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Abstract  
Unsustainable development and rapid urbanization have led to changes in the hydrological 
characteristics of watersheds, and the risk of flooding has been increased consequently. One of 
the solutions used for quantitative and qualitative control of urban runoff is green infrastructure 
and low impact development (LID) based approaches that have attracted the attention of many 
researchers. In this study, SWMM was used to simulate the rainfall-runoff process in region 1, 
district 11, Tehran. Six scenarios, including different combinations of several LID types such as 
Green Roof, Rain Barrel, Bioretention Cell, Porous Pavement, Vegetated Swale, and Dry Pond 
were developed. Then the SUSTAIN model was utilized to assess each scenario's performance. 
Optimal solutions were then obtained using non-dominated sorting genetic algorithm-II 
(NSGA-II), and a cost-effectiveness Pareto frontier curve was performed for all scenarios. 
Results showed that the selected solutions of scenarios one to six reduced the runoff volume by 
53%, 4%, 66%, 72%, 31%, 34%, respectively. Scenario 4, with a combination of rain barrels, 
porous pavements, and vegetated swales with a runoff volume reduction of 72% and an 
implementation cost of $ 12.2 million, showed the best performance, comparing the other 
scenarios' corresponding optimal solutions. Scenario 6 also came in next with a 34% 
effectiveness and a cost of $ 7.1 million. The combined use of SUSTAIN and SWMM, in 
addition to the technical evaluation, helped to attain optimized, cost-effective solutions for 
developed scenarios as well. The results of this study can also help relevant organizations and 
decision-makers to design, evaluate performance, and implement costs of different LID 
scenarios.

Keywords: Urban Stormwater Management, LID, SUSTAIN, Green Infrastructure, NSGA-II 
Algorithm. 
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Fig. 1. Research flowchart: LID-BMP planning for urban stormwater  managment using 
SWMM  and  SUSTAIN model 
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Fig. 2. Location of region 1, district 11, Tehran 
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Fig. 4. Generic runoff removal process using aggregate BMPs in SUSTAIN (USEPA, 2009) 
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Table 1. Designed scenarios for comparison, optimization, and performance 

assessment of different combinations of LIDs 

Scenario 
LID type

On-site 
interception 

On-site 
treatment

Routing 
attenuation

Regional 
storage/treatment

S1 GR BC VS - 
S2 RB BC VS -
S3 GR PP VS - 
S4 RB PP VS -
S5 GR+RB BC+PP VS - 
S6 GR+RB BC+PP VS DP 
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Fig. 5. Defined aggregate LID scenarios schematic 
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Table 2. Decision variables for scenario optimization and LID's construction cost 

BMP type Decision variables 
Range Cost data 

Min Max Linear cost 
($/m) 

Area cost 
($/m2)

Volume cost 
($/m3)

Constant cost 
($) 

Rain barrel 
Diameter (m) 0.5 0.9 

0 0 654.1 0 Height (m) 0.9 1.8 
Number of units 0 35087 

Green roof 

Length (m) 9.1 15.2 

0 187 63.3 0
Weir height (m) 0.1 0.2 
Soil depth (m) 0.1 0.5 

Number of units 0 14032 

Bioretention 
cell 

Length (m) 12.2 24.4 

24.3 10.5 96.3 9.6 Weir height (m) 0.1 0.2 
Soil depth (m) 0.6 1.8 

Number of units 0 88 

Porous 
pavement 

Length (m) 3 30.5 

34.3 38.4 50.8 0.2 
Weir height (m) 0.1 0.2 
Soil depth (m) 0.6 1.2 

Number of units 0 2140 
Vegetated 
swale Number of units 0 88 41 0 0 0 

Dry pond 
Length (m) 12.2 30.5 

0 5.5 119.5 1852 
Soil depth (m) 0.3 0.9 

DP 

Roof top Impervious Pervious 

GR BC VS Outlet 

Roof top Impervious Pervious 

RB BC VS Outlet 

Roof top Impervious Pervious 

GR PP VS Outlet 

Roof top Impervious Pervious 

RB PP VS Outlet 

Roof top Impervious Pervious 

GR+RB BC+PP VS Outlet 

Roof top Impervious Pervious 

GR+RB BC+PP VS Outlet 

Scenario 1 Scenario 2 

Scenario 3 Scenario 4 

Scenario 5 Scenario 6 
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Fig. 6. Case study map, watershed delineation, aggregate LID placement, runoff routing 
and land use distribution (Pavement, Pervious, Impervious) 
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S2S1 

S4S3

S6S5

Fig. 7. Cost-Effectiveness curves for scenarios one to six. Grey, orange and green dots illustrate all solutions, non-
dominated solutions (optimized) and selected solution, respectively 
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Table 3. Selected optimum solutions specifications and details for each scenario including total cost, BMP 
implementation cost, runoff volume reduction, total area covered by scenarios, and BMP number of units 

Scenario LID type Number 
of units Area(m2) Cost 

(Th$) 
Total 

surface 
area (m2)

Total 
cost 
(M$) 

Vol. 
reduction(%) 

S1 
G.R 12250 1055332 224458 

1063902 226.3 53 B.R 267 6886 1748 
V.S 124 1382 62 

S2 
R.B 1130 0 81 

4128 0.8 4B.R 85 3038 720 
V.S 66 736 33 

S3 
G.R 160 13378 4374 

83444 15.4 66 P.P 1550 68781 11033 
V.S 74 825 37 

S4 
R.B 1370 0 158 

75820 12.2 72 P.P 1410 75423 12031 
V.S 16 178 8

S5 

G.R 130 11566 3321 

45746 7.0 31 
R.B 2740 0 398 
B.R 4 93 14 
P.P 740 32911 3277 
V.S 42 468 21 

S6 

G.R 130 10870 3042 

44099 7.1 34 
R.B 2050 0 302 
B.R 11 321 66 
P.P 600 31884 3572 
V.S 20 223 10 
D.P 1 372 92 
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Fig. 8. Map of LID distribution in the selected scenario (scenario 4) in a part of the study area 
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