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TRANSBOUNDARY AQUIFERS
OF THE WORLD

Istanbul

“Aquifers do not cross the borders; they weretherebeforetheborders”
(Eszter Havasné Szilagyi, 1948 - 2008)

ABOUT THIS MAP

This map is about Transboundary Aquifers (TBAs). It shows the present state of informa-
tion regarding the occurrence and extent of TBAs world-wide. The intention of the map is
to provide a global overview of these important shared water resources and to encourage
their further assessment. The map is based on the most recent inventory results of many
active working groups around the world; details on the map preparation procedure are
availablein thesection ‘Map compilation and labelling” further on this page.

Globally, the vast majority of countries share (individual) aquifers (and/or aquifer systems)
with their nei Political, i ical, cultural and other differences among
countries make the assessment and the management of internationally shared aquifers
more difficult, compared with national ones. of

aquifers and a lack of coordinated management can lead to undeslred changes in ground-
water flow, level, volume and dissolved Therefore,

of transboundary aquifers is required to prevent or mitigate groundwater problems and to
improve the overall benefit from groundwater.

Cooperation and information exchange among aquifer-sharing States is a prerequisite for
appropriate TBA assessment and management. The knowled ge on transboundary aquifers
is still limited. Accordingly, individuals and organisations (national and international, gov-
ernmental and non-governmental) are welcome to provide comments and suggestions
about this map.

The back side of the map contains an overview of the main TBA aspects and the outline of
a general m is needed to guide a user
through the assessment steps, pointing out the specifics of various aquifer issues in the

I context. Additionally, it W|II5|mpI|fy among TBAs and encourage
the sharing of experiences gained els ewher: to the of a gen-
eral TBA assessment methodolo gy would also bevery much appreciated.

igrac

Developing aframework for closer bi-national cooperation

Regiol Americas
Countries: Mexico and the USA
Aquifers: SantaCruz (N12) & San Pedro (N13)

High urban growth rates, declining water tables,
contamination and an arid environment along the
US-Mexico border have made groundwater manage-
ment an emerging concern for policy-makers in both [ June 2008 bi-national field visit to
countries. In Mexico, groundwater is controlled at the | infiltration gallery in the dry bed of|
federal level. In the United States of Amerlca individual | the Santa Cruz River Sonora,
states establish the r I

groundwater use. As aresult, lhere is aneed forcoordl»

nation of additional study of bi-national aquifers .

Initiator: US Congress — Transboundary Aquifer Assessment Act of 2006
Activity: Four transboundary basins and their associated aquifers are identi-
fied for prioritized assessment among which Santa Cruz (12N) and
San Pedro (13N).
Initiator: US-Mexico Transboundary Aquifer Assessment Program (TAAP)
Activity Through TAAP proposals, water managers and scientists will be able
to work towards bi-national priority setting and engage in collabora-
tive end eavours.
Initiator: Internationally Shared Aquifer
Resources Management (ISARM)
Activity: The Arizona-Sonora portion of - .
the TAAP was recently desig- |* p-
nated an ISARM case study, pro- = £
viding important exposure for " .?b

regional transboundary aquifer
assessment and management | Locationsof Santa Crizand san Pedro
initiatives. Rivers within Arizonaand Sonora.

Source: Ms. Sharon Megdal, University of Arizona

TRANSBOUNDARY AQUIFER ACTIVITIES AT IGRAC

The assessment of global groundwater resources is one of the core activities of the Inter-
national Groundwater Resources Assessment Centre (IGRAC). Next to the assessment,
IGRAC - as UNESCO/WM O groundwater centre — facilitates and promotes global sharing
of information and knowledge. In both activities, transboundary aquifers take a promi-
nent place.

Transboundary aquifers activities at IGRAC are carried out in the framework of the ISARM
programme, an UNESCO-led multi-agency global initiative for identification, assessment
and sound of internat y-shared er resources. IGRAC partici-
pates in the ISARM Core Group and maintains the ISARM portal at www.isarm.net. How-
ever, the most prominent IGRAC transboundary activity so faris its contribu tion to ISARM
regional activities. Together with OAS (Organisation of American States) and UNESC O-IHP,
IGRAC has played a major role in the development of the first atlas of transboundary aqui-
fers of the Americas. Further on, IGRAC (in cooperation with UNESCO-IHP and SADC) as-
sisted in the delineation of transboundary aquifers in Southern Africa. Finally, together
with INWEB and UNESCO-IHP, IGRAC contributed to UNECE-led assessment of trans-
boundary aquifers in South East Europe.

In the framewo rk of the GEF (Global Environment Facility) IW LEARN project, IGRAC set up
an international forum on transboundary aquifers, compiled groundwater information
fromvarious GEF IW projects and conducted a workshop on transboundary aquifers at the
GEF IW conferencein Cape Town in 2007. At present, IGRAC is involved in the preparation
of several GEF transboundary aquifers projects.

IGRAC assisted the UN International Law Commission in preparing draft articles for the
first global legal agreement on transboundary groundwater. Furthermore, the centre has
been engaged in development of ISARM transboundary aquifers course material. The first
course on y aquifers was as a side-event of the 4" International

on Ti y Waters M (Thessaloniki, 2008). At the same
symposium IGRAC presented a paper discussing the hydrogeological aspect of a method-
ology for assessment of internationally -shared aquifers (see further on this page). IGRAC
presented a view on other, non-technical aspects of TBA assessment and management
during the 3" Conference on Management of Shared Aquifer Resources in Africa (Tripoli,
2008)

TRANSBOUNDARY AQUIFERS: MAIN ASPECTS

The ISARM framework document (UNESCO, 2001) distinguishes five aspects of trans-
boundary aquifers, namely . legal, and
environmental aspect. Obtaining a common view on the hydrogeclcglca\ situation
(meaning essentially aquifer extent and characteristics) is necessary for an assessment of
the socio-economical and environmental impact, which should eventually lead to institu-
tional arrangements and legal agreements.

Over the last few years, TBA projects and inventories have yielded valuable information
on particularly the aspect of tr aquifers. The produced re-
ports also contain valuable examples of innovative institutional arrangements, socio-

fr. and al impacts. During the same period, the UN In-
ternational Law Commission (ILC) prepared articles for the firstlaw of transboundary aqui-
fers.

Thanks to all of these efforts and gained knowledge, the main TBA aspects can be further
elaborated, shaping a general for the of tr y aquifers.
This methodology is needed to guide a user through the assessment steps, pointing out
the specifics of various aquifer aspects in the international context. Moreover, the meth-
odology should simplify comparison among TBAs and encourage the use of experiences
gained elsewhere. The following paragraphs provide an updated overview of the main
TBA aspects and the outline of general TBA guidelines.

Hydrogeo logy

From the hydrogeological point of view, there is no difference between internationally
shared and national aquifers. Yet, there is some difference between a national and inter-
national assessment of groundwater resources. The main difference s not technical (most
often the same techniques are used) but methodological, because some issues (such as
classification and data harmonisation) require more attention internationally than nation-
ally

The hydrogeological TBA assessment can be seen as a set of several major activities,
namely:

Delineation and d escription

Classification, diagnostic analysis and zoning

Data harmonisation and information management

The first two activities (delineation and description) can be clustered as ‘inventory’ or
‘characterisation’, depending on thestage and thescale of activities. In any case, delinea-
tion and description are primarily about collecting, combining and interpreting field infor-
mation. Delineation of aquifer geometry (lateral extent and depth) can be very challeng-

Frominventory to assessment and manage ment

Regio
Aquifers:

South Eastern Europe (SEE)
All aquifers in the region
(EB1 to EB65)

Transboundary aquifer resources play a
major rolein SEE as sources of freshwater.

UNESCO Chair and INWEB
at the Aristotle University of
Thessaloniki, in cooperation
with United Nation Eco-
nomic  Commission  for
Europe (UNECE).

Inven tory of transhoundary aquifers in the region

Initiator:

View on a karstic ringin the Dinaric region.

Activity:

Inventory identified 65 transboundary aquifers in the region, distinguishing two main
types: karst aquifers ranging from a few tens to hundreds of square kilometres and
alluvial aquifers with greater areal extent (up to some thousands of square kilome-
tres). In some countries transboundary karst groundwater covers between 60 and
100%of the total water use (e.g.in countries located in the Dinaric region), while for

alluvial er the ion varies from 15 to 70% (e.g. along
the river Danube). Karst aquifers and related ecosystems are highly vulnerable to
pollution from different pressure factors. That was one of the reasons for anewini-
tiative taken to improve assessment and management of these resources:

UNESCO and GEF
DIKTAS (Dinaric Karst Transboundary Aquifer System) project

Initiator:
Activity:
The project aims to develop a ble, integrated for
regional transboundary karst aquifers with the Dinaric Karst Aquifer System as a test
case. The project preparation phase started in September 2008 and will result in the
proposal for afull size project in September 2009.

Source: UNESCO/INWEB, 2007: http://www.inweb .gr
Source: D IKTAS Project 2009:: http://dinaric.iwlearn.org

ing in hydrogeologically complex formations. Additionally, aquifer-sharing states may
come up with various criteria, for instance . geological
or hydrogeological characteristics as a basis for delineation. The second activity
(description) includes both hydrogeological characteristics (recharge/discharge mecha-
nismand hydraulic properties) and anthropologic influences (such as abstraction and pol-
lution). This part of assessment (delineation and description) always contains some de-
gree of uncertainty.

The second group of activities (classification, diagnostic analysis and zoning) provides the
stakeholders with information necessary for decision-making, such as on problems that
may develop and opportunities that will be lost in the absence of coordinated groundwa-
ter resources p t and Further, the need to know
which aquifers are likely to be the most responsive ones to transboundary aquifer man-
agement, and which zon es within such aquifers should be targeted for the highest positive
impacts

Finally, data harmonis ation and information management are essentially technical ac tivi-
ties related to har of formats, ter , reference systems
and levels, software and hardware specifics, etc. Yet, internationally they are very much
determined by political, organisational, legal, cultural and economical differences. Be-
cause of this additional dimension and importance in the international context, data har-

and should beseen as apart of the TBA assessment
process. Moreover, thes e activities ask for intensive and substantial cooperation ; working
together on TBA assessment is the best opportunity for building trust and mutual under-

standing among theinvolved parties.
= Isarm

Environmental issues

The environmental aspect of transboundary aquifer management is increasingly consid-
ered important and has developed in parallel with the three dimensions of sustain ability:

In the first dimension, the environmental aspect is strongly connected with ground-
water resources dep letion and the dilemma of compromising the use for future gen-
erations. Aquifers are regarded as resource pools that need to be developed and
managed and groundwater is valued in its extractive, consumptive, and productive
form.

In the second dimension, the environmental aspect of transboundary aquifers is
associated with the fact that various ecosystems are groundwater dependent (eg

wetlands and river systems which are sustained through their baseflow). People
ge the role of services in life, as is the
case with the natural attenuation capacity of aquifers. Other aquifer functions like
storage, buffering, habitat and transport capacities are all crucial in ecosystem proc-
esses. In this context, groundwater is valued for its in-situ non-consumptive use. In a
transboundary context, it is easy to understand that large-scale interventions in the
environmentin one state may have large effects on the functioning of ecosystems in
neighbouring states. It implicates that in the delicate task of determining an optimal
and equitable gr allocation, the gr er demand of these ecological
functions should be taken into account and assigned a high priority. In other words,
which part of the groundwater flow is environ mentally committed?
In the third .the tal aspect of tr y aquifers is based
on an ethical and aesthetical motivation for the preservation of nature (including
water). Sometimes people value the non-use aspects of natural environments simply
for their existence. They consider it beautiful and feel the need to protectit (also for
future generations).

Ideally, an of tr y aquifers incorporates all these
dimensions. It analyzes where the environmental groundwater functions are located and
how we value them.

Socio-econo mic framework

From apurely economic persp ective, groundwater resources should be allocated in such a
way as to provide the highest return on investments. However, because of the essential
role of (ground)water in sustaining human life, social issues like equity and water rights
come into play. Accordingly, groundwater allocation for domestic water supply is normally
prioritized over allocation for food production and groundwater us e for food p roduction is
preferred over industrial use.

Access to and control over groundwater resources of one particular aquifer is often asym-
metrically distributed among the various users. Aquifer-sharing States should be prepared
to discuss the issue of a possible asymmetrical distribution.

Aquifers are diffusive in nature and hence effects of in the
aquifer at a particular location can migrate through the aquifer to other locations. For
example, a spillage of toxins may be transported to down-gradient locations with moving
groundwater. Hence, a groundwater user at location A may affect the groundwater avail-
ability and quality at location B. The first groundwater user is said to cause economic ex-
ternalities (like non-compensated extra pumping or treatment costs) inflicted upon users
atlocation B. When these locations arein different states, it becomes clear that the issue
of economic externalities has greatimportance in transboundary aquifer management.

Developing a proposal for tr y o r in Southern
Africa

Botswana

Region: Southern Africa
Countries: Botswana, Namibia and South Africa
Aquifer: Stampriet Kalahari/Karoo (AF13)

! south
b ks

The Stampriet Kalahari/Karoo Artesian Basin is situated in
arid and semi-arid parts of Southern Africa (Kalahari
Desert). Total aquifer area in Namibia, Botswana and
South Africa is estimated at 166 000 km?. The aquifer | Location ofpilot areas for
boundaries in Namibia have been determined by exten- [ assessmentin Southem Africa,
sive exploration drilling, while the exact extent of the
aquifer in the other two countries is less well known.
Groundwater is found in a multi-layered aquifer system composed of unconsolid ated
to semi-consolidated Kalahari sands and silts which are underlain by Karoo sand-
stones.

A conceptual model of the aquifer system is accepted by all countries involved, but
quantitative information about groundwater volume ann quality is scarce. Future
water demand, highly dep on the i in the re-
spective countries, is difficult to predict. At present, Namibia is the main user of
groundwater for stock watering, small urban water supplies and increasingly for irri-
gation purposes. In Botswana and South Africa, shallow groundwater is used by local
communities for drinking water and stock water supplies.

The major issue for all three countries is to obtain a proper understanding of the
resource potential of the aquifer and to establish a sound international water man-
agement policy.

Initiator: ISARM-SADC
Oran ge-Senqu River Basin Commission (ORASECOM)
Activity: InJuly 2007 adecision was taken to carry out a trilateral investigation

of the Stampriet Kalahari/Karoo Artesian Basin. Following a meeting
organized by UNESCO, adetailed project proposal related to two pilot
areas was prepared for an anticipated period of 4 years.

Source: Kirchner, J., 2008: Stampriet Kalahari/Karoo Aquifer Study along the Namibia-
Botswana-South Africa Boundary Area, Draft Project Proposal, SADC

Externalities are often indirect and hidden and it is therefore hard to determine who
caused them, and to what extent. Furthermore, it is often difficult if not impossible to
express externalities in monetary terms. For instance, how should drying of a wetland be
related to individual farmers when the groundwater table decline (causing the drying) is a
result of the of many small ? And further, how to valuate the
consequent loss of the wetland’s biodiversity?

Although hard to answer, these questions show that an inventory of groundwater use,
allocation, priorities, valuation and externalities should be astandard part of a TBA socio-
economic analysis.

Institu tional settings

[o] settings of g er range from state-planned manage-
ment to collective actions at grass-root level. The authorisation of these settings, regard-
less of their level, rarely cross es national borders.

ary ground water is an ongoing process of social
learning. It is generally recommended to start this process at a low-profile and low-risk
level, to learn by doing and subsequently using gained knowledge to tackle incrementally
more complex and sensitive issues. In each of these process phases, different institutional
instruments may be required.

may be reg y (like licensing, allocation and property right,
laws and binding agreement and policies), economic (subsidies, tradable groundwater use
and pollution rights, pricing of groundwater and electricity) or advisory (enabling access to
information, expertise, funding and creating awareness, trainings and non-binding agree-
ments).

There is no unique and sharply defined form an institutional structure should take to best
facilitate transboundary aquifer management. Nevertheless, it is clear that it needs to be
context-specific and based on the hydrogeological, socio-economic, political and cultural
aspects within the countries involved. Crucial for success of the institutionalisation is that
the process is bas ed on trust and mu tual ben efits.

It is often said that the large number and dispersed nature of groundwater users compli-
cate monitoring of groundwater use and rule compliance. Hence, because of this lack of

‘hard’ monitorin g possibilities, good er is primarily dependenton
the ‘soft’, non-binding influencing of the behaviour of those users. The same is true for
er and institutional arrangements. They will only

y
be effective as long as the people are willing to adhere to the rules. The TBA map on the
front pageis one of the means to rais e awareness and influence behaviour.

International legal framework

Legal agreements among aquifer-sharing States are usually a part of their institutional
arrangements. International laws, protocols and guidelines can be very instrumental in
specification of concrete legal agreements among two or more states that share aparticu-
lar aquifer. Despite an increased dependency on groundwater resources, transboundary
aquifers have received, until recently, little attention in international law. While regula-
tions for transboundary surface waters are quite well developed, this was -until recently-
not the case for transhoundary groundwater. However, there seems to be achange.

In 2003, in the framework of the ISARM legal aspect area, UNESCO-IHP set up a multi-
disciplinary ad-hoc group of experts to provide scientific and technical support to the UN
International Law Commission (ILC) on hydrogeology and transboundary aquifers issues.
The UN ILC is the UN body in charge of the codification and progressive development of
international law.

In 2002, the ILC had included the topic of “Shared Natural Resources” in its program. Be-
tween 2003 and 2008, ILC worked on theissue of transboundary aquifers with the techni-
cal and scientific support of the expert group and organisations such as UNESCO FAO,
UNECE, UNEP and GEF, IGRAC, |AH, Organization of American States (OAS), French-Swiss
Geneva Aquifer Authority and Guarani Aquifer System Project.

Atits 60™ session (M ay-July 2008) the UN ILC adopted at second reading afull set of draft
articles on the law of transboundary aquifers, including a preamble and commentary. The
draft articles are intended to offer States a framework for their agreements on trans-
boundary aqulfers They are divided into four parts: 1) introduction, 2 general principles,
3) and and 4) miscellaneous provisions. The text is
availablein all UN languages at http://untreaty.un.org/ilc /reports /2008/2008report.htm.

The ILC transmitted the draft articles to the UN General Assembly with the following rec-
ommendation:

To adopt a resolution taking note of the draft articles on the law of transboundary
aquifers and to annex these articles to the resolution;

To to States to make bilateral or regional ar-
rangements for the proper management of their transboundary aquifers on the
basis of the principles enunciated in thes e articles;

To consider, at a later stage, the elaboration of a convention on the basis of the
draft articles.

The UN General Assembly adopted on 11 December 2008 the Resolution A/RES/63/124
on the law of transboundary aquifers.

Monitoring for environmental protection

Region: East Asia
Countries: Chinaand Russia
Aquifer: Heilongjian g (AS24)

The total area of Middle Heilongjiang-Amur
river basin amounts to 100 000 km? The Chi-
nesepart, called the Sanjiang plain, has an area
of 45 000 km? while the Russian part covers

55 000 km?. The basin is an important €co- | ¢ cvion of e Middle Helongjang-
nomic region for both Northeast China and the | amur river basin.

Far East of Russia. The basin has extensive ag-
uifers, containing good quality groundwater.
Groundwater of this basin is the primary resource for drinking water and irrigation in
the area for both countries. For example, Kiamusze City in China and Khahalovsk City
in Russia depend on gr er supplies. The g n Middle i
Amur river basin is found inalarge aqulfersystem built up ofunconsolldated Quater—
nary rocks and older consolidated rocks. Groundwater flow pattern in the basin is
shown in theFigure.

Initiator:
Activity:

Chinese and Russian governments
Joint monito ring programme

The groundwater resources of Heilongjiang-Amur river basin were evaluated by each
country separately, according to their own national standards and methods. So far,
the groundwater recharge of the whole basin and the groundwater discharge includ-
ing withdrawal are in a balance. Itis estimated that the runoff flux across the bound-
ary and flowing from Chinato Russiais about 1.52 x 108 m3/a.

The Chinese government has been working on protection of water resources in the
Songhua and Heilong River, and has also established relevant programs for pollution
control. Following high level meetings, China and Russia appointed responsible de-
partments for monitoring. The joint monitoring of transboundary waters of Chinaand
Russia has laid down a solid foundation for the cooperation in environmental protec-
tion between both countries.

Source: Zeisheng, H. et al..2006: Transboundary Aquifers in Asia with Special Empha-
sis to China, UNESCO.

MAP COMPILATION AND LABELLING

The map presented here brings together information provided by various organisa-
tions and projects dealing with transboundary aquifer assessment and/or manage-
ment at regional and continental scales (direct information sources used for the map
aregiven in thetable below).

The guiding principle during the compilation of this TBA map was to stay as close as
possible to the information provided by the original sources, while presenting the
information

as appropriately as possible for the chosen scale of the map (1 : 50 000 000). Accord-
ingly, a few aquifer boundaries were adjusted (simplified) and small aquifers are rep-
resented by a symbol instead of exact boundaries.

The TBA map shows aquifer extent (if known), for aquifers with an area larger than
6000 km?. Smaller aquifers are represented with squares. If the exact aquifer bounda-
ries are known and acknowledged by all sharing countries they are delineated with
solid red lines. If not, they are delineated with dashed red lines.

Quite limited information is available on extent of TBAs for some parts of Europeand
Asia Small (filled or half-filled) circled are used to depict aquifers whose extent s not
known. A filled circle represents an aquifer whose occurrence is confirmed by al
countries involved; if an aquifer is not recognised by all countries, it is depicted by a
half-filled circle.

Information sources

Region Source Region Code
World WHYM AP (2006) n/a
The Americas UNESCO (2007) N,C,CB &S
Europe UNECE (1999) EU
South Eastern Europe INWEB (2009), UNECE (1999, 2007) EB
Caucasus UNECE (2007) AS
Asia ISARM- Asia/UNESCO (2006) AS
Arabian Peninsula UNESCO/ACSAD (1988) AS
Africa ISARM- Africa/UNESCO (2004) AF
Southern Africa ISARM-SADC (2007) AF
Northern Africa
- lullemeden OSS/UNEP /G EF (2008a) AF
- North-Western OSS/UNEP /G EF (2008b) AF

Sahara
- Nubian Sandstone IAEA/UNDP/GEF (2007) AF
- Mediterranean Africa IEMED/CIDOB (2008) AF

The superimposed aquifers in the Americas are represented by triangles. Someinfor-
mation was available about superimposed aquifers in Europe as well, but (unlike for
the Americas) not on the original source map (UNECE, 1999). Following the guiding
principle, no superposition is shown for the aquifers in Europe. For thesame reason,
two cases of an aquifer in Europe represented by two almost adjacent circles (i.e.
locations) in the original map are depicted in the same way on this map.

All aquifers on the map are presented with alabel. For the aquifers of the Americas,
labels are exactly the same as used by the Organization of American States (OAS). For
the other continents, a code was created by putting together two letters to id entify
the continent or region and a number to identify the aquifer itself. The numbering
sequences resemble as closely as possible numbering in the source materials. The
numbering sequence in Asia and the Caucasus, for example, start with the CACENA
numbers of the Caucasus, followed by China's TBAs, the Arab TBAs and the other
Asian TBAs. In Africa, the numbering starts with the IGRAC numbers for Southern
Africa (2005), followed by the rest of Africa. Because of this numbering principle, gaps
may exist in the numbering sequences as the numbers of aquifers which occur in
different sources It lete when th ar
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Disclaimer

Any designation employed and the presentation of material throughout this publication
do not imply the expression of any opinion whatsoever on the part of IGRAC, UNESCO or
'WMO concerning the legal status of any country, territory, city or area, nor of its authori-
ties and sovereignty on its territory and natural resources, and delineation of its frontiers
or boundaries. Furthermore, the location and boundaries of several transboundary aqui-
fers have not yet been confirmed by representatives of all countries involved. In such
cases, an effort was made to indicate on the map the corresponding provisional status.
Neither TNO nor Deltares can be held responsible or liable in any way whatsoever in con-
nection with this map.
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G AT A TG COuTe: TypETATEATRITZT
TS Choco-Dan Tolombia Panama
25 Tachira Pamplonita Colombia, Venezuela 1 80
35 laGudjira Colombia, Venezuela 2
45 Grupo Rorima Brazil, Guyana, Ven ezuela 70 000
55 Boa Vista-Serra de Tucano-North Savanna Brazil, Guyana 1 2400
65 zanderij French Guiana, Guyana, Suriname 1
75 Coesewijne Guyana, Suriname 1
85 Asand/B-sand Guyana, Suriname 1
95 Costeiro Brazil, French Guiana 27000
105 Tulcén-Ipiales Colombia, Ecuador 142
115 Zarumilla Ecuador, Peru 1 920
125 Puyango-Tumbes-ChiraCatam ayo Ecuador, Peru 14243
135 Amazonas Bolivia, reil Colombla, Exuador, Pen, Vene- 1 3950000
2wela
145 Titicaca Bolivia, Chile, Peru 142 120000
155 Pantanal Bolivia, Brazil, Paraguay 1 134000
165 Agua Dulce Bolivia, Paraguay 1 3000
175 Ollagiie-Pastos Grand es Bolivia, Chile 2 4350
185 Concordia/Escritos-Caplina Chile, Peru 1 1600
195 Aquidauana-Aquidaban Brazil, Paragu ay 1 2700
205 Caiua/Bauru-Acaray Brazil, Paragu ay 1 300000
215 Guarani Argentina, Brazil, Paraguay, Urugu ay 142 1200000
225 Serra Geral Argentina, Brazil, Paraguay, Urugu ay 2 540000
235 Literéneo-Chuy Brazil, Unuguay 1 41000
245 Permo-Carbonifero Brazil, Unuguay 1 41000
255 Litoral Cretécico Argentina, Uniguay 1 40000
265 Salto-Salto Chico Argentina, Unuguay 1 3200
275 Punefios Argentina, Bolivia 1 16000
285 Yrenda Toba-Tarijefio Argentina, Bolivia, Paragu ay 1 600000
295 €l Condor-Caiadon del Condor Argentina, Chile 1 54%
N Abbotsford-Sumas Canada, United States 1 100
2N Okanagan-Osoyoos Canada, United States 1 25
3N Grand Forks Canada, United States 1 34
4N Poplar Canada, United States
5N Estevan Canada, United States 1 280
6N Northem Great Plains Canada, United States 142 500000
7N Chéteauguay Canada, United States 142 2500
8N San Diego-Tijuana Mexico, United States T
9N CuencaBzja del Rio Colorado Mexico, United States 1
10N Sonoyta:P 4pagos Mexico, United States 1
1IN Nogales Mexico, United States 142
12N SantaCruz Mexico, United States 142
13N San Pedro Mexico, United States 1
14N Conejos Médanos-Bols6n de la Mesila  Mexico, United States 1 1000
15N Bolson del Hueco-Valle de Judrez Mexico, United States 1 8000
16N Edwards-Trinity-6l Burro Mexico, United States 2 >70000
17N CuencaBajadel Rio Bravo / Grande Mexico, United States 1
1CB Masacre Dominican Republic, Haiti 142 2280
208 Artibonito Dominican Republic, Haiti 142 9780
3B Los Lagos Dominican Republic, Haiti 142 52300
4CB Pedem ales Dominican Republic, Haiti 2 250
1C Soconusco-Suchiate/Coatin Guatemala, Mexico 14243
2C_Chicomuselo-Selequa/Cuilco Guatemala, Mexico 1243
G AT A TG COuTe: TypETATEATRITZT
3COcosingo-Usumacinta-Pocom-Txcan Guatemala, Mexco
4C Mérquez de Comillas- meny/)(ac\bal Guatemala, Mexico 142
5C Boca del Cermo-San P Guatemala, Mexico 2
6C LaTrnitaria:N enton Guatemala, Mexico 142
7C  Peninsula de Yucatén-Candelaria-Hondo  Belize, Guatemala, Mexico 2
8C Mopén-Belice Belize, Guatemala 142 4910
9 PusilaMoho Belize, Guatemala 142 644
10C Sarstin Guatemala, B elice 12 52109
11C Temash Guatemala, B elice 142 69
12C Motagua Guatemala, Honduras 142
13C Chiquimula - Copén Ruinas Guatemala, Honduras 2
14C Esquipulas-OcotepequeCitala 1 Salvador, Guatemala, Honduras 102
15C OstuaMetapan El Salvador, Guatemala 102
16C Rio Paz €l Salvador, Guatemala 1
17 Estero Real Rio Nego Honduras, Nicaragua 102
18C Sixaola CostaRica, Panama 142
AFL Kagera Aquifer Uganda, United R epublic of Tanzania 1 5600
AF2 Kilimanjaro Aquifer Kenya, United Republic of Tanzania 2 14500
AF3 Coastal Sedimen tary Basin 1 Kenya, United Republic of Tanzania 42 2290
AF4 Coastal Sedimen tary Basin 2 Angola, Democratic Republic of the Congo 142 5500
AF5 Congo Intracratonic Basin Angola, Democratic Republic of the Congo 142 211000
AFSKaroo Sandstone Aquifer Mozambique, United Republic of Tanzania 1 1320
AFT Coastal Sedimen tary Basin 3 Mozambique, United Republic of Tanzania 1 2300
AF8 Coastal Sedimen tary Basin 4 Angola, Namibia 1 1400
AF9 Northem Kalahari / Karoo Basin Angola, Botswana, Namibia, Zambia 142 143800
AFL0 Nata Karoo Sub-basin Angola, Botswana, Namibia, Zambia, Zimbabwe 142 91 000
AFL1 Medium Zambezi Aquifer Mozambique, Zambia, Zimbabwe 243 125000
AF12. Shire Valley Aquifer Malawi, Mozambique 1 5200
AFL3 South-east Kalahari / Karoo Basin Botswana, Namibia, South Africa 1 166200
AF14 Ramotswa Dolomite Basin Botswana, South Affica 2 6800
AFLS Tuli Karoo Sub-basin Botswana, South Africa, Zimbabwe 2 1420
ARG Limpopo Basin Mozambique, South Africa, Zimbabwe 142 20000
AFLT Coastal Sedimentary Basin 5 Namibia, South Africa 1 800
AF18 Karoo Sedimentary Aquifer Lesotho, South Africa 1 120300
AFL9. Rhyolite-Breccia Aquifer Mozambique, Swaziland 2 4900
AF20 Cuvelai and Etosha Basin Angola, Namibia 205000
AF21 Tindouf Aquifer Algeria, Morocco 142
AF22 Errachidia Basin Algeria, Morocco 142
AF23 Norest Sahara Aquiter System Algeria, Libyan Arab Jam ahiriya, Tunisia #2103 000
AF24 Mourzouk-Djado Basin Chad, Lybia, Tunesia
AF25 Nubian Sandstone Aquifer System (NSAS) Chad, Egypt, Libyan Arab Jamahiriya, Sudan 142 2175838
AF26 Senegalo-Mauretanian Basin Gambia, Guinea-Bissau, Mauritania, Senegal, 114000
AF27 Taoudeni Basin Algeria, Mali, Mauritania 500000
AF28 1At Crystalline Aquifer Algeri a, Mali, Niger 3
AF29 Tin-Sérifine Basin Algeri a, Niger 45 000
AF30 Liptako-Gou ma Aquifer Burkina Faso, Niger 3
AF31 Itazerdullemed en Basin Algeri a, Benin, Mali, Niger, Nigeria 525000
AF32 Lake Chad Basin Chad, Niger,Central Aftican Republic, Nigeria, 1 1000000
Cameroon
AF33 Tano Basin Ghana, Cote d'lvoire 102
AF34 Keita Basin Benin, Nigeria, Togo 142
G AT A TG COuTTe: TypETATEATRIZT
F35 Upper Nile Basin Tihiopra. Sudan
AF36 Awash Valley Aquifer Diibouti, Ethiopia
AFT Rift Aquifers Kenya, Tanzania, Uganda 243
AF38 Ogaden-Juba Aquifer Ethiopia, Somalia 142
AF39 Mount Elgon Aquifer Kenya, Uganda 2
AF40 Merti Aquifer Kenya, Somalia 1
AF41 Atlas Mountains Transboundary aquifers  Algeria, Morocco 142
ASL Osh Aravoij yrgyzs tan, Uzbekistan 1
AS2 AlmoeVorzin Kyrgyzs tan, Uzbekistan
AS3 Moiansuv Kyrgyzs tan, Uzbekistan 1 1760
AS4 sokh Kyrgyzs tan, Uzbekistan
AS5 Alazan-Agrichays ki Azerbaijan, Georgia 1 3050
AS6 samurski] Azetbaijan, Russia 1 2900
AST Lower and Middle Arazs kij Azerbaijan, Iran (1slamic Republicof) 1 1480
AS8 Pretashkent Kazakhstan, Uzbekistan 1 2000
AS9 Chu Basin Kazakhstan, Kyrgyzstan 1
AS10 Pambak-Deb ed Amenia, Georgia 1
ASLL Agsty-Tabuchskij Amenia, Azerbaijan 500
ASL2 Birata- Urgench Turkm enistan, Uzbekistan 1 60000
AS13 Karotog Tajkistan, Uzb ekistan 328
AS14 Dalverzin Tajikistan, Uzb ekistan
ASL5 Zafo roboi Tajikistan, Uzb ekistan
ASL6 Zeravsan Tajikistan, Uzb ekistan 88
ASL7 SaleptaBatkin-Nai-icfor (Syr Kyrgyzs tan, Tajikistan 891
AS18 Chhatkalo Kumanskij Kazakhstan, Uzbekistan 1 2000
AS21 Ertix River Plain China, Kazakhstan 1 516754
AS22 Tach eng Basin China, Kazakhstan 11721
AS23 1l River Valley China, Kazakhstan 1 53000
AS24 Middle Heilongjian-Amur River Basin  China, Russa 1 100000
AS25 Yalu River Valley China, Democratic People's Republic of Korea 2 11210
AS26 Nu River Vall Buma, China 2 35477
AS27 Upriver of Zuo River China, Viet Nam 2 2207
AS28 Beilun River Basin China, Viet Nam 2 530170
ASST EXIX River Plain Kazakhstan, RUSsia T 20000
AS32 West Altai Kazakhstan, Russia 142 40000
AS34 Yenisel upstream Mongolia, Russia 142 60000
AS37 India River plain India, Pakistan 1 560000
AS38 Southem of Himalayas India, Nepal 1 6500
AS39 Ganges River plain Bangladesh, Bhutan, Burma, India 1 300000
AS40 South Buma Buma, Thailanc 2 53000
ASA1 Mekong River plain Gambodia, Lao People's Democratc Republic 1 220000
Thailand, Viet
AS42 New Guinea Island Indonesia, Papua New Guinea 2 870000
AS51 Upper Jezira / Mesopotamia Iraq, Syt a, Turkey 142 100000
AS52 Eastem Mediterranean Israel, Jord an, Lebanon, Palestinian Territory, 14243 48000
AS53 Hauran and Jabal Al-Arab Jordan, Saudi Arabia, Syfia 2 15000

O AqUITeT A T Coume: TypETATEATRITZT
57 Paleogen e and Cretac eous aquiters Tordan, Saudi Arbia T+
AS55 Paleogen e Aquifer Bahrain, Irag, Jordan, Kuwait, Oman, Qatar, Saudi ~ 1+2 2138251
A.am%snygmm ‘Arab Republic. Untied Afeb Emir-
EB1 Dragonja Crodtia, Slovenia 2 119
B2 Mimaistra Croatia, Slovenia 2 214
E83 Opatija Croatia, Slovenia 2 >302
B4 Rijeka Croatia, Slovenia 2 460
E85 Kupa Croatia, Slovenia 2 375
€86 Zumberak Croatia, Slovenia 2 185
87 Sava Croatia, Slovenia 1 58
88 Sutla Croatia, Slovenia 1 192
EB9 Dolinsko-Ravensko/Mura Croatia, Slovenia 1 449
EB10 Mura Croatia, Hungary 1 >300
EB11 Drava Croatia, Hungary 1 359
EB12 Baranja Croatia, Hungary 1 1562
EB13 West Serbia Croatia, Serbia 1 52672
814 Sava Bosniaand Herzegovina, Croatia 1 646
EB15 Kupa Bosniaand Herzegovina, Croatia 2 452
EB16 Una Bosniaand Herzegovina, Croatia 2 1700
EB17 Kika Bosnia and Herzegovina, Croatia 2 499
EB18 Cetina Bosniaand Herzegovina, Croatia 2 3237
EB19 Neretwa Bosniaand Herzegovina, Croatia 2 2082
EB20 Dubrownik Bosniaand Herzegovina, Croatia 2 52242
EB21 Karst-Monten egro Bosnia and Herzegovina, Monten egro 2 >1000
€822 Dinaric karst West coast Croatia, Montenegro 2 >200
€823 Dinaric karst East coast/ Skad ar Lake Albania, Montenegro 2 650
€824 Beli Diim Albania, Setbia 2 1170
EB25 Metohija Montenegro, Serbia 1 >1000
EB26 Lim Montenegro, Serbia 2 >700
EB27 Tara massif Bosnia and Herzegovina, Serbia 2 310
EB28 MacvaSemberija Bosnia and Herzegovina, Serbia 1 >1217
€829 Backa Croatia, Hungary, Serbia 1 13565
€830 Banat Romania, Setbia 1 19964
EB31 Miroc & Golubac Romania, Setbia 2 300
E832 Dacian basin Romania, Setbia 1 >1000
€833 Timok Alluvium/Bregovo Novo Bulgaria, Romania 1 337
EB34 Nishava & Tran Karst Zem en Bulgaria, Serbia 2 872
€835 Fluvial and Glacial Sediments in the Opava Bulgaria, Sebia 2 85
River Catchm. Area
EB36 Zemen Bulgaria, Serbia 2 200
€837 FYROM-SW Serbia Setbia, Former Yugoslav Republic of Macedonia 2 300
€838 FROM-Central Serbia Setbia, Former Yugoslav Republic of Macedonia 1 >100
E839. Tetovo-Gos tivar Serbia, Former Yugoslav Republic of Macedonia 2 100
EB40 Bistra-Stogovo Albania. Fommer Yugostas Republc o Mace- 2 >140
jonia
E841 lablanica Albania, Fommer Yugoslav Republic of Mace- 2 370
jonia
€842 Ohrid Lake Albania, Former Yugoslav Republic o Mace- 2
jonia
€843 Vjosa/ Pogoni Albania, Greece 2 900
E844 Mourgana Albania, Greece 2 640
€845 Prespes Lakes Albania, Greece, Former Yugoslav Republic of 2 1180
Macedonia
EB46 Galicica Albania, Greece 2
O AqUITeT A T Coume: TypETATEATRITZT
TBa7 PelagonT Greece, Form er YU gosTay Republic of Macedona T 50
EB48 Gevgelija/AxiosVardar Greece, Form er Yu goslav Republic of Macedonia 1
EB49 Dojran Lake Greece, Form er Yu goslav Republic of Macedonia 1 280
EB50 Sandansky-Petrich Bulgaria, Greece, Former Yugoslav Republic of 1 >764
Macedonia
EBS1 Gowze Delchew / Agistio-Onvilo Bulgaria, Greece 2 356
EB52 Nastan-Trigrad Bulgaria, Greece 2 5203
EB53 Smolyan Bulgaria, Greece 2 94
E854 Rudozem Bulgaria, Greece 2 >80
EBS5 EmaReka Bulgaria, Greece 2 40
EBS6 Svilegrad/Orestiada Bulgaria, Greece, Turkey 1 1415
EB57 Evros/Meric Greece, Turkey 1 52000
€858 Topolovgrad karst waterb earing massif  Bulgaria, Turkey 2 4000
EB59 Malko Tamovo kasrt waterbearing massif Bulgaria, Turkey 2 52000
EB6O Upper Pleistocenesomes alluvial fan Hungary, Romania 1 6519
EB61 Lower Pleistocene Mures alluvial fan  Hungary, Romania 1 5000
EB62 Lower Pleistocene somes alluvial fan  Hungary, Romania 1 235%
EB63 Middle Sammatian Pontian Republic of Moldova, Romania 1 >11964
EB64 Sar atian Bulgaria, Romania 1 662
EB65 Upper Ju rassic-Lower Cretaceous Bulgaria, Romania 1 2693
EUL Lainsitz-Trebon pan Austria, Czech Republic 1 609
B2 Bayrisch-Oberosterr. Molassebecken  Austiia, Gem any 2 6800
EUZ Seewink / Hansag Austiia, Slovakia 1300
Bt Raabnitzainit Strem Pinka Ta / Orség  Austia, Hungary 1 860
EUS Glinz-Rabnitz-Ivka Tal / Alpokalja Austria, Hungary 445
EUS Fertd / Neusiedler Austria, Hungary 102 >200
EU7 Unters Murtal / Prekomursko Polje Austria, Slovenia 623
EUB Hard Rock Belgium, France 3
B9 Schelde Basin Aquifer Sys tem Belgium, Nethedands 1 >200
EUL0 Roerdal Slenk System Belgium, Nethedands 1 373
EULL Hard Rock Belgium, Nethedands 2
EU12 Bug Belarus, Poland
EUL3 Q.PG24PQ3,Cr2 AL Belaus, Ukraine 12 31100
EU3L Cheb Pan Czech Republic, Germany 1 315
EU32 Decinsky Sn eznik Dolni Kimeniceand  Czech Republic, Gemnany 1 299
Krimice Cretaceous
EU33 Upper Ploucnice Cretac eous Czech Republic, Germany 1 >787
EU34 Miocene Sediments of Zitava Pan Czech Republic, Germany, Poland 1 >16
EU35 Glaciofluvial Sediments in Frydlant Off-  Czech Republic, Poland 1 5123
spur
€36  Polce Pan and HronovPorici Creaccous Caech Republic, Poland 1 256
EU37 Kralik Ramp Czech Republic, Paland 1 60
38 G Sedimen's ofZulovHilly Caunty - Caech Republic, Paand 1 >150
Zlata Hora Mouni
£U39 emw Sediments orzumv Hilly Country  Czech Republic, Paland 1 45
and Zlata Ho ra Mountain
140 Fluvia nd Clacial Sedments i the Opava Czech Republic, Poland 1 s1a49
River Catchm.
EU41 Fluvial Sediments in the Thaya River Czech Republic, Slovakia 1 s1418
Catch. Area / Alluvium of Morava
EU42 Silurian-Ordovician Layer Estonia, Lania, Russia 1 >11000
EU43 RibeFormation / Braunkohlensande  Denmark, Germ any 1 58000
EU44 Sediments of Quatem ary and Pliocene  France, Gem: 1 51680
EU45_Oberth eingraben Mitte/Sud France, Gemn y‘ switzerland 1 >1700
O AqUTeT A T Coume: TypETATEATRITZT
TUZ6 Venlo-Krefeld Aquiter Cermany, Neth e ands T 3375
EU47 North-Germ any/Neth erl ands mmany, Neth erlands >12 750
EUAB. Lusatian Neisse (ffom the border of county Germany, Poland 6071
mouth of river Oder) /
Pomeranian Region
EU49 Hochrhein Gemnany, Switzerl and 10 >500
EUSO Stigetksz / Zitnj Ostiov Hungary, Slovakia 1 213
EUS1 Transdanubian / Alluvium of Danube  Hungary, Slovakia 102 1071
EUS2 Ipoly Vlgy / Aluvium of Ipel Hungary, Slovakia 1 854
EUS3 Karancs-Medves / Alluviumof Sland  Hungary, Slovakia 1 698
EUS4 Aggteleki Karszt / Alluvium ofBodvaand ~ Hungary, Slovakia 102 766
Slovak Karst
EUSS Hemdd Volgy / Alluvium of Homad Hungary, Slovakia 1 256
EUS6 Ronyva Vgy-Bod rogksz / Medzibodrozie  Hungary, Slovakia 102 698
and Alluvium of Rodava
EUB1 Orség Hungary, Slovenia 650
EUB3 Stipinai Lania, Lithuznia 15 200
EUB4 Upper P emian-Famennian Laia, Lithuznia 17 060
EUBS KatlsiPlinis / Suoscsupisd sos- Laia Litwuania 41600
los
EUSG Sven toji-Arunula / Sventosios-Upninky  Latvia, Lithuznia 56677
EUS7 Upper Cretaceous Lithuania, Russia >7 800
EUBB. Shallow Groundwater Q) (/1) Qall,N K2 Republic of Mokdova, Ukrzine 1 a3
EU70 Badenian-Sam atian (/3) Republic of Moldova, Ukraine 520 500
EU71 Silurian-Cretaceous (/4) Republic of Moldova, Romania >20 000
EU72 Lublin-Podasie Region Poland, Ukraine 18022
EU73 Mazursko-Podlashi Region Lithuznia. Poland, Russia >7 000
EU74 Mesozoic of West Tatraand adjacent  Poland, Slovakia 102 45
Crystalline
EU75 Mesozoic of Belianske Tatry and Adjacent Poland, Slovakia 102 >89
Crystalline
EU76 Alluvium of Poprad Poland, Slovakia 1 >34
EU78 Mirensko-V rtojbensko Polje taly, Slovenia 1 23
EU79 Q.Pg3,Cr2,N1Pg2,Crl C.DPE Russia, Ukraine 102 >800
EUBO QN1-2,P2-3Cr2 Romania, Ukrine >6 000
EUST Gl N P2 Slovakia, UKFaine 23
82 Nave de Haver/ Cludad Rodiigo- Portugal, Spain 2072
Salamanca (U.H.
EUB3 Toulbes / Mme,a(u. H03-13) Portugal, Spain 305
EUB4 Mioplioguatenario de Elvas C ampo Portugal, Spain 531
Maior / Vegas Bajas (U, H04-09)
EUBS Mourdo-Ficalho Portugal, Spain 2 >170
EUB6  Alluvdes do Minho / Aluvial del Bajo Mifio Portugal, Spain 1 57
(UH.01.26
EUB7 Veiga de Vilarelho daRaia Portugal, Spain 1 %5
EUBB Nappe du Genevois France, Switzeland 525
EUBY_Karstic Limestone Ifand, Lt Kinglom 12 >1600

T QU Upe: & menTone n e Tere g e by ONECO” T
reas as mentioned in the literature in km. The >sign inbicates that me aquifer's area is known for some, but not
al\ of the countries involved. It therefore represents aminimum aquifer area.
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