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combined with Multi-objective Particle Swarm Optimization Algorithm
(MOPSO) and Non-dominated Sorting Genetic Algorithm (NSGA-II).
Thirty-seven sub-catchments and five types of LIDS are introduced to the
algorithms. Eight scenarios were defined to compare and evaluate the
algorithms. Under the base period conditions, by applying NSGA-II and
MOPSO algorithms, the flood volume in the catchment will decrease by
21.2% and 20.3%, total suspended solids (TSS) will increase by 59.1%
and 58.4%, total nitrogen (TN) will increase by 16.6% and 12.7%, and
lead (Pb) concentration will increase by 29.7% and 28.7%, respectively.
Solution of the algorithms under climate change conditions gave similar
flood values as the base conditions. In RCP2.6 scenario, TSS will decrease
by 59.5% and 55.2%, respectively, and in RCP8.5 scenario, TSS will
decrease by 59.6% and 55.8%, respectively. In RCP2.6 scenario, TN will
decrease by 17.4% and 13.4%, respectively, and in RCP8.5 scenario, TN
will decrease by 17.6% and 13.5%, respectively. Pb in RCP2.6 scenario
will decrease by 30.1% and 29.7%, respectively, and in RCP8.5 scenario,
Pb will decrease by 30.9% and 30.4%, respectively.
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1.  Introduction

In the last two decades, the concept of low impact development (LID) has been promoted in order to
control the quality and quantity of urban stormwater runoff. Estimation of stormwater runoff and
associated pollutants is an important component of urban planning and development (Zahmatkesh et
al., 2015). Several researchers have assessed the ability of LID practices. Oraei Zare et al. (2012) applied
the NSGA-II optimization technique to optimize the objective functions in quality and quantity control
of urban runoff. Three objective functions were considered: 1) minimization of total flood damages, 2)
reduction of total suspended solids (TSS) and biochemical oxygen demand (BODS5) concentration, and
3) minimizing total runoff volume. Results showed that the rain barrel and permeable pavement had
similar performance in reducing the runoff quantity and quality. Alamdari et al. (2017) assessed climate
change impacts on urban catchments. A methodology was developed to calibrate SWMM in Fairfax,
Virginia, for 2041-2068. Results showed that annual runoff volume would increase by 6.5%, while TSS,
total nitrogen (TN), and total phosphorus (TP) would increase by 7.6%, 7.1%, and 8.1%, respectively.
Alamdari and Sample (2019) enhanced an existing external control program for SWMM by adding
automated calibration and the NSGA-I1 multi-objective cost-optimization feature. They concluded that
RSWMM-Cost can assist decision makers identify catchment management strategies for runoff quality.
The purpose of this study is to evaluate the LIDs performance in minimizing total runoff volume,
implementation cost of combined LIDs, and concentration of TSS and TN pollutants in the base period
(1985-2005) and under climate change conditions (2020-2040) in Karaj watershed. To optimize LIDs,
the NSGA-Il and MOPSO algorithms have been applied. Simulation has been done in hydraulic,
hydrology and stormwater quality by Stormwater Management Model (SWMM) model.

2. Materials and Methods

Urban runoff simulation has been performed in a watershed of Karaj city, Iran, by applying the SWMM.
For simulation of the pollutants, the buildup model for pollutant accumulation and wash-off model for
pollutant transportation are used. Four different rainfall events were used for SWMM calibration and
validation. CanESM2 climate change model under RCP2.6, RCP8.5 scenarios were employed to
investigate the effects of climate change. For more accuracy, the catchment was split into 37 sub-
catchments based on the urban stream network. To simulate rainfall-runoff, the intensity-duration-
frequency (IDF) curve has been obtained from Karaj municipality. Precipitation data was obtained from
meteorological synoptic station of Karaj. For climate change impacts, the RCP2.6 and RCP8.5 scenarios
were considered. LID types consisted of bio-retention (BR), rain garden (RG), infiltration trench (IT),
permeable pavement (PP) and vegetation swale (VS). In this research, at first, 100 initial populations
were considered in each run to optimize the solutions. After writing the necessary codes for NSGS-II
and MOPSO algorithms in MATLAB R2015a, they were executed. It was observed that after the 150th
run, the difference between two successive solutions was negligible. Nevertheless, executions were
continued until the 200th run and the final solutions were recorded and analyzed. Then, eight scenarios
were defined to evaluate and compare the performance of optimal solutions obtained by the algorithms.

3. Results

Calibration and validation of SWWM were evaluated using R2, NSE, RMSE, NRMSE, MAE and MBE
statistical indices. The R2 values at the calibration stage between the observed and simulated outlet
discharge, TSS and TN concentrations were 0.791, 0.616 and 0.531, respectively, and at the validation
stage were 0.837, 0.639 and 0.633, respectively. According to the prediction of precipitation changes
in the future period, the average of 24-hour precipitation values in RCP2.6 and RCP8.5 scenarios will
increase by 21% and 11%, respectively, and maximum 24-hour precipitation values will decrease by
17% and 23%, respectively, compared to the observed values in the base period. This indicates a
decrease in the volume of floods in low-duration precipitations. Employing optimization algorithms
revealed that increasing the LIDs cost will reduce the total flood volume and much of the pollutants’
concentration in the catchment outlet.
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4.  Discussion and Conclusion

Results generally indicate that the solutions obtained from optimization algorithms, despite having less
area (17% occupancy) than other 8 scenarios (20% occupancy), but have more satisfying objective
functions and controlling the quantity and quality of the flood.

According to the results, by applying NSGA-11 and MOPSO algorithms for the base period, the flood
volume will decrease by 21.2% and 20.3%, TSS will increase by 59.1% and 58.4%, TN will increase
by 16.6% and 12.7%, and total lead (Pb) will increase by 29.7% and 28.7%, respectively. Also, by
applying solution of the algorithms under climate change conditions, quantitative flood control values
have the same performance as the base period. In RCP2.6 scenario, TSS will increase by 59.5% and
55.2%, respectively, and in RCP8.5 scenario, TSS will increase by 59.6% and 55.8%, respectively. In
the same way, TN in RCP2.6 scenario will increase by 17.4% and 13.4%, and in RCP8.5 scenario, it
will increase by 17.6% and 13.5%, respectively. Also, Pb in RCP2.6 scenario will increase by 30.1%
and 29.7%, and in RCP8.5 scenario, it will increase by 30.9% and 30.4%, respectively. By comparing
optimization algorithms, it was found that the NSGA-II algorithm performed better than the MOPSO
algorithm
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Optimizing Low Impact Development (LID) Methods in Urban Runoff
Quantitative and Qualitative Control with Considering the Effects of
Climate Change Using Multi-Objective Optimization Algorithms

Hamed Noori Khaje Balagh! and Sayed-Farhad Mousavi?*

Abstract

Quantitative and qualitative management of urban runoff in part of Karaj city has been investigated
using optimization of Low Impact Development (LID) methods under base period and climate change
conditions. CanESM2 was employed with the base period (1985-2005) and future period (2020-2040)
under the RCP2.6 and RCP8.5 scenarios to investigate climate change impacts. Hydraulic and
hydrological modeling was performed by Storm Water Management Model (SWMM) and was
combined with Multi-objective Particle Swarm Optimization Algorithm (MOPSO) and Non-dominated
Sorting Genetic Algorithm (NSGA-II). Thirty-seven sub-catchments and five types of LIDS are
introduced to the algorithms. Eight scenarios were defined to compare and evaluate the algorithms.
Under the base period conditions, by applying NSGA-II and MOPSO algorithms, the flood volume in
the catchment will decrease by 21.2% and 20.3%, total suspended solids (TSS) will increase by 59.1%
and 58.4%, total nitrogen (TN) will increase by 16.6% and 12.7%, and lead (Pb) concentration will
increase by 29.7% and 28.7%, respectively. Solution of the algorithms under climate change conditions
gave similar flood values as the base conditions. In RCP2.6 scenario, TSS will decrease by 59.5% and
55.2%, respectively, and in RCP8.5 scenario, TSS will decrease by 59.6% and 55.8%, respectively. In
RCP2.6 scenario, TN will decrease by 17.4% and 13.4%, respectively, and in RCP8.5 scenario, TN will
decrease by 17.6% and 13.5%, respectively. Pb in RCP2.6 scenario will decrease by 30.1% and 29.7%,
respectively, and in RCP8.5 scenario, Pb will decrease by 30.9% and 30.4%, respectively.
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