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Executive Summary

Transboundary aquifers extend beneath nearly 
all international land borders and underlie 
approximately 35% of global groundwater-
irrigated cropland. Yet cooperation over these 
shared resources remains limited: only 11% 
of country pairs sharing an aquifer report an 
operational cooperative arrangement, and fewer 
than 5% are covered by a formal treaty. In the 
era of Global Water Bankruptcy, strengthening 
cooperation over shared groundwater is an 
important policy priority.

Sharing an aquifer does not necessarily mean 
sharing the same groundwater problem. 
Pumping lowers groundwater levels most 
strongly near a well, creating a localized 
zone of decline rather than lowering levels 
uniformly across the entire aquifer. These 
effects generally diminish with distance and 
spread over time, with their extent and timing 
depending on local hydrogeological conditions. 
Where groundwater is pumped relative to the 
border therefore matters: intensive pumping 
near a border creates greater potential 
for cross-border effects than comparable 
pumping farther away. We have examined 
not only whether transboundary aquifers 
are being depleted, but where depletion and 
groundwater-dependent irrigation occur relative 
to international borders.

The policy problem

Groundwater supports agricultural production, 
cities, and livelihoods across much of the world. 
It also straddles political boundaries. The 426 
known transboundary aquifers extend beneath 
nearly all international land borders (Figure 1), 
yet cooperative arrangements for shared aquifers 
remain rare. Strengthening transboundary 
groundwater cooperation is therefore an 
important international policy objective, 
reflected in Sustainable Development Goal (SDG) 
Indicator 6.5.2.

Expanding cooperation raises a practical ques-
tion: where does groundwater use create a shared 
management problem, and what should countries 
cooperate over? Legal frameworks, political re-
lations, and institutional capacity shape whether 
and how countries cooperate over shared ground-
water. Yet the need for cooperation and the man-
agement options available also depend on how 
and where groundwater is used within a shared 
aquifer. Groundwater demand may be concen-
trated far from the border, distributed across the 
aquifer, or clustered close to the boundary, cre-
ating very different potential for pumping in one 
country to affect groundwater users in another.

The effects of groundwater pumping are spatial-
ly uneven. Water withdrawn from a well causes 
groundwater levels to decline most strongly in its 
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vicinity, with the influence of pumping gener-
ally weakening with distance and developing 
over time. The extent and rate of this response 
depend on factors such as aquifer properties 
and recharge. An international border cutting 
across an aquifer therefore does not automat-
ically make all groundwater use on either side 
a shared management problem. Pumping close 
to the boundary has greater potential to influ-
ence groundwater conditions across it, while 
more distant pumping may remain effectively 
separated over relevant distances and times-
cales. The location of groundwater use within 
a shared aquifer can therefore be as important 
for management as the fact that the aquifer 
itself is transboundary.

Treating the full extent of a shared aquifer as 
a single management problem can obscure 
these differences. Different parts of the 
same aquifer may present different potential 
for cross-border interaction and different 
management options. Where groundwater 
use remains separated from the border, 
spatial restrictions may help limit cross-
border impacts. Where demand is already 
concentrated along the boundary, such 
measures may be less feasible and more 
direct coordination may be needed. Effective 
cooperation therefore requires understanding 
not only which aquifers are shared, but 
where groundwater use creates a shared 
management problem.

Figure 1. Global distribution and cooperation status of transboundary aquifers. Transboundary aquifers are widespread 
but cooperation remains limited: 426 mapped aquifers extend beneath nearly all international land borders and underlie 
approximately 35% of global groundwater-irrigated cropland, yet only 11% of the 568 country–aquifer pairs report an 
operational cooperative arrangement and fewer than 5% are covered by a formal treaty. Markers classify country–aquifer 
pairs by where groundwater-dependent demand occurs relative to the border; shaded polygons show aquifer extents. Marker 
locations are approximate and do not represent specific groundwater-use or impact locations. Country borders are shown 
for reference only and do not imply endorsement of any territorial status or claim. Data sources: IGRAC and UNESCO-IHP 
(2025), Transboundary Aquifers of the World Map; geoBoundaries.
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Key findings

To understand where cross-border groundwa-
ter pressures are most likely to arise, we exam-
ined where groundwater depletion and ground-
water-dependent demand occur relative to 
international borders. We combined ground-
water-level observations with global irrigation 
data across 568 country–aquifer pairs and 
compared the resulting patterns with compa-
rable domestic aquifers. Two findings stand 
out. First, average groundwater depletion is 
no greater in transboundary aquifers than in 
comparable domestic aquifers. Second, within 
transboundary aquifers, both depletion and 
groundwater-dependent irrigation tend to con-
centrate closer to international borders. Com-
parable domestic aquifers show no equivalent 
spatial concentration, suggesting that the 
pattern observed in transboundary aquifers is 
associated with the geography of groundwater 
use relative to international borders.

Proximity to the border does not, however, 
by itself mean that groundwater use in one 
country is causing measurable changes in 
groundwater levels or well yields in another. 
The location of groundwater use reflects 
many factors, including rivers, settlements, 
infrastructure, and local water availability. 
Border proximity can therefore help identify 
where closer assessment is warranted, but 
local hydrogeological analysis is needed to 
determine whether groundwater use actually 
creates cross-border impacts.

Even though groundwater use and depletion 
tend to concentrate closer to international 
borders overall, the geography of groundwater 
use varies substantially among shared aqui-
fers. To capture this variation, we distinguish 
four groundwater-use configurations according 
to where agricultural and urban groundwater 
demand occurs relative to the border. Among 
the 568 country–aquifer pairs, 35% are Interior 
Use and 36% Urban Border, together indicating 
limited groundwater-dependent agriculture                  
near the border. Another 22% are Distributed 
Agriculture, where agricultural groundwater 
demand extends across and beyond the bor-
der region, and 7% are Border Locked, where 
groundwater-dependent agriculture is highly 
concentrated near the boundary. These con-
figurations represent distinct management 
situations: in some shared aquifers, intensive 
groundwater use remains spatially separated 
from the border; in others, agricultural demand 
extends across the border region or is con-
centrated directly along the boundary, leaving 
less scope to manage potential cross-border 
pressures through spatial separation.

These differences affect both the need for 
cooperation and the management options 
available. Where groundwater use can be spa-
tially separated from the border, spatial mea-
sures can limit potential cross-border impacts 
without requiring uniform restrictions across 
an entire aquifer. The Agreement between the 
Hashemite Kingdom of Jordan and the Gov-

Figure 2. Current and potential future groundwater use configurations. Potential irrigation expansion shifts shared aquifers 
toward greater cross-border interaction. Under the potential-irrigation scenario, Distributed Agriculture country–aquifer 
pairs increase from 125 to 211 and Border Locked pairs from 40 to 87, showing how future development could shift more 
shared systems toward cross-border interaction and reduce the scope for spatial separation.
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ernment of the Kingdom of Saudi Arabia for 
the Management and Utilization of the Ground 
Water in the Al-Sag/Al-Disi Layer establishes 
protected and management areas to regulate 
groundwater-dependent activities near the 
border. Along part of the United States–Mex-
ico border, International Boundary and Water 
Commission Minute 242 – Permanent and 
Definitive Solution to the International Prob-
lem of Salinity of the Colorado River – takes a 
similar spatial approach, capping groundwater 
pumping in each country at 160,000 acre-feet 
annually within five miles (eight kilometres) of 
the Arizona–Sonora boundary near San Luis. 
Where intensive groundwater use is concen-
trated immediately along a border, however, 
spatial separation becomes less feasible and 
direct coordination may become more import-
ant. In the Genevois aquifer shared by France 
and Switzerland, groundwater use for urban 
supply on both sides has led to long-standing 
cooperation over groundwater abstraction and 
managed recharge.

The geography of groundwater demand can 
change as irrigation and urban water uses 
expand. Our potential irrigation scenario 
identifies water-stressed cropland in shared 
border regions where additional irrigation 
could increase groundwater demand and the 
potential for cross-border interaction (Figure 
2). Under this scenario, Distributed Agriculture 
country–aquifer pairs increase from 125 to 211, 
while Border Locked pairs increase from 40 
to 87. The scenario does not predict where 
irrigation and associated groundwater use will 
expand, but shows where current patterns 
could change. Anticipating new groundwater 
demand can help preserve management 
options before groundwater use becomes 
concentrated near the border.

Policy recommendations

The four configurations in Table 1 point to 
distinct management options. The closer 

Table 1. Groundwater-use configurations in shared aquifers. Distances define the screening zones used in the typology: 100 
km is the broader zone where cross-border effects may be possible; 10 km is the immediate border zone where substantial 
effects are more likely for most hydrogeological settings.

Configuration Share of country–
aquifer pairs

What the configuration means

Interior Use 35% Little or no groundwater-irrigated agriculture or urban land within 
100 km on one or both sides.

Urban Border 36% Little agricultural groundwater demand within 100 km on at least 
one side, but urban areas reach the border.

Distributed Agriculture 22% Groundwater-irrigated agriculture occurs across broader areas on 
both sides, including the border region.

Border Locked 7% >99% of groundwater-irrigated cropland lies within 10 km on at 
least one side.

Key messages

•	 Groundwater depletion and groundwater-dependent irrigation tend to concentrate near interna-
tional borders within shared aquifers, even though average depletion is no greater than in compara-
ble domestic aquifers.

•	 Groundwater-use patterns vary widely across and within shared aquifers: 71% of country–aquifer 
pairs have limited groundwater-dependent agriculture near the border, while 22% have agricultural 
groundwater use extending across the border region and 7% have it highly concentrated near the 
border.

•	 Where groundwater is used should inform the form and spatial scale of cooperation; different parts 
of the same aquifer may require different management approaches.

•	 Expanding groundwater irrigation to water-scarce croplands could shift agricultural groundwater 
use toward international borders, increasing the number of shared aquifers where spatial 
separation becomes more difficult.
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intensive groundwater use is to a border, the 
less scope countries have to avoid cross-
border interactions through spatial separation 
and the greater the potential need for direct 
coordination. Three priorities follow.

1. Identify where groundwater use could 
create cross-border impacts

Countries sharing an aquifer should first 
map groundwater-dependent demand and 
depletion relative to the border and assess 
the hydrogeological conditions that determine 
whether pumping effects can propagate 
across it. They should also identify where 
future irrigation, urban growth, or other 
development could alter these patterns. This 
can help identify where closer assessment and 
cooperation are most needed.

2. Match cooperation to the potential for 
cross-border interaction

The form and extent of cooperation need 
not be the same across all shared aquifers 
or across different parts of the same aquifer. 
Where the potential for cross-border 
interaction is limited, joint assessment, 
monitoring, and data sharing may be sufficient. 
Where pumping has greater potential to 
affect groundwater users across the border, 
countries may need more direct coordination 
over groundwater abstraction and recharge. 
Political, legal, and institutional conditions will 
shape which arrangements are feasible.

3. Preserve spatial separation where feasible

Countries need not manage an entire aquifer 
as a single zone. Where intensive groundwater 
use remains away from the border, pumping 
setbacks, protected areas, or other zone-based 
measures can help maintain spatial separation 
and reduce the potential for cross-border 
impacts.

Final remarks

The boundaries of a shared aquifer do not nec-
essarily define the extent of the shared man-
agement problem. Cross-border interactions 
may be concentrated in particular areas, vary 
within the same aquifer, and change as ground-
water development expands. Legal, political, 

and institutional conditions remain central 
to transboundary groundwater cooperation. 
Geography adds another dimension by clarify-
ing where shared pressures may arise and how 
they can be managed. Effective governance 
should therefore consider not only which 
aquifers cross international borders, but where 
groundwater use may affect users across the 
border.
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