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Figure 1. Study area and the developed SWMM model for stormwater collection system in the study area
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Figure 2. Flowchart of the research steps conducted in the present study
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Table 1. Model performance in calibration and validation stage

Stage Number Nash-Sutcliffe Efficiency Coefficient (-) RMSE (m)
1 0.775 0.002
Calibration
2 0.868 0.004
Validation 3 0.754 0.003
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Figure 3. Rainfall hyetographs used in the present study
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Figure 4. The bio-retention cell used in the present study (Hoffmann et al., 2020; PWD, 2014)
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Table 2. The hydrological impact of bio-retention cell on catchment area

Scenario Return period Runoff volume  Infiltration volume Flooded node Peak time
(year) (m%) (m3) (No.) (min)
2 4372 438.6 14 204.5
5 5439 561.7 36 203.3
without bio-retention
10 6201 656.6 57 202.5
20 6614 710.5 68 201.7
2 1064 1939.4 0 219.7
5 1578 3062.4 0 216.7
with bio-retention
10 2126 3786.2 3 216.7
20 2379 4198.5 3 214.7
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Figure 5. The hydrological impact of bio-retention cell on flood volume and peak discharge. (A) Flood volume in the study
area with and without using the bio-retention cell (blue and purple curves, respectively), (B) The peak discharge in the study
area with and without using the bio-retention cell (blue and purple curves, respectively).
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Figure 6. Bio-retention cell runoff reduction performance change due to the change in the subcatchment area which is
draining to the bio-retention cell. The vertical axis represents the percentage of runoff reduction in each bio-retention cell.
The horizontal axis shows the ratio of the subcatchment’s area (Asubcachment) t0 the area of the bio-retention cell (Agio-retention)
corresponding to that subcatchment. Vnsiow and Voutriow indicate the inflow runoff and outflow runoff volume of bio-
retention cells, respectively.
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Figure 7. Bio-retention cell infiltration performance change due to the change in the subcatchment area which is draining

to the bio-retention cell. The vertical axis shows the percentage of runoff infiltration in each bio-retention cell. The horizontal
axis shows the ratio of the subcatchment’s area (Asypcachment) t0 the area of the bio-retention cell (Agio-Rretention) COrresponding
to that subcatchment. Vinsiow and Vnsittration indicate the inflow runoff and infiltration volume of bio-retention cells, respectively.
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Table 3. Changes in the soil layer saturated hydraulic conductivity of the bio-retention cell and its impact on the bio-
retention cell hydrological performance

Saturated hydraulic conductivity (mm/hr)
Hydrological Impact Return period (year)

10 30 70 120

2 50.5 67.3 75.3 75.9 76
Runoff volume 5 40 55.4 66.7 737 741
reduction (%) 10 36.1 50.8 60.2 69.4 724
20 34.8 48.6 58 667 706
2 317 59.4 64.9 66.4 665
Peak discharge 5 17.6 24.1 40.9 556 565
reduction (%) 10 13 18.7 25.7 377 467
20 10.7 16.3 226 298 383

2 99.8 100 100 100 100

Flood volume 5 81.4 93.9 100 100 100
reduction (%0) 10 65.9 83.2 937 997 100
20 58.2 77 89.2 975 998
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5. University of Maryland
6. Storm water management model (SWMM)

7. Intensity-duration-frequency
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Abstract

Low impact development (LID) methods are among the runoff control measures. The bio-retention cell is one of the low
impact development methods that has been noticed due to the significant reduction in runoff volume and increase in
infiltration. However, the overall performance of the bio-retention cell varies in different areas and different designs. In the
present study, the performance of bio-retention cells was evaluated under different design conditions. Also, the SWMM model
was used in the modeling of the study area (east of Tehran city) to evaluate the performance of the bio-retention cells. The
results of the present study showed that the bio-retention cells are capable of reducing flood and increasing infiltration. Floods
in the study area were completely eliminated after using the bio-retention cell for rainfall with a return period of two and five
years, and for rainfall with a return period of 10 and 20 years, the flood volume was reduced by more than 90 percent. Bio-
retention cells reduced the peak discharge by 65 to 25 percent for rainfall with a return period of two to 20 years. The results
also showed that by increasing the thickness of the surface layer of the bio-retention cell, there would be even more runoff
reduction. For rainfall with a return period of 20 years, increasing the thickness of the surface layer from zero to 450 mm
caused a 41 percent decrease in runoff volume and a 1.5 times increase in infiltration. Increasing the saturated hydraulic
conductivity of the soil layer of the bio-retention cell also increases the performance of this low impact development method.
The present study shows that the use of infiltration based low impact development methods, such as bio-retention cell, can
help in improving the hydrological conditions of urban areas.
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