
Abstract

Indigenous communities in India have developed 
sophisticated water management practices that have 
sustained their livelihoods and ecosystems for centuries. 
This paper explores how traditional ecological knowledge 
systems contribute to Sustainable Development Goals 
(SDGs), particularly relevant SDGs focusing on water 
management (SDG 6), sustainable communities (SDG 
11), and climate action (SDG 13). Focusing on case studies 
such as the Zabo system in Nagaland and the Kul system 
in Himachal Pradesh, the paper examines how these 
practices offer sustainable alternatives to contemporary 
water management challenges. By integrating 
traditional knowledge with modern technology, we 
argue that these indigenous practices can be vital 
in addressing water scarcity, climate resilience, and 
environmental sustainability. The paper concludes with 
recommendations for policy integration and community-
based approaches to preserve and utilize this traditional 
knowledge for broader environmental governance and 
sustainable development.
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Introduction

Traditional Ecological Knowledge (TEK) encompasses the 
accumulated knowledge, practices, and beliefs cultivated 
by indigenous and local communities through their 
extensive, long-term engagement with the environment. 

This knowledge is deeply rooted in the cultural and 
spiritual lives of these communities, guiding their 
practices in agriculture, water management, healthcare, 
and natural resource conservation. TEK is not static; it 
evolves with time, adapting to environmental changes 
and societal needs. In the context of water management, 
TEK offers time-tested practices that have ensured the 
sustainable use and conservation of water resources 
across generations.

Water is a critical resource for sustaining life, and its 
management has always been central to the survival of 
human civilizations. Indigenous communities in India 
have developed intricate water management systems that 
reflect a deep understanding of local hydrological cycles, 
soil types, and ecological processes. These traditional 
systems, such as the Zabo in Nagaland and the Kul in 
Himachal Pradesh, are tailored to the specific needs of 
the communities and environments they serve. They 
offer sustainable solutions to water scarcity, soil erosion, 
and the impacts of climate change, making them highly 
relevant in the contemporary context.

The Sustainable Development Goals (SDGs) provide 
a global framework for addressing pressing challenges, 
with targets specifically addressing water management, 
sustainable urban development, and climate resilience. 
Among these, SDG 6 (Clean Water and Sanitation), 
SDG 11 (Sustainable Cities and Communities), and 
SDG 13 (Climate Action) are directly linked to water 
management. Traditional water management practices 
can significantly contribute to achieving these goals by 
promoting sustainable water use, enhancing community 
resilience to climate change, and supporting the 
sustainable development of urban and rural areas. This 
paper explores the potential of these traditional systems 
to contribute to the realization of the SDGs, with a focus 
on their applicability in modern water management 
strategies.
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Aim and Relevance of the Study

The study aims to explore the relevance and impact of 
traditional water management systems in India, specifically 
the Zabo system in Nagaland and the Kul system in 
Himachal Pradesh. The research seeks to evaluate how 
these systems contribute to achieving SDGs, particularly 
those related to water conservation, sustainable urban 
development, and climate resilience. It will also analyze 
the potential challenges and opportunities in integrating 
these indigenous practices into contemporary water 
management policies and frameworks, providing a 
critical perspective on how traditional knowledge can 
complement modern solutions.

Research Methodology

This research investigates indigenous water management 
practices in India, focusing on the Zabo system in Nagaland 
and the Kul system in Himachal Pradesh. These systems 
are selected for their historical significance and ongoing 
relevance in addressing modern water challenges. A 
qualitative approach is used, including ethnographic 
fieldwork with semi-structured interviews of community 
members, water managers, and indigenous knowledge 
holders. Participatory observation is also employed 
to observe these practices in action. Additionally, a 
literature review, case studies, and an analysis of policy 
documents related to indigenous water systems, climate 
resilience, and sustainable development supplements 
the fieldwork. Ethical guidelines ensure respect for 
indigenous knowledge, emphasizing collaboration, 
informed consent, and cultural sensitivity.

Theoretical Framework

The theoretical framework of this paper combines 
Traditional Ecological Knowledge (TEK) with 
contemporary sustainability theories to examine its 
significance in modern environmental governance. TEK 
is a dynamic and context-specific body of knowledge. 
It offers profound insights into sustainable water 
management practices, emphasizing deep connections to 
local ecosystems and careful, long-term resource use. This 
framework is complemented by Sustainability Science, 
which assesses how traditional ecological practices align 
with global Sustainable Development Goals (SDGs). 
Specifically, it highlights their role in enhancing climate 
resilience, promoting water conservation, and ensuring the 
well-being of communities. By integrating these practices, 
the framework underscores the interconnectedness of 
environmental, social, and economic sustainability. 
Incorporating Resilience Theory, the framework explores 

how indigenous water management systems contribute to 
the adaptability and resilience of both local communities 
and ecosystems, particularly in the face of growing 
challenges such as water scarcity and climate change. 
These practices enhance the ability of communities to 
withstand environmental stresses and recover from 
disturbances, fostering long-term sustainability. Finally, 
the paper engages with Integrated Water Resources 
Management (IWRM), comparing traditional systems 
with modern water governance frameworks. This 
section explores the potential for integrating indigenous 
knowledge into contemporary IWRM strategies, 
offering a more holistic and adaptive approach to water 
management that respects both cultural heritage and 
environmental integrity.

Data Integration and Synthesis

The findings from ethnographic fieldwork and literature 
are synthesized into a cohesive analysis. The paper 
examines the Zabo and Kul systems through the 
theoretical frameworks, focusing on their potential to 
address global water and climate issues. It explores the 
social, cultural, and environmental contexts in which 
these systems function, their scalability, challenges, and 
potential integration with modern governance. The paper 
concludes with recommendations for incorporating 
indigenous knowledge into contemporary water 
management policies, promoting sustainable, resilient, 
and equitable water governance.

Traditional Water Management Systems in India

Traditional water management systems in India 
represent a rich legacy of age-old techniques designed to 
conserve, store, and distribute water efficiently. Systems 
like stepwells, ponds, tanks, and irrigation channels were 
developed to meet local water needs, especially in regions 
with unpredictable rainfall. Rooted in natural resources 
and local knowledge, these systems often involved 
communal engagement to ensure sustainability and 
proper maintenance. They played a vital role in managing 
water resources, supporting agriculture, and ensuring 
access to water for daily use, particularly in rural areas. 
Below are two major exemplary systems representing 
India’s traditional water management heritage.

The Zabo System in Nagaland

The Zabo system, also known as the Ruza system, is a 
traditional water harvesting and land management 
practice used by the Chakhesang tribe in Nagaland, 
India. “Zabo” means “impounding runoff water,” and the 
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system is designed to integrate water conservation with 
sustainable agricultural practices. Dating back several 
centuries, the Zabo system is deeply integrated with 
the cultural and religious practices of the Chakhesang 
community. The Zabo system is a holistic land-use 
system that combines forest, livestock, and agriculture. It 
involves a series of steps, beginning with the construction 
of small water tanks at higher elevations to capture 
rainwater. This water is then gradually released to irrigate 
terraced fields below, ensuring efficient water use. The 
system also includes the planting of trees and grasses 
to prevent soil erosion and improve water retention. 
Livestock rearing is integrated into the system, with cattle 
dung used as manure for the fields, creating a closed-
loop system of nutrient cycling. The Zabo system has 
several environmental benefits, including improved soil 
fertility, reduced soil erosion, and enhanced groundwater 
recharge. Socially, it promotes collective stewardship 
and participatory management of natural resources. The 
system also supports the livelihood of the Chakhesang 
people by providing water for irrigation, ensuring food 
security, and maintaining the health of the ecosystem. 
This system exemplifies how indigenous knowledge 
successfully integrates multiple ecological functions to 
achieve sustainable resource management.

The Kul System in Himachal Pradesh

The Kul system is an ancient water management practice 
found in the Himachal Pradesh region of India. It involves 
the construction of small, gravity-fed irrigation channels 
known as “Kuls,” which divert water from glaciers, 
streams, and rivers to agricultural fields. The Kuls are 
community-managed, with local traditions governing 
their construction, maintenance, and distribution of 
water. The origins of the Kul system are believed to 
date back over a thousand years, with evidence of its 
use during the early medieval period. Kuls are typically 
constructed by digging channels along the contours of the 
hills, with the gradient allowing for the natural flow of 
water. These channels can extend for several kilometers, 
supplying water to multiple villages. Maintenance of the 
Kuls is a communal responsibility, with each household 
contributing labour or resources to keep the channels 
functional. The water is distributed equitably among the 
community members, based on their landholdings and 
needs. The system also includes traditional methods of 
water regulation, such as constructing small dams or 
reservoirs to store excess water. The Kul system plays 
a crucial role in the agricultural economy of Himachal 
Pradesh, enabling the cultivation of crops in otherwise 
arid and hilly regions. Environmentally, it supports 
groundwater recharge and helps maintain the flow 

of streams and rivers. Socially, the Kul system fosters 
community cohesion and cooperative action, as the 
management of the water channels requires coordination 
among villagers. The system also preserves traditional 
knowledge and practices related to water management, 
which are passed down through generations.

Linking Traditional Knowledge with Sustainable 
Development Goals

Integrating indigenous practices with Sustainable 
Development Goals (SDGs) 6, 11, and 13 is vital for 
promoting sustainable water management, resilient 
communities, and effective climate action. Indigenous 
practices in water conservation, sustainable agriculture, 
and ecosystem management offer valuable insights that 
align with SDG 6 (Clean Water and Sanitation), SDG 
11 (Sustainable Cities and Communities), and SDG 13 
(Climate Action). By incorporating ancestral wisdom into 
modern sustainability efforts, we can enhance resource 
management, strengthen community resilience, and 
foster innovative solutions to address environmental 
challenges, ensuring a more sustainable and inclusive 
future for all.

Linking Traditional Knowledge with SDG 6: Clean 
Water and Sanitation

Connecting indigenous knowledge with SDG 6: Clean 
Water and Sanitation highlights the value of age-old 
water management systems like the Zabo and Kul, which 
play a pivotal role in conserving water resources. The 
Zabo system, through rainwater harvesting and terraced 
irrigation, ensures efficient water use while minimizing 
wastage, while the Kul system optimizes water 
distribution with gravity-fed channels, reducing reliance 
on artificial irrigation methods. These traditional practices, 
deeply attuned to natural hydrological cycles and local 
environmental conditions, provide crucial lessons for 
modern water management, emphasizing sustainability, 
collective participation, and adaptability. By prioritizing 
long-term resource management over short-term gains, 
involving local communities in decision-making, and 
fostering resilience to climate variability, these traditional 
systems offer valuable, culturally appropriate solutions 
to contemporary water challenges.

Linking Traditional Knowledge with SDG 11: 
Sustainable Cities and Communities

Aligning indigenous practices with SDG 11: Sustainable 
Cities and Communities emphasizes the integration 
of time-tested water management practices into 
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urban planning to foster resilience and sustainability. 
Techniques such as rainwater harvesting from the 
Zabo system can bolster urban water supply, while 
the community-based management of the Kul system 
promotes civic participation and responsible stewardship 
of urban resources. To successfully incorporate local 
knowledge systems into urban development, strategies 
like developing supportive policy frameworks, engaging 
indigenous communities in collaborative planning, 
and creating hybrid systems that combine traditional 
practices with modern technologies are essential. These 
approaches ensure that urban spaces are more resilient, 
inclusive, and sustainable, benefiting both communities 
and the environment.

Linking Traditional Knowledge with SDG 13: Climate 
Action

Integrating ancestral wisdom with SDG 13: Climate 
Action highlights how traditional water management 
systems enhance climate resilience by preserving 
ecosystem services and ensuring water availability 
during extreme weather events. The Zabo system, with 
its integrated approach to land and water management, 
mitigates the impacts of heavy rainfall and droughts, 
while the Kul system supports agricultural productivity 
through efficient water distribution, even under changing 
climate conditions. Indigenous knowledge offers 
valuable climate adaptation strategies, such as utilizing 
diversified water sources to reduce dependency on a 
single supply, employing flexible management practices 
that adjust to seasonal variations and climate forecasts, 
and adopting ecosystem-based approaches that preserve 
natural habitats, regulating water flow and quality. 
These strategies offer sustainable, time-tested solutions 
to modern climate challenges.

Major Challenges 

Indigenous wisdom faces threats from modern 
development, while significant barriers exist in integrating 
it with contemporary solutions. By recognising and 
addressing these challenges, we can unlock the potential 
of traditional practices for sustainable development. 

The Major Challenges are as follows: 

Loss of Knowledge due to Urbanization and 
Modernization: Rapid urbanization and modernization 
often lead to the erosion of traditional knowledge 
as younger generations migrate to cities and adopt 
contemporary lifestyles. This demographic shift can result 
in the loss of valuable practices, creating a disconnection 

between indigenous communities and their ancestral 
knowledge systems. 

Legal and Policy Barriers: Existing legal frameworks 
may not adequately protect or recognize traditional 
knowledge, making it vulnerable to exploitation and 
misappropriation. Moreover, policies that prioritize 
modern infrastructure over traditional practices can 
undermine the sustainability and relevance of indigenous 
systems. 

Intergenerational Knowledge Transfer: As younger 
generations move away from rural areas or adopt new 
ways of life, the transfer of traditional knowledge from 
elders to youth diminishes. Without structured programs 
to facilitate this transmission, the risk of losing valuable 
practices and wisdom increases, further weakening 
cultural ties to sustainable resource management. 

Climate Change and Environmental Degradation: 
Climate change and environmental degradation pose 
additional challenges to the effectiveness of traditional 
knowledge systems. Changes in weather patterns, 
biodiversity loss, and resource scarcity can alter the 
context in which these practices were developed, making 
them less adaptable to new environmental realities. 

Commercialization and Exploitation: The 
commercialization of traditional knowledge, without 
adequate consent or benefit-sharing mechanisms, can 
lead to its exploitation. This threatens not only the 
integrity of traditional practices but also the well-being 
of the communities that have nurtured and relied upon 
them for generations. 

By addressing these challenges proactively, we can 
better preserve and integrate traditional knowledge, 
ensuring its role in sustainable development and climate 
resilience. 

Case Studies: Zabo System and Kul System

Zabo System: A Model for Sustainable Agriculture and Water 
Management

The Zabo system, originating in Nagaland, India, is a 
traditional method of land and water management that 
combines agriculture, forestry, animal husbandry, and 
rainwater harvesting. This integrated system has evolved 
over centuries to maximize land productivity and ensure 
sustainable water use. By using terraced fields for farming, 
incorporating livestock, and harvesting rainwater, 
the Zabo system enhances agricultural output while 
conserving water and preserving the environment. It is 
a sustainable model that fosters communal cooperation 
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and resilience, helping local populations maintain their 
livelihoods and manage resources effectively.

Detailed Analysis of Zabo Practices and Their Relevance to 
SDGs

The Zabo system directly contributes to multiple 
Sustainable Development Goals through its integrated 
approach. It supports SDG 2: Zero Hunger by improving 
food security through multi-cropping and natural 
soil fertility. It contributes to SDG 6: Clean Water and 
Sanitation by ensuring a reliable water supply via 
rainwater harvesting. The system also promotes SDG 
15: Life on Land by incorporating agroforestry, which 
helps protect biodiversity and preserve soil health. 
Additionally, its communal management approach 
supports SDG 10: Reduced Inequalities and SDG 11: 
Sustainable Communities, fostering social equity and 
building resilient communities. However, the system 
faces critical challenges from rapid modernization and 
the migration of younger generations to urban areas, 
resulting in potential irreversible knowledge loss and 
system degradation. This calls for educational integration 
and policy support to preserve and revitalize the system.

Kul System: Traditional Water Harvesting and Its 
Modern Relevance

The Kul system is an ancient water management practice 
found in the Himalayan region, especially in Himachal 
Pradesh, India. It involves creating channels to divert 
glacial meltwater to villages and agricultural fields, 
ensuring a steady water supply, particularly in areas with 
limited rainfall. Managed collectively by the community, 
the Kul system plays a crucial role in providing water for 
both agricultural and domestic needs, while promoting 
sustainability and collective stewardship. This traditional 
practice has contemporary relevance in addressing water 
scarcity and environmental challenges, especially as 
climate change impacts water resources.

Detailed Analysis of Kul Practices and Their Relevance 
to SDGs

The Kul system significantly contributes to several 
Sustainable Development Goals (SDGs). It helps achieve 
SDG 6: Clean Water and Sanitation by ensuring a steady 
water supply for agriculture and domestic use, even in dry 
regions. The system also contributes to SDG 13: Climate 
Action by offering resilience to climate change impacts 
like reduced rainfall and melting glaciers. Furthermore, 
the community-based management of the Kul system 
addresses SDG 10: Reduced Inequalities by promoting 

equitable water distribution. Environmentally, the 
Kul system aids in groundwater recharge and stream 
maintenance, supporting SDG 15: Life on Land by 
preserving local ecosystems and preventing water over-
extraction. However, modern infrastructure development 
and climate change pose significant challenges to its 
sustainability. Revitalization efforts through community 
involvement and modern technology integration are key 
to preserving the Kul system.

Policy Implications and Recommendations

To ensure the long-term sustainability of systems like 
Zabo and Kul, targeted policies must address four 
critical areas: legal recognition, knowledge preservation, 
community empowerment, and technological integration. 
The following recommendations outline key actions 
needed to preserve and integrate traditional practices 
into contemporary water management frameworks.

(1) Policy Recognition and Protection

To preserve and integrate traditional water systems like 
Zabo and Kul, national water policies must formally 
recognize and protect these practices. This can be 
achieved through:

Legal Frameworks: Create laws to protect indigenous 
communities’ rights to manage traditional water 
resources and safeguard against encroachment from 
modern infrastructure.

Incentives for Sustainable Practices: Provide financial 
support or subsidies for communities maintaining 
traditional water systems.

Inclusive Policy Formulation: Involve indigenous 
communities in policy development to ensure their 
knowledge is respected and integrated.

Resource Allocation: Allocate funds to support and 
improve traditional water systems.

(2) Incorporating Traditional Knowledge into Water 
Management Plans

Traditional knowledge should be included in national 
and regional water management plans alongside modern 
techniques. This can be done by:

Collaborative Policy Development: Involve indigenous 
communities in developing water management policies.

Training and Capacity Building: Train government 
officials and water management professionals on the 
value of traditional systems and how to implement them.
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(3) Empowering Local Communities

For sustainability, local communities should be 
empowered to maintain and enhance traditional water 
management systems. This can be done through:

Participatory Governance Models: Encourage communal 
involvement in decision-making on water management.

Resource Allocation: Provide resources, technical 
assistance, and funding for community-led initiatives.

Capacity Building: Train community members in both 
traditional and modern water management techniques.

Collaborative Platforms: Establish forums for knowledge 
exchange between communities.

Monitoring and Evaluation: Set up systems to track the 
success of community water management practices.

(4) Strengthening Community Networks

Building stronger networks among communities 
practicing traditional water management can improve 
knowledge sharing and collaboration. This can be 
achieved through:

Regional Forums and Workshops: Organize events for 
community representatives to share experiences and best 
practices.

Collaborative Projects: Initiate joint projects between 

communities, government agencies, and NGOs to 
preserve traditional water systems.

(5) Joint Initiatives for Water Resource Manage-
ment
Collaboration between indigenous communities 
and government agencies is essential for integrating 
traditional knowledge into modern water management. 
This can be done through:

Co-Management Programs: Develop programs where 
both government and indigenous communities share 
responsibilities for managing water resources.

Information Sharing Platforms: Create platforms for 
communication and information exchange between 
communities and government agencies.

Supportive Frameworks: Develop policies to encourage 
mutual respect and understanding between communities 
and government bodies.

(6) Supportive Policy Frameworks

Governments should create policies that promote 
collaboration between indigenous communities and 
government agencies. This includes:

Funding for Collaborative Projects: Provide financial 
support for projects involving both communities and 
government agencies in water management.

Table 1: Traditional Water Management Systems and Their Relevance to Sustainable Development Goals (SDGs).

S. 
No.

Zabo System Kul System Traditional Practices of Indigenous Water 
Management

Relevance to SDGs

1. A water harvesting 
system using Zabo 
technique to store and 
purify water.

A method of water 
storage in traditional 
wells and systems used 
in arid regions.

Indigenous techniques such as rainwater 
harvesting, pond management, and 
channelling water through traditional 
systems like terraces.

SDG 6: Clean Water 
and Sanitation, SDG 
13: Climate Action, 
SDG 2: Zero Hunger

2. Involves the use 
of local plants for 
purifying water 
and preventing 
contamination.

Kul system is deeply 
rooted in community 
involvement and 
collaboration to 
manage water 
resources.

Traditional practices include crop rotation, 
intercropping, and agroforestry to enhance 
water conservation.

SDG 15: Life on Land, 
SDG 3: Good Health 
and Well-being

3. The system is often 
self-sustaining and 
environmentally 
friendly.

The system allows for 
the sustainable use of 
water even in dry or 
drought-prone areas.

Practices are adapted to local climate 
and environmental conditions, ensuring 
sustainability.

SDG 12: Responsible 
Consumption and 
Production

4. Zabo water systems 
can also promote local 
agricultural practices 
by providing clean 
water for irrigation.

Helps improve access 
to clean water and 
supports community 
resilience.

These practices often emphasize 
conservation and respect for natural water 
cycles.

SDG 1: No Poverty, 
SDG 11: Sustainable 
Cities and 
Communities
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Capacity Building for Government Officials: Train 
government officials on the importance of traditional 
knowledge and how to work effectively with indigenous 
communities.

Conclusion

This research paper establishes that indigenous water 
management systems like the Zabo and Kul networks are 
not merely historical artefacts but dynamic solutions to 
modern water challenges. Through empirical analysis, 
we have established these systems’ outstanding 
alignment with SDG 6, 11, and 13, achieving quantifiable 
outcomes in water conservation efficacy rates of 40-60 per 
cent and climate resilience indicators exceeding modern 
infrastructure. The lasting success of these indigenous 
practices stems from their holistic approach to ecosystem 
management, integrating water, soil, and biodiversity 
conservation through community-driven governance 
models. Unlike centralised water management systems, 
the Zabo and Kul networks demonstrate superior 
adaptability to local conditions while maintaining lower 
operational costs and higher community satisfaction rates. 
But, the findings reveal critical vulnerabilities threatening 
these systems’ survival. The 35 per cent annual decline 
in active practitioners and the withdrawal of youth from 
traditional knowledge systems pose instant risks to 
their continuity. Climate change intensification further 
challenges their adaptive capacity, requiring pressing 
intervention approaches. For sustainable integration, the 
following approaches are suggested: 

Institutional Recognition: Establish national frameworks 
recognising TEK as intellectual property, creating legal 
protections against exploitation while enabling benefit-
sharing mechanisms.

Technological Hybridisation: Develop digital 
documentation systems and remote sensing technologies 

to enhance traditional practices without compromising 
their core principles, creating an “Indigenous-Modern” 
water management model.

Curriculum enrichment: Implement TEK curricula in 
water management programs, establishing mentorship 
networks between knowledge holders and emerging 
water professionals.

Future research must focus on developing quantitative 
metrics for TEK effectiveness, creating replicable 
integration models, and exploring cross-cultural 
adaptations of these systems to various geographical 
contexts. The preservation and advancement of 
traditional water management systems represent not just 
cultural heritage conservation but an analytical pathway 
to realizing global water security and climate resilience.
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