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Recently, the change in hydrological characteristics and the response of the
urban watershed to rainfall and flooding has become increasingly evident in
terms of quantity and quality for human life and resources. Preventing the
waste of these effluents and consequently compensating for the lack of water
resources is an effective step in this regard. In this study, rainfall-runoff
simulations in SWMM were used to investigate the hydrological response of
the Neyshabur urban catchment to production runoff using low-impact
development methods under six different scenarios. The inflow data
corresponding to the hyetograph of five precipitation events at the outlet point
were collected in the field using the float method. Statistical evaluations
(Nash-Sutcliffe, RMSE, percent bias, and coefficient of determination) during
the calibration and validation phases proved the good performance of the
model (peak-discharge and its time). The percentage of impervious surfaces
was found to be the most effective parameter for peak runoff discharge.
Overall, the implementation of the following scenarios was evaluated: Bio-
Retention-Cell, Porous-Paver-Systems, Infiltration-Trench, Vegetative-Swale
and the Combination-of-the-Scenarios resulted in a reduction in runoff of 8.51,
9.58, 15.79, 10.25 and 43 percent, respectively. Finally, in the return periods
of 2, 5 and 10 years, the best performance has been achieved by Combination-
of-the-Scenarios, Infiltration-Trench, Vegetative-Swale, Porous-Paver-
Systems and Bio-Retention-Cell. The results of the present study have shown
that the implementation of low-impact development strategies together with
the conventional urban drainage network in the SWMM is a good estimate for
testing the performance and implementation methods of different scenarios for
experts and managers.
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Figure 1. Geographical location, area of Neyshabur and cross-section of the main outlet channel of the study basin
(taken by the first author)
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Table 1. Statistics used for evaluation of model results; Qgn: predicted runoff, Qqys: 0bserved runoff, Qmean:
average observed runoff and n: number of data
2

n

(Qobs - (_gobs )(Qsim - Qsim )

2= i=L Coefficient of Determination
n — 2 n — 2
\/ (Qohs - Qobs ) \/ (Qsim _Qsim )
i=1 i=1
13 2
RMSE =, |=>" (Qur, — Quee) Root Mean Square Error
N
- 2
Z (Qobs - Qsim)
PBIAS = =—————x100 Percent BIAS
Z Qobs
i=1

(Qobs - Qsim )2

M-

[N

NSE = 1- :1: Nash-Sutcliffe coefficient of Efficiency
2
z (Qobs - Qmean )
i=1
Unsatisfactory if Satisfactory if Good if Very good if
NSE<0.5 0.5<NSE <0.65 0.65<NSE <0.75 0.75<NSE <1.00

Figure 2. Schematic of the basin and sub-basins including nodes, channels and drainage channels
modeled in SWMM
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Figure 3. Intensity-duration-frequency curves with return periods of 2, 5, 10, 25, 50 and 100 (left side) and design
barrage hyetograph with a duration of 90 minutes for the return period of 2, 5 and 10 years (right side) at the
Neyshabur meteorological station
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Table 2. Range of changes of parameters subject to sensitivity analysis and calibration of SWMM model

Selected parameters Calibration range allowed
Width(m) [-30 +30]
Slope (%) [-30 +30]
Impermeable area (%) [-10 +10]
Manning’s roughness coefficient-Impermeable area [+0.010 +0.015]
Manning’s roughness coefficient-permeable area [+0.02 +0.45]
Surface storage-Impermeable area (mm) [+0.3 +2.5]

Surface storage-permeable area (mm) [+2.5 +5.1]
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Table 3. The initial and optimized values of the effective parameters for SWMM model calibration

Selected parameters Initial value taken ~ Parameter Adjustment (%)  Optimal value

Width(m) * +5% *

Slope (%) * -5% *
Impermeable area (%) * -10% *
Manning’s roughness coefficient-Impermeable area 0.018 -1% 0.0093
Manning’s roughness coefficient-permeable area 0.18 +7% 0.1926
Surface storage-Impermeable area (mm) 1.91 -1% 1.8063
Surface storage-permeable area (mm) 4 +7% 4.28

1. Each Sub-Basin has different Values
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Table 4. The results of calibration and validation of SWMM model
Events Peak flow(m3) Statistic
Simulated Observed Error (%) NSC RMSE R? BIAS (%)
1401/11/25 2.52 244 3 0.73 0.35 0.91 13.8
Calibration 1401/11/29 2.75 248 10 0.65 0.25 0.85 4.38
1402/01/04 3.7 3.003 19 0.57 0.48 0.72 23.75
1401/12/24 0.59 0.58 2 0.88 0.066 0.92 1.81

Validation 1402/01/13 1.93 1.99 3 083 021 0.91 4.93
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29/11/1401, c: 04/01/1402 showers and in the validation stage for d: 24/12/1401, e: 13/01/1402 showers
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Figure 5. Hydrograph of the outlet point of the basin in the condition of not using LID for the design return period
(2, 5 and 10 years)
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Figure 6. The percentage of reduction in the volume of outgoing runoff according to the selected scenarios (return
period of 2, 5 and 10 years)

Table 5. Percent reduction of runoff volume in different scenarios (return period of 2, 5 and 10 years)

Runoff Reduction (percent)

Alternatives Average runoff reduction (percent)

2 Years 5 Years 10 Years
No LID 1 14.61 20.764 23.38 -
2 8.54 8.52 8.49 -8.51
3 9.42 9.50 9.83 -9.58
with LID 4 13.79 15.6 18 -15.79
5 10.16 10.20 10.39 -10.25
6 42.94 44.83 48.52 -45.43
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