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Abstract 

This study investigates stormwater harvesting's combination of contemporary techniques with 

artificial intelligence (AI) as a viable urban water management strategy. Rapid urbanization 

and climate change are increasing challenges for cities, making efficient stormwater 

management essential for reducing floods, improving water quality, and advancing 

environmental sustainability. The research emphasises the benefits of cutting-edge 

infrastructure, such as permeable pavements and green roofs, which greatly lower runoff and 

enhance water retention. Moreover, the research explores the use of AI and machine learning 

methods in stormwater modelling and management, showcasing their potential to improve 

water collection tactics, forecast water quality indicators, and enhance decision-making. Case 

studies from cities such as Philadelphia and Singapore demonstrate the successful 

implementation of these technologies and their effectiveness in addressing urban stormwater 

issues. 

Keywords: Artificial intelligence, Harvesting, Stormwater, Sustainability. 

1. Introduction 

The most common sources of stormwater are precipitation and the melting of snow. Despite 

the fact that rainwater harvesting is an essential part of stormwater harvesting, there is a 

substantial difference in the quality of rainwater that is collected directly from roofs and that 

which is collected in rain tanks in addition to rainwater that was gathered in stormwater 

reservoirs. Rainwater collected from rooftops is less contaminated than rainwater collected 

from other sources (McCarthy et al., 2012). Stormwater, a byproduct of groundwater 

pollution, is more likely to contain chemical and microbiological contaminants than 
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stormwater. Factors contributing to stormwater include precipitation, urban runoff, vehicle 

washes, and ground washing. Most collected stormwater comes from dry conditions. 

Groundwater contributes to stormwater flow, but its contribution is variable and difficult to 

quantify. Cross-contamination of rainwater and sewage is a concern due to aging 

infrastructure and poor execution (Sidhu et al., 2012). Population growth, increasing 

urbanization, and climate change have put pressure on traditional water supplies and 

deteriorated the environment. Urban stream syndrome is a phrase that was created to represent 

the complicated challenges that are associated with changes in land cover and stream flow. 

The effects of urbanization on natural hydrological systems has been examined in a series of 

review papers and recent studies (e.g.,. Stormwater capture and storage is the collection of 

rain water, mostly from urban areas, to be used at a later time. The method aims to limit 

pollution, mains water demand and flooding, with decisions made for water in a long term 

strategies. The water that is collected can then be used for irrigation, toilet flushing and in 

industries etc. (Akram et al., 2014). Stormwater runoff has been identified as a major source 

of pollution and flooding because of the increase in urban population growth as well as other 

impermeable surfaces. Persistent good research in the field of water resource management and 

sustainable urbanization is crucial to overcoming these challenges. In this research, some 

examples of historical and current stormwater management philosophy including sustainable 

drainage system (SuDS) / low impact development (LID) / water-sensitive urban design 

(WSUD) for a few cities with future needs for higher liveability were given (van Leeuwen et 

al., 2019). Stormwater harvesting has been established as a sustainable option and can offer 

the benefit of an alternative long term water supply, reduction of  associated energy 

consumption, and limit negative impacts on natural water bodies by controlling distributed 

demands to avoid the need for new supply development whilst reducing treated wastewater 

discharge to sensitive surface waterways. On the other hand, there are also, as yet, possible 

disadvantages including irregular rainfall patterns, environmental effects of storage (such as 

mosquito breeding), health risks, and increased unit price relative to both the mains water and 

rainwater tanks. Successful stormwater harvesting systems must address public health and 

environmental issues, get support from key stakeholders, be cost-effective, and be sustainable 

(Akram et al., 2014). Sustainable stormwater management methods, such as rainwater 

collecting, are critical for lowering stormwater runoff peak and volume, minimising 

environmental impact, and cutting demand for potable water. The benefits of using 

stormwater as a resource and using decentralised stormwater harvesting systems include 

aquifer preservation, cost savings on potable water, reduced non-point pollution discharge, 
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and the prevention of future flooding events. Sustainable stormwater management strategies 

can improve water resource management and help offset the effects of climate change on 

precipitation patterns (Vargas, 2009). Modern stormwater harvesting techniques include 

swales, biofilters, ponds, wetlands, and biofilters to improve urban stream health, water 

supply, and flow regimes. Storage capacity constraints may not hinder stormwater collection. 

Participatory evaluation is crucial for sustainable food production in arid and semi-arid 

regions (Mitchell et al., 2007). 

2. Materials and Methods 

2.1. Study Area 

The capital of the Kurdistan Region in northern Iraq is Erbil, also referred to as Hawler, 

Figure 1. The province of Erbil spans 14,873.68 km2, with 930,389 people living in the Centre 

district of Erbil, which is the studied region for this paper, and an area of 1131.44 km2 in 

population as of 2015 (Mustafa et al., 2022). It is almost 350 km away from Iraq's capital, 

Baghdad. The Erbil Centre district connects Iraq to Turkey and Iran, while the northeast and 

east of the country are mostly hilly. The district is primarily flat. In addition, a lowland area 

south of the city is home to a rural population that lives in this agricultural zone (Mustafa et 

al., 2019). Hameed (2017) exhibited that  The proportion of built-up and bare soil in the core 

district of Erbil increased by 53.26% and 52.72%, respectively, between 1984 and 2014. On 

the other hand, there was a 50.06% and 57.72% decline in vegetation and agricultural area, 

respectively. Regarding the sewage system, the city utilizes a combined drainage system that 

excludes grey water, instead collecting it from residential cesspools and sending it outside the 

city. Additionally, the system's exit connects to a river. Due to heavy rains, this region has 

experienced several flash floods in the last 10 years. The Erbil meteorological station, for 

instance, reports that the largest rainfall occurred on January 28, 2013, with a total of 71.8 

mm in a 24-hour period. Other maximum rainfalls on April 22, 2011, December 31, 2015, 

January 27, 2014, March 28, 2016, and November 22, 2018 have been recorded. The 

Kurdistan Region has semi-arid weather. Erbil City has lengthy, balmy summers and chilly, 

wet winters. From June to September, there is either none at all or very little precipitation 

throughout the summer. But from October to the latter days of May, the rain begins to pour. 

January is also the wettest month of the year. This city has 7 °C to 47 °C temperature swings, 

with an average yearly temperature of 21°C. The annual average precipitation is around 400 

mm, with dry years having 200 to 650 mm of precipitation, respectively (Hameed, 2017). 
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Aziz et al., (2023a) identify the causes and offer solutions to mitigate the damage caused by 

floods in Erbil City. Numerous site visits and data collection revealed that floods stem from 

various factors such as high rainfall, clogged culverts, sewers, and inlets, blockages in 

watersheds, and issues with technology and architecture. Some of the solutions include 

cleaning watersheds, maintaining storm sewers, creating new diversion channels, correctly 

designing storm sewers, culverts, and bridges, removing obstacles, and researching municipal 

master plans. The Erbil basin in Iraq has seen a significant reduction in groundwater resources 

due to overexploitation, uncontrolled groundwater removal, and unregulated activities. This 

predicament has had numerous negative effects on the environment, agriculture, clean water 

supply, and human settlement. The sustainable management of water resources, especially in 

arid and semi-arid environments, greatly benefits from runoff collection and artificial 

groundwater recharge (Al-Kakey et al., 2023). 

 

Fig. 1: The major wadis, streams and the city of Erbil are seen in the satellite picture. (K 

Sissakian et al., 2022). 

2.2 Data Collection System 

Data collection is vital for assessing, planning and better management Planning in Stormwater 

harvesting as well as any other work requires data for more accurate evaluation. To elucidate 

the flow of stormwater and provide better planning for its retention and use (Ochoa‐Rodriguez 

et al., 2019). To manage stormwater correctly, you need both rain gauges and weather 
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stations. It is, however a challenge to use rain gauges for the quantification of precipitation 

because they provide information only at isolated points and are extremely limited in the 

space. The real-time data, such as temperature, humidity, wind speed and precipitation from 

weather stations is informative for be wetland water balance but it presents limitations due to 

its high cost and maintenance needs (Rivera et al., 2023). Satellite photography allows for the 

collection of large volumes of data (satellite remote sensing) on precipitation and land surface 

conditions. This approach allows for remote monitoring of difficult-to-access distant places 

and provides large geographical coverage. Basic concerns include loss of temporal resolution 

and difficulties in processing and understanding data. (Sheffield et al., 2018). This 

information must then be filtered through a strong data management process to form the basis 

of any actionable intelligence. A good example is a combination of using local servers (where 

we have authority over how data protection is nested) and some parts in the cloud where it has 

proper scalability along with accessibility. Key to interpreting the information and delivering 

meaningful conclusions is the application of data processing technologies such as Geographic 

Information Systems (GIS) and hydrological modelling software. Integration with Decision 

Support Systems (DSS) at the same time allows better planning and management by using 

data collected to simulate different scenarios and optimise stormwater harvesting approaches 

(Di Luzio et al, 2004). 

2.3. Stormwater Water Quality 

In developed urban areas, rainwater collection is becoming more common. It entails gathering 

and processing rainwater for residential use, including drinking if properly treated. This 

method prevents floods and conserves water supplies, among other advantages (Mejía-

Ferreyra et al., 2024). Rainwater initially contained very few contaminants, other than those 

that fell from the sky. However, gathering, storing, and using rainwater in residential settings 

may gradually degrade its quality. Of course, factors influencing the features of rainfall 

include the abundance of smoke from electric generators and automobiles, investment 

projects, the production of oil and gas, industrialization, changes in the area's land use and 

land cover, etc. Because it has varying qualities when gathered from different locations in 

different seasons within the same region, rainfall often has a complicated chemical makeup. 

Native substances from various regions and atmospheric components compose rainwater 

(Carroll, 1962). A number of things, including as leaves, bird droppings, and fluttering soil, 

may contaminate rainwater (Aziz et al., 2023a). Mejía-Ferreyra et al., (2024) recommended 

continuous rainwater monitoring for two years, incorporating sample analyses, to assess the 
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impact of natural and human sources of contamination on ecosystems. It is feasible to use 

sensors to remotely monitor environmental conditions. Developing low-cost systems that use 

microcontrollers and sensors to monitor the physicochemical status of water in real-time. 

These gadgets incorporate big data and the internet of things. A low-cost sensor system in 

Parkville, Australia, exhibits dependability.. In Pretoria, South Africa, a sensor system was 

created and developed to detect physicochemical water quality parameters such conductivity, 

temperature, pH, flow rate, and oxidation-reduction potential. Every sensor data is instantly 

processed, analysed, and wirelessly sent via a Wi-Fi network. When water quality criteria are 

exceeded, the system informs the user instantly and sends out alarms (Mejía-Ferreyra et al., 

2024). 

 

3. Results and Discussions 

In our discussion of stormwater management and harvesting, mention that in semiarid 

locations, it can reduce household runoff by up to 20%. In addition, emphasize the use of IoT 

technology in leak detection, smart farming, water treatment, other resource management and 

monitoring applications. Case studies of effective stormwater harvesting systems, such as 

those in Singapore and Philadelphia, are shown. Stormwater management system 

implementation is limited by high prices, uniform data, and potential cyber threats. The data 

show how important stormwater collection is in enhancing urban resilience to climate change 

effects. 

 

3.1. Modern Methods and Techniques in Stormwater Harvesting 

Stormwater control measures (SCMs) and green infrastructure are increasingly popular for 

managing urban hydrology and stormwater due to rising urban planning challenges. However, 

these systems require regular maintenance and inspections, often conducted by personnel with 

prior knowledge in stormwater management (Erickson et al., 2013). Regular inspections 

should be conducted at least once a year, and proper budgeting and allocation of responsibility 

are crucial. Additional maintenance may be necessary to maintain site-specific performance 

standards, such as erosion management, vegetation management, or water quality 

management (Erickson et al., 2013). Visual observations and extensive documentation are 

essential for routine inspections. Addressing issues such as excessive sedimentation, bank 

destabilization, erosion, invasive vegetation, or troublesome fauna can result in expensive 
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maintenance costs. It is important to record any additional issues beyond typical watershed 

loading conditions (Erickson et al., 2018). Professionals in the field of stormwater 

management encounter new and emerging issues, establish guidelines for maintaining high-

priority SCMs like media filtering methods, infiltration techniques, stormwater wet ponds, 

and permeable pavements, and attend to stormwater management requirements. The 

suggestions aim to enhance the existing assessment and maintenance guidelines, drawing 

from real-world experiences in the Northern Midwest region of the United States (Erickson et 

al., 2018). 

3.1.1. Retention Ponds and Wetlands 

During periods of heavy precipitation, retention ponds are developed basins that are primarily 

used for the purpose of reducing the peak flow. The construction of wetland areas is 

analogous to the practice of incorporating plants into wet retention ponds that are shallow in 

depth. In addition to its utility in reducing peak flows, wetland areas are also used for 

controlling the quality of stormwater (Jiang et al., 2015). The construction pond can not only 

take up the surplus water, bed load and the alluvial stored from these processes but it has also 

potential to reduce the risk of flooding by diverting excess water and bedload round the pond, 

thereby decreasing any likelyhood for flooding. Different kinds of materials are used in the 

construction of ponds, and they come with different water supply and drainage systems. These 

include controlled outlets, gravity outlets and drainable outlets which are all aimed at 

controlling water levels and reducing the risk of floods further downstream. Seepage fed 

ponds-seepage fed ponds are inherently at risk of water contamination. A more correct water 

source and a utilization process will be safer for the flooding and drought factors-Back to Up 

(Ferk et al., 2020).The conventional configuration of a wetland comprises an initial deep 

pond, referred to as a sediment forebay, that is used to slow the water velocity and represent 

the load of sediments going into the wetland. Following this deep pond will be shallow water 

(shallow wetland plants) and an outlet structure to provide the wetland with a hydraulic 

regime. To function well, the wetland should maintain a constant flow to provoke the growth 

of wetland plants, Figure 2. (Jiang et al., 2015). Stormwater ponds need to be designed with 

maintenance in mind, including routine and non-routine aspects, which can issue or consume 

between 2 % to 10 % of the total cost of construction. To be effective, the pond should be 

designed with a specific purpose and performance goals in mind. Ponds are capable of 

contributing to serving as carbon storage, biodiversity conservation, and an ecosystem as 
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service (Erickson et al., 2018). Capturing stormwater can be advantageous in a multitude of 

ways, including improved conditions in urban streams or providing beneficial water source 

(Mitchell et al., 2007). Residents may anticipate using construction ponds for decorative or 

recreational reasons, which raises issues about the purity of the water and the presence of 

unsightly vegetation. Construction ponds have an influence on stormwater management 

methods since they serve as sacrificial water bodies with the objective of protecting 

waterways farther downstream (Anderson et al., 2002). It is possible that additional 

pretreatment, such as pretreatment sump pumps, may be required in order to address 

difficulties such as the development of algae. Additionally, stakeholders should have a say in 

the activities that are performed for maintenance. The residents often consider drainage ponds 

to be natural ecosystems, and as a result, they may be resistant to management attempts 

(Taguchi et al., 2022). 

 

Fig. 2: The image depicts the well-known Felaw Pond, which is located in the Choman 
district (https://www.kurdistan24.net). 

 

3.1.2. Blue-Green Infrastructure (BGI) 

The term BGI refers to a network of landscape systems that are meant to deliver ecosystem 

services linked to stormwater by integrating natural and manmade materials (Liao et al., 

2017). BGI  saves water, reduces energy consumption because it requires less cooling, 

https://www.kurdistan24.net/en/story/34646-Felaw-Pond,-a-scenic-haven-for-tourists-in-Kurdistan


The 3rd International Conference on Engineering and innovative Technology ICEIT2024 
Salahaddin University-Erbil, 30-31 October 2024. 

 
 

9 
 

improves air quality, and sequesters carbon, Figure 3. These are just some of the advantages 

that come from lowering stormwater runoff. BGIs are a multifunctional approach to the 

control of urban flood risk because, in addition to reducing the danger of flooding, they 

contribute to other advantages. Because they are complementary to one another, the ideal 

technique is to combine the green, blue, and grey alternatives (Alves et al., 2019). In this case, 

compared to system’s inherent ability to regulate the quantity and quality of the flowing 

stormwater, the BGI for stormwater management in urban ecosystems tries to detain, store, 

infiltrate, and bio-absorb polluting agents to a larger extent. To highlight the connection 

between the aquatic and the terrestrial ecosystems (Liao et al., 2017). Some of the co-benefits 

that arise from BGI includes water conservation, energy conservation, air quality 

improvement and carbon sequestration are some of the important factors in the management 

of urban flood risks from climate change (Alves et al., 2019). Thus, the municipal water 

system benefits that can be derived from the implementation of BGI techniques may include 

one or more of the following: better water quality, enhanced biological richness, and 

increased value of housing stock (Wilbers et al., 2022). 

 

Fig. 3 : Schematic representation of BGI methods in the urban environment; illustration of the 
urban landscape (Kopp and Raška, 2017). 

 

3.1.3.Green Roofs 

Green roofs are a sort of stormwater harvesting approach that transform impermeable roof 

surfaces into multifunctional areas by using plants, growth medium, and specialised roofing 

materials, Figure 4. Green roofs are also known as green construction. Both widespread and 



The 3rd International Conference on Engineering and innovative Technology ICEIT2024 
Salahaddin University-Erbil, 30-31 October 2024. 

 
 

10 
 

intense systems are possible, with extensive systems being more frequent owing to the 

reduced costs and weight restrictions associated with them. Through the storage of 

precipitation in the growth medium and the facilitation of evaporation, transpiration, and 

interception functions, green roofs contribute to the management of stormwater by removing 

water from the surface of the roof (Carter and Butler, 2008). In comparison to impermeable 

roofs, green roofs have the potential to considerably decrease the amount of stormwater 

runoff as well as the timing of the runoff, particularly during the summer months. Rainfall is 

retained by vegetated roofs throughout the summer months to a greater extent than by 

medium-only roofs; however, the impact is contingent upon the magnitude of the rain event. 

Rainfall that occurs during the dry season may have an effect on the ability of green roofs to 

retain water. In urban drainage networks, green roofs are more successful than other methods 

for decreasing flow peak and volume during storms that occur often and are of a reduced size 

(Schroll et al., 2011). Green roofs retain more rainwater than traditional roofing systems, with 

research showing a thin-layer system holding 48% more rainfall than a gravel ballast roof. 

They are cost-effective and have a longer lifespan than traditional roofs. Although initially 

more expensive, green roofs offer economic advantages over time, including longer roof life, 

energy savings, and reduced stormwater fees, making them an excellent stormwater 

management method (Carter and Keeler, 2008). 
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Fig. 4 : Sonoma Academy's guild and commons building utilizes rooftop space for rainwater 
collection, featuring solar panels, a white reflecting stone ballasted roof, and a biodiverse 

green roof (Dvorak and Drennan, 2021). 

 

3.1.4. Permeable Pavement 

Permeable pavement systems reduce pavement runoff and contaminants, facilitating 

infiltration, storage, and distribution of rainwater, Figure 5. They enhance groundwater 

recharge and reduce surface runoff.  Imran et al. (2013) illustrated that permeable pavement 

reduces surface runoff volume by 90% and 99.4%, with interlocking concrete pavers showing 

similar results. Enhancing the management of stormwater may be accomplished by 

integrating permeable pavement into the urban infrastructure that is already in place. The 

purpose of permeable pavements is to collect precipitation and runoff from storms, and they 

may be incorporated into traditional stormwater drainage systems so that they can be used as 

necessary (Harvey et al., 2017). Reduced floods, elimination of pollutants, decreased deicing, 

and elimination of water treatment expenses are some of the financial advantages that may be 

realised by the use of permeable pavement for stormwater harvesting. Infiltration of rainwater 

into the earth, as opposed to runoff water, is made possible by permeable pavements, which in 

turn leads to the recharging of subterranean water storage basins. If permeable pavements are 

used, it is possible to fully remove the expenditures that are involved with water treatment, 

which will result in huge financial savings (Antunes et al., 2020). 
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Fig. 5 : An illustration of a typical Permeable pavement cross-section is shown (photo 

courtesy of the Interlocking Concrete Pavement Institute) (Drake et al., 2013). 

 

 

3.1.5. Rain Gardens 

Rain gardens reduce water flow into rivers and streams during storms, offering an 

environmentally friendly and cost-effective solution for retrofitting existing stormwater 

management plans (Seymour, 2005). Rain gardens offer a comprehensive solution to urban 

environmental challenges, benefiting technology, operations, ecology, society, health, 

aesthetics, and cost savings, Figure 6. They collect stormwater runoff, recharge groundwater, 

remove pollutants, attract animals, improve biodiversity, promote human health, enhance 

aesthetics, reduce noise, improve air quality, capture carbon dioxide, and control global 

climate (Bąk and Barjenbruch, 2022). Rain gardens in Poland cost between 2,000 and 2,500 

Polish Lei (PLN) per square meter, depending on factors such as size, soil conditions, 

location, design, installation time, plant types, and materials used. Investment, operations, 

maintenance, and land usage costs also contribute to these costs. However, reputable 

companies may present varying estimates for certain installations, highlighting the potential 

for variations in prices across different regions (Siwiec et al., 2018). 
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Fig. 6 : Kyoto Gakuen University's rain garden is located in Nishigyo Ward, Kyoto, Japan 
(Zhang et al., 2020). 

3.1.6. Sponge Cities 

A sponge city is also referred to as an ecological city which has been built sustainably in a 

way that it does not interfere with the water systems and natural habitats, prevents floods, 

preserves water and enhances the quality of the water in the region, Figure 7. It illustrates a 

city in which a water system is created in the manner that it collects, filter, stokes and releases 

rainwater for use in the future (Rui et al., 2018; Ahmed et al., 2024). Sponge city is the 

concept where urban structure is altered to be green to avoid floods and also to enhance the 

quality of water. This combines porous pavement, roof gardens, bio-infiltration swales, and 

retention basins to harvest, filter, and store stormwater. This way, the formed impervious 

cover is lowered, making the groundwater recharge enhanced, less strain placed on usual 

drainage systems, work towards more sustainable urban development as well as control of 

floods (Ahmed et al., 2024). It is worthy to note that the GI, LID and BMPs and BPPs that the 

US and Canada adopted influenced China more specifically the Chinese government’s sponge 

city plan of 2014. Examples of systems adapted are; Integrated urban water management 

(IUWM) from the United Kingdom, France and other European countries the alternative 

methods ( ATs), water-sensitive urban design ( WSUD) from Australia and New Zealand, and 
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sustainable drainage systems or sustainable urban drainage systems ( Sus Drain/SUDSs ). 

Based on sponge facilities, ecological treatment of contaminated water, non-point source 

emission reduction, and rainfall utilization, Li et al. (2017) proposed a fast assessment method 

for promoting sustainability and building livable societies. Thus, it exposes the fact that the 

assessment of the interconnection between the following aspects is paramount: Biodiversity 

Microclimate Sponge facilities. Sponge city building has a variety of benefits, including 

increased urban livability, improved water quality, and increased flood management. It fosters 

unconventional water sources, lessens pollution, boosts biodiversity, and improves drainage 

and protection infrastructure. It also creates green spaces (Li et al., 2018; Ahmed et al., 2024). 

 

Fig. 7: The planning of sponge cities incorporates hydrological mechanisms (Liu et al., 2022). 
 

3.2. Successful Stormwater Harvesting Projects  

Successful implementation of stormwater harvesting programs requires overcoming obstacles 

such as system self-maintenance and expense. Cities like Austin have noted system self-

maintenance as a potential barrier to pressurized systems. Cost often hampered program 

implementation and performance in the assessed cities. Local plans that include rainwater 

collection rules may also help ensure effective implementation (Fricano and Grass, 2014). 

Case studies from Barcelona and Stockholm emphasize the significance of small-scale public 

initiatives that combine irrigation with rainwater collection for drainage management, offering 

socioecological advantages in densely populated regions (Suleiman et al., 2020). The new 
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South Wales (NSW) Home Saver Payments Programme, for instance, offered payments to 

customers for climate-friendly equipment, including rainwater tanks. Sydney Water's 

Rainwater Tank Programme pays reimbursements to residents who install rainwater tanks to 

supplement their water usage (Imteaz and Moniruzzaman, 2018). Studies on the spatial 

variability of possible water savings from rainwater tanks in Sydney have shown significant 

variations in the yearly water savings across the city's various areas (Imteaz and 

Moniruzzaman, 2018). As part of its stormwater management plan, Singapore launched the 

Active Beautiful Clean (ABC) Waters Programme in 2006, emphasising low-impact 

development and water-sensitive urbanism techniques. The programme incorporates various 

ABC design elements, including built wetlands, rain gardens, green roofs, and canal 

restoration projects. Although the program has demonstrated effectiveness in eliminating 

particles, it has difficulty eliminating nutrients. A project's ongoing success depends on 

monitoring and assessment after completion (Lim and Lu, 2016). The ABC Waters 

Programme in Singapore has demonstrated success in enhancing both urban liveability and 

water quality through the use of canals and reservoirs. Individuals who own private homes 

certified by ABC Waters are prepared to pay more for elements included in ABC Waters 

designs. People's willingness to pay for ABC Waters initiatives has also grown as a result of 

using virtual reality apps. In general, the programme has shown positive effects on the 

environment and community (Iftekhar et al., 2019). Virtual reality-based Singapore's ABC 

Waters Programme has long-term effects on private housing, water quality, and urban 

liveability; however, its nutrient removal effectiveness is not without problems (Iftekhar et al., 

2019). ). To reach its 10-year target of greened acres, the City of Philadelphia's Green City, 

Clean Waters initiative has developed projects with success. Modifications are required, 

particularly in the execution of non-residential private and non-city public properties, in order 

to achieve the overall plan objective by 2036. The initiative has significantly improved 

volume and water quality, while also hybridizing the stormwater system with gray and green 

infrastructure (CITY and PLAN, 1991). 

3.3. Implementation of Stormwater Harvesting Systems 

Implementing stormwater harvesting systems in residential areas, especially in semiarid 

locations, results in a significant decrease in runoff volume and peak flow. These systems 

provide financial advantages and cost-effective management in residential areas, with both 

passive and active release mechanisms yielding significant reductions (Gee and Hunt, 

2016).To successfully implement stormwater harvesting systems, it is essential to design and 
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develop them in accordance with the site's specific requirements. Correct design of the control 

algorithm is necessary for active systems to outperform passive systems in terms of water 

supply and stormwater retention (Quinn et al., 2020). In this sense, active systems have been 

typically better off. There are three ways to improve stormwater management performance: 

new load demands, extension of passive and active structures, and an extension of the existing 

approach (Rahman et al., 2020). Stormwater harvesting planning is therefore based on 

potential sources, uses, performance goals, and sub-systems for collection, storage, treatment, 

distribution, and discharge. Current frameworks are not too heavy on modeling and design 

and never was applied to large scale scenarios. These may involve making site selection; 

making approach to the controllers; sourcing for funds; and the question of arts specific 

funding and community fund-raising (Dandy et al., 2019). Stormwater construction as well as 

domestic and industrial storage tanks and filtering systems are compulsory in the stormwater 

harvesting systems. More often than not, post-storage treatment techniques such as fine 

sediment filtering as well as disinfection are incorporated in these systems. Some of the 

strategies necessary for collection of stormwater consist of catchments, pipelines, tanks, 

filters, treatment of water and pumps. The materials that the roof is made of will determine 

the quality of water that is collected in case of rainwater harvesting (Sojka et al., 2016). In 

such areas such as Salisbury in South Australia, the objective of stormwater harvesting 

systems is for sustainable irrigation purposes. These technologies, which are being under 

development now all over the world, help to counter climate change by avoiding usage of 

water from energy-intensive sources (Velasco-Muñoz et al., 2019). It is therefore important to 

ensure that to guarantee the success of stormwater harvesting systems, they are properly 

maintained regularly. It can be due to factors such as proper maintenance that can convince 

users associated with the place and guarantee that the quality of the water is good. Just two 

aspects of technology and its management impact the quality of the collected rainwater and its 

usability (Campisano et al., 2017). The costs that are attributed to the management of 

stormwater harvesting systems vary from one type of system to another in the same category. 

To give but one example of a porous asphalt system, the total breakdown of maintenance 

loads for pavement vacuuming has been identified as having the lowest human hours and 

yearly costs out of all the options available (Houle et al., 2013). Although LID systems 

usually cost more in initial installation as compared to conventional pond systems, there is 

general agreement that annual maintenance costs are significantly lower with LID systems. It 

is succeeded by vegetated swales, subsurface gravel wetlands, and bioretention systems by 

means of the annualized cost of maintenance expressed as a percentage of capital 
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expenditures. The table below shows that the least annualized maintenance cost is associated 

with the porous asphalt systems. Some of the costs include the vegetated swale at $2,280 per 

hectare per year and the wet pond at 7,830 $ per hectare per year (Kang et al., 2008). In the 

case of stormwater management systems, maintenance costs play a critical role throughout the 

design as well as the implementation process. 

3.4.  Challenges and Future Directions 

Challenges toward the management of stormwater include inadequate funding and poor 

awareness of the stormwater system. For the control of stormwater runoff, (LID) is better and 

more cost-effective than the traditional grey infrastructure. To some extent, this type of work 

reduces the load created by rainwater on municipal sewers through the retention, and 

infiltration of rainwater through natural systems where rainfall happens (Copeland, 2016). 

Green infrastructure solutions are proving popular with decision-makers because the said 

conventional grey infrastructure technologies are expensive (Qiao et al., 2018). SMPs have 

responsibilities that cities can communicate to the public, enhance, and assume in watershed 

initiatives to enhance people’s awareness of stormwater harvesting. As people’s experience in 

water quality and their perceived responsibility for using rain gardens increases, their 

knowledge about the quality of water increases. Reducing the stormwater charges and 

propagating rain barrels are some ways that can also help people adopt stormwater harvesting 

practices. Outmoded regulation and privatization, lack of public awareness and motivation, 

willingness to resist change, deficiencies of performance and cost data, deficiency of design 

standards and maintenance instructions, lack of pollution fee and sufficient funds and 

revenues to support, deficiencies of effective incentive policies and programs, as well as 

unclear operation and maintenance roles can all make it challenging for regulatory barriers 

and permitting requirements for stormwater harvesting systems (Tian, 2011). To overcome 

these challenges, municipalities have to have comprehensive approaches to the management 

of watersheds, introduce green infrastructure concepts into regional policies on stormwater 

management, and require government support in the implementation of so-ordered measures 

based on licenses and court decisions (Tian, 2011). Prescribed education and awareness 

campaigns that seek to encourage stormwater harvesting systems may help convince people to 

change the status quo with a view of turning the suburbanites into on-site stormwater 

managers. Some of the ways true include webinars arising from stormwater management, 

labeling of products linked with stormwater, and clean water festivals. The Clean Water Act 
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requires education efforts to be a part of municipal stormwater plans (Lieberherr and Green, 

2018). 

 

        3.5. Problem  and Solutions  

The following succinctly describes Erbil City's issues with floods and environmental 

management:  

Frequent Flooding Events: Numerous flooding incidents have occurred in Erbil City in 

recent years, especially in 2021 and 2022, which have caused serious damage to houses and 

infrastructure as well as fatalities. Because of the city's poor drainage infrastructure and high 

rainfall, flash floods are common (Aziz et al., 2023a).  

Changes in Land Use and Urbanisation: Increased impermeable surfaces as a result of 

unplanned construction and rapid urbanization have decreased natural drainage and increased 

flood hazards. Natural hydrological processes have been hampered by the conversion of 

agricultural and green space into built-up region.  

Poor Infrastructure for Drainage: Heavy rainfall often overwhelms the current drainage 

systems, which include storm sewers and culverts, causing obstructions and overflow. Water 

flow is further impeded by the many building waste and debris-filled drainage ditches (Aziz et 

al., 2023a).  

Environmental Degradation: Natural landscapes are deteriorating, there are fewer green 

places, and there is less biodiversity as a result of urban growth. Local ecosystems and water 

quality have suffered as a result of contaminants and building debris being dumped into 

streams (Anuthaman et al., 2023).  

Impacts of Climate Change: Increasing rainfall frequency and intensity due to climate 

change presents more difficulties for flood control. Flood occurrences are becoming harder to 

anticipate and plan for due to shifting climatic trends (Aziz et al., 2023a).  

Lack of Comprehensive Flood Management Plans: Integrated flood control plans that take 

non-structural as well as structural measures into account are lacking. The intricacies of urban 

floods and environmental sustainability may not be sufficiently addressed by current 

strategies (Anuthaman et al., 2023).  

 
 
3.6. Reduce Flooding, Erosion and Groundwater Recharge  
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Stormwater management also can potentially reduce flooding by drawing out some of the 

stored amounts before a rain event; increasing the flow rate of the river before the event and 

reducing the peak flow may help prevent flooding (Fisher-Jeffes et al., 2017). This reduces 

the peak and volume of flow of stormwater runoff, one of the ways stormwater harvesting 

assists in the avoidance of erosion. The above in turn leads to an improvement in the overall 

environmental impact as well as the requirement for potable water. Besides this, it reduces the 

degree of depletion of aquifers, the costs of potable water, non-point source pollutants, and 

the future risks of the occurrence of floods that may lead to damage to infrastructure (Vargas, 

2009). It was also found that stormwater harvesting could improve soil stability through such 

measures as utilization of infiltration rates and prevention of erosion. However, improper 

management of stormwater harvesting causes soil compaction and nutrient leaching that acts 

negatively on the stability of the soil (Maliva and Maliva, 2020). Since the available 

recharging water is mostly from surface water from rivers, dams, etc., scarcity of the same 

hampers the availability of water to be used for this purpose. But to try to enhance or put more 

volume into the existing stock of groundwater, there is the managed aquifer recharge, or 

MAR, that can be used. Other sources include stormwater, and due to its reusable quality, its 

utilization in MAR is receiving increased attention (Song et al., 2019). Ways in which 

stormwater harvesting may aid in making groundwater resources more available include 

conveying rainfall runoff from roadways and then employing recharge wells to artificially 

recharge the water table. There is potential with this approach to be able to assist in the 

sustainability of the groundwater in areas such as Lahore, which can increase the level of the 

groundwater after each monsoon season (Hussain et al., 2019). This has the potential to 

lengthen the duration surface water bodies such as rivers and streams are charged as well as 

create perpetual streams, increase the yields of wells and boreholes, reduce the energy needed 

to pump water, vegetative cover, reduce erosions, and in the process improve the flora and 

fauna of the area. Increased agricultural produce, increased irrigated land, and reduced 

vulnerability and susceptibility to drought are some of the economic benefits (Gale et al., 

2002). The quality of the stormwater might negatively affect the recharge of the groundwater 

by polluting the groundwater and reducing the infiltration system. Pollutants that are dumped 

in the stormwater may sometimes find their way into the groundwater source. Some of these 

pollutants include TSPs, organic matter nutrients, and metals, among others. Furthermore, 

pollution in stormwater involves physical, biological, and chemical blockage, and these have 

implications for the feasibility of recharge in urban stormwater (Song et al., 2019). 
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3.7. Providing Sustainable Water Source for Landscaping and 

Irrigation 

Stormwater collection can provide alternatives to traditional drinking water sources by 

reducing reliance on them. Using rainwater for irrigation conserves drinking water and saves 

money on water supply concerns. (Dandy et al., 2019). In several countries, the absence of 

available water has continued to be an issue of growing concern. Drought-prone regions face 

erratic rainfall patterns and very high evaporation rates in the dry seasons, two factors that 

aggravate it (Haghtalab et al., 2013). Cities in regions with dry seasons face challenges like 

water scarcity and increased surface runoff. Rainy seasons cause massive runoff to flow 

through streets, causing a gradual decrease in groundwater supply (Zhang and Hu, 2014). 

Lack of water has several negative effects on human existence, both directly and indirectly. A 

water shortage has several significant implications, one of which is its influence on the urban 

environment, a crucial component in making a city habitable. In urban settings, there is a clear 

correlation between the urban landscape and the environmental, social, and physical quality of 

human existence. The built environment contains a significant amount and quality of urban 

green space (Seitz et al., 2014). Water resource management is crucial for creating green 

spaces in dry and semiarid environments. Developing sustainable water supply methods for 

irrigation is essential for maximizing benefits. Stormwater collecting systems and rainwater 

reuse improve landscape quality and environmental sustainability of irrigation techniques 

(Ghisi et al., 2009). In addition to supplying a fresh supply of water, the collection and 

utilization of rainfall for landscape irrigation results in infiltration, which in turn offers several 

advantages, including the preservation of nutrients in the soil, the elimination of pollutants, 

the replenishment of groundwater, and the provision of green space that is more conducive to 

health (Seymour, 2005). By using this win-win method in landscape design and management, 

it is possible to minimize the amount of potable water that is used for irrigation while 

simultaneously improving the quality of the water (Saeedi and Goodarzi, 2020). 

 

3.8. AI Application 

AI can enhance efficiency in water collection and delivery by way of smart water 

management techniques for different purposes like effective distribution, conservation, and 

maintenance of water quality standards (Krishnan et al., 2022). The deployment of AI models 

is employed in stormwater gathering data processing using sensors, which form part of 
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dynamic management systems. Infrastructure components are optimized using deep learning 

algorithms that support effective water collection strategies. AI stormwater modeling tools 

enhance the management and quality of water by analyzing data, making informed choices, 

and predicting stormwater flows as well as their quality (Ramovha et al., 2024). Recent years 

have witnessed a lot of growth in the area of using AI, machine learning (ML), and satellite-

based remote sensing techniques, among other things, to model water quantity and quality. By 

merging artificial neural networks (ANN) and support vector machines (SVM) with AI and 

ML techniques to get accurate estimates of the metrics for water quality (Meshram et al., 

2020). By using modeling software, AI encompasses stormwater management on big data sets 

to predict stormwater volume and water quality, optimize Best Management Practices 

(BMPs), and support decision-making regarding the construction of stormwater management 

structures (Ramovha et al., 2024). It is possible for sensors that are powered by artificial 

intelligence to continually monitor water quality metrics, such as the concentration of 

pollutants, pH levels, and turbidity, to evaluate the efficiency of existing systems and locate 

regions that might need improvement (Ramovha et al., 2024).  

Short-range water level forecasting employs different machine-learning methods than long-

term streamflow forecasting (Mosavi et al., 2018). An effective water management strategy 

could benefit from the integration of IoT technology in leak detection, water treatment plants, 

smart farming, and monitoring of various water bodies. Through this innovation, it is possible 

to minimize energy and water losses while maximizing farm productivity. However, high 

costs, cyberattacks, and data consistency issues need to be addressed for their successful 

implementation. Besides, the use of intelligent water systems can enhance water resource 

management and alleviate global water scarcity (Gupta et al., 2020). The adoption of IoT 

technology impacts water conservation initiatives because it enables the use of precise DSS 

for water consumption, forecasts precipitation fluctuations, tracks groundwater depletion, and 

creates sustainable water indicators (Salam, 2024). Contemporary stormwater harvesting 

technologies reduce residential runoff by up to 20% in semiarid regions and less in higher 

rainfall areas. This benefits communities and individuals by providing an alternative water 

source and stormwater management strategy (Steffen et al., 2013). Prior studies have focused 

on disaster information and communication systems, including analog, digital, and mobile 

apps accessible via the web, have been the subject of prior study  (Nasution et al., 2017). 

Using Ethernet as a web server and ultrasonic sensors to broadcast flood height data in real-

time, one such system is the flood early warning system. Another system, the GSM-based 

disaster information system, uses a building-based GSM module as a prototype fire 
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monitoring information system. Utilizing an Ethernet module as a web server and an Adriano 

microcontroller for water level processing, this system transmits flood height, rainfall, and 

temperature data over the internet  (Poslad et al., 2015). ANN approaches have drawn more 

attention lately for their use in hydrological modelling. ANN and other data-driven models 

have been used to examine long-term discharge prediction and reported the results (Cheng et 

al., 2020). ANN be used to identify the link between rainfall and runoff for the rainfall-runoff 

modelling process. Learned connection inside a few layers of nonlinear transition functions to 

convert rainfall input into runoff output can be built. The ANN modeling technique is 

relatively easy and efficient because it learns without explicit physics inputs. The AI 

stormwater model considers the amount and quality of stormwater using three different 

methods: sub-watershed green infrastructure LID controls, drainage conduit network 

hydraulic modeling, and nonlinear reservoir overland flow routing. which determine the 

runoff from overland flow, the value of treating stormwater on-site, and the real-time model 

with sensor monitoring data modification for the operations of the hydraulic structure devices 

(Cheng et al., 2020). Table 1 illustrates some AI applications in stormwater harvesting. 

Table 1: AI applications in stormwater harvesting 

No. Type purpose citation 

1 Artificial neural 
networks 
(ANN) 

ANN can improve stormwater harvesting by 
integrating performance assessment, considering 
water sources, and balancing social, environmental, 
and economic goals, but current frameworks are 
insufficient for comprehensive modeling. 
 

Dandy et 
al. (2019) 

2 Deep 
Learning(DL) 

DL can improve stormwater harvesting and urban 
runoff by monitoring garbage accumulation. Using 
deep convolutional neural network models, high 
recall, precision, and accuracy rates were achieved, 
helping cities prioritize and assess garbage reduction 
efficacy, thereby meeting stormwater regulation 
requirements. 
 

Fu et al. 
(2022) 

3 Principle 
Component 
Analysis (PCA) 

PCA, which gives a non-heuristic way to give weights 
to attributes and rank possible stormwater collection 
sites, may help with the process of picking stormwater 
collection sites. This method has shown strong 
agreement with the locations that water planners have 
chosen, making it a viable tool for choosing 
stormwater collection locations. 
 

Pathak et 
al. (2017) 

4 Bayesian 
Model 

By improving reservoir operations and taking model 
selection uncertainty into account, BMA may enhance 

Fang et al. 
(2018) 
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Averaging 
(BMA) 

stormwater harvesting. The BMA method worked 
better than other operating rules because it looked at 
the uncertainty of choosing specific models with 
different weights. This led to more hydropower output 
and better use of natural inflows. 
 

5 Random Forest 
(RF) 

RF makes flood hazard rating prediction models that 
improve the accuracy of stormwater analysis by using 
two-dimensional numerical analysis to figure out 
inundation and flow velocity maps for model training. 
With debris considerations taken into account, the 
model can estimate flood danger ratings of grid units 
with up to 99.99% accuracy given the target region's 
total cumulative overflow. 
 

Kim and 
Kim 
(2020) 

6 Support vector 
machines 
(SVM) 

SVM can handle uncertainties in stormwater 
harvesting data by reconstructing flooding patterns 
using satellite imagery data. SVM provides accurate 
classification with a small training set, combining 
data from different satellites for flood risk 
management. 
 

Dhara et 
al. (2020) 

 

4. Conclusions 

This study highlights the potential for enhancing stormwater harvesting as a sustainable urban 

water management strategy through the application of AI and contemporary techniques. 

Successful case studies from Singapore and Philadelphia show how innovative infrastructure, 

such as green roofs, permeable pavements, and bioretention systems, may minimize urban 

runoff and enhance water quality. AI-driven technologies may improve stormwater system 

design and operation, increasing effectiveness and ensuring adherence to water quality 

regulations. The combination of AI and IoT technology enables smart water management 

systems to monitor water quality measurements and proactively identify problems, thereby 

enhancing system performance. However, issues such as high installation costs, cybersecurity 

concerns, and the need for standardized data standards hinder widespread use. To overcome 

current challenges and ensure the long-term success of stormwater management initiatives, it 

is crucial to continue investigations, involve stakeholders, and engage in collaborative efforts. 
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