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ABSTRACT

Urban areas worldwide face mounting pressure on conventional water supply systems due to rapid
population growth, impervious surface expansion, climate variability, and groundwater over-extraction.
Rainwater harvesting (RWH) has emerged as a sustainable, low-cost intervention to augment water
resources, mitigate urban flooding, and enhance groundwater recharge. This review synthesises global and
Indian literature on urban RWH techniques, focusing on rooftop catchment systems, conveyance
mechanisms, filtration units, storage tanks, and recharge structures. Drawing from established
methodologies and case studies, the analysis evaluates system components, runoff coefficients, harvesting
potential, and performance metrics. Rooftop systems achieve collection efficiencies of 60-90% depending on
roof material, rainfall intensity, and maintenance. Integration with recharge pits and percolation wells
significantly elevates groundwater levels in densely built environments. Urban RWH reduces municipal
supply dependency by 25-35% in residential settings and curbs stormwater runoff, thereby lowering flood
risk. Economic feasibility and policy support further enhance adoption. The review underscores that well-
designed RWH systems, combined with community awareness and regulatory frameworks, bolster urban
water resilience. Recommendations include mandatory rooftop harvesting in new constructions and periodic
maintenance protocols for sustained performance.
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1. INTRODUCTION

Rainwater harvesting (RWH) entails the collection, storage, and utilisation of rainwater for domestic, non-
potable, and groundwater recharge purposes. In urban environments, rapid urbanisation converts permeable
surfaces into impervious ones, generating substantial stormwater runoff that exacerbates flooding and pollutes
water bodies while wasting a valuable resource. Conventional municipal supplies and groundwater sources are
increasingly strained, rendering RWH an essential component of sustainable urban water management.

Typical urban RWH systems comprise catchment surfaces (primarily rooftops), conveyance pipes, leaf screens,
first-flush diverters, storage tanks or cisterns, and recharge facilities. These systems not only supplement potable
and non-potable water demand but also alleviate pressure on overburdened infrastructure. Historical evidence
traces RWH to ancient civilisations, yet modern revival—driven by climate change and water scarcity—has
accelerated since the 1980s through international initiatives. In India, cities such as Chennai, Bengaluru, and
Delhi have integrated RWH into state policy, demonstrating measurable reductions in groundwater depletion.
This review examines techniques and performance of urban RWH systems, synthesising data from technical
manuals, peer-reviewed studies, and case reports. Emphasis is placed on Indian urban contexts, including
coastal districts like Sindhudurg, Maharashtra, where monsoon-driven rainfall offers high harvesting potential
yet faces salinity intrusion risks. By comparing rooftop efficiencies, storage versus recharge strategies, and
economic outcomes, the paper identifies best practices for large-scale implementation.

2. CONCEPT AND TECHNOLOGY OF RAINWATER HARVESTING

RWH restores the hydrological cycle by capturing rainfall at source before it becomes runoff. Rainwater
constitutes the primary source in the cycle; rivers, lakes, and aquifers are secondary. Urban RWH addresses the
paradox of abundant rainfall coinciding with water shortages caused by rapid drainage and contamination.
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Harvesting potential is quantified as: Water harvesting potential = Rainfall (mm) x Catchment area (m?) x
Runoff coefficient

or equivalently Water harvesting potential = Rainfall (mm) x Collection efficiency

The runoff coefficient accounts for losses due to evaporation, spillage, and surface retention. Table 1
summarises coefficients for common urban surfaces.

Table 1: Runoff Coefficients for VVarious Catchment Surfaces

Sr. No. Type of Catchment Coefficient
1 Roof Catchments — Tiles 0.8-0.9
2 Roof Catchments — Corrugated metal sheets 0.7-0.9
3 Ground Coverings — Concrete 0.6-0.8
4 Ground Coverings — Brick pavement 0.5-0.6
5 Untreated Ground — Soil (<10% slope) 0.0-0.3
6 Untreated Ground — Rocky natural 0.2-0.5
7 Untreated Ground — Green area 0.05-0.10

Source: Adapted from standard hydrological references.

Decision between storage and recharge depends on rainfall pattern. In regions with short, intense monsoons
(e.g., Delhi, Rajasthan), recharge into aquifers via pits or wells is preferable to avoid oversized tanks. In areas
with frequent rain (e.g., Kerala), small domestic cisterns suffice for direct use.

3. TYPES OF RAINWATER HARVESTING SYSTEMS

Urban RWH systems are classified by scale and catchment:

o Simple Roof Water Collection Systems: Household-level rooftop systems with cisterns, piping, and basic
filtration. Ferro-cement tanks offer cost-effective storage.

e Larger Systems for Institutions/Stadiums/Airports: Roof and ground catchments feeding underground
reservoirs with treatment for non-potable reuse.

e High-rise Building Systems: Separate roof cisterns for toilet flushing and landscaping.

e Land Surface Catchments: Paved areas, parks, and stormwater drains for larger-scale collection, often
with earthen dams for agricultural or recharge use.

e Stormwater Collection in Urbanised Catchments: Ponds and reservoirs capturing runoff, subject to
pollution control.

Rooftop systems dominate urban applications due to proximity to demand points and superior water quality.

4. COMPONENTS OF A RAINWATER HARVESTING SYSTEM

All systems share six core elements irrespective of scale:

a) Catchment Area/Roof: Sloped, impervious surface (tiles, metal sheets) directing flow.

b) Gutters and Downspouts: Sized transport channels based on rainfall intensity and roof area.

c) Leaf Screens and Roof Washers/First-Flush Devices: Remove debris and divert initial 2.5 mm of
contaminated runoff.

d) Cisterns/Storage Tanks: Covered sumps or tanks; placement maximises gravity feed and minimises
contamination (>15 m from pollution sources).

e) Conveying System: Gravity or pumped delivery to use points.

f) Water Treatment: Filters, sedimentation, and disinfection (chlorination for potable reuse).

Maintenance protocols—periodic cleaning, overflow provisions, and insect-proofing—are critical for long-term

performance.

5. PERFORMANCE EVALUATION

Literature demonstrates 60—90% capture efficiency for rooftop systems. Concrete and metal roofs yield higher
runoff than tiled or asphalt surfaces. In Indian metropolitan studies, rooftop RWH meets 25-35% of annual
domestic demand in residential complexes. Integration with recharge pits elevates groundwater levels in
observation wells by measurable margins.

Stormwater harvesting reduces runoff volume and mitigates urban flooding. Economic analyses confirm
reduced water bills and municipal dependency. In Sindhudurg-like coastal settings, RWH counters saline
intrusion when combined with recharge. Health-risk assessments indicate that proper first-flush and filtration
yield water meeting non-potable standards; disinfection extends usability.
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Figure 1: Typical Rooftop Rainwater Harvesting System Layout
6. RESULTS AND DISCUSSIONS

Urban RWH delivers multiple co-benefits: potable-water savings, flood attenuation, groundwater replenishment,
and energy conservation (reduced pumping). Performance hinges on design (runoff coefficient application),
maintenance, and policy enforcement. Challenges include atmospheric pollution in megacities and initial capital
costs, offset by long-term savings and subsidies. Comparative studies affirm that metal-sheet roofs outperform
others, while dual-tank configurations facilitate cleaning without service interruption.

7. CONCLUSIONS

Rainwater harvesting systems constitute a proven, scalable solution for urban water sustainability. Rooftop
collection, combined with appropriate storage or recharge infrastructure, captures 60-90% of incident rainfall,
reduces municipal demand by up to 35%, and mitigates flooding. The reviewed techniques—rooted in ancient
practices yet refined through modern engineering—demonstrate high efficacy when supported by runoff-
coefficient-based design, first-flush diversion, and regular maintenance.

Policymakers should mandate RWH in new urban developments, incentivise retrofits, and promote awareness.
Future research should quantify long-term aquifer recharge rates and health-risk profiles under varying climatic
scenarios. Adoption of these systems will significantly advance urban resilience against water scarcity and
climate variability.
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