
Sustainable groundwater 
management: how much use is 
sustainable? And how to best ensure it? 

RésEAU Brief no.9
November 2025



2	  

Editorial

Dear colleagues,
 
It is with great pleasure that we present the ninth edition 
of the RésEAU Brief series, a medium to share SDC’s learn-
ings from water-related projects and programmes at the 
global level. This edition focuses on sustainable ground-
water management. 

Globally, 49% of water withdrawn for domestic use and 
43% for irrigation comes from groundwater (Rodella et al., 
2023). As the rather invisible twin sister of surface wa-
ter, groundwater is equally important for reaching SDG 
6, across the target for access to drinking water (6.1), the 
threats to its water quality (6.3), and its relevance for healthy 
ecosystems (6.6). Target 6.4 specifically calls for an increase 
in water-use efficiency and for ensuring sustainable with-
drawals to address water scarcity. Groundwater use is part 
of this equation, making data on recharge and abstraction 
crucial to assess what makes withdrawal sustainable. 

Sustainable levels of groundwater use are relevant for hu-
man health, food security, ecosystems, and for manag-
ing the risks posed by increasingly variable rainfall under 
climate change. 

Over the past decade, it is these climate variations that 
have turned the attention to aquifers, as vast natural wa-
ter storage reservoirs, with generally good water quality. 

In 2022, scientists and water managers highlighted its im-
portance under the UN Water Year theme Groundwater: 
Making the invisible visible. 

Looking at practice, this brief is largely based on insights 
from the RésEAU’s Learning Journey on Groundwater in 
2025. Through a series of three webinars, development 
practitioners shared experiences from regions including 
Central Asia, Eastern Europe, Latin America and the Mid-
dle East, addressing issues such as groundwater govern-
ance, conjunctive management of surface and ground-
water, the data and monitoring required, and the specific 
challenges of managing transboundary aquifers.

Building on these exchanges, this RésEAU Brief highlights 
SDC initiatives that support national and local water 
managers in advancing sustainable groundwater use 
for resilient local livelihoods. It explores how sustainable 
levels of water use could be defined, and how water users 
and managers can work together to ensure these levels 
are maintained. The initial Learning Journey on Ground-
water may gradually evolve into a RésEAU Community of 
Practice on Groundwater.

We wish you a good read and welcome your feedback and 
comments! 

 
Daniel Maselli 
SDC RésEAU Focal Point 
daniel.maselli@eda.admin.ch 

Delphine Magara and Bernita Doornbos, 
Editors RésEAU Brief and backstoppers to the RésEAU
delphine.magara@skat.ch
bernita.doornbos@helvetas.org

Your ideas matter!

We are committed to addressing the topics that matter most to you.  
If there is a subject you would like to see covered in future RésEAU Briefs 
or if you have insights to contribute, please reach out to us!

https://documents1.worldbank.org/curated/en/099257006142358468/pdf/IDU0fb2550de013100434708d920a3e3bec6afb1.pdf
https://www.unwater.org/news/un-world-water-development-report-2022-‘groundwater-making-invisible-visible’
https://www.unwater.org/news/un-world-water-development-report-2022-‘groundwater-making-invisible-visible’
https://www.sdc-water.ch/en/learning-journey-groundwater
mailto:daniel.maselli%40eda.admin.ch?subject=
mailto:delphine.magara%40skat.ch?subject=
mailto:bernita.doornbos%40helvetas.org?subject=
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1.	 Concepts and trends in sustainable 
groundwater management

Though largely hidden from view, groundwater is an im-
portant water source for human prosperity. Ground-
water accounts for roughly 30% of the global freshwater 
(Global Climate Observing System) and provides 49% of 
the household water consumption worldwide and 43% of 
water withdrawn for irrigation (Rodella et al., 2023). The 
source is highly appreciated for being perennial, prevalent 
across landscapes, and for its relatively reliable quantity and 
quality, as compared to surface water which is easily im-
pacted by weather and short-term external factors. 

Globally, groundwater demand is expected to increase, 
as total water use is expected to increase by 20 to 30% 
from now to 2050 while surface water availability is sea-
sonally decreasing. Groundwater is hence a key variable in 
the response to the continuously increasing water demand, 
especially in emerging, low and middle income countries, 
as well as to the adaptation to climate change, as a natu-
ral body for water storage and distribution (World Bank, 
2023). 

Groundwater and surface water are inherently linked 
through the hydrological cycle (see Figure 1). Simply put, 
the freshwater present at the earth’s surface partially orig-
inates from groundwater, while surface water allows for 
aquifers to recharge (Villholth, 2024). Therefore, managing 
surface water and groundwater must be approached as an 
integrated system—this is the essence of conjunctive wa-
ter management (Aureli, 2025).

In contrast to the high stakes associated to this under-
ground resource, insufficient attention is given to its sus-
tainable management, that is: regulating its (over)use 
to stay within the aquifers’ physical limits. Groundwater 
abstraction is environmentally sustainable, as long as es-
sential barriers (often groundwater levels) are not trans-
gressed. Sustainable systems cannot support groundwater 
abstraction exceeding average recharge over a long time 
(Villholth, 2024).

Yet groundwater is under stress globally, and most criti-
cally in northern Africa, North America and South and East 
Asia (see Figure 2). While the global trend points at over-
exploitation, local circumstances differ widely around the 
world, with some areas even underexploiting their sourc-
es compared to its potential yield, for example in parts of 
Sub-Saharan Africa.

Figure 1: Simplified hydrological cycle: part of the rainfall on land area either runs off as 
surface water or infiltrates into the ground, recharging aquifers (“blue water”). Rainfall 
taken up by vegetation and soil that does not evaporate (“green water”) also replenishes 
aquifers (GCEW, 2024).

https://gcos.wmo.int/site/global-climate-observing-system-gcos/essential-climate-variables/groundwater
https://documents1.worldbank.org/curated/en/099257006142358468/pdf/IDU0fb2550de013100434708d920a3e3bec6afb1.pdf
https://www.worldbank.org/en/topic/water/publication/what-the-future-has-in-store-a-new-paradigm-for-water-storage
https://www.sdc-water.ch/dam/en/sd-web/T6dH0r6t--RI/GW%20Learning%20Journey_Launch%20event_Keynote_Villholth_2024.11.21%20(final).pdf
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.sdc-water.ch/dam/en/sd-web/T6dH0r6t--RI/GW%20Learning%20Journey_Launch%20event_Keynote_Villholth_2024.11.21%20(final).pdf
http://
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Figure 2: Global water stress of aquifers. Groundwater stress is defined as the ratio 
of mean annual groundwater withdrawals over the mean annual groundwater recharge 
(World Bank, 2023).

Figure 3: SDC-related groundwater projects and the world’s transboundary aquifers 
(SDC, 2024).

SDC has been actively contributing to good groundwater 
governance, harnessing the potential of this resource to 
sustainably deliver water to the most vulnerable people in 
areas prone to water stress (see Figure 3 for the location 
of groundwater projects). The following chapters will pro-
vide insight into different aspects of sustainable ground-
water use, illustrated through examples from recent and 
ongoing SDC projects. Key questions are how projects can 
support determining sustainable use levels and how they 
promote groundwater governance to put sustainable use 
into practice.

1 	 Groundwater governance can be defined as the framework en-
compassing the processes, interactions, and institutions, in which 
actors (i.e., government, private sector, civil society, academia, 
etc.) participate and decide on management of groundwater wit-
hin and across multiple geographic (i.e., sub-national, national, 
transboundary, and global) and institutional and sectoral levels 
(Villholth and Conti, 2018).

The absence of groundwater management has neg-
ative and often irreversible consequences. Next to fre-
quently occurring contamination with pesticides, ground-
water depletion in particular triggers a chain reaction of 
salt-water intrusion and land subsidence (World Bank, 
2023). To address these problems, the UN Groundwater 
Summit of 2022 made a Call for action for sustainable 
groundwater management. The call identified five ac-
tion areas: securing financing, improving data collection 
and monitoring, strengthening human and institutional 
capacity, fostering technological innovations and en-
hancing groundwater governance1. 

https://www.worldbank.org/en/topic/water/publication/what-the-future-has-in-store-a-new-paradigm-for-water-storage
https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2025/01/14/b5a81939-55d9-4be6-aa4a-3bb82bb65fb9.pdf
https://un-igrac.org/wp-content/uploads/2024/12/advances-in-groundwater-governance.pdf
https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2025/01/14/b5a81939-55d9-4be6-aa4a-3bb82bb65fb9.pdf
https://www.worldbank.org/en/topic/water/publication/what-the-future-has-in-store-a-new-paradigm-for-water-storage
https://un-igrac.org/data/resources/un-water-joint-message-and-call-for-action-groundwater-the-invisible-resource-for-sustainable-development/#:~:text=The%20‘UN-Water%20joint%20message%20and%20call%20for%20action,assistance%20from%20the%20World%20Water%20Day%202022%20taskforce.
https://un-igrac.org/data/resources/un-water-joint-message-and-call-for-action-groundwater-the-invisible-resource-for-sustainable-development/#:~:text=The%20‘UN-Water%20joint%20message%20and%20call%20for%20action,assistance%20from%20the%20World%20Water%20Day%202022%20taskforce.
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2.	 Assessment and monitoring 
of groundwater

Effective groundwater governance begins with the avail-
ability of accurate, locally relevant data. Yet groundwater 
monitoring remains significantly underdeveloped, especially 
in the Global South (WMO, 2024). Regulating groundwater 
abstraction requires precise, site-specific data that are regu-
larly updated to determine how much water can be safely 
extracted from each aquifer. 

By measuring the water table levels, groundwater with-
drawals and quality at different points of extraction, geo-
hydrologists can assess the type and locations of aquifers, as 
well as provide indications on how much water can be ex-
tracted sustainably over time, without exceeding an aquifer’s 
long time average recharge (Lictevout, 2025).

As groundwater is an invisible resource with complex flow 
patterns, monitoring and mapping its key variables are often 
neglected when establishing extraction points. Its oftentimes 
challenging accessibility and long residence time as compared 
to surface water, make assessing groundwater availability at 
a given location over time both costly and time-consuming 
(Lictevout, 2025).

SDC programs in Central Asia, Latin America and Sub-Saha-
ran Africa have therefore invested in capacity building and 
strengthening institutions and tools for mapping and mon-
itoring the hydrogeological landscapes in their intervention 
areas. 

2.1 Mapping and monitoring using digital tools 

SDC’s initiative El Agua Nos Une (implemented in Peru by 
CARE Peru and SAVAvida) has developed a comprehensive 
map for the management of the Rímac river basin in Peru, 
which includes a groundwater inventory. 

As part of this initiative, a measurement protocol and 
guidelines for interpreting groundwater level and quality 
data were developed, in collaboration with Peru’s National 
Water Authority (ANA). A newly developed mobile appli-
cation allows field specialists to easily collect and monitor 
water levels and quality in existing wells, verifying geo-ref-
erences and use licenses, combining different data bases. 
This innovation has streamlined information management 
and improved data accessibility across ANA’s departments 
and its decentralized administrative units at basin level, as 
well as Lima’s water utility SEDAPAL (Antiporta, 2025).

A cost-effective manner of groundwater abstraction map-
ping is to use pre-existing boreholes as data measurement 
and testing points. However, as oftentimes located on pri-
vate property, they are difficult to access. The SDC-support-
ed program Climate Resilient Integrated Water Resources 
Management in the Zarafshan River Basin in Uzbekistan 
addresses this issue by employing remote sensing tech-
nologies. Hydrosolutions combines publicly available satel-
lite data on irrigated area with existing locations of ground-
water observation points (see Figure 4). This is a practical 
solution for mapping groundwater use in areas where ac-
cess to wells for sensor installation, was not feasible (Marti 
and Siegfried, 2025).

Figure 4: Map of the Zarafshan basin in Uzbekistan illustrating how existing data on 
groundwater observation points (grey dots, from the Ferghana Basin System Irrigation 
Administration) and drainage canals (green lines) were combined with remote sensing 
information on irrigated areas (blue dots) (Marti and Siegfried, 2025). 

 

https://library.wmo.int/records/item/69033-state-of-global-water-resources-report-2023
https://www.sdc-water.ch/dam/en/sd-web/IfO17TVYdrAt/reseau-GWLJ-webinar%203-slides_Final.pdf
https://www.sdc-water.ch/dam/en/sd-web/IfO17TVYdrAt/reseau-GWLJ-webinar%203-slides_Final.pdf
https://www.eda.admin.ch/countries/peru/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2021/7F10683/phase1
https://www.gob.pe/sedapal
https://www.sdc-water.ch/dam/en/sd-web/M6KW6MNYCey0/reseau-GWLJ-webinar 2-flyer and agenda.pdf
https://www.bing.com/ck/a?!&&p=58ede6f653bd745b3400e8041e7bdf47b5ec0708af27917a8d532a90f03fb844JmltdHM9MTc2MDA1NDQwMA&ptn=3&ver=2&hsh=4&fclid=0e67bc31-b0a9-61ae-3d26-a928b1956004&psq=uzbekistan+hydrosolutions+Zarafshan+Basin+SDC&u=a1aHR0cHM6Ly93d3cuZWRhLmFkbWluLmNoL2RhbS9jb3VudHJpZXMvY291bnRyaWVzLWNvbnRlbnQvdXpiZWtpc3Rhbi9lbi9DbGltYXRlLVJlc2lsaWVudC1JbnRlZ3JhdGVkLVdhdGVyLVJlc291cmNlcy1NYW5hZ2VtZW50LVphcmFmc2hhbi1SaXZlci1CYXNpbi5wZGY
https://www.bing.com/ck/a?!&&p=58ede6f653bd745b3400e8041e7bdf47b5ec0708af27917a8d532a90f03fb844JmltdHM9MTc2MDA1NDQwMA&ptn=3&ver=2&hsh=4&fclid=0e67bc31-b0a9-61ae-3d26-a928b1956004&psq=uzbekistan+hydrosolutions+Zarafshan+Basin+SDC&u=a1aHR0cHM6Ly93d3cuZWRhLmFkbWluLmNoL2RhbS9jb3VudHJpZXMvY291bnRyaWVzLWNvbnRlbnQvdXpiZWtpc3Rhbi9lbi9DbGltYXRlLVJlc2lsaWVudC1JbnRlZ3JhdGVkLVdhdGVyLVJlc291cmNlcy1NYW5hZ2VtZW50LVphcmFmc2hhbi1SaXZlci1CYXNpbi5wZGY
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
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2.2 Groundwater mapping in humanitarian 
WASH contexts

The expedient mapping of groundwater in data-scarce  
humanitarian contexts is challenging yet needed for fast 
and cost-effective establishment of groundwater-fed sup-
ply systems, while preventing overexploitation. With the 
support of SDC, a Rapid Ground Water Potential Mapping 
methodology was used in the refugee camp of Bidibidi in 
Uganda (Bünzli, 2025; Scherrer et al., 2020). 

The mapping methodology for locating water extraction 
points, overlays two variables: groundwater availability 
(estimated through landscape units) and reservoir capacity 
or a proxy of hydraulic conductivity (based on geological 
properties). The overlay is translated into potential ground-
water yield ranges, and the corresponding water pump 
and system size options. Unlike conventional approaches 
in refugee camps—which often prioritize proximity to us-
ers (“drill where the people are”) and result in numerous 
low-yield boreholes—this method focuses on maximizing 
water output (“drill where the water is”).

The pilot use of the rapid groundwater potential meth-
odology in Bidibidi shows how a simple geohydrological 
landscape analysis can guide decisions that lead to few-
er boreholes with significantly higher yields. It indicates 
where the replacement of handpumps with automated, 
high-capacity systems can be appropriate and where so-
lar-powered pumps can be effective. This light assessment 
of groundwater availabilities is a potential game-changer 
for water supply in humanitarian settings—delivering more 
water, with fewer resources (Bünzli, 2025). 

These examples demonstrate innovative approaches to 
data collection and assessment of groundwater availability 
and use. However, the cost and complexity of local data 
remain a barrier in many contexts, underscoring the need 
for scalable, cost-effective solutions for groundwater data 
collection and monitoring. 

https://www.sdc-water.ch/dam/en/sd-web/IfO17TVYdrAt/reseau-GWLJ-webinar 3-slides_Final.pdf
https://link.springer.com/content/pdf/10.1007/s10040-021-02352-w.pdf
https://www.sdc-water.ch/dam/en/sd-web/IfO17TVYdrAt/reseau-GWLJ-webinar 3-slides_Final.pdf
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Although recharge volumes exceed extraction at a global 
scale, it is at the local hotspots of declining groundwater 
levels, where consequences are real, leading to seawater 
intrusion, land subsidence, streamflow depletion and wells 
running dry. 

A 2024 global study using groundwater-level data from 
170,000 monitoring wells in nearly 1,700 aquifer sys-
tems showed that rapid groundwater-level declines 
(more than 0.5 m per year) are widespread, especially in 
dry regions with irrigated cropland. This decline has accel-
erated since 2000 in 30% of the world’s regional aqui-
fers (Jasechko et al., 2024). Groundwater functions as a 
de facto common-pool resource: it is non-excludable, 
yet subject to competitive abstraction, such as wealthier 
farmers who can afford to use deeper wells. Determining 
sustainable extraction levels is challenging, and subsequent 
enforcement of usage restrictions is often difficult due to 
limited monitoring capacity and weak compliance mecha-
nisms (Villholth, 2024).
 
This section will explore options for the sustainable use 
of groundwater in terms of quantity, while section 4 will 
address groundwater quality. 

3.1 Deciding on how much groundwater to use

Defining the boundaries of what constitutes sustainable 
use in a particular site is a first key task. Three main options 
exist, like managing a bank account: 

•	 Sustainable yield: Limit abstractions to no more than 
the long-term average recharge. “Living off the interest 
or earnings”

•	 Mixed strategy: Planned depletion for a limited period 
followed by abstraction at a sustainable rate. “Spend-
ing some of the savings followed by living off the inter-
est or earnings”

•	 Mining: Long-term progressive depletion, reducing the 
groundwater reserves over time. “Spending the sav-
ings” (UPGrow, 2014). 

Defining the sustainable yield option depends on un-
derstanding the functioning of the local aquifer and the 
availability of long-term monitoring data combined with 
modelling. Yet, it is not only a matter of the science of the 
resource; it involves decision-making based on the identifi-
cation of potential consequences of use, and an evaluation 
of trade-offs and priorities, ideally based on consensus 
among stakeholders (Villholth, 2024).

3.	 Overcoming the odds: 
reducing over-abstraction 
and managing recharge

“The groundwater in the Jaffna Peninsula is somewhat like the money that is 
held in a current account in the bank. The rainy season deposits, annually, a fixed 
amount of water in the limestone aquifer. This is drawn out from the wells during 
the dry months. The limit for drawing this water is the amount put in the system. 
Overdrawing leads to disaster.” 

(Fernando, 2016)

https://www.nature.com/articles/s41586-023-06879-8.pdf
https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2024/11/25/762a42db-3490-460b-8ac3-adb4550d6b1a.pdf
https://upgro.org/why-groundwater-10-reasons/
https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2024/11/25/762a42db-3490-460b-8ac3-adb4550d6b1a.pdf
https://www.marymartin.com/web/viewbooks?bookId=238836
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Figure 5: Installing smart meters on an irrigation well in China (Wang, 2025).

3.2 Strategies to reduce depletion and  
associated risks

Globally, ground water depletion volumes are estimated at 
200 km3/year, corresponding to 20% of ground water ab-
straction. Yet locally this can be up to 100%, where ground-
water is mined in non-renewable aquifers (Villholth, 2024). 

There are three strategies water users use to cope with 
depletion: 

1.	 change the water withdrawal efforts: Though 
slowing down withdrawals makes most sense, in prac-
tice water users generally intensify their abstraction by 
deepening wells and increased pumping.

2.	 change the use: either by using less water per unit 
area or by reducing the irrigated area. 

3.	 change the dependence on groundwater, by leaving 
agriculture (Rodella et al., 2023). 

How farmers will react, is linked to the regulatory and in-
centive structure around groundwater-fed irrigation and 
agricultural production. This is illustrated by the Sino-Swiss 
cooperation project Rehabilitation and management strat-
egies of over-pumped aquifers under a changing climate. 

Agriculture in the Heihe river basin in North China, with 
only 150 mm rainfall per year, is heavily dependent on irri-

gation. A 1997 policy aimed to reduce surface water use by 
50%, inadvertently spurred groundwater use. Policy strate-
gies in response were to a) reduce groundwater abstraction 
and b) optimize surface water allocation (Wang, 2025).

In 2015, the government, supported by the SDC project on 
regulating over-pumped aquifers, introduced water fees 
and metering to quantify and curb water use. A private 
company was contracted via a public-private partnership, 
to install and maintain smart meters2 on over 700 wells and 
manage fee collection. The payment process was stream-
lined by enabling farmers to pay for water using prepaid 
cards. Water fees were relatively high and tampering of the 
smart meters was criminalized. 

Initial results showed a 30% reduction in groundwater ab-
straction volumes between 2016 and 2019. However, by 
2020, a rebound effect emerged as farmers expanded their 
irrigated areas with 13% -despite government prohibition- 
bringing back use volumes to 2016 levels (Wang, 2025).
 
This highlights the limitations of fee-based control mecha-
nisms only and the need for a more holistic understanding 
of water user behaviour. To address this, the project de-
veloped a serious game called SavetheWater to simulate 
farmer responses to different policy scenarios, in combina-
tion with farmer surveys (Wang, 2025). 

2 	 Smart meters are connected to a remote server, receiving well 
data in real time (Kinzelbach et al., 2022).

https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2024/11/25/762a42db-3490-460b-8ac3-adb4550d6b1a.pdf
https://documents1.worldbank.org/curated/en/099257006142358468/pdf/IDU0fb2550de013100434708d920a3e3bec6afb1.pdf
https://www.eda.admin.ch/deza/en/home/projekte/projekte.html/content/dezaprojects/SDC/en/2014/7F09047/phase2
https://www.eda.admin.ch/deza/en/home/projekte/projekte.html/content/dezaprojects/SDC/en/2014/7F09047/phase2
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.research-collection.ethz.ch/entities/publication/748e2e8c-5e29-49f3-ad0a-1d3a32e9ec19
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://link.springer.com/content/pdf/10.1007/978-981-16-5843-3.pdf
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Figure 6: Combined interventions—demand management, alternative 
supplies, and Managed Aquifer Recharge (MAR)—are needed to move 
from over-abstraction to sustainable groundwater use (UNESCO, 2020).

3.3 Policy options to curb over abstraction 
and manage recharge

Global analysis shows that groundwater declines can 
be slowed or reversed through the implementation of 
groundwater policies (see Figure 6); groundwater demand 
management, alternative supplies such as surface-water 
transfers; or the addition of groundwater storage following 
managed aquifer recharge projects (Jasechko et al., 2024).

Investing in improved data collection, use metering and 
groundwater monitoring is the basis for managing ground-
water. Based on that, several policies can be identified to 
manage groundwater demand and curb over-abstraction 
of groundwater:

1.	 Regulation: establish and enforce regulatory frame-
works that limit drilling and abstraction and strengthen 
permitting and licensing systems.

2.	 Financial incentives: set pricing mechanisms that re-
flect scarcity and environmental costs of overuse. 

3.	 Reforming subsidies: review and revise energy 
and well drilling subsidies to eliminate incentives for 
over-abstraction (see Rodella et al., 2023).

The global spread and reducing cost of new technologies 
based on solar energy make pumping groundwater af-
fordable to more farmers. Solar power is basically free, so 
support to solar powered irrigated agriculture risks uncon-
trolled groundwater depletion. rather than controlling and 
protecting it (Villholth, 2024).

The Swiss funded Solar Energy for Agriculture Resilience 
(SoLAR) initiative (implemented by IWMI, 2018-2028) 
promotes solar energy systems for agriculture in South Asia 
(Bangladesh and India) and East Africa (Ethiopia and Ken-
ya). The project informs policy frameworks by analysing 
water-energy-food (WEF) nexus, develops financing mech-
anisms, and develops capacities, to further scale the use of 
solar agro-technologies (SDC, 2025). 

The project’s first phase has shown that solar irrigation 
pumps (SIPs) bring many benefits, such as reduced costs 
and emissions from diesel pumps, and can add 20-35% to 
farmer income when feeding excess energy into the power 
grid. Yet, its spread also risks over-extraction of ground-
water. The project has therefore analysed the groundwa-
ter abstraction behaviour, comparing farmers with and 
without solar pump systems. The study assessed two 
implementation models for collective irrigation systems 
with fee-for-service SIPs in Bangladesh on one hand and 
grid-connected SIPs in India on the other hand. 

In these contexts, solar adoption did not lead to a signifi-
cant increase in groundwater use compared to diesel pumps. 
In Bangladesh, operator managed SIPs kept water use 
in check despite lower costs, though some shift toward 
more water-intensive dry-season rice was noted. In India, 
grid-connected SIPs with feed-in incentives reduced wa-
ter use in alluvial aquifers, while hard-rock systems showed 
little change. Groundwater impacts are 
thus context specific and can be avoided 
with well-designed solar system setup and 
operative models. When farmers individ-
ually own and operate solar pumps, the 
near-zero marginal cost of water may en-
courage over-irrigation (Alam et al., 2025).

https://unesdoc.unesco.org/ark:/48223/pf0000375026.locale=en
https://www.nature.com/articles/s41586-023-06879-8.pdf
https://documents1.worldbank.org/curated/en/099257006142358468/pdf/IDU0fb2550de013100434708d920a3e3bec6afb1.pdf
https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2024/11/25/762a42db-3490-460b-8ac3-adb4550d6b1a.pdf
https://www.eda.admin.ch/deza/en/home/projekte/projekte.filterResults.html/content/dezaprojects/SDC/en/2018/7F10119/phase2.html?oldPagePath=/content/deza/en/home/projekte/projekte.html
https://solar.iwmi.org/wp-content/uploads/sites/43/2023/11/Issue-brief-05.pdf
https://www.eda.admin.ch/deza/en/home/projekte/projekte.filterResults.html/content/dezaprojects/SDC/en/2018/7F10119/phase2.html?oldPagePath=/content/deza/en/home/projekte/projekte.html
https://farm-d.org/wp-content/uploads/2025/09/Issue-Brief-8.pdf
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Figure 7: Overview of Managed Aquifer Recharge (MAR) techniques (World Bank, 2023).

On the other side of the balance, recharge of ground-
water should be enhanced. Nature-based options such as 
restoring wetlands and forests are paramount. A series of 
Managed Aquifer Recharge (MAR) techniques exist (see 
Figure 7), across the range from fully nature-based to hu-
man induced recharge methods, applicable from rural to 
urban areas (World Bank, 2023).

Switzerland has a long history of cooperation supporting in-
tegrated watershed management projects aimed at con-
serving, restoring and managing forest and pasture ecosys-
tems, for water regulation and sustainable local livelihoods. 

In various mountain regions, where loss of springs is a 
disturbing signal of climate change, recharge efforts of 

springsheds have been explored and promoted, such as in 
India (see Climalayas). The Strengthening State Strategies 
for Climate Action (SCA-Himalaya) project developed a sci-
ence-based integrated springshed management approach, 
with guidelines for policy makers and development practi-
tioners (Rathod et al., 2021). In the Andes, the PACC Peru 
project promoted springshed actions coupled with small 
earthen reservoirs for water harvesting, both surface stor-
age and to recharge mountain springs as measure to adapt 
to climate change (PACC Peru, 2014).

Given the promising avenue, yet complex nature of man-
aged aquifer recharge (MAR) methods, RésEAU has pro-
duced a dedicated podcast through SDC’s Trend Observa-
tory on Water.

Figure 8: The  ‘qocha’ Solimaniyoc in Apurimac, Peru, retains and stores water. Part of 
the water infiltrates, allowing small springs to maintain and improve their discharge 
(@Helvetas Peru).

https://documents1.worldbank.org/curated/en/099454002022397507/pdf/IDU031e759b40be950485909796045bca5d8e378.pdf
https://documents1.worldbank.org/curated/en/099454002022397507/pdf/IDU031e759b40be950485909796045bca5d8e378.pdf
https://climalayas.in/themes/water-resources-management/springshed-management/
https://www.bing.com/ck/a?!&&p=d69d04f223301f14ced0168d6e3c774571d1beb12dbdf8fe419e5646534739e8JmltdHM9MTc2MDIyNzIwMA&ptn=3&ver=2&hsh=4&fclid=0e67bc31-b0a9-61ae-3d26-a928b1956004&psq=Strengthening+State+Strategies+for+Climate+Action+(SCA-Himalaya)++springshed&u=a1aHR0cHM6Ly93d3cuZWRhLmFkbWluLmNoL2NvbnRlbnQvZGFtL2NvdW50cmllcy9jb3VudHJpZXMtY29udGVudC9pbmRpYS9lbi9TdHJlbmd0aGVuaW5nX0NsaW1hdGVfQ2hhbmdlX0FkYXB0YXRpb25faW5fdGhlX0hpbmFsYXlhcy5wZGY
https://www.bing.com/ck/a?!&&p=d69d04f223301f14ced0168d6e3c774571d1beb12dbdf8fe419e5646534739e8JmltdHM9MTc2MDIyNzIwMA&ptn=3&ver=2&hsh=4&fclid=0e67bc31-b0a9-61ae-3d26-a928b1956004&psq=Strengthening+State+Strategies+for+Climate+Action+(SCA-Himalaya)++springshed&u=a1aHR0cHM6Ly93d3cuZWRhLmFkbWluLmNoL2NvbnRlbnQvZGFtL2NvdW50cmllcy9jb3VudHJpZXMtY29udGVudC9pbmRpYS9lbi9TdHJlbmd0aGVuaW5nX0NsaW1hdGVfQ2hhbmdlX0FkYXB0YXRpb25faW5fdGhlX0hpbmFsYXlhcy5wZGY
https://climalayas.in/wp-content/uploads/resource_material/SDC_NITIAayog-IWMI_Resource_Book_on_Springshed%20Management_Final_Compressed.pdf
https://www.helvetas.org/Publications-PDFs/Latin-America/Peru/Cambio%20climático/yachaykusun___version_ingles.pdf
https://hazu.swiss/deza/trend-observatory-on-water/media/agKbZHvA7GCD5goo5spY?focusedItem=EIGzgRhUyGR6dHglL7wl
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4.	 From groundwater pollution to 
knowledge-driven protection 

Groundwater quality is as critical as, if not more con-
cerning than, groundwater depletion. Poor quality 
renders the resource unusable and has multiple environ-
mental impacts. Restoring groundwater quality is costly 
and requires long-term efforts (Villholth, 2024). 

Groundwater pollution has both geogenic (e.g., arsenic, 
fluoride, and salinity) and anthropogenic causes, the lat-
ter being increasingly prevalent and generally preventable. 
Sources of pollution are ubiquitous. Poorly constructed or 
maintained on-site sanitation facilities often lead to per-
sistent pathogen contamination of nearby shallow wells, 
especially in rural areas. Untreated wastewater discharges 
and seepage from waste sites contaminate urban areas. 
Agriculture is the primary cause of groundwater pollution 
in rural areas, through pesticides and fertilizers. Industry, 
including hydrocarbons and mining, introduces a wide 
range of pollutants – some of which do not disintegrate and 
persist in the environment (UN, 2022; World Bank, 2023).

Effective regulation and enforcement to protect 
groundwater quality are urgently needed across all sec-
tors yet remain rare. Point-source pollution can be regu-
lated through permits and compliance with effluent or 

ambient water quality standards. Non-point source pollu-
tion requires preventive measures such as land-use regula-
tion and adoption of best agricultural and environmental 
practices (UN, 2022).

Swiss cooperation efforts on groundwater quality include 
support to the Swiss Federal Institute of Aquatic Science 
and Technology Eawag for the Groundwater Assessment 
Platform. This digital platform shares information and mod-
els the presence of geogenic contaminants (fluoride, arsenic) 
in groundwater globally, with the aim to inform public health 
risks via drinking water (SDC, 2023:10; SDC, n.d.). 

In Jordan, an SDC humanitarian action supported map-
ping the vulnerability of groundwater quality near five 
solid waste landfills (SDC, n.d.). Jordan received a large 
influx of Syrian refugees which increased the volume of 
solid waste going into landfills. This work informs munici-
palities about leachate risks when expanding landfills (see 
Assayed et al., 2023).

The continuation of RésEAU‘s learning journey will fur-
ther explore experiences with groundwater quality 
management. 

https://backend.sdc-water.ch/fileservice/sdweb-docs-prod-sdcwater-files/files/2024/11/25/762a42db-3490-460b-8ac3-adb4550d6b1a.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000380721
https://documents1.worldbank.org/curated/en/099454002022397507/pdf/IDU031e759b40be950485909796045bca5d8e378.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000380721
https://www.eawag.ch/en/research/humanwelfare/drinkingwater/gap/
https://www.gapmaps.info
https://www.gapmaps.info
https://www.bundesreisezentrale.admin.ch/content/dam/deza/en/documents/themen/wasser/20230503-Portfolio-2023-Section-Water.pdf
https://www.alexandria.ch/discovery/delivery/41BIG_INST:ALEX/12514087940001791
https://www.eda.admin.ch/deza/en/home/projekte/projekte.filterResults.html/content/dezaprojects/SDC/en/2016/7F09469/phase1?oldPagePath=/content/deza/en/home/projekte/projekte.html
https://www.mdpi.com/2071-1050/15/1/623


12	  

 

5.	 What is needed for good 
groundwater governance? 

Sustainable use of groundwater relies on good govern-
ance which implies groundwater management decisions 
are made involving different stakeholders in structured 
processes, on how to use groundwater resources appro-
priately, across geographical and organizational scales 
(Villholth and Conti, 2018).

Yet in many regions, groundwater extraction remains 
poorly governed — often reactively driven by surface water 
shortages rather than guided by long-term resource strat-
egies. This unplanned use of groundwater and the frag-
mented institutions around it, overlook the complex inter-
dependencies between groundwater and surface water 
systems. Given the hydrological linkages, a conjunctive 
management approach is essential — treating surface 
and groundwater as components of a single, integrated 
resource (see UNESCO, 2020 for guidance on conjunctive 
water management).

This section draws from recent experiences from the 
Western Balkans and Central Asia, to explore how 
unplanned groundwater use can be transformed into 
informed water management systems at national level. 
Section 6 will then focus on the governance of trans-
boundary aquifers.

5.1 Integrating groundwater in institutions, 
laws and basin plans towards conjunctive 
water management

As source of 77% of drinking water, groundwater in North 
Macedonia is of high strategic importance. Nevertheless, 
the resource is not adequately used, managed and protect-
ed. The SDC-funded Groundwater Management, Use and 
Protection Programme (GWP, implemented by Skat Con-
sulting and PointPro Consulting 2022-2027) is working to-
wards strengthening the governance of the country’s water 
resources (SDC 2024). The project aims to 1) strengthen 
the competencies of stakeholders for integrated and sus-
tainable groundwater management; 2) support ministries 
towards a harmonized legal and regulatory framework; 
and 3) enable better planning and groundwater manage-
ment in the Vardar River basin. 

Efforts to harmonize national water legislation with 
EU directives are being undertaken — aligning on river 
basins instead of administrative territories. This meas-
ure aims to promote a better coordination among North 
Macedonian ministries. The Vardar River basin serves as a 
pilot on conjunctive water management through the 
establishment of a River Basin Management Plan, sup-
porting an integrated approach to managing surface and 
groundwater resources. Finally, capacity building is provid-
ed to key institutions and stakeholders (public utilities, the 
private sector and municipalities) in order for them to have 
the necessary skills and knowledge for sustainable ground-
water management (SDC 2024).

https://un-igrac.org/wp-content/uploads/2024/12/advances-in-groundwater-governance.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000375026.locale=en
https://www.eda.admin.ch/countries/north-macedonia/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2021/7F10044/phase1
https://www.eda.admin.ch/countries/north-macedonia/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2021/7F10044/phase1
https://www.eda.admin.ch/countries/north-macedonia/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2021/7F10044/phase1
https://www.eda.admin.ch/countries/north-macedonia/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2021/7F10044/phase1
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5.2 National and basin level institutions for 
evidence-based groundwater governance

In the Syr Darya river basin in Tajikistan, 90% of available 
water is used for irrigation. As surface water availability is 
declining, farmers are turning to groundwater to irrigate. 
This leads to aquifer depletion, coupled with pollution by 
fertilizers, pesticides and untreated wastewater. Despite a 
recent water sector reform program (2015–2025), that in-
troduced Integrated Water Resource Management (IWRM) 
and basin management principles, groundwater manage-
ment responsibilities are still scattered among various gov-
ernment entities.

The SDC-funded project on Groundwater Management 
(GWMP, implemented by Helvetas, 2023-2028) aims to ad-
dress the institutional fragmentation of water governance 
through interventions at three levels: aquifer, river basin, 
and national level. 

In two pilot aquifers, hydrogeological studies and im-
proved monitoring systems are supported. This includes 
digitizing existing groundwater data, building capacities 
and promoting data sharing among institutions. At basin 
level, a groundwater technical working group has been 
established to bring previously scattered information on 
groundwater and surface water to a common platform 
to enable conjunctive water management. These local and 

basin experiences can then serve as reference for future 
policy dialogue on groundwater governance at national 
level, focusing on clarifying roles and responsibilities of 
groundwater management institutions (Szymanowicz and 
van der Velden, 2025).

In complement to policymakers, water users are essential 
partners in shaping effective groundwater governance. 
They play a critical role in the sustainable use and protec-
tion of groundwater. The GWMP fosters user participa-
tion by facilitating exchanges between water users and the 
Tajik Syr Darya River Basin Organisation, to engage them in 
monitoring, decision-making, and resource management. 
In addition, basin-level awareness raising campaigns 
will be held on the threats to groundwater, climate resil-
ience, and the role individuals and institutions play in its 
sustainable management. 

To better meet the demands of the sector in the near future, 
the GWMP will provide assistance in developing groundwa-
ter-related higher and vocational education at regional 
and national levels, and in strengthening the technical ca-
pacity of the drilling sector to adhere to regulatory frame-
works and contribute to technical and information challeng-
es the sector faces (Szymanovicz and van der Velden, 2025).

Figure 9: Irrigation well in Sughd Oblast, Tajikistan (Helvetas/Thijs van der Velden, 2024).

https://www.eda.admin.ch/countries/tajikistan/de/home/internationale-zusammenarbeit/projekte.html/content/dezaprojects/SDC/en/2023/7F10939/phase1
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
https://www.sdc-water.ch/dam/en/sd-web/3SPxEi8qlkQv/reseau-GWLJ-webinar%201%20slides-2025.pdf
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5.3 Regulating groundwater use through 
permitting

In Kyrgyzstan, the Water Use Permits (WUP KG) project 
(SDC funded, implemented by the International Office for 
Water OiEau, 2022-2028) is focusing on regulating water 
demand, including groundwater. The initiative supports the 
Ministry of Water Resources, Agriculture and Processing 
Industry in strengthening the national water use permit 
system, covering surface and groundwater as well as wa-
ter pollution (SDC, 2024).

The project aims to promote sustainable use of water re-
sources, through three outcome areas: 1) establishing 
a national system for water resource accounting and 
planning; 2) developing a national system for water use 
permitting and pricing; 3) enhancing knowledge on sus-
tainable water use through data management and stake-
holder engagement (SDC, 2024).

River basin management plans will be taken as a start-
ing point for creating an enabling environment for a per-
mit system. The project supports the review and update of 
a management plan for the Chu River Basin. At sub-basin 
scale, a local management plan will be developed, incorpo-
rating quantitative water-saving targets and actions (SDC, 
2024). Given the strong interconnection between surface 
and groundwater in the pilot basin, monitoring of the in-
terannual groundwater level trends emerges as a key indi-
cator to understand the degree of overuse.

As demonstrated in the project examples above, effective 
groundwater governance requires simultaneously address-
ing policy development, data and monitoring systems, and 
strong user engagement as these are mutually reinforcing. 
   

https://www.eda.admin.ch/countries/kyrgyzstan/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2016/7F08808/phase1
https://www.oieau.org/en
https://www.eda.admin.ch/countries/kyrgyzstan/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2016/7F08808/phase1
https://www.eda.admin.ch/countries/kyrgyzstan/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2016/7F08808/phase1
https://www.eda.admin.ch/countries/kyrgyzstan/en/home/international-cooperation/projects.html/content/dezaprojects/SDC/en/2016/7F08808/phase1
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6.	 Proven measures towards 
transboundary groundwater 
management  

 

Groundwater governance in transboundary settings shares 
many of the same components as national management 
but adds a layer of complexity. Aligning how data are 
collected, categorized, and shared, and coordinating water 
use between countries and users requires trust, transpar-
ency, and long-term political and financial commitment.

The growing reliance on groundwater is sparking greater 
political interest in transboundary cooperation. SDG indi-
cator 6.5.2 measures the proportion of transboundary 
basin areas (rivers, lakes and aquifers) with an operational 
arrangement for water cooperation in place. Global report-
ing in 2023 shows a growing proportion of transboundary 
aquifer area included under these operational arrange-
ments, yet these are non-aquifer specific arrangements, 
that is, they cover both surface water and groundwater 
(UN Water, 2024). Globally, there are only 13 aquifer-spe-
cific agreements, of which 8 are operational (Demile-
camps, 2025).

Groundwater is often more challenging and costly to man-
age than surface water, prompting countries to seek sup-
port for technical and institutional development. To this 
end, an UNECE expert group is currently developing guid-
ance on facilitating conjunctive water management at the 
transboundary level. While progress is evident, showcasing 
successful cooperation models, addressing data gaps and 
investing in capacity building are key strategies to encour-
age broader water cooperation across borders (Demile-
camps, 2025).

6.1 Building a common language through 
science

An initiative supported by SDC in Central Asia demon-
strates how science-based cooperation can unlock dia-
logue, build trust, and lay the foundation for transboundary 
groundwater governance. The Governance of Ground-
water Resources in Transboundary Aquifers (GGRETA) 
project (SDC-funded, implemented by UNESCO-IHP 2015-
2022), focused on the Pretashkent aquifer, a confined 
and fossil groundwater source shared between Uzbeki-
stan and Kazakhstan (Atanov, 2025). The aquifer is vital 
for economic activities such as health tourism but is over-
exploited and cannot be naturally recharged. This makes 
cooperation urgent but politically sensitive. 

Against this background, GGRETA’s roadmap for cooper-
ation on the protection and sustainable use of groundwa-
ter included improving the legal framework for transbound-
ary cooperation, enhancing monitoring and information 
exchange, but also strengthening institutions for ground-
water governance at the national levels (Atanov, 2025).

GGRETA adopted a science-to-policy approach, mobilizing 
national research institutes to co-develop a joint hydrogeolog-
ical model. This model visualized aquifer depletion and helped 
both countries understand the risks of declining water levels 
and deteriorating water quality. The project created a plat-
form for scientific exchange of information, enabling 
the development of transboundary hydrogeological maps 
and models. Due to legal constraints — such as Soviet-era 
laws that restrict data sharing— no raw data could be shared 

across ministries, let alone across national 
borders. This limitation was overcome by 
countries sharing processed informa-
tion and interpretations instead of raw 
figures. 

The project showed that science-policy 
interfaces can be powerful tools to initi-
ate cooperation, even in politically sensi-
tive contexts. 

Figure 10: Map of the Pretashkent aquifer (Atanov, 2025) 

https://www.unwater.org/publications/progress-transboundary-water-cooperation-2024-update
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
https://unece.org
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
https://un-igrac.org/our-work/activities/groundwater-resources-governance-in-transboundary-aquifers-ggreta/
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
https://www.sdc-water.ch/dam/en/sd-web/Bj1qJXBuvRWt/GWLJ-webinar%203-Master%20slides-complete.pdf
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7.	 Lessons in a nutshell

Groundwater is gaining renewed attention as a high 
potential yet little-known resource, with growing con-
cerns over depletion and quality deterioration at certain 
hotspots. Experiences from recent projects show emerg-
ing ambitions and directions of change for sustainable 
groundwater management. 

Accurate groundwater data is fundamental for sustain-
able management, yet monitoring remains limited, par-
ticularly in developing countries. Groundwater is a slow 
but dynamic system, requiring continuous observation and 
long-term investment in data collection and monitoring. 
Many initiatives began with scarce data and improved over 
time, but accelerating changes in water levels, withdraw-
als, and quality now demand robust monitoring to deter-
mine aquifer capacity and safe extraction rates. Innovative, 
cost-effective solutions in data-poor contexts include 
remote sensing combined with existing water point data 
and mobile applications for geo-referencing wells and 
on-site data collection.

Sustainable groundwater use requires defining site-spe-
cific abstraction limits and strategies, such as sustain-
able yield (aligned with long-term recharge) or planned 
short-term depletion, supported by monitoring and 
compliance. Policies like water fees and smart metering 
show mixed results, underscoring the complexity of user 
behaviour. Solar-powered irrigation offers economic and 

environmental benefits but risks uncontrolled pumping 
unless managed collectively. Groundwater declines can be 
stabilized through combined measures: demand man-
agement, alternative water supplies, and managed aqui-
fer recharge (MAR). Enhancing recharge through nature-
based and engineered solutions is critical, alongside robust 
data systems and watershed management. Groundwater 
pollution — both geogenic and anthropogenic — threat-
ens usability. Prevention through regulation and land-use 
controls is essential, as restoration is costly and long-term.

The projects highlighted in this brief demonstrate grow-
ing efforts to strengthen groundwater governance 
worldwide. Most are in early stages, focused on mapping, 
planning, and monitoring as foundations for future action. 
However, good governance requires inclusive, structured 
decision-making across scales and integrated manage-
ment of surface and groundwater. Core elements include 
robust data systems, capacity building, institutional 
strengthening, basin planning, and stakeholder engage-
ment. Governing transboundary aquifers adds com-
plexity, demanding trust, transparent information sharing, 
and science-policy cooperation. 

These steps are essential to address the real impacts of 
poor management — overexploitation, underuse, and 
pollution — and to secure groundwater as a sustainable 
resource for future generations.
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data. It also contains several thematic map viewers, e.g. on 
transboundary aquifers, monitoring sites and MAR practices.

The Groundwater Assessment Platform managed by 
Eawag: Testing groundwater for contaminants like arsenic 
or fluoride is costly and time-consuming. The GAP hosts 
prediction maps using machine learning and geospatial 
data (e.g., geology, soil, climate) which can help target 
drinking water surveys. 
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