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Abstract : India’s complex hydrological landscape has evolved through centuries of innovation, adaptation, and community-
based stewardship. Its repertoire of traditional water-conservation structures—stepwells, tanks, johads, kuls, ahar-pynes, and
bamboo drip systems—reflects not only ecological knowledge but also participatory governance embedded within local
communities. The development trajectory of the 20th century, however, shifted toward large dams, mechanized wells, and
centralized water-supply systems, transforming India’s water use but also generating new ecological and social challenges. This
review critically analyses the continuum from traditional to modern water conservation systems in India, highlighting their
hydrological principles, socio-cultural contexts, successes, limitations, and contemporary relevance. It integrates insights from
sustainable development frameworks, especially Sustainable Development Goal 6 (Clean Water and Sanitation), SDG 11
(Sustainable Cities and Communities), SDG 13 (Climate Action), and SDG 15 (Life on Land). The review argues that hybrid water
governance—one that harmonizes traditional wisdom with modern engineering and policy frameworks—offers the most resilient
pathway for ensuring long-term water security in India.

IndexTerms - Water conservation, Traditional water conservation, Modern water conservation, SDG Mapping

l. INTRODUCTION

Water scarcity in India is a multidimensional challenge shaped by climatic variability, demographic expansion, groundwater over-
extraction, land-use change, and governance fragmentation. India is home to 18% of the world’s population but only about 4% of
global freshwater resources®. With rising temperatures and increasingly erratic monsoons, the hydrological cycle is becoming more
unpredictable, exacerbating pressures on already-stressed ecosystems.

Historically, India developed a variety of region-specific traditional water-conservation systems that functioned effectively for
centuries. These systems were designed with a deep understanding of local climatic conditions, soil types, topography, and cultural
norms. They were also decentralized, community-managed, and inherently sustainable—qualities strongly aligned with Sustainable
Development Goal 6: Ensure availability and sustainable management of water and sanitation for all2.

However, post-independence India gravitated toward large-scale infrastructure—dams, canals, borewells, piped networks—
reflecting a modernist developmental paradigm that emphasized engineering, centralized control, and rapid economic growth. These
modern systems fueled agricultural expansion and urbanization but also contributed to ecological degradation and declining
groundwater tables.

In recent years, the recognition of the limitations of purely modern approaches has led to a revival of interest in traditional systems
and integrated watershed management. This shift aligns with India’s commitment to the 2030 Sustainable Development Agenda,
especially the need for resilient, participatory, and equitable water systems under SDG 6, SDG 11, and SDG 13.

This article presents an extended, detailed analysis of the transition from traditional to modern water conservation in India,
emphasizing opportunities for integrating the two approaches in the era of climate change.

1. TRADITIONAL WATER CONSERVATION SYSTEMS IN INDIA

Traditional water conservation systems in India represent a rich legacy of indigenous hydrological knowledge developed through
centuries of observation, experimentation, and community stewardship®. These systems emerged from a deep understanding of local
ecology, climate variability, and social needs, resulting in region-specific structures that ensured water availability even in drought-
prone environments. Notable among these are the stepwells (baolis and vavs) of Gujarat and Rajasthan, which ingeniously combined
architectural precision with groundwater management*. The tank systems of South India, particularly the Tamil Nadu eri network,
functioned as interconnected reservoirs that harvested monsoon runoff and supported extensive agrarian economies® (Vaidyanathan,
2001). Inthe arid western and central regions, structures such as johads, anicuts, and paals enabled communities to capture rainwater
and recharge aquifers, improving soil moisture and agricultural productivity®. Similarly, the kul channels of Himachal Pradesh, the
ahar-pyne system of Bihar, and bamboo drip irrigation practices of Northeast India demonstrate the diversity and adaptability of
traditional methods’. Beyond their engineering ingenuity, these systems embodied strong social cohesion, as communities
collectively managed and protected water resources. Although many declined due to modernization and land-use change, their
ecological relevance has renewed contemporary interest in integrating them into sustainable water-management strategies®.
Traditional systems evolved organically within local ecological contexts and often served multiple functions—storage, recharge,
irrigation, cultural use, and community gathering.

Stepwells (Baolis/VVavs): Stepwells flourished in Gujarat and Rajasthan from the 7th to the 19th centuries, representing a unique
fusion of architectural innovation and hydrological expertise. These deep, linear structures provided reliable access to groundwater
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through a series of descending steps, allowing communities to draw water even during prolonged dry periods. Hydrologically,
stepwells played a vital role by enhancing groundwater recharge, stabilizing local water tables, and creating microclimatic cooling
effects in their surroundings. Culturally, they functioned as important communal spaces—particularly for women—and served as
sites for social interaction, rest, and ritual activities®. Exemplary structures such as Chand Baori in Abhaneri highlight the
sophisticated craftsmanship and ecological intelligence embedded in these systems, marking them as early models of sustainable
and climate-responsive water architecture.

2.1 Tanks and Reservoirs (Eris/Talabs)

The tank system, widely established in southern India—particularly in Tamil Nadu and Karnataka—consists of thousands of
interconnected reservoirs designed to capture and store monsoon runoff. These tanks serve multiple hydrological and ecological
functions, including irrigation storage, groundwater recharge through percolation, flood mitigation, and the creation of wetland
habitats that contribute directly to biodiversity conservation (SDG 15). The Tamil Nadu “Eri system” stands as a sophisticated
example of integrated hydrological engineering, where tanks are arranged in cascading chains such that overflow from upper tanks
flows into lower ones. This hierarchical design maximizes water distribution, reduces wastage, and ensures sustained water
availability across large agrarian landscapes, demonstrating an early form of decentralized, climate-resilient water management.

2.2 Johads and Check Dams

Johads, traditional earthen embankments common in Rajasthan’s Alwar district, capture monsoon runoff and promote groundwater
recharge. Their revival by Tarun Bharat Sangh (TBS) in the late 20th century rejuvenated over 1,000 villages, raised water tables,
and revived local rivers (CEEW, 2024). This restoration model illustrates strong alignment with SDG 6 on water access, SDG 13
on climate resilience, and SDG 15 on ecosystem restoration.

2.3 Ahar-Pyne System (Bihar)

The Ahar—Pyne system of Bihar is a traditional floodwater harvesting and irrigation network that combines ahars—reservoirs that
store seasonal runoff—and pynes, channels that distribute water across agricultural fields. This integrated design effectively
regulates the region’s alternating floods and droughts, showcasing sophisticated indigenous watershed management and a deep
understanding of local hydrology developed over centuries.

2.4 Kuls (Himachal Pradesh) and Karez (Ladakh)
Kuls channel glacial meltwater to Himalayan villages, while karez systems transport aquifer water through underground tunnels.
Both are climate-sensitive, community-managed systems showcasing traditional ingenuity in fragile mountain ecosystems.

2.5 Bamboo Drip Irrigation (Northeast India)

Bamboo drip irrigation, practiced by tribes in Meghalaya and Mizoram, uses biodegradable bamboo channels to direct spring water
efficiently to plantations. This low-cost, gravity-based system exemplifies SDG 12 through sustainable resource use and SDG 13
by offering a low-carbon, climate-adaptive traditional technology.

I1. WHY TRADITIONAL SYSTEMS DECLINED

Traditional water conservation systems declined due to colonial land policies, loss of community stewardship, and the shift toward
centralized canal and dam-based irrigation. Urbanization, neglect, siltation, and changing social priorities further weakened these
indigenous structures, leading to their gradual abandonment despite their long-standing ecological effectiveness. Despite their
ingenuity, traditional systems declined due to:

3.1 Colonial Policies

During the colonial period, British policies profoundly disrupted India’s traditional water conservation systems, which had evolved
over centuries to suit diverse ecological conditions. Pre-colonial India relied on community-managed structures such as tanks,
baolis, johads, ahars-pyne systems, and khadins, all of which functioned through collective responsibility, local knowledge, and
customary rights®. However, British administrators introduced a centralized system of water governance driven primarily by revenue
extraction and commercial interests®. Traditional water bodies, once maintained by local communities through systems like
kudimaramath in South India or the phad irrigation system in Maharashtra, declined after the British imposed land revenue policies
that neither recognized community stewardship nor funded maintenance'’. The colonial promotion of large canal irrigation systems
aimed to increase agricultural output for imperial markets, but it marginalized indigenous technologies and disrupted ecological
balances'!. Furthermore, the imposition of the Indian Forest Acts of 1865 and 1878 restricted community access to forest resources,
limiting their ability to manage watersheds essential for sustaining tanks and ponds??. As a result, many traditional structures silted
up, were abandoned, or were absorbed into state-controlled systems, leading to long-term vulnerabilities in India’s water security
landscape®®.

3.2 Post-Independence Developmentalism
The growth of extensive dam projects and groundwater extraction systems eclipsed the importance of decentralized management
structures.

3.3 Social and Economic Changes
Urban migration and the decline of communal resource management led to a decrease in collective upkeep efforts.

3.4 Land Encroachment and Pollution
Numerous water bodies, such as ponds and tanks, faced encroachment or degradation due to waste disposal, which negatively
affected ecosystem services.
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3.5 Technological Convenience
The introduction of diesel and electric pumps facilitated easier extraction processes compared to maintaining shared infrastructures.
While contemporary methods provided immediate advantages, they compromised long-term sustainability.

IV. EMERGENCE OF MODERN WATER CONSERVATION SYSTEMS IN INDIA

The emergence of modern water conservation systems in India reflects a transition from community-managed structures to
technologically advanced, state-driven approaches designed to meet the increasing demands of a growing population, urbanization,
and industrialization. Post-independence, India prioritized large-scale hydraulic infrastructures such as dams, reservoirs, and canal
irrigation networks to enhance agricultural productivity and support economic development!. Over time, limitations of centralized
systems—such as ecological disruption, displacement, and uneven water distribution—encouraged a shift toward integrated and
sustainable water resource management®®. This led to the adoption of modern strategies such as rainwater harvesting, groundwater
recharge structures, watershed development programs, and micro-irrigation techniques including drip and sprinkler systems?®.
Technological innovations like remote sensing, GIS-based hydrological mapping, desalination plants, and wastewater recycling
further strengthened India’s conservation capabilities'’. Policy frameworks such as the National Water Policy (1987, 2002, 2012),
Atal Bhujal Yojana, AMRUT, and Jal Jeevan Mission have institutionalized modern water governance with an emphasis on
efficiency, participatory management, and climate resilience!®. Importantly, contemporary initiatives also draw inspiration from
traditional practices, integrating indigenous knowledge with scientific methods to create hybrid conservation models®. Together,
these modern systems form the backbone of India’s efforts to achieve sustainable water management and align with global
commitments such as the UN Sustainable Development Goals, particularly SDG 6 on clean water and sanitation®®.

4.1 Large Dams and Reservoirs

India has over 5,000 large dams that support irrigation for about 45% of cultivated land, generate hydroelectric power, and supply
water to urban and industrial areas. Yet, they also cause ecological disruption, sedimentation, community displacement, and changes
in natural river flows. Thus, while dams advance development goals such as SDG 7 and SDG 9, their poor management can
negatively affect ecosystems and undermine SDG 15.

4.2 Groundwater Extraction and Borewells

India is the world’s largest user of groundwater, and while modern borewells have boosted agricultural productivity, they have also
driven severe aquifer depletion in states like Punjab, Haryana, and Rajasthan. In many regions, groundwater quality is deteriorating
due to rising fluoride and arsenic levels. These trends threaten long-term water security and pose significant challenges to achieving
SDG 6.4, which focuses on improving water-use efficiency and ensuring sustainable freshwater availability.

4.3 Urban Water Supply and Piped Networks

Rapid urbanization has sharply increased water demand, leading cities to rely on long-distance water transfers, centralized treatment
systems, and extensive sewerage networks. Yet this fast-paced growth has also caused frequent urban flooding, the disappearance
of local lakes and ponds, greater dependence on external water sources, and declining groundwater recharge. Together, these
impacts weaken urban resilience and hinder progress toward SDG 11, which aims to create sustainable, well-managed, and
environmentally balanced cities.

4.4 Rainwater Harvesting (RWH)

Recent decades have seen a renewed emphasis on rainwater harvesting (RWH), driven by municipal bylaws, government initiatives
like the Jal Shakti Abhiyan, and strong NGO-led awareness campaigns. Modern RWH effectively blends traditional storage systems
with contemporary rooftop collection and recharge technologies. This resurgence supports global sustainability goals, notably SDG
6.5, which promotes integrated water resources management, and SDG 13, which focuses on strengthening climate resilience.

4.5 Watershed Development Programs

Since the 1990s, India has undertaken extensive watershed-management initiatives featuring contour trenches, gabion structures,
check dams, afforestation, and soil-moisture conservation measures. These interventions significantly enhance groundwater
recharge, reduce soil erosion, and improve water availability for agriculture. As a result, they strengthen rural livelihoods and
contribute directly to key global goals, including SDG 1 (poverty reduction), SDG 2 (food security), SDG 6 (water management),
and SDG 15 (ecosystem restoration).

V. INTEGRATING TRADITIONAL AND MODERN SYSTEMS: TOWARDS SUSTAINABLE HYDROLOGY

Sustainable hydrology in India increasingly depends on the thoughtful integration of traditional water-management wisdom with
modern technological innovations®. Time-tested systems such as johads, ahar-pyne networks, stepwells, and tank irrigation offer
valuable insights into decentralized storage, groundwater recharge, and community-based management*°. When combined with
contemporary methods—rooftop rainwater harvesting, GIS-based watershed planning, check-dam engineering, and sensor-enabled
monitoring—they create robust, climate-resilient hydrological frameworks. This hybrid approach enhances water availability
across diverse ecological zones, strengthens drought preparedness, and reduces vulnerability to erratic monsoon patterns.
Integrating indigenous techniques with scientific design also promotes cost-effective, low-energy solutions that rural communities
can readily adopt and maintain’. Such convergence supports sustainable agriculture, biodiversity conservation, and equitable water
distribution, helping India move closer to long-term water security and its commitments under SDG 6 and SDG 1322, Importantly,
the shortcomings of purely modern systems—over-extraction, groundwater decline, and ecological degradation—have further
underscored the need for integrated approaches?,

IJNRD2512042 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.or_m



http://www.ijnrd.org/

“RD © 2025 IJNRD | Volume 10, Issue 12, December 2025| ISSN: 2456-4184 | [INRD.ORG
5.1 Community-Led Revival of Traditional Systems
Revival projects (e.g., Johad movement, tank restoration) demonstrate that traditional systems, when scientifically enhanced,
outperform many modern interventions in cost-effectiveness and sustainability.

5.2 Combining GIS, Remote Sensing, and Indigenous Knowledge

Geospatial tools support scientific planning by identifying suitable sites for tank revival, delineating catchments, monitoring
groundwater recharge, and prioritizing watershed interventions. Their integration enhances the precision of water-management
strategies while preserving the cultural relevance of traditional systems.

5.3 Urban Blue-Green Infrastructure

Cities increasingly adopt restored lakes, wetland parks, bioswales, and permeable pavements as modern counterparts to traditional
water bodies. These nature-based solutions enhance urban flood management, improve groundwater recharge, and strengthen
climate resilience, contributing directly to SDG 11 (sustainable cities) and SDG 13 (climate action).

VI. CASE STUDIES ILLUSTRATING SUCCESSFUL INTEGRATION

Across India, integrated water-management efforts demonstrate the value of combining traditional systems with modern
approaches. Tarun Bharat Sangh’s revival of over 8,000 johads in Rajasthan restored rivers, improved agriculture, and enhanced
biodiversity through community leadership. Chennai’s lake-restoration work—focused on desiltation, encroachment removal, and
channel rehabilitation—strengthens urban resilience. Bengaluru’s rejuvenated lakes, such as Jakkur, showcase wetland-based
sewage treatment and improved groundwater links. Together, these cases highlight scalable, climate-resilient water solutions.

VII. POLICY FRAMEWORKS SUPPORTING INTEGRATED WATER CONSERVATION

India’s integrated water-conservation efforts are reinforced by strong policy frameworks. The National Water Policy promotes
conjunctive use of surface and groundwater, aquifer-level planning, revival of traditional systems, and demand-side management.
The Jal Shakti Abhiyan further supports rainwater harvesting, restoration of waterbodies, plantation drives, recharge structures, and
greywater treatment. India’s SDG-aligned policies also emphasise water conservation as essential for sustainable development,
linking national programmes with global commitments under SDG 6 and related goals.

VIII. LINKING WATER CONSERVATION TO THE SUSTAINABLE DEVELOPMENT GOALS

Water conservation in India is inseparable from the SDGs.

SDG 6: Clean Water and Sanitation Traditional + modern integration strengthens sustainable supply and reduces stress on
aquifers.

SDG 11: Sustainable Cities and Communities Urban Lake restoration and RWH create resilient cities.

SDG 12: Responsible Consumption and Production Sustainable irrigation practices reduce resource-intensive extraction.

SDG 13: Climate Action Traditional systems enhance climate resilience through decentralized adaptation.

SDG 15: Life on Land Restored water bodies revive wetlands, increase biodiversity, and improve soil health.

IX. CHALLENGES TO IMPLEMENTATION

Implementation of integrated water-conservation strategies faces multiple challenges, including fragmented governance and poor
coordination among departments. Rapid urbanization and increasing pollution further strain local water bodies, while urban
communities often show limited participation. Additionally, inadequate long-term monitoring weakens the effectiveness and
continuity of restoration and management efforts.

X. CONCLUSION

India’s water future depends not on choosing between traditional and modern systems but integrating the strengths of both.
Traditional systems offer sustainability, community ownership, and ecological balance; modern systems provide scale, precision,
and scientific monitoring. A hybrid model-—supported by strong policies, community participation, and SDG-aligned strategies—
can ensure water security for future generations.

The path forward lies in acknowledging the wisdom embedded in India’s hydrological heritage while embracing technological
innovations that enhance resilience in a climate-stressed world.
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