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e FOREWORD

In recent years, water security for humanity and the natural environment has
taken centre stage in much of the dialogue on international policy. Governments
have reaffirmed the need for coordinated actions to protect vulnerable popu-
lations, and the natural environment that they rely on, including the sustainable
use of water in aquifers.

International agencies working with national and regional organizations have
highlighted the fact that many natural resources occur in transboundary con-
texts and that for the sound management of these resources, cooperation
between countries is paramount. Governments have participated in the UNESCO
led initiative on International Shared (transboundary) Aquifer Resources Mana-
gement (ISARM), forming part of the International Hydrological Programme
(IHP). The ISARM initiative, which has been operational since 2003, also bene-
fits from close cooperation with the International Association of Hydrogeologists
(IAH), with the Organization of American States (OAS), with other regional and
international institutions, as well as with UN organizations such as the Food and
Agriculture Organization (FAO) and the UN Economic Commission for Europe
(UNECE), to name but a few.

One of the objectives of the ISARM Programme from the outset was to conduct
a global inventory of transboundary aquifers. It is with pleasure that | am able to
report that this objective has been substantially achieved and that the compi-
lation included in this volume is the state of knowledge in 2009. Since the sci-
entific surveys of national hydrogeologies, and associated with it the continued
work on water resources assessment, are still progressing in many of the
Member States, this Atlas will serve to give impetus and encourage continuation
of the work of the global inventory, within the scope of IHP’s Seventh phase,
ending in 2013. The Atlas also provides a factual backdrop to the recent Reso-
lution of the UN General Assembly on the Law of Transboundary Aquifers and
| have pleasure in commending this volume to the Member States.

Sono

Andras Széll6si-Nagy

The Deputy Assistant Director General
for Natural Sciences

Secretary of the International
Hydrological Programme

UNESCO






—mmmm PREFACE

It was in The Hague Ministerial Declaration (March 2000) on Water Security in
the 21st century, that the concern for the recognition of transboundary water
resource management received its biggest hearing. In the preceding decade sci-
entist working on water resources management had begun to note that since
freshwater resources ‘know of no man made boundaries’, countries would need
to cooperate for sustainably sharing these resources.

The World Water Assessment Programme, led by UNESCO and supported by 26 UN
Agencies commenced work in 2003, having, by March 2009 published three com-
prehensive reports, all noting the lack of data and information, on transboundary
aquifers, in particular maps. At the International Association of Hydrogeologists
(IAH) Congress of 1997, held in Nottingham in the UK, the concern was raised
that transboundary aquifer resources, a ‘hidden’ treasure, was being neglected,
while countries of the arid and hyper-arid regions, who rely to a significant extent
on transboundary aquifers, were seeking means to improve their scientific and
technological cooperation and to adapt to water shortages as the demand
increased. Concurrently, in the UN Economic Commission for Europe’s pro-
gramme of cooperation among Member States, an initiative took shape, in the
form of an assessment of all transboundary water resources. Here, the already
adopted regional Convention on Transboundary Water Courses is in effect, and
this was further reinforced by the European Union’s Water Framework Directive,
a binding instrument for its Member States, allowing an inventory of trans-
boundary aquifers of Europe to be initiated.

In the course of these developments the IAH established a Commission on Trans-
boundary Aquifer Resources Management (TARM) in 1998, forming a core group
to engage with international agencies and regional cooperation organisations.
In particular the IAH TARM Commission sought cooperation with the UNESCO
International Hydrological Programme, and through its good offices a regional
conference was convened in Tripoli in 1999 to provide a science-based assess-
ment of regionally extensive aquifers that lie across several countries. The
scientists gathered for the Tripoli Conference concluded with a Statement
(Appendix VI) that called on governments and concerned organisations to launch
a programme to assess the situation worldwide and to develop all means for inter-
national cooperation on this issue.

This call was answered by UNESCO. At the 14th Session of UNESCO Inter-
national Hydrological Programme’s Intergovernmental Council (June, 2000),
Resolution XIV.N12 (Appendix Il) was adopted, requesting the IHP Secretariat to
both establish an initiative on transboundary aquifers covering assessment
and documentation, and facilitate collaboration between countries. In response,
UNESCO International Hydrological Programme (UNESCO-IHP) launched
the ISARM Project with the support of the IAH. UNESCO-IHP established an



international expert group to prepare a Framework Document (UNESCO, 2001),
setting out a six year programme which, in 2008, culminated in a global assess-
ment of transboundary aquifers that is offered in this volume.

The ISARM Framework Document (UNESCO, 2000) has since then been the oper-
ational tool for promoting a wide ranging programme, including the compilation
of regional inventories of transboundary aquifers.

While the present atlas serves to provide reference information, it also demon-
strates the outcome of successful cooperation among countries in together
compiling joint interpretations of their hydrogeological information. Due to the
cooperation of partners such as the Organization of American States (OAS) it
was possible to establish the ISARM of the Americas initiative and achieve a
complete assessment of the transboundary aquifers in the region.

The atlas presented here is an overview of the detailed data and information that
have been compiled by many networks of scientists through the good auspices
of the IHP’s National Committees and the UNESCO Regional Offices. An exten-
sive series of meetings have been held in all of the regions where experts were
gathered together to compile the data, which has been processed through
the support of the International Groundwater Resources Assessment Centre
(IGRAC), a centre established under the auspices of UNESCO and WMO. Apart
from providing much needed reference material, the present atlas is considered
to be a dynamic tool to be updated as more information becomes available
through the continued participation of the various countries involved.

One of achievement of the UNESCO ISARM programme is the cooperation estab-
lished since the year 2003 with the United Nations International Law Commission
(UNILC). The UN International Law Commission (UNILC) had embarked upon an
evaluation of the laws concerning ‘shared natural resources’ of which ground-
water resources were considered to be one such. The ILC appointed a Special
Rapporteur, Ambassador Chusei Yamada, to whom the ISARM Initiative’s par-
ticipants provided scientific support. Between 2003 and 2008, the Special Rap-
porteur submitted five Reports and three Addenda, containing the elements of
legal Articles that could cover the rules for joint management of transboundary
aquifers. In December 2008, the UN General Assembly resolved to take note of
these Articles and to recommend to UN Member States to make appropriate
bilateral or regional arrangement for the proper management of their trans-
boundary aquifers on the basis of the principles enunciated in the articles for-
mulated by the International Law Commission (Resolution 63/124, Appendix IlI).
The atlas provides a basis for interested member states to continue their coop-
eration on the identified aquifers based on the UNILC’s draft articles.



The results presented in this Atlas are based on the work of many experts across
the world, too many to be named individually. The editors wish to heartily
acknowledge the effort of five years of work carried out by them. Regional net-
works have work out questionnaires, descriptions, maps and other geological
and hydrogeological information. Their efforts have been fruitful in producing the
first global evaluation of the occurrence of transboundary aquifers.

This atlas compiling all available data is intended to be a valuable reference that
will encourage the sound and sustainable management of transboundary aquifers.

The UNESCO-IHP ISARM Programme will continue its activities in the Framework
of its Second Phase (2009-2013).

Shaminder Puri Alice Aureli

Secretary General, UNESCO Division of Water Sciences,

International Association of Hydrogeologists Responsible for the Groundwater
Co-coordinator of the UNESCO-IHP Resources Component

ISARM Programme Coordinator of the UNESCO-IHP

ISARM Programme
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THE AQUIFERS
OF THE WORLD

The science of aquifers: hydrogeology

The understanding of hydrogeology has ancient beginnings with the construction of
ganats, which are slightly inclined tunnels dug into a hillside, to tap the groundwater
contained in an aquifer, for use by settled populations in many parts of the Asian con-
tinent. The Greek and the Indian civilisations thrived on water drawn from wells, which
are a specialised form of qanats in the sense that a well is a vertical shaft dug into an
aquifer for the withdrawal of a reliable supply of water. The transition from this form of
traditional and indigenous knowledge to quantitative hydrogeology is marked by the
work of the French Engineer, Henry Darcy (1803-1858) who determined the mathe-
matical law that governs the movement of groundwater through an aquifer. In less than
a decade following Darcy’s statement the ability to predict the volume and rate of pro-
duction of water from a well was widely understood among the earliest professional
hydrogeologists.

Today the formal science of hydrogeology is well established within academia and it has
widespread practical application in the sound management of the natural and built
environments, wherever aquifers are significant. This atlas has been compiled to
provide a user-friendly reference source for water policy makers, policy advisors,
researchers and educationalists who may not be specialists in the field of hydrogeo-
logy, but nevertheless need to understand its implications.

Most people know about the occurrence of fresh water in an aquifer even if they do not
recognise the term. People know about aquifers from wells — this is an excavation in
the earth, either dug by hand or drilled by a machine, from which fresh water can be
drawn out for drinking or irrigation. The rock into which the well has been dug and the
waterthat is contained in that rock is called an aquifer. Most people will also have seen
a ‘dry’ aquifer — the best place to see one will be in a road cutting that passes through
sandstone rocks, or in a rock quarry (Photo 1). The rock in layers is a manifestation
of its lithology of the different grades of sands, gravels and pebbles, that appear as
layers; in a road cutting the aquifer would generally be dry, since the water in the rock
will have drained to the foot of the road cutting; in a rock quarry there may well be
water at the bottom.

The understanding of hydrogeology also requires a sound grasp of a number of other dis-
ciplines, such as geology, chemistry, hydrology and mathematics. These disciplines
coupled with modern day technology such as digital processing, satellite image analy-
sis and geophysical instrumentation enable the professional to provide a sound assess-
ment of aquifer resources and their management. Today the management of aquifer




resources also requires interaction with professionals in sociology, legislation and insti-
tutional development.

Photo 1.The granular rocks that can contain water.
(Guatemala rock quarry in the Ostua Metapan transboundary aquifer). Photo: S. Puri.

Aquifers and river basins: unity of the hydrological cycle

Freshwater in the terrestrial environment is visible in rivers, lakes and frozen ice caps.
Such waters are visually dynamic and flow in rivers, which have their origins in moun-
tains, and their discharges in seas and oceans. Each terrestrial river also has its ‘catch-
ment’, an area over which all the rain that falls eventually discharges to the beds of
rivers. Some of the rain infiltrates into underlying rocks and replenishes the sub-surface
aquifers. The essential concept that needs to be understood is that a river catchment
and an aquifer do not always coincide geographically. Hydrologists and hydrogeologists
can easily determine the coincidence or non coincidence of river catchments and
aquifers given some basic data that defines the elements of the hydrological cycle.
Putting together all these elements and adding in the related depending ecosystems,
permits the full identification of ‘an aquifer system’. Correctly identifying the elements
of the hydrological cycle in an aquifer system is a basic prerequisite to sustainable
management of water resources that will permit ecosystems to continue to function,
and will support the needs of humanity.
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Water resource managers and users of freshwater are increasingly recognising the
importance of correctly determining the coincidences or non coincidences of river
catchments and aquifer systems, so that when resources are limited they might be
equitably utilised for the needs of natural and human ecosystems.

The maps that follow demonstrate a series of global overviews relative to aquifers of
the world. While each map is a two dimensional image of the terrestrial setting of the
planet, a third dimension is expressed through the ornamentation marked on each
map. Brief explanations of each of the maps and the information portrayed follow.

The water resources in aquifers: their use and management

Long standing hydrological research and investigation of the global water cycle has
demonstrated that 99% of all accessible fresh water on the planet is found in aquifers.
Almost 2 billion people on the planet entirely rely on a nearby aquifer for all of their daily
water needs and it is stated that groundwater is one of the most extracted Earth
resource.

The World's aquifer resources are an important component in sustainable develop-
ment. Aquifers and the groundwater in them, form one component of the broad context
of the hydrological cycle system and thus an inseparable part of the environment, oper-
ating in a complex interrelationship. In nature, groundwater is a key element in many
geological and hydrogeochemical processes, and is a geotechnical factor, condition-
ing soil and rock behaviour. Groundwater, discharging from an aquifer, also has an eco-
logical function, as it sustains spring discharges, river base-flow and lakes and
wetlands and the aquatic habitats found in them.

As with any naturally occurring resource, its excess use, over and above its natural
replenishment rate, will result in impacts of a harmful nature, a phenomenon easily
observed in the case of natural forests or easily appreciated in the case of marine fish-
eries. Just as excess fishing from rivers will harm aquatic habitats, so also excess
withdrawal from aquifers will harm ecosystems that depend on the water in aquifers.
Exactly as the science underlying the sound management of forests and fisheries is
well understood, so also is the science of aquifer resource management. The difficulty
in the application of sound science to the sound management of aquifers is in the fact
that they are found below ground and are thus a phenomenon that suffers from being
‘out of sight’ and thus ‘out of mind’ of the policy makers. Hydrogeologists have made
tremendous strides in helping to visualise the hidden resources in aquifers through
maps and three dimensional models, using much of the available modern day tech-
nologies. Nevertheless there remains a knowledge gap linking science and sound
policy.

In the past three to five decades withdrawal of water from aquifers has exponentially
increased, reflecting humanity’s increasing needs for food and industrial production, for
which a basic raw material is the freely available ground water in aquifers, generally
treated as a common good, being poorly subject to regulation. Global groundwater
resources withdrawals are estimated to average from 600 to 800 km3/year. Agri-
culture and particularly irrigation systems in many parts of the world depend on



groundwater resources. Groundwater is also the main drinking water source for
more than a third of world’s population.

Aquifers receive replenishment from rainfall and they are thus mostly renewable.
Depending on the size and the climatic location of aquifers, the renewal period
ranges from days and weeks (in karstic rocks), to years or thousand of years in
large sedimentary basins. However, in regions where present day replenishment
is very limited (such as in arid and hyperarid regions) the groundwater resource
can be considered to be ‘non-renewable’. Replenishment from ancient rainfall in
the Pleistocene geological periods, and lying in storage since that time, has been
called ‘fossil water’ (Foster and Loucks, 2006) for convenience, though this is an
incorrect term, as it implies a change of state (i.e fossils are the petrification of
organic materials).

The increasing recognition by the international community that fresh water
resources are threatened because of the insufficient adoption of science based
policy tools has given an impetus to the detailed analysis of water resources in
aquifers and the adoption of a range of tools for their better management. Among
the range of tools that have been developed is the improved ‘visualisation’ of
aquifers and the resources contained in them.

This atlas is a first collation of global, regional and national inventories of the
‘hidden’ resources that summarises all available data collected by UNESCO-IHP.
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GLOBAL VIEWS
OF AQUIFERS

LOBAL OVERVIEWS OF AQUIFER SYSTEMS and the factors that affect them are
G useful in helping to formulate sound global policies that the international

community is now adopting both formally (through Ministerial declara-
tions and commitments) and informally through the work of bodies of committed
scientists, practitioners and community organisations. The global overview maps
presented in the following pages of this atlas should serve these concerned
people to fully appreciate the role of aquifers and the water resources that are
contained in. Aquifers, if adequately managed, can contribute to the global water
security and sustainable development in the forthcoming decades.

The map on ‘Groundwater resources of the world’
(UNESCO-BGR WHYMAP Project)

Only selected features have been represented on the Groundwater Resources of
the World map (pp. 19-20), published by UNESCO and BGR in 2008 at the scale
of 1:25 000 000, and these include the nature of the aquifer regimes and whether
or not they are replenished.

The most important aquifer systems have been shown in blue colour, and the
intensity of blue colour decreases from dark blue in high recharge areas (generally
more than 150 mm per year) to medium blue (generally between 150 and 15 mm
per year) and to light blue symbolising aquifer systems receiving very little
recharge (generally less than 15 mm per year). The exploitation of the aquifers
in this latter category can generate what is called ‘groundwater mining’.

The Green colour symbolises hydrogeological environments of complex struc-
tures. In these areas remote sensing techniques as well as detailed ground sur-
veys coupled with spring and stream flow analysis may help identify zones of high
yielding aquifers.

The Brown colour outlines areas with local and shallow aquifers in which rela-
tively dense bedrock is exposed to the surface. In these areas aquifers are com-
prised of the alteration zone of the bedrock and overlying shallow layers of
weathered bedrock.

Orange hatching has been applied in areas where the salinity of the groundwater
in the aquifers regionally exceeds 5 g /1. In these places the aquifer resources are
generally not suitable for human consumption, but some livestock may find it
drinkable.

This map can be downloaded from <http://www.whymap.org>. Full details of the
WHYMAP Project are shown later in this chapter.




Groundwater Resources of the World 1 : 25 000 000
(WHYMAP, 2008)
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Groundwater Resources of the World 1 : 25 000 000
(WHYMAP, 2008) Legend of the previous map

Legend
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The map on ‘Aquifers provinces of the world’
(IGRAC global overview)

The International Groundwater Assessment Centre (IGRAC) prepared a map
that shows the world divided into 36 Global Groundwater Regions and gives an
idea of their predominant hydrogeological setting by classifying them into four
categories: Basement, Sedimentary Basin, High-Relief Folded Mountain and
Volcanic regions. Shallow aquifer systems with near-surface water tables are
present in most regions. Unlike deep groundwater, shallow groundwater is
strongly linked to surface waters in a hydraulic sense. Variations of mean
groundwater renewal rates between regions are reflected in the map by vari-
ation of colour intensities, with low colour intensity in regions with predomi-
nantly arid climates or with permafrost. In some arid zone areas, limited
groundwater renewals contrast with large groundwater reserves created
mainly during past pluvial periods of the Pleistocene.

This map (p. 22-23), can be downloaded from <http://www.igrac.net>. Full details of
the IGRAC supported project and other maps are shown later in this chapter.

The following global maps of this section are extracted from Les eaux souter-
raines dans le monde, published by UNESCO-IHP and BRGM in 2008 (Margat,
2008) as a contribution to the International Year of Planet Earth. Information on
this publication is shown later in this chapter.

The map on ‘Large aquifers of the world’

Jean Margat identifies, in the map entitled ‘Large aquifers of the world’
(pp. 24-25), those aquifer systems that are truly large and are comparable in
size to similarly large river basins such as the Amazon, the Nile and others. The
configuration of these aquifer systems is derived from the underlying hydro-
geological evaluations namely, the combination of the geology and the hydro-
logy. The presentations on this map help to visualise those areas of the world
where potentially resources may be available and also area where the
resources have been over exploited. By combining the information in some of
the subsequent maps it may be possible to formulate the regional policies
aimed at improving water security.

The map on ‘Groundwater recharge’

It may be noted from the foregoing that aquifer systems are replenished by a
proportion of the amount of rainfall. This map demonstrates the potential
recharge distribution on each of the continents (p. 26). The arid and hyper arid
regions (e.g. the Sahara region) are note worthy as those receiving practically
no recharge in the current climatic conditions. Although not shown on this
map, the global rainfall patters have changed over the last 10,000 years. The
presently hyper arid regions did receive significant rainfall and that provided
paleo recharge to many of the large aquifers shown in the Northern African
region in the previous maps.
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Map of groundwater regions (Legend of the map beside)

NORTH AND CENTRAL AMERICA

1. Western mountain belt of North
and Central America

2. Central plains of North and Central
America

3. Canadian shield

4.  Appalachian highlands

5 Caribbean islands and coastal
plains of North and Central America

SOUTH AMERICA

7. Lowlands of South America

8. Guyana shield

9. Brazilian shield and associated
basins

EUROPE

10. Baltic shield and Caledonides
11. Lowlands of Europe
12. Mountains of Southern Europe

AFRICA

13. Atlas
14. North African basins

15. West African basement

16. Sub-Saharan basins

17. East African basement

18. East Africa rift and associated
basins

ASIA

19. West Siberian platform

20. Central Siberian plateau

21. East Siberian highlands

22. Northwestern Pacific margin

23. Mountain belt of Central
and Eastern Asia

24. Basins of West and Central Asia

25. Mountain belt of West Asia

26. Himalayas and associated
highlands

27. Plains of Eastern China

28. Indo-Gangetic-Brahmaputra Plain

29. Arabian shield

30. Levant and Arabian platform

31. Peninsular India and Sri Lanka

32. Peninsulas and Islands of
South-East Asia

AUSTRALIA AND OCEANIA

33. West Australia
34. East Australia
35. Islands of the Pacific
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Large aquifers of the world (Legend of the map beside)

AFRICA SOUTH AMERICA
1. Nubian Aquifer System 19. Amazonas Basin
(Nubian Sandstone and Post Nubian) 20. Maranhao Basin
2. North-Western Sahara Aquifer 21. Guarani (or Mercosul) Aquifer System
System (NWSAS)
3. Murzuk - Djado Basin
4. Taoudeni - Tanezrouft Basin ASIA
5. Senegalo-Mauritanian Basin
6. lullemeden - Irhazer Aquifer System 22 . Arab Aquifer System
7. Lac Chad Basin 23. Indus Basin
8  Sudd Basin (Umm Ruwaba Aquifer) 24. Indus-Gange-Brahmaputra Basin
9. Ogaden-Juba Basin 25. Western Siberia Basin
10. Congo Basin 26. Tunguss Basin
11. High Kalahari Cuvelai 27. Angara-Lena Basin
and High Zambezi Basin 28. Yakut Basin
12. Low Kalahari — Stampriet Basin 29. Northern China (Huang Huai Hai Plain)
13. Karoo Basin Aquifer System

30. Song-Liao Plain
31. Tarim Basin

NORTH AMERICA
14. Northern High Plains Aquifer System EUROPE
15. Cambrio-Ordovician Aquifer System
16. Central California Valley Aquifer 32. Paris Basin
System 33. Russian Platform
17. Odgallala Aquifer (High Plains) 34. Northern Caucasus Basin
18. Atlantic Ocean and Gulf coastal 35. Pechora Basin

plains Aquifer
AUSTRALIA

36. Artesian Grand Basin
37. Canning Basin
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The map on ‘Annual average internal flow of groundwater’

This map (see p. 28) shows the classification of countries accordingly to the flow
of groundwater produced internally by surface unit in m/year by km2. Groundwater
contained in aquifers is a state of flux.

The map on ‘Groundwater national extraction’

This map (see p. 29) shows, in every country of the world, how much groundwater
is extracted to satisfy human needs.

The map on ‘Morphed view of extraction of groundwater’

Cartographic morphing has been used to help in the visualisation of the extraction
of groundwater in countries of the world (see p. 30). While not a quantitative tech-
nique it nevertheless allows policy and decision makers to get an impression of the
amount of water obtained from aquifers in comparison to others. The map shows the
intense use of aquifer resources in the Asian and the Middle East North Africa
regions.

The maps on

‘Populations relying on aquifers: per capita withdrawals’
‘Non-renewable groundwater mining exploitation in the world’
‘Aquifers in the national economy of countries’

‘Proportion of municipal groundwater withdrawal from aquifers’
‘Major cities of the world relying on aquifers’

‘Areas irrigated by groundwater’

These six global maps listed above and presented below (see pp. 31-36) are self
explanatory and illustrate the role that aquifers play in providing water security
to populations and in the development of national economies. Apart from
municipal requirements, which generally include industrial use, aquifer resources
are mainly extracted to support food production by irrigation. An interesting
feature of final map in this series is the dependency on aquifers in major cities of
the world.
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Groundwater national extraction




Morphed view of extraction of groundwater
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Aquifers in the national economy of countries
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Major cities of the world relying on aquifers
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- THE PRINCIPLE CONTRIBUTORS
TO GLOBAL VIEWS

GROUNDWATER AND AQUIFERS:
THE UNESCO INTERNATIONAL
HYDROLOGICAL PROGRAMME
(UNESCO-IHP)

The International Hydrological Programme (IHP) is the only intergovernmental
scientific programme of the United Nations (UN) system devoted to hydrology,
water resources management, and education and capacity building. The IHP Sec-
retariat is located at UNESCO Headquarters in Paris, France, and it works closely
with over 167 National Committees and focal points assigned by their govern-
ments that contribute to the programme implementation.

Regional cooperation is an important aspect of this programme and the UNESCO
regional cluster offices and national offices coordinate regional and local acti-
vities. IHP takes a proactive role in UN system-wide initiatives such as UNWATER,
the United Nations Development Assistance Framework (UNDAF), and the UN
Country Programme Action Plan.

IHP operates as a global network of networks, that includes connections with
the UNESCO Water-related Institutes and Centres, the UNESCO-IHE Institute for
Water Education, the UNESCO water-related chairs. The UNESCO Water Portal
serves as a viable tool in enhancing dissemination of information and knowledge
(http://www.unesco.org/water). Most of the IHP publications can be freely
downloaded from the IHP website.

Focusing on the demands arising from global changes, creating partnerships and
initiatives for greater synergies, the IHP maintains its comparative advantage in
promoting and leading international hydrological research, for enhanced water
management towards meeting the UN Millennium Development Goals on Envi-
ronmental Sustainability, Water Supply, Sanitation, Food Security and Poverty
Alleviation. It adds value to localized research and experience by providing a
policy-relevant context and harvesting the knowledge of researchers, educators,
practitioners, and policy-makers so as to maximize the value of scientific out-
comes and engender confidence in innovation and reform. It provides a solid sci-
entific underpinning for the UN Decade of Water for Life and the UNESCO led
UN Decade on Education for Sustainable Development.

Since its inception IHP has provided a particular attention to studies on ground-
water resources and aquifers characteristics. In finding solution to water scarcity
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IHP pays due attention to the role that aquifers if properly managed can play in supporting
adaptation measures for coping with impacts from climate variability and changes, global
changes, hydrological extremes and natural disasters.

The IHP Intergovernmental Council has launched the ISARM Project in the year 2000, with the
aim of establishing common principles for development, protection and management of trans-
boundary aquifers. The management of shared aquifer resources is still a high priority of IHP.

HYDROGEOLOGICAL MAPPING
AND ASSESSMENT:
THE WHYMAP PROJECT

During the past decades, the interest in groundwater has increased con-
siderably due to water shortage problems at a local, regional and even
global level. The use of groundwater is considered an appropriate way out
of regional water crises caused by population growth, economic growth
and the associated water shortage problems. But information on these
hidden resources is still weak in many places. The World-wide Hydrogeo-
logical Mapping and Assessment (WHYMAP) project is lead by UNESCO
and BGR and it was launched in 1999 by UNESCO as part of the IHP
Programme to contribute to the world-wide efforts to better understand,
manage and protect aquifer resources.

The programme aims at collecting, collating and visualising hydrogeo-
logical information at a global scale in a geographic information system
(GIS). Maps are convenient tools to convey groundwater related infor-
mation in an appropriate way to groundwater experts as well as to non-
experts and politicians, e.g. they are used for international publications
like the World Water Assessment Programme (WWAP) issued by the United
Nations. WHYMAP thus brings together the huge hydrogeological mapping
efforts at regional, national and continental levels. Close cooperation with
the International Groundwater Resources Assessment Centre (IGRAC) in
Utrecht is assured through UNESCO to clarify the role of groundwater in the
discussion on Millennium Development Goals declared by the international
community.

The WHYMAP structure

WHYMAP is the joint programme of a consortium consisting of the UNESCO,



the Commission for the Geological Map of the World (CGMW), the International
Association of Hydrogeologists (IAH), the International Atomic Energy Agency
(IAEA) and the German Federal Institute for Geosc