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Abstract: 

Groundwater constitutes the backbone of India’s water security, supporting nearly 85 percent of rural 

drinking water supply and close to 60 percent of irrigation demand. However, unsustainable extraction, 

fragmented governance structures, climate variability, and weak institutional coordination have resulted 

in severe groundwater depletion across many regions of the country. This paper develops a conceptual 

framework for integrated groundwater governance in India, emphasizing the need for coordinated policy, 

institutional, technological, and community-based management strategies. Drawing upon interdisciplinary 

literature in water governance, environmental sustainability, and resource economics, the study highlights 

key governance challenges such as regulatory gaps, data asymmetry, and limited stakeholder participation. 

The paper proposes an integrated management approach that aligns regulatory mechanisms, participatory 

institutions, scientific monitoring, and technological interventions to ensure sustainable aquifer 

management. The study contributes to groundwater governance literature by offering a holistic, India-

specific framework with implications for policymakers, water managers, and local institutions engaged in 

sustainable water resource management. 
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1. INTRODUCTION 

Groundwater has emerged as a critical yet increasingly stressed natural resource in India. Over the past 

few decades, rapid population growth, agricultural intensification, urban expansion, and climate 

uncertainty have significantly increased dependence on groundwater resources. India is currently the 

world’s largest extractor of groundwater, accounting for nearly one-fourth of global groundwater 

withdrawal. While groundwater has contributed substantially to food security and economic development, 

its unregulated exploitation has resulted in declining water tables, deteriorating water quality, and growing 

regional disparities. 

Unlike surface water, groundwater governance in India has traditionally remained fragmented and poorly 

regulated. Groundwater is legally linked to land ownership, leading to open-access exploitation with 

limited accountability. Existing governance mechanisms are often characterized by weak enforcement, 

overlapping institutional mandates, and inadequate integration between local, state, and national agencies. 

Climate change further exacerbates these challenges by altering recharge patterns and increasing the 

frequency of droughts and extreme rainfall events. 

Recognizing these concerns, recent policy initiatives such as the Atal Bhujal Yojana and the National 

Water Policy emphasize participatory and sustainable groundwater management. However, translating 

these policy aspirations into effective governance outcomes remains a significant challenge. 

Against this backdrop, the present study seeks to address the following objectives: 
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1. To examine the key governance challenges affecting groundwater sustainability in India. 

2. To analyse the role of institutions, policy frameworks, and stakeholders in groundwater 

management. 

3. To propose an integrated groundwater governance framework tailored to India’s socio-economic 

and ecological context. 

 

The paper is organized as follows: Section 2 reviews relevant literature on groundwater governance and 

aquifer management. Section 3 develops a conceptual framework for integrated groundwater governance. 

Section 4 outlines the methodological approach. Section 5 discusses policy and managerial implications, 

followed by conclusions and future research directions in Section 6. 

 

2. LITERATURE REVIEW 

Recent research on groundwater governance in India underscores the multifaceted challenge of managing 

aquifers sustainably amidst over-extraction, institutional fragmentation, and climatic pressures. Singh et 

al. (2024) provide a critical review of India’s latest groundwater policy, highlighting how current planning 

and regulatory mechanisms struggle to integrate sustainable resource allocation with long-term 

environmental goals, thus calling for stronger alignment between policy intentions and implementation 

outcomes. Complementing the policy critique, N, Y., Nayak, and Rakesh (2024) examine governance 

challenges in the Indian context, identifying legal ambiguities, enforcement gaps, and the need for 

participatory regulation that engages stakeholders beyond traditional bureaucratic structures. From an 

institutional perspective, Ghosh and Ghosh (2024) argue for a paradigm shift toward holistic water 

governance frameworks that move beyond siloed management, pointing to the necessity of harmonizing 

groundwater governance with broader national water policy reforms. Together, these studies reveal a 

common emphasis on the insufficiency of fragmented governance mechanisms and stress the importance 

of integrated, system-level strategies. 

 

Central to emerging debates is the role of community participation and behavioural change. Sanil, Falk, 

Meinzen-Dick, and Priyadarshini (2024) argue that sustainable groundwater governance cannot be 

achieved through top-down regulation alone; rather, systemic behavioural changes among diverse actors 

including farmers, local communities, and policymakers are essential to scale best practices and improve 

resource stewardship. Likewise, research on participatory water monitoring in the Unjha block 

demonstrates that farmer engagement in data collection and decision-making enhances the quality of 

groundwater monitoring and encourages informed management practices, pointing to the value of social 

inclusion in technical processes (Author(s), 2024). These contributions collectively reinforce the notion 

that governance frameworks must embrace both institutional coordination and grassroots engagement to 

be effective. 

 

On the technical and applied side, studies have explored integrated management strategies that leverage 

new technologies. Kumar, Singh, Patley et al. (2025) investigate sustainable groundwater management 

through government-supported convergence in Rajnandgaon district, illustrating how coordinated policy, 

GIS tools, and artificial recharge structures can rejuvenate aquifers when supported by local governance 

mechanisms. Similarly, research by Zakir-Hassan et al. (2025) on optimized managed aquifer recharge 

strategies through groundwater modelling suggests that incorporating predictive tools into governance can 

enhance recharge planning and resilience to climatic variability. These technical studies highlight that 

effective governance requires not only institutional and community components but also the adoption of 

GIS, monitoring, and modelling techniques to guide evidence-based decision-making. 

While much of the literature in this review centres on governance and management structures, 

environmental and scientific studies also inform governance debates by demonstrating the ecological 

consequences of current practices. For example, Marghade et al. (2023) document arsenic contamination 
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in Indian groundwater and underscore the need for integrated mitigation and governance frameworks that 

address both quantity and quality challenges. Research by Dangar and Mishra (2024) further shows how 

shifts in cropping patterns could contribute to long-term groundwater sustainability, linking agricultural 

practices directly to governance outcomes. These interdisciplinary insights enrich the literature by 

connecting hydrological processes, human behaviour, and governance strategies. 

 

Overall, the recent literature illustrates a clear scholarly convergence: addressing India’s groundwater 

crisis requires integrated governance approaches that combine policy reform, institutional coordination, 

participatory engagement, and technical innovation. While policy critiques emphasize gaps in planning 

and regulation (Singh et al., 2024; Ghosh & Ghosh, 2024), participation-focused research points to 

behavioural change and community involvement as critical levers (Sanil et al., 2024; Unjha case). At the 

same time, technologically grounded studies show the promise of advanced tools for aquifer management 

(Kumar et al., 2025; Zakir-Hassan et al., 2025), and environmental assessments highlight interconnected 

ecological imperatives (Marghade et al., 2023; Dangar & Mishra, 2024). Together, these works provide a 

rich, interdisciplinary foundation for understanding and improving groundwater governance in India. 

 

3. CONCEPTUAL FRAMEWORK FOR INTEGRATED GROUNDWATER GOVERNANCE 

3.1 Core Components of the Framework 

The proposed framework conceptualizes groundwater governance as an interaction among four key 

dimensions: 

3.1.1 Policy and Regulatory Mechanisms 

This dimension includes groundwater legislation, licensing systems, abstraction limits, and alignment with 

national water policies. Effective regulation must move beyond ownership-based access to sustainability-

oriented allocation. 

3.1.2 Institutional Coordination 

Institutional effectiveness depends on coordination among central agencies, state groundwater 

departments, local governments, and water user associations. Clear role delineation and vertical 

integration are essential for effective governance. 

3.1.3 Scientific and Technological Integration 

Technologies such as remote sensing, digital groundwater monitoring, GIS-based aquifer mapping, and 

data platforms play a critical role in improving transparency and evidence-based decision-making. 

3.1.4 Community Participation and Behavioural Change 

Local stakeholder engagement fosters collective responsibility, enhances compliance, and supports 

sustainable extraction practices. Participatory groundwater management aligns governance with socio-

cultural realities. 

3.2 Mediating and Moderating Factors 

• Institutional Capacity: Technical expertise and administrative strength influence governance 

effectiveness. 

• Socio-economic Context: Farmer income levels, landholding patterns, and cropping choices 

shape groundwater use behaviour. 

• Climate Variability: Rainfall uncertainty moderates recharge potential and governance outcomes. 
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Figure 1: Conceptual Framework for Integrated Groundwater Governance 

 
The conceptual framework for integrated groundwater governance is grounded in the understanding that 

groundwater is a common-pool resource whose sustainable management requires coordinated action 

across multiple governance dimensions. The framework conceptualizes groundwater governance as an 

interactive system in which policy and regulation, institutional coordination, science and technology, and 

community participation collectively shape aquifer sustainability outcomes. Rather than operating in 

isolation, these components function synergistically through integrated governance mechanisms that align 

regulatory intent with social behaviour and scientific knowledge. This integrated approach is particularly 

relevant in the Indian context, where fragmented institutions, weak enforcement, and open-access 

extraction have historically undermined sustainable aquifer management. 

 

At the foundation of the framework lies policy and regulatory mechanisms, which provide the formal 

structure for groundwater governance. These include groundwater laws, licensing systems, abstraction 

controls, aquifer-based planning, and alignment with national and state water policies. Effective regulation 

shifts governance away from land-ownership-based extraction rights toward sustainability-oriented 

allocation and conservation principles. In the absence of coherent regulatory frameworks, groundwater 

extraction tends to remain unregulated and exploitative. Therefore, policy instruments in the framework 

serve as the legal backbone that legitimizes governance interventions and establishes accountability for 

groundwater use. 

 

Institutional coordination constitutes the second core pillar of the framework and refers to the alignment 

and collaboration among multiple governance actors operating at different levels. This includes central 

and state groundwater agencies, local governments, agricultural departments, water user associations, and 

community institutions. The framework emphasizes vertical coordination between national, state, and 

local bodies, as well as horizontal coordination across sectoral agencies. Such coordination is essential for 

aquifer-level management, as groundwater systems do not conform to administrative boundaries. Effective 
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institutional integration reduces duplication, clarifies responsibilities, and enhances policy implementation 

capacity. 

 

The third component of the framework is science, data, and technology integration, which enables 

evidence-based groundwater governance. Scientific tools such as aquifer mapping, groundwater 

monitoring networks, remote sensing, and GIS-based decision systems enhance understanding of 

groundwater availability, recharge dynamics, and extraction patterns. Transparent and accessible data 

systems improve monitoring, planning, and adaptive management, particularly in the face of climate 

variability and hydrological uncertainty. Within the framework, technology acts as an enabler that 

strengthens both regulatory enforcement and participatory decision-making by providing reliable and 

shared knowledge bases. 

 

Community participation and behavioural change form the fourth and socially embedded dimension of 

the framework. Participatory groundwater management recognizes local users especially farmers and rural 

communities as central actors in governance rather than passive beneficiaries of regulation. Through 

collective action, awareness programs, and co-creation of extraction norms, communities contribute to 

monitoring, compliance, and conservation. Behavioural change at the user level is critical for translating 

formal policies into sustainable practices on the ground. The framework thus integrates bottom-up 

participation with top-down regulation to foster shared responsibility and long-term stewardship of 

aquifers. 

 

These four governance components converge through integrated governance mechanisms, which represent 

the functional core of the framework. Integrated governance mechanisms refer to coordinated decision-

making processes that align policy objectives, institutional actions, scientific inputs, and community 

practices. When effectively aligned, these mechanisms enable adaptive governance that can respond to 

ecological feedback, socio-economic pressures, and climatic shocks. The framework therefore views 

integration not as a single intervention but as an ongoing process of alignment and learning. 

 

The relationship between integrated governance mechanisms and sustainability outcomes is influenced by 

several moderating factors, including institutional capacity, socio-economic context, and climate 

variability. Institutional capacity determines the effectiveness of enforcement, monitoring, and service 

delivery, while socio-economic factors such as cropping patterns, energy subsidies, and livelihood 

dependence shape groundwater use behaviour. Climate variability further moderates outcomes by 

affecting recharge rates and water availability, thereby increasing the need for adaptive and resilient 

governance strategies. 

 

The ultimate outcomes of the framework are sustainable aquifer conditions, reflected in balanced 

groundwater extraction and recharge, improved water quality, enhanced resilience to climate stress, and 

equitable access to groundwater resources. By integrating regulatory, institutional, technological, and 

social dimensions, the framework provides a holistic pathway for achieving long-term groundwater 

sustainability in India. It offers a conceptual basis for policymakers and researchers to design, implement, 

and evaluate groundwater governance interventions that are both scientifically informed and socially 

grounded. 

 

4. METHODOLOGY 

This study adopts a conceptual and qualitative research methodology to develop an integrated framework 

for groundwater governance in India. The research is grounded in an extensive review and synthesis of 

recent peer-reviewed literature, policy documents, and institutional reports related to groundwater 

management, water governance, and sustainability. Sources were drawn from leading academic databases, 
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including Scopus and Web of Science, as well as authoritative publications from government agencies and 

international organizations. The study is theoretically informed by Common Pool Resource (CPR) Theory 

and Integrated Water Resources Management (IWRM) principles, which provide a foundation for 

understanding groundwater as a shared resource requiring collective governance. A thematic content 

analysis approach was employed to identify key governance dimensions policy and regulation, 

institutional coordination, technological integration, and community participation and to examine their 

interrelationships. By systematically synthesizing these themes, the study develops a coherent conceptual 

framework that captures the multi-level and interdisciplinary nature of groundwater governance. The 

methodology is exploratory and explanatory in nature, aiming to build theoretical clarity and provide a 

foundation for future empirical validation. 

 

5. DISCUSSION AND POLICY IMPLICATIONS 

The findings of this study highlight that groundwater governance challenges in India stem not only from 

physical water scarcity but also from institutional and governance deficits. Fragmented regulatory 

frameworks, limited coordination among agencies, and weak enforcement mechanisms have collectively 

contributed to unsustainable groundwater extraction. The proposed framework demonstrates that 

integrated governance mechanisms which align policy instruments, institutional arrangements, scientific 

tools, and community participation are essential for addressing these systemic challenges. The discussion 

underscores that regulatory approaches alone are insufficient unless complemented by local-level 

engagement and behavioural change among groundwater users. 

From a policy perspective, the framework suggests a shift from ownership-based groundwater access 

toward aquifer-based, sustainability-oriented governance models. Policymakers should strengthen legal 

frameworks by introducing clear abstraction limits, licensing systems, and monitoring mechanisms 

aligned with aquifer characteristics. Equally important is improving institutional coordination across 

water, agriculture, energy, and rural development departments to ensure policy coherence. Investments in 

groundwater data infrastructure, including aquifer mapping and digital monitoring systems, are critical for 

evidence-based planning and adaptive governance. Furthermore, policies should actively promote 

participatory groundwater management by empowering local institutions, enhancing capacity building, 

and incentivizing collective action. Such an integrated policy approach can improve compliance, enhance 

resilience to climate variability, and support long-term water security. 

 

6. CONCLUSION AND FUTURE RESEARCH DIRECTIONS 

Groundwater governance in India requires a paradigm shift from fragmented and reactive management 

toward integrated, adaptive, and participatory governance frameworks. This study contributes to the 

literature by developing a comprehensive conceptual framework that brings together regulatory 

mechanisms, institutional coordination, scientific knowledge, and community engagement to achieve 

sustainable aquifer outcomes. The framework emphasizes that effective groundwater governance is not 

solely a technical or legal challenge but a socio-institutional process that depends on alignment across 

multiple actors and scales. By adopting an integrated approach, India can better address groundwater 

depletion, quality degradation, and climate-related risks while ensuring equitable access to this critical 

resource. 

Despite its contributions, this study remains conceptual in nature, which opens several avenues for future 

research. Empirical studies are needed to test and validate the proposed framework across different 

hydrogeological and socio-economic contexts within India. Comparative case studies across states or river 

basins could provide insights into how institutional capacity and policy design influence governance 

outcomes. Future research may also explore the role of digital technologies, such as real-time monitoring 

and decision-support systems, in strengthening participatory governance. Additionally, examining the 

behavioural dimensions of groundwater use and the effectiveness of incentive-based policy instruments 
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would further enrich understanding. Such research efforts will help translate conceptual insights into 

actionable governance strategies for sustainable groundwater management. 
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