current situation) in the case of sub-basins 

runoff (m3.s-1) for 2, 5, 10, 50 and 100 return periods 

100-year return 
period50-year return period10-year return period5-year return period Sub 

basin 
NSEMAERSMENSEMAERSMENSEMAERSMENSEMAERSME

0.0860.040.07-0.590.030.060.610.020.040.76004
0.620.010.130.350.060.080.350.060.080.640.050.065
0.880.020.070.880.020.070.880.010.040.900.010.036

1000.650.090.190.650.060.120.640.050.1011
1000.720.040.080.710.020.050.710.020.0412

0.760.080.080.740.070.070.960.030.04-0.320.040.0514
1000.960.050.060.960.030.040.950.030.0417

��0Qd/��(��	 �� 7� ����V�y��7)(�1��H  � !@�� ��) ����-( M�%1�  � �8@O =1@Z- �� =��� (�_F�� 

�Z�< �
 >(-) () �	( � )(�� ��� =ID
�� ����6`�6��-`�� �2�	 
Table 5. Comparison of Scenario 4 (vegetative swale) to Scenario 1 (current situation) in the case of sub-basins runoff 

(m3.s-1) for 2, 5, 10, 50 and 100 return periods 

100-year return 
period50-year return period10-year return period5-year return period Sub 

basin 
NSEMAERSMENSEMAERSMENSEMAERSMENSEMAERSME

0.990.0020.0070.990.0020.0060.990.0010.0040.950.0060.0246
0.990.010.020.990.010.020.990.0070.0140.990.0060.0118
0.990.0040.0080.990.0040.0070.990.0030.0060.970.0090.0219
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��0Qi/��(��	 �� 7� ����V����7 -  �34~�o� �9o' 6%�	 E��)�Z�< �
 (�1��H  � !@�� ��) ����-( M�%1�  � �8@O =1@Z- �� =��� (�_F�� ���

>(-) () �	( � )(�� =ID
�� ����6`�6��-`�� �2�	 
Table 6. Comparison of Scenario 5 (green roof, permeable pavement and vegetative swale) to Scenario 1 (current 

situation) in the case of sub-basins runoff (m3.s-1) for 2, 5, 10, 50 and 100 return periods 

100-year period 50-year period 10-year period 5-year period Sub 
basin 

NSE MAE RSMENSE MAE RSMENSE MAE RSMENSE MAE RSME

1000.180.070.241001002
-0.120.110.22-57.300.150.31-12.330.110.19-14.630.110.163
-3.810.210.34-860160.290.42-39.140.180.26-34.010.070.224
-5.300.280.4249.740.220.29-49.740.220.29-31.180.200.255
0.680.020.08-1.820.040.130.690.010.050.770.010.046

-14.340.070.13-61.190.100.22-12.230.080.13-14.340.070.108
0.360.060.15-38.600.090.24-7.040.070.14-8.420.060.119

100-5.540.110.25-0.160.060.12-0.160.050.1011
100-4.040.050.110.210.020.050.200.020.0412

-55.630.310.37-118.90.200.34-43.470.160.20-24.490.120.1514
0.960.060.07-0.700.140.240.950.030.040.950.030.0417

-116.460.290.61-110.370.260.57-54.740.210.39-34.710.180.3118
0.700.080.13-2.030.110.200.690.050.070.710.040.0619


��Z�<  �����6`�-`���1�����  �H� %�X�  �� �11 ��) G� �S-�
	1X� .)�) M�I� �; �11 
� N(��� =�ID
�� >(-)  ����`�- T��	

�_
�1
� .`����� V� T�	� H� a�����)  ��2�� �����-( �1 >��� �
� �� .=�����%7 G� H� )�7- .�t2�� �����-( ���� () �1 () >��� �


��Z�<  ����6`�-`�� () .��� >���I� �� (���	 .��%�O� 6���
��� N(��� =�ID
�� >(-)`�� � T��	 �1 X�  �� %�11 �����-( G�   ��H�

=�����)������ .������ 
� &���'�< �1�
����	�(�����	����E�����)
�9o'+%�	 34~�o���7+ �
 ��� )�) M�I� (�_F�����Z�<  ����r6

y6�6�6``6`g6`y6`�-`�@�Z- ��� =���1�8@O =������
 T-�7) �����) ����-(�� �� .(�� )��7- .�1() �����-( ����� M�%


��Z�<  ���r-��� (��V� ��  �� � (��	 () >��� =	)���g.)��
 =85� M�1�I�� H� E��5 %�(���	 -)���r-y�  �� �1 ����� M�%

 ��� .)�� ����-(�� � .�
 () �����-( ���� f���Z�<  �����-
`� �� �� >���I� (�Q�� ��1M�%MAE ��
 .��Z�<  �� �� � � �1!
 �� �g�/�-`�/���H  � !@��  ��1�� �.��� =	) 

E/	�,AD '(,L 
� ()�.��-n4 	( � ���N-(  H� ���3�4~�o� �9o' 6%�	 E���-  
�7��  � �_F�� �1 ���� �����-( M�%���V?�� () N(��� 
�zzM� ���

��� .�� ��,�) 4��� () �� )�) M�I� �1(���	 .�����6>)�o��	� )(���
� 7��� %��	 E��1 ��I�� �7� - .���7� ��
� ��_F���() �(  �H� .

.�����) ����-( (��V� ���� 
�_
�1�%O� �� .��� >(-) ��� N(�� =ID
}$�I�� H� 6T��	�

N-( ���LID-BMP �%O����� 
� ��4 .=�O� �� G��� 
� 6>(-) .
I��  H����N-( .�V� .�� ��	�� ���(���	 
� E����  ��  H� ������

 � �����7 � �Q ��� =���� �1 � �7� ���� )�) M��I� %��9o�' 3��4~�o�� 
 �
��(��	 -  H� .������7 - %�	 E���� �_F��1 ��I� �� �(  �H� .

�) �����41.�����) ����-( :
 � ��� s�	��� ��.��-n4 � ��� ��7�� �� -��.��7 ������_F��

� ���	�=����@�'��
 -1.���� ��1
 !�� !�	��� )�1- =��
���	() ��  D� N-( .�(���B��)�I�6��	 ��� =����N-(  ����

LID-BMP  �� u @� () ��� !1 ��I��� (� �"�D�1) 6%��	 E���
�� M���5 ��(����� () N-( .� �� () ����-( =�4 ��V?�� .1)����I
��.)�� 

S/"D���0\ 
=���
< 
� �( )��, ���)(��" !�� � �2�V� M�D������ >�B�I��) ����

�� E;5� ��-n4 .�� E�\�� () ��;	� )�
� .��(�) 



����U�	 � +MK�l�
% ��T@ dx.doi.org/10.22093/wwj.2018.87608.2415 
121

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 30, No. 3, 2019 

References 
Ahmadisharaf, E. & Tajrishy, M. 2015. Siting detention basins using SWMM and spatial multi-criteria decision 

making. Journal of Water and Wastewater, 25(6), 57-66. (In Persian) 
Booth, D.B., Hartley, D. & Jackson, R. 2002. Forest cover, impervious-surface area, and the mitigation of 

stormwater impacts. Journal of the American Water Resources Association, 38(3), 835-845. 
Campisano, A., Catania, F.V. & Modica, C. 2017. Evaluating the SWMM LID editor rain barrel option for the 

estimation of retention potential of rainwater harvesting systems. Urban Water Journal, 14(8), 876-881. 
Carter, T. & Jackson, C.R. 2007. Vegetated roofs for stormwater management at multiple spatial scales. 

Landscape and Urban Planning, 80(1-2), 84-94. 
Getter, K.L., Rowe, D.B. & Andresen, J.A. 2007. Quantifying the effect of slope on extensive green roof 

stormwater retention. Ecological Engineering, 31(4), 225-231. 
Hilten, R.N., Lawrence, T.M. & Tollner, E.W. 2008. Modeling stormwater runoff from green roofs with 

HYDRUS-1D. Journal of Hydrology, 358(3-4), 288-293. 

Hsu, M.H., Chen, S.H. & Chang, T.J. 2000. Inundation simulation for urban drainage basin with storm sewer 

system. Journal of Hydrology, 234(1-2), 21-37. 

Huang, T., Wang, Y. & Zhang, J. 2017. Simulation and evaluation of low impact development of urban 

residential district based on SWMM and GIS. In IOP Conference Series: Earth and Environmental Science, 

IOP Publishing, Hangzhou, China, Vol. 74, No. 1, p. 012009. 

Luan, Q., Fu, X., Song, C., Wang, H., Liu, J. & Wang, Y. 2017. Runoff effect evaluation of LID through 

SWMM in typical mountainous, low-lying urban areas: A case study in China. Water, 9(6), 439. 

Soleymani, M., Behzadian, K. & Ardeshir, A., 2015. Evaluation of strategies for modifying urban storm water 

drainage system using risk-based criteria, Journal of Water & Wastewater, 26 (6), 16-29. (In Persian) 

Walsh, C.J., Fletcher, T.D. & Burns, M.J. 2012. Urban stormwater runoff: A new class of environmental flow 

problem. PLoS One, 7(9), Article No. 45814. 

Young, K.D., Kibler, D.F., Benham, B.L. & Loganathan, G.V. 2009. Application of the analytical hierarchical 

process for improved selection of storm-water BMPs. Journal of Water Resources Planning and 

Management, 135(4), 264-275. 

 


