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Introduction

discharge, agricultural runoff, and leachate from poorly managed waste poses
a serious threat to water quality. Pollutants like nitrates, heavy metals, and
) ) pathogens can render groundwater unsafe for consumption, necessitating

Groundwater is an essential component of urban water supply systems,  ¢ostly treatment measures. Climate change further complicates the role of
providing a reliable and often hidden resource that supports the needs of  groundwater in urban water supply systems. Changes in precipitation patterns,
growing cities worldwide. As urbanization continues to expand, the demand for yiing temperatures, and increased frequency of extreme weather events can
sustainable and resilient water sources has intensified, making groundwater  gisrupt the natural recharge of aquifers, reducing groundwater availability.
a critical asset. This subterranean resource plays a dual role: supplementing  rhanization itself contributes to this problem by replacing natural recharge
municipal water supplies during periods of scarcity and acting as a buffer  zones with impervious surfaces, such as roads and buildings, which limit
against the impacts of climate var|ab|I'|ty. Hydrology plays a crucial role in  water infiltration. Addressing these challenges requires integrated urban water
understanding and managing the Earth's water resources, which are vital for - management approaches that balance groundwater extraction with sustainable
ecosystems, agriculture, industries, and human consumption. It encompasses  recharge practices. To ensure the sustainable use of groundwater in urban
both surface water, such as rivers, lakes, and reservoirs, and groundwater,  areas, several strategies are being implemented worldwide. Artificial recharge
stored in aquifers beneath the Earth's surface. Hydrologists study the movement methods, such as rainwater harvesting and Managed Aquifer Recharge
of water through the hydrologic cycle, including evaporation, condensation,  (yAR), are gaining popularity as effective ways to replenish aquifers. Cities
precipitation, infiltration, and runoff. This knowledge helps address critical ke Chennai in India have successfully integrated rainwater harvesting into
issues like droughts, floods, and water quality management. However, the  yrhan planning, significantly improving groundwater levels. Additionally, water
overextraction and contamination of groundwater pose significant challenges, conservation practices, efficient irrigation systems, and wastewater reuse can

requiring integrated management strategies to ensure its long-term viability.  yeqyce the demand for groundwater, alleviating pressure on aquiers [3].
Understanding the role of groundwater in urban water supply systems is key to

achieving sustainable urban development and water security [1]. Policy and governance also play a crucial role in managing urban
groundwater resources. Establishing regulatory frameworks to control

. .- groundwater extraction, monitor water quality, and promote equitable access is
DeSCprtIOH essential for preventing overexploitation and contamination. Public awareness
campaigns and community participation further enhance groundwater
Groundwater is a major contributor to urban water supply, particularly in~ management efforts by encouraging sustainable water use practices.
regions where surface water sources are insufficient or seasonal. In many Collaborative approaches involving government agencies, private sector
cities, groundwater serves as a primary water source for domestic, industrial, ~ stakeholders, and local communities are key to addressing the multifaceted
and agricultural uses. Its availability is often more stable than surface water, challenges of urban groundwater management. Technological advancements
as it is less affected by seasonal changes and extreme weather events. For are providing new opportunities for improving groundwater management in
example, cities in arid and semi-arid regions, such as those in parts of India, urban areas. Remote sensing, geographic information systems (GIS), and
the Middle East, and the south-western United States, rely heavily on aquifers hydrogeological modeling are being used to map aquifers, monitor groundwater
to meet their water demands. Groundwater is also critical during droughts, levels, and predict future trends. These tools enable data-driven decision-
serving as a lifeline when surface reservoirs run dry. Urban groundwater making, helping cities optimize their water supply strategies and respond to
systems offer several advantages, including accessibility, lower costs for emerging challenges effectively. Smart water management systems, which
extraction, and typically higher quality compared to surface water. Unlike integrate real-time monitoring and automated controls, further enhance the
surface water sources, groundwater is naturally filtered as it percolates efficiency of groundwater use and recharge [4].
through soil and rock layers, often requiring minimal treatment for potable
use. This characteristic makes it an attractive option for urban areas seeking
cost-effective water supply solutions. Additionally, the decentralized nature of
groundwater extraction allows individual households and industries to access
water independently, reducing pressure on municipal water infrastructure [2].

Technological advancements are playing a significant role in enhancing
the efficiency of rainwater harvesting systems. Smart sensors and automated
control systems are being integrated into storage and distribution networks
to optimize water usage. Geographic Information Systems (GIS) and remote
sensing technologies are used to identify suitable sites for harvesting

However, the increasing reliance on groundwater in urban areas has structures, enabling data-driven decision-making. Moreover, advances in water
led to significant challenges. Overextraction of groundwater has resulted filtration and treatment technologies ensure that harvested rainwater meets
in declining water tables in many cities, causing problems such as land safety standards for potable use. Examples of successful rainwater harvesting
subsidence, reduced river flows, and the depletion of aquifers. In cities like initiatives demonstrate its potential for sustainable water management. In
Jakarta, excessive groundwater pumping has contributed to severe land India, states like Tamil Nadu and Rajasthan have implemented large-scale
subsidence, exacerbating flooding risks and threatening infrastructure. rooftop and runoff harvesting programs, significantly improving groundwater
Moreover, groundwater contamination from urban activities such as industrial  levels and water availability. Similarly, in Australia, rainwater harvesting is a
common practice in urban areas, supported by policies that promote water-
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overextraction and contamination of groundwater pose significant threats
to its sustainability. Addressing these challenges requires a combination of
innovative technologies, integrated management practices, and robust policy
frameworks. By prioritizing sustainable groundwater use and investing in
recharge and conservation measures, cities can secure their water future while
minimizing environmental impacts. Ultimately, the effective management of
groundwater resources is essential for building resilient urban water systems
and fostering sustainable urban development
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