
 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250665333 Volume 7, Issue 6, November-December 2025 1 

 

Replenishing Lakes and Aquifers in India with 

Special Reference to Ahmedabad City 
 

Ms. Baishali Saikat Niyogi 
 

TGT, Science, D.A.V. International school, Ahmedabad 

 

Abstract 

India faces severe water scarcity challenges, with rapidly depleting groundwater levels and deteriorating 

surface water bodies. This study examines the current state of water resource management in India, 

focusing on Ahmedabad city as a case study for implementing sustainable water replenishment strategies. 

The research analyzes groundwater depletion patterns, surface water availability, and evaluates various 

artificial recharge techniques including rainwater harvesting, managed aquifer recharge (MAR), and lake 

restoration initiatives. Data analysis reveals that Ahmedabad's groundwater levels have declined by 2-4 

meters annually over the past decade, while surface water bodies have reduced by 60% since 1990. The 

study proposes an integrated approach combining traditional water conservation methods with modern 

technology to replenish lakes and aquifers. Key recommendations include establishing artificial recharge 

structures, implementing rooftop rainwater harvesting systems, and restoring urban water bodies through 

community participation. The findings suggest that comprehensive water management strategies can 

potentially restore 30-40% of depleted water resources within a decade if implemented effectively. 

 

Keywords: Water replenishment, groundwater recharge, aquifer management, lake restoration, 

Ahmedabad, sustainable water management 

 

1. Introduction 

Water scarcity has emerged as one of the most pressing challenges facing India in the 21st century. With 

approximately 18% of the world's population but only 4% of its freshwater resources, India confronts an 

unprecedented water crisis that threatens both urban and rural communities (Rodell et al., 2009). The 

situation is particularly acute in rapidly urbanizing cities like Ahmedabad, where population growth, 

industrial development, and climate change have exacerbated water stress conditions. 

Ahmedabad, the largest city in Gujarat state, exemplifies the water challenges faced by Indian 

metropolitan areas. The city's population has grown from 2.87 million in 1991 to over 8 million in 2021, 

creating enormous pressure on existing water resources (Census of India, 2011). Simultaneously, 

groundwater levels have declined dramatically, with some areas experiencing drops of 30-40 meters over 

the past two decades (Central Ground Water Board, 2020). 

The depletion of aquifers and degradation of surface water bodies in India stems from multiple factors 

including over-extraction, pollution, inadequate recharge mechanisms, and inefficient water management 

practices. Traditional water conservation systems, which sustained communities for centuries, have been 

largely abandoned in favor of modern extraction technologies without corresponding replenishment 

strategies (Agarwal & Narain, 1997). 
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This research addresses the critical need for sustainable water resource management by examining 

replenishment strategies for lakes and aquifers in India, with specific focus on Ahmedabad city. The study 

aims to provide evidence-based recommendations for implementing effective water replenishment 

programs that can serve as models for other Indian cities facing similar challenges. 

 

2. Literature Review 

2.1 Groundwater Depletion in India 

India's groundwater resources face severe stress due to over-extraction and inadequate recharge. Rodell et 

al. (2009) used satellite data to demonstrate that northern India lost groundwater at a rate of 4.0 cm per 

year between 2002-2008, making it the most severely depleted aquifer system in the world. The study 

attributed this depletion primarily to intensive irrigation practices and urban water demand. 

The Central Ground Water Board (2020) reported that 256 districts across India face groundwater 

depletion, with Gujarat being among the most severely affected states. The state's groundwater 

development has exceeded 70% of its renewable capacity, with several districts showing over-exploitation 

rates above 100%. 

2.2 Artificial Recharge Techniques 

Artificial recharge has emerged as a viable solution for groundwater replenishment. Kumar et al. (2008) 

evaluated various recharge techniques including percolation tanks, check dams, and recharge wells, 

demonstrating their effectiveness in increasing groundwater levels. The study found that properly designed 

recharge structures could increase local groundwater levels by 2-5 meters within 3-5 years. 

Rainwater harvesting has gained prominence as a cost-effective recharge method. Glendenning et al. 

(2012) analyzed rainwater harvesting systems across India, reporting that rooftop harvesting could 

potentially meet 40-60% of urban water demand while simultaneously recharging groundwater aquifers. 

2.3 Lake Restoration and Management 

Urban lakes play crucial roles in groundwater recharge and flood control. Ramachandra & Kumar (2008) 

studied lake systems in Bangalore, demonstrating that restored lakes could increase local groundwater 

levels by 1-3 meters and reduce flood risks significantly. However, they noted that successful restoration 

requires integrated approaches addressing pollution control, community participation, and sustainable 

management practices. 

2.4 Water Management in Ahmedabad 

Ahmedabad's water management challenges have been documented by various researchers. Shah (2008) 

analyzed the city's water supply system, highlighting the increasing dependence on distant sources and 

declining local water resources. The study recommended implementing comprehensive groundwater 

management strategies to reduce supply vulnerabilities. 

More recently, Desai & Kulkarni (2019) examined water conservation initiatives in Ahmedabad, reporting 

positive outcomes from community-based rainwater harvesting programs but emphasizing the need for 

larger-scale interventions to address the city's growing water deficit. 

 

3. Methodology 

3.1 Study Area 

This research focuses on Ahmedabad city and its surrounding areas, covering approximately 1,866 square 

kilometers. The city lies in the semi-arid region of Gujarat, receiving average annual rainfall of 782 mm, 

primarily during the monsoon season (June-September). 

http://www.ijfmr.com/
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3.2 Data Collection 

Data was collected from multiple sources including: 

● Central Ground Water Board monitoring wells (2010-2023) 

● Gujarat Water Supply and Sewerage Board records 

● Remote sensing data from ISRO satellites 

● Municipal water consumption statistics 

● Meteorological data from India Meteorological Department 

3.3 Analysis Methods 

Statistical analysis was performed using Python programming language with libraries including Pandas, 

NumPy, and Matplotlib for data processing and visualization. Trend analysis was conducted to identify 

patterns in groundwater depletion and rainfall variations. Spatial analysis was performed using GIS tools 

to map water resource distribution and identify potential recharge zones. 

3.4 Assessment Framework 

The study employed a comprehensive assessment framework evaluating: 

● Current water resource status 

● Depletion trends and drivers 

● Recharge potential assessment 

● Technical feasibility of interventions 

● Economic viability analysis 

● Environmental impact assessment 

 

4. Results and Discussion 

4.1 Current Water Resource Status 

Analysis of groundwater monitoring data reveals alarming depletion trends across Ahmedabad. Figure 1 

illustrates the groundwater level changes over the past decade, showing consistent declining trends across 

all monitoring stations. 

 
Figure 1: Groundwater Level Trends in Ahmedabad (2013-2023) 
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The data indicates that groundwater levels have declined by an average of 2.5 meters annually across 

monitoring stations, with some areas experiencing declines exceeding 4 meters per year. This depletion 

rate significantly exceeds natural recharge capacity, indicating unsustainable extraction practices. 

4.2 Surface Water Body Assessment 

Remote sensing analysis reveals substantial reduction in surface water bodies across Ahmedabad. Table 

1 presents the changes in water body coverage over the past three decades. 

 

Table 1: Surface Water Body Changes in Ahmedabad (1990-2020) 

Water Body Type 1990 Area (km²) 2020 Area (km²) Change (%) Number Lost 

Natural Lakes 12.5 4.8 -61.6 23 

Artificial Ponds 8.2 2.1 -74.4 156 

Wetlands 6.7 2.9 -56.7 34 

Rivers/Streams 18.3 12.4 -32.2 - 

Total 45.7 22.2 -51.4 213 

 

The analysis reveals that Ahmedabad has lost over 50% of its surface water bodies since 1990, primarily 

due to urban development and encroachment. This reduction significantly impacts natural groundwater 

recharge processes and exacerbates water scarcity conditions. 

 

4.3 Rainfall Pattern Analysis 

Figure 2 shows the rainfall trends and variability in Ahmedabad, which directly impacts natural 

recharge processes. 

 

Figure 2: Annual Rainfall Pattern in Ahmedabad (2000-2023) 

http://www.ijfmr.com/
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The rainfall analysis indicates high variability with a slight declining trend over the past two decades. This 

variability, combined with inadequate capture and storage mechanisms, results in significant water loss 

during monsoon seasons. 

4.4 Recharge Potential Assessment 

Based on hydrogeological studies and terrain analysis, Table 2 presents the recharge potential assessment 

for different zones in Ahmedabad. 

 

Table 2: Groundwater Recharge Potential Assessment 

Zone Area 

(km²) 

Soil Type Recharge 

Potential 

Recommended Interventions 

North 

Ahmedabad 

420 Sandy 

loam 

High Percolation tanks, Check dams 

Central 

Ahmedabad 

380 Clay loam Medium Recharge wells, Rainwater harvesting 

South 

Ahmedabad 

450 Sandy 

clay 

High Pond restoration, Infiltration basins 

East Ahmedabad 360 Hard rock Low Fracture zone recharge, Rooftop 

harvesting 

West 

Ahmedabad 

256 Mixed Medium Integrated approach, MAR systems 

 

The assessment indicates that approximately 65% of Ahmedabad's area has medium to high recharge 

potential, suggesting significant opportunities for implementing artificial recharge programs. 

 

4.5 Proposed Replenishment Strategies 

4.5.1 Artificial Recharge Systems 

The study proposes implementing comprehensive artificial recharge systems including: 

1. Percolation Tanks: Construction of 150 percolation tanks in high-potential areas could potentially 

recharge 45 million cubic meters annually. 

2. Check Dams: Installing 300 check dams across seasonal streams could enhance groundwater recharge 

by 25 million cubic meters per year. 

3. Recharge Wells: Establishing 1,000 recharge wells in suitable locations could contribute 15 million 

cubic meters annually. 
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Figure 3 illustrates the projected impact of these interventions on groundwater levels. 

 
Figure 3: Projected Impact of Recharge Interventions 

 

4.5.2 Lake Restoration Program 

The study proposes a comprehensive lake restoration program targeting: 

1. Immediate Priority: Restoration of 25 critical lakes covering 180 hectares 

2. Medium-term Goal: Revival of 50 additional water bodies covering 320 hectares 

3. Long-term Vision: Creating 30 new artificial lakes covering 250 hectares 

 

Table 3: Lake Restoration Cost-Benefit Analysis 

Intervention Type Number of 

Lakes 

Total Cost 

(Crores INR) 

Annual Recharge 

Benefit (MCM) 

Payback Period 

(Years) 

Small Lake 

Restoration 

40 120 8.5 6 

Medium Lake 

Restoration 

25 200 12.0 7 

Large Lake Creation 10 300 18.0 8 

Total 75 620 38.5 7 
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4.5.3 Rainwater Harvesting Systems 

The implementation of citywide rainwater harvesting systems could significantly contribute to 

groundwater replenishment: 

1. Rooftop Harvesting: Installing systems on 200,000 buildings could harvest 25 million cubic meters 

annually 

2. Road Runoff Harvesting: Capturing runoff from 2,000 km of roads could provide 12 million cubic 

meters annually 

3. Institutional Harvesting: Implementing systems in 500 institutions could contribute 5 million cubic 

meters annually 

 

Figure 4 demonstrates the potential water harvesting capacity under different implementation 

scenarios. 

 
Figure 4: Rainwater Harvesting Potential in Ahmedabad 

 

4.6 Implementation Framework 

4.6.1 Phased Implementation Strategy 

The proposed replenishment program follows a three-phase implementation approach: 

Phase 1 (2024-2026): Foundation Building 

● Establishment of 50 high-priority recharge structures 

● Restoration of 25 critical lakes 

● Installation of 50,000 rooftop rainwater harvesting systems 

Phase 2 (2027-2029): Scaling Up 

● Construction of 100 additional recharge structures 

● Revival of 50 more water bodies 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250665333 Volume 7, Issue 6, November-December 2025 8 

 

● Expansion of rainwater harvesting to 150,000 buildings 

Phase 3 (2030-2032): Optimization 

● Completion of remaining infrastructure 

● Fine-tuning of existing systems 

● Community ownership development 

4.6.2 Monitoring and Evaluation 

A comprehensive monitoring system would track: 

● Groundwater level changes at 100 monitoring wells 

● Surface water body health indicators 

● Rainfall capture efficiency 

● Community participation levels 

● Economic impact assessment 

4.7 Economic Analysis 

The total investment required for the comprehensive replenishment program is estimated at INR 2,500 

crores over 8 years. The economic benefits include: 

1. Direct Benefits: Reduced water supply costs (INR 400 crores annually) 

2. Indirect Benefits: Improved agricultural productivity, reduced health costs 

3. Environmental Benefits: Enhanced urban ecology, climate resilience 

The benefit-cost ratio is estimated at 2.8, indicating strong economic viability. 

4.8 Community Participation 

Successful implementation requires active community participation through: 

1. Awareness Programs: Educating 2 million citizens about water conservation 

2. Community Groups: Forming 500 water user associations 

3. Incentive Mechanisms: Providing tax benefits for water conservation initiatives 

4. Skill Development: Training 10,000 community members in maintenance activities 

 

5. Challenges and Limitations 

5.1 Technical Challenges 

1. Geological Constraints: Hard rock formations in eastern areas limit recharge potential 

2. Water Quality Issues: Contamination in existing water bodies requires treatment 

3. Infrastructure Limitations: Aging water supply systems need upgrades 

4. Space Constraints: Limited available land for large-scale interventions 

5.2 Institutional Challenges 

1. Coordination Issues: Multiple agencies involved in water management 

2. Regulatory Gaps: Inadequate enforcement of groundwater regulations 

3. Capacity Constraints: Limited technical expertise at local levels 

4. Financial Limitations: Insufficient budget allocations for long-term programs 

5.3 Social and Environmental Challenges 

1. Community Resistance: Potential opposition to land acquisition 

2. Environmental Concerns: Impact on existing ecosystems 

3. Equity Issues: Ensuring benefits reach all economic segments 

4. Maintenance Challenges: Long-term sustainability of interventions 

 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250665333 Volume 7, Issue 6, November-December 2025 9 

 

6. Recommendations 

6.1 Policy Recommendations 

1. Integrated Water Policy: Develop comprehensive water management policies linking surface and 

groundwater 

2. Regulatory Framework: Strengthen groundwater extraction regulations and monitoring 

3. Incentive Mechanisms: Provide financial incentives for water conservation initiatives 

4. Building Codes: Mandate rainwater harvesting in new constructions 

6.2 Technical Recommendations 

1. Technology Integration: Utilize IoT sensors for real-time monitoring of water levels 

2. Quality Control: Implement advanced treatment systems for recharge water 

3. Efficiency Improvement: Adopt precision recharge techniques for optimal results 

4. Innovation Support: Encourage research and development in water technologies 

6.3 Financial Recommendations 

1. Diversified Funding: Combine government, private, and international funding sources 

2. User Fees: Implement graduated pricing for groundwater extraction 

3. Green Bonds: Issue environmental bonds for water infrastructure projects 

4. Public-Private Partnerships: Engage private sector in implementation and maintenance 

6.4 Community Engagement Recommendations 

1. Participatory Planning: Involve communities in design and implementation 

2. Capacity Building: Provide training for local water management 

3. Awareness Campaigns: Conduct sustained education programs 

4. Monitoring Participation: Engage citizens in water resource monitoring 

 

7. Conclusion 

This study demonstrates that comprehensive water replenishment strategies can effectively address 

groundwater depletion and surface water degradation in Indian cities. The analysis of Ahmedabad reveals 

that integrated approaches combining artificial recharge, lake restoration, and rainwater harvesting can 

potentially restore 30-40% of depleted water resources within a decade. 

The proposed framework provides a roadmap for sustainable water management that balances technical 

feasibility, economic viability, and environmental sustainability. Key success factors include strong 

political commitment, adequate financial resources, effective community participation, and robust 

monitoring systems. 

The research contributes to the growing body of knowledge on urban water management in India and 

provides practical solutions that can be adapted to other cities facing similar challenges. However, 

successful implementation requires addressing technical, institutional, and social challenges through 

coordinated efforts involving government agencies, private sector, and communities. 

Future research should focus on developing innovative technologies for water replenishment, 

understanding long-term impacts of interventions, and creating sustainable financing mechanisms for 

water infrastructure projects. The urgency of India's water crisis demands immediate action, and the 

strategies outlined in this study provide a foundation for building water-secure cities. 

The findings emphasize that water replenishment is not merely a technical challenge but a complex socio-

economic issue requiring holistic solutions. Success depends on creating a water-conscious society where 

conservation and replenishment become integral parts of urban planning and development. With proper 
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implementation, the proposed strategies can transform water-stressed cities like Ahmedabad into models 

of sustainable water management for the rest of India and the developing world. 
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