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At the GCTE-LUCC Open Science Conference. From left to right: Xavier Baulies, -
David Skole, Pere Macias, Berrien Moore lil, lan Noble, Jaume Terradas.
[Photo courtesy of F. Lioret and O. Ortiz] . s




Earth’s Changing Land

GCTE-LUCGC Open Science Conference

The Global Change and Terrestrial Eco-

system (GCTE) and Land Use/Land

Cover Change (LUCC) Core Projects of

IGBP and THDP held an Open Science

Conference on March 14-18, 1998 in the

Palau de Congressos of Barcelona

(Spain). The event attracted 800 special-

ists from 51 countries who presented

120 talks and 480 posters.

The Conferencebroughttogethersci-
entists from those research fields critical
to understanding the multi-driver na-
ture of global changes affecting the ter-
restrial biosphere. State-of-the-art sci-
ence was presented during the
conference on the following topics:

s Impacts of climate and atmospheric
composition changes on ecosystem
functioning, and the implications for
the Earth system;

» Driving forces of land-use change
and its ecological consequences;

° Vegetation and land cover changes
atlocal, landscape, and global scales;

s Global change impacts on agricul-
tural production, forestry, biodiver-
sity, and other issues of importance
for human well-being; and,

* Regional approach to global change
research with sessions on Europe,
Asia, Africa, and the Americas.

The Conference was a unique -op-
portunity for the scientific community
to take a look at the large picture of
global change and the terrestrial bio-
sphere beyond individual specialties,
and also, an excellent chance for net-
working withcolleagues fromall around
the world. The Conference provided a
suitable framework to learn more about
the objectives, challenges, and achieve-
ments of the GCTE and LUCC commu-

nities, as well as the ‘cultural’ distances
between them in terms of concepts,
methodologies, priorities, and the pro-
blems and limitations of their respective
research agendas.

Several common areas of interest
were identified in the fields of global
integrated models, land fragmentation,
environmental vulnerability, and biodi-
versity, in which future collaborations
are likely to be very productive.

The conference also clearly showed
the complementary role of both projects,
which is fundamental to meet future
challenges. During the last several years
GCTE has produced important new
knowledge about changes in structure
and functioning of terrestrial ecosys-
tems and in agriculture in response to
climate and atmospheric changes, par-
ticularly increasing atmospheric carbon
dioxide. Also the effects of these drivers
on biodiversity have been incorporated
in the agenda. This knowledge has been
achieved by contributions from more
than 40 projects involving a very active
community of about 700 scientists. At
present there is a need in GCTE to im-
prove understanding of these interac-
tions withland-usechanges, which have
been recognized as a central driver of
global change.

LUCC, younger than GCTE, is start-
ingits firstimplementation phase aimed
at improved understanding of the na-
ture of mechanisms of land use/cover
change and their projectionsbothat glo-
bal and regional scales, Pioneer LUCC
projects haverevealed fundamental pat-
terns and processes of land use and co-
ver change and significant interannual
variability. There is a need in LUCC for

.Ei.o'p.hy's'ical responsemodels to infegrate

dynamics in ecosystems and agricul-
ture as feedbacks in the land use/cover

- models. This complementary profile of

both projects, GCTE as ‘impacts of
change’ science and LUCC as “driving
force of change’ science, has to be em-
phasized to guarantee fruitful work.

The conference demonstrated the
need for a coordinated strategy to ad-
vanceland surface interface studies. Col-
laborationamong the ecological, remote
sensing /GIS, social and economic sci-
ence communities, together with the ter-
restrial climatology community, will be
a key determinant of the quality and
relevance of the scientificachievements.
The coupling of these different disci-
plines is a huge challenge that can be
approached by the creation of an inte-
grated framework. In spite of the diver-
sity of methodologies and languages, a
set of common parameters is required in
order to allow comparability, integra-
tion and modelling. This multidiscipli-
nary community will be more and more
pressured by society to deliver know-
ledge on the threafs of environmental
change to human life. Responses based
on an integrated understanding wili be
most valuable. Activities like “The
Earth’s Changing Land” represent some
of the first attempts to develop this new,
dynamic approach.

The Conference was sponsored by
the Goverment of Catalonia, City Coun-
cil of Barcelona, Catalan Foundation for
Research, Spanish Interministerial Com-
mission for Science and Technology, DG
XTI of the European Commission, NASA,
EPRI, US Depariment of Energy, US
ForestService, Natural Science Founda-
tion, START, IGBP, [HDP, the Banco
Bilbao Vizcaya Foundation, LUCC, and
GCTE.

Xavier Baulies

Executive Officer, LUCC PO, Institut
Cartografic de Catalunya, Parc de
Montjuic, 08038 Barcelona, Spain.
E-mail: lucc@icc.es

Pep Canadell

Execuiive Offfcer, GCTE IPO, CSIRC
- Divisfon of Wildlife and Ecology, -

PO Box 84, Lyneham ACT 2602,

Australia. E-mall:
pep.canadell@dwe.csiro.au




Over 200 scientists from 35 countries
met in Paris from 17-20 March for the
first GLOBEC Open Science Meeting,.
The meeting, which was held at the
UNESCO headquarters, with beautiful
views overlocking the Ecole Militaire,
Champs de Mars, and the Eiffel tower,
was organized by the interim GLOBEC
office atthe Plymouth Marine Laborato-
ry. The opening keynote address by John
Steele, Woods Hole Oceanographic In-
stitution, on “From food webs to regime
shifts” set the high standard for presen-
tations throughout the meeting, We were
also fortunate that the incoming Execu-
tive Secretary of the Intergovernmental
Oceanographic Commission of
UNESCO, Patricio Bernal, agreed to give
a talk on, “ The natural limits fo the use of
renetwable resources: GLOBEC as a contri-
bution to national and regional manage-
ment goals ”.

Overthe pastyear the Scientific Steer-
ing Committee of GLOBEC, in ¢ollabo-
ration withinterested scientists, hasbeen
developing an Implementation Plan for
GLOBEC. A major aim of the Open Sci-
ence Meeting was to provide a forum to
present a draft of the GLOBEC LImple-
mentation Plan to-the widest interna-
tional science community and provide
an opportunity for its discussion, and
for feedback.

To achieve this, the Open Science
Meeting featured invited plenary key
note presentations on GLOBEC, its ma-
jor subprojects and their implementa-
tion, in addition to contributed papers
and posters on the current scientific ac-
tivities of GLOBEC. The overall struc-
ture of the meeting reflected the four
GLOBEC research Foci:

Focus1 Retrospective analysis in the
context of global change.

Focus 2 Process studies.

Focus3 Predictive and modelling ca-
pabilities.

Focus4 Peedbacks from changes in

marine ecosystem structure.
An impressive range of contributed
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scientific papers and posters demon-
strated the wide range of GLOBEC re-
search already addressing these themes.

In addition there were sessions on
the four major GLOBEC Regional Pro-
grammes: The GLOBEC Southern Ocean
Programme (5O-GLOBEC), Small Pe-
lagic Fishes and Climate Change
(SPACC), the ICES-GLOBEC Cod and
Climate Change Programme {CCC) in
the North Atlantic and the PICES-
GLOBEC Climate Change and Carrying
Capacity Programme (CCCC) in the
North Pacific.

A special session of talks provided
the opportunity to review the plans and
achievements of a wide range of active
National GLOBEC programmes, high-
lighting US-GLOBEC, GLOBEC Cana-
da, France GLOBEC-PNDR, China-
GLOBEC, the BENEFIT programme of
SW Africa, New Zealand and GLOBEC,
GLOBEC-Chile, and Brazil GLOBEC.

Participation in the Open Science
Meeting was supported by travel funds
provided by grantsto the Scientific Com-
mittee for Oceanic Research (SCOR} from
the US National Science Foundation, the
International Council of Scientific Un-
ions, and UNESCOQ. Scientists from Ar-
gentina, Cameroon, Chile, China, India,
Mexiéo, Pakistan, Peru, Russia, Ukraine
and South Africa made important con-
tributions to the meeting through this
méans.

" Discussion of, and contribution to,
the further development of the Imple-
mentation Plan was encouraged in a
series of workshop discussions which
reported fo the final suunmary plenary
session. Inaddition, anindividual ques-
fionnaire on the Implementation Plan
was circulated to all participants and a
large number of valuable comments
were received, and are being incorpo-
rated in a revised version of the Plan.

The Open Science Meeting was or-
ganized by a small committee of the

GLOBEC Scientific Steering Committee:

Jiirgen Alheit, Chairman (Battic Sea Re-

search Institute, Germany); Roger Har-
ris (Plymouth Marine Laboratory, Unil-
ed Kingdom); Tom Tkeda (Hokkaido
University, Japan); lan Perry (Pacific
Biological Station, Canada); and Qi-
sheng Tang (Yellow Sea Hisheries Re-
search Institute, China). Very efficient
local support during the meeting was
provided by a local organizing feam of
Wesley Ross (Office of SCOR); Delphine
Bonnet, Bob Head, Xabier Irigoien, and
Bettina Meyer-Harms (all from Ply-
mouth Marine Laboratory).

Papers from the Open Science Meet-
ing will be published in a special
GLOBEC double issue of the journal
Fisheries Oceanography, to be published
in October this year. The peer review
process for this project is already well
advanced.

This first Open Science Meeting of
GLOBEC was a significant contribution
in the development of the international
programme. The level of contribution,
discussion, and participation atthemeet-
ing suggest that GLOBEC will have an
extremely active and productive fuisture.

. Roger Harris

GLOBEC Interim Secrelariat,
Plymouth Marine Laboratory, Prospect
Place, Plymouth PL1 3DH, UK.
E-mail: r.harris @ pmi.ac.uk
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The first IGBP PAGES Open Science
Meeting ‘Past Global Changes and their
Signicance for the Future’, jointly orga-
nized by PAGES and the Environmental
Changes Research Centre (ECRC), Uni-
versity College London, was held in the
University of London Senate House,
April 20 - 23, 1998. The meeting attract-
ed over 400 participants from some 35
countries. The meeting was opened by
Angela Eagle, Junior Minister at the
Department of Environment and Trans-
port. The oral presentations that fol-
lowed took the form of cverviews by
distinguished invited speakers whose
remit was to present the state-of-the-art
in all the main aspects of past global
change research within the context of
IGBP. Inaddition, over 200 posters were
displayed. The published oufput from
the meeting includes a 140 page volume
of abstracts (containing over 350 items)
available from the PAGES Project Office
and also via the PAGES web site (hitp:/
/www.pages.unibe.ch/). A doublespe-
clal issue of the Journal of Quaternary
Science containing review papersbyeach
of theinvited speakers willbe published
in1999 and will also be available inbook
form.Itishoped that a CD-ROM willbe
distributed of the PAGES Database along
with this volume,

The PAGES Open Science Meeting
was the first of its kind and marks a
major landmark in our atlempt to un-
derstand present and future environ-
mental changes by placing them in the
perspective of the past.

The meeting culminated in a panel
discussion chaired by Churis Rapley, Di-
rector of the British Antarctic Survey
and former Executive Director of the
IGBP. Members of the panel were Sir
John Houghtory, co-chairman of the Sci-
ence Assessment Working Group of the
Intergovernmental Panel on Climate
Change (IPCC), Hartmut Grassl, Direc-
tor of the Jeint Planning Staff of the
_quld Climate Research programme
(WCRP), Bill Hare, Climate Policy Di-

rector of Greenpeace International, Ray
Bradley, Professor of Climatology at the
University of Massachusetts and Chair
of the PAGES Scientific Steering Com-
mittee (55C), and Jonathan Overpeck,
Head of the US NOAA Paleoclimatolo-
gy Program, Director of the World Data
Center-A for Paleoclimatology and
member of the PAGES 5SC.

The key aims of the panel discussion
weretolink theresearchagenda of PAG-
ES, as outlined in the presentations, and
itsrecently published ‘Status Reportand
Implementation Plan” as effectively as
possible to the concerns ofall those deal-
ing with the prediction and manage-
ment of future global changes and their
impacts on human society. The panel
members from outside PAGES made
introductory statements to open the dis-
cussion.

Sir John Houghton stressed the es-
sential role of PAGES science in:

» validating climate and other Earth
system models;

¢ increasing the quantitative under-
standing of climate sensitivity to dif-
ferent forcings;

s improving parameterization of key
Earth system processes involved in
climate change, for example bio-
sphere feedbacks; :

¢ characterizing climate regimes in
time and space and documenting
their role in the pattern of variability
at the regional level; '

* highlighting the importance of rapid
change and of the feedbacks and non-
linear processes involved;

*  detailing the impacts of climate var-
iability on other environmental sys-
tems and especially on human activ-
ities by presenting a palaeo-
perspective on human adaptibility
and on the problems involved in
planning for sustainability in a fu-
fure dominated by change.
Hartmut Grassl stressed the links

between PAGES and WCRP through

the CLIVAR (Climate Variability and

Predictability) Programme. Inputs to
CLIVAR from the PAGES research com-
munity should lead to an extension of
the instrumental record to the whole of
thelastmillennium throughuse of quan-
titatively calibrated proxies that achieve
precise and accurate age control, annual
resolution, and global significance. Tree
rings, varved (annually laminated) se-
diments, ice cores, corals, and speleo-
thems all provide this potential, as do
documentary records. Grassl stressed
the need for collaborative work between
modellers and data researchers on the
development of realistic and well vali-
dated transient models of non-linear cli-
mate change. He also emphasized the
crucial role of isotope studies in global
change research, stressing the need to
strengthen the Global Network for Tso-
topesin Precipitation (GNIP) and to pro-
mote both the PAGES Tsotope Map-
ping’” (ISOMAF) programme and the
newly established ‘Tsotopes in the Hy-
drological Cycle’ (ISOHYC) initiative as
complementary developments of great
potential,

Bili Hare emphasized the role pa-
laeoresearch must play by using the
information at its disposal to identify
critical environmental thresholds for
rapid non-linearchange and to establish
the ways in which these may be influ-
enced by different rates of forcing, Inthe
policy-related domain, he stressed the
need to understand better past natural
variabi-lity and, in particular, the inci-
dence and impacts of extreme events—a
matter of major concern in risk assess-
ment, By improving our understanding
of the role of the terresirial biosphere in
pastclimate change, PAGES should also
contribute to evaluating the potential -
for policy makers meeting their obliga- -
tions within the Climate Convention by
increasing biomass rather than reduc-
ing carbon emissions. Hare also pointed .
to the urgent need o use palaeo-records:
more effectively in documenting the in-
terlinked past variations in global ice-




volume, sea-level, and coastal change,
so that future changes canbe more effec-
tively predicted and accommodated in
policy development,

The leading points made by the pa-
nel members and the ensuing discus-
sion provided ample justification for re-
garding PAGES research as a vital
contributiontounderstanding futureen-
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vironmental change and jts human im-
plications, as well as many pointers to
the ways in which the existing research
agenda can be shaped in order to in-
crease its impact and relevance. Our
central task is to use the record from the
past to shed light on what predicted
future changes will actually mean for a
still rapidly growing world population

right: Sir John Houghton, Rick Battarbee (local host and organizer), Ray Bradiey,
Chris Rapley, Bill Hare, Hartmut Grassl, and Jonathan Overpeck. [Photo courtesy of
the Envircnmental Change Research Centre, University College London]

College London)]

for which the goals of sustainable devel-
opmentand therealities of environmen-
tal change will be intimately linked.

Frank Oldfield.

PAGES IPO, Bérenplaiz 2, CH-3011
Bern, Switzerland. E-maif:
pages@pages.unibe.ch

Discussing PAGES issues: Steve Colman - Jonathan Overpeck ]
JeanJonzel. [Photo courtesy of Enwronrnenta! Change Research Ce re, Ur ver t




As global change gathers pace and hu-
manity increasingly realizes that its ac-
tivities are impacting on the functioning
of Earth as a whole in complex ways,
thereisa growing challenge to the scien-
tific community to provide a much bet-
ter understanding of the nature of Earth,
Is it fragile and vulnerable, with envi-
ronmental disaster looming ahead? Or
is it robust and adaptive, able to absorb
humanity’s activities with relatively lit-
tle damage to its fundamental function-
ing?

Questions such as these are chal-
lenging IGBP to undertake a major syn-
thesis of its research effort over the past
decade, and to document the contribu-
tions that it has made to our under-
standing of the Earth system.

Just what is a synthesis?

It is important to recognize that a
synthesis is NOT a review; there are
critical differences. The dictionary defi-
nitions of the two words are instruciive:

Synthesis: (Webster:)-nction of putting
together. The combining of often varied and
diverse ideas, fovees or factors into one co-
herent or consistent complex. (Concise Ox-
ford:) -the process or result of building up
separate elements, especially idens, into a
connected whole, especially into a theory or
sistemt,

Review: ( Webster ) 1) a looking over or
examination with a view to amendment or
improvement, 2) to go over with critical
examination in order to discover excellences
or defects. (Concise Oxford.) a general sur-
vey or assessment of a subject or thing,

Asynthesisisacombining of diverse
ideas into one coherent theory or sys-
tem, Reviews and summaries are im-
portant building blocks in the synthesis
process, but the key conceptin a synthe-
sis is that it aims to achieve new insights
and reach a higher level of understand-
ing through integrating research results
_ on various facets of an overall theme,
Analysis and interpretation play key
les'in a synthesis.
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The initial phase of the IGBP synthe-
sis has already taken place, with the
completion of the GCTE synthesis and
its publication asbothan executive sum-
mary, available as IGBP Science No. 1,
and a supporting book, to be published
in September this year as Volume 4 of
the IGBP Book Series (Cambridge Uni-
versity Press).

The GCTE effort highlighted an im-

portant characteristic of a synthesis com-
pared to a review; the former can be
somewhat speculative and forward-
looking, while thelatter isnormally con-
fined to an examination of what has
already been published and to consen-
sus conclusions that can be drawn di-
rectly from that material,

The treatment of the terrestrial car-
bon cyclein the GCTE synthesis givesan
excellent example of the way in whicha
synthesis can both integrate research on
a broad thematic area and ask provoca-
tive questions about big issues. Cou-
pling the latest research on the effects of
elevated atmospheric CO, onwhole eco-
systems, the projected effects of ‘biome
reorganization’ witha changing climate,
and the implications of the need to feed
arapidly expanding humanpopulation,
GCTE questioned the long-term relia-
bility of the current terrestrial sink for
atmospheric CO, and suggested that the
terrestrial biosphere may become a net
source of carbon sometime in the next
century. This projection, along with the
Kyoto Protocol and associated political
considerations, is triggering an accele-
rated research effort on the nature of the
terrestrial carbon sink, particularly its
size and its reliability into the future.

Building on the GCTE experience,
four other ‘mature’ coreproiects-BAHC,
JGOTS, IGAC, and PAGES - will under-
takeproject-level syntheses over thenext
two years. The workplans call for two or
three dedicated synthesis workshops, at
which much review, discussion, debate,
and writing will take place. In between
workshops, these activities will contin-
ue at a vigorous pace through use of

modern electronic communication sys-
tems. Fach core project will produce
both a boek, in the IGBP series, and an
executive summary, in the new IGBP
Science series.

Parallel to the core project efforts
and lagging them by about six months,
an IGBP-wide synthesis will address
broader global change questions, such
as biogeochemical cycling and Earth
system functioning in general. GAIM
will play a central role in the planning
and implementation of the programme-
wide synthesis; a meeting of the newly
reconstituted GAIM Task Force in late
1998 will finalize the workplan and be-
gin the implementation phase,

The IGBP-wide synthesis will be or-
ganized around a number of key ques-
tions or common themes. A combina-
tion of ‘top-down’ and ‘bottom-up’
approacheswillbe used, with the GATM
Task Force developing a set of overarch-
ing questions, and the core projects,
working with the ¥GBP Secretariat, de-
veloping a series of common themes.
Integrating the two approaches should
provide some innovative and perhaps
even provocative ways of viewing the
Barth system and the role of human
activities in it. :

From the outset IGBI has been or-
ganized around key questions, and the
synthesis mustaddress IGBP’s perform-
ance in answering them. The overall
objective which has guided IGBP at the:
programme level is:

“To describe and understand the z’nterj'
activephysical, chemical and biologicalpro
esses that regulate the Earth system,
unigue environment that it provides for life,
the changes that are occurring in this sy
tem, and the manner in which they d
influenced by human actions”. '

The research of the core proj jects h
been organized around six questions
s How is the chemistry of the glob

atmosphere regulated, and wha

the role of biological processes
producing and consuming trace
es?

)



s How will global changes affect tex-
restrial ecosystems?

¢ How does vegetation inferact with
the physical processes of the hydro-
logical cycle?

s How will changes in land-use, sea-
level rise and climate alter coastal
ecosystems and what are the wider
consequences?

» How do ocean biogeochemical pro-
cesses influence and respond to cli-
mate change?

* What significant climatic and envi-
ronmental changes occurred in the
past, and what were their causes?
The draft GAIM “Four Fundamental

Questions” attack the synthesis from

the perspective of global biogeochemical

cycling and the physical climate system,
thus facilitating linkages to the World

Climate Research Programme (WCRP).

The current version, set out below, is

being debated throughout the IGBP com-

munity and will be revised in the lead-
up to the GAIM Task Force meeting
later in the year,

* What controls the partitioning of the
major biogeochemical elements in
the Earth system? What are the pat-
terns and processes by which C, N,
P, 5, Fe, and other biologically im-
portant elements are partitioned
among the major active reservoirs
(vegetation and soils, atmosphere,
continental water, coastal zone, open
ocean)?

¢ How do changes in ecosystems in-
teract with the physical climate sys-
tem? Whatprocesses determine how
climate change affects marine and
terrestrial ecosystems, and what are
the potential climate feedbacks due
{o these processes?

¢ IHow do changes in the radiatively
and chemically active gas composi-
tion of the atmosphere interact with
the physical climate system? What
controls the sources and sinks of CO,,
CH,, N,O, NO_, NMHC, and CO in
the biosphere and how are changes
in climate likely to impact on the
atmospheric concentrations of these
gases?

s Givenour understanding of the cou-
plings among physical and
biogeochemical aspects of the Earth
system, what will be the nature of its
future interactions with human ac-
tivities? '

An alternative set of overarching
questions was used for a final integrat-

ing session at the recent GCTE-LUCC:
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Open Science Conference in Barcelona,
and could be adapted foruse in the IGBP

synthesis. These questions highlight the

central, critical role that human societies

play in the Earth system, and point the
way towards the rapidly growing links
between IGBP and the International

Human Dimensions Programme

(IHDP).

¢ What is the nature of Earth’s funda-
mental element cycles: robust and
highty buffered, able to withstand
major perturbations, or fragile and
prone to major changes in function-
ing when perturbed?

¢ What is the nature of Earth's bio-
sphere: fragile or robust? How does
the biosphere interact with (i) direct
perturbations from human activities,
and (ii) a changing abiotic environ-
ment?

s  Whatis the spatial nature of process-
es, patterns and interactions of a
changing Earth: local, regional, or
global?

These various sets of questions are
not mutually exclusive, and, in fact, are
complementary in that they approach

IGBP’s overarching goal at different le-
vels of generality and specificity and
from different perspectives. Together,
they provide a powerful framework for
a fascinating and challenging scientific
endeavour.

The culmination of the synthesis will
be anIGBP Open Science Conference, to
be held in late 2000 or early 2001. This
meeting will be an excellent opportuni-
ty for the international global change
community to present the rich variety of
research around the world which con-
fributes to IGBP, and will provide an
ideal platform on which to present, dis-
cuss and debate the results of the syn-
thesis.

What is the nature of Earth? The
challenge for IGBP over the next three
years is to make a significant coniribu-
tion towards answering this question.

Will Steffen

Executive Director, IGBP Secretariat,
The Royal Swedish Academy of
Sciences, Box 50005, 8-104 05
Stockholm, Sweden.

E-mail: sec @igbp.kva.se
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As part of the IGAC Trace Gas Exchange:
Mid-Latitude Terrestrial Ecosystems and
Atmosphere (TRAGEX) Activity, the LS.
Trace Gas Networking Activity (TRAG-
NET) has been assembling a trace gas data
base. Information from trace gas workshops
conducted under IGAC auspices is being
used in assembling this database. Some of
these data were used in the develvpment of
the biosphere N, O emissions invenfory meth-
odology discussed in the following article.
The basis for the article was presented dur-
ing an IGAC-sanctioned International
Workshop on Dissipation of N from the
Human N-Cycle, and its Role in Present
and Future N O Emissions fo the Atmos-
phere, held in Oslo, Norway, in May of
1997.

introduction

During the past decade attempts to de-
finebudgets for globalatmospheric N,O
suggested that the strength of known
N,O sources is underestimated or that
unidentified sinks exist (1, 2, 3}. In these
budgeting efforts anthropogenic N,O
emissions due to agricultural activities
were considered to be relatively small
{Table1). These assessments werebased
upon a few reviews and interpretations
that needed further examination (2, 7,
B). Questions to these interpretations
were beginning to be raised during the
development of national inventory
methodologies for N,Oinagriculture (4,
9, 10, 11) and within IGAC trace gas
Activities. Before that time N,O emis-
sions from agricultural systems were
only considered from the aspect of di-
rect N,O emissions from agricultural
fields (12) that had been fertilized with
synthetic nitrogen (N) fertilizer. The es-
timates used tended to underestimate
total agricultural emissions (7, 8) since
only part of the N input into crop pro-
duction was considered and the animal
production portion of agriculture was
not included and needed to be consid-
ered along with the rest of the agricul-
tural N cycle, A number of data sets that
have been collected as a part of IGAC
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trace gas Activities are now being used
to evaluate and improve the procedures
described below.

Inthis paper, we summarize the back-
ground of the Intergovernmental Panel
on (Climate Change (TPCC) Guidelines
for National Greenhouse Gas Invento-
ries (5) for N,O from agriculture and its
implications for the global N,O budget
as described in Mosier et al. (13). The
United Nations Framework Convention
onClimate Change requires thatall par-
ties periodically update and publish
national inventories of anthropogenic
emissions by sources and removals by

sinks of all greenhouse gases not con-
trolled by the Monireal Protocol, using
comparablemethodologies. Inresponse
to this mandate the IPCC, through the
Office of Economic Cooperalion and
Development (OECD) and the Interna-
tional Energy Agency (IEA), has been
coordinating the development and wup-
dating of national inventory methodo-
logies forvarious greenhouse gases. The
firstphase of methodology development
was published in the 1995 TPCC Guide-
lines for National Greenhouse Gas In-
ventories (14). In Phase II a working
group of 32 persons from 18 countries




was assembled in December, 1995 at the
request of OECD/IPCC/IEA to revise
the IPCC Guidelines for National Green-
house Gas Inventories for N,O from
Agricultural Seils (5).

The IPCC 1995 Guidelines (14) in-
cluded only N,O emissions cccurring
directly from agricultural fields. The N
sources in this calculation were expand-
ed to include synthetic fertilizers, or-
ganic N from animal excreta and crop
residue, and the amount of biclogical N
fixation. This basic formula equating
direct N,O emissions from agricultural
soils to the N input multiplied by a
conversion factor of 1.25 £ 1.0 % was
used inthe Coleetal. (15)Climate Change
1995 assessment of mitigation options
for N,O emissions from agriculture.
Values from these estimates were in-
cluded in the Climate Change 1994 (4)
report. Cole ef al, (15) included an addi-
tional factor of 0.75% of N applications
to provide some accounting for indirect
N,O emissions that eventually evolved
back to the atmosphere from N leaching
or rumoff from agricultural fields as well
as NO_and NH, volatilization (15) (Ta-
ble 1.

TheIPCC 1995 Guidelines still lacked
mechanisms for estimating N-fixation
and crop residue input and a quantifia-
ble method for calculating N,O produc-
tions following N leaching and runoff.
N applied to agricultural soils may be
lost from the fields through surface ero-
sion or leaching (10). This leached N
continues recycling in the soil-water-air
systemand eventually is denitritfied and
converted to N,O and N, and released
back to the atmosphere (Figure 1), or
buried in sediments. All of these path-
ways and factors needed to be included
in the anthropogenic agricultural soil
N,O source. Additionaily, in the IPCC
1995 Guidelines animal production sys-
tems were not included in the agricul-
tural anthropogenic N,O production
guidelines. Asastartinovercoming these
deficiencies in national emission inven-
tories, we developed a revised method
for estimating country scale anthropo-
genic N,O emissions from agricultural
soils which is described in detail in the
1996 IPCC National Inventory Metho-
dology Guidelines (5) and in Mosier et
al. (13). The result of using the new cal-

culations suggests that an underestima-

tion of total anthropogenic N,O emis-
sions from agricultural systems is likely
responsible forthe previousimbalanced
global N,O budgets (Table 1).
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Figure 1.

Diagram of agricultural soil N cycle and N, O production (concept from
16 and 13 by permission of John Wiley & Sons)

Sources of N,O directly
related to N input into
agricultural soils

In most agricultural soils biogenic
formation of N,O is enhanced by an
increase in available mineral N which,
in turn, increases nitrification and deni-
trification rates. Addition of fertilizer N,
therefore, directly results in extra N,O
formation (Figure 1), In addition, these
inputs may lead to indirect formation of
N,O after N leaching or runoff, or fol-
lowing gaseous losses and consecutive
deposition of NO,_ and NH,. We term a
varfety of sources of N in agricultural
systems as anthropogenic; including
synthetic fertilizers, animal manures
{urine and feces), N derived from en-
hanced biological N-fixation throughN,-
{ixing crops, crop residue returned to
the field after harvest and human sew-
age sludge application. Some part of the
animal manure N, crop residue, and
sewage may have come from previous
application of synthetic fertilizer. How-
ever, the re-entry of this N back into the
soil systems renders it again susceptible
to microbial processes Wthh produce
N,O.

Synthetic fertilizers and animal
excreta N used as fertilizer: .-
Although synthetic fertilizers and

animal manures are important sources

of N,O, their soil input is required to

provide the N needed to meet global
{ood production demands. The amount
of synthetic fertilizer N applied to agri-
cultural fields world-wide is well docu-
mented in the FAQO data base (FAO An-
nual Yearbooks [17,18]; or WWW: http:/
/www fao.org/waicent/Agricul.htmj}.
Although the amount of N used as ferti-
lizer from animal excreta is more uncer-
tain, estimates are made, based on ani-
mal population and agricultural
practices (5, 13). Te account for the loss
of N fertilizer from NI, volatilization
and emission of nitric oxide {(NO)
through nitrification after fertilizer is
applied to fields, an NH, volatilization
and NO emission factor is needed. Even
though climate, soil, fertilizer placement
and type, and other factors influence
NH, volatilization and NO, emission, a
fixed, default emission factor of 0.1 (kg
NH,-N + NO_-N emitted /kg N execret-
ed) is used for synthetic fertilizers and
0.2 (kg NH-N + NO;—N emitted/kg N
applied) for animal waste fertilizer. The
amount of N from these sources availa-
ble for conversion to N,O is therefore
equal to 90% of the synthetlc fertilizer N

applied and 80% of the ammal Waste N o

applied (19)

iogmai N f1xat10n in’ agricultura
téms and the N, O ¢onversion coeft ient
are uncertam BIOIOglC&l mtrogen




(BNF) supphes globally some 90 to
40Tg Ny’ to agricultural systems {20).
- Although more verification on these fig-
. urés is necessary, most indications are
““that BNF contributes more N for plant
“growth than the total amount of syn-
“thetic N fertilizers applied to crops each
year (21). The Phase 1 IPCC Guidelines
{14} mention about equal rates. On aver-
age, BNF supplies 50-60% of the N har-
vested in grainlegumes, 55-60% of the N
in nitrogen fixing trees and 70-80% of
the N accumulated by pasture legumes
(21). Cultivation of grain legumes, how-
ever, often results in net soil N deple-
tion.

Because of the uncertainty in know-
ing the amount of N, fixed during
N-fixation (20) and the lack of country
data on N-fixing crops, it is difficult to
assign a conversion factor to N,O emis-
sion that is related to the amount of N
fixed by a crop. Total Ninputis estimat-
ed by assuming that total crop biomass
is about twice the mass of edible crop
(FAQ), and a certain N content of N
fixing crop. This crop production is de-
fined in FAQO crop data bases as pulses
and soybeans. The N-fixation contribu-
tion does not include N, O preduced in
legume pastures. This N,O production
isatleastpartially accounted forinemis-
sions from pastures that are being
grazed. Australia and New Zealand, for
example, contain large areas of pasture
land thatincludes legumes as part of the
pastoral system.

Crop residue

There is only limited information
concerning reutilization of N from crop
residues applied to agricultural lands.
Although the amount of N that recycles
into agricultural fields through residues
may add 25-100 Tg of Ny of additional
N info agricultural soils (mainly from
crop residues) the amount converted to
N,O is not known. To account for the
N,Qin the inventory budget at this time
the emission factor for fertilizers is used
as default and the amount of N re-enter-
ing cropped fields through crop resi-
dues is calculated from the FAO data
concerning crop production.

Nitrous oxide emissions associated
with crop residue decomposition are
calculated hereby estimating theamount
of N entering soils as crop residue, The
amount of nitrogen entering the crop
residue pooliscalculated from crop pro-
duction data. Since FAO data only re-
present the edible portion of the crop,
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these must be roughly doubled to esti-
mate total crop biomass. We assume a
nitrogen percentage to convert from kg
dry biomass y* to kg Ny in crops. We
distinguish between N-fixing crops
{pulses and soybeans) and non-N-fix-
ing crops. Some of the crop residues is
removed from the field as crop {appro-
ximately 45%]), and some may be burned
(approximately 25% of the remaining
residue in developing countries), or fed
to animals. The amount of N in crop
residue actually returned to a field is
uncertain, as is the amount of time re-
quired for the N to mineralize. We as-
sume here thatinput and impact on N,O
production occur annuaily. Neither the
amount of root biomass remaining in
the soil nor the amount of plant residue
fed to animals is accounted for in this
crop residue estimate.

Revised IPCC guidelines for
estimating N,O emissions
from agriculture

Thisnew approachtoestimatingNO
emissions from agricultural systems in-
cludes: (i) direct emissions of N,O from
agricultural fields; (i) direct emissions
of N,O in animal production systems
and, (iii) some of the indirect emissions
of N,O that are derived from N that
originated from agricultural systems.
Elements (i} and (iif) were not previous-
ly included in the IPCC Guidelines for
National Greenhouse Gas Inventories
(5). These guidelines provide default

emission factors that can be applied to
readily available databases; thus the
method is applicable to anyworld coun-
try.

Direct emissions of N,O from
agricultural soils

Formationof N,Qinagricultural soils
is a biogenic process and primarily re-
sults from nitrification and denitrifica-
tion. Simply defined, nitrification is the
aerobic micrebial oxidation of ammoni-
um to nitrate and denitrification is the
anaerobic microbial reduction of nitrate
to dinitrogen gas. Nitrous oxide is an
intermediate in the reaction sequences
of both processes which leaks from mi-
crobial cells into the soil atmosphere
(22).

The revised IPCC Guidelines esti-
mate direct emissions of N,O from agti-
cultural soils as a fixed percentage, 1.25
(0.25 -2.25)% of the additional N inputs,
recognizing that in most agricultural
soils biogenic formation of N,O is en-
hanced by an increase in available min-
eral N which, in turn, increases nitrifica-
tion and denitrification rates {13).
Addition of fertilizer N, therefore, di-
rectly results in extra N,O formation.

The IPCC Guidelines also provide
an estimate of enhanced background
emissions (2-5 kg N,O-N ha" y7) from
cultivated organic soils. Many studies
on N, O emissions fromagricultural soils
investigate the difference in N,0 pro-
duction between fertilized and unferti-




lized fields. Emissions from unfertilized
fields are considered background emis-
sions. However, actual background
emissions from agricultural soils may
be higher than historic natural emis-
sions as a result of enhanced mineraliza-
tion of soil organic matter due to previ-
ous agricultural activities. This is
particularly observed in organic soils
(23,24). Background emissions may also
be lower than historic emissions due to
depletion of soil organic matter {(25).

N,O emissions in animai
production systems

The IPCC 1995 Guidelines, as most
earlier estimates of N,O emissions from
agriculture and other sources (1, 2), did
not include N,O emission from animal
production. Recent studies (e.g. 8, 26,
27) indicate that emissions from animal
wastes can be significant. Therefore, the
revised IPCC Guidelines include two
potential sources of N,O in animal pro-
duction; (i) wastes from confined ani-
mals and (ii) dung and urine deposited
on the soil by grazing animals. Emis-
sions induced by use of manure N as
fertilizer applied to agricultural fields
are considered direct N,O emissions
from agricultural fields. The revised
method assumes that N,O emissions can
be calculated as a function of the N
excretion and the type of animal waste
management system (AWMS) (13).
Therefore, default N excretion factors
were defined (in kg N per animai} for
several animal types in different world
regions. In addition, N,O emission fac-
tors (as a fraction of the amount of ma-
nure-N} are given for different AWMS.
Thus, the calculation estimates N,O pro-
duced from animal production systems
(AWMS) separately from the N from
animal wastes that is used as fertilizer.

Indirect N,O emissions from N
used in agriculture

The revised methodology includes
indirect N,O formation induced by (i)
emissions and consecutive deposition
of NO_and NH,, (ii} nitrogen leaching
and runoff and {iii) sewage (13). Thus
the method recognizes that annual N
input into agricultural systems for crop
production is only partly utilized by
crops. Generally, less than 70% of N
applied, and frequently as little as 20%,
is taken up by the crop (28), The added
fertilizer N that is not utilized by the
crop is either stored in the soil profile of
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the field or is lost from the system
through leaching of nitrate to ground-
waters, runoff of s0il or nitrate to surface
waters, or volatilized through ammonia
volatilization or nitrification/denitrifi-
cation as NO_, N,O or N,. The N that
leaves the agricultural system is, over
the long term, either denitrified to N,
with a small fraction of N,O produced
(5), or stored in sediments of aquatic
systems.

Tosummarize the aspects of indirect
N,O emissions, the major pathways for
synthetic fertilizer and manure nitrogen
input that give rise to indirect emissions
are:

A. Volatilizationand subsequentatmos-
pheric deposition of NH, and NO;

B. Nitrogen leaching and runoff; and,

C. Human consumption of crops fol-
lowed by municipal sewage treat-
ment.

The IPCC Guidelines provide de-
fault factors to estimate the N,O emis-
sions related to these fluxes on a nation-
al scale. In short, the method assumes
that 1 (0.2 - 2)% of the NO_and NH,
emitted from agricultural fields is con-
verted to N,O elsewhere. Indirect emis-
sions following N leaching and runoff
are estimated as 2.5 (0.2 -12)% of the
amount of N lost from the fields, And an
estimated 1 (0.2 - 12)% of Nin sewage is
estimated to be lost as N,O. Thus these
N,O-N emissions are calculated from a
country’s NO_and NH, emissions and
N transported in leaching and runoff, so
that all N,O formed as a result of NO_
and NH, emissions and leaching and
runoffincountry Zareassigned to coun-
try 7, even if the actual N,O formation
takes place in another country (13).

Global emissions of N,O
from agriculture 1960 - 1994

Following the IPCC (5) methodolo-
gy the total global emissions of N,O
from agricultural sources in 1990 were
6.2(1.2-16.9) Tg N,O-Ny!. The estimat-
ed direct emissions from agricultural
soils totaled 2.1 Tg N, direct emissions
from animal production totaled 2.1 Tg
N and indirect emissions resulting from.
agricultural N inputinto theatmosphere
and aquatic systems totaled 2.0 Tg N, O-
N (Table 2). These estimates show that
each of the three components of agricul-

ture considered contribute about the:

same amount of N,O to the global at-

mospheric budget. Moreover, the esti-
males indicate that the NO input to the.

atmosphere from agricultural produc-

. deémonstrate that mgmﬁcant N Oem
" siong commoniy occur durmg thaw pe

tion as a whole has apparently been
previously underestimated (Table 1 on
page 8).

We also estimated global agricultur-
al N, O emissions for each fifth year from
1960 through 1994, to observe temporal
emission trends (Figure 2 on page 12).
Considering only N,O emitted directly
from agricultural fields, these emissions
increased 2.6 times over the 35-year pe-
riod whiletotal global agriculturalemis-
sions increased by about 1.8 times. The
larger increase from direct emissions is
due, mainly, to increased synthetic ferti-
lizerinput. Synthetic fertilizer comprised
about 15% of total Ninput (about 64 Tg)
into agriculture in 1960 compared to
about 44% of total N input (about 167
Tg) in 1994 (FAO). N,O emissions did
not increase in 1994 above the 1990 val-
te because synthetic N use was 3.6 Tg
lower in 1994 than in 1990 and beef
production globally has not increased
while N input from other sources in-
creased by only about 3.3 Tg; thus total
N input was about 167 Tg both years.
From 1980 to 1994 agricultural NO
emissions increased by about 15%.

We found that the total global N,O
budgetisreasonably inbalanceif we use
the N,O emission estimate for agricul-
tural seoils calculated by the IPCC (5)
methodology. Incorporating the above
estimate into an atmospheric model,
Kroeze et al. (6) suggest that the increas-
es in atmospheric N,O that have oc-
curred during the past century can be
mainly attributed to changes in food
production systems.

Future needs for
methodology development

The methodology for country-based
N,O emissions described above is a
rough, generalized approach which
treats all agricultural systems as being
the same under all climates, in all soils,
in all crops and in all management sys-
tems. The ranges of conversion' faétoi“'s,
however, provide for direct emissions
calculations which cover much of the
potential N,Oemissions fromeach cotn-:
try, whatever climate, soils and:set of

crops is involved. Some récent s’rud1es"'-':. L
in temperate (e.g.:29) and tropacal (B0)

systemsshowvery high direct N,Oemis
sions while' other: ‘studies (31 32, 33).

riods: in “early: spring:and. winter
throughsnow-covered a grzcultural

“'{34). Thus annual emlssion fac’fors used-_:'-i S
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Figure 2.  Estimates of N,O emissions from agricultural systems worldwide, direct-
ly from agricultural fields (direct), from animal waste management
systems (AWMS), and from indirect sources (indirect).

indirect

AWMS

Direct

1986 1930 1994

may underestimate direct annual N,O
emissions from agricultural fields.

To make significantimprovementin
inventory methodologies for N,O, we
think that the next step is to utilize pro-
cess based models to produce country
inventories, for direct emissions from

12

agricultural soils {e.g. 29, 35, 36, 37);
appropriate animal management mo-
dels for N,O from animal production;
and simulation models which more ef-
fectively represent N transformationsin
aquatic systems, including riparian are-
as, wetlands, rivers estuaries, continen-

tal shelves and the deep ocean {e.g. 38).
The soil C and N cycles are tightly inte-
grated and we think that both C and N
should be considered together so that
various aspects of the Cand N cycleand
CO, and N,O production can be more
accurately defined. The accuracy of N
fraction prediction is closely ted to C
turnover in the soil as it controls N min-
eralization and immobilization. The
turnover and retention of N and con-
sumption of methane in all soils is also
intimately linked with the C cycle. Con-
versely, retention in soils is directly tied
to mineral N availability, These models
must, however, include adequate Aexi-
bility to predict cold soil emissions as
well as emissions under tropical condi-
tions,

Arvin Mosler

United States Department of Agricul-
fure/Agricuftural Research Service,
Fort Colfins, CO, USA. Email:
amosier@lamar.colostate.edu

Carolien Kroeze

Wageningen Insfitute for Environment
and Climate Research, Wageningen
Agriculfiural University, Wageningen,
The Netherlands. E-mail:
carolien.kroeze @wimek.crmkw.wau.n
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The Joint Global Ocean Flux Study
(JGOFS) project is rapidly approaching
the end of its intensive field observa-
tions, but the project will not end there.
A continuing effort will be essential to
ensure that the observations are fully
exploited to achieve JGOLIS scientific
goals. One of the many legacies that
JGOFS bequeaths to future generations
will be extensive biogeochemical and
physical data sets collected during its
high profile and successful 10-year field
campaign that began in 1989. However,
future generations will notjudge JGOFS
on its data sets and its inferdisciplinary
research alone. The real measure of suc-
cess will rest entirely on its ability to
synthesize its data sets in order to im-
prove ocean carbon models and to be
able to predict future ocean carbon cy-
cling scenarios accurately.

The international JGOFS Scientific
Steering Committee (8SC) began dis-
cussions in 1997 for an extensive JGOFS
synthesis-modelling phase. This phase
is expected fo continue well past theend
of the field campaign and is intended to
provide researchers with the time and
resources needed to complete the best
possible descriptionsand interpretations
of JGOFS data sets. It isalso intended to
provide snap shots of the temporal and
spatial scales of the ocean’s
biogeochemical regimes and bounda-
ries. Rigorous fime and space descrip-
tions of the biogeochemical regimes and
their boundaries are needed to develop
present 1D models into 3D moedels that
can describe the biogeochemical state of
the global ocean as it varies in time and
space.

Annual Fixx (Wanninkhof Gas Exchange)

20° 40° 80° 100°120'140"160° 160" 180" 140 120" 100° £0" 80° 40" 2¢0°
BRRE . g

ELEILE
487854324901 2834687890
Net Fiuw {102 grams C yi-! in each 4° x 5° area)

Figure 1. Mean annual net CO, flux over the global oceans (in 102 grams of C par
year for each 4° x 5° area) computed for 1990 using the gas fransfer
coefficient formulated by Wanninkhof (1992, J. Geophys. Res. 97: 7373-
7382). The effect of full atmosphetic CO, increase is assumed far
normalizing observed defia pCO, values in high latitude areas to the
reference year of 1990. Areas covered with ice are assumed to have zero
sea-air CO, fiux {from Takahashi et af., 1997, Proc. Natl. Acad. Sci USA
94: 8292-8299) [Copyright {1997} National Academy of Sciences, USA]

The JGOFS Scientific Steering Com-
mittee envisions that the final synthesis
phase will require five to six years to
successfully complete its scientific goals
and objectives by the year 2004.

Ocean data from the JGOFS field-
work are being released and rapidly
appearing at national ocean data cen-
tres, on CD-ROMs and/or distributed
data systems, Now with the shift to-
wards dataanalysisand biogeochemical
modelling, international JGOFS has be-
guntorestructureits Process Study Plan-
ning Groups. The new groups will be
called JGOFS Synthesis Groups for the
North Atlantic, Indian Ocean, and Equa-
torial Pacific Ocean, and eventually for
the Southern Ocean, and are responsi-
ble for the international perspective of
national activities over the respective
regions. Their goals are (1) to enhance .
national synthesis efforts, (2) toidentify
JGOFSbiogeochemical data and related
data sets in the regions, (3) to assist the-
development and validation of regional
models of ocean biogeochemistry, and
then (4) to report their efforts to JGOFS
and other international concerns. '

*  JGOFS Science Plan (JGOFS Report No. 5,
1990) and Implementation Plan (IGBP Re-
port No. 23 and JGOFS Report No. 9,1992)



In April 1998, theinternational JGOFS
Scientific Steering Committee {(85C) in
Cape Town, South Africa spentnearly a
day and a half on these issues and deve-
loping its Synthesis Goal and Objec-
tives, After considerable discussion, the
55C decided it should participate di-
rectly in the integration of JGOFS obser-
vations and agreed to accept additional
tasks for coordinating the efforts of the
Regional Groups. Thisaction providesa
global perspective to the regional syn-
thesis-modelling activities and avoids
the formation of an additional coordi-
nating group and for the most part a
redundancy of members that are on the
SSC. Thus, global integration of the re-
gicnal activities now resides with the
members of the S5C.

The composition of the 1999 JGOES
SSC will be restructured towards the
synthesis and modelling phase to ac-
complish the new tasks and overall res-
ponsibility. New members will repre-
sent critical links to analysis,
interpretation, and mode]]jng, 1GBP Pro-
gramme Elements, as well as with inter-
national programmes on ocean colour,
and other global ccean observing sys-
fems. The following are the tasks and
objectives of the synthesis effort con-
ducted by the JGOFS 55C:
¢ Oversee the integration and model-

ling activities of the four Regional

Groups and all Task Teams with si-

milar activities, such as Data Man-

agement, CO, Advisory Panel, etc.;
e Liaise with IGBP Programme Ele-
ments {e.g.,, GLOBEC, LOICZ, and

IGAC) and Pramework Activities

(GAIM, DIS, and START), data in-

formation systems and capacity

building, aswell as with internation-
al ocean programmes with extensive
ocean data sets and global ocean-
cliate observing systems;

¢ Identify critical scientific gaps in our
knowledge of ocean biogeochemis-
try that may significantly compro-
mise carbon monitoring and model-
ling carbon in Earth’s oceans;

s QOrganize synthesis, modelling, and
training workshops; and,

¢ Publishinternational JGOFSbook(s),
brochure(s), and other data pro-
ducts.

With these new efforts in mind, the
JGOFS S5C unanimously adopted an
overarching goal and specific objectives
for synthesis?, which provides a practi-
cal guide for assessing the success of
JGOFS:
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This goal will be achieved through
the following products, which serve as
JGOFS synthesis objectives:

2 Theauthorsacknowledge the conscientious
efforts of the members of the 13% Scientific
Steering Committee and their guests, who

contributed substantiaily to the scientific . i
details of the JGOFS Synthesus Goal and :

Objectives.

Although many specifics of thisnext
phase are still being planned, the work
has in fact begun. JGOFS scientists al-
ready are producing data products (such
as CTD, CD-ROMsj} and global interpre-
tations (Figure 1). To assist further syn-
thesis, the S5C is planning parallel acti-
vities and conferences over the next four
years. First, the Regional Groups will
meet toidentify all available datasets, to
write chapter(s) for the book(s), and to
arrange presentations for the IGBP Con-
gress (Japan, 1999}, JGOFS Science Con-
ference (Norway, 2000) and the IGBP
Open Science meeting (USA, 2000/1).

The SSC will hold two workshops
(October 1998 and 2000) to coordinate
the regional efforts, to prepare the over-
all synthesis of JGOFS research and re-
lated research, to edit and produce a
brochure, and to review chapters of the
book. Products of the first workshop
will include a brochure (1999) and a
draft of the book. In addition, pro-
gramme plans will bemade for the IGBP
Congress and the JGOFS SClence Con-.

ference. The second, workshop of the i

SSC (early 2000) is plamed to finalize
the ed1t1ng of review. cha )

(April: 2000) This ‘conference follows
the successful 1_9_95 JGOFS Science Co‘_n.‘-__'
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ference in Villefrance, France, and its
first five-year review. The purpose of
this conference will be to review the
status of the regional and global synthe-
ses and to finalize the review chapters of
the book.

Other workshops are planned to de-
velop 3D Ocean Biogeochemistry Mo-
delling and to analyze and interpret
JGOFS data sets (1999-2004). A sympo-
sium on the Indian Ocean (Arabian Sea)
along withatraining courseon3D Ocean
Biogeochemical Modelling in Bangalore,
India (January 1999) is planned. The
Southern Ocean, Continental Margin,
Deep Ocean Flux, and North Pacific
groups plan to start synthesis soon
{2000).

The Joint Global Ocean Flux Study
has been, without doubt, the most suc-
cessfulinterdisciplinary biogeochemical
ocean project yet undertaken. It trans-
cended cultures, politics and economic
boundaries to bring together oceano-
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graphic talent, research ships, and other
resources from all parts of the world.
With a successful completion of its syn-
thesis, it promises to provide a unique
observational data set on the status of
the global ocean during 1990s. Along
with the observations, significant ad-
vances in biogeochemical modelling
have found important application in
studies of carbon partitioning and trans-
pert on regional and global scales.
While the research elements of Re-
gional Process Studies and Time Series
Studies are perhaps the most often asso-
ciated -with JGOFS, the surface ocean
JGOES/WOCE CO, surveys and the
synopticview of ocean colour made from
CZCS and SeaWiFsS satellites are no less
critical elements of JGOFSresearch strat-
egy. The SeaWil5 data, in fact, promise
torevolationize our knowledge of ocean
biological variability, When the JGOTS
synthesis is complete in 2004, the legacy
of JGOFS will be the successful transfer

of the most valuable observational data
setand theoreticalunderstanding of glo-
bal carbon cycling to date. Programmes
beyond JGOKS will be challenged to
deliver a comparable portrait of the
Earth’s ocean.

Roger B. Hanson,

JGOFS International Project Office,
Center for Studies of Environment and
Resources, High Technology Cenire,
University of Bergen, N-5020 Bergen,
Norway. E-mail: jgofs @uib.no

Michael J.R. Fasham
Southhampton Oceanology Cenire,
Waterfront Campus, Empress Dock,
Southampion SO14 3ZH, UK. E-mall:
mjf@soc.soton.ac.uk

The JGOFS IPO s supported by the
Norwegian Research Council, Univer-
sity of Bergen and Meltzer Foundation.
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Therecent conference onclimate change
in Kyoto demonstrated the importance
of natural ecosystems, humaninfluenced
ecosystems, and industrial development
for controlling frace gas emissions o the
atmosphere. Trace gas composition of
the atmosphere influences global and
regional climate through so-called
“sreenhouse effects.” How strongly cli-
mate canbeinfiuenced regionallyisseen
in recent occurrences of flooding and
drought that are related to tropical sea
surface warming occurring with the phe-
nomenon known as El Nifio.

Natural and anthropogenic distur-
- bance regimes and land management
determine the patch structure of region-
al vegetation mosaics, which in turn
establishagricultural and forestproduc-
tion, water availability to homes and
industry, and water quality in rivers
and streams. Due to the ubiquitous in-
fluence of man on land use in all parts of
the globe and the complexity of response
of biological systems, there is a pressing
need for computer models that
1) make better estimates of trace gas

contributions to the atmosphere;

2} estimate ecosystem use of natural
resources; aind,

3) allow us to assess the potential ef-
fects of climate change on human
concerns,
it is necessary to build into such

models our summary understanding of

shifts in ecosystem structure and func-
tion along landscape, regional, and con-
tinental scale gradients.

Scientific research programmes re-
lated to understanding global change
due to human activities must provide
recommendations that ensure wise use
of limited resources. At present, this is
hampered by alack of understanding of
how to best quantify processes acting at
landscape and regional scales, the di-
mensions most relevant to the everyday
activities of mankind. Achieving betier
methodologies for process integration
at such scales requires a close coopera-
tionamong hydrologists, ecologists, and

atmospheric scientists. Furthermore, it
requires that specific critical regions and
landscapes be utilized as objects of re-
search, that they be observed over time
withrespectto change, and thatresource
use within these regions be quantita-
tively defined in order to establish crite-
ria thatarerelated to potential degrada-
tion.

The Dahlem conference entitled “In-
tegrating Hydrology, Ecosystem Prodiic-
tion, and Biogeochemistry in Complex Land-
scapes” critically reviewed experimental
and modelling approaches that have
beenused todescribe Biosphere-Hydro-
sphere-Atmosphereinteractions. Special
attention was paid to feedback controls,
and the focus was ondetermining means
by which new types of system descrip-
tions can aid in assessing the conse-
quences of particular landscape struc-
ture and land-use patterns. The
conferenceattempted todefinehow and
to what extent a process-based under-
standing of controls on water, carbon,
and nitrogen cycles at regional scales
canbe achieved. The potentials for com-
patible scaling and exchange of infor-
mation between models describing eco-
system function, climate driving of
energy and water exchange, and hydro-
logical processes were evaluated and
summarized.

Modelling the impact of land use
and land cover on atmospheric process-
es and climate and vice versa requires
new tools and different approaches to
model simulations than have previous-
ly been achieved. Based on extensive
studies of ecosystems as points in the
landscape, the participants of the con-
ference discussed strategies and possi-
bilities for quantifying the metabolism
and flows within complex landscapes.
In regional considerations, a simplifica-
tion of ecosystem process model repre-
sentations is needed that remains phe-
nomenologically “true” but allows
efficient quantification of response and
interactions at thousands of locations
The conference made important steps in

some ev1dence for f:hlS, espe

conceptually formulating new ap-
proaches for building such models and
for connecting them both to remote sens-
ing and ground-based measurements at
test sites.

By the means of remote sensing tech-
nologies, we are able to see the impacts
of thehumans on landscape and regions
as never before. Furthermore, through
the interpretation of remotely sensed
data, the thin surface biosphere layer of
the Earth cannowbeviewed asa breath-
ing entity. This conference found op-
portunities to make a new stride in in-
terpreting the metabolism of the land
surface of the Earth. In this effort, re-
mote sensing is the tool with which to
observe, while appropriately designed
simulation models provide the means
for integrating the physics, chemisiry,
and biology of the biosphere. Some as-
pects of remote sensing are currently
operational in terms of evaluating the
pulseof theearth, butthereisnow great-
er potential for accomplishing this due
to increased experience and wisdom
gathered in recent years.

Theworld and itsregional parts must
be studied as a connected system, but
models are required at regional scales
that allow evaluation of the consequen-
ces of climate change for human dimen-
sions. Humans through their activities
arestressing the metabolism of the earth,
the metabolism must be monitored and
a stability must be maintained. Instabi-
lity is indicative of change that is unde-
sirable and which may be catastrophlc
for human populations, o

Long-term changes in the structure'- Soibi

of landscape mosaics will Il.kely be char-
actenzed by sharp tranmhons from one

regional climate. Additional evidence
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may be gained through new experimen-
tation and modelling approaches that
were discussed. However, due to the
extreme complexity involved in inte-
grating hydrology, ecosystem process-
es, and biogeochemistry, the apptopri-
ate use of current and future models
must be to assess vulnerabilities rather
than to make precise predictions.

Regional climate and, therefore, po-
tential resource availability and use is
highly sensitive to human land manage-
ment and disturbances of natural sys-
tems, Results of the conference will aid
the interdisciplinary effort focused on
understanding regional hydrological
cycles and water use in complex, an-
thropogenically-influenced landscapes.
The methods which are being sought by
theinvited experts are extremely impor-
tant for managing resources in climate
regions where resources available on a
per capita basis are very low.

John D. Tenhunen

Department of Plant Ecology.,
Bayreuth Institute for Terrestrial,
Ecosystem Research (BITOEK]),
University of Bayreuth, D-95440
Bayreuth, Germany. Email Address:
John, Tenhunen @ bitoek. uni-
bayreuth.de
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IGBP

During 1997, the total income of the
IGBP central budget was USD 1.74m.
Contributions were received from 48
nations, and from ICSU. The table to
the right of the box lists the contribut-
ing nations, in order of the magni-
tude of contribution.
Totalexpenditure during the same
period was USD 1.46m, with the dif-
ference largely due to the postpone-
ment of the SAC-V meeting from De-
cember 1997 to September 1998, The
expenditure covered the costs of sci-

Admin+.Equi
17%
Science
implementaticn
39%
Salaries ;
38% Puhlications

6%
Figure 1

i8

entific implementation activities
(39%), publications (6%), the opera-
tional costs of the Secretariat (17%),
and the salary costs of the Secretariat
(38%). The expenditureinthesebroad
categories is shown in Figure 1.
Asalways, wearemostgrateful to
the many individuals and their or-

The IGBP 1997 Central Budget

ganizationswhohaveworked sohard
onourbehalf to maintain central sup-
port at its current level. We hope to
repay this loyal support over the next
two-three years with the flow of new
results and understanding from the
IGBP synthesis project.

Elise Winnman
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New Executive Officer
appointed for LOICZ

Chris Crossland has been appointed as
Executive Officer for the LOICZ TPO
from May 1998. He was previously the
inaugural Director of the CRC Reef Re-
search Centre in Townsville, Australia.
The Centre, established in 1993, is a suc-

cessful enterprise of the Australian gov-

ernment’s Cooperative Research Cen-
tres Program which brings together
researchers and industry users of scien-
tific information to form collaborative
consortia further developing key eco-
nomic sectors. Centres operate as net-
works of research-industry teams solv-
ing problems and delivering science
outputsfo meetsirategic goals—amodel
with some similarity to LOICZ.

Born and educated in New Zealand
with BSc and MSc (Hons) from Auck-
land University, Crossland completed a
PhD in plant physiology at James Cook
University, Queensland and took Aus-
tralian citizenship in 1974. His research
career onmarine issues focused on coral
productivity and calcification, extend-
ing to wider ecosystem and resource

Chris Crossiand

issues in tropical and subtropical coast-
alenvironments. A foundationresearch-
er with the Australian Institute of Ma-
rine Science, he joined CSIRO Division
of Fisheries in 1979 working as a re-
searcher and with management agen-
cies in Australia, Middle East, South
East Asia, and the Caribbean.

The demands in the Jate 80s by envi-
ronmental managers and resource plan-
ners for scientific information at region-
al coastal scales underpinned his
establishment of the CSIRQO Institute of
Natural Resources and Environment
Project Office in 1989. This brought to-
gether interdisciplinary scientific capa-
bilities in Australia to address major
coastal zoneissues for governmentsand
agencies. The multimillion dollar Port
Philip Bay Environmental Study (1992~
1996) and the National Pulp Mills Re-
search Program {1990-1995) were suc-
cessfully designed and implemented in
Australia and a number of international
marine project designs were developed
for South East Asia and in the Middle
East. The Port Philip Bay Study team
received the 1996 CSIRO Chairman's
Award and Crossland was awarded the
1997 Australian Science Communicators
Award.

The increasing recognition over the
last decade by coastal zone authorities
thatitis people and their activities rath-
er than the environment that is man-
aged has added the further dimension
of socio-economics to traditional re-
search approaches to the coastal zone,
Crossland has been building these capa-
bilities into the issues-driven research
on the Great Barrier Reef and the infor-
mation {ransfer activities fundamental
to the CRC Reef Research Centre.

Crossland has served on a large
nurmber of Australian state and natfonal
advisory committees dealing with plan-
ning and management, use and conser-
vation of coastal resources and partici-

pated in delegations from Australia to -
international fora dealing with coastal
zone and ecological sustainability of

marine resources, Now resident in Tex-
el and working out of the LOICZIPO at
NIOZ, heis looking forward to discover
hidden linquistic talents and to explore
BEurope whenever possible.

LOICZ appoints Deputy
Executive Officer

Hartwig Kremer has been appoint-
ed as Deputy Executive Officer for the
LOICZ 1PO. He studied Biology at the
Universities of Marburg and Kiel in
Germany and specialized in biclogical
and physical oceanography at the Insti-
tute for Marine Science in Kiel focusing
on fisheries, ecology, and toxicology.
Work for his MA and PhD thesis in 1987
and in 1994 was done at a number of
research institutions in Germany, Den-
mark, the Netherlands, and the UK. In
his work Kremer has cooperated in an
interdisciplinary fashion with marine
institutes, but also with medical centres,
administrativebodies, and NGOs. While
spending a year at sea he gained experi-
ence in the practical aspects of fisheries,
marine pathology and, mostimportant-

+. Hartwig Kremier-. "
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ly,inteamwork with the people who are
commercially involved in this field.
While preparing his PhDD thesis,
which addressed the question of heavy
metal burdens and toxic relevance in
bone tissues of top predatorsinresponse
to the disastrous seal epizootic in the
Wadden Sea 1988/89, Kremer was a
full-time civil servant in the chamber of
agriculture and related ministeries of
the Federal and the State Government of
Schleswig-Holstein, Germany. This gave
him a first hand view of the process of
transferring scientific knowledge into
decision-making and management prac-
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tice by policy and administrative per-
formance and provided him with in-
sight of many social and economic as-
pects of fisheries, aquaculture and
environmental quality,

Thanks to his twofold professional
experience in science and administra-
tion he was appointed o take over the
programme manager position of “Envi-
ronmental Protection of Coastal Waters
and Food Security” in early 1995, a pro-
grammewhich aims at the development
of human resources and institutional
capacity building in coastal and marine
research and management. One of of its

most prominent projects was the inter-
nationalsymposiumon “Socio-Econom-
ic Benefits of Integrated Coastal Zone
Management” in December 1996. It had
a strong LOICZ participation and ad-
dressed the global dimension of coastal
processes from the perspective of ecolo-
gy and economic pressures. The overall
philosophy is to ensure that people in-
volved may benefit as much as possible
from science and its application by fos-
tering across-sectorial dialoguebetween
the different coastal and marine social
actors. Hartwig Kremer will start at the
LOICZ 1PO from the beginning of July.

PEP II Workshop:

Variability of Southern Hemisphere Climate Systems and Linkages
with Northern Hemisphere Systems on Time Scales covering

the last two Glacial Cycles

July 2—'7, I’erth,.Austrah'a

Contact: John Dodson, E-mail: johnd@sunny.gis.uwa.edu.au

START Workshop on Southern African

Land-Atmosphere-Biosphere Interactions (Miombo)

13-18 July, Blydepoort, South Africa

Contact: Robert |. Swap, University of Virginia, USA. Tel: (+1-804) 924 7714

GCTE Focus 2 Workshop on Comparison of Forest Patch Models

TBA, Potsdam, Germany

Contact: Dr Harald Bugmann, Potsdam Institute for Climate Impact Research, PO Box 601203, (Telegrafenberg), D-14412 Potsdam,
Germany. Fax: {+49-331) 288 2600, E-mail: bugmann@pik-potsdam.de

LUCC workshep on Sustainable Development of Plateau Region
Contact: Gilnther Fischer, IASA, Schlofiplaiz 1, A-2361 Laxenburg, Austrig. Fax: (+43-2236) 71313, E-mail: fisher@ifasa.ac.at

end of July, China

IPCC/START Workshop on Integrated Assessment Modelling

TBA, Zimbabwe

Contact: International START Secretariat, Suite 200, 2000 Floviday Avenue, NW, Washington DC 20009, USA. Fax: (+1-202) 457

5859, E-mail: stari@dis.start.org

BAHC Sessicn on Communicating Policy and Decision Makers
Needs for Information on Global Change Impacts on Freshwater

17-20 August, Espoo, Finland.

Contact: BAHC-IPO, Potsdam Institute for Climate Impact Research (PIK), PO Box 601203, 14412 Potsdam, Germany. Fax: (+49-

331) 288 2547, E-mail: bahc@pik-potsdam.de

*Joint 5th IGAC Scientific Conference and 9th CACGP Symposium

on Global Atmospheric Chemistry -

19-25 August, Seattle WA, USA. -

Contact: Patricia Quini, NOAA/PMEL/OCRD, Building 3, 7600 Sand Point Way NE, Seattle, WA 98115, USA. Fax: (+1-206) 526

6744, E-mail: quinn@pmel noan.gov, WWW: hitp.//saga.pmel.noaa.gov/cacgp98/

SCOR/PAGES IMAGES Scientific Committee Meeting

20-21 August, Lisbon, Portugal

Contact: Laurent Labeyrie, Centre des Faibles Radioactivités, CNRS-CEA, Domaine du CNRS, Avenue de ln Terrasse, F-91198 Gif st
Yuvette Cedex, France. Fax: (+33-1) 6982 3568, E-mnil: laurent.lnbeyrie@cfr.cnvs-gif fr
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*GCTE Special Session at International Soil Science Congress 20-26 August, Montpellier, France

Contact: John Ingram, GCTE Focus 3 Officer, Center for Ecology and Hydrology, Maclean Building, Crowmarsh Gifford, Wallingford,
OX10 8BB, United Kingdom. Fax: (+44-1491) 692 313, E-mail: jingram@ioh.ac.uk

13th IGAC SSC 26-27 August, Seattle, WA, USA

Contact: IGAC IPO, Massachusetts Institute of Technology, Building 24-409, Cambridge, MA 02139, USA. Fax: (+1-617) 253 9886,
E-mail: pszenny@imit.edu

*Fifth Scientific Advisory Council Meeting (SAC V) 1-7 September, Nairobi, Kenya

Contact: IGBP Secretariat, The Royal Swedish Acadeny of Sciences, Box 50005, 5-104 05 Stockholn, Sweden. Fax: (+46-8) 16 64 05,
E-mail: sec@igbp.Jon.se

START PACOM Meeting September, Nairobi, Kenya
Contact: Eric Odada, PASS Secretariat, Box 30197, Nairobi, Keniya. Fax: (+254-2) 449 539, E-muail: pagesnbo@form-net.com

LUCC/IGBP-DIS/START Data and Cover Change September, Bangkok, Thailand

Contact: Caroline Nunes, LUCC IPO, Institut Cartogrific de Catalunya, Parc de Montjuic, E-08038 Barcelona, Spain. Fax: (+34-3)
426 7442, E-mail: lucc@ice.es or Jariya Boonjawat, START SEA RRC Director. Fax: 8+66-2) 251 2951, E-muil: jariya@start.or.th

JGOFS Southern Ocean Planning Group
Four Provinces Workshop 3-5 September, Bremerhaven, Germany

Contact: Ulrich Bathmann, Alfred-Wegener-Institut, Polar und Meeresforschung, Am Handelshafen 12, D-27515 Bremerhaven,
Germany. E-mail: ubathmann@awi-bremerhaven.d

IGBP-DIS Land Cover Global Validation Workshop 7-18 September, Sioux Falls SD, USA

Contact: Joseph Scepan, University of California, Department of Geography, Santa Barbara CA 93106-2060, USA. Fax. (+1-805) 893
3703.

JGOES Equatorial Pacific (SGM) Meeting 10-11 September, Seatile, USA

Contact: James Murray, School of Oceanography, University of Washington, Box 357 040, Seattle, WA 98195-7940, USA. E-mail:
jmurray@ocean.washington.edu

10th START Bureau Meeting 20 September, Washington DC, USA

Contact: International START Secretariat, Suife 200, 2000 Flovida Avenue, NW, Washington DC 20009, USA. Fax: (+1-202) 457
5859, E-mail: start@dis.start.org

START SSC Meeting 2123 September, Washington DC, USA

Contact: International START Secretariat, Suite 200, 2000 Flovida Averie, NW, Washington DC 20008, USA. Fax: (+1-202) 457
5859, E-mail: start@dis start.org

JGOFS Executive Meeting September 21-23, Bergen, Norway

Contact: Reger Hanson, [GOFS International Project Office, Center for Studies of Environment and Resources, Bergen High-
Technology Centre, Lniversity of Bergen, Norway, Fax: (+47-55) 589 687, Email: roger.hanson@jgofs.uib.no

GCTE Focus 2/3 Workshop on Crop Models and Scaling 21-24 September, Germany

Contact: John Ingram, GCTE Focus 3 Office, Center for Ecology and Hydrology, McLean Building, Crowmarsh Gifford, Wallingford
0X19 8BB, UK. Fax: (+44-1491) 692 313, E-muil: jingram@ioh.ac.uk

: 'Méeting of the JGOFS Data Management Task Team September 23, Bergen, Norway

= Contact: Beatriz Balifio, JGOFS International Project Office, Center for Studies of Environment and Resources, Bergen Htgh—

Techno logy Centre, University of Bergen, Norway. Fax: (+47-55) 589 687, Email: beatriz.balino@jgofs.uib.no

]GOFS Data Management and Synthesis Workshop September 24-25, Bergen, No'rw'ajr B 5
Contact: Beatriz Balifio, JGOFS International Project Office, Center for Studies of Environment and Resources,. Bergen Hzgh-

Technology Centre, University of Bergen, Norway. Fax: (+47-55} 589 687, Emuail; beatriz.balino@jgofs.uib. no. .

9th IPO Executive Officers Meeting 28-30 September, Durham NH USA

Contact: IGBP Secretariat, The Royal Swedish Acadeny of Sciences, Box 50005, 5-104 05 Stockholm, Sweden Pax (+46 8) 16 i
E-mail: sec®ighp koa.se - . R

21




IGBP NEWSLETTER 34

WMO-IGAC International Cloud Chemistry Modelling Meeting October, Nova Scotia, Canada

Contact: Andrea Flossman, Université Blaise Pascal - CNRS, Laboratoire de Météorologie Physique, 24 Avenue des Landais, 63177
Aubigre Cedes, France. Fax: (033-7) 327 1657, E-mail: flossman@opge.univ-bpclermont. fr

Oceania Workshop on Climate Impact Assessment

and Coastal Zone Issues and Oceania Regional Committee Meeting 5-10 October, Suva, Fiji
Contact: Kanayathy Koshy, 5.P.A.S, The University of the South Pacific, P. Q. Box 1168, Suva, Fiji. Fax: {(+679) 302 548, E-wail:
Koshy_k@usp.ac.fj

WCRP-IGAC Workshop on a Comparison of the Performance

of Large Scale Models in Simulating Atmospheric Sulphate Aerosols 19-21 October, Nova Scotia, Canada
Contact: Leonard A. Barrie, Atmospheric Environment Service, 4905 Dufferin Street, Downsview, Ontario M3H 5T4, Canada, Fax:
(+1-401) 739 5704, E-mail: len.barrie®@ec gc.ca

PICES/JGOFS CO, Workshop ' October 20, Fairbanks, Alaska

Contact: Andrew Watson, School of Ewnvirenmental Sciences, University of East Anglia, Norwich NR4 7T], UK., E-mail:
a.jwatson@uen.ac.uk,

TEA Regional Modelling of Monsoon System ' : October, Bejjing, China
Contact: Congbin Fu, fax: {+86.10} 6204 5230, E-mail: fcb@ust590.tea.ac.cn

11th IGBP Officers Meeting 12-16 October, St. Petersburg, Russia

Contact: IGBP Secretariat, The Royal Swedish Academy of Sciences, Box 50005, 5-104 05 Stockiolnt, Sweden. Fax: (+46-8) 16 64 05,
E-mail: sec®ighyp kva.se

START/IOC/LOICZ Workshop Novembet, Cotonou, Bénin

Contact: Larry Awosika, Nigerian Institute for Oceanography and Marine Research, PMB 12729 Victoria Island, Lagos, Nigeria, Fax:
(+234-1) 619 517, E-mail: niomr@linkserve.com.ng

LUCC S8C Meeting 14-15 November, Barcelona, Spain

Contact: Caroling Nunes, LUCC IPO, Institut Cartogrific de Catalunya, Parc de Montjuic, E-08038 Barcelona, Spain. Fax: (+34-3)
426 7442, E-mail: uce@ice.es

GAIM Task Force Meeting 16-20 November, Stockholm, Sweden

Contacl: Dork Sahagian, GAIM Task Force Office, Institute for the Study of Earth Oceans and Space, University of New Hampshire,
Morse Hall, 39 College Road, Durham NH 03824-3525, USA, Fax: (+1-603) 862 3874, E-muail: gaim@unh.edu

LUCC Data Gathering and Compilation Workshop 18-20 November, TBA

Contact: Caroline Nunes, LUCC IPQ, Institut Cartogrific de Camhmya Parc de Montjuic, E-08038 Barcelona, Spain. Fax: (+34-3)
426 7442, E-mail: lucc@ice.es

SARCS Meeting

in conjunction with Pacific Science Association Congress 19-20 November, Taipei
Contact: International START Secrefariat, Suite 200, 2000 Florida Avenue, NW, Washingion DC 20009, USA., Fax: (+1-202) 457
5859, E-mail: start@dis.starl.org

1999

Biogeochemistry of the Arabian Sea: Synthesis and Modelling January 18-20, Bangalore, India

Contact: Roger B. Hanson, Centre for Studies of Envirenment and Resources, University of Bergen, High-Technolagy Centre, N-5020
Bergen, Norway. Fax. (+47-55) 58 96 87, E-mail: Roger.Hanson@jgofs.uib.no

Training Course of Biogeochemical Modelling of the Ocean January 21-29, Bangalore, India

Contact: Roger B. Hanson, Centre for Studies of Environment and Resources, University of Bergen, High-Technology Centre, N-5020
Bergen, Norway. Fax. (+47-55) 58 96 87, E-muil: Roger. Hanson@jgofs.uib.no :

GCTE Focus 1 Workshop: Global change effects on root dynamics TBA, Tennessee, USA

Contact: Richard Norby, 1.1.1 Task Leader, Quk Ridge National Laboratory, Building 1059, PO Box 2008, Oak Ridge, TN 37831-6422,
LISA. Fax: {+1-423) 576 9939, E-mail: rin@ornl.gov
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GCTE Focus 1 Workshop: A cross-biome synthesis
of ecosystem response to global warming
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TBA, USA

Contact: Lindsey Rustad, Department of Applied Ecology and Environmental Sciences, University of Maine, 57212 Deering Hall,
Orono, Maine 04469-5722, LISA. Fax: (+1-207) 688 3356, E-mail; rustad@maine.maine. eduy

14th SC-IGBP Meeting

23-26 February, Estoril, Portugal

Contact: IGBP Secretariat, The Royal Swedish Acadeny of Sciences, Box 50005, 5-104 05 Stockholin, Sweden. Fax: (+46-8) 16 64 05,

E-mail: sec@igbp koa.se

Second IGBP Congress

6-13 May, Shonan Village, Japan

Contact: IGBP Secretariat, The Royal Swedish Academy of Sciences, Box 50005, S-104 05 Stockholm, Sweden. Fax: (+46-8) 16 64 05,

E-mail; sec@igbp kon.se

GCTE Focus 3 Science Conference

20-23 September, Reading, UK

Contact: John Ingram, GCTE Focus 3 Office, Center for Ecology and Hydrology, MeLean Building, Crowmarsh Gifford, Wallingford
OX19 8BB, UK. Fax: (+44-1491) 692 313, E-mail: f.ingram@ioh.ac.uk

Publications

IGBP Report Series

No. 45

Past Global Changes (PAGES) Status Report and Implementation
Plan. Edited by F. Oldfield (1998) IGBP: Stockholm, 237pp.

No. 46

Global wetland distribution and functional characterization: trace
gases and the hydrologic cycle. Report from the joint GAIM/IGBP-
DISAGAC/LUCC Workshep. Edited by D. Sahagianand]. Melack
{1998). IGBP: Stockholm, 96pp.

IGBP Secretariat, The Royal Swedish Academy of Sciences, Box
50005, 5-104 05 Stockholm, Sweden. E-mail: sec@igbp.kva.se

IGBP Programme Elements

GCTE

Report of EU/TERI-IGBP/GCTE-DIVERSITAS Workshop
“Effects of Global Change on Biodiversity and Ecological Complex-
ity”. GCTE Report No.15. GCTE: Canberra.

GCTEIPO, CSIRO - Division of Wildlife and Ecology, PO Box 84,
Lyneham ACT 2602, Australia.

GCTE/LUCC

v-. The Earth’s Changing Land. Abstracts of the GCTE-LUCC Open
. Science Conference on Global Change. Edited by GCTE and
- LUCC. ICC: Barcelona, 414pp.

Luce

- Elecironic Conference on Land Use and Land Cover Change in
© Europe. Edited by E. Lambin, G. Fischer, . Jdger, and X.
i Baulies, ICC: Barcelona, 51pp.
: 'Ca?fdline Nunes, LUCC IPO, Generalitat de Catalunya, Institut
Cartografic de Catalunyn, E-08038 Barcelona, Spain.

ISSN 0284-5865

Other organizations

GTOS

Global Terrestrial Observing System Annual Report 1997.
Report of the Global Observing Systems Space Panel Third Session
(1997). GIOS Report No. 9.

GTOS Secretariat, c/o FAQ, SDRN, Viale delle Terme di Caracalln,
Rome 00100, Italy. E-mail: gtos@fao.org

National Research

Germany

German Global Change Research 1998 Edited by E.Ehlers and T.
Krafft (1998). German National Committee on Global Change
Research: Bonn, 128pp.

Germun National Commiittee on Global Chunge Resenrch, Secretar-
iat, Nussallee 15a, 53115 Bonn, Germany. E-mail: keafft.nkgcf@uni-
bonm.de
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