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A B S T R A C T  

 Rapid urbanization, increasing impervious surfaces, erratic rainfall and declining groundwater levels have 
intensified the challenges of stormwater management and urban water security. Rain gardens have emerged as a 
simple, economical and nature-based solution for harvesting rainwater, reducing surface runoff and enhancing 
groundwater recharge. These specially designed shallow landscape depressions temporarily collect runoff from 
rooftops, roads and other paved surfaces, allowing sediments and pollutants to be filtered through vegetation and 
engineered soil media before the water infiltrates into the ground. In addition to reducing urban flooding and soil 
erosion, rain gardens improve water quality, support biodiversity, enhance green spaces and contribute to climate-
resilient urban landscapes. The Rain Gardens Pilot Research and Development Facility established by CSIR–National 
Geophysical Research Institute (CSIR-NGRI), Hyderabad, demonstrates the potential of integrating rain gardens 
with recharge ponds, infiltration structures and monitoring systems for effective groundwater recharge. Such 
systems can be particularly valuable in educational institutions, agricultural campuses, residential communities, 
public parks and other urban landscapes with suitable open spaces. Integration of rain gardens with rooftop 
rainwater harvesting, permeable pavements, recharge wells and other green infrastructure can further strengthen 
urban water management. Wider adoption of rain gardens, supported by scientific planning, community 
participation and appropriate policy interventions, can provide a sustainable pathway for reducing stormwater 
losses, improving groundwater availability and building water-resilient cities. 
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1. INTRODUCTION 
 Water scarcity has become one of the most 
pressing environmental challenges of the 21st century. 
Rapid urbanization, declining groundwater levels, 
erratic rainfall and the increasing extent of impervious 
surfaces such as roads, buildings and parking areas 
have significantly reduced natural groundwater 
recharge. During heavy rainfall, a large quantity of  

 
 
water is lost as surface runoff, often causing urban  
flooding, soil erosion and contamination of nearby 
water bodies. Therefore, adopting sustainable 
rainwater harvesting techniques has become essential 
for improving water security and building climate-
resilient cities. Among the various nature-based 
solutions available today, rain gardens have emerged 
as an innovative, economical and environmentally 



Tummala Naga and Gandham   ISSN: 3107-5703 
 

NG Agriculture Insights, 2(4), 2026  36 

friendly approach for managing storm water. These 
specially designed landscape depressions collect, filter 
and infiltrate rainwater into the soil, thereby reducing 
runoff and replenishing groundwater. Recognizing 
their immense potential, the CSIR–National 
Geophysical Research Institute (CSIR-NGRI), 
Hyderabad, has developed an innovative Rain 
Gardens Pilot Research and Development Facility, 
demonstrating how green infrastructure can 
effectively address urban water challenges (CSIR-
NGRI, 2025). 
 
2. WHAT IS A RAIN GARDEN? 
 A rain garden is a shallow landscaped depression 
designed to temporarily collect rainwater from rooftops, 
roads, walkways and other paved surfaces. Unlike 
conventional gardens, rain gardens are engineered with 
highly permeable soil, gravel layers and carefully selected 
native vegetation that facilitates rapid infiltration of water 
into the ground. Instead of allowing rainwater to flow 
directly into storm water drains, the system slows down 
runoff, filters sediments and pollutants and allows clean 
water to recharge underground aquifers. Rain gardens not 
only function as rainwater harvesting structures but also 
enhance the aesthetic appeal of landscapes, improve 
biodiversity and create healthier urban ecosystems. 
 
3. WORKING PRINCIPLE OF RAIN GARDENS 
 The functioning of a rain garden is based on simple 
ecological principles. Rainwater flowing from nearby 
impervious surfaces is diverted into a shallow depression 
planted with grasses, shrubs, flowering plants and other 
deep-rooted vegetation. As the water accumulates, 
sediments settle naturally while plant roots and soil 
microorganisms remove nutrients, heavy metals, oils and 
other contaminants. The filtered water gradually infiltrates 
through the soil profile and reaches the groundwater table. 
An overflow outlet is generally provided to safely discharge 
excess water during extremely heavy rainfall, thereby 
preventing flooding. Since water usually infiltrates within 
24- 48 hours, rain gardens do not create mosquito breeding 
habitats. 
 
4. CSIR-NGRI’S INNOVATIVE RAIN GARDEN 
INITIATIVE 
 To demonstrate the effectiveness of nature-based 
rainwater harvesting, CSIR–National Geophysical 
Research Institute (CSIR-NGRI), Hyderabad, established 
an innovative Rain Gardens Pilot Research and 
Development Facility on its campus. The project integrates 
scientifically designed rain gardens, recharge ponds, 
infiltration trenches and monitoring systems to maximize 
groundwater recharge. The facility consists of nine recharge 

ponds and one large rain garden, capable of harvesting 
approximately 200 cubic meters of rainwater during every 
rainfall event. Continuous monitoring has shown 
remarkable improvement in groundwater recharge, with 
groundwater levels increasing by nearly 2.3 m since 
implementation. The harvested rainwater now supports the 
sustainable utilization of approximately 46,000 L of water 
per day, primarily for maintaining landscapes and 
horticultural plantations within the campus. This successful 
demonstration highlights how scientific planning, landscape 
engineering and ecological restoration can together provide 
sustainable solutions for water conservation in urban 
environments. 
 
5. ENVIRONMENTAL AND ECONOMIC BENEFITS 
 Rain gardens provide numerous environmental, 
social and economic benefits. They significantly reduce 
storm water runoff and urban flooding by allowing 
rainwater to infiltrate naturally into the soil. They improve 
groundwater recharge, which is particularly important in 
regions experiencing declining water tables. The vegetation 
and soil media naturally remove sediments, nutrients, 
pesticides, oils, and heavy metals from runoff, thereby 
improving water quality before it reaches groundwater or 
nearby streams. Rain gardens also reduce soil erosion, 
minimize pressure on urban drainage systems and improve 
the microclimate by increasing green cover. Economically, 
rain gardens are relatively inexpensive to construct and 
require limited maintenance compared to conventional 
storm water infrastructure. They also reduce dependence on 
groundwater extraction and municipal water supplies, 
resulting in long-term savings for institutions, residential 
communities and municipalities. 
 
6. SCOPE IN EDUCATIONAL INSTITUTIONS AND 
AGRICULTURAL CAMPUSES 
 Educational institutions, universities, agricultural 
colleges, Krishi Vigyan Kendras (KVKs), research stations, 
public parks, hospitals, residential colonies and government 
offices possess considerable open spaces where rain gardens 
can be developed effectively. Agricultural campuses can 
integrate rain gardens with rooftop rainwater harvesting 
systems, farm ponds and groundwater recharge structures to 
improve irrigation water availability and landscape 
sustainability. Rain gardens also serve as excellent 
demonstration units for students, researchers, extension 
personnel and farmers, promoting awareness about 
sustainable water management and climate-resilient 
landscaping. 
 
7. FUTURE PROSPECTS 
 With increasing concerns regarding climate 
change, urban flooding and groundwater depletion, rain 
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gardens are expected to become an integral component of 
sustainable urban planning. The Smart Cities Mission, 
AMRUT, Jal Shakti Abhiyan and Atal Bhujal Yojana 
provide opportunities for integrating rain gardens into urban 
infrastructure and public landscapes. The successful model 
demonstrated by CSIR-NGRI can be replicated across 
educational institutions, municipal parks, residential 
layouts, commercial complexes and industrial campuses. 
Combining rain gardens with permeable pavements, green 
roofs and recharge wells can substantially improve urban 
water resilience while creating greener and healthier cities. 
 
8. CONCLUSION 
 Rain gardens represent an innovative, cost-
effective and eco-friendly approach to rainwater harvesting 
and groundwater recharge. They effectively reduce 
stormwater runoff, improve water quality, enhance 
biodiversity and contribute to climate-resilient urban 
development. The successful implementation of the Rain 
Gardens Pilot Research and Development Facility by CSIR-
NGRI demonstrates the immense potential of nature-based 
solutions for addressing India’s growing water challenges. 
Promoting rain gardens in educational institutions, public 
parks, residential communities and urban landscapes can 
significantly strengthen groundwater resources while 
improving environmental sustainability. With appropriate 
planning, public awareness and policy support, rain gardens 
can become an essential component of future water 
conservation strategies in India. 
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