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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
Sub Residential  Park area Maximum Minimum Curve
basin . . Slope
area (ha) (ha) elevation (m) elevation (m) number
A B A B A B A B A B A B A B
1 11 0 0 40.7 30.1 1397 1294 1225 1219 9 4 76 76
2 12 11.1 0 38.5 14 1544 1269 1239 1257 15 1 76 76
3 13 298 0 18.8 13.4 1449 1303 1257 1228 13 6 77 76
4 14 68.1 412 303 648 1379 1716 1253 1267 7 14 77 79
5 15 548 0 64.4 37.1 1375 - 1268 - 4 0 76 76
6 16 0 0 12.2 241 1335 1309 1281 1228 5 5 76 76
7 17 9.1 7.9 19.4 57.4 1305 1339 1240 1257 5 3 76 76
8 18 757 1058 10.5 31.6 1287 1564 1227 1241 4 16 79 78
9 19 495 651 114 299 1391 1299 1267 1254 10 2 78 77
10 -0 - 111 - 1278 - 1263 - 1 - 176 -
sslizul 5 50 GWLID Slasin-Y i
Table 2. Characteristics of LID methods applied in this study
Vegetative Permeable Green .
LID Parameters Swale Pavement Roof Unit
Surf Berm Height 20 30 mm
urtace Manning Coefficient 0.24 0.05 0.1 -
Th_icknes.s 150 mm
Pavement Void Ratio 0.21 - 1
Permeability 100 mm.h’
Thickness 12 mm
Porosity 0.5 -
) Field Capacity 0.2 -
Soil Wilting Point 0.1 -
Hydraulic Conductivity 0.5 mm.h!
Slope 10 %
Thickness 900 mm
Storage Porosity 75 ;
Hydraulic Conductivity mm.h™
Drai Flow Exponent 0.5 -
ramnage Offset Height 6 mm
Slope - 1 1 1 %
Plant Cover - 90 90 90 %
Y . Z. \ . . Z. 7 TR
RMSE = ) Glas gl 5 Sko oz Sl o Hlr 0 SSke o)lel 51 Cilasa
Zn] ¥ oY) OVslan O i o a | wadSilm 25 asls
MAE=+—— (Y) o esliaza
n
! Root Mean Squared Error (RMSE)
2 Mean Absolute Error (MAE)
3 Nash-Sutcliffe (NSE)
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Table 3. Comparison of Scenario 2 (green roof) to Scenario 1 (current situation) in the case of sub-basins runoff (m*.s™)
for 2, 5, 10, 50 and 100 year return periods

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

RSME MAE NSE RSME MAE NSE RSME MAE NSE RSME MAE NSE
0.16 0.11 -14.63 0.19 0.11 -12.33 022 0.11 -1.93 022 0.11 -0.21

3

4 021 0.17 -33.31 0.24 0.18 -28.85 032 020 -9.31 0.29 0.19 -1.10
5 0.24 020 -45.69 0.27 021 -55.35 0.27 021 -5535 035 0.23 -1.49
8
9

0.10  0.07 -14.64 0.13 0.08 -12.23 0.14 0.07 -0.70 0.13 0.07 -14.34
0.11  0.06 -8.42 0.14 0.07 -7.04 0.14  0.06 0.19 0.15  0.06 0.36
14 0.10  0.08 -24.95 0.14 0.11 -28.42 024 020 -23.63 0.28 024 -12.94
18 025 0.18 -19.93 029 020 -15.79 033 020 -1.41 0.30 0.18 0.26

(450 Ly enSa ) Sl s ad oy 4 Cos (g3 stiamin) ¥ g5l (ol 2l s lio -F Jpur
dloVee 500 N 0 S5k laeyss 53 (s 3050 SeS  05

Table 4. Comparison of Scenario 3 (permeable pavement) to Scenario 1 (current situation) in the case of sub-basins
runoff (m3.s'l) for 2, 5, 10, 50 and 100 return periods

Sub S-year return period  10-year return period S0-year return period Ly i

. period
basin RSME MAE NSE RSME MAE NSE RSME MAE NSE RSME MAE NSE
0 0 0.76 0.04 0.02 0.61 0.06 0.03 -0.59 0.07 0.04 0.086
5 0.06  0.05 0.64 0.08 0.06 0.35 0.08 0.06 0.35 0.13 0.01 0.62
0.03 0.01 0.90 0.04 0.01 0.88 0.07 0.02 0.88 0.07 0.02 0.88
11 0.10  0.05 0.64 0.12 0.06 0.65 0.19 0.09 0.65 0 0 1
12 0.04  0.02 0.71 0.05 0.02 071 0.08 0.04 0.72 0 0 1
14 0.05 0.04 -032 0.04 003 096 0.07 0.07 0.74 0.08 0.08 0.76
17 0.04  0.03 0.95 0.04 0.03 096 0.06 0.05 0.96 0 0 1

(45l onSa2) DLl e b om0 Cons (425 52) ¥ seslen 1o s lin =0 J g
Jlo e 30' AR ‘aq:f;tﬂ_;uwaﬁwjﬂa,ﬁdu@yﬁj

Table 5. Comparison of Scenario 4 (Vegetative swale) to Scenario 1 (current situation) in the case of sub-basins runoff
(m .s'l) for 2,5, 10, 50 and 100 return periods

100-year return
period

RSME MAE NSE RSME MAE NSE RSME MAE NSE RSME MAE NSE
6 0.024 0.006 095 0.004 0.001 099 0.006 0.002 099 0.007 0.002 0.99
18 0.01 0.006 099 0.014 0.007 0.99 0.02  0.01 0.99 0.02  0.01 0.99
19 0.02 0.009 097 0.006 0.003 0.99 0.007 0.004 099 0.008 0.004 0.99

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

Journal of Water and Wastewater NS 5 Ol dore O
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Table 6. Comparison of Scenario 5 (green roof, permeable pavement and vegetative swale) to Scenario 1 (current

Al 500N 0 Sl las, s 53 w550

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

5-year period

10-year period

50-year period

100-year period

Sub
basin

RSME MAE NSE RSME MAE NSE RSME MAE NSE RSME MAE NSE
2 0 0 1 0 0 1 0.24 0.07 0.18 0 0 1
3 0.16 0.11 -14.63 0.19 0.11 -12.33 0.31 0.15 -57.30 0.22 0.11 -0.12
4 0.22 0.07 -34.01 0.26 0.18 -39.14 0.42 0.29 -86016 0.34 0.21 -3.81
5 0.25 0.20 -31.18 0.29 0.22 -49.74 0.29 0.22 49.74 0.42 0.28 -5.30
6 0.04 0.01 0.77 0.05 0.01 0.69 0.13 0.04 -1.82 0.08 0.02 0.68
8 0.10 0.07 -14.34 0.13 0.08 -12.23 0.22 0.10 -61.19 0.13 0.07 -14.34
9 0.11 0.06 -8.42 0.14 0.07 -7.04 0.24 0.09 -38.60 0.15 0.06 0.36
11 0.10 0.05 -0.16 0.12 0.06 -0.16 0.25 0.11 -5.54 0 0 1
12 0.04 0.02 0.20 0.05 0.02 0.21 0.11 0.05 -4.04 0 0 1
14 0.15 0.12 -24.49 0.20 0.16 -43.47 0.34 0.20 -118.9 0.37 0.31 -55.63
17 0.04 0.03 0.95 0.04 0.03 0.95 0.24 0.14 -0.70 0.07 0.06 0.96
18 0.31 0.18 -34.71 0.39 0.21 -54.74 0.57 0.26  -110.37 0.61 0.29 -116.46
19 0.06 0.04 0.71 0.07 0.05 0.69 0.20 0.11 -2.03 0.13 0.08 0.70
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