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Executive summary

Deliverable D3.2 presents a general governance framework to support managed aquifer recharge (MAR)
agreements. It provides a fundamental basis, paving the way for the co-creation of committed and responsible
agreements that are essential to the effective management of MAR systems. The key objective of this
document is to articulate a clear approach to formulating a set of agreements tailored to the nuances of MAR
systems. By analyzing the essential elements involved in MAR and its relations, we present a structured
approach, guiding actors on how to build agreements that are aligned with sustainability principles. This
document does not just propose a theoretical framework; it serves as a practical guide, offering insights into
the development of agreements essential to build and maintain sustainable MAR systems.
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Abstract

Governance agreements are essential for converting managed aquifer recharge (MAR) solutions into
practicable and long-lasting sustainable practices. This deliverable presents the need for strong governance
frameworks to effectively manage MAR systems. It considers existing theoretical approaches to MAR
governance, highlighting the need for adaptability, public engagement and comprehensive regulations. Based
on global experiences, as well as contributions by general stakeholders and regional stakeholders, the
deliverable identifies key lessons and highlights the role of regulatory frameworks in achieving sustainable
MAR systems. The general governance framework proposed for MAR by the AGREEMAR project integrates
technical, social, economic and regulatory aspects. The deliverable details the elements to be considered
when drafting agreements for MAR, including preliminary assessment, stakeholder analysis, identification of
potential MAR sites, technical assessments, and compliance with standards and regulations. This emphasizes
the importance of incorporating various elements, such as the results of feasibility mapping, indicators and
operating rules facilitated by decision support systems and modeling tools for integrated and sustainable
water resources management, and institutional feasibility. Furthermore, it highlights the importance of
clarifying roles and responsibilities, and provides a general methodological framework for water allocation
and compensation mechanisms.
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1. Introduction

Water is a finite and vital renewable resource that requires management strategies to ensure the
regeneration of its natural cycle, guaranteeing the maintenance of life on Earth, meeting the increasing
demands of a growing global population for water (LeRoy, 1995; Lukenga, 2015; Rogers and Hall, 2003). As
the world is dealing with the challenges of water scarcity, there is an urgent need to investigate long-term
solutions that go beyond short-term relief (Pereira et al., 2009). Given this, Managed Aquifer Recharge (MAR)
stands out as an essential intervention that aims to improve groundwater replenishment using intentional
recharge methods. It is not only an enhancement of aquifer recharge, but also a pillar of long-term water
sustainability, ensuring the resilience and availability of water resources for future generations (Escalante et
al., 2023). A variety of strategies, including surface water manipulation, artificial recharge techniques and
infiltration processes, are used in MAR systems to enhance natural aquifer recharge. These methods are
essential for replenishing aquifers and preserving the delicate equilibrium of water tables (Dillon et al., 2009;
Ringleb et al., 2016; Zhang et al., 2020).

Groundwater resource overuse and polluted aquifers are making governance a more pressing and divisive
topic. Although there has been a lot of scholarly research on water conflicts in general, there has not been
much done to address groundwater conflicts (Jarvis, 2014). When water shortages and geopolitical tensions
collide, cooperative measures are crucial to avert future confrontations and guarantee the sustainable use of
available resources.

MAR systems lie at the critical stage of explicit or implicit agreements. Explicit agreement may take the form
of a formal agreement, setting out the conditions for the implementation of the MAR system. Implicit
agreements, on the other hand, may emerge where implicit approvals by the river basin agencies pave the
way for the practical implementation of MAR practices. These agreements become the keystone, ensuring
that MAR transcend theoretical discussions and progress toward tangible, sustainable solutions for water
recharge.

This governance framework offers the required organization for well-coordinated MAR implementation
initiatives. It shows how the effective execution of MAR systems is dependent on a complex interplay of
factors. These factors include socio-political considerations, legal frameworks and community engagement in
addition to technical aspects of recharge mechanisms (Dillon et al., 2022; Casanova et al., 2016). The
intentional establishment of governance agreements emerges as a critical juncture across MAR governance.

The MAR governance framework proposed by the AGREEMAR project explores the multitude of variables
influencing the success of MAR, with a particular emphasis on the crucial role played by agreements. This
document seeks to provide a thorough understanding of the governance framework's significance in
unlocking the full potential of MAR systems, drawing on insights from a diverse range of literature and real-
world examples. The scope of MAR governance framework is covered in detail in this deliverable, which
incorporates several key elements to ensure its effectiveness. Firstly, it involves a co-creation process with
general stakeholders for endorsement and regional stakeholders for approval, fostering inclusivity of the
main stakeholders identified in WP1 (Conrad et al., 2022). Additionally, it integrates the results of feasibility
mapping obtained in WP2 (see Panagiotou et al., 2022, Martins et al., 2022, Chekirbane et al., 2023), enriching
the framework with data-driven insights. Indicators and operating rules, depicted in D1.1 (Ghannem et al.,
2023a), are facilitated by decision support system interfaces, modeling tools and soft system methodologies
from WP3 and WP4 ensuring a holistic approach to integrate sustainable water resources system
management.

This report examines the complex network of variables affecting MAR success, emphasizing the critical role
played by agreements. This document attempts to give an in-depth comprehension of the significance of
governance framework in achieving the potential of MAR systems, drawing on an array of literature and real-
world examples. At the same time, itinnovates, contributing to the incorporation of collaborative approaches,
to integrate, with the necessary depth and care, increasing involvement of stakeholders, facilitating the co-
creation of agreements based on the force of the law and through the force of the will to build a governance
that comes close to what is defined as Good Governance. For Grigg (2011), among other aspects, this means
a transparent decision-making with fair participation mechanisms, resulting in an equitable and ecologically
healthy distribution of resources.

7 === \GREEMAR Deliverable #D3.2.
e General Governance Framework for MAR agreements



2. Theoretical foundations for MAR governance

2.1. Water Governance for MAR

Water governance can be defined as the spectrum of formal and informal political, institutional and
administrative regulations, practices and processes. Within this framework, decisions related to water
management are made and implemented. It encompasses the ability of stakeholders to express their
interests and ensure that their concerns are considered. It involves holding decision-makers accountable for
their roles in the management of water resources (OECD, 2015).

As defined by Dillon et al. (2009), Managed Aquifer Recharge (MAR) is the practice of deliberately recharging
aquifers to recover the water at some point in the future and/or for environmental or water quality reasons.
It is considered as a multi-purpose water management tool, which incorporates a variety of water sources,
recharge techniques and storage management practices.

Integrating MAR into water governance requires a nuanced approach, considering local hydrogeological
conditions, land use patterns and socio-economic factors. Such governance frameworks need to address
issues such as ownership of recharge infrastructure, allocation of recharged water and potential conflicts of
interest. In addition, robust regulatory mechanisms need to be put in place to control and manage MAR
activities to ensure their sustainability and prevent unexpected consequences (Zheng et al., 2021; Dillon et al.,
2022). The regulatory mechanism needs to be flexible enough to accommodate the possible changes in
society, technologies and nature (lifestyle, land use, population fluctuation, new water technologies, climate
changes). In addition to the strength of regulatory instruments, it is recommended that, in the context of
developing MAR systems, the willingness of stakeholders to build MAR is fomented, as well as the acceptance
of the beneficiaries to use recycled water.

2.2. Local Dynamics in MAR Governance

The exploration of local power dynamics in MAR reveals a complex interplay of interests and influences that
shape decision-making in aquifer management. Local power structures, including governmental bodies,
community leaders and influential stakeholders, play a pivotal role in determining the direction of MAR
initiatives. Understanding these dynamics is crucial for developing effective and inclusive water management
strategies that address the diverse needs and concerns of the local population (Casanova et al., 2016; Jarvis,
2014; Dillon et al., 2022). To this end, the constellation analysis (CA) methodology (Rodorff et al., 2015) is a
very useful tool for organizing the elements involved and understanding the relationships between them and
the actors involved. This tool can be used not only locally but in all scales of governance and in a diversity of
cultural realities.

The adaptation of theories of cooperation and conflict resolution to local contexts is fundamental,
emphasizing collaboration among local actors. Practical approaches from prior MAR cases provide valuable
insights, offering a pragmatic foundation for MAR governance. An alternative/complementary approach can
be drawn from conflict resolution methods, such as those described in the Theory of Restorative Justice or
the Culture of Peace, namely, the Circle of Dialogue Technique (Pranis, 2011), among others. These insights
offer valuable perspectives on tailoring cooperation and conflict resolution strategies to the particularities of
local power structures.

lllustrating instances where local conflicts over groundwater resources were successfully resolved through
cooperative agreements becomes imperative. Likewise, it is relevant to understand and innovate in the way
of how agreements are carried out and how cooperation can be made possible, using tools that can improve
the reach of MAR systems and people’s life.

Case studies, such as CC, CDC, and CID (2008), summarized in Annex A1, exemplify how such agreements
define roles, responsibilities and obligations related to MAR tests, encompassing installation, maintenance,
permits and post-test reporting. This case underscores the effectiveness of interlocal cooperation for joint
endeavours, emphasizing joint powers among public agencies and special-purpose districts for shared
objectives. The need for effective communication and coordination is essential to this collaborative
framework, as evidenced by the provision of information to ensure seamless operations and transparency.
Financial reimbursement mechanisms further underscore the importance of accountability, fostering fairness
and shared responsibility for MAR. The inclusion of a dispute resolution mechanism, involving designated
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representatives and, if necessary, an arbitrator, emphasizes the importance of addressing conflicts promptly
and fairly to maintain the integrity of the agreement. Additionally, the incorporation of a hold-harmless
agreement underscores the commitment to assuming liability for one's actions, promoting a responsible and
accountable approach. Lastly, well-defined termination clauses provide a structured framework for ending
the agreement under various circumstances, safeguarding the interests of all parties involved and offering a
blueprint for addressing defaults, public convenience and insufficient funds.

This highlights how proactive engagement and consensus-building among diverse stakeholders led to
mutually beneficial outcomes in aquifer management. These instances serve as a reference, demonstrating
that cooperative agreements can transcend conflicts, fostering sustainable solutions rooted in collective
decision-making. However, it is also important to recognize that conflicts themselves are neither good nor
bad, but are situations that, when properly handled, can boost the quality of the agreements and increase
the credibility of decision makers and beneficiaries involved in MAR initiatives building a sense of trust and
cooperation among stakeholders.

2.3. Socio-legal and political science perspectives on MAR governance

MAR is a multifaceted process that involves several factors. However, the significance of local institutions and
governance structures cannot be overstated in determining the management of aquifers. It is essential to
know the interplay between local institutions, legal frameworks and political dynamics, and how they impact
groundwater use and conservation at the community level.

Local institutions, such as municipal bodies and community-driven organizations, have a significant impact
on MAR initiatives. The AGREEMAR Deliverable D1.1 highlights the role and importance of these institutions
in defining the management of aquifers (Conrad et al., 2022). The success and sustainability of MAR projects
depend on the degree of decentralization in decision-making, the allocation of responsibilities, and the
inclusivity of representation within these local institutions (Aarnoudse et al., 2012; Kemper, 2007; Kiparsky et
al., 2017), among other factors. Furthermore, the legal authority given to these local bodies should not be
underestimated.

Community involvement is crucial for the success and sustainability of aquifer management initiatives. The
transformative impact of community engagement in shaping policies and practices has been demonstrated
by successful groundwater management projects (Huang et al., 2013; Maheshwari et al., 2014). As primary
stakeholders, communities contribute valuable local knowledge that often surpasses the understanding
derived from technical assessments alone. Their intimate connection to the aquifer ecosystem positions them
as invaluable collaborators in decision-making processes. When communities actively participate in the
formulation of aquifer management strategies, there is a discernible shift towards more sustainable
groundwater practices (Dillon et al., 2022). However, it is necessary to be vigilant in dealing with communities,
who are always perceptive and reactive if they feel they are only being solicited for knowledge, which is why
it is essential to create bonds of trust, to fulfil promises of benefits and to develop a respectful and human
interrelation with all communities and their expertise.

The effective implementation of MAR governance requires a special focus on understanding and addressing
the social, legal and political impacts that institutions and frameworks may have on communities.
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Figure 1. Socio-legal and political interactions for MAR.

Regulatory frameworks are instrumental in establishing the rules that govern groundwater extraction,
allocation and recharge. Success stories from various regions underscore the positive impact of well-crafted
regulations. California's Sustainable Groundwater Management Act (SGMA), for instance, represents a
paradigmatic shift in groundwater governance. By mandating the formation of Groundwater Sustainability
Agencies and requiring the development of comprehensive Groundwater Sustainability Plans, SGMA has set
a precedent for proactive and holistic groundwater management (Miro & Famiglietti, 2019).

In areas where regulations have clear guidelines on the amount of groundwater that can be extracted, strict
monitoring mechanisms, active vigilance, and severe penalties for non-compliance, there is evidence of better
control over groundwater use. These regulatory frameworks provide a structured approach to balancing the
needs of different stakeholders, including agriculture, industry and urban areas, thereby promoting
sustainable practices (Nelson & Quevauviller, 2016). Tailoring regulations to local conditions and fostering
stakeholder engagement in the regulatory process are essential strategies for improving their efficacy.

Successful regulatory frameworks often incorporate flexibility, allowing for adaptive management in response
to changing aquifer dynamics, climate variations, social dynamics and emerging technologies. Learning from
both success and failure, regulatory approaches can evolve to become dynamic instruments that not only
control abstraction, but also promote the sustainable and equitable use of precious groundwater resources
(Brodie et al., 2007; Thomann et al., 2020).

(
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3. Reviewing existing theoretical approaches to MAR
governance

MAR governance has evolved through various global experiences, revealing key lessons that underline the
need for resilient, adaptive and sustainable practices. One of the key lessons is the need for comprehensive
regulation, illustrated by state-specific policies in regions such as Arizona (the Underground Storage and
Recovery Act, 1986, and the Underground Water Storage, Savings and Replenishment Program, 1994),
California and Florida. These policies require permits covering the storage, recovery and use of water,
underlining the importance of a regulatory framework up to date with the best technological practices, that
guarantee the quality of physical process and ethically reliable practices to guarantee the quality of non-
physical process, tailored to local contexts. The implementation of risk-based guidelines in the Australian
national guidelines for MAR (NRMMC, EPHC and NHMRC 2009) highlights the paramount importance of
prioritizing human health and environmental protection in risk management activities. These guidelines,
based on World Health Organization principles, comprehensively address water quality risks, demonstrating
the importance of a proactive approach to risk management in MAR projects. International collaborative
efforts are essential to standardize MAR governance practices, foster a common understanding of the best
practice and create a united front in the face of challenges posed by varying regulations from country to
country (Casanova et al., 2016; Dillon et al., 2019).

Adaptability to local contexts is a recurring topic in MAR projects (Dillon et al., 2019). State-specific policies
illustrate the need to adapt MAR governance frameworks to regional challenges and opportunities. This
adaptability ensures that regulatory measures are aligned with the unique characteristics of each region and
with the culture, necessities and aspirations of the individuals who inhabit it, maximizing the effectiveness
and relevance of MAR initiatives. Monitoring and accountability are fundamental, as well as the structuring of
bonds of trust for the intentional commitment of all involved for MAR good governance to be achieved.
Ongoing monitoring and the establishment of public repositories of information are essential to ensure the
smooth running of MAR projects. This not only increases transparency but also provides valuable data for
future research and improved governance, forming the basis for the continued success of MAR initiatives
(Dillon et al., 2019; Rossetto, 2016). The guarantee of this success will also be related to the existence of public
policies that ensure quality environmental education, in general, and on water issues, in particular, for the
entire population, capable of showing MAR in the context of the water “natural” cycle context, thus giving the
population a sense not only to accept MAR, but to be committed with it.

Public engagement is also proving to be an essential factor, as illustrated by the manuals and guides
developed in India (CGWB, 2007). Involving communities in the planning and implementation of MAR projects
is crucial to their success, as it ensures that initiatives are well received and correspond to the needs and
expectations of local populations. And to come close to the people to know their needs, soft systems
methodologies (SSM) should be incorporated in all stages of developing MAR systems. AGREEMAR will present
in a practical way how SSM can be incorporated in one of its case studies in Portugal.

MAR governance frameworks must give priority to practices that preserve groundwater quality, prevent
excessive pressure, and make a positive contribution to water resource management, environmental
protection and restoration. Incorporating these concepts into governance frameworks creates a roadmap for
resilient, adaptive and sustainable practices, addressing current and future water resource management
challenges through the socio-legal and political science perspectives of MAR governance.
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4. Proposed general governance framework for MAR

The AGREEMAR project proposes a whole set of concepts that need to be taken into consideration to generate
a general governance framework for MAR. The four main aspects to be considered are technical, social,
economic and regulatory, and these concepts should be interrelated to reach agreements for MAR. The
technical part encompasses the identification of potential MAR sites and the assessment of the MAR effects
on the rest of water uses in the region, among other aspects. This technical part is interconnected with the
social part, which manifests itself in terms of a tool for convincing or discussing with stakeholders the
possibility of implementing MAR and thus guaranteeing transparency. Considering the legislation of the MAR
site involved and considering the interaction arising with the technical, economic and social parts, agreements
for MAR can be drawn up.

Economic aspects

A
y

Technical aspects

Social aspects

\ 4

¥

Regulatory aspects

\ 4

Figure 2. Elements to be considered when drafting MAR agreements.

Among the four essential pillars for MAR agreements according to the AGREEMAR vision, the technical side
requires the use of tools such as feasibility maps, groundwater models and water management models,
among others. The economic aspect covers the understanding of the costs and benefits, and the financial
situation of MAR projects, including cost allocation. By comprehensively assessing economic factors,
stakeholders will be able to make informed decisions about investment, resource allocation and the viability
of MAR initiatives. These elements are crucial to ensure the effective and sustainable implementation of MAR.
On the social side, stakeholder identification, engagement, and recognition of the direct or indirect
beneficiaries of MAR is essential. Active stakeholder participation contributes to the success of initiatives,
while clarity about beneficiaries fosters an inclusive approach to water management. At this point, it is
important to understand that the quality of participation, as well as the quantity of direct or indirect benefits
provided by MAR systems, are important social indicators to be observed for continuous improvement of
these initiatives. It is interesting to note that there is a synchronicity between the most important technical
indicators, based on a survey carried out with stakeholders, which are the quality and quantity of water made
available by MAR systems, and the main social indicators, designed based on the central objectives of the
AGREEMAR project, namely: being a participatory process to generate shared benefits.

Finally, the regulatory aspect manifests itself through existing laws and regulations governing aquifer
recharge. Understanding and respecting these legal frameworks is imperative to ensure compliance and avoid
negative impacts. Thus, the drafting of agreements for MAR must consider these four interconnected
dimensions to guarantee the success and sustainability of MAR initiatives. To delve deeper into these
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concepts, the following sections take a step-by-step look at each aspect to be considered and how it should
be applied (Figure 3).
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Figure 3. AGREEMAR's vision for drafting MAR agreements.

4.1. Preliminary assessment

This primary phase is an imperative step in the MAR process. It requires an in-depth analysis of the subsurface
to understand the geological and hydrogeological conditions of potential MAR sites. The use of advanced
geophysical and geochemical techniques enables a nuanced understanding of the subsurface, facilitating the
selection of sites with optimal conditions for effective aquifer recharge.

To strengthen this analysis, it is essential to integrate environmental aspects and assess the region's water
needs. Socio-economic analysis and early community engagement are also crucial. In addition, referencing
previous studies on the proposed site enhances understanding, demonstrating an informed approach based
on existing data. This phase, although highly prospective, can also be based on previous studies carried out
on the site to be adapted to MAR, consolidating the knowledge base for effective and sustainable
implementation.

4.2. Identification of potential MAR sites

Potential MAR sites can be identified using MAR feasibility maps. This approach may involve a comprehensive
matrix of feasibility criteria, through a multi-criteria analysis taking into account various factors in the
biophysical, technological, social, economic, environmental, hydrological, institutional and financial
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dimensions. More details on the methodology used to draw up these feasibility maps in the AGREEMAR
project are presented in Deliverables D2.1 (Panagiotou et al., 2022), D2.2 (Martins et al., 2022) and D2.3
(Chekirbane et al., 2023).

Problem Constraint Criteria Standard- Weights Suitability Maps
definition mapping selection ization assignment mapping validation

Figure 4. The general concept of MAR site suitability mapping.

Feasibility maps serve as a confirmation tool, visually representing the results of the entire assessment,
including the social part, which translates into stakeholder involvement. Confirmation of feasibility includes
an extensive examination of the matrix scores, which stakeholders will play a part in defining. High scores in
the feasibility grid confirm that a site is suitable for MAR implementation.

Once a MAR pilot project has been successfully implemented and monitored, the feasibility maps become a
valuable tool for replication. The replication approach involves adapting the matrix to the specific conditions
of each region while retaining a standardized evaluation framework. This integrated methodology ensures a
well-informed decision-making process, aligning MAR initiatives with the unique characteristics and
challenges of each region.

4.3. Technical assessments based on numerical modelling

Technical assessment has an important function in the general governance framework for MAR. It forms the
scientific basis for the decision-making, design, and implementation of MAR projects. Integrating technical
assessments into the general governance framework ensures that MAR initiatives are based on
hydrogeological principles, take account of environmental factors, and are aligned with broader water
resource management objectives. This involves defining hydrogeological criteria for site selection, developing
technical standards, and setting up monitoring systems to assess groundwater levels and quality, as well as
environmental impacts (Ringleb et al., 2016; Zhang et al., 2020). The governance framework must be
supported by decision support systems (DSS) and groundwater models, which play an essential role in
improving technical decision-making. Modeling is generally carried out during the approval or planning stages
of a MAR project to assess its feasibility on the proposed site (Ringleb et al., 2016).

DSS integrate data and models to provide real-time information and facilitate adaptive management of
groundwater management initiatives. In the case of the AGREEMAR project, the AQUATOOL DSS is being used
to analyze the effects of MAR on the rest of water uses in the basin, considering the evolution of the aquifers,
the interactions between surface water, groundwater and non-conventional water resources, and other
environmental aspects for different MAR strategies. AQUATOOL comprises several modules for hydrological
simulation, groundwater simulation, management simulation and optimization, economic evaluation, water
quality assessment and environmental assessment (Andreu et al., 1996; Paredes-Arquiola et al., 2013;
Momblanch et al., 2016; Ghannem et al., 2023b; Ghannem et al., 2024). Setting up an AQUATOOL model for
the selected MAR site enables the testing of several MAR scenarios, using different water sources for aquifer
recharge and assessing the potential benefits on the aquifer, along with the effects on the rest of water uses
and environmental aspects in the basin through the assessment of different indicators as those proposed in
the AGREEMAR Deliverable D3.1 (Ghannem et al., 2023a). These trials are linked to different operating rules
and permits that decision-makers and stakeholders can propose. Using this tool, the impact of the MAR can
be visualized, enabling monitoring of its effects on the basin. This ensures a framework of trust and
transparency with all parties included in the MAR system, providing a coherent modeling environment that
enables easy collaboration, the choice of solutions after conjunctive analysis of scenarios and supports
participative stakeholder involvement in decision-making. In fact, this is one of the pillars to ensure an
effective and positive connection between general stakeholders (GS), regional stakeholders (RS), and local
stakeholders (LS), and to facilitate the endorsement and approval of a MAR activity by GS and RS.

Groundwater models contribute to comprehensive feasibility assessments, site selection and predictive
modeling to compare different MAR techniques and operational schemes (Ringleb et al., 2016). As a
groundwater model, the AGREEMAR project uses the INOWAS platform to study the general behavior of
aquifers in the case studies. This modeling approach is entirely participatory, involving simulation of the
impact of proposed MAR concepts, generated after interaction with stakeholders. It can, for example, provide
them with information about the aquifer's infiltration capacity and the effectiveness of the MAR system. The
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assessment of environmental benefits in the groundwater systems evaluated could be validated through
consultations with regional stakeholders. This participatory modeling will enable constant updating and
adaptive scenarios for MAR implementation, thanks to the contributions of stakeholders and the expertise of
modelers.

Technical assessments are also required to analyze and compare possible solutions for MAR. This manifests
itself in terms of choosing the right recharge technique for the study site, and this will depend on geology,
water quality, legislation, etc. Some methods refer to water infiltration, such as spreading methods (infiltration
ponds, ditches and furrows, and excess irrigation), induced bank filtration and recharge wells, whereas other
techniques aim primarily at intercepting water, such as in-channel modifications (recharge dams), water
spreading and runoff harvesting (rooftop rainwater harvesting structures, trenches, barriers and bunds). In
this context, it is relevant to foster the use of nature-based solutions (NBS) as much as possible.

4.4, ldentification of stakeholders and their relationships

Stakeholder identification and engagement requires a nuanced approach, recognizing the cultural and social
complexities of the region. This is crucial for the successful and sustainable implementation of the MAR
projects (Dillon et al. 2022).

The relevance of stakeholder engagement has already been highlighted in the AGREEMAR Deliverable 1.1
(Conrad et al., 2022). The methodology adopted at this stage is based on the results of a detailed stakeholder
identification and analysis through documentation research, and stakeholder interviews and workshops as
part of a participatory co-creation process. The engagement strategy and plan include the following main
elements: firstly, defining the specific engagement objectives for the MAR project. Secondly, identification of
relevant stakeholders in the MAR project region. This is followed by an analysis and prioritization of the key
stakeholder groups identified in the regions for sustainable engagement. A strategy development and
engagement plan associated with the MAR project is followed. In the end, a multi-stakeholder approach can
be used to identify the most engaging priority stakeholders for MAR, as well as the format of engagement and
how to manage conflicts if they arise. More details on the stakeholder engagement strategy proposed in the
AGREEMAR project are provided in Deliverable D1.1 (Conrad et al., 2022).

\
Set specific objectives for stakeholder
1  engagement. Define contributions needed from

stakeholders for maximum project impact
Criteria for stakeholder identification

Identify and categorise relevant
stakeholders using the stakeholder mapping

method

Relevant stakeholders

Analyse and prioritise stakeholders
3 through stakeholder interviews using the
interest/influence grid

Stakeholder interests in and influ-
ence on AGREEMAR project out-
Develop an engagement strategy and plan 50"?[92- las foe" as ‘“ei'eg“e’“‘ and
to be applied during the AGREEMAR project and avallability for proposed engage-
beyond ment formats

Figure 5. Four-step approach towards a stakeholder engagement strategy and plan (Conrad et al.,
2022).

Once the stakeholders are identified, it is necessary to understand the dynamics between them, which will
allow the identification of the potential beneficiaries of the MAR. It is first necessary to identify the key factors
for water demand and supply, and the associated stakeholders in the MAR project region. These may include
agricultural activities, industrial processes, domestic water use and environmental considerations, etc. Local
communities, water experts and relevant stakeholders should be consulted to draw up a comprehensive list
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of factors. Next, it is essential to collect data on the water-related activities of each stakeholder. This data can
cover water consumption patterns, reliance on groundwater, contribution to water pollution and dependence
on specific water sources, among others. The analysis of those elements can be used to identify hotspots
where water demand is high, or where several stakeholders are interconnected. This indicates the areas
where water-related challenges are the greatest and are likely to be the focus of MAR interventions, which will
help in prioritizing beneficiaries according to their dependence on groundwater, their vulnerability to water
scarcity and the potential positive impact of MAR projects. Constellation analysis could be considered as an
option for analyzing the interconnections between stakeholders and identifying potential beneficiaries (e.g.,
Schafer & Kroger, 2016).

The cost and benefits distribution of MAR solutions among beneficiaries is essential. As there are both direct
and indirect beneficiaries, it is essential to recognize that the sharing of MAR costs will not be uniform. To
achieve fair cost-benefit sharing, stakeholders need to be fully aware of the specific benefits they can derive
from MAR systems. This means clearly defining the parties involved and exploring their common interests in
the success of MAR installations, which will help to justify and communicate cost allocation effectively. Setting
out clearly the benefits of MAR installations, and identifying each party's willingness to contribute financially,
provides the basis for joint agreements. This process of communication and commitment not only ensures a
fair sharing of costs and benefits, but also fosters an environment of cooperation that enables stakeholders
to voluntarily reach agreements.

The emphasis on clear communication and mutual understanding provides the basis for sustainable
partnerships, in which all parties are well informed of the costs involved and the benefits they can expect.
This approach enables identified beneficiaries to be integrated into the overall planning and implementation
of MAR projects and adapt interventions to meet the specific needs and challenges identified, ensuring that
the benefits of MAR are distributed equitably. Methodologies based on game theory can be used to design a
fair and equitable distribution of costs among stakeholders (e.g. Sechi et al., 2013). Inspired and motivated by
the game theory, in which all participants win, we seek to advance through the AGREEMAR methodology, in
order to improve the governance of water resources, adding an additional “player” (the ecosystem), that
should win in all “games” to make possible the victory of the other “players”. The water cycle is essential to
make life possible in the Earth planet and to recover its intrinsic characteristic of being a finite natural
resource, but renewable, needing to be well managed using technologies inspired in nature, making
agreements based in ecological justice, which is not opposed to human justice, quite the contrary, they
support each other.

It is necessary to consider the fact that the principles that govern natural systems and anthropic systems are
not the same, therefore, the interaction between technological elements and social elements does not occur
spontaneously, immediately. This interaction will be possible by the application of a methodology capable of
carrying out translation work (Santos, 2002) so that two different cultures can communicate and, the result
of this understanding, will be agreements and a governance framework for MAR systems. Systems appears
in the plural because the social component gives each MAR initiative a unique and unrepeatable character,
typical of an ecosystem and a cultural diversity, although a general methodology can be followed and
applicable to different projects, governance scales and realities. This is the aforementioned CA, which is part
of the group of soft systems methodologies that have been applied in several countries in scientific,
technological innovation and sustainability projects. In Brazil it has been successfully used, especially in the
management of water resources, among other areas.

4.5. Economic considerations

Economics aspects are one of the key considerations in the general governance framework for MAR
agreements. By carrying out the cost-benefit analyses, it is possible to find out whether the benefits produced
by MAR projects are greater than their costs and so their economic feasibility is guaranteed. Examination of
financial conditions and cost allocation ensures that resources are divided efficiently and fairly among
stakeholders, promoting equal participation in MAR projects as well as their support. Economic considerations
contribute to long-term sustainability for MAR projects by guiding decisions on financing, investment
prioritization and revenue generation strategies.
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4.6. Standards and regulations

Standards and regulations provide a structured, legal framework to guide the planning, implementation and
monitoring of MAR initiatives. This involves working alongside local, national and international authorities to
ensure that the governance framework is aligned with best practices and to harmonize it with existing water
management policies.

To achieve agreements for MAR, it is imperative to take these standards and regulations into consideration
to ensure legality, sustainability and compliance. For that purpose, it is essential to carry out a thorough
analysis at local, national and international levels. This helps identify the legal requirements with which the
agreements must comply. It is also advisable to construct a contractual framework for the agreement,
considering the standards and regulations identified. It is crucial to clearly spell out the responsibilities of
each party, monitoring arrangements, environmental requirements, and any other regulatory issues.
Subjecting the agreement to legal review, to ensure that it complies with current legal standards, is essential,
so an important section of the agreements should be the explicit declaration of the standards and regulations
that affect the MAR action. This may even include the legal aspects of different countries, if it is an
international action, and bilateral agreements, if they exist.

4.7. lllustrative agreement that could be drawn up for MAR / Model
agreement for MAR

It is relevant to consider three categories of agreements, each corresponding to a specific stage in the
development of the MAR system. Firstly, agreements for investigation focus on the initial exploration of the
feasibility of MAR. To implement these agreements, feasibility maps and groundwater models can be used to
assess the suitability of implementing MAR strategies. These agreements mark the start of the process and
lay the foundations for more detailed steps to follow.

Next, agreements to initiate in-depth studies are required once the decision in favor of MAR has been made.
These in-depth studies include the detailed identification of stakeholders, securing their engagement, and the
use of water management models to assess the potential impacts of MAR on the rest of water uses and
environmental restrictions in the river basin. At this stage, it is imperative to take into consideration standards
and legislation related to MAR to ensure project conformity and sustainability. Most countries require an
environmental impact assessment.

Finally, agreements for the infrastructures construction, maintenance, monitoring and real time operation of
the MAR system represent the phase when the MAR system comes into action. These agreements include the
definition of the beneficiaries of MAR and the distribution of costs, specifying how the MAR system complies
with current legislation throughout its operational lifecycle, among other aspects. The planning of this phase
must be rigorous to ensure successful, sustainable implementation, in line with the commitments made at
previous stages.

These agreements could take two distinct forms, i.e. explicit and implicit, depending on the nature and
complexity of the MAR project. Explicit agreements involve formal, clearly defined commitments between
stakeholders, specifically detailing the responsibilities, rights and obligations of each party throughout the
various phases of the project. These explicit agreements offer greater transparency and a solid legal basis,
reinforcing trust between the parties involved.

On the other hand, implicit agreements can arise from unwritten agreements or mutual understandings
between parties, often established through informal collaborative practices. Although less formal than explicit
agreements, implicit agreements can play a crucial role in the successful implementation of MAR, particularly
in contexts where established relationships and shared understanding already exist. However, it is imperative
that even in the case of implicit agreements, fundamental principles, standards and applicable regulations
are always taken into consideration to ensure ongoing compliance and transparent project management.

Each type of agreement contributes sequentially to the full realization of the MAR project, offering a
progressive and structured approach to the successful development and implementation of MAR. This
evolutionary approach ensures not only conformity with standards and legislation, but also ongoing
stakeholder engagement, thorough assessment of potential impacts, and transparent, efficient project
management at every stage of development.
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5. Conclusions

Successful governance of MAR requires a holistic approach that considers the complex interplay of technical,
social, economic, and regulatory dimensions. The general governance framework proposed by the AGREEMAR
project in this document offers a comprehensive guide to drafting agreements for MAR. Key aspects such as
stakeholder engagement and decision-making, identification of potential and feasible MAR sites, technical
assessments based on numerical modelling, economic considerations such as financial implications, cost
allocation, cost-benefit analyses, and compliance with standards and regulations, are crucial to ensure the
success and sustainability of MAR initiatives.

By reviewing case studies and global experiences, as well as contributions from general stakeholders and
regional stakeholders, the document highlights the importance of regulatory frameworks for achieving
sustainable groundwater management. Furthermore, a step-by-step approach to MAR agreements is
proposed: preliminary investigation, in-depth studies, and execution/operation. These agreements, whether
explicit or implicit, are vital for studying, initiating, and operationalizing MAR projects. The framework
acknowledges the importance of transparency and legal basis for explicit agreements, while recognizing the
role of shared understanding in implicit agreements.

The general governance framework proposed in this deliverable offers a structured and adaptable approach
to the governance of MAR, fostering collaboration between stakeholders and ensuring the long-term success
of aquifer recharge initiatives.
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Annex

A1. Example of interlocal agreement: Clallam County

This example illustrates an interlocal agreement regarding artificial recharge test via irrigation ditches (CC,
CDC, and CID, 2008). It entered into by and between Clallam County, the Clallam Ditch Company (CDC) and
the Cline Irrigation District (CID) in support of the "Dungeness Aquifer Storage & Recovery Feasibility Study"
sponsored by the Washington Department of Ecology.

CDC and CID own and operate ditches designed to convey water from the Dungeness River, originating from
a common diversion point on the west bank, to downstream locations for irrigation, livestock watering, and
domestic use. The Interlocal Cooperation Act (Chapter 39.34 RCW) empowers public entities, including special-
purpose districts, to jointly exercise their respective powers through intergovernmental agreements. The
agreement assembles a set of obligations that various stakeholders have accepted and committed to
cooperate with, covering the functions and actions outlined in the agreement.

The agreement includes general obligations primarily directed at Clallam County and secondarily at Clallam
Ditch Company and the Cline Irrigation District. These obligations revolve around three main aspects: artificial
recharge test facilities and functions, the operation of the artificial recharge test, and the post-test period.
Each obligation specifies the requirements that each stakeholder must adhere to. The agreement spans the
three phases of the project: before project implementation (study phase), during project implementation
(operation phase), and after project implementation (evaluation phase). In this agreement, each stakeholder
commits to cooperate in each phase, detailed in different paragraphs that outline the responsibility of each
party in each task.

The agreement also addresses disputes, defining the duration of dispute resolution and the representatives
involved in the resolution process. In case of non-resolution, an arbitrator designated by the stakeholders
must intervene. Another part of the agreement pertains to independent contractors in the project, outlining
the formalities and conditions for hiring independents. Following is a paragraph concerning hold harmless,
detailing how damages will be addressed in case of negligence by any of the stakeholders. Finally, the last
paragraph of the agreement deals with termination, and sets out the various termination conditions.

A2. Example of transboundary agreement: Franco-Swiss Genevois
aquifer

This agreement represents a consensus on the protection, use, and monitoring of the Franco-Swiss Genevois
aquifer (The State Council of the Republic and Canton of Geneva and The Prefect of Haute-Savoie, 2008). It
was established with the common goal of ensuring the future of the Franco-Swiss Genevois aquifer and,
consequently, guaranteeing the parties the capacity, to the extent possible, to extract water intended for the
drinking water supply of their respective populations. This agreement was forged between the Community of
the 'Annemassienne’ region, the Community of the 'Genevois' Rural Districts, and the Rural District of Viry, on
one side, and the Republic and Canton of Geneva, on the other side.

The agreement acknowledges the need for a concerted management of the aquifer to protect this natural
resource and preserve the quality of its waters. It encompasses various points, including the objectives,
composition, and functioning of a Commission for the management of the Geneva aquifer, defining the
modalities of investment and operation of existing facilities established to optimize aquifer exploitation,
especially the construction project of the artificial recharge station. It also establishes the conditions for the
withdrawal of each user, and the volumetric and qualitative controls necessary for optimal management.
Finally, financial arrangements between the different parties, particularly the terms of the French contribution
to the investment and operating costs of the artificial recharge station, are defined.

The agreement enumerates the legislative evolution up to the present date concerning the content of the
agreement. These legislations (French and Swiss laws) are used as a basis for the elaboration of this
agreement. Given that it is an agreement on a transboundary aquifer, it is necessary for both Swiss and French
stakeholders to approve and recognize the laws of each country in this regard.

This agreement defines the administrative, legal, technical, and financial modalities required and is organized
into ten chapters. The first chapter concerns the management commission, which includes three articles - one
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regarding composition, the second regarding the mandate, and the third concerning the operation of this
commission.

The second chapter deals with waterworks and equipment, presenting four articles: the first focuses on the
inventory of existing equipment and structures; the second article relates to new waterworks and equipment,
defining the conditions and monitoring of this implementation process; and the third and fourth articles
address the necessity of recording water extractions and water levels.

Moving to the third chapter, extraction forecasts - limits, it contains two articles defining the limits and
forecasts of reserved water volume. The fourth chapter is about quantitative and qualitative monitoring of
the resource. It presents a single article related to the recording and control of extractions and water levels,
specifying who is responsible for control, the frequency of control, and to whom reports should be submitted.

The fifth chapter is about artificial recharge costs sharing, consisting of five articles. Firstly, the French share
of artificial recharge costs is defined, including the period of calculation of this cost. Secondly, investment
expenditures are defined as the sum of the accounting depreciations of managed assets and remuneration.
Thirdly, determination of operational costs enumerates the different components of operational costs.
Fourthly, the article concerning the French user's share presents the calculation method of the French share
of the artificial recharge costs. Finally, the fifth article of this chapter is focused on terms of payment, defining
who is responsible for verifying detailed statements in recharge costs and to whom it should be
communicated.

The sixth chapter concerns quality control and pollution abatement, presenting two articles that address
water analysis and the warning system. The seventh chapter concerns liability, defining the responsibility of
each party. The eighth chapter deals with the duration and termination of the convention, setting the duration
of the convention and the possibility of renewal. The ninth chapter is related to applicable law and dispute
settlement, outlining the resolution process and the entity responsible for conciliation in case of disputes.
Finally, the tenth chapter reports final provisions, encompassing to whom the agreement should be
presented, general conditions, and the effective date of the agreement.

A.3 Example of national governance framework: Spanish decree on
artificial recharge

The Spanish Decree on Artificial Recharge was established to regulate and organize artificial recharge in Spain
(BOE, 2023). It forms part of the regulations governing the public water domain in Spain and includes ten
articles designed to frame and regulate this activity. It clearly points out that artificial aquifer recharge is not
considered as discharge. To carry it out, it states that authorization is required, which will only be granted if
the recharge does not cause groundwater pollution or negative effects linked to overloading, and if it does
not create additional pressure due to incompatible abstraction from the original water body.

The decree defines the characteristics of the recharge water source, specifying that any volume of surplus
water of appropriate quality may be used, whether it comes from surface water bodies crossing the
groundwater body to be recharged, from resources located in other sectors of the groundwater body itself,
from neighboring surface or groundwater bodies, or from springs, ponds, treated wastewater or desalinated
water.

To initiate artificial recharge projects, the decree authorizes the water authority to initiate recharge
applications. These applications may also be proposed by a community of users, a developer, or a private
individual. If the recharged water is intended for future use, this circumstance must be included in the
corresponding concession.

The decree also regulates the permit process, detailing the information required in an application for artificial
recharge. These include justification of the need for recharge, the destination of the stored water, a detailed
hydrogeological report, a feasibility report and a full description of the recharge system.

A public consultation phase may be triggered by the basin organization after analysis of the documents,
involving a published announcement and one month to gather comments from interested parties. Finally,
once the authorization has been granted and the system has been put into service, operators must provide
periodic reports on the system's operation and performance, to ensure continuous monitoring of its impact
on the hydrogeological system.
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