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In brief – This report describes a groundwater community monitoring and 
management project implemented in two Indian states. Volunteer farmers 
were trained and enrolled in a data collection program that allowed better 
understanding hydrogeological processes and the effect of artificial recharge 

infrastructure. Volunteers played a crucial role in the interface between researchers and 

village communities and were significant change agents. A mobile phone application was 
developed and used to facilitate data collection. Improved understanding of groundwater 
issues led to the emergence of willingness to improve groundwater management, the 
development of new management rules and the establishment of groundwater cooperative 
aiming at optimizing groundwater use and recharge.  
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Context 

In India, irrigated agriculture has increasingly relied on groundwater exploitation since the 

1980s.  Due to the easy availability of pumps, electricity subsidies and lack of regulation on 

drilling and pumping, groundwater use has developed far beyond the sustainable limits of the 

resources.  As a result, the average water-table depth has declined by several dozen meters 

in many regions, leading some farmers to drill over 100 meters in search of water.  

As in many other countries, State efforts to regulate “anarchical” groundwater use by individual 

well owners have achieved little success.  State action was limited by the lack of information 

on existing wells and extraction levels; limited capacity to enforce existing regulations; political 

interference in policy implementation; and insufficient understanding by users of the long-term 

benefits of sustainable groundwater management.  

In that context, scholars, NGOs and development agencies are promoting an alternative 

groundwater management model, relying on collective action to ensure sustainable 

management of groundwater resources.  This model assumes that users should be 

empowered to craft their own rules for managing groundwater as a common pool resource 

and play the most active role in monitoring the resource and its use.  

The MARVI project presented in this reference case study illustrates this approach.  MARVI 

developed a participatory groundwater monitoring and management program at the 

village level.  The monitoring component focuses on measurements of groundwater levels, 

rainfalls and the functioning of groundwater recharge structures.  The management 

component deals with pumping reduction strategies and artificial recharge, two lines of action 

that will make groundwater use sustainable.  This program was implemented in two hard rock 

aquifer areas in Aravali district in Gujarat and Udaipur district in Rajasthan, India.  
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Innovation development and implementation 

 Presentation of case study areas 

The study areas of the MARVI project include the Dharta watershed in the Udaipur district in 

Rajasthan and the Meghraj watershed in the Aravali district in Gujarat.  For irrigation, farmers 

mainly use open wells or tube wells.  In both districts, groundwater levels have dropped 

significantly due to excessive pumping.  This resulted in many open wells drying up 

(temporarily during droughts or permanently).  Many farmers have adapted by drilling to a 

depth of up to 150 m, but those tubewells are unreliable. 

In both areas, small artificial recharge infrastructures were developed.  Locally called “check 

dams”, they consist of weir structures installed on ephemeral streams (from one to a few 

meters high) which retain runoff during monsoon and facilitate its infiltration in the ground.  The 

volume they infiltrate ranges from 25 to 85% of the total inflow – from 50 000 to 500 000 

m3/year.  

A small proportion of farmers (about 20%) also developed farm runoff harvesting practices to 

increase groundwater recharge.  Spreading those practices within the remaining 80% of 

farmers is a key challenge for improving groundwater sustainability.  This requires 

demonstrating the effectiveness of this practice through data collected in their watershed – 

one of the objectives of the MARVI project. 

  

A check dam – weir structure in the riverbed facilitating water retention and infiltration during monsoon season.  

© MARVi project 

 Project objectives and innovation 

The project’s overall objective is to develop a village-level participatory approach aiming at 

improving the sustainability of groundwater resources.  The approach relies on three 

operational pillars: (i) a groundwater citizen science component including participatory 

groundwater monitoring and capacity building; (ii) a groundwater recharge component 

implemented at catchment and field levels (collective/individual actions); and (iii) a water 

demand management component aiming at reducing groundwater extraction through changes 

in cropping and irrigation practices.  This case study report focuses on the citizen science 
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component which implementation was based on a series of activities depicted in Figure 1 and 

further described in the remaining part of this document.  

 

 
Figure 1 : Overview of the groundwater citizen science approach developed in MARVI project.  

 Volunteers recruitment and engagement 

The citizen science component of the MARVI project mainly relies on establishing a network 

of “volunteers” that played a key role in developing village level groundwater scientific 

knowledge.  

Volunteers, named “Bhujal Jaankaars” or BJs (meaning “those who know about groundwater”) 

were recruited among local farmers considering the following criteria: the ability to read and 

write; motivation to learn; understanding of the local agricultural, land and water situation; and 

willingness to make time available to conduct the activities.  

Volunteers were carefully trained by groundwater specialists, going through a training program 

of eight modules in a series of sessions totalling 45 days.  The training involved theory and 

practical exercises that covered mapping, land and water resources analysis, geohydrology, 

water balance analysis and groundwater management strategies.  It built their confidence in 

their role as local groundwater champions. 

To facilitate volunteers’ engagement, the project team initially decided that they would 

receive financial compensation for the time spent collecting data (approx. $10/week).  This 

small incentive was maintained over time, although volunteers are increasingly aware of the 

benefits of the monitoring program for themselves and the community.  As highlighted by 

Basant Maheshwari, “we aimed to create volunteers and not employees of the MARVi 

programme”.  



 

5 

 Volunteers’ missions  

Volunteers’ first mission is to produce data to understand the local hydrogeological 

conditions.  Supported by scientists from Indian and Australian Universities, they monitor 

groundwater levels, rainfall, surface water levels (in weirs designed to increase recharge) and 

water quality.  Each volunteer is equipped with a simple groundwater level measurement 

device (a float with a graduated tape); a rain gauge installed at home; a portable water quality 

probe (measuring conductivity, pH, salinity) and bottles to take water samples (analysed in a 

small laboratory established in the village).  Each volunteer collects water levels in ten wells 

at a weekly time step.  Rainfall and surface water level readings are measured after each 

event (approximately 25 a year).  

 
Figure 2 : Farmer engagement and dialogue with them is critical for cooperative management of groundwater. © 
MARVI project. 

During the project’s first year, data were collected in notebooks and shared with other 

volunteers in a monthly meeting organised by local project staff.  After a few years, a mobile 

phone application was developed, allowing faster and safer data collection. 

The second mission of volunteers consists in developing a linkage between the project 

groundwater experts and local communities, thereby helping to create awareness about 

groundwater issues.  Being directly involved in the production of scientific knowledge, they 

can convey what they learn to farmers using their own language, demystifying groundwater 

science.  Volunteers have significant interaction with members of their community based on 

bilateral relationships or through village institutions such as farmer clubs, water cooperatives, 

and village councils.  They display the data they collect on a board in the local language so 

that people are aware of the state of groundwater fluctuation in the area.  

Volunteers also help communities use the information for farm level decision making, for 

instance, by informing farmers of the status of their groundwater system before making 

decisions.  Finally, volunteers are involved in field demonstration activities related to cropping 

practices that can improve water use efficiency and groundwater recharge at farm level.  

Facilitators hired by the project coordinator support volunteer activities of the project.  

Facilitators’ prime mission is to provide linkage between, on the one hand, volunteers and 
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project partners and, on the other hand, volunteers and their communities.  Facilitators were 

also in charge of randomly checking data collected by volunteers to ensure the validity of 

measurements ❺.  Groundwater sensors were also installed to cross-check trends shown by 

volunteers’ data.  

    

Volunteers use a float and a measuring tape to monitor the water  

table and depth every week   © MARVI project.  

 Collaborative science 

In MARVI, volunteers are not considered simple data providers: they also contributed to data 

interpretation alongside with the researchers, in a two-way learning process for experts and 

BJs. Overall, they are considered and valued as “citizen scientists” in a truly transdisciplinary 

approach.  

The joint scientific analysis allowed the development of a shared understanding of: 

- the relationship between the amount of rain that falls during the monsoon and 

groundwater resources available for irrigation in the next season;  

- how pumping impacts the groundwater situation; 

- the impact of artificial recharge practices deployed at the field level (e.g. embankments 

around fields to store and infiltrate rainwater during the monsoon);  
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- the groundwater balance, integrating pumping, rainfall, and managed artificial 

recharge; this knowledge helps farmers taking decisions related to the total area they 

can plant without taking the risk of water shortage; 

 Mobile phone application 

MyWell is a smartphone and SMS App designed to collect and analyse data related to 

groundwater level depth, rainfall amounts, surface water levels in recharge ponds and water 

quality parameters.  It is currently available on Android and can be freely downloaded.  The 

iOS version of the App is being developed. 

The App works by crowdsourcing data from volunteers’ network and farmers.  When a citizen 

scientist takes a reading from a well, a check dam or a rain gauge, he can submit it 

immediately.  This eliminates the use of paper-based systems.  To allow verification and 

increase data reliability, measurements reported by farmers can be backed-up with a 

photograph of the reading for future verification (the photograph’s metadata, including the date 

and position).  A new version of the App with three languages (English, Hindi, Gujarati) has 

recently been released and can be freely used worldwide. 

Users can create new measurement stations (well, rain-gauge, check dam) using their 

device’s inbuilt GPS to pinpoint the location.  All data collected are freely accessible to the 

public through the mobile application.  The use of the App requires creating an account, which 

is systematically granted upon request (no access restriction).  

 
Figure 3 : MyWell App screenshots 

The App displays village-level historical data related to the status of groundwater level in each 

well, rainfall, surface water levels and groundwater quality.  All data collected are public and 

easily accessible (full transparency).  Farmers fully accept this.  
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Visualising the trends allows comparing years for groundwater availability, helping farmers 

make planting decisions.  

 

 
Figure 4 : MyWell App screens showing trends in uploaded water levels in a well © MARVI project. 

 

 Developing community groundwater literacy 

In parallel with the training of volunteers, significant resources were invested in outreach 

activities aiming at developing “groundwater literacy” in the community.  Trainings were 

conducted in schools with groups of women. 

 
Figure 5 : Groundwater training in local schools. © MARVI project. 

Key achievements 

 A better understanding of groundwater processes 

Based on the evidence shown through local data collected by volunteers, farmers have started 

to understand their local groundwater system.  They now see how groundwater level and 

resource availability is determined by rainfall, managed artificial recharge and pumping.  
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Volunteers’ data from all wells revealed that groundwater levels were rising and falling 

simultaneously, showing that all wells were taping the same aquifer.  The data also highlighted 

that the recharge in check dams was significant, approximately equal to crop water 

requirements of 20% of the cultivated area.  

Prof. Maheshwari reports that “some BJs even started to develop a quantitative 

correlation between rainfall and groundwater levels – like a 50 mm rainfall at that period 

will result in a 3 meters rise of the water table.  They use this knowledge to decide the 

area that can be planted without taking too much risk of water shortage”.  

Hem Raj NBhatt, a farmer and former driller, says: “I observed that with an average 

monsoon (600 mm) in wells that are 30 m deep, the water table will rise about the 

halfway mark, i.e. 15 m depth, at the end of the monsoon” (quoted in Chew et al., 

2019). 

That improved understanding of hydrogeological processes helped some farmers improve 

their planting and irrigation decisions: 

Hajari Lal, a farmer, explains: “I have developed a rule of thumb that it is not wise to 

plant rabi crop if the water level in the well is less than 6 m at the end of the monsoon 

season”. 

 Awareness of the need for local groundwater management 

Farmers are increasingly convinced that the falling water table is a village-level issue, and it 

needs to be tackled collectively by the farming community at this level.  There is growing 

awareness that individual strategies alone (e.g. deepening their own well) will not solve their 

groundwater problem.  The MARVI team reports that they have already taken measures to 

stop deeper drilling.  

Hajari Lal says: “we should stop constructing tubewells as those farmers who are 

drilling take unfair advantage of others by taking their share of water”.  

Hem Raj Bhatt adds: “With the deepening of wells and the installation of tubewells, 

farmers are siply stealing each other’s water. […] People are stupidly behaving when 

they keep putting all their energy and money into drilling deeper, as it is all wrong.  

Kalu, a man in my village, installed six tubewells, one after the other, to get more water.  

He went bankrupt and committed suicide when he realised that he would not secure 

water for his grape wines from any of the six wells”.  (quoted in Chew et al., 2019).  

 Demonstration of managed aquifer recharge effectiveness 

The benefits of managed artificial recharge were demonstrated thanks to the data provided by 

volunteers.  The monitoring of 4 check dams showed that they contributed to significant 

recharge, enough to support the 20% of all crops.  This encouraged collective action to 

maintain check dams (desilting) better.  

Smaller-scale aquifer recharge actions (field level) also motivated farmers to invest resources 

in developing on-farm rainwater harvesting and recharge (Figure 6 and Figure 7).  In parallel, 

irrigation and cropping practices have evolved (use of mulch, crop diversification, reduced 

cultivated area), revealing a better understanding of irrigation efficiency issues and the need 
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to develop demand management actions.  The concept of water productivity, rather than crop 

productivity, is gaining momentum among farmers.  

  
Figure 6: On sloping ground, a series of small mounds are 
constructed along a contour line to trap some of the runoff and 
facilitate its infiltration and percolation to the water table. 

 
Figure 7: Pits are constructed for capturing runoff and 
recharging shallow aquifersCreation of momentum for 
collective action 

Collective action is now materialising with the establishment of a few Village Groundwater 

Cooperatives (VGC).  Formed by a few farmers (often with family ties) operating adjacent 

lands, VGCs aim at increasing recharge and reducing groundwater use through improved 

agronomic and irrigation practices.  The two fundamental principles ruling VGC are (i) equity 

in access to groundwater and (ii) sustainability in terms of water balance (pumping less than 

recharge at the VGC scale).  

 Production of valuable scientific groundwater data 

Watertable data monitored by BJs and sensors have enabled the estimation of local 

hydrogeologic parameters and the development of a simple groundwater balance.  Monitoring 

rainfall and water levels in checkdams have led to the partition of aquifer recharge due to 

checkdams and natural recharge in relation to subsequent groundwater use.  Researchers 

would not have been able to collect so much data by themselves: sending technicians or 

scientist at the required frequency would have been way too exwpensive. And the use of 

pressure transducers and logging equipment proved to be relatively unreliable (due to battery 

and other technical failures, calibration problems and difficult natural conditions). 
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 Up-scaling 

The MARVI approach developed in two watersheds in Rajasthan, and Gujarat is now ready 

for upscaling to other areas in the two states and beyond.  The World Bank and the Asian 

Development Bank are funding groundwater management projects aiming at deploying a 

similar approach in different states in India.   

Lessons learnt and implications for Mediterranean countries 

Despite the significant differences between India and Mediterranean countries, the MARVi 

project should be an inspiring example for North African and South European countries.  A 

few lessons emerge from this experience.  

 Groundwater citizen science is feasible where participants have relatively modest 

education levels.  In such contexts, relying on a small network of well-trained and 

motivated volunteers is an effective strategy.  Volunteers are significant change agents 

and play a crucial role in the interface between researchers and village communities. 

 In a scarce groundwater information context, citizen scientists' data are highly valuable 

for developing local groundwater knowledge.  They can effectively support the 

development of a simple groundwater balance model, estimate hydrogeological 

parameters and characterise aquifer level fluctuations.  

 Involving groundwater users in the development of scientific groundwater knowledge 

is essential to improve their understanding of the problems and their motivation to 

tackle it through innovative management actions.  

 Citizen science takes time.  The MARVI project was initially planned for 4 years, 

extended several times, and is still running 11 years after its commencement.  It was 

a slow process to gain the volunteers' confidence that what they were doing was 

worthwhile for them and their village communities.  This required partners to be 

persistent in their missions and develop trust and rapport with volunteers. 

 The monitoring of groundwater levels, rainfall and other relevant parameters helps 

farmers and other users to understand the groundwater recharge, use and flow 

processes.  This is a critical step to assess groundwater availability and the success 

of any collective management practices.  The project demonstrated that Bhujal 

Jankaars is an effective, trusted and valuable interface between village communities 

and government agencies, NGOs and researchers. The project has been successful 

in developing an engagement model using the Bhujal Jaankaars and translated data 

and experience into farmer-friendly groundwater knowledge and tools to help change 

the practices of farmers and save water while improving livelihood opportunities in 

Indian states of Rajasthan and Gujarat, and beyond. 

 One of the limitations to achieve groundwater sustainability and climate change 

adaptation is the lack of availability of local hydro-geological information to village 

communities.  This limitation constrains groundwater users to collectively establish 

sustainable aquifer limits. There is a need to balance the need for sustainable use of 

aquifers with individual livelihoods through village level institutions.  This will help to 

develop agreed rules for groundwater use from the local aquifer by individual well 

owners and sustainably manage aquifers.  
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