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Abstract 

Saudi cities are expanding through compact 

housing districts, transit corridors, giga-projects 

and digitally enabled municipal services, yet 

many urban drainage networks still operate as 

fixed conveyance systems that rapidly move 

rainfall away from streets. In arid environments 

this approach misses an important opportunity: 

short, intense rainfall can be captured, detained, 

treated and reused while simultaneously 

reducing overload on pipes, culverts and low 

points. This review develops a practical 

framework for integrating rainwater harvesting 

technologies into urban drainage networks for 

flood-resilient Saudi smart cities. It synthesizes 

recent research from 2020 to 2025 on urban 

rainwater harvesting, low-impact development, 

smart stormwater control, flood susceptibility 

mapping and Saudi water-policy priorities. The 

review shows that effective integration depends 

on treating rooftops, podiums, streets, parks, 

wadis and detention assets as a connected 

storage-and-release network rather than as 

isolated drainage components. Cisterns, modular 

underground tanks, blue-green roofs, permeable 

pavements, bioswales, detention basins, forecast-

controlled valves and sensor-enabled dashboards 

can jointly reduce peak discharge, increase non-

potable reuse, improve emergency preparedness 

and strengthen municipal water security. For 

Saudi contexts, the strongest applications are 

likely in dense redevelopment zones, pilgrimage 

cities, new smart-city districts and flood-prone 

wadi interfaces where imperviousness, steep 

catchments and high-value infrastructure 

converge. The paper contributes a Saudi-aligned 

design architecture, a review methodology, 

performance indicators and implementation 

priorities for engineers, planners and decision-

 Resumo 

As cidades sauditas estão se expandindo por 

meio de bairros residenciais compactos, 

corredores de transporte, megaprojetos e 

serviços municipais baseados em tecnologia 

digital; no entanto, muitas redes de drenagem 

urbana ainda funcionam como sistemas fixos de 

escoamento que afastam rapidamente a água da 

chuva das ruas. Em ambientes áridos, essa 

abordagem perde uma oportunidade 

importante: chuvas curtas e intensas podem ser 

captadas, retidas, tratadas e reutilizadas, 

reduzindo simultaneamente a sobrecarga em 

tubulações, bueiros e pontos baixos. Esta 

revisão desenvolve uma estrutura prática para 

integrar tecnologias de captação de água da 

chuva em redes de drenagem urbana, visando 

cidades inteligentes sauditas resilientes a 

inundações. Ela sintetiza pesquisas recentes, de 

2020 a 2025, sobre captação urbana de água da 

chuva, desenvolvimento de baixo impacto, 

controle inteligente de águas pluviais, 

mapeamento de suscetibilidade a inundações e 

prioridades da política hídrica saudita. A 

revisão mostra que a integração eficaz depende 

de tratar telhados, pódios, ruas, parques, wadis 

e instalações de retenção como uma rede 

conectada de armazenamento e liberação, em 

vez de componentes isolados de drenagem. 

Cisternas, tanques subterrâneos modulares, 

telhados azuis-verdes, pavimentos permeáveis, 

valas de drenagem biológicas, bacias de 

retenção, válvulas controladas por previsão 

meteorológica e painéis de controle com 

sensores podem, em conjunto, reduzir o pico de 

vazão, aumentar a reutilização de água não 

potável, melhorar a preparação para 

emergências e fortalecer a segurança hídrica 

municipal. No contexto saudita, as aplicações 
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makers seeking to transform stormwater from a 

flood liability into a managed urban resource. 

 

Keywords: Rainwater Harvesting. Urban 
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mais promissoras provavelmente se encontram 

em zonas densas de reurbanização, cidades de 

peregrinação, novos distritos de cidades 

inteligentes e interfaces de wadi propensas a 

inundações, onde convergem impermeabilidade, 

bacias hidrográficas íngremes e infraestrutura 

de alto valor. O artigo contribui com uma 

arquitetura de projeto alinhada às condições 

sauditas, uma metodologia de revisão, 

indicadores de desempenho e prioridades de 

implementação para engenheiros, planejadores 

e tomadores de decisão que buscam transformar 

as águas pluviais de um risco de inundação em 

um recurso urbano gerenciado. 

 

Palavras-chave: Captação de Água da Chuva. 

Drenagem Urbana. Resiliência a Inundações. 

Cidades Inteligentes da Arábia Saudita. Gestão 

de Águas Pluviais. Desenvolvimento De Baixo 

Impacto. Drenagem Sustentável. Visão 2030. 

Utilização Inteligente da Água. Mitigação de 

Inundações Urbanas. 

 

 

1 INTRODUCTION 

 

Urban flooding is no longer a challenge limited to humid coastal cities. Across 

arid and semi-arid regions, extreme rainfall can occur in brief, high-intensity bursts that 

exceed the capacity of conventional drainage networks and produce hazardous street 

ponding. Saudi Arabia presents a particularly important case because its major cities 

combine water scarcity, rapid urban expansion, complex wadi geomorphology, high 

summer evaporation and growing expectations for smart municipal services. Urban 

drainage systems have traditionally been designed to collect runoff through inlets, pipes 

and channels and discharge it as quickly as possible. However, this conveyance-only logic 

can transfer flood risk downstream, leave little flexibility during cloudburst events and 

waste a seasonal water resource that could serve irrigation, street cleaning, district cooling 

support or groundwater recharge when appropriate treatment and controls are used 

(Jamali et al., 2020; Ali et al., 2025). 

Rainwater harvesting (RWH) offers a different logic. Instead of treating rainfall 

as a nuisance, RWH captures precipitation from rooftops, paved surfaces and landscaped 

areas, stores it temporarily, and releases or reuses it according to hydraulic and water-
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quality requirements. Recent studies show that decentralized tanks, domestic RWH 

systems and roof-based storage can reduce runoff connectivity and flood severity, 

particularly when storage is available before rainfall and when release is actively 

controlled (Palla and Gnecco, 2022; Hdeib et al., 2023; Lu et al., 2025). For Saudi smart 

cities, the technical question is not whether RWH can store water, but how it should be 

connected to urban drainage networks so that capture, detention, reuse and emergency 

overflow operate as one system. 

The motivation for this review comes from two converging priorities. The first is 

flood resilience. Heavy rainfall in western Saudi Arabia and other urbanized catchments 

has repeatedly shown that arid cities can suffer severe pluvial and flash-flood impacts 

when drainage capacity, land-use change and catchment topography are misaligned. 

Recent work on rainfall extremes in the Makkah region notes increasing attention to 

heavy and extreme rainfall and the need for more granular observation and risk 

assessment (Zamreeg et al., 2025). The second priority is water security. Saudi water 

policy emphasizes sustainable resource management, demand management, reuse and 

resilient water services (MEWA, 2025; UNDP Saudi Arabia, 2025). RWH integrated with 

drainage networks connects these priorities by reducing flood peaks while creating a 

controlled non-potable water source. 

This paper therefore reviews how RWH technologies can be integrated into urban 

drainage networks for flood-resilient Saudi smart cities. Its aim is to develop a publishable 

synthesis that links hydrologic engineering, urban design, digital monitoring and policy 

implementation. The objectives are: first, to identify RWH technologies suitable for Saudi 

urban conditions; second, to explain how these technologies interact with stormwater 

drainage assets; third, to define performance metrics for flood reduction, reuse, water 

quality and maintainability; and fourth, to propose an implementation framework aligned 

with smart-city governance and Vision 2030 water priorities. Unlike studies that focus 

only on individual tanks or isolated low-impact development assets, this review 

emphasizes system integration across buildings, streets, public spaces and drainage 

networks. 
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2 RELATED LITERATURE 

 

Recent RWH literature has moved from simple roof collection toward multi-

purpose urban systems. Ali et al. (2025) describe urban RWH as a set of technologies 

whose performance depends on rainfall variability, demand profiles, tank sizing, 

contributing area and institutional support. Jamali et al. (2020) demonstrated that rain 

tanks can provide both water-saving and flood-protection benefits, but their effectiveness 

varies according to antecedent storage, event sequence and operating rules. These 

findings are directly relevant to Saudi cities, where rainfall is episodic and high 

evaporation can reduce the value of passive surface storage unless harvested water is 

protected, reused promptly or infiltrated under suitable hydrogeological conditions. 

Domestic and building-scale RWH is the most mature component. Roof 

catchments, gutters, first-flush diverters, filters, cisterns and pumps can be installed in 

villas, schools, mosques, commercial roofs and transit buildings. Palla and Gnecco (2022) 

show that domestic systems can support sub-catchment flood resilience when adoption is 

spatially distributed and when precipitation regimes and drainage network configurations 

are considered. In arid urban areas, Hdeib et al. (2023) found that RWH systems can 

retain stormwater and reduce water depth and inundation extent. For Saudi districts, this 

suggests that building-scale storage should not be designed only for irrigation demand; it 

should also be recognized as a hydraulic buffer that influences inlet surcharge, surface 

flow and downstream culvert loading. 

A second literature stream concerns low-impact development and nature-based 

solutions. Bioretention cells, vegetated swales, infiltration trenches, permeable 

pavements and blue-green roofs slow runoff, increase local retention and improve water 

quality. Reviews of nature-based urban drainage show that these solutions can 

complement conventional pipes, although performance depends on soil permeability, 

maintenance quality, land availability and pollutant loading (Cansian et al., 2025; Silveira 

et al., 2025). In Saudi settings, infiltration must be evaluated carefully because some 

urban soils are compacted, saline or underlain by utilities. Nevertheless, distributed 

detention and filtration remain valuable even when infiltration is limited; stored water can 

be routed to reuse networks, controlled discharge points or lined detention structures. 
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A third stream addresses modeling and optimization. The Storm Water 

Management Model and linked GIS workflows are widely used to simulate runoff 

generation, storage, low-impact facilities, pipe surcharge and overland flooding (EPA, 

2025; Platz et al., 2020). Recent optimization frameworks integrate low-impact 

development with drainage networks and urban micro-watercourses to manage floods at 

multiple levels rather than through pipes alone (Liu et al., 2025; Sehrawat et al., 2025). 

Flood susceptibility mapping also supports siting decisions by combining topography, 

drainage proximity, imperviousness, land use and rainfall variables (Islam et al., 2025). 

For Saudi smart cities, these models can identify where RWH gives the highest marginal 

benefit: upstream roofs that contribute to overloaded inlets, parking areas with high runoff 

coefficients, low-lying road segments, and public spaces that can be designed as 

temporary retention landscapes. 

Digital stormwater management is increasingly important. IoT-enabled water-

level sensors, rain gauges, valve actuators, remote telemetry and predictive dashboards 

allow storage assets to be operated dynamically rather than passively. Chen et al. (2023) 

show that IoT applications in green stormwater infrastructure are expanding, while smart 

flood-resilience research emphasizes predictive monitoring, rapid impact assessment and 

situational awareness (Yuan et al., 2021). In practical terms, a tank that is already full has 

limited flood value. A smart RWH system can release or reuse stored water before 

forecast rainfall, preserving storage for the next storm. This forecast-aware operation is 

essential in Saudi cities because rainfall events may be infrequent but intense, and 

municipal response time during pilgrim seasons or dense traffic periods can be 

constrained. 

Saudi policy and infrastructure context strengthens the case for integration. The 

National Water Strategy 2030 frames water security around sustainable resources, 

demand management and high-quality services, while the Saudi Water Authority 

emphasizes integrated infrastructure planning, digital transformation and resilience 

(MEWA, 2025; UNDP Saudi Arabia, 2025). Riyadh Municipality has also reported 

efforts to improve stormwater drainage efficiency through field operations and network 

maintenance in 2025 (Riyadh Municipality, 2025). These directions imply that 

stormwater should not be treated only as a municipal disposal problem. A smart-city 
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approach can combine drainage, reuse, emergency management and urban cooling into 

one measurable infrastructure agenda. 

 

3 METHODOLOGY 

 

This paper adopts an integrative review methodology designed for applied 

engineering topics where evidence comes from peer-reviewed studies, official policy 

documents, technical models and urban infrastructure practice. The review focused on 

literature published from 2020 to 2025, with priority given to studies on urban RWH, 

flood mitigation, low-impact development, smart stormwater control, GIS/SWMM 

modeling, flood susceptibility and arid-city water management. Saudi policy documents 

and municipal sources were included because implementation in the Kingdom depends 

on regulatory priorities, institutional responsibilities and city-scale infrastructure 

programs. The review excluded papers focused only on rural agricultural harvesting 

unless their methods were transferable to urban drainage. 

The synthesis proceeded in four steps. First, relevant technologies were grouped 

by location and function: building-scale capture, street-scale attenuation, landscape-scale 

detention, infiltration-recharge systems, and digital control assets. Second, each 

technology group was evaluated against Saudi urban conditions, including rainfall 

variability, heat, dust, sediment, roof typology, soil permeability, wadi influence, utility 

congestion and maintenance capacity. Third, integration points with drainage networks 

were identified. These included inlet load reduction, pipe surcharge mitigation, overflow 

routing, detention basin optimization, water-quality pretreatment and emergency 

overland flow planning. Fourth, performance indicators were selected from the literature 

and adapted for Saudi smart-city decision-making. 

The review uses a conceptual performance equation rather than a single empirical 

case because Saudi cities differ greatly in topography and development form. At the sub-

catchment scale, the hydraulic value of RWH can be represented as the difference 

between uncontrolled runoff and the volume captured, reused, infiltrated or delayed 

before entering the drainage network. In simplified form: Effective runoff equals 

generated runoff minus available storage, reuse drawdown and allowable infiltration, plus 

controlled overflow during design storms. This logic does not replace detailed SWMM 
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or two-dimensional hydraulic modeling, but it clarifies why storage availability, release 

timing and spatial distribution matter as much as tank volume. 

Performance indicators were organized into four categories. Hydraulic indicators 

include peak discharge reduction, time-to-peak delay, ponding depth, surcharge 

frequency and drainage efficiency. Water-resource indicators include reuse yield, potable 

substitution, storage turnover and recharge potential. Environmental indicators include 

pollutant removal, sediment capture, heat-island reduction and landscape quality. 

Governance indicators include sensor uptime, maintenance frequency, inspection 

compliance, public acceptance and life-cycle cost. This balanced scorecard approach 

avoids a narrow interpretation in which the best system is simply the largest tank. A flood-

resilient smart-city system is one that captures water where it is useful, releases it when 

the network can receive it, remains maintainable during dust and sediment loading, and 

creates measurable benefits beyond a single storm event. 

The methodology follows the structure of the attached reference model by 

presenting background, problem framing, solution logic, review synthesis, methods, 

conceptual framework, performance discussion and conclusion. However, the present 

paper develops a Saudi-specific review rather than a Civil 3D grading optimization study. 

Its contribution is therefore conceptual and strategic: it translates current evidence into a 

practical framework for integrating RWH technologies with urban drainage networks in 

new developments, retrofits and smart-city districts. 

 

4 INTEGRATED FRAMEWORK FOR SAUDI SMART CITIES 

 

The proposed framework begins at the source. Roofs, podiums, car parks, 

sidewalks, courtyards, transit stations and landscaped corridors should be treated as 

distributed hydrologic assets. In a conventional drainage design, these surfaces are 

assigned runoff coefficients and connected to inlets. In an integrated RWH design, they 

are also assigned capture opportunities, storage volumes, overflow routes, reuse demands 

and inspection requirements. Roof tanks may serve schools and mosques for irrigation 

and cleaning, podium detention may serve commercial developments, and public parks 

may operate as shallow temporary retention basins during storms. Such decentralization 
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reduces dependence on a single downstream trunk network and provides redundancy 

when one component is blocked or overloaded. 

Storage hierarchy is central. Small tanks provide local reuse and first-flush 

capture; modular underground tanks provide attenuation beneath roads or plazas; 

detention basins and floodable parks manage larger catchments; and emergency overland 

routes protect critical assets when design capacity is exceeded. Each layer should be 

connected by hydraulic logic. Overflow from roof cisterns can discharge to bioretention 

planters, then to a street inlet, then to a detention basin or culvert. Smart valves can release 

stored water at controlled rates after rainfall, while pumping systems can send harvested 

water to irrigation networks. In new districts, the hierarchy should be embedded during 

master planning; in existing districts, retrofits can start with municipal buildings, schools, 

mosques, parking facilities and medians where ownership and maintenance are easier to 

coordinate. 

The smart-control layer turns passive harvesting into adaptive drainage 

infrastructure. Sensors in tanks, inlets and detention basins can measure level, flow and 

water quality. Rain gauges and weather forecasts can trigger pre-storm drawdown when 

a high-intensity event is expected. A municipal dashboard can show storage availability, 

blocked inlets, likely ponding locations and controlled-release status. Model predictive 

control has been shown to improve stormwater reservoir operation by using forecasts and 

system states rather than relying only on fixed rules (Gomes Junior et al., 2022). For 

Saudi cities, a practical first step is not full automation everywhere, but a tiered system: 

passive storage for low-risk sites, sensor-monitored storage for critical districts, and 

forecast-controlled assets for flood-prone corridors and pilgrimage areas. 

Water quality is a decisive design issue. Runoff from roofs is generally cleaner 

than runoff from roads, industrial yards or busy parking areas, but dust, bird droppings, 

roofing materials and atmospheric deposition still require treatment. First-flush diversion, 

sedimentation, filtration and disinfection should be matched to the intended reuse. 

Irrigation and street washing require lower treatment levels than indoor non-potable uses. 

Road runoff should normally pass through oil-grit separators, sediment forebays or 

vegetated filtration before storage or discharge. The framework therefore separates water 

by source quality and assigns suitable reuse pathways. Mixing all runoff into one tank 

may simplify construction but can increase treatment cost and reduce public confidence. 
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Figure 1 summarizes the proposed architecture. It links runoff sources to 

harvesting technologies, smart controls and drainage-reuse outcomes. The point is not to 

replace conventional drainage; pipes, culverts and channels remain necessary for design 

storms and emergency events. The framework instead adds distributed storage, controlled 

release and reuse so that the drainage network receives less water at the most critical 

moment. In arid cities, this shift is especially valuable because the same infrastructure 

can support flood resilience during storms and water efficiency during dry periods. 

 

Figure 1 

Integrated RWH-drainage architecture for flood-resilient Saudi smart cities. 

 

 

5 RESULTS AND DISCUSSION 

 

The review indicates that RWH integration can deliver three main benefits for 

Saudi smart cities. The first is hydraulic. By capturing rooftop and paved-area runoff 

before it reaches inlets, RWH reduces effective impervious contribution and delays the 

arrival of peak flows. Jamali et al. (2020) and Palla and Gnecco (2022) both show that 

rain tanks can contribute to flood management when storage availability is maintained. 
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Hdeib et al. (2023) extends this argument to arid urban conditions, where waterlogging 

and shallow flooding can be mitigated by residential-scale storage. In Saudi cities, this 

benefit is most relevant in neighborhoods where old drainage networks were not designed 

for current imperviousness, where low points occur at underpasses or arterial 

intersections, and where steep wadi runoff enters urbanized areas. 

The second benefit is resource efficiency. Harvested rainwater cannot replace 

desalination or treated wastewater at national scale, but it can reduce potable demand for 

decentralized non-potable uses. In schools, mosques, municipal parks and mixed-use 

developments, harvested water can support irrigation, cleaning and cooling landscapes. 

This aligns with water-demand management objectives because every cubic meter reused 

locally avoids some cost, energy and transmission burden associated with centralized 

supply. The environmental value is also spatial: water retained within a neighborhood can 

support vegetation, reduce heat stress and improve public-space quality when paired with 

suitable planting and soil design (Xu et al., 2023; Alodah, 2023). 

The third benefit is intelligence. Smart-city drainage should be observable, 

adjustable and auditable. IoT-linked green stormwater infrastructure can provide 

operational data that conventional passive systems lack (Chen et al., 2023). During 

storms, real-time levels in tanks and inlets can inform emergency response. Between 

storms, data can reveal blocked filters, underused storage, illegal connections or 

maintenance gaps. Over time, this evidence can improve design standards, update rainfall 

assumptions and prioritize investment. The result is a feedback loop in which assets are 

not only constructed and forgotten, but monitored and improved throughout their life 

cycle. 

However, integration also presents risks. Oversized tanks can be expensive and 

underused when rainfall is sparse. Undersized tanks provide little flood benefit during 

intense events. Poor maintenance can turn storage assets into sediment traps, mosquito 

habitats or public complaints. Infiltration systems can fail in compacted soils or conflict 

with underground utilities. Public acceptance may be weak if harvested water uses are 

not clearly communicated. These risks confirm that RWH should be implemented through 

performance-based design rather than through generic requirements. The correct question 

is not 'How many tanks can be installed?' but 'Which combination of capture, storage, 
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treatment, release and reuse reduces flood risk at acceptable cost while remaining 

maintainable under Saudi conditions?' 

Table 1 compares major RWH technologies by urban function, integration point 

and Saudi design considerations. The table shows that no single technology is sufficient. 

Roof tanks are controllable and easy to meter, but their benefit depends on adoption and 

drawdown. Permeable pavements reduce runoff at source, but clogging and sediment 

management are critical. Bioretention improves quality and urban cooling, but must use 

drought-tolerant planting and appropriate soil media. Underground tanks save land, but 

inspection access and structural loading must be resolved. Floodable parks provide high 

public value, but require careful safety design and post-storm cleaning. The strongest 

strategy is a portfolio approach that matches asset type to district morphology. 

Table 2 proposes performance indicators for implementation. These indicators 

should be included in feasibility studies, design reviews and post-construction audits. 

Hydraulic indicators should be modeled under frequent storms and larger design events, 

because a system that performs well under small rainfall may still fail during an extreme 

burst. Water-quality indicators should be tied to intended reuse. Operational indicators 

should verify that sensors, pumps, valves and maintenance schedules actually function. 

Economic indicators should include avoided flood damage, reduced drainage upgrades, 

local water savings and co-benefits such as cooling and amenity. A portfolio can then be 

ranked by benefit-cost ratio and resilience contribution rather than by capital cost alone. 

Figure 2 presents the review and evaluation loop. Evidence screening identifies 

technologies and constraints; Saudi context screening adapts them to arid rainfall and 

urban form; technology selection defines storage and treatment options; hydraulic 

modeling tests scenarios; performance indicators compare alternatives; and governance 

updates the system through operation and maintenance data. This loop is important 

because flood resilience is not a one-time design outcome. Cities change through 

redevelopment, road widening, new transit corridors and climate variability. A smart 

RWH-drainage network must therefore be updated as data accumulates. 

Implementation should be phased. In the short term, municipalities can map flood-

prone inlets, public roofs, parking areas, underpasses and district irrigation demands. Pilot 

projects can be placed where ownership is clear and benefits are visible, such as municipal 

buildings, schools, mosques, parks and transit hubs. In the medium term, development 
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approvals can require integrated storage and controlled-release plans for large plots, malls 

and mixed-use districts. In the long term, citywide digital drainage platforms can connect 

rainfall forecasts, hydraulic models, asset registers, emergency alerts and maintenance 

workflows. This phased pathway reduces risk while allowing Saudi cities to build 

technical capacity. 

Policy alignment matters. The National Water Strategy and Saudi smart-city 

ambitions create a favorable context, but successful delivery requires coordination 

between municipalities, water authorities, developers, utility owners, civil defense, 

landscape designers and facility managers. Standards should clarify design storms, 

allowable discharge rates, reuse categories, inspection intervals, water-quality thresholds 

and data-sharing protocols. Incentives may be needed for private buildings that provide 

public drainage benefits. Public-private partnerships can also support district storage 

assets where the same system serves drainage, irrigation and amenity. Without 

governance, decentralized storage can become fragmented; with governance, it can 

become a networked urban utility. 

The discussion also highlights research gaps. More Saudi case studies are needed 

on active RWH tank performance, sediment and dust impacts, roof-material water quality, 

smart-valve reliability under heat, and social acceptance of non-potable reuse. Long-term 

monitoring would help determine how storage availability changes between rainfall 

events and whether forecast-based operation provides measurable flood reduction. High-

resolution rainfall datasets are also necessary because short-duration bursts may not be 

represented by coarse gauges. Combining remote sensing, local sensors and hydraulic 

models can improve flood-risk assessment in dense and rapidly changing districts (Russo 

et al., 2023; Zhao et al., 2024). 

Priority setting should begin where flood exposure, public ownership, reuse 

demand and drainage stress overlap. Examples include mosque precincts with large roofs, 

school campuses with irrigation needs, transport hubs with heavy pedestrian movement, 

low underpasses that regularly pond, and new mixed-use districts where storage can be 

embedded before roads and utilities are fixed. Design teams should evaluate how 

harvested water will leave storage after each event, because empty volume before rainfall 

is the key operational condition for flood benefit. A tank that remains full after irrigation 

demand has stopped is useful for supply, but weak for flood mitigation. Therefore, release 
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rules, maintenance access, public signage, backup power and asset ownership should be 

specified as early as pipe sizes and invert levels. Where groundwater recharge is feasible, 

infiltration should be supported by geotechnical testing and water-quality safeguards. 

Where infiltration is unsafe, lined storage and reuse may be preferable. This calibrated 

process gives municipalities a measurable basis for prioritizing retrofits where old pipes, 

intense runoff, valuable public assets and clear reuse demand overlap. Engineers can 

compare alternatives using evidence rather than assumptions, while planners can reserve 

multifunctional spaces for temporary storage before development density removes those 

options. The same evidence can inform emergency response by identifying which assets 

still have available capacity during a storm and which areas require temporary traffic 

control, pump deployment or rapid cleaning. Over multiple seasons, monitored 

performance can refine design coefficients, reveal whether filters clog faster than 

expected, and show whether residents or facility managers actually use harvested water. 

Such learning is essential because imported design templates may not reflect Saudi heat, 

dust, urban form, water prices or municipal operating structures. A locally calibrated 

RWH-drainage approach can mature from pilot projects into a reliable urban utility when 

each project reports comparable indicators and lessons are shared across cities. This also 

supports investment transparency, because decision-makers can see whether a proposed 

tank, swale, basin or controlled outlet contributes to flood-risk reduction, water 

substitution, public amenity or all three. When the evidence is weak, projects can be 

redesigned before construction rather than corrected after the next storm. Procurement 

documents should also require interoperable assets, not disconnected devices. 

Community-facing communication should explain that temporary ponding inside 

designed parks or basins is a safety feature, not a failure, while ponding on roads, 

underpasses or entrances remains unacceptable. This distinction helps residents 

understand blue-green infrastructure and supports maintenance reporting after each 

rainfall event. Transparent performance communication can also reduce resistance to 

reuse by showing where harvested water is collected, how it is treated, and which non-

potable uses are permitted in each district. Consistent terminology across permits, 

drawings and dashboards will make these systems easier for citywide teams to review and 

operate. A further priority is institutional continuity: the department that approves storage 

should not be separated from the team that cleans inlets, inspects pumps, calibrates 
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sensors and manages irrigation schedules. When responsibilities are divided, flood 

benefits can disappear quietly between rainfall events. Clear handover documents, shared 

asset codes, mobile inspection forms and annual performance reviews should therefore 

become part of every RWH-drainage project. These practices convert fragmented 

construction work into a continuously governed municipal service with accountable 

technical ownership across the whole asset lifecycle. 

 

5.1 Tables and Graphical Representations 

 

The following tables operationalize the review synthesis by linking RWH 

technologies to drainage functions and by defining performance indicators for design and 

post-construction audits. 

 

Table 1 

Rainwater harvesting technologies and integration points for Saudi urban drainage 

networks. 

Technology 

group 

Primary urban 

location 

Drainage 

integration point 

Main resilience 

benefit 

Saudi design 

consideration 

Roof tanks and 

cisterns 

Villas, schools, 

mosques, malls 

Gutters to tanks, 

overflow to inlet 

or bioretention 

Reduces direct 

roof runoff and 

supports non-

potable reuse 

Needs first-flush 

diversion, 

drawdown rule 

and cleaning 

access 

Blue-green roofs Podiums, transit 

stations, 

commercial roofs 

Delayed roof 

discharge through 

controlled drains 

Attenuates peak 

flow and 

improves thermal 

comfort 

Requires structural 

load checks and 

drought-tolerant 

planting 

Permeable 

pavements 

Parking, 

walkways, low-

speed streets 

Sub-base storage 

to underdrain or 

infiltration layer 

Reduces surface 

runoff and street 

ponding 

Clogging risk from 

dust and sediment 

must be managed 

Bioretention and 

swales 

Medians, parks, 

courtyards, road 

edges 

Pre-treatment 

before inlet, tank 

or detention basin 

Improves water 

quality and slows 

runoff 

Plant palette and 

media depth must 

suit heat and 

salinity 

Modular 

underground 

tanks 

Road reserves, 

plazas, public 

facilities 

Online or offline 

storage with 

controlled release 

Provides high-

volume detention 

without using 

surface land 

Inspection 

chambers and 

structural loading 

are critical 

Floodable parks 

and basins 

District parks, 

wadis, open 

spaces 

Emergency 

storage and 

overland flow 

routing 

Handles 

exceedance 

events and offers 

public amenity 

Safety, signage 

and post-storm 

cleaning must be 

planned 
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Table 2 

Performance indicators for RWH-drainage integration in smart-city design reviews. 

Indicator category Key metric Design question Preferred evidence 

Hydraulic performance Peak flow reduction; 

ponding depth; time to 

peak 

Does storage reduce 

overload at critical 

inlets and pipes? 

SWMM model, 2D 

flood map, monitored 

level data 

Reuse and water 

security 

Annual reuse yield; 

potable substitution; 

storage turnover 

Is captured water used 

before the next storm? 

Demand model, meter 

data, irrigation 

schedule 

Water quality TSS removal; first-

flush capture; 

treatment reliability 

Is water quality suitable 

for the intended reuse? 

Sampling plan, 

treatment specification, 

inspection records 

Operational resilience Sensor uptime; valve 

response; maintenance 

completion 

Will the system work 

during an extreme 

rainfall event? 

SCADA logs, 

inspection checklist, 

emergency drills 

Economic and social 

value 

Life-cycle cost; 

avoided damage; 

amenity value 

Does the portfolio 

justify investment 

beyond pipe 

enlargement? 

Benefit-cost 

assessment, stakeholder 

feedback 

 

Figure 2 

Review methodology and performance evaluation loop for RWH-drainage integration.

 
 

6 CONCLUSION 

 

This review concludes that integrating rainwater harvesting technologies into 

urban drainage networks is a practical pathway for flood-resilient Saudi smart cities. The 
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approach is especially suitable because it links two national needs that are often addressed 

separately: flood mitigation and sustainable water management. RWH systems reduce 

runoff at the source, store water during critical periods, provide non-potable reuse 

opportunities and create operational data for smart-city governance. When combined with 

pipes, culverts, detention basins, green infrastructure and emergency overland routes, 

RWH can transform stormwater from a short-duration hazard into a managed urban 

resource. 

The proposed framework emphasizes source capture, storage hierarchy, smart 

control, water-quality separation, hydraulic modeling and performance-based 

governance. For Saudi cities, the best opportunities are likely in dense redevelopment 

zones, public-sector buildings, flood-prone road corridors, pilgrimage-city infrastructure, 

new smart districts and wadi-interface catchments. The framework does not argue that 

RWH can eliminate flooding under extreme storms. Rather, it shows that distributed 

storage and controlled release can reduce pressure on drainage networks, improve 

resilience, delay peak flows and support urban water efficiency. 

Future research should develop monitored Saudi demonstration projects that 

compare passive and active RWH, quantify flood reduction under local rainfall, test 

treatment requirements for different reuse pathways, and evaluate maintenance under dust 

and sediment loading. Further work should also combine SWMM, two-dimensional 

overland flow modeling, GIS flood susceptibility mapping and real-time sensor data to 

optimize where storage delivers the greatest value. By adopting this evidence-based and 

adaptive approach, Saudi smart cities can build drainage systems that are safer, more 

resource-efficient and better aligned with the long-term sustainability goals of Vision 

2030. 
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