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Fig 1- Geographical location of the study area.
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Table 1- Specifications of the sub-catchment in the SWMM model.

Number of links

Number of nodes The number of sub-areas

The eastern sub- areas 32 28 46
The central sub- areas 28 28 36
The western sub- areas 21 24 31
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Table 2- Sampling times of surface runoff in Gorgan city.

Row

Sampling times

1

AN W AW

1396.10.13
1396.10.26
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1397.02.04
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Table 3- Specifications of scenarios used in the study area.

Scenario number Explanation

1 Simulation without using LID

~N N bW

Simulation considering the biological retention system
Simulation considering the green roof

Simulation considering the penetration trench
Simulation considering permeable coatings
Simulation considering the rain barrel

Simulation considering the atmosphere of the garden
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Table 4- Values of model performance indices in calibration phase of SWMM model.

Output number The event The level NSE R’ RMSE
Outputl 1396.10.13 calibration 0.75 0.83 0.0071
1396.10.26 calibration 0.85 0.92 0.0016
1396.11.25 calibration 0.81 0.90 0.0059
1396.12.27 calibration 0.73 0.80 0.0047
Output2 1396.10.13 calibration 0.70 0.79 0.0045
1396.10.26 calibration 0.79 0.83 0.0093
1396.11.25 calibration 0.76 0.82 0.0088
1396.12.27 calibration 0.69 0.76 0.0055
Output3 1396.10.13 calibration 0.83 0.78 0.0032
1396.10.26 calibration 0.79 0.85 0.0096
1396.11.25 calibration 0.77 0.84 0.0076
1396.12.27 calibration 0.70 0.76 0.0039

o lis &S 9,8 Wb o5 i NS o3l b
Lls ool )b 1) (oxaw Gl (gilwand el jg:50
OhBen 5 (08 (V010) phlSen g odlj i slaadl

..))‘.) u.OJuao £(Y’\A) u])&oﬁ 9 UN; 6(‘,’\;)

il slitedy ¢ pulidl Jao (oly Sl
WAV/NYY lago )b o slagy o0 51 Jao (Sbjyl
oyl blie Clly, coyw g (gady a5 VYAV/LY/-¥
sleojlyl 5l W Cuwddy CJL.’ A5 ookl A oMWlbﬁ
M) 93 3l (el galsyo )3 Jao 2l sapasls
ek Sl ol o3l L5 O Jgds 43 el (5 S0l

SWMM oo sww las! gal> w0 j0 oo o) s pslis gbojluil— O Jgus

Table 5- Values of model performance indices in the validation phase of SWMM model.
Output

The event The level NSE R? RMSE
number
Output] 1397.01.27 validation 0.72 0.85 0.0011
1397.02.04 validation 0.76 0.89 0.0065
Output2 1397.01.27 validation 0.68 0.83 0.0056
1397.02.04 validation 064 0.80 0.0096
Output3 1397.01.27 validation 0.78 0.90 0.0042
1397.02.04 validation 0.75 0.88 0.0083
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Table 6 — Results of SWMM model sensitivity analysis.

Row Parameter The amount of changes in the output peak flow rate  Range of changes

1 Slope No significant changes were observed. 5% increase

2 CN 6 %decrease 5% reduction

3 Coefficient of roughness 10% reduction 10% increase

4 Coefficient of roughness 12 %increase 10% reduction

5 Impenetrability 16% increase 10% increase

6 Impenetrability 15% reduction 10% reduction
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Table 7- Descriptive statistical indices of nitrate contamination in runoff the Gorgan City.

Data Exit points Elongation Crookedness Standard deviation Middle Average
Average concentration of events 1 0.97 1.07 1.88 6.96 7.82

2 1.32 1.15 2.27 7.88 8.76

3 1.03 1.1 1.92 7.64 8.38
The series of instantaneous concentrations 1 1.45 1.21 2.04 7.51 8.13

2 0.87 1.01 1.72 8.23 9.04

3 1.57 1.25 2.94 8.01 8.89
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Table 8- Descriptive statistical indices of phosphate pollution in runoff the Gorgan City.

Data Exit points  Elongation  Crookedness  Standard deviation Middle Average
Average concentration of events 1 1.34 1.1 2.83 8.83 9/59
2 1.4 1.15 3.12 9.55 10.48
3 1.53 1.23 1.95 9.21 10.1
The series of instantaneous concentrations 1 0.98 1.07 2.71 8.87 9.93
2 1.57 1.67 2.45 9.63 10.78
3 1.66 1.83 2.96 9.31 10.39
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Table 9- Descriptive statistical indices of BOD concentration in runoff the Gorgan City.

Data Exit points Elongation Crookedness  Standard deviation Middle Average

Average concentration of events 1 1.3 1.02 2.11 22.19 23.27
2 0.79 0.15 3.03 21.21 22.85
3 1.63 1.17 2.34 22.51 23.10

The series of instantaneous concentrations 1 1.17 1.24 1.84 2247 2334
2 0.98 0.74 2.98 21.56 23.02
3 1.22 0.85 2.68 22.18 23.26
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Table 10- Unused LID Status for Different Outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/1) (mg/l) (mg/l)
2 years old 1 24.53 9.62 11.55
2 24.11 10.56 12.44
3 24.37 10.18 12.06
5 years old 1 239 8.87 10.8
2 23.48 9.81 11.69
3 23.74 9.43 11.31
1 23.9 8.87 10.8
10 years old 2 23.48 9.81 11.69
3 23.74 9.43 11.31
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Table 11- Effects of the biological retention system for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate

Output number concentration concentration concentration

(mg/1) (mg/1) (mg/1)
2 years old 1 23.35 8.85 10.76
2 22.83 9.85 11.88
3 23.18 9.5 11.45
5 years old 1 22.72 8.1 10.01
2 222 9.1 11.13
3 22.55 8.75 10.7
1 22.33 7.46 9.37
10 years old 2 21.81 8.46 10.49
3 22.16 8.11 10.06
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Table 12- The effects of the green roof scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/) (mg/1) (mg/)
2 years old 1 23.21 8.91 10.84
2 22.74 9.75 11.8
3 23.02 9.52 11.37
5 years old 1 22.58 8.16 10.09
2 22.11 9 11.05
3 22.39 8.77 10.62
1 22.19 7.52 9.45
10 years old 2 21.72 8.36 10.41
3 8.13 9.98
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Table 13- The effects of the infiltration trench scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/l) (mg/l) (mg/l)
2 years old 1 23.12 8.53 10.62
2 22.67 9.65 11.69
3 23.41 9.67 11.63
5 years old 1 22.49 7.78 9.87
2 22.04 8.9 10.94
3 22.78 8.92 10.88
1 22.1 7.14 9.23
10 years old 2 21.65 8.27 10.3
3 22.39 8.28 10.24
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Table 14- Scenario effects of permeable covers for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/l) (mg/l) (mg/)
2 years old 1 23.66 8.72 10.73
2 22.42 9.95 11.55
3 23.11 9.74 11.29
S years old 1 23.03 7.97 9.98
2 21.79 9.2 10.8
3 22.48 8.99 10.54
1 22.64 7.33 9.34
10 years old 2 214 8.56 10.16
3 22.09 8.35 9.9
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Table 15- The effects of the rain barrel scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/1) (mg/1) (mg/1)
2 years old 1 23.08 8.59 10.6
2 2291 9.68 11.68
3 23.53 9.61 11.55
5 years old 1 22.45 7.84 9.85
2 22.28 8.93 10.93
3 229 8.86 10.8
1 22.06 7.2 9.21
10 years old 2 21.89 8.29 10.29
3 22.51 8.22 10.16
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Table 16- The effects of the garden climate scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/l) (mg/l) (mg/l)
2 years old 1 23.42 8.95 10.81
2 22.96 9.79 11.52
3 23.32 9.56 114
S years old 1 22.79 8.2 10.06
2 2233 9.04 10.77
3 22.69 8.81 10.65
1 224 7.56 9.42
10 years old 2 21.94 8.4 10.13
3 22.3 8.17 10.01
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Table 17- Extracted weights for evaluation criteria using the AHP method.

I Runoff Nitrate Phosphate Maximum Standard
Criteria BOD . . .
volume concentration concentration flow rate weight
Runoff volume 1 1 2 2 2 0.225
BOD 1 1 1 2 2 0.212
Nitrate concentration 0.5 1 1 1 2 0.203
Phosphate concentration 0.5 0.5 1 1 1 0.193
Maximum flow rate 0.5 0.5 0.5 1 1 0.167
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Table 18- The results of prioritizing LID scenarios for the outputs of the study area in the 2-years return period.

Output . SAW SAW TOPSIS  TOPSIS
Scenario . L
number score priority score priority
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.764 5 0.637 6
Simulation considering the green roof 0.771 4 0.779 4
number 1 Simulation considering the penetration trench 0.840 3 0.848 3
Simulation considering permeable coatings 0.855 2 0.863 2
Simulation considering the rain barrel 0.947 1 0.955 1
Simulation considering the atmosphere of the garden 0.629 6 0.772 5
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.771 5 0.780 4
Simulation considering the green roof 0.880 1 0.887 1
number 2 Simulation considering the penetration trench 0.757 6 0.764 6
Simulation considering permeable coatings 0.773 4 0.778 5
Simulation considering the rain barrel 0.825 2 0.832 2
Simulation considering the atmosphere of the garden 0.786 3 0.793 3
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.804 4 0.771 5
Simulation considering the green roof 0.898 1 0.905 1
number 3 Simulation considering the penetration trench 0.569 6 0.576 6
Simulation considering permeable coatings 0.850 2 0.857 2
Simulation considering the rain barrel 0.824 3 0.831 3
Simulation considering the atmosphere of the garden 0.764 5 0.811 4
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Table 19- The results of prioritizing LID scenarios for the studied outputs in the S-years return period.

Output . SAW SAW TOPSIS  TOPSIS
Scenario . L
number score priority score priority
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.767 5 0.662 6
Simulation considering the green roof 0.823 4 0.773 o
number 1  Simulation considering the penetration trench 0.843 3 0.849 3
Simulation considering permeable coatings 0.855 2 0.861 2
Simulation considering the rain barrel 0.966 1 0.972 1
Simulation considering the atmosphere of the garden 0.656 6 0.829 4
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.763 5 0.759 6
Simulation considering the green roof 0.880 1 0.888 1
number 2 Simulation considering the penetration trench 0.751 6 0.771 5
Simulation considering permeable coatings 0.773 4 0.781 4
Simulation considering the rain barrel 0.820 2 0.828 2
Simulation considering the atmosphere of the garden 0.777 3 0.785 3
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.843 3 0.850 3
Simulation considering the green roof 0.937 1 0.944 1
number 3  Simulation considering the penetration trench 0.604 6 0.611 6
Simulation considering permeable coatings 0.852 2 0.859 2
Simulation considering the rain barrel 0.824 4 0.768 5
Simulation considering the atmosphere of the garden 0.761 5 0.831 4
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Table 20- The results of prioritizing LID scenarios for outlet number 1 in the 10-year return period.

Output . SAW SAW TOPSIS  TOPSIS
Scenario . L
number score priority score priority
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.772 5 0.778 5
Simulation considering the green roof 0.850 4 0.714 6
number 1 Simulation considering the penetration trench 0.854 2 0.860 2
Simulation considering permeable coatings 0.853 3 0.859 3
Simulation considering the rain barrel 0.962 1 0.968 1
Simulation considering the atmosphere of the garden 0.708 6 0.856 4
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.771 4 0.779 4
Simulation considering the green roof 0.882 1 0.890 1
number 2 Simulation considering the penetration trench 0.751 5 0.740 6
Simulation considering permeable coatings 0.814 3 0.822 3
Simulation considering the rain barrel 0.857 2 0.865 2
Simulation considering the atmosphere of the garden 0.732 6 0.759 5
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.870 3 0.877 3
Simulation considering the green roof 0.921 1 0.928 1
number 3 Simulation considering the penetration trench 0.628 6 0.804 5
Simulation considering permeable coatings 0.875 2 0.882 2
Simulation considering the rain barrel 0.824 4 0.831 4
Simulation considering the atmosphere of the garden 0.797 5 0.635 6
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Extended Abstract

Introduction and Objective

In recent years, due to the rapid growth of the population, the increasing development of
urbanization and the industrialization of societies, as a result, the hydrology of urban watersheds has been
accompanied by many changes. These changes over time have caused floods and inundation of roads
in urban areas, and on the other hand, flooding in these areas due to the density of population and
facilities can cause severe damages and reduce the quality of runoff. New approaches have been
proposed to manage runoff and prevent flooding and water pollution, and in this case, the development
of low-impact LID is one of these approaches. The purpose of using this technique is to simulate the
hydrological conditions of the urban area before development. For this purpose, in this research, the

N
Article Type: Research Article

*Corresponding Author E-mail: shokrian.f@gmail.com

Citation: Forotan, M., Shokrian, F., Solaimani, K., Dehghani, A.A. 2023. Prioritization of
Low-Impact Development Methods for Quality Management of Urban Surface Runoff, Using the
TOPSIS and SAW Method in Gorgan Town. Watershed Management Research. 36(3): 2-22.

DOI: 10.22092/WMRJ.2023.359714.1488

Received: 27 August 2022, Received in revised form: 18 October 2022, Accepted: 21 December 2022,
Published online: 23 September 2023

Watershed Management Research, VOL. 36, No.3, Ser. No: 140, Autumn 2023, pp. 2-22.
Publisher:Fars Agricultural and Natural Resources Research and Education Center ~ ©Author(s)




Watershed Management Research VOL. 36, No.3, Ser. No: 140, Autumn 2023

evaluation of quality parameters (BOD, TP, TN) was investigated using the best low-impact development
management practices (LID/BMPs) in Gorgan city.

Materials and Methods

In the first stage, information related to intensity-duration-rainfall curves, urban and land use maps, and
urban development maps were collected for Gorgan urban watershed. EPA-SWMM model was used to
create a hydrological model in Gorgan city and investigate the effect of LID on runoff. According to the
urban development of the region, six options of green roof, biological system, garden waterway, rain,
infiltration trench and permeable covers, with a 6-hour rainstorm were considered with a return period of
2, 5 and 10 years for qualitative analysis using parameters Nitrate, phosphate and BOD.

Results and Discussion

The results of the calibration and validation of the model based on the Nash-Sutcliffe criterion more than
0.5 showed that the SWMM model has the required accuracy for simulating the quality of urban runoff.
The results showed that, respectively, the green roof system, rain barrel and permeable covers have the
best performance in improving the quality of surface runoff in the region by reducing surface runoff
pollutants compared to the existing situation. The use of low-impact development methods in the
region depends on various factors, including environmental, economic and efficiency factors. The results
indicate that all the LID scenarios selected in the research were effective in improving the quality of
surface runoff, but each of the scenarios showed different capabilities.

Conclusion and Suggestions

Even though all the LID scenarios examined in this research were effective in controlling surface
runoff and improving its quality, but with the implementation of the green roof, rain barrel and permeable
covers, the amounts of phosphate, nitrate and BOD compared to the existing situation and other
scenarios has decreased further. As a result, the impact of green roof management measures, rain barrel and
permeable cover has been greater. Finally, it is suggested that in order to improve the quantity and quality
of surface runoff, these methods should be considered in the implementation priorities.

Keywords: EPA-SWMM models, Gorgan, low Impact Development, Phosphate, Surface Water



