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ABSTRACT

Rajasthan, India's largest state, faces severe water scarcity due to its arid climate, excessive groundwater extraction,
and inadequate management strategies. This review examines traditional and modern water conservation techniques,
emphasizing their role in mitigating the crisis. Rajasthan’s indigenous water harvesting systems, such as tankas, nadis,
and khadins, have historically supported water security, yet modern demands have strained these methods.
Groundwater depletion, exacerbated by climate change and overextraction, poses significant challenges, with water
tables declining at alarming rates. Climate variability has led to erratic rainfall patterns and rising temperatures,
further impacting water availability. Integrated Water Resources Management (IWRM) and community participation
are crucial for addressing these issues. The success of initiatives such as Tarun Bharat Sangh demonstrates the potential
of localized water conservation efforts. Additionally, gender-inclusive policies must be implemented to acknowledge
women's pivotal role in water stewardship. This study underscores the necessity of combining traditional knowledge
with technological advancements and policy interventions to ensure sustainable water management in Rajasthan.
Strengthening institutional frameworks, promoting watershed management, and leveraging remote sensing tools can
enhance water conservation efforts. A holistic and inclusive approach is essential for securing Rajasthan’s water future
and addressing the challenges of water scarcity effectively.

Index Terms- Water Scarcity, Water Resource Management, Conservation Techniques, Climate Change.

I. INTRODUCTION

Rajasthan, a semi-arid and arid region in India, faces unique challenges in water resource management due to its
harsh climate, low rainfall, and reliance on groundwater. With an average annual rainfall of 575 mm and a per
capita water availability as low as 640-807 m?, it consistently ranks among India’s most water-scarce regions.
The increasing demand for water, combined with rapid population growth, urbanization, and agricultural
expansion, has exacerbated the crisis. The state's traditional water harvesting techniques, once effective in
sustaining the population, now struggle to meet modern water consumption patterns. Moreover, the reliance on
groundwater extraction has led to severe depletion, contamination, and long-term ecological imbalances.

Water is not only a necessity for survival but also a critical factor influencing economic development, food
security, and overall social well-being. Rajasthan’s unique topography, with vast desert landscapes and sparse
vegetation, makes water conservation a challenge requiring strategic interventions. The severity of the problem is
evident in the declining water tables and increasing dependence on external sources, such as inter-basin water
transfers and piped water supplies from neighboring regions. Climate change further compounds the issue, with
rising temperatures and unpredictable rainfall patterns intensifying the strain on existing resources.

This review aims to provide a comprehensive analysis of Rajasthan’s water resource management strategies by
examining traditional conservation techniques, modern technological advancements, the role of community
participation, and the influence of climate change. By drawing from multiple studies, it seeks to highlight
sustainable solutions and policy recommendations that can ensure water security for future generations.

I1. WATER SCARCITY AND GROUNDWATER CHALLENGES

Rajasthan faces severe water scarcity due to its arid climate, uneven rainfall distribution, and overexploitation of
groundwater resources. With 83% of its available water resources being used for agriculture, the remaining supply
struggles to meet the needs of urban and rural populations. The situation is further aggravated by increasing
population pressure, industrial demands, and climate change. This section examines the primary challenges related
to water scarcity and groundwater depletion in Rajasthan.
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2.1 Overexploitation of Groundwater

Groundwater serves as the primary water source for Rajasthan, supplying drinking water to 90% of the rural
population and supporting large-scale irrigation. However, excessive extraction, combined with low natural
recharge rates, has led to alarming depletion levels.

Agricultural Demand: Rajasthan’s agricultural sector heavily depends on tube wells and bore wells for irrigation.
Over 65% of the total irrigated area in the state relies on groundwater, causing rapid depletion. Farmers frequently
extract more than the annual recharge, leading to a negative water balance.

Urban and Industrial Consumption: With rapid urbanization and industrial growth, cities like Jaipur, Jodhpur, and
Udaipur are witnessing rising water demands. Industrial units extract large amounts of groundwater, often without
adequate replenishment measures, worsening the crisis.

Unregulated Borewell Drilling: The proliferation of borewells has contributed to unsustainable groundwater
extraction. In many districts, farmers and industries drill wells deeper each year to access water, further depleting
the aquifers.

2.1.1 Case Studies on Overexploitation

Kishangarh, Ajmer District: Gupta and Sharma (2018) observed that the groundwater recharge coefficient in
Kishangarh is only 0.04, indicating extremely low replenishment rates. Groundwater levels are declining at a rate
of 1-1.5 meters per year, creating a long-term water sustainability crisis.

Alwar and Sikar Districts: These regions have seen severe water depletion due to excessive irrigation and
industrial use. In some villages, the water table has dropped by over 100 meters in the last two decades, making
it difficult to access drinking water.

2.2 Declining Groundwater Tables

Groundwater tables across Rajasthan are experiencing consistent depletion due to excessive withdrawal and
insufficient recharge. Studies indicate that nearly 70% of the state’s groundwater blocks fall under the "over-
exploited" or “critical” categories, leading to severe water stress.

Annual Groundwater Depletion Rate: In districts such as Jodhpur, Barmer, and Pali, groundwater is depleting at
an alarming rate of 0.5 to 1 meter per year.

Aquifer Drying and Salinity: In western Rajasthan, falling groundwater levels have resulted in the intrusion of
saline water into freshwater aquifers. This has made groundwater unsuitable for both drinking and irrigation
purposes.

Impact on Rural Communities: Many villages are forced to depend on government tankers or distant sources for
drinking water due to dried-up wells and borewells. Women and children bear the burden of walking long
distances to fetch water.

2.2.1 Causes of Groundwater Decline
Several factors contribute to Rajasthan’s declining groundwater tables:

Erratic Rainfall: With an average annual rainfall of just 575 mm, Rajasthan receives inadequate natural recharge
to replenish groundwater reserves.

Reduced Percolation: Urbanization and deforestation have reduced natural percolation, preventing rainwater from
replenishing underground aquifers.

Climate Change: Rising temperatures and prolonged droughts have increased evaporation rates, further decreasing
groundwater availability.

Lack of Sustainable Policies: While some regulations exist to control excessive groundwater extraction,
enforcement remains weak. Illegal borewell drilling and inefficient water use continue to deplete resources.

2.3 Water Quality and Contamination Issues

In addition to quantity concerns, groundwater quality in Rajasthan is also deteriorating due to natural and human-
induced factors.

Fluoride and Salinity: High fluoride levels in groundwater, particularly in districts like Jodhpur and Nagaur, have
led to severe health issues, including dental and skeletal fluorosis. Salinity levels have also increased, making
water unsuitable for consumption.
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Industrial and Agricultural Pollution: Untreated industrial waste and excessive use of chemical fertilizers have
contaminated water sources, further reducing the availability of potable water.

2.4 Strategies for Groundwater Conservation
To address groundwater challenges, several conservation strategies need to be implemented:

Artificial Recharge Techniques: Construction of check dams, percolation ponds, and injection wells can help
enhance groundwater recharge.

Regulated Groundwater Use: Strict monitoring and regulation of borewell drilling, along with incentives for
adopting water-efficient irrigation techniques such as drip and sprinkler systems.

Community-Led Water Management: Programs like Tarun Bharat Sangh’s watershed initiatives in Alwar have
successfully revived traditional water bodies, demonstrating the importance of community involvement in water
conservation.

Urban Rainwater Harvesting: Encouraging rainwater harvesting in cities through mandatory policies for buildings
and infrastructure development.

By adopting an integrated approach that combines scientific research, policy interventions, and community
participation, Rajasthan can mitigate its groundwater crisis and move towards sustainable water management.

1. TRADITIONAL WATER HARVESTING TECHNIQUES

Rajasthan has a long history of water conservation, and traditional methods of rainwater harvesting have played
a crucial role in ensuring water availability in this arid region. These indigenous techniques, developed over
centuries, reflect a deep understanding of the local geography, climate, and water needs. Many of these practices
continue to be relevant today and can be revived or integrated with modern water management strategies to
enhance water sustainability.

3.1 Rainwater Harvesting Systems

Rainwater harvesting has been a cornerstone of water conservation in Rajasthan. Given the state's low rainfall and
frequent drought conditions, communities have historically relied on structures designed to store and manage
rainwater effectively. The most common and effective traditional rainwater harvesting systems include:

3.1.1 Tankas

Tankas are underground storage tanks built to collect and store rainwater for household use. These structures,
widely found in desert regions like Jaisalmer and Bikaner, help communities maintain a year-round water supply.
The tankas are usually constructed with lime-plastered walls to prevent water seepage, ensuring long-term storage.
In many villages, multiple households share a common tanka, emphasizing communal water-sharing practices.

3.1.2 Nadis

Nadis, or village ponds, serve as vital water reservoirs that collect monsoon runoff. They are typically constructed
in natural depressions and used for both human consumption and livestock needs. Nadis are particularly significant
in rural Rajasthan, where agriculture and animal husbandry depend on stored rainwater. The maintenance of nadis
involves desilting and embankment strengthening to prevent water loss.

3.1.3 Khadins

Khadins are ingenious structures designed to harvest and utilize runoff water for agricultural purposes. Originally
developed by the Paliwal Brahmins of Jaisalmer, khadins involve constructing earthen embankments (bunds)
across sloping land to capture and retain rainwater. This technique allows for groundwater recharge and enhances
soil moisture, enabling farmers to cultivate crops without additional irrigation. Crops such as wheat, barley, and
gram are commonly grown in khadin fields.

3.2 Ancient Wisdom in Water Conservation
3.2.1 Man-Made Lakes

Historically, Rajasthan’s rulers and local communities constructed artificial lakes to meet water demands. Some
of the most well-known examples include:
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Jaisamand Lake (Udaipur) — One of the largest artificial lakes in Asia, built in the 17th century, continues to
provide water for irrigation and drinking purposes.

Pushkar Lake (Ajmer) — A sacred lake known for its religious significance also functions as a water reservoir
supporting the town’s water needs.

These lakes not only stored water but also played an important role in maintaining ecological balance and
supporting biodiversity.

3.2.2 Roof Water Harvesting

Traditional houses in Rajasthan were designed with sloped roofs and small channels that directed rainwater into
underground storage tanks or stepwells. This technique ensured that even minimal rainfall was effectively utilized.
This practice is still followed in some areas, demonstrating its continued relevance in water conservation.

3.3 Community Participation

Community-driven water conservation efforts have been instrumental in sustaining traditional harvesting systems.
Various studies highlight how Rajasthan’s rural communities have worked collectively to maintain and revive
these traditional methods:

Jal Biradari Movements: Organizations like Tarun Bharat Sangh, led by water conservationist Rajendra Singh,
have successfully revived thousands of traditional water bodies across Rajasthan, significantly improving water
availability.

Women-Led Water Conservation Initiatives: Women, who are primary water collectors in rural Rajasthan, play a
key role in maintaining traditional storage systems and advocating for water conservation projects.

Revival of Stepwells (Baoris and Bawdis): Stepwells, historically used for both water storage and social
gatherings, are being restored by local communities to provide a reliable water source.

IV. WATERSHED AND LAND USE MANAGEMENT

Effective watershed and land use management is crucial in Rajasthan, where erratic rainfall patterns and
overexploited water resources pose significant challenges. Watershed development focuses on conserving soil
and water through improved land-use practices, reducing runoff, and enhancing groundwater recharge.

4.1 GIS and Remote Sensing Applications

Advanced technologies such as Geographic Information Systems (GIS) and remote sensing have revolutionized
watershed management by providing real-time data on land use patterns, water availability, and degradation
hotspots.

Hydrogeomorphic Mapping: Wani and Javed (2011) conducted hydrogeomorphic mapping in Rajasthan’s
Bankukara watershed, identifying zones with high groundwater recharge potential.

Satellite Imagery Analysis: Studies using satellite imagery have revealed significant land-use changes, including
the conversion of agricultural land into wastelands due to excessive groundwater extraction and soil degradation.

Decision Support Systems: GIS-based decision support systems help policymakers implement targeted
interventions such as check dams, contour bunding, and afforestation to improve soil moisture retention.

4.2 Land Degradation and Soil Erosion Control

Rajasthan’s semi-arid terrain is highly susceptible to soil erosion and land degradation, leading to reduced
agricultural productivity and groundwater depletion. Key measures to mitigate these challenges include:

Contour Plowing and Terracing: Implementing contour plowing and terracing techniques reduces surface runoff
and promotes water infiltration, preventing soil erosion.

Check Dams and Percolation Ponds: Constructing check dams and percolation ponds in strategic locations helps
in groundwater recharge and improves water retention capacity in arid zones.

Afforestation and Agroforestry: Increasing tree cover through afforestation and agroforestry initiatives can
stabilize soil, reduce wind erosion, and improve microclimatic conditions for better water retention.
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Gully Plugging and Vegetative Barriers: In regions prone to gully formation, installing vegetative barriers and
check structures minimizes further land degradation.

4.3 Community-Based Watershed Development

Sustainable watershed management requires active participation from local communities, farmers, and
policymakers. Successful models in Rajasthan include:

Johad Rejuvenation Projects: NGOs like Tarun Bharat Sangh have revived johads (traditional earthen check dams)
in Alwar district, significantly improving groundwater recharge and agricultural productivity.

Watershed Development Programs: Government-led initiatives such as the Integrated Watershed Management
Programme (IWMP) focus on soil conservation, water harvesting, and livelihood support for rural populations.

Public-Private Partnerships: Collaborations between the government, private sector, and local communities can
enhance the efficiency of water conservation efforts by ensuring adequate funding, technology adoption, and
maintenance of watershed structures.

4.4 Policy Interventions for Sustainable Land and Water Management
The government has introduced various policies to address watershed and land-use challenges:

Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA): This scheme has been instrumental
in employing rural labor for constructing check dams, farm ponds, and soil conservation structures.

Desert Development Programme (DDP): Aimed at restoring degraded lands and improving vegetation cover, DDP
focuses on integrated watershed management in Rajasthan’s arid districts.

Rajasthan State Action Plan on Climate Change (SAPCC): This policy framework promotes sustainable water
resource management by integrating climate-resilient strategies into watershed development programs.

Future Directions

To enhance the sustainability of watershed and land use management, Rajasthan must adopt climate-adaptive
strategies, promote eco-restoration, and encourage scientific research in hydrology and soil conservation.
Integrating modern technology with traditional wisdom will ensure long-term water security and resilience against
climate change impacts.

V. GROUNDWATER CONSERVATION AND RECHARGE STRATEGIES

Groundwater conservation and recharge play a critical role in Rajasthan’s water security, given the state’s semi-
arid to arid climate and heavy dependence on groundwater for agriculture, drinking water, and industrial use.
Over-extraction, declining water tables, and salinity intrusion pose significant challenges, necessitating
sustainable groundwater management strategies.

5.1 Artificial Recharge Techniques

Artificial recharge is essential for restoring depleted aquifers and ensuring long-term groundwater sustainability.
Various scientifically proven recharge methods have been implemented in Rajasthan, including:

Check Dams and Percolation Ponds: These structures slow down surface runoff, allowing water to percolate into
underground aquifers. The Rajasthan government has built numerous check dams under the Mahatma Gandhi
National Rural Employment Guarantee Act (MGNREGA) to enhance groundwater recharge.

Recharge Wells and Injection Boreholes: In regions with deep aquifers, recharge wells are used to inject harvested
rainwater directly into groundwater reservoirs.

Sand Dams and Subsurface Dykes: These structures, built across seasonal rivers and streams, help retain water
and gradually release it into the ground, benefiting nearby wells and boreholes.

Urban Rainwater Harvesting: Cities like Jaipur and Udaipur have adopted rooftop rainwater harvesting systems
to reduce dependence on municipal water supply and replenish local aquifers.

Case Study: Tarun Bharat Sangh's Work in Alwar

The revival of traditional johads (earthen check dams) by Tarun Bharat Sangh in Alwar district has led to
significant groundwater level improvements. Reports indicate that villages in Alwar, which once faced acute water
scarcity, now have year-round water availability due to improved groundwater recharge.
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5.2 Regulation and Policy Measures

Groundwater governance in Rajasthan requires strict regulatory frameworks to prevent over-extraction and ensure
equitable distribution. Key policy interventions include:

Rajasthan Groundwater (Regulation and Management) Act: Introduced to monitor and regulate groundwater
extraction, this law mandates permits for borewell drilling in over-exploited areas.

Water Conservation and Land Development Policies: The Integrated Watershed Management Programme
(IWMP) promotes community-based groundwater conservation projects in rural areas.

Efficient Water Pricing Mechanisms: Implementing a progressive water pricing system for industries and
commercial establishments can help reduce excessive groundwater withdrawal.

5.3 Community-Led Groundwater Management

Active participation from local communities is essential for sustainable groundwater management. Some
successful community-led conservation models include:

Pani Panchayats (Water Councils): Local governance bodies that monitor water usage and promote judicious
groundwater extraction through cooperative decision-making.

Traditional Water Wisdom: Reviving age-old water conservation structures such as baoris (stepwells) and beris
(percolation wells) has proven to be an effective way to restore groundwater balance.

Participatory Aquifer Mapping: Involving local farmers and villagers in aquifer mapping programs helps identify
potential recharge zones and create village-level water security plans.

Example: Community-Driven Water Management in Jodhpur

The Rajasthan Rural Livelihoods Project (RRLP) has supported local communities in Jodhpur to implement water
budgeting techniques, ensuring sustainable groundwater use while maintaining agricultural productivity.

5.4 Promoting Water-Use Efficiency

Reducing groundwater consumption through efficient water management techniques is essential for long-term
sustainability. Some effective measures include:

Drip and Sprinkler Irrigation: Encouraging farmers to adopt micro-irrigation techniques can reduce water wastage
in agriculture by up to 50%.

Drought-Resistant Crops and Agroforestry: Shifting to low-water-demand crops like millets and incorporating
agroforestry practices enhances soil moisture retention.

Water Recycling and Reuse: Treated wastewater from households and industries can be reused for irrigation,
reducing reliance on groundwater.

Smart Water Monitoring: Implementing loT-based water sensors in agriculture and urban water supply systems
can improve efficiency by detecting leaks and optimizing usage.

VI. SUSTAINABLE AGRICULTURAL PRACTICES IN RAJASTHAN

Agriculture is the backbone of Rajasthan’s economy, with nearly 60% of the population engaged in farming.
However, the state faces severe climatic challenges, including low rainfall, high temperatures, desertification, and
water scarcity. To ensure long-term agricultural sustainability, farmers and policymakers have implemented
various adaptive strategies that focus on water-efficient farming, soil conservation, climate-resilient crops, and
modern technology integration.

6.1 Water-Efficient Irrigation Techniques

Since Rajasthan is India’s driest state, water conservation in agriculture is crucial. Traditional flood irrigation
leads to significant water wastage, making it essential to adopt advanced irrigation methods such as:

Drip Irrigation: Delivers water directly to the plant roots, reducing evaporation losses and improving water-use
efficiency by 50-70%. The government provides subsidies under the Pradhan Mantri Krishi Sinchayee Yojana
(PMKSY) to promote its adoption.

Sprinkler Irrigation: Particularly beneficial for sandy soils, this method distributes water evenly across fields,
minimizing runoff and deep percolation losses.
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Khadin System (Traditional Water Harvesting): A centuries-old method practiced in western Rajasthan, where
earthen embankments capture and store rainwater, allowing moisture retention for crop growth.

Mulching: Farmers use crop residues, plastic sheets, or organic matter to cover the soil surface, reducing
evaporation and enhancing soil moisture retention.

Case Study: Drip Irrigation Success in Ajmer

In the Ajmer district, farmers who switched from flood irrigation to drip irrigation reported a 30% increase in crop
yield and a 50% reduction in water usage, demonstrating the effectiveness of micro-irrigation in arid regions.

6.2 Drought-Resistant and Climate-Resilient Crops

Given Rajasthan’s unpredictable monsoons, farmers have shifted towards drought-tolerant and climate-resilient
crops such as:

Millets (Bajra, Jowar, Ragi): Require minimal water and are rich in nutrients, making them ideal for dryland
farming.

Pulses (Gram, Moong, Moth Beans): Improve soil fertility by fixing nitrogen while thriving in water-scarce
conditions.

Oilseeds (Mustard, Groundnut, Sesame): Have deep root systems, enabling them to extract moisture from lower
soil layers.

Aloe Vera and Guar Gum: Commercially valuable, these crops are highly drought-resistant and require very little
irrigation.

Example: Millet Cultivation in Barmer

In Barmer district, where rainfall is below 300 mm annually, farmers have successfully adopted millet-based
cropping systems, leading to higher food security and better income generation.

6.3 Organic and Natural Farming

To promote soil health and reduce dependency on chemical fertilizers and pesticides, Rajasthan is embracing
organic and natural farming techniques, including:

Vermicomposting: Converting organic waste into nutrient-rich compost enhances soil fertility.

Biofertilizers and Biopesticides: Using neem extracts, cow dung manure, and mycorrhizal fungi to replace
synthetic agrochemicals.

Zero-Budget Natural Farming (ZBNF): A sustainable method that eliminates external inputs, relying on
indigenous cow-based farming.

Agroforestry: Integrating trees with crops to improve soil stability and reduce wind erosion.
Government Initiative: Rajasthan Organic Farming Policy

The state government has introduced subsidy programs and certification support to encourage farmers to transition
to organic agriculture.

6.4 Soil Conservation and Land Management

Soil degradation, salinity, and desertification are major concerns in Rajasthan. Farmers and conservationists use
various methods to prevent soil erosion and nutrient depletion, including:

Contour Plowing: Plowing along natural elevation contours to reduce water runoff and soil loss.
Cover Cropping: Growing plants like clover and green gram to protect soil from erosion and enhance fertility.

Gypsum Treatment for Saline Soils: Adding gypsum to alkaline soils improves soil structure and enhances crop
productivity.

Reforestation and Shelterbelts: Planting rows of trees along farms to reduce wind erosion in desert-prone regions
like Jaisalmer and Bikaner.

6.5 Technology-Driven Smart Farming

Modern technology is revolutionizing agriculture in Rajasthan through precision farming techniques, data
analytics, and smart irrigation solutions. Some notable advancements include:
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Remote Sensing and GIS Mapping: Satellite imagery helps monitor soil moisture levels, predict droughts, and
assess land degradation.

loT-Based Smart Sensors: Deployed in fields to monitor soil health, temperature, and water levels in real time,
optimizing resource utilization.

Drone Technology: Used for precision spraying of fertilizers and pesticides, reducing input costs and minimizing
environmental damage.

E-Mandis and Digital Platforms: Initiatives like e-NAM (National Agriculture Market) enable farmers to sell their
produce online, ensuring better price realization.

Example: Smart Irrigation in Kota

Farmers in Kota district have adopted loT-based irrigation systems, resulting in a 30% reduction in water wastage
and enhanced crop quality.

VII. INTEGRATED WATER RESOURCES MANAGEMENT (IWRM)

Integrated Water Resources Management (IWRM) is a holistic approach to managing water resources efficiently,
equitably, and sustainably. Given Rajasthan’s arid climate and persistent water scarcity, IWRM is essential for
ensuring optimal use of available resources while maintaining environmental balance. IWRM focuses on
stakeholder involvement, conservation practices, policy reforms, and technological advancements to create a
sustainable water management framework.

7.1 Stakeholder Participation and Community Involvement

Water resource management is not just a government responsibility; local communities, farmers, industries, and
policymakers must work together to ensure effective planning and implementation. Studies have shown that
community-led water conservation efforts in Rajasthan have been more successful than top-down governmental
policies.

Key elements of stakeholder participation include:

Decentralized water governance: Encouraging local governance bodies to manage water resources based on
regional needs.

Public awareness programs: Educating communities about the importance of water conservation and sustainable
usage.

Participatory water budgeting: Allowing local stakeholders to allocate water resources based on demand and
availability.

Water user associations (WUASs): Empowering farmers and local groups to oversee water distribution and
irrigation management.

Successful community-led water conservation projects in Rajasthan have demonstrated how collective efforts can
lead to significant improvements in water availability and sustainability.

7.2 Adoption of Rainwater Harvesting and Watershed Management

Rainwater harvesting and watershed management are integral to IWRM in Rajasthan, given the low and erratic
rainfall patterns. Various initiatives have been undertaken to capture and store rainwater for future use.

Key approaches include:
Check dams and percolation ponds: Constructed to slow down runoff and allow groundwater recharge.
Contour bunding and terracing: Implemented to reduce soil erosion and increase water retention.

Rooftop rainwater harvesting: Encouraged in both urban and rural areas to store rainwater for domestic and
agricultural use.

Large-scale watershed development projects: Government-backed programs like the Rajasthan Watershed
Development Project have helped improve soil moisture retention and groundwater recharge.

7.3 Institutional and Policy Reforms

Policy interventions are crucial for IWRM implementation in Rajasthan. The government has introduced various
regulations, acts, and policies to streamline water management.
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Some significant policy measures include:

Rajasthan State Water Policy (2010): Focuses on integrated water planning, sustainable groundwater
management, and water conservation techniques.

National Water Mission (under the National Action Plan on Climate Change): Aims to ensure water security
through conservation strategies and efficient water use.

Water Regulatory Authorities: Institutions set up to monitor water use, enforce conservation laws, and regulate
water pricing.

While policy interventions have shown some success, implementation challenges such as bureaucratic delays,
lack of enforcement, and inadequate funding hinder full-scale execution.

7.4 Technological Innovations in Water Management

The use of modern technology has transformed water resource management in Rajasthan. Some innovative
approaches that align with IWRM principles include:

GIS and remote sensing for water mapping: Used to identify groundwater recharge zones and monitor water
bodies.

Drip and sprinkler irrigation: Promoted to reduce water wastage in agriculture.
Smart water metering: Helps track water usage and minimize losses.
Acrtificial recharge of aquifers: Involves injecting treated water into groundwater reserves to counteract depletion.

Technological advancements, when combined with traditional wisdom, can significantly improve water security
and efficiency.

VIII. TRADITIONAL WATER CONSERVATION TECHNIQUES

Rajasthan, being a historically water-scarce region, has developed unique indigenous water conservation
techniques over centuries. These traditional systems have been well-adapted to the arid and semi-arid climatic
conditions and have helped communities survive despite low rainfall and extreme droughts. Unlike modern
methods, these systems rely on natural topography, community participation, and resource efficiency.

8.1 Johads (Percolation Ponds)

Johads are small earthen ponds designed to capture and store rainwater. These structures have been used
extensively in regions like Alwar, where they have helped replenish groundwater levels and provide water for
agriculture.

Benefits of Johads:
e Enhance groundwater recharge by allowing water to percolate into aquifers.
e Reduce soil erosion and improve soil moisture retention.
e Provide a reliable water source for irrigation and livestock.

The revival of johads by Tarun Bharat Sangh (TBS) in Rajasthan has led to a significant increase in groundwater
levels and the restoration of dried-up rivers like the Arvari.

8.2 Baoris and Stepwells (Baolis)

Baoris and stepwells are architectural marvels that serve as water storage and community gathering spaces. Found
in cities like Jaipur and Jodhpur, these structures are multi-storied wells that can store large volumes of water.

Benefits of Baoris and Stepwells:
e Provide year-round access to water, especially during droughts.
e Prevent evaporation loss due to their deep, enclosed design.
e Actas social and cultural centers in villages and towns.

Despite their historical importance, many baoris have fallen into disrepair due to neglect and urbanization.
Restoration efforts are being made to revive these structures as sustainable water sources.

www.jsrtjournal.com ISSN: 2583-8660




PAGES: 5-16
‘ 02/12/25
JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY VOLUME-3 ISSUE-2 FEBRUARY

8.3 Khadins (Field Bunding System)

A khadin is a traditional rainwater harvesting system designed to maximize water absorption in agricultural fields.
Commonly used in western Rajasthan, this technique involves building an embankment across a sloping farmland
to trap runoff water.

Benefits of Khadins:
e Improve soil moisture, allowing crops to survive in arid conditions.
e Enhance groundwater recharge by holding water for extended periods.
e Reduce soil erosion and improve agricultural productivity.

8.4 Tankas (Underground Water Tanks)

Tankas are underground reservoirs used in Thar Desert households to store rainwater collected from rooftops or
natural runoff. These tanks are lined with stone or lime plaster to prevent seepage.

Benefits of Tankas:
e Provide safe drinking water for households during dry months.
e Reduce dependence on external water sources.
e Minimize evaporation losses due to underground storage.

8.5 Nadi (Village Ponds)

Nadis are natural or man-made village ponds that serve as primary water sources for rural communities. These
are fed by seasonal rains and often support livestock, irrigation, and domestic needs.

Benefits of Nadis:
e  Sustain agriculture and livestock in drought-prone areas.
¢ Recharge groundwater and maintain ecological balance.
e Act as reservoirs for excess rainwater, reducing flood risks.
Challenges in Preserving Traditional Methods
Despite their effectiveness, traditional water conservation techniques face challenges such as:
e Urbanization and land-use changes leading to the destruction of old water systems.
e Neglect and lack of maintenance, causing structures to degrade.
e Over-reliance on modern piped water supply, reducing interest in traditional methods.

Efforts are being made to restore and integrate traditional techniques with modern technologies for sustainable
water management in Rajasthan.

IX. MODERN WATER CONSERVATION STRATEGIES

While traditional methods have played a crucial role, Rajasthan has also adopted modern water conservation
strategies to cope with increasing urbanization, climate change, and rising water demand. These methods use
technological advancements and policy interventions to enhance water availability, efficiency, and sustainability.

9.1 Drip and Sprinkler Irrigation

Given that agriculture consumes over 80% of Rajasthan’s water resources, efficient irrigation techniques are
essential to reduce water wastage. Drip and sprinkler irrigation methods ensure that water reaches the roots of
plants directly, minimizing evaporation and runoff losses.

Benefits:
e  Water savings of up to 50-70% compared to traditional flood irrigation.
e Increase in crop yield and better soil moisture retention.

e Reduced dependency on groundwater extraction.
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Government schemes like the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) promote the adoption of these
techniques by providing subsidies to farmers.

9.2 Artificial Groundwater Recharge
To combat groundwater depletion, Rajasthan has implemented artificial recharge techniques such as:
e Recharge wells that inject treated water into aquifers.
e Percolation tanks to enhance natural infiltration.
e Check dams and subsurface barriers to retain water.
Impact:
e Increases groundwater availability, ensuring year-round supply.
e Improves water quality by reducing contamination risks.
9.3 Rooftop Rainwater Harvesting (RWH)

In urban areas, rooftop rainwater harvesting is gaining popularity as a cost-effective and sustainable solution.
Many government buildings and households have installed rainwater collection systems to store runoff for
domestic and irrigation use.

Advantages:

e Reduces dependency on municipal water supply.

e Prevents urban flooding by controlling runoff.

e Provides an alternative source of drinking water.
Cities like Jaipur have made RWH mandatory for new buildings to promote sustainable water use.
9.4 Desalination and Water Recycling

As Rajasthan lacks natural freshwater sources, desalination of saline water and recycling of wastewater have
emerged as alternative water sources.

Key initiatives:
o Desalination plants in coastal areas providing potable water.
e Wastewater treatment plants converting sewage into reusable water for agriculture and industry.
e Industrial water reuse policies promoting zero-liquid discharge systems.
These measures help maximize water resources and reduce environmental impact.
9.5 Smart Water Management Technologies
With the rise of digital technology, Rajasthan is adopting smart water management solutions, including:
e GIS and remote sensing for groundwater mapping.
e |loT-based water metering for monitoring consumption and leakage detection.
e Cloud-based data analytics to improve water distribution efficiency.
9.6 Government Policies and Legal Framework
To promote modern water conservation, Rajasthan has introduced several policy measures:
e Rajasthan State Water Policy (2010) — Focuses on sustainable water use.
o National Water Mission (NWM) — Part of India’s climate action plan.
e Water Resource Department Initiatives — Implementing modern irrigation techniques.
Challenges in Implementing Modern Techniques
Despite advancements, modern water conservation strategies face challenges such as:

e High implementation costs for technologies like desalination and 10T monitoring.
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o Lack of awareness and technical expertise among farmers and rural communities.

e  Groundwater overexploitation, even with regulatory frameworks in place.

X. CONCLUSION

Rajasthan’s persistent water scarcity necessitates a comprehensive and multi-pronged strategy to ensure long-term
sustainability. The state’s unique geographical and climatic conditions make water management a complex
challenge that cannot be addressed by a single solution. Traditional water conservation methods, such as tankas,
nadis, and khadins, have historically played a crucial role in sustaining communities. However, growing
population pressure, urbanization, and climate change have rendered these methods insufficient on their own.
Modern technological advancements, such as GIS mapping, remote sensing, and watershed management, must
complement these traditional techniques to enhance water security. Additionally, policy reforms and institutional
frameworks need to be strengthened to regulate groundwater extraction and promote rainwater harvesting.
Community participation remains a cornerstone of effective water management, as seen in successful initiatives
like Tarun Bharat Sangh’s water conservation programs. Women, as primary water collectors in rural areas, should
be actively involved in decision-making processes through gender-inclusive policies. Furthermore, climate
resilience measures, including afforestation, soil conservation, and drought mitigation strategies, must be
integrated into state-wide water governance. By combining indigenous knowledge, modern innovations, policy
support, and community-led initiatives, Rajasthan can create a sustainable model for water management. A
proactive, inclusive, and technologically driven approach will be essential in securing a water-resilient future for
the state’s growing population.
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