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Extended Abstract*

Introduction

In recent decades, rapid urban growth, vegetation loss, and land use changes have led to increased runoff and urban flooding.
Floods in cities disrupt daily life, challenge urban services, and damage infrastructure. Floods cause significant human and
financial losses worldwide, which makes urban runoff and stormwater management a critical challenge. Therefore, effectively
managing the quantity and quality of urban runoff has become essential for reducing flooding and facilitating the reuse of
water. Low Impact Development methods have shown efficacy in reducing urban runoff, and the main challenge is to propose
optimal management measures that decrease runoff volume while exploring the potential use of runoff for other urban purposes.
The methods are designed to manage stormwater at its source, minimize runoff, decrease contamination, and provide positive
environmental effects. Several studies have shown the benefits of Low Impact Development (LID) methods in managing urban
runoff and the other studies have demonstrated their effectiveness when combined with optimization algorithms. This study aims
to apply LID methods including green roof, rain garden, rain barrel, infiltration trench, permeable pavement, bioretention system,
and vegetative swale and optimize their combinations using metaheuristic algorithms, like the non-dominated sorting genetic

algorithm and gray wolf optimizer to control flood in an urban watershed in Tehran.

Materials and Methods

The study area is located in District 7 and parts of District 1 in Region 5 in the northwest of Tehran, with an area of 9.1
km?. There are two Sub-regions, including 11 sub-watersheds in the study area. The area is a highly urbanized site including
residential areas, streets, and parks. This area is especially significant due to the densely populated residential and commercial
centers; in fact, it has a great socioeconomic value. It faces flooding and frequent problems in its drainage system because of
intense rainfall events, inadequate channel capacities, and urban waste repletion. For the first time, this research utilized sixteen
various combinations of 7 LID methods, including green roof, rain garden, rain barrel, infiltration trench, permeable pavement,

bioretention system, and vegetative swale to control floods in the urban watershed. Hydraulic and hydrological modeling were
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conducted using a six-hour design rainfall, and the parameters for LID methods settlement were established in the SWMM model
for the 25-year return period. The results were integrated and evaluated using NSGA-II and GWO in MATLAB. The answer
on the Pareto fronts generated by NSGA-II and GWO algorithm were compared and the optimized answers were proposed by
the GWO algorithm. The innovative approach of this research simultaneously addresses runoff reduction, cost efficiency, and
service performance sustainability. Introducing a desirable optimization algorithm, it proposed a suitable optimized combination

for urban flood control in the study area.

Results and Discussion

Calibration and validation of the SWMM model demonstrated its accurate performance in simulating floods in this area. The
results of simulating total runoff and peak discharge without implementing LID methods showed that the drainage network is
not suitable for rainfall with a 25-year return period, and it is unable to transfer the runoff properly. Modeling LID methods for
25-year, 6-hour rainfall, separately and in various combinations, indicated that the greatest effectiveness of LIDs on reducing
runoff volume and discharge is associated with combinations of three or four methods. Running the coupled model of SWMM
with NSGA-II and GWO algorithms for various combinations of LID methods and comparing the results, the combination
of bioretention system, green roof, vegetative swale, and infiltration trench was chosen because it could effectively reduce
runoff volume, be cost-effective, and demonstrate minimal performance reduction compared to other combinations. Comparing
the answers provided by the optimization algorithms, the Pareto fronts generated by the GWO algorithm suggested suitable
solutions for various values of all three objective functions, due to their better density and distribution. Therefore, the optimized
combination proposed by the GWO algorithm, demonstrated the best performance by surpassing another method, and could
reduce runoff volume by 60 to 70 percent and peak discharge by 70 percent in the study area. The cost of implementing the
combination is approximately $900,000 to $1,200,000.

Conclusion

The growth of urban areas and the transformation of natural landscapes into cities have resulted in more impervious surfaces,
increased runoff, and a higher risk of flooding. Low Impact Development (LID) methods have been suggested as effective
solutions to address these challenges. This study conducted multi-objective optimization of LID methods in an urban watershed
using the SWMM model and the NSGA-II and GWO algorithms. Unlike previous studies that mainly emphasized single-objective
optimization, this research simultaneously focused on minimizing runoff volume, minimizing cost, and the sustainability of
methods’ performance. The findings showed that the combination of bioretention systems, green roofs, vegetative swales, and
infiltration trenches is very effective in controlling runoff and flooding in the study area. The GWO algorithm is more efficient
compared to NSGA-II, achieving a significant reduction of 60 to 70 percent in runoff volume at a reasonable cost. The proposed
solutions of this research can play a crucial role in reducing water loss in arid and semi-arid regions, thereby facilitating the
optimal utilization of water resources. Ultimately, the simulation-optimization approach serves as a reliable and effective tool
for urban planning experts and flood control specialists to improve the quality and quantity of urban water by selecting the best

combination of LID methods.
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1- Landuse

2- Runoff

3- Flood

4- Low Impact Development

5- Optimization Algorithm

6- Storm Water Management Model

7- Multi-objective Antilion Optimization Algorithm

8- Non-dominated Sorting Genetic Algorithm II
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Fig 1. Locations of the study area, sub-regions, sub-watersheds, drainage network and nodes
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Table 1. Different combinations of the LID methods

Combination of LID methods

Jelo oS axw g gld Gy, LSS NO. 43,
Rain Garden+ Green Roof o ol LU 4l 1
Rain Garden+ Rain Barrel OLL Jlaszal 4y 5 S axél 2
Green Roof+ Permeable Pavement didai iS55 5 s gl 3
Rain Garden+ Permeable Pavement Skdsl iS sy 5 ShL el 4
Rain Barrel+ Permeable Pavement 3 si A8y 5 OlL Jlasaul i 5
Bioretention+ Vegetative Swale bl G 5 ) SIS wlel 6
; + + . . .
Rain Garden+ Green Roof+ Permeable b Sy g s fo 5 Sk amel 7
Pavement
Rain Garden+ Rain Barrel+ Permeable b s S, 5 0bL J sl Sy 5 L il 3
Pavement
Rain Garden+ Rain Barrel+ Vegetative Swale el o 5 OLL Jlasaul 4l 5 ShL axsl 9
Bioretention+ Green Roof+ Vegetative Swale g 5 e plb 5 e o 1S wlelas 10
Bioretention+ Rain Barrel+ Vegetative Swale bl S 5 OLL Jlasnl sl 5 Lt CilUgS wlile 11
Rain Garden+ Green Roof+ Vegetative Swale a5 oz 5 e pb 5 SLL il 12
Bioretention+ Green Roof+ Vegetative Swale+ Y il S e amsl el e s i eS ll
Infiltration Trench SIS IR S e £ P B
Rain Garden+ Green Roof+ Permeable TR U . :
3eay aidl A3 ; L 4L a=el
Pavement + Infiltration Trench AL A S e s Gk e 14
Rain Garden+ Rain Barrel+ Permeable T S . . . :
3 g 4l RS Ol Jlasuial 4K 150 asel 1
Pavement + Infiltration Trench A S R S0 5 oLk PSR :
Bioretention+ Rain Barrel + Vegetative Swalet 4l 5 5 axtl 552 5 0L Jlasaal aliy 5 sy ClugS slola 16
Infiltration Trench 348
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Fig 2. Elevation (top left), Slope (top right), land use (bottom left), and soil sampling points (bottom right) of the study area
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Table 2. Calculated parameters of sub-watersheds

(Ao y3) 5 slssd () dsles 5,0 (o) cws (OSs) cxlus S )
Imperviousness Width Slope Area Sub-watershed
80 425/7 9/5 36/185 1
80 462/4 7/6 57/374 2
80 630 6/6 105/265 3
80 311 6/4 42/898 4
70 492/5 7/3 92/591 5
85 695/6 6 109/205 6
85 581/5 5/2 166/311 7
75 698/3 6/8 85/198 8
90 607/4 4/8 75/315 9
90 594 4/6 45/740 10
90 396 4/4 60/178 11
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Table 3. Data of the channels in the study area

Spe AL U2 J“‘(S fff (i) JUS Gae (o) JUS Jyb ool o8 sVl o 8 (;fij)
WJi?:t b Depth Length Downstream node  Upstream node Chann;l
Rezt;:fe' 3oy et 0.81 0.45 1025 ) il cl
YERWI WE 0.81 0.45 465 13 2 C2
W udat 0.81 0.45 898 14 13 C3
Wy Jdatos 0.81 0.45 830 J6 J4 C4
Ao oz 0.8 0.45 1056 J5 J16 C5
YERWI WE 0.8 0.45 478 J6 J5 C6
o
g Wy Jdatos 0.8 0.45 841 19 J6 C7
é’o s bt 0.8 0.45 1200 J10 J9 C8
§ YR WE 0.8 0.45 113 J7 J15 9
Wy Jdatos 0.8 0.45 340 18 17 C10
LRI WA 0.8 0.45 586 J12 I8 C11
YCRWI WE 0.8 0.45 1185 J13 J12 Cl12
Wy Jdatos 0.94 0.45 256 J14 J13 C13
YCRW W 0.94 0.45 459 i1 J14 Cl4
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Table 4. The flooding channels in the study area

b Gl Slas 0Lz a0 0l s el o S oM,y casVle S ol JUS

Capacity limit  Critical flow  Both end full Downstream full Upstream full Channel
1/53 1/53 1/53 1/53 1/53 C8
2/66 2/66 2/66 2/66 2/66 CI13

e 0 S 3 ol (23 5 Slls) Candy -0 Jsu
Table 5. The runoff volume and peak discharge at the flooding nodes

Ok S o P S 23 Ok o _ .
(xS o) eT) (4 p e ) (cel) o ;id;)::
Runoff volume Peak discharge Duration )
43/6 5 1/54 J9
42 6/3 2/66 J13
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o Table 6. Results of calibratiion and validation of SWMM
rSle spdeme GOl = 5 e SL 00
06 o ol e Nash—Sutcliffe Rainfall
’{5 =0=U14 opslp 2o s =O==T14 Slaalis 25 00 RMSE efficiency event
0.5
% WU 0/09 0/53 12/11/1401
1\3 04 Calibration
EX 0/09 0/68 17/12/1401
0.3
\
%.02 0/18 0/65 25/12/1401
'1;
o ol 0/11 0/72 01/01/1402
~ Validation
0 0/07 0/75 02/01/1402
1 2 3 4 5 6 7 8 9 10 11
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Fig 3. The estimated and observed discharge value at J10
(top) and J14 (bottom) on 2023 Feb.1*

o b 5l S il aslie 5 e
ol cilse ol Sl il glacS 5 s 5 Bl

POk 53 Ok mol (23 5 SUls, 0L pm 8 2 la B

Ve Lo VY 0 lowd — 23595 JUw N Ol 85125654 owrsigen 9 pols



0.7

=O=I10 05l 7ot o TOTRII0 lelio (255 0o
i 0.6
= 05

]
] * .
EIpL : .
0 0,0 [} (1] '
S ‘.‘00 ’

v 0.4

0.3

s

01y 0.2

(450 caSe 20) (s 2 20

0.1

0 GWO

0.5
(m\/\ —— o ——]14 Slaalie e o

Sl &b T Lo b

(=) 55 adle 5 5
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Fig 4. The estimated and observed discharge value at J10

(top) and J14 (bottom) on 2023 Mar.21*
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Table 7. Runoff volume reduction (%) in the study area

Low Impact development

);Oliﬁvew-ﬂlswp d%f(”"‘ﬁg"‘“’): thod J..alﬁvswj&))&y 3
J14 =5 > JI0 5,5 s metho No.
Runoff Volume Reduction  Runoff Volume Reduction
(%) inJ14 (%) in J10
23/61 15/92 Rain Garden Sk bl 1
32/36 23/18 Green Roof e gl 2
22/45 18/71 Rain Barrel OLL Jlaminl a2y 3
23/91 17/04 Permeable Pavement R S 5, 4
27/11 33/52 Bioretention (3 Sl Wbl 5
27/11 28/5 Vegetative Swale it 6
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29/45 27/93
47/23 33/52
29/74 27/65
29/74 33/52
21/86 24/30
21/873 15/43
30/32 29/60
68/51 49/16
43/15 41/34

5/83 3/91

55/6 38/56
35/59 32/68

56/6 39/06
59/18 41/34
69/10 49/16
43/44 41/62
36/15 32/96

Infiltration Trench

Rain Garden+ Green Roof

Rain Garden+ Rain Barrel

Green Roof+ Permeable Pavement

Rain Garden+ Permeable Pavement

Bioretention+ Vegetative Swale

Rain Barrel+ Permeable Pavement

Rain Garden+ Green Roof+ Permeable
Pavement

Rain Garden+ Rain Barrel+ Permeable
Pavement

Rain Garden+ Rain Barrel+ Vegetative
Swale

Bioretention+ Green Roof+ Vegetative
Swale

Bioretention+ Rain Barrel+ Vegetative
Swale

Rain Garden+ Green Roof+ Vegetative
Swale

Bioretention+ Green Roof+ Vegetative
Swale+ Infiltration Trench

Rain Gardent Green Rooft Permeable
Pavement + Infiltration Trench

Rain Garden+ Rain Barrel+ Permeable
Pavement + Infiltration Trench

Bioretention+ Rain Barrel + Vegetative
Swale+ Infiltration Trench
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Table 8. Percentage of maximum and optimized area of LID methods in each sub-watershed

Optimum area/Total area (%) Maximum possible area/Total area (%)

i akils el Al able el Sipalily o amil gy SRS Gble el wb s

Infiltration ~ Vegetative ) Green  Infiltration Vegetative ey Green Sub-watershed
Trench Swale Bioretention System  Roof Trench Swale Bioretention Roof
System
0 2.7 5.25 25.4 0 10.5 11.1 25.4 1
04 20 5 12.2 1.743 20 15.3 349 2
0.1 19 6.5 5 0.146 22.8 15.2 44.9 3
0 9.3 9.6 26 0 18.6 19.8 40.8 4
0.03 11 6.5 17 0.108 16.6 324 50.2 5
0.03 6.6 0 7.2 0.081 19.8 5.036 50.5 6
0.45 14.5 8.7 52 0.962 19.8 16.2 60.1 7
0 15 14 7 0 20 20 35.7 8
0 1.5 0 11 0 19.8 14.9 15.1 9
0 0 5.8 38.3 0 19.2 8.745 42 10
0.04 9 0 48.2 0.183 15 19.9 62.8 11

\.huﬁ_” 6‘)’.'3""*’.“3"""‘ J)L:.a 6"‘“)?)’ %’Ub)r’."ﬂs Q|},_.a—\ JJ.\?

Table 9. Runoff volume reduction in flooding nodes

(12,5) 0L = pom= ialS boiss sl sl dm Ol o bt Gl 5l J3 0L e 0 8 0 5led

Fraction of reduced runoff volume (o 20yl 50) (e 205l 58) Node No.
Runoff volume after applying LID Runoff volume before applying LID
methods methods
59/63 17/6 43/6 J9
71 12/4 42 J13

2o sl 5 d g g8 esgdome slary B 53 ULy, e 5 ol (23 Ol VY Joi
Table 10. Runoff volume and peak discharge at the watershed outlets

(s 201 30) (s o 1 50) (450 5 CaSe ) (450 5 CaSe ) Status
Runoff volume at J14 Runoff volume at J10 Peak discharge at J14 Peak discharge at J10
sl s
48.6 51.6 4.61 5.13 L s
Before applying
LID methods
Sl 5l s
14 21 1.014 1.576 Lora
After applying LID
methods
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