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Abstract
As the reliance on transboundary groundwater is increasing globally, it is important to understand and address the specific
issues raised by the assessment and management of transboundary aquifers (TBAs). Building on 20 years of TBA experience and through a three-pillar framework (assessment, cooperation-collaboration, shared management), the key elements
to addressing TBA issues are described, including a multidisciplinary approach, identification of hotspot zones, local vs
border-wide approaches, appropriate funding models, and an increased recognition of the role and value of each TBA.
Keywords Transboundary aquifers · Groundwater and society · Water-resources management · Socio-economic aspects

Introduction
Transboundary aquifers (TBAs) contain groundwater that transfers
from one country to others (Wada and Heinrich 2013). As a TBA
is shared across boundaries, it elevates the challenges associated
with assessment and management, as additional variables come
into play. Physical assessments are not enough—social, economic,
political, cultural, and historical variables play an equally significant role in the assessment of the aquifer to understand its complexities (Sanchez and Eckstein 2020).
Users relying upon TBAs can suffer deleterious effects of mismanagement from other jurisdictions. The most common effect is
groundwater depletion caused by the frequent pumping of water
from aquifers, which is often linked to inefficient management practices. Further, overwithdrawals of surface water and/or groundwater may decrease the amount of surface water available in other
jurisdictions due to surface water and groundwater connectivity.
These and other transboundary issues (e.g., cultural, environmental) are common around the world: Silala TBA (Bolivia–Chile;
ICJ 2022); The Mountain Aquifer (Israel–Palestine; Harpaz et al.

(2001)); the Lower Colorado River Basin and Hueco Bolson TBAs
(Mexico–USA; Sheng et al. (2001)); Nubian Sandstone Aquifer
System (Libya–Egypt–Sudan–Chad; Hamada and Ahweejb 2020).
While disputes over surface water (rivers) abound and are well documented (The Economist 2019), conflicts over groundwater (aquifers) are
less known and less documented, but looming (UNESCO 2022).
Many issues are unavoidable, but most could be addressed
through a framework with assessment, cooperation, and shared
management. From a global perspective, this essay addresses why
we need to care about TBAs. A three-pillar framework is proposed
for effective shared TBA management, the combination of the three
components could help to resolve TBA issues.

Global issues
While every aquifer contains a unique set of characteristics, they
also face several common issues that impact them. In many locations, particularly in arid and drought-prone regions, transboundary
groundwater is a key component of water security (IAH 2021). Water
security has been defined as the human capacity to ensure sustainable
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access to water at sufficient quantities and acceptable quality to ensure
human, economic, and environmental well-being (UN-Water 2013).
For groundwater, these dimensions include storage availability, supply
productivity, and pollution protection. Recommendations for improving transboundary groundwater security include strengthening institutional capacity, improving data and information exchange, and involving diverse groups of stakeholders (Albrecht et al. 2017).
The main threats to groundwater security include unsustainable
use, decreased recharge rates, and conflict. Determining TBA groundwater footprints can be particularly challenging as locations of hydraulic connectivity to surface waters, recharge zones, and overexploitation
can span international borders (Wada and Heinrich 2013).
Both physical and anthropogenic changes to water quality and
water quantity in a TBA can lead to water conflicts. Though conflicts between states over TBAs have been relatively minor compared
to those over surface waters, the comparative lack of institutional
capacity in the form of transboundary groundwater agreements is
concerning as it could lead to significant disputes (Eckstein 2021).

governance of a TBA, towards its equitable and sustainable
use, requires a three-pillar framework (Fig. 1), including—
the physical assessment of the TBA, cooperation and collaboration mechanisms, and shared management.
Assessment includes the mapping and full physical assessment of the TBA, its physical boundaries, conditions, issues, and
its relationship to the communities that depend upon it. Ideally,
the knowledge acquired in this first pillar would be used in the
decision-making process to support informed decisions at the
management level in the third pillar.
To achieve this level of understanding, however, transboundary cooperation and collaboration mechanisms are required.
Assessing the physical system through transboundary collaboration and stakeholder involvement is the most important milestone that eventually can create shared management strategies
leading toward systemic sustainability. The pillars are built upon
each other and should be understood as an iterative process with
permanent feedback (Fig. 1).

State of affairs

Assessment

In 2000, the International Hydrological Programme (IHP) of UNESCO and the International Association of Hydrogeologists (IAH)
established the Internationally Shared Aquifer Resources Management (ISARM) initiative (UNESCO-IHP et al. 2001). Through the
creation of four ISARM-networks of experts, regional strategies
were proposed to assess and manage TBAs. Since then, substantial progress has been made in delineating TBAs globally (see
UNESCO-IHP and UNEP 2016), leading to a global baseline of
understanding for many of the world’s largest TBAs.
Based on the most recent global inventory, there are 468 identified
TBAs or aquifer systems: 106 in Africa, 135 in the Americas, 130
in Asia and Oceania, and 97 across Europe. In total, 142 countries
share TBAs (IGRAC 2021). However, TBA delineations represented
on maps are still only a vertical projection of the aquifer extent at the
surface and the identification of a TBA differs from their assessment,
which should consider the complex functioning of the system in threedimensional (3D) space. Further, many of the newly identified TBAs
have not been officially recognized by the countries sharing them.
Though TBAs greatly outnumber transboundary surface waters,
the number of international agreements on transboundary groundwater are not commensurate. Depending on the classification method,
barely tens of international agreements and arrangements governing
specific TBAs exist, compared to over 600 international agreements
governing transboundary surface waters (TFDD 2018). Groundwatergoverning institutions generally have undeveloped, underdeveloped,
or fragmented approaches for addressing and/or resolving problems
(de Chaisemartin et al. 2017).

To prevent and solve issues that arise from TBA utilization, a sound
scientific and technical knowledge base is needed. The most important components for physical knowledge are—space and time scales,
surface-water/groundwater interactions, and monitoring. Other, nonphysical variables are needed to complete a TBA assessment: social,
economic, political, and cultural variables. To date, few TBAs have
been fully assessed with those attributes.
Recommendations for the assessment and management of TBAs
have been formulated in a few methodological guidebooks and strategies
(Machard de Gramont et al. 2011; UNEP 2011). IGRAC and UNESCO-IHP (2015) proposed a methodology reflecting the results of firsthand TBA assessment experiences, encompassing a multidisciplinary
approach that includes not only hydrogeology but also environmental,
socio-economic, legal and institutional aspects.
Although a full aquifer-wide transboundary assessment may be
essential, often transboundary impacts are limited to border regions
or hotspot zones. Here, to alleviate data scarcity, financing and capacity issues, it might be useful to focus on a more detailed assessment at
smaller scales (Fraser et al. 2020). However, a major challenge exists
in identifying the appropriate transboundary groundwater management units, where transboundary implications are important (i.e.,
active groundwater flow across the international border, presence of
well fields or pollution, etc.). This concept is still within its infancy
and methodologies to carry out such a task are limited.
Characterizing surface-water/groundwater interactions is an
important component of the physical assessment of TBAs, raising
additional shared management and governance challenges. For example, surface waters interacting with a TBA might already be managed
by a transboundary agreement that does not include groundwater.
Furthermore, the extent of a TBA can greatly differ from the extent of
the watershed(s) with which it interacts, suggesting that different stakeholders might be involved. Identifying hotspot zones and considering
conjunctive management might again be a way forward.

TBA Pillars
The global issues and situation described previously clearly
point toward an urgent need to care about TBAs; these issues
need to be addressed, managed, and understood differently
compared to domestic aquifers. Reaching conflict-free joint
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Fig. 1  A three-pillar framework for effective transboundary aquifer
management

Limited knowledge of TBAs in most regions of the world
poses a problem of planning and developing shared groundwater
resources. A lack of adequate, long-term groundwater monitoring is
also a common obstacle to the comprehensive assessment of TBAs.
To overcome the knowledge gaps, transboundary monitoring
networks should be established based upon the priority concerns of
the countries. Monitoring efforts can be harmonized around strategic
action planning processes and facilitated by data exchange protocols
or provisions (Tapia-Villaseñor and Megdal 2021). A great example
of a cooperative framework to improve TBA knowledge is the Transboundary Aquifer Assessment Program (TAAP, Tapia-Villaseñor
and Megdal 2021), which is a joint effort by the United States and
Mexico to evaluate shared aquifers. Modeling can assist with prioritization efforts during the data collection and exchange phases to
ensure that TBA assessments achieve their intended outcome (Atkins
et al. 2021). In data-scarce environments, remote sensing data and
machine learning algorithms have been utilized.

Cooperation and collaboration
International law provides tools for cooperation and collaboration to
conciliate the sovereignty, rights and interests of the states sharing a
TBA. Operational agreements and arrangements have the potential to
enable and strengthen cooperation and collaboration (Eckstein 2021).
However, the international law of TBAs is much more underdeveloped
than the international law applicable to surface water (Sindico 2020).
The UN Draft Articles on the Law of Transboundary Aquifers continue to be a nonbinding guidance for states (Sindico 2020) and the
number of agreements and arrangements on specific TBAs is increasing very slowly.
Science-policy linkages with respect to TBAs often appear when
the physical assessment has already been carried out. Agreements and
arrangements are sometimes signed following these assessments, or
if already existing, they are updated (e.g., the Guarani TBA and the
Genevese TBA). Many lessons have been learned, one of the most
important is translating the best theories to the best fit for informed
decisions on shared management and overall governance.

These projects are usually externally driven and provide a necessary platform to begin cooperation between aquifer states, e.g.,
the Environmental Protection and Sustainable Development of the
Guarani Aquifer System Project 2002–2009, or the Groundwater
Resources Governance in Transboundary Aquifers (GGRETA 2021)
Project 2013–2022. In brief, knowledge has been the catalyst for further cooperation and, in some cases, for full collaboration.
Contrasting with most transboundary surface-water agreements,
many of the existing instruments for cooperation or collaboration on
TBAs are not formal treaties. These more informal agreements or
arrangements may represent a suitable option for an initial cooperative
approach. Subnational entities and local communities may also use
them to foster local transboundary cooperative frameworks, e.g., the
2019 Ocotepeque–Citalá Statement of Intent (El Salvador-Honduras,
Sindico 2019), and local cooperation efforts on TBAs between Mexico
and the United States (Sanchez and Eckstein 2020).
At any scale, trust, commitment, leadership, and effective communication strategies are key elements that build a strong and lasting
collaboration mechanism that, in return, can provide a joint scientific
understanding of the system under the three-pillar framework.

Shared management
The third pillar (Fig. 1) includes legal frameworks, policy
development and institutional capacity. The combination of
these should facilitate the preparation of shared governance
and management plans between the countries.
To achieve this level of serious collaboration, however, these
components should be tied to aquifer knowledge (assessment)
and some cooperation mechanism. Assessing the physical system under an umbrella of collaboration and stakeholder involvement at the transboundary level is the most important milestone
that eventually can drive the development of potential shared
management strategies towards the sustainability of the system.
However, asymmetries and differences in the technologicaleconomic capacities of neighboring countries may restrain, diminish, or even prevent the development of shared groundwater management agreements.

Way forward
Although progress has been made in the assessment of TBAs,
there is much work still to be done on cooperation and shared
management. In addition to the solutions proposed in the previous section, relative to the technical and institutional capacity
issues, the following factors have been identified as important
to move forward in solving TBA issues.
• A multidisciplinary approach in the three-pillars process (Fig 1) is
crucial, including the economic, hydro-diplomacy and legal aspects,
because the physical assessment of TBAs alone is not sufficient to
support the sustainable management of the shared resources.
• Funding model: the limited existing agreements for TBAs
are often born from external projects funded through global
financing agencies, which provide the platform and technical
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baseline to begin cooperation between aquifer states. However,
this model is unsustainable and financing is not always driven
towards areas of greatest need.
• Countries need to take ownership of their own TBAs and
fund these activities themselves—TBAs need to be higher on
political agendas. Countries should take ownership over the
monitoring, assessment and, ultimately, management of their
own TBA resources in cooperation with neighboring states.
• Role and value of TBAs: the economic and social value of a TBA
should be better recognized and quantified at national government
levels. Continued effort is needed to promote the key role of TBAs
in supporting the 2030 Agenda for Sustainable Development.
• Key components in sustaining TBAs will be increased mechanisms of cooperation and collaboration between aquifer states or
local communities. Continued communication creates meaningful
interaction to cooperate and collaborate towards the same goals.
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