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Abstract
As climate change intensifies, water resources face 
unprecedented challenges, including scarcity, pollution, and 
increased variability in availability. Innovative technologies 
are emerging as critical tools for building climate-resilient 
water management systems. This abstract explores cutting-
edge advancements such as smart water grids, AI-driven 
predictive analytics, decentralized water treatment systems, 
and nature-based solutions like constructed wetlands 
and green infrastructure. These technologies enhance the 
efficiency, sustainability, and adaptability of water systems, 
enabling better monitoring, conservation, and distribution 
of water resources. For instance, IoT-enabled sensors and 
real-time data analytics optimize water use in agriculture, 
reducing waste and improving crop yields. Similarly, 
advanced desalination and wastewater recycling technologies 
provide alternative water sources, mitigating the impacts of 
droughts and over-extraction. Nature-based solutions, such 
as rainwater harvesting and aquifer recharge systems, restore 
natural water cycles while enhancing ecosystem resilience. 
The integration of these technologies into existing water 
management frameworks is essential for addressing the dual 
challenges of climate change and growing water demand. 
However, successful implementation requires supportive 
policies, investment in research and development, and 
stakeholder collaboration. By leveraging innovation, we can 
create water systems that are not only resilient to climate 
change but also equitable and sustainable, ensuring water 
security for future generations.
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1. Introduction
Water is an essential natural resource underpinning ecological 
stability, agricultural productivity, economic growth, and 
public health. However, the effects of climate change are 
increasingly compromising the reliability, quantity, and 
quality of water resources across the globe. Rising global 
temperatures are altering precipitation patterns, accelerating 
glacier and snowmelt, increasing the frequency of floods 
and droughts, and intensifying evaporation rates. These 
phenomena not only disrupt water availability but also 
increase the vulnerability of already stressed populations, 
particularly in developing regions (Central Water Commission 
[CWC], 2021).
India, with its vast and varied geography, seasonal monsoon 
dependence, and growing population, faces unique challenges 
in managing water resources under climate change. Changes 
in rainfall patterns, depletion of groundwater reserves, and 
increased incidence of hydrological extremes have intensified 
concerns about water sustainability. Compounded by factors 
such as urbanization, agricultural water demand, and aging 
infrastructure, climate-induced water stress is emerging as a 
critical national concern (Ministry of Jal Shakti, 2020).
In this context, the concept of climate-resilient water 
management (CRWM) has gained prominence. CRWM refers 
to the process of managing water systems in a manner that 
accounts for current and future climate risks while ensuring 
sustainable and equitable water access. It integrates risk 
assessments, anticipatory planning, and adaptive responses 
into water resource governance. Central to this approach is 
the recognition that water management must move beyond 
static engineering solutions toward dynamic, adaptive, 
and inclusive systems that can cope with uncertainty and 
variability.
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The implementation of CRWM requires a paradigm shift in 
how water resources are assessed, planned, and governed. This 
includes adopting Integrated Water Resources Management 
(IWRM), leveraging climate information services, promoting 
demand-side management, and enhancing community-based 
adaptation. Furthermore, mainstreaming climate resilience 
into water policies and building institutional capacities are 
critical to ensuring long-term sustainability (GWP, 2020).
This review aims to provide a comprehensive understanding 
of the key elements, strategies, and challenges associated 
with climate-resilient water management. Drawing upon 
the existing literature and the Indian policy context, the 
paper explores the theoretical underpinnings of CRWM, 
technological and institutional interventions, and future 
directions for enhancing water security in the face of climate 
change.
2. Climate Change and Water Security
Climate change is exerting complex and far-reaching 
impacts on the hydrological cycle, thereby jeopardizing 
global water security. These impacts manifest through 
increased temperature, altered precipitation patterns, 
melting glaciers, sea-level rise, and an increased frequency of 
hydrometeorological extremes such as floods, droughts, and 
cyclones. Such changes disrupt both the temporal and spatial 
distribution of water, making traditional water resource 
planning increasingly obsolete (CWC, 2021).
The Intergovernmental Panel on Climate Change (IPCC) 
has confirmed that water-related risks are among the most 
immediate and widespread consequences of climate change. 
In regions such as South Asia, the monsoon system is becoming 
increasingly erratic, while Himalayan glaciers—the source of 
many major rivers—are retreating rapidly. This dual threat of 
reduced long-term flow and increased short-term variability 
presents major challenges to water availability, especially in 
agriculture-dependent economies (IPCC, 2021).
India, for example, is already classified as a water-stressed 
country. Climate change is exacerbating these stresses through 
both supply-side reductions and demand-side pressures. 
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Changes in rainfall intensity and timing affect reservoir 
operations, while extreme events damage water infrastructure 
and contaminate freshwater sources. Simultaneously, rising 
temperatures are increasing evapotranspiration rates and 
agricultural water demands, placing further strain on limited 
resources (Ministry of Jal Shakti, 2020).
Groundwater, which meets over 60% of irrigation and 85% 
of drinking water needs in India, is also under severe stress. 
Climate change impacts such as declining recharge rates and 
overextraction have made many aquifers unsustainable (NITI 
Aayog, 2018). Coastal areas face the dual threats of saline 
intrusion due to sea-level rise and extreme weather events, 
leading to the degradation of freshwater aquifers.
The implications of water insecurity extend beyond the 
hydrological domain. They affect public health through 
waterborne diseases, food security through failed crops, 
energy systems via hydroelectric disruptions, and overall 
economic productivity. Therefore, water security under a 
changing climate must be viewed as both a development and 
resilience challenge.
Recognizing this, India has taken initial steps through 
programs such as the National Water Mission (NWM) under 
the National Action Plan on Climate Change (NAPCC), 
which aims to conserve water, minimize waste, and ensure 
equitable distribution. However, translating these visions 
into practical, ground-level change remains a challenge, 
necessitating robust and adaptive management strategies.
3. Principles of Climate-Resilient Water Management
Climate-resilient water management (CRWM) is built 
on several foundational principles that seek to reduce 
vulnerability and enhance the adaptive capacity of water 
systems. These principles reflect a shift from conventional 
supply-centric planning toward integrated, forward-looking, 
and people-centric water governance.
Integrated Water Resources Management (IWRM)
At the heart of CRWM lies the concept of IWRM, which 
promotes coordinated development and management of 
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water, land, and related resources to maximize economic and 
social welfare without compromising the sustainability of 
vital ecosystems. IWRM emphasizes a basin-wide approach 
that accounts for interlinkages between upstream and 
downstream users, surface and groundwater, and multiple 
water use sectors (GWP, 2020).
CRWM builds upon IWRM by incorporating climate risk 
considerations into planning and implementation. This 
involves modeling future water availability under different 
climate scenarios, understanding vulnerability profiles, 
and prioritizing interventions based on risk exposure and 
adaptive capacity.
Adaptive and Flexible Planning
Traditional water infrastructure is often designed based on 
historical hydrological records. However, climate change 
invalidates many of these assumptions. CRWM promotes 
adaptive planning—strategies that are flexible, iterative, and 
robust under uncertainty. This includes the use of dynamic 
decision-making tools, stress-testing infrastructure for 
future scenarios, and allowing for course corrections as new 
information emerges (CWC, 2021).
Risk-Informed Decision-Making
Incorporating climate risk assessments into water planning is 
essential for prioritizing investments and minimizing losses. 
Risk assessment frameworks in CRWM evaluate hazard 
exposure (e.g., drought, flood), sensitivity (e.g., population 
dependence), and adaptive capacity (e.g., institutional 
response). This enables the development of targeted strategies 
such as flood zoning, drought-proofing plans, and water 
budgeting.
Nature-Based Solutions (NbS)
CRWM emphasizes the role of ecosystems in water regulation 
and resilience. Forests, wetlands, and watersheds are natural 
infrastructure that can absorb shocks, regulate flows, and 
support recharge. Measures such as afforestation, wetland 
restoration, and sustainable agriculture are increasingly 
recognized as cost-effective and sustainable CRWM strategies 
(MoEFCC, 2020).
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Decentralized and Participatory Approaches
Water governance under CRWM must be inclusive and 
participatory. Community-based water management, local 
water user associations, and gender-sensitive approaches 
ensure that local knowledge is integrated, and that vulnerable 
groups are empowered. Decentralized governance also 
enhances accountability and context-specific innovation.
Data, Monitoring, and Climate Information Services
Robust data systems are foundational to CRWM. Accurate, 
real-time data on rainfall, river flows, aquifer levels, and 
climate forecasts enable early warning, informed decision-
making, and resource optimization. Climate information 
services, tailored for water managers, can guide cropping 
decisions, reservoir operations, and drought contingency 
planning.
Policy Mainstreaming and Institutional Coordination
Finally, CRWM requires the mainstreaming of climate 
resilience into water policies, development planning, and 
infrastructure projects. Intersectoral coordination between 
water, agriculture, energy, and environment departments 
is essential. Institutional reforms, capacity building, and 
cross-agency integration are critical to overcome fragmented 
governance structures (CWC, 2021).
4. Strategies and Technologies for Climate-Resilient Water 
Management
Building climate resilience in the water sector requires the 
deployment of both conventional and innovative strategies 
across the domains of supply enhancement, demand 
management, infrastructure adaptation, and ecosystem 
restoration. Climate-resilient water management (CRWM) 
incorporates a range of technical, institutional, and nature-
based solutions, tailored to specific hydrological and socio-
economic contexts. The integration of these approaches is 
essential for addressing climate-induced uncertainties and 
vulnerabilities.
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Enhancing Water Availability through Resource 
Augmentation
One of the central strategies in CRWM is enhancing water 
availability through resourceaugmentation, particularly in 
water-scarce regions. Traditional water harvesting techniques 
such as check dams, percolation tanks, farm ponds, and 
contour bunding have demonstrated success in augmenting 
groundwater recharge and reducing surface runoff. These 
structures are increasingly being revived under national 
programs such as the Mahatma Gandhi National Rural 
Employment Guarantee Scheme (MGNREGS) and Jal Shakti 
Abhiyan (CWC, 2021).
Artificial recharge of aquifers, particularly in overexploited 
groundwater blocks, is gaining prominence. Managed aquifer 
recharge (MAR) techniques, when coupled with community 
participation and hydrogeological mapping, improve long-
term groundwater sustainability (NIH, 2019).
Promoting Demand-Side Management and Efficiency
Managing demand is as critical as augmenting supply. 
CRWM promotes efficient water use technologies to reduce 
wastage and optimize resource allocation. In agriculture—
the largest water-consuming sector—tools such as drip and 
sprinkler irrigation, laser land leveling, and soil moisture 
sensors are being scaled up to improve irrigation efficiency 
and productivity (MoWR, 2018).
Water budgeting at the village or watershed level helps 
communities track usage and plan allocations. In urban 
contexts, metering, leakage reduction, rainwater harvesting, 
and wastewater recycling are key strategies for demand 
management.
Climate-Smart Infrastructure and Planning
Conventional water infrastructure—such as dams, canals, 
and reservoirs—is often ill-suited for future climate scenarios. 
CRWM calls for climate-smart infrastructure that is robust, 
flexible, and adaptive. This includes re-operating reservoir 
rules based on real-time data, retrofitting urban drainage 
systems to cope with extreme rainfall, and building multi-



 71

Innovations in Sustainable Agriculture: Modern Strategies for a Resilient Future

functional infrastructure that integrates storage, flood control, 
and ecosystem services (CWC, 2021).
Flood protection measures—such as levees and 
embankments—should be integrated with natural buffers 
like wetlands and mangroves to reduce disaster risk while 
preserving ecological functions.
Reuse and Recycling of Water
Wastewater treatment and reuse offer a viable strategy 
to expand water availability, especially in urban areas. 
Treated wastewater can be used for non-potable purposes 
such as horticulture, construction, industrial cooling, and 
even agriculture. Cities like Chennai and Nagpur have 
implemented large-scale decentralized wastewater reuse 
systems, which reduce freshwater extraction and pollution 
simultaneously (MoEFCC, 2020).
Policies under the National Framework on Urban Water 
Reuse encourage state governments and municipalities to 
adopt recycling as part of their climate action and water 
security strategies.
Leveraging Climate Information and Early Warning 
Systems
CRWM depends heavily on the availability of real-time 
hydro-meteorological data and climate projections. Improved 
access to weather forecasts, seasonal outlooks, and flood 
and drought early warnings helps water managers and 
farmers take anticipatory actions. Agencies like the India 
Meteorological Department (IMD) and National Centre for 
Medium Range Weather Forecasting (NCMRWF) provide 
climate services tailored to agriculture and water sectors.
Digital platforms such as the India-WRIS (Water Resources 
Information System) and National Hydrology Project (NHP) 
support data-driven decision-making through accessible GIS-
based water resource databases and modelling tools (CWC, 
2021).
Ecosystem-Based Adaptation and Nature-Based Solutions
Nature-based solutions (NbS) are increasingly recognized for 
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their role in enhancing climate resilience. These include the 
protection and restoration of forests, wetlands, rivers, and 
watersheds—which naturally regulate water flows, reduce 
sedimentation, and recharge aquifers. For example, restoring 
upstream catchments in the Western Ghats has improved 
water retention and flow regulation in downstream basins 
(GWP, 2020).
Wetland conservation programs, supported by the Ramsar 
Convention, also offer co-benefits for biodiversity, carbon 
sequestration, and community livelihoods.
Community-Based and Decentralized Approaches
Community participation is a cornerstone of effective CRWM. 
Local institutions such as Water User Associations (WUAs), 
Pani Panchayats, and village-level water committees are 
instrumental in managing water resources equitably and 
sustainably. Empowering communities through capacity 
building, gender inclusion, and participatory monitoring 
leads to greater ownership and sustainability (MoWR, 2018).
Examples from states like Gujarat (Participatory Groundwater 
Management) and Maharashtra (Watershed Development 
Programs) illustrate the success of decentralized water 
governance models in building resilience from the ground up.
Integration with Climate-Smart Agriculture (CSA)
Water management is closely linked to agriculture, 
particularly in monsoon-dependent economies. CRWM and 
climate-smart agriculture (CSA) must work in tandem. CSA 
promotes crop diversification, resilient varieties, agroforestry, 
and precision farming—all of which contribute to reduced 
water demand and better risk management.
Efforts under the National Innovations in Climate Resilient 
Agriculture (NICRA) have developed water-efficient crop 
packages, contingency planning for extreme events, and 
integrated agromet advisories that support farmers in 
adapting to variable water availability (ICAR, 2020).
Digital Technologies and Decision Support Tools
Advancements in remote sensing, geographic information 



 73

Innovations in Sustainable Agriculture: Modern Strategies for a Resilient Future

systems (GIS), artificial intelligence (AI), and mobile 
applications offer new opportunities for climate-informed 
water planning. Tools such as SWAT (Soil and Water 
Assessment Tool), MIKE Hydro Basin, and DSSAT(Decision 
Support System for Agrotechnology Transfer) help simulate 
water balance under various climate and land use scenarios. 
Mobile platforms enable farmers and local managers to access 
weather forecasts, irrigation schedules, and water-saving tips 
in real-time. Initiatives like the FASAL app and Krishi Vigyan 
Kendras (KVKs) bridge the gap between climate science and 
grassroots action.
Conjunctive Use of Surface and Groundwater
CRWM encourages the conjunctive use of surface and 
groundwater to maximize resource availability and minimize 
risk. During monsoon seasons, excess surface water can be 
stored in tanks or recharged into aquifers. In dry periods, 
groundwater can supplement surface sources. This integrated 
approach stabilizes supplies and reduces over-reliance on 
a single source (NIH, 2019). Pilot projects in Punjab and 
Andhra Pradesh demonstrate the potential of conjunctive 
management to enhance water security and productivity 
while reducing energy use for pumping.
5. Institutional and Policy Frameworks for Climate-Resilient 
Water Management
Effective implementation of climate-resilient water 
management (CRWM) hinges not only on technologies and 
strategies, but also on the strength of institutions and the 
alignment of policy frameworks. Institutions are responsible 
for planning, coordination, financing, capacity building, 
and enforcement of water management interventions. In 
the context of climate change, institutional adaptability and 
integrated governance are critical to anticipate risks, respond 
dynamically, and ensure the equitable distribution of water 
resources.
National-Level Policies and Missions
India has developed several national-level initiatives that lay 
the foundation for mainstreaming climate resilience in water 
management:
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•	 The National Water Policy (2012) acknowledges 
climate change as a major factor influencing water resources 
and emphasizes adaptive planning, water use efficiency, 
conjunctive management of surface and groundwater, and 
ecological sustainability (MoWR, 2012).

•	 The National Action Plan on Climate Change 
(NAPCC) includes the National Water Mission (NWM) as 
one of its eight missions. The NWM targets improving water 
use efficiency by 20%, promoting basin-level planning, and 
encouraging climate-resilient strategies such as integrated 
farming and traditional water systems (MoWR, 2018).

•	 The Jal Shakti Abhiyan, launched in 2019, is a 
time-bound, mission-mode campaign focusing on water 
conservation, rainwater harvesting, and reuse in 256 
water-stressed districts, integrating CRWM principles into 
development action (CWC, 2021).

These policy frameworks signal a growing recognition of the 
interlinkages between water security and climate change. 
However, translating national intent into decentralized and 
context-specific implementation remains a challenge.
Institutional Structures and Coordination Mechanisms
India’s water governance system is characterized by 
institutional fragmentation and overlapping mandates. Water 
is a state subject under the Constitution, yet multiple agencies 
at central and state levels handle irrigation, drinking water, 
groundwater, pollution control, and disaster management 
independently. Climate-resilient management requires 
convergence across departments such as Ministry of Jal 
Shakti, Ministry of Environment, Forest and Climate Change 
(MoEFCC), Ministry of Agriculture, and State Water Resource 
Departments (MoWR, 2018).
Efforts like the National Inter-Sectoral Forum on Water and 
River Basin Organizations (RBOs) aim to facilitate cross-
sectoral and transboundary coordination. However, their 
effectiveness is limited by institutional inertia, jurisdictional 
conflicts, and resource constraints. Strengthening these 
mechanisms through clear mandates, shared data systems, 
and co-financing arrangements is essential.
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Legal and Regulatory Instruments
Legal frameworks such as the Environment Protection Act 
(1986) and Water (Prevention and Control of Pollution) Act 
(1974) provide tools for regulating water use and quality. The 
Model Groundwater (Sustainable Management) Bill (2017) 
recommends decentralized regulation, aquifer mapping, 
and participatory planning, aligning with CRWM principles. 
However, adoption and enforcement by states remain uneven 
(NITI Aayog, 2018).
Institutionalizing climate impact assessments for water 
infrastructure and mandating reuse and recycling standards 
can further enhance legal resilience. Clear allocation of water 
rights and entitlements, particularly under drought or flood 
conditions, is necessary for adaptive and equitable water 
sharing.
Financing and Investment Mechanisms
Mobilizing financial resources for CRWM is a persistent 
constraint. While schemes like the Atal Bhujal Yojana support 
groundwater management through community participation 
and performance-based financing, broader climate financing 
mechanisms remain underutilized.
India can leverage funds from global mechanisms such as the 
Green Climate Fund (GCF), Adaptation Fund, and National 
Adaptation Fund for Climate Change (NAFCC) to support 
climate-resilient water infrastructure, early warning systems, 
and community adaptation. Public-private partnerships 
(PPPs) and blended finance models also offer potential 
pathways for scaling investments in water resilience (CWC, 
2021).
Capacity Building and Institutional Learning
Institutional capacity remains a bottleneck at both 
administrative and technical levels. Training programs, 
knowledge platforms, and decision support tools must be 
scaled up to empower stakeholders—from engineers to local 
water committees—to understand climate risks and apply 
adaptive practices.
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National institutions like the National Water Academy, 
Central Ground Water Board, and State Water and Land 
Management Institutes play a pivotal role in building such 
capacities. Collaborations with academic institutions, civil 
society, and international networks enhance institutional 
learning and innovation (MoWR, 2018).
Role of Local Institutions and Community Governance
At the grassroots level, Pani Panchayats, Watershed 
Committees, and Village Water and Sanitation Committees 
(VWSCs) are essential for decentralized water governance. 
These institutions facilitate participatory planning, water 
budgeting, and conflict resolution. Institutionalizing their 
role in CRWM strategies—through financial autonomy, 
gender inclusion, and technical backstopping—can improve 
both legitimacy and effectiveness (NIH, 2019).
Integration with Other Sectors and Programs
CRWM must be integrated with broader development 
agendas such as rural employment (MGNREGS), agriculture 
(PMKSY, RKVY), urban planning (AMRUT, Smart Cities), 
and disaster risk reduction (Sendai Framework). This multi-
sectoral integration enables the optimization of resources, co-
benefits, and long-term resilience.
For example, convergence between MGNREGS and 
watershed development programs has led to the large-scale 
construction of water harvesting structures with dual benefits 
of rural livelihoods and water conservation.
Monitoring, Evaluation, and Accountability
Effective governance requires robust monitoring and 
evaluation (M&E) systems that go beyond output metrics 
to track resilience outcomes—such as improved aquifer 
recharge, reduced flood losses, and enhanced equity. 
Performance-based indicators, participatory audits, and open 
data systems can enhance accountability and drive continuous 
improvement (CWC, 2021).
Digital dashboards such as Jal Shakti Abhiyan’s Water 
Dashboard offer promising models for real-time tracking and 
citizen engagement.
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6. Challenges and Knowledge Gaps in Climate-Resilient 
Water Management
Despite growing recognition and policy support, the 
operationalization of climate-resilient water management 
(CRWM) faces persistent barriers. These challenges span 
technical, institutional, socio-economic, and knowledge 
domains. Addressing them is crucial to transition from 
conceptual frameworks to tangible improvements in water 
security and climate adaptation outcomes.
Climate Data Uncertainty and Modelling Limitations
One of the foremost challenges in CRWM is the uncertainty 
associated with climate projections. Regional climate 
models often have coarse spatial and temporal resolutions, 
limiting their utility for local water planning. Hydrological 
models frequently fail to capture groundwater-surface water 
interactions, evapotranspiration dynamics, and extreme 
weather events in a changing climate (NIH, 2019). The lack of 
downscaled and validated datasets hinders risk assessments, 
infrastructure design, and scenario planning.
Additionally, limited historical datasets—especially in remote 
and developing regions—undermine trend analysis and future 
simulations. Investments in observation networks, satellite-
based monitoring, and model integration are necessary to 
reduce uncertainty and enhance actionable insights.
Fragmented Governance and Lack of Coordination
CRWM requires integrated, multi-level governance. However, 
institutional fragmentation remains a major obstacle. 
Different departments manage irrigation, drinking water, 
sanitation, groundwater, and flood control with overlapping 
jurisdictions and limited coordination. This siloed approach 
results in duplication of efforts, inefficient resource use, and 
policy inconsistencies (CWC, 2021).
Further, transboundary water management—both inter-
state and international—suffers from weak legal frameworks 
and political tensions, impeding collaborative planning and 
equitable sharing.
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Limited Community Participation and Social Inclusion
Although decentralization and participatory planning are 
emphasized in CRWM frameworks, their implementation is 
often tokenistic. Community-based water user associations 
and local water committees frequently lack technical 
knowledge, legal backing, and financial autonomy. Women, 
tribal groups, and other marginalized communities remain 
underrepresented in decision-making despite being 
disproportionately affected by water insecurity (MoWR, 
2018).
Building meaningful engagement requires long-term 
investments in social mobilization, inclusion frameworks, 
and capacity-building tailored to local contexts.
Financial Constraints and Inadequate Investment
Financing climate-resilient water infrastructure and services 
remains a major constraint, particularly in low-income 
and rural areas. Existing budgetary allocations are often 
insufficient, fragmented across departments, and focused on 
short-term relief rather than long-term adaptation. Accessing 
international climate finance requires technical expertise, 
rigorous proposals, and co-financing capabilities—barriers 
that many states and municipalities struggle to overcome 
(CWC, 2021).
Furthermore, the private sector’s role in financing water 
resilience is underdeveloped, hindered by unclear returns on 
investment and regulatory uncertainties.
Weak Monitoring, Evaluation, and Accountability Systems
Monitoring the outcomes of CRWM interventions remains 
limited. Most programs focus on physical targets (e.g., 
number of check dams built) rather than resilience indicators 
(e.g., change in water availability or reduced vulnerability). 
There is a lack of standardized metrics to evaluate climate 
resilience in water systems and weak mechanisms to ensure 
accountability at both institutional and project levels.
Establishing robust, real-time monitoring frameworks 
and resilience scorecards can help assess progress, inform 
corrective action, and build public trust.



 79

Innovations in Sustainable Agriculture: Modern Strategies for a Resilient Future

Inadequate Capacity and Technical Knowledge
Technical capacity gaps persist across multiple levels—
from local engineers and planners to state-level officials. 
Understanding climate risks, interpreting projections, and 
designing adaptive systems requires interdisciplinary 
knowledge in hydrology, climate science, agriculture, and 
public policy. However, most training curricula remain 
focused on conventional engineering and static hydrological 
methods (NIH, 2019).
There is also a gap in capacity to manage and interpret large-
scale data, which is essential for real-time decision-making. 
Strengthening institutional and individual capacity through 
formal training, knowledge platforms, and peer learning is 
essential.
Neglect of Ecosystem Services and Nature-Based Solutions
Despite their proven co-benefits, ecosystem-based approaches 
are often overlooked in favor of hard infrastructure. Wetlands, 
forests, riparian zones, and aquifer recharge areas continue to 
be degraded or encroached upon due to weak enforcement, 
unclear tenure, and low awareness. Climate-resilient water 
management must mainstream ecosystem services in water 
budgets, land-use plans, and disaster risk reduction strategies 
(MoEFCC, 2020).
Incorporating green infrastructure in urban planning and 
compensating communities for conservation efforts through 
payments for ecosystem services (PES) could bridge this gap.
Poor Integration with Other Sectors
CRWM must be embedded across sectors such as 
agriculture, energy, health, urban development, and disaster 
management. However, cross-sectoral integration is often 
weak due to fragmented planning, siloed budgets, and 
institutional resistance. For instance, irrigation planning often 
ignores climate forecasts, while urban development rarely 
incorporates water-sensitive design.
Mainstreaming water resilience into sectoral policies and 
fostering joint planning platforms can create synergies, 
reduce trade-offs, and enhance systemic resilience.
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Technological Gaps and Low Uptake of Innovation
Although several technologies—like remote sensing, GIS, 
decision support systems, and low-cost sensors—exist for 
CRWM, their adoption is limited. Barriers include lack of 
affordability, digital literacy, maintenance challenges, and 
skepticism about new tools. Bridging the science-policy-
practice gap requires technology localization, user-centric 
design, and public-private partnerships to scale innovations 
(CWC, 2021).
Limited Case-Based Evidence and Knowledge 
Dissemination
There is a lack of systematically documented and disseminated 
case studies of successful CRWM interventions. Lessons from 
pilot projects often remain unpublished or are not translated 
into policy. Strengthening learning mechanisms through 
knowledge platforms, case repositories, and longitudinal 
research can support replication and scaling of effective 
practices (NIH, 2019).
7. Case Studies and Best Practices in Climate-Resilient 
Water Management
Illustrative case studies across India and globally demonstrate 
how climate-resilient water management (CRWM) strategies 
can be successfully implemented. These examples offer 
valuable lessons in integrating traditional knowledge, 
decentralized governance, ecosystem-based planning, and 
adaptive infrastructure to address climate variability and 
long-term water insecurity. Highlighted below are selected 
cases that exemplify the application of CRWM principles in 
diverse contexts.
Andhra Pradesh: Participatory Groundwater Management
The state of Andhra Pradesh has pioneered Participatory 
Groundwater Management (PGWM) under the Andhra 
Pradesh Farmer Managed Groundwater Systems (APFAMGS) 
project. By promoting community-based aquifer literacy, 
water budgeting, and regulation of groundwater use, the 
initiative empowered farmers to manage local aquifers 
sustainably. Farmers were trained to measure rainfall, monitor 
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borewell levels, and prepare water budgets at the village level. 
Based on the estimated water balance, they adjusted cropping 
patterns and irrigation schedules to prevent overextraction. 
The project covered over 600 villages and led to significant 
improvements in groundwater sustainability, agricultural 
productivity, and community empowerment (MoWR, 2018).
This case illustrates the power of community-led adaptive 
governance, particularly in regions where institutional 
capacity is limited but social capital is high.
Maharashtra: Watershed Development Programs
In Maharashtra, the Integrated Watershed Management 
Programme (IWMP) and Jalyukt Shivar Abhiyan have been 
instrumental in promoting decentralized water conservation 
in drought-prone areas. These programs focus on ridge-to-
valley treatments including check dams, contour bunding, 
recharge pits, and farm ponds, which collectively enhance 
groundwater recharge and reduce surface runoff.
The programs incorporate labor from the Mahatma Gandhi 
National Rural Employment Guarantee Scheme (MGNREGS), 
thereby linking rural employment with resource conservation. 
Satellite monitoring and community participation ensure 
accountability and maintenance.
The approach demonstrates how converging employment, 
water conservation, and capacity building can yield multi-
dimensional resilience benefits, including reduced drought 
vulnerability and enhanced rural livelihoods (CWC, 2021).
Rajasthan: Traditional Water Harvesting Revival
Rajasthan’s revival of traditional systems such as johads, 
baoris, and tankas offers a compelling example of leveraging 
indigenous knowledge for climate resilience. Local 
communities, NGOs, and the state government collaborated 
to restore centuries-old rainwater harvesting structures, 
especially in the Alwar district. These interventions 
significantly improved groundwater levels, revived springs, 
and restored vegetation cover. They also reduced rural-urban 
migration by improving water availability for domestic 
and agricultural use. This model showcases the importance 
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of culturally grounded, low-cost, and community-driven 
solutions, particularly in arid and semi-arid zones.
Tamil Nadu: Urban Wastewater Reuse
In the city of Chennai, the reuse of treated wastewater for 
industrial and non-potable applications has emerged as a 
crucial strategy for augmenting urban water supply. With 
increasing freshwater demand and depleting sources, the 
Chennai Metropolitan Water Supply and Sewerage Board 
(CMWSSB) implemented tertiary treatment plants to supply 
high-quality recycled water to industries in areas like SIPCOT 
and Ennore.
This reduced pressure on freshwater sources and demonstrated 
a model of circular water economy that can be replicated in 
other water-stressed urban centers. This example highlights 
how urban resilience can be enhanced through wastewater 
recycling and industrial partnerships, integrated into CRWM 
strategies (MoEFCC, 2020).
Gujarat: Climate-Resilient Agriculture and Irrigation 
Efficiency
Gujarat has implemented a series of micro-irrigation 
and climate-smart agriculture initiatives to reduce water 
consumption in farming. Programs such as the Sardar Patel 
Participatory Water Conservation and SujalamSufalam Yojana 
promote drip and sprinkler irrigation, reduce flood irrigation, 
and encourage crop diversification. The use of solar-powered 
pumps under the Suryashakti Kisan Yojana (SKY) not only 
reduces groundwater depletion but also cuts emissions, 
integrating water-energy-climate nexus considerations. 
Gujarat’s approach demonstrates the effectiveness of 
technology-driven, incentive-based policies that link water 
efficiency with climate mitigation and adaptation.
Himachal Pradesh: Spring Rejuvenation and Ecosystem 
Restoration
In the Himalayan state of Himachal Pradesh, climate change 
has led to the drying of springs—key sources of drinking water 
for hill communities. The Spring Rejuvenation Programme, 
supported by NGOs and technical agencies, mapped critical 
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springs, developed recharge plans, and restored catchment 
areas through afforestation and trenching.
The program applied hydrogeological assessments, 
community planning, and nature-based solutions to enhance 
spring discharge. It also fostered ownership through training 
and local water governance institutions.
This example reflects how ecosystem-based approaches can 
restore climate-resilient water systems in fragile mountain 
environments.
Global Case: Australia’s Water Reallocation during Drought
In the Murray-Darling Basin, Australia responded to a 
historic drought by introducing water entitlements and 
trading mechanisms. Water rights were separated from 
land ownership, allowing for dynamic reallocation based 
on scarcity, environmental needs, and economic value. The 
creation of a water market improved efficiency, incentivized 
conservation, and protected ecological flows. Government 
intervention ensured that basic human and ecological needs 
were met before trading. While the model has challenges, it 
offers lessons in flexible water allocation frameworks and 
market-based instruments under conditions of water stress 
(GWP, 2020).
Global Case: The Netherlands’ Room for the River Program
The Netherlands has adopted the Room for the River program 
to adapt to increased flood risk due to climate change and 
sea-level rise. Instead of building higher dikes, the strategy 
involves giving rivers more space to flow—relocating 
embankments, creating floodplains, and enhancing wetlands. 
This nature-based, anticipatory approach reduced urban 
flood risk while enhancing biodiversity, recreation, and 
aesthetic value. It stands as a global benchmark for proactive, 
multifunctional water resilience planning, integrating 
hydrological engineering with ecological design (MoEFCC, 
2020).
8. Conclusion
Climate change has fundamentally altered the way we 
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must manage water resources, especially in vulnerable 
and water-stressed regions like India. Rising temperatures, 
erratic precipitation, increased frequency of extreme events, 
and sea-level rise are placing immense pressure on existing 
hydrological systems. Traditional, static approaches to water 
planning are no longer sufficient.
Climate-resilient water management (CRWM) offers a 
forward-looking, adaptive, and inclusive framework for 
addressing these challenges. Rooted in integrated water 
resource management, CRWM incorporates risk-informed 
decision-making, participatory governance, nature-based 
solutions, and technological innovation. As evidenced by 
case studies across India—from participatory groundwater 
management in Andhra Pradesh to urban wastewater reuse 
in Chennai—localized, community-driven, and ecosystem-
sensitive approaches have yielded tangible improvements in 
resilience and water security.
However, significant challenges remain. Institutional 
fragmentation, financial constraints, data gaps, and limited 
capacity continue to hinder the mainstreaming of CRWM. 
Bridging these gaps requires bold policy reforms, enhanced 
intersectoral coordination, investments in monitoring and 
early warning systems, and an inclusive approach that 
empowers marginalized communities.
Going forward, it is imperative that climate resilience 
becomes an integral component of all water-related planning 
and infrastructure development. By fostering a systems-
based, multi-stakeholder approach, CRWM can ensure that 
future generations inherit a water-secure and climate-resilient 
world.
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