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This deliverable presents what the whole approach set out by eGroundwater project enabled to 
achieve in terms of enhancing groundwater management. Actually, in most cases, there is still much 
work to do on the governance side before specifically discussing strategies, and the project 
actually made major contributions to set a process towards better groundwater governance. Thus, 
this deliverable addresses achievements and learning both with regards to (how to set a process 
towards improved) groundwater governance and with regards to groundwater management.  

 

 
2.1. Introduction 

In the Badriane case study, the level of participation in water governance was very low at the case 
study scale at the beginning of the study. Hence, a first challenge was to bring every stakeholder 
involved in groundwater governance to come at the discussion table and to share a common 
diagnosis of the situation. The issue here was not the state of the water resource (studied in WP3 
and WP4) but rather 1) the governance rules, being formal and informal, traditional and modern, 2) 
the stakes and constraints that the various stakeholders had, and 3) the influences that the actions 
or decisions of some actors may have on others.  

In this context, reaching improved groundwater governance and management strategies, required 
first to create collective learning on better ways for stakeholders to communicate with each other, 
to learn about other situations and values, to better understand the inter-dependencies between 
their actions and to share a common diagnosis. A whole participatory modeling process was 
conducted with the stakeholders of Badriane. At each step of this process, some learnings occurred. 
In the next sections we present the process and, for each step of the participatory modeling process, 
the advances it could bring towards improved groundwater governance. At some part of the 
process, several actions were proposed by stakeholders as potential levers to face water and 
farming issues in the area. These actions were “tested” virtually and discussed during participatory 
workshops gathering the main stakeholders (administrations and water users). In the last section, 
we give, as observers of the whole process, the elements that seemed to be possible and consensual 
for designing an effective groundwater management strategy in the future. 

 

2.2. Overview of the participatory process 
For several reasons, the participatory and citizen science part of the Algerian case study really took 
place in 2023 and 2024. Most of those reasons (COVID crisis, relations between France and Algeria 
preventing French team to go to Southern Algeria, election of the Algerian PI (Salem Idda) as 



 

6 
 

President of the Timimoun Wilaya Popular Assembly) were related to the implementation of the 
research project more than issues related to groundwater governance. For this deliverable we hence 
focus on the period when research was occurring in parallel and in support with the participatory 
activities. Figure 1. Summarizes these different steps in the Algerian case study. 

 

Figure 1. Participatory storyline and citizen science in the Algerian case study 

For each step from 1 to 8 in Figure 1, we describe in this section, the nature of the participatory 
steps, the tools and methodology we used, notable issues or successes and social learning that we 
observed. Note that the whole process follows a companion modeling approach relying a lot on 
tools and principles from the Cooplage suite (Ferrand, Hassenforder et al., 2024). The ComMod ADD 
research program (Étienne et al., 2011) reviewed numerous ComMod processes throughout the 
world and, according to Daré et al. (2011), “beyond experiential learning, a transversal process in 
the ComMod approach, three other main types of learning are in play, namely 1. Learning about the 
content of the situation studied (nominal learning), 2. Learning about the participants and their 
interdependencies, and 3. Communicational learning”. The authors detail the second point (learning 
about others) as follows: “on the one hand, this concerns knowledge of each actor’s interests, skills 
and stakes; on the other, knowledge of the beliefs, viewpoints, norms and values of each actor”. For 
each step we try to identify which type among those social learning was observed. It is a qualitative 
result from our observations. Due to the delay we had on the Algerian case study the deeper analysis 
involving ex post interviews with stakeholders is only taking place now and we are not able to deliver 
it. 

2.3. The participatory modeling process and its outcomes 
The participatory modeling process (yellow boxes in Figure 1) in the Badriane case study aimed to 
address the initially low level of participation in water governance. The primary objective was to 
bring together all stakeholders involved in groundwater governance to share a common 
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understanding of the situation. This included not just the status of the water resource, but also the 
governance rules (both formal and informal, traditional and modern) as well as the stakes, 
constraints, and mutual influences among stakeholders. 

 Initiating stakeholder engagement 

The first challenge was to engage all relevant stakeholders in a dialogue. This step was crucial for 
fostering collective learning about the diverse situations and values of each party. It involved 
creating an environment where stakeholders could communicate more effectively, understand their 
interdependencies, and develop a shared diagnosis of the groundwater governance issues. 

Method 

We conducted workshops with farmers, using an adaptation of iINI-WAG tool (Hassenforder & 
Ferrand, 2024), which is a generic role playing game about water management. We organized 
meetings with staff of the administration. 

Issues and results 

The engagement of the administration (step 3) was clearly eased by the fact that Salem Idda 
(Algerian PI) was elected president of the Wilaya. This Wilaya was newly created so the local 
administration was looking for channels to connect with water users and the agricultural world(s). 
The engagement of the farmers was harder due to the heterogeneity of farmers and to difficult 
communication between different groups of farmers. It was eased by the INI-WAG tool used for 
facilitating discussions and by the presence of the administration (water and agriculture) that was 
interesting the farmers. This engagement was also facilitated by the organization of trainings about 
major concerns for the farmers (that was discussed in step 4 and then realized in step 6). 

Social learning 

In this first step, stakeholders already declared having obtained nominal learning through the 
information we gave in our presentations of the project about the hydrogeological information we 
collected and analyzed about the aquifer (both for administration and farmers). This is the only 
learning we observed during that step, except, for the farmers the learning of the role playing game 
methodology through the INI-WAG workshop. 

 Participatory building of Badi’O Model 

The first real challenging step was in step 5 where users (especially farmers and local 
administrations) needed to deal together with the discrepancies between reality, discourses and 
rules during the building up of a shared representation (the Role-Playing-Game model). 
Participatory workshops played a critical role in this process. These workshops gathered the main 
stakeholders, including administrative bodies and water users, to discuss and refine the proposed 
actions. The workshops enabled a collaborative environment where ideas could be exchanged 
freely, and some consensus could be built. 
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Method 

A four-day workshop on participatory water management was held from February 19 to 22, 2024, 
in Badriane. Organized by the Algerian team of eGROUNDWATER in collaboration with several 
institutions involved in water management, this event brought together the agricultural directorate, 
the water resources directorate, the drinking water company, the hydrographic basin agency, 
representatives from executive institutions, the foggara, and farmers from the Badriane area (see 
Figure 2). 

 

Figure 2. 4-day workshop in participatory modeling gathering administration and farmers 

The objective of the workshop was to collaborate with researchers, water users, and institutions to 
develop an integrated and participatory water resources management model in the Badriane 
region. This model aims to facilitate the collaborative creation of water management plans by users 
and institutions. 

During the workshop, participants used Crea-Wag, a protocol developed by G-EAU research unit, to 
enrich participatively design the conceptual model and then the Role Playing Game representing 
the management situation at stake. The resulting Role Playing Game (RPG) allows users to simulate 
the impacts of different water management options on the hydrological system, agricultural 
production, and socio-economic aspects. Additionally, participants approved the first proposed 
operational prototype of the RPG, which would be refined and tested in the upcoming phases of the 
project. 

At the conclusion of the workshop, the following outcomes were achieved: 

- An interactive map detailing the main hydraulic infrastructures and land use in the Badriane 
region. 

- A compilation of stakeholders involved in water management in this area, including their 
specific roles and interests. 

- An analysis of specific activities undertaken by each stakeholder, along with the resources 
mobilized and generated by these initiatives. 

- A set of scenarios outlining current and future challenges as well as opportunities related to 
water management in the Badriane region. 
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Issues and results 

We see here that the sharing of information and knowledge is not simple nor easy. However, this 
difficulty could be overcome to reach a model that represents clearly these dilemmas. Once again, 
the will of the major stakeholder that Salem Idda had become was an important asset. Even if they 
could be overcome, several factors were identified that were blocking the process at that stage. The 
first one was the ignorance or misunderstanding of the history of the area from some people of the 
local administration. This could be overcome by the discussions enabled by the format of the 
“game” which, as an abstract representation, was not pointing namely at anyone but mentioning 
roles and positions in the system. The second negative factor was the discrepancies between the 
national rules about water management judged to be sometime not adapted to the specific case of 
Saharan oases. The identification of this second factor was then a motivation for the group to work 
together and to try to defend their positions in Alger and that’s when they decided to send 
representative in Algiers to discuss about their situation. 

In the end, a shared conceptual model of the area and its issues related to water was produced (see 
illustration in Figure 3). 

 

Figure 3. Conceptual maps built during the workshop 

Based on these elements, the first prototype of the RPG was produced. The RPG is a combination of 
rules, roles and physical elements (game-board, activity-cards, pebbles representing resources. 
They are illustrated in Figure 4. 
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Figure 4. Illustration of the Badi’O Role Playing Game 

Social learning 

Many forms of learning occurred at that stage. First of all, nominal learning was declared by all, 
among some farmers that discovered the others’ situations and moreover from administrations that 
learned about practices (for instance about irrigated land market or illegal pumping close by 
foggaras channels). This last aspect (pumping close to foggaras) also refers to learning about 
participants and their interdependencies. Moreover, communicational learning occurred since 
farmers realized that they could get support from administration and administrations learned about 
the “good will” of some farmers despite some illegal actions. The most emblematic learning was the 
way the responsible for the drinking water network could understand how farmers from the oasis 
were justifying their use of drinking water to irrigate the palm grove. They explained that the water 
historically used, coming from foggaras, had decreased since the installation of the boreholes and 
that logically they were using the water from the network that, according to them, was the water 
that used to flow from the foggaras. 
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 Participatory simulations in Badriane and in Algiers 

In total five participatory workshops based on the Badi’O RPG were conducted in Algeria (two in 
Timimoun and three in Algiers). See Figure 5. Local and National events on the use of the RPG 
occurred in Algiers and Timimoun (See Figure 6).  

 

Figure 5. Stakeholders from national and local level “playing” the Badi’O RPG in Algiers. 

 

 

 

Figure 6. They speak about it: Communications about RPG workshops in newspaper and in social 
media. 
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Method 

This consists in animating role playing game sessions of the Badi’O RPG followed by a debriefing. 

Issues and results 

The results of the 7th step, dedicated to ex-ante evaluation of solutions by simulating the RPG were 
mitigated. On the one hand, several aspects that were a bit caricatural in the formalization of the 
RPG became more concrete during the simulation. For example, the farmers situated in the illegal 
plots were not out of the Oasian and farming society but a part of it. So these simulations 
strengthened the links between the stakeholders in their common understanding of the water 
management situation. On the other hand, the “solutions” imagined to the issues identified (having 
a unified agriculture for the authority to communicate too and dealing with the water supply of the 
traditional palm grove) were only discussed but could not be really designed in a better way that 
what had been identified before. This is partly due to the fact that several stakeholders were absent, 
including at the national level to support these projects and to include them in national laws and 
strategy for water and agriculture.  

The 8th step was dedicated to bring those questions at the national level. It did not bring all the fruits 
we were expecting but taking a step back, this is due to the fact that our expectations were too high 
and we today think that this 8th step was a success. We gathered in Algiers about 50 people from 
the national administrations : an engineer of from the National Water Agency, a former minister of 
Agriculture, the coordinator of the national commission for the culture of cereals in Algeria, 
researchers and practitioners from the national institute for Agricultural extension (INVA)), 
researchers from France and Algeria, actors from NGOs and from the FAO in Algiers. After 
presentations about the findings of the eGroundwater project, we split the participants into three 
groups so that ever one could experience the RPG designed in the Badriane Oasis and we then 
organized a round table to go deeper on four important thematic identified in our case study: 1) The 
issues of the coexistence between Saharan (large scale cereal farming in the desert) and oasis 
agriculture (traditional palm grove agro-forestry), 2) the cultural mix of drinking and farming water 
in Southern Algeria, 3) the coexistence of foggaras and boreholes, 4) the endangered date sector on 
which the emerging palm groves in the new agricultural perimeter rely. We are still analyzing the 
results by listening to recordings of the game sessions collective debriefings, realizing interviews 
with participants and working on video materials.  

However we can already say that the reality of the groundwater management issues in the Southern 
territories reached the national level. We could find the same blocking factor as in step 5. With some 
people close from the administration (for instance a trainer from the INVA) that did not even accept 
that illegal water use was represented in the game (in that case taking water from the drinking water 
network to irrigate the palm grove). Surprisingly, it is a member from the local administration that 
participated in the game creation who convinced her of the interest of keeping this issue on the 
table. It showed that this blocking point could be overcome by the strength of the understanding 
and knowledge that the group acquired by working together on a faithful representation of their 
social and hydro-geological system through the Role Playing Game. 
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To conclude with this 8th step, it is not yet a joint design of suitable strategies between the national 
and local scale but it was surely a necessary step for better collaboration between administrations 
and water users and among stakeholders of different administrations at different governance levels. 
It was also a way to do capacity building about: 1. The methodologies used in eGroundwater in 
Algeria and people from the national level (notably in the INVA institute dealing with these kind of 
collective action issues) were very interested to learn more about it ; and 2. About the reality of the 
Southern territories that they may have visited in the past but about which they had only a limited 
understanding. So we do not have a clear scenario to propose for up-scaling the methodology or 
the drafts of solutions discussed during the Role Playing Game sessions, but we’ve come a long way 
in this direction. In addition, the event in Algiers contributed to the creation of a community that 
would gather practitioners and scholars from the North and the South of Algeria around the 
question of inclusive groundwater management (See Figure 6). 

Social learning 

In these sessions, all types of learning, nominal, learning about participants and communicational 
learning occurred. This was especially true for the sessions in Algiers where real discussions about 
the future of southern territories could occur thanks to the process. 

2.4. Insights we gathered towards an improved groundwater 
governance and management strategy 

 The importance of collaboration between stakeholders 

Collaboration between stakeholders is essential for effective water governance. At the start of the 
Badriane case study eGroundwater process, stakeholder participation in groundwater governance 
was very low. The initial challenge was to bring together all stakeholders, including local water users, 
administrations and other influential actors, to share a common diagnosis of the situation. This 
created an environment conducive to more effective communication, a better understanding of 
interdependencies and the development of a common understanding of governance issues and 
constraints. By facilitating dialogue and cooperation, stakeholders were able to learn from each 
other and strengthen their ability to work together constructively. 

 Integrating local knowledge 

The integration of local knowledge is a key element in the sustainable management of water 
resources. Local stakeholders possess an in-depth understanding of traditional practices and local 
water dynamics. By integrating this knowledge into the participatory modeling process, it was 
possible to build models that were more accurate and representative of local realities. This made it 
possible to visualize the interconnections and dependencies between the actions of the various 
stakeholders, providing a solid basis for the development of more appropriate and effective 
management strategies. 
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 Testing of Proposed Actions 

At various points in the process, stakeholders proposed several actions as potential solutions to 
water and farming issues. These actions were tested with using the participative models developed. 
This allowed stakeholders to foresee the potential impacts and feasibility of their proposals before 
implementation. 

 Reconciling national strategies and local realities 

Reconciling national strategies with local realities is a major challenge in water governance. The 
participatory modeling process in Badriane highlighted the importance of adapting water 
management strategies to local specificities, while aligning these strategies with national policies. 
By integrating local knowledge and involving local stakeholders in the decision-making process, it 
has been possible to develop management solutions that are both effective and acceptable to local 
communities. 

 General Learnings and outcomes of the Participatory Modeling 
Process conducted in Algeria 

a. Improved groundwater governance 

The participatory modeling process led to several advances in groundwater governance, including: 

• Enhanced stakeholder collaboration: stakeholders learned to work together more 
effectively, understanding each other’s perspectives and building trust. 

• Consensus on water governance rules in Badriane: Through the workshops and modeling 
process, stakeholders reached a consensus on several governance rules and practices that 
could improve water management. 

b. Feasible and consensual management strategies 

The process identified several feasible and consensual strategies for groundwater management. 
These strategies were based on testing of proposed actions and the collective learning achieved 
during the participatory workshops. As observers, we noted the following key elements:  

• Shared responsibility: stakeholders acknowledged the need for shared responsibility in 
maintaining and managing the groundwater resources. 

• Sustainable practices: there was a consensus on adopting more sustainable water use 
practices to ensure the long-term availability of groundwater. 

• Inclusive decision making: the process highlighted the importance of including all relevant 
stakeholders in decision making to ensure that the governance strategies were equitable 
and effective. 

The participatory modeling process in Badriane successfully engaged stakeholders in a meaningful 
dialogue, fostered collective learning, and led to the development of feasible and consensual 
groundwater management strategies. By improving communication, understanding inter-
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dependencies, and building a shared diagnosis, the process laid a strong foundation for better 
understanding water governance on Saharan areas. 

2.5. Limits and perspectives 
A major issue that we did not succeed to overcome is the formalization of the inclusion of the various 
ethnic and social groups. People were present but we could feel cultural sensibilities and informal 
rules (some people may not speak in presence of others for instance) that we could not include in 
the participatory approach. There are several reasons. Local researchers were “too local” and not 
trained to address these aspects (we did not have sociologists or anthropologists in the Algerian 
team for instance) and foreigners (French or Algerian researchers from other regions) could not stay 
enough time in the field to capture and include these aspects that are known in theory but not 
simple in the practical organization of workshops when we do not know personally all stakeholders. 
We think that this aspect would be a major focal point for future research. 

To finish on a positive aspect, we started conducting ex-post interviews with farmers and 
administrative staff and have very positive feedbacks. We notice for instance that people from local 
administrations also learned a lot during phases 5 and 6 about their own territories (illegal water 
uses, pressure for land) and are also planning to change their practices in addition to the discussions 
they engaged with the national level.  
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3.1. Three axes of intervention and their connections 

The eGroundwater initiative in the Moroccan case was implemented along 3 axes (Figure 1, see also 
Deliverable 5.1): 1) development of a shared knowledge; 2) accompanying actors in designing 
groundwater governance and management; and 3) science to support the process. The activities 
took place in the three municipalities over which the aquifer spread: Ain Timguenay, Ighezrane and 
Ouled Mkoudou. 

 

Figure 7. The three axes of actions of eGroundwater in the Moroccan case 

 

 

 

 Axis 1. Development of shared knowledge 

 

Development of a shared knowledge of the aquifer 

In the Moroccan case study area, the aquifer remains an object that is poorly understood by the 
stakeholders we seek to involve in its management. In fact, it can only be observed in boreholes by 
those who use it. These boreholes represent what sociologists call a “boundary object”, i.e. an object 
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that provides a common window of observation for scientists and laymen (farmers) of the aquifer 
(the reservoir) and the groundwater it contains, two invisible objects. So to develop a shared 
understanding of the groundwater resource, the project team focused its strategy on collecting 
hydrogeological information from the boreholes used by farmers. To this end, three activities were 
conducted: (i) a survey to gather geological / hydrogeological data collected and knowledge 
developed by farmers when drilling their boreholes; (ii) the creation of a participatory network to 
monitor groundwater levels; and (iii) the organization of workshops to present and discuss the data 
collected and the knowledge developed. 

The survey was carried out in several stages, mobilizing mainly a few farmers with above-average 
initial training and a good knowledge of the terrain. It was an informal survey that took the form of 
multiple repeated interviews, sometimes taking place in the field to carry out joint observations. 
These farmers contributed in several ways to the development of a conceptual model of the 
reservoir geology and hydrogeological functioning of the aquifer:  

- By identifying the boreholes that intercepted the clay bedrock during drilling and 
communicating the depth of this geological formation;  

- Identifying areas where the water is saltier than elsewhere, indicating a particular contact 
with the clay bedrock;  

- By locating springs that represent outlets for the water table, those that are currently 
functioning and those that have dried up (specifying the date they dried up). 

The participatory groundwater monitoring network was set up gradually, involving around ten 
farmers who took water level measurements in their wells every two weeks (sometimes only 
monthly). The main stages in setting up this network were as follows:  

- Identification by hydrogeologists of the sectors in which piezometric measurements were of 
most interest from a scientific point of view. Field visits were then made to identify well-
located boreholes, check that measurements could be taken there, and meet farmers to 
assess their motivation.  

- Electric piezometric probes were then manufactured locally, so that each volunteer farmer 
could be fitted with low-cost measuring equipment. These probes enable measurements to 
be taken at depths of up to 100 meters. Farmers were trained to use the probes, with varying 
degrees of success: some quickly took to the device, while others remained reluctant to use 
it.  

- The volunteer network was facilitated in a number of ways, with adaptations continually 
being made to resolve any difficulties encountered, particularly of a social nature (see article 
in progress, Rinaudo et al, 2024). Initially, the team’s researchers took measurements in the 
wells of volunteer farmers. After the probes were distributed, the researchers reduced their 
presence in the field, collecting data via WhatsApp. This resulted in less participation, which 
led the project team to hire a young person on a part-time basis to collect data from farmers 
and, if necessary, take measurements when these were not transmitted.  
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- The intervention of this young person was not accepted by all farmers, due to ethnic and 
political conflicts, but also because of farmers’ reluctance to share water level data, which 
they could consider sensitive for several reasons (see Rinaudo et al, 2024). This led the 
project team to propose that the groundwater users’ associations, created as part of the 
project, take over this participatory monitoring system and bring it to life. This transfer is 
underway at the time of writing. 

- The smartphone application developed (see details below) was presented to farmers. Its use 
in the fields was however not possible, more for social than technical reasons : farmers 
expressed a lack of trust in the confidentiality of the data collected with the App.  

The data obtained from this participatory network are illustrated in the graphs below. Overall, they 
have provided objective evidence that the water table is over-exploited. They also show that the 
rate at which the resource is declining varies from one sector to another. The piezometric data are 
currently being used to finalize the water table balance and assess the level of overexploitation. 

 

 

 

 

 

 

 

 

Figure 8. Example of groundwater level data collected by farmers  

   

Figure 9. Training session with farmers engaged in the groundwater participatory monitoring 
program (left). Farmer with a low cost electric probe (right) 



 

19 
 

Workshops allowed confronting the vision and questions of farmers related to the aquifer with the 
data and scientific knowledge developed (see Axis 3 below). They were instrumental in a social 
learning process through which farmers developed their “groundwater literacy” while improving 
scientist understanding of the hydrogeological complexity. A final workshop is currently being 
organized to assess the level of shared understanding that was developed and identify the 
controversies and questions that remain.  

Design and presentation of an app 

Between 2021 and 2023, a prototype of an app was designed jointly at the level of the 
eGroundwater consortium. The app was designed based on a vision by researchers of how EIS could 
support governance. The prototype was shown several times to farmers and the type of information 
communicated by farmers and to farmers was discussed (see a video). In a workshop held in 
November 2023, farmers mentioned the added value of such tool to be able to get access to climate 
data (evapotranspiration, etc.) and to help farmers calculate irrigation needs.  

 

   

Figure 10. Presentation of the mobile phone application to farmers during a workshop (left) ; 
screen shot of the App (center); and video presenting the App (right) 

 

Development of a shared understanding of crop water requirements and irrigation 
efficiency 

In 2022, eGroundwater team installed a pilot experiment in the farms of two family farmers. The 
two farms use drip irrigation to irrigate plum trees. In a line of approximately 50 meters, the size of 
drippers was decreased from 16 l/hour to 8 l/hour. A water meter was installed at the head of the 
line, and another meter was installed on a parallel line, equipped with the 16 l/h drippers.  

The two farmers were given Watermark probes so that they could make sure their trees were not 
stressed by lack of water. The outcome was a decrease by 47% of water used, without impacting 
the yield. Eventually, a workshop was held in November 2023 to discuss methods to decrease water 
use, farmers showed much interest. 

https://www.youtube.com/watch?v=wZW5dO0au0g
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Figure 11. Control of humidity using Watermark probes 

 Axis 2. Accompanying a multistakeholder process 

Figure 6 presents the timeline of the process. The multistakeholder process was based on various 
forms of interactions : one-to-one interviews, focus groups with some categories, official meeting 
with more than 30 participants. One to one interviews and focus groups with specific categories 
(e.g. small-scale farms) made it possible to listen to actors (their views, their concerns, etc.) that 
may not been put forward during the official meetings. For instance, during the focus groups on 
scenarios for water demand management in October 2023 (see below), a large-scale farmer insisted 
on the installation of water meters whereas small-scale farmers insisted that the basins recently 
build to store groundwater pumped during winter time should be controlled. 

Figure 12. Timeline of the implementation of the multistakeholder process 
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October 2022: Trip to Spain  

A trip was organized in Spain in October 2022, with local leaders who were also family farmers, a 
representative of a large-scale farm, staff members of the Ministry of Agriculture, and a staff 
member of the Sebou Catchment Management Agency (CMA). The trip included a visit to La Mancha 
Oriental groundwater user association and a visit to Requenia Utiel region (Spanish case study for 
eGroundwater).  

This trip first enabled to show farmers that associations of irrigators can manage water shortage 
and preserve the resource in a sustainable way, and look for alternative solutions for all farmers 
(collective basins and boreholes, etc.). Second, the trip enabled to reduce the distance between 
farmers and institutional actors. Participants saw a case where public institutions jointly acted 
farmers to manage groundwater. Farmers understood that a “participative management” contract 
could be a framework for resolving a crisis situation rather than a framework for imposing new 
constraints. Farmers also understood that by forming an association, they would have more 
influence within the groundwater governance setting. Finally, social distances between family 
farmers and the representative of the large-scale farm decreased.  

March 2023: a series of workshops to draw initial ideas about a future groundwater 
management setting 

In March 2023, a series of workshops were organized in Ain Timguenay area to design possible 
elements of a scenario towards groundwater management. Three focus groups were organized in 
the three municipalities where the aquifer is located: Ain Timguenay, Ouled Mkoudou, Ighzrane. 
Also, meetings were done with 2 large-scale farms. A In each meeting and focus group, first three 
models were presented as ways to manage groundwater resources, either by means of controlling 
boreholes, irrigated areas, or water used (see Bouzidi et al., 2023). Second, participants were invited 
to draw initial ideas for a model in the Ain Timguenay area. A synthesis workshop was organized 
with representatives of the focus groups and meetings with large scale farms. Similar discussion 
took place also with staff from Sebou CMA. 

October 2023: The official launch of a process to design a groundwater management contract 

A key moment in the process was October 2023, when the Sebou Catchment Management Agency 
decided that the Ain Timguenay- Ighezrane-Ouled Mkoudou (hereafter referred to as AIO aquifer) 
was officially on the list of the groundwater management contracts that the agency supported. 

The Sebou Catchment Management Agency has not yet signed any groundwater management 
contract (the one of Fez Meknes having been under process for more than 10 years). They saw the 
AIO case as one characterized by a high level of involvement of farmers in the process (one enabling 
factor being the small size of the aquifer). The case could become a pilot case in the future. 

Between October 2023 and May 2024, four workshops took place in AIO area, involving between 
35 to 45 participants. Participants were mostly: family farmers, representatives of large-scale farms, 
staff of Sebou CMA, representative of local authorities, representatives of the Direction of Rural 
Affairs at the level of Sefrou Province, staff of drinking water companies, staff of local municipalities, 
staff of the Ministry of Agriculture. Other types of participants came in occasionally, e.g. two 
members of the Moroccan Parliament. 
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At the beginning of the process, farmers participated in these workshops as individual farmers and 
the eGroundwater team had invited them directly. In the last workshops, the Water User 
Associations had been created: most farmers participating in the workshops were present officially 
as representatives of these associations. In May 2024, focus groups took place to explain the process 
in three of the four associations: the management committees of these associations had become 
responsible for inviting members. The process enabled an official organization of farmers that is a 
key requirement for being able to set up participatory and legitimate process of interaction with 
public actors.  

 

 

Photo 1 Workshops held during the multistakeholder process 

   

 

Participants in the workshops organized between October 2023 and February 2024 agreed with 
the following process to set up groundwater governance and management (Figure 13). 
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Figure 13. Main steps of the planned process to initiate groundwater governance and 
management  

 

 

Photo 2. Participants of the workshop held in October 2023 
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 Axis 3. Science to support the process 

Studies in social sciences and analysis of agrarian systems  

A series of work in social sciences were undertaken to support the process: an analysis of agrarian 
system ; an analysis of collective action and an analysis of social networks for agricultural and water 
management (see results in Deliverable 5.1 and in Kchikech et al., 2024). 

Hydrogeological study  

One of the main difficulties encountered when discussing groundwater management issues and 
options was the lack of scientific knowledge of the groundwater resource itself. The project’s 
hydrogeologists therefore sought to gather primary and secondary data to improve this knowledge. 
And given that this knowledge was intended for local stakeholders, scientific investigations were 
directed to answer the questions and concerns expressed by members of the user community. The 
following table describes the main questions raised by stakeholders (first column) and how it relates 
to groundwater management decisions (column 2).  
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Table 1. Main questions raised by stakeholder and how it relates to groundwater management 
decisions. 

 

 Question asked and related missing 
knowledge  

Potential use of the information for GW 
management 

Q1- Aquifer boundaries Where is groundwater accessible ? Who 
are the users concerned ?  

Identify farmers who have to be part of 
the associations and who will be subject 
to future management rules 

Q2- Recharge zone  Where is groundwater coming from ? 
What is the size of the impluvium ? Is 
there a contribution from snow melt in 
mountains (strong local belief) ?  

Information required to calculate annual 
recharge and establish a groundwater 
budget 

Q3- Impact of drinking water wells on 
aquifer depletion  

Controversy over the relative pumping 
share of drinking water utilities and 
farmers, the former being accused of 
extracting more than farmers.  

Information needed to assess if the 
replacement of drinking water utility 
wells by surface water treatment plant 
would suffice solving the problem.  

Q4- Internal structure of the aquifer Is there a continuous aquifer 
underground or just a network of 
fractures and faults in which water flows 
and can be pumped ?  

Decide if the notion of « reservoir » and 
« aquifer volumes » are relevant or not 
for management  

Understand if fractures and faults are 
interconnected to identify how 
extractions in some places impact other 
wells downstream the faults 

Q5 – Groundwater flow directions Where are infiltration zones ? where is 
upstream and downstream ? Is there a 
risk that pumping in one area dries up 
another area ?  

Justify the need to reduce extraction in 
the entire aquifer including in areas 
where the groundwater level remains 
stable  

Q6 – Existence de compartments Are some areas separated from others by 
faults which prevent act as hydraulic 
barriers ?  

Can groundwater extraction be 
managed independently in separate 
sectors ? Do the limits of these sectors 
(if any coincide with Users associations 
boundaries ?  

  

Q7- Groundwater balance  Is the aquifer over-exploited ? How does 
the ration extraction / recharge fluctuate 
over years ?  

Assess extraction limits and set a 
maximal irrigated area that should not be 
exceeded to ensure long term 
sustainability 
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To answer those questions, the project hydrogeologists conducted a number of activities which are 
listed and briefly described below. Detailed information can be found in a specific report (Caballero 
et al, 2024), written in French so that it can be used by non-English speakers in Morocco.  

 
Table 2. Activities to build hydrogeology knowledge 

Activity Description of the scientific activities involved End product Link with 
questions 

Development of a 
geological 
conceptual model  

Based on an analysis of the geological map, of boreholes 
logs and field visits, development of several geological 
cross-sections; identification of major faults; 
characterization of the geometry of the impervious 
substratum (clay). 

Map of aquifer 
boundaries 

Geometry of the 
groundwater 
reservoir 

Q1, Q2, 
Q4 

Development of a 
hydrogeological 
conceptual model  

Identification and mapping of all springs, wetlands 

Development of piezometric maps based on groundwater 
level data measured in farmers’ wells,  

Literature, existing geochemical and isotopic analysis 

To be continued  

Piezometric maps 
depicting flow 
directions (and 
historical changes 
in flows due to 
overexploitation) 

Q2, Q5, 
Q6, Q7 

Development of a 
groundwater level 
monitoring network 

Enrolment of 10 farmers in the monitoring of groundwater 
levels in their wells 

Analysis of the data collected (piezometric maps, graphs) 

  

Assessment of 
groundwater 
extractions 

Based on field visit and focus groups with farmers, 
development of a georeferenced agricultural fields 
database identifying crop types.  

Based on agronomic studies and interview with farmers, 
assessment of the quantities of water applied by farmers.  

Collection of groundwater extraction data from drinking 
water utilities  

Estimated 
distribution of 
extraction 
between drinking 
water and farmers 

Q3, Q7 

Development of a 
groundwater 
budget 

Estimation of infiltration and recharge for different climatic 
years using the ESPERE model.  

Estimation of the overdraft (in volume) that occurred 
during the last 20 years 

Groundwater budget model.  

Overdraft 
estimate 

Q7 

 Interactions between axes 

The three axes appeared very complementary. 

• The citizen science enabled not only to collect information to enhance the understanding of 
the hydrogeological system. It also enabled to build a collective understanding of this 
system with farmers and staff from public institutions. From end of 2023 onwards, during 
the workshops organized by the eGroundwater team, actors agreed that there was still much 
information to be gained on the system, but also agreed that sufficient information was 
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known, on the system, on the users, on the limits of the aquifer, to move forward to start 
designing a groundwater management contract. 

• The experiment to enhance irrigation practices enabled to show that there were rooms for 
maneuver to decrease water use, providing a solution at least in the short term, to help 
decrease the imbalance between water resources and water use. Farmers also understood 
that : 1) improving efficiency can not only save water but also reduce the cost of pumping 
without affecting yields ; 2) contrary to commonly held beliefs, there was no need to irrigate 
with large quantities of water to maximize yields and fruit size. 

• Studies in social sciences played a key role to enable the process. They enabled to 
understand on-going coalitions and to inform whom to invite in workshops, where to 
organize these workshops, etc. so as to remain neutral and to ensure that the coalitions 
stayed “on board” of the process towards groundwater governance. 

Figure 14 presents the connections between 1) implementation of EIS/research/experiments, 2) 
evolution of actors’ knowledge and attitudes; and 3) collective action initiatives.
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Figure 14. Connection between implementation of EIS, interaction with actors and collective action initiatives 
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3.2. The building of a strategy toward groundwater governance 

 Achievements 

A process that has moved forward but is still largely uncomplete 

In September 2024:  

- the four water user associations had been created and a federation was in the process of 
being created. With regards to the federation, a first general assembly had been organized 
in May 2024 and the members of the management committee had been chosen. 

- a draft contract had been prepared and was in the hands of the Sebou CMA; 

- discussion about the borehole inventory had been initiated but the process was stopped and 
was due to start again after the signature of the groundwater management contract (see 
below). 

The following planned phase is that:  

-  The contract is presented to other future signing institutions, such as drinking water 
companies and local authorities; 

- The main components of an action plan are delineated, including the names of involved 
institutions and an estimation of budget for each component. 

Once this is done, the contract will be signed, i.e. the governance will be officially set up and actors 
will be able to enter into the details of the action plan, in particular to discuss water demand 
management. 

Main elements of the draft of groundwater management contract 

In Morocco, the groundwater management contracts define a management committee (in charge 
of strategic decisions) and a “technical committee” (in charge of operational management). The 
main axes of a work plan are also delineated. The main axes of the draft of groundwater 
management contract elaborated in May 2024 are as follows. 

1) Improving water demand management 

- Gradual reduction in groundwater abstraction for drinking water purposes 

- Limitation of irrigated planted areas 

- Priority given to arboriculture for water management (over garden crops) 

- Initiation of a borehole inventory  

- Generalization and implementation of the inventory and initiation of legalization 

- Definition of borehole management rules  
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2) Search for new water sources 

- Technical study to identify possible sites for the creation of new resources 

- Seek funding for the implementation and creation of new resources (hill dams, reclamation 
of treated wastewater, etc.).  

3) Improving irrigation water efficiency and recovery 

- Training and support to improve irrigation practices  

- Encourage and support the introduction of technical innovations to improve agricultural 
water efficiency (piezometric probes, tensiometric and capacitive probes, mulching, 
smartphone applications, etc.).  

4) The development of scientific research and the co-production of knowledge by the various 
stakeholders 

- Monitoring changes in groundwater piezometric levels 

- Drawing up a volumetric assessment of the water table  

- Training and capacity-building on hydrogeological functioning for the younger generation, 
farmers and other audiences  

5) Strengthening communication and awareness-raising 

- Setting up and updating a website for communication on the progress of the groundwater 
contract. 

- Operationalization of the participative management contract. 

 

The beginning of social learning 

When the process started in 2020, researchers had mostly interacted with farmers of Ain Timguenay 
and the latter were very dubious that the large-scale farms – with whom they had very little contact 
– would agree to be on-board. Farmers of Ighezrane and Ouled Mkoudou were only very marginally 
involved. The process enabled to change relations between all these actors. 

- Representatives of the two main farms are now present at all workshops, their presence is 
accepted and relations between these representatives and some family farmers take place 
outside the workshops. 

- Farmers of Ighezrane and Ouled Mkoudou are completely on-board of the multistakeholder 
process (the president of the future federation is from Ouled Mkoudou ) and thanks to the 
federation, communication channels exist between farmers of the three municipalities. 

The communication between staff of the CMA and farmers improved a lot. The first workshop held 
in 2021 was marked by very tense interventions – sometimes completely out of the scope of the 
topics of the workshops. By contrast, in the more recent workshops, participants generally had 
learnt to discuss together and the discussions were more “focused”. The only actor that had 
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remained a bit outside is the drinking water companies, which always sent local technicians (with 
no decision-making power) to workshops. Indeed, these companies considered that they had little 
to negotiate as drinking water use is officially a priority. 

This enhanced communication between actors and the joint diagnosis built about the prevailing 
situation and functioning of the aquifer hint toward some form of social learning (Reed et al., 2010), 
although more specific interviews would be needed to better qualify this social learning. 

Farmers were progressively getting used to discussions in the workshops not organized in traditional 
ways, whereby : 1) members of the administration explained the situation and what has to be done; 
2) farmers complain and ask for support, i.e. they are seen as beneficiaries and not as co-decision-
makers; 3) local notability play the role of intermediaries, they obtain political support inasmuch as 
they are able to secure funding from public administrations. In the workshops organized as part of 
the eGroundwater project, farmers progressively accepted the idea that they would be co-decision 
makers and discussions were taking place in a horizontal way between participants (see Photo 3). 

Photo 3. Workshop held involving various participants around a “roundtable” 

 

 

Crisis – a threat and an opportunity 

In 2021, farmers considered that the water crisis was not yet present but would arrive very soon. 
Indeed, in 2023 and 2024, the water crisis had already started to be very present: almost all farmers 
suffered from decreased water availability, some boreholes had dried out, and some farmers had 
started cutting their trees. The situation had also become very tense also because of the 
implementation of very strict rules to prevent borehole drilling and deepening in areas close to 
boreholes for drinking water use (officially within a radius of 6 km). Such rules existed before but 
due to recent problems of boreholes become dry in Ouled Mkoudou, they had become much more 
implemented from 2022 onwards. Farmers criticized that water from “their” aquifer was pumped 
out to provide water for drinking purpose in other regions, but in Morocco as elsewhere, authorities 
give priority to drinking water use over irrigation. 
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This crisis caused much stress and led farmers to focus on short term solutions rather than paying 
attention to the long-term sustainability of the area. But, at the same time, this sense of crisis helped 
the process move forward, as farmers understood that the “business as usual” scenario would only 
mean the disappearance of irrigation farming in the area.  

 Lessons  

A shared initial pessimism about groundwater management contracts 

In many cases around the world, there is a weak governance setting for groundwater resources: 
weak organization of water users, weak means of public administrations, weak links between users 
and administration and such links are based on asymmetric clientelism, public policies that push 
toward contradictory directions (e.g. unlimited agricultural growth versus groundwater 
management), etc. (Faysse et al., 2014). In such settings, which are common in North Africa or in 
India, it has been argued that “modern” participatory tools for groundwater management are unfit 
for purpose (Shah, 2009). Other solutions are then put forward: indirect management, bringing 
surface water in, etc.  

Most groundwater contracts that were initiated in Morocco since the 2000s have not yet been 
finalized and signed. A famous case is the one of Fez-Meknes. Others have been signed but with 
little action taken afterwards. Thus, many public actors have a bleak view about the possibility to 
achieve real groundwater contracts, due to many past failures (Molle and Mayaux, 2023).  

The few groundwater contracts that had been signed in Morocco in 2024 (Boudnib, Chtouka, Foum 
El Oued) are those where the Moroccan state has a large control over local dynamics, e.g. farming 
mostly takes place on public land farmed by large-scale investors. There, to face aquifer depletion, 
the preferred solution is generally to build a dam and to bring surface water. The state tries then to 
move to a situation mainly organized along a “public irrigation scheme” that it knows how to control. 
In such setting (e.g. as in the case of the Fez Meknes aquifer, in Boudnib or Chtouka), farmers will 
have to accept to have a water meter installed on their borehole if they want to receive the surface 
water that has been brought to the area. 

In AIO area, for farmers, initially groundwater contract meant: the implementation of water meters, 
the likely payment of “unjustified” taxes and closing unregistered boreholes. Farmers perceived the 
groundwater contract as a document aimed at restraining them, blocking their development and 
establishing a groundwater pricing system. They initially often considered that it was a “rope to 
strangle farmers”. For the staff of the Sebou catchment management agency, a groundwater 
contract also initially meant chiefly installing water meters. The approach used in the 
multistakeholder process described above aimed to “open the space of reflection”, e.g. to show that 
water meters were not a requisite for groundwater management (the law actually does not mention 
water meters as a requirement for groundwater contracts). Several presentations made in March 
2023 to actors showed various examples of groundwater management (see Bouzidi et al., 2023) so 
as to open the view about possible governance and water demand management. In only one of 
these three cases, the water meter was a central piece of the set up to control groundwater 
agricultural use. The interactions between the Sebou CMA, the farmers and the eGroundwater team 
enabled to make the groundwater contract accessible to farmers and to “demystify” the contract. 
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A process enabling stakeholders to move together progressively 

In discussions during the first workshops of the eGroundwater process, farmers and staff from the 
Sebou CMA claimed that they ought to see the others moving first (showing their involvement) 
before themselves get trust in the process towards groundwater governance of the AIO aquifer and 
start to move. 

- Staff of the Sebou CMA wanted to make sure that farmers were serious about being ready 
to set out water demand management, and primarily to stop the increase of areas planted 
with trees. 

- Farmers claimed that they wanted to Sebou CMA to prove its willingness to help farmers, 
e.g. by legalizing illegal boreholes and start developing new water resources (such as dams) 
before they would accept to start discuss water demand management and sign a contract. 
Farmers also mentioned that they wanted drinking water companies to officially plan to 
withdraw progressively from the area as a prerequisite. 

The groundwater management contract can actually enable all actors to agree to move together. 
Moreover, the process takes place in two steps. In a first step, the contract is prepared and signed. 
The contract defines first the governance setting: the actors who sign the contract and the two 
committees that will take decisions. The contract also defines some broad axes of actions (and lists 
public funding planned to do so). However, the contract does not enter in detail into the content of 
each axis. Only once the contract is signed, the actors start defining together the content of each 
axis and in particular what will be done in terms of water demand management.  

This two-step approach appears to be relevant in a process of building trust. This was evidenced 
in the discussion about the borehole inventory. In November 2023, the Sebou CMA proposed that 
water user associations would organize on their own the inventory, hand it out to the CMA and that 
once the contract would be signed, the legalization process would start. The CMA elaborated a 
model of sheet to be filled by farmers and presented it during a workshop. 

 However, the water user associations did not organize this inventory, a key motive being a lack of 
trust as there was no written commitment of the agency that 1) the legalization process would take 
place (commitment that the agency cannot make anyway as the legalization process involves 
decisions to be made at national level); 2) and 2) all illicit boreholes would be legalized. Farmers 
feared that the data about illegal boreholes would be given to the Ministry of Interior and the latter 
would use it to close illegal boreholes. The creation of official decision-making committees, in which 
representatives of farmers will be present, can provide a much clearer governance framework that 
may ensure that farmers have trust in the governance setting and accept to enter the process of 
borehole inventory. 

Thus, management comes (logically) after governance. In March 2023, the eGroundwater team 
organized workshops to discuss with farmers the possible forms of demand management: limiting 
planted areas, legalizing boreholes but at the same time the definition of rules to control new 
borehole drilling, possibly the setup of water meters. Farmers broadly agreed on these components 
of demand management (especially as the water user associations would play a key role in their 
implementation). However, in subsequent meetings, they did not pay much interest to these 
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elements. First, farmers preferred to push forward the need to bring new water resources. Second, 
as mentioned above, there was the need to have a clear governance setting (that the groundwater 
contract can bring) before entering into the details of water demand management. 

“Fitting” a general model to local specificities 

The possibility to sign groundwater management contracts is officially planned in the 2015 Water 
Law, but, apart from that, there are very few official guidelines to prepare them. The draft of AIO 
aquifer was made based on the contract recently signed in Foum El Oued (and which has a similar 
structure and content with other contracts, being either signed or still in the process of preparation). 

Still, there was a need to adapt the contract to local specificities. A major example is the issue of the 
creation of water user associations. Initially, it was thought that there would be only one water user 
association, as the whole area is not very large (2000 ha irrigated). In a second step, it was 
recognized that farmers from the three municipalities over which the AIO aquifer spreads would 
prefer to have water user associations on their own. So, it was planned to create three water user 
associations, and to set up a federation of these three associations. Then, in Ain Timegunay, there 
were very tense relations between two groups of farmers (see Kchikech et al., 2024). These farmers 
did not agree on participating in the same water user association. It was finally decided that there 
would be two Water User Associations in Ain Timguenay municipality. This would not be 
problematic as key management decisions would be taken at the level of the federation. 

 Challenges ahead 

Short-term versus long-term 

In the meeting that took place in May 2024, farmers repeatedly asked for short-term solutions to 
the groundwater crisis. The main short-term solution would be to let farmers deepen their 
boreholes. However, staff from the Sebou CMA answered that the groundwater contract was a way 
to find solutions in the long term. The CMA had no power to release the prohibition of borehole 
drilling – this was the role of a water committee organized at provincial level and presided by the 
governor. The federation of water user associations in June 2024 sent a letter to this committee but 
did not get any answer. During summer 2024, the lack of capacity of the Sebou CMA to play a role 
to participate in finding solutions in the short term weakened farmers’ trust in what they could 
expect from the groundwater management contract. Also, it has demotivated the members of the 
federation, who find themselves unable to manage and respond to the many requests from farmers, 
because in addition to being legitimate in the eyes of all farmers, they have become an “interface” 
or even “bumper” as a farmer said. 

The need for strong support by high-level stakeholders 

In September 2024, the groundwater contract was strongly endorsed by representatives of the 
water user associations and by staff of the Sebou CMA. However, the AIO aquifer is a relatively small 
area (much smaller for instance than the Fez Meknes aquifer). For the process to move forward, 
there will be the need for endorsement and support of high-profile stakeholders, especially within 
the Sebou CMA, at the level of Sefrou Province and at national level. 
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A seminary is to take place on Sept, 18th, at the office of Sebou CMA to enhance the visibility of the 
process, communicate about past activities and enhance appropriation by key stakeholders of the 
process. 

 Planned actions in the future 

Several actions could be implemented in the future (depending on the funding available) to keep on 
supporting the multistakeholder process. 

Role playing game 

It was initially planned to use a role playing game to use to play with farmers and use it to discuss 
possible rules for water demand management (see Deliverable 5.2). The game was prepared (based 
on a model created in 2023 in Tunisia) and was tested in March 2024 by the eGroundwater research 
team (Photo 4). 

Photo 4. Test of the role playing game 

 

The game was seen as being able to easily represent the situation in AIO aquifer and “set the scene” 
for players to discuss issues revolving around water demand management, mainly the equity issues 
and the type of rules to be implemented. However, for lack of time and also because the governance 
setting was not yet in place, the game was not played with farmers. 

Building a balance of the aquifer 

Another relevant action would be to make a balance of the aquifer, i.e. what comes in and what 
gets out of the aquifer on average every year. This would then enable to consider how much could 
be gained from each of the actions planned in the future (e.g. better irrigation practices, the building 
of small reservoirs, changing the crops, etc.) so as to eventually restore the balance between the 
groundwater resource and its uses. 
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3.3. The role of EIS to support the process towards groundwater 
governance 

 

 Citizen science 

The citizen science – farmers being involved in collecting data on groundwater level enabled a 
shared understanding of aquifer dynamics had been built thanks to first the probes that farmers 
use, either for their own sake or for sending to the eGroundwater team. Groundwater had become 
“visible”. 

Photo 5. Measurement of groundwater level 

 

 

 Experimenting new irrigation practices 

Thanks to the experiment in two farms and to a visit at a large-scale farm, many family farmers 
understand that there are large rooms for maneuver for enhancing irrigation practices. Some 
farmers changed to drippers providing lower flow and tried other practices so as to consume less 
water. In the two farm experiments made in 2022, the change of drippers enabled to reduce the 
amount of water irrigated by 50%. However, at the same time, some farmers kept on having a 
strategic discourse during workshops about the fact that the unique solution was to build new water 
resources (they likely feared that paying attention to enhanced irrigation practices could weaken 
their claim for new resources). 

Some tools, such as simulation of crop water needs, is at this stage too early given for most farmers 
in the Moroccan case study. This could be used in the future but at the present, there is a need to 
opt for basic advice on how to improve irrigation practices (on how to use weather data, on how to 
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estimate the flow from the boreholes, etc.). There is a need to fine tune the type of EIS tools to 
improve irrigation practices proposed to farmers based an assessment of their “irrigation literacy”  

 An app ready but not used  

The app was developed and presented to farmers (see presentation of Axis 1 above). However, with 
regards to the issue of groundwater level monitoring (and other possible use such as location of 
boreholes), the design of the app was done without considering sensitivity of information, trust, 
and possible strategic behavior. Farmers were often not ready to communicate the level of water 
in their own boreholes, especially if they do not know who will use the data.  

By the end of 2023, farmers did no really see the role of the app unless it was used as part of efficient 
demand management with a guarantee of anonymity and respect for personal data. The app 
prototype eventually was ready but, by early 2024, the conditions to be able to use it with 
stakeholders were not met: lack of trust about who would use the information, and more broadly 
lack of an institutional setting within which this information will be produced, stored, shared and 
used for decision-making. The use of the technical tool confronts the actors with the complexity of 
social issues (conflict, social control, illegal drilling, positioning of water points in relation to the 
water supply and neighbors, etc.). 

Leaders of two water user associations showed some interest in the app and one said it would be 
ready to use it. The app could then be used as a tool for internal management (groundwater 
monitoring especially) at water user association level. However, most likely the groundwater 
contract has to be signed and the overall governance setting has to be clearer before these water 
user associations understand what they can do, and within this frame how an app can be used to 
support their activities.  

In March 2024, eGroundwater team members discussed that, in the future, it would be better, to 
go for a low-cost app that could be modified easy, based on much more interaction with 
stakeholders, and starting with a very simple prototype that already “works”. The complexity of the 
app should increase progressively, in connection with “use in practice”. 

 A broader perspective 

Information obtained on the aquifer (resources and uses) was useful for the CMA in March 2024 to 
clearly define the limit of the system. However, for farmers, in March 2024, the main issue was to 
get access to new water resources. A second step will be to organize the governance setting 
(groundwater management contract) which will give farmers an official voice in the decision-
making. It is most likely that stakeholders will be ready to take over the EIS (such as locally handled 
community monitoring), and to start thinking about using EIS to organize water use management, 
only once 1) the governance setting is set, and 2) a perspective exists about options for future 
development of water resources (most probably not in the short term). This does not mean that EIS 
should start only when governance is settled. The citizen science approach to groundwater 
monitoring played a key role in building a shared understanding of the aquifer.  
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1.1. Introduction: setting the scene 

The Requena-Utiel aquifer had, historically, a stable behavior, as extractions did not exceed 
recharge. However, this balance was broken at the beginning of this century. Faced with a significant 
drop in rainfall and an increase in average temperatures -associated with climate change- as well as 
the demands of a wine market dominated by low prices, the region’s farmers found no other way 
out than to increase their production by irrigating their traditional rain-fed crops. It was a logical 
response to both pressures, and also a way to which public administrations gave financial support 
to guarantee a key economic activity in rural areas. In addition, these years saw the installation of 
mineral water bottling companies that created numerous jobs. Although these companies extract a 
smaller proportion of the resource, they also partially contributed to tightening the extraction-
recharge ratio.  

After some time, the Confederación Hidrográfica del Júcar (CHJ), the River Basin Agency, detected 
a significant drop in the discharge from the aquifer into the river Magro. Numerous springs in the 
region, which had provided water for centuries, also dried up and were abandoned. These facts 
showed that there was a limit to the exploitation of the region’s water resources. Extractions already 
exceeded the recharge capacity of the aquifer, so that the future conservation of the water on which 
the district depends was in jeopardy. Consequently, in 2016, the CHJ declared the aquifer in poor 
quantitative status and, in compliance with Spanish legislation, obliged water users to create an 
institution, the Junta de Central de Usuarios de la Masa de Agua Requena-Utiel (JCRU), which was 
constituted in 2017. Subsequently, the CHJ approved an Exploitation Plan to regulate water use and 
prevent overexploitation. 

The creation of the JCRU was felt as an imposition by many users for several reasons. Due to the 
complexity of the configuration of this aquifer, or thanks to it, in some parts of the region the wells 
have not suffered from the imbalance between abstractions and recharge, and still maintain stable 
levels today. For this reason, many users have not perceived the overexploitation and have not 
understood, nor accepted, the Confederation’s action. On the other hand, the State’s intervention 
was also perceived as a risk, especially by agricultural users with irrigation transformation projects 
or the constitution of irrigation communities still pending execution and approval. A sense of 
grievance ran through the district and mutual accusations were made (see Deliverable 5.1. for 
details). Some agricultural users blamed the industrial uses; the river users criticized the well users, 
and those who were grouped together in irrigation communities felt that they were being unfairly 
supervised in the face of the numerous small individual wells without effective administrative 
control. Others argued, with overwhelming logic, that not all crops, varieties or soil types require 
the same doses of water, contrary to the provisions of the Exploitation Plan. In this context, the 
researchers started to work together with the stakeholders, in order to improve groundwater 
governance. 
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1.2. Axes of intervention and their connections 
The work focused on four axes: one on the implementation of concerted actions to improve 
governance; another on the development of technologies to support agriculture and groundwater 
management; a third on the design and implementation of enhanced information systems for 
groundwater management; and finally, in parallel to the above, a support plan to pilot the process. 
We will start with the latter. 

1.2.1. Axis 1. Accompanying a multistakeholder process 

The accompanying process consisted of three main tasks: i) semi-structured interviews with the 
stakeholders, aiming at identifying the discrepancies among stakeholders and their conflicting 
visions; iii) 3 participatory workshops (during the springs of 2022, 2023 and 2024 respectively) to 
build shared understanding, confidence and improving governance; and a program of dissemination 
activities, to connect with general public and decision makers. In parallel, numerous informal 
meetings with all the stakeholders took place to strengthen the accompanying process. 

The interviews were carried out at the headquarters of the stakeholders’ institutions. In some cases, 
the interviews started with a certain mistrust, if not hostility, on the part of the interviewees 
because of the conflictive atmosphere of local groundwater management. This initial tension 
gradually faded away and turned into a strong involvement in the participatory process of diagnosis. 
The interviews, frequently followed by field visits, made it possible to collect key data on the activity 
of the institutions and on their vision of the management and governance of the aquifer, as well as 
on the relationships between the different stakeholders. 

A first participatory workshop was held in Requena in March 2022, attended by 20 relevant actors 
as representatives of the irrigation communities; the municipal councils; the CHJ; the affected 
private entities and a representative of a local environmental organization. The participatory 
workshop lasted a full day and was arranged in three dynamic exercises with two heterogeneous 
subgroups with similar profiles who shared their views at the end of each exercise.  

The second workshop took place in Utiel, in March 2023. This meeting had two objectives. First, the 
researchers presented the stakeholders the results of the analysis made of the materials of the 
previous meetings, as a devolution. Second, the members of the Junta Central presented, both to 
the researchers and the stakeholders, the app developed by the Junta central to allow users to 
communicate the Basin Authority the extractions of the main wells of the aquifer. Subsequently, a 
discussion was organized to review the whole process and to define further strategies to improve 
the EIS.  

The third one also took place in Utiel, in June 2024. It was conceived as a general reflection on the 
project as a whole, in order to identify achievements and challenges, as well as to define strategies 
for a future post-project. 

In parallel, numerous dissemination activities took place. The researchers published several articles 
in local journals and science dissemination journals, participated in local radio programs, and 
organized a large event in Requena, in close collaboration with the Junta Central and the Prima 
Project InTheMed. The event gathered between 180 and 200 people, and was attended by the 
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director of the Water Office of the National Government, the President of the River Basin Authority 
(CHJ) and part of his team, and the Director of the Agriculture Department of the Regional 
Government. The objective of this meeting was, apart from disseminating the project results upon 
the general public of the district, to raise local awareness on groundwater management and to 
transfer to policy-makers the main outcomes of the project and the recommendations for building 
a better groundwater governance in the region.  

1.2.2. Axis 2. Development of shared knowledge and common 
understanding 

The first meeting allowed to agree a common understanding of the management conflicts and 
discrepant visions. The stakeholders agreed that the only viable economic model for the region 
depends on the achievement of sustainable exploitation of the aquifer and that the management 
problem lay in knowing what the threshold of sustainability of the aquifer was, which with the 
information available was impossible to determine. They agreed that their discrepancies could only 
be resolved by the existence of truthful and demonstrable information (for more details, see 
deliverable 5.1. and Sanchis-Ibor et al., 2023).  

The agricultural users denounced that the discharge over the Forata reservoir had been the crucial 
criterion to control the evolution of the aquifer and to determine its overexploitation. They argued 
that there are many wells in the district with stable behavior over the last decade, and that the 
aforementioned official limitations had been established without sufficient data to corroborate the 
decline in the groundwater body. This lack of information is one of the elements that affects the 
lack of effective coordination between the irrigation communities and the river basin authority, an 
improvement which is much needed. It also limits the ability of users and the river basin authority 
to control the aquifer 

All agreed, as a consensus proposal, that a better knowledge of the dynamics of the aquifer is 
needed in order to reliably determine what the limit of abstractions should be, so as to guarantee 
the future use of the aquifer. Currently, the CHJ has only 7 piezometers within the aquifer, two of 
which are installed in the same location. The CHJ has a project in progress to improve this 
piezometric network 

Much of the information they demanded already exists and is public and available to citizens, but 
the CHJ (as one representative admitted) does not provide it in a sufficiently easily findable or 
comprehensible manner. Users agreed that most of the information is only accessible to expert 
technicians, but not to all the users. There is a clear lack of transparency since the main interested 
parties encounter many problems in accessing and understanding the information. It is true that the 
Spanish water administration has abandoned the opaque practices of the past, but this case shows 
that it is not able to communicate in a simple, clear and effective way to meet the information needs 
that are strategic for many groundwater users. Stakeholders demanded an information system 
shared among all users and public institutions that included: i) number of existing wells; ii) extraction 
data, dynamic and static level of the wells; iii) evaluation of the state of the aquifer; iv) weather 
forecasts that make it possible to anticipate the annual volume of extraction that will be authorized 
by the CHJ, through models capable of determining the degree of uncertainty; v) crop water needs 
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and levels of water stress to be able to practice smart agriculture techniques; and vi) information 
on cultivation costs. 

 

1.2.3. Axis 3. Science to support the EIS development 

 
In connection with some of these demands, the eGroundwater team developed several tools to 
improve the available information for aquifer understanding and management. Some of them were 
subsequently installed in the eGroundwater application and will be available for its use in other 
similar applications, such as the one developed by the JCRU, as it was explained in the second and 
third workshops, where the progress in the development of these tools was shown to the partici-
pants. Four main lines of research were implemented: remote sensing of irrigated vineyards; im-
proved weather forecasting; crop water needs and levels of water stress assessment; and aquifer 
modelling.  
 
Regarding the remote sensing control of irrigated lands, the eGroundwater team developed a cost-
effective methodology based on satellite images to identify irrigated areas. This methodology uses 
spatial information and artificial intelligence techniques to estimate the groundwater irrigated area 
of Requena-Utiel at the plot scale, as it is shown in López-Pérez et al. (2024). Random Forest was 
used as a classifier on crop plots, configured as vector spatial objects to predict the irrigated area. 
The value of the crop plot was determined by averaging the pixels that fall within them, thus 
reducing intra-plot variability and excluding anomalous pixels. The analysis combined geographical 
data influencing crop water status with soil moisture information and climate data from 
multispectral imagery during the 2021 irrigation period. Spectral data derived parameters and crop 
morphology, along with official data on agricultural parcels, were utilized to define vineyard 
irrigation areas at the plot scale. A machine learning classification technique was applied, yielding a 
remarkable precision of 91.8 % when compared to ground truth data. Discrepancies between the 
remote sensing-based irrigated area estimation and official data are highlighted. This study 
represents the most accurate plot-scale irrigation mapping of woody crops in the region to date. 
The high accuracy demonstrated by this approach establishes it as valuable assess for enhancing 
water resource management and optimizing agricultural planning strategies in the Requena-Utiel 
aquifer region.  

Crop water requirements (CWR) were determined using remote sensing technology, which involves 
analyzing the vegetation cover in irrigated fields through a vegetation index. To calculate CWR, 
several factors are considered, including crop characteristics, climate conditions, and the amount of 
water stored in the soil. CWR is then estimated by looking at the evaporative demand of the 
atmosphere, known as reference evapotranspiration (ET0). This is calculated using weather data 
and a crop coefficient (Kc), which reflects the growth stage of the crops. The method follows 
guidelines from the Food and Agriculture Organization (FAO) and accounts for short-term water 
stress. During the 2024 irrigation season, information about the CWR for certain plots was uploaded 
to the eGROUNDWATER App to provide information of the total CRW for the plot during the season, 
at the weekly scale and for the 4 following weeks. The forecast information is based on Copernicus 
CDS for the region. A horizontal bar indicates to the user the amount of water still required to 
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provide to the plants based on the previously inputted irrigation and precipitation. The app enables 
the precise distribution of water needed by crops, ensuring the sustainable use of the aquifer. The 
CWR section of the app was well received by the farmers, although some suggestions regarding the 
time scale and the easiness of interaction were collected during the workshops.  

The implementation of yearly pumping caps by the Basin Authority for the Requena-Utiel aquifer 
based on accumulated precipitation motivated the use of seasonal meteorological forecasts from 
the Copernicus Climate Change Service (C3S) to anticipate the type of year (wet, normal, or dry) in 
the Requena-Utiel region. These forecast would allow farmers to anticipate the type of restriction 
to be implemented for the irrigation season and to plan in advance the adequate distribution of 
water and/or the type of crops to be prioritized during the coming irrigation season.  

Five different forecasting services were evaluated for this: ECMWF SEAS5, UKMO GloSEA5, 
MétéoFrance System, DWD GCFS, and CMCC SPS. Seasonal forecasts issued between November 1st 
and April 1st were post-processed using a month-dependent linear scaling method. The skill of these 
forecasts in predicting the type of year was assessed for the period 1995-2015, considering varying 
anticipation times. Results (Rubio-Martin et al., 2021) showed that wet years can sometimes be 
predicted as early as December. Additionally, a strong correlation was observed between the 
strength of the forecast signal (number of ensemble members predicting the same type of year) and 
its accuracy. This suggests that forecasts with a strong signal, when properly identified, can provide 
valuable information months before the irrigation season begins. 

The new information about the aquifer as a result of the citizen science process and the collection 
of new data about the piezometric levels of the aquifer allowed researchers to start developing a 
new surrogate groundwater model implemented that in time could replace the existing numerical 
model as a quick, easy-to-use, reliable tool. The model domain is a square grid of 500-meter cells, 
divided into 127 columns, 99 rows, and 3 layers. These layers rest on an impermeable Keuper 
bedrock. The uppermost aquifer is a Quaternary alluvial deposit from the Magro River and glacis of 
the Utiel mountains. It is unconfined and consists of detrital materials. Beneath this, the Miocene 
aquifer is divided into two systems. The upper system is a free-flowing calcareous aquifer composed 
of Pontian limestone. The lower system is a conglomerate aquifer that may be confined or semi-
confined, depending on the location. It comprises alternating layers of conglomerate, sandstone, 
clay, and tertiary conglomerate. 

Traditional numerical models, while accurate, can be computationally intensive and time-
consuming. Surrogate models, on the other hand, provide results much faster, which is crucial for 
timely decision-making in water management. They are designed to be user-friendly, making them 
accessible to a broader range of stakeholders, including those without specialized training in 
numerical modeling. The new surrogate model whose development was led by the team behind the 
sister project InTheMED (Uribe-Asarta et al., 2023) uses a machine learning algorithm to capture 
relationships between the piezometric heads in the monitoring points (targets) and the scenarios 
evaluated (features). 

The use of machine learning algorithms allows surrogate models to integrate vast amounts of data, 
capturing complex relationships that might be challenging to model otherwise. This capability is 
particularly useful with the new data on piezometric levels collected through citizen science. 
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Surrogate models can easily adapt to new data inputs and changing conditions, providing ongoing, 
real-time insights that are vital for effective aquifer management. 

 

1.2.4. Axis 4. The role of EIS to support the process towards groundwater 
governance: an app in use and progressing  

During the first round of interviews and meetings between 2020 and 2021, the researchers had 
presented to the members of the JCRU the idea of developing a mobile application to transfer water 
use data and receive information on the state of the aquifer and agro-climatic issues. The JCRU 
immediately seized on the idea and took steps to develop such a tool in addition to the one that 
was to be funded and developed under the research project. Their intention was to be able to 
completely control the design process of the tool and not be financially dependent on any company 
or project for its implementation. In this way, they could implement the tool without any external 
dependence beyond hiring a person to program the software, which would be their own. 

The JCRU launched its application during the 2022 summer irrigation season, with a version of 
functionality limited to reading and reporting users’ abstractions. During this first year, participating 
users accounted for 65% of the estimated volume of abstractions, and during the 2023 season, this 
number rose to 75%. Participating users were divided into four groups, depending on the frequency 
of data reporting (every 1, 3, 6, or 12 months). According to the representatives of the Central Board 
and the users interviewed, the balance of this first experience was positive. They point out, on the 
one hand, that the main key to the app’s success is its ease of use, and, on the other hand, they 
highlight the lack of collaboration of some users as the first obstacle. There are two reasons for this 
shirking attitude. Firstly, some farms still do not have water meters, although these will be installed 
soon thanks to the contribution of state subsidies, through the so-called strategic projects for 
economic recovery and transformation (PERT) for the digitalization of irrigation. Secondly, some 
users are either distrustful of ICTs or are reluctant to be controlled (mainly small users), which, 
according to the interviewees, ‘are few but rowdy.’ Finally, in June 2024, farmers and JCRU agreed 
to incorporate piezometric information from their wells into the current app to boost transparency 
and resolve contrasting local perspectives on the evolution of the aquifer. 

In addition, users state that communication with the RBA could be improved, as the RBA has hardly 
given them feedback on the information reported, although they think that, in this case, ‘no news 
is good news.’ They want to formalize this co-management by means of a collaboration agreement 
and strengthen the system with inspection visits and automated readings, which are already 
planned for all new meters. During this first phase, which will be closed when all meters are 
installed, tests have already been included to incorporate meteorological information into the app. 

The second phase, to be implemented in the next few years, aims to integrate geolocated 
meteorological information in addition to incorporating data from lysimeters, piezometers, and 
other sensors. The cost of this phase is higher, so instead of resorting to the development of a 
network of new JCRU sensors, the irrigation communities’ own sensors will be used. Most of their 
integration and installation will be co-financed with PERTE subsidies. Finally, the Board expects to 
be able to develop a third phase aimed at data analysis and the characterization of evolution trends, 
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for which a long observation period of at least a decade is necessary. The final purpose of the second 
and third phases is to provide users with better information about the aquifer’s response to 
extractions because, as stated by Central Board representatives, “feedback is the key to success.” 

 

1.2.5. Interactions between axes 

The four axes have been developed in parallel (Figure 15), but have interacted almost permanently 
in an informal way, through the varied contacts that the stakeholders and the research team have 
maintained throughout the project.  

The March 2022 meeting marked a key turning point in the development of the project, as it allowed 
a framework of trust to be built between users based on a shared vision of the aquifer’s problems. 
Instead of highlighting differences, the users agreed that their discrepancies could only be resolved 
by the existence of truthful and demonstrable information. They also provided important 
information about the most interesting strategies to improve information useful for aquifer 
management, and these suggestions contributed to define the main research strategies (EIS in figure 
15). 

 

 

Figure 15. Evolution and interaction of the four axes. M for meetings. 

After the second year, some feedback about this research was started to be given to the 
stakeholders, who finally received complete information at the last meeting. The use of these tools 
and techniques is expected for the second stage of the JCRU app development.  
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1.3. Co-building of a strategy toward groundwater governance 

1.3.1. Achievements 

 

Shared understanding for successful collective management 

During the four years of the project, there has been significant progress in the willingness of users 
to collaborate with each other and with the JCRU. The project has been decisive in reducing tensions 
between users and in generating the conviction that it is advisable to work together in management, 
thanks to the achievement of a shared understanding of the aquifer’s problems. To this end, it has 
been decisive to identify the lack of information as the origin of the discrepancies and the need to 
make progress in the production of quality information and transparency in its management and 
communication. 

EIS implementation 

The project has succeeded in setting up an application that will facilitate the management of the 
aquifer, progressively making information on its uses and evolution visible. Although it has been 
shown that this process is slow and will not be completed for several years, the users are convinced 
of its usefulness and the need to improve it. The fact that the users have decided to own the 
software and to pilot its management themselves is extremely positive, as it shows their conviction 
that the use of EISs is a key strategy for aquifer management. 

Awareness raised 

The Project has been able to mobilize the majority of the region’s social agents and numerous 
individuals in different events, who have even repeatedly called for the development of more 
actions of this type to increase the population’s awareness of the strategic role of the aquifer for 
the future of the region. 

JCRU leadership 

During the four years of the project, the researchers have observed a consolidation of the JCRU as 
a key institution for the self-management of the aquifer, and although it has not been possible to 
verify this quantitatively, an improvement has been observed throughout the project in the 
assessments that the different stakeholders make of this institution. Its leadership role at local level 
and in relation to the CHJ is set to be key in the future. 

1.3.2. Lessons  

The institutional architecture of the legal framework for water in Spain seems, a priori, adequate to 
support collective action and co-management in groundwater governance. This case underlines that 
the key to success is not (only) in the institutional architecture, but also in the way the stakeholders 
produce their own collective visions, and in their capability to build a shared understanding from 
these. In Requena-Utiel there were several user groups with different backgrounds and objectives, 
which developed conflicting collective frames, reflected in the abovementioned discourses and 
crisscrossed blames. These conflicting visions were fundamentally conditioned by the economic 
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interests of each group, but also undoubtedly by their professional and educational backgrounds. 
Each group of users has constructed a collective frame that positions some of the other groups as 
being to blame for the situation of the aquifer. They also perceive the action of the CHJ differently. 
The interview campaign brought to light the existence of a high degree of mistrust among users and 
between them and the CHJ, and even between the interviewees and the researchers, who initially 
were seen as an extension of the action of the CHJ.  

This case also shows that we should be cautious in the use of the ill-defined term sustainability, 
because each group embodies in it its own vision. They all claim to pursue aquifer sustainability, but 
in their visions, each of them shows a different perception of the term. For some, the aquifer can 
be exploited with the current intensity or even more intensely, and others are convinced that 
resource extraction must be stabilized or reduced. The trivialized use of this term can give the false 
impression that there is strong agreement on the principles and measures of co-management, when 
this word is hiding the discrepancies that really exist between users. Thus, a space remains to be 
explored with the users and the regulators on what a shared understanding around sustainability 
could look like in the future.  

But to do this, it is essential to transparently access reliable information about the nature and 
dynamics of the water body. In Requena-Utiel, the conflicting visions are fed back with the poor 
understanding of the geohydrology of the aquifer. The CHJ’s piezometric network is rudimentary 
and does not reflect well the complexity of the water flows in the aquifer. This facilitates different 
interpretations of the aquifer dynamics, which fuels divergence and conflicting collective frames. 
The participatory work of drawing up a joint and consensual diagnosis made it possible to identify 
the information deficiencies that underpinned this mistrust and lack of awareness, and to reach a 
shared understanding of the aquifer problem and its causes.  

The users participating in the collective diagnosis were aware (and spontaneously highlighted) that 
their discrepancies were mainly caused by this badly known nature of the resource system, and 
consequently, detailed the studies and data that would be essential to fill this gap. They called for a 
better information system that could define how much water can be pumped annually without 
jeopardizing the future sustainability of the aquifer. Users’ demand for aquifer information 
transparency highlights the importance of activating participatory dynamics that facilitate bottom-
up processes for co-management. The same is observed in the analysis of the measures and 
solutions that were proposed by users.  

Users showed they wanted, paraphrasing UN Water theme on groundwater, to make visible the 
invisible, and they would want to use this visibility to increase the self-control of water abstractions 
and to avoid free-riding. Social learning strategies -such as promoting education, social awareness, 
and responsible consumption- were the most highly rated proposals, a fact that coincides with the 
recommendations of some experts. Techno solutions, such as information exchange through a 
mobile application, and control of irrigated areas through remote-sensing techniques, received 
significant support.  

Far from being idealistic, it must be admitted that these proposals are aimed at maintaining the 
status quo in the aquifer, and at preventing the arrival of new users and free-riders. In short, both 
the proposals for social learning and techno solutions are initiatives that, in addition to protecting 
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the status quo, do not really consider the possibility of influencing a change in the productive model, 
which, during the diagnostic phase, was identified as the root cause of the problem of 
overexploitation. Users were unable to re-think alternative scenarios including other productive 
models, nor to provide solutions to the diffuse injustice. With this term, we refer in this case to the 
impact of groundwater depletion on natural springs, the river Magro ecosystem and users. These 
invisible forms of dispossession related to groundwater exploitation affect large segments of the 
population and the natural environment, and their damage is largely irreversible in the short and 
medium term. Users took these losses on as irresolvable collateral damage, but also as a necessary 
loss or sacrifice to sustain the (inalienable or irreplaceable) productive model. A real shift in 
governance towards sustainability involves visualizing alternative scenarios, putting limits on 
economic growth, and redesigning economic strategies to avoid passing on costs to the natural 
environment and future generations. 

The case of the Requena-Utiel aquifer shows that collective action and co-management of 
groundwater, even with an apparently optimal institutional framework, faces multiple challenges. 
These are rooted in the socio-economic and cultural heterogeneity of users, which influences their 
visions and objectives, but also in the information available about the resource system, as this can 
influence the emergence of grievances and crisscrossed blames.  

From a policy perspective, this research shows that public authorities cannot simply create the 
formal institutions and wait for co-management to magically work. Higher level authorities (e.g. 
regulators) need to negotiate to deeply engage the users in an active process of co-creation, and to 
develop social learning processes that eventually can crystallize in collective action and aquifer co-
management. This involves strengthening the mutual and collective understanding of the nature 
and behavior of aquifers. Additionally, this change requires effort from water authorities, which 
must include new professional profiles or capacities, and work beyond the usual carrot-and-stick 
policies and administrative techniques. It also requires users’ associations to step forward and be 
able to make sometimes difficult decisions with their own members, in pursuit of long-term goals.  

Actions to provide and disseminate a good knowledge of the resources system, and to increase the 
flow of information between the water authorities and the users (and between the users 
themselves) are fundamental. The use of techno solutions, demanded in this case by users, can be 
a valuable decision support tool in achieving an enhanced information system. This can contribute 
to improving the quality and veracity of the data on which the process of framing is based. They are, 
therefore, instruments that can be extremely useful in the development of social learning processes 
for sustainable groundwater management. However, without accompanying processes to build up 
trust between the different actors, these tools and EIS development are not sufficient.  

One of the clearest and most significant conclusions of this experience is that the processes of 
adoption of groundwater EIS are slow and require careful and lengthy work, which must go beyond 
the 4-year periods of most research projects. Especially because there should be a co-development 
of an improved shared knowledge of the resource and its uses (requiring several years of data 
collection when it did not previously exist), and the development of reliable information systems. 

Finally, it is important to highlight the process of appropriation of the application that has taken 
place in Requena-Utiel. The fact that users reject an external app and decide to undertake their own 
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says a lot about their need for autonomy and their capacity for self-management, which is necessary 
to scale up with guarantees in processes of co-production with the state administration. In a certain 
way, it is an indicator of the institutional maturity of collective action and of the capacity to pilot 
management on their own. 
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5.1. How things were when we started 

 Context 

The drought had been declared in Algarve region in 2019, as the reservoirs levels decreased. As a 
result, and with the EU funding for the pandemic recovery, a Water Efficient Plan was approved for 
the Algarve. The funding was 200 million euros. In Campina de Faro aquifer, there is no access to 
superficial water so irrigation depends on groundwater. Yet, the levels were decreasing, and the 
aquifer was declared overexploited in 2019, which meant that no new license were permitted. Even 
like this, licenses submitted before 2019 were being processed, and those already approved 
continued to extract the same amount of water they were attributed to; or surpass it when they 
need it; as the consumption was not monitored. 

  

 Information/knowledge 

Compared with other eGW cases, Campina de Faro has been often studied by researchers in 
hydrogeology for 20 years. At the beginning of the project, we had models that calculate the ‘water 
balance’ (although with some uncertainty, due to unregulated boreholes and/or lack of monitoring 
of consumption/non reliable readings given to the water administration). During the second year of 
the project (2021), a very detailed technical study of the salinization of the aquifer (where it is 
exactly) gave clear hydrogeological evidence of the risks of current over-exploitation.  Yet, despite 
the rich information, this did not translate into a coordinated framework of governance to tackle 
these collective action problems. Individual limits of water use were established through 
licenses/authorizations based on the water needs of the project/crop (delivered by the regional 
water management authority) until the demand reached the sustainable extraction limit 
(established at 90% of the annual recharge). Despite this, the private nature of groundwater and 
the insufficient human resources within the water agency (APA-ARH), made the control and 
monitoring very difficult. In a nutshell, despite the available information and the engagement of 
researchers with this aquifer, the governance framework did not tackle the problem of 
overexploitation. 

  

 Governance/collective action  

In terms of formal rules, groundwater was considered privately owned by those accessing land, 
while use was being regulated by the Portuguese Environment Agency of Algarve (APA). 
Groundwater is used solely for irrigation, but there are emergency public boreholes for public supply 
in situations of water scarcity. Current irrigation use comprises 1) agriculture, 2) golfs, 3) green areas 
(of touristic operators, golfs, golf resort’s public and private gardens and municipal public gardens). 
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All users using a pump over 5 horses need to ask for an authorization to the Portuguese 
Environmental Agency (APA). APA defines an annual maximal volume in m3 taking into account the 
water needs of the user’s activity. APA grants an authorization only in the cases that the total users’ 
authorized volume does not surpass the recharge, and if the aquifer is not considered overexploited. 
Users are subject to the payment of an annual fee.  

As for the control of water extracted it was mandatory- for large-scale users-  to have a meter and 
communicate the monthly use. Yet, most users did not have meters installed or did not even have 
licenses and the administration did not have the human capacity for control in the field. This 
situation was worsened by the private character of groundwater- the access to boreholes in private 
property must follow a court rule and be accompanied by the police forces.  

Moreover, the uncontrolled expansion of irrigation without licensing was associated with the fact 
that licensing of agricultural activities did not consider the type of culture (and if it needs irrigation)- 
e.g. the CCDR and municipalities have no criteria of the need of water for licensing. This context has 
allowed an uncontrolled increase of water consumption for economic activities (agricultural and 
touristic), and the growth of irrigated agriculture continues at the expense of the abandonment of 
local rainfed crops.  

At the beginning of our project, each actor/sector claimed a different solution for the current 
situation, blaming other sectors and institutions: 

• The regional water management authority (APA-ARH) blamed mainly the large-scale users 
for not giving readings and property owners in the resorts for opening boreholes illegally for 
irrigating big green areas. They claimed the need of harder monitoring of consumptions, but 
claimed no political power to change current governance as a national legislative reform 
would be needed to change the aquifer from a private to a public re-source. They also com-
plained about the lack of human resources to monitor consumption limits. The solutions of 
the Algarve Water Efficiency Plan approved in 2020, were mainly technological and based 
on infrastructure and on the increase of water supply (e.g. building a desalinization plant, 
and transferring water from the Guadiana river). As a result, they did not feel backed up by 
national policies to implement “hard” measures for enviro-mental protection and limit eco-
nomic growth, being afraid of implementing harder measures such as imposing electronic 
meters (legally possible), to avoid social conflicts. In sum, APA did not exert a credible threat 
to users because of a non-supportive legal framework, technical/administrative staff aware 
of problems and highly competent but under staffed, lack of higher up political backup gov-
ernance which turned towards the supply side measures.  

• Agricultural users blamed the tourist sector, because they did not produce food, municipal-
ities because of the water leaking in their pipes, and the government for not having a na-
tional strategy for the economic development of the area which would include water trans-
fers from the north to the south and building more dams/extending the public irrigated pe-
rimeter to this area.  Regarding the desalinization, they criticized this solution, accusing the 
government of being influenced by construction lobbies, and even of corruption.  The big-
gest users were very proud of their efficient use of water based on sophisticated tech and 
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efficient ways of production (very careful use of fertilizers, etc.). The agricultural sector has 
been exponentially growing in Algarve, and there is a national support of irrigation agricul-
ture which is even supported by a narrative of climate change that posits intensive agricul-
ture as “precision agriculture” for producing food more efficiently (with less water waste). 
Yet this precision agriculture is mainly for export, and it consists of highly consuming crops 
such as avocado (which has a very high financial return), which adds to the already high 
consuming crop, which is citrus in place since the 70’/80’ and occupying the greatest amount 
of land. Agriculture was seen as the “poor relative” of the Algarvian economy, and in the 
recent years its economic success is a source of pride for Algarvian agriculture policy makers 
and agriculture companies alike. In sum: economic success of agriculture, technologically 
supported to be water efficient, backed up by Agricultural policies ignored water limitations 
and policy makers that want to “surf” the moment of growth led by high tech companies 
and call for increase of water supply. This was worsened by a lack of coordination with water 
administration.  

• Golf resorts’ users (golf fields, hotels and entity managing public gardens in resorts) blamed 
the agricultural sector, as they are the largest consumers ( 56.8%) of water  in the Algarve, 
while golf consumes only 6.4% (note that hotels’ consumptions are included in the “urban 
sector” which include residents, consuming a total of 33.9%). They also blamed public au-
thorities and Aguas do Algarve SA (a privately managed public capital  company that man-
ages treatment plants) of not advancing on solutions. As the agricultural sector, they were 
also focused on increasing the supply of water, but their focus was on accessing treated 
water.  Efficiency discourse was also at the core of the strategies in the golf luxury resorts, 
which have developed smart irrigation systems, based on highly sophisticated EIS (with dif-
ferent sensors and systems to calculate the irrigation needs in a particular day, as well as to 
identify water leaking). Here there was great commitment to save water (e.g reduce grass 
areas, test new types of grass, increase treated water use, even installing their own treat-
ment plant to improve quality of the public ones). 

• Civil society organizations blamed tourist and agricultural exponential growth, and govern-
mental authorities for not enforcing limits to this growth considering water availability, and 
for not giving solutions that secure public access to water at an accessible price. They enor-
mously criticized the solutions based on infrastructure such as the desalinization because of 
energy consumption/pollution and increased prices, and the transfer because it was not 
tackling the exponential growth of an agriculture which is not sustainable in the long run 
taking into account the climate change scenarios. They also pointed to the contradictory 
legislation (there are overlaps and unclear jurisdictions of each organization – this is “orga-
nized irresponsibility” (desresponsabilização organizada), unclear what are its roots but 
with clear effects ; there are many plans for the territory but they do not have a manage-
ment focus and  they are not enforceable as the  on-the-spot inspections are limited. 
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5.2. How things are now  
 

 General Context 

The drought continues. During 2023 some measures have been taken from the national government 
to reduce consumption, obliging all sectors to reduce consumption, especially  agriculture. As a 
result, the agricultural sector has, for the first time, created a new regional  hydro agrarian 
association, to join forces against these measures, and propose new ones. Recently, due to a change 
of government the measures have softened, changing the governmental direction in terms of 
strategies to handle drought. They have announced the need to build more dams; and the hydro 
agrarian association is leading a new environmental impact assessment for two new dams, one in 
the basis of the aquifer Campina de Faro.  

 

 Method a survey to assess social learning 

 

In addition to meetings and workshops which we will describe along the text, we have made a survey 
to anonymously assess the social learning taking place all along our process. This survey was sent 
by e-mail to all the 26 people present at the moment of signature of the agreement, the 29th October 
2024. A total 14 people out of 26 answered. Half were women and half men. In terms of sectors, 
these people were: 6 from public administrations, 5 users of the tourism sector, 1 agricultural user 
and 1 from an NGO, and 1 unknown. This survey addressed the small sample of the more committed 
stakeholders, those we worked with more intensively during the last year of eGW and who are 
located in the Vale de Lobo subsystem. Its results should be read acknowledging this bias. The 
information collected is in line with more informal feedback received in response to the e-mail 
informing the closing of the eGW project. 

 

 Information/knowledge 

The information available is the same as we started, but users are more aware of the situation of 
the aquifer and of the risks of inaction thanks to several presentations, meetings and workshops 
done during the project, as shown by the answers given in the survey. More than 84% of 
respondents declared that taking part in the session organized of eGW, increased (a lot or quite a 
lot) their knowledge of the problems around Campina de faro aquifer (Table 1). Participants 
highlighted those sessions increased their knowledge regarding the urgency of collective 
governance (41.7%), while others stated that they discovered new technical information about the 
aquifer (33.3%) or reinforced what they already knew (25%).  

 

 



 

53 
 

Table 1. Answers of key participants in the project (N=14) to the survey to evaluate social learning, 
including public institutions, tourism, agricultural users, civil society organizations.   

 A lot  Quite 
a lot Little Very 

Little Not at all I don't 
know 

• Do you think that taking part in the 
sessions organised by eGROUND-
WATER has increased your 
knowledge of the problems around 
the Campina de Faro aquifer? 

  
6  
(38%) 

5 
(46%) 

2 
(15%)    

• Have you been able to interact and 
work with people from other sec-
tors through the eGROUNDWA-
TER project? 

9  
(69%) 

2 
(15%) 

2 
(15%)    

• Do you think that this process has 
allowed you to better know and/or 
understand the perspectives of 
other sectors/administrations? 

8  
(61%) 

4 
(31%) 

1 
 (8%)    

• In your opinion, did this mutual 
knowledge increase mutual re-
spect/trust between the partici-
pants?  

5  
(39%) 

8  
(61%)    

 

 

 

 Governance/collective action 

The eGROUNDWATER participatory process has finally focused on the Vale do Lobo sub-sector, 
which is the one salinized. A group of user’s representatives of different sectors, the regional water 
agency (APA), and regional planning (CCDDR) are conscious of the need to reduce total consumption 
of the aquifer and are, as a result, willing to engage in a process to experiment new governance 
models to tackle the unregulated use and uncontrolled growth of economic activities.   

Users are aware that they need to reduce consumption to attain a sustainable extraction limit, and 
for that, they agreed that they need to collaborate with the administration to do an inventory of the 
real irrigated areas and boreholes used. For doing so, they agreed to sign a collaborative agreement 
with the APA and CCDR to establish the basis for interinstitutional and intersectoral collaboration 
for the protection and utilization of the Vale do Lobo subsystem of the Campina de Faro aquifer. 
This signed agreement (signed by all parties on 29th October, 2024) was the basis to design and test 
a new governance system to advance on the pathway towards a sustainable management of the 
aquifer (Figure 17).  

 

Figure 16. Pathway defined collectively to work together (elaborated in a workshop with users and 
supported later by the water agency) 
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The survey highlighted how the eGROUNDWATER process was key to developing this shared 
purpose and collaborative will. Respondents declared that eGROUNDWATER activities allowed 
respondents to interact and work with people from other sectors (84% answering a lot or quite a 
lot), and to get to know or better understand the perspectives of other sectors/administrations (61% 
answering a lot, and 31% answering quite a lot).  All respondents agreed that these interaction and 
mutual understanding, increased mutual respect or trust between the participants (39% answering 
a lot, and 61% answering quite a lot), and the totality of respondents declared this generated a 
common purpose, as the following answers highlight:  

“Yes, everyone is interested in contributing to a solution, which is the result of e-
groundwater's efforts. Dialogue and empathy are key to overcoming obstacles and finding 
solutions”- Public administration, woman  

“I think so, for different reasons, but I think everyone recognizes the need to manage water 
better”- Tourism user, man  

“The preservation of the aquifer in question is the purpose, it's the methodologies that are 
going to be a Herculean task”- NGO, woman.  

“I think that those who responded to this survey already shared this common purpose. But, 
they were able [through the eGROUNDWATER process] to meet others who shared the same 
and develop ways of co-operating”- anonymous.  

Finally, most respondents identified the workshops sessions (N=4) and the sharing of scientific 
information about the state of the aquifer to users (N=3), as activities contributing to this shared 
purpose (Table 2). Other cited important activities were the meetings between users and public 
administrations (N=2) (Table 2). 
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Table 2. Answers of key participants in the project (N=13), including public institutions, tourism, 
agricultural users, civil society organizations.   

Question: From your participation with eGROUNDWATER, what activity, 
event or type of interaction do you think had the greatest impact?  

Number of 
respondents 

 
• Workshops session (one respondent specifying the diagnosis workshop) 

  4 
• Scientific information sharing about the state of the aquifer to various us-

ers (one respondent specifying to the residents of the resorts)  
 3 

• The meetings with public administrations (one respondent specifying a 
meeting between users and APA) 2 

• The signature of the agreement  1 

• The social interaction with others  1 
• Bringing the big users to the group   1 
• Only participated in the last session   1 

 

  

 As a result, although the project did not have time to design new rules for a new governance model, 
it has set up the basis- the mutual understanding, common purpose and collaboration commitment- 
to advance towards a change of governance paradigm. In the following section we will present in 
more detail how the participatory process managed to do this.  

 

5.3. 4.3. The participatory process 
In what follows, we identified the milestone and drawbacks of the participatory process since the 
2020, deriving some key learnings at the end. 

Milestone 1. Constitution of a shared vision of expected outcomes and steps to achieve them 
among the research team (UAlg &UISEG) 

The first milestone of the project was the constitution of a shared vision of outcomes and steps to 
achieve among the team of the project (Ualg & ISEG). The team comprises social sciences, 
environmental engineering and hydrogeology researchers and most of them had not worked 
together before. The constitution of a shared basis of knowledge on the territorial challenges of the 
aquifer was key. While the ISEG brought the methods of the workshop, the UAlg team brought the 
technical and lived experienced in the field, which was new to the ISEG Lisbon-based team. The 
recognition, from the part of the UAlg team, that a coordinated use was needed; but their lack of 
knowledge on how this coordinated use could be like, was evident. The hope for doing science 
differently and “jump” to intervention was stated by both teams.  

Milestone 2. Engagement of first stakeholders with the eGROUNDWATER process 
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The second milestone of the project corresponds to the informal engagement of a first group of 
stakeholders. Yet each had their own agenda (e.g. assure their access to water/survival in the future, 
reach users/authorities, etc.). The engagement was done via interviews/meetings with different 
stakeholders contacting them via email and then following a snowball technique. As we were in 
times of covid restrictions and, realizing the few knowledge of stakeholders on the state of the 
aquifer as a whole and the different solutions available, we decided to organize a series of webinars 
(a total of 5 sessions, with topics defined by them in the first session).  

From these first interviews, there were some stakeholders willing to collaborate from the start, 
while others were extremely difficult to even talk to. Those users open to engaging in the process 
were those stakeholders closer to the saline wedge (the part already salinized) or affected by the 
reduction of levels. Those closer to the saline wedge were stakeholders in Quinta do Lago resort 
who were already looking for alternative solutions to groundwater, and thus, more willing to 
participate to “share views with other institutions [about solutions/ways forward]” (Infraquinta, a 
public-private municipal entity managing drinking water at the Quinta do Lago resort) or interested 
in knowing more and participating in the “negotiations that public authorities are having to solve 
the problem” (Quinta do Lago golf greenkeeper). The treated water was a key point of hope in their 
discourse, and the public authorities were presented as not doing enough for accelerating/allowing 
its use; and, for the case of the Golf, improving the societal image that the golfs was also a driver of 
engagement, like the following shows: “we are worried about sustainability… the most important is 
the message that we pass with this [egroundwater] project” (Quinta do Lago greenkeeper). Another 
very interested in participating was Vitacress, an agricultural company established in the resort area, 
which experienced problems in some of its boreholes during the summer (the pump was sometimes 
not functioning because of low levels/residues). Other agricultural companies, like Hubel and JPI 
group, were also quite interested in the process. Although they declared that were not affected by 
water scarcity in the short term, they realized the challenges ahead in the mid to long term due to 
climate change.  We also managed to engage a property manager and a gardening company, who 
managed properties in the resorts and were personally worried about the drought, climate change 
and the excessive use of water by her clients, feeling impotent for not being able to say and do 
anything. 

Other stakeholders were open to participate in workshops and actions, but became engaged more 
passively. They were the agricultural authority, who was more interested on infrastructural solution 
for the agricultural sector. Thus, the eGROUNDWATER topic was not their main interest as shown 
in the following quote: “if this area was inserted in a public irrigated perimeter, all this issue would 
not be a topic” (technician of DRAP-Alg). They saw the growth and industrialization of the sector as 
the way ahead for Algarve economy.  

Other stakeholders engaging passively were golfs in the resorts as well as the other tap water entity 
called Infralobo, who felt less affected by salinization. Infralobo had recently started doing the 
mandatory monitoring, and Vale do Lobo golf course assured that their boreholes did not have any 
problem. Even like this, they were open to share data with us and engage in actions. We also 
managed to engage the municipality affected by salinization (Loulé) but the institution engaged 
passively, probably a bit under pressure by the participation of other institutions, thus appearing 
only in one workshop. 
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Finally, the regional water agency (APA-ARH) was very interested in the project as they declared 
that the aquifer was “reaching a point where change is needed. It's very demanding, it's a risk, it 
must be pioneering” (president of the APA-ARH). They had already defined a strategy for this aquifer 
(i.e. the installation of automatic meters to monitoring consumption which will be funded by a new 
and pioneering Water Efficiency Plan for Algarve, as until now they relied on the communication of 
users and most of them did not communicate the readings of the water meters). Yet, they knew the 
difficulty to implement this measure due to the resistance, potential conflicts and invisibility of some 
users, and also realized the complexity of the problem as the following quote evidences: “The body 
of water is not recovering; the signs are clear; but there's no sign of tourism or agriculture slowing 
down; there's abandoned land to be reclaimed and every day there's interest in more licenses. There 
will be victims, it's only a matter of time” (technician of APA-ARH). Yet, the solutions appointed for 
this complexity was the use of treated water by the large-scale users while increasing control. They 
saw eGW project, and particularly the ISEG team, as a role on communicating with property owners 
who were very difficult to talk to (as they used offshore companies, were most of the year abroad 
and employed property managers and gardening companies to manage their properties).  

Drawback 1. Memorandum of understanding is ignored by the Regional Water Agency  

As we perceived that the understanding of the regional water agency on the management 
possibilities was very limited, and in order to align the objectives of eGW with them, we organized 
a meeting showing them experiences of co-management in France in collaboration with the BRGM 
(partner in the eGW). In the session, the emergence and functioning of the users associations in 
France and the role of participatory process for reaching agreements and advancing towards this 
kind of coordinated solutions was presented, and a discussion was facilitated. The aim of the session 
was to motivate the water agency to be a more active partner in the project, from taking part in the 
school monitoring program and contributing to the participatory process to design a roadmap to 
implement co-management solutions and their experimental application in the area as a pilot 
project.  While they showed interest in the topic, their interventions mainly consisted in highlighting 
the barriers for implementing such a system in Portugal, mainly because of the private nature of the 
resource, as the following quote evidences:  

“Here, there is no history of collective organization of groundwater, the water is privately owned, 
but it is managed by the state. The state manages the agricultural areas under contract, and that 
works. For groundwater, it's more difficult. There are between 30,000 and 40,000 boreholes. From 
an administrative point of view, we only know about half of them. It's difficult to check on the 
ground, but on paper it's easier".  

To strengthen our collaboration with the regional water agency, and following the experiences of 
colleagues in other case studies (France), we proposed them to develop a signed agreement of 
collaboration between them and the project. For doing so, we sent them a draft of the agreement 
with the objectives of the project and their participation in it However, the water agency never 
answered to our request to contribute to it. 

It was only after some months, in the context of another meeting to give them feedback on the 
results of the workshops with users and prepare them for their participation in a workshop, that we 
realized their reluctance to engage with the research project. While we were telling them the results 
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of the workshops with users, they complained of the fact that we would use this as the “truth” while 
these results were only the subjective views of some actors. We realized their mistrust of our 
veritable commitment to act/engage in management issues, as they were used to more traditional 
approach to research in which researchers are there to make research for scientific publication 
studies with vague policy recommendations, i.e. not adapted for the specific context. This translated 
in mistrust over our results of workshops with users and how we will use them. APA-ARH thought 
we would publish the results of workshop as “truth” and go away. This meeting and conversation 
were thus a turning point as we clarified our role in the process as different from their previous 
research experiences. The director mentioned: “Research projects often state the solutions without 
indicating the ladder to reach them. It's good for articles, but not good for implementation”. It was 
on this day that we together understood that eGROUNDWATER was building the ladder, not by 
pointing solutions, but by knitting the different stakeholders together to do things differently. 

 Drawback 2. Inability to bring important stakeholders to the process (small-scale farmers, resorts’ 
property owners and the regional planning authority) 

The focus of the eGW on information (through EIS/app) had some drawback regarding the 
participation of three key actors: 1) the property owners in resorts and 2) the farmers and the CCDR 
(the regional planning authority). We think that the reason for the absence of these users (property 
owners and farmers) relates to a different positionality towards data that those engaged actors. 
Those users willingly engaged were large-scale users which had lots of data and agreed to 
participate in giving data of levels etc. as they were already giving their readings to the APA. As such 
what most interests them was engaging in conversations to understand better and solve 
bureaucratic/governance problems that impede the implementation of solutions (e.g. treated 
water).  Small-scale farmers and property owners were not interested in data, and most often saw 
it as a threat, of being more controlled by authorities. They complained about both public 
authorities and researchers who asked for data and treat them “like criminals” and of researchers 
and their projects that did not solve their problems and did not research the implementation of 
solutions. When explaining the app, one says “it's fabulous but we need to put it into practice”, a 
farmer said ironically. This farmer thought it was impossible to coordinate the groundwater use with 
others as this means not watering for days or weeks and that was incompatible with the crops he 
grew. Another farmer said “An app? What might I want to see?”, referring to the fact that he was 
not interested in seeing any data but to solve other pressing problems like the low prices of 
products, and the lack of commercialization channels.  

On the other hand, the property owners in the resorts, who are using groundwater mostly without 
license, were afraid of being controlled, or just not interested in engaging in these discussions. Two 
of the associations told us to speak to the tap water entities, as they only used tap water for 
irrigation. Only one association out of three received us, just through their secretary.  We managed 
to speak to some property managers, but garden companies were more difficult (some spoke to us 
but then fled away – they stopped answering our invitations). We realized that the topic was not of 
interest for these companies, who were using boreholes, and sometimes even installing 
desalinization plants to use the water already salinized. Nobody wanted then to speak about this.  

Finally, the regional planning authority (CCDR) did not engage either in this phase. When contacted, 
they first suggested to speak with the water agency (APA), claiming that they did not have any 
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relation with water, even though their mission includes the preservation of water resources through 
planning of economic activities. We spoke with several technicians and invited always to workshops 
and events, but they never appeared.  

Drawback 3. Setting up a monitoring scheme without a linkage with the participatory process 
needs  

In parallel to our participatory approach, we asked users their availability to give information for 
feeding a future platform/app, in which thy would be able to have info on the dynamics of the whole 
aquifer. As mentioned above large-scale users were ready to giving information, while small-scale 
users/farmers saw it as a threat. Even like this we managed to have a list of users, giving us their 
boreholes locations like Hubel, Quinta do Lago Golf, Vale do Lobo Golf, Infraquinta and Infralobo, 
JPI group, etc. We managed also to include the largest agricultural citrine cooperative in the area 
(CACIAL), which aggregated small scale farmers as their cooperants but also had properties of their 
own. They agreed to participate in taking monthly water samples for quality measures. Yet, 
measuring the borehole levels was impossible because their boreholes were sealed, and didn't have 
an entry point for measurements. They sought to try the monitoring system before introducing it to 
their farmers cooperants, suggesting that farmers were very reluctant to this type of research 
project.  

To increase our visibility and reach small farmers, we also created a school monitoring system 
collaborating with five schools in the agricultural area. This monitoring system allowed students to 
make measurements on the boreholes/ schools of their households. For doing so, we created 
collaborative protocols with teachers in the five schools, created outreach materials such as videos, 
and held information sessions with interested parents and teachers.  

Yet, the monitoring of water samples and levels of users was actually not implemented. It consisted 
only in setting the contacts and the location of the boreholes, while only the school monitoring 
program advanced and continues today. The reasons are manyfold. First, the eGW app did not 
advance at the pace that was needed for users to get interested and involved in this; but also, we 
(ISEG researchers) were unsure if our collaboration with Visual Nasert would end in a useful app for 
users, as our communication with them and openness to adapt to the needs of each case was 
limited.  In parallel UAlg researchers were developing an alternative platform to improve the 
accessibility of public information and control better the pace and the development of the platform. 
Yet there were not resources in the project to develop this platform professionally; nor to maintain 
it, ending up without a real integration in the participatory governance process. Another reason was 
that the users we managed to involve (large-scale users) were not interested in having more 
information, but in solving the governance issues first. At this stage, it seemed that the public 
information available about the aquifer was sufficient: this already pointed to a negative water 
balance and the estimated consumption per sector of activity (see next milestone).  

Milestone 3. Consensus to tackle governance problems before information gaps 

 We held several sectorial workshops with the agricultural sector, the tourism, the public (and 
public-private) institutions with a role on planning/water management and the organization of civil 
society. We decided to separate these sectors to create a spirit of sharing honestly, instead of 
blaming/accusing, which was the atmosphere in other public meetings as well as in the webinars 

https://www.youtube.com/@egroundwatercampina4335
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we organized. The aim was to collectively diagnose the situation of the aquifer (the perceived 
problems and the reason for them) and define their role of information to solve the problems 
(identifying which information they would need); but also, to share the scientific knowledge 
available on the state and trends of the aquifer. Yet, after the two first workshops with users of 
agriculture and tourism sector, we realized that the information was not a key factor for users, but 
rather its accessibility (they spoke about the universities and authorities not communicating nor 
working enough with them). They ended up speaking about problems of communication and 
coordination between entities; which generated inaction and extremely complex bureaucratic 
processes. They pointed to the need of a collective platform that joins all interest in constructive 
conversations for joint solutions.  

As a result, the two next workshops with public entities were focused on diagnosing the networks 
of collaboration and communication of the different actors involved in the problems identified by 
stakeholders(using the net-map methodology) and then imagining new relations (collaborations 
and communications) that could solve the problems. These two workshops were rather successful 
and brought energy to the group (mainly of public authorities), giving the impression that they could 
collaborate in some problematic issues such as the illegal boreholes of property owners, or the 
excess of green areas in public and private spaces. In the net-maps they created to solve current 
problems, the regional planning authority (CCDR) and the municipalities appeared as key actors to 
coordinate the different public entities and to stop the uncontrolled growth of economic activities 
and green irrigated areas through licensing (municipalities). As in the workshop with users, this 
workshop also emphasized the need of having a platform that could harness the communication 
and coordination of users and public authorities.   

 

Milestone 4. Engagement of property owners’ association in the process 

In the workshops above, the resorts’ private owners were identified as a key stakeholder in both 
most prominent identified problems (the illegal boreholes and the green areas). We then decided 
to develop a tailored strategy to reach them, with the help of Infralobo, the water distributor of the 
Vale do lobo resort. Their help in assisting us in reaching the resorts’ residents was probably a direct 
result of the sectorial workshop.  

A turning point was a meeting in July 2022 with the Vale do Lobo residents and the CO of the resort, 
organized by Infralobo after a meeting we had with them in which they showed interest on reaching 
the residents as they probably saw in us an opportunity to do so without entering in conflict with 
their clients (the property owners).  

At the meeting we brought a hydrogeologist who had undertaken recent studies in that area to 
show them the hydrological balance and state of the aquifer. Yet, this was received by them with 
mistrust, denying the use of boreholes by the resorts’ residents, and claiming their use of tap water 
for irrigation. After some clarification of our aims and intentions with the eGW process, the 
association of property owners ended up recognizing the existence of illegal boreholes in properties, 
which the resort CO seemed to be unaware. At the end, the CO asserted: “we should definitely stop 
this situation. That residents are using boreholes without being registered is the worst case scenario.  
They are not paying for the water they are using. The second worse scenario is that they have a 
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legalized borehole, but no one knows how much they use [they do not have a sensor]”.  He 
continued referring, that this meant that they are doing an unsustainable use, comparing them with 
the golf of Vale do Lobo, which is monitored and thus sustainable. He reaffirmed that “everyone 
should be doing their part”. From this point on, the property owners association engaged with the 
eGW process, organizing a new meeting to speak on ways forward to involve their associates.  

An important aspect of this turning point was the availability of profound technical knowledge on 
the salinization of the aquifer (a study that was funded by the APA, and involved the hydrogeologist 
researcher who came with us). This hydrogeologist engaged with us (even if she was not part of the 
project), coming with us to the sessions with the residents to present the state and trends of the 
aquifer, based on a recent geophysics study. This gave us more credibility as they could solve their 
doubts about the situation. We then followed with a conversation on possible ways to involve 
residents in a strategy to improve the situation, agreeing to launch a communication campaign for 
residents through Infralobo. After the meeting, a member was appointed to be in communication 
with us and be aware of the steps we were taking.  

As the result of the above, we met with tried to launch a campaign also in Quinta do Lago. The 
campaign took place in Spring 2023 with a general message in the residents newsletter about saving 
water, not specifically about the aquifer.   

From here on, we had a fluid communication with the Vale do Lobo association of property owners. 
We organized another meeting with them, where  other components of the governing board joined, 
and they invited us to speak at the General Assembly to their associated. Again, we suggested the 
same to the Quinta do Lago association (Aproquila), presenting the project to their associates at the 
general assembly. In short, resident association became engaged with eGW. Still the communication 
with residents is a challenge, even for the associations themselves 

Drawback 4. Inability to engage the resorts management  

While the actions were significant for raising awareness, one key drawback is that the management 
board of the resorts (Vale do Lobo and Quinta do Lago) did not join the process. In both meetings, 
one representative of the management board was present, and they committed to put in motion a 
communication campaign. Yet, in reality, the efforts to make the information on the critical state of 
the aquifer available to their clients, the residents, were limited. Regarding Vale do Lobo, the 
information was published on the website of the water distribution company (Infralobo), as part of 
their news section, thus with little reach. In Quinta do Lago, they built an information campaign 
focused on saving tap water, but did not even mention the aquifer. Notwithstanding, in the case of 
Vale do Lobo, the residents’ association started lobbying and put pressure on the management 
board of the resort, as well as in the water distribution company. The association, named a 
Portuguese speaker associate to intervene in eGW meetings and be the spokesperson on their 
behalf. 

Milestone 5. Commitment of users, water agency and the DRAP-Alg to advance with an 
associative management of groundwater  

 As mentioned in other deliverables, in May 2023, we organized a joint session at the regional 
agricultural authority, to present the results of the sectorial workshop diagnosis, making visible the 
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perceived controversies and injustices around the use of water. Since the results pointed to the 
need to a collective platform, and some suggested the creation of a user association to 
communicate with public authorities, we invited an association of users in Spain to the session 
(Junta Central de La Mancha Oriental). Both the delivery of the diagnosis results and the 
presentation of La Mancha Oriental were important to transition from blaming each other to seeing 
the need to collaborate with each other. At the end of the session, the users and the Water agency 
committed to experiment the creation of the first user’s association in Portugal.  

In July, the drought allowed also the mobilization of the agriculture sector. The regional agricultural 
authority (DRAP-Alg) acquired greater interest in the eGW process, when the exceptional drought 
measures started to affect agricultural companies and farmers. As we were going to meet with them 
to understand their commitment and participation in the process, they organized a public event 
with farmers of the area inviting them to our meeting. The president of the DRAP-Alg, whom we 
had not meet before, came suddenly to the fore, suggesting publicly the associative management 
as a possible solution for the drought crisis. In the opening speech of the meeting with more than 
40 farmers, he fully integrated the agenda of the eGROUNDWATER of promoting collaborative 
governance solutions for the aquifer management. After his speech, we gave a presentation with 
some examples of cases of users’ associations in other countries, and the president of the DRAP-
ALG challenged the audience to organize a group of interested farmers by September.  

 

Figure 17. Picture appearing in the local journal of the session with farmers organiozed by the 
DRAP-Alg. Title of the news; DRAP-Algarve promoted a technical meeting deidcated to the theme 
“Collective irrigation in Central Algarve” (DRAP Algarve promoveu uma reunião técnica dedicada 
ao tema “Regadio coletivo no Algarve Central” – Algarve)  

 

Milestone 6. Setting up a roadmap for achieving an associative management at the Vale do Lobo 
subsystem  

https://algarve7.pt/index.php/2023/07/21/drap-algarve-promoveu-uma-reuniao-tecnica-dedicada-ao-tema-regadio-coletivo-no-algarve-central/atualidade/10/25/
https://algarve7.pt/index.php/2023/07/21/drap-algarve-promoveu-uma-reuniao-tecnica-dedicada-ao-tema-regadio-coletivo-no-algarve-central/atualidade/10/25/
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In October 2023 we organized a workshop to design a roadmap to achieving a sustainable 
management of the aquifer through an association of users. We decided to separate the sub-
systems, as the commitment of Vale do Lobo users was more advanced. We invited the core group 
of users in Vale do Lobo of the different sectors to design a roadmap to achieve a sustainable 
management of the aquifer. We had prepared cards with actions, based on cases from other 
countries, for users to choose those better adapted to Campina de Faro, and place them in a timeline 
of three years (Figure 19). 

 

 

Figure 18. Workshop to design a roadmap to achieve sustainable management of the aquifer with 
the participation of users.  

 

We organized the same workshop with agricultural users in the other sub-system. Yet, the 
participations continued to be very low and farmers that showed up weren’t prepared to build a 
roadmap in this way. Instead, we discussed the possibility of integrating farmers and the ways in 
which this could be done.  

In parallel of these activities, the drought continued and new restricting measures for Algarve users 
start to be prepared by the Ministry of the Environment. This creates a mistrust from farmers who 
created a regional Federation of farmers, directed by a renown local ex-politician and president of 
a public perimeter in Algarve. The organization started to be the intermediary between farmers and 
the government to negotiate restrictions and other measures. Their agenda was to reduce 
restrictions to the agricultural sector and to increase water supply through the construction of new 
perimeters/dams. We believe this affected the participation of the cooperative CACIAL in our 
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process which from this moment on, stopped participating and answering our petitions, as the eGW 
agenda contradicts the agenda of the Federation.  

In the workshop with the Vale do Lobo users, participants created a roadmap in which they accepted 
that they had to reduce consumption, and this had to be done in a coordinated way with the water 
agency and their participation. They also acknowledged the need to start generating a real inventory 
of irrigated areas; they set it as the first step, after the creation of the association. They recognized 
that this process was very sensitive and complex, so there was the need for support of public 
administrations such as the water agency (APA) and the municipalities.  

As a result, when thinking on the first steps to advance on the roadmap designed, participants 
agreed that they needed the explicit support of the water agency and the municipality to give 
legitimacy to the process and, and to stimulate more users to join. A key worry of some participants, 
was the need to make the top administration to engage as for some, there were only the technicians 
of the organization that were attending the meeting (e.g. Quinta do Lago), without a strong 
commitment of the administration. Given this, participants suggested that they should meet with 
the water agency first, using the minutes of this meeting as a proof to convince their administrations 
to join the process.  

On the other hand, the workshop with the other subsystem (Faro subsystem) was not so successful. 
Four farmers joined, and only one of them had participated in the previous workshops of the 
eGROUNWATER. As a result, we could not design the roadmap them, as we had to present the 
project, the aims and results so far, and facilitated a discussion on their opinion of the process and 
how farmers could join. This was not easy, as participants were still in the phase of blaming the 
water agency.  However, after a while farmers started to give ideas on how to increase the 
participation of other farmers to join the process.  

Drawback 5. The water agency does not support the process of associative management 

When we invited the water agency (APA) to a meeting with the group of users of Vale do Lobo, the 
water agency claimed that they needed to see users mobilized and assure that they were 
representative of the total consumption of the aquifer before meeting with them. They claimed that 
there was not a clear legal context to support the associative management we intended to promote, 
as the law only gave power of user’s associations to manage superficial water.  This provoked a 
paralysis in the process, which was also due to another moment of crisis because of the status of 
the drought. New restrictive measures were being planned for their implementation in January 
2024, and both the regional water agency and the users were busy and tense.  

We then decided to postpone the process to January and meet individually with the regional water 
agency and with users of the different sectors to understand what was happening. The idea was to 
see if there was still energy to advance with the associative management, as well as to gather 
information on their views of the future to build plausible scenarios that could assist them in 
reaching consensus among them. The whole idea of the associative management required almost 
One-to one talks to reach openness and confidence in the process and among the stakeholders 
involved in taking such unusual step. 

Milestone 7. Support of the regional water agency and the CCDR to the Vale do Lobo subsystem  
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From these individual meetings we concluded that the users that participated in the Vale do Lobo 
workshop were still interested in advancing towards an associative management. Yet, the restrictive 
measures were generating a conflictive environment among the agricultural sector, which was 
organizing a movement against the restrictive measures of the central government. Also, we 
understood that we had to give a step backwards, as both the inventory and the associative 
management was a very sensitive process, that needed more time and negotiation at different 
levels, including the national water agency. As a result, we suggested to create a collaborative 
agreement between the parts- the users, the regional water agency, the CCDR, the municipality- 
that could establish a governance structure to start working together on the inventory and other 
tasks of the process (e.g. a legal study of the possibilities to create an association to manage the 
aquifer within current legal context or to change the legislation).  

Due to the difficulty in achieving common ground with the agricultural sector, and after a meeting 
with the water agency explaining the results of the process, participants agreed to support the 
process via a collaboration agreement focusing on the Vale do Lobo. We also discussed with them 
the governance structure of the agreement This was a strategic move for them to assure 
commitment and provide a positive pilot that could serve as an example of other aquifers. They 
agreed to sign a letter of support to the process so it could serve as proof for users.  

 

 

Figure 19. Governance structure of the collaborative agreement. 

Another major turning point in this phase was the implementation of an administrative reform 
which integrated the regional Agricultural authority (DRAP-Alg) within regional planning authority 
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(CCDR). This administrative change, together with the formal support of the regional water agency 
allowed us to formally integrate this institution in the process, which now had a clear link and 
interest with agriculture and water. After a meeting with them, in which we showed the results of 
the last workshop with users, they supported the process and agreed to issue a formal letter of 
support. The formal letter of support explicitly considered their contribution to advance with the 
inventory of irrigated areas as thy had information of farmers asking for subsidies but also direct 
links with the parishes to organize sensibilization sessions.  

Milestone 8. Meeting between users and APA – setting the collaborative agreement  

With the idea of setting the collaborative agreement, we finally managed to organize a meeting 
between users of the Vale do Lobo and the regional water agency. To prepare, we organized an 
online and face-to-face meeting with the group of users and invited also the municipality. The aim 
of both meetings was to collectively define the aims of the APA meetings; as well as assure that they 
also knew the expectations of APA, so we assured a constructive dialogue between them. The 
meetings also allowed to integrate the municipality in the process, which was identified in the last 
workshop as a key actor that should be involved. The key outcome of the preparatory meeting was 
the commitment of the municipality in the process, and the establishment of common ground with 
the rest of the group. After some weeks, the municipality formally signed a letter of support to the 
process.  

The meeting between APA and the group of users occurred only in July 2024. The meeting was a 
very important moment of the process as for the first time, users and the water agency had the 
opportunity to speak clearly about their needs but also complains regarding behaviors of each other. 
On the one hand, users realized the legal limitations that the APA had to control illegal boreholes 
and excessive consumption. On the other hand, the APA understood the commitment of users to 
reduce consumption but also their need to trust that the information that they would share for the 
inventory of boreholes/irrigated areas was not used against them. A key point of discussion was the 
need to license unregulated boreholes and consumptions to incentivize a real inventory. While 
recognizing the legal limitation of this process and the necessity to establish clear limits to 
regulation, the APA recognized also that they would need to collaborate and negotiate a fair way to 
regulate real consumption and boreholes. At the end of the meeting, all participants agreed to sign 
a collaborative agreement, which define aims and objectives would be defined in the following 
months. We set up the 1st of October- the global water day- to publicly sign the agreement, but it 
ended up being the 29th October, for agenda reasons.   

Milestone 9. Signing the collaborative agreement  

The agreement was signed on the 29th by representatives of the various sectors that use water from 
the aquifer (golf, tourism, agriculture and public green spaces), of associations that operate in the 
area, as well as public management bodies (APA Algarve, Loulé City Council, the Algarve Regional 
Coordination and Development Commission/Agriculture and Fisheries and Águas do Algarve). It 
revealed the will of all to collaborate in order to define and implement measures that enable the 
protection and sustainable use of the aquifer. 

After the signing, a provisional management committee with representation from users, public 
bodies and academia/university will work to design the governance structure that will 



 

67 
 

operationalize this agreement and present it to current and future signatories. The next step will be 
to define the strategy for advancing participatory management and implementing actions aimed at 
recovering the aquifer. 

 

 

Figure 20. Event to sign the collaborative agreement 

 

The event was covered by local media:  

• Vale do Lobo: Aquífero Campina de Faro vai ter proteção e ter uso sustentável 
• Águas do Algarve assina acordo com várias entidades para gestão e preservação do aquífero 

Campina de Faro 
• Assinatura de acordo de colaboração para a proteção e utilização do subsistema Vale do 

Lobo no aquífero Campina de Faro - Algarve 7 
• https://regiao-sul.pt/ambiente/aguas-do-algarve-assina-acordo-para-a-preservacao-de-

recursos-hidricos/689938 

https://www.barlavento.pt/vale-do-lobo-aquifero-campina-de-faro-vai-ter-protecao-e-ter-uso-sustentavel/
https://www.algarveprimeiro.com/d/aguas-do-algarve-assina-acordo-com-entidades-na-gestao-e-preservacao-do-aquifero-campina-de-faro/59115-85?fbclid=IwY2xjawGfK0FleHRuA2FlbQIxMAABHWf30XGnjgPDDklMbCckkGPyfPgReP9UDRJZagch6okh8m3F5oqY1nd5ZA_aem_yfJqgd9TfTHC3pLGBFbR5g
https://www.algarveprimeiro.com/d/aguas-do-algarve-assina-acordo-com-entidades-na-gestao-e-preservacao-do-aquifero-campina-de-faro/59115-85?fbclid=IwY2xjawGfK0FleHRuA2FlbQIxMAABHWf30XGnjgPDDklMbCckkGPyfPgReP9UDRJZagch6okh8m3F5oqY1nd5ZA_aem_yfJqgd9TfTHC3pLGBFbR5g
https://algarve7.pt/index.php/2024/11/04/assinatura-de-acordo-de-colaboracao-para-a-protecao-e-utilizacao-do-subsistema-vale-do-lobo-no-aquifero-campina-de-faro/ambiente/11/59/#:%7E:text=Este%20acordo%20revela%20a%20vontade%20conjunta%20dos%20v%C3%A1rios,a%20prote%C3%A7%C3%A3o%20e%20a%20utiliza%C3%A7%C3%A3o%20sustent%C3%A1vel%20do%20aqu%C3%ADfero.
https://algarve7.pt/index.php/2024/11/04/assinatura-de-acordo-de-colaboracao-para-a-protecao-e-utilizacao-do-subsistema-vale-do-lobo-no-aquifero-campina-de-faro/ambiente/11/59/#:%7E:text=Este%20acordo%20revela%20a%20vontade%20conjunta%20dos%20v%C3%A1rios,a%20prote%C3%A7%C3%A3o%20e%20a%20utiliza%C3%A7%C3%A3o%20sustent%C3%A1vel%20do%20aqu%C3%ADfero.
https://regiao-sul.pt/ambiente/aguas-do-algarve-assina-acordo-para-a-preservacao-de-recursos-hidricos/689938
https://regiao-sul.pt/ambiente/aguas-do-algarve-assina-acordo-para-a-preservacao-de-recursos-hidricos/689938
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• Acordo de colaboração para a proteção e utilização do subsistema Vale do Lobo no Aquífero 
Campina de Faro - Mais Algarve 

 

5.4. Key learnings 
 

• A key learning of our process regarding the relation between information systems and gov-
ernance is that information matters but only when a shared basis of trust is built and when 
a shared and inclusive vision of the appropriate solution to tackle problems is established. 
Beyond a consensus on the way forward /solution, working on consistent expectations of 
participants in the process (who does what, and when) of different stakeholders is key (for 
example, in our case, users did not want to advance without APA support). Our stakeholders 
only recognized the need to make an inventory, when they were able to design their own 
governance structure and have power to make the decisions on how this will be done. In 
other words, governance must come first.  

• A learning related to the above is that there might be a threshold of information that users 
must have to engage in governance. In our case, those participating in workshops were 
mainly large-scale users (as farmers and property owners did not engage initially). Their 
baseline of knowledge was high, they had technicians monitoring their boreholes, and their 
irrigation systems were highly sophisticated (technological advancements). As a result, they 
were “ready” to engage in governance issues. In the case of small-scale farmers, they did not 
have this baseline of knowledge. In these cases, we think that knowledge about the aquifer 
knowledge does not lead to collective action but rather represents a threat and generates 
mistrust. We think that agronomic technical knowledge would have been useful to engage 
farmers, as well as other types of knowledge and support regarding the commercialization 
of their production. Collective action might need to start for the improvement of production 
and commercialization at the level of their property. In other words, the participatory pro-
cess must be tailored to actors’ needs, which most often is not about management water 
in a collective level, but at the level of its own property.  

• Related to the above, a plausible limitation that hindered our more effective engagement 
with farmers was the lack of researchers from agronomy. Note that we (eGW Portuguese 
team) did not have agronomic specialists involved in the project, so it was difficult to provide 
this type of support. Also, another limitation was the few human resources for being in the 
field, which might have been needed for generating trust among farmers through a tailored 
strategy.  

• Our process also highlights that the sociopolitical context matters, the media attention, and 
importantly the national media not just the regional media,   

• and drought measure have affected the mobilization of stakeholders. Regarding farmers, 
they have mobilized by this context. This context may have also hindered their mobilization 

https://maisalgarve.pt/2024/11/04/acordo-de-colaboracao-para-a-protecao-e-utilizacao-do-subsistema-vale-do-lobo-no-aquifero-campina-de-faro/
https://maisalgarve.pt/2024/11/04/acordo-de-colaboracao-para-a-protecao-e-utilizacao-do-subsistema-vale-do-lobo-no-aquifero-campina-de-faro/
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with us, as they were focusing on asking for more dams to the central government. Govern-
ance issues are not their priority now.  

• The inventory of boreholes/irrigated areas is a highly sensitive process, which needs more 
negotiation than technology. The technology proposed by the eGROUNDWATER (the app) 
might help, but only when it is developed and designed with the organizations and users 
involved; and taking into account the sensitive issues, including data access and property.  In 
our case, there are several sources of information scattered in several organizations that 
could be used for feeding an inventory (e.g. the planning regional authority has information 
on parcels with EU funding, the APA information of licenses which must declare the use that 
will be given). The process of making this inventory is complex, as it involves the commitment 
of several authorities, but also sensitive, as users want to know what is the use that will be 
given to the information and which guarantees they have for this to be accomplished, which 
needs a credible governance structure and the collaboration of all the organizations  that 
already manage data in the area. In Portugal we have the example of a digital platform cre-
ated to make an inventory of forest properties (BUPi - Balcão Único do Prédio), which was 
developed over several years in a participatory way, with the collaboration with several pub-
lic authorities.  

 

  

  

  

  

 

 

 

  

https://bupi.gov.pt/
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A large diversity of tools within the EIS “toolbox” to adapt to a large diversity of situations in 
terms of groundwater governance 

There is often the vision that EIS is somewhat a large set of tools that are all connected within a 
central system of collecting information, analyzing it and circulating analyses among actors (see the 
eGroundwater project proposal for such ambitious vision). In the three cases, many tools of EIS 
proved very useful, but generally were adapted to specific situations and not really connected one 
another, e.g. a role-playing game to initiate discussions in Algeria, community monitoring in 
Morocco, app managed by the water user association in Spain, etc. All these tools proved their 
usefulness in a certain context to help actors achieve a specific goal, without being fully integrated 
in a centralized information system.  

Most probably, the goal of building a large interconnected information system, gathering GIS, 
satellite image, data sent from users, is a useful and realistic goal in the very few cases within the 
Mediterranean area where well-developed governance and management systems are in place. This 
is for instance the case of Eastern Mancha Water User Association. In the large majority of cases in 
the Mediterranean, where groundwater governance and management are nonexistent, incomplete 
or fragile, the use of specific tools from the EIS toolbox to achieve specific goals is a much more 
realistic proposed use of this toolbox. 

Initially, the app was supposed to play a central stage in the EIS system. The eGroundwater app was 
actually not used: because it was too early in the Moroccan, Portuguese and Algerian cases and 
because, in the Spanish case, the proposed  “governance setting” of the app and the institutional 
context led the Water User Association to choose to design a (much simple) version of the app. This 
lesson – not really novel actually – underlines the risk of technology-push approaches to improve 
the governance and management of natural resources.  

Another learning of the project is that, initially, EIS was thought to be a system to produce, analyze 
and disseminate “objective” information (such as groundwater level, land use, etc.) that is “neutral”. 
Actually, the “social embeddedness” of groundwater data and knowledge proved to play a key role. 
First, many groundwater data have strategic value: this is why many farmers were not motivated to 
join a community monitoring system in Morocco, or key actors did not want to join the eGW process 
in Portugal, or why the water user association in Spain refused to use the app prepared by the 
eGroundwater project. Second, many tools used by eGroundwater team were used to organize 
dialogue and exchange of visions between actors, acknowledging the diversity of viewpoints. This 
was the case of the role playing game in Algeria or of the workshop to share views between farmers 
and hydrogeologists in Morocco. Tools can be used to foster dialogue and communication between 
actors having various viewpoints, possibly leading to a joint view of the functioning of the 
groundwater system. This view underlines the importance of a “constructivist view” of the 
management of natural resources (see Steins and Edwards, 1999). 
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New technologies : in support (but not replacing) facilitation 

The initial vision of eGroundwater project was that EIS could play a key role in triggering or 
strengthening groundwater governance. The lesson at the end of the project is that this optimistic 
view has to be refined.  

The learning from the three cases is that, for many innovations having a strong technological 
components, there is generally the need to put in place the « institutions » first if they are to be 
used (e.g. the app) or used in a sustained way (e.g. community monitoring in the Moroccan case). 
EIS can help learning, communication between actors, etc. but it cannot replace the « elbow 
grease » efforts of facilitation between actors to get these institutions right. 

 

Participatory processes : from being the background of EIS implementation to being a central 
component and added value of the project 

In eGroundwater, participatory processes were initially thought to be implemented by the research 
teams as a way to present, design, test and analyze the EIS with stakeholders. Actually, these 
processes took a central stage, especially because in many cases there were much work to do to 
engage actors in discussing groundwater before having the opportunity to offer the use of a specific 
tool within the EIS toolbox. 

The participatory processes in the three cases were designed based on the local specific issues, the 
social and institutional local setting. There is no “standard” approach to how to build such processes, 
especially in the field of groundwater governance. Eventually, the scientific learning from the design 
and implementation of these participatory processes per se proved to be of major value.  Several 
scientific publications are in preparation to take stock of this learning. 

Finally, many elements point toward the fact that, in the three cases, the process implemented 
enabled some form of social learning. A much more structured methodology would have been 
needed to prove the occurrence of social learning (using for instance Reed et al., 2020, definition). 
More research could be done on this topic, ie. About how “the design and implementation of a 
participatory process towards enhanced groundwater governance and management – usefully 
facilitated by specific component of the EIS toolbox and carefully crafted based on the specificities 
of each groundwater case” can indeed support actual social learning. 
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