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ADMINISTRATIVE REPORT

1. General information

1.1 The International Workshop on Tracing Isotopic Composition of Past and Present
Precipitation - Opportunities for Climate and Water Studies was held from 23 to 25
January 1995 in Ruttihubelbad near Berne (Switzerland). The Workshop was jointly
organized by the World Meteorological Organization (WMO), the International Atomic
Energy Agency (IAEA), the Past Global Changes (PAGES) Project of the International
Geosphere-Biosphere Programme (PAGES) and the International Association of
Hydrological Sciences (IAHS). It was attended by 43 registered participants. On the
top of that, during the open part of the first day about twenty non-registered
individuals also attended. They represented a number of Swiss institutions. The
time table of the Workshop and the list of registered participants are given in
Annexes A and B, respectively.

1.2 Isotopic composition of past and present precipitation became an important recent
area of studies. In particular, the results from the analysis of deep ice cores in
Greenland, along with studies of other palaeoenvironmental records derived from
groundwater, lake deposits and organic matter, have confirmed human ability to
reconstruct past climates with improving resolution and reliability. The stable
isotope composition of past precipitation recorded in the natural palaeo-archives of
the Earth contains essential information on the behaviour of the water cycle and its
dependence on climate change. Baseline data for these studies have been collected
since 1961 by the IAEA/WMO Global Network "Isotopes in Precipitation" (GNIP).
The data gathered so far demonstrate the close relation of oxygen-18 and deuterium
concentrations in precipitated water not only to the surface air temperature and the
amount of rainfall but also to the prevailing atmospheric circulation patterns thus
making them useful as proxies for past hydrological and climate parameters.

The length of available instrumental time series of water and climate parameters is a
limiting factor in testing scientific theories and in developing scientifically sound
water engineering design guidelines. An extension of the instrumental data base by
the addition of reliable estimates of past climate would greatly increase our ability to
understand the factors involved in changing the Earth's climatic and hydrological
systems.

1.3 The Workshop aimed to provide a forum for a dialogue between scientists who
employ isotope tools for reconstruction of palaeo-environmental conditions, and
those who have both operational and theoretical expertise focused on the present
day aspects of the water cycle and the climate system. It was designed to
contribute to a better understanding and advancement of isotopic methodologies in



the study of changes in the hydrologicat cycle and the climate. Dissemination of

information on the variability of past climate will aid planners and decision makers in

evaluating the societal implications of present and future climate variability.

2. Opening Session

2.1 The Opening Session, chaired by Mr Rodda started from the welcome address of Mr

Emmenegger, Hydrological Advisor to the Permanent Representative of Switzerland

with WMO. Recalling that Switzerland is the water tower of Europe and the source

of a number of big European rivers he presented an outline information on the

activities of the Swiss National Hydrological Service. In particular, he emphasized

Swiss endeavours in the area of measuring isotopes in precipitation. Next, Mr

Oeschger, Co-Director of PAGES, host of the meeting, delivered an introduction to

the meeting informing on its general aims.

2.2 Senior executive representatives of co-organizing agencies delivered their addresses

in which they provided brief information on their agencies, relevant in the context of

the present Workshop. They also discussed the reasons why their agency was

involved in co-sponsoring the meeting and what they expected from it.

2.3 In his address, Mr Jarraud, Deputy Secretary General of the World Meteorological

Organization (WMO), informed the audience of a number of WMO programmes

related to the area of the workshop, in particular the Hydrology and Water Resources

Programme (HWRP) and Atmospheric Research and Environment Programme (AREP)

and its Global Atmosphere Watch (GAW) system. He also expressed the hope that

in a number of issues, clarification might be achieved during the Workshop. This, in

turn, might contribute to better interpretation of isotope signatures of past and

present precipitation and extend the applicability of these data in the context of

climate and water studies. The address of Mr Jarraud is attached as Annex C.

2.4 Mr Machi, Deputy Director General of the International Atomic Energy Agency

(IAEA), in his opening address provided a general information on the major activities

of IAEA related to the scope of the Workshop. He stressed the need for promoting

the concept of safe use of nuclear energy, a major energy source free of greenhouse

gas emissions. Mr Machi also elaborated on the IAEA/WMO Global Network

"Isotopes in Precipitation" collecting data on composition of monthly precipitation

totals (oxygen-18, deuterium and tritium). He called for closer collaboration between

the organizations involved. He also noted that isotope analysis techniques are the

only ones to provide reliable time scales for palaeo-studies. The address of Mr

Machi is appended as Annex D.



2.5 Mr Rapley, Executive Director of International Geosphere and Biosphere Programme
(IGBP), informed the meeting of the structure of projects within IGBP and set the
PAGES activities in a broader geosphere-biosphere background. His expectation was
that the Workshop would arrive at a statement on the potential of isotope
techniques to provide new information on the temporal and spatial characteristics of
past global precipitation, or at least at a work plan to achieve such statement.

2.6 Mr Leibundgut, President of the International Committee on Tracers (ICT) of the
International Association of Hydrological Sciences (IAHS) represented both the
Committee and the Association as a whole. He called for a closer collaboration
between, what he called, tracer and non-tracer hydrologists. He mentioned the issue
of runoff separation and of evaluation of base flows as the area of discordance
between these groups of hydrologists. The outline of his address is attached as
Annex E.

2.7 Mr Grassl, Director of the World Climate Research Programme (WCRP) delivered a
synthetic information on the programme and some of its projects. He reviewed the
ongoing WCRP efforts in the areas of relevance to the Workshop (GEWEX and
CLIVAR). He briefly discussed the issue of application of palaeodata for verification
of climate models. He posed the question, whether the palaeo-time series can be
used for reconstruction of climate time series on the global scale.

2.8 Finally, Mr Oeschger, Chairman of PAGES informed the meeting of the objectives of
the project and its links with Global Change studies. He expressed the hope that the
Workshop would help in obtaining an improved basis for the interpretation of past
precipitation records and provide additional information on the origin of water
vapour, circulation patterns, and interaction with fluvial systems. The address of Mr
Oeschger is attached as Annex F.

3. Key-note lectures

3.1 The abstracts of the six key-note lectures delivered at the Workshop are given in
Annex G. Each of the invited key-note lecturers aimed to identify a number *of
questions and problems which served as the departure points for discussions by the
working groups.

3.2 Session B: Theoretical and empirical knowledge of links between the isotopic

signatures and hydrometeorological variables

Mr Froehlich (IAEA) informed the audience of the studies of spatial and temporal
variability of the stable isotope contents of precipitation and on its relationships to a
number of hydroclimatical variables. He also presented technical information on the



IAEA/WMO Network and on the rationale for drawing corollaries on variability of

hydroclimatical characteristics based on the isotope data.

Mr Jouzel (France) elaborated on the theoretical and empirical knowledge of relations

between the isotopic composition of precipitation and hydroclimatical variables. He

informed the meeting of the work which had been done in the area of mathematical

models of stable isotope composition of precipitation, including the general

circulation models (GCMs).

3.3 Session C: Past and present climate change as reflected in the isotopic signature of

water

Mr Johnsen (Iceland and Denmark) presented information on the exploration of

palaeoarchives of polar ice caps, which contain layered information on past climates.

He reviewed the research endeavours undertaken in Greenland and also other studies

in Antarctica and in mountain glaciers.

In his key-note lecture Mr Rdzanski (IAEA) elaborated on the links between stable

isotopic composition in precipitation and air temperature, precipitation total and

characteristics of the water transport in the lower atmosphere in mid to low

latitudes. The information on past and present climate changes can be drawn from

these archives using latitude-specific relations.

3.4 Session 0: Palaeo-information, climate change and extreme hydrological events

Mr Kundzewicz (WMO) stressed the meaning of hydrological extremes and

expressed the expectation that long time series of isotope proxies may be used in

augmenting the instrumental records useful in design and planning. He also dwelled

upon the issue of non-stationarity, as opposed to the stationarity assumptions

traditionally taken in hydrology and applications.

Mr Knox (USA) elaborated on the observed changes in frequency and magnitude of

extreme hydrological events for the data on glacial, post-glacial and historic'times.

He presented a number of examples demonstrating how climate changes influenced

the flood characteristics.

4. Parallel Sessions of Working Groups

4.1 Discussions were held in three working groups, corresponding to the titles of the

sessions in which key-note lectures were presented (cf. items 3.2, 3.3 and 3.4



above). It was arranged that every working group also attended one session of
another working group to broaden the perspective.

4.2 The working groups formulated a number of recommendations which were aimed at
strengthening the role of isotopic tools in the hydrological practice and in Global
Change sciences. The recommendations of the groups assembled by rapporteurs
were presented and agreed upon during the final plenary session of the meeting.
These include concrete steps towards strengthening the operation of the network,
with broader participation and support of national and international bodies dealing
with water and climate. Some recommendations went beyond the GNIP. The edited
recommendations of working groups are attached as Annex H.

5. Session E: How to incorporate isotope monitoring in existing observation systems
related to the water cycle

5.1 Mr Froehlich (IAEA) who chaired the session, considered the issues of integration,
optimization, expansion and operation of the GNIP. Although there are 270 stations
worldwide with at least one year of record of oxygen-18, the spatial coverage is
very non-uniform. The areas in the Southern Hemisphere and oceanic areas are
significantly under-represented. The number of operational stations currently shows
a decreasing trend (105 stations in 1993). Therefore an effort should be made
towards establishing and/or maintaining a network of long-term stations which
meets the needs of the hydrological and atmospheric applications, both with respect
to the number of stations and their spatial distribution.

5.2 Mr Soudine (WMO) informed the meeting of the WMO's Global Atmospheric Watch,
one of the components of the Global Climate Observing System (GCOS), that is the
system of observing the composition and behaviour of global atmosphere, and global
and regional trends. The concern was expressed by the audience that many GNIP
stations do not coincide with those of the GAW network.

•
5.3 The opinion was expressed that denser sampling (daily or event-based), at some pilot

or research observing stations, would be beneficial to improve the application of the
isotope-in-precipitation data to the studies of the water vapour origin and its
transport in the atmosphere, of precipitation patterns and other relevant hydrological
characteristics and events. The issue of airborne sampling of air moisture for stable
isotope analysis was also raised. The meeting discussed the issue of whether and
why to sample rivers. It was also noted by the meeting that there are no U. S.
data in the network.

5.4 In order to strengthen the national networks it was found appropriate to ask the
Secretary-General of WMO for consideration of issuing a letter to selected countries



explaining the significance of analysis of stable isotope composition in precipitation
and endorsing strengthening of the network.

6. Session F: Isotopes in past and present precipitation: challenges for operational
hydrology, water management and engineering design

During this session chaired by Mr Kundzewicz (WMO) the message to be forwarded
to operational hydrology, water resources management and engineering design, was
discussed. The unfortunate partitioning of the water scene at both international and
national levels was noted, as exemplified by a number of agencies within the UN
system dealing with water and, in many countries, where several different ministries
deal with water. The inter-water divisions continued during the Workshop, where
speakers talked about "classical" or "ordinary" versus "isotope" hydrologists. It was
noted that despite an impressing work delivered by IAEA and by ICT, the isotope
techniques are not broadly known and the number of "classical" hydrologists active
in isotope hydrology does not considerably grow. The "isotope" and the "non-
isotope" hydrologists have difficulties in communication, speak different lingos, as
visible at the Workshop. However, it was found that the Workshop was an
important step in bringing the "isotope" and the "non-isotope" areas of hydrology
closer together.

The importance of hydrological extremes was stressed, requiring reconsideration of
the sampling intervals of data on isotopes in precipitation. Short-lasting floods do
not agree with the monthly data scale, being typically used.

It was noted during the Workshop that hydrologists may have overexpectations on
isotopes. It is hoped that the Workshop clarified the situation in the sense of - what
isotope techniques can and what they cannot do.

It was agreed that the university curricula should reflect the isotope hydrology in a
more extensive way than they do now.

7. Administrative meeting

An ad-hoc meeting of a group of Workshop participants (representatives of
organizing agencies and some key-note speakers, chairpersons and rapporteurs of
Working Groups) convened and chaired by Mr Froehlich (IAEA) aimed to discuss the
concrete actions resulting from the Workshop. The minutes of the meeting are
appended as Annex I. It was recollected that several participants in the Workshop
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recommended identification of key stations (most interesting from scientific point of

view and most important from the point of view of national needs), where special

quality assurance should be carried out. The difficulty in maintenance of stations in

a number of less developed countries and countries in transition was expressed.

Several speakers required endorsing collaboration.

WMO was requested to consider the possibility of including the data on stable

isotope composition in precipitation into the list of parameters measured routinely.

WMO representative suggested that representatives of organizing agencies could

attend the respective part of the forthcoming WMO Congress, where collaboration

with other institutions will be tackled, and deliver information on the present

Workshop and its results. Invitations to the WMO Congress have been forwarded to

IAEA and ICSU (the latter is the parent body to which 1GBP with its PAGES; and

IAHS belong).

It was agreed that the information on the Workshop would be broadly disseminated

using a number of vehicles (report of the workshop, articles and/or reports in

Hydrological Sciences Journal, WMO Bulletin etc.).

8. Final remarks

8.1 It is recognized that the data on stable isotope composition of precipitation are

valuable input data to studies of hydrological systems, with particular reference to

groundwater and river flow. The isotope data yield significant insight into the

understanding of the moisture regime and its variability. It is a benchmark for the

interpretation of palaeo-records and as a validation tool for Global Circulation Models

(GCMs).

8.2 The Workshop played a substantial role in familiarizing the international water and

climate research communities with the new advances in isotope techniques for the

reconstruction of palaeo-environmental conditions and in demonstrating how the

progress made in isotope tracing could be applied most efficiently to questions of

Global Change.



EXECUTIVE SUMMARY

The Workshop on Tracing Isotopic Composition of Past and Present Precipitation -

Opportunities for Climate and Water Studies, was jointly organized by the World

Meteorological Organization (WMO), the International Atomic Energy Agency (IAEA), Past

Global Changes (PAGES) - a core project of the International Geosphere- Biosphere

Programme (IG6P), and the International Association of Hydrological Sciences (IAHS). The

meeting attended by 43 experts and representatives of national and international

organizations was held from 23 to 25 January 1995 at Ruttihubelbad near Berne,

Switzerland. It represented a platform for scientists from isotope, water and climate

communities to share their interest in this area of science and to discuss future directions of

their joint activities.

The Global Network "Isotopes in Precipitation" (GNIP) was initiated by IAEA in 1958

and became operational in 1961. The main objective was to collect systematic data on

isotopic content of precipitation on a global scale, and to establish temporal and spatial

variations of environmental isotopes in precipitation. This, in turn, was intended to provide

the basic isotopic data to underpin the use of environmental isotopes in hydrological

investigations within the scope of water resources inventories, planning and development.

Although these primary objectives are still important for the future, the network's database

has also proved indispensable in palaeoclimatology and provides important input data for

verification and further improvement of atmospheric circulation models.

One of the major purposes of WMO is to facilitate world-wide co-operation in the

establishment of networks of stations for the making of meteorological observations as well

as for hydrological and other geophysical observations related to meteorology. Besides the

classical meteorological and hydrological variables which are and have been routinely

observed for a long time by national Meteorological and Hydrological Services, there are

other variables which are also of interest and importance for WMO. This was the rationale

for WMO to join the IAEA initiative to establish the GNIP.

IAHS represents the hydrological sciences community worldwide. There is still a

great need for scientific and technical information to promote the comparison of hydrologic

investigation using isotope data and classical techniques respectively. For a better

understanding of the various processes governing the dynamics of hydrological systems and

to improve hydrological modelling, the complementary approaches of tracer hydrology and

the application of isotope methods need to be integrated.

The basic objective of PAGES is to provide the palaeo-dimension to the global

change programmes, such as IGBP, WCRP and HDP. Important information is derived from

isotope studies of record? of past procioitat'on. The isotoc'c ratios of water offer

opportunities to study atmospheric temperature, origin of water vapour and atmospheric

circulation patterns. This, in turn, provides estimates of past and present interactions

within ecosystems, fluvial systems, and the cryosphere, which are fundamental to assess
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impacts due to changes in climate and the hydrological cycle.

The efforts of the IAEA in promoting isotope methods in studies related to the
hydrological cycle, including continuous operation of GNIP over the past three decades,
were acknowledged both by the representatives of the international organizations and by
top-level scientists participating in the meeting. Specific steps towards strengthening the
operation of the network, with broader participation and support of national and
international bodies dealing with water and climate, were discussed and agreed upon. In
particular, support for national networks and their integration was expressed.

It became apparent that GNIP has gained international recognition as one of the key
elements in global change studies related to evolution of the water cycle and climate. The
network is now expected to serve additional purposes, namely as a benchmark for the
interpretation of paleo-records, as a validation tool for Global Circulation Models, and for
establishing large-scale regional (and continental-scale) water balances. Furthermore, the
long-term temporal changes emerging from the available data sets need to be understood in
terms of changing climate.

The recommendations of the working groups addressed, among others, the following

issues:

1. The structure of GNIP should be strengthened. This includes the build-up of:
* stations located close to major natural climatic archives (e.g. Greenland, mountain areas),
* stations which represent climatically sensitive areas (indicated by GCM's and biome
models).

There should be close liaison with WMO stations which measure other atmospheric
parameters. Co-operation with such programmes as Global Atmospheric Watch (GAW) of
WMO and Global Climate Observing System (GCOS) is recommended.

2. Specific, research-oriented pilot or research observing stations, to be operated in
specific areas for a limited period of time should be launched. More detailed sampling (e.g.
event-based samples for air moisture and for precipitation) in selected climatic zones was
deemed necessary to gain a better understanding of the physical mechanisms controlling
spatial and temporal variability of the isotopic composition of precipitation (source regions,
continental basins, air mass boundaries). Moisture collection and measurements will require
substantial improvements in established methods. Efforts should be made to develop
innovative techniques for in situ isotope measurements. Such programmes should be
conducted on a national level by scientific institutions presently operating national isotope
monitoring networks. Studies of this type already performed in several countries (e.g. UK,
Brazil, Israel) have demonstrated the importance of this approach.
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3. Isotope monitoring of river outflow from major continental basins should be initiated.
This could be realized in co-operation with the UNEP/WHO Global Environmental Monitoring
System-Water (GEMS-Water).

4. Hydrological/isotopic studies should be linked to the existing or planned programmes

(e.g. GEWEX and its projects, such as BALTEX, GAME and LAMBADA) aimed at studying

water and energy balance on a continental scale. Case studies to assess the sensitivity of

isotopic tracers to extreme hydrological events (floods, droughts) were suggested. A

programme was recommended to test linkages between selected palaeo-data sets, including

isotope indicators, with the aim of measuring event-scale hydrology (flood stratigraphy).

5. There is an urgent need to improve interpretation of isotope records available from

various natural climatic archives. In particular, it was emphasized that the isotope data

from ice cores need to be calibrated against instrumental records of meteorological

parameters. To this end, more information is required on the isotopic composition of water

vapour, sea surface temperature, and prevailing winds in the vapour source regions.

Shallow ice cores (polar and alpine) could then provide a link to the GNIP data sets and

could extend the isotope calibration information to other natural archives.

6. The deuterium excess parameter (<J) is of particular importance in climate modelling

and in the understanding of hydro-meteorological pathways. The use of the deuterium

excess imposes strict requirements on the accuracy of deuterium and oxygen-18 analysis.

A GNIP-based worldwide documentation of quality control regarding sampling, shipping and

measurements is needed.

7. The IAEA/WMO database and other isotope data sets should be included in the

World Data Center A for palaeo-climatology.

8. National Science Foundations and funding agencies should be approached to provide

funds for strengthening GNIP and national networks which could in turn contribute to the

global data base.

9. A science and implementation plan for these recommendations should be developed

by a WMO-IAEA-PAGES Steering Committee.

10. IAEA was requested to organize a follow-up meeting in autumn 1995 to finalize the

revision of GNIP and take necessary actions. It is also intended, that at this meeting the

WMO-IAEA-PAGES Steering Committee will be constituted and will held its first session.
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ANNEX A

TIME TABLE OF THE MEETING

Sunday, 22 January

afternoon - arrival and registration of participants

19.00 - social event (ice-breaker)

Monday, 23 January

Open day

9.30-10.45 Session A : Opening

Welcome by Mr Ch. Emmenegger (Hydrological Adviser to the
Permanent Representative of Switzerland with WMO)

Introduction by Mr H. Oeschger (PAGES)

Addresses of participating Agencies and Programmes indicating
expectations on the Workshop (10 minutes each):

WMO (Mr M. Jarraud, Deputy Secretary General)

IAEA (Mr S. Machi, Deputy Director General)

IGBP (Mr Ch. Rapley, Executive Director)

IAHS (Mr Ch. Leibundgut, President of International Committee on
Tracers)

WCRP (Mr H. Grassl, Director)

PAGES (Mr H. Oeschger, Chairman)

11.15 - 12.30 Session B: Theoretical and empirical knowledge of links between the
isotopic signatures and hydrometeoroiogical variables - Key-note
lectures by Mr K. Froehlich (IAEA) and Mr J. Jouzel (France); 30
minutes + 5 minutes discussion each

14.00 - 15.15 Session C: Past and present climate change as reflected in the
isotopic signature of water - Key-note lectures by Mr S. Johnsen
(Iceland) and Mr K. Rozanski (IAEA) 30 minutes + 5 minutes
discussion each
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15.45 - 17.00 Session D: Palaeo-infonmation, climate change and extreme
hydrological events - Key-note lectures by Mr Z. Kundzewicz (WMO)
and Mr J. Knox (USA); 30 minutes + 5 minutes discussion each

End of the open day

17.45 - 19.00 Session E: How to incorporate isotope monitoring in existing
observation systems related to the water cycle - Discussion

19.30 Emmentaler Bauernbuffet

Tuesday, 24 January

8.30 - 10.00 Parallel Sessions of Working Groups on Themes B. C, D

10.30 - 11.30 Parallel Sessions of Working Groups on Themes B and C (D is

rotating)

11.30 - 1 2.30 Parallel Sessions of Working Groups on Themes C and D (B is
rotating)

14.00 - 15.00 Parallel Sessions of Working Groups on Themes B and D (C is

rotating)

15.30 - 17.00 Parallel Sessions of Working Groups on Themes B, C, D

17.00 - 18.30 Meeting of Chairpersons and Rapporteurs of Working Groups,

Preparation of Working Group recommendations

Wednesday, 25 January

8.30 - 10.00 Presentation of Group Reports

10.30 - 12.30 Session F: Isotopes in past and present precipitation: challenges for
operational hydrology, water management and engineering design -
General Discussion
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ANNEX B

LIST OF REGISTERED PARTICIPANTS

Dr L. Araguas
IAEA
Isotope Hydrology Section
Wagramerstrasse 5
P.O. Box 100
VIENNA 1400
Austria

Dr T. Atkinson
University of East Anglia
School of Environmental Sciences
NORWICH NR4 7TJ
United Kingdom

Prof. A. Ba>dossy
Institut fur Wasserbau
Lehrstuhl fur Wasserbau und Wasserwirtschaft
Universitat Stuttgart
Plaffenwaldring 61
D-70550 STUTTGART
Germany

Dr I. Borzenkova
State Hydrological Institute
23, Second line
ST PETERSBURG 199053
Russian Federation

Tel: (43 1) 20 602
Fax: (43 1) 20 607

Tel: (44 603) 561 61
Fax: (44 603) 507 719
e-mail: tatkinson@nea.ac.uk

Tel: (49 711) 685 4663
Fax: (49 711) 685 4681
e-mail: gg08@ibm3090.rz.uni-

karlsruhe.de

Tel: (7 812) 213 3517
Fax: (7 812) 213 1028/3447

Dr R. Bradley
Department of Geology and Geography
Morril Science Center 2
University of Massachussetts
AMHERST MA 01003
USA

Ms A. Coudrain-Ribstein
ORSTOM
C.P. 9214
LA PAZ
Bolivia

Tel: (1 413) 545 2794
Fax: (1 413) 545 1200
email:
rbradley@climate1 .geo.umass.edu

Fax: (591 2) 39 18 54
e-mail: ribstein@orstom.orstom.fr
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Prof. L. Dever
University de Paris-Sud
Laboratoire d'Hydrologie et de

Ge"ochimie Isotopique
BStiment 504
91 405 ORSAY CEDEX
France

Dr W.M. Edmunds
National Environment Research Council
British Geological Survey
Hydrogeology Group
Maclean Building
Crowmarsh Gifford
WALUNGFORD Oxon 0X10 8BB
United Kingdom

Mr T. Edwards
Forschungszentrum fur Umwelt und

Gesundheit
Neuherberg
Institut fur Hydrologie
Ingolstadter LandstraBe 1
D-85764 OBERSCHLEISSHEIM
Germany

Permanent address:
Mr T. Edwards
Department of Earth Sciences
University of Waterloo
WATERLOO, Ontario
Canada N2L 3G1

Prof. Ch. Emmenegger
Directeur
Service hydrologique et ggologique national
Worblentalstrasse 32
Ittigen
CH-3003 BERNE
Switzerland

Prof. V. I. Ferronsky
Laboratory of Isotope Hydrology
Water Problems Institute
10, Novo - Basmannaya Street
107 078 MOSCOW
Russian Federation

Tel: (33 1) 69 41 64 23
Tlx: FAC ORS 602166 F

Tel: (44 491) 838800
Fax: (44 491) 82 53 38
e-mail: wme@ua.nwl.ac.uk

Fax: (49 89) 318 733 61
e-mail: edwards@gsf.de

(address valid until August 1995)

Tel: (519) 888 4567 Ext.
Fax: (519) 746 0183

3231

Tel: (031) 324 77 58
Fax: (031) 324 76 81

Tel: (7 095) 231 0522/231 0657
Fax: (7 095) 265 1887
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Dr K. Froehlich
IAEA
Isotope Hydrology Section
Wagramerstrasse 5
P. O. Box 100
A-1400 VIENNA
Austria

Tel: (431) 236 0 (ext 1739)
Fax: (431) 234 564
e-mail: froehlik@rip01 .iaea.or.at

Prof. J. R. Gat
Department of Environmental Sciences and Energy
Weizman Institute of Science
REHOVOT 76100
Israel

Fax: (972) 834 4124
e-mail:
cigatj@weizmann.weizmann.ac.

Prof. H. Grassl
Director
World Climate Research Programme
WMO
Case postale 2300
CH-1211 GENEVE 2
Switzerland

Tel: (41 22) 730 8246
Fax: (41 22) 734 2326

Mr J. Han
Institute of Geology
Chinese Academy of Sciences
P. O. Box 9825
BEIJING 100029
China

Tel: (861) 202 77 66
Fax: (861) 491 91 40

Mr L. Hinsby
Hydrogeological Division, DGU
Geological Survey of Denmark
Thoravej 8
DK-2400 COPENHAGEN NV
Denmark

Tel: (45 31) 106 600
Fax: (45 31) 196 868
e-mail: khi@dgu1.dgu.min.dk

Mr M. Jarraud
Deputy Secretary-General
WMO
Case postale 2300
CH-1211 GENEVE 2
Switzerland

Tel: (41 22) 730 8210
Fax: (41 22) 734 2326*

Dr S. J. Johnsen
Science Institute
University of Iceland
REYKJAVIK 107
Iceland

Tel: (354 1) 694 790/785/800
Fax: (354 1) 289 11
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Dr J. Jouzel
CEA/CE-SACLAY-DSM
Laboratoire de Mod6lisation du Climat et
de I'Environnement
Bat 709 - Orme des Merisiers
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ANNEX C

ADDRESS OF
MR M. JARRAUD,

DEPUTY SECRETARY-GENERAL
OF THE WORLD METEOROLOGICAL ORGANIZATION

On behalf of the WMO Secretary-General, Professor G. 0. P. Obasi, I would like to
welcome you to the International Workshop on Tracing Isotopic Composition of Past and
Present Precipitation - Opportunities for Climate and Water Studies. I would also like to add
my own personal greetings to you on this first occasion when I have enjoyed this
experience, since joining the World Meteorological Organization from the European Centre
for Medium Range Weather Forecasts in Reading, United Kingdom.

You may be aware that the major purpose of the World Meteorological Organization
is "to facilitate world-wide co-operation in the establishment of networks of stations for the
making of meteorological observations as well as for hydrological and other geophysical
observations related to meteorology". Besides the classical meteorological and hydrological
variables which are and have been routinely observed for a long time by national
Meteorological and Hydrological Services, there are other variables which are also of interest
and importance for WMO. This was the rationale for WMO's original involvement in the
IAEA/WM0 Global Network "Isotopes in Precipitation" whose objective was to
systematically collect data on the isotope composition of hydrogen and oxygen in
precipitation. The data gathered in this network made it possible to unveil hitherto shrouded
spatial and temporal characteristics of the process of precipitation and to arrive at
relationships between the isotopic content of precipitation and a number of
hydrometeorological variables.

There are of course a number of programmes within WMO relevant to the subjects
covered by this Workshop. This is demonstrated by the participation of representatives of
several of the scientific programmes of WMO in the planning for this meeting and in the
meeting itself.

As water is central to the topic of this Workshop, let me start with the Hydrology
and Water Resources Programme (HWRP), which implements the Article 2(e) of the,WMO
Convention - "to promote activities in operational hydrology and to further close co-
operation between Meteorological and Hydrological Services". The HWRP is geared to
assist Hydrological Services of Member countries to meet the increasing demands for the
assessment and development of water resources and for protection from water-related
natural hazards. In order to improve the availability of hydrological data worldwide and to
assist the Hydrological Services of developing countries, HWRP is making major
contributions to the launch of the World Hydrological Cycle Observing System (WHYCOS).

Another programme supporting this Workshop is the WMO Atmospheric Research
and Environment Programme (AREP) and its. Global Atmosphere Watch (GAW) system aimed
at monitoring and studying the chemical composition of the atmosphere, including
greenhouse gases, and related physical parameters which may affect climate and the
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environment. The data on isotope composition of precipitation are believed to be useful for
interpreting GAW studies of the chemical composition of precipitation, chemical reactions
during atmospheric transport and the deposition of pollutants as well as in understanding
chemistry and physics of clouds.

The data on isotope composition of precipitation are also of interest to the Global
Climate Observing System (GCOS), established and co-sponsored by WMO, IOC of
UNESCO, UNEP and ICSU, with the objective of meeting a number of needs such as climate
system monitoring, climate change detection and monitoring of response to climate change.
And, of course, the topic of the present Workshop is directly relevant to the World Climate
Research Programme co-sponsored by WMO, IOC of UNESCO, and ICSU, whose Director is
going to address you during this session.

The links between the stable isotope composition of precipitation on the one hand,
and the basic meteorological variables on the other, such as near surface air temperature,
total precipitation and also the characteristics of the source of water, including the dominant
atmospheric circulation patterns, offer challenging fields for study in climatology and
hydrology. In particular, isotope studies allow one to decipher the palaeo-information of the
Earth archives and they have potential for use in other ways. Data on the stable isotope
composition of precipitation can lend themselves as a useful proxy for extending the time
series of available instrumental records in both meteorology and hydrology. They can thus
help to overcome the handicap of the shortage of lengthy time series of meteorological and
hydrological variables which has seriously limited the possibility of testing scientific theories
and developing a theoretically sound basis for application to water resources planning and
management. They can also be useful for interpretation of data on the chemical
composition of precipitation.

It is generally acknowledged that the reconstruction of the conditions of the past, as
recorded in the palaeo-archives of the Earth, is an indispensable part of climate and water
studies. In order to understand the present and to forecast the future, one needs to study
evidence from the past, such as the palaeo-information recorded as isotopic signatures. It is
also a challenging opportunity for climate modellers, who could use the results from the
palaeo-archives for testing their global circulation models.

Two fundamental questions in hydrology are:

Where does a drop of water precipitating here come from? •

Where does water evaporating from here go to?

Studies of isotope composition of precipitation might help to respond to both these
questions. Extension of these analyses into the study of the isotope composition of river
flows may indicate the parts of the flow originating from the different sources.

Precipitation is the variable at the interface between meteorology, climatology and
hydrology. It is typically an output from meteorological and climatological analyses and an
input to hydrological studies. As a process belonging to a number of areas it seems logical
that it requires a multi-disciplinary or an inter-disciplinary approach.
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WMO hopes that there are a number of issues where clarification might be achieved
during this Workshop, which in turn may contribute to better interpretation of isotope
signatures of past and present precipitation and extend the applicability of these data.
Examples of such issues relate to the credibility and accuracy of findings, the limits of
temporal resolution and of temporal and spatial transferability.

This Workshop is envisaged as a platform for isotope, water and climate
communities to share their interests in this area of science and to discuss future directions
for their joint activities. As a result of the Workshop, WMO expects to be able to report to
its Members, and to meteorological and hydrological communities in general, on a new
justification for the rationale for monitoring isotopes in precipitation, and on new
perspectives for the applicability of these observations. We hope that a new awareness will
be created for the potential of this research and at the same time that a feedback will be
developed to the researchers from scientists and engineers involved operationally to whom
the results of the research will be of value.

The present Workshop is an example of co-operation between four international
organizations, governmental and non-governmental. It is being co-sponsored by two
governmental organizations, namely the World Meteorological Organization and the
International Atomic Energy Agency and two non-governmental organizations from within
the International Council of Scientific Unions - the International Association of Hydrological
Sciences and the Past Geological Changes (PAGES) Project of the International Geosphere-
Biosphere Programme. The spirit of collaboration between these different bodies, and
between disciplines is very central to the activities of our Organization serving the
meteorology, climatology and hydrology communities.

I am convinced that this Workshop will fulfil its ambitious aims. It offers a welcome
opportunity for the water and climate communities to become familiar with new findings in
the studies of past and present precipitation, which to a large extent will depend on isotope
techniques. In turn it offers them the chance of influencing future research to meet their
needs. I wish you very successful deliberations.
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ANNEX D

ADDRESS OF MR MACHI,

DEPUTY DIRECTOR GENERAL
AND HEAD OF THE DEPARTMENT OF RESEARCH AND ISOTOPES

INTERNATIONAL ATOMIC ENERGY AGENCY

It is indeed a privilege and great pleasure for me to welcome you all to the opening of
the International Workshop on Tracing Isotopic Composition of Past and Present
Precipitation - Opportunities for Climate and Water Studies, on behalf of the Director
General of the International Atomic Energy Agency, Mr Hans Blix.

At the outset let me briefly provoke your thoughts on the general scope and
objectives of the IAEA.

The IAEA, which presently embraces 122 Member States, was established in 1957
as an autonomous inter-governmental organization under the UN system, to serve as the
World's central forum for scientific and technical co-operation in the field of peaceful uses
of nuclear energy and technology.

The Mandate of the IAEA is:

i) to accelerate and enlarge the contribution of atomic energy to peace, health and
prosperity throughout the world;

ii) to encourage and assist in carrying out research and development of practical
application of atomic energy for peaceful uses in the fields of power production and
non-power applications;

iii) to establish and administer safeguards to ensure non-proliferation of nuclear arms;

iv) to establish or adopt standards of safety for protection of health and minimization of
danger to life and property in the field of atomic energy;

v) to provide materials, services, equipment, and facilities to meet the needs of research
and development concerning practical applications of atomic energy;

vi) to foster the exchange of scientific and technical information.

In accordance with the mandate, the major activity areas of the IAEA include:

(1) Promotion of nuclear power and nuclear safety.

Regarding electrical power generation by nuclear energy, currently 424 nuclear
power stations are in operation to supply 17% of total electricity, and 72 stations are
under construction throughout the world. As you all know, to reduce the emission of
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UN report pointed out that for 9 out of 15 industrialized countries, including
Australia, Canada, Japan, Spain and the USA, it is extremely difficult to reduce the
amount of CO2 emission to the level of 1990 by the year 2000. In this context,
nuclear power is the only practical and economical option to reduce C02 emission.

(2) Implementation of nuclear safeguards.
(3) Use of isotopes and radiation in different disciplines such as

* Food and Agriculture
* Human Health
* Industry
* Hydrology and
* Environment.

The activity area of applications of isotopes and radiation is being pursued by the
Department of Research and Isotopes of which I am in charge. One of the scientific
programmes within this activity area is devoted to the Development of Water Resources.

The 1994 regular budget, for example, is about $200 million. About 50% of the
regular budget is used for safeguards and the other 50% for the promotion of peaceful
applications of nuclear technology. The Agency is actively engaged in the transfer of
technology to developing countries and international research programmes in the field of
atomic energy.

There are two main objectives of the programme on Water Resources Development:

The first one is to assist Member States in using isotope techniques for the assessment,
development and management of their water resources, with emphasis on:

* water supply in arid and semi-arid regions;
* water resources protection, and;
* geothermal water resources development.

The second one is to foster the application of isotope techniques to environmental problems
related to the hydrosphere and atmosphere-hydrosphere interrelationships such as:

* water pollution by radioactive and non-radioactive contaminants;
* hydro climatic changes;
* soil erosion and sedimentation processes;
* environmental processes in the Black Sea and Caspian Sea.

»

In pursuing these objectives, the IAEA supports research in order to develop isotope
techniques, which may extend their applicability in hydrology and environmental studies. To
this end, the International Atomic Energy Agency, in cooperation with the World
Meteorological Organization (WMO), is conducting a world-wide survey of hydrogen and
oxygen isotope content in precipitation. The programme was initiated in 1958 and became
operational in 1961. The main initial objective of the programme was to collect systematic
data on isotope content of precipitation on a global scale to enable the establishment of
temporal and spatial variations of environmental isotopes in precipitation and, consequently,
to provide basic isotope data for the use of environmental isotopes in hydrological
investigations within the scope of water resources inventory, planning and development.
Although the primary objective of the network, namely the collection of basic data for
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recent years other fields using the network data have become more and more apparent:
climatology, hydrometeorology and oceanography. In particular, the network is being
employed to provide input data for verification and further improvement of atmospheric
circulation models relevant to climatological investigations.

The stations participating in the programme collect composite total rainfall for each
month for tritium, deuterium and oxygen-18 analysis. In addition to the isotopic data, the
network's database contains basic meteorological data such as cumulative monthly
precipitation, mean monthly air temperature and mean monthly vapour pressure.
Approximately 50 percent of the collected precipitation samples are analyzed in the IAEA
laboratory. At present, 45 IAEA/WM0 network stations are in operation and another 68
stations which belong to national organizations continue to send their results to the IAEA.
To date, about 240,000 isotope and meteorological data representing more than 450
locations have been accumulated. So far, there are 273 stations for which at least one year
of record of oxygen-18 exists.

The network's database has proved indispensable for any isotope study in the field of
hydrology and palaeohydrology. The relevance of the network data to climate related
studies is just emerging and the international scientific community appears to be strongly
interested in maintaining this monitoring activity.

At the PAGES-IAEA Workshop on "Monitoring Climate Change by Isotope
Measurements in the Hydrological Cycle" held in April 1993 at the IAEA Headquarters in
Vienna, it was emphasized that the international scientific community and scientific bodies
recognize the network as a valuable contribution to Global Change research, in particular to
the International Geosphere Biosphere Programme of ICSU and to the Global Atmospheric
Watch of the World Meteorological Organization. In following up the recommendations of
the workshop and preparing the present one, a number of suggestions were made and will
certainly be the subject of detailed technical discussions during the meeting. These
suggestions and recommendations include:

to further optimize the network of stations to cope with the needs for both
hydrological applications and global change studies;

to efficiently include (integrate) the network in other global international monitoring
programmes;

to focus the network also on the requirements of these international programmes, in
particular to expand the network to isotopic monitoring of rivers;

to share the operation of the network including funding;

to establish collaboration in setting up a global isotope-climatological database based
on the present network's data base;

to strengthen the quality assurance activities related to the database.

In this context, the IAEA sees good reasons for strengthening the collaboration with
other organizations and programmes. It is the general consensus within the scientific
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community that environmental isotope techniques are very powerful tools to account for the
mechanisms of hydroclimatic evolution of the globe.

Nuclear-based techniques are the only ones to provide reliable time scales. It is
within the Agency's statutes to assume responsibility for the transfer and dissemination of
isotope methodologies which can make valuable contributions in this field. The issues
related to global environmental change are becoming a corner stone of many international
organizations including both Scientific Unions and the UN system. Moreover, more and
more research, also in developing countries, is directed towards the global change issues.
Therefore, the IAEA is ready to continue and strengthen its efforts towards efficient
collaboration in the use of isotope techniques for water and climate studies.

In conclusion, I wish all of you a scientifically rewarding meeting and a pleasant stay
in this beautiful part of Switzerland. I thank you very much for your attention.
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ANNEX E

ADDRESS OF MR LEIBUNDGUT,

PRESIDENT OF INTERNATIONAL COMMITTEE ON TRACERS (ICT)
OF INTERNATIONAL ASSOCIATION OF HYDROLOGICAL SCIENCES

The International Association of Hydrological Sciences (IAHS) uniting the scientific
hydrological community worldwide is composed of nine Commissions and Committees. The
International Committee on Tracers links the community of hydrologists using tracer
methods (called tracer hydrologists in the sequel) and those who usually do not use tracer
methods (called non-tracer hydrologists in the sequel).

Non-tracer hydrologists recognize the usefulness of tracer methods in studying the
hydrological cycle. However, tracer methods do not play a significant role in analysis of
extreme events which are of most interest and importance in hydrology. This may be a
result of the situation that no appropriate tracers for the investigation of such problems are
available.

It may be expected that the interest in tracer methods may grow within the
hydrological community if the non-tracer hydrologists succeed to overcome the lack of
information concerning the potential of tracer methods as an advanced tool in hydrological
research.

Runoff separation is an issue where tracer tools lend themselves particularly well to
applications. However, as compared with the classical results of hydrograph separation,
those obtained by tracer methods are largely different. Studies of non-tracer hydrologists
may show that the base flow is of the order of 20 to 30 per cent of the total runoff.
According to tracer hydrologists who use experimental tracer methods in order to determine
the base flow, this number is much higher, of the order of 80 per cent. Differences in
opinions and conceptions between these two groups of hydrologists are widespread.
However, the catchment modelling in the sense of the classical hydrograph separation is still
in use without account of the results of tracer studies.

The above example shows that the communication between the two camps of
hydrologists is not adequate. The existing scientific knowledge of the other camp is not
sufficiently known. The tracer and non-tracer hydrologists are working next to each other
rather than collaborating.

The tracer hydrological approach gives an insight into hydrological processes and
lends itself well to studies of water volumes in different storages. The base flow is a runoff
component which can be characterized by isotopes and hydrochemical characteristics,
respectively. Objective of tracer hydrology is to investigate a volume of water in its passage
through the compartments. Such an approach allows the origin of water to be detected,
firstly of precipitation (spatial and temporal distribution) and secondly of the storage
systems (e.g. soil water).

In order to bring these two camps of hydrology closer together it would help if non-

29



In order to bring these two camps of hydrology closer together it would help if non-
tracer hydrologists use tracer methods more frequently in their hydrological investigations,
and see the merits of these methods in the linkage with physical models rather than the
conceptual ones.

The processes of isotope fractionation, the hydrochemical and biological ones are
linked with the processes of water cycle. The main problem is the linkage of these groups
of processes. There is still a great need of research in that complex field and of the transfer
of knowledge.

Non-tracer hydrologists are often quite suspicious of tracer techniques due to the
complexity of analysis and evaluation. On the other hand, even more, tracer specialists are
often completely convinced of the accuracy of their results and are not really open for
critical considerations nor willing to undertake an inter-comparison of methods. This could
be called an accuracy-syndrom of tracer hydrologists. To improve the situation a complete
error analysis based on the error theory is needed, which would include not only the
processes of isotope fractionation but also the hydrological ones.

Summarizing, one can say that the non-tracer hydrology expects support from tracer
methods. Contribution of the tracer camp can help non-tracer hydrologists understand the
processes and systems and improve hydrological modelling. Furthermore extended error
analyses is needed of the coupled water cycle - isotopes system and investigation of the
hydrological cycle as the entity consisting of precipitation, runoff, infiltration and
groundwater.
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ANNEX F

PAGES PERSPECTIVES AND EXPECTATIONS

ADDRESS OF MR OESCHGER,

CHAIRMAN OF PAGES

The basic objective of PAGES is to provide the palaeo-dimension to such Global
Change Programmes as IGBP, WCRP and HDP. By palaeo-dimension we mean the history
and evolution of the Earth system components. Analyses of the information recorded in
natural archives like ice, sediments, trees, organic deposits and corals provide basic
information on the functioning of the Earth system, like initial conditions of the system
before the human impact, history of climate forcing and the response to it, internal system
variability and instabilities, variations in atmospheric trace gases, feedback between
atmospheric composition and climate change, characteristics of extreme events and their
variation with climate state. Important Global Change information is revealed in isotope
studies of records of past precipitation. PAGES salutes the achievements of the IAEA/WMO
Isotopes in Precipitation Network as well as other activities of the Isotope Hydrology
Section of the IAEA Department of Research and Isotopes. Three decades pioneering work,
through conferences, workshops, interlaboratory comparisons has been accomplished. A
high standard in the field of natural isotope studies has been reached and ever new
applications and methods have been explored. These activities have contributed to the
progress of Global Change science, especially regarding analysis of records of the past.
PAGES therefore strongly supports the formal integration of these activities into Global
Change programmes.

PAGES expectations for the workshop cover essentially three aspects:

First, we expect to obtain an improved base for the interpretation of past precipitation
records from an improved understanding of controls of isotopic composition of present
precipitation. This understanding will come from scientific monitoring of isotopes in present
precipitation, together with GCM modelling of isotopes within the hydrological system. The
isotope network should be supplemented by new stations to obtain critical information
hitherto unavailable and to correct for imbalances in geographical distribution.

Second, although the isotopic ratios of water to a first approximation represent classical
meteorological parameters like temperature and precipitation rate, they also provide
additional information, e.g. the origin of water vapour, circulation patterns; and interactions
with fluvial systems, ecosystems, and the cryosphere. This is fundamental information on
the operation of the Earth system and its hydrological changes. Especially designed isotope
studies could help to provide answers to a series of key questions in Global Change
research.

Third, isotope studies can provide information on characteristics of river systems, which is
important for the understanding of their response to things such as extreme precipitation
events. An example is the possibility to study how the water of a heavy precipitation event
is dispersed in the river system, what part of the rain water runs off on the surface, and
what part infiltrates and augments the base flow. This ratio of surface runoff to infiltration
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studies could provide very valuable information for water management and engineering
design. Further the quality and volume of groundwater, and impacts due to human
activities and climatic change are of increasing human concern.

The IAEA technical cooperation in this field will become an increasingly important
component of dealing with the negative consequences of global change.
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ANNEX G

ABSTRACTS OF SIX KEY-NOTE LECTURES AND PROBLEMS FOR DISCUSSION

Session B: Theoretical and empirical knowledge of links between the isotooic signatures and
hvdrometeorological variables

Spatial and temporal variability of the isotopic composition of precipitation and its relation to
hydrometeorological variables

K. Froehlich, L. Araguas, W. Stichler (all - IAEA) and U. Schotterer (PAGES)

Presented by Mr Froehlich.

In 1961, the International Atomic Energy Agency (IAEA), in cooperation with the
World Meteorological Organization (WMO), initiated a world-wide survey of the isotope
composition of monthly precipitation. The programme was launched with the primary
objective of collecting systematic data on isotope composition of precipitation on a global
scale, characterizing their spatial and temporal variability and, consequently, providing basic
isotope data for the use of environmental isotopes in hydrological investigations. It soon
became apparent that the collected data are very useful also in other water-related fields
such as oceanography, hydrometeorology and climatology.

The data gathered during three decades of operation of the global IAEA/WMO
network, supplemented by numerous local studies, provide a fairly detailed picture of spatial
and temporal variability of isotopic composition of meteoric waters worldwide. The isotopic
composition of precipitation reveals an apparent relationship to numerous, mutually related
factors like surface air temperature, relative humidity of the atmosphere, amount of
precipitation, latitude, distance from the coast and the elevation of the given area above sea
level. It also became apparent that, like many other atmospheric properties, the isotopic
composition of atmospheric water vapour and, consequently, of precipitation exhibits a
broad spectrum of temporal variations. ,

Fig. 1 presents the geographical distribution of the IAEA/WMO network stations for
which a minimum of one complete year of stable isotope record is available. Fig. 2 illustrate
the basis for use of GNIP isotope data to study climate variability and change. It represents
the link between the long term monthly and annual means of <J,eO and surface air
temperature for the stations of the IAEA/WMO global network situated between 40°N and
60°N. Both Figures stem from R6zanski, K., Araguas-Aragua"s, L & Gonfiantini, R. (1993),
Isotopic patterns in modern global precipitation (In: Climate Change in Continental Isotopic
Record, Geophysical Monograph No. 78, AGU, pp. 1-36).

A considerable amount of theoretical and applied work carried out during the past
three decades resulted in a fairly good understanding of the processes controlling the
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Fig. 1 Geographical distribution of the lAEA/WMO network stations for which a minimum
of one complete year of stable isotope record is available.

-30 -20 -10

Fig. 2 Relation between the long term monthly and annual means of <J,eO and surface air
temperature for the stations of the lAEA/WMO global network situated between 40°N and
60°N.
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isotopic evolution of meteoric waters at different levels of the global hydrological cycle. It
has been demonstrated that spatial and temporal variations of deuterium and oxygen-18
isotope composition of precipitation have their origin in isotope fractionation effects
accompanying evaporation from the ocean and subsequent condensation during atmospheric
transport of water vapour.

A close relationship between present-day isotopic composition of precipitation and
some climatically relevant parameters such as surface air temperature and amount of
precipitation have been used in numerous studies to extract palaeoclimatic information from
records of isotopic composition of ancient precipitation preserved in various environmental
archives such as ice cores, lacustrine deposits, tree-ring cellulose and groundwater. It has
been demonstrated that a close link exists at mid latitudes between fluctuations of the
surface air temperature and the isotopic composition of precipitation on the decadal time
scale. The long-term changes of 1BO content in precipitation can be traced also in rivers and
in shallow groundwater systems. The isotope-temperature coefficients based on interannual
changes of 18O and 2H content in precipitation and surface air temperature at the given area
are probably the most relevant as far as palaeoclimatic applications of stable isotopes are
concerned.

The deuterium excess data, derived from the IAEA/WMO database, are discussed in
the light of potential importance of this secondary isotope parameter for deciphering
physical parameters of the evaporation process at source regions of atmospheric moisture,
mainly the temperature and relative humidity over the evaporating surface ocean.

Questions:

* What is the physics behind the empirical findings shown with respect to:

(1) d,8O vs. vapour pressure (global and regional scale mean annual values which
show a "plateau" towards high vapour pressure);

(2) d18O vs. temperature (global and regional scale mean annual values where the
"plateau" is "shorter")?

* If one plots the mean monthly deuterium excess vs. temperature and in a number of
examples this holds also for oxygen-18 vs. temperature and vapour pressure vs.
temperature, a clear hysteresis effect can be seen. In our explanation, the leads and
lags of sea surface temperature (SST), temperature of the continent (in cases where
the continent is the moisture source) and atmospheric temperature are responsible
for this. This "source" effect remains also in continental stations and could be used
as an "source imprint" on precipitation falling far from the oceanic source region. Is
it possible to verify this by modelling on a global or at least regional scale (e. g. by
varying North Atlantic SST's and atmospheric temperature on one hand and changes
of deuterium excess on a seasonal and decadal scale respectively) ?

* The deuterium excess at high latitudes in oceanic and coastal stations in the
southern hemisphere is significantly lower than 10. Is this a source effect or simply
an inadequate sampling?
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Theoretical and empirical knowledge of links
between the isotopic signatures and hydrometeorological variables

J. Jouzel

(Laboratoire de Moderation du Cllmat et de I'Environnement. CEA/CE-SACLAY-DSM, Gif-
sur-Yvette, France and Laboratoire de Gladologie et Geophysique de I'Environnement,

St Martin d'Heres. France)

The distribution of HDO and H2
1B0, the two stable isotopic forms of water, are well

documented in modern precipitation from the IAEA network and other sources. These data
show that there are relationships between the isotopic contents, 60 and <fie0, of rain and
snow and climatic parameters. Global scale characteristics of these isotopic distributions
are the following:

1) existence of a seasonal cycle (summer maximum and winter minimum) well marked for
mid and high latitude continental precipitation;

2) general decrease of the mean annual isotopic contents from equatorial to polar regions;

3) existence, in mid and high latitudes of a linear relationship between these annual means
and the mean annual temperature at the site, T,;

4) linkage between the amount of precipitation and the isotopic content of tropical and
equatorial precipitation; and

5) 60 and <J180 are distributed along the Meteoric Water Line 60 = 8'<J18O + 10.

The existence of such relationships between isotopic distributions and climate
parameters has a large variety of applications in most, if not all, scientific fields dealing with
the study of the water cycle : cloud physics, meteorology, climatology and
paleoclimatology, hydrology, glaciology and oceanography. For example, the relationship
between the 6's and the local temperature is, as discussed in this workshop by S. Johnsen,
of primary interest for the palaeoclimatologist since it allows the inference of
palaeotemperatures from isotope concentrations measured in ancient precipitation. .

To make full use of isotopic data in precipitation and water vapour in those various
fields, it is necessary to develop isotopic models which allow to examine how is the isotopic
signature of hydrometeorological parameters related to hydrometeorological conditions.
Indeed, the physical laws that govern the isotopic fractionation processes at the various
steps of the atmospheric water cycle are sufficiently well known for the isotopic
distributions in precipitation to be modelled despite their complexity and it is on this
modelling aspect that we will focus in our presentation. This approach is based on a
hierarchy of models in which water isotopes have been incorporated. This includes
dynamically simple Rayleigh type distillation models, two-dimensional models and
Atmospheric General Circulation Models (AGCM). We will examine through a short
description of simple models what are the main climate parameters or processes that
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influence the worldwide distribution of isotopes in precipitation and then review the current
state of development of isotopic AGCM's, their performances for present-day climate. We
will also give a summary of what can be learned, from the viewpoint of the
palaeoclimatologist and of the climatologist, from such experiments. In this line, we will
first present experiments performed for the climate of the Last Glacial Maximum which
allow to examine the critical assumption often made by palaeoclimatologists that spatial and
temporal climate/isotope relationships are similar. Further, we will draw attention, through
an experiment performed for a warmer climate (2*CO2 climate), on the fact that changes in
the isotopic signature of water vapour, precipitation and terrestrial waters expected for the
coming decades can be regionally dependent. The influence on the isotopic signal of factors
other than the local parameters, in particular various aspects related to the origin of the
precipitation, will be also discussed.

Questions

• How do temperature changes derived from ice core isotopic data compare with other
sources of information?

* Can you comment on the strong relationship between precipitation rate and isotopic
changes recorded both in Greenland and Antarctic ice cores?

Session C: Past and oresent climate change as reflected in the isotopic signature of water

Past climates from stable isotopes of frozen archives

S. J. Johnsen (University of Copenhagen and University of Iceland),
J. Jouzel (SACLAY). L. Thompson (University of Ohio) and U. Schotterer (PAGES)

Presented by Mr Johnsen.

In 1954 Willi Dansgaard proposed, that the concentration of stable isotopes in
precipitation should reflect the climate at the time of deposition. Since polar ice-caps, and
with some restriction also continental glaciers, contain ancient precipitation in well ordered
annual layers, past climates can be unveiled by isotopic studies of these layers. It was not
until 1966 that advanced drilling techniques, developed by USA CRREL, allowed the
recovery of the first deep ice core in Camp Century, Northwest Greenland. Isotopic studies
of this core, which spans the last 120 kyr, showed to the astonished world the dramatic
evolution of the world's climate during the last glacial cycle. The present warm interglacial
(Holocene) turned out to be relatively stable and the previous one (Eem/Sangamon) was
shown to be even warmer. The last glacial was however of an entirely different nature with
extreme cold periods represented by ice strata with d'8O value some 14 6 lower than
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present and punctuated by rapidly shifting 5 to 6 6 warmer interstadials. In 1968 the same
team recovered a deep core from Byrd Station, West Antarctica. Analysis of this core
showed a relatively stable Holocene, a d18O glacial to interglacial shift of some 7 6 and
much more stable conditions during the last glacial than found in Greenland. The drill was
lost in the hole and several years had to pass until new deep drilling could be completed in
1981 at Dye-3 S-Greenland by GISP I, a team of US, Swiss and Danish scientists. Also
new techniques of analysis allowed continuous measurements of several constituents in the
ice to be carried out. Combined with the analyses of greenhouse gases these data
demonstrated the dramatic evolution of the Earth's environment during the last glacial cycle.
The glacial/interglacial shift in this new core turned out to be close to 7 6 <J18O. Further
drillings in Vostok, East Antarctica by a Russian/French team has now reached back some
270 kyrs or two full glacial cycles. The new cores recovered from the top of the Greenland
ice by the US GISP II team and the European GRIP team provide confirmed paleorecords
back to the onset of the last glacial. Advanced analyses of these cores have verified earlier
findings and offer new detailed information on past climates and past atmospheric
processes. The most unexpected results come from the GRIP core which indicate a quite
unstable Eemian with both warmer and colder conditions than those observed in the
Holocene.

Cores from smaller ice caps and glaciers from the polar regions have also been
recovered, in N-E Canada by a Canadian team and in E-Greenland by a Nordic team. These
cores penetrate into or even through the last glacial and give important information on
climate development in costal regions. During the last 15 years, cores from low latitude
high mountain glaciers have also been recovered using highly advanced drilling techniques.
In South America, China and Tibet by teams headed by US scientists and in the Alps by
Swiss, French and German scientists.

Some of these cores penetrate into the last glacial and show unexpectedly large
isotopic glacial to interglacial shifts with similar isotopic signature as polar ice cores. This
may be used as an important link to the history of the continental water cycle. By
comparison of the stable isotope content in Greenland ice cores and Swiss lake sediments it
was already proved, that also carbonate deposits can, in some cases, provide similar
information.

Questions:

* How does this information relate to isotopic concentrations found in the hydrosphere
of the continents?

* The glacial/interglacial shift seen in polar ice cores is close to 7 5 for <J18O, the shift
of £ " 0 in European groundwaters, recharged in these time periods, is only in the
rage of 2 6. Is there a climate related explanation for this or has this to be
accounted to the "sink" effect during precipitation/infiltration?
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Past and present climate change as reflected in the isotopic signature of water:
mid- and low-latitude continental environment

K. Rdzanski

(Isotope Hydrology Section, International Atomic Energy Agency)

To assess the potential of stable isotope composition of water (deuterium and
oxygen-18 content) as a proxy indicator of climate change, one should investigate its
relation to three major descriptors of climate : (i) surface air temperature, (ii) amount of
precipitation, and (iii) transport of water vapour in the lower atmosphere. The available
instrumental records suggest that, to a first approximation, the temperature controls
isotopic composition of precipitation over mid latitudes, whereas the amount of precipitation
is a dominating factor in tropical regions. Atmospheric circulation patterns, linking the
vapour source regions with precipitation sites, are of importance in both cases.

The quantitative interpretation of various proxy isotope records preserved in
continental archives in terms of climate change requires that isotope transfer functions
relating climate-induced changes of the isotopic composition of precipitation with the
isotope variations preserved in the given archives are well established. Examples of isotope
records preserved in such continental archives as (i) groundwater, (ii) freshwater
carbonates, and (iii) organic matter will be presented and discussed.

Numerous studies performed in different climatic zones suggest that the isotopic
composition of newly formed groundwater reflects the annual weighted mean isotopic
composition of precipitation in the recharge area (weighing by amount of precipitation).
This relationship seems to be valid for a wide variety of climates. Due to dispersion and
mixing processes occurring both in unsaturated zone and in a given groundwater flow
system, only major climatic changes will be preserved. Large regional aquifer systems
reveal a well-defined isotope shift at the Pleistocene/Holocene boundary. For mid-latitude
areas, this shift is consistent with the presumable change of temperature at the transition
from Late Glacial to Holocene, derived from other proxy data. In the tropics, the observed
isotope shift is presumably due to much higher pluviosity during glacial time, induced by
dramatic changes in the circulation patterns. Some information about the nature of these
changes can be derived from the deuterium excess value, preserved in groundwater.

Lacustrine deposits can, under favourable circumstances, provide high resolution
isotope records of climatic changes, comparable with those preserved in ice cores.
Examples of such records, representing both temperate and tropical climate, will be
discussed. In tropics, where isotopic composition of precipitation is controlled by
precipitation amount, lacustrine deposits have a potential to record and preserve pluvial
episodes of relatively short duration (some decades). In most cases the major problem lies
in reliable dating of these events.

Deuterium and oxygen-18 isotopic composition of organic matter, of both aquatic
and terrestrial origin, can be related to isotopic composition of precipitation. However, this
relationship is complex and not fully understood. Nevertheless, successful attempts were
made to reconstruct past climatic changes at mid latitudes, from deuterium content of tree
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cellulose. In the tropics, deuterium isotopic composition of tree cellulose can be used to
trace years of exceptionally heavy rainfall.

Questions:

* Is the apparent sensitivity of isotopic composition of precipitation to long-term
temperature changes, derived from available instrumental records for mid- and
high-latitudes, valid for past climatic changes?

* Are the currently available GCMs in a position to reproduce the apparent isotope shift
between the Holocene and Glacial groundwaters, observed in numerous regional
aquifers in tropics?

* What are the reasons of apparent variability (changes of extent and intensity) of
major monsoon systems during the Holocene? To what extent can these changes be
modelled by the currently available GCMs.

* What is the mechanism of extreme events (exceptionally heavy rainfalls) in tropics?

* What was the response of fluvial systems to abrupt climatic events (humid/dry
epizodes) during the Holocene, recorded in lacustrine systems of Atlantic and Indian
monsoon domains?

Session D: Palaeo-information. climate change and extreme hvdroloaical events

Extreme events, climate change and palaeo-information:
a hydrology and water resources perspective

Z. W. Kundzewicz

(World Meteorological Organization)

The facets of hydrology as a branch of geo-sciences and the theoretical basis for
engineering design and water resources planning and management are discussed.

The notions of means and extremes of hydrological variables and their practical
applicability are examined. The weak point in the theoretical background of design, planning
and management is the inadequate length of available time series of instrumental
hydrological records. Therefore such concepts as a 100-years flood reflecting the tails of a
probability density function of the flow process strongly depend on the choice of
distribution. Characteristics of extreme hydrological events used in design and planning,
have a kind of public relations flavour rather than being rigorous and theoretically sound
values.
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A brief information on hydrological observation networks worldwide is given and a
recent tendency of decline in the number of observation stations is noted.

The notion of non-stationarity of hydrological time series and its impact on design
and planning are examined in the context of possible climate change. The anthropogenic
impacts on water cycle are outlined. Due to the inadequate length of available time series
of hydrological observations, extension of the available data base by accommodating proxy
data and palaeo-information is of considerable interest to hydrology and water resources
planning and management.

Questions:

* What do studies of environmental isotopes in precipitation offer to hydrological
science and water management practice in general? What is the significance of
these findings?

* What hydrological variables can be deciphered from palaeorecords? What variables
would hydrologists like to be deciphered with the help of palaeorecords?

* What is the credibility and accuracy of findings? What are the present limits of
temporal discrimination and spatial transferrability of hydrological palaeodata?

* How well can the extreme hydrological events be deciphered from palaeodata?
Which flood parameters can be reconstructed: peak, volume, duration, frequency,
impacts? How about droughts? *

* Where does a drop of water precipitating here come from? Where does a drop of
water evaporating from here go to? What part of precipitation stems from local
evapotranspiration?

* How can palaeo-data help in studies of changes in circulations patterns and their
relationships to extreme hydrological events?

* How to blend the instrumental hydrological records with proxy palaeo-data?

* To what extent can the analysis of the Past be regarded as carrying a useful
information about the Future?

* How to detect weak (if any) greenhouse signal amidst natural variability of
hydrological data? How to isolate this signal from other anthropogenic influences?
How to account for non-stationarity in hydrology and water management?

* What useful information on sources of water can be obtained by monitoring changes
of isotope composition of river flow?

* What steps should be taken in planning global networks to accommodate stable .
isotope measurements for the future?



Changes in frequency and magnitude of extreme hydrologicai events

with climate change

J. C. Knox

(University of Wisconsin, Madison, USA)

Atmospheric global circulation models provide a general understanding of probable
directions of climatic and hydrologic change, but they emphasize average conditions. These
models to date generally have been inadequate sources of information about how future
climate changes might be represented at the "event" scale; in particular they are especially
poor at representing expectations of extreme events. Event scale knowledge is of critical
importance because the occurrence or non-occurrence of natural events in the statistical
"tails" of frequency distributions often determines the stability or instability of natural
systems.

Clearly a stationary mean is unlikely over geologic time scales, but it is less clear
how large a mean climate shift over what period of time is necessary for significant
hydrologic change to be detected when the timescale decreases to millennia, centuries, or
decades. Furthermore, there is inadequate understanding of the relationship of the variance
to changes in the mean. A common assumption that variance remains stationary relative to
the mean, following a climate shift, probably is invalid for many if not most hydrologic
situations.

However, a 114 year record of maximum annual floods on the upper Mississippi
River, when partitioned into four independently defined climatic episodes, showed that the
expected magnitude of the mean flood varied little between episodes whereas for floods of
other recurrence probabilities sensitivities increased dramatically with decreasing values of
the return probability. Proxy flood records contained in the geologic record and long
historical records of floods provide important information that is useful for describing and
modelling the responses of extreme hydrologic events to climatic change. These examples
suggest occurrences of global-scale teleconnections in extreme hydrologic events involving
in-phase or out-of-phase relationships depending on geographic location and prevailing large
scale atmospheric circulation regimes.

For organizational purposes, this presentation evaluates the indirect and direot
climatic influences on the nature of extreme flood episodes that have occurred during
late-glacial, post-glacial (Holocene), and recent historical times.

By about 14 000 years B.P. mountain and continental ice sheets were in retreat and
the transition to Holocene climates was underway. Proglacial lakes, forming along margins
of retreating ice sheets were becoming increasingly important as sources of extreme,
catastrophic floods. The Mississippi River, draining the southern margin of the Laurentide
Ice Sheet, is an example of a system that experienced numerous extreme floods from its
various tributaries by this process. One of the largest of these catastrophic floods on the
Mississippi River may have experienced a peak flow approaching 1 000 000 m V at its
source but appears to have attenuated to a peak of about 300 000 m3s ' on the main trunk
upper river 600 km downstream. Undoubtedly, further major attenuation of the flood peak
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occurred downstream along the approximately 2000 km additional distance to the river
mouth at the Gulf of Mexico, but Teller (1990) estimated that combined tributaries average
discharge to the Gulf during late-glacial time ranged between about 17 400 m3s' and 98
200 m V . Another example of a flood of similar origin, but nearly twice as large with an
estimated magnitude of 1 800 000 m3s' occurred in the Ob River headwaters in Siberia
(Baker et al., 1993). Meanwhile, many latitudinal zones appear to have experienced
increased extreme flooding from other sources of runoff during the period of climatic
transition into the Holocene. An example is West Africa where Thorp and Thomas (1992)
found evidence of a rapid return to pluvial conditions with high flood peaks resulting from
large storms and prolonged rainfall between 13 500 and 10 500 years B.P. following
relative aridity there during the late-glacial maximum. Many regions, particularly those in
the middle latitudes as illustrated by Polish studies of the lowland rivers of western Poland,
display large relict (fossil) river meanders and channels that suggest between 12 000 to
about 10 000 UC years B.P. Even floods of 1 - 5 years recurrence probability were 5 to 10
times larger than counterparts for modern rivers.

By about 9000 years B.P. most global scale vegetation communities were beginning
to approach their modern locations while the seasonal cycle of radiation in the Northern
Hemisphere was reaching a relative Holocene maximum of about 8% more than today in
response to the Milankovitch cycle of precession for the Earth's axis (Kutzbach, 1981). The
increased warming over the Northern Hemisphere continents apparently accelerated the
summer monsoonal circulation and appears to be responsible for the early Holocene
dominance of the Nile River by high stage flows and frequent extreme floods (Said, 1993).

Meanwhile, early Holocene extreme floods were very rare to non-existent on the
rivers of the central and northern Great Plains in North America because warming there was
associated with strong dry westerly atmospheric circulation accelerated by the thermal
contrast between the cold northern latitudes of the rapidly diminishing Laurentide Ice Sheet
in north-central Canada and the warm southern latitudes of the Gulf of Mexico region. The
synchronous, but out-of-phase, flooding conditions between North Africa and central North
America illustrates the importance of understanding regional responses to global-scale
specific atmospheric circulation regimes.

Two late-Holocene records of large flood events from the U.S. show that extreme
flood occurrences have been episodic and highly sensitive to even modest climatic changes.
For example, for tributaries of the upper Mississippi River in north-central United States, I
found that between about 5000 and 3300 years ago, the largest floods of record were no
larger than modern 50-year floods (2% recurrence probability), but since 3300 years ago
large floods equivalent to modern 500-year floods (0.2% recurrence probability) are
common in the stratigraphic record (Knox, 1993). Analyses by others show that the period
of small floods here corresponded with mean annual precipitation about 15% less than
modern and July temperature about 0.5°C warmer than before or after. These analyses also
indicate that between about 4000 and 3000 years ago a shift to cooler wetter conditions
occurred with annual precipitation gradually increasing by about 16% to its modern value
but with mean annual temperature first decreasing by about 0.7°C and then increasing
gradually by about 0.4°C. Extreme floods in the upper Mississippi Valley became especially
noted after about 1000 years ago and particularly prominent between about 700 and 500
years ago during the transition from warmer years of the Medieval period to the cooler years
leading into the Little Ice Age. Elsewhere, Ely et al. (1993), in a 5000 year geologic record
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of floods in the Colorado River drainage of southwestern United States, found that large
floods were numerous from about 5800-4200 years ago, from 2400-800 years ago. and
since about 600 years ago. No large floods were recorded for the period between about
4200 and 2400 years ago.

Similar to the greater incidence of upper Mississippi Valley extreme floods during
cooler periods, Ely et al. (1993) found that periods of numerous large floods in the
Southwest U.S. also coincide with cool regional and global temperatures, and there is a
suggestion in both flood records that transitional climatic periods tend to favour the
occurrence of high hydrologic variance.

The high sensitivity of flood extremes to climate change is also indicated in the long
historical record of Nile floods recently summarized by Said (1993). As already noted
above, the Holocene history of Nile flows can be divided into a period of high flows that
dominated before 2400 B.C. (about 4400 years ago) and a period of low flows that have
dominated since then, although each of these episodes were characterized by shorter term
flood episodes associated with changes in climatic wetness and dryness. Noteworthy of
the shorter term variation in the Nile records is a 110 year period in the presumed globally
cool 14th and 15th centuries A.D. when exceptionally high magnitude floods occurred,
while the presumed globally warm 10th, 11th, and 20th centuries are characterized by
exceptionally small floods (Said, 1993).

In summary, available historical and proxy data on extreme floods imply quite clearly
that the recurrence frequencies and geographic distributions of these events are highly
sensitive to changes in large- scale atmospheric and oceanic circulation regimes. Currently
available historical and proxy data on extreme floods are too limited, both with regard to
length of records and to geographic locations, to adequately test important hypothesized
climate-flood relationships. For example, are episodes of extreme hydrologic events
time-transgressive or synchronous for various specified geographical scales? Also, what is
the role of large volcanic eruptions to influence hydrologic extremes? Occurrences of
extreme floods in the middle latitudes often follow large volcanic eruptions in tropical
latitudes as occurred in the early 1880s and in the early 1990s. Because different
flood-generating processes operate in different regions, (for example, snow melt, localized
convectional rainfall, frontal rainfall, extreme monsoonal rainfall, etc.), local and regional
responses to global climatic change obviously vary. While long historical flood records from
the Nile and certain Chinese rivers are extremely helpful, the real need is to expand the
proxy flood record to environmentally sensitive regions. Because flood generation processes
are understood, and because of the large regional scale nature of atmospheric and oceanic
circulation regimes, long-term proxy flood records from strategic regions would provide
important advances in understanding how magnitudes and frequencies of specific types of
circulation regimes responsible for extreme hydrologic events varied during past global
environmental changes. In turn, these understandings are useful for prediction of possible
hydrologic consequences related to potential future environmental changes.
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Questions:

The possible relationships between climatic change and recurrence characteristics of
extreme hydrologic events raise the following questions:

* What patterns or regimes of large-scale atmospheric circulation are "enhancing" of
extreme hydrologic events, and what patterns or regimes of large scale atmospheric
circulation are "suppressing" of extreme hydrologic events?

* What are the "anomalous" characteristics of hemispheric-scale atmospheric
circulation that favour extremes in hydrologic events?

* How do the answers to questions (1) and (2) above vary by latitudinal region (polar
latitudes, middle latitudes, tropical latitudes)?

* Is it possible to recognize globally synchronous episodes of extreme hydrologic
events for historical and post-glacial time scales?

* Do gradual changes in the equator-to-pole thermal gradient result in gradual or abrupt
("step-function-like") responses in extreme hydrologic events? (That is, are there
thresholds in the climate/hydrology system?)

* Do cool season and warm season hydrologic extremes display similar or different
patterns in their time series? How does the answer to this question vary as the
time-length filter is lengthened? For example, are annual scale comparisons different
from decadal scale comparisons and so on?

* What magnitude (threshold) of volcanic activity is necessary to produce a hydrologic
response that can be considered anomalous or extreme? Can the dust and aerosol
volcanic proxy records available from the polar ice cores be correlated with the proxy
records of Holocene extreme floods?
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To what extent does modern land use distort associations between climatic events
and hydrologic activity? Are climatic extremes insensitive to the effects of land use?
What is the threshold level where human activity becomes insignificant?

How does the statistical variance in extreme events change with changes in the
statistical mean for climate/hydrologic systems?

Are times of major climatic change more prone to experience hydrologic extremes
than periods before and after the change? Does the relative direction of a climatic
change play a significant role in occurrences of hydrologic extremes?

Can the isotopic methods of palaeoenvironmental reconstructions that have worked
so well in marine and ice-core records also be applied to continental fluvial deposits?

What is the geographic distribution and what are the durations of existing hydrologic
records for rivers throughout the continents? Are the modern quantitative hydrologic
records too short to adequately define associations between climatic change and the
occurrences of extreme hydrologic events?

How does sensitivity to hydrologic extremes vary with watershed scale? Do large
river systems show similar patterns of response to climate change as small river
systems?

What key hydrologic regions or river basins should be monitored to capture the
response nature of hydrologic extremes to "global scale" climatic change?

Given that it might be possible to predict how various scenarios of climatic change
might influence hydrologic extremes in various world regions, is it possible to manage
water resources with structural and non-structural programs and policies to dampen
or minimize the effects of hydrologic extremes on human society?
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ANNEX H

STATEMENTS AND RECOMMENDATIONS FROM WORKING GROUPS

Working Group B:

Theoretical and empirical knowledge of links between the isotopic signatures and
hydrometeorological variables.

(Chair - J . Jouzel, Rapporteur - J. R. Gat)

The IAEA network was installed with a view of obtaining the input data to the
hydrological systems, and in particular groundwater. In this respect it has been certainly
successful to a large degree, although notable gaps in the geographical distribution are
recognized, especially in the Americas (notably USA), North Africa, Siberia or the Tibetan
Plateau and Western China.

Moreover, the network data and their interpretation in terms of the
hydro-meteorological cycles, have yielded significant insights into the understanding of the
variability of the moisture regime in the atmosphere. Some, but still too few climatic
evaluations have been made.

The network data are now called on to address additional purposes, namely as
benchmarks for the interpretation of palaeo-records, as validation points for GCM type
models and as tools for establishing large-scale regional (and continental scale) water
balances. Furthermore, temporal changes in the data sets need to be understood in terms
of changing climate.

It was recognized that for understanding the relation between the isotopic
composition of precipitation and climatic parameters, the aggregated monthly sample is
often insufficient. A more detailed sample strategy (daily, event-based sampling wijh a
synoptic etc. record), yields more to the insights needed to interpret past changes or
predict future scenarios.

Obviously, however, such a detailed operation on the whole network is impractical.
It is suggested therefore, to conduct a dual programme, by researching some key
representative states of different climate zones (for a couple of years at a time), in such a
manner, that the way in which the component parts make up the aggregated sample is
clarified. Such studies need the fullest backup of the meteorological community. Some
such studies, e.g. in Britain, the Amazon and the Middle East, have shown the importance
of this approach.

Special recognition was given to the tf-excess paramater as in climate modelling and
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understanding of the hydro-meteorological pathways. Since this is a derived parameter (d
= 60 - 8 <J'8O) it is very sensitive to analytical errors especially of both deuterium and
oxygen isotopes. This imposes strict requirements on the required accuracy of analysis.
Typically, changes of one pro mille or less in the value of 6 need to be recognized.

In order to accommodate those requirements a number of recommendations were
discussed aimed at strengthening, widening and intensifying the existing operation.

Recommendations

B1 To add (or modify) collection stations taking into account the location of
palaeo-archives (e.g. Greenland, mountain areas) and sensitive areas in terms of the
GCM models.

B2 To close gaps in the existing network, possibly by encouraging the running of some
detailed national networks.

B3 To consider the WMO Global Atmosphere Watch (GAW) stations which measure
other chemical parameters (and which have good records of meteorological
parameters) and to strive towards the maximum degree of overlap in sampling
(station location)

B4 To widen the sampling programme to include moisture collection at sensitive areas
(mainly in the source region of atmospheric moisture and over continental
evaporation basins) as well as to include river outflows of major continental basins.
Moisture collection and measurements will require development of updated
techniques, possibly of in-site measurements.

B5 To strengthen the data management. The availability of the data, including those
non - network operations, ground water analyses (as proxies to the temporally
averaged atmospheric inputs), etc. is of paramount importance. Attention was
drawn to the World Data Centre A for paleoclimatology into which the IAEA's and
other data should be included.

Working Group C:

Past and present climate change as reflected In the isotopic signature of the water

(Chair - R. Bradley, Rapporteur • U. Schotterer)

Natural changes in our environment are mainly caused by changes in the water and
energy cycles. In the isotopic signature of water both types of information are embedded.
Though masked to different degrees, these types of information are also recorded in many
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TABLE 1

Characteristics of important natural archives

Archives
and Isotopes

Polar ice, ice caps
2H, 1 80, (13C, 14C)

Alpine glaciers
2H, 180

Tree rings
(cellulose)
2H, 1 80. 13C, 14C

Lake sediments
(Carb., +org.)
1 80, 13C, 14C

Marine sediments
18O, 13C. 14C

Corals
' 8 0 , 13C, 14C

Soil moisture
Groundwater
2H, 18O, 13C, 14C

Speleothems
(fluid inclusions)
2H, 18O, 13C, 14C

Paleosols and
peat
18O, 13C, 14C

Permafrost
2H. I 80

Minimum
Resolution

seasonal to
annual

events, seasonal
(?) to (inter-) annual

growth season
currently 5 yr
wet/dry

annual (events?)
10-50 yr
(typical)

decadal (?) to
centennial

monthly

decadal
millenial

< 1 Ka (?)

centennial to
millenial

millenial

Time
Coverage

> 250 Ka

< 20 Ka

10 Ka (oak) +
+ 2 Ka (pine)
200 yr

10-15 Ka
(typical)

> 100 Ka

Geographic
Coverage

high latitudes

high altitudes

continents

tropical forests

global

oceans

800 yr (2 Ka max) tropical oceans
+ selected time windows

100 Ka (?)
14C + U-Th range

500 Ka (?)
14C + U-Th range

14C + U-Th range
14C range

30 Ka (?)

continents
continents

continents
(Karst areas)

•
continents
humid continents

high latitudes and
high altitudes
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kinds of natural archives like ice cores, tree rings, ocean and lake sediments or coral
deposits. To unfold and to calibrate this information about changes in present and past
environmental conditions with respect to more quantitative hydro-meteorological
parameters, an isotope input data network is of major importance. In the following Table 1
some characteristics of important natural archives are summarized and discussed with
respect to their temporal and spatial applicability to reconstructions of past variations in the
water cycle and atmospheric temperature based on hydrogen (2H), oxygen (18O) and
carbon-isotopes (13C, UC) Finally monitoring needs are listed and recommendations are given
to fill information gaps.

Information about past hydro-meteorological parameters:

Ice Condensation temperature, air mass source conditions (temperature and
relative humidity), air mass origin, amount of precipitation, seasonal distribution, time.

Tree rings Mixed physico-chemical and biological information on humidity and
temperature (groundwater level, local water balance, air moisture, nutrients), time.

Lake sediments
Water temperature (surface-bottom), evaporation, hydrology in the

recharge area (water balance, rapid events), productivity (biology, local environment), time.

Marine sediments
Mixed physico-chemical and biological information on water temperature

(surface-bottom), ocean circulation pattern, time.

Corals Mixed physico-chemical and biological information. Precipitation, SST,
time.

Palaeo-soils, peat Temperature and precipitation, soil moisture, biological activity, time.

Speieothems Information on isotopic input data (meteoric water and local hydrology),
time.

Permafrost Temperature and precipitation, soil moisture.

Groundwater and soil moisture
Temperature and precipitation, origin of moisture source, rapid events,

infiltration- and recharge-conditions (vegetation cover), time.

Special attention was given to the biological processes, which often additionally fold
the original physico-chemical information on hydro-meteorological parameters of the past.
In lake sediments, where carbonates may often include detritical components, it often
becomes necessary to use biogenic carbonates (eg. ostacode tests). The same goes for
Sphagnum in peat. There is therefore a need to articulate more fully the links between
atmosphere/hydrosphere signatures and the records available once they have been mediated
by biological processes. These aspects should be addressed in a forthcoming joint
workshop.
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Isotope Monitoring Needs

1. There is an urgent need for better calibration of recent ice core data in terms of
source-, transport- and sink information on atmospheric moisture and temperature with
existing meteorological parameters. To achieve this goal, more information on water
vapour, SST, prevailing winds and clouds (satellite data) in the source and sink areas of
atmospheric moisture are needed. There is also a need for new stations especially on the
oceans, which are scarcely sampled (weather ships, and small islands like Azores, Bermuda,
Seychelles).

2. If properly calibrated, shallow ice cores in polar regions and from high altitude
continental glaciers can provide a link to and fill gaps in the geographic coverage of the
existing Global Network of Isotopes in Precipitation (GNIP). The data network could be
expanded at least to the instrumental record period, thus improving the isotope input
information for other proxy archives.

3. There is also a need to include the sampling of water vapour at least in some
information-sensitive regions to the GNIP. Automatic sampling devices for this purpose
need to be developed.

4. Quality control of data and measurement accuracy has to be improved. This is of
major importance if the deuterium excess is used as an additional climatic information. A
worldwide documentation of quality control regarding sampling, shipping and measurements
is needed.

Recommendations

C1. The existing IAEA-WMO Global Network of Isotopes in Precipitation, (GNIP), should
be maintained and strengthened. It should be expanded in close cooperation with
existing or to-be-installed national networks. An active cooperation with the global
change research projects of WCRP and IGBP is highly recommended. Sampling
stations near major natural archives, which provide important information on past
environmental changes are needed. Climatically sensitive "blank regions", where no
data exist up to now, should be covered by the network with high priority. For new
stations, a coordination with WMO-GAW stations should be achieved.

Recommended regions, which should be considered are:
* Greenland;
* Pole-Equator-Pole-transects as described in the PAGES working plan;
* USA;
* Sahel - African rainforest belt - Eastern Africa;
* Continental transect Europe-Asia, with high priority for Western China and Tibet;
* Tropical islands and oceanic regions in general.

C2. It is highly recommended, that in a few, selected areas special stations should
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provide event-based precipitation data in connection with the sampling of water
vapour.

C3. It is recommended to sample the river discharge of major basins and shallow
groundwater as additional input information to many natural archives.

C4. Database building is recommended: Research-related data sets should be available
together with the necessary hydro-meteorological background as well as the
information on quality control.

C5 Recommendations from the organizing agencies should be made to national science
foundations and international funding agencies to strengthen the build up of national
networks and strengthen the support of developing countries to contribute to the
GNIP. To guarantee the quality control of data, these networks should be related to
university research wherever possible.

Working Group D:

Palaeo-information, climate change and extreme hydrological events

(Chair - J . Knox, Rapporteur • W. Edmunds)

Main Issues/Questions

1. Hydrological effects in relation to temporal/regional scale:

* Are major catastrophic events regional/global in scale and do such events carry an isotope
signature (e.g. Mississippi)?

* Does the signature of extreme events differ at the century or millennial scale? (non-
stationarity)?

* Need to characterize air masses isotopically near their sources. Gaps in GNIP.

2. What are the limitations/constraints in the applications of isotopic data to
hydrological systems?

* a) by type of environment (humid, arid, polar, tropical)

* b) by time scale (event basis, accumulated departure from the mean)
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3. What are the best tracers to capture extreme events (floods/droughts)?

* Need for multi-tracer approach, chemical and isotopic, to characterize modern waters.
Better calibration needed on present day hydrologicai systems.

* Stable isotopes can be used to distinguish air masses source and hence extreme rainfall

events.

* Need for better isotopic data/synoptic analysis.

* Combination of stable isotopes with other tracers to follow the moisture source (S04, N03,
NH4) and trajectory over continents (e.g. Cl, Br).

* Can one recognize/distinguish pre-and past industrial sources and follow into palaeorecord
using various radio isotopes (3H, 38CI, 14C, 32Si...) plus chemical tracers?

4. Isotopic signals combined with chemical ones can contribute to the palaeorecord
(C/D).

* Water signal can be followed directly into the hydrological system via the unsaturated
zone, e.g. 2Oyr events may persist up to 500 years.

* Beyond 2000 yrs, medium term events in water signal are smoothed but then can be
followed in the solid phase (e.g. d180 and d13C in carbonates).

* In the saturated zone there is possible storage of signals from extreme events: e.g. the
Himalayan and arid zone floods.

N. B.: The water management and political significance of the presence of palaeowaters,
the presence/absence of recharge.

5. Uses of statistics on GNIP Data

* Special statistical analysis should be carried out by hydrologists to seek e.g. for synoptic
information.

* Weighted mean data from Network usually meet water resources needs.

6. Multiple tracers are needed, but what combinations are best and how might these
change in different hydrological environments (e.g. humid/arid: mountains/lowland)

* Linked physical records (e.g. sediments) with isotopic records in the same region.

* Establishment of independent data sets for verification and calibration.

7. What key regions should be targeted in relation to hydrology?
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• Network improvement near air mass boundaries. Monsoon areas and Africa are
particularly poorly covered.

* Need for large basin approach linked with focused/detailed isotopic study (<f"0).

Recommendations

D1 . Link hydrological/isotope studies to existing/planned GEWEX continental scale
studies (measurement of water budget, water vapour, runoff, energy budget etc.),
particularly in BALTEX and GAME. Consider linked modelling of
isotopic/hydrological parameters. Are we well linked with existing programmes?

D2. Coordinated research programme to study unsaturated zone archives at
intercontinental scale (stable isotopes, 14C, 3H, chemistry, including records in
permafrost)

D3. Sensitivity study of the degree to which tracers (wide spectrum) do/do not respond
to extreme events. Needed to support possible use of such information in
palaeorecords in aquifers (e.g. El Nino, arid zones, Bangladesh/delta regions).

D4. An international network is still needed. Recommendation to several countries from
this workshop to support the long-term monitoring.

D5. Recommend programme to test linkages between selected palaeodata sets that
measure event-scale hydrology c.f. flood stratigraphy.

06 . The organizing agencies should do more to convey the network message, especially
to hydrologists and meteorologists. It is recommended to produce a popular glossy
leaflet/guide.

D7. Workshops are recommended to bring together high ranking agency heads and
scientists at time of possible implementation of new programmes (e.g. networks,
event based studies).
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ANNEX I

MINUTES OF THE MEETING OF THE AD-HOC WORKING GROUP
ON IAEA/WMO GLOBAL NETWORK ISOTOPE IN PRECIPITATION,

RUTTIHUBELBAD, 25 JANUARY 1995

1. Participants: Messieurs Araguas, Edmunds, Ferronsky, Gat, Jouzel, Knox,
Kundzewicz, Rdzanski, Schotterer, Soudine, Stichler, Trimborn. The meeting was chaired
by Mr Froehlich.

2. Discussions

Ferronsky: (i) Years ago it was thought that isotopes could also be used for
operational hydrology, this was mistake and the reason why, so far, isotopes were not
recognized as parameter to be monitored within the framework of WMO and UNEP/WHO
monitoring programmes (GAW and GEMS-Water, respectively).

(ii) The locations most sensitive as isotopic monitoring stations, should be identified. The
operation of such stations should also be of national interest.

(iii) In Russia there is no money at present for continuation of the sampling network as well
as for establishing new stations.

Rdzanski: In a 1988 IAEA meeting on GNIP, 30 points were suggested for
optimizing/upgrading the network. WMO was also included in the attempt to strengthen the
network in this regard. Finally we succeeded only with 10-15 stations. The mechanism
used turned out to be insufficient. We need an approach for selecting new stations and get
them operational. So far all is based on purely voluntary collaboration.

Araguas: Selected WMO stations should operate for GNIP for a sufficiently long
period.

Schotterer: National effort, national networks should be promoted/included. Good
situation appears to be with regard to Switzerland and Germany and, at least in the past,
Russia. However, the inclusion/collaboration with national networks is also a questi&n of
money. We should assist with financial support (e.g. Russia). WMO should send requests
to national hydrometeorological services.

Jouzel: Situation changed since 1988. WMO is now interested in
collaboration/coordination with GNIP.

Soudine: The realization of our suggestions/proposals depends on the users of the
data. Interest in WMO-GAW is on atmospheric chemistry. So far the users do not know
why stable isotopes should be studied.

Froehlich: Suggests meeting of experts later this year to select stations from WMO
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chemistry network (GAW) and embark on a pilot project with about 5 stations.

Soudine: Promised to identify suitable stations from their point of view (about 10
stations). There is a WMO technical commission which should make sure that isotope
parameters be included in their list of parameters to be monitored.

3. Conclusions and recommendations

(i) During the forthcoming WMO Congress (May-June 1995) one topic of the agenda should
be devoted to co-operation with international organizations. Under this topic
representatives of WMO, IAEA, PAGES and possibly also other organizations should
present the results (executive summary, recommendations etc.) of the Ruttihubelbad
meeting. The major aim should be that the Congress endorses the conclusions of our
meeting.

(ii) Later this year, IAEA, jointly with WMO, UNEP, WHO, PAGES and other interested
organizations will held a Consultant Meeting in Vienna on monitoring issues (atmospheric,
river, groundwater) in connection with possible/necessary coordination and collaboration
between GNIP, WMO's GAW and UNEP/WHO's GEMS-Water.
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