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Figure 3.1 Accumulation and isotopically inferred temperature over the past 50,000 years

as measured in Greenland ice cores (Dansgaard et al., 1993). Figure generated from data
stored at the World Data Center for Palaeoclimatology, = NOAA. http://www.ngdc.noaa.

gov/paleo/

water level in Lake Abk, Ethiopia, sustained over hundreds to thousands of years
(Gasse, 2000). The magnitude of the highly publicized multiyear Ethiopian droughts
of the last few decades, though devastating to the local population, was a minor event
by comparison. At still Pner temporal resttin, decadal to century-scale hydrological
variability such as that manifested by the shifting level of Lake Naivasha, Kenya, has
substantially inBuenced the history of local populations (Verschater, 2000).

The sustainability of freshwater resousces a major and growing international
concern. In Africa, 60% of the rural population and 25% of the urban population do not
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Figure 3.2 Examples of past hydrological variability on three different timescales as

derived from palaeoproxy measurements. Sea-level variability associated with glacial

cycles (Waelbroek et al., 2002), lake-level changes in Lake Abhé, Ethiopia during the

Holocene (Gasse, 2000) and lake-level changes in Lake Naivasha, Kenya over the last

millennium (Verschurenet al., 2000). Figure adapted from: (Old eld and Alverson, in press),
Springer Verlag
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Figure 3.3 Water availability in selected African countries in 1990 and as projected for
2025. The indicated level of 1,000 m* per capita per annum is a widely publicized level of
“well being” in the industrialized world. Figure from: Beniston (2000),  Hodder Arnold

currently have access to safe drinking water and, due primarily to population growth,
these percentages are expected to ineréBeniston, 2000; Figure 3.3). Changes in
the hydrological balance due to greenhouas-gnduced climate change, although still
poorly constrained by predictive modelsedikely to compound this dire situation. Of
even greater concern, however, is the peaspf enormous and potentially catastrophic
hydrological changes such as those evident from the records shown in Figure 3.2 that
represent abrupt step-shifts in local ogi@nal water balance, possibly ref3ecting the
crossing of critical thresholds during muctore gradual climate change. Thus, detailed
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consideration of regional palaeohydrologyvisal in any internéionally coordinated
approach for sustainable developmentreShwater resources in at least two key ways:
prst, as a fundamental component of baséder resources assessment with particular
focus on the understanding of groundwater recharge history and, second, as a guide
to the sensitivity of regional water balee to ongoing and future climate change.

Despite the clear importance that palagdrological understanding must play in
order to achieve sustainable developmenh freshwater resources, the number of
international programs, purporting to deaithwthis subject, which actually includes
palaeohydrological information in their cadsrations is astonishingly low. Explicitly
palaeo-oriented programs, such as the hadonal Quaternary Research Association
(INQUA, see Chapter 2) and Past Global Changes (PAGES), have long promulgated
the need to understand past environmentange, and especially palaeohydrologic
change, in order to better constrain or predict future change (Alvezsah, 2000;
Alversonet al., 2001; Alverson and Kull, in press). Yet, this potential source of key
insight into how the earth system functiohas received remarkably little recognition
within international programs devoted tioe hydrological aspects of the earth system
science and even less within the isable development community.

1 INTERNATIONAL EARTH SYSTEM SCIENCE PROGRAMS
FOCUSING ON HYDROLOGY

Water, together with food and carbon, is one of three cross-cutting joint projects on
global sustainability issues due to beginl foperation in 2003 within the framework

of the ICSU (International Council for Sciee) Earth System Science partnership.
This partnership includes the Worldli@ate Research Program (WCRP), Interna-
tional Geosphere Biosphere Programme (IGBRe International Human Dimensions
Programme on Global Environmental Qige (IHDP) and Diversitas. The overall
goal of this new Joint Water Project is tocrease the scientibc understanding, from
an earth system perspective, of the interactions between human activities and the
global environment inherent to global watsystems, and thereby to contribute to
the sustainability of these systems. Speally¢ the project seeks to ascertain the
impacts of global change on regional watsystems and the subsequent feedback
these changes have on the earth system. Within this context, the project aims to elu-
cidate measures that are needed to achiesamability of these water systems, and
the technical and institutional possibilities for meeting growing demands. To a large
extent, this project will draw upon other Wxestablished programs under the umbrella
of the Earth System Science partnershipluding the IGBP core project B Biospheric
Aspects of the Hydrological Cycle (BAHC) and the WCRP-based Global Energy and
Water Cycle Experiment (GEWEX). The esfance of palaeohydrological information

to these water-focused Earth System Scaepartnership programs is clear. The devel-
opment of adequate linkages with palaeosceeresearchers, in order to ensure that
long-term system variability is adequatelydressed within these programs, is one task
of the IGBP Past Global Changes (PAGES)jpct, the only program within the Earth
System Science partnership explicitly cemeed with palaeoenvironmental science.

2 INTERNATIONAL PROGRAMS IN SUSTAINABLE DEVELOPMENT
OF WATER RESOURCES

An exhaustive consideration of interratial programs concerned with palaeohydrol-
ogy and its relevance to sustainable depenent of water resources is beyond the



Palaeohydrology and International Global Change Programs 29
Table 3.1 International programs listed in the text and their Web sites

BAHC Biospheric Aspects of the Hydrological http://www.pik-potsdam.de/bahc/

Cycle

Diversitas http://www.icsu.org/diversitas/

GASPAL Groundwater as Palaeoindicator

GEWEX Global Energy and Water Cycle http://lwww.gewex.com/
Experiment

GNIP Global Network for Isotopes in http://isohis.iaea.org/GNIP.asp
Precipitation

IAEA International Atomic Energy Agency http://www.iaea.org/

ICSU International Council for Science http://www.icsu.org/

IGBP International Geosphere Biosphere http://www.igbp.kva.se/
Programme

IHDP International Human Dimensions http://www.uni-bonn.de/ihdp/
Programme on Global Environmental
Change

IHP International Hydrological Program http://www.unesco.org/water/ihp/

INQUA International Quaternary Research http://inqua.nlh.no/
Association

ISOHIS  Isotope Hydrology Informion System  http://isohis.iaea.org/

PAGES  Past Global Changes http://www.pages-igbp.org

UNEP United Nations Environment égram http://freshwater.unep.org
UNESCO United Nations Educational Scientibc http://www.unesco.org
and Cultural Organization
UNSO United Nations System of Organizations http://www.unsystem.org/
WWAP  World Water Assessment Programme  http://www.unesco.org/wwap/partners/
index.shtml
WCRP World Climate Research Program http://www.wmo.ch/web/wcrp/

scope of this short contribution. Instead, some are highlighted and web sites with
appropriate links are provided in Table 3Several programs and agencies within the
United Nations System of OrganizationdNSO) have direct involvement in hydrology
and global change science. These include gikample, the International Hydrological
Programme (IHP), UNESCOOs intergovemtakescientiPc cooperative program in
water resources. The IHP is a vehicleahgh which UN Member States can enhance
their knowledge of the water cycle and theyéhcrease their capacity to better manage
and develop their own water resources figane of reference includes improvement of
the scientibc and technological basis foreatl and sustainable management of water
resources in concert with protection of taavironment. IHP is also one of many UN
cosponsors of the World Water Assessment Programme (WWAP) for development,
capacity building and the environment. The United Nations Environment Program
(UNEP), as part of its various prograntsas developed a web portal with links to
extensive information on water resourcesiftftunately, and partly as a consequence
of limitations on personnel and resources stenajor international sustainability pro-
grams have so far taken very little accountpafiaeohydrological variability in their
efforts to promote sustainable water resources development.

One active water resources organization under the UN umbrella that does have a
strong commitment to palaeoscience is the Isotope Hydrology Section of the Inter-
national Atomic Energy Agency (IAEA), wbh specializes in the use of isotopic
techniques in hydrology in support of watersoeirces investigations in developing
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countries and, increasingly, in internatibredimate and palaeoclimate research. Nat-
urally occurring water isotope tracers arertfaularly useful for tracking and dating
groundwater, as well as carrying primary qgtitative information about palaeoenvi-
ronmental conditions prevailing at the timéamuifer recharge or the accumulation of
snow subsequently incorporated into gladier. A central element of the IAEAOs activ-
ities is the Global Network for Isotopes in Rigitation (GNIP), operated jointly since
the 1960s with the World Meteorological Orgaation. The GNIP database provides
the only comprehensive coverage of the disttion of isotopes in global precipita-
tion, providing essential input functionsrfbiydrologic and palaeohydrologic studies,
a highly sensitive monitor of contemporary global climate variability and change, and
a key source of information for calibratinsotope indicators of palaeoclimate.

The IAEA lIsotope Hydrology Information System (ISOHIS), which includes the
GNIP database, also serves as a permaastitive of crucial isotopic and chemical
data from groundwater, collected worldwide by the IAEA and in various international
initiatives. Examples of the latter indle the European Community funded Ground-
water as Palaeoindicator (GASPAL) prdjecarried out in collaboration with PAGES,
which seeks to derive information about the age and history of groundwater in the
arid Sahel region in order to improve the management of this critical resource.

3 CONCLUSIONS

This chapter brieBy outlines some of the primary reasons why palaeohydrological
information such as that considered in this volume has a vital role to play in achieving
sustainable development of freshwater resesar A brief description of some relevant
international global change research anatev resources programs is also provided.
Regrettably, although exceptions exist, mafiyhe programs that are actively involved

in water resource management currertdie rather limited (or even no) account of
the insight to be gained from palaeohydrologivestigations, whether it be to better
assess the limits of the resource or to moreuaately predict the nature and magnitude

of future hydrological variability under the inBuence of climate change.
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