Ensuring water now
and for the future
Working together
for the future

The contribution
of isotope hydrology

To meet the challenges of the world water agenda, countries need
information with which to make decisions about integrated water
resource management.
The IAEA’s Water Resource Programme provides Member States
with science based information and technical skills to improve
understanding and management of their water resources.

CONTACT US:
Isotope Hydrology Section
Division of Physical and Chemical Sciences
Department of Nuclear Sciences and Applications
International Atomic Energy Agency
Vienna International Centre P.O. Box 100
1400, Vienna, Austria
Phone: +431 2600 21736, Fax: +431 26007
ihs@iaea.org
www.iaea.org/water
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The availability of water for sustainable development is
a growing concern. As Member States make increased
efforts to meet this challenge, they need better
scientific knowledge of their water resources. Nuclear
technology is very useful in this area.
Yukiya Amano
Director General,
International Atomic Energy Agency

Water is essential for development

W

ater supply and water quality problems are two of the
foremost development needs faced by Member States.
Water resources are being increasingly stressed by multiple
factors, including growing population, greater food production,
irrigated agriculture, energy production and climate variability
and change. One billion people currently have no access to safe
drinking water, and only about 15% of the world’s population enjoy
relative abundance. The United Nations Millennium Development
Goals and the Johannesburg Plan of Implementation aim to halve
the number of people without sustainable access to drinking water
by 2015.
A key requirement for assuring adequate water supplies and
their sustainable management is to improve the assessment of
water resources. Although recognized, as long ago as the 1977
United Nations Water Conference in Mar del Plata, Argentina and
recently at the 2002 World Summit on sustainable development,
water resource assessment is severely lacking in most developing
countries. The greatest proportion of the Earth’s available fresh
water is located underground, and this vital resource is often poorly
understood and poorly managed; the lack of adequate national
assessments in many countries is particularly acute with respect to
such groundwater resources.
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Isotope hydrology:
Tools to unlock water’s secrets

O

nly with precise information on the availability
and renewability of resources can countries make
sound decisions about sustainable water resources
management. Various isotopes of water can be used to
characterize the origin, history and movement of water
through the hydrological cycle. The IAEA’s Water Resources
Programme has been a pioneer in developing isotope
hydrology as a powerful and effective scientific tool.
Isotopes provide unique information about water resource
characteristics in a cost efficient, accurate and easy-to-use
way. The goal of the Water Resources Programme is to aid
Member States in assessing and managing all aspects of
their water resources, to ensure their secure and equitable
use into the future.

Water’s ‘fingerprints’

Isotope monitoring networks

M

onitoring programmes are a large feature of the Water
Resources Programme. These provide Member States with
global isotope data for water resources investigations and
climate modelling. The Global Network of Isotopes in Precipitation
(GNIP), undertaken in collaboration with the World Meteorological
Organization (WMO), has been in existence since 1961. GNIP data
have become an increasingly important tool, providing unique
insights into hydrological and climatic processes at the local,
regional and global scales by providing the isotopic signatures of
precipitation worldwide.

T

he IAEA’s GNIP database now includes over 120 000 monthly
data records, and can be downloaded from the IAEA web site
(www.iaea.org/water). A complementary programme, the
Global Network of Isotopes in Rivers (GNIR) — launched in 2007 —
focuses on data compilation specifically for rivers, which bring 35% of
continental precipitation back to the oceans. Two other programmes
are still in their infancy: the Moisture Isotopes in the Biosphere and
Atmosphere (MIBA) which started in 2003 with the goal of regular
sampling of isotopic composition of water in plant stems and leaves,
as well as in soil and atmospheric vapour.

O

ne of the basic ingredients of cooperation is sound
scientific information shared in a transparent
manner. This increases confidence between
countries sharing a water resource. – Pradeep Aggarwal
Isotopes are water’s ‘fingerprints’. They provide information
on the age, origin and renewal rate of groundwater,
its dynamics, as well as the vulnerability to sources of
pollution, salt water intrusion and climate change. During
evaporation and condensation of water within the water
cycle, the concentrations of oxygen and hydrogen isotopes
— naturally occurring atoms of different mass — change,
allowing distinct identification of water in differing
environments. There are other isotopes in rainwater, such
as tritium and 14C, the concentration of which decreases
with time. By tracking the isotopes of water, scientists can
quickly obtain valuable information which would otherwise
require decades of hydrological data collection. The rapid
and reliable mapping of non-renewable groundwater
resources, mainly transboundary aquifers, allows them
to be rationally and equitably abstracted. The Water
Resources Programme is to aid Member States in assessing
and managing all aspects of their water resources, to
ensure their secure and equitable use into the future.
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Getting the information out

T

he Water Resources Programme disseminates information
through publications and training, including newsletters, atlases,
on-line applications, training programmes and e-learning.
Capacity building is being undertaken through various training
options. For example, the IAEA has trained many water experts in
the use of a laser analyser for stable isotopes, and machines have
been sent to over 30 countries. This allows water resource managers
to quickly and cheaply access isotope information in their own
country, which aids them in making appropriate decisions for their
water resources. As well, electronic materials such as training videos
and guides have been produced which support Member State
counterparts in their sampling activities.

F

ocus on isotope networks, databases and mapping has been
increasing. Gathered data are stored in two different programmes.
The Isotope Hydrology Information System (ISOHIS) contains
nearly 200 000 records from the monitoring networks (GNIP, GNIR,
MIBA, TWIN), as well as information from 550 isotope hydrology
projects, including Technical Cooperation (TC) projects and studies
carried out as part of Coordinated Research Projects (CRPs). The Water
Isotope System for Data Analysis, Visualization and Electronic Retrieval
(WISER), is a GIS-based, computer assisted mapping programme,
which can be used to make customized maps, cross-sections and
animations. This increased access to information aids Member States
in water resources management and climate change activities.

International cooperation brings results

A

nother important way for projects to be
implemented includes joint efforts with other major
development partners and bilateral agencies. For
example, the Global Environment Facility (GEF) and the
World Bank cooperate with the IAEA on activities involving
transboundary aquifers and basins, including the Nubian
Sandstone Aquifer System Project, the Guarani Aquifer
and the Nile Basin. The United Nations Educational,
Scientific and Cultural Organization (UNESCO) has worked
together on many training projects, and is currently
working together with the IAEA on the Joint International
Isotopes in Hydrology Programme (JIIHP), launched to
foster cooperation between hydrologists and isotope
professionals at the national level. The IAEA also works
together with other organizations, such as the World
Bank, UNEP, and OAS and USGS, to facilitate programmes
and knowledge transfer. It is an active member of the UN
interagency group UN Water, and actively contributes
to World Water Forums and the UN World Water
Development Reports, as well as other international
initiatives. Other activities undertaken include symposia,
workshops, technical meetings, seminars and promotional
materials.

Supporting Member States

T

echnical Cooperation (TC) projects address priority water
issues in Member States. Training, technical expertise and
infrastructure development aid in capacity building so that
Member States can address their practical problems. Currently,
nearly 100 water resources projects exist in Africa, Asia, Europe and
Latin America, which address a variety of groundwater and surface
water resource issues. These include characterizing and monitoring
transboundary aquifers, identifying sources of pollution, and
uncovering safe water resources.

C

oordinated Research Projects (CRPs) support international
research efforts to develop new scientific approaches to
relevant themes. Scientists from developed and developing
nations are brought together to exchange knowledge and enhance
research capabilities while working on themes of common interest.
The IAEA grants research contracts to universities, research centres
and other Member State institutions to support innovative research
in the field of isotope hydrology. In addition, the Water Resources
Programme organizes technical meetings to bring together
countries and organizations to examine water issues of international
concern.
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Laboratory services provide support

T

he IAEA laboratory has played a significant role in
offering analytical support and services to ensure
quality isotope measurements worldwide, as well as
helping Member States to establish their own laboratories.
The laboratory establishes norms and standards by
evaluating the inter-comparability, accuracy and precision
of tritium and stable isotope analyses by Member State
laboratories. With the increasing ability of Member States
to analyse stable isotopes on their own, the laboratory
is turning its focus to radioisotopes, including noble
gas isotopes, for groundwater age dating and recharge
assessments, as well as pollution vulnerability studies.
The IAEA wants to enable Member States to produce
high quality measurements of isotopes in hydrological
samples and to have access to specialized analyses of long
lived radionuclides for dating fossil groundwater, such as
krypton-81.
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