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Introduction: Ancient water harvesting systems, such as those from the Indus Valley 
Civilization (~3500 BCE), have been vital for irrigation and climate resilience, especially 
in arid regions. One such prominent system in South Asia, called tank irrigation, 
initially thrived through community management but declined post-independence 
due to colonial policies and neglect in Sri Lanka and India. This study evaluates 
current policy frameworks and rehabilitation programs to enhance the resilience 
of these systems in India, develop strategies for their protection and adaptation to 
climate change, and integrate global lessons for sustainable development.

Methods: A systematic meta-analysis of grey literature was conducted 
to aggregate data on policy constraints. Policy analysis involved detailed 
investigations of relevant documents, regulations, and comparative analyses of 
frameworks at regional and national levels. Pilot projects on tank rehabilitation 
were assessed through reported case studies and field surveys to gauge impact. 
Thematic analysis was used to explore the global potential of these systems in 
climate resilience and overall environmental sustainability.

Results: The analysis showed that pilot projects for tank rehabilitation had 
limited success in achieving sustainability under current climate conditions. Tank 
irrigation systems are crucial for adapting to extreme weather, including floods, 
droughts, and heat waves, replenishing groundwater, reducing soil erosion, 
and ensuring reliable water supplies. Traditional water harvesting technologies 
support 17 Sustainable Development Goals (SDGs), including clean water 
access, hunger reduction, gender equality, and climate action. Integrating AI 
and machine learning in water management benefits disaster response, while 
eco-tourism aids system maintenance and cultural awareness.

Discussion: The study underscores the need for policy reforms to enhance tank 
rehabilitation and institutional arrangements. It calls for increased beneficiary 
participation and constitutional recognition of current practices. Strategic, 
national-scale assessments and resilience targets are recommended to improve 
the effectiveness of such water harvesting systems in mitigating natural hazards 
and enhancing environmental services.
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1 Introduction

During the next few decades, India will suffer seasonally and 
regionally with severe water shortages. Agricultural water consumption, 
the most significant contributor to the demand for water, has been 
increasing for the past few decades in response to the growing and more 
affluent population. It is well known that, in India, water harvesting 
structures such as tanks, ponds, lakes, etc., have traditionally been used 
to collect water, particularly in rural settings where agriculture remains 
the principal occupation. Traditionally, these structures were designed 
to facilitate rainwater storage during the monsoon season, which is 
applied in various ways during the non-monsoon season (Ammar et al., 
2016; Sugam et al., 2018). The ancient tank structures in South Asia, 
including those in Dholavira from the Indus Valley Civilization dating 
back to around 3,500 BCE, underscore the region’s enduring water 
management and tank irrigation tradition (Lal, 2002; Singh, 2008). 
These early systems were marked by sophisticated designs featuring 
large reservoirs, step wells, and channels, setting a precedent for 
sustainable water management through community involvement. This 
tradition continued and evolved throughout history, notably with the 
cascading tanks, designed and constructed over 2,000 years ago by 
rulers, philanthropists, and local communities due to their extraordinary 
engineering and managerial skills (Gunnell et al., 2007; Srinivasan, 
2016). Numerous tanks and reservoirs were built in India and Sri Lanka 
during the medieval period. For instance, the Vijayanagara Empire in 
India (early 13th century CE to mid 17th century CE) developed 
extensive tank systems for agriculture and drinking water, illustrating 
the crucial role of community-managed water resources (Lal, 2002; 
Singh, 2008). Similarly, in Sri Lanka, the ancient Sinhalese civilization 
(3rd century BCE to the 10th century CE) constructed large-scale 
irrigation systems, such as the Parakrama Samudra, reflecting advanced 
engineering and collective management practices (Shannon and 
Manawadu, 2007). These tank cascade systems have been protected and 
maintained for several centuries by institutional arrangements that are 
still in place today. The sustenance of such water harvesting technologies 
is paramount even in the 21st century, given rising water insecurity due 
to environmental and climate change implications and anthropogenic 
stressors (Bardhan, 2000; Palanisami and Easter, 2000; Geekiyanage and 
Pushpakumara, 2013). Apart from the tank’s primary applications of 
supporting irrigation and providing water for domestic and live-stock 
management purposes, they have a substantial role to play in developing 
resilience against the negative consequences of natural hazards such as 
floods and droughts (Palanisami et  al., 2010; Siderius et  al., 2015; 
Jayanthi and Keesara, 2021). Even though these old systems are from 
generations ago, they have degenerated despite age due to unwarranted 
political interventions and changing socio-economic dynamics. All this 
eventually started during the colonial period (early 19th century) when 
water policy shifted from minor irrigation (having irrigated areas 
<2,000 hectares) to medium irrigation (between 2,000 and 10,000 
hectares) and major irrigation (>10,000 hectares). These shifted policies 

focused more on revenue generation from these traditional structures 
instead of their protection and context-based applications (Mosse, 1997; 
Narayanamoorthy, 2007; Shah, 2008; Siderius et al., 2015). As a result of 
policy changes and technological advancements, local communities 
have been compelled or encouraged to switch from using tanks for 
irrigation to relying on private wells. Technologies such as energized 
tube wells and policies offering free pumping energy for farmers, 
particularly in regions like Tamil Nadu, have facilitated this shift 
(Srinivasan, 2015; Palanisami and Nagothu, 2024). Consequently, the 
ownership of common pool resources, such as tank systems, 
deteriorated, and village-level institutions disappeared. This 
management transfer from local communities to colonial governments 
further exacerbated the decline of traditional water management 
practices (Mosse, 1997; Narayanamoorthy, 2007; Shah, 2008; Siderius 
et al., 2015).

The unprecedented degradation of tank systems and the further 
expansion of groundwater-based well irrigation continued even after 
India’s independence in 1947 (Figure  1; Shankar et  al., 2011; 
Narayanamoorthy and Jothi, 2019). Nonetheless, the degradation slowed 
down post-colonization until the 1980s. Meanwhile, the green revolution 
in India (which started during the 1960s) significantly experienced an 
unprecedented rise in pump-based well irrigation systems. This was 
enabled by the commencement of the energization of the groundwater 
extracting mechanisms in the early 1980s. Due to this, a further shift 
occurred from community-based water sources (like tanks) to 
individual-based water sources (Narayanamoorthy, 2010).

In fact, by the 1980s, well irrigation, including both tube wells and 
communal open wells, accounted for the maximum area under 
irrigation (Sakthivadivel and Gomathinayagam, 2006). Overall, a 
sharp decline in tank irrigated area was observed from 3.6 million 
hectares in 1950 to 1.7 million hectares in 2014 (~53% decrease; also 
refer to (Figures  1 to 5). Other associated socio-environmental 
benefits, such as groundwater percolation, community-led 
management, maintenance of tanks, and enriching biodiversity in the 
vicinity of the cascading tanks, collapsed. This has created a 
considerable imbalance in the hydrological and ecological systems 
(Reddy et  al., 2018; Venkatachalam and Balooni, 2018). All this 
eventually transmuted India as the world’s largest extractor of 
groundwater resources, accounting for ~25% of the global extraction 
(Patel et al., 2020). Despite this, more than 54% of the groundwater 
wells in India have been observed in a critical to overexploited state 
concerning depth to water level (Saha et al., 2018). Therefore, the 
replaceability of tanks with wells presaged a wrong conception, 
predominantly because tanks could create a sense of ownership for 
maintenance, complementing groundwater development and, thereby, 
water security. In general, the collective distress of the changed water 
policy amidst institutional neglect is a modern challenge to continuing 
tank-based irrigation practices, especially in the semi-arid or dry 
region of India (Mosse, 1997; Narayanamoorthy, 2007; Shah, 2008; 
Siderius et al., 2015; Reddy et al., 2018).
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Water management and distribution are now centralized under 
the current situation. People’s reliance on the government has 
hampered community engagement in water management and caused 
the traditional water harvesting method to fail (Mane and Shinde, 
2014). However, as the water situation worsens, there is an urgent need 
for systemic reform in water management and the revival of traditional 
systems (Glendenning et al., 2012). Ancient Indian tradition has a 
long history that can be  traced back to the science of water 
conservation and rainwater harvesting (Laskar, 2022). Historically, 
various methods have been employed for rainwater collection 
depending on need and requirement, and civilizations have flourished 
close to numerous river systems. In many semi-arid areas of the world, 
tank cascades are the primary source of water for agriculture 
requirements (Jayasena et al., 2011; Ramabrahmam et al., 2021). These 
systems have been neglected over the last decades because of the 
significance put on large dams. Recently, governments and people 
have started to understand the adverse effects of large dams and the 
advantages of tank cascades (Khagram, 2004; Sakthivadivel and 
Gomathinayagam, 2006; Siderius et  al., 2015; Reddy et  al., 2018). 
These cascade tanks were neglected over time due to the widespread 
usage of agricultural bore wells, bund flagging, and siltation.

Irrigation from the tank is dwindling, and groundwater irrigation is 
expanding across India, especially in drought-prone areas, due to a 
decline in tank irrigation. Over time, a need was felt for the revival, 
restoration, and rehabilitation of these decaying tanks to attain surface 
water–groundwater security, especially those meant for irrigation and 
percolation purposes. As a result, scientific and technological studies are 
being conducted to evaluate the current situation and suggest appropriate 
mitigating measures to revive traditional systems and wisdom (Mbilinyi 
et al., 2005; Yazar and Ali, 2016). The objectives for such rehabilitation 
programs were driven by location-specific requirements to achieve overall 
sustainability in water management (Reddy et al., 2018; Roy and Kumari, 
2019). However, the effectiveness of these programs was often influenced 
by the priorities and capacities of the implementing agencies. As a result, 

strategizing revival on a case-to-case basis becomes difficult in addition 
to changing political and socio-economic set-ups. By the early 1980s, 
rehabilitation programs had been initiated in support of the government, 
non-government, and foreign organizations across India’s semi-arid and 
dry states. Most of the interventions were made via repairing tank 
structures as a whole or part, watershed or rural-landscape development, 
and rebuilding institutional management systems (Sakthivadivel and 
Gomathinayagam, 2006; Reddy et al., 2018). According to Saxena and 
Brighu (2021), the revival process must be supported by public initiative 
and engaged public engagement. Nevertheless, the impacts of the diverse 
interventions on the existing tank system need to be studied, and thus, 
they qualify to become one of the primary objectives of this study. 
Additionally, as these established systems provide strategies for climate 
change adaptation by resisting extreme weather conditions, including 
floods, droughts, and heat waves, this study has further focussed on 
understanding how Tank Cascade Systems (TCS) and comparable 
techniques might be used to lessen the effects of these catastrophes and 
maintain a consistent water supply during environmental stress. 
Moreover, traditional water harvesting systems also emerge as an 
intriguing area of research concerning natural disasters. This paper thus 
also explores the evolving understanding of how these systems interact 
with and respond to natural disasters, contributing to disaster risk 
reduction strategies.

Besides, traditional water harvesting systems, exemplified by the 
cascading tanks and analogous methodologies worldwide, are paramount 
in advancing societal well-being. They may make a substantial and 
demonstrable contribution to socio-economic development, aligning 
with the 17 Sustainable Development Goals (SDGs). Thus, it becomes 
imperative to assert if extensive empirical evidence supports these 
harvesting technologies’ positive role on broader socio-economic and 
sustainability objectives as outlined in the SDGs. This study explores how 
these systems advance these SDGs’ achievement by enhancing access to 
clean water, increasing agricultural output, minimalizing the impacts of 
natural hazards, reducing poverty, empowering disadvantaged groups, 
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FIGURE 1

Source-wise area under irrigation in post-independent India (Source: Water and related statistics, central water commission).
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2000-01: No. in Use 0.08 0.07 0.04 0.05 0.23
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2010-11: No. Not in Use 0.04 0.01 0.02 0.01 0.09
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FIGURE 2

The number of tanks in use and not in use across the different regions of India (in millions). Source: Government of India (different years), compiled 
from minor irrigation census, ministry of water resources.

and promoting gender equality. In an era of technological advancements, 
this study further delved into the intersection of traditional water 
harvesting with Artificial Intelligence (AI) and Machine Learning (ML) 
approaches. In order to achieve these objectives, A systematic meta-
analysis of grey literature was conducted to aggregate data on policy 
constraints. Policy analysis involved detailed investigations of relevant 
policy documents, regulations, and comparative analyses of frameworks 
at regional and national levels. Pilot projects on tank rehabilitation were 
assessed through reported case studies and field surveys to gauge impact. 
Thematic analysis was used to explore the global potential of these systems 
in climate resilience and environmental sustainability. Overall, this study 
presents a comprehensive journey through the diverse dimensions of 
traditional water harvesting, shedding light on their global significance in 
shaping a sustainable and resilient future.

2 Extent of tank irrigation in India

In India, the distribution of tanks is uneven across states, influenced 
by a combination of economic and natural factors. Geological setup, 
hydrological conditions, and rainfall patterns significantly affect tank 
density (Massuel et  al., 2014; Bharucha, 2019). For example, rocky 
substrata and undulating topography provide natural storage and gravity 
flow conditions ideal for establishing tanks, while the rugged granite 
layer beneath limits groundwater percolation. Consequently, the areas 
around the Deccan Plateau, encompassing parts of Central and Southern 
India, have required the construction of more tanks than any other 
region in India (Pant and Verma, 2010; Reddy et al., 2018). These regions 
also experience the vagaries of the Indian monsoon system, which 
remains highly unpredictable. Furthermore, the East coast of Southern 
India faces frequent storms and cyclones during the North-East 
monsoon season (from October to December) (Varikoden and 
Revadekar, 2018), making the presence of tanks crucial for managing 

excess rainfall and mitigating flood risks. According to the MI census of 
2000–01, the number of tanks in use in India was 0.23 million (Figure 2). 
Additionally, an estimated 42,955 tanks were not in use in 2000–01, and 
this number increased to 85,807 tanks in 2010–11. It has been 
demonstrated that the agricultural productivity and potential of India’s 
water storage primarily depend on the monsoon system. However, a 
significant challenge exists in 40% of the landmass under arid climatic 
conditions, which receives annual rainfall ranging between 500 to 1,000 
millimeters (Yadav and Lal, 2018). Consequently, the water supply to 
tank feeder channels in these regions is inadequate and unreliable. This 
situation is further exacerbated by urbanization and the encroachment 
of tank catchment and feeder channel areas (Palanisami, 2006; 
Palanisami et al., 2010). In general, the number of tanks and ponds has 
been reported to vary between 200,000 and 350,000, of which around 
60% are located in the arid and semi-arid areas of the Deccan Plateau 
regions (Sakthivadivel and Gomathinayagam, 2006). Whereas the 
number of tanks from other sources has been reported to be 208,000, 
more than 60% (159,000) of the tanks are located alone in Southern 
Indian states. However, the functional tanks are limited to 35% in the 
South, followed by 20% in the West, 16% in the East, and 14% in the 
North, while the data for the North-East region are unavailable 
(Palanisami et al., 2010; Reddy et al., 2018). This highlights the critical 
situation at a national scale, as the increasing number of non-functional 
tanks threatens water security, agricultural productivity, and climate 
resilience across diverse climatic zones in India.

The threat of the declining tank numbers was reflected in the 
region-wise tank irrigated area (Figure 3). Across India, a decline of 
~217% in tank-irrigated areas was observed between 1972 and 2014. 
As a result, agricultural water security in the tank-fed-based irrigation 
areas was impeded. However, a rise in the total irrigated area was 
recorded between 2003 and 2008. One reason for this anomaly was 
the initiatives of tank rehabilitation and modernization programs, 
especially in the Southern and Eastern states. Region-wise, the East 
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declined by ~564%, the West by ~307%, and though the South 
remained dominant for the tank numbers (Figure 4), the irrigated area 
declined by ~226%. Besides this, the share of tank irrigation in the 
South witnessed a rapid decline from 58% in 1972 to 45% in 2003. 
However, revival initiatives in the last few decades lifted their share to 
56% by 2014. Contrarily, both East and West recorded a rise in their 
share of tank irrigation from 17 to 21% and 12 to 17% between 1972 
and 2008, respectively. Nevertheless, merely analyzing the region-wise 
percentage share of tank irrigation may be misleading since tank-
irrigated areas, as a whole, declined considerably in the last four 
decades, except for North (Reddy et al., 2018). Therefore, the relative 
importance of region-wise tank irrigation against overall irrigation 
was analyzed to address this gap, as shown in Figure 5.

3 Tank rehabilitation programs, 
policies, and implications

Over the past four decades, tank rehabilitation programs have 
been driven by several pressing reasons, including the benefits of 
tanks for groundwater recharge, as well as considerations of equity, 
stability, and security (Reddy et al., 2018). The knowledge of this 
hydrogeological behavior (groundwater storage potential) provided 
scope for replenishing wells in the tank command and tank bed areas. 
This facilitated irrigation for both tank-command farmers as well as 
tank-bed farmers. However, the rising struggle among the 
stakeholders is becoming prevalent due to changing socio-economic 
and market contexts. The field experience from other studies has 
shown that not considering the community’s perception while 
designing rehabilitation and revival programs may lead to a conflict 
of interest (Sakthivadivel and Gomathinayagam, 2006; 
Narayanamoorthy, 2007; Palanisami et al., 2010; Reddy et al., 2018). 
For instance, in Tamil Nadu, degraded tanks provided several services 
to the village communities, such as livestock management, obtaining 

silt from the tank bed for their farm, etc. According to 
Narayanamoorthy (2007), nearly 75% of the villagers utilized tank silt 
for agricultural purposes, significantly enhancing soil fertility. Under 
such a context, reviving tanks may be futile as it might adversely 
affect communities currently benefitting from them. Similarly, 
command area farmers and tank bed farmers were observed 
practicing flood irrigation in silted (degraded or unmanaged) tanks. 
Studies by Sakthivadivel and Gomathinayagam (2006) indicate that 
60% of these farmers preferred the current state of the tanks for flood 
irrigation due to the easy access to water and silt. Reviving tanks in 
this context might go against the interest of the tank bed farmers 
(primarily landless) because the intervention in terms of de-siltation, 
catchment treatment, etc., may displace them. However, in another 
context, de-siltation may be an appropriate option if well irrigation 
in the command area is a common source of irrigation, as more 
percolation helps groundwater development and, thus, yields from 
the wells (Palanisami et al., 2010). In fact, studies have shown that 
de-siltation can improve groundwater recharge by up to 30%, 
benefiting well irrigation (Reddy et al., 2018). With such conflict of 
interests, it becomes apparent that designing policies for 
modernization and rehabilitation programs must follow Participatory 
Rural Appraisal (PRA) in the village context to contemplate local 
perspectives (Chambers, 1994). Nonetheless, the Water User’s 
Association (WUAs) must be part of the project in urban and rural 
contexts to collect wide-ranging inputs before the program 
implementation (Aubriot and Prabhakar, 2011; Siderius et al., 2015). 
WUAs are community-based organizations that manage and 
maintain water resources, including tank systems. Formed with local 
and sometimes governmental support, WUAs are governed by 
elected committees that handle water allocation, infrastructure 
maintenance, and conflict resolution. They face challenges such as 
limited resources and technical expertise but offer opportunities for 
enhanced local participation and sustainable management (Chaube 
et al., 2023). Coherent to these contexts, Table 1 serves as a foundation 
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Region-wise tank irrigated area in million hectares (ha) across India (Source: directorate of economics and statistics, ministry of agriculture and farmers 
welfare).
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for understanding why tank rehabilitation and revival programs are 
necessary based on documented field experiences from 
elsewhere research.

Given the tank rehabilitation context, several initiatives across 
India have been taken since the 1980s in the direction of the tank’s 
development and ecosystem, as listed in Table  2. It becomes 
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Region-wise percentage change in the relative importance of tank irrigation across India (Source: Directorate of Economics and Statistics, Ministry of 
Agriculture and Farmers Welfare).
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imperative at this point to analyze the inclusive implications of 
program policies. Tank rehabilitation started around four decades 
ago, with the primary objective of physical rehabilitation focusing 
merely on increasing productivity in agriculture. This becomes more 
evident from the Command Area Development (CAD) model of the 
1970s and the European Economic Community (EEC) model 
adopted in Tamil Nadu in the 1980s. Until now, little emphasis was 
placed on alleviating poverty, given the wide-ranging perspective of 
mitigating natural hazards under environmental and climate change 
scenarios. During the early revival policies, the focus was limited to 
generating employment opportunities, local communities’ 
engagement for institutional development, and considering the tank 
cascade system as a whole rather than an individual tank. However, 
by the late 1990s and early 2000s, the focus of the program policy 
design shifted to alleviating poverty coupled with enhanced 
agricultural productivity, as evident from the revised EEC model 
adopted in Pondicherry and the creation of Jala Samvardhane Yojana 
Sangha (JSYS) in Karnataka under World Bank funding. Attention to 
the landless and poor apart from farming, fishing, Self-Help Groups 
(SHGs), and other local communities was given by developing Tank 
User’s Groups (TUGs), thereby involving them together under 
income generation activities via rehabilitation projects. Given water 
scarcity and security issues, the programs launched post-2000 
focused more on cascades of tanks (system tanks) for catchment 
development, de-siltation, bund strengthening, and improvement of 
supply channel and control structures. This shift occurred due to 
experiencing more advantages while augmenting structural 
treatments under semi-arid or dry conditions in cascading tanks 
against the individual tank (non-system tank). For instance, canal 
lining for provisioning of water supply to attain last-mile connectivity 

in the cascading network resulted in water conservation by about 
21% (Reddy et  al., 2018). Altogether, the aforementioned 
conservation efforts paved the way for public-participatory 
engagement, given that tank functionalities were restored to achieve 
environmental and climate change resilience.

Despite several advances in rehabilitation programs across 
decades, threats and challenges continued to exist. In this case, a 
significant criticism observed in the rehabilitation works is its 
consideration as a single-time activity. This act has widely given 
rise to the absence of post-rehabilitation backing, such as for minor 
structural repairs or modifications, provisions of getting additional 
funds, and further assistance in training and capacity building. As 
a result, the absence of continuous support impairs the effectiveness 
of the rehabilitation efforts. Consequently, the program fails to 
achieve its objectives fully and does not deliver the intended 
benefits to the communities. Even though Non-Government 
Organizations (NGOs) play a linking role between implementation 
agencies and farming communities, resulting in as high as 30% of 
the voluntary contribution to the project budget by farmers 
(Sakthivadivel and Gomathinayagam, 2006), these practices are 
still less prevalent in recent decades. Moreover, the key concern 
remains the lack of effective involvement of those stakeholders for 
whom the tank is still the primary income source, especially in 
decision-making, implementation, operation, and maintenance of 
the rehabilitated tanks. Besides this, the modern challenges in 
terms of anthropogenic stressors, such as rising water demand due 
to demographic explosion against declining water availability 
(Hanjra and Qureshi, 2010) and environmental and climate change 
impacts in terms of unprecedented floods and recurrent droughts 
(Mishra, 2020), indicated the urgency of bringing coherent 

TABLE 1 Field experiences in tank rehabilitation programs in India.

Field experience Details References

Role of tanks in 

groundwater recharge

 • Tanks contribute significantly to groundwater recharge by capturing and percolating rainwater.

 • Rehabilitation programs may aim to enhance this function to improve local water availability.

Chowdhury and Behera (2018) and 

Narayanamoorthy and Jothi (2019)

Impact on rural livelihoods  • Tanks support diverse rural livelihoods, including agriculture, livestock management, and domestic 

water supply.

 • Rehabilitation must consider these multifaceted roles to avoid disrupting local economies.

Reddy and Behera (2009a) and 

Melles and Perera (2020)

Socio-economic conflicts  • Conflicts arise between tank-command and tank-bed farmers, especially in de-siltation and 

catchment treatment cases.

 • Rehabilitation programs need to address these conflicts to ensure equitable benefits.

Reddy et al. (2018) and Gathala 

et al. (2020)

Community Involvement 

and Participatory Rural 

Appraisal (PRA)

 • Incorporating local knowledge and perspectives through PRA is crucial for successful 

tank rehabilitation.

 • PRA helps in understanding community needs and avoiding potential conflicts.

Castro-Arce and Vanclay (2020) and 

Ratnayake et al. (2022)

Effectiveness of Desiltation 

and Maintenance

 • Desiltation improves tank capacity and groundwater recharge but must be managed to avoid adverse 

effects on local communities.

 • Regular maintenance and management are essential for sustaining tank functionality.

Palanisami (2006) and Reddy et al. 

(2018)

Environmental Benefits  • Reviving tanks can restore local ecosystems, improve biodiversity, and enhance soil moisture.

 • Environmental assessments should be part of rehabilitation planning to maximize ecological benefits.

Gathala et al. (2020) and Ratnayake 

et al. (2021)

Role of water user’s 

associations (WUAs)

 • WUAs play a critical role in managing and sustaining tank rehabilitation efforts.

 • Their involvement ensures that local stakeholder inputs are considered, improving project 

effectiveness and sustainability.

Aubriot and Prabhakar (2011) and 

Siderius et al. (2015)

Challenges in urban vs. 

rural contexts

 • Urban contexts face challenges related to land use changes and competing water demands.

 • Rural areas may struggle with resource allocation and maintaining traditional practices. Both contexts 

require context-specific approaches.

Melles and Perera (2020) and 

Ratnayake et al. (2021)
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TABLE 2 Region-wise pioneering tank rehabilitation programs in India.

Region Year Agency Rehabilitation program Source

India 1973 Government of India (GoI) Command Area Development (CAD) aimed to improve irrigated agriculture’s water use efficiency and productivity; 

Water User Associations (WUAs) became the inherent part.

Venot et al. (2010)

Tamil Nadu 1984 GoI and the European Economic 

Community (EEC)

Rehabilitation project aimed at increasing agricultural productivity via modernizing 150 tanks across the state with a 

command averaging 125 ha/tank covering 18,764 ha of command area

Sakurai and Palanisami (2001), Sakthivadivel 

and Gomathinayagam (2006), and Reddy et al. 

(2018)1995 Government of Tamil Nadu and World 

Bank (WB)

The Water Resources Consolidation Project (WRCP) aimed at increasing the productivity of the existing irrigation 

systems and supported the rehabilitation of 620 tanks.

2010 Government of Tamil Nadu and 

NABARD

National Bank for Agriculture and Rural Development (NABARD) project aimed at constituting WUAs and farmers’ 

involvement; Rehabilitated 109 tanks in two phases

Odisha 1980 State Minor Irrigation (MI) Organization MI Scheme aimed to maintain 3,696 structures having a size between 40 and 2000 ha covering 558,508 ha command 

area (represented 21% of net command area)

Thakkar (1998)

1996 Government of Odisha and WB Odisha Water Resources Consolidation Project (OWRCP) aimed at creating Pani Panchayats to deal with tank-level 

issues apart from tank operation and maintenance

Pondicherry 1999 GoI and EEC Tank Rehabilitation Project, Pondicherry (TRPP) aimed to revive 83 tanks through the revised EEC model; Tank 

Associations (TAs) were created to approve estimates prepared by Public Works Department (PWD)

Sakthivadivel and Gomathinayagam (2006) 

and Reddy et al. (2018)

Rajasthan 2000 Government of Rajasthan and WB The Water Resources Consolidation Project (WRCP) aimed to improve irrigation management and transfer, 

agricultural intensification, and groundwater management. Includes major, medium, and minor irrigation projects 

covering 750,000 ha command area

Shah (2002), Sakthivadivel and 

Gomathinayagam (2006), and Reddy et al. 

(2018)

Karnataka 2002 Government of Karnataka and WB Karnataka Community Based Tank Management Project (KCBTMP) aimed to revive 2000 tanks; Formed an 

autonomous body called the Jala Samvardhane Yojana Sangha (JSYS) to oversee the entire task; 57 cluster facilitation 

teams (NGOs) included within the project.

Shah (2003) and Raju et al. (2015)

India 2004 GoI Revival, Restoration, and Rehabilitation (RRR) aimed to augment the storage capacities and to recover or extend the 

irrigation potential of water bodies

Sakthivadivel and Gomathinayagam (2006) 

and Reddy et al. (2018)

Maharashtra 2006 Government of Maharashtra Maharashtra Minor Irrigation Project (MMIP) aimed to complete 186 MI Schemes covering 121,534 ha under the 

Accelerated Irrigation Benefits Program (AIBP); 100 MI schemes have been completed until 2015

Reddy et al. (2018)

Andhra 

Pradesh

2007 Government of Karnataka and WB Andhra Pradesh Community-Based Tank Management Project (APCBTMP) aimed to address support services for 

agriculture, livestock, and fisheries through institutional strengthening for WUAs. Rehabilitated around 3,000 tank 

systems having 250,000 ha command area

Sakthivadivel and Gomathinayagam (2006), 

Kumar and Rao (2017), and Reddy et al. (2018)

Telangana 

State

2014 Government of Telangana State Mission Kakatiya aimed to rehabilitate 46,531 tanks in five years to bring 450,000 ha of the barren land into the 

command through public-participatory approaches.

Kakatiya (2015)
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programs at a national scale using a participatory-
bottom-up approach.

4 Strategies for policy initiatives

Numerous studies have conducted cost–benefit analyses of tank 
rehabilitation and have consistently demonstrated that the benefits, 
such as improved water availability and agricultural productivity, 
significantly outweigh the associated costs (Palanisami, 2006; Reddy 
and Behera, 2009a). However, a few studies have presented contrasting 
findings, suggesting that the costs of tank rehabilitation may exceed 
the benefits in specific contexts (Sakthivadivel and Gomathinayagam, 
2006; Reddy and Behera, 2009b). Policy initiatives addressing 
mismanagement in tank irrigation supply have generally lacked 
coherence. Additionally, efforts to reconsider tanks as hazard 
mitigators within disaster management planning have not been 
systematically integrated. Furthermore, initiatives to alleviate poverty 
and develop primary livelihood opportunities through tank 
rehabilitation have been inconsistent and fragmented. It becomes even 
more evident that merely 10% of the total degraded tanks have been 
rehabilitated (Reddy et al., 2018). At the same time, approximately 
equal numbers of rehabilitated tanks are being degraded (Sakthivadivel 
and Gomathinayagam, 2006). On the flip side, the implementing 
agency for tank rehabilitation continued following its priorities 
without considering the changing socio-economic dimensions from 
case to case. Following the ‘one model fits all’ may not be a suitable 
ideology, at least from an Indian perspective, where the significance 
of tank irrigation varies across regions and states. Therefore, there is a 
need to bring policy changes considering local and regional 
variabilities with a primary focus on addressing collapsed livelihood 
opportunities for local communities (such as landless farmers), food 
insecurity, environmental water mismanagement, and regional and 
ecological imbalances in the vicinity of tanks. More specifically, 
strategies for real-time tank policies need to be  introduced in the 
rational way of drafting policies. A list of possible policy-based 
interventions, including those from the successful pilot projects, is 
described in Table 3.

There are several states in India, especially from the East (for 
example, Odisha) and West regions, where the critical attention of 
tank rehabilitation is still on increasing agricultural productivity 
(Sakthivadivel and Gomathinayagam, 2006). The major drawback of 
such policies is that the benefits remain concentrated on the 
landholders while the landless remain merely on wages. Additionally, 
this increases vulnerability to agricultural drought, specifically during 
erratic or low rainfall scenarios, wherein poor or marginal tank-fed 
farmers not having access to well-irrigation abandon cropping in the 
midway and migrate forcefully outside their village for sub-optimal 
livelihood opportunities. However, states from the South, such as 
Tamil Nadu, have moved further to improving livelihood 
opportunities apart from merely focusing on agricultural outputs. 
Strategically, policy initiatives, in this case, are more sustainable in the 
modern context. This is because it takes cues from the holistic 
approach for creating income sources for different stakeholders, 
including the landless farming communities, during non-monsoon 
seasons and drought. As a result, every household in the village 
receives benefits in one way or another, reflected in their per-capita 
income (Chowdhury and Behera, 2018).

For improved management of the tank system, the functionalities 
of the elementary components must be clarified beforehand to the 
stakeholders. These include three components: one, service providers 
who may be a government through bilateral agencies; two, service 
facilitators such as local NGOs; and three, service users like TUGs, 
WUAs, and local communities. Their continuous interaction and 
cooperation are much needed to sustain tank irrigation. As the TUGs 
represent the lowest action body, federation at the tank cascade, basin, 
and state levels are needed for effective governance. However, instead 
of bringing several agencies together at the cascade level, fixing one 
agency as a nodal would be  more appropriate. In this process of 
designing tank rehabilitation, capacity building is the core, and 
sustainability cannot be  attained without it. It should start before 
planning rehabilitation and considering all stakeholders, including 
SHGs and the landless. The first part of the capacity building should 
focus on strengthening TUGs, creating awareness, and introducing 
income-generating sources to SHGs. Subsequently, NGOs can 
moderate their involvement in rehabilitation programs. The second 
part of training should start during rehabilitation, primarily 
emphasizing the water security, water management, operation 
maintenance, and natural hazard mitigation aspects of tanks. At the 
same time, the last part of the training should start once the 
rehabilitation works are completed. This part should focus on 
managing tanks by TUGs on their own, expanding their activities to 
federation levels (Sakthivadivel and Gomathinayagam, 2006). Such 
capacity-building strategies should consider regional requirements to 
cater to the tank communities’ local needs. Therefore, appropriate 
tank rehabilitation measures have the potential to provide immediate 
benefits and sustain them in the long run. In addition, such attempts, 
through public-participatory approaches, have the potential to buffer 
the negative consequences of environmental and climate change 
impacts in general and natural hazards in specific.

Under fiscal constraints, the crux of the rehabilitation programs 
should focus on achieving a balance between creating new 
technologies and utilizing existing technologies (tank irrigation) with 
obligatory modifications in the revised context. India has millions of 
tanks spread across vast geographical areas of arid regions. Systematic 
mapping of the system and non-system tanks1 by the geotagging 
technique and categorizing them as functional and non-functional 
tanks is paramount. This would allow the demarcating of actual tank 
boundaries, which, in turn, check encroachment, if any. Also, 
developing land use and land use cover maps of tank watersheds using 
manual and automated supervised classification techniques by 
employing Google Earth Pro and Geographical Information System 
(GIS) (Liladhar Rane et al., 2024; Pande et al., 2024) can help provide 
recent trends of tank deterioration, if any. Moreover, addressing 

1 System tanks refer to tanks that are part of a larger, interconnected network 

of water bodies designed for collective water management and distribution, 

often found in traditional tank cascade systems. These systems enable the 

efficient use and reuse of water resources across multiple tanks, ensuring a 

sustainable supply for irrigation, drinking, and other purposes. On the other 

hand, non-system tanks are standalone tanks that do not have such 

interconnections and function independently. These tanks often rely on local 

rainfall and runoff and do not benefit from the integrated water management 

provided by system tanks.
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encroachment of catchments and tank beds requires stringent land use 
regulations, proactive community engagement, and enhanced legal 
frameworks. Effective enforcement of these regulations is essential to 
prevent unauthorized activities that damage these critical areas. Active 
community involvement in conservation efforts and clear legal 
protections with penalties for violations are necessary to preserve the 
resilience and sustainability of traditional water harvesting systems. 
Integrating traditional knowledge with modern practices can further 
support these measures, ensuring the long-term ecological and 
hydrological integrity of tank irrigation systems. In general, tank 
revival and restoration can pave the way to enhance the scalability of 
national programs, even in the remotest villages. The sustenance of 
rehabilitation initiatives could be substantiated by capacity building 
and strengthening the local institutions led by farmers and local 
communities. Instead of substituting tanks with canal networks or 

well irrigation, a tank cascade network should be  endorsed as a 
complementary source to the canal and well irrigation. Attention 
should be  given to phenomenal aspects degrading a tank’s 
performance, such as siltation of the tank, including feeder channels, 
eradication of invasive weed infestation, and unsustainable use of 
groundwater resources. Mandatory provisioning of dead storage in 
cascading tanks can enable life irrigation of the standing crops even 
during non-monsoon seasons. Since the tank cascade system has been 
sustained for over two millennia, espousing these traditional design 
principles in modern-day rehabilitation schemes could allow for 
achieving the SDGs.

A coordinated effort involving key organizations is proposed to 
effectively address tank system management and rehabilitation, 
integrating service providers, facilitators, and users. Service providers, 
such as the Ministry of Jal Shakti (in India) and State Water Resources 

TABLE 3 Major policy initiatives required for sustainable tank rehabilitation programs in India (Sakthivadivel and Gomathinayagam, 2006; Reddy et al., 
2018).

Ongoing policy Policy initiatives needed Significance/Impacts

Mostly, the tank-level organizations restrict the 

membership to landowners only

Tank User Associations (TUAs) must include 

stakeholders from tank areas of catchment, water spread, 

bunds, and command areas, including landless farming 

communities

Revised European Economic Community (EEC) model 

for tank rehabilitation in Pondicherry via TUAs benefited 

from this proposition.

Government and funding agencies do not rely on 

farmer’s associations (FA) or TUAs for tank 

rehabilitation works

Rehabilitation should be implemented and supervised by 

the TUAs, as members of TUAs have a better 

understanding and knowledge about their tanks

Findings from the rehabilitation program from 

Karnataka through Jala Samvardhane Yojana Sangha 

(JSYS) produced quality works

Potential of SHGs is confined to microfinancing and 

income-generating activities

SHGs must be included with TUAs and should be given a 

greater role in tank rehabilitation activities

Successful inclusion of SHGs with TUAs was observed in 

the revised EEC model of Pondicherry

Public-participatory approaches emphasize more on 

the voluntary participation facets

Recommendation is to establish constitutionally 

recognized institutional arrangements

Such institutions may incentivize or de-incentivize users 

to operate tanks at maximum efficiency

Tank rehabilitation is of two types: option (1) 

focusing on agriculture production; option (2) 

focusing on developing the tank system

Focus must be shifted to option (2) as it takes a cue from 

the holistic approach for creating livelihood 

opportunities for different stakeholders, including the 

landless

Option (2) not only provides comprehensive benefits but 

ensures accounts and addresses the need of option (1), 

thus creating an overall sustainable

Lack of interaction between a plethora of 

government agencies such as Panchayats, Public 

Works Department (PWD), Revenue, Fisheries, 

Forest, etc.

Needed to make one nodal agency, may be PWD or Rural 

Development Department, as an in-charge of tank 

rehabilitation

Minimizes unwarranted delay; drawing permissions 

individually from the many organizations will 

be curtailed

Government has full ownership and control over 

the water bodies; Revenue authorities prevent 

income generation activities using tanks as a whole

Appropriate will be to lease the tank water bodies to the 

TUGs on a long-term basis and vest the responsibility of 

its maintenance over them

Local communities, in support of TUAs, may 

be permitted to generate income by planting trees, 

rearing fish, etc., in partnership with Panchayat

Rehabilitation funding norm is based on rupees per 

hectare (Rs/ha) of command area

Recommendation is to revise unit rate funding for each 

tank component, as Rs/km2 for water spread area, Rs/ha 

for catchment and command area

It will address the change in the rehabilitation schemes 

from only on-farm development works (focused in the 

past) to the tank system as a whole

Government agencies managing canals, tanks, and 

groundwater work independently

Appropriate will be to treat canals, tanks, and 

groundwater sources as complementary to each other 

instead of considering them as alternatives

More documentation on surface water-groundwater 

interaction will strengthen understanding of 

hydrogeological aspects of tank systems

Current policies unforeseen climate change impacts 

and vulnerabilities on tank rehabilitation projects

Analysis of environmental, climate, and hydrological data 

at an appropriate scale should be given high precedence

Analysis will allow forecasting precisely; It will provide 

adequate time to prepare against the challenges

Fragmented and reactive initiatives with sporadic 

enforcement; weak regulation of land use around 

tank systems leading to continued encroachment

Integrated watershed management policies and strict 

land use regulations by local and state governments are 

needed; should be enforced by PWD, NGOs, and Village 

and Block Administrators at the grassroots scale; should 

be practiced by WUA, TUA, and allied stakeholders

Initiatives may help restore hydrological balance, 

conserve ecosystems, improve water quality, enhance 

livelihoods, and increase climate resilience

https://doi.org/10.3389/frwa.2024.1441365
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org


Jain et al. 10.3389/frwa.2024.1441365

Frontiers in Water 11 frontiersin.org

Departments, can develop and implement national and state-level 
policies, respectively, with the Central Water Commission providing 
technical guidance. Service facilitators, including local NGOs, can 
ensure community involvement and act as intermediaries between the 
government and local communities. Service users, such as TUGs, 
WUAs, and local communities, are crucial for the success of these 
programs, necessitating their active participation. Additionally, 
international development agencies, like the World Bank and Asian 
Development Bank, can offer financial and technical support. At the 
same time, academic and research institutions, such as the Indian 
Institutes of Technology (IITs), can conduct research and provide 
evidence-based recommendations.

5 Scope of traditional water 
harvesting: global perspectives

5.1 Social well-being and sustainable 
development

The TCS, or any analogous traditional water harvesting technique, 
represents a time-honored approach to water collection employed 
across diverse regions for centuries. In the case of TCS, it involves a 
series of interconnected tanks or ponds arranged in a descending 
fashion to collect and retain precipitation during the monsoon season. 
These tanks function as natural reservoirs, facilitating effective water 
resource management. The cascade systems provide water for fisheries 
and animals, prevent soil erosion, mitigate floods, control water 
quality, store water for irrigation, reduce vulnerability to drought, and 
promote soil health (Vidanage et al., 2022). These benefits align closely 
with the objectives of the SDGs. Traditional water harvesting systems 
are pivotal in enhancing societal well-being and contribute 
significantly to socio-economic progress through various mechanisms. 
The following discussion provides various dimensions on harnessing 
the benefits of using such traditional water harvesting techniques in 
the context of SDGs (further depicted in Figure 6).

5.1.1 (SDG 1) No poverty
The provision of building and maintenance services by traditional 

water harvesting technologies has created employment possibilities at 
the local level, hence contributing to the augmentation of incomes and 
alleviating poverty. Water storage systems facilitate water provision for 
irrigation, enhancing agricultural productivity and mitigating poverty 
within rural areas through the augmentation of food production and 
income-generating prospects (Gathala et al., 2020).

5.1.2 (SDG 2) Zero hunger
By capturing and storing water, traditional water harvesting 

technologies such as TCS allowed irrigation during dry periods, 
facilitating agricultural activities and thereby contributing to the 
promotion of food security and the mitigation of hunger in arid and 
semi-arid areas (Kumar et al., 2021).

5.1.3 (SDG 3) Good health and well-being
Providing clean and dependable water sources through traditional 

water harvesting technologies enhances sanitation and hygiene 
practices, reducing waterborne illnesses and improving health 
outcomes (Liu et al., 2021).

5.1.4 (SDG 4) Quality education
Enhanced water security and increased agricultural incomes 

enable households to allocate greater financial resources toward their 
children’s education, enhancing academic performance by mitigating 
student absences resulting from water-related challenges (Brewis 
et al., 2020).

5.1.5 (SDG 5) Gender equality
Implementing traditional water harvesting technologies has 

increased opportunities for education and income generation 
among women and girls, who typically bear the responsibility of 
water collection. This has contributed to the advancement of 
gender equality. In addition, women often took leadership roles 
in communally managing TCS and supporting gender equity 
(Tantoh et al., 2021).

5.1.6 (SDG 6) Clean water and sanitation
Implementing traditional water harvesting technologies such as 

TCS facilitates the storage of rainfall, thereby augmenting water 
availability for various purposes such as home consumption, livestock 
rearing, and agricultural activities. This approach effectively tackles 
the issue of water shortage and promotes accessible and safe water 
resources (Evaristo et al., 2023).

5.1.7 (SDG 7) Affordable and clean energy
TCS provides water with significant, yet underutilized, potential. 

Adequate attention to TCS can greatly enhance the implementation of 
micro-hydro initiatives, thereby promoting the adoption of 
environmentally sustainable and cost-effective energy alternatives in 
rural areas. This focus can transform rural energy solutions, 
supporting sustainable development and environmental conservation 
(Agwu et al., 2023).

5.1.8 (SDG 8) Decent work and economic growth
TCS construction and maintenance created local jobs. The use of 

TCS has been found to augment agricultural productivity significantly, 
generating more employment prospects within the farming sector and 
facilitating economic advancement in rural communities (Melles and 
Perera, 2020).

5.1.9 (SDG 9) Industry, innovation, and 
infrastructure

TCS assists in advancing rural infrastructure, encompassing 
essential components such as irrigation systems, road networks, and 
storage facilities. These provisions serve to enhance economic 
activities and foster the emergence of innovative practices 
(Kekulandala, 2021).

5.1.10 (SDG 10) Reduced inequality
Enhanced access to water resources facilitated by TCS yields 

advantageous outcomes for vulnerable populations, thereby mitigating 
inequalities and fostering a more comprehensive approach to 
development (Tantoh et al., 2021).

5.1.11 (SDG 11) Sustainable cities and 
communities

The implementation of TCS can significantly contribute to urban 
water management. By effectively lowering the strain on urban water 
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FIGURE 6

Benefits of traditional water harvesting system in the context of natural hazard mitigation, social well-being, and sustainable development.

supplies, TCS may play a pivotal role in supporting the pursuit of 
sustainable urbanization (Ratnayake et al., 2021).

5.1.12 (SDG 12) Responsible consumption and 
production

TCS advocates for properly utilizing water resources to mitigate 
water loss and endorse sustainable agriculture methodologies 
(Sirimanna et al., 2022).

5.1.13 (SDG 13) Climate action
As natural infrastructure, TCS enhances landscape resilience to 

climate change impacts. The storage of rainwater by TCS facilitates 
community adaptation to climate change by maintaining a 
consistent water supply during periods of drought (Ranasinghe 
et  al., 2023). Additionally, tank organic build-up can sequester 
carbon, contributing to climate change mitigation by reducing 
atmospheric carbon dioxide levels (Kulasinghe and 
Dharmakeerthi, 2022).

5.1.14 (SDG 15) Life on land
TCS supports biodiversity and enhances terrestrial ecosystems 

within their catchment areas. By replenishing groundwater supplies 
and facilitating vegetation growth, TCS significantly contributes to 

land restoration efforts and biodiversity protection (Ratnayake 
et al., 2021).

5.1.15 SDG 16: Peace, justice, and strong 
institutions

The utilization of TCS can facilitate collaboration and encourage 
active participation from communities in the management of water 
resources. This approach can effectively contribute to promoting peace 
and establishing sustainable water governance systems (Kekulandala 
et al., 2023).

5.1.16 (SDG 17) Partnerships for the goals
The preservation and promotion of TCS necessitate the 

collaborative efforts of governments, non-governmental organizations 
(NGOs), and local people, underscoring the significance of 
partnerships in attaining sustainable development (Tantoh et al., 2021; 
Kulasinghe and Dharmakeerthi, 2022; Sirimanna et  al., 2022; 
Kekulandala et al., 2023).

5.1.17 Sustainable agriculture and rural 
development as a source of employment

Implementing traditional water harvesting technologies in 
sustainable agriculture and rural development offers significant 
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employment opportunities and rural advancement (Melles and Perera, 
2020; Kekulandala, 2021). These activities include constructing and 
maintaining rainwater harvesting systems, conserving soil and water, 
and developing small-scale irrigation systems. Such efforts enhance 
agricultural productivity, generate higher incomes, and foster 
employment and entrepreneurship (Karalliyadda et  al., 2023). 
Revitalizing traditional water systems also aids cultural preservation 
and environmental sustainability (Perera et al., 2021; Ratnayake et al., 
2021). Systems like TCS are vital for sustainable agriculture, providing 
employment, reducing groundwater reliance, and improving water 
quality. Integrating modern technologies like geographical 
information systems, remote sensing, artificial intelligence, and 
machine learning (discussed in Section 5.3) can optimize traditional 
systems, while community-based monitoring can ensure sustainability. 
These systems increase agricultural productivity, create employment, 
reduce groundwater use, and promote sustainable agriculture. They 
also improve water quality, mitigate drought impacts, support 
sustainable tourism, and address climate change by promoting 
sustainable water management, as was reflected in SDGs. The diverse 
benefits of traditional water harvesting methods are illustrated in 
Figure 7.

5.2 Adaptation amidst climate change

Traditional methods of harnessing surface water can mitigate 
water scarcity, although they may not provide a complete solution in 

all cases. A systematic study of these methods is thus needed to raise 
awareness of these alternative water sources among policy-makers. 
Efforts should also be  made to educate rural people about these 
techniques, using locally available and low-cost construction 
materials. An integrated approach to the upkeep of traditional water 
harvesting structures is essential for sustainable livelihoods and 
ecological balance in drought-affected regions globally. TCS and 
traditional water harvesting systems can help to bring climate change 
resilience in the following ways (depicted in Figure 8):

 • Flood mitigation: By collecting and storing more 
precipitation, TCS and conventional water harvesting devices 
can assist in minimizing floods. Adopting this can decrease 
the chance of floods and associated infrastructure and 
property damage without constructing the additional 
dedicated structures.

 • Drought resilience: TCS and conventional water collecting 
systems can contribute to drought resilience by offering a steady 
water supply during dry spells. This can lessen the impact of 
drought stress on animals and crops and assist modern structures 
such as dams.

 • Heatwave adaptation: Providing access to water for cooling and 
irrigation is one way to respond to a heat wave. This can enhance 
the quality of life during heat waves and lower the risk of heat-
related diseases.

 • Reduced dependence on external water sources: TCS and 
conventional water harvesting devices can aid in lowering a 

FIGURE 7

A growth chart indicating the scope of development due to better utilization of available water resources (A), suitable and sustainable adoption of land 
use land cover pattern (B), and practice of decentralized water governance amidst the applications of traditional water harvesting systems (C).
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community’s reliance on rivers and groundwater. As a result, 
communities may become more resistant to the effects of climate 
change, such as drought and groundwater depletion.

 • Enhanced ecosystem services: TCS and conventional water 
collecting systems can support enhancing ecosystem functions, 
including soil conservation and groundwater recharging. This 
might increase a community’s ability to withstand the effects of 
climate change, such as drought and soil erosion.

Traditional water harvesting systems offer multifaceted 
benefits with significant implications for government, 
policymakers, administration, and society. For governments and 
policymakers, these systems provide opportunities for resource 
optimization by streamlining water management and bolstering 
climate resilience against floods, droughts, and heat waves. 
Administration stands to gain from cost savings in infrastructure 
development and potential reductions in healthcare expenditures 
through the health benefits of heatwave adaptation. In society, 
adopting these systems directly enhances the quality of life by 
providing water for cooling and irrigation, making communities 
more resilient to extreme weather events, and contributing to 
environmental sustainability by reducing dependence on external 
water sources. Implementing traditional water harvesting systems 
yields economic, social, and environmental advantages, aligning 
with sustainable development goals and fostering community 
well-being.

5.3 Role of artificial intelligence and 
machine learning approaches: a proposal

Given the limited applications of Artificial Intelligence (AI) and 
Machine Learning (ML) in enhancing TCS, there exists a substantial 
opportunity to re-evaluate traditional water harvesting approaches 
through the lens of advanced AI-ML technologies, which are 
revolutionizing scientific applications. Hence, this section proposes 
revisiting TCS through the lens of AI-ML to advance water 
management and disaster resilience. Addressing the growing water 
demands in agriculture, balancing industrial, urban, and rural water 
needs, and tackling water scarcity necessitate innovative water 
governance strategies (De Fraiture and Wichelns, 2010; Di Vaio et al., 
2021). Traditional water harvesting methods such as TCS, a time-
tested technology, can significantly benefit from AI-ML integration. 
AI-ML techniques can enhance TCS efficiency, particularly in 
forecasting extreme weather events such as floods and droughts 
(Arora et al., 2021; Elbeltagi et al., 2024). AI-ML models trained on 
historical data can predict the frequency and severity of these events, 
enabling proactive management of TCS. For instance, if an AI-ML 
model predicts a flood, tank gates can be opened to release excess 
water, mitigating flood risks. Conversely, if a drought is forecasted, 
tank gates can be  closed to conserve water. Additionally, AI-ML 
models can optimize irrigation schedules to maximize crop yields 
with minimal water use and develop water distribution plans that 
ensure equitable access during scarcity (Elbeltagi et al., 2022).

FIGURE 8

Multifaceted benefits of traditional water harvesting systems amidst changing climate.
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The application of AI in intelligent water management systems 
holds significant potential for improving water supply and service 
delivery efficiency (Jenny et al., 2020). The integration of AI, Deep 
Learning (DL), and ML with Internet-of-Things (IoT) technologies is 
anticipated to address complexities in water management systems 
(Nasser et  al., 2020; Alam et  al., 2022). AI-ML models have 
demonstrated effectiveness in wastewater treatment, water pollution 
control, smart agriculture, optimizing water use, and monitoring 
water quality and levels (Jain et al., 2021; Akhund et al., 2022; Lowe 
et  al., 2022). The recent socioeconomic growth and ecological 
sustainability depend on effective water resources management to 
alleviate poverty and promote equity. Moreover, Adaptive Intelligent 
Dynamic Water Resource Planning (AIDWRP) exemplifies AI’s 
potential in sustainable water management. Combining numerical AI 
methods with human intelligence enhances data-driven decision-
making and water efficiency (Xiang et al., 2021; Krishnan et al., 2022). 
AIDWRP utilizes the Markov Decision Process (MDP) to optimize 
environmental planning, balancing water supply and demand while 
supporting local economic efficiency. Integrating AI-ML techniques 
with TCS could significantly enhance their functionality by optimizing 
water distribution and improving predictive capabilities for extreme 
weather events. This approach can transform traditional water 
harvesting practices, fostering more resilient and efficient management 
of water resources in rural areas.

Furthermore, the collaboration of AI with Information and 
Communication Technologies (ICT) can yield effective water 
management strategies, enhancing distribution and reducing costs 
(Jenny et al., 2020). AI’s application to water management can help 
formulate strategies to minimize water leakage and address water 
scarcity, considering population density. Integrating AI-ML with 
traditional water harvesting systems like TCS offers a strategic 
advantage for disaster preparedness and response, optimizing water 
management and infrastructure resilience (Drogkoula et al., 2023). 
This synergistic approach optimizes water management and fine-
tunes infrastructure and disaster recovery efforts. By harnessing the 
predictive capabilities of AI and the adaptive learning algorithms of 
ML, these systems empower communities to manage and mitigate the 
impact of natural disasters proactively. The infusion of such 
technologies extends beyond immediate disaster response, fostering 
long-term resilience by providing invaluable insights for future 
planning. This advanced integration stands as a testament to the 
potential of technology not merely as a tool for emergency response 
but as a cornerstone for enhancing societal well-being and 
environmental sustainability.

5.4 Global lessons

The restoration and rehabilitation of traditional water harvesting 
systems, such as the TCS, offer significant visions for global water 
management, environmental sustainability, and climate resilience. Key 
lessons derived from the study include:

 • The successful revival of traditional water harvesting systems, 
exemplified by TCS, demonstrates that combining ancient 
knowledge with modern technology can create sustainable 
solutions for water management. These systems provide reliable 
water sources for agriculture and drinking, enhance groundwater 
recharge, reduce soil erosion, and improve water quality. Regions 

experiencing water scarcity can adopt similar practices to ensure 
a more sustainable and resilient water supply.

 • TCS and similar systems mitigate the impacts of climate change 
by capturing and storing rainwater, reducing the vulnerability of 
communities to droughts and floods. These systems offer a steady 
water supply during dry spells and manage excess water during 
heavy rains, building resilience to climate variability. This 
approach can be replicated globally to enhance adaptive capacity 
to climate change.

 • The success of TCS rehabilitation projects underscores the critical 
role of community involvement in water management. Engaging 
local communities in planning, implementation, and 
maintenance ensures the sustainability and effectiveness of these 
systems. Empowering communities with knowledge and 
resources fosters improved water governance and resilience to 
environmental changes.

 • Integrating traditional water harvesting methods with modern 
technologies, such as GIS, remote sensing, and artificial 
intelligence, optimizes the efficiency and effectiveness of these 
systems. This hybrid approach provides precise data for better 
decision-making and enhances overall water resource 
management, demonstrating the value of leveraging both 
traditional knowledge and modern innovation.

 • The rehabilitation of TCS has resulted in significant economic 
and social benefits, including increased agricultural productivity, 
employment generation, and improved livelihoods. Revitalizing 
traditional water systems can lead to higher incomes, foster 
entrepreneurship, and reduce groundwater dependency, 
promoting long-term economic sustainability. These benefits 
highlight the potential for similar projects to contribute to rural 
socio-economic development worldwide.

 • Supportive policies and institutional frameworks have been 
instrumental in the successful implementation of TCS 
rehabilitation projects. Governments and organizations must 
prioritize the conservation and rehabilitation of traditional water 
systems through policies that promote sustainable practices. 
Institutional support, funding, and capacity-building initiatives 
are essential for the successful scaling and replication of these 
projects in various regions.

 • TCS contributes to broader environmental conservation efforts 
by reducing water runoff and promoting groundwater recharge, 
helping to maintain ecological balance, preserve biodiversity, and 
enhance ecosystem resilience. Adopting similar practices can 
support global efforts to protect natural resources and promote 
environmental sustainability.

 • Educating communities about the importance of traditional 
water harvesting systems and their role in sustainable water 
management is crucial. Awareness programs and educational 
initiatives can help communities understand the benefits of these 
systems and encourage active participation in conservation 
efforts. Continuous education and outreach are essential to foster 
a culture of sustainable water management.

In summary, the rehabilitation of traditional water harvesting 
systems provides lessons that can be applied globally. By integrating 
traditional knowledge with modern technology, involving 
communities, and providing policy and institutional support, regions 
around the world may enhance water security, build climate resilience, 
and achieve sustainable development.

https://doi.org/10.3389/frwa.2024.1441365
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org


Jain et al. 10.3389/frwa.2024.1441365

Frontiers in Water 16 frontiersin.org

6 Conclusion

Traditional water harvesting systems in South Asia have historically 
been integral to rural economies, playing a crucial role in sustaining 
agriculture and managing water resources. However, these systems 
have experienced significant decline due to shifts in policy, political 
interventions, and socio-economic changes, particularly during 
colonial rule. The Tank Cascade System (TCS), a prominent example, 
is critical for mitigating natural hazards such as floods and droughts. 
Despite their historical significance, modern neglect and insufficient 
integration into contemporary water management practices often 
compromise these systems’ efficacy, undermining their potential to 
contribute to sustainable development and climate resilience.

The alignment of TCS with the 17 Sustainable Development 
Goals (SDGs) underscores their multifaceted role in advancing social 
well-being and environmental sustainability. These systems 
contribute to improved water access, increased agricultural 
productivity, community empowerment, and gender equality while 
exhibiting notable resilience to extreme climatic events. Their 
integration into SDG frameworks highlights their potential to 
enhance adaptive capacity and socio-economic development. Recent 
research advocates incorporating traditional water harvesting 
technologies into disaster risk reduction frameworks and eco-tourism 
initiatives. The resurgence of interest in tank rehabilitation and 
modernization, bolstered by government support in India, reflects 
their significance in preserving biodiversity, maintaining hydro-
ecological stability, and enhancing climate resilience.

To ensure the continued relevance and effectiveness of traditional 
practices such as TCS, adopting a holistic approach to their 
management is essential. Modern strategies should prioritize 
stakeholder engagement and critically evaluate the dependency on 
large-scale dam projects, considering traditional systems’ ecological 
and socio-economic advantages. Effective rehabilitation and 
sustainability of tank irrigation require comprehensive policies that 
recognize the intricate significance of these systems and facilitate their 
adaptation to current and future challenges. By integrating traditional 
knowledge with modern technologies and practices, we can create 
resilient water management systems that support sustainable 
development and mitigate the impacts of climate change.
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