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IGBP - Quo Vadimus? 

In April the IGRP wi ll hold a Congress at 
which all its scientific steering committees 
wi ll meet together for the first time. The 
objectives are to carry out an internal re
view ofrhe stacus of the entire programme, 
[0 identify common issues for coUabora
tive action, to idemify the key research 
interfaces between rhe IGBP Programme 
Elements, and to cacalyse essential cross
linking research and the integration and 
synthesis of results at rhe programme le
vel. 

The Congress is timely because the 
most advanced Core Projects are genera
ting an increasing volume of new resu lts, 
which need to be set in their broader con
text. ' ['he motivation arises from the IGBP'S 

long-standing commitment to making the 
whole greater than the sum of the parts. 
'l 'he event marks the entry of the IGBP into 
an important new phase of its develop
me nt. 
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The ultimate goal of the IGBP is to 
improve significantly mankind 's know
ledge and understanding of the Earth Sys
tem, and to ach ieve a "practical predictive 
capabi li ty" for Global Change science. 
History will judge the programme's out
come not in terms of its success in satisfy
inghuman curiosity, butin terms of its role 
in underpinning a sustainable global so
ciety. This will require the delivery of 
practical information and tools to po licy 
and decision makers. It will also require 
the ongoing development of international 
environmental law, and increases in public 
knowledge and awareness sufficient to 
change human behaviour in an environ
mentally positive manner. 

The JGBP cannot achieve this alone. 
Even within tbe domain of basic research, 
it can address on ly part of the picture. 
Increasingly, the success of the enterprise 
will rely on effective collaboration with 
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the World Climate Research Programme 
(WCRP), the International Human Dimen
sions Programme ( IHDP), Dl VERSITAS, and a 
wide variety of related activities. Moves 
have already been initiated to align more 
closely the research agendas of the major 
international programmes, and to ensure 
that necessary integration and synthesis at 
the inter-programme level will take place. 

Beyond research, a "practical predic
tive capability" will rely on the existence 
of an opera tional global observing system, 
and a wide array of modelling activ ities. 
Unfortunately, the development of the 
former is currently stalled, and urgently 
needs appropriate governmental commit
ment. 

However, even an adequately funded 
combination of research, observation and 
mode lling would be of limited practical 
benetit witbout new initiatives in the ap
plication of basic science results and in the 
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effective interchange of information be
[\veen the community of global change 
scientists, policy and decision makers, and 
society at large (figure). Thesecfuciallinks 
will depend on the creation of a new breed 
of applications specialists and knowledge 
brokers, and on new communication me
chanisms, of which the fPee process (see 
below) represents an early bm imponant 
example. 

A journey is made one step at a time. 
The Congress represents a stride along a 
demanding and uncertain road. It provides 
an excellent example of the va lue that the 
IGBP can add to nationally funded Earth 
science. We look forward to its success and 
to a wide recognition of its significance. 
(The IGBP Congress will take place in Bad Miin
sterejfel, Germany. The IGBP gratefully acknowledges 
the generous financial cantribution and organisafion-
01 support provided by the German Government for 
this event.) 
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Intergovernmental Panel on Climate Change: 
Science-Policy Interface 

SIIIt'(} its inception, the ICEP has been deepf:v 
involved in the l!J!ergovermllelltal Patle! Ofl 

Climate Change (IPec). The ChairmoJl of the 
IPee, Professor Bett Bolin, was also o"e of the 
eadiest leaders of the ICIJP, with his chairman
ship of the ad hoc platl1liug eOllllllillee for the 
ICBP( 1984-86) alld subsequent leadership 011 

the Special Committee and ifS .meees.wr, Ihe 
SciellliftC C01Jl1Jl;llee for the lGBP. AtallY other 
members of the ICEP COlll1ll1fflity ({Iso hove co,,
tributet! to tIle IPa: '.) work. Most iJllpottallt/y, 
research conducled within the ICEP framework 
has beell an impot1ant jotl1Jr/atio1J joreiellletJ/s 
ojll'CC(}SSeSSmelllr. This noteprovides nn over
view of the 1JIostrecentlPee n:POlt; it highlights 
l:eY-lIllcettn;1Ities n1lt! priority topics for re
Jean:n. 

S ince its inception in 1988, the Intergo
vernmemal Panel on C limate Change 
(1I'CC) has documenced the evolving state 
of sciemific understanding of climate 
change in a series of reports. These re pons 
have been designed toassistgovernments, 
industries, environmencal organ isations, 
and odlers in assessing the likelihood of 
change, its consequences, and potential 
measures for adapting to changes and re
ducing greenhouse gas (GHG) em issions. 
The reports include tlle comprehensive 
three volu me assessment of climate change 
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by Robert Watson and Richard Moss 

publ ished in 1990, a supplementary re 
view of additional litera ture prepared for 
the U.N. Conference on Environmentand 
Development in 1992, a 1994 special re
port on radiative forcing of climate - with 
specia l attention to trace gas cycles - and 
the comprehensive 1995 Second Assess
ment Repon (SAR). 'fhe SAR received final 
approva l from governments in Rome in 
December 1995 and will be published by 
Cambridge University Press in Apri l/May 
1996. 

The SAR was produced by three Wor
king Groups and includes nearly 60 chap
te rs. Working Group 1's contribution as
sesses critical topics sllch as the effects of 
emissions ofGHGs and aerosols on radia
tive forcing; evaluation of climate models 
and projections of changes in climate va
riab les and sea level; detection of climate 
change; and feed backs on the cl imate sys
tem from changes in terrestrial and mari ne 
biotic systems. Working Group Il's contri
bution to the BAR addresses sllch isslles as 
the sensitivity and vu lnerability of natural 
ecosystems (e,g. , forests , grasslands, wet
lands, and marine ecosystems), socio-eco
nomic sectors (food, fishe ries, freshwate r 
resou rces, human communities and infra
srrucwre), and human health to climate 
change: it also assesses, options to red uce 

orsequesterGHG emissions through man
agement of energy supply and demand 
and the forestry and agricultura l sectors. 
Working Group lIi discussed deeision
making frameworks, equity, economic ef
ficiency, the applicability of cost-benefit 
ana lysis, and assessments of the da mages 
from climate change and the likely costs of 
measures to reduce em issions. 

In addition to these repons, the [PCC 

also has produced a synthesis report of 
information in the SAH related to interpre
tation of the object ive of the United Na
tions Framework Convention on Climate 
Change (UNFCCC). This object ive is de
fined in Article 2 of the Convention as 
" ... stabi lization of greenhouse gas concen
trat ions in the atmosphere at a level that 
would prevent dangerous anthropogenic 
interference with the climate system ... 
within a time frame sufficient to: (i) allow 
ecosystems to adapt naturally to climate 
changej (ii) ensure [hat food production is 
not threatened; and (iii) enable economic 
development to proceed in a sllstainable 
manne r. " 

Finally, the IPec has also produced a 
series of methodologies for inventorying 
GHG emissions, assessing impacts, and 
evaluati ngapplicability of mitigation mea
sures. 



IPCC process 
The IPee provides a mechanism for go
vernments to tap the expertise of the sci
entific community. Because decision-ma
kers lack the time to familiarise themselves 
with all of the research relevant to any 
particular issue - let alone to understand 
the nuances of different researchers' data, 
theories, methods, and conclusions - the 
policy community values a coordinated 
assessment of the relevant literature in 
which leading researchers reconcile com
peting views where possible, characterise 
alternative perspectives and viewpoints 
when consensus is not achievable, and 
analyse the potential implications of un
certainties. 

Because it is an intergovernmental or
ganisation, the IPee must be responsive to 
governments; however, as a scientific and 
technical assessment body, the IPCC sees 
itself as an agent of and hence responsible 
to the scientific community. While the 
topics addressed in lPCC reports are deter
mined by government representatives, the 
detailed chapters of the reports are pre
pared by scientists and technical experts 
drawn from universities, government and 
private-sector research facilities, and non
governmental organisations - usually in 
their flfree-time" and without additional 
compensation. Many of these scientists 
also participate in the drafting and review
ing of the Summaries for Policymakers 
U,PMS), which highlight the policy-relevant 
portions of the detailed underlying reports. 
The participation of researchers in draft
ing the SPMS is essential, as it ensures that 
the Summaries accurately reflect the con
clusions of the underlying chapters. The 
governmental role in approving the SPMs 
on a line-by-line basis has also proven to be 
essential, as the participation of govern
ment experts and policy makers helps to 

ensure that scientific concepts are transla
ted into appropriate policy-relevant lan
guage. Striking an appropriate and widely
agreed upon balance which conveys a sense 
of the range of opinion about what we 
know and where there are key uncertain
ties has been a challenging aspect of the 
preparation of the Summaries. Most par
ticipants in the process feel that this chal
lenge has been met successfully up to 
now, and that ideological perspectives have 
not biased key conclusions. 

Because lPCC reports provide detailed 
assessments ofthe state of knowledge and 
analysis of remaining uncertainties, they 
not only assist decision-makers but also 
serve a review and research-planningfunc
tion by identifying climate change issues 
that deserve the priority attention of the 
research community. 
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Results of the Second Assessment 
Report 

While a number of key scientific uncer
tainties remain, and there is need for fur
ther research to reduce these uncertain
ties, the SAR concludes that based on 
multiple lines of inquiry, lithe balance of 
evidence suggests a discernible human 
influence on the climate system. I! The 
report projects a global mean temperature 
increase of between 0.8 and 3.5 degrees 
Centigrade by 2100 given plausible pro
jections of emissions of GHGs and aero
sols, a rate of change greater than any 
experienced during the last 10,000 years. 
This projected rate and magnitude of 
change may have numerous adverse con
sequences for ecological systems (espe
cially forests), socio-economic sectors (e.g., 
regional production of food), and human 
health (especially vector-borne diseases 
such as malaria, dengue fever, and yellow 
fever). The significance of these changes 
needs to be assessed in the context of other 
changes such as loss of biodiversity and 
stresses such as land-cover change, popu
lation growth and urbanisation, and inten
sification of natural resource exploitation. 

Implications for Future Research 
Governments participating in the lPCC and 
the UNFCCC process are clearly indicating 
their wish to have high confidence, quan
titative conclusions that will assist them in 
implementing the objective of the Con
vention. Based on the results and uncer
tainties highlighted in the SAR, there are a 
number of priorities. The research frame
work provided by the lGBP and its partner 
global change research programs, the World 
Climate Research Program (WCRP) and the 
International Human Dimensions Program 
(IHOP), already offer a structure for ad
dressing many of these critical uncertain
ties. Priorities include: 

* developing more accurate projections, 
by sector and region, of future net emis
sions of greenhouse gases and aerosols; 

'*' improving our understanding of the 
carbon and other trace gas cycles, inclu
ding how changes in climate will affect 
trace gas fluxes; 

'*' refining our quantitative understand
ing of the response of the climate system, 
regionally and globally, to additional radi
ative forcing; 

* developing more reliable transient 
ocean-land-atmosphere climate models to 
project regional ch(:l,nges in climate for use 
in impacts assessment and modelling; 

* improving our understanding of the 
response of ecosystems (composition, dis
tribution, and function) to changes in cli
mate parameters; 

'*' examining how increased levels of 
carbon dioxide in the atmosphere - which 
have been shown to increase growth of 
some plant species under laboratory con
ditions - affect ecosystems and agricultural 
productivity in the field over long periods 
of time; 

'*' quantifying how the hydrological 
cycle and water resources will be affected 
by changes in climate; 

* improving our understanding of how 
changes in climate will affect human health, 
in particular how the range of vector- and 
non-vector-borne diseases will change in 
response to changes in climatic variables; 
and, 

'*' assessing the potential efficacy and 
costs of reducing emissions and increasing 
storage of carbon in grasslands and in the 
agriculture and forestry sectors. 

In addition to these traditional areas of 
global change research, more emphasis 
needs to be placed on research in the social 
sciences on a variety of topics which are 
increasingly important in understanding 
the implications of global change and in 
developing effective responses, including: 

* improving our understanding of so
cial and economic factors which affect so
cietyls vulnerability to climate variability 
and change; 

* examining the ability of our social 
and economic institutions to adapt to 
change; 

'*' developing new approaches for in
corporating the non-market value of re
sources in economic accounting and pric
ing; and 

'* identifying barriers to the diffusion 
of emerging technologies and possible 
strategies for overcoming them. 

One challenge for the coming decade 
will be to continue to make progress on 
core research areas in the lGBP framework 
while increasing attention to research on 
ecological and socio-economic conse
quences and potential response options. 
An even greater challenge is the integra
tion of the natural and social sciences and 
development of a variety of interdiscipli
nary approaches, including integrated as
sessment models, to synthesise informa
tion on forcing, changes in climate, 
potential impacts, and the environmental 
and socio-economic consequences of po~ 
tential response options. 

Robert T. Watson (Co~Chair, fPCC WG 11, and Asso
ciate Director for Environment, Office o(Science and 
Technology Policy, USA) 
Richard H. Moss (Head, IPCC WG 11 Technical 
Support Unit, and Senior Research Scientist, Battefle 
Paciftc Northwest National Laboratory, USA) 
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Land Use and Land Cover Change: an Analysis 

The joilll {Gnp/fHD? Core Project 011 /mld IIse 

and /Ollt! covercnollge (LU(.'(.) has receJltly pflb
lished ifS sl'iclJ(:e plalJ. It COVCI! complex issues 
Ihat are 1101 a/ways easy to allalyse. The Choi,. 
of/he LUCC Sdell liftc Sleer; Ilg COllllJli ttee presellts 

(Ill ovclview. 

LUCC in the context of global 

O 
change research 

ver rhe com ing decades, rhe global 
effects of land usc:1 nd cover change(Lucc) 
may be as significanc, or morc so, than 
those associated with climate change. 
Moreover, land use and cover change are 
known and undi sputed aspects of global 
change; it is an important human-caused 
global e nvironmcncal change char is with 
li S now. In addition [0 their central role in 
affecting climate, I'nany facets of human 
healch and welfare are directly connected 
with LUCC, induding biological dive rsity, 
food production, and the origin and spread 
of infectious d isease. Yet, we don't know 
e nough about these important human
caused agents of global change. It is a 
testament to this pauci ty of knowledge 
that an accurate global map of agricultural 
activity does nO[ now exist, nordo we have 

by Davld Skole 

good measurements of agricultural expan
sion and the concom itant loss of natura l 
ecosystems, particularl y forests. 

C lassically. the em piricism ofobserva
tion and measurement is the core of good 
science. An improved understanding of 
LlICC must begin with documenting the 
rate and extent of major changes world
wide. However, it is equally important to 

move the science from the assessment of 
pattern to the ana lys is of process. Hence, 
furthering our understanding of the com
plexities and dynamics of LlICC will re
quire a comprehensive, interd isciplinary 
examination of its underIyi ng callses. LUCC 

is sufficiently complex that research must 
include a wide range of scientific and scho
la rl y disciplines, including demography, 
economics, pol itical scie nce, systems eCo
logy, and other re lated fields. 

The importanceofan interdisciplinary 
perspective was recognised carly in the 
development of the LUCC Core Project, 
and is manifes ted in its joi nt sponsorship 
by the IGIH' and the Jl-IDP. From inception, 
the plan ning and implementation of the 
project has actively engaged both the nat
ural and social science communities, and 

LUCC OBJECTIVES 

Changes In 

blogeochemlcal 

Sustainabi[ity Issues 

~--~+ 

~ 
cover-atmosphere 

mteractions 

Land-cover 
change 

Land-use 
change 

this will continue to be an importantmndlls 
operfllldlfm in the future. 

However, it is not prudent to engage 
these twO comm unities separa[Cl y. Rath
e r, we should entrain the intellectual con
tr ibution of the inte rdisciplinary 1.(Jr:c.com
munity itself - those scientists and 
scholars who are active ly involved in the 
study or I .UGC in it.;; global change context. 
Ln th is way, we will not only engage re
search teams comprised of members from 
both ofC. P. Snow's " [\\10 cultures", but 
we will also engage those individuals who 

-bridge the twO cultures in the ir own re
search: the demographer who uses remote 
sensing to help e lucidate the spatial orien
tation of setcJemcnt over time, or the 
systems ecologist who uses socio-demo
graphic models to hclp e lucidate the pro
cess of habitat fragmentation (as two sim
ple examples). 

LUCC as an agent of change 
The contemporary state orthe world's 

land cover is a constantly changing mosaic 
of cover types determined by both the 
physical environment and human activi
ties. These changes in land cover can have 

Human and 
biophysical 

forces 

Figure I. Human and environmental factors, such as economic development. population growth, and climate change drive land use change. wh ich 
in turn drives land cover changes. Changes in land cover affect the global carbon cycle, blodiversity, the spread of infectious diseases, and a variety 
of other global change processes and phenomena. 
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profound global consequences. Here I will 
illustrate the various dimensions of LUCC 

as an agentof global change through three 
examples: the global carbon cycle, biolo
gical diversity, and infectious disease. 

The Global Carbon Cycle 
Understanding the global carbon cycle 

is central to our understanding of global 
change. The increase in atmospheric car
bon dioxide is attributed to two anthropo
genic sources: fossi l fuel combustion and 
land cover conve rsion. Although the cur
rent net flux of carbon is dominated by the 
fossil fu e l source term, biogenic net sour
ces contribute approxi mate ly 25%-30% of 
the total. However, over the last two hun
dred years the contribution from land co
ver conversion has been approximately 
eq ual to that of fossi l fuel combustion. 
Reconstruction of the last two hundred 
years of land cover change will be an im
portant panof carbon cycle research . There 
are two ways to provide this long term 
historical view. The first is to document 
land cover changes directly using histori
cal reconstruction of changes in land use, 
particularly agricultural expans ion. This 
would requi re the interdisciplinary efforts 
of hiswrians and biogeographers. An ex
ample of this kind of work is the recon
struction of land cover change in South 
and Southeast Asia by John Richards and 
his colleagues and worldwide by Richard 
I-Ioughton and his co lleagues. Because of 
the nature ofthe data, reconstructions are 
usually spatia lly and temporally aggregat
ed. Commonly time steps are a decade or 
more and data are compiled at the cou ntry 
or province leve l. 

The second approach is to use models 
to "backcast" the history of land cover 
change from current distributions of land 
cover. The current distribution could be 
obtained from satellite remote sensing d'Ha, 
such as the global 1 km AVHRR land cover 
dataset being comp iled by the IGHP- DlS. 

Tn tegrated models, which utilize socio
demographic and economic information as 
forcing functions, could be used in con
junction with rule-based models and syn
optic historical data at va rious intervals to 
derive spatially and temporally disaggre
gated analyses. [n essence, such an ap
proach which in tegrates actual observa
tions, either for the current time period 
using sate llite data or back in time using 
historical documents, with model-based 
estimates would be similar to the assimila
tion techniques which climate and mete
orological models often utilise. 

While ex tremely va luable as a way to 

build the long-te rm datasets on land cover 
transformation, such an approach falls short 
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Fra mewor!{ for Undel'sfllnding LlIhll Use/Cove I' Situalions 
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Figure 2. This diagram shows the fundamental structure of land use and cover change. Land 
managers (the farmers, loggers, etc.) are influenced by both the social and ecological systems 
in which they operate. Their activities, such as clearing forests, burning savannahs, or building 
terraced paddies, constituteaspecifi c land use system, which in turn changes natural land cover. 

of providi ng a robust and dynamic under
standing of the interrelationsh ip between 
land use and land cover as it is occurring 
today. Dynamic Vegetation Models 
(DVMs), in which land llse change and 
land cover change are interrelated in terms 
of processes and feed backs offer an ad
vanced approach to coupling the human 
driving va riables with ecosys tem response 
fun ctions, hydro logical dynamics, atmos
pheric conditions, and edaphic (fire rela
ted) factors. The development of LUCC

driven DVMs w ili require H tru ly 
interd isciplinary analysis and integrative 
model ing involvi ng most of the !GRP Pro
gramme Elements. 

Such models could, for instance, ac
count for the role of transient states of 
secondary succession following distur
bance. New evidence from satellite mo
nitoring in tropical forests suggests that a 
large fraction of disturbed areas arc sec
ondary growth. In the Amazon, approxi
mately one- third of the deforested area is 
in secondary sllccess ion following aban
donment of agricultural fields. 

Detailed multi-temporal analyses of 
satellite data shows that deforestation is a 
highly dynam ic process of clearing, aban
donment and re-clearing, and the rates at 
which land is cleared or abandoned is rela-

ted to the land use and management sys
tem the forest farme rs em ploy. J none 
study [conducted with Brazilian colleagues 
from 1986 to 1993, approximace ly 35% of 
disturbed sites were in ac tive agriculture 
every yea r through 1993; these are sites in 
which the land use system is main tai ning 
them as pastures or crops. Another 9% of 
the sites persisted every year as secondary 
growth, representing sites where long-term 
abandonment was occurring due to out
migration and severe losses of site fertil ity. 
Butapproximately 56% of the sites rotated 
between seconda ry growth and active 
agricu lture throughout the per iod of ob
servation, representing sites where the use 
and rotation of secondary growth is an 
explicit land use strategy. In some cases, 
deforestation and secondary succession 
exist in tandem asa tightly coupled system 
in which secondary growth is cominually 
recycled back in to farmland. J n other cases 
active land management maintains the land 
in agriculture, or the lack of ac tive land 
management or population displacement 
results in long- te rm succession. 

Thus, in the Amazon and elsewhere, 
land use change influences land cover 
change and is i.ntegrated with dynamics of 
ecosystem structure, function, and res
ponse. Within a foc used research pro-
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gramme on LUCC it wi ll be important co 
frame such questions as: what human land
use and land managemenr scra tcgies are 
employed in different siwations around 
the world and how do they conrrol , or 
interact with, the dynamics of ecosystem 
response to disturbance? Because de fo
restadon and aba ndonment have opposite 
effects on atmosphcriccarhon d ioxide (f.g. 
uptake vs. re lease), wc can res tate the 
aforementioned general question in te rms 
specific to the carbon cycle: Over time, 
what land use stra tegies dete rm ine the 
abundance and spadal distribution of se
condary growth, how do they determine 
the balance between clearing and regrowth 
rates, and how are these land use strategies 
in turn influenced by ecological condi
. , tlons. 

Finally it is worch noting that tbe cur
rent global carbon budget is not balanced. 
, 1 'here are good reasons to suspect that 
there is an unaccounted "missing sink" in 
undisturbed farestsoftheworld,and hence 
some importance is placed on emphasi
sing resea rch on global ecosystem metab
a lisn1 . However, a ne t uptake of approxi
mately 1.5 x 1015 gC yrl spread over large 
undisturbed forested ecosystems wou ld 

I G6P NEWSLETTER lS 

be difficult to measure or detect in the 
field at the hectart: scale. Thus, models 
which predict such sinks must infer the 
magnitude of the sink as a residual calcu
lation frolll es ti mates of nuxes associated 
with land cover change. 

Again turning to the Amazon as an 
example, the rate of deforestation appears 
to have increased from the early 19705 to 
the late 1980s, reaching 11 peak and the n 
declining quite dramatically through the 
early .1990s. At the samt;! time, but proba
bly lagged by several years, tile rate of 
abandonment tosecondary growth has like
ly increased as wdl, hUljuSt out of phase. 
Such asynchronicities in two related, hut 
non-linear and phased pu lses ofland cover 
change have interesting consequences for 
atmosphe ri c; carbon d ioxide and global 
carbon budgets. Is it possible that while 
the rate of deforestation is declining, the 
rate of refore station is increasing, causing 
the net flux of carbon to be unusually low, 
at least temporarily? Over che long-term, 
what socio-economic factors are control
ling the rdative balance between defo
restat ion and abandonment? Howwill they 
persist into the next century? Are these 
socio-economic filcrors influenced by in-

MlIll iscale Driving Forces in bnd Use/L.lnd Cover Cha nge 
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Figure 3. While Figure 2 shows the basic scheme for land use and cover change at the level of 
the land manager, the complex and dynamiC processes of LUCC operate through strata offorces 
at different scales - from the unit of production, through the landscape, and large regions. Both 
social and biophysical factors influence, and are influenced by. LUCC at variousscales. 

ter-annual and long-term climate chang
es? 

Biological Diversity 
Typically, specie5/a reacurves arc used 

to estimate the relative loss in species due 
to habitat loss. A simple approach would 
be to use rates of dcforestation to estimate 
[he change in forest habitat area. New 
research, however, is elucidating a fasci 
nati ng new role for land use and cover 
change. This work poims re three factors: 
(a) spatial geometry of ecosystem distur
bance through habitat fragmemation and 
its relationship to land use practices, (b) 
the time-varying "matrix" of areas in agri
cu lture or selective logging and secondary 
succession over time, and (c) historical 
changes in land use within "natural" eco
systems. 

I t is nocenough re know only aggregate 
ratcs of forest loss since it is [he spatial 
geometry of deforestation that is critically 
importam to understanding forest frag
mentation. Deforestation affects biologi
cal diversity in three ways: the destruction 
ofhahit:1t, isolation offragments offormer
Iy contiguous habi ta t, and edge effects 
within a boundary zone between forest 
and deforested areas. When one considers 
the spatial geometry of land cover change 
and calcu lmes th is [Oca l effect, the impact 
is much larger than if one used deforesta
tion rates alone. In my own rcsearch with 
C.]. Tucker we found the toral affected 
habitat to be twice as large as the deforest
ed area. 

It is not possible to predict the spatial 
geometry, and hence the wtal effect on 
habitat, from aggregatc information on 
deforested areas alone. Also, within a land
scape of various land uses, the dynamics of 
disturbance and succession create a chang
ing matrix of vegetation types and habitats 
which arc more complex than simply fo
restvs. nOIl-forest. Thespatial relationsbip 
between primary forest, deforested land, 
and secondary forest imposed bydifferent 
land uses creates a specific spatial topolo
gy which cannot be determ ined by aggre
gate figures alone. Detailed measurements 
need to be made, considering, for exam
ple, regions where disturbance patterns 
are small and dispersed vs. large and clus
tered 

Information on land use can provide 
insights into the cause and characteristics 
offorest rragmentation. T he size and shape 
of clearings are often related to the land 
use system bcingemployed, whether they 
are large commercial farms orsmall-holder 
sites. ' I 'he spatial orientation is influenced 
by transportation corridors, population 
nodes, historical foci of settlement, and 
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local environmental conditions such as 
slope, soils, and rivers. Moreover, as men
tioned above in the discussion of the car
bon cycle, land lIse strategies are coupled 
closely to the dynamics of secondary 
growth. Some fundamental Luccquestions 
begin to emerge from this view: within a 
given landscape how do land use, tenure, 
and management influence the spatial to

pology of primary and secondary land co
vers and biological dive rs ity? 

Peter Vitousek and colleagues have 
est imated that as much as 40% of global 
nct primary productivity has already been 
milized by human activities. A large com
ponen tof this appropriation ofN pp occurs 
when human land uses direc[Jy disturb 
natural ecosystcms, such as clearing fo
rests for agriculture or loggi ng. The work 
of anthropologists, ethnobotan ists, and 
ecologists suggest the biological djversity 
of large areas of so-ca lied "natural" ecosys
tems can also be directly affccted by hu
man use. In what he refers to as the Empty 
Forest, Kent Redford and others have 
shown an important influence of the cus
tomary use of natural ecosystems, where 
humans explojt the fl ora and fa una of in
taCt forests to a significant degree, particu
la rl y those in close proximity to disturbed 
areas. 

[f our concept of g lobal change rests 
solely on the issue of climate change, we 
would likely ignore intact forests, since 
theirinfluenceon carbon dioxide, sensible 
and latent heat flux, and the atmospherc 
are re latively unchanged compared to 
logged areas and croplands. But as Red
ford states, "We must not let a forest full of 
trees foo l us into believing all is well." 
This leads to interesting land use and hu
man d imensions questions to be asked if 
we want to look beyond climate change: 
How do changing patterns of consumption 
and human popUlation density affect iJio
logical diversity, even in intact ecosys
tems? How does the spatial orientation of 
land use and it~ affect intact ecosystems? 

infectious Disease 
There are very good data relating the 

incidence of certain human diseases with 
changes in land cover. Malaria rates (pe r 
thousand individuals) increased fivefo ld 
in the Amazon between t 975 and 1990 as 
deforestation rates increased dramatically 
over the same period. Regions of most 
rapid deforestation had the highest infec
tion rates. The epidem iology of disease is 
complex, mu itivariate, and not linearly 
related to disturbance races, but the link 
between changes in cover/habitat and 
disease is becoming an imporrant area of 
research. The case of Oropouche disease 
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reported by Robert Shope and his col
le,lgues in the Amazon in the 1960s is 
indicative. The construct ion of tbe Belem 
to Brasi lia highway resulted in an outbreak 
of a flu-like epidem ic which was later at
tributed to a virus from a biting midge. 
The midge population grew explosively 
when settlers cleared the land, and certain 
crop harvesting practices assoc iated with 
[he land lI se in the region provided an ideal 
breeding ground. 

T he work of Paul Epstein at the Har
vard School of Public Hea lth shows the 
re lationship hetween deforescation in 
Honduras, where cases of malaria rose from 
20,000 to 90,000 from 1987 to 1993. But he 
also nOtes that in addition to ecological 
effects from road building and deforesta
tion, it is theilltemcliOJl between land COver 
change and climate th.)[ is importa nt. 

Along with an emphasis on these kinds 
ofcstablishcd diseases, there is increasing 
speculation on the relationship between 
land cover change and the origin of new 
diseasc. There is considerable work to be 
done in th is area, but li ke no other exam
plc the case of infectious disease illus
trates th e direct li nk between global 
change, I.UCC, and human health. 

LUCC as an IGBP Programme 
Element 

The global effects of land use aDd 
cover change is an emerging and impor
tilnt area of research. Over the past four 
years an intcrnationalcommunity ofscien
rists has been making the case for its inclu
sion into the IGI\I' framework, first under 
the auspices of an ad hoc working group 
('GBI' Report #24/IIul' Report #5), Ulen 
under the ausp ices ofa formal core project 
planning committee ( IGUP Report#3S/HOP 
Report #7). T he re have been a number of 
special conferences and symposia which 
have also helped foclIs the discllssion, in
cluding the 1991 Global Institute in Snow
mass, Colorado, USA (published hy Cam
bridge University Press, 1994), the 1992 
Ecological Society of America Symposium 
on Global Impact of Land Cover Change 
(published as a special issuc of BioScience, 
May 1994), and the ,>ucc Open Science 
Meeting in Amsterdam, The Netherlands 
in 1996. 

. rhe development of a Core Project on 
LUCCcomesatan importantmomenr in the 
evolution of the IGSP. Other Core Projccts, 
suth a.ft~"l'E, OAHC, LOICZ, and /.GAC urgent
ly Ilycd to incorporate I~ Uc..:C dynamics in 
th5tr resea rch. 'rhe global synthesis and 
integrated models provided by GAIf,.·1 wi lJ 
now need to include the transient states 
caused by LU(''C. The I km AVHRI1/Global 

Land Cover dataset being developed by 
IGIJI'-U1S will soon be ready for widespread 
distribution. At th is stage of IGSP develop
ment it is becoming increasingly evident 
that the research community which the 
LUCC Core Project joins will be pressured 
in two important ways: (i) to produce time
ly scientific results and policy-relevant in
formation - in my own view th rough fo
cused research campaigns or projects, such 
as the Large Scale Amazon Basin Experi
ment (LBA) or the [(;BP Transects, and (ii) to 

stre ngthen the inter-program-element na
ture of our research, linking across rather 
than with in the Core Projects and Frame
work Activities. 

I.I1Cr. should be a critical nexus for thjs 
kind of IGor research. At the same time, 
Luc..:cshould provide a bridge between the 
human dime nsions and rhe geophys ica l/ 
biophysical dimensions of global change. 
Moreover,l.llCCCan provide direct links to 

policy, as it relates to climate, biodiversiry, 
agricu lture, ano human health. 
David Skole, 
Camplex Systems Research Center, Institute far the 
Study afEarth, Oceans, and Space, UniversityafNew 
Ham pshire, Morse Hall, Durham, New Hampshire 
03B24, USA. Fax: (+1-603) B62 OI BB, E-mail: 
dove@igopa.sr.unh.edu 

LUCC marches on 

The Open Science Meeting 
The First Open Science Meeting was held on 
January 29-3 1 in Amsterdam, The Netherlands. 
Hosted at the Royal Netherlands Academy of 
ArtS and Sciences, over · 160 scientists from 
around the world participated in discussions of 
the LUCC Science Plan and worked to identify the 
next steps toward an implementation plan. 

Core Pr9ject Office Established 
The Core Project Office for lUCC will be esta
blished at the Institu t Cartografrc de Catalunya 
(ICC). The ICC currently supports advanced 
cartographiC projects Including major work on 
deve~ loping land use and cover datasets.locat
ed In Barcelona, the office will officially open in 
the summer of 1996. 

Officer for New Core Project Office 
Identified 
A Core Project Executive Officer has been 
named for lUCC. Cal Puigdefabregas, who 
served as the former Co-ordinator of Environ~ 
mental Research for the Government of Cata
lunya, received his Ph.D. in 1975 at the Unlver
sitat de Barcelona. 

LUCC plays major role in Bi~lateral 

Agreement 
LUCC IS the main theme of a recent workShop 
and communique between the governments of 
Japan and the US. as part of a Si-lateral Agree
ment for Cooperation on Global Change Re
search. 
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Interactions between the Biospheric Aspects of the 
Hydrological Cycle and Land Use/Cover Change 

~r Isamu Kayane 

---~--

!sam" Kayolle is (f membcr of thc SdclJtijit: 
Stcering Committee for BAHC, alld Chair of the 
NatiolJal ./(ljJtltlese C01J/mittee /01· the IGBP. 

This ar/icle was writtell (IS {I positioll paper for 
thc IIpCOlllillg OPeJIICBP/BAHc-I.(Jcr: JoilJf ill
fer-Core Project Symposillm 011 IlIteractioNs 
be""',," Ihe Hyd/vlogicol Cycle fllld Land Use/ 
Cover Chlmge ill Kyoto, Japall,from 4-7 No
vember 1996. II,teresterl scielltists arc welcome 
10 al/CIIII. 

Global climate system 

T heg)Obal climate system red istributes 
energy from lower to higher latitudes. The 
energy surplus in the lower latitudes, whose 
boundary corresponds roughly to 35° lati
tude North and South, resu lts from the 
latitudinal gradient of the Earth's energy 
budget. 'T'he tora l energy distributed by 
ocean currents is larger than that distribu
ted by the atmosphere. 

The mean time during which a water 
molecule passes through a hydrological 
system (a lake, the Pacific Ocean, the tro
posphere, etc.) is termed the mean hydro
logical residence time. The "memory" ofa 
hydrological syste m increases with a long
er residence time (Table 1). Global cli
mate history can be understood by ana ly
sing the oxygen isotOpe ratio in ice cores 
sam pled from contine ntal glaciers and ice 
sheets. The atmosphere has a very short 
memory compared with the longer memo
ry of the ocean. Were we able to stop the 
encrgy supply to the mmosphere, its mo
tion wou ld cease with in a momh, but the 
ocean wou ld conti nue its ci rculation for a 
longer period following such an energy 
cut-off. 

The tota l heat stored in hydrological 

systems should be taken imo accoum in 
assessi ng the future evolution of the global 
environment. A shore memory is synony
mous with n small heat capacity. Thus the 
atmosphere conta ins insufficient heat to 
actas the source for futuredynamicchang
cs in the global climate. It can on ly res
pond to changes in forcing such as changes 
in solar irradiation or heat supply from the 
ocean. Future atmosphe ric behaviour de
pends nmonly on increases in greenhouse 
gas concencrations and eareh orbital cha ng
es, but also depends heavily on changes in 
sea surface temperatu re, global ocean cir
cu lation, and the increased atmospheric 
turbidity. 

T'he stability of the global climate sys
tem is another issue to be considered. 
Th ree million years of Earth climate histo
ry revealed by the oxygen isotope ratio of 
a deep ocean sediment core, ind icate that 
the glacial and interglacial cycle seareed 
around 0.8 Ma BP, when unknown feed
back mechanisms began to operate (Fig
ure O. The ampli tude of climate variat ion 
with time during [he past three mill ion 
years has been increasing. A possible ex
planation m ight be that tllis is a result from 
increased regional differences in both con
tinental-scale re lief caused bycrustal move
ment, and land surface wetness due to 

land use/cover change. 
Results from cores also reveal that the 

length of glac ial periods is longer than that 
of interglacial periods. The last intergla
cia l period, at around 130 ka BP, lasted 
on ly for 15 ka but the last glacia l period 
lasted for 1 00 k~l. Thus the global climate 
sys tem seems to be more stable when rhe 
Earth has a huge volume of wate r locked in 
ice sheets in polar regions than under the 

Table I Global water inventory and the hydrological r'esidence time 

Storage (km') Mean residence time 

Ocean 1.350,000,000 3,OOOy 
Glacier 24,230,000 10,OOOy 
Groundwater 10,100,000 I,OOOy 
5011 water 25,000 Iy 
Lake water 220,000 Iy to I,OOOy 
River water 1.000 10d 
Atmospheric vapour 13,000 10d 
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present cond ition with ice sheets existing 
only on Antarctica and Greenland . It is 
there fore possible chat the presen t global 
warming may act as the trigger of the next 
glaciation. If the interglacial is indeed a 
brief, unstable period for Eanh, then we 
should be very carefu l not to risk triggering 
the shift re the next glacial period through 
anthropogenic activities. 

Effects of global warming on the 
global water cycle 

The record from the polar ice cores clearly 
shows that the increase in greenhouse gas 
concentrations in the Earth's atmosphere 
started with the Industria l Revolution in 
the J 8th centu ry, though rates of increase 
accelerated after [he midd le of the twen
tieth century, resu lting in an increase of 
sea surface temperatures. The average rate 
ohhe sea surface temperature increase for 
tile whole ocea n is 0.9°C/IOOy, which is 
larger than the rate of the global air tem
perature increase. 

An im portane fact worth noting is that 
the rates of decrease of sea surface tempe
ratures in the northern North Pacific Ocean 
from 300 N to the pole, where the abyssa l 
cu rrent ascends, and also in the northern 
North Atlantic Ocean, show seasonal vari
ations with a minimum (i.e. largest de
crease) during rhe boreal summer. This 
fact suggests thar the deepwa[er ci rcu la
tion in the global ocean has been intensi
fied by global \.varm ing 

Higher sea surface temperatures in the 
Indian Ocean have resulted in a conside
rab le increase in ann ual rainfa ll along the 
southwest coast of Sri I ,anka and a part of 
southwestern India, whereas the rainfall 
has decreased dramatically in the moun
tainous area in Sri Lanka. The effects of 
global warming on the water cycle have 
appeared predominantly in the tropics. 
The present trend of increasing sea sur
face temperatures in the tropical ocean 
will almost certainly continue in the fu
ture, and the effect of the associated inten
siJied e nergy and water cycle will gradual
lypropagate to the midd le and high latitude 
zones. Abnorma l weather events> such as 
severe floods and uroughts, reported re
cently from all over the world, may well be 
resu lts of global warming, although rhe 

.... 
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Harold A. Mooney (Vice-Chair). Depart
ment of Biological Sciences, Stanford Univer
sity, California, USA. Expertise in ecophysiol
ogy, with broad knowledge in many other 
aspects of ecology, particularly biodiversity 
and its functional significance. 

F. Stewart Chapin, Ill, University of Ca!;· 
fornia, Berkeley, USA. Professor at the De· 
pZlrtment of Integrative Biology. Expertise in 
ecosystem function, experimental work on 
biological diversity and ecosystem function. 

Jan Goudriaan. Wageningen Agriculwral Uni· 
versity, Netherlands. Expertise in crop system 
modelling. and in the terrestrial carbon cycle. 

Peter Gregory, Head of the Department of 
Soil Science, University of Reading, UK. Re· 
search interests include soil physics, em'iron· 
mental biology and crop management. 

Yoh Iwasa, DepartmentofBiology, Faculty of 
Science, Kyushu University, Fukuoka. Japan. 
Theoretical ecologist in modelling the impact 
of environmental factors on biodiversity. 

Sune Under, Department of Ecology and 
Environmental Research. Swedish University 
for Agricu ltura l Sciences, Uppsala, Sweden. 
Experience in experimental and modelling stuo· 
ies of tree physiology and forest productivity. 

Jean-Claude Menaut, Ecole Normale 
Superieure, Laboratory of Ecology, Paris, 
France. Ecologist, with expertise in monitor
ing and detection of global change. 

lan Noble, Research School of Biological Sci· 
ences.Australian National University, Canberra, 
Australia. Professor in Global Change Science. 
Expertise in ecosystem dynamics modelling, with 
an interest in landscape process and in human
driven change to ecosystem strucwre. 

P. S. Ramakrishnan, School of Environmen
tal Sciences,jawaharlal Nehru University, New 
Delhi, India. Multidisciplinary interests linking 
ecology with social sciences. Research on the 
relationship between human-driven change to 
ecosystem composition and the resulting im~ 
pacts on ecosystem function. 

Osvaldo E. Sala. 
(see SC·IGBP) 

Robert J. Scholes, Commonwealth for Sci
entific and Industrial Research, Division of 
ForestScienceandT echnology, Pretoria, South 
Africa. Research experience in experimental 
and modelling aspects of biogeochemistry, 
especially in tropical s,wannahs, forests and 
grasslands. 

Ernst-Detlef Schulze. 
(see BAHC) 

Herman H. Shugart, Department of Envi· 
ronmental Sciences, UniverSity of Virginia, 
Charlottesville, USA. W.W. Corcoran 
Professor. Expertise in ecosystem dynamics 
model ling, from patch to global scales; 
development of successful forest gap-phase 
models. 

RobertW. Sutherst, Division ofEntomolo· 
gy, University of Queensland. Brisbane, 
Australia. Research interests include paras;· 
tology of ticks and distribution and dynamiCS 
of pests and diseases. 

Michael J. Swift. UNESCO Regional Office 
for Science and Technology for Africa, 
Nairobi, Kenya. Director of the Tropical 
Soil Biology and Fertility Programme. Research 
in soil biology, tropical agriculture and multi
species agroecosystems. 

F. lan Woodward, School of Biological 
Sciences, UniverSity of Sheffield, UK. Profes
sor at the Department of Animal and 
Plant Sciences. Expertise in both ecophysi
ology and global ecosystems modelling. with 
the development of a mechanistically based 
global vegetation redistribution model. Re
search on linkages of vegetation models to 
GCMs. 

Zhang Xin-shi, Laboratory of Quantitative 
Vegetation Ecology, Chinese Academy ofSci
ences, Beijing, China. Director of the Institute 
of Botany. Plant and ecosystem ecologist, with 
excellent knowledge of global change issues in 
general. 

Scientific Steering Committee 
International Global Atmospheric 

Chemistry Project 
(IGAC) 

Guy P. Brasseur, (Chair) 
(see SC·IGBP) 

Paul J. Crutzen (Vice-Chair), Max Planck 
Institute for Chemistry, Mainz, Germany. 
Main research Interest is atmospheric chemis
try and its role in biogeochemical cycles and 
climate, espedZllly work on the role of NO" 
in chemistry of the stratosphere, and on mod
elling of atmospheric photochemical process
es. 

Pamela A. Matson (Vice-Chair), Depart
ment of Environmental Science, Policy and 
Management, UniverSity of California, Berke
ley. USA. Research has focused on the effects 
of natural and anthropogenic disturbances on 
blogeochemical cycling and trace gas exchange 
in tropical ecosystems. 

Haiime Akimoto, Research Center for Ad
vanced Science and Technology, University of 
Tokyo, Japan. Research interests include at
mospheric chemistry of reactive species, par
ticularly photochemical reaction mechanism 
in the troposphere and related atmospheric 
measurements. 

Paulo Artaxo, Applied Physics Department, 
Institute of Physics, University of Sao Paulo, 
Brazil. Research interests include distribution 
and transportation of aerosol particles and 
trace elements. 

RalfConrad, Max-Plank Institute for Terres
trial Microbiology. Marburg, Germany. Direc
tor of the Department of Biogeochemistry. 
Research interests focus on the microbiology 
and biogeochemistry of atmospheric trace 
gases, and on the microbial ecology of paddy 
soil. 

RobertJ. Delmas, Laboratory of Glaciology 
and Geophysics of the Environment, St Martin 
d'Heres. France. Expertise in the chemistry 
of glacial ice and polar sheets with emphasis 
on the atmospheric chemistry of polar re
gions. 

lan E. Galbally, Division of Atmospheric 
Research, Commonwealth Scientific and In
dustrial Research Organisation (CSIRO). Mor
diall oc, Victoria, Australia. Expertise in the 
measurement of trace gas f1uxes between the 
atmosphel-e and terrestrial ecosystems, espe
cially N gases. 

Jost Heintzenberg. Director of the Institute 
for Tropospheric Research, Leipzig, Germany. 
Research interests include aerosols, air chem
istry and cloud physics. 

Peter V. Hobbs, Atmospheric Sciences De~ 
partment, UniverSity of Washington, Seattle, 
USA. Principal research interests in cloud and 
precipitation physics, mesoscale meteorology, 
atmospheric chemistry and air pollution. 

Barry J. Huebert. Department of Oceanog
raphy, University of Hawaii , Honolulu, USA. 
Research interests include the development of 
methods for measuring f1uxes of materials 
between regions of the atmosphere. 

Vyacheslav U. Khattatov, Deputy Direc
tor of the Central Aerological Observatory, 
Moscow, Russia. Research interests include 
ozone, aerosols. PSC's and water vapor in the 
stratosphere and ozone, methane. carbon di
oxide and other greenhouse gases in the trop
osphere. 
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Patricia A. Matrai, Bigelow Laboratory for 
Ocean Sciences, USA. Biological oceanogra
pher, specialised in marine phytoplankton bi
ology and biochemistry, and their role in key 
global biogeochemical cycles. 

Heinz-Ulrich Neue, Division of Soil and 
Water Sciences, International Rice Research 
Institute, Manila, Philippines. Research has 
focused on biogeochemistry of wetland 
soils, plant nutrition. soi l stress to lerance 
of rice, organic matter dynamics in tropical 
wetlands, and trace gas emissions from rice 
fields. 

Nicholas J.P. Owens, Department of Ma
rine Sciences, University of Newcastle. UK. 
Expertise in nitrogen cycling processes in di
verse marine ecosystems. Research is focused 
on production and consumption of bio-gases 
(methane and nitrous oxide) in the sea. 

StuartA. Penkett, School of Environmental 
Sciences, University of East Anglia, Norwich, 
UK. Researcher into chemical processes in the 
atmosphere: present research with the quan
t ification of processes leading to ozone pro
duction and destruction in the background 
troposphere, and chemical phenomena in the 
real atmosphere. 

Henning Rodhe. Department of Meteorolo
gy, Stockholm University, Stockholm, Sweden. 
Main research interests are the atmospheric 
parts of the biogeochemcial cycles of sulphur, 
nitrogen and carbon, including the environ
mental effects of the anthropogenic perturba
tions of these cycles: acidification, eutrophica
tion and climate change. 

Wang Ming .. xing, Institute of Atmospheric 
Physics, Chinese Academy of Sciences, Beijing, 
China. Research results in atmospheric aero
sols, acid rain, and climate changes due to the 
increase of atmospheric trace gases. 

Scientific Steering Committee 
Joint Global Ocean Flux Study 

(JGOFS) 

John G. Field. (Chair) 
(See SC-IGBP) 

Liliane Merlivat (Vice-Chair), Universite 
Pierre et Marie Curie, Paris, France. Director 
of the Laboratoi re d'Oceanographie Dy
namique et de Climatologie. Research fie lds 
include air-sea gas exchange with emphasis on 
the distribution of carbon dioxide exchanges 
at the ocean surface. 

Alex Bychkov, C limate Chemistry Labora
tory, Pacific Oceanological Ins titute, 
Vladivostok. Russ ia. Research interests in 
ocean circulation and its effect on the global 
patterns of carbon dioxide air-sea exchange. 
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Hugh Ducklow. Virginia Institute of Marine 
Sciences, The College of William and Mary, 
Gloucester Point, Vi rgin ia, USA. Research in
terests in marine microbial ecology. with em
phasis on bacterioplankton carbon fluxes in 
estuarine, coastal and oceanic systems, and 
modelling of plankton dynamics. 

Julie Hall, National Institute for Water Re
search, Hamilton, New Zealand. Co-pro
gramme co-ordinator. West Coast Ecosys
tems Programme. Specialisation in microbial 
foodweb dynamics and grazing relationships. 

S. Krishnaswami. Physical Research Labora
tory, Ahmedabad, Ind ia. Professor at the Earth 
Sciences Division. Specialisation in geochemis
try with research in the fields of weathering 
and transport; scavenging processes in the 
ocean, and sedimentary records. 

Kon-Kee Liu, Institute of Oceanography, 
National Taiwan University, Taipei, Taiwan. 
Professor of Oceanography with research in
terests in the significance of continental mar
gins in the carbon cycle of the world's oceans. 

Karin Lochte, Institut fUr Ostseeforschung, 
Rostock-Warnemunde, Gerrnany. Research 
interests in marine microbial ecology, with 
emphasis on protozoa and their role in carbon 
cycling in marine systems. 

James McCarthy, Harvard Unive rsity, Cam
bridge, Massachusetts, USA. Professor of Bio
logical Oceanography, Director of the Muse
um of Comparative Zoo logy. Harvard 
University. Research interests include nutri
ent cycles in the sea, and processes that regu
late marine production. 

Robert M. Moore, Dalhousie University, 
Halifax, Nova Scotia. Canada. Professor of 
Chemical Oceanography. Department of Oce
anography. Research interests include marine 
production of volatile organohalogens and 
their ocean-atmosphere fluxes; Arctic ocea
nography and air-sea interaction. 

Andre Morel, Laboratoire de Physique et 
Chimie, Universite Pierre et Marie Curie, Vi lIe
franche-sur-Mer. France. Research interests 
in process influencing the export of particles 
from surface waters to deep ocean settle
ments and remote sensing. 

Jim Murray. School of Oceanography, Uni
versity of Washington. Seattle. USA. Profes
sor of Chemical Oceanography with research 
interests in the export of particulate organic 
carbon that is produced in surface waters and 
buried in deep ocean basins. 

Egil Sakshaug, University ofTrondheim and 
T rondheim Biological Station, Norway. Pro
fessor of Marine Botany. Specialisation in ma
rine phytoplankton ecology and ocean carbon 
flux, experimentation and modelling of photo
biological aspects. 

Graham Schimmield, Dunstaffnage Marine 
Laboratory, Oban, Argyll, Scotland, UK. Re
search interests in [he processes that trans
form and recycle sedimentary materials, the 
effects of these processes on the sedimentary 
record, and the rates of carbon accumulation 
and related biogenic processes over paleoce
anographic and paleoclimatic changes. 

Taro Takahashi. Columbia University, Pali
sades, New York, USA. Professor of Chemical 
Oceanography. Research interests in the ex
change of carbon dioxide through the air-sea 
interface, modelling biological effects on COl 
in the ocean. 

Bronte Tilbrook, CSIRO, Division Of Oce
anography, Hobart, Tasmania, Australia. Re
search interests in COl flux with particular 
interests in the Southern Ocean. 

Jurgen Willebrand, University of Kiel, Ger
many. Professor of Physical Oceanography, 
Institut fUr Meereskunde. Research interests 
in ocean circulation dynamics and ocean cli
mate interactions. 

Scientific Steering Committee 
Land-Ocean Interactions 

in the Coastal Zone 
(LOICZ) 

Edgardo D. Gome. (Chair). 
(See SC-IGBP) 

Larry F. Awosika. Nigerian Institute for 
Oceanographic and Marine Research, Lagos, 
Nigeria. Research interests include marine 
geology and geophysics. coastal geomorphol
ogy and ocean dynamics; coastal zone manage
ment, climate change and sea level rise. 

Robert W. Buddemeier, Kansas Geologi
cal Survey, USA. Senior Scientist and Courtesy 
Professor in the Geography Department. also 
Chairman of SCOR-WG I 04 (Coral reef re
sponses to global change: the role of adapta
tion). Research interests include system-level 
investigations of interactions between climate, 
surface water. groundwater and geological 
characteristics; studies of corals. coral reefs. 
and calcification. 

Viatcheslav V. Gordeev, Institute of Ocea
nology. Russian Academy of Sciences, Mos
cow. Senior research scientist with specialisa
tion in estuarine and marine geochemistry, 
including chemistry of hydrothermal fluids and 
plumes. 

Donald C. Gordon Jr., Department of Fish
eries and Oceans, Bedford Institute of Ocea
nography. Dartmouth, Nova Scotia, Canada. 
Research interests include: cycling of organiC 
matter in marine and coastal ecosystems. ec
osystem modelling and environmental impact 
assessment. 



Patrick HollIgan, Department of Oceanog
raphy, University of Southampton. Professor 
of Oceanography with interests in phytoplank
ton ecology and biogeochemistry, remote sens
ing of the oceans and biological feedback systems. 

Dunxin Hu. 
(see SC-IGBP) 

Silvla Ibarra-Obando, Centra de Investi
gaci6n Cientifica y de Educaci6n Superior de 
Ensenada, Ensenada, Baja California, Mexico. 
Research interests in coastal wetlands includ
ing saltmarsh systems, factors affecting growth 
of submerged macrophytes and coastal prima
ry production. 

Stephan Kempe. 
(see SC-IGBP) 

Han J. Lindeboom, Netherlands Institute 
for Sea Research, T exel, the Netherlands. 
Head of the department of Applied Marine 
Ecology, with research interests in eutrophica
tion, (micro}pollution and effects of fisheries. 

Jeffrey E. Richey, University of Was hingc on, 
School of Oceanography, Seattle, USA. Senior 
research scientist with interest in catchment 
basin dynamics and river discharge. 

Stephen V. Smith, School of Oceanogra
phy, University of Hawaii, USA. Professor in 
Oceanography with research interests in coast
al carbon and nutrient budgeting and model
ling, coral reefs and calcification. 

Kerry Turner, CSERGE. School of Environ
mental Sciences, University of East Anglia, 
Norwich, UK. Professor of Environmental Eco
nomics, with research interests in environ
mental economics. 

Fred Wulff, DepartmentofSystems Ecology, 
Stockholm University, Sweden. Research in
terests include biogeochemical process and 
system modelling. 

Jahara Yahaya, Universiti Sains Malaysia. 
Kuala Lumpur. Malaysia. Professor of Econom
ics. Research interests include socio-econom
ics of fisheries, environmental impact assess
ments, natural resource accounting. 

T etsuo Yanagi, Ehime University, Matsuyama, 
Japan. Professor of Coastal Oceanography, at 
the Department of Civil and Ocean Engineer
ing, Faculty of Engineering. Research fields are 
material transport in the coastal sea and nu
merical modelling of ecological systems. 

Scientific Steering Committee 
Land-Use/Land Cover Change 

(LUCC) 

David Skole (Chair). 
(See SC-IGBP) 

Gunter Fisher, International Institute for 
Applied System Analysis. Laxenburg, Austria. 
Expertise in numerical analysis, computer 
science. and mathematical modelling, 
with an emphasis on agricultural systems. 
Research priority is to deve lop a GIS
based modelling framework for land resourc
es assessment and validation at both 
regional and global scale, combining eco
nomic theory with biopysicalland evaluation 
to model spatial and dynamic aspects of land 
use. 

Louise O. Fresco. Department of Tropical 
Crop Science, Wageningen Agri
cultural University. The Nether·lands. Profes
sor of Plant Production Systems and Chair 
of the Advisory Counci l on Nature and 
the Environment in the Netherlands. 
Research interests in land use dynamics mod
elling. particularly in the tropics and subtrop
ics. 

Thelma Krug, National Institute for Space 
Research, Sao Jose dos Campos, Brazil. Head 
of Remote Sensing Division and Deputy Coor
dinator of Earth Observation. Field of exper
tise is spatial statistics, with special interest to 
analysis of remotely sensed data, modeling. 
deforestation. 

RiI( Leemans, Department of Terrestrial 
Ecology and Global Change, National 
Institute Public Health and Environment, 
Bilthoven, The Netherlands. Research inter
ests concern blodiversity. vegetation struc
ture and dynamics. land use and cover change, 
carbon cycle and global environmental data 
bases. 

Steven E. Sanderson, Department of Pal it
ical Science, UniverSity of Florida, Gainsville, 
USA. Expertise in rural poverty and resourc
es, and comparative pol itical economy. with 
interest in the complex human driving forces 
of land use and cover change, cross-scale 
dynamiCS. and the Interaction of human and 
natural systems dynamics at the landscape 
scale. 

Billie L. Turner 11, Director of the George 
Perkins Marsh Institute. Clark University, 
Worcester. Massachusetts, USA. Higgins Chair 
of Environment and SOciety. Expertise is in 
cultural ecology and land-use emphasising the 
tropicS. 

Scientific Steering Committee 
Past Global Changes 

(PAGES) 

Raymond Bradley (Chair). 
(See SC.IGBP) 

Keith Briffa. Climate Research Unit. Univer
sity of East Anglia, Norwich, UK. Research is 
focused on instrumental records, dendrocli
matology and climatic change of the late 
Holocene. 

Zhengtang Guo. Chinese Academy of Scienc
es, Beijing, China. Expert in !oess and pa!eosols. 
Research interests are focused on loess-based 
Quaternary geology and paleoclimatology, the 
Asian paleomonsoonand paleodata management. 

Martin H. Iriondo, Cornite Argentino de In
vestigaci6n del Cuaternario, Parami Entre Rios, 
Argentina. Expertise in Quaternary envi-ron
menu and climate change of non-permanents 
deserts of South America with research focus on 
sedimentological and geomorphological analysis. 

Laurent Labeyrie, Universite de Paris-Sud. 
Orsay. France. Research interests include ev
olution of global climate and coupled ice
ocean-atmosphere-continental systems stud
ies for paleoceanography. 

Martin Lautenschlager, German Climate 
Computer Center, Max.-Planck-Institute, Ham
burg, Germany. Senior Research Scientists, 
research is focused on modelling long-term 
climate changes and paleodimate through the 
development of a GCM coupling of the cryo
sphere. ocean, biosphere and atmosphere. 

Claude Lorius, Laboratory for Glaciology 
and Geophysics of the Environment in Saint 
Martin d'Heres, France. Past global changes 
from Polar ice cores: climate and atmospheric 
environment on long term and century time 
scales. and mass balance of the Antarctic ice sheet. 

Bruno Messerli. University of Berne, Swit
zerland. Vice President of the International 
Geographical Union. Research interests are 
focused on global change in mountain areas 
with particular expertise in the Andes, Hima
layas. Africa and the Alps. 

Eric O. Odada, 
(See SC-IGBP) 

Yugo Ono. Laboratory of Geoecology, 
Hokkaido University, Sapporo.Japan. Research 
interests include paleoenvironrnenta and pale
ometeorology of Eastern Asia. 

Jonathan Overpeck. Palaeodimatalogy Pro
gram, National Geophysical Data Center, Na
tional Oceanic and Atmosphere Administra
tion, Boulder. USA Expertisein late quaternary 
climatic patterns and causes of decadal to 
millennia I-scale climatic and ocean dynamics; 
palaeoclimate data management. 

Tim C. Partridge, Climatology Research 
Group. Johannesburg, South Africa. Research 
focus on quaternary geology of the Southern 
Hemisphere. with expertise on the paleocli
mate of Southern Africa. 

Thomas F. Pedersen. Department of Oce
anography, University of British Columbia, 
Vancouver, Canada. Expertise in quaternary 
paJaeoceanography and paleaogeochemistry, 
particularly with respect to the history of 
productivity and palaeonutrient fluxes, and 
the history of organiC matter in the ocean. 
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William Ruddiman. Department of Envi
ronmental Sciences, University of Virgin ia, 
Charlottesvi ll e, USA. Expert on orbital-scale 
and last-deglacial climate responses in the 
North and Tropical Atlantic. Interests also 
include long-term evolution of climate includ
ing the role aftectcnic uplift in altering atmos
pheric circulation. 

E.A. Vaganov, Institute ofForestSB, Russian 
Academy of Sciences, Krasnyoyarsk, Russia. 
Research interests include tree rings, paleocli 
mate information from organic material, pale
oclimate of Siberia. 

Robert Wasson. Division of Water Re
sources, Commonwealth Scientific and in
dustrial Research O rganization, Canberra, 
Australia. Geomorphologist; expertise on qua
ternary environmental history with particu
lar emphasis on deserts; impact of land use on 
fluvial systems since the beginning of agricul
ture. 

Scientific Steering Committee 
Data and Information Systems 

(OIS) 

John Townshend (Chair). 
(see SC./GBP) 

Hugh Ducklow, 
(seejGOFS) 

Reinder A. Feddes, 
(see BAHC) 

Jean-Louis Fellous, National Centre for 
Space Studies, Toulouse, France. Director of 
MEDIAS, the Regional Research Network for 
the Mediterranean Basin and Subtropical Afri
ca. Oceanographer, expertise in space sys
tems and remote sensing. 

Chris Justice, Global Inventory Monitoring 
and Modelling Studies, Goddard Sp:\ce 
Flight Center, NASA, Greenbelt, Maryland, 
USA. Expertise in remote sensing of land 
surface. 

Jean-Paul Malingreau, Institute for Remote 
Sensing Applications, Monitoring of Tropical 
Vegetation,Joint Research Centre of the Com
mission of European Communities, Ispra, Italy. 

Berrien Moore Ill. (see SC·/GBP) 

Jonathan Overpeck, 
(see PAGES) 

S.lchtiaque Rasool, Chief Scientist for Glo
bal Studies, NASA. Research on thermal struc
tures of planetary atmospheres, and the devel
opment of data interpretation techniques for 
satellite sensors; expertise in studies of long
term atmospheric evolution of earth and the 
planets. 
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Robert J. Scholes, 
(see GCTE) 

David Skole, 
(see SC./GBP) 

David Williams, Head of Strategic Planning, 
EUMETSAT, Darmstadt, Germany. Expertise 
in remote sensing, with special emphasis on 
systems analysis. 

Task Force on Global Analysis, 
Interpretation and Modelling 

(GAl M) 

Berrien Moore III (Chair), 
(see SC·/GBP) 

Guy Brasseur, 
(see SC./GBP) 

Wolfgang Cramer, Potsdam Institute for 
Climate Impact Research, Potsdam, Germany. 
Research interests in models of vegetation 
structure and ecosystem processes; climatic 
classification. 

Robert E. Dickinson, University of Arizona, 
Tuscon, Arizona, USA. Regents Professor of 
Atmospheric Physics. Research interest in var
ious aspects of climate system modelling and 
use of global data for model improvement; 
with emphasis on the interaction of land
surface processes with climate. 

William R. Emanuel, Department of Envi
ronmental Sciences, University of Virgin ia, 
Charlottesville, USA Research interest in glo
bal biogeochemical cycling and environmental 
change; app lications of systems analysis and 
control theory in ecology. 

Martin Heimann, Max Planck Institute for 
Meteorology, Hamburg, Germany. Senior re
search scientist. Research interests include 
the modelling of global biogeochemical cycles, 
in particular the carbon cycle, and their inter
action with the physical climate system. 

Ann Henderson-Sellers. 
(see SC·/GBP) 

Ivar Isaksen, Institute of Geophysics, Uni 
versity of Oslo, Norway. Research interests 
include modelling of chemical composition of 
minor constituents in the troposphere and the 
stratosphere, with emphaSiS on future chang
es resulting from imposed control measures 
on ozone depleting substances. 

Guri Marchuk, Director, Institute of Nu
merical Mathematics, Russian Academy ofSci
ences, Moscow, Russia. Former president of 
Russ ian Academy of Sciences. Expertise in 
numerical modelling of complex systems, with 
emphasis on prognostic models of oceanic and 
atmospheric circulation. 

Patrick Monfray, Laboratory for Climate 
and Environment Mode lling, Gif-sur-Yvette, 
France. Expertise in carbon cycle modelling, 
atmospheric COl monitoring, including inter
actions with atmospheric and oceanic circula
tions. 

Carlos Nobre, 
(see BAHC) 

W. Richard Peltier, 
(see SC./GBP) 

I. Colin Prentice, Lund University, Depart
ment of Plant Ecology, Lund, Sweden. Profes
sor of Plant Ecology. Research interests in
clude mode lling vegetation and ecosystem 
processes at regional to global scales, bio
sphere-atmosphere interactions, and applica
t ions of palaeological data to global change. 

s. Ichtiaque Rasool, 
(see OIS) 

Jorge L. Sarmiento, Princeton University, 
Princeton, USA. Professor of Geological and 
Geophysical Sciences, Program inAtmospher
ic and Oceanic Sciences. SpeCialisation in mod
elling of ocean biogeochemistry with a partiC
ular interest in tracers of ocean circulation and 
the carbon cycle. 

David S. Schimel, National Center for At
mospheric Research , Boulder, Colorado, USA. 
Head, Ecosystem Dynamics and the Atmos
phere. Research interests in global biogeo
chemical cycles, emphasising the coupling of 
carbon and nitrogen cycle; t race gas exchange 
and ecology of arid grass lands and woodlands. 
Expertise in regional and global modelling, 
remote sensing studies and field measure
ments of CO

2 
and trace gas fluxes. 

F.lan Woodward. 
(see GCTE) 

Standing Committee 
System for Analysis, Research 

and Training (START) 

Peter Tyson (Chair). 
(See SC·/GBP) 

Haroldo Mattos de Lemos (Vice-Chair), 
Secretary of the Environment, Ministry of the 
Environment, Water Resources and Amazon, 
Brasilia, Brazi l. Professor of Environmental 
Engineering, Federal University of Rio de Jane i
ro. Scientific interests include global environ
mental change, water in particular, and sus
tainable development. 

Edward S. Ayensu, President, Pan-African 
Union for Science and Technology, Accra, 
Ghana. Research interests include tropical 
biology and ecology, economic botany, medic
inal plants and envi ronmental assessments. 



jean-Pierre Contzen. Commission of Eu
ropean Communities. Brussels. Belgium. Di
rector General of the Joint Research Centre. 
Responsible for the coordination of EC space 
acti~ities . Member of the Board of the Europe
an Space Agency. Scientific interests in global 
change research and Earth observation. 

Robert W. Corell. Assistant Director, Di
rectorate for Geasciences, National Science 
Foundation, Arlington, Virginia, USA. Respon
sible fOI" U.S. research pl'ogrammes in the 
atmospheric, earth and ocean sciences. Chair 
of the Subcommittee on Global Change Re
search. Background in ocean engineering. 

Sulochana Gadgil, Indian Institute of Sci
ence, Bangalore. Ind ia. Chairm:m of the Cen
tre for Atmospheric Sciences. Specialisation in 
monsoon variability and its modelling, coupled 
ocean-atmosphere systems. 

Bernard Giovannini, Conches (Geneva), 
Switzerland. Professor of Physics, Director of 
the International Academy for the Environ
ment, Geneva. Scientific expertise includes 
supercondictivity, band structure calculation 
and energy modelling. 

Gisbert Glaser. Director. Bureau for the Co
ordination of Environmental Programmes, 
UNESCO. Paris, France; with responsibility for 
coordinating UNESCO's international scientific 
programmes in fields of ecology. hydrology, 
earth and marine sciences. Background in geog
raphy and scientific interests in global change, 
research and science for sustainable develop
ment. 

Pablo Gutman, Centerfor Urban and Regional 
Studies, Buenos Aires, Argentina. Environmenral 
economist; scientific expertise and research inter~ 
ests include interdisciplinary approaches to sus
tainabledevelopment.globalenvironmentalchange, 
environmental problems and policy. 

Keiji Higuchi, College of International Stud
ies, Chubu UniverSity, Kasugai, Aichi, Japan. 
Director of the Na.goya City Science Museum. 
Research interests include the role of snow 
and ice in the global water cycle, especially 
glaciers, ice sheets and permafrosts. Research 
interest is environmental educa.tion through 
activities of the science museum. 

Michael Manton, Chief of the Bureau of 
Meteorology Research Centre. Melbourne. 
Victoria, Australia. Officer of Joint Scientific 
Committee for WCRP. Research interests 
include cloud physics. boundary layers, climate 
change and tropical meteorology. 

John Marl(s, Division Head, Environment, 
Life Sciences and R&D Strategy. Ministry of 
Education, Cultu re and Science, Zoetermeer, 
Netherlands. and currently cha ir.lnternation
al Group of Funding Agency for Global Change 
Research. Responsibilities include remotesens
ing and environmental, health and biotechnology 
research. Background in experimenral physics. 

A. P. Mitra. National Physical Laboratory, 
New Delhi, India. CSIR Bhatnagar Fellow. Spe
cialisation in upper atmospheric and iono
spheric physics with current interest in global 
environmental chemistry. 

Bedrich Moldan, Charles University, Prague, 
Czech Republic. Director of the Environmen
tal Center. Background in analytical chemistry 
and biogeochemistry; scientifiC interests focus 
on indicators of sustainable development. Ex
perience in environmental policy. 

Reuben Olembo, Deputy Executive Direc
tor. United Nations Envil-onment Programme, 
Nairobi, Kenya. responsible for issues relating 
to natural resources and biodiversity conser
vation. Involved in initiating and drafting the 
World Conservation Strategy, and prepara
tions for the signing of the eBO. Background 
in geneticS. 

Christian Patermann, Deputy Director
General. Department for Environmental and 
Global Change Sciences, Environmental T ech
nology. Marine-, Polar- and Geosciences, Fed
eral Ministry of Education, Science. Research 
and Technology, Bonn, Germany, with re
sponsibility for the respective laboratories. 
Background in law and economics. 

Richard Rockwell, Uni~ersity of Michigan, 
Ann Arbor. USA. Executive Director of the 
Inter-University Consortium for Political & 
Social Research~ Research Scientist and Ad
junct Professor of Sociology. Research inter
ests include human dimensions of global change, 
and issues of social science data and documen
tation. 

Sanga Sabhasri. past-chair, National Re
search Council of Thailand. Bangkok, Thailand. 
Chair of the Kasetsart University Council and 
President of the National Botanic Gardens. 
SpeCialisation in forest ecology with broad 
research in environment and ecology. 

John M. R. Stone, Ottawa, Canada. Direc
tor, Climate Research Branch, Environment 
Canada.Currentinterestsindudedimateproc
esses and modelling for climate change. varia
bility and forecasting. Involvement in interna
tional science and environment relations. 

Kaz.uhiko Takemoto. International Insti
tute for Applied System Analysis (IIASA). Lax
enberg. Austria. Research scholar. methodol
ogy of decision analysis. Concurrently serves 
as the Special Advisor for the Asia-Pacific 
Network for Global Change Research (APN). 
Experience in science and global environment
la policy. 

Zhao Shidong. Commiss ion for Integrated 
Survey of Natural Resources. Chinese Acade~ 

my of Sciences. Beijing, China. Research Pro
fessor of Applied EcolOgy. Research fields 
include structure. function and dynamics of 
forest ecosystems, responses of forest eco
systems to climate change and biodiversity. 

IGBP Directory Update: 
1996 

The lGBP Directory Update: 1996 has 
been published by the IGBP Secretariat. 
The Update is to be used In combination 
with the 1995 edition of the IGap Directo
ry. The purpose of producing the 1996 
edition is to keep a yearly update of the 
list of members of the IGBP sscs and scs, 
and ICSU liaisons (together with their con
tact Information) for Initial presentation 
at the IGBP Congress. to be held in Bad 
MOnstereifel. Germany, Apri l 1996. Pub, 
lication of the next complete IGBP Directo· 
ry (including National Committee Chairs 
and Contacts) is scheduled for 1997. 

Requests fo r tile 1GB' Directory Update: 
1996 should be addressed to; 
Ms. Usa W. -Cronqvist at: 
IGI'IP Secretariat, 
Box 50005, 
S-104 05 Stockholm, Sweden. 
Fax: (+46-8) 16 64 05 
E-mail: lisa@igbp.kva.se 
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Index by Name 

Abrol, Inder Pal (SC-IGBP) 

Akimoto, Hajime (IGAC) 

Areaxo, Paulo (IGAC) 

Awosika, Larry (LOICZ) 

Ayensu, Eddy (START) 

Bass, Brad (BAHC) 

Becker, Alfred (BAHC) 

Bradley, Raymond (SC-IGBP, PAGES) 

Brasseur, Guy P. (SC-IGBP, IGAC, GAl M) 

Briffa, Keith (PAGES) 

Buat-Menard, Patrick (SC-IGBP) 

Buddemeier, Robert W. (LOICZ) 

Bychkov, Alex OGOFS) 

Chahine, Moustafa T. (BAHC) 

Chapin Ill, F. Stewart (GCTE) 

Conrad, Ralf (IGAC) 

Contzen, Jean-Pierre (START) 

Coreel, Robert W. (START) 

Cramer, Wolfgang (GAIM) 

Crutzen, Paul J. (IGAC) 

Delmas, Robert J. (IGAC) 

Dickinson, Robert E. (GAl M) 

Ducklow, Hugh OGOFS, DIS) 

Ehlers, Eckhart (SC-IGBP) 

Emanuel, William R. (GAIM) 

Feddes, Reinder A (BAHC, DIS) 

Fellous, Jean-Louis (DIS) 

Field, Christopher (BAHC) 

Field, John (SC-IGBP, JGOFS) 

Fisher, Gunter (LUCC) 

Fresco, Louise O. (LUCC) 

Fu, Congbin (SC-IGBP) 

Gadgil, Sulochana (START) 

Galbally, lan (IGAC) 

Gates , Lawrence W. (SC-IGBP) 

Giovanninl, Bernard (START) 

Glaser, Gisbert (START) 

Gomez, Edgardo D. (SC-IGBP, LOICZ) 

Gordeev, Viatcheslav V. (LOICZ) 

Gordon Jr., Donald C. (LOICZ) 

Goudriaan, Jan (GCTE) 

Gregory, Peter (GCTE) 

Guo, Zhengtang (PAGES) 

Gutman, Pablo (START) 

Hall, Julle OGOFS) 

Heimann, Martin (GAl M) 

Heinnenberg, Jost (IGAC) 

Henderson-Sellers, Ann (SC-IGBP, GAl M) 

Higuchi, Kel ji (START) 

Hobbs , Peter V. (IGAC) 

Holligan, Patrick (LOICZ) 

Hu, Dunxin (SC-IGBP, LOICZ) 

Huebert, Barry J. (IGAC) 

VIII 

IGBP NEWSLETTER 25 

Ibarra-Obando, Silvia (LOICZ) 

Iriondo, Martin H. (PAGES) 

lsaksen, Ivar (GAl M) 

Iwasa, Yoh (GCTE) 

Jarvis, Paul G. (BAHC) 

Justice, Chris (DIS) 

KabaL Pavel (SC-IGBP, BAHC) 

Kayane, lsamu (BAHC) 

Kempe, Stephan (SC-IGBP, LOICZ) 

Khattatov, Vyacheslav U. (lGAC) 

Koike, lsao (SC-IGBP) 

Krenke, Alexender N. (BAHC) 

Krishnaswaml, S. OGOFS) 

Krug, Thelma (LUCC) 

Labeyrie, Laurent (PAGES) 

Lautenschlager, Martin (PAGES) 

Leemans, Rik (LUCC) 

Leinen, Margaret (SC-IGBP) 

Lindeboom, Han J. (LOICZ) 

Linder, Sune (GCTE) 

Liss, Peter S. (SC-IGBP) 

Liu, Kon-Kee OGOFS) 

Lochte, Karin OGOFS) 

Lorius, Claude (PAGES) 

Malingreau, Jean-Paul (DIS) 

Manton, Michael (START) 

Marchuk, Guri (GAl M) 

Marks, John (START) 

Matrai, Patricia A (IGAC) 

Matson, Pamela A (IGAC) 

Mattos de Lemos, Haroldo (START) 

Maurits la Riviere, J.W. (SC-IGBP) 

McCarthy, James OGOFS) 

Melillo, Jerry M. (SC-IGBP) 

Menaut, Jean-CI.ude (GCTE) 

Merlivat, Liliane OGOFS) 

Messerli, Bruno (PAGES) 

Mitra, A P. (START) 

Moldan, Bedrich (START) 

Monfray, Patrick (GAl M) 

Mooney, Harold A (GCTE) 

Moore, Berrlen (SC-IGBP, GAIM, DIS) 

Moore, Robert M. OGOFS) 

Morel, Andr. OGOFS) 

Murray, Jlm OGOFS) 

Neue, Heinz-Ulrich (IGAC) 

Noble, lan (GCTE) 

Nobre, Carlos A (BAHC, GAl M) 

Odada, Eric O. (SC-IGBP,PAGES) 

Olembo, Reuben (START) 

Ono, Yugo (PAGES) 

Overpeck, Jonathan (PAGES, DIS) 

Owens, Nlcholas J.P. (IGAC) 

Oyebande, Lek,n (BAHC) 

Partridge, Tlm C. (PAGES) 

Patermann, Christian (START) 

Pedersen, Thomas F. (PAGES) 

Peltier, W. Richard (SC-IGBP, GAIM) 

PenkeCL Stuart A (IGAC) 

Prentice, I. Colin (GAIM) 

Ramakrishnan , P.S. (GCTE) 

Rasool, khtiaque (DIS, GAl M) 

Raupach, Mlchael R. (BAHC) 

Richey, Jeffrey E. (LO ICZ) 

Rockwell, Richard (START) 

Rodhe, Hennlng (IGAC) 

Ruddiman, William (PAGES) 

Running, Steve W. (BAHC) 

Sabhasri, Sanga (START) 

Sakshaug, Egil OGOFS) 

Sala, Osvaldo (SC-IGBP, GCTE) 

Sanderson, Steven (LUCC) 

Sarmiento, Jorge L. (GAIM) 

Schimel, David S. (GAl M) 

Schimmield, Graham OGOFS) 

Scholes, Robert J. (GCTE, DIS) 

Schulze, Ernst-Detlef (BAHC, GCTE) 

Sellers, Piers (BAHC) 

Shugart, Herman H. (GCTE) 

Shuttleworth, Willlam J. (BAHC) 

Skole, David (SC-IGBP, LUCC, DIS) 

Smith, Stephen V. (LOICZ) 

Stone, John M.R. (START) 

Sutherst, Robert W. (GCTE) 

Swift, Michael J. (GCTE) 

Takahashi, Taro OGOFS) 

Takemoto, Kazuhiko (START) 

Tilbrook, Bronte OGOFS) 

Tinker, Bernard (SC-IGBP) 

Townshend, John (SC-IGBP, DIS) 

Turner 11, Bi llie L. (LUCC) 

Turner, Kerry (LOICZ) 

Tyson, Peter (SC-IGBP, START) 

Vaganov, EA (PAGES) 

Valentlni, Riccardo (BAHC) 

Veresmarty, Charles J. (BAHC) 

Walker, Brian H. (SC-IGBP, GCTE) 

Wang, Ming-xing (IGAC) 

Wasson, Robert (PAGES) 

Willebrand, Jurgen OGOFS) 

Williams, David (DIS) 

Woodward, F. lan (GCTE, GAIM) 

Wulff, Fred (LOICZ) 

Yahaya, Jahara (LOICZ) 

Yanagi, Tetsuo (LOICZ) 

Zavarzin, George (SC-IGBP) 

Zhang, Xin-shi (GCTE) 

Zhao, Shidong (START) 



anthropogenic contribution tothe increase 
in sea surface temperatures remains the 
subject of ongoing research 

Role of vegetation in the global 
climate system 

Two roles can be distinguished for vegeta
tion in the hydrological cycle: the transpor
tation of energy by evapotranspiration, and 
[he storage of water in [he soi l-root zone. 
The former process comprises a climate 
feedback mechanism by transportingencr
gy and water to the atmosphere, The lattcr 
affects the hydrological residence time in 
drainage basins, 

Before the start of the agricultural re
volution in the present interglacial, the 
land was covered by "potential vegeta
tion" which was determined solely by phys
ical factors with no anthropogenic inter
vention. At this stage the land surface was 
gencra lly wetter and the Earth transpor
ted more latent heat from the land su rface 
to the atmosphere than it does today. An 
example of this is provided by plotting the 
difference between evapotranspiration by 
natural vegetat ion minus that by the 
present vegetation (Figure 2). The former 
were derived lIsing the Holdridge Life 
Zone Classification based on present cli
matic data for natural vegetat ion, since 
sufficient information about paleD-vege
tation was not availab le. Changes in land 
cover as a result of anthropogenic activities 
are particularly large on the humid Indian 
subcontinent and on the north China plains. 

BAHC operational plan 

'The principal objective of BAI rc is [Q ans
wer the question how vegetation interacts 
with the physical processes of the hydro
logical cycle. 

Since the memory of the atmosphere is 
short, the accuracy oflong-terrn pn:uiccion 
of climate depends strongly OIl the accura
cy of estimated boundary conciitions, such 
as the distribution of sea surface tempera
tures and surface land use/cover, which 
determine the distribution of fluxes from 
Earth's surface to the atmosphere. 

Inter-core project activities provide a 
key means to decrease the uncertainties 
associated with projections offuture Earth 
conditions estimated by incerpreting and 
combining the scientific results obtained 
by different groups and disciplines within 
the IGI3[', The link hetween BAHC-LUCC can 
contribute important new insights. 

Link between BAHC and LUCC 

The initial land cover of the Earth before 
the start of the agri.cultural revolution was 
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Figure I: Three million years of global climate history 

composed of porencial vegetation and non
vegetated land surfaces such as water, hare 
rocks, ice sheets, etc. Potential vegetation 
has changed in response to changes in 
climate and/or has been affected by an
thropogenic activities_ 

Land-use involves both the manner in 
which the biophysical attributes of the 
land are manipulated and the intent un
derlying that manipUlation - the purpose 
for which the land is used. 

The following iss ues to be studied 
under strong BAHc-r ,UCC links are of prima
ry importance: 
1. Distribution of the potential vegeta

tion and changes in it 
2. Impact of afforestation and deforesta~ 

don on the global climate 
3, Evaluation of changes in f1uxes from 

the land surface due to change in land 
use/cover 

4. Effects of urbanisation on the global 
climate 

o 1 2 3 4 

5. Strategy (or future management of 
global land use/cover 

Although land occupies only 29% of 
the Earth IS surface, it is the only surface 
which can be influenced directly by hu
mans in the interest of preserving the 
Earth system, provided that regional as 
we ll as global consen~us is obtained. If 
changes in the land-use pattern alter feed
back mechanisms affecting the g lobal cli
mate s.ystem, through the changes in flux
es from the land surface, then humans in 
theirdecision-making that affects {he glo
bal land-use pattern, shou ld follow crite
ria that will preserve, or more actively 
create, a g lobal environment as appropri
ate as possible for mankind. 

Isamu Kayane 
Insutute of Geoscience, University of Tsukuba, /-1 
Tennodai, Tsukuba, Ibaraki 306,japan. Fox: (+81-
298) 51 9764 

5 6 7 8 9 

Figure 2: Difference between the annual potential evaporation (rom natural vegeta
tion and that from present vegetation 
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Sorting Out Atmospheric Chemistry and Dynamics: 
The ASTEXlMAGE Experiment 

W e'veall had similar experiences: your 
daughter received her college diploma, 
bm you can 't even identify her in the 
photo because she was moving just as the 
shutter opened. Blurring eliminated the 
critical information from the picture. Ex
actly the same thing happens when you try 
to study aerosol dynamics in the atmos
phe re, since everything is moving. The air 
you want to take a pictu re of is advecting 
downwind, materia l is being added and 
removed at the surface, e ntrainment is 
mixing in d ifferent air from above, disper
sion is ca using horizontal mixing, and ver
tical wind-shear is slowing down air at the 
surface. Bowcan YO ll hope to tease out the 
oxidation rate ofsulfur dioxide or the source 
strength of ammonia from such a caul
dron ? That's the challenge ASTEX/MAGE 
scientists undertook in the marine atmos
phere near the Azores in 1992. 

Th e Atlantic Strarocumulus Transi
tion Experiment (ASTEX), one of the se
cond series of FIRE international cloud
cl imato logy experiments, rook place in 
June of 1992 in the srratocumulus-capped 
marine boundary layer. The primary pur
pose of ASTEX was to study the factors 
influencing the formation and dissipation 
of marine clouds. The chemical experi
ment within A~n 'EX was organised by IGAC'S 
Ilf01111e Aeros()l ond C(IS Exchallge (l\<lAGE) 
Activity. Its objective was to study air-sea 
exchange and the formation and transfor
mation of marine aerosols, in part by ma
king Lagrangian observations (moving the 
measuring systems to stay with the same 
air). Chemical instrume ntation was de
ployed on two is lands, one French and two 
1l.S. sh ips, and three aircraft from the U.S. 
and U.K. (H ue bertet. al., 'T'hc ASTEX/MAGE 
Experiment, f . Geaphys. Res., 101 (02), 
4319-4329, 1996). Although the meteoro
logical situation was complex, cbemists 
benefited from the observa tions of dozens 
of other groups who were studying cloud 
physics, boundary layer dynamics, and ra
diative transfer. These i\S'I'8X scientists 
characterised turbule nt and large-sca le air 
motions in and above the boundary layer, 
th us e nabling 1\·IAGE scie ntists to quancify 
the impact dynamics had on chemical con
centrations. 

'1'0 study marine chemical process ing, 
we developed a Lagrangian sampling stra
tegy for re peated ly studying the same air 
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by Barry J. Huebert 

parcel over a two-day period. This ap
proach relied on the release of constant
density balloons which floated downwi nd 
with the parcel and radioed their GPS
deri ved locations to a relay of sampling 
aircraft. The balloons served as markers 
for the boundary layer airmass, which was 
continually being modified by che mical 
and energy flu.xes at the surface, entrain
ment of free tropospheric air, wi nd shear 
within the boundary layer, horizontal dis
persion, chemical reactions , and aeroso l 
transformations. 

U nformnateiy, the halloons also served 
as excell ent drizzle detectors, since a 
0.1 mm thick laye r of water deposjted on 
their 1 111 2 upward fa ci ng s u rfaces 
(lOO grams) was e nough to drive the m inro 
the ocean. None of the balloons survived 
more than 7 hours in our fi rst attempt. The 
second try was more successful: during the 
seco nd Lagrangian (L2) one balloon (#7) 
remained aloft for over forey-two hours , 
seven research flights, and two sets of 
observations by ships. lncirle nta.lly, the 
popular hypothesis that #7's success was 
due to the fact that it was the on ly balloon 
wi th a happy face drawn on it was recently 
disproved in ACE- 1, where three faceless 
"smart" balloons designed to adjust their 
own buoyancy were followed for 2 days by 
NCAR's C-130 aircraft. 

Whi le it is an oversimplification to say 
we studied "the same air" over a tWO day 
period, moving with the wind allowed us 
to see bow dynam ics modified a parcel of 
air. Conditions near the Azores made our 
job harder: the 2 km deep boundary layer 
was freq uently separated into several suh
layers, each of which had to be characte
ri sed. M ixing between layers and d il ution 

by e ntrainment of free-tropospheri c air 
were often the major causes of concentra
tion changes. Using an entrainment ve lo
city of 0.6 cm S-I, J3retherton et al. comput
ed a time scale of about4 days for rep lac ing 
the LZ boundary layer with free-tropo
spheric ~lir. Chemically this usually mea nt 
that our wet, aerosol-laden boundary layer 
air was diluted by drier, cleaner air from 
above. However, late in L2 a dusty Saha
ran ai.rm:ass passed over us, entraining large 
mineral aerosols in to the cloud layer. Th is 
add ition of large aerosols produced a no
ticeable modification in the mjcrophys ics 
and dynamics of rJl e cloud field , creating 
buge r drop le ts and increasing the likeli
hood of drizzle. We could not have sorted 
th is out from Eu lerian observations alone. 

We. were also able to de rive the sea-to
air flux of ammonia (NH)) vapor from 
studying the N B ) budget during L 2. Bio
logica lly, trus N H ) e miss ion represents an 
unexpected loss of a limiting nutrie nt from 
the surface ocean. Tt is al so important from 
an atmosphe ric standpoint, because the 
cl imatic and visibility impact of sulfuric 
acid drople ts change dramatica lly when 
(hey are converted into am monium salts. 
The am010n i u m/non-seasalt sulfate (NSS) 
ratio in this polluted European airmass 
increased with time, while the tota l NSS 
decreased. Several terms (a ll in units of 
micromoles (~Imo l ) N H) m,zday-I) domi
nated the budget (Figure 1): wet and dry 
deposi tion could have removed -4, while 
dilution by entrainment corresponded to a 
loss of -29, fo r a net removal flux of -33. 
Since the observed mixed layerconcentra
tion change (the net effect of all flu xes) 
was only -7, sea-to-air exchange must have 
provided a flux of +26 ~mol N B ) m-z d-' . 

Ammonia Budget Terms 

.... ........... ~;;~.:;~~.~:.~~:;:;~:~~J .. :~~ .. .. .... I.~~~'~.;.on. 

d[NH4+]/dt = -7 j.lmol m -2 d -1 in Boundary Layer 

Dry W e t 
Deposition D eposition Emission t +26 

-1 -3 

......... -t- ........ ·········t······· ···· ................... _. ······· ···00.;;,;·0· 

Figure I. Schematic of the ammonia budget for the marine boundary layer during the 
second ASTEXlMAGE Lagrangian experiment. 
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Although substamialllncerrainties remain, 
particularly in the estimation of the en
trainmem term, the Lagrangian strategy 
allowed us to measure enough of the air
motion terms to sort out a surface flux. 

Chemical reaction rates were also de
termined by this approach. A group from 
the University of California at Irvine used 
repeated Lagrangian observations from a 
single flight (during which the plane was 
advecting with the balloons) to derive in
formation on oxidation by free radica ls. 
'fhey used measurementsofhydrocarbons 
and halocarbons versus altitude to charac
terise the impact that dilution by entrain
ment would haveon concentrations. Then 
they employed tbe differing reactivity of 
several species to attack by hydroxyl and 
chlorine radicals and the observed concen
tration changes with time to solve for the 
concentrations of each radical. Significant 
levels of ch lorine radicals could explain 
why several species disappear faster than 
expected from the marine atmosphere, 
but the attempts co direct ly measure their 
concentration have been controversial. 
Thus, this indirect observation of their 
importance is a big step forward. Here 
again, the Irvinegroup's abil ity toquamify 
the impact of mixing was crucial for sepa
rating out the changes caused by these 
oxidants. 

Another group reversed the process 
and lIsed aerosol measurements to derive 
exchange rates between the various layers 
of the decoupled boundary layer. They 
confirmed that the dynamically-derived 
entrainment velocity of 0.6 cm S·1 for the 
main inversion was consistent with a sim
ple aerosol mixing model, and concluded 
that the surface mixed layer entrained 
cloud-layer air with an effective entrain-

New Chair for IHOP 

E ckart Ehlers is the new Chairman of 
the International Human Dimensions Pro
grammeon Global Environmental Change 
«(HOP) and member of the Scientific Com
mi~ee of the IUlIP. Professor Ehlers ob
tained two Ph.D. degrees from the Uni
versity of Tilbingenj in agricultura l 
geography and physical geography. He was 
Professor of Geography at the Un iversity 
of Marburg from 1972 until 1986, and is 
currently Professor of Geography at the 
lJn iversityofBonn. Hewas Vice-Rector of 
the University of Bonn from 1992 until 
1996. Professor Ehlers has been Secretary 
General and Treasurer of the Internatio
nal Geographical Union ( IOU) since 1992. 
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ment velocity of 0.45 cm s'!. They also 
identified a method whereby the ratio of 
volati le to nonvolatile nuclei can be used 
to characterise mixing between air masses 
with different hjstories. This is one of 
many examples in which chemical and 
aerosol measurements were able to con
strain dynamics and provide the meteoro
logical investigators with information they 
could not have derived from their usual 
suite of observations. Clarke's group also 
used the Lagrangian observations to de
monstrate that no aerosol nucleation had 
occurred in the marine boundary layer 
during the course of L2. 

The various platforms played comple
mentary roles. E leven-hour impactorsam
pies from Santa Maria Island proved to be 
important for estimating particle removal 
rates. The aircraft were ab le to gather ver
tical profiles and keep up with the tagged 
air masses. The two ships made unique 
contributions because of their ability to 
move to locations of interest (like the start
ingand ending points of the Lagrangians), 
stay on station arollnd the clock, make 
measurements very close to the surface, 
and support instruments with long samp
ling times. Jodwalis and Benner demon
strated that a new variance method can be 
used to measure air/sea su lfurfluxes, based 
on a fast tota l gaseous sulfur detector. In 
view of the need for ways to test the wind 
speed-based parameterizations of dime
thylsulfide (DMS) emissions from which 
most submicrometer marine aerosols are 
derived, this is a va luable addition to our 
arsenal. The variance method generally 
found larger fluxes than estimates derived 
from sim ultaneous measurements ofDMS 
in the water and air. From tbe other ship, 
Putaud and Nguyen used measurements 

The Social Sciences 

Eckart Ehlers 

of DMS concentration gradients to esti
mate fluxes. These complementary ap
proaches improve our ability to derive a 
consensus among flux estimation tech
Il1q ues. 

Of course, these examples are just a 
small part of what was learned about aero
sols and their source material::; during the 
ASTEX/r-.'IAGE program. A collection OfMAGE 

papers has been published in the February 
1996 issue of the Journal of Geophysical 
Research -Atmospheres and is available as 
a comp il at ion from this author 
(huebert@soest.hawaii.edu). Most of the 
more dynamically-oriemed ASTEX papers, 
many containing analy::;es based on the 
Lagrangian observational strategy, are con
tained in the August 15, 1995 issue of the 
Journal of the Atmospheric Sciences. As 
with all field programs, there is sti ll much 
to be learned from further analysis of the 
ASTEX/MAGE data set (publicly available 
from a database maintained by John Sein
feld at the California Institute ofTechno
logy; contact Lynn Russell, 
Iynn@aeolus.che.caltech.edu). 

Policymakers rely on models of dy
namics and aerosol chem istry to make in
formed decisions ahout the costs and be
nefits of various emissions control 
strategies. Experiments like ASTEX/MAOE 

are essential botb for properly describing 
the physics and chemistry of individual 
processes in these models and for seeing 
whether the models accurately predict 
nature's response to our emissions. Socie
ty's investment in ships, airplanes, and 
scientists ultimately benefits fisheries, for
ests, agriculture, and industry. 
Barry J. Huebert 
Department of Oceanography, University of Hawaii, 
/000 Pope Road, Honolulu, HI 96822, USA Fax: 
(+ 1-808) 956 9225. 

See also pull-out section. 

IHOP has new sponsor 

On 1 February 1996 an agreement was 
signed between the International Social 
Science Council (I.ssc) and the Interna
tional Council of Scientific Unions (ICSU) 

in Paris, France, recognising that che pro
blems 011 Global Environmental Change 
require the attention ofa wide spectrum of 
scientific disciplines, and that scientific 
research would benefit from the closer 
col laboration of the two programmes. Both 
ICSU and the ISSC agreed to co-sponsor the 
International Human Dimensions Pro
gramme on Global Environmental Change 
( IH DP). 
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Who's who at the IGBP Secretariat? 

The scientific staff 

C hris Rapley is the Executive Director 
of the IGI3P. Professor Rapley is a UK citi 
zen, with a Physics M.A. from Oxford, and 
a Ph.D. in Astronomy from University 
College London (UCL). He has followed a 
distinguished career in space research. es
pecially in the field of new instrument 
development and new observing tech
niques. Before joining the ICBP, he was 
Deputy Director of UCL's Mullard Space 
Science Laboratory where he headed the 
Remote Sensing Group. He continues to 

participate in the Earth observation pro
grammes of the European Space Agency 
and NASA, where he has been a Principal 
Investigator on a number of missions. 

His role at the IGBP is to ensure rhe 
overa ll guidance of the programme with 
regard [0 its development and implemen
tation, and to work with the IGIlI' Core 
Projects and Framework Activities to 

achieve maximum integration of the com
ponent parts. He is also active in ensuring 
and maintaining links with the World C li
mate Research Programme, the Interna
tional Human Dimensions Programme for 
Global Environmental Change ( IHDP), the 
United Nationsenvironmental bodies and 
Iflternational funding and policy commu
nities. 

Neil Swanberg is the Deputy Executive 
Director. Dr. Swanberg is a U.S. citizen 
and has a Ph.D. from the Woods Hole 
Oceanographic Institution and Massachu
setts institute of Technology joint pro
gramme in oceanography. Much of his 
research has focused on biological ques
tions which address issues of relevance to 
palaeontology, particularly aimed at using 
fossil evidence to interpret climatic change. 

He is the primary point of contact be
tween the Secretariat and the Joint G lobal 
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Ocean Flux Study (JOOFS), and the Global 
Ocean Ecosystem Dynamics (GLOHEC) 

Core Projects and the IGBP dam and infor
mation system (IGBP-D1S). In add ition act
ing as back-up to the Executive Director, 
he has planned and directed the organisa
tion of the First IGIlP Congress to be held in 
April 1996. 

Risa Rosenberg, a U.S. citizen, is Pro
gramme Officer at the IGBP Secretariat. 
Refore receiving her Ph.D. in Ecology and 
Evolutionary Biology at Cornell Universi 
ty, she had accumulated two bachelor de
grees from Pennsylvania University: one 
in ecology, and the other in anthropology! 
psychology. Her research interests are in 
app lied and theoretical ecology, popula
tion biology and genetics, behavioural eco
logy and conservation biology. 

She acts as tbe primary point of contact 
between the Secretariat and the Biosphe 
ric Aspects of the H ydrological Cycle 
(BAHC), Global Change and Terrestrial Ec
osystems (GCTE), and the International 
Global Atmospheric Chemistry Project 
(IGAC) Core Projects , and the TG BP 

'T'ransects. 

Risa Rosenberg 

J oao Morais is Programme Office for Social 
Sciences at the IGBP Secretariat. Professor 
Morais is a Portuguese citizen who re
ceived his Ph.D. in Archaeology from Ox
ford University in the UK, after studies at 
Louren~o Marques University in Mozam
bique, where he directed the Departme nt 
of Archaeology and Anthropology. He has 
worked as Principal Researcheratthe Trop
ical Research Institute (ncT) and at the 
Universidade Lusofona de Humanidades 
e Tecnologias in Lisbon, Portugal. His 
academic interests are in African archaeol
ogy, ea rl y farming systems, past glohal 
changes and environmental archaeology, 
and interaction processes in natural and 
social sciences. 

His work addresses issues on the links 
between the natural and social sciences in 
the smdy of g lobal change. He acts as the 
primary focal point for Land-Use/Cover 
Change (LlJec), fnr Past Global Changes 
(rAGES), and for the Land-Ocean Interac
tions in the Coastal Zone (LOICZ). He pro
vides liaison between the IGBP and IHOP, 

the European Network for Research in 
G lobal Change Programme of the Europe
an Community (ENRICH), and the interna
tional community of Social Scientists. 

The administrative unit 

Elise Wannmann is Deputy Director for 
Administration. She is a Swedish cit izen, 
and worked previously in national and 
international economy and finance for the 
University of T echnology. 

She is responsib le for the day-m-day 
financial activit ies, participates in the long
term financial planning and adm inistra
tion, and maintains contacts with external 
funding agencies. She is the primary con
tact with tbe admin istration of the Royal 

Neil Swanberg 

.... 
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Swedish Academy of Sciences. 

June Boscrol11 is Assistant to the Executive 
Director. J line is aUK citizen who previ
ously did secreta rial work in rhe UK and in 
Australia. 

She is responsible for general office 
management, including the maintenance 
of the files and archive of Programme do
cumentS and corresponde nce, and for Of

ganising major meetings, includingall those 
that are convened by the Executive Direc
tor. She manages the ca lendar, mail and 
travel of rhe Executive Director, ami the 
calendar for the Secre tariat. She is the 
person who wi ll most ofte n answer the 
phone. 

Mariah Be rl in, Admini:mative Assismnt, 
is a Swedish ci tizen who came to the IGB P 

directly from the Inte rnational Business 
School in Sweden. Mariah also srudied 
language in Spain, and business admini
stration in the UK. 

Mariah is responsible for gene ral sec
recarial work and substitutes for June in 
her absence. She also provides support to 

El ise Wannman on the fin ancial adminis
rration. 

The information unit 

Suza nne Nash will step down as Informa
tion Officer at the c nd of March when she 
ret ires. Suzanne is a U.S. citizen and has 
workedasa librarian in Paris, France, where 

Usa Cronqvlst 
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she received an M.A. in library science. 
Before comi ng to Sweden, she headed one 
ofthe UN ESCO libraries, and was librarian at 
the Tnternational Herald Tribune. 

She has developed and ed ited the Glo
bal C hange NewsLetter and rhe IG IW Di
rectory. ITer other res ponsibili t ies in
cluded keeping track of IGRP events , of 
publications, maintaining contact with the 
IGBP National Com mi[[ees, organising the 
meetings of the Scienti fic Advisory Coun
cil, and answering que ries about the IGBP. 

Sheila Lunte r is the new Information Offi
cer. She ila is a Durch citizen, with an M.A. 
in Literary C riticism, for wh ich she carried 
out research in Italy. After several years of 
work in Spain, she returned to the Nether
lands, where she worked for the LOICZ 

Core Project Office in Texel as Office 

Mariah HerHn 

Administrator. 
Ln addition [0 Suzanne's activities, she 

wi ll be responsible for the contents ohhe 
IGBP Web home page, in consultation with 
the Programme Officer, and will serve as a 
focal point for the furthe r development of 
communications and information. 

Lisa C ronq vist is lnformation Coordina
torrrechnical Editor. Lisa is a ci tizen of 
Ncw Zealand, where she worked as a tra
vel consu ltant. In Sweden she worked for 
the journal AMB IO at the Royal Swedish 
Academy of Sciences beforecomingto the 
IOLII'. 

She is responsible for editing the IG BP 

Directory, the production oflGBP Reports, 
organising sh ipping and mailing of IGBP 

publica tions, keeping track of the mem
bersh ip of IGDP comm ittees and for main
ra ining the database of IGDP membership 
and mailing. 

Magdalena Kanger, T echn ical Editor! 
Graphics Designer, is a Swedish ci ti zen 
with a B.A. in French and Mathematics, 
who worked previously in a pharmaceuti
cal firm as Ass istan t Controlle r. She stu
died graphic art in Paris. 

She works partly off-site, carryi ng om 
the technical editing of selected IGBP Re
ports and actingas the Web-Master for the 
IGBP I-l ame Page on the World Wide Web. 
She produces artwork and diagrams for 
1GB!' illustrative mate rial. 

Magdalena Kanger 
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Open Science Conference of Global Analysis, 
Interpretation and Modelling 

The First GA IM Science Conference (Sep
te mber 24-29 1995, Garm isch-Partcnkirch
cn, Germany) provided a venue for the 
dissem ination of pre liminary results aimed 
at steering subsequent research e fforts to

ward re liable prognos tic biogeochemica l 
models. I t is apparent chat models need co 
be developed further in order to make it 

possible for incergovern mental policy de
cisions co be based on a more thorough 
understanding of the biogeochem ical and 
physical interactions between the various 
subsystems of the Earth System. 

The Con fe rence focused 0 11 pape rs in 
rhe areas of global data analys is and assess
ment, modell ing of biogeochemical sys
tems and the ir relationship to physical cli 
mate and hyd rologic sys tems. rt also 
addressed inte rpreta tion of current trends 
as indicated by global data bases and mo
del results for the extrapolation of global 
change. T he observations and models of 
global change can be divided into diffe
rent e ras accordi ng to the resolution. time 
scales, and types of data. 

T he Paleo Era 
T he concern with fu ture Earth system 

responses to large perwrbations in atmos
pheric composition and cli mate makes it 
important to exploit the recent geological 

by Dark Sahagian 

record as studi ed by the IGBP project Past 
Global Changes (PAGES). Th e paleD record 
in fact provides the only means to test such 
models under condi tions (in the past) that 
are as di ffe rent fro m present as the condi
tions expected to apply in 50-200 years 
time. Paleo stud ies give us an understan
ding of the functioning of the Earth sys
tem under natu ral forcing, such as changes 
in ocean circulation and in the Earth's 
orbi t. Glacial-in terglac ial variabi lity and 
Dansgaard -Oeschger oscill at ions we re 
among the issues discussed. Rapid cl imate 
changes have been recorded in the past, 
and the causes and consequences of these 
may shed light on the likely magni tudes 
and consequences of present and future 
anth ropogenica lly forced climate changes. 

The H istorical E ra 
Thc histOrica l e ra «2,000 yrs) is the 

time during which human activities be
came a signifi ca nt forci ng factor in global 
change. T he earl iest infl uences were those 
of land use changes, as agriculture led to 

deforestation, and d ivers ion of surface 
water for irriga tion led w hydrologicchang
cs on basinal scales. Steadily increasing 
fossil fue l em issions beginning in about 
1860 are known to have caused rhe major 
fract ion of the observed increase in atmos-

The organising crew in front of the Garmisch Conference Cent re: Arne Spekat, 
Gisela Brehme, Gisela Post, Ines Lange, Clara Kustra, Dr. Sabi ne LOtkemeier. 
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pheric carbon dioxide concentration. At 
prese nt, however, we arc unable, by 
accoun ti ng for other sources and the redis
tribution of carbon within its global cycle, 
to re late observed increases to estimates of 
past foss il fue l t::missions. T his questions 
the veracity of estimates of futu re carbon 
dioxide increase and d rives a substantial 
effort to understand carbon cycle respon
ses to human activities over the past sever
al centuries. T he ca uses of increases in 
other greenhouse gases such as methane 
and nitrous ox ide since the revolution are 
less certain. A broad spectrum of research 
resul ts was presented on terres trial ecosys
tems, land use, ocean and atmosphe ric 
chemistry, and ozone. 

G lobal Systems l ntegration 
A special session focused on the inte r

actions and feed backs between biogeo
chemica l subsystems (e.g. atmosphere, 
ocean, terrestria l ecosystems, etc.) and in
tegration into whole-Earth models. There 
is conside rable uncertain ty in the results 
of models of each of the various subsys
tems. When these models are simple mo
dels, coupl ing to fo rm Earth systems mo
de ls may cause an in crease in ro ta l 
uncertain ty. However, there may bea point 
in the mode ll ing of each subsystem where 
coup ling with other subsystems reduces 
to ta l uncertainty because of resulting im
proved dynam ic constraints on subsystem 
boundary conditions and flu xes. This point 
was raised at the Science Conference, bu t 
the re are still no q uantitative esti mates of 
the th reshold levels fo r each of the subsys
tem models. Nevertheless, it was general
ly agreed that sys tem integration th rough 
subsystem model coupling should be pur
sued so that the structure will be in place 
when subsystem modelling thresholds are 
ident ified and surpassed. Presenta tions 
were made focusing on each of several 
subsystem mode ls, and preli minary 
approaches to sys te m integration were ad
dressed. 

Integrating the Developing World in 
G lobal Change Modelling- A special ses
sion focused on the concerns of START and 
the Europea n Network for Research in 
Global Change (ENRIr: H) recognised rhe 



importance of linking regional research 
programs in to the global research ques
tions on which it focuses. Moreover, there 
is a growing realization of the importance 
of tropica l and subtropica l regions in the 
study of global environmental changes and 
data requirements to global change issues. 
The success of GAIr.." depends on gathering 
expertise as we ll as data from the entire 
planet, which will heavily re ly on collabo
ration and involvement with ongoing in
ternational mode lling efforts. Ma ny issues 
emerged which served to identify he tter 
the resource an d other needs of scientists 
from developing countries. It is appare nt 
that these needs must be fu lfilled so that 
they can more effect ively ga the r, assess, 
and integrate g lobal change data from their 
reg ions. 1n many countri es, leading scien
ti sts do not have even rhe most basic com
putation orcommunication facilities which 
would make involvement in international 
global change research programs feas ible. 
Links between issues of local scientific 
intere~H in developi ng cou ntries (e.g. land 
use change and sustainability) and global 
scientific issues, and resou rce requirements 
and funding mechanisms for e nhancement 
of globa l change research in developing 
countries, arc notalways easy to reconcile. 

The Contemporary Era 
The Contcmporary Era provides the 

greatest avai labi lity of data over the imme
diate pasr and the easiest task of va lidation 
over the immediate futu re. Further, the 
present is a time of rapid change, repre
senting the most rapid change ava ilable to 

study over the lasr millennium. The peri
od of 20 years is the s h orte~ t time scale 
availahle to look at for this decades to 

centuries change. A wea lth of information 
is becom ing avai lable to model the carbon 
cycle, lessen ing, but not solving the mis
sing sink of anthropogenic carbon dioxide 
e miss ions that ca nnot be accounted for, in 
spite of extensive studies on atmospheric, 
ocean and terrestrial si nks. Suggestions 
were madc that the missi.ng carbon d i
oxide may be found in te rrestrial sys tems 
in the northern hemisphere. Releva nt to 

the cOlUcmporary era arc the global hudg
ering and modelling of the present-day 
state of the major biogeochemical cycles. 
Other issues are the effects and interpreta
tion of atmosphe ric ca rbon dioxide varia
tions, greenhouse gases, nirrogen and oxy
gen, ocea n carbon, terrestrial carbon model 
va lid ation, tl cforestat ion/deserti fi cation, 
hyd rology, and atmosphe ric aerosols. 

The F ut ure 
' rhe capability ofbiogeochemicai mo

dels to predict future changes in the Earth 

IGap NEWSLETTER 2S 

system is dependent on the understand
ingofpastgloba l changes. For instance, by 
comparing contemporary rates of change 
to those of older and longer time periods, 
prognostic models may more accurately 
pred ict magnitudcs of change in Earth 
systems and subsystems. While prognos
tic biogeochem ical models are presently in 
a very primitive stage of development, 
compari son of the models will lead to bet
ter identific.ltion of data needs, shortcom
ings in our lIndersranding of rates and 
interactions between changing subsystem 
corn ponents, and sensitivities of mode ls to 

uncertainties in each subsystem compo
nent as well as component interactions. A 
whole range of future scenarios were pre
sented at the conference, including future 
agricultu ral interactions with climate and 
natural ecosystems. There was a great deal 
of optimism at the confere nce about the 
abili ty to achieve a reasonable predictive 
capacity of decades or longer within a few 
years. The requirement· modelling a dy
namic in teractive te rres rrial biosphe re - is 
being vigorously addressed by the IGDP 

sc ie ntific community. 
The present Sta tus of modelli ng relia

bility can be assessed by comparing diffe
rent models of the same su bsystem. Two 
classes of such subsystem model com pa
risons presented at rheconference involve 
ocean carbon and terres trial net primary 
productivity. In both of these su bsystems, 
preliminary models show very contrasting 
resu lts. Ide ntification and quantificat ion 
of the diffe re nces between models that 
emerged at the conference will expedite 
improvement of model parameterisation 
and methodology wh ich should lead to 

more reliable projections of each of these 
subsystems in response to various aspects 
of global change. 

Papers fro m the Gi\ It-.1 Science Con
ference wi ll be published after peer re
view in a special issue of G lobal Biogeo
chemical Cycles. 'rhe conference was co
spo nso red by GAl M and the G e rman 
National IGBP Secretariat in Be rlin, and 
su pported by the U.S. Nat ional Science 
Foundation, the Internat ional Science 
Foundation, German NationaIIOsP, STAKT, 
ENH ICII, and the German Development 
Foundation. 

Absrral:ts from the GAIM Science Con
fere nce are avai lable on the World-Wide
Web on the GAIM home page, http:// 
ga im.unh.edu or can be requested from 
the (;i\ IM Task Force Office: 

DorkSahagian, GAIM Office, EOS, Morse Hall , 
University of New Hampshire, Durham, NH 
03824. USA. Tel: (+1-603) 862 3875. Fax: (+1 -
603) 862 0188: E-mail gaim@unh.edu 

Open Science 

Meetings 

4-6 March, 1996, Tsulwba, J apan 
International Workshop on NOx Emission from 
soils :md its influence on atmospheric ehemisrry. 
Nationa l Institute uf i\gro-Environmen t~1 Scien
ces, co-sponsored by IGi\C. 
HlIruo Tsumlll , NUI;OIl(ll l ll5tiflllf. of /iIlV;IVIIIIIC/I/ol 

Sdella:s, 3-I·J KIIII-II(Jlltlfli, TSflhllJII, Ibomki 305, 

ft/pm/. Fax: (+81) 298 38 8199, E-lIll1il: 
fSII ruln@lI;ats.aflre.guip, 
(lilt! AlVill A/osier, VSfJA/AH.I', 1'0 Bnx E. FfJlt Col/illS 
CO 80522, V.'iA. Fox: (+1-970) 4908213, 
E -moil: fllflosier@I(JIII(Jr.coIOSlfJ1e.edll 

17-21 June 1996, Wushington DC, USA. 
G EWEX: Secund I nternational Scientific Confer
ence on thc Globtl l Energy and Water Cycle Ex
periment, at the US National Academy ofScicnc
cs. Scientific intereSL'i involve the climate feed
back associated with clouds, radiation, and [he 
hydrologic pmccsse..'\. P apers invited. COlllncl: 

G'ElVEX Projecl Office, 409 Third Slr«1 SW, Sui/I. 
203, Wmnillgtnll, nc, 20024, USA . E-lIIlIil: 
GEII'Ex@c(Jis.l·olfl 

27 June· 2 Jul y, Suo Jose uos Campos, Brazil 
L:l rge sC:l le Bi()sphere experiment in Amazonia 
(LBA) Open meetin~. COII/(Jcl : Car/oS A . Nobre, 
Cell/erjrlr Welllher Forecastillg 011(1 Climole Reseonh. 
No/ioNal Spm-e ReulII"Ch IlIstitute, Rotl. PresitleJIte 
D/f/I1J (Kill 40), P.o. Box: 01, 12630-000 Cacheim 
P",disto S.P, Bror.iI. Tel: (+5.'i-125) 612822, Fox: 
(+55·J25) 612 835, E-lIJail: lI(Jbre@Cplec.illpt.br 

26-30 A ugust 1996, I-Ielsinki, Finland 
Fou rteenth International Conference on NucJea· 
lion and Atmospheric Aerosols. M. Kltll11o/u, De

pmtllltlll of Physics, Ultiwrsity 0/ f1elsinki, PO Box 9, 
FIN-000I4, H elsillki, Filllfllld. TeI;(+358-0) 191 8.108, 
Fax; (+358-0) 191 8680, kf/ll11ulo@pllCll.heisillkiji 

4-7 Novem ber, 1996, Kyoto, J apan 
Open IGBP/ Bi\HC·LUCC Juint Inter-Cure 
Projects Symposium on Interactions Ue[\yeen the 
Hydrolugj(;al Cycle and Land~ Usc/C(lver. Dr. Al . 

Sf/gilo, EIltJirOllll/tll/ft! Research G'4}}Mr, Ulliversity 0/ 
Tmlmlltl, IbmwN305,Jopllll. TeI:(+81-298)53253 7, 
Fax: (+81-298) 53 2530, E ·1/Iai/: bohc
Ifla@erc2.s/fiti.lsIIJ.'IIbn.(Jcjp 

2-6 December 1996, Melbourne, Australia 
F i (s[ SP i\ RC Genera I i\ssem h I y (Stratospheri(; Pro
cesses and their Role in Climate). IJovitf Knroly, 
SPAHC 96, eRc/or J'II JlleteoJ'ology, HII{ 70, MO/lOsn 
Ulliversity. ClaY/Oil, l'ICJ I68, Allstrn/ill. 
E-III11il; sporr:96@vol1ex.shm.llloNflsn.edll.nll 

The editor's corner 

The Global Change NewsLetter is a fasci~ 

nating publication to work on, for no less 
reason than it deals with an extraol'dinary 
programme and extraordinary people. 
The NewsLetter could not exist without 
the contributions of people willing to write 
for it. Now that It is my turn to step down, 
I would like to thank warmly everyone who 
'has helped by bringing their ideas to print, 
and the readers Without whom there would 
be no publicatlon at ail. 

Suzonne Nosh 



IGBP Publications 

Programme Elements 

GCTIl 
Terrestrial Ecosystem Interactions with Glubal 
Change (1995). Joufl1I11 of Biogeography 22:2-3 and 
22:4-5, edited hy W. Stcffen and ).5.1. Ingram. 600 
pp. These [WO spcc;ial issues comprise contributed 
papers from the First Globa l Change and Tcrrcsrrial 
Ec()systcm.~ (GCTE) Conference held in Woods 
Hole in Mny 1994. 
Order (rom: 61ackwel/ Science, Osney Mead, Oxford OX2 

DEL.. UK. (price l 45.00). 

PAGIlS 
Global Palcoenvirun me ntal Data: A Report from 
the workshop sponsored by Past Global Changes 
(PAGES), August, 1993. Ed ited by O.M. Andcrson. 
114 pp. (PAGES Workshop Report Series 95-2), 
PAGES Corr Project OffICe. Biirenplotz 1, 3011 Bern. 

Switzerland. 

START/DIS 
Development of World Wide Web (WWW) Data 
Systems: IGRP-OIS/START Summer School on 
Electronic Networking and Data and Information 
Systems (OIS) for G lobal Change Research (1995) 
170 pp. 
International START Secretariat, Suite 200, AGU Building, 
2000 Florida Avenue, NW, Washington, DC 20009, USA 

National Research 
Netherlands 
Dllteh Socia l·Sdcndficand Economic Research on 
Nature and the Environment: Overview of current 
research and rcrspcctive for the fumre in an inter
national c.."OnlcXt (1995). Ed. by SA. Wink. RMNO 
Publications nr. llO. Rijswijk: Advisory Cc:;,uncil for 
Research on Namrc anti the Environment, 9Z pp. 
RMNO Secretariat, PO Box 5306, 2280 HH IUjswijk, 
Netherlands. 
Climatc Cha ngc Research: Eval uation and Policy 
I mpl;cat;on ,~. Procectlings offhe International Cli· 
mate C hange Research Confe re nce, t-.hastricht, 
Netherlands. 1')·9 December 1994 (1995). Ed. by S, 
Zwerver i!d.lll. Studi es in Environmental Science 
65A Ilnd 65 13 . Amsterdam, Elsevie r, 2 vols. 1463 pp. 
Order from: Bsevler Sdence, PO 80x 211, 1000 AE Am· 
sterdom, The Netherlands. 

Poland 
Climate Dynamicsantl the Global Change Perspee
dve. AbstraCt from Inte rnational Conference, 17-20 
October 1995, Krakow, Polantl. 71 pp. 

Polish National Committ~, Leszek Starke~ Geomorphol
ogy and Hydrolofy Dept, Polish Academy of Sciences, Ut 

Sw.Jano 22, PL~31'()18, Krakow, Poland. 
Globa l Cha nge: Polish PerspectivC5 2. (1995). Ed. 
by L. Srorkc1 and M. Gutry·Korycka. Warsow, PAN 
IGiPZ, 122 pp. (Geograph ia Polonica 65). 
Polish National Committ~, Leszek Starlcel, Geamorpholo
gy and Hydrology Dept, Polish Academy of Sciences, U/. 

Sw.Jana 22, PL.31"()18, Krakow, Poland. 

USA 
Science, Policy and the COtlst: Improving Decision
milking (1 995). NRti ontll Research Council. Wa
shington D,C., National Academy Press, 85 pp. 
Notional Academy Press, 2 10 I Constitution Avenue, NW, 
Box 285, Washington, DC 20055, USA 
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Related Organisations 
APN 
APN Newslctter Vo1.2, No.l , February 1996. 
AIR/H, 3-1-13 Shibokoen, Minato-ku, Tokyo 105, Japan. 

CICSIl 
Cambio Glllbal Dimensiones HumanasNo. l , Ene
m 1996. 
(C/CSE) Consejo Internadonal de Gendas Sodales de 
fspana, Calle Pomaret 2/. 08017 Barcelona, Espana. 

Em opt!Hn Commission 
Globa l Change Ilnd Arctic T errestrial Ecosyste ms: 
Prnceetl ings of P:lpers Conuiburetl to the [ntema
rional Confercnce, 21-26 August 1993, Oppda l, 
Norway (199$). EtI. hy T .V. Ca llaghan ed.ol. Lu
xemhou rg, European Commission/DG XIl-D-I . 
(EcosyStems research reporu 10). 
European Commission I DG XII"()"I . Rue de la Lai 200, 

1049 Brussels. Beliium 

IlNRICH 
Proceedings of the Regional Seminar 00 Global 
Change Research: Central and Ea.nern Europcand 
New Intlependent Statcs of the former Soviet U
nion, Uud3pcsr, 15-17 September 1994. Ed. by S. 
Kclec-"Ienyi anti F'. Eybergen. Joi nt Research Cen
tre, European Commission. 
ENRICH Office, joint Research Centre, European Com· 
mission. SDME 1/2 4, 8 Square de Meeus, 1040 Brussels, 

Belgium. 

European Environment Agency 
Europe 's Environment: The Dobrls Assessment. 
(1995) EtI, hy D. Stanner.~and P. Rllurdeau. Luxe m
bourg: Officc for Official Publications of the Euro
pea n Communities, 712 pp. 
OffICe for Offtdal Publications of the European Commum.. 
lies, L·298S Luxembouff (pric~: ECU 55) 

IDIlAL 
rD EAL Bulletin, Bulletin of the International Dc
cade for the East African Lakes, Autumn 1995. 
Louro L~ Cance, IDEAL Program Coordinator, 2954IGng 
James Way, #6, Madison, WI 53719. USA. 

InlenlGLional CIllciologicll1 Society 
Annals of Glnciulugy Vol.21: Prnt."Cedi ngs of the 
Lnte rnational Sym posium on the Role of the Cryo· 
sphere in Global Change, held at the Ohio State 
University, Columbus, Ohio, 7· IZ August 1994 
(1995) Ed . by D.A. Rothrock. 421 pp. 
International Gladologlcal Sociefy, Lensfjeld Road, Cam
bridge CB2 I ER. UK 

UNIlSCO 
A global geochcmiC'dl tlatabase for environmental 
and resource management: recommendations for 
international gcochemical mapping (1995). Rd. by 
A.G. O:lfnley ~tl.ol., UNRSCO Publishing, Paris, 
122 pp. (Eanh Science Report 19) 
UNESCO, 7 Place de Fonrenoy, 75352 Paris, France 

WC RP 
Workshop on Cloutl Microphysics Parame[eriza· 
tions in G lobal Atmospheric Circulation Models 
(1995). WCRP-90. 
WCRP Secretariat. WMO, CP 2300, 41, Avenue 
Giuseppe Motto, 1211 Geneva 2, Switzerland. 
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