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PREFACE

The completion of the very successful International CLIVAR conference in Paris, December 2-4
1998, brings to fruition the intensive planning phase within CLIVAR and launches the implementation phase.
At the conference, it was apparent that the CLIVAR global themes and the Principal Research Areas are of
central importance to many countries around the world, as evidenced by the extent to which national plans
were organised around these themes.

The interest in CLIVAR is at a high level but it will be a challenge to carry out the ambitious plans
that have been laid out. The conference attendees reaffirmed their confidence that wise investments by
countries in monitoring and research into the climate system will benefit their citizens and economies. A key
point is to recognise the tremendous benefits that international coordination of otherwise fragmented efforts
can bring to observe, model, understand and predict, to the extent possible, the climate variations that are so
important to socio-economic activities and the environment. The potential is there, the prospects are exciting
for scientists, and the continuing devastation that results from continuing climate events provides a constant
reminder of the need.

This report provides a very useful record of the interests in CLIVAR around the world and the plans
underway. However, it should be noted that a few countries with active CLIVAR programmes are not
included because they were unable to send a representative to the conference and/or did not meet the
publication deadline for a written report. The report can be used as a basis for seeking out other activities
around the world that complement those of your own country. The International CLIVAR Project Office is
charged with helping to coordinate these kinds of endeavours. It can best do so by being kept informed about
the latest plans, and the Scientific Steering Group has requested the ICPO to obtain annual updates. We look
forward to realising the successes of the CLIVAR programme with you.

Kevin E. Trenberth
R. Allyn Clarke
Co-chairs CLIVAR SSG






FOREWORD

International CLIVAR Conference
UNESCO, Paris, 2-4 December 1998

It is my distinct pleasure and privilege to introduce this report of the International CLIVAR Confe-
rence, held at UNESCO, Paris, 2-4 December 1998.

CLIVAR is a major component of the World Climate Research Programme (WCRP), which is co-spon-
sored by the World Meteorological Organization (WMO), the Intergovernmental Oceanographic Commission
(10C) of UNESCO and the International Council of Science (ICSU). It focuses on the role of the coupled
ocean and atmosphere within the overall climate system, with emphasis on variability, especially within the
oceans, on seasonal to centennial time-scales. In particular, CLIVAR aims to explore predictability and how
to improve predictions of climate variability and climate change, using observational data, coupled atmos-
phere-ocean models, and palaeoclimate records. A major milestone in the development of CLIVAR was the
publication in June 1998 of its Initial Implementation Plan, which was the main preparatory document and
justification for the subsequent International Conference.

In the letter of invitation to attend this Conference, the Organising Committee set seven main ob-
jectives for the Conference. In brief, these were: to present CLIVAR objectives to delegates; to explain the
project to potential supporters, including potential funders; to highlight to national delegations the benefits
of international collaboration that CLIVVAR will foster; to receive national expressions of interest; to provide
guidance to the Joint Scientific Committee (JSC) of the WCRP and, in particular, to the CLIVAR Scientific
Steering Group; to consider intergovernmental mechanisms to facilitate the implementation of CLIVAR;
and, to identify national and other contacts. In closing the Conference, | was pleased to note that all seven
objectives had been addressed during the meeting, and nearly all had been achieved, although with varying
degrees of success.

Our first notable achievement was that the Conference attracted 250 participants from 63 countries.
These constituted a good geographical spread and included both countries that stated their intention to con-
duct active CLIVAR research and those which expected to benefit from it. In this context, the undoubted
major success was the receipt and presentation of many national statements of interest in CLIVAR. This
provided a most welcome boost to those engaged directly in the lengthy and difficult development of the
CLIVAR project, and was a most significant step forward. The main views and the strength of support from
the delegates are evident in the Conference Statement, which was crafted and agreed in Paris.

Only one objective met with little meaningful progress, namely, the consideration of an intergo-
vernmental mechanism to facilitate the implementation of CLIVAR. This was discussed only briefly and
superficially at the Conference, and the decision was taken to refer it to the JSC of the WCRP. It remains
important that this issue be given a more thorough airing in that forum, with full consideration given to the
needs, in this context, of both CLIVVAR and the wider WCRP.

Conferences such as this do not simply ‘happen’. Therefore, on behalf of all those who participated,
| take this opportunity to express our gratitude to all those who contributed in their many and various ways
to ensure that the Conference was a success. In particular, | thank our local hosts and co-sponsors, 10C
and UNESCO, and our other co-sponsors, WMO and ICSU. | thank also the staff of the WCRP Office in
Geneva, and at the CLIVAR Offices in both Hamburg and Southampton. Special acknowledgment must go
to our Keynote speakers, whose ready acceptance of our invitation to help set the context and tone for the
Conference provided timely encouragement and support to the Organising Committee. | thank also those
CLIVAR scientists who came to promote the concept of CLIVAR through oral and poster presentations, and
other informative contributions.

Finally, I wish to thank all the delegates who prepared, submitted and presented National Statements
and entered fully into discussions and debate throughout the Conference. Your particular participation and



contributions have given a very clear and positive signal of general and widespread support to the CLIVAR
Project and its Scientific Steering Group. The challenges now are to harness this support and to implement
CLIVAR.

David Carson
Chairman
Conference Organising Committee

Conference Organising Committee

D. Carson (Chair) Director, NWP, UKMO
R. Davis, Scripps Institute of Oceanography, U.S.A
D. Goodrich, Executive Director, U.S. Global Change Research Programme
J. Jouzel, Laboratoire de Modelisation du Climat, France
A.D. Moura, Director, I.R.I. U.S.A.
A. Sumi, CCSR / University of Tokyo, Japan
I. Troen, SDME, 7/40 European Commission, Belgium

Ex-officio members
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CONFERENCE STATEMENT
Preamble

Delegates from 63 countries met in Paris on 2-4 December 1998 to consider the implementation of
the World Climate Research Programme (WCRP) project on Climate Variability and Predictability (CLI-
VAR).

Floods, droughts, storms and heat waves have brought major social and economic distress to com-
munities around the world in recent years. In 1997-98 we experienced one of the largest EI-Nifio events
ever recorded. There has also been an increasing and wider awareness of the importance of climate-related
phenomena. 1998 is emerging as the warmest year in the instrumental record. A new assessment of the
scientific evidence for global warming by the Intergovernmental Panel on Climate Change (IPCC) is now
under way. Governments everywhere are focusing attention on the potential impacts of climate change and
how they can be mitigated. The Framework Convention on Climate Change and the Kyoto Protocol include
Articles referring to the need for research and systematic observations.

Scientific activity over the past few years has increased confidence in our ability to understand the
functioning of the climate system and to make useful predictions. Recently many meteorological agencies
and scientific institutions have begun to issue regular climate predictions. Improved monitoring and global
models enabled scientists to predict the onset and development of the recent El Nifio, thus protecting lives
and livelihoods. CLIVAR will be the foremost research project in these important areas.

The Scientific Challenge

The climate of the Earth exhibits natural variability on all time scales. We need to understand,
and to the extent possible, predict this variability and quantify long-term climate change. The Conference
endorsed the overall scientific objectives of CLIVAR which are to:

* Describe and understand the physical processes responsible for climate variability and predictability on
seasonal, interannual, decadal and centennial time scales, through the collection and analysis of obser-
vations and the development and application of models of the climate system;

* Extend the record of climate variability over the time scales of interest, through the assembly of qual-
ity-controlled palaeoclimate and instrumental data;

* Extend the range and accuracy of seasonal to interannual climate prediction through the improvement
of global and regional climate models; and

* Understand and project the response of the climate system to increases of greenhouse gases and aerosols
and to compare these projections with the observed climate record in order to detect any anthropogenic
modification of the natural climate signal.

Commitments Required
To achieve these objectives the Conference considered that it essential that there must be:

* continuation of the collaboration of scientists around the world that led to the successful implementation
of previous WCRP programmes and projects;

» full and open exchange of data (in keeping with World Meteorological Organisation Cg-XII Resolution
40) as well as of research results;

* long-term systematic climate observations, both space-based and in-situ, such as the Global Climate,

* QOcean and Terrestrial Observing Systems (GCOS/GOOS/GTOS), as are being advocated by the agen-
cies collaborating in the Climate Agenda, complemented by the observing activities and assembly of
research data sets as fostered by the WCRP;



* experimental extension of existing observing networks;

* regional and global-scale experiments including modelling, statistical studies and observations in order
to understand key climate processes;

* comprehensive analysis of observations and empirical/diagnostic studies as well as expanded efforts
to rehabilitate climate data sets and to document past climate variability through palaeo-studies;

» the development of improved regional and global-scale models and of computers with the power to run
them;

* continuing links with programmes on the application of climate knowledge, such as the WMO Climate
Information and Prediction Service (CLIPS), for government, business and public policy and decision-
making;

* expanded collaboration with other international activities including relevant core projects (e.g. on
Past Global Changes, PAGES) of the International Geosphere-Biosphere Programme (IGBP), and the
International Human Dimensions Programme (IHDP);

* continuing links between CLIVAR and programmes for infrastructure and capacity building in devel-
oping countries, such as the Global Change System for Analysis, Research and Training (START) , so
that all nations can benefit.

Conference Conclusions

The Conference reaffirmed that wise investments by countries in monitoring and research into the
climate system will benefit their citizens and economies.

The Conference commended the work that had been done by the scientists involved in planning the
programme and concluded that the Implementation Plan provided a solid basis for work to begin. Contri-
butions and reports by many countries demonstrated a willingness to participate in the programme and to
become full partners in its implementation. Improved seasonal to interannual prediction, and particularly
for the monsoons, as well as longer-term variability, most notably in the Atlantic, can be singled out as foci
for which strong support was indicated by many countries.

The Conference urged government sponsors of research, operational meteorological agencies, and
satellite operators to marshal their best efforts to ensure the success of CLIVAR. In particular it called on a
broad range of funding agencies to provide support for research, systematic observations, data systems and



STATEMENT AT THE OPENING OF THE CLIVAR CONFERENCE BY
PROFESSOR G.O.P. OBASI, SECRETARY GENERAL,
WORLD METEOROLOGICAL ORGANIZATION
Presented by M.J.P. Jarraud

It is a pleasure for me to be able to address you today at the opening of this important Conference
on the World Climate Research Programme’s (WCRP) newest programme: The Climate Variability and
Predictability, or CLIVAR. | would like to welcome all of you to this important Conference. May I also
take this opportunity to thank Dr Federico Mayor, Director-General of UNESCO as well as Prof. Patricio
Bernal, Executive Secretary of the Intergovernmental Oceanographic Commission (IOC) for hosting this
event and for placing such excellent facilities at the disposal of the Conference.

WMO has always enjoyed a very co-operative and fruitful working relationship with UNESCO
and its I0C, and ICSU in a number of areas of concern to humanity. Indeed, I recall addressing a similar
conference held here twelve years ago to mark the beginning of one of our most successful joint ventures
- the Tropical Ocean Global Atmosphere Programme, or TOGA. | am confident that this Conference will
lead us on the path to an equally rewarding collaboration.

There is no need for me to remind you of the importance of climate and climate change to human-
ity. Over the last year the media has given considerable attention to the impact of EI Nifio-related floods,
droughts and fires, La Nifia-related hurricanes and floods, and the potential impact of anthropogenic climate
change. At its fourth session, the Conference of the Parties to the UN/FCCC held recently in Buenos Aires,
adopted a recommendation urging nations to undertake programmes of systematic oceanic, atmospheric and
terrestrial observations in support of climate monitoring, research, and prediction. The Conference further
recommended the free and unrestricted exchange of meteorological data, support for capacity-building in
developing countries, and the strengthening of international and intergovernmental programmes which assist
countries to acquire and use climate information.

In addition, the Conference invited the agencies participating in the Climate Agenda, the integrating
framework for the climate programmes of international organizations including WMO, UNESCO and its
I0C, and ICSU to initiate an intergovernmental process for addressing the priorities for action to improve
global observing systems for climate and for identifying options for financial support. | look forward to
joint actions of our organizations to respond to this request.

These topics will be subjects of your discussions over the next three days in the context of the
CLIVAR programme, as outlined in the Science and Implementation Plans of the WMO/IOC/ICSU Joint
Scientific Committee. It is gratifying that the academic community is taking a lively interest in the plan-
ning of the CLIVAR programme. In this respect, it is to be recalled that the TOGA programme, perhaps the
greatest climate research undertaking so far realised, owed its success to combining the monitoring, research
and development resources of the Meteorological Services, as well as those of the oceanographic, and of
the academic communities under the joint sponsorship of WMO, IOC and ICSU. WMO therefore attaches
the highest importance to such international collaboration, and believes that the progress achieved through
such a mix of expertise in the fields of meteorology, hydrology and oceanography and related geophysical
sciences from Meteorological Services, universities, academic and government institutions around the world
augurs well for the success of CLIVAR. WMO also welcomes the concept integrated into the CLIVAR
programme that the user and applications communities must be involved from the very beginning of climate
research projects in order to realise the maximum results.

In this regard, it is to be recalled that the Conference on the World Climate Research Programme:
Achievements, Benefits and Challenges (Geneva, August 1997) identified, among others, priorities related
to:



1. enhanced prediction of seasonal variations of the climate system;

2. improved projections of the magnitude and rate of human-induced climate change, regional varia-
tions, detection and attribution of climate change, the magnitude of sea-level rise and the impacts
on eco-systems; and,

3. increased involvement of developing countries in the WCRP.

These priorities are reflected in the objectives of CLIVAR. The successful implementation of the
CLIVAR programme is therefore essential in meeting the challenges to WCRP.

In this connection, the Meteorological Services have the heavy responsibility of providing meteoro-
logical information and producing timely forecasts on all possible time scales for their national communities.
It is therefore part of their mission to explore the full range of possible deterministic or statistical prediction
capabilities, especially on time scales of several months or season to decades which are vital for economic
purposes.

In many tropical and subtropical countries, the very livelihoods of the people may depend on the
distribution and the intensity of the annual rainy season or the advent of the monsoon. Insufficient rain at
the right time, or failure of the monsoon, can have catastrophic consequences for food production. In higher
latitudes, accurate predictions of anomalous seasons are extremely valuable for, for example, more efficient
planning of energy use, and industrial and agricultural activities.

Over the past decade, the TOGA programme has significantly advanced our understanding of the
links between fluctuations in atmospheric circulation and anomalous sea surface temperatures as in the case
of El Nifio and La Nifia phenomena. Meteorological Services around the world have applied this under-
standing to produce greatly improved seasonal forecasts. This success has helped WMO to develop further
the Climate Information and Prediction Service (CLIPS) Project for the benefit of the producers and users
of these forecasts and of climate information.

WMO is therefore looking forward with great interest to the further development of implementa-
tion plans for all WCRP activities, and especially CLIVAR which will build on the success of TOGA and
take up outstanding questions, so that Meteorological Services can prepare their participation in the relevant
observational projects, modelling exercises and theoretical investigations.

When reviewing and analysing the initial Plan for the implementation of the CLIVAR programme,
the Conference should agree on a clear and convincing statement that will not only serve to inform interested
scientists, but also constitute a compelling argument for science administrators who control the national
resources needed to implement this ambitious undertaking.

I wish to assure you of WMQO’s commitment to work closely with the partner organisations in
organising the international infrastructure and systems needed to collect and make available the necessary
data and promote research and applications in collaboration with users. In this context, | can already point
to the steps being taken by WMO and its partner organizations in actively pursuing the implementation of
the Global Climate Observing System (GCOS), whose Secretariat is located within WMQO’s Headquarters
building. GCOS is a long-term worldwide operational system designed to meet climate information require-
ments. The system complements other programmes such as the Global Ocean Observing System (GOOS)
for operational oceanography and the Global Terrestrial Observing System (GTOS) for land and eco-system
observations. | believe that these and other developments in observational systems such as those associated
with the proposed Integrated Global Observing Strategy will enable us to look forward with confidence to
real progress in meeting the extremely important goals of CLIVAR.

In conclusion, I would like to thank the Director-General of UNESCO once again for making avail-
able these excellent facilities for the Conference and wish you every success in your deliberations.



WELCOME ADDRESS BY
PARTICIO A. BERNAL
ASSISTANT DIRECTOR GENERAL OF UNESCO
EXECUTIVE SECRETARY OF I0C

It gives me a great pleasure, on behalf of the Director General of UNESCO Dr. Federico Mayor, to welcome
all the participants to the first International CLIVAR Conference to the headquarters of 10C, the Intergov-
ernmental Oceanographic Commission, here in Paris.

This is a major scientific event. It provides a fitting climax, that closes a very significant and important
year, The International Year of the Ocean. | am sure that 1998 will be remembered as being the public
launching of CLIVAR.

Only a few years ago it would have been a very risky proposition to organise a gathering of national repre-
sentatives around a goal of predicting climate. But here we are today, in the presence of some 250 delegates
from more than 20 nations, doing just that, with a high degree of confidence. We are about to accept the
commitments from the scientific communities of the world to configure and plan the implementation of the
most ambitious climate program ever attempted, whose ultimate goal is to understand and predict climate
variability over a whole range of time scales, from months to centuries.

Until; recently, science has progressed by dividing the complexity of nature, science has progressed by
being analytical. However, today, due to the clear and massive impact of our civilisation upon natural
systems, and the uncertainty of the outcome of the changes triggered, science is forced to face the irreduc-
ible complexity of the natural systems that sustain life on the Planet. Science has had to get out of the
classical comfort of the separate disciplines and into the multi-discipline and the inter=discipline. Science
is faced with the challenge to attack the complexity of our Earth’s systems, to understand their behaviour
and forecast their future states.

Today we are more aware of the complexities of the Climate System, its global properties, the limits to its
predictability. We are increasingly conscious of the need for sustained, long-term improved observations,
to provide some of the most urgent answers demanded by society about Climate Change. We need to add
to the dynamical capability of our coupled models, the empirical constraints provided by real time obser-
vational systems. This is a task in which all the nations of the world can and must participate.

This is an urgent task. For example, without a record of 100 years of improved observations in time and
space, we will not be able to discern important questions about climate, and associate them to the scales of
variability of the ocean. To be able to do so, we need to start now. That is why in IOC we are dedicating
many of our efforts to the development of the Global Ocean Observing System. We need the observations,
not only to answer these crucial questions involving natural variability, but also to monitor the further
change induced by societal activities. We need to monitor the ocean not only for climate purposes but also
to provide stewardship for the living marine resources and the fragile coastal zones of the world ocean.

The intergovernmental apparatus of international organisations is prepared to undertake the role of transducer
between societal demands and the institutions of science and vice versa. As scientists we are involved in
actions that go beyond the traditional limits of the scientific endeavour. We deal with communication, we
translate specialised language into policy advice, and we translate the concerns of governments and the
common citizen into clear questions for the scientific community.



The 10C, the Intergovernmental Oceanography Commission of UNESCO is ready and prepared to help in
the development of CLIVAR, and to contribute to this major scientific program by leading the effort to build
the observational capacity we need to have for our single and unique planetary ocean.

I wish all of you success in your deliberations.

Thank you.
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GLOBAL ENVIRONMENTAL CHANGE AND THE NEED FOR
INTERNATIONAL RESEARCH PROGRAMMES
Bert Bolin
Past Chairman, Intergovernmental Panel on Climate Change (IPCC)

The global environment is much talked about these days and global politics is becoming increas-
ingly concerned with the ongoing changes. The issue of a sustainable development of human activities on
earth is viewed more urgently and the approaching a new millennium further highlights these issues. Most
scientists find it self-evident that the information and knowledge that science can provide should be care-
fully considered in this context and CLIVAR, i.e. studies of climate variability and change, may be a most
important project. How can then the needs of society best be met in developing and implementing CLIVAR?
I will give some personal observations from my nine years as chairman of the Intergovernmental Panel on
Climate Change.

It is not surprising that the issue of global climate change has been brought to the forefront in these
discussions. The systematic analyses and attempts to understand the physics of the global climate issues have
been subject for international co-ordination and pursuit for about twenty five years, i.e. since the discus-
sions began as part of the Global Atmospheric Research Programme, GARP, jointly sponsored by ICSU and
WMO, in the early part of the 1970’s. The organisation of global efforts to understand the biogeochemistry
of the environment began about ten years later, when the International Geosphere Biosphere Programme,
IGBP, got under way. The human dimension of global environmental changes is being addressed by the
International Human Dimensions Programme, IHDP, in more specific terms only since the beginning of
this decade. We have now reached the stage when the development of global integrated models of the earth
system as a whole is being considered as meaningful. As a matter of fact the global climate change issue is
in that regard sort of a forerunner of Sustainable Development.

Scientific research in the field of climate change and its assessment by the IPCC has been the prime
basis for political decisions so far and the issue has quickly been brought high up on the political agenda
. Still, the IPCC has been very careful in its assessments not to go beyond the conclusions that have been
presented in the scientific literature, on which the assessments have been based. The key has been to separate
clearly between what can be said with confidence and what is still uncertain. It is important to point out that
there are many uncertainties especially in projections into the future with regard to the timing, magnitude
and regional patterns of climate change as emphasised by the IPCC 1992 assessment. This policy has earned
the scientific community credibility in the political process and it should be a guide also in the future.

The 1995 assessment included a statement that part of the global climate change, that had occurred
during the latter part of the 20th century, could be attributed to human activities, but the conclusion was
formulated with great care. A key issue in this context has been the assessment of the likely magnitude of the
random variations of climate, that occur without a human influence. This has recently been much clarified by
the work of Mann et al., who have convincingly shown that the variations of the global mean temperature on
decadal to century time scales during the last 600 years are £0.2° C or less. Now one can rather ask those,
who still are sceptical about a human contribution to climate change during the last 50-75 years, to explain
the significantly larger global warming during recent decades. This change of the burden of proof is most
essential. There may be other conclusions from the research efforts that can be reformulated in a similar
manner.

However, in the presentations by heads of state both to the third (Kyoto) and fourth (Buenos Aires)
Conferences of the Parties to the Convention, references were often made to ongoing and readily observed
changes of weather and climate, e.g. droughts in California, Spain, Mozambique, Australia; flooding in the
Mississippi river basin, Germany, China; destructive tropical hurricanes; most recently in Honduras and
Nicaragua; unusual EI Nifio events. Media and politicians associate almost any of these with an ongoing
human-induced global change of climate. The derivation of proper statistical analyses of rare and extreme
phenomena in a chaotic system, such as the climate system, is, however, a complicated undertaking. A more
thorough analysis would be most welcome to bring home more precisely how such observations should be

11



interpreted. In the meantime scientists shall have to stick to the view that some of these phenomena might
be associated with such an ongoing global change, but that we can usually not as yet tell to what extent this
is s0. The IPCC has, however, based on a number of scientific studies, pointed out that extreme events might
become more frequent globally, but not been able to pinpoint particularly vulnerable regions.

How can this situation be improved? An insight might be gained by more detailed comparisons of
the occurrence of extreme events in control experiments, assuming constant greenhouse gas concentrations,
and in experiments with increasing greenhouse gas concentrations. Climate models with good spatial and
temporal resolution are then required. Ensembles of experiments might also be desirable in order to permit
more trustworthy conclusions, because different models behave differently and because of the uncertainties
that arise when initialising such experiments. | realise of course that this would mean setting aside appreciable
computational resources. Such efforts would, however, be of considerable scientific interest and certainly of
importance for the further work by the Climate Convention. It would also be helpful for individual countries
in their planning for a likely future climate change.

Agriculture and forestry at middle and high latitudes are primarily dependent on the characteristics
of the summer season, while in the tropics the dry and wet seasons are decisive. Scaling down the global or
regional changes that are foreseen to the variability of weather and inter-annual variations of the seasons is
going to be important and the questions naturally arise: How well can this be done in the light of the rather
marked regional differences between the outcomes of different global model experiments? What kind of
statistics would be most informative? How could risk analyses be developed to assist in the transformation
of model results on regional and local climate change and variability into information for the public, the
business community and politicians? This is most important because there will never be accurate predictions
of climate change.

As a matter of fact, the work by the scientific community sometimes does not adequately recognise
the national political issues, nor those that are being subject for international negotiations. I accept of course
that the formulation of the problems that should be given priority in the scientific pursuit must not be dictated
from the outside, but sometimes more could perhaps be done to aid the political process. This is certainly
much needed.

Most of the issues dealt with in Kyoto and Buenos Aires are largely short-term issues. Questions
about what might happen beyond the year of 2010 were not much considered, if at all. Because of the inertia
of the climate system as well as the socio-economic system, possible changes during the next several decades
should, however, be carefully evaluated to aid the decisions about further measures to be taken. The years
following the completion of the Third Assessment Report (TAR) by the IPCC, due in 2001, until 2005, a
control year on the way towards the goals as agreed in Kyoto for the five year period 2008-2012, should be
focused on such issues.

I know of course that developing countries have strongly opposed accepting obligations before de-
veloped countries have taken the lead in attempting to mitigate climate change as required by the Climate
Convention. | accept that it is premature to start negotiations in the near future about longer-term commit-
ments. It is, however, urgent to provide scientific analyses that focus on likely scenarios and their implica-
tions for, say, the years 2010-2030, assuming that the obligations for countries until 2010 as specified in the
Kyoto protocol are met. | note that a continuation of the rate of emission increases by developing countries
during the first six years of the 1990’s until 2010, while developed countries are implementing the Kyoto
Protocol would lead to about equally large emissions by developing and developed countries in 2010, i.e.
about 4.1 Gt. C per year each. The rate of increase of global emissions at that time would not be much less
than at present.

It would be particularly interesting to understand better how the socio-economic implications of
taking specific measures depend on the rapidity of the change-over from a situation with increasing global
emissions to one aiming at stabilisation of atmospheric concentrations of carbon dioxide at some alternative
levels. The use of integrated models combining climate models, carbon cycle models, energy models and
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socio-economic models would be required. What alternative scenarios beyond 2010 might be useful under
such circumstances?

The WCRP is now giving priority to the development of a next generation of integrated models.
We shall certainly learn more about the complex global interplay between changes of the natural systems
and society in that way. But we must not put all eggs in one basket. It will take time until such models with
many more degrees of freedom will be trustworthy. There will be a need for eliminating spurious inadequa-
cies similar to those that have shown up as a miss-match of the flux of heat between the atmosphere and the
oceans, when coupling GCM’s for the atmosphere and the oceans. Further, new findings about the behaviour
of the earth system hundred years into the future can hardly still for quite some time be considered as more
than illustrative examples of possible developments. The issue of validation will be a major difficulty when
trying to use such findings in the political process.

How might regional scenarios of future changes of key climatic elements best be presented to a
wider audience? In trying to answer such a question | wish to refer to some intriguing analyses that have
been pursued by Tim Palmer We know that, although the climate system is chaotic, it clearly shows recur-
rent patterns that are well known not the least to the practising meteorologists. The El Nifio in the Pacific
is perhaps a phenomenon of this kind. In the 1940°s Rossby coined the concept of High and Low Index of
the middle latitude Westerlies of the Northern Hemisphere, essentially describing the changes between an
intense and a weak westerly jet stream. The latter was characterised by blocking anticyclones in the late
winter and spring, preferentially over Europe and the eastern parts of the Atlantic, and in the eastern parts
of the Pacific Ocean.

The characteristics of such patterns of atmospheric motions presumably are partly determined by
permanent features of the climate system such as the distribution of land and sea, mountain and ice sheet
configurations, temporal and spatial distribution of solar radiation, and so on, in combination with the char-
acteristics of the large scale dynamics of the atmosphere and the sea. The question arises: Can the changes
of the global climate system that are occurring at present, and presumably more so in the future, be described
by a rather limited set of some kind of eigen-functions, which catch the major features of such patterns of
change? Perhaps these can be described as changes of the intensity and frequency of their occurrence. They
might also reflect some quasi-stable states of motion that are equivalent to different modes of motion that
appear in chaos theory and that Lorenz drew attention to already long ago. | do not know. If, however, real
and of importance, they might be a useful in order to describe changes of the global climate. They would
have the distinct advantage that geographical interdependence of climate changes would be better described,
as compared with traditional statistical descriptions in terms of a most likely change and a range of vari-
ability.

But climate change and variability is more than physical changes of the environment. The response
of the climate system to human emissions of carbon dioxide, puts biogeochemistry, and variability and
change of the carbon cycle, high on the priority list for research during the next decade. Few models have
as yet dealt with the mutual interplay between the carbon cycle and the climate system adequately.

For example: The temporary global cooling, that was caused by the eruption of Mount Pinatubo
in the Philippines, influenced the carbon cycle. What does this mean in a more general context? We do not
yet know well to what extent the capacity of the oceans as a sink for the carbon dioxide emissions due to
fossil fuel burning might be modified by global warming. The stabilisation of the uppermost layers of the
oceans, particularly in polar regions, might slow down the rate of uptake and therefore influence the increase
of atmospheric concentrations of carbon dioxide. If so, how quickly might this occur? Within decades or
rather during the latter part of next century? The role of the marine ecosystems for the CO, uptake might
be influenced by the availability of micro-nutrients (e.g. iron). It is obviously not enough to determine the
instantaneous change of the transfer into the surface layers, but the redistribution of the carbonate in the
oceans may bring about secondary changes, the analysis of which will require model experiments. Ocean
circulation variability may influence the carbon cycle significantly. All these responses would influence the
global radiative forcing and thus the global warming.
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Another set of issues arise directly from the Kyoto negotiations. Countries are allowed to deduct
some of the uptake by terrestrial ecosystems within their own territory, particularly by forests, from their
emissions due to fossil fuel burning. Some fear and perhaps rightly so, that the lack of more detailed knowl-
edge about these ecosystems, especially the carbon turnover in soils, could be exploited inappropriately.

The Convention has asked the IPCC to produce a Special Report on this matter already within about
ayear. | don’t think that there is enough analyses reported in the scientific literature to permit an evaluation of
the magnitude of these sinks (or sources) with adequate accuracy and how to specify the rules to be applied
in order to quantify them. The importance of variability within the terrestrial ecosystems, both in space and
time, represents a major difficulty that needs to be analysed much more thoroughly. This is most crucial in
order to keep the negotiations well-founded in scientific knowledge. One can already see how single papers
in the scientific literature, the validity of which have not been assessed adequately yet, are exploited in the
political debate. This is not the way science should be used.

Several of the remarks | have made here require the use of integrated models in order to be answered
properly. | wish to emphasise, however, that there is still a major difference between models that describe
the physics, chemistry and biology of the environment on one hand, and socio-economic models on the
other. The former are based on fundamental knowledge about the behaviour of the natural systems, but
are of course still approximate. The latter, e.g. macro-economic models that project future carbon dioxide
emissions, describe the economic development assuming for example the rate of economic growth, popula-
tion increase, rate of efficiency increase in industry, relative prices of primary energy supply, etceteras. The
outcome of model experiments should therefore be viewed as scenarios that describe possible futures. They
are not predictions. For this reason | don’t think we should use the word “prediction” about results from
transient experiments with climate models. When based on such emissions scenarios. In the political domain
they will be interpreted as true predictions. For this very reason it is also misleading to show a single global
scenario of this kind without indicating the range of uncertainty and the reasons for such uncertainties. We
must keep in mind that there will never be accurate climate predictions, but scenarios can still be most useful
as a basis for analysis of risks.

Anyone who has attended meetings of the Conference of Parties to the Climate Convention or any
of its Subsidiary Bodies knows that the interpretation of the scientific findings by delegations are very sim-
plified and usually address only some rather few selected issues that are politically “hot”. There are many
misunderstandings in the course of negotiations and a good grasp of key issues develops only gradually.
The use of scientific information in the political process is not going to be successful if merely transmitting
scientific findings. A continuous dialogue between politicians and the scientific community is a necessity.

There is a tendency to exaggerate or, on the other hand, ignore the knowledge base that science is
providing. However, the climate change issue is obviously by many not considered to be that urgent that more
stringent measures are required as yet. The outcome of the Buenos Aires meeting shows that very clearly. |
doubt if this attitude will change much before new scientific findings and another assessment report by the
IPCC will be available.

What we as scientists should do in the meantime is to pursue the scientific work such as now outlined
in CLIVAR and in doing so also focus on matters that are politically important. Above all we must learn to
summarise what we know in simple and effective terms without violating the scientific truth as we know
it.
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CONFERENCE STRUCTURE AND OBJECTIVES
Allyn Clarke
Ocean Science Division, Bedford Institute, Canada

As co-chair of the CLIVAR Scientific Steering Group, |1 would like to welcome you all to the CLIVAR
Conference.

This is the third time that UNESCO has hosted a Scientific Conference in order to initiate a WCRP
program. Interested nations and scientists came to the TOGA Conference in 1984 and to the WOCE Con-
ference in 1988 and now, a decade later for the CLIVVAR Conference. These International Conferences are
organized to provide the scientific community an opportunity to respond both as nations and individuals to
initial implementation plans that had been developed for these programs through several years of scientific
meetings and workshops.

On the two earlier occasions, nations brought their own ideas and plans to these Conferences and told
the international steering groups:

. what they liked about their implementation plans and what they didn’t,
. where they would commit resources, where they might commit resources and where they wouldn’t,

. how they were organizing nationally and regionally to contribute to the program,
. how they wanted to interact as nations with the ongoing development and implementation of these
programs.

The TOGA and WOCE SSG’s left their Scientific Conferences with a good idea of what nations were likely
to support within their Initial Implementation Plans. From that information, they identified key gaps in sup-
port, modified their plans where that was possible, persuaded nations to fill those gaps where the gap was
critical and went forward to successfully implement these large and complex climate research programs.
The CLIVAR SSG hopes that nations respond to this Conference in the same spirit as your predecessors
did in 1977 and 1988.

CLIVAR is the successor to TOGA and WOCE; it is particularly appropriate that we come before
you, in Paris, to present our Initial Implementation Plan for your consideration and your response.

In this same building, WG1 of the IPCC is just completing their first meeting of lead authors for the
third assessment of climate change. This group of scientists is assessing what new things we have learned
about the climate system over the past five years. Today, the CLIVAR Conference is discussing the estab-
lishment of a new Climate Research program under the WCRP which will conduct coordinated research on
these issues over the next decade and a half.

How is the Conference organised?

For the rest of today, a series of talks, will provide you with the broad scope of CLIVAR science
issues and implementation strategies. One half day of talks will not adequately cover a program as broad
as CLIVAR. Outside this Conference hall are posters providing greater detail on the PRA’s and some of the
CLIVAR’s sister programs. These talks and posters will provide overviews on what is in the CLIVAR Sci-
ence and Initial Implementation Plans. We hope that you will take advantage of these posters during coffee
breaks as well as the reception this evening to ask questions and express your ideas on particular aspects of
CLIVAR.

In your packets, you have been given a copies of the statements that nations have brought to this meet-
ing. Tomorrow, many of these nations will be give brief presentations to you. The Conference organizing
committee and the SSG has asked a number of its members and others who have been active in the planning
of CLIVAR to listen to those presentations and to read these national statements so that they can provide this
meeting with an initial assessment as to what parts of CLIVAR nations are prepared to come together and
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support now and what parts are going to require more work before nations are prepared to support them.

On Friday morning, there will be an opportunity to address questions to a number of people that have
been involved in the planning of CLIVAR and its sister programs. You are asked to submit your questions
in writing today or tomorrow.

Following coffee on Friday, there will be raporteur reports and you will be presented with a Conference
Statement for your consideration and debate. Copies of an initial draft Conference Statement, are available
at the registration desk. Dr. John Stone, Canada has agreed to lead a small working group to arrive at a final
draft for presentation to the meeting on Friday morning. The members of this working group are: Dr Larry
Gates, Dr Lennart Bengtsson, Dr Allyn Clarke, Dr John Gould, Dr Victor Magana, Dr Syukuro Manabe, Dr
Neville Smith and Dr Kevin Trenberth.

They would appreciate receiving all comments on the statement by the end of the afternoon coffee
break on Thursday. Comments (written please) can be given directly to working group members or left at
the registration desk.

After lunch on Friday, three speakers will tell you of their vision of the future for global climate
observations, modeling and prediction to send you away from Paris full of enthusiasm to transform your
national plans and intentions to a coordinated international climate program.

I thank you all for coming to this Conference and hope that we all have an interesting and productive
meeting.
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THE EVOLUTION OF CLIVAR SCIENCE
Kevin E. Trenberth
National Center for Atmospheric Research?, Boulder, Colorado, U.S.A.

1. Introduction

1998 is the International Year of the Ocean. What better way to celebrate the end of this year than by
affirming a major commitment to research on the oceans and their role in climate under CLIVAR.

The World Climate Research Program (WCRP) at the fourteenth session (March 1993) of the Joint
Scientific Committee established the 15 year Climate variability and predictability (CLIVAR) program.
With the successful TOGA (Tropical Oceans-Global Atmosphere) programme ended (in 1994) but yet to
exploit the observing system developed for seasonal-to-interannual prediction, with the field phase of WOCE
(World Ocean Circulation Experiment) over, and with the 1995 Intergovernmental Panel on Climate Change
(IPCC) scientific assessment for the study of Anthropogenic Climate Change (ACC) completed, it was time
to take stock and, rather than continue to do what we were doing, examine where we are going and set new
directions. This meant carefully considering the outstanding scientific questions, how to address them, and
assessing the scientific opportunities and readiness to seize them. In the CLIVAR scientific community,
led by the Scientific Steering Group (SSG), we have done this. And so over the past three years, following
the publication of the CLIVAR Science Plan, through workshops, working group and Panel meetings, the
CLIVAR SSG has put together an initial implementation plan.

CLIVAR focuses on the role of the coupled ocean and atmosphere within the overall climate system, with
emphasis on variability, especially within the oceans, on seasonal to centennial timescales. Consequently it
addresses directly variability associated with EI Nifio and climate change arising from anthropogenic effects
(global warming). CLIVAR intends to explore predictability and how to improve predictions of climate
variability and climate change using existing, reanalysed, and new global observations, enhanced coupled
ocean-atmosphere-land-ice models, and paleoclimate records. CLIVAR will promote the development of
skilful regional and global predictive models and will enable a more accurate detection of anthropogenic
modification of natural climate. CLIVAR will strongly support the design and implementation of global
ocean and atmosphere observing systems for long-term climate research and will specifically address the
variability of regional coupled ocean-atmosphere systems such as monsoons in relation to global patterns
such as ENSO.

The CLIVAR objectives can be paraphrased as an overall GOAL.:
To describe and understand climate variability and predictability on seasonal to centennial time scales
and climate change, identify the physical processes responsible, including anthropogenic effects, and
develop modelling and predictive capabilities where practicable.

The entire atmosphere, ocean, cryosphere, land surface and biosphere is interconnected. However, scien-
tific programs need focus to be manageable. Recognizing that clouds, radiation and land surface processes are
dealt with under the Global Energy and Water cycle Experiment (GEWEX) and that Arctic Climate System
Study (ACSYS) covers sea ice and arctic ocean processes, CLIVAR’s primary focus is the atmosphere and
oceans and their interactions. Close coordination is also essential with the International Geosphere Biosphere
Program (IGBP) and is already strong with the paleo community in PAGES (Past Global Changes).

2. CLIVAR research components

The CLIVAR program was initially organized into three component programs:
* CLIVAR-GOALS: a study of seasonal-to-interannual climate variability and predictability of the Global
Ocean-Atmosphere-Land System (GOALS).

* CLIVAR-DecCen: a study of decadal-to-centennial climate variability and predictability.

! The National Center for Atmospheric Research is sponsored by the National Science Foundation.
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* CLIVAR-ACC: a study of the climate response to human-induced changes in radiatively active gases and
aerosols

As implementation of the CLIVAR program has been discussed in the science community, the shape
of the CLIVAR program has evolved to blur the timescale partitioning and encourage more interaction
between the natural variability and anthropogenic climate change communities. In particular, several key
issues developed:

* Decadal variability of ENSO

» Effects of ACC on ENSO

* Projection of climate change onto natural modes of variability

* Observations of the dominance of similar modes (similar spatial structures) on several timescales
» Realization that projections of ACC are not credible without realistic variability, including ENSO.

Therefore the emphases that have developed are for
1) a global framework of global observations, dataset development, empirical and diagnostic studies, model
development and numerical experimentation, and process studies; and
2) a number of focused research topics called Principal Research Areas (PRAS). A challenge to CLIVAR
is to find the critical areas in which coordination and international infrastructure can make these research
endeavours more effective and focused.

CLIVAR GOALS will extend our understanding, analytical, modelling and prediction capabilities of
natural climate variability on seasonal-to-interannual time scales, building on the knowledge and experience
gained in TOGA. Because GOALS has an emphasis on prediction, it will take an interest in any components
of the climate system that give it a memory. Four PRAs are identified with GOALS.

CLIVAR-DecCen will focus on understanding of the physics of decadal and longer variability of the coupled
climate system. Because ocean processes are very important on these timescales, and because so little is
known about their role, DecCen will make a special effort to explore the role of the ocean in determining
climate variability on the timescales of interest. DecCen will undertake data archaeology and paleoclimatic
activities to extend the climate record to the past, support and extend climate data collection programs to
continue the records into the future, and data analysis and modelling studies to describe, simulate and predict
climate variability on decadal to century time scales. Five PRAs are identified for DecCen.

CLIVAR-ACC will coordinate data analysis and climate modelling studies directed at the detection, at-
tribution and prediction of climate change due to human activity (two PRAS). All PRAs will spin off process
studies and field campaigns to help achieve their objectives.

3. CLIVAR science

There is great excitement in the CLIVAR scientific community about the science to be done and the
prospects for applying the results to better society. A few examples will be touched on briefly, including:

* The 1997/98 El Nifio and progression into the 1998 La Nifia. The observing system has proven suc-
cessful but expansions may be fruitful. Dynamical models are proving useful and outdoing traditional
statistical methods in predictions. Yet while predictions are improving, there is scope for doing much
better. Possibilities abound!

* Monsoons affect millions with their variability. They also play a major role in the climate system through
their tropical heat sources. The complexity is challenging to deal with as land surface processes are in-
volved (bringing in collaborations with GEWEX, GCIP, GAME etc.) Many research possibilities exist
for determining and exploiting predictability.

* |n the extratropics, teleconnections provide hope for improved regional predictions, yet there are many
issues. The predictions will be probabilistic and rely on ensembles of model runs, so a challenge is how
to use and portray this information.

* Qcean variability outside the tropical Pacific is becoming documented. Patterns of Atlantic variability and
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links with the North Atlantic Oscillation are promising. New tools using satellite instruments to provide
global coverage of altimetry, scatterometry and ocean colour are especially encouraging. Yet satellites
can not see below the surface, and so a strong ground based observing system must be developed. Go-
ing beyond XBTs and surface drifters, exciting new possibilities have emerged through the profiling
floats that are deployed at various depths (such as 1500 m) and come to the surface every week or two
to give soundings of temperature and salinity. Exploiting these data to produce global analyses is a task
of GODAE, but the prospects for CLIVAR in improved understanding and better models for predicting
aspects of decadal variability are enormous.

* Global climate models have developed so that they no longer have to be run with artificial “flux”, cor-
rections. Yet further improvement are expected.

* QOur PAGES colleagues have shown with the Greenland ice cores how abrupt climate change can be and
it is vital for CLIVAR to build an understanding of this. There is a compelling need to understand and
assess risk for sudden changes in climate, regionally and globally. Can global warming lead to a thermo-
haline circulation collapse in the Atlantic and regional cooling in Europe?

* The whole topic of global warming was highlighted last year in Kyoto. Global warming means global
heating from increased greenhouse gases in the atmosphere or radiative forcing’, in IPCC parlance. It
means that not only will temperatures rise but so too will evaporation and so this directly impacts pre-
cipitation and water resources. It is clear that there needs to be a solid base of science for the political
decisions that still prove very thorny. The past emphasis has been on detection and attribution. Recent
temperature rises, if continued, will soon make answers to those questions obvious, and attention will
switch to realization that climate change is inevitable so that the climate of the future will differ from that
in the past. Actual predictions of what the climate will be, not just with idealized scenarios but taking all
factors (including solar radiation, land use changes, aerosol effects and biogeochemical feedbacks) into
account will become top priority.

4. Implementing CLIVAR

Scientists have often been less concerned with societal needs. Nevertheless, CLIVAR science is appli-
cation oriented. One major need is for more regional and local information in predictions on all time scales.
Unfortunately predictability diminishes on smaller space scales. So how do we address this? Some things
can be done. But often a full frontal attack is not the best approach. Rather, scientists nip at the problem
around the edges by solving the problems that are ready to be solved, models are gradually improved, and
we learn how to work with ensembles and the inherent probabilistic nature of the problem. It is important
to recognize these things in setting priorities.

Akey step in further progressing the CLIVAR implementation is the International CLIVVAR Conference
in Paris at UNESCO 2-4 December 1998. This will seek expressions of interest and commitments from
nations, and national priorities and prospects for international collaboration and coordination will guide the
CLIVAR SSG on where emphases should be placed.

CLIVAR deals with the global climate system. A global description can not be achieved without coop-
eration among nations. The weather and climate are inherently global, and the problems are not amenable
to solution by any single nation acting alone. While many scientists just want to “get on with its”, these
problems require international goodwill and collaboration. This is the role for CLIVAR. Ler us combine
our resources and capabilities, share data and, while recognizing each nation’s autonomy and different
emphases, do under CLIVAR the research that would not otherwise be possible.

Acknowledgments:
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THE 1997/98 EL NINO/LA NINA
Ants Leetmaa
Climate Prediction Center NCEP/NWS/NOAA
Washington, D.C., U.S.A.

Introduction

The 1982/83 EI Nifio developed virtually unobserved. It wasn’t until late in 1982 that it was an-
nounced that the event was going on. The expected world wide impacts were unknown and hence no pos-
sibility existed for mitigation of its impacts. The situation in 1997/98 was very different. The event was
well observed and forecast, and many of the possible impacts forecast with enough leadtime that mitigation
actions were taken in many countries. This was possible because in the intervening years extensive com-
mitments were made to research, implementing an observational capability, and developing a forecasting
capability. This short summary provides a retrospective view of the events that took place during the past
two years and some of the insights that have been gained.

Development of the 1997/98 El Nifio

A number of groups made forecasts in late 1996 that conditions in the Pacific would switch from
slightly below normal temperatures in the tropical Pacific to EI Nifio ones the coming summer and fall.
However, none of these correctly forecast the rapid growth of the event during the first part of 1997. This
was a period in the equatorial regions where the intraseasonals were very active and very energetic. Sug-
gestions are that these played a role in this rapid development. The evidence from the observations and from
the forecast models by mid-1997 was convincing enough that it was announced by NOAA in June that this
event would be in strength comparable to the top three of the century. Comparisons to the 1982/83 event
show that it was stronger in the October to December period and comparable in amplitude in the January
to March period. The fact that tropical temperatures cannot get much warmer that about 29 deg. Celsius,
means that the largest that such events can get is what was observed this past year and during 1982/83. In
general most of the forecasts either underestimated the rapid growth of the system, the peak amplitudes
and the timing of this. Perhaps as a group they did better in estimating the start of the development of the
subsequent La Nifa.

Development of the global atmospheric response.

Use of atmospheric Reanalyses and a global precipitation analysis that combines satellite estimates
with rain gauge measurements over land allows a global documentation of the atmospheric response and a
comparison between 1982/83 and 1997/98. What is apparent from these two events is that there are dominant
global patterns of response that are quite similar for the two events. Most areas of the globe are impacted
indicating potential predictability even in regions not identified by previous studies. Comparison of these
fields to those from weaker EI Nifios indicates patterns of response for the weaker events that are similar
but weaker and more variable on a regional basis. This is the fundamental reason that climate forecasts need
to be probabilistic. Atmospheric responses to similar EI Nifios of EI Nifios of different amplitudes are in a
global sense similar but can differ in regional impacts on rainfall and temperature distributions.

Regional forecasts for temperature and rainfall variations

Using the forecasts for EI Nifio several groups made forecasts for global and/or regional seasonal
variations in rainfall and temperature. All of these were probabilistic. Because of improved physical under-
standing and improved atmospheric general circulation models (AGCM), the forecasts were based both on
empirical estimates of the regional impacts of EI Nifio and on output from ensembles of AGCM runs. As
was the case for the global patterns, regionally, especially for the United States, there are dominant patterns
of variations that El Nifios on average produce. However, these were modified in sub-regions to incorporate
what the AGCM forecast were indicating might be deviations from a canonical response. In general these
forecasts showed skill, especially in areas where EI Nifio has been shown to have consistent impacts. In
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many areas of the globe local and state authorities invested million of dollars to help mitigate the impacts
that were being forecast with great success. This was especially true in California in the U.S. and Peru. As
indicated earlier the expected skill for weaker events will be less.

Extreme events and El Nifio

Many areas of the globe experienced 100 year kinds of impacts. The physics of how this occurs
varies from the tropics to midlatitudes. In midlatitudes the impacts of EI Nifio in the areas that received
above normal rainfall were the result of an increase in the number of rain events and in their intensity. So
not only does EI Nifio shift the seasonal means for rainfall totals but it also enhances the likelihood of ex-
tremes. Also the impacts can be of an unexpected nature such as the extreme ice storm in the northeast U.S.
and the strong tornadoes in the southeast. Also there was major impact on hurricanes/tropical cyclones. In
the Atlantic almost no hurricanes were observed during the heart of the season in 1997 while in 1998, when
La Nifia conditions were beginning to have an impact, a very active season was observed. In the eastern
Pacific the number of storms was about average but the paths were much longer taking them into areas that
normally didn’t experience them. An unexpected occurrence was the rapid transition in the southern U.S.
from excess rainfall (100 year records) during winter and early spring to 100 year type of drought conditions
from late spring to early summer. This appears to be the impact of anomalously high ocean temperatures
in the far eastern Pacific and their impact on the atmospheric circulation in this region. This was occurring
at a time thata La Nifia was starting to develop in the central Pacific.

The impending La Nifia

La Nifia conditions started to develop in the central eastern Pacific in mid-May 1998. Currently a
moderate amplitude La Nifia is in place. Many areas of the globe have already experienced La Nifa im-
pacts. Excess rainfall has been experience over much of the maritime continent. As for the EI Nifio global
forecasts are available of next several seasons. The impacts are not expected to be as intense as those dur-
ing the last EI Nifio. In general for EI Nifio the amplitude of the impacts goes up with the size of the event
whereas for La Nifias this seems to be much less so.
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A basic description of the basic processes related to monsoon variability, noting that it is a coupled
oceanic-terrestrial-atmospheric phenomenon, is done. The structure of the monsoon as a function of temporal
scale was examined, noting that there exists and interdependence on temporal scales.

The monsoon regions hold more than 60% of the global population. Here, the very regularity of the
monsoon cycle makes agriculture susceptible to small changes in the annual cycle. A weak monsoon year
generally corresponds to low crop-yields.

Rainfall variability in the monsoon regions occurs in four major regimes:
* Short-term disturbances (2-5 days)
* Medium or intraseasonal periods (10-40 days)
* Interannual variability
* Interdecadal variability

Each longer term variation tends to modulate variations occurring at higher frequencies. For instance,
a strong monsoon year more or prolonged active periods. Therefore, forecasting the timing of the onset of
the monsoon and the subsequent active and break periods is critical in agrarian monsoon societies.

There are several theories about why the monsoons vary from year to year:

1) The monsoon is a “slave” to external forcing of ENSO

2) The monsoon is forced to be stronger weak depending on the state of show cover or sail moisture on the
Eurasian Continent during spring.

3) The main differences between the impact of ENSO on the monsoon in Africa, Asia, Australia and the
Americas are a function of phase. It is known that ENSO and monsoons are related buy not precisely.

4) Interannual variability is the result of inherent coupled ocean-atmosphere instabilities on marginal seas
around monsoon regions (e.g. Indian Ocean).

There are other forms of interannual variability in monsoons, such as the tropospheric biennial
oscillation (TBO)

Relationships between ENSO and monsoons also show a large degree of interdecadal variability. It
is clear then that monsoons posses great variability. It is less clear why the variability occurs. Quite possibly
the monsoon varies by the imposition of remote forcing and by its own variability inherent in the coupled
ocean-atmosphere system in some combination.

Modelling the monsoons and predicting their variability is one of the great scientific challenges.
Several approaches are used for climate prediction. Some techniques are based on empirical analyses and
some are based on numerical modelling.

There is some disagreement on the degree of predictability of the monsoons or whether they are
predictable at all. There exists a great need for good data to evaluate and improve climate models. Process
studies as JASMINE in the Indian Ocean and EPIC in the Eastern Pacific are good examples of field experi-
ments for process studies to understand air-sea interactions and monsoons.

A comprehensive prediction system requires active interaction of the physical scientists who make
the climate predictions, and the applications and human dimensions community, who use and apply the
predictions. Overall, an end-to-end prediction system embodies many aspects of the physical scientific
community, the social sciences, and the user community. The scheme, in essence, is interactive between all
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