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T/xe Global Ocean Ecosystem Dynamics
(GLOBEC) project was adopted by 1G8p in 1995
with joint co-sponsorship from the Scientific
Committee for Oceanic Research (Scor) and the
International Oceanographic Commission (10c).
1t has just held its first $5c meeting, and will
shortly publish its Science Plan.

The background to GLoOBEC

Currently, an integrated and coherent
understanding of natural forcing and its
interactions with human populations is li-
mited by shortfalls in our information on
global ocean ecosystem dynamics. Equal-
ly constraining is our present inability to
differentiate anthropogenic from natural-
ly oceurring effects in marine ecosystems.
There are three major gaps in our know-
ledge of marine ecosystem dynamics,
which GLOBEG is addressing:
¢ the dynamics of zooplankton popula-

tions relative to phytoplankton and to

the major predators of these organ-
isms;

¢ the influence of physical forcing on
these dynamics, particularly at the
mesoscale; and,

¢ the estimation of biological and physi-
cal parameters associated with the dy-
namics of zooplankton relative to phy-
toplankton.

An example can be used to illustrate
the pressing need to improve our under-
standing of the dynamics of ocean ecosys-
tems. A dramatic multidecadal decline in
plankton biomass has been revealed in the
North Sea and in the eastern North Atlan-
tic by extensive continuous plankton re-
corder (CPR) sampling (Figure 1). Various
explanations have been offered for this
decline, and refining these explanations is
a challenge for the field of ocean ecosys-
tem dynamics. Such changes are also of
interest from a biogeochemical viewpoint
(JGoFs), because they may relate to chang-
es in the surface fluxes of CO,.

Natural variability, over a varicty of
time scales, is a characteristic feature of
complex marine ecosystems, regardless of
fishing or other environmental pressure.
We are only now beginning to compile
documentation related to such variability.
Our knowledge concerning its causes re-
mains at the level of hypotheses. Under-
standing of the functioning of marine eco-
systems is essential if we are to effectively
manage global marine living resources such
as fisheries during a period of tremendous-
ly increased human impact, and concur-
rent dependence, on these resources.

In particular we need to improve docu-
mentation and understanding of the caus-
al relationships between phy-sical forcing
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and biological variability. The scientific
understanding of these relationships ob-
tained by GLosEc will provide the basis for
related policies in response to global
change. The need is likely to become
critical as anthropogenic pressures on ma-
rine ccosystems increase, particularly if
the predicted changes associated with glo-
bal warming materialise. For example, as
one scenario, if storm activity were to in-
crease as a result of climate change, upper
ocean turbulence would be expected to
increase and mixed layers would deepen.
Increased mixing might bring more nutri-
ents into the upper ocean, but the greater
depth of their distribution might mean a
decrease in the average rate of photosyn-
thesis, GLosrc will consider such scenarios
and their significance for upper trophic
levels and feedbacks.

These changes are occurring, and we
can detect them, but with our present
scientific approach to the ocean ecosystem
we cannotmodel orevenunderstand them.
This suggests that a new and innovative
approach to the study of global ocecan eco-

THE GLOBEC GOAL

To advance our understanding of the struc-
ture and functioning of the global ocean
ecosystem, its major subsystems, and its
response to physical forcing so that a capa-
bility can be developed to forecast the re-
sponses of the marine ecosystem to global
change.

system dynamics is necessary for improv-
ing our understanding.

GLOBECresearch directly complements
that of other1Gsp Programme Elements; in
particular jgors (with its focus on primary
production as it pertains to the oceanic
carbon budget), by examining the role of
higher trophiclevels (zooplankton and fish)
in the control of ecosystem structure, and
their responses to physical forcing factors;
GLOBEC is also complementary to LOICZ
(which deals with external forcing on coast-
al zone fluxes, such as sedimentary and
nutrient inputs) in its focus on zooplank-
ton and fish population dynamics in key
coastal environments.

The GLoBEC approach

An initial GLoBEC planning workshop
noted the need “7o understand how changes
in the global environment will affect the abun-
deance, diversity and production of eotinial popu-
lations comprising a majorcomponent of ocean
ecosystems”. It also recognised the impor-
tance of zooplankton in “shaping ecosystem
structure(...) because grazing by zooplankton is
thought to influence or regulate primary pro-
duction and (...) variations in zooplankton
dynamics may affect biomass of many fish and
shellfishstocks™. This regulatory control func-
tion by zooplankton in marine systems is
more common in the ocean than are similar
controls on land. In the long term, zoo-
plankton exercise a regulatory control over
marine systems by the balance between
nutrient input from deep water and down-
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ward transfer through the larger herbi-
vores,

Hence, cLosic focuses on herbivores
and primary carnivores - those trophic le-
vels where primary production is pro-
cessed to provide energy and nutrients for
longer-lived species (IFigure on page 1).
The organisms in these groups include a
greatdiversity of species and exhibitmany
adaprive strategies. Fora specific purpose,
such as studies of carbon cycling, treat-
ment of this group as a single subset of
variables may be possible, However, given
the great number of different pathways by
which energy and nutricnts may be trans-
ferred to higher trophiclevelsand then fed
back into nutrients, GLOBEC will require a
more complex approach. One of the chal-
lenges for GLOBEC is to discover where
generalisations may be made and where,
conversely, attention to detail is essential,
In order to meet this challenge, GLORBEG
will focus on specific processes and appro-
priate sites. These sites will be selected to
besttestand improve upon the generalisa-
tions that relate structure to dynamics.
They must, at the same time, represent
important subsystems of the global ocean
ecosystem.

Space Time Considerations

Animals living in the ocean are affect-
ed by physical processes ranging from cen-
timetre scales of turbulence through kilo-
metre mesoscales, where eddy motions
dominate, up to the ocean basin scales of
the majorcurrentsystems (Figure 2). All of
these scales are ecologically interesting
and scientifically important. However, the
focus of the GLOBEC programme must be

narrowed to those spatial scales on which
the physical processes have the most im-
pact on biological variability. It is at these
critical scales that the answers sought by
GLoBEC will be found.

GLOBEC aims to understand the forces
driving changes in marine ecosystems on
decadal to century time scales. Signals at
these scales appear in fluctuations of many
of the major world fisheries. T'he shorter,
decadal fluctuations have physical coun-
terparts in changes in circulation and hy-
drographic properties of ocean basins. Pro-
cessesatrspace and time scales of yearsand
thousands of kilometres link local or re-
gional patterns and processes in the global
ocean system, and thus provide a focus for
the planning of field and modelling pro-

grammes in GLOBEC.

Despite the large scales of the fluctua-
tions noted above, the processes that drive
the interactions between, forexample, fish
and zooplankton are generally at smaller
scales. In particular, these interactions oc-
cur at the dynamically energetic oceanic
mesoscales (Figure 2), which have dimen-
sions of kilometres to tens of kilometres.
The coupling of small scales, mesoscales,
and macroscales is a central problem to
GLOBEC and is comparable to the integra-
tion of landscape with regional processes
on land.

Terrestrial vs Marine Systems

Marine production is dependent, at
the most basic level, upon ocean mixing
and circulation that control primary pro-
ductivity by influencing phytoplankton
exposure to nutrients and light. These
physical processesare determined, in turn,
by climatic factors such as variability in
storm wind frequency, cloudiness, rainfall
and other parameters that exert dominant
physical influence over the biologically
active upper ocean.

I'rees and perennial grasses are the
longest lived components of terrestrial food
webs. Occan plants are, conversely, among
the shortest lived components of their res-
pective food webs. Marine plants repro-
duce far more rapidly, however, than ter-
restrial plants. For phytoplankton, the
generation time is on the order of a few
days. Aside from marine mammals and
reptiles, fish are among the longer lived
marine organisms. However, their indivi-
dual life cycles are generally less than a
decade, or one to two orders of magnitude
less than those thatare typical of terrestrial

the Science Plan:

Working Group. GLogec Report No. 4.

group. GLoeec Report No. 6.

ing. GLosec Report No. 8.

GLOBEC Reports

The cLosec Report Series provides detailed scientific background to the development of

|. Towards the Development of the cLosec Core Programme: A report of the First Inter-
national GLoeec Planning Meeting. GLosec Report No. |,

2. Population Dynamics and Physical Variability: Report of the First meeting of an Interna-
tional cLosec Working Group. GLogec Report No. 2.

3. Sampling and Observational Systems: Report of the First Meeting of an International
GLoeec Working Group. GLosec Report No. 3.

4, Cod and Climate Change: Report of the First Meeting of an |CES/International GLoBec

5. Development of an International GLosec Southern Ocean Programme. Report of the
first meeting of the International GLoeec working group. GLosec Report No. 5.

6. Numerical Modelling. Report of the first meeting of the International GLosec working

7. Southern Ocean Implementation Plan. cLoeec Report No. 7.

8. Small Pelagic Fishes and Climate Change Programme. Report of the first planning meet-
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Members of the GLoeeC ssc and representatives of national and regional GLOBEC programmes at
their recent meeting at the Johns Hopkins University, Baltimore, USA, 11-13 November 1996.

systems. This overall difference in life
cycle time scales makes marine systems
more responsive than terrestrial systems
to decadal scale changes.

Time scales of change in marine sys-
tems can be very short, in the order of a few
years, as illustrated by the crash of the
Peruvian anchovetta fishery. The effects
of global change on marine ecosystems are
perceived by society only when these ef-
fects become evident at the upper end of
the trophic system. Such effects include
alterations in the abundance, distribution
and diversity of fish and marine mammals.

Despite these differences, marine and
terrestrial systems all exhibit close linkag-
es between energy flow, chemical cycling
and food web structure. Major perturba-
tions in the energetics or the biochemistry
generally lead, in either system, to dramat-
ic changes in species composition. Varia-
tions inabundance at higher trophic levels
typically reflect changes in physical or
chemical processes that are mediated, in
many instances, through the lower trophic
levels. Hence, knowledge of the respon-
ses of dominantspecies atseveral levels in
the trophic structure offers insights into
subtle changes in the physical/chemical
system. Correspondingly, with respect to
the population dynamics of dominant spe-
cies, knowledge of the ecosystem energy
and nutrient budgets is essential. GLOBEC
will aim to establish close links with appro-
priate 1G8P Programme Elements on com-
mon issucs such as ccosystem structure
and functioning.

Developments so far

The adoption of GLOBEC as an 1GBP
Core Project is a significant land-mark in
the development of the international pro-

gramme. The GLosrc Science Plan will
shortly be published and this provides a
strong foundation for moving to imple-
mentation. This is one of the critical issues
facing the members of the new GLOBEC s5¢
(sec above) who will develop a detailed
Implementation Plan for presentation to
the sponsoring organisations and the larg-
er scientific community.

Consideration of how best to achieve
the cLosie Goal has lead directly to the
development of four primary GLOBEC ob-
jectives, which are amplified in the Sci-
ence Plan,

Objective |

To better understand how multiscale
physical environmental processes force
large-scale changes in marine ecosys-
tems.

Objective 2

To determine the relationships between
structure and dynamics in a variety of
oceanic systems which typify significant
components of the global ocean ecosys-
tem, with emphasis on trophodynamic
pathways, their variability and the role of
nutrition quality in the food web.

Objective 3

To determine the impacts of global
change on stoclk dynamics using coupled
physical, biological and chemical models
linked to appropriate observation sys-
tems and to develop the capability to
predict future impacts,

Objective 4

To determine how changing marine
ecosystems will affect the global earth
system by identifying and quantifying
feedback mechanisms.

These four objectives then lead to a
specificsetof research foct, which form the
basis forcurrentdevelopmentof the GLOBEC
Implementation Plan.

Focus |

Build a foundation for future global eco-
system models through re-examination
of historical data bases.

Focus 2

Conduct process studies organised
around the themes of (l) research and
modelling of ecosystems and trophody-
mamics, {2) identification and under-
standing of meso-scale physical-biological
interactions and (3) research on forced
responses in ecosystems.

Focus 3

Develop predictive and modelling capa-
bilities with interdisciplinary, coupled
modelling-observational systems.

Focus 4

Co-operate with other ocean, atmo-
sphere, terrestrial and social global
change research efforts to estimate feed-
backs from changes in marine ecosystem
structure to the global earth system.

GLOBEC is planning an Open Science
mecting for the first quarter of 1998 at
which the Implementation Plan will be
presented to the wider scientific commu-
nity, and feed-back sought.

The Major Components of
GLOBEC

The Projectconsists of aseries of activ-
ities, planned under the acgis of the GLOBEC
ssc. Much of the foundation has been laid
at a series of planning meetings, in partic-
ular the 1993 Grosec Working Group on
Population Dynamics and Physical Varia-
bility (cLoBrc Report No. 2); other work-
ing groups are directing GLOBEC efforts in,
forexample Numerical Modelling (GLOBEC
ReportNo. 6) and Sampling and Observa-
tion Systems (GLOBEC Report No. 3).

In addition the cLosrc Core Project
has a major field study component. "I'wo of
the largest field research programmes are
briefly described below,

GLoBEC Southern Ocean Programme
(s0-GLOBEC) The s0-GLOBEC programme is
focused on understanding how physical
forces influence population dynamics and
predator-prey interactions between key
species. Special efforts will be made t
study the little-known overwintering stra-
tegies of zooplankton and top predators in
the Southern Ocean. The knowledge
gained will significantly advance under-




standing of Southern Ocean marine eco-
systems and will enable us to adequately
monitor and predict the impact of climate
change.

Planning fora Southern Ocean GLOBEC
programme has been developed at a
number of meetings and working groups
(cr.oBrc Reports Nos. 5 and 7), and issues
of implementation are now being consi-
dered asamatter of urgency by the newssc
and a newly constituted Southern Ocean
working group.

Small Pelagic Fishes and Climate
Change (spacc) seaccaims to identify link-
ages between the physical forces that con-
trol growth of small pelagic fish popula-
tions (sardines, anchovies, scads, herrings,
mackerels, sprat, menhadens and others).
The long-range goal is to forecast how
changes in the patterns and intensity of
these forces, caused by elevated green-
house gases and global warming, will alter
the productivity of small pelagic fish popu-
lations, particularly in coastal ecosystems.

space planning has already involved
major workshops in Mexico (GLoBEC Re-
port No. 8) and Namibia, and further con-
sideration of implementation was made at
a meeting in Mexico City in August 1996.

Developing National and
Regional Programmes

A major priority of the GLOBEC SsC is to
work closely with National GLOBEC com-
mittees and emerging regional programmes
to ensure effective co-ordination and inte-
gration, and to realise the full research
potential of these regional initiatives. Many
such GLoBEC activities are well established
and ongoing, At the ss¢ meeting there
were presentations on the active national
programmes of Canada, China, Japan,
Norway, the United States and United
Kingdom, as well as North Atlantic region-
al co-ordination. Itis a strength for GLOBEC
that there is already so much research
momentum within the scientific commu-
nity. Twoof the majorregional programmes
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in the Northern hemisphere are described
briefly below:

1ces-GLOBEC Cod and Climate Change
Programme (cce or “3Cs”) 'T'he Interna-
tional Council for the Exploration of the
Sea (1cEs) and GLOBEC have joined togeth-
er to develop an innovative programme to
advance the understanding and prediction
of variability in fish stock recruitment,
both in the short term (annual forecasts)
and in the long term (“climate effects”).
Cod was chosen because its biology is
well-known and supported by ample data
bases. It has a pan-Atlantic distribution,
and its abundance and distribution have
been shown to be sensitive to specific past
examplesofclimate variability. These con-
siderations provide the possibility of de-
veloping new capabilities in predicting fish
recruitment through betterunderstanding
ofinteractions between physical processes
and population dynamics. Planning forcca
is described in cLoBiEc Report No. 4.

PICES-GLOBEC_Climate Change and
Carrying Capacity (cccc or “4Cs”) The
North Pacific Marine Sciences Organiza-
tion (P1CES) and GLOBEC are jointly organis-
ing a programme on Climate Change and
Carrying Capacity (cccc) in the temperate
and subarctic regions of the North Pacific.
The ccec Programme hasastrong focus on

Figure 3: Schematic distribution
of the copepod, Calanus
finmarchicus, in the
North Atlantic: the
focus of the Tasc
Project.

coupling between atmospheric and ocea-
nographic processes, their impact on the
production of major marine living resour-
cesand how they respond toclimate change
on tme scales of decades to centuries.
Particular emphasis is being placed on re-
gime shifts, and on the biology of salmonid
stocks.

TransAtlantic Study of Calanus finmar-
chicus (Tasc) A further good example of
GLoBLC regional development is provided
by the Tasc project. This focuses on a
single copepod, C. finmarchicus, as a key
biological component of the North Atlan-
Lic rim ecosystems. TASC is investigating
the population ecology and dynamics of
this species in a comparative way in all the
major ccosystems around the North Atlan-
tic (Figure 3). It links GLOBEC research on
George’s Bank and on the Eastern coast of
Canada with a major European Union fund-
ed ‘rasc project involving groups in Nor-
way, Iceland, Denmark, Germany, United
Kingdom and France. The EU TASC project
is co-ordinated at the University of Trom-
s@. TAsC was first discussed at a workshop
organised in Oslo in April 1994, the pro-
ceedings of which have recently been pu-
blished in Ophelia (1996, vol 44, 1-205).
The group has designated 1997 as “The
Year of Calanus” and a major TASC meeting
to plan and co-ordinate TransAtlantic in-
tegration is being planned for January 1997
in Copenhagen.

Roger Harris, Plymouth Marine Laboratory,
Prospect Place, Plymouth PLI 3DH, UK.

GLosec is currently in the process of establishing a
Core Project Office. For further information on
GLoBEG, including copies of GLosec Reports, please
contact:

Dr Roger Harris, Plymouth Marine Laboratory,
Prospect Place, Plymouth PL1 3DH, United King-
dom. Tel: +44-1752-633400, Fax: +44-1752-
633101, email: r.harris@pml.ac.uk
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T/}ff Arabian Sea, situated in the north-west
Indian Ocean, is the main sife for current 161~
scor Joint Global Ocean Flux Study (icoFs)
research. When fieldwork ends in 1997, more
than 50 research cruises will have been carried
out vver a 0 year period by Germany, India,
Netherlands, Pakistan, UK and USA. As well
as scientisis from these countries, many scien-
tists from other countries have also been in-
volved, often as guests on these shipboard stu-
dies. A number of training programines aimed
particularly at younger scientists in the region,
have also been carried out. The large number of
cruises and associated activities reflects the high
level of interest in the Arabian Sea. Why is this?
What do we do in our research? What have we
Jound out? The rest of this article addresses these
qUESLIONS.

Why has there been so much
interest in the Arabian Sea?

The Arabian Sea is a small ocean basin
with a large number of unusual features.
Although tropical, it is intensely seasonal
and exhibits the greatest range of variabi-
lity found in any ocean basin. It is, for
instance, the only ocean basin that fully
reverses its surface circulation pattern ona
semi-annual basis. Although small on the
global scale, the Arabian Sea encompasses
a wide range of oceanographic conditions.
While some surface waters are almost de-
void of nutrients, others are nutrient rich
and extremely productive. Oceanographic
conditions also vary considerably with
depth within the Arabian Sea. Whereas
surface and deep waters are well oxygena-
ted, waters that lie between depths of 100
and 1,200 metres are almost devoid of
oxygen. The wide range of conditions in
the Arabian Sea makes it a natural experi-
mental system and allows us to study bio-
geochemical processes over a wide range
of climate and oceanographic conditions.

What happens during the
monsoons!

The unusual features outlined above
can be traced to a common origin: the
monsoons. The impact of the south Asian
monsoon climate on the Arabian Sea is
vigorous and dramatic. The Arabian Sea
experiences two monsoons each year; the

more vigorous, south-west (SW) monsoon,
blows from June to September while the
weaker north-east (NE) monsoon blows
from December to February. In the inter-
vening inter-monsoon periods, the winds
wane in strength and slowly reverse their
direction.

The SW monsoon has a marked impact
upon biogeochemical cycling and much of
this is due to upwelling. As the winds
gather strength in June, they form a local-
ised atmospheric jet (Findlater Jet) with
winds that can reach in excess of 50 knots
in late July as they blow along the Somali
and southern Oman coastline. The winds
cause surface waters to be moved offshore
by Ekman transport'. However, the pro-

ximity of the coast causes deep water to be
dragged to the surface to replace offshore
moving waters. Upwelled waters which
are nutrient-rich, fertilise the well-lit, warm
surface waters allowing massive blooms of
phytoplankton to develop. The waters li-
terally turn green overan area that extends
roughly 400 km offshore along about 1,000
km of the Oman coast and to a smaller
extent, off the Somali coast. This isa much
wider area than would be expected from
coastal upwelling alone and the cause of
this is open to debate. The classical expla-
nation is due to open ocean upwelling
caused by the localised effect of the Find-
later Jet which blows most strongly far
offshore (Figure 1). While winds are strong-
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Figure | Arabian Sea biogeochemistry is driven by two monsoons, the stronger SW Mon-
soon between June and September and the wealer NE Monsoon from December
to February. During the SW Monsoon, the Findlater Jet forms causing extensive
upwelling along the coasts of Somalia and Oman (indicated here). The main axis
of the Jet is depicted here. The upwelling creates massive blooms of phytoplank-
ton over an area >400,000 km? during July and August and then dissipates
through a variety of biological and physical processes (adapted from John Brock).




est along the central axis of the Jet, their
strength falls off progressively with dis-
tance, to cither side of the Jet axis. This
wind pattern causes a local gradient in
wind stress that results in divergence of
surface waters to the left and convergence
of waters to the right of the Jet. The diver-
gence causes upwelling to the Jet’s left
while convergence results in downwelling
to the Jet'sright. The spatial and temporal
extent of the upwelling is spectacular as
we have learned from remote sensing data
derived from the Coastal Zone Color Scan-
ner. This can be viewed on the Internctat
htep://scawifs.gsfc.nasa.gov/SEAWIFS/
CZCS_DATA/indian_ocean.html. How-
ever JGOFs studies suggest that there is
considerable mesoscale variability in the
upwelling region and that filaments of
upwelled coastal water are dragged far off-
shore thereby adding to open ocean up-
welling. While the SW Monsoon gives way
to the calm of the autumn Intermonsoon,
biological production decreases rapidly as
it is dissipated by biological and physical
removal processes.

The NE monsoon also influences bio-
geochemical eycling in the Arabian Sea.
Although the winds are sufficiently strong
to reverse the basin’s circulation pattern
and biological production is elevated com-
pared to the inter-monsoon periods, their
impact 1s not as strikingly dramatic as that
of the SW Monsoon. The driving force of
production in the winter months seems to
be based once again upon winds. In win-
ter, these cool the warm surface waters
which sink and set in motion convective
replacement by deeper nutrient rich wa-
ters. These fertilise surface waters causing
“entrainment blooms” of phytoplankton
with levels of productivity that are higher
than those found during eitherof the inter-
monsoon periods.

What are the challenges in our
research?

The jcors Indian Ocean Planning
Group (10rG: Figure 2), chaired by Bernt
Zeitzschel (Kiel, Germany) between 1990
and 1995, identified the following as goals
to a better understanding of biogeoche-
mical cycling in the Arabian Sea:
¢ to investigate the scasonally-varying

biogeochemical responses to intense

and regularly oscillating physical for-
cing in the Arabian Sea;

¢ to quantify the role of the Arabian Sea
in global biogeochemical cycling of
carbon and associated biogenic ele-
ments;

¢ to quantify the role of the Arabian Sea
as a source or sink of atmospheric CO,
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and other gases rclevant to climate
change;
¢ to quantify primary production, trans-
formation and fate of phytogenic car-
bon in the Arabian Sea;

¢ toquantity the role of the O, minimum
in biogeochemical cyeling;

¢ to quantify Quaternary monsoonal va-
riability in relation to fluctuations in
ocean paleo-circulation.

These aims are being met through in-
ternational integration of research that in-
volves using ships, deploying moorings,
aceessing remote sensing data and model-
ling. Such rescarch has been co-ordinated
by 1opc using Scientific Committee on
Oceanic Research (scor) funding, and has
focused on two main areas of upwelling:
the Somali upwelling region and the north-
ern Arabian Sea. Cruises serve two purpos-
es:surveying the basin with measurements
of key variables so that we can understand
spatial and seasonal distributions. This is
reflected in the extensive coverage partic-
ularly of the northern Arabian Sea shown
in Figure 3 (on page 8). Equally important
are measurements of key fluxes made on
cruises at selected sites in the basin, Many
of these measurements are both conceptu-
ally and practically challenging. For in-
stance, toaddress whether the Arabian Sea
is a source or a sink for atmospheric CO,
involves measuring the upward flux of
CO, from deep waters to the atmosphere
by 1_1pwclling and comparing this against
the converse process of atmospheric CO,
drawdown by phytoplankton production.
Because the magnitude of each of these

processes is large, we end up needing to
resolve small differences between two
large, and often variable, numbers. For
much of the work, we use ships as floating
laboratories, collecting organisms from the
surrounding waters and measuring their
rates of growth and grazing and quantify-
ing their ransformation of biogeochemi-
cally important components.

Special ocean moorings were deployed
at the onset of ficldwork to provide contin-
uous records of variables such as wind
speed, air temperature and lighc as well as
current speed and direction at selecred
depths in the ocean. A major question in
Arabian Sea biogeochemistry concerns the
mechanisms by which the low oxygen
waters arc maintained. Part of the answer
lies in the rate with which particles sink
from surface waters into the midwater
where they fuel oxygen-requiring process-
es in mid-water, To address particle sink-
ing fluxes, sediment traps arc deployed at
different depths, to generate data on the
vertical profiles of particle sedimentation.
Such an approach has been very illuminat-
ingand has demonstrated that particle flux
within the ocecan’s interior show a clear,
and almost immediate, response to the
MONSOONS.

A first-look at the data at jcors work-
shops held recently in the Netherlands,
UK and TISA, suggests that the pattern of
carbon cycling in the Arabian Sea differs
from that in other oceans. While the same
fundamental pathways operate, it is the
relative importance of these pathways that
provide the biogeochemical signature of

‘ >
Figure 2)Gors Indian

Ocean Planning Group members and advisers (front row: Martien
Baars, Sharon Smith, Viktor Melnilkoy, John Brock; back row: Peter Burkill,
Micheni Ntiba, Bernt Zeitzschel (then chairman), Thabit Al-Abdessalaam, Sha-
hid Amjad) taking a break from their meeting in May 1992 aboard RV Tvro
during its outward voyage to start the Netherlands Indian Ocean Programme
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Figure 3)Gors cruises mounted by Germany,
India, Pakistan, UK and USA focused
upon good coverage of the northern
Arabian Sea during 1992/97 while
Netherlands jGors cruises tackled the
Somali system during 1992/93. The full
list of cruises is given on the Internet
at: http://ads.smr.uib.no/jgofs/invento-
ry/Indian/Indindex.htm

Country Date
Pakistan-US 1992-1995
__________ USA 1994-1996
.......... India 1992-1995
— m— United Kingdom 1994
PSS Germany 1995
—_———— Netherlands 1892-1993

each ocean. JGorsstudies in the Equatorial
Pacific in 1992 showed the tropical region
of that ocean to be efficient at recycling
carbon in the upperocean. There was little
export from surface waters to the deep
ocean in the equatorial Pacific, suggesting
that carbon exchange between the atmos-
phere, surface waters and deep ocean is
balanced. Studies in the North Atlantic in
1989/9(0), on the other hand, demonstrated
that biological activity in spring allowed
considerable drawdown of atmospheric
CO, to surface waters at temperate lati-
tudes. T'his was accompanied by export of
particulate carbon from surface waters to
the deep ocean. In the Arabian Sea, a
considerable quantity of the phytoplank-
ton carbon bloom is exported during the
SW Monsoon, Unlike the temperate At-
lantic where protozoans dominate grazing,
it is larger zooplankton that seem to act as
gatckeepers to the export process. In the
Arabian Sea, copepod species time their
reproduction to coincide with the phyto-
plankton bloom. Large zooplankton faeccal
pellets with high sedimentation rates and
vertical migration of the animals them-
selves provide a mechanism for the active
export of phytogenic carbon into the
ocean’s interior. This export is thought to
occur over a wide arca and is the mecha-
nism that fuels depletion of oxygen in the
midwater zone. The pattern thatis emerg-
ing is that seasonality, whether in the trop-
ics ortemperate latitudes, providesa mech-
anism by which particulate carbon can be

exported from the surface waters to the
deep ocean. The export of particulate car-
bon is, however, only one aspect of the
vertical flux of carbon. The dissolved car-
bon component is also important. In the
Arabian Sca where upwelling fuels surface
production so prodigiously, the balance
between particulate export of carbon from
surface waters on one hand and its remi-
neralisation at depth and return as CO,
through upwelling on the other, still re-
mains to be addressed.

What next?

In July 1997, the current round of jJGors
ficldwork in the Arabian Sea will end and
with itone phase of our research. The next
phase will focus upon data assimilation,
synthesis and modelling. "T'he first step in
this next phase involves assembling and
archiving all Jcors Arabian Sea data-bases.
Some of these activities have already been
set up at national level, and agreements
remain to be drawn up on international
access, exchange and integration. This is
an important step towards modelling bio-
geochemical cycling in the Arabian Sea -
anactivity that will be carried outatseveral
levels. A good understanding of physical
oceanographyand atmospheric forcing will
be required to underpin biogeochemical
cycling, Thiswill require collaboration with
the WoCE community who are also study-
ing the Arabian Sea. Modelling the carbon
cycle will involve analysing individual bio-
geochemical processes in detail within re-

stricted space and time scales. Once these
processes have been resolved, they will
have to be simplified to allow biogeochem-
istry to be embedded within general circu-
lation models with adequate space and
time resolution. This is an exciting pros-
pect and will keep the JGoFs Arabian Sea
modelling community busy well towards
the JGOFS sunsct in 2004,

Peter Burkill (Plymouth Marine Laboratory,
Prospect Place, West Hoe, Plymouth PLI 3DH,
UK.. e-mail: p.burkill@pml.ac.uk) has recently
taken over from Bernt Zeitzschel (FRG) as JGoFs
1opG Chairman. Other iopc Committee members
who have ensured the success of the jgors Ara-
bian Sea Programme are Thabit Al-Abdessalaam
(Oman), Shahid Amjad (Pakistan), Martien Baars
(NL), Otis Brown (US), Hugh Ducklow (US), R R
Nair (India), Ezekiel Okemwa (Kenya), Trevor
Platt (Can), Alan Poisson (Fr) and Sharon Smith
(USA). 1orG Meetings were held in Goa and
Bermuda (1991), aboard RV Tyro (1992) (see
Figure 2), Mombasa (1993) and Muscat (1994).
Roger Hanson (jcors cro, Center for Studies of
Environment and Resources, High Technology
Centre, University of Bergen, N-5020 Bergen,
Norway, e-mail: roger.hanson@jgofs.uib.no) is
Jcors Executive Officer. We thank Beatriz Balino
for preparing Figures | and 3.

! Ekman transport is the net flow of water
ta the right of the wind in the Northern Heni-
sphere and to the left in the Southern Hemi-
sphere, the deflection being a consequence of the
Coriolis effect.
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Thc regional and global quantification
of sources and sinks of major biogeochem-
ical elements such as carbon constitutes
one of the ultimate goals of many 1Gep
endeavours. ‘T'he degree to which this
quantification results in a closed global
budget providesacritical testof our under-
standing of the relevant source and sink
processes, while the estimated uncertain-
ties assigned to individual budget compo-
nents highlight directions of future re-
search. Clearly,a mere quantification perse
only highlights our present state of knowl-
edge; even more important is our under-
standing of how the budget changes with
time as a function of natural and anthropo-
genic perturbations. This, in turn, requires
long-term obscrvations, detailed process
studics and modelling. This article aims at
providing a summary of recent develop-
ments regarding the relative partitioning
of CO, uptake between land and sca based
on old and new techniques.

The i1pcc94 budget revisited.

The recentassessment by the irce 1994
of the different budget terms and their
uncertainties (all uncertainties in this arti-
cle are expressed as estimated 90% confi-
dence intervals) is given in Table 1 (page
10). The listed numbers are representa-
tive of the decadal average 1980-1989.
‘l'able 1 has been reorganised such thatall
terms related to land biotic sources and
sinks are listed at the end. Accordingly,
emissions from fossil fuel use and cement
productionamount to 5.540.5 GtCyr'. The
atmosphericincrease of 3.240.2 GtCyr, as
determined from the background CO,
monitoring stations, represents the best
known term in the budget. The ocean
uptake of 2.0£0.8 GtCyr is based on de-
tailed calculations with ocean models.
These include global 3-dimensional ocean
general circulation models, burt also sim-
pler box model representations of the
ocean. These models are either calibrated
or validated by means of observations of
transient cracers, such as radiocarbon, tri-
tium and CFCs, which are to some extent
analogue to the anthropogenic CO,.

"I'he fossil cmissions, together with the
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increases in atmospheric and oceanic CO,
storage imply that the terrestrial carbon
pools, as a whole, must have been a very
small net sink (0.3+1.0 GtCyr') or effec-
tively almost in balance during 1980-89. If
so, any terrestrial CO, emissions due to
land use changes (1.6£1.0 GtCyr') must
have been balanced by other terrestrial
sinks e.g. regrowing forests in temperate
latitudes (0.5£0.5 GtCyr') or other pro-
cesses such as fertilisation effects due to
theincreasing CO, concentration and from
increased nitrogen deposition. The iden-
tification of these latter processes (often
referred to as the “missing” or “unidenti-
fied sink™) and their quantification on a
regional and global scale represents a for-
midable challenge.

It is important to note, that global net
fluxes berween the atmosphere, ocean,
and the terrestrial biosphere, are not only
induced by the direct anthropogenic per-
turbation, 7. by the rise in atmospheric
CO,. The global carbon cycle is also sub-
jecttointerannual and longer term climate
fluctuations which induce temporary im-
balances in the natural exchange fluxes of
carbon between the different. Depending
on the approach and the time scale under

consideration, climate driven fluxes may
contribute considerably to a budget com-
pilation such as given in "I'able 1.

New Approaches

Howsolid are the inferences on the net
balance of terrestrial biospheric carbon?
Clearly the logic represented in the lines
(1)-(4) of Table 1 hinges crucially on the
ocean uptake term. T'wo new approaches
allow an independent check on this term.

A significant advance in the last few
years has been the development of meas-
urement techniques to determine changes
in atmospheric oxygen content with very
high-precision. 'T'echnically, the ratio of
O,/N, inair is measured, cither by interfe-
rometric techniques or by mass-spectros-
copy. Since the atmospheric content of
nitrogen can be assumed to remain con-
stant on timescales of decades to thou-
sands of years, the O,/N, ratio essentially
reflects the oxygen content of the atmos-
phere. T'hese measurements provide anew
possibility to discriminate the contribu-
tions of oceanic and biospheric sources
and sinks of CO,. This follows from the
face that O, is produced during photosyn-
thesis and consumed during any oxidation
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Figure |: Observations of the annually averaged mixing ratio of CO, (left axis, circle symbols)
and of oxygen (right axis, square symbols) in the northern hemisphere (solid sym-
bols) and in the southern hemisphere (open symbols). Oxygen mixing ratios are
shown as deviations from a reference value which is approximately 209,500 ppmv
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(2) Atmospheric increase (observed)
(3) Ocean uptake (model calculated)

(1) Fossil fuel and cement production

based on observations of “C/"*C ratio

- (1)-(2)-(3)

(4) Net balance of terrestrial biosphere

(based on forest statistics)

(5) Land use change emissions (primarily tropics)
(6) Regrowth of temperate latitutde forests

=4)+(5)-(6)

(7) COZ uptake by other terrestrial processes

intervals

Table 1: Atmospheric CO, Budget 1980-89 (ircc 1994)
5.5+0.5
3.210.2
2.0+0.8
based on observed O,/N, ratio trend (1989-1994) 1.9+0.8
2.1£1.5
0.3+1.0
1.6£1.0
0.540.5
(a.0. CO, fertilisation effect, N-fertilisation, climate effects)
1.441.5
Fluxes expressed in GtCyr, uncertainty ranges represent estimated 90% confidence

process in clearly defined stoichiometric
ratios relative to CO,. However, the oxy-
gen gas is only very weakly soluble in
oceanic waters, in contrast to CO, which is
strongly chemically buffered in the ocean-
ic carbonare system. Hence any oceanic
uptake of CO, is not mirrored by a corre-
spondingoxygenabsorption or release from
the ocean. As a consequence, the dynam-
ical behaviour of the two gases is different
and measurements of their behaviour are
not redundant.

Figure 1 (page 9) shows the annually
averaged records of the O, and CO, mixing
ratio from representative background mo-
nitoring stations in the northern (La Jolla
and Mauna Loa) and southern hemisphere
(South Pole and Cape Grim) [Keeling e/
al., 1996]. The oxygen mecasurements
(scale on the right) are expressed as ppmv
deviations from a standard which corres-
ponds to approximately 209,500 ppmv. It
is seen that the oxygen concentration is
diminishing at a slightly faster rate than
theincrease of the CO, concentration. This
reflects on one hand the stoichiometric
relation between O,and CO, in burning of
fossil fuels of about -1.4:1 and approxi-
mately-1.1:1 with respect to photosynthe-
sis and respiration of organic carbon. More
importantly it reflects also the fact that
oxygen is not buffered by the ocean. The
observations of the global trends in CO,
and O, provide two budget equations,
which permit the determination of the
oceanic and biospheric contributions in
the global CO, balance.

The quantitative analysis using the
longer O, record from La Jolla yields an
average oceanic CO, uptake of 1.940.8
GtCyr! (the error is the estimated 90%
confidence interval) over the time period
1989-1994. With an increasing length of
the record and provided that there are no
problems with long-term stability of the

standards, the uncertainty of the oxygen
based ocean uptake rate is expected to
decrease further. The oxygen analysis
yields also an estimate of the global net
terrestrial balance over the 1989-1994 time
period amounting to 1.8+1.1 GtCyr. This
is much larger than the base period adopt-
cd by the IPCC as given in Table 1. The
reason is that during the early 1990’s the
atmospheric CO, growth rate was much
smaller than during the 1980’s.

Observations of the isotopic composi-
tion of oceanic carbon, cither of the tem-
poral changes in the vertical C or of the
surface C/"*C distribution also allow an
independent determination of the oceanic
uptake of excess CO,. Because of the pres-
ently insufficient database of oceanic PC
measurements, together with uncertain-
ties in some of the other isotopic budget
terms, the current estimates based on the
BC technique are subject to considerable
uncertainties, yielding 2.0+1.5 GtCyr'over
the time period 1970-1990 [Heimann and
Maier-Reimer, 1996].

It is reassuring that both the oxygen
and the "“C based approaches confirm the
model based ocean CO, uptake rates, al-
beit with considerable uncertainties. It is
also important to note, though, that both
the PC/"*C and O,/N, based estimates of
the oceanic CO, uptake refer to different
timeperiods than the 1Pec 1994 budget.

Spatial constraints

Figure 1 also demonstrates the gradi-
entin the CO,and the oxygen mixing ratio
which exists on annual average between
the northernand the southern hemisphere.
‘I'he primary cause of this gradient are the
emissions of CO, and the corresponding
losses of oxygen from the burning of fossil
fuels raking place predominantly in the
northern hemisphere.

A quantitative assessment of these in-

terthemispheric mixing ratio differences
and of the more detailed spatio-temporal
structures as revealed in the CO, records
from the global monitoring station net-
works since the late 1970’s requires mod-
els that accurately describe the mixing of
air in the global troposphere. The most
conspicuous result from atmospheric mod-
elling studies was the inference of astrong,
presumably natural, CO, sink in the north-
ern hemisphere, offsetting about 40% of
the gradient induced from the fossil fuel
source. Whilst this finding is thought to be
rather robust, there remain substantial
uncertainties related to modelling of the
atmospheric transport as witnessed by a
recent model intercomparison. Further-
more, scasonal terrestrial biosphere ex-
changes also impact the mean annual mix-
ing ratio gradient between the
hemispheres. A continuation of the atmos-
pheric transport model intercomparison
and validation by means of observations of
long-lived atmospheric tracers such as sul-
phur hexafluoride (SF) is currently con-
ducted within the TRANSCOM project of
IGRP-GAIM.

The nature of the northern hemisphere
sink, whether of oceanic or terrestrial ori-
gin has been controversial. Again, analyses
based on measurements of O,/N, and of
BC/'C provide new insights. The oxygen
observations allow a separation between
oceanic and biospheric components in the
north-south gradient. Assuming that the
southern hemisphere biosphere plays a
negligible role, the gradient information
together with the global budget allows the
determination of the net terrestrial
biospheric contributions from the tropics
and from the northern temperate and high
latitudes. 'The analysis of the data for the
time period 1991-1994 yiclds a biospheric
sink of about 1.9+1.5 GtCyr'in the extra-
tropical northern northern hemisphere.
"This value, together with the global net
biospheric balance of 2.0 GtCyr'for the
same time period, implies that the terres-
trial equatorial regions must have been
almost in balance during 1991-1994. If so,
any net CO, releases from these regions
due e.g. to deforestation must have been
balanced by corresponding CO, uptake at
other locations in the tropics. The picture
provided by the oxygen measurements for
the carly 1990’ is grossly in accordance
with a recent analysis of the interhemi-
spheric gradient in the atmospheric *C/
2 ratio, which, however, refers to a short-
er time period.

The interhemispheric CO, mixing ra-
tio gradient in the 1980’s (at least 1980-87)
was similar in magnitude as during the




early 1990's (Figure 1), despite the fact
thatthe atmosphericincrease was substan-
tially smaller in the later period. Unfortu-
nately there exist no observations of the
O,/N, interhemispheric gradient for the
1980’s. If one assumes, in accordance with
ocean model calculations, that the oceanic
contributions to the meridional gradient
were similar in the 1980’s than in the early
1990’s, then one can postulate a large scale
scenario of land-sea partitioning of the
surface sources and sinks also for the 1980’s.
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Accordingly, the tropical terrestrial regions
must have been a net source of almost 1
GtCyr'in the 1980’s which subsequently
decreased to the balanced conditions dur-
ing the 1991-1994 period. It remains to be
scen, whether shifting patterns of land-
use or other factors, such as climate driven
fluctuations are responsible for this trend.

Reference:

Heimann, M. and E. Maier-Reimer,
1996. On the relations between the occan-

ic uptake of carbon dioxide and its carbon
isotopes. Global Biogeochemical Cycles, 10,
89-110.

Keeling , R.F., S.C. Piper and M. He-
imann, 1996. Global and hemispheric CO,
sinks deduced from changes inatmospheric
O, concentration. Nature, 381, 218-221.

Martin Heimann, Max-Planck-Institut fiir Me-
teorologie, Bundesstrasse 55, D-20146 Ham-
burg, Germany. Fax: (+49) 40 41173 298, Email:
heimann@dkrz.de

Therc is a need to connect the efforts of
the research community working to un-
derstand ourchanging planct with the day-
to-day concerns of the public and policy
makers worldwide. In spite of substantial
public interest in environmental issues,
and significant media attention, there is a
widespread lack of appreciation of the sig-
nificance of the changes under way.

Itis not just that scientists often find it
difficult to explain themselves in plain
language, but they have a tendency to
assume that the relevance of research is
self evident, when it is not.

How canwe improve our effectiveness
at getting the message across?

The following question and answer
session, based on what we believe are
deep human concerns, offers one approach:

Are we being poisoned?

Poisons involve more than eating or
drinking things that make us ill or kill us.
We are adding poisons to the air that we
breathe. 'T'he sources include emissions
from vehicles, from industry and from ag-
riculture, Although some emissions are
beingcontrolled in some nations, the over-
all levels continue to increase because of
growing populations and expanding econ-
omies. The problem is global. Even re-
mote arcas over the tropical ocean are found
to be polluted by the products of agricul-
tural burning on distant continents.

We can also be harmed by radiation.
The Earth’s outer ozone layer protects us
and our crops from damage by ultraviolet
radiation. "T'he ozone layer has been thin-
ning for several decades due to the emis-
sions of certain man-made chemicals. In

spite of international agreements which
seek to eliminate the problem, ultraviolet
radiation levels are not expected to de-
cline significantly for some years yet.

Are we damaging our life
support system?

The Earth’s ecosystems provide a vari-
ety of services essential to our well-being -
services for which we do not pay and which
we take for granted. These include the
purification of water and air, the recycling
of nutrients, the generation and preserva-
tion of soils, the pollination of crops, and
even the regulation of the atmosphere’s
oxygen content.

Ecosystems are being damaged by
human activities. We know about the ef-
feets of acid rain on forests and lakes, of
toxic chemicals on fish and wildlife, of
increases in ultraviolet radiation onall forms
of life, and of the major impacts of changes
in land use. In the longer term, shifts in
rainfall and temperature patterns, result-
ing from climate change, will also become
important.

The Earth’s ecosystems are being
strained to the point where their capacity
to provide services upon which we rely
may be seriously impaired.

Is there a future for my children?

There isa tradition amongst some soci-
ctics to “tread lightly on the Earth” - that
we are only here as carctakers for our chil-
dren, and that our actions must take into
accountthe interests of future generations.

In practice the uncertainties are so great
that we cannot predict the kind of future
that our children will face. However, it is

likely that they will experience profound
changes in ecosystems, in the climate sys-
tem, in the availability of water and food,
and in the distribution of diseases.

When we reduce species diversity, we
know that we are depriving our children of
future resources. And yet we do not know
enough at the moment to choose which
resources to save and which to let go.

What can science contribute?

Nations, communities and individuals
with the greatest understanding of global
change and its consequences will be in a
stronger position to take advantage of new
opportunitics and to adapt to the prob-
lems. Scientific rescarch provides the best
means of obtaining such understanding.
Given the vast size and complexity of the
Earth system, we cannot rely on the tradi-
tional methods of science. An unprece-
dented degree of interdisciplinary and in-
ternational co-operation is necessary. To
succeed will be science’s greatest chal-
lenge, but progress will depend on a wide
acceptance of the importance of the goal.

John Stone, Environment Canada, Atmospher-
ic Environment Service, Climate and Atmospher-
ic Research Directorate, 4905 Dufferin Street,
Downsview, Ontario M3H 5T4, Canada.

Richard Rockwell, icesr, University of Michi-
gan, PO Box 1248, Ann Arbor, MI 48106, USA.

Chris Rapley, iGep Secretariat, Box 50005, S-
104 05 Stockholm, Sweden.
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A key premise of the Lotcz Core Project
is that enhanced understanding of biogeo-
chemical processes in coastal systems must
be combined with an understanding of the
socio-economic factors that drive change
in the coastal zone. Thus far two Loicz
“guidelines” publications have been de-
veloped with the jointsupportofthe South
East Asian Centre for sTART (SARCS), the
Netherlands Foundation for the Advance-
ment of Tropical Research (woTro):

¢ Coastal Zone Resources Assessment

Guidelines (Turner and Adger, 1996),

and
¢ Loicz Biogeochemical Modelling

Guidelines (Gordon e a/., 1996).

These two documents are useful by
themselves as guides in the collection of
relevant data, modelling, and the analysis
of the data. The widespread application of
these guidelines will provide the Loicz
Core Project with the necessary informa-
tion base to eventually carry out the global
modelling activities described in the Loicz
Implementation Plan.

However, the ultimate challenge for
the participating organisations is the inte-
gration of these methodologies intoa frame-
work for carrying outintegrated modelling
of coastal systems that incorporates both
socio-economicand natural science aspects

of global change. This integration is being
pursued through empirical studies using
asa “test bed” four Core Research Sites in
Southeast Asia that arc supported jointly
by sarcs, woTRro and LOICZ.

The projects, with locations shown on
the map and descriptions below, all ad-
dress sarcs Immediate Objective 2: to in-
tegrate natural - social science assessment
of changes in coastal zones. All involve the
modelling and synthesis of both biogeo-
chemical and socio-cconomic data thatwill
be useful not only in characterising the
coastal zone processes in the region, but
also as test cases for the necessary concep-
tual and operational development for scal-
ing up to global analysis.

l. Integrated Coastal Zone
Management in Banten Bay

T'he Banten Bay project in Indonesia
(“Sustainable Coastal Zone Management
in Banten Bay: a process oriented study of
environmental degradation™) has been
approved by Loicz as a Core Project, and is
embedded in the SE Asian framework of
co-operation in global change rescarch
(sArRcs). Banten Bay is located in the north
western part of West Java, about 175 km
west of Jakarta. It features several coral
islands and river estuaries, and coastal and

Figure |. Location of sarcs/woTro/Loicz Core Research Sites in Southeast Asia.
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marine fisheries support some seventy
thousand people around the bay. The co-
ral forms the base and stability of the dif-
ferent coral islands; composition, distribu-
tion and functioning are affecred by
different patterns of sedimentation, abra-
sive forces, eutrophication and overfish-
ing. Seagrasses play a critical role with
respect to fisheries, and are affected by
changes in runoffofsedimentand nutrient
loads. Finally, the bay harbours the impor-
tant Pulau Dua Nature Reserve (since
1937), which is undersevere pressure from
tourism and general degradation of the
environment. Theareaislocated along the
main connection between Jakarta, Java
and Sumatra and is at the heart of the
economic development plans of Tndonc-
sia. conomic activities in the arca have
steadily increased over the last decades,
and in the near futurc asignificantincrease
is forescen. ‘T'he Bay of Banten is a typical
example of an area where human use of
both land and marine resources comple-
ment cach other, yet impact the fragile
coastal ecosystems on which both depend.
Aims of the research programme are to
developabetterunderstanding of the proc-
esses and derermining factors in the sus-
tainable use of the coastal ecosystem and
to contribute to a supporting framework
for the formulation and evaluation of pol-
icies and strategies for human activities in,
and exploitation of, the coastal ecosystem.

2. Carbon and Nutrient Fluxes
and Socio-Economic Studies of
the Merbok Mangrove
Ecosystem

T'he study site for the Malaysian Core
Research Site is the Sungai Merbok Man-
groves in the State of Kedah in the north-
western part of Peninsular Malaysia. The
Merbok Mangroves cover an arca of about
40 km? including about 10 km?of water-
ways at low tide. Universiti Sains Malaysia
started work on the system in the late 60’s
doing an ecological basecline study for a
massive prawn pond aquaculture project.
This led to the question of how much
mangrove could be put to alternative use,
f.e. aquaculture, without adversely affect-
ing the estuary and adjacent capture fish-
eries. The muld-disciplinary team of re-




searchers associated with the Universiti
Sains Malaysia’s Mangrove Ecosystems
Research Group has been working to an-
swer several important questions concern-
ing this ccosystem dealing with the possi-
ble socio-cconomic and environmental
impacts of changes to the mangroves: What
percentage of mangroves can be convert-
ed for other uses and what is the rationale
for arriving at the number? What are the
socio-economic effects of conversion of
mangrove land for other uses? Will the
capture fisherfolk be adversely affected?
Whatare the effects of industrialisation on
the mangrove ccosystem? The sarcs/wo-
TRO/LOICZ project will allow the continua-
tion and hopefully successful completion
of the flux studics. The work of socio-
economists will be incorporated into the
study.

3. Economic Evaluation and
Biophysical Modelling of the
Marine Environment of Bolinao
in Support of Management for
Sustainable Use

The Philippines’ Core Rescarch Siteis
Bolinao, a fringing reef system located on
the north-western side of Lingayen Gulf,
which is an embayment along the North-
west coast of Luzon. 'The Marine Science
Institute of the University of the Philip-
pines has conducted marine science re-
search in the area for almost two decades
and the College of Social Work and Com-
munity Developmentalso of the Universi-
ty of the Philippines has spent a decade
carrying out social science research among
the coastal communities of the Lingayen
Gulfincluding the coastal town of Bolinao.
"This mulci-disciplinary team will be stud-
ving the four major pressures on the area:
over-harvesting of fish, cutrophication,
deforestation and mining. It will build on
an ongoing Community Based-Coastal
Resources Management projectin Bolinao.
‘I'he proposed rescarch will centre on the
rown of Bolinao and its fringing reef-sca-
grass ecosystem. This ecosystem is pre-
sumed to play a critical role in the mainte-
nance of the rich demersal and pelagic
fisheries of the Lingayen Gulf. This natu-
ral resource base provides for 30% of the
employmentin the town of 53,000 people.
"T'his dependence will most likely increase
with the rapidly growing population whose
options for employment in the land based
activities of farming and industry are lim-
ited. "T'he total population for the water-
shed of Lingayen Gulf is estimared at
around 5 million people and although the
population in the inland mountainous a-
reas i1s low, mining activities are wide-
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spread with unrestricted tailings discharge
and result in consequent environmental
pressures from coastal sedimentarion.

4. Economic Evaluation Studies
of Mangrove Conservation and
Rehabilitation in Nam Ha
Province

The focal area of the Vietnam Core
Research site is the region of the Red
River delta, an arca with diverse economic
activities and sertlements and a range of
ecological “habitats” for comparative study.
Itis one of the main agricultural regions of
Vietnam with rice production of over 200
kgfcapita. It is served by a complex irriga-
tion and food production system. There is
increasing investment in “high-value”
products such as shrimp ponds at the ex-
pense of mangrove arcas. Although this
provides financial supplement to the low
household incomes from rice farming in
marginal areas, it seriously reduces the
protection of the coast from flooding and
crosion afforded by the mangroves. The
Mangrove Ecosystem Research Centerhas
worked in the arca for over 20 years. In
conjunction with the Centre for Environ-
mental Rescarch, Education and Devel-
opment the proposed research will con-
tribute to the development of dynamic
models that could be used in formulating
scientifically grounded managementstrat-
egics for the smidy area.

Inaddition to the projectcontacts, LOICZ
Scientific Steering Committee ($5¢) mem-
bers actively participating in the develop-

ment of the integrated guidelines include
Edgardo Gomez (SSC Chair), Stephen
Smith (Biogeochemical Modelling), Jaha-
ra Yahaya (Economics), and Kerry 'I'urner
(Economics). A workshop held recently in
Hanoi, Vietnam, October 26-30th, 1996,
brought together researchers from the core
rescarch sites and other sites in the region,
1.oicz Scientific Steering Committee (ssc)
members, cro staff and resource persons
to work together in developing a draft
conceptual framework model for the inte-
gration of socio-cconomic and natural sci-
ences.

Further development activities are
scheduled to provide essential testing, val-
idation and evolution of the draft concep-
tual framework, and publication of an inte-
grated modelling guidelines document is
expected in 1997. Application of these
guidelines is expected to enhance the as-
sessment and prediction of global change
in the coastal zone, and also, in conjunc-
tion with Loicz development of coastal
rypologies, to facilitate globalisation of
coastal zone effects based on application
of general principles to type locales.

Paul Boudreau, Loicz cro, Nioz, PO Box 59, NI-
1790 AB Den Burg - Texel, Netherlands.
Robert W. Buddemeier, Kansas Geological
Survey, University of Kansas, 1930 Constant
Avenue, Lawrence, KS 66047, USA.

For further information on these projects please
contact the Loicz ¢Po, NIOZ, PO Box 59, NL-1790
AB Den Burg - Texel, Netherlands
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Thcrc is a pressing need for information
on how terrestrial ccosystems influence
trace gas fluxes between the biosphere
and atmosphere and impact the Climarte
System.

Mathematical models are a valuable
tool to integrate and extend knowledge on
the interactions between the biosphere
and atmosphere. However, in order to en-
hance our ability to predict weather and
climate changes using mesoscale and gen-
eral circulation models, we need experi-
mental data of relevant surface fluxes to
parameterise algorithms for computing
mass and energy exchanges between veg-
etation and atmosphere. Quantitative esti-
mates of fluxes are also needed to develop
surface aggregation schemes for the inte-
gration of fluxes from the scale of a parch-
work of landscapes to the regional and,
ultimately, the global domain.

With regard to CO, exchange, terres-
trial ecosystems have a potential role for
long-term CO, uptake from the atmos-
phere and carbon storage. How much and
where the biosphere can store carbon are
two questions that are currently receiving
attention. A number of recent studies sug-

gest a sink of carbon in the regrowing
forests of the Northern Hemisphere,
though the estimates are imprecise. Esti-
mates of this term range from essentially
zero to >0.7 GtCy"'. T'he uncertainty of
this magnitude arises from the wide dis-
parities in the published data and assump-
tions employed, particularly when inven-
tory-based estimates are used.

Within this decade, developments in
micrometeorological technology and the-
ory are starting to make the study of the
interactions between vegetation and the
atmosphere routine, particularly by recent
improvementof the eddy covariance meth-
od which provides a direct measure of
biosphere-atmosphere mass and cnergy
fluxes. Historically, this technique has been
used primarily in intensive and short-term
land surface experiments, but new oppor-
tunities are arising for application at larger
spatial and longer temporal scales since it
is now possible to make continuous meas-
urement of carbon dioxide and water flux-
es on a seasonal basis with hourly time
resolution. [tisalso possible to standardise
the equipment and methodology, using a
common software and instrumentation

design in order to have a solid basis for site
intercomparisons.

Lastyearan international workshop on
strategies and future perspectives of a glo-
bal network for studying fluxes of water
vapour and carbon of terrestrial ecosys-
tems was organised under the sponsorship
of BAHC, GCTE, and 1GAC, the US Depart-
mentof Energy and Nasa. In this workshop
more than 25 flux measurement experi-
ments on terrestrial ecosystems were pre-
sented. Onc of the insights from this work-
shop was that longer term studies are
necessary to be useful for global climarte
modellers, mesoscale meteorologists, Soil
Vegetation Atmosphere T'ransport (SVAT)
developers and ecologists.

Continuous eddy covariance measure-
ment of CO, fluxes over an annual basis is
the only direct tool for estimating net eco-
system production (NEP), which is critical
for evaluating the carbon balance of an
ecosystem and vitally important for assess-
ments of the fate of excess CO, from com-
bustion of fossil fuel. Also, long-term flux
measurements are needed to capture sea-
sonal dynamics. Many of the processes
driving water and carbon fluxes at the

Figure |: A preliminary registry of flux stations in the world compiled on the basis of the forms received
so far. Triangles are currently operating, circles are planned operating stations




IGBP NEWSLETTER 28

The EUROFLUX Project

EUROFLUY, is funded by the European Commission, Directorate General XII under the Environment
and Climate Programme (EUROFLUX ENV4-CT950078). The project consists of a combination of flux
measurements on a continuous multi-year time basis with ecological process interpretation and
modelling. Long-term measurements of the fluxes of CO,, water vapour and energy exchange are
carried out at 15 representative forest sites encompassing the entire range in European climate, species
distribution, and site conditions. The selected sites are representative of the regional features of the
European basin (Mediterranean, Boreal, Continental, Aclantic), and form a unique integrated system
for the analysis of climate related ecosystem processes, their impact on hydrological and carbon cyeles,
and test cases for validation of environmental policies.
In this context the EUROFLUX programme addresses the following specific objectives:

1 tocharacterise fluxes and energy exchange at the surface in order to provide useful parameters for
global and regional climate modellers and to analyse the variables that determine energy partition-
ing by forests in different climatic conditions, including extreme events and stress limitations.

2 to determine the sink strength of European forests for carbon and analyse the variables that
determine the gains and losses of carbon from forests of differing vegetation composition and in
different climate regions.

3 toanalyse the response of European forest water and carbon fluxes to climatic factors in order to aid
regional scale modelling designed to predict impacts of global environmental change on forest
ecosystem function.

4 to provide objective data for the validation of forest models, related to growth, partitioning of
primary production, water cycling, and hydrology.

5 o provide information for the development and testing of schemes designed to elaborate forest-

atmosphere interactions based on remotely sensed data.
6 to recommend management strategies for the conservation of carbon stores in forests,

The sites are distributed geographically along a North-South transect, going from about 41° to 65°
North Latitude and from about 20° West to 25° East longitude.

Project co-ordinator: Riccardo Valentini, University of Tuscia, Viterbo, lzaly.

Other related projects on Ocean, Biosphere and Atmosphere interactions (1:8coBA - Biosphere),
Amazonian (CABARE), Sahel (Hapex - Sahel), desertification (EFEDA), impacts on high CO, and
temperature on forests (EcocraFT and LTEEF) and climate change (cLIMEX) are funded by the Climate
and Natural Hazards Unit of the Directorate General for Sciences, Research and Development

(DGXII).

Hazards Unit DGII-D2.

For further contact: Anver Ghazi and Panagiotis Balabanis, European Commission, Climate and Natural

ccosystem level are strongly dependent
on scasonal changes in climarte. Seasonal
changes of phenology, available energy
and biomass production significantly af-
fect the rates and properties of water and
carbon exchanges in the atmosphere. Ex-
treme events (extreme temperature, high
wind velocity, drought conditions) are not
usually considered during short term field
campaigns but they can have a strong im-
pacton the hydrological and carbon cyeles.
Finally, questions concerning the biosphe-
ric responses to interannual climate varia-
bility require continuous flux measure-
ments. For example, how do terrestrial
carbon fluxes differ during Enso (El Nifio
Southern Oscillation) years, rather than La
Nifia (the “negative” phase of an El Nifio
event) in regions influenced by this clima-
tology? ITow do perturbations such as the
eruption of Mt. Pinatubo influence
biospheric carbon exchanges?

With thisabilicy athand and the results

capitalised in the La Thuile workshop,
many members of the scientific communi-
ty have recommended the establishment
of a network of flux measurement sites
over a spectrum of ccosystems. Hence, a
global flux network initiative (FLUXNET) is
now proposed. It is the result of a co-
ordination activity carried out under the
auspices of Banc, derived from recommen-
dations outlined in Report No. 27 (BaAlC
Operational Plan 1993/1996, Focus 1, Task
1.1.2 “Implementation and co-ordination
of long-term monitoring of water and car-
bon fluxes for terrestrial ccosystems™).

A parallel concept has been developed
within GoTE (GCTE - Focus 1, Activity 3 of
the Operational Plan ), co-operating with
BAHC, where the need for long-term flux
measurements and canopy functional rela-
tionships has been highlighted in order to
better understand of the impact of global
changes on biogeochemical cycles.

A first inventory of the flux stations,

based on the registration forms received so
far, is shown in Figure 1. Of particular
note, the European Commission, Directo-
rate General XII, under the programme
Environment and Climate is currently
funding a three year project on long-term
flux measurements of carbon dioxide and
water vapour on 15 different forest ccosys-
tems of the European continent, encom-
passing a wide range of climates and vege-
tation types and structures (sce box). A
similar network has been established on
the American continent, AMERIFLUX, with
support from the US Departmentof Ener-
gy and other US and Canadian Agencics.
Australia and New Zealand will also be
covered by a flux network (0zrLUx).

In the framework of the Large Scale
Biosphere Atmosphere Experiment in
Amazonia (L.BA), an array of flux tower
measurement sites will be installed along
two eco-physiological and land use inten-
sity transects. Continuous flux measure-
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ments and supporting monitoring of basic
environmental characteristics will extend
in L.BA overseveral years with the intention
of capturing the interannual dynamics of
ecosystem behaviour. Selected flux meas-
uring sites along these transects will be
kept operational as a part of FLUXNET be-
yond the Laimplementation period (1997-
2003).

A global organised network of multi-
purposc tower measurements is now be-
ing considered by the US nasa Mission to
Planet Earth as a primary source of ground
validation data for che Earth Obscrving
System (ros) satellite series. The Eos tow-
er requirements also include instrumenta-
tion foratmospheric haze and aerosol moni-
toring for both radiometric corrections of
satellite dataand forcloud characterisation
for meteorology. A sun photometer net-
work has been prototyped for this purpose,
and can easily be added to a flux tower
configuration. An additional dimension in
the Eos tower plan isa “footprintanalysis”,
a quantification of the vegetation cover,
Leaf Area Index (1.A1), and carbon storage
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forthe land surface ina 1-km radius around
the tower. These vegetation measurements
will then allow a complete svAT model
parameterisation of a tower location, and
allow the resulting flux measurements to
serve as validacion of svAT models, as sug-
gested in the original BAHC Science Plan.
EOS also sponsors a data archiving center
for global biogeochemical research and isa
leading candidate for the central archive
for a flux network.

T'wo integrated global observing sys-
tems sponsored by the World Climarte
Research Program are also considering a
global tower network multi-purpose glo-
bal change monitoring. The Global Cli-
mate Observing System (Gcos), and the
Global Terrestrial Observing System
(¢Tos) both have objectives of monitoring
key aspects of global change. The tower
flux network being planned by 1Gsp fulfils
many of the objectives Gcosand GTos have
for measurement of relevant terrestrial
variables, global co-ordination and data
quality control and continuous operation,

Itisalsoforeseen that the 1GeP L'ransect

Studies consider the long term flux sta-
tions as an important contribution to the
integrated science programme which is
going to be implemented in various re-
gions of the world. A co-ordination meet-
ing is being considered for Summer 1997
to attempt to unify both objectives and
requirements of these different interna-
tional organisations for a global tower net-
work. It could well be that the global flux
network initiated by Banc will be the tem-
plate from which a comprehensive global
tower based monitoring plan can be de-
rived.

Riccardo Valentini, Department of Forest Sci-
enceand Environment, University of Tuscia, 01 100
Viterbo, Italy.

Dennis C. Baldocchi, noaa/erL, Atmospheric
Turbulence andDiffusion Division, PO Box 2456,
Oak Ridge, TN 37831, USA.

Steven W. Running, School of Forestry, Mon-
tana Forest and Conservation Experiment Sta-
tion, University of Montana, Missoula, MT 5981 2-
1063, USA.

AmeriFlux Network.

The AmeriFlux network consists of more than 20 long-term carbon flux measurement sites in
North and Central America. Vegetation at these sites encompasses temperate deciduous,
temperate evergreen, boreal, montane, and tropical forests, pine plantations, natural grasslands,
crops, and tundra.

To assist with the co-ordination of the AmeriFlux network, the US Department of Energy
established a network science team (contact person: David Hollinger, E-mail:
DavidH@christa.unh.edu). T'he science team provides information, guidance, quality assur-
ance and control, and facilitates data exchange and archiving among the stations. The science
team is also involved with developing and refining flux measurement protocols and data usc
strategies. As part of its quality assurance and control activities, the flux team will maintain and
circulate among the network sites calibration standards for temperature, humidity, radiation,
and other environmental variables.

At an initial meeting of flux network participants discussed at length methods to insure
comparability of flux systems. The group decided upon a strategy of establishinga “master” flux
measurement system that would be transported and set-up at each of the flux measurement
sites. This system will be based upon that presently in use at the Harvard Forest. Flux network
members met to discuss addicional network issues including flux measurement hardware and
software, nocturnal measurements, quality control protocols, data archiving, and ecological data
concerns.

Getting involved with FLUXNET

A register of Flux stations around the world is established by Banc. A flux station should be an eddy covariance station
for CO,/H,0 fluxes over terrestrial ecosystems with an existing or planned duration of 1 year at least. The advantages
of being registered are multiple, such as the facilitation of data exchange, promotion of new research projects,
participation in workshops, access to a common database of flux measurements, etc.

For more information andlor registration forms, please contact Riccardo Valentini at the Department of Forest Science and
Environment, University of Tuscia, 01100 Viterbo, ltaly. E-mail: GAINQUNITUSIT or by fax: (+39-761) 357 389.
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The IGBP 1995
Central Budget

During 1995, the total income of the
1Garcentral budgetwasarecord US$1.75m.
Contributions were received from 43 Na-
tions, from 1csu, the cie, The Swedish
Council for Planning and Co-ordination of
Research (FRN), and from the Dutch Elec-
ricity Generating Board. Figure 1 is a
league table of contributing nations, in
order of magnitude of contribution.

Sweden

USA
Germany
Japan

United Kingdom
Italy

Russia
Netherlands

9 Australia

10 Switzerland

I China, Taiwan
12 Belgium

13 Norway

14 Canada

15 Austria

0Ny bW —

Figure |
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Tortal expenditure during the same
period was US$1.70m. This covered the
costs of all scientific planning meetings
(46%), publications (5%), the operational
costs of the Secretariat (18%), and the
salary costs of the Secretariat (31%). Fig-
ure 2 displays the expenditure in these
broad categories as a pie chart.

We are extremely grateful to all those
individuals who worked tirelessly on our
behalfto ensure our central support during
difficult financial times.

Chris Rapley and Elise Winnman, IGBP
Secretariat, Box 50005, S-104 05 Stockholm,
Sweden.

16 China, Beijing
17 Denmark

18 Finland

19 Czech Republic
20 Mexico

21 Greece

22 Israel

23 Poland

24 Ireland

25 South Africa
26 Slovakia

27 Bulgaria

28 Singapore

29 Thailand

30 Tunisia

1995

Admin+Equi
p.
18%
Science
planning
46%
Salaries
31%
Publications
5%
Figure 2

3! Chile
32 India
33 Philippines
34 Argentina
35 Mongolia
36 New Zealand
37 Botswana
38 Estonia
39 IKenya
40 Romania
41 Togo
42 Colombia
43 Sri Lanka

C. Rapley

Clockwise from top: John Marks,

Kirsten Broch-Mathisen and Chris
Rapley at the 1GrFa meeting in Oslo,
Norway; The icee Officers visited

the Korean Oceanography Centre

(korpl) in Korea; the icep Officers at

their recent meeting in Seoul, Ko-
rea.
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IGBP

New Chairs for
Scientific Steering

Committees

IGBP-DIS

ean-Paul Malingreau is the new Chair of
the Scientific Steering Committee for the
i6BP Data and Information System. Dr
Malingreau is employed at the Joint Re-
search Centre of the European Commis-
sion in Ispra, Italy, where he has estab-
lished a research team and facilities for the
global monitoring of vegetation.

Dr Malingreau studied hydrology and
ecology at the University of California,
Davis. After his PhD in Ecology he started
working as a specialist for the Agricultural
Development Council at Gadjah Mada
University in Indonesia. He has worked as
a Research Fellow at the East West Center
in Hawaiiand at the US National Research
Council. Since 1986 he has been working
at the Joint Research Centre in Tspra.

He is a member of the American Geo-
physical Union and is Chairman of the
International Users Committee SPOT-VEG-
ETATION Instrument. His research inter-
ests are focused on the use of space obser-

vation for natural resource assessment,
environmental monitoring and deforesta-
tion studies. Dr Malingreau has been a
member of 1GP-DIs for the past 3 years.

ohn Townshend is leaving the 1G8P-DIS
Scientific Steering Comittee aftersix years
with IGBP-DIs - three years as vice-chairand
the last three years as chair. His chairman-
ship has been crucial to the development
of 1GBP-DIS, in particular during the very
difficultyear thatigee-pis had to overcome
without a Core Project Office in place.
Professor Townshend is Chair of the De-
partment of Geography of the University
of Maryland. His research intercsts are

focused on applications of remote sensing
to vegetation characterisation, geographic
information systems and geomorphology.
Professor Townshend is chair of the Glo-
bal Climate Observing System (Gcos).

GCTE

|an Noble is the new chair of the Scientif-
ic Stecring Committee for the Global
Change and 'T'errestrial Ecosystems
Project. Professor Noble is Professor of
Global Change Rescarch for the Ecosys-
tem Dynamics Group at the Australian
National University in Canberra. He has
been editor for the Australian Journal of
Eeology and has served as President of the
Ecological Socicty of Australia from 1991
to 1993.

Professor Noble studied botany and
zoology at the University of Adclaide in
Australia. After receiving his PhD in Biol-
ogy he started working as a Research Fel-
low for the Research School of Biological
Sciences at the Australian National Uni-
versity in Canberra. He has been one of
the founders of the Ecosystem Dynamics
Group and has been Group Leader of a
team from 1987 onwards. I'le has worked
with several international scientific organ-
isations, including scori, the Internation-
al Union of Biological Sciences (1uss),
UNESCO Man and the Biosphere (MaB) and
the Intergovernmental Panel on Climate
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Change (rcc). His scientific research in-
terests are experimental studies and mo-
dels of the dynamics of vegetation subject
to disturbances such as fire, grazing or
climatic change. Professor Noble has been
a member of the GOTE ssc since 1991.

Brian Walker is leaving the chairman-
ship of the Gore Scientific Steering Com-
mittee after six years of visionary leader-
ship. During this time GeTE has cvolved
towards a synthesis stage involving more
than 700 scientists throughout the world.

Dr Walker has been involved in the
1GBP from the very beginning and many
will remember him for his dedication in
building up Ge1E to its present status. Dr
Walker will again be able to devote his full-
time actention to his research work at the
University.

New members of

SC-1GBP

I he following four scientists have been
nominated by 1csu as members of the sc-
IGBP.

Pamela Matson, of the Department of
Environmental Science, Policy and Man-
agement of the University of California,
Berkeley, is a professor of ecosystem sci-
ence. Shereceived a PhD in forest ecology
from Oregon State University in 1983 and
has worked for nine years as a research

scientist at Nasa/Ames Research Center.
Her research has focused on the effects of
naturaland anthropogenicdisturbances on
biogeochemical cycling and trace gas ex-
change in tropical ecosystems. She has
been active in developing interfaces be-
tween ecological and atmospheric scienc-
¢s, and has been involved in numerous
multi-disciplinary, multi-national planning
and research activities. She was elected to
the American Academy of Sciences in 1992
and has won a MacArthur Fellowship for
1995-2000. She has been a member of the
1GAG-88C from 1991 to 1996, of which the
last three as vice-chair,

Carlos Nobre is head of the Center for
Weather Forecasting and Climate Studies
at INPE in Brazil. He received a PhD in
Meteorology from the Massachussetts In-
stitute of Technology in 1983 and has
worked in different positions for INPE. His
research has focused on tropical deforest-
ation and climate impacts.He is an active
memberofisLscr and GeweXand isa mem-
ber of the Gam Task Force. He has been a
memberof the Banc-ssc from 1991 to 1996.

Henning Rodhe, of Stockholm Uni-
versity in Sweden, is professor of chemical
meteorology as well as director of the In-
ternational Meteorological Institute in
Stockholm and Vice Dean of the Faculty
of Sciences of Stockholm University, He
received a PhD in meteorology in 1969
and has worked at the universities of Nai-
robi and Seattle, as well as at the National
Center for Atmospheric Research in Boul-
der, USA and at csiro in Mordialloc in
Australia. His research has focused on bio-
geochemical cycles in the atmosphere. He
is president of taMap’s Commission on At-
mospheric Chemistry and Global Pollu-
tion (cacGp) and is a member of the Hu-
man Rights Committee of the Royal
Swedish Academy of Sciences. He has
been a member of the 16Ac-s5¢ from 1991
to 1996.

Bob Wasson, of the School of Resource
and Environmental Management at the
Australian National University in Canber-
ra, Australia, is professor of geography . He
received a PhD in Geology from Mac-
quarie University in 1975 and has worked
at different universities, such as the Uni-
versity of Auckland, New Zealand and the
Physical Resarch Laboratory in Ahmeda-
bad in India, and recently at the csiro
Division of Water Resources in Canberra.
His research has focused on geomorpholo-
gy and sedimentology of rivers and mass
movements, acolian processes and land-
forms, past environments and climatic
change and land and water management.
He has been vice-chair of the PAGES-ssc for
the past six years.
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New Executive
Officer for LOICZ

Roy Sidle has accepted the position of
Executive Officerat the 1.o1cz Core Project
Office, and will join the cpo staff on De-
cember 1, 1996. Dr Sidle is currently em-
ployed as Senior Research Hydrologist in
the Geological Survey of Denmark and
Greenland. Prior to that, he was a research
scientist and Project Leader in the US
Forest Service in Alaska and Utah for 15
years. He has also served in positions as
Watershed Extension Specialist with Ore-
gon State University and as research scien-
tist with UsDA Agricultural Research Serv-
ice.

With training in hydrology, soil sci-
ence, and civil engineering, Dr Sidle has
BScand MSc degrees from the University
of Arizona, and a PhD from Pennsylvania
State University. He has worked exten-
sively in coastal watershed systems from
both a scientific and a management stand-
point, dealing with the interaction between
forestry and fisheries in both terrestrial
and marine environments. His background
includes the development, co-ordination,
and management of multidisciplinary re-
search focused on water quality and inte-
grated ecosystem studies. He holds ap-
pointments as Adjunct Professor in the
Departments of Forest Resources, and of
Civil and Environmental Engineering at
Utah State University.

Dr Sidle’s international experience in-
cludes receipt of a fellowship from the
Science and Technology Agency of Japan
to develop co-operative studies in water-
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shed hydrology and erosion, and numer-
ous follow-on collaborations in Japan. He
has also carried out research or consulting
activities in Iceland, Indonesia, Malaysia,
New Zealand, Norway, Oman, PR China,
Taiwan and Thailand.

Dr Sidle replaces Dr John C. Pernetta,
who left the Loicz cro in June to accept a
position with the UNEP GEF Co-ordination
Unit in Nairobi, Kenya.

New President
for SCOR

At their recent meeting SCOR selected a
new president, John Field.

Professor Field is well known in the
168P for his chairmanship of JGors, which
has been extended for one year.

1996 AGU Fellows

elected

Thirty—two distinguished scientists were
awarded as acu Fellows in 1996. This se-
lection was based on the individuals® at-
tainment of acknowledged eminence in a
branch of geophysics. Among the new fel-
lows are Incz Fung, newly selected to the
Gam Task Force, and Piers Sellers, former
1sLsce member of the Banc Scientific Steer-
ing Committee,

Inez Fung was selected for her pio-
neering work in ocean and climate model-
ling and, above all, the biogeochemical
cycle of carbon, for which she has uniquely
combined remote sensing and synthesis of
sources with three-dimensional modelling
to change our view of global carbon diox-
ide.

Picrs Sellers was selected for his inci-
siveand prolific research contributionsand
leadership in advancing our understand-
ing of the role of vegetation in the climate.




IGBP and Other
Meetings

Only meetings marked with * are open for all scientists to
attend, M1 other nieetings are by invitation only.

1997
1997, TBA
1aap-n1s Focus 1: Soils we meeting.
Early 97, TBA

land Usc and Climate Impacts on IFluvial Systems
Workshop.

Robert Wasson, Research School of Pacific Studies, Aus-
tralian National University, Canberra, Australia. Fax:
(+01-6) 249 3770, ls-mail: robert.wasson@aunn.edu.an
Early 97, TBA

The Use of Stable Isotopes in selected Palcoar-
chives Workshop.

Frank Oldfield, races Core Project Office, Birenplarz 2,
3011 Berne, Switzerland, Fax: (+41-31) 312 3168, E-
mail: pages@ubeciu.unibe.ch

8-10 January, Reduit, Mauritius

satrofsascom Workshop on Aerosols, Biomass Burn-
ing and Acid Rain.

AP Mitra, sascon, National Phsycial Laboratory, Hill-
side Road, New Delhi 110 112, India, Fax: (+91-11)
575 2678, li-mail: apmitra@doe.ernet.in

11-12 January, Reduit, Mauritius

4th sascom Meeting.

A.P. Mitra, sascout, National Phsycial Laboratory, Hill-
side Road, New Dellii 110 112, India. Fax: (+91-11)
575 2678, E-mail: apmitra@doe.crnet.in

11-22 January, Siwa Qasis, Egypt

mguA-pAGES Workshop on Continental Signals of
Paleomonsoon Dynamics in Africa: Interhemispher-
ic Perspectives.

Stefan Kroepelin, ixgua-racES Paleomonsoons Project,
Free University of Berlin, Podbielskiallee 62, 14195
Berlin, Germany. Fax: (+49-30) 841 00363, li-mail:
skroe@zedat fu-berlin.de

20-23 January 1997, New Delhi, India
sTART/APN/ILDP/GoTE Worlcshop on Human Dimen-
sions of Global Environmental Change in Asia
NP Mitra, sascon, National Physical Laboratory, Hill-
side Road, New Dellhi 110112, lndlia. Fax:(+91-11)575
2678, li-mail: apmitra@doc.ernet.in

21-23 January, Santa Barbara CA, USA

ois Focus 1: Land Cover Working Group Meeting,
Alan Belward, Space Applications Institute, Monitoring
of Trapical Vegetation, Joint Research Centre of the cEc,
Ruilding 44, 1-21020 Ispra, Varese, ltaly.

27-28 January, Merseyside, UK

JGors Data management Task Team Meeting,
Ray Lowry, vurr Ghair, British Oceanographic Data
Center, Proudman Oceanographic Laboratory, Bidston
Observatory, Birkenhead, L43 TRA, UK. Tel-{+44-151)
653 8633, E-mail: 1#l@ua.nbi.ac.uk

30 January-1 February, Potsdam, Germany
ExCom Meeting BAHC $50.,

1Grr-ranc Core Project Office, Lustitute for Clinmare Ln-
pact Research, PO Box 601203, D-14412 Poisdam,
Germany. Fax: (+49-331) 288 2547

TBA, Japan

GeTE Rice Network: Face and 161 (Temperature
Gradient 'Tunnel) CO, Planning Workshop.

I'GBP NEWSLETTER 28

K. Kobayashi, National lustitute of Agro-Fnvironmen-
tal Seience, Tsutuba, Tharaki 305, Japan. Fax: (+81-
298) 38 8211, E-mail: clasman@niaes.affre.go.jp
10-14 February, La Jolla CA, LUJSA

Joint GEWEX-1sLscp/piLps and 1GBr-BAHC/GCTE Work-
shop.

Dawn Ehrlich, cewvex Project Office. E-mail:
gewex@cais.com

17-20 February, Nairobi, Kenya
aoTE/Luce/wHo/Fao/Lsirty Workshop: Global
Change Impact Assessment Approaches for Vectors
and Vector-Borne Diseascs.

John tngram, cere Foeus 3 Officer, Center for Feolagy
and Hydrology, Maclean Building, Crowmarsh Gifford,
Wallingford, OX10 8BB, United Kingdom. I-ax: (+44-
1491) 692 313, li-mail: j.ingram@ioh.ac.uk

19-22 February, Bogor, Indonesia
START/WCRP/GCTE: Climate Variability, Agricultural
Productivity and Food Security in Asian Monsoan
Regional Workshop.

Will Steffen , cer: Core Project Office, asiro, Division of
Wildlife and Ecalogy, PO Box 84, Lyneham, ACT 2602,
Australia. Fax: (+61-1) 241 2362, li-mail:
wis@clr.dwe.csiro.au.

24 February - 2 March, Norwich, UK

12th sc-1G8r Mecting,

TBA, Santa Barbara CA, USA

Joint 16sp-sanc/ceTE/DIs Workshop on Large-scale
Pattern and Process in Root System Structure and
Dynamics.

Bhaskar Choudhury, Nasa-GSFc, Code 974, Greenbelt,
MD 20771, USA. Fax: (+1-301) 286 1758 and Chris
Field, Carnegie Institution of Washington, Stanford CA,
USA. Fax: (+1-415) 325 6857

March, Kathmandu, Nepal

sascom Meeting on Dynamics of Land Use/Land
Cover Change in the Hindu Kush-I limalayas (ten-
rative).

Lisa Graunilich, Institute for the Study of Planet Earth,
University of Arizona, Tucson AR 85748, USA. Fax:
(+1-520) 621 5004, Is-mail:graumlich@ltrr.arizona.edu
March, Tueson AZ, USA

s IYocus 1: Soils Pedo T'ransfer Function meeting.
Sorrosh Sorooshian, Dept. of Hydrology and Water Re-
sources, University of Arizona, Tucson, A\Z. 87521, USA.
Fax: (+1-602) 621 1422

3-12 March, Mombasa, Kenya

African Gan/stary Tutorial Workshop on Terres-
trial Modelling.

Dork Sahagian, cans Task Force Office, Institute for the
Study of Earth Oceans and Space, University of New
Hampshire, Morse Hall, 39 College Road, Durham, NI
03824-3525, USA. Fax: (+1-603) 862 1915, E-mail:
gaim@uuh.edi

4.6 March, Barcelona, Spain

8ch 1Gr-pis Scientific Steering Committce Meet-
ing.

Gérard Szejwach, 1cne-nis Office, 42 Avenue G. Coriolis,
F-31057 Tonlouse, France. Fax: (+33) 61 07 85 89, I.-
mail: gerard sxefwach@ighp.cnrm.meleo fr

11-12 March, Japan (tentative)

pcc/srarT Integrated Asscssment Modelling Train-
ing Programme Core Group Planning Mceting.
Hassan Viri, International START Secretariat, Suite
200, 2000 I forida Avenwe, NW, Washington, DC 20009,
USA. Fax: (+1-202) 457 5859. F-mail:
start@dis.starr.org

16-18 March, Bogor, Indonesia

GCTE ss¢ Mecting

Wil Sreffen , GeTE Core Project Office, esivo, Division of
Wildlife and Feology, PO Box 84, 1 yneham, ACT 2602,
Australia. Fax: (+61-1) 241 2362, L-mail:
wls@chr.dave.csiro.an.

18-20 March, Bogor, Indonesia

e Activity 3.4 Workshop: Complex Agro-ecosys-
tems Workshaop.

John Ingram, cete Focns 3 Officer, Center for Feology
and Hydrology, Maclean Building, Crowmarsh Gifford,
Wallingford, OX10 8BB, United Kingdon. Fax: (+44-
1491) 692 313, E-mail: j.ingram@ioh.ac.uk

18-20 March, Barcelona, Spain

Luce ss¢ Meeting

e Core Project Office, Institut Cartografic de Catalun-
ya, Parcde Monijniz, 1--08038 Barcelona, Spain. Fax:
(+34-3) 420 7442, E-mail: carolinen@icc.es

20-22 March, Montpellier, France

‘I'errestrial Global Productivity: Past, Present and
Future.

Jacques Roy, Centre d"Fcologie Fonctionnelle et Foolu-
tive, ¢ngs, BP 5051, F-34033 Mantpellier Cedex 1,
France. Fax: (+33-4) 67 41 21 38, E-muail:
roy@srofinux.cefe.cnrs-mop.fr

April, TBA

Southern Ocean Grosec Working Group

Liz Grass, scor Department of FEarth and Planetary
Sciences, The Johns Hopkins University, Baltimore, MD
21218, USA. Fax: (+1-410) 516 4019, E-mail:
seor@jhu.edu

1-3 April, Barcelona, Spain

GAIv T'ask IForce Meeting

Dork Sahagian, cawn Task Force Office, Tustiture 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 1915, E-mail:
gaim@unk.edu

6-13 April, Santa Barbara CA, USA

Arctic and Boreal Processes that feed back 1o cli-
mate: Extrapolation and Synthesis.

F. Stuart Chapin 11, Department of Integratioe Biology,
University of California, Berkeley, CA 94720-3140,
USA. Fax: (+1-510) 643 6242, EK-mail:
[schapin@garuet.berkeley.edu

8-11 April, Boulder CO, USA

16BP-DIs/WDC: Data Management Requirement
Waorkshop.

Jonathan Overpeck, Pafleoclimatology Programme, Ne-
tional Geophysical Data Center I1GC, National Oceanic
and Atmosphere Administration (Noar), 325 Broadway,
Boulder, CO 80303-3328, USA. Fax: (+1-303) 497
6513, E-mail: jto@mail .ngde.noaa.gov

14-18 April, Utrecht, Netherlands

6o Soil Erosion Network Water Erosion at Catch-
ment Scale: Model Comparison and Sensitivity
Analysis Workshop.

Christian Valentin, orston, Lustitute I'rangais de Recher-
che Scientifigue pour fe Développement en Coopération,
BP 11416, Niamey, Niger. Fax: (+227) 722 804, E-
mail- valentin@orstonm.rio.net

21-25 April, Vienna, Austria

At Special Sessions at the European Geophysical
Society (EGs) XXII General Assembly.

sas Office, Max -Planck-Strasse [, D-37191 Katlen-
burg-indan, Germany. Fax:(-49-5556) 4709, I -mail:
egs@linax 1 .mpae.godg.de, hplfwvw.mpae godg.defes!
ees. il

23 April-3 May, Rabat, Morocco

1ans 5th Scientific Assembly, Workshop W1: Scal-
ing Issucs in the Coupling of Hydrological and
Armospheric Models.
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Alfred Becker, pix, PO Box 601 203, 14412 Porsdam,
Germany. Fax:(-49-331) 288 2560, E-mail:becker@pik-
potsdant.de

Late April, Arizona, USA

e Wheat Nerwork Workshop.

John Ingram, cere Foens 3 Officer, Center for Feology
and Hydrology, Maclean Building, Growmarsh Gifford,
Wallingford, OX10 8BB, United Kingdom. Fax: (+44-
1491) 692 313, E-mail: j.ingram@ioh.ac.uk

May, TBA

Regional Workshop for France and Africa.

Cary Fleming, luternational starr Secretariar, Swite
200, 2000 I lorida Avenue, NW, Washington, DC 20009,
USA. Fax: (+1-202) 457 5859. E-mail:
start@dis.start.org

17-19 May, Argyll, Scotland (UK)

jGors Scientific Steering Committee Mceting,
Roger Hanson, jcors Core Project Office, Center for
Studies of Environment and Resources, High Technology
Centre, University of Bergen, N-5020 Bergen, Norway.
Fax: (+47-55) 324 801, E-matl: jgofs@uib.no

17-19 May (tentative), Toronto, Canada

16ac Scientific Council Meeting.

Alex Pszenny, 1aac Core Project Office, Bldg. 24-409,
Massachusetts Institute of Technology, Cambridge, MA,
02139-4307, USA. Fax: (+1-617) 253-9586, L-mail:
pszenny@mit.edu.

20-22 May, Toronto, Canada

1Gac/spare Conference on Global Measurement
Systems for Atmospheric Composition

16Ac-Gomac, Department of Physies, University of Toron-
10, 60 8t. George St., Toronto, Ontario M58 1A7, Can-
ada. Fax: (+1-416) 978-8905, [K-mail:
gomac@atmosp.physies.utoronto.ca, WWW: heup:f]
ww.armosp. physics.utoronto.cafgomac

20-26 May, Argyll, Scotland (UK)

JGOFS Symposium on Synthesis and Modelling.
Trevor Platt, Bedford Institute of Oceanagraphy, PO Box
1006, Dartmouth, NS B2Y 4A2, Canada. Fax: (+1-
902) 426 9388, L-mail: tplatt@ac.dal.ca or: Graham
Sthimmield, Dunstaffnage Marine Laboratory, PO Box
3, Oban, Argyll, Scotland. Fax: (+44-1631) 65518, E-
mail: g.shimmield@ed.ac.uk

28-30 May, Missoula MT, USA

sAHC $s¢ Meeting,

saHe Core Project Office, Potsdam Institute for Glimate
Impact Research, PO Box 601 203, 14412 Potsdam,
Germany. Fax:(+49-331) 288 2547, E-mail: bakc@pik-
potsdam.de

June, Plymouth, UK

GLOBEC ssc Meeting

Roger Harris, Plymouth Marine Laboratory, Prospect
Place, Plymouth PL13DH, United Kingdom. Fax: (+44-
1752) 633 101

June, Potsdam, Germany

Net Primary Productivity Model Intercomparison
workshop.

Dork Sahagian, cain Task Force Office, Tnstitute forthe
Study of Earth Oceans and Space, University of New
Hampshire, Morse Hall, 39 College Road, Durham, NH
03824-3525, USA. Fax: (+1-603) 862 1915, Li-mail:
gaim@unh.edu

16-17 June, Laxenburg, Austria

Luca sse Meeting

ruce Core Project Office, Institut Cartografic de Catalun-
ya, Pare de Montjuic, I5-08038 Barcelona, Spain. Fax:
(+34-3) 426 7442, E-mail: carolinen@ijcc.es
JunefJuly, TBA

Joint NAFCOM/SAFCOM Meeting: 5th narcom Meet-
ing and 6th sarcom Meeting (tentative).
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Cory Fleming, International siarr Secretariat, Suite
200, 2000 Florida Avenne, NW, Washington, DC 20009,
USA. Fax: (+1-202) 457 5859. F-mail:
start@dis.start.org.

June/July, Lake Tahoe NV, USA

GeTE Focus 1 Workshop: Comparative Analysis of
Forest Responses to Atmospheric CO, Inercase and
Global Environmental Change.

Boyd Strain, Duke University, Botany/Phytotron Build-
ing, PO Box 90340, Durham NC 27708-0340, USA.
lax: (+1-919) 660 7425.

July, Nantes, France

Joint meeting of the Gronre Working Groups on
Numerical Modelling and Sampling and Observa-
tion Systems.

Liz Gross, scor Department of Farth and Planetary
Seiences, The Johns Hophins University, Baltimore, MD
21218, USA. Fax: (+1-410) 516 4019, E-maif:
scor@jhu.edu

July, Cotonou, Bénin

sTART/WCRP/SCOWAR (108U) Workshop on Climate
Variability, Water and Agriculture in Sub-Saharan
Africa: I‘ood Security Issues (tentartive).

Abel Mouda. Fax: (+229) 30 08 39

July, Birmensdorf, Switzerland

Geri Focus 2 Workshop on Gomparison of Forest
Patch Models.

Dr Harald Bugmann, Potsdam Iustitute for Climate
Impact Research, PO Bax 601203, (1elegrafenberg), D-
14412 Potsdam, Germany. Fax: (+49-331) 288 2600,
E-mail: bugmann@pif-potsdant.de

July, Barcelona, Spain

Lucciicap-nis Data Requirements Workshop

ruce Core Project Office, Institut Cartogréfic de Catalun-
ya, Parcde Montjuiz, 1--08038 Barcelona, Spain. Fas:
(+34-3) 426 7442, E-mail: carolinen@jcc.es

1-9 July, Melbourne, Australia

Fourth 16Ac Scientifiec Conference,

Comprised of three Symposia of the masfiarso Joint
Assemblies on Eartlh - Ocean - Atmosphere: Forces for
Change. Symposium JMP3: Chemical Processes and
Climate, Convener: Barry J. Huebert, University of Ha-
waii, USA; Fax: (+1-808) 956-9225; E-mail:
huebert@soesthawaii.edu. Symposium IM7: Tropospheric
Chemistry and Related AirfSurface Exchange in Polar
Regions, Convener: Gregory P. Ayers, esiro Division of
Atmospheric Research, Australia; Fax: (+61-3) 9239
4688; E-mail: greg.ayers@dar.csiro.an.  Symposium
IM22: Closing the Budgels of €O, CI, and N0,
Convener: Paul J. Fraser, €siro Division of Atmospheric
Research, Australia; Fax: (+61-3) 9239 4444; E-mail:
paul fraser@dar.csiro.an. Further information: hitp:l/
web.mit.edulafslathena.mit.edulorgliligac/www/
IAMAS. fitml

13-19 July, Suva, Fiji

starT Planning Meeting for Oceania (tentative).
August, Longyearbyen, Svalbard

J6ors Symposium on Photosynthesis Measurement.
Ligil Sakshaug, Trondheim Biological Station, Institute
Jor Marine Biochemistry, University of Trondheim, Er-
ling Skakkesgt. 47, N-7013 Trondheim-North, Norway.
Fax: (+47) 7359 1597, E-mail:
egil.sakshang@om.unit.no

24-30 August, Krasnoyarsk, Russia
PAGES/GCTE Workshop on Spatial-Temporal Dimen-
sions of High Latitude Ecosystem Changes.
Eugene A. Vaganov, Institute of Forest SB RAS, Akad-
emogorok, Krasnoyarsk, 660036 Russia. Fax:(+7-3912)
43 36 86, E-mail: evag@ifor.krasnoyarsk.su
September, Manhattan KS, USA

Gerr Soil Erosion Network Wind Erosion Model

Comparison and Sensitivity Analysis Workshop.
Christian Valentin, orston, Institure Frangais de Recher-
che Scientifique pour le Développement en Coopération,
BP 11416, Niamey, Niger. Fax: (+227) 722 804
14-20 September, Niamey, Niger
sTART/BANC/GCTE Workshop on Vegertation and the
Ilydrological Cycle in the Sahel.

nane: cro, Potsdam- Institute for Climate Impact Re-
search, PO Box 601 203, D-14412 Potsdam, Germany.
Fax:(+49-331) 288 2547, E-mail: bahc@pit-potsdam.de
week of 15 September, TBA

1thsrarTssc meeting and 7th §TART Burcau meet-
ing.

International Star1 Secreturiat, Suite 200, 2000 Florida
Avenwe, NW, Washington, DC 20009, USA. Fax: (+1-
202) 457 5859. E-mail: star1@dis.start.org

October, TBA

JGOFS Arabian Sea Synthesis Workshop.

Peter Burkill, Plymouth Marine Laboratory, Prospect
Place, West Hoe, Plymouth PLI 3DH, UK. Fax: (+44-
1752) 670 637, E-mail: p.burkill@pml.ac.uk
October, TBA

Jors/Loicz Continental Margins Task Team Work-
shop.

Stephen V. Smith, University of Hawaii, Honolulu HI
96822, USA. Tel: (+1-808) 56 8693, e-mail:
susmith@soest.hawaii.edu

10-13 October, The Hague, Netherlands
*Loicz Open Science Mecting,

Loicz cra, Ntoz, PO Box 59, NI.-1790 AB Den Burg-
Texel, Netherlands. Fax: (+31-222) 369 430, F-mail:
loicz@nioz.nl

October/November, Acera, Ghana

START/NAF Workshop on Land Use/Land Cover
Change in Northern Africa (tentative).

G.T. Aygepong, University of Ghana-Legon. Fax: (+233-
32) 500 310., E-mail: rsau@ues.com.gh

11-13 November, Nagoya, Japan

IGAC/IGBP Symposium,

Hajime Akimoto, 4-6-1 Komaba, Meguro-ku, Tokyo
153, Japan. Fax: (+81-3) 3481 4562, E-mail:
akimoto@atmchem.reast.uk-tokyo.ac.jp

November, TBA

sarcsfwoTro/Loicz Workshop.

rorcz cro, Nioz, PO Box 59, NL-1790 AB Den Burg-
Texel, Netherlands. Fax: (+31-222) 369 430, E-mail:
loicx@uioz.nl

2-9 December, Nairobi, Kenya

*Fifth Scientific Advisory Council Meeting (sacv).
icep Secretariat, The Royal Swedish Academy of Sciences,
Box 50005, §-104 05 Stockholm, Sweden. Fax: (+46-8)
16 64 05, E-mail: sec@ighp bva.se

TBA

jeoFs Synthesis Meeting for the Planning Group on
North Atlantic Ocean.

Mike Fasham, James Rennell Centre, Chilworth Research
Centre, Gamma House, Chilworth, Southampton SO1
INS, UK. Fax: (+44-1703) 767 507, E-mail:
mjf@ub.nso.ac.uk
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First quarter, Paris, France

#gLopkc Open Science Meeting

Liz Gross, scor Department of Earth and Planetary
Sciences, The Johns Huophins University, Baltimore, MD
21218, USA. Fax: (+1-410) 516 4019, E-mail:
scor@jhu.edu

First quarter, TBA

Jjcors Training Course on Synthesis and Modelling,
Trevor Platt, Bedford Institute of Oceanography, PO Box
1006, Dartmonth, NS B2Y 4A2, Canada. Fax: (+1-
902) 426 9388, E-mail: tplatt@ac.dal.ca

14-18 March, Barcelona, Spain

*GeTE-LUCe Science Conference.

Will Steffen, cere: Core Project Office, esiro Division of
Wildlife and Ecology, PO Box 84, Lyneham, ACT 2602,
Australia. Fax: (+61-1) 241 2362, E-mail:
wls@chr.dwe.csiro.au.

April, London, UK

#*pacis Open Science Mceting.

Frank Oldfield, races Core Project Office, Birenplatz 2,
3011 Berne, Switzerland. Fax: (+41-31) 312 3168, E-
mail: pages@ubeciu.anibe.ch

July, Montpellier, France

*GoTE Special Session at International Soil Science
Congress.

John Tngram, cer Focus 3 Officer, Center for Feology
and [ydrology, Mackean Building, Crowmarsh Gifford,
Wallingford, OX10 8BB, United Kingdom. Fax: (+44-
1491) 692 313, F-mail: j.ingram@iol.ac.uf

19-25 August, Seattle WA, LJSA

*Joint 5th 16ac Scientific Conference and 9th caccp
Symposium on Global Atmospheric Chemistry.
Patricia Quinn, Noar[eatirjocrD, Building 3, 7600 Sand
Point Way NE, Seattle, WA 98115, USA. Fax:(+1-206)
526 6744, li-mail: quinn@pmel.noaa.gov, WWW.: http:f
[saga.pmel.noaa.govlcacgp 98/

Publications

IGBP Programme Elements

IGBP-DIS

The 1aop-nis Global 1km Land Cover Data Set
“piscover” - Proposal and Implementation Plans. -
Report of the Land Cover Working Group of 1G8p-
nis (1996). Edited by Alan S. Belward. iGspr-nis
Working Paper No. 13. Toulouse: 1Gop-DIs,
wane-pts Office, 1cpp-pis - oNRa, 42 avenwe Gustave
Coriolis, 31057 Toulouse cedex, France.

GAIM

Special Issue of Global and Planctary Change on
Soil Moisture Simulation. Edited by A. Henderson-
Sellers. Volume 13, Nos. 1-4, June 1996. Amster-
dam: Elsevier, 225 pp.

FlsevierScience B.V,, Journal Department, PO Box 211,
1000 AE Amsterdam, The Netherlands.

Rescarch cam (Fall 1996). NewsLetter of the GAM
Task Force.

Galn Tastk Force Office, EOS, University of New Ham-
sphire, Morse Hall, 39 College Road, Durlham, NH
03824-3525, U/SA.

GCTE

GeTE Task 3.3.1 Soil Organic Matrer Nerwork (soM-
NET): 1996 Model and Experimental Metadata
(1996). Edited by P. Smith, J.U. Smith and D.
Powlson. GeTk Report No. 7. Wallingford: Gore, xii
+ 255 pp.
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GeTE ocus 3 Riee Nerwork: 1996 Model and Ex-
perimental Metadata (1996), ceTE Report No. 8.
Wallingford: GeTE, v + 57 pp.

GCTE Activity 3.3 Effects of Global Change on Soils:
Implementation ’lan (1996). lidited by J.S. Ingram
and P. Gregory. GeTe Report No. 12. Wallingford:
GCTE, v + 56 pp.

Gerr Activity 3.4 Effects of Global Change on
Multi-species Agroecosystems: Implementation
Plan (1996). Edited by M.J. Swift and ].S. Ingram.
e Report No. 13, Wallingford: GeTis, iv + 36 pp.
cerE Iocus 3 Office, Nare Centre for Feology and Hydrol-
gy, Maclean Building, Wallingford, Oxon OX{10 8BB,
UK.

IGAC

Atmospheric Aerosols: A New IFocus of the [nterna-
rional Global Atmospheric Chemistry Project (1GAC)
(1996). Edited by P.V. lHobbs and B.]. Huebert.
Cambridge MA: 1Gac, 40 pp.

1A Gore Project Office, ait, Building 24-409, Cam-
bridge, MA 02139, U/SA.

JGOFS/LOICZ

First Reportofthe joors/i.oicz Continental Margins
‘I'ask I'cam (1996). Compiled and edited by J. Hall
and S.V. Smith. Loicz Reports and Studies No. 7.
Texel: Loicz, 38 pp.

roicr Gore Project Office, vioz, PO Box 59, NL-1790 AB
Den Burg - Texel, The Nethertands.

LOICZ

Reportofthe International Symposium on Ground-
water Discharge in the Coastal Zone held at the
Russian Academy of Sciences, Moscow, Russia, 6-
10 July 1996. Loicz Meeting Report No.16. Texel:
Loicz, 78 pp.

Loicz NewsLetter No. 1 (October 1996)

rotcz Care Project Office, Nioz, PO Box 59, NL-1790 AR
Den Burg - Texel, The Netherlands.

National Research

Czech Republic

Climate Variability and Climate Change Vulnera-
bility and Adapration (1996). Proceedings of the
Regional Workshop in Prague, Gzech Republie,
September 11-15, 1995, Edited by I. Nemesovi.
Praguc: Czech Academy of Sciences, 394 pp.
Lustitute of Ntmospheric Physics, Czech Academy of Sci-
ences, Bocul 11, 141 31 Prague 4, Czech Repubie.

Germany

List of Mak and BAT Values 1996. Maximum Con-
centrations and Biological "'olerance Values at the
Workplace (1996). Deutsche Forschungsgemein-
schaft, Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work Area,
ReportNo. 32. Weinheim: VCH Publishers, 180 pp.
Deutsche Forschungsgemeinschaft, Kennedyallee 40, D-
53175 Bonn, Germany.

Italy

Ricerche iraliane: Rapporto del Workshop organiz-
zato dalla Commissione [taliana iGnp, cNr Roma 25-
26 marzo 1996 (1996). Edited by R. Frassetto, Ven-
ezia: CNR-ISDGM, 355 pp.

Roberto Frassetto, cne-ispcat, 1364 San Polo, 30125
Venezia, Italy.

ISSN 0284-5865

Netherlands

rivm Annual Scientific Report *95 (1996). Bilthoven:
RIVM, 235 pp.

National Institute of Public Health and the Environ-
ment, PO Box 1, 3720 BA Bilthoven, The Netherlands.

USA

Qur Changing Planet: The FY 1997 1.8, Global
Change Research Program (1996). A Report by the
Subcommittee on Global Change Research, Com-
mittee on Environment and Natural Resources of
the National Science and Technology Council. A
Supplement to the President’s Fiscal Year 1997
Budger. Washington: U.S. Global Research pro-
gram, 162 pp.

Global Change Research Information Office, User Sero-
iees, 2250 Pierce Road, University Center, M1 48710,
USA

Ocean Studies Board Annual Report 1995 (1996).
Washington: National Academy Press, 49 pp.
Ocean Studies Board, Commission on Geosciences, Envi-
ronmentand Resources, National Research Council, 2101
Constitution Avenue, Washington, D.C. 20418, USA.

Related Organisations

IHDP

Global Change, Local Challenge (1996). npr Third
Scientific Symposium, 20-22 September 1995. Pro-
ceedings (Vol. 1) and Poster Papers (Vol. 2). nop
Report No. 8. Geneva: 1o, 132 + 197 pp.

Eckart Fhlers, Department of Geography, University of
Bowun, Meckenheimer Mlee 166, 5 115 Bonn, Germany.

10C

Annual Report 1995 (1996). Intergovernmental
Oceanographic Commission Annual Reports Scrics
No. 2. Paris: unisco, 68 pp.

10¢ of UNESE0, 7 Place de Fontenoy, 75352 Paris Cedex,
France.

NGLoBALLCHANGE
Edited by Sheila M. Lunter

NewslLetter requests and change of address
information should be sent to:

Lisa Cronqvist, IGBP Secretariat

The Royal Swedish Academy of Sciences
Box 50005, S-104 05 Stockholm, Sweden
Tel: (+46-8) 16 64 48

Fax: (+46-8) 16 64 05

e-mail: lisa@igbp.kva.se

The IGBP Report Series is published in annex
to the Global Change Newsletter
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First annoincement

Fifth Scientific Advisory Council Meeting (SAC V)

2-9 December 1997
UNEP Headquarters, Gigiri, Nairobi, Kenya

Scientific Advisory Council (SAC), to hold its fifth sssion in Nairobi. The Council, comprising the
ICSU bodies and National IGBP Representatives, advises on the scientific content of the programme,
assesses its results, and makes recommendations fOJl; its future direction and strategy. The IGBP is well
established, with the majority of its Core Projects and Framework Activities now well advanced in
their implementation phase, and with numerous crdss-project links being actively developed. It is
timely that SAC V will be held in Africa, and that th‘e topic of the associated Scientific Symposium
will be:

The Kenyan National Committee for the IGBP has ?aciously invited the highest body of the IGBP, the

Living with Global Change in Africa

4

The two day Scientific Symposium, will be preceded by a day of presentations outlining the present
status of the IGBP Programme, and will include plenary and poster sessions. The plenary session will
consist of presentations by invited speakers. The poster session will have its own designated time and
will consist of posters selected from submitted abstracts. Both plenary and poster presentations will
focus on how global change influences daily life in Africa. The poster session is an opportunity to
showcase the African perspective on global change to the IGBP community.

The organising committee for the Symposium is chaired by Eric O. Odada, Vice-Chair of the SC-IGBP,
with Robert J. Scholes, as Co-Chair. The Scientific Symposium will be followed by a Policy Session,
National Committee discussions and formal SAC business.

The invited papers will be published in the IGBP Report Series. The deadline for receiving abstracts
for the poster presentations is 1 June 1997. Please send poster abstracts of maximum 250 words by 1
June 1997 to the IGBP Secretariat.

Registration forms and information on hotel accommiodation will be obtainable from the IGBP Secre-
tariat in Stockholm after 1 January 1997:

IGBP Secretariat

The Royal Swedish Academy of Sciences
Box 50005

S-104 05 Stockholm, Sweden

Phone: (+46-8) 16 64 48

Fax: (+46-8) 16 64 05

E-mail: sec@igbp.kva.se
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