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Despite the critical societal relevance of groundwater, its science has an acute scarcity of data in
both spatial and temporal terms. Mostly everywhere, but especially in developing countries, the
capacity of the government to install and operate monitoring systems is limited by financial and
human resources.
Within eGroundwater we want to test the potential of Citizen Science, in any of its types, to play a
crucial role in the generation of new knowledge in relation to the water cycle and related
ecosystem services. Our hypothesis is that there may be a strong potential for citizen science to
complement classic scientific knowledge generation and bring benefit to local stakeholders. In
addition, the development of more robust, cheaper and lower maintenance sensing equipment
creates new opportunities for data collection in a citizen science context. To develop the potential,
we need to build a robust conceptual framework that allows us to build an integrated framework
of action into our case studies.

This report is prepared under WP2, whose main goal is to frame the project from the onset on
how to define and incorporate citizen science and enhanced information systems (EIS) into
innovative collective action and decision making for groundwater policy. It presents a deck of
cards developed to be a conceptual framework designed with a pragmatic approach, helping the
stakeholders to integrate citizen science and enhanced information systems into the design of
projects “on key data and information gaps in groundwater management, and main issues in
relation to citizen science to support collective action and decision making at the regional level”
and in support of our specific case studies and their design.
We have therefore developed our conceptual model in a different - an interactive format- so that
through its application through a Deck card and an evolving eGroundwater Glossary, we
strengthen and validate the overall conceptual frame developed for the project.
Therefore we have:
● First, defined the basic conceptual elements identified (citizen science, collective action,
enhanced information systems through use of data applied to the current groundwater
management issues in the Mediterranean, and
● Second, through a card deck format it can be used, and adapted through co-design in our
case studies through a set of guiding questions that help to develop a eGroundwater
Citizen science collective project for robust groundwater management.
These therefore incorporate “the three aspects of innovation: using new information technologies,
combined with innovative ICT tools and innovative governance: the “hardware-softwareorgware”.
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This co-design format therefore will help to identify - through e.g. interactive workshops - the key
data and information gaps and main issues on our virtuous circle of citizen science + collective
action + enhanced information system for better groundwater management for specific locations.
Thus we provide a tool (our Deck Cards) that guide the user on how to undertake an analysis on
information gaps on groundwater and the existing use of citizen science, innovation information
systems and the design of projects for their enhanced adoption in water management and policy,
with special attention to the Mediterranean area.
This offers the opportunity for DIY additional “deck cards” as the conceptual model is increasingly
used, offering the potential to build an eGroundwater community of practice from these shared
experiences in the design of these type of systems. .

The deck of cards and evolving eGroundwater Glossary are flexible and adaptable tools that
contain first, the main concepts, examples and key questions on the key conceptual elements and
second provide support to help co-design an EGroundwater Citizen Science collective project
through guiding questions on how to apply citizen science to groundwater monitoring and
management through Enhanced Information Systems.

○
■

3.1. What to expect from the deck of cards
3.1.1. Who is it for

The Deck of Card has been developed so that it can be both tested and further improved within
the eGroundwater case studies. Thus the Deck Card is conceived to help support the co-design of
the citizen science processes, in a way that everyone who wants to learn more about bridging
groundwater information gaps through enhanced information systems and citizen science can
benefit from the use of the Deck cards.
Eventually, the Deck Card should be able to be used automatically by anyone interested in
replicating our eGroundwater cases that incorporate the use of data through citizen science for
collective action on groundwater.

■

3.1.2. How to use it

Below, there is a simple diagram on the use of the cards.

This project is part of the PRIMA programme supported by the
European Union’s Horizon 2020 research and innovation
programme
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You can find 5 themes:
Citizen Science
Collective Action examples
Groundwater key issues,
focused in mediterranean
countries
Enhanced Information
Systems examples
e-Groundwater case

Start reading the
background info and
share your learnings
and reflections using
the guiding questions.

Each of them contains a set
of background info and a set
of guiding questions for
reflecting and co-creating
your own citizen science
path.

Mix the cards of the
different themes
according to your needs.
Then you will have an
integrated view of the
most suitable way to fill
the information gaps in
your case.

You can use them
individually, or use them
as a tool to facilitate
collective workshops

Read, reflect, co-create

Figure 1: Diagram on the use of the cards to help both learn about the key concepts underpinning a
eGroundwater project as well as support its co-design

In the next sections, an inventory of elements covered by each of the themes is described. To see
the full content of the cards, see the cards in the annex. It is designed as a Deck of Cards with four
suits of cards: namely i) Citizen science, ii) Collective action, iii) Enhanced information systems and
iv) eGroundwater main issues in the Mediterranean.
In addition we have started to develop an eGroundwater glossary (see Annex 1) as an evolving
collective definition of our key conceptual elements for our eGroundwater project for use both
internally but also externally.

○ 3.2. Deck of cards
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Figure 2. Sketch of the deck of cards that contains the conceptual framework for the use of citizen
science for groundwater management developed by WP2.

■ 3.2.1. Deck card: Suit of Citizen science and its application to
groundwater theme
This card deck is designed to introduce the concept of citizen science, its history, the different
types, as well as the value of these projects to citizens and scientists themselves. It also provides
some guidelines on how to set up a citizen science project, as well as some examples, including its
application (until now limited) to the field of groundwater. The Deck card include a set of guiding
questions that can conceptually help to frame an eGroundwater project.

Table 1: Content of the Suit of Cards on Citizen Science

1.What is citizen science?

9. Citizen science design 2

2.Why did citizen science emerge?

10. Working the data

3. Public understanding of science

11. Data protocols and use

4.Types of citizen science

12. Monitoring and evaluation

5. Community science potential

13. Engagement and
communication

6. Citizen science in
developed/developing countries
7. Motivation to participate
8. Citizen science design 1

14. Potential application of cs
15. Learning from cs projects on gw
information
16. Do it yourself citizen science

■ 3.2.2. Deck Card: Suit of Collective action for groundwater
management theme
This deck of cards focuses on the importance of collective action and community based
management. It also presents some examples from across the world on experiences and initiatives
that pivot around collective action, like the cases in Spain, Mexico, California, and some reflections
on the case study countries of Portugal, Morocco and Algeria.

This project is part of the PRIMA programme supported by the
European Union’s Horizon 2020 research and innovation
programme
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Table 2. Content of the suit of cards of collective action types
1. What is groundwater collective action and community-based
management.
2. Groundwater User Associations (example: Spanish GWUAs)
3. Technical Aquifer Council
(example: Mexico)
4. Groundwater .Sustainability Agencies
(example: California)
5. Lack of bonding social capital
(example: Portugal)
6. Aquifer contracts
(example: Morocco)
7. Informal co-management
(example: Argelia)

■ 3.2.3. Deck card: Suit of Key info gaps and needs for
groundwater management in Mediterranean countries theme
This deck of cards introduces in a summarised format the main issues that are currently important
policy dilemmas in the Mediterranean region in relation to groundwater and its management and
some of the management challenges posed by groundwater to both decision makers and users
alike.
In these cards, we also present arguments that support the need to improve information gathering
and information sharing, and therefore monitoring programs, about the different aspects that
affect groundwater use and management in the Mediterranean countries.

Table 3. Content of the suit of cards on key info gaps and needs for groundwater management
1. Introduction: solving knowledge gaps
2. Information systems and Knowledge
on aquifers
3. Mediterranean climate and
groundwater resources recharge
4. Overexploitation in a scarcity context
5. Groundwater management in
European countries
6. Groundwater management in Middle
East and North Africa countries
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■ 3.2.4. Deck of Cards: Suit of Enhanced Information Systems and
ICT technologies theme
The goal of this suit is to present a catalogue of tools and ICT technologies that are part of
enhanced information systems, in order to allow the card users to reflect on the most suitable
option and to integrate them with the other suits in a way that an integrated analysis can be
performed.

Table 4. Content of the suit of cards on Enhanced Information Systems and ICT technologies
1. Self-reported information
2.Pressure sensors to measure the groundwater level
3. Satellite images
4. Meteorological station
5. IPA: historical information on the meteorology of the study area
6. Database, linked to a Geographic Information System
7- Data processing and modelling tools (hydrogeological, agronomic)
8. Processed information that can help them make better decisions
9. Instructions and protocols

The set of guiding questions prepared for this work are intended to help the co-creation of
Enhanced Information Systems for citizen science approaches to groundwater management and
monitoring.
Citizen Science
•
•
•
•

What is citizen science?
What is the purpose of a citizen science project?
How can citizen science succeed in allowing for public understanding of science?
According to the degree of public engagement, what types of citizen science can we find?
This project is part of the PRIMA programme supported by the
European Union’s Horizon 2020 research and innovation
programme
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•
•
•
•
•
•
•
•
•
•
•
•
•

How to design a sound community science project?
Why is there a gap of citizen science projects between developped and underdevelopped
countries? How can it be tackled?
How to improve motivation of all kind of participants in citizen science?
Who can be involved, when and how?
What type of activities could a citizen science project involve?
How to improve the design of a citizen science project?
How to collect, treat and analyze data?
Are data gathered by citizen science trustworthy?
How to evaluate a citizen science project?
How to improve engagement and participation in citizen science?
What is the potential of citizen science for the generation of new knowledge about groundwater
resources?
When to choose citizen science over traditional monitoring, or coordinate both?
What can be learned from the existing examples of using citizen science to generate groundwater
related knowledge?

Collective action for groundwater management
•
•
•
•
•

What type of collective action can you find in your region?
What do people engaged in groundwater collective action they do?
Is the collective action regulated or is it informal?
Does it relate somehow with local or regional authorities?
Could collective action facilitate a community based monitoring system?

Groundwater in the Mediterranean countries: key issues and info gaps
•
•
•
•
•
•
•
•
•

Are you able to understand groundwater/aquifer dynamics in your region?
What are the knowledge gaps?
What is an information system?
Is there any procedure used to collect, store, and publish data relating to groundwater in
your system?
What climatic or hydrological information do you need to monitor in your region?
What is groundwater overexploitation?
What pressures produce overexploitation in your region?
What are the consequences of overexploitation in your region?
What management culture and practices are in place in your country

This deck of cards will be tested as far as feasible with our eGroundwater partners in our case
studies of the eGroundwater project, supported by a Survey monkey with the key questions, in
11

order to inform and support the other WPs, WP3 in particular, in the case study design and
performance. The glossary is an ongoing tool that will include terms according to the needs of the
project.

This project is part of the PRIMA programme supported by the
European Union’s Horizon 2020 research and innovation
programme
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ANNEX 1. E-GROUNDWATER GLOSSARY.
AGRO-HYDROLOGICAL MODEL

13

BIG DATA

14

CITIZEN SCIENCE

14

COMMUNITY BASED MANAGEMENT

14

COMMUNITY BASED MONITORING

14

CROWD-SOURCING

14

DATA SENSING

14

DECISION SUPPORT SYSTEM

144

EARTH OBSERVATION TECHNOLOGIES

15

ENHANCED INFORMATION SYSTEM

15

GROUNDWATER MONITORING

15

GROUNDWATER MODEL

15

GROUNDWATER USER ASSOCIATIONS

15

PARTICIPATORY GROUNDWATER MANAGEMENT

15

PARTICIPATORY MODELING

15

POPULAR EPIDEMIOLOGY

15

BIBLIOGRAPHY
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AGRO-HYDROLOGICAL MODEL
Physical or mathematical representation of a crop that represents the processes taking place at the plant
and soil level, and the interaction between both. It simulates the crop growth and eventually the crop yield
depending on the climate, fertilization and irrigation practices. Its main applicability is to infer the crop
response to external stresses such as climate change and irrigation modernization.

CITIZEN SCIENCE
Citizen Science refers to the general public engagement in scientific research activities when citizens actively
contribute to science either with their intellectual effort or surrounding knowledge or with their tools and
resources. Participants provide experimental data and facilities for researchers, raise new questions and cocreate a new scientific culture. While adding value, volunteers acquire new learning and skills, and deeper
understanding of the scientific work in an appealing way. As a result of this open, networked and transdisciplinary scenario, science-society-policy interactions are improved leading to a more democratic research
based on evidence-informed decision making (Green Paper on Citizen Science 2014, EU-Socientize project)

COMMUNITY BASED MANAGEMENT
Under CBM citizens and stakeholders are included in the management of natural resources and watersheds
and can include community based monitoring of the resource dynamics. CBM generally seeks to encourage
better resource management outcomes through wide participation of local communities in decision-making
activities and the incorporation of local knowledge systems in management processes (Armitage, 2005).
Users can self-organize to manage the resources, which are conceptualized as common pool resources (Cox
et al, 2010).

COMMUNITY BASED MONITORING
Community based monitoring is a process where concerned citizens, government agencies, industry,
academia, community groups, and local institutions collaborate to monitor, track and respond to issues of
common concern, such as environmental issues or natural resources (Whitelaw et al. 2003). When applied
to water monitoring, CBM ideally creates a multidirectional flow of data, expertise, and resources to
collectively improve water stewardship (Carlson & Cohen, 2018).

CROWD-SOURCING
Crowdsourcing is a type of participative online activity in which an individual, an institution, a nonprofit
organization, or company proposes to a group of individuals of varying knowledge, heterogeneity, and
number, via a flexible open call, the voluntary undertaking of a task. The undertaking of the task; of variable
complexity and modularity, and; in which the crowd should participate, bringing their work, money,
knowledge and/or experience, always entails mutual benefit. The user will receive the satisfaction of a
given type of need, be it economic, social recognition, self-esteem, or the development of individual skills,
while the crowdsourcer will obtain and use to their advantage that which the user has brought to the
venture. (Estellés-Arolas and González-Ladrón-de-Guevara, 2012)

DECISION SUPPORT SYSTEM
It consists of a set of instruments or tools that, put together, offer valuable information for decisionmakers. It can accommodate diverse instruments or tools such as sensors, mathematical models or images.
Its setup, features and information offered need to be in line with the decision-makers to which it aims.
This project is part of the PRIMA programme supported by the
European Union’s Horizon 2020 research and innovation
programme
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EARTH OBSERVATION TECHNOLOGIES
Earth observation is the gathering of information about planet Earth’s physical, chemical and biological
systems via remote sensing technologies, usually involving satellites or drones carrying imaging devices.
The technology combines research and development of methods that provide a unique means for
gathering information concerning the state and evolution of environment, land, sea or air.

GROUNDWATER MONITORING
Groundwater monitoring is part of a process in groundwater resources assessment and management based
on a spatially distributed well network. The process provides essential information about the condition of
aquifers and their responses to water extraction, land-use change, and climatic variability.

GROUNDWATER MODEL
Physical or mathematical representation of a groundwater body that represents its behaviour in terms of
groundwater quantity and/or quality processes. It aims at replicating the response of a groundwater body.
Its main use is to simulate the response of the referred groundwater body for particular scenarios such as
changes in groundwater use, quality modifications, climate change, and land use change.

PARTICIPATORY MODELING
Consist of the active and direct involvement of stakeholders in the process of building a simulation or
management model. In the process, stakeholders not only provide data for the model, but also contribute
to the identification of model components, linkages of the components, dynamics or processes between
and among model components, and other forms of relationships between the components.

POPULAR EPIDEMIOLOGY
"Popular epidemiology" refers to when a non-professional public conducts research or monitoring that is
traditionally done by experts and officials, for example, by conducting their own "scientific" assessments to
better understand the risks associated with their own exposure to toxics or any other issue, challenging the
experts´ opinion. (Brown, 1993).
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ANNEX 2. Deck of Cards
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USE OF CITIZEN SCIENCE
FOR GROUNDWATER MANAGEMENT

eGroundwater

Citizen science and ICT-based enhanced information systems for groundwater
assesment, modelling and sustainable participatory management.

This project is part of the PRIMA programme supported by
the European Union's Horizon 2020 research and innovation programme.
(GA n. 1921)

What is this Card deck?
It is a flexible tool that contains info, examples and guidelines on how to apply citizen science to groundwater monitoring
and management through Enhanced Information Systems. It is a result of the PRIMA project eGroundwater.

What is eGROUNDWATER?
The overall objective of eGROUNDWATER is to support sustainable participatory groundwater management in the
Mediterranean regions through the design, testing and assessment of enhanced information systems (EIS). The steps
that sustain this overall objective of eGROUNDWATER are:
1.

To evaluate information systems on groundwater resources and uses in PRIMA-PS countries (Morocco, Portugal,
Algeria and Spain) and identify gaps in information collection and post-processing to enhance information systems.

2.

To develop innovative ICT-based tools for enhanced information acquisition using citizen science techniques.

3.

To improve existing groundwater modelling tools and enable the use of improved models.

4.

To develop improved participatory groundwater management strategies, supported by the enhanced information
system (EIS) and groundwater flow modelling, and management tools.

5.

To analyse the potential socio-economic impacts examining how it may affect the ways in which water is shared
among users; how rules are enforced and how users, managers and other stakeholders learn and interact with each
other.

6.

To assess the institutional transitions and capacity building actions required to reverse current unsustainable
practices’ effects and to encourage the participation of stakeholders and use of different data and sources of
information.

7.

To apply the ICT-based tool in PRIMA-PS countries and to study the potential for replication in other case study
areas.

Who is this deck of cards for?
Everyone who wants to learn more about bridging groundwater information gaps through enhanced informations
systems and citizen science can benefit from the use of these cards.

How to use it?
You can find 5 themes:
1. Citizen Science
2. Collective Action Examples
3. Groundwater key issues, focused in
mediterranean countries
4. Enhanced Information Systems
examples
5. e-Groundwater case studies

Each of them contains a set of background
info and a set of guiding questions for
reflecting and co-creating your own citizen
science path.

You can use them individually, or use them
as a tool tu facilitate collective workshops.

Start reading the background info and
share your learnings and reflections
using the guiding questions.

Mix the cards of the different themes
according to your needs. Then you will
have an integrated view of the most
suitable way to fill the information gaps in
your case.

Read, reflect, co-create.

How to use it?
You can also use the three first phases as a shorter exercise, understanding the main concepts.

You can find 5 themes:
1. Citizen Science
2. Collective Action Examples
3. Groundwater key issues, focused in
mediterranean countries
4. Enhanced Information Systems
examples
5. e-Groundwater case studies

Each of them contains a set of background
info and a set of guiding questions for
reflecting and co-creating your own citizen
science path.

You can use them individually, or use them
as a tool tu facilitate collective workshops.

Co-create
Or getting deeper into a dialectic process between specific information and an existent situation in order to start
co-creating.

Start reading the background info and
share your learnings and reflections
using the guiding questions.

Mix the cards of the different themes
according to your needs. Then you will
have an integrated view of the most
suitable way to fill the information gaps in
your case.

Read, reflect, co-create.

CITIZEN SCIENCE

collective action for groundwater
management examples

eGroundwater citizen
science case studies

Key groundwater issues and data gaps
management examples

QUESTIONS
CITIZEN SCIENCE
COLLECTIVE ACTION FOR GROUNDWATER MANAGEMENT
KEY INFO ON GW IN MEDITERRANEAN COUNTRIES
ENHANCED INFORMATION SYSTEMS

DECK CARD THEMES INVENTORY
CITIZEN SCIENCE

1. What is citizen science?

9. Citizen science design 2

2. Why did citizen science
emerge?

10. Working the data

3. Public understanding of
science

12. Monitoring and evaluation

4. Types of citizen science
5. Community science potential
6. Citizen science in
developed/developing countries
7. Motivation to participate
8. Citizen science design 1

CITIZEN SCIENCE

11. Data protocols and use
13. Engagement and
communication
14. Potential application of cs
15. Learning from cs projects on
gw information
16. Do it yourself citizen science

COLLECTIVE ACTION FOR
GROUNDWATER
MANAGEMENT EXAMPLES

KEY GROUNDWATER ISSUES
AND DATA GAPS
MANAGEMENT EXAMPLES

What is groundwater collective
action and community-based
management

Introduction: solving knowledge
gaps

Spain: CUMAS

Mediterranean climate and
groundwater resources recharge

Mexico: COTAS
California: Groundwater
Sustainability Agencies

Overexploitation in a scarcity
context

Portugal
Morocco: aquifer contracts
Algeria: informal co-management

collective action for groundwater
management examples

Information systems and
Knowledge on aquifers

GW management in European
countries
GW management in MENA
countries

Key groundwater issues and data gaps
management examples

DECK CARD THEMES INVENTORY
ENHANCED INFORMATION
SYSTEMS

E-GROUNDWATER
CASE STUDIES

Self-reported information

Campina de faro aquifer

Pressure sensors to measure the groundwater
level

Ain timguenay aquifer

Satellite images

Requena-Utiel aquifer

Meteorological station
IPA: historical information on the meteorology
of the study area

Oasis of Badrian

REFLECTION AND GUIDING
QUESTIONS
Set of questions about citizen science
application to groundwater
Set of questions about collective action
potential
Set of questions about groundwater
understanding and knowledge gaps
Set of questions about data processing
with Enhanced Information Systems

Database, linked to a Geographic Information
System
Data processing and modelling tools
(hydrogeological, agronomic)
Processed information that can help them
make better decisions
Instructions and protocols

eGroundwater citizen
science case studies

QUESTIONS
CITIZEN SCIENCE
COLLECTIVE ACTION FOR GROUNDWATER MANAGEMENT
KEY INFO ON GW IN MEDITERRANEAN COUNTRIES
ENHANCED INFORMATION SYSTEMS

CITIZEN SCIENCE

INDEX

1.What is citizen science?

9. Citizen science design 2

2.Why did citizen science emerge?

10. Working the data

3. Public understanding of science

11. Data protocols and use

4.Types of citizen science

12. Monitoring and evaluation

5. Community science potential

13. Engagement and communication

6. Citizen science in developed/developing
countries

14. Potential application of citizen science

7- Motivation to participate

15. Learning from cs projects on groundwater
information

8. Citizen science design 1

16. Do it yourself citizen science

What is citizen science?

Purpose
Definition

Citizen science refers to the general public engagement in scientific research activities when citizens actively
contribute to science either with their intellectual effort, local knowledge or with their tools and resources.

Although citizen science as
such has been applied for
centuries, the term "citizen
science" was firstly coined
by Alan Irwin in his 1995
book Citizen Science: A
Study of People, Expertise,
and Sustainable
Development. The goal of
citizen science, according to
Irwin, is to bring the general
public and science together,
to consider possibilities for a
more active “scientific
citizenship” and to involve
participants in dialogue and
in decision-making around
issues related to risk and
environmental threat to their
communities.

Besides the purpose of fulfilling knowledge, citizen science
emerged to democratize science:

“It usually focuses on aspects of science aimed at
covering the needs and concerns of the society ”
“It implies a form of science led by the citizens themselves
outside the formal institutions ”
“Anyone, without a specific professional qualification, can
contribute to the generation of scientific knowledge”

Since the early 2000, the possibilities of dissemination, communication
and sharing of resources through the Internet began to expand in a
revolutionary way. Innovative and increasingly affordable technologies are
allowing new actors to become more involved in the monitoring and
evaluation of natural resources, such as hydrological systems.

Why did citizen science emerge?

Democratization of science
Popular epidemiology
Reaching beyond normative science

We know that citizens have monitorized natural phenomena for the sake of their profession for millennia (p.e.
fishermen helped Aristotles tracking species).

However, Citizen Science also
has its origin in the growing
mistrust of citizens about
positivist science and
government institutions,
especially after failures of risk
prevention and management.

"Popular epidemiology" refers to when non-professional
public conducts research or monitoring that is traditionally
done by experts and officials, for example, by conducting
their own "scientific" assessments to better understand the
risks associated with their own exposure to toxic elements,
challenging the experts´ opinion.

Citizen science is also valuable for research that requires the human processing and interpretation
of large amounts of data, or at scales that would be practically impossible to reach with a
traditional scientific approach. When projects are carefully designed and well managed, they can
produce science not achievable through other means.

Public understanding of science

Public Understanding of Science
(PUS) is crucial for Citizen
Science to succeed

Citizen science projects are meant to achieve a greater degree of public understanding of science, social
change, or improved science -society relationships therefore need to give extra attention to some aspects
(Bonney et al. 2015).

(1) Project design:
besides guidance
materials and
instructions, citizen
science projects need to
make the participant
reflect about their role
and the whole research
process in order to
change their
perspectives about
science.

(2) The following aspects can be promoted, and later measured
or observed in order to determine whether there was public
understanding of science.
Interest in science and nature

Data interpretation skills

Self-efficacy for science and
environmental action

Knowledge of the nature of science

Motivation for science and
environmental action
Skills of science inquiry

Environmental concerns
Complex aspects of
science–society relationships such
as trust, empowerment, and
discourse

(3) Acknowledge the target audience: citizen science projects engage a range of audiences that typically have
not been involved with science. Such projects may recruit diverse people —geographically, intellectually, and in
terms of values, interests, families, and jobs. Providing multiple project entry-points as well as multiple ways to
participate at different levels of commitment is a key way to engage new audiences.

Typesofofcitizen
citizen science
Types
science

Participation level

According to Hacklay (2013):
Crowdsourcing

Distributed
Intelligence

Participatory
Science

Extreme Citizen Science

Engagement ratio

Crowdsourcing:

Distributed intelligence:

Participatory science:

Extreme Citizen Science:

Citizens act as
sensors or participate
through volunteered
computing. No
cognitive imput by
participants is
required.

Participants take basic
training and then collect
data or carry out a
simple interpretation
activity, while the whole
process is designed by
scientists.

Participation in
problem definition,
design and data
collection. Analysis
relies on experts.

Collaborative science in
problem definition, data
collection and analysis.
Co-creation of
knowledge, scientists
may engage in the social
and ethical aspects,
becoming citizens.
Citizens empowerment.

Citizen science offers better access and representation of local experiences and priorities than pure
scientific science. It is important that the citizen science process takes explicitly into account
multi-stakeholder processes of constructing the problems and frameworks, rather than a belief in an
“objective” or “neutral” scientist-initiated approach.

Communityscience
science potential
Community
potential

Design and process potential for
climate change adaptation

COMMUNITY SCIENCE AND STUDY DESIGN

These projects involve data collection but may seek to affect policy or local decision-making for public health
or conservation.
Community Science projects may be promoted by members of the public who reach out to scientists for
assistance.
Besides data collection, they may include workshops on how to communicate scientific findings; how to use
findings regulations and enforcement; and how to ask answerable research questions.
Therefore, the role of the citizen has potential on:
The problem definition and identification

Data collection

Joint analysis

Co-generation of actionable knowledge

They have the greatest potential to achieve a wide range of public understanding impacts.

A stronger citizen involvement in information
sharing and collection may ultimately lead to
greater preparedness and adaptation to
changes: it potentially provide an additional
buffer for dealing with stresses that are likely to
be brought about by climate change.

Citizen science presents new opportunities for
citizens to become key actors in knowledge
co-generation processes, actively contributing
toward comprehending “fuzzy” science arenas
(i.e., climate change and hydrology).

Citizen Science in developed &
developing countries

Unequal citizen science distribution

Citizen Science objectives in developed or developing countries may differ. In wealthy regions the objective
more often is to increase awareness and scientific literacy, as opposed to developing regions where the goals
are more related to the enhancement of community well-being.

Furthermore, most citizens
science projects are reported to
take place in countries with a high
Human Development Index.
Developing countries often lack
the resources to develop citizen
science programs.

Other reason for the success of citizen-science programs
is their extensive use of internet-based platforms, which
replace in person interviews and other traditional
methods of data collection. Limited internet access and
development of new technologies may explain the lower
rate of citizen science extension in the global south.

Source:
Requier et al
2017.

Motivationto
to participate
Motivation
participate

Motivation for the citizen and the
scientist

CITIZEN MOTIVATION
Volunteer engagement can depend, among other factors on the country, culture of volunteerism and
socio-economic landscapes of the region.
Engagement may be self-initiated: driven by an environmental concern or a sense of fulfillment for being part of
finding answers. Members of a community whose livelihood depends on their local environment may also seek
scientific knowledge to form a better understanding and may influence decision-making.
According to Pockock et al (2014) successful projects may also resonate because of:
• a sense of place (“it is my river”)
• a pre-existing interest (“I’ve always liked butterflies”)

a sense of community (“I can take part with my children”)
a sense of discovery (“I had no idea that...”)

• being part of a narrative (“I’m taking part with others ...”)

or a sense of jeopardy (“my trees are under threat”)

Motivation for scientists

Relationship between
citizen participants and scientists

Apart from purely scientific interest, scientists may also
have an altruistic motivation for scientific outreach and

Scientists embrace awareness and social responsibility

education, the promotion of conservation and the

and offer communication structures that encourage

improvement of social conditions.

regular mentoring and the building of trust between

Another highly motivating aspect is to showcase the

scientists and citizens.

diversity of the ecologies and practices that people

Attention needs to be paid to the clarity of training and

depend on to sustain their livelihoods.

the delivery of feedback throughout the project.

CitizenScience
Science Design
1
Citizen
Design

Categories of citizen science
projects

According to the nature of the activities in which their participants engage:
Data collection:

Data processing:

Curriculum-based:

Community science:

Volunteers, with or without

Helping to

In schools or in

Here the emphasis is on building

formal training as scientists,

examine and

“informal”

social capital (by training) and local

collect data that can be

analyze what

youth-development

adaptive capacity to improve

used in organized scientific

would otherwise

settings

accountability, and to encourage

research. This can make a

be unmanageable

intentionally

learning, and collective action. The

meaningful large-scale

amounts of

designed to

tendency is to avoid capitalizing on

contribution to scientific

information.

achieve specific

volunteers as a low-cost workforce

educational goals.

but instead to involve them in the

research.

intellectual aspects of the science.

PURPOSE/TYPE OF CITIZEN SCIENCE PROJECT- WHAT FOR

Hypothesis driven collecting data to address a specific
research question.
Environmental monitoring more broadly.
Gathering data that can be used to influence public policy.

FORMATS (according to green paper on CS, EU)

Research driven / socially driven
Online / offline

Amateur / Professional
Formal / Informal

One-day / permanent

Local / global

Many guides, tools, and templates are available to support citizen science project planning, testing, maintenance,
and evaluation and data management (please visit: citizenscience.org, citizensciencealliance.org, citsci.org,
eu-citizen.science).

Citizen Science
Science Design
2
Citizen
Design

Running the project and outcomes

PROJECT DESIGN
Often data collection projects are not constructed, intentionally to achieve specific science learning and
understanding outcomes during the design process.
Creating projects to achieve social and scientiﬁc objectives requires deliberate design that is sensitive to
diverse interests, including why and how members of the public would want to be involved.
Organizational leadership is needed to provide realistic expectations for citizen science, including its
limitations as well as its benefits
PROCESS

POTENTIAL OUTCOMES

At local level, many Citizen Science projects organize small groups

Citizen Science project 1: helped to

Instructions are crucial, either for submitting data directly to online
databases, or to join a community of peers. The process may entail
collecting, categorizing, transcribing, or analyzing scientiﬁc data.
Prepare and follow protocols and volunteer infrastructure to enable
scientifically sound results.

Citizen Science project 2: diverse data
sets to better understand significant
scientiﬁc and socially relevant issues
such as climate change.

of volunteers to tackle local problems. Citizen Science can benefit
from integration of the Internet into everyday life, which has
substantially increased recently.

establish marine protected areas and
sustainable ﬁsheries practices that are
sensitive to the well- being of both
turtle populations and local livelihoods.

Citizen science can provide opportunities for people of many backgrounds and cultures to use science to address
community-driven questions.
Making these data accessible and usable would allow to scale up results. For example, centers for citizen science would
be excellent strategic investments for both private and government foundations.

Working the
the data
Working
data

Data processing and analysis and
knowledge communication are
opening new pathways for citizen
science

DATA VISUALIZATION

DATA QUALITY

Visualization ensures that scientific

Best practices for scientiﬁc outcomes include attention to training,

content is comprehensible for the

protocol, and materials that prepare participants to effectively collect

general audience. The increasing

high quality data, and veriﬁability:

availability of web-based technologies

Documentation of sample location, sampling area recorded, in-person

allow for rich, easy to update graphics
potentially embedded in tailored
applications and user experiences
intended for a non-technical audience.

training by an expert, time spent or start and stop time recorded, both
presence and absence of focal species recorded.
Projects reported requiring one or more methods allowing subsequent
data veriﬁcation, like a photograph, collected specimen, an expert
present, and/or other veriﬁable evidence collected.

DATA SENSING

DATA ANALYSIS

Measurements from sensors can record things that people cannot directly observe or
quantify.
Robust, cheap, and low-maintenance sensing equipment provides unprecedented

Statistical tools

opportunities for data collection in a citizen science context. These data have a significant

and computational

potential to create new hydrological knowledge, especially in remote regions, and human

techniques remove

impacts on the water cycle.

many of the

Information and communication technologies (ICT) facilitate the flow of data and

barriers to

knowledge, both for uploading collected data to centralized databases, and for querying

compiling and

datasets using rich and tailor-made interfaces. Measurements from sensors can record

analyzing complex

things that people cannot directly observe or quantify.

data sets.

Dataprotocols
protocols and
Data
anduseuse

Data quality protocols and use of
water resources data

DATA QUALITY PROTOCOLS

USE OF WATER RESOURCES DATA

With appropriate protocols, training, and
oversight, volunteers can collect data of
quality equal to those collected by experts.

Many environmental protection agencies use
volunteer water and air quality data to protect rivers
and communities.

For large projects where training volunteers and
assessing their skills can be challenging, new
statistical and high-performance computing tools
have addressed data-quality issues such as:

(Ground)water science is characterized by an
acute scarcity of both spatial and temporal
data, which contrasts significantly with the
complexity of water management and
governance processes.

•

sampling bias

•

detection

•

measurement error

•

identiﬁcation

•

spatial clustering

It is pertinent to reflect upon the potential role
that citizen science could play in the
generation of new knowledge in relation to the
water cycle and related ecosystem services,
and the use of citizen science in
decision-making.

Monitoring &
& Evaluation
Monitoring
Evaluation

Metrics for citizen science projects
(evalauation)

BEFORE YOU START THE PROJECT:
It can help to identify the participants’ expectations, and this will enable you to make early adjustments to the
project design. If the plan is to measure the effect of participation, it is vital to look at aspects of knowledge,
attitude, skills and behaviour at the beginning, thus gathering a baseline.

An evaluation in the live phase: it can provide an impulse for change.
The easiest way to
measure engagement is by
gathering figures on the
actual behaviour of your
citizen scientists.
For participant numbers
you can look at the number
of contact opportunities and
the number of participants
per type of contact
opportunity and the number
of visitors on websites and
social media pages.

An evaluation afterwards can shed light on
the value generated and may also allow you
to say more about how effective or
successful your project was.

Develop different indicators for different evaluation purposes.
Does your evaluation focus on
a) the success of the citizen science project
b) the operational process
c) the immediate results or long-term impact, or
d) a subject in which all these elements should be covered?

Engagement&& Communication
Communication
Engagement

Recruitment and improving
engagement strategies

RECRUITMENT
How to make community-based organizations aware of citizen science workshops? This challenge can be
addressed by expanding the reach and resources of Citizen Science projects through networks and umbrella
organizations that empower local citizen science efforts.
Projects of all types are beginning to engage new audiences by providing multiple project entry-points, as well
as multiple ways to participate at different levels of commitment.

By acknowledging that people have very different interests and motivations for engaging in citizen science,
projects with multiple ways to participate will help to reach larger and broader audiences:
For example, participants with low-commitment activities, such as casual data collection or online transcription
tasks to increasingly compelling activities when appropriate.

Regardless of the type
of project, when
participants take on roles
beyond data collection,
they can experience
very deep interactions
with science and
science institutions that
are relevant to their lives.

STRATEGIES TO IMPROVE ENGAGEMENT
Build on existing networks. maintain good relations with your external
partners and keep them informed of your project’s pro-gress.
First contact: strategies to attract the initial participation.
Continued engagement assessment.
Interaction channel.
If suitable, find project ambassadors, i.e. a citizen scientist with strong
intrinsic motivation to participate.

Potential
application
of citizenofscience
Potential
application
cs

Gaps in groundwater information
and knowledge

‘YOU CANNOT MANAGE WHAT YOU CANNOT MEASURE’
Despite the critical societal relevance of groundwater, its science has an acute scarcity of data in both spatial
and temporal terms. Mostly everywhere, but specially in developing countries, the capacity of the government to
install and operate new observation wells is limited by financial and human resources.
So, could Citizen Science, in any of its types, play a potential role in the generation of new knowledge in relation
to the water cycle and related ecosystem services? There may be a strong potential for citizen science to
complement classic scientific knowledge generation and bring benefit to local stakeholders.
In addition, the development of more robust, cheaper and lower maintenance sensing equipment creates new
opportunities for data collection in a citizen science context.
WHEN COULD YOU USE CITIZEN SCIENCE OVER TRADITIONAL MONITORING?
Citizen Science has been applied in hydrologic studies at different levels of engagement, mostly in a
contributory way and less collaborative using mobile technologies, telematic sensors, user friendly quality
tests…
The major constraints in these studies were:
- Lack of money, time commitment or monitoring wells
- Need for training and supervision of citizen scientists
- Uncertainty on the data quality.

- A major constraint can also be the apprehension of the
Ctizen Scientists to share openly their data, when there
is a high socioeconomic dependence on it or internal
conflicts.

Promoters of this type of approach should always consider the cost-effectiveness of following it.
Pocock et al (2014) offer a nice decision tree on this aspect.

Learning from
projects
on
Learning
fromcscs
projects
groundwater
information
on gw information
There are not many examples of CS
applied to groundwater monitoring,
neither globally or in the
Mediterranean region. However, we
can draw some lessons learned
from a few examples

STUDY IN LEBANON

STUDY IN NORTH CAROLINA, USA

(Baalbaki et al 2019)

(Manda et al, 2020)

North Carolina Coastal Plain
aquifer system.
The project drilled 29 wells and

A village in South Lebanon, where
groundwater was reported polluted
Mostly local women and high

recruited and trained 28 Citizen

school students were recruited for

Scientist from the region.

sampling and analysing water

Citizen scientists had to
measure and record groundwater
levels, that were also measured

samples, supported by university
team.
The project evolved to lead to (i)

STUDY IN ALBERTA, CANADA

(Little et al 2015)

Large-scale groundwater level
monitoring network of private water
supply wells for a 5year pilot period,
over 3900 km2.
University-municipality partnership
involving community members.
Each volunteer (well owner) was
given a monitoring kit (water level

by an automated water level

the formation of a local water

sounder, spray bottles for bleach

logger. Both measurements were

committee to follow up on water

solution and clean water for

highly correlated.

testing, (ii) the initiation of corrective

sterilizing a probe, and latex gloves.)

measures such as the replacement

Data was introduced manually on a

of several interconnecting pipes and

data base for 4 years, and then a

(iii) the use of low-cost disinfection

web based platform was created.

treatment.

Key lessons learned:
Data generated is trustworthy.
Big effort on engagement is required to avoid dropouts.
Project objectives need to align with volunteer´s objectives.

It Yourself Citizen
Do ItDoYourself
CitizenScience
Science

KEY ELEMENTS

Define clearly the aim of the citizen science project
Choose you target audience and prepare an engagement plan in accordance
Choose the level of engagement
Make sure your project resonates with potential volunteers and they are incentivized to make records
Prepare the resources you will need to carry out the project at all stages
Consider the different ways of gathering data using citizen science
Determine the scale of the sample
Instructions and feedback for citizen scientists: simple protocols
Take into account data protection regulation and ethics
Choose proper communication channels with participants
Evaluate your project by selecting proper indicators

What is citizen science?

What is citizen science?

Why did citizen science emerge?

Why did citizen science emerge?

Public understanding of science

What is the purpose of a citizen
science project?

Types of citizen science

How can citizen science succeed in
allowing for public
understanding of science?

Community science potential

According to the degree of public
engagement, what types of
citizen science can we find?

Citizen Science in developed
& developing countries

How to design a sound community
science project?

Motivation to participate

Why is there a gap of citizen
science projects between
developped and underdeveloped
countries? How can it be tackled?

Citizen Science Design

How to improve motivation of all
kind of participants in citizen
science?
Who can be involved, when and
how?

Citizen Science Design

What type of activities could a
citizen science project involve?

Working the data

How to improve the design of a
citizen science project?

Data protocols and use

How to collect, treat and
analyze data?

Monitoring & Evaluation

Are data gathered by citizen
science trustworthy?

Engagement & Communication

How to evaluate a citizen science
project?

Do It Yourself Citizen Science

How to improve engagement and
participation in citizen science?

Potential application of cs

What is the potential of citizen
science for the generation of new
knowledge about groundwater
resources?
When to choose citizen science
over traditional monitoring, or
coordinate both?

Learning from citizen science
projects on groundwater
information

What can be learned from the
existing examples of using citizen
science to generate groundwater
related knowledge?

COLLECTIVE ACTION FOR GROUNDWATER
MANAGEMENT EXAMPLES

INDEX

1. What is groundwater collective action and community-based management
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3. Mexico: COTAS
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Groundwater collective action and
community based management

FROM CENTRAL REGULATION TO COLLECTIVE ACTION TO CO-MANAGEMENT
Collective groundwater management by water users is increasingly advocated as a complement or substitution
to state regulation. Involving users in the decision making process, controlling water availability and quality,
exchanging information and allowing local knowledge to be used, will yield in better management practices. But
does this always happen?
Evidence of successful cases is limited. However there is emerging evidence that a degree of management
autonomy by users, combined with strong state guidance, holds some promise for the achievement of
sustainability (Molle et al 2017).
Evidence of failed case, Adams (2015)
concluded that failures of co-management
are linked to:
(1) Unequal distribution of power
(2) Limited accountability of
co-management leaders
(3) Poor monitoring and local-rules
enforcement
(4) Low resource value
(5) Imposition of a co-management
structure leading to forced participation

Collective action and co-management success will
increasingly be measured on the basis of managing aquifers
in a sustainable manner.
In the next cards a few examples of collective action by
users in different countries are presented, often
accompanied by support from the water authorities.
Scope: who? Where?

What is done or not?
Lobby, management…

Framed under the law?

Relation with water
authorities…

Spain: Groundwater User Associations

Groundwater User Associations
(CUMAS)

SCOPE: WHO? WHERE?
In Spain, Groundwater User Associations (GWUAS), which are part of the Administration as public law entities, co-exist
with Communities of Private Water Users, that look after the interests of users. In turn, collective, private and state water
rights co-exist, sometimes even within the same aquifer perimeters.

FRAMED UNDER THE LAW?
According to the Water Act (1985) when an aquifer is
overexploited or at risk, this carries a series if
implications for the aquifer or groundwater body (under
the 2000 EU Water Framework Directive):
Organizational levels of GWUAs in Spain. GWUAs nest other existing associations or irrigation
communities at aquifer scale, being intermediaries between users and water authorities.

WHAT DO THEY DO?
Groundwater users associations have the potential to

monitor groundwater use and the evolution of water
levels, but often lack technical and financial capacity
(López Gunn, 2003, Rica et al 2012).
GWUAs can collectively look for and distribute alternative
resources to substitute or supplement groundwater
resources (using regenerated water from cities for
irrigation purposes, managing desalinated water from
desalination plants, or managed aquifer recharge),
manage conjunctive use, or even lobby to demand lower
energy prices, and increasingly to share water rights or
wells, or even ensure compliance with the law..

New and existing water rights can be restricted
It requests the (top down) creation of a groundwater
user community that includes all aquifer users,
which would help allocate water and monitor water
sharing and water levels
An annual abstraction Plan must be introduced to
regulate groundwater use in a sustainable manner

RELATION WITH WATER AUTHORITIES…
There is decentralization to a limited extent: Water
Authorities at basin level are responsible for
groundwater development and ecosystem protection
and set participation mechanisms for other actors not
represented under GWUAs.

Mexico: Technical Groundwater Councils

Technical Groundwater Councils
(COTAS)

SCOPE: WHO? WHERE?
As part of decentralization and user participation policies, Mexico promoted the creation of Technical
Groundwater Councils (COTAS) as a means to support the regulation of groundwater use by the state and reduce
abstractions.
FRAMED UNDER THE LAW?
The COTAS were conceived as local water management organizations integrated by all the well owners of an
aquifer that would coordinate to regulate groundwater extractions, and at a later stage, to stabilize aquifer
groundwater levels.

WHAT? LOBBY, MANAGEMENT
However this initiative has not been enough to achieve sustained
reductions in groundwater abstractions (Wester et al 2011, Li et al 2020).
Among the reasons for this we can find:
-It was expected that users would voluntarily reduce their abstractions,
bypassing the legal possibility to reduce concessions with due
compensation, as the National Water Law dictates.
-COTAS have not yet been established in many of the country’s aquifers .
-Aquifer COTAS have also often become interest groups lobbying for
increased water volumes, engaging as brokers in local groundwater
markets, or helping to access subsidies to modernize their irrigation
systems.

RELATION WITH WATER
AUTHORITIES…
The good news is that this
policy has led to a much better
understanding of the extent of
groundwater overexploitation
based on the hydrodynamic
groundwater modeling studies
that were funded and the
monitoring networks set up in
collaboration with the COTAS.

California : Groundwater
Sustainability Agencies

Creation of Agencies after the Sustainable
Groundwater Management Act

SCOPE: WHO? WHERE?
With the new Sustainable Groundwater Management Act (SGMA), the state seeks to regulate the whole state of
California, in the face of acute drought and saline intrusion, and demands the creation of Groundwater
Sustainability Agencies (GSAs), who are required to implement Groundwater Sustainability Plans (GSPs), in
aquifers that are not adjudicated by the courts.
GSAs do not need to match the scale of the groundwater body, but if there are several GSAs in one aquifer, these
need to be coordinated and only one plan developed (Milman et al, 2018).
FRAMED UNDER THE LAW?
In California, groundwater was unregulated until the SGMA was released in 2014. Before that, only in around
14% of the basins, there were local initiatives where users and local authorities, in collective action did some
type of self-regulation and management plans voluntarily (Blomquist, 1992).
WHAT? LOBBY, MANAGEMENT
Some experts warn about the transaction cost for participation and
representativeness of users in GSAs: SGMA has facilitated the
participation of well-organized and well-resourced farmers, excluding
less organized and well resourced farmers.
If more effort is not done, the institutional process will likely limit
governance discussions to the interests of represented groups, which
among the farming sector appears to exclude small farmers.
(Ayres et al 2018, Mendez-Barrientos and De Vicentis, 2020).

RELATION WITH WATER
AUTHORITIES…
In California there is a high
degree of decentralization and
polycentricity in water
management.

Potential for collective action and
co-management in Portugal

Bonding social capital effect

SCOPE: WHO? WHERE?
In Portugal, water-use associations manage state irrigation projects, using mostly surface water. This is not the
case for groundwater users: farmers are not keen to engage into collective groundwater management.
While most surface water has been placed in the public domain, groundwater is privately owned but increasingly
regulated. Since 1995 the whole country has a licensing system, with varying levels of restrictions.
The trend is towards greater administrative control of private water rights, rather than towards redefinition of
groundwater as a common property subject to user rights, which would potentially lead to user boards like those
proposed in Spain (Rinaudo et al 2012).
FRAMED UNDER THE LAW?
Portugal faced relative recent water reforms. In 2005 a new Water Law was approved by the Portuguese
Parliament, which is a framework law for all the Portuguese water resources, including groundwater, to
implement the EU Water Framework Directive's mandated river basin plans. Before 2005, participation by users
and stakeholders hardly existed (Thiel, 2015).

WHAT? LOBBY, MANAGEMENT
In a participatory foresight project performed in
France and Portugal, farmers concluded they did
not believe that groundwater users' associations
could take over responsibility for groundwater
regulation, citing the lack of trust among them
(Rinaudo et al 2012, Bento et al 2009). Bonding
social capital is a crucial aspect for collective action
to institutionalize in some sort of organization.

RELATION WITH WATER AUTHORITIES…
In Portugal, as in other European countries,
stakeholders have the chance to participate in
public consultations for the development of the
river basin management plans, which include
programms of measures for the groundwater
bodies. Beyond that, interactions between
farmers and water authorities remain in the
informal sphere.

Morocco: aquifer contracts

CHALLENGE: UNEQUAL ACCESS AND ACTOR´S DIVERSITY AND POWER ASYMMETRIES
In Morocco, as in other Maghreb countries, there are traditional collective action institutions around
khettara/foggara systems that still exist in the Atlas and Saharan areas.
In 1990 the Moroccan state enacted a law that created water user associations (WUAs) in new irrigation
schemes, but these are quite inactive (Faysse et al 2017). Individual initiatives of farmers or private investors
installing tube-wells, either inside these schemes, or in the vicinity of them, add to the groundwater pressure.
Communication between the main groups of actors is often poor due to knowledge gaps, the river basin
authority´s limited resources and the fact that the actors perceive their interests as divergent. There is a lack of
social cohesion and a perceived different socio-cultural identity.

AQUIFER CONTRACTS
Morocco has formulated an aquifer contract model as a tool to promote stakeholder participation at the aquifer
level. Groundwater users and public institutions are expected to design sustainable use plans where the goal of
the water authorities was to facilitate a collective dialogue process.
However, it has been observed that aquifer contracts may marginalize small farmers and may have a bias
resource appropriation through poor representation in decision bodies (Closas and Villholth, 2016).
It is noticeable that aquifer contracts have a strong focus on substituting groundwater with surface water
(Del Veccio and Barone, 2018).

Algeria: informal co-management

SCOPE: WHO? WHERE?
In Algeria we can also find traditional irrigation schemes such as foggaras. Water users are diverse, and there
are social and economic inequities. There is some kind of collective action in irrigation schemes, normally fed
by surface water, and informal tube-well associations have also been observed.
WHAT? LOBBY, MANAGEMENT
Farmers remain in the invisible world of informal groundwater economies, which may increase the risk of
domination by opportunistic investments.

FRAMED UNDER THE LAW & RELATION WITH WATER AUTHORITIES
Rules-in-use were continuously evolving in a negotiated process between the State and the private actors.
These are enabled by a complex game of actors, at the bilateral and collective levels, who are reconfiguring
and adapting the institutional framework regulating the use of water resources (Daoudi et al, 2017)

Groundwater collective action and
community based management

What type of collective
action can you find in your
region?

What do they do?

Is it regulated or is it
informal?

Does it relate somehow with
local or regional authorities?

Could it facilitate a
community based monitoring
system?

KEY GROUNDWATER ISSUES AND DATA GAPS
MANAGEMENT EXAMPLES
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Introduction: solving knowledge gaps

In these cards, you will find out arguments that support the need to improve information gathering and
information sharing, and therefore monitoring programs, about the different aspects that affect groundwater use
and management.
Since the early 2000, the possibilities of dissemination, communication and sharing of resources through the
Internet began to expand in a revolutionary way. Innovative and increasingly affordable technologies are allowing
new actors to become more involved in the monitoring and evaluation of natural resources, such as hydrological
systems.
It is important that people understand (Van der Gun, 2005):
how groundwater in their region is stored underground

Precipitation (rain & snow)

ICE AND
SNOW
Condensation

how voluminous it is
how it moves and at what speed

Reservoir & dam

Evapotranspiration

Evaporation

Agricultural water
use & runoff
Domestic water
use & disposal

Evapotranspiration

Industrial water
use & disposal

Evaporation

FRESH GROUNDWATER
Groundwater
abstraction Borehole

what is its quality and how this quality may change

SEAWATER

Source: IGRAC

SALINE GROUNDWATER

how groundwater is linked with surface water, local ecosystems and the environment
how to develop the groundwater resources efficiently and protect them against pollution and other problems.
how the state and functions of a groundwater system may respond over time to intensified rates of
exploitation and other changing boundary conditions.

Information systems and Knowledge on
aquifers

Hydrological data in many parts of the world are incomplete and in others, the length of the time series are
insufficient. This implies that areas with limited monitoring networks, particularly the low-income countries, may
take longer to achieve sustainable and effective groundwater management.
New technologies, particularly in telecommunications and Internet of Things (IoT) sensors are driving down the
cost of collecting large volumes of data. Embedded sensors can now be installed inside bore holes and data
collected via mobile networks or low flying satellites. This technology greatly increases the amount of data that
can be collected, especially in remote and hard to access areas (Sharples et al, 2020).
Groundwater Information Systems (GWIS) are the procedures used to collect, store, and publish data relating to
groundwater. These can vary according to the local hydrogeology and management objectives, but are typically
comprised of a monitoring network, a data store, and a data interpretation and publication system.
Monitoring network
Sites: bores, piezometers, wells,
springs.
Monitoring equipment: data loggers,
manual readings, telemetry, flow
meters.
Data collection procedures: sampling,
handling, laboratory tests.

Data store

Publication and interpretation

Data entry process.

GIS.

APIs.

Quality checking and control.

Reports.

Assessments.

Relational database.

Groundwater models.

Value add and contextual

Data sharing.

data.

Internet data applications.

Mediterranean climate and groundwater
resources recharge

The arid and semiarid nature of the Mediterranean climate is characterized by a strong variability in space and
time of the different components of the hydrological cycle. Drought, floods and flash floods appear periodically,
and can change its frequency and severity by anthropogenic drivers or climate change.
Commonly measured hydrological variables, e.g. precipitation, streamflow, water quality, soil moisture,
vegetation dynamics, water use.
Mediterranean societies have developed strategies of adaptation to water scarcity and exploited groundwater to
secure crops against seasonal and interannual irregularity in rainfall and river flows.
But aquifers are affected by climate variability. Recharge depends mainly on the intensity
and distribution of rainfall events in space and time, and on vegetation and soil surface
conditions. Groundwater also comes from exchanges with rivers, especially during the
highest floods. Depending on the event, infiltration can vary by one or two orders of
magnitude. This implies that aquifer dynamics have to be analyzed simultaneously at
several scales (Leduc et al 2016).
Seasonal and interannual variability of water level provides
useful information regarding groundwater recharge and
discharge processes, and long-term trends in water level
may indicate the effects of water extraction, land-use
change, and climatic variability (Little et al 2015).

Therefore, the long-term monitoring of
aquifer water level is essential for the
sustainable management and development
of groundwater.

Overexploitation in a scarcity
context

More than half of the aquifers in Algeria and Morocco are overexploited, (Kuper et al 2016) and almost 30% in
Spain (MITECO, 2021). There is evidence of a wide range of informal but tolerated groundwater exploitation
practices in many Mediterranean countries.
When average aquifer abstraction rate is greater than, or close to the average recharge rate, an aquifer is
considered overexploited. But rate and extent of recharge areas are often very uncertain. The level of "aquifer
overexploitation" bearable depends on the detailed and up to date consideration of abstraction. This should
result after applying rules based on monitoring, sound aquifer knowledge, and calculation or modelling of
behaviour (Custodio 2002).

The impacts of groundwater overexploitation are well known and well documented (Molle et al 2017).
●

Drying up of qanats, springs, wetlands and river baseflows.

●

Saline intrusion along the coast.

●

Land compaction and subsidence.

●

Dropping water tables and increased abstraction costs.

●

Growing social divides between farmers/users with the capital to deepen their wells and those without.

Overexploitation alters the hydrological cycle and redistributes costs and benefits temporally, spatially and
socially. The virtual open access to groundwater has implications in terms of equity. Intensive groundwater use
easily leads to forms of access accumulation and related dispossession (Hoogesteger, 2020).

GroundWater management in
European countries

GROUNDWATER IN FIGURES

Southern European countries experience a more continuous general decrease in supply than countries in the north. In
Southern Europe, the largest single user of water is agriculture, with 80 percent of all water consumption. In Spain,
groundwater represents 18% of the total water use, going up to 43% in Greece and 54% in Portugal (EASAC 2010). In
North and Central Europe, agriculture is mainly rainfed.

PRESSURES

Diffuse pollution from fertilizers and pesticides in agriculture is an issue in most countries. The EU Common Agricultural
Policy incentivized and financially supported intensive farming and groundwater abstraction, which was at odds with
environmental and Sustainable Development Goal objectives.

REGULATION

The regulation of wells shows considerable differences across Europe, with monitoring and enforcement varying
according to the region and country. This causes a lack of knowledge on total groundwater use, number of illegal
abstractions and boreholes, detailed data on groundwater quality changes (including saline intrusion), and economic data
on groundwater costs and prices.

EU WATER FRAMEWORK DIRECTIVE (WDF): SLOW COMPLIANCE

The WFD initially required all member states to identify groundwater bodies, as well as protected areas and habitats
depending on groundwater, identify anthropogenic pressures, quantify them, and develop management plans for their
long-term sustainability, as part of the river basin plans by the end of 2004.
Many countries delayed this deadline by 6 to 12 years. In countries like Spain and Greece plans still present data gaps
regarding water bodies. Monitoring information (specifically on groundwater quality and quantity) is not always fully
consistent and budget cuts since 2010 have affected the implementation of monitoring programmes.

GroundWater management in
MENA countries

GROUNDWATER IN FIGURES

North Africa is one of the regions in the world with the highest vulnerability to decreased groundwater resources. At the
current rate of withdrawal, groundwater cannot provide a longterm response to climate variability in the region.
A private informal groundwater economy emerged in the 1980s with the rapid extension of irrigated agriculture.
Informal private wells account for the majority of pumping devices. Many actors of the groundwater economy are
“invisible”: they irrigate the land under informal contracts while equally informal intermediaries provide inputs, credit,
and sell their agricultural products (Daoudi and Wampfler, 2010).

CUSTOMARY PRACTICES

Algeria, Morocco and Tunisia have a long-standing tradition of using groundwater for irrigated agriculture. Communities
created and managed irrigation systems, including groundwater-based systems such as the foggara or khettara systems
(subterranean aqueducts engineered to collect groundwater and channel it to surface canals), but also through artesian
wells and springs.

ROLE OF THE STATE

The supply of energy for the tube-wells was often indirectly subsidized (butane gas in Morocco, electricity in Algeria and
Tunisia), and the cost of pumps and engines went down. Rural development programmes enabled the electrification of
many tube-wells.

GROUNDWATER (UN)REGULATION

In North African countries, formal Integrated Water Resources Management-inspired rules on groundwater use were
poorly enforced and routinely subverted by informal norms. Formal groundwater regulation in the Middle East and North
Africa was ‘found to have minimal influence over water use policy and decision-making’ (Kuper et al 2017).

Introduction: solving knowledge gaps

do you understand
groundwater/aquifer dynamics in
your region?
What are the knowledge gaps?

Information systems and Knowledge on
aquifers

What is an information system?
are there any procedures used to
collect, store, and publish data
relating to groundwater in your
region

Mediterranean climate and groundwater
resources recharge

What climatic or hydrological
information do you need to monitor
in your region?

Overexploitation in a scarcity
context

What management cultures and
practices are in place in your
country?

GroundWater management

What is groundwater
overexploitation?
What pressures produce
overexploitation in your region?
What are the consequences of
overexploitation in your region?

Enhanced information systems

INDEX

1. Self-reported information
2.Pressure sensors to measure the groundwater level
3. Satellite images
4. Meteorological station
5. IPA: historical information on the meteorology of the study area
6. Database, linked to a Geographic Information System
7- Data processing and modelling tools (hydrogeological, agronomic)
8. Processed information that can them make better decisions
9. Instructions and protocols

Introduction
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self-reported information

Pressure sensors to measure the
groundwater level

Satellite images

meteorological station

IPA: historical information on the
meteorology of the study area

database linked to a Geographic
Information System

Processed information (maps, diagram,
historical information, etc.) that can
help make better decisions

instructions & PROTOCOLS

E-GROUNDWATER CASE
STUDIES

INDEX

1. Campina de Faro aquifer
2. Ain Timguenay aquifer
3. Requena-Utiel aquifer
4. Oasis of Badrian

Campina de Faro aquifer
faro province
Portugal

1. Campina de Faro aquifer

Ain timguenai oasis aquifer

Sefrou Province
Morocco

2. Ain Timguenay aquifer

Requena - Utiel aquifer
valencia province
spain

3. Requena-Utiel aquifer

THE OASIS OF BADARIAN

adrar province
Argelia

4. Oasis of Badrian
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