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Abstract  In developed urban areas, the natural water 

cycle is often disrupted by the presence of impervious 

surfaces such as buildings, roads, and sidewalks. 

Rainwater runs off these impervious surfaces, having a 

high flowrate, picking up pollutants like oil, dirt, and 

chemicals along the way which can cause flooding, erosion, 

and water pollution. Best Management Practice (BMP) is a 

sustainable approach to treating stormwater that seeks to 

mimic the natural hydrological cycle by using small-scale 

techniques that retain, infiltrate and evaporate the 

stormwater on-site offering numerous environmental, 

social, and economic benefits. In the present study, BMP 

Siting Tool (BST), which is an add-on to ArcGIS, was used 

to select suitable locations for BMP systems to manage 

runoff from industrial areas, in Sulaymaniyah city, KRG, 

Iraq. A set of four types of BMPs namely Bioretention, 

Vegetated Filterstrip, Grassed Swale, and Cistern have 

been selected for runoff management. The selected four 

types of BMPs can work as primary and secondary 

treatment of stormwater, which can be used afterward. The 

studied area land use is 59.63% impervious and 40.37% 

pervious areas. Results of the study recommend a total of 

407 locations to construct the suggested four types of 

BMPs with a total area of 16.45 hectares to treat, control 

and manage the stormwater runoff from the industrial area. 

As a final point, a spatial distribution map of the four types 

of the selected BMPs has been presented as a green 

stormwater management infrastructure. 

Keywords  BMP Siting Tool, LID, Stormwater, Mana 

Genet, Sulaymaniyah, Iraq 

1. Introduction

Urban storm water management is a process of 

managing the runoff from precipitation in urban areas to 

mitigate flooding, erosion, and water pollution. 

Urbanization often leads to the increase of impervious 

surfaces, such as roads, parking lots, and rooftops, which 

prevent rainwater from infiltrating into the ground and 

increase the volume and velocity of storm water runoff. 

Effective storm water management involves a combination 

of techniques and strategies, such as green infrastructure, 

detention and retention ponds, underground storage tanks, 

rain gardens, and permeable pavement. These practices 

aim to mimic natural hydrologic processes by capturing, 

treating, and storing storm water close to its source, 

promoting infiltration and groundwater recharge, and 

reducing peak flows [1]. 

The increase in impermeability of land use has caused an 

increase in the volume and peak flow of runoff, which has 

significant negative consequences. For this reason, the 

proper management of runoff is one of the most important 

and up-to-date issues in the field of urban infrastructure. In 

modern flood management, managers try to provide 

inexpensive solutions according to the climatic conditions. 

These solutions, which are known as Best Management 
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Practices (BMPs) are design techniques that are used to 

achieve desirable hydrological conditions in developed 

areas. However, lately the BMP techniques also known as 

Low Impact Development (LID) techniques as well. LIDs 

are new techniques that mimic natural processes to reduce 

the impact of urbanization on the environment through 

increasing green areas inside cities. Among the known 

BMPs, Bioretention, Vegetated Filterstrip, Grassed Swale, 

Infiltration Trench, Infiltration Basin, Porous Pavement, 

Green Roof, and Cistern can be mentioned, which are 

permeable to the expansion of the foundation, 

sedimentation, and biological processes such as absorption 

and surface absorption, in addition to reducing the volume 

of runoff, also cause a significant increase in its quality 

[1,2]. 

The application of BMP techniques to storm runoff 

treatment can reduce the amount of storm water runoff 

which consequences in reducing flood and erosion. BMPs 

can improve surface and ground water quality by filtering 

pollutants and nutrients from storm water runoff as well. 

Furthermore, BMPs techniques can provide green spaces 

and improve the aesthetic quality of urban areas [1,2].  

Various studies have been conducted on the types of 

BMPs and their effects on urban runoff. Chahar et al. [3] 

studied the effect of creating infiltration trenches in 

improving the performance of an urban drainage system. In 

Campisano et al. [4] research, the use of Low Impact 

Development (LID) systems in the form of Rain Barrel was 

evaluated using the SWMM model. Planned rainfall, 

long-term rains, and single events have been selected, and 

the results have shown that the accuracy of using these 

systems is higher in long-term rains. Nugroho et al. [5] in a 

study investigated the modeling related to the site and type 

of Green Infrastructure (GI) implementation based on 

suitability analysis and its effectiveness. A map of GI 

placement under land suitability criteria based on physical 

parameters, such as type of soil, groundwater table, 

drainage area, slope, elevation, land use, road, stream, and 

the proportion of impervious, is the result of suitability 

analysis modeling. Warganda and Sutjiningsih [6] 

performed a study on deploying BMPs in urban areas by 

utilizing the System for Urban Stormwater Treatment and 

Analysis Integration (SUSTAIN) model to find a more 

suitable BMP system in an optimum location. BMP Siting 

Tool (BST) was used to optimize the location for bioswale 

installation as sustainable stormwater management in 

Sulaymaniyah city, KRG, Iraq. Results of the study 

suggested a total area of 104329 m2 of bioswales in 530 

locations for all streets and roadways inside the city [7]. 

In the present study, the explanation and concept of 

green infrastructure and its difference from gray 

infrastructure were first discussed, then the location or 

spatial distribution of the selected BMPs was optimized. 

The analysis was performed using BMP Siting Tool (BST) 

software, which is an add-on to ArcGIS, regarding the 

selection of suitable BMPs in the industrial area of 

Sulaymaniyah city. In this study, four types of BMPs, 

Bioretention, Vegetated Filterstrip, Grassed Swale, and 

Cistern have been considered for the study depending on 

the physical condition of the studied area. Finally, a map of 

the spatial distribution and area of each of the selected four 

BMP types has been created. 

2. Urban Stormwater Management 
Methods 

2.1. Gray Infrastructure 

Gray infrastructure refers to engineered systems that 

obtain and convey stormwater, such as gutters, storm 

sewers, tunnels, culverts, and related systems. Matching 

with the United State Environmental Protection Agency 

(USEPA), formal gray infrastructure practices typically 

focus on addressing peak flow measures and hovering 

solids concentrations. However, gray infrastructure can 

increase stormwater volume and runoff rates which cause 

flood and stream erosion. Also, such a system cannot treat 

stormwater pollutants such as dirt, nutrients, pathogens, 

and metals [8]. 

2.2. Green Infrastructure 

Green Stormwater Infrastructure (GSI) is the term used 

to describe stormwater management in a sustainable 

manner. GSI relies on natural operations to decrease the 

amount of stormwater runoff discharging into the sewer 

system and reduce pollution. In addition, GSI is 

interchangeably known as LID, BMP, or sustainable 

infrastructure. GSI incorporates technologies intended for 

capturing surface stormwater in several compositions from 

detention, infiltration, and evapotranspiration. GSI is 

designed to collect surface stormwater, in distributed 

locations, close to its source [9]. Examples of general GSI 

include rain gardens or Bioretention cells, subsurface 

infiltration, green roofs, porous pavement, and street 

planter boxes. Application of GSI systems can control and 

manage more than 90% of storm events. However, a hybrid 

of Green-Gray infrastructure is typically obligatory for 

stronger storm event management. 

Effective urban stormwater management can have 

numerous environmental benefits, including improved 

water quality, removal of heavy metals, reduced erosion 

and flooding, and increased groundwater recharge. Also, it 

can provide aesthetic and recreational benefits by creating 

green spaces and wildlife habitats within urban areas [10]. 

The USEPA’s SUSTAIN software can prepare a united 

ArcGIS-based mapping and designing platform to help 

with the election and placement of GSI on urban 

watersheds [11]. SUSTAIN include artificial algorithms to 

evaluate GSI advantages and impacts [12]. 

Musa et al. [13] determined the amount of outdoor water 

consumption on the main campus of UTHM, to select the 
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right rainwater harvesting tank capacity, and to 

recommend a rainwater harvesting system for this outdoor 

water consumption. They found the average daily amount 

of rainwater collected over the course of a week as 2286.3 

liters to be stored and used later on as a sustainable 

rainwater management solution. 

Lyubenova et al. [14] studied the effect of heavy metals 

that remained in purified industrial waste water toxicity on 

aquatic organisms. Their study shows the importance of the 

removal of heavy metal pollutants onsite will be more 

effective using natural cost-effective LID systems. 

In this study, BMP siting tool is used in ArcGIS to 

optimize location to construct BMPs to treat runoff from 

industrial area, in Sulaymaniyah city, KRG, Iraq. Runoff 

from industrial area is expected to be a nonpoint source of 

pollution to contaminate both surface water and 

groundwater with heavy metals, oils and other 

contaminants. 

3. Methodology 

Green Stormwater Infrastructure (GSI) is the term used 

to describe stormwater management in a sustainable 

manner. GSI relies on natural operations to decrease the 

amount of stormwater runoff discharging into the sewer 

system and reduce pollution. In addition, GSI is 

interchangeably known as LID, BMP, or sustainable 

infrastructure. GSI incorporates technologies intended for 

capturing surface stormwater in several compositions from 

detention, infiltration, and evapotranspiration. GSI is 

designed to collect surface stormwater, in distributed 

locations, close to its source [9]. Examples of general GSI 

include rain gardens or Bioretention cells, subsurface 

infiltration, green roofs, porous pavement, and street 

planter boxes. Application of GSI systems can control and 

manage more than 90% of storm events. However, a hybrid 

of Green-Gray infrastructure is typically obligatory for 

stronger storm event management. 

Effective urban stormwater management can have 

numerous environmental benefits, including improved 

water quality, removal of heavy metals, reduced erosion 

and flooding, and increased groundwater recharge. Also, it 

can provide aesthetic and recreational benefits by creating 

green spaces and wildlife habitats within urban areas [10]. 

The USEPA’s SUSTAIN software can prepare a united 

ArcGIS-based mapping and designing platform to help 

with the election and placement of GSI on urban 

watersheds [11]. SUSTAIN include artificial algorithms to 

evaluate GSI advantages and impacts [12]. 

Musa et al. [13] determined the amount of outdoor water 

consumption on the main campus of UTHM, to select the 

right rainwater harvesting tank capacity, and to 

recommend a rainwater harvesting system for this outdoor 

water consumption. They found the average daily amount 

of rainwater collected over the course of a week as 2286.3 

liters to be stored and used later on as a sustainable 

rainwater management solution.  

Lyubenova et al. [14] studied the effect of heavy metals 

remained in purified industrial waste water toxicity on 

aquatic oeganisms. Their study shows the importance of 

the removal of heavy metal pollutants onsite will be more 

effective using natural cost-effective LID systems. 

In this study, BMP siting tool is used in ArcGIS to 

optimize the location to construct BMPs to treat runoff 

from industrial area, in Sulaymaniyah city, KRG, Iraq. 

Runoff from industrial area is expected to be a nonpoint 

source of pollution to contaminate both surface water and 

groundwater with heavy metals, oils and other 

contaminants. 

3.1. Framework and Tools 

The tools used for adaptability analysis is the BST 

module upon the SUSTAIN program which is an 

extension of the ArcGIS software. BST is applied to assist 

users by selecting suitable locations of various types from 

BMP or LID techniques [15]. 

3.2. BMPs 

BMPs are means or strategies to control volume and 

remove certain pollutants from urban runoff. BMPs are 

design techniques used to achieve optimal hydrological 

conditions in developed areas reducing runoff volume and 

improving water quality. BMPs exist in both structural and 

non-structural forms. The best non-structural management 

practices are those designed to limit the production of 

runoff or reduce the volume of its pollutants. Some 

non-structural sequential BMPs used in runoff 

management include separated permeable zones, reducing 

soil compaction, and reducing the width of sidewalks. 

While structural management solutions are engineered and 

implemented systems that increase the quality of runoff 

and control its quantity. Structural BMPs include 

Bioretention, Vegetated Filterstrip, Grassed Swale, 

Infiltration Trench, Infiltration Basin, Porous Pavement, 

Green Roof, and Rain Barrel [16]. 

However, it is expensive to remove heavy metals from 

stormwater, BMP and LID methods have been discovered 

to be novel, sustainable stormwater treatment techniques in 

the removal of heavy metals from urban areas runoff 

[17,18 and 19]. 

3.3. Factors for Selecting BMPs 

Careful consideration of the factors in selecting BMPs 

is important because improper BMP selection can lead to 

adverse resource impacts, tension with community 

members, and wasted time and money. Effective selection, 

however, can bring a multitude of environmental, 

economic, and community benefits. Factors to be 

considered when selecting BMPs are provided below [8]: 

1. Pollution prevention opportunities  
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2. Better site design 

3. Climate and terrain conditions  

4. Suitable Stormwater treatment 

5. Physical viability of the site 

6. Environmental and social aspects  

3.4. Selected BMPs 

In this section specifications of four types of BMP 

selected by BST software in the current study, are 

explained. 

3.4.1. Bioretention 

Stormwater management and treatment facilities called 

Bioretention areas use vegetation and altered topsoil within 

a shallow depression Figure 1-a. They purify and reduce 

runoff, and enable infiltration close to the areas where 

runoff is generated, such as sidewalks, driveways, and 

rooftops. It is necessary to schedule annual maintenance of 

Bioretention cells to replace mulching materials, get rid of 

accumulated silt, or renew soils as needed [17]. 

3.4.2. Grassed Swale 

Grassed Swale, also called Bioswale, are pervious area 

swales covered by grass and other types of plants, 

improved topsoil, and an underlying permeation layer. 

They are designed for increasing surface roughness and 

decreasing stormwater velocity, before the runoff enters 

another stormwater management facility, greater surface 

roughness increases surface contact time, allowing for 

additional infiltration, evaporation, transpiration, and 

water quality improvement Figure 1-b. Usually the 

application of swales along residential area streets or 

highways, grass swales can be full or partial alternatives to 

curb and gutter replacements [20]. 

3.4.3. Vegetated Filterstrip 

A vegetative filter strip is a green pervious region 

designed to remove or reduce pollutants from surface water 

stormwater by different mechanisms such as filtration, 

infiltration, absorption, decomposition, and volatilization 

Figure 1-c. Filter strips can be designed as landscape 

features along impervious urban areas to receive collected 

storm runoff by directing runoff water to specially 

designed sand filters, barriers and vegetation detention 

zones that catch pollutants and slowly release collected 

water over time [21]. 

3.4.4. Cistern 

Cisterns (also known as rain barrels) are containers that 

catch and collect collected water from solid impervious 

surfaces such as parking areas and rooftops during storm 

events Figure 1-d. Cisterns or rain barrels can be a 

sustainable replacement for urban area potable water 

supply for garden watering. Collected water can be viable 

replacement water required for irrigation, industrial and 

fire defense uses [16]. Cisterns are water storage tanks that 

may hold a lot of water typically more than 500 gallons. 

Cisterns are different in size and material, such as concrete, 

brick, fiberglass, and plastic. They can be installed above 

or below the ground surface shows the implementation 

examples of these BMPs. 

    

a. Bioretention                                          b. Grassed Swale 
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c. Vegetated Filterstrip                                          d. Cistern 

Figure 1.  Examples of implemented BMPs (a; [16], b and d; [20], c; [21]) 

Table 1.  Data format for BST [16] 
ArcGIS Layer Data Format 

DEM Raster 

Land use Raster and table 

Percent impervious Raster 

Urban land use Shape 

Road Shape 

Stream Shape 

Soil Shape and table 

Groundwater table depth Shape 

Land ownership Shape 

3.5. Mapping of BMPs Placement Modeling 

For the mapping, the BST module on the SUSTAIN in 

ArcGIS software is used to select the proper placement for 

each BMP, which refers to the BMP or LID approaches 

[15]. A thematic map in raster and shape formats for the 

data layer in ArcGIS was required for this study, 

according to the specified criteria in the BST, as the 

following: Digital Elevation Model (DEM), land use, 

urban land use, land ownership, percent impervious, soil, 

road, stream network, and groundwater table depth maps 

[6]. The nine parameters required for each type of GSI are 

then put against criteria to undertake a suitability analysis. 

The majority of the criteria employed in this investigation 

were preset criteria drawn from BST usage guidelines 

[22]. However, these requirements can be changed in 

accordance with preferences based on the circumstances, 

rules at the study site, and local knowledge. The BST data 

format is shown in Table 1. 

4. Results and Discussion 

4.1. Study Area 

The study area is 290.15 hectares located in the west of 

Sulaymaniyah city bounded by 35°32'41"N to 35°33'56"N 

and 45°22'34"E to 45°24'29"E. This area includes 

intensive industrial and car repair workshops. Up to now, 

no environmental and water resources protection 

management exists in the area. For that reason, wastes and 

runoff from the industrial area can be considered as a 

dangerous source of pollution to water bodies.  

The altitude of the study area goes from 736 to 807 

meters above sea level. About 173 hectares (59.63% of 

the total area) is impervious surfaces like the rooftop of 

buildings, streets and parking lots. The remained part, 

117.15 hectares (40.37 % of the study area) are pervious 

lawns and green spaces. The slope of the area is between 

0 to 35%. The Hydrologic Soil Group is group C (with a 

medium potential for runoff) and has a low rate of 

infiltration (1-4 mm per day). The depth of the 

groundwater level is in the range of 17 m to 18.3 m from 

the ground surface [19].  

Tanjaro River is located in the west of the study area, 

which is suitable for filterstrip BMP. Figure 2 shows the 

satellite image and location, and Figure 3, shows the 

elevation and slope of the study area. 
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Figure 2.  Location of the studied area on the map 

 

Figure 3.  DEM and Slope map of the studied area 

4.2. Data Requirement 

Thematic maps (in raster and vector format) in ArcGIS are the primary source of data for this study employing BST, 

including slope, soil type, land use, land ownership, percent impervious, roads, groundwater table depth, stream, and 

urban land use. The data of the land use map was extracted from Google Earth to generate the layers of percent 

impervious, urban land use, and land ownership. BST is error-sensitive to GIS input data. Figure 4 and Table 2, show the 

land use map prepared for the study area, which is one of the most important layers used in the BST tool. 
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Figure 4.  Land use map of the studied area 

Table 2.  Extracted land use information in the study area 

Land Use Description Area (ha) Percent of total 

Estate Residential-Building 3.44 1.19% 

Estate Residential-Pervious 20.6 7.1% 

Estate Residential-Parking lot 3.05 1.07% 

High-Density Residential-Building 71.72 24.72% 

High-Density Residential-Pervious 47.91 16.50% 

High-Density Residential-Parking lot 36.08 12.43% 

Open Space-Pervious 41.10 14.17% 

Transportation-Pervious 2.71 0.93% 

Transportation-Pervious Road Median 4.86 1.67% 

Transportation- Parking lot 42.39 14.61% 

Transportation-Road 16.29 5.61% 

Total Area 290.15 100% 

4.3. Suitability Parameter 

The criteria for all nine factors considered to be appropriate for each type of BMP were defined to undertake a 

suitability study. The default criteria taken out of the BST user guide and two USEPA reports from 2004 serve as the 

foundation for the majority of the criteria employed in this study, which are shown in Table 3. 
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Table 3.  Default BST criteria used in the case study [22] 

No. BMP Type 

Drainage 

Area 

(hectares) 

Drainage 

Slope (%) 

Impervious 

(%) 
HSG 

Water Table 

Depth (m) 

Road 

Buffer 

(m) 

Stream 

Buffer 

(m) 

Building 

Buffer 

(m) 

1 
Bioretention 

(Br) 
< 0.81 < 5% > 0% A–D > 0.6 < 30 > 30 - 

2 
Cistern 

(Cs) 
- - - - - - - < 9 

3 

Grassed 

Swale 

(Gs) 

< 2 < 4% > 0% A–D > 0.6 < 30 - - 

4 

Vegetated 

Filterstrip 

(Vfs) 

- < 10% > 0% A–D > 0.6 < 30 - - 

 

Figure 5.  Step one, filling data management; Step two, selecting BMP types; Step three, is BMP siting criteria 

4.4. Steps in BST 

Suitability analysis operated with BST consists of three 

phases. The specific data are entered together on the data 

management tab from the BST unit, which is the first step. 

The choice of the BMP type to be evaluated is made next 

by dragging the chosen BMP type from the left box to the 

right box, as shown in Figure 5. Four distinct BMP types 

listed in this study are contained in the selecting best 

locations. 

The next important step is to designate the siting 

criterion by inputting the parameter values that have been 

set as in Table 3 after choosing the BMPs type. Next, add 

the criteria after selecting each BMP type individually. 

This procedure is often carried out for every type of BMP 

that will be evaluated. Example processes for establishing 

BMP criteria are shown in Figure 5. A spatial map of the 

selected four types of BMPs in specific regions can be 

obtained from the BST tool. 

4.5. Distribution Map of Selected BMPs 

The generated layer in the ArcGIS software displays 

the position for each of the four different types of BMPs 

based on the analysis utilizing the input data and criterion 

performed by BST. Four types of BMPs, namely 

Bioretention, Grassed Swale, Cistern, and Vegetated 

Filterstrip can be developed in the industrial study area of 

Sulaymaniyah city, Figure 6 displays the distribution of 

BMP types and their locations. The limitation of selected 
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BMP is due to the HSG type C which prevents the 

application of infiltration-enhancing BMPs like 

infiltration basins, infiltration trenches, and porous 

pavement because they demand HSG of type A or B. The 

total area of four types of BMPs that can be applied is 

16.45 ha in 407 places. The distribution of BMP types and 

locations on the land use map is presented in Figure 7. 

Details of the number and distribution of each of the 

four types of BMPs explained in the following sections. 

4.5.1. Cistern 

A number of 169 cisterns were recommended with a 

total area of 7.36 hectares. The suggested area for cistern 

construction represents 44.74% of the total area of the 

selected BMPs which covers 2.54% of the entire study 

area. Cisterns can store treated water after secondary 

treatment from bioretention units, to be reused later on for 

different uses such as industrial and green area watering 

practices. 

4.5.2. Vegetated Filterstrip 

A number of 106 locations for filterstrip construction 

are suggested with a total area of 4.33 hectares. 

Consequently 26.32% of the total area of selected BMPs 

covered by filterstrips which represent 1.49% of the entire 

study area. Filterstips can be considered as the primary 

treatment unit during the water treatment process.  

4.5.3. Bioretention 

Overall 91 locations were selected for Bioretention 

construction with a total area of 4.03 hectares. Total 

Bioretention BMPs form 24.5% of the total BMPs area 

covering 1.39% of the entire study area. Bioretention can 

work as a secondary treatment of stormwater. 

4.5.4. Grassed Swale 

Results of the study recommend a total number of 41 

Grass swale BMPs to treat polluted runoff from the study 

area. The accessed area for Grassed Swale has 0.73 

hectares, which is 4.44% of the total area of selected 

BMPs. This type of BMP covers 0.25% of the entire study 

area. 

The selected set of four types of BMPs can work all 

together to treat stormwater runoff from the study area to a 

high degree of removal, storing treated water and reusing it 

during the dry period as a source of water. Table 4 shows 

detailed information about each type of the 407 BMPs 

suggested by this study with an entire area of 16.45 

hectares to treat, control and manage polluted stormwater 

runoff from the industrial study area. However, the quality 

of collected rainwater in cisterns should be monitored and 

tested for heavy metals pollution removal through frequent 

tests to check the suitability of the harvested water for 

non-potable purposes such as garden watering and 

industrial usage. Finally, after executing the selected BMP 

systems, the long-term sustainability of the executed BMP 

systems should be addressed and monitored in renovation 

and maintaining standpoints. 

Table 4.  Distribution, number and area of BMPs suggested for the 
industrial area of Sulaymaniyah city 

BMP Type 
No of 

BMPs 

Area of 

BMPs 

(ha) 

The ratio of 

BMP area to 

total BMPs 

The ratio of 

BMP area to 

the total area 

Cistern 169 7.36 44.74% 2.54% 

Vegetated 

Filterstrip 
106 4.33 26.32% 1.49% 

Bioretention 91 4.03 24.50% 1.39% 

Grassed 

Swale 
41 0.73 4.44% 0.25% 

Total BMPs 407 16.45 100% 5.67% 

 

Figure 6.  The combined outcome of the BMPs in the industrial area of 

Sulaymaniyah city 

 

Figure 7.  Location and BMP type distribution on land use map 

5. Conclusions 

BMP and LID systems can be considered as sustainable 

storm water management that offers numerous 
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environmental, social, and economic benefits, which are 

becoming increasingly popular for urban areas stormwater 

management, natural systems and practices to manage 

storm water, thereby reducing the need for traditional, 

expensive, and energy-intensive storm water management 

practices. 

In this study, four different types of BMPs 

recommended to be used for the treatment of polluted 

runoff from industrial area in Sulaymaniyah city, KRG, 

Iraq using BMP siting tool on ArcGIS software. Results 

from this study suggest a total number of 407 locations to 

treat polluted runoff from the industrial area with an entire 

area of 16.45 hectares. Cistern BMP type represents  

44.74% of the total area of the selected BMPs. Filterstrip 

BMP type is 26.32% of the total area of selected BMPs. 

Bioretention BMP is 24.5% of the total area of BMPs. 

Grassed swales are 4.44% of the total area of selected 

BMPs. The suggested four types of BMPs can work 

together to treat polluted runoff as primary and secondary 

treatment, finally collecting treated water to be used for 

industrial purposes or green area watering. 

The results of this study can be a useful guide for city 

managers as a sustainable stormwater management to 

combat climate change consequences which intimidate the 

entire world and the middle east region specifically. 
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